
NASATechnical Memomdm 844% 

Marie H. Tuttle and Dal V. Maddalon 

AUGUST 1982 

" . 

- " . .  

NASA 

NASA 
T" 
84496 
c .  1 

Laminar How Control (1976- 1982) 
A Selected, Annotated Bibliography 

https://ntrs.nasa.gov/search.jsp?R=19820023769 2020-03-21T07:51:13+00:00Z



NASATechnical Memorandm -% 

Laminar flow Control (1976-1982) 
A Selected, Annotated Bibliography 

Marie H. Tuttle and Dal V. Maddalon 
Langley  Research Center 
Hampton, Virginia 

National Aeronautics 
and  Space Administration 

Scientlflc and  Technlcal 
Information  Branch 



\. 
i 
” 



INTRODUCTION .................................................................... 1 

BIBLIOGRAPHY (1976-1982) ........................................................ 3 

APPENDIX ........................................................................ 65 

ENTRIES WITH PUBLICATION  DATES  PRIOR  TO 1976 .................................... 66 

AUTHOR INDEX .................................................................... 76 

iii 



INTRODUCTION 

Laminar Flow Control  (LFC) technology  development  has  undergone  tremendous 
p r o g r e s s   i n   r e c e n t   y e a r s   a s   f o c u s e d   r e s e a r c h   e f f o r t s   i n  materials, aerodynamics, 
systems,  and  structures  have  begun  to  pay  off. A v i r t u a l   e x p l o s i o n   i n   t h e  number 
of research   papers   publ i shed  on th i s   sub jec t   has   occu r red   s ince  in te res t  w a s  f i r s t  
s t imula ted  by the  1976 i n t roduc t ion  of t he  N A S A ' s  A i r c r a f t  Energy  Efficiency  Laminar 
Flow Control  (ACEE/LFC) Program.  Today, a w i d e  v a r i e t y  of fundamental  and  applied 
research  programs  exis t ,   not   only  in   control led  (act ive)   boundary-layer   f low,   but  
a l s o   i n   n a t u r a l   ( p a s s i v e )   l a m i n a r   f l o w .   S t u d i e s  of a i r f o i l s  which  combine the  two 
methods (hybr id)  are now beginning. 

The purpose of t h i s   s e l e c t e d   b i b l i o g r a p h y  is  t o  list a v a i l a b l e ,   u n c l a s s i f i e d  
laminar  f low  research  completed  since  the ACEE/LFC Program w a s  begun. This  
b ib l iography i s  the re fo re  l imited to  research  conducted  from  about 1975 t o  mid 
1982. 

The r epor t s  l isted herein  emphasize  the  aerodynamics  and systems s t u d i e s  which 
w e r e  t he  main product of t h i s  work, but some s t r u c t u r e s   r e p o r t s   a r e   a l s o   i n c l u d e d .  
Aerodynamic research  is mainly l imi t ed  to   t he   subson ic  and transonic  speed  regimes.  
Because  wind-tunnel  flow q u a l i t i e s  such as f r e e  stream dis turbance   l eve l   p lay   such   an  
important role i n  boundary-layer   t ransi t ion,  much research   has   recent ly  been done i n  
t h i s  area and it is also included.  

Laminar  flow control   research  through 1978 w a s  extensively  surveyed  in  NASA 
RP-1035 ( c i t a t i o n  141). Some p e r t i n e n t   p u b l i c a t i o n s  from t h a t   r e f e r e n c e  are a l s o  
inc luded   here .   In   addi t ion ,   there  is a v a i l a b l e  a b i b l i o g r a p h y   ( c i t a t i o n  7) of A i r  
Force  Fl ight  Dynamics Laboratory (AFFDL)  r e p o r t s  on LFC which  summarizes work 
accomplished  during  the X-21 program. A t h i r d  LFC b i b l i o g r a p h y   ( c i t a t i o n  25) has 
been  published by Lockheed-Georgia. 

The appendix  of t h i s   compi l a t ion   i nc ludes   r epor t s   pub l i shed  prior to 1976 which 
were no t   i nc luded   i n  NASA "1035 bu t  are p e r t i n e n t  to  t h i s   s u b j e c t .  

Cons ide rab le   e f fo r t  w a s  made t o  survey as m c h   r e l e v a n t   l i t e r a t u r e  as poss ib l e  
from many d i f f e r e n t   s o u r c e s .  However, some important   papers  may have  been 
inadvertently  overlooked. 

Persons  wishing more information on s p e c i f i c  topics should  check  the  reference 
lists i n   t h o s e  documents  described  herein  which are p e r t i n e n t  t o  t h e i r   i n t e r e s t .  
They also are urged t o  use  the s e r v i c e s   a v a i l a b l e  from NASA f o r  computer  data bank 
sea rches .   Techn ica l   l i b ra r i e s  a t  NASA r e s e a r c h   c e n t e r s   c a n   f i l l   s u c h   r e q u e s t s .  

The items s e l e c t e d   f o r   i n c l u s i o n   i n   t h i s   b i b l i o g r a p h y  are general ly   arranged 
chronologica l ly  by date of publication.  Conference papers, however, are p laced  
a c c o r d i n g   t o  date of p re sen ta t ion .  An author  index i s  included a t  the  end  of the 
bibl iography.  



I n  most cases, abstracts used are from the  NASA announcement b u l l e t i n s  
"Scientific  and  Technical  Aerospace  Reports" (STAR) and  "Internat ional   Aerospace 
Abstracts" (IAA). I n   o t h e r  cases, authors '  abstracts were used. License w a s  taken 
to modify or shorten abstracts. I f  it i s  known t h a t  a paper has  appeared i n  s e v e r a l  
forms,  mention is made of t h i s  fact. 

Ident i fy ing   in format ion ,   inc luding   access ion   and  report numbers  (when  known), i s  
i n c l u d e d   i n   t h e   c i t a t i o n s   i n   o r d e r   t o   f a c i l i t a t e   t h e   f i l l i n g  of requests f o r   s p e c i f i c  
items. When r eques t ing  material from  your library or   o ther   Source ,  it is  advisable  
to include  the complete c i t a t i o n ;   t h e  abstract may be omitted.  

A 11#11 a f t e r   a n   a c c e s s i o n  number i n d i c a t e s   t h a t   t h e  document is  also a v a i l a b l e   i n  
microfiche form. 

A v a i l a b i l i t y  

Accession N u m b e r  

Axx-xxxxx 

Example: 
A75-25583 

AIAA-82-0567 

NXX-XXXXX 

Example: 
N67-37604 

xxx-xxxxx 

Example: 
X72-76040 

sources of t he   d i e fe ren t   t ypes  of materials are given below: 

Type of Material Where Obtained 

P u b l i s h e d   l i t e r a t u r e  
i n   j o u r n a l s  or 
conferences, etc. ,  
as ind ica t ed .  

AI- Papers 

American I n s t i t u t e  of  Aeronautics 

Technical  Information  Service 
555 West 57th Street ,  12th  Floor 
N e w  York, NY 10019 

and  Astronautics 

Report l i t e r a t u r e   N a t i o n a l   T e c h n i c a l  
unless   another   source Information  Service (NTIS) 
i s  g i v e n   i n   t h e  5285 Port  Royal Road 
c i t a t i o n  S p r i n g f i e l d ,  VA 22 16 1 

Repor t   l i t e r a tu re   hav ing  NASA S c i e n t i f i c   a n d  
some type of l imi t ed  Technical  Information 
d i s t r i b u t i o n .  Fac i l i t y   (STIF)  

P.O. Box 8757 
B.W.I.  Airport ,  MD 21240 

Theses may be  ordered  by  Order Number from 

Any o t h e r s  - Ask your   l ib rary ,  or 
inc lude  any 
information 
given 

Universi ty   Microf i lms 
A Xerox Company 
300 North Zeeb Road 
Ann Arbor, Michigan 48106 

NASA Sc ien t i f ic   and   Technica l  
In fo rma t ion   Fac i l i t y  (STIF)  

P.O. Box 8757 
B.W.I.  Airport, MD 21240 
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BIBLIOGRAPHY 

1. A i rc ra f t  Fuel Conservation  Technology. 
*Task fo rce   r epor t .  NASA TU-X-74295, Sept.  9, 
1975, 141 pp. 

t r a n s p o r t .  The f e a s i b i l i t y  of hydrogen-fueled 
a i r c r a f t  is discussed. 

*Stanford  Univ.,  Stanford,  Calif. 
N77- 11055# 

An advanced  technology  program is descr ibed  
for   reduced  fuel   consumption  in  air t r anspor t .  
Cost  benefits  and estimates are given  for  improved 
engine  design  and  components,  turboprop  propulsion 
sys tems,   ac t ive   cont ro l   sys tem,   l aminar   f low 
con t ro l ,  and  composite  primary  structures.  

*NASA, Washington, D.C. 

2. *Canu, M.: Noise  and  Turbulence  in  Transonic 
Wind Tunnels.  Report No. AAAF-NF76- 12; 
ISBN-2-7170-0390-8; P a r i s  Assoc. Aeron. e t  
Astronautique  de  France.  Presented a t   t h e   1 2 t h  
Ecole  Natl.  Super.  de Mecan. e t  d'Aerotech./CEAT 
Colloq.  d'Aerodyn.  Appl., Poi t ie rs ,   France ,  
5-7  Nov. 1975, 21 pp. ( In   French.)  

N77- 10082# 

Reduction of n o i s e   i n   t r a n s o n i c  wind tunne l s ,  
due l a r g e l y   t o   w a l l   p e r f o r a t i o n s ,  was s tudied .  
Di f fe ren t  types of p e r f o r a t i o n s  were t e s t e d .  
Severa l  of t hese   b r ing   t he   no i se   l eve l  down t o  
t h a t  of guide  vanes. The measurements were made 
with  microphones  or  with  hot w i r e  probes;  from  the 
analogy of t he   spec t r a   ob ta ined  it was concluded 
t h a t   n o i s e  is the  major component  of t h e  
turbulence.  

+Office  National  d'  Etudes e t  de  Recherches 
Aerospa t ia les  (ONERA),  Modane, France 

3. *Shevell, R.  S.: Advanced Subsonic   Aircraf t  - 
The Technological  Response t o   F u t u r e  Air Trans- 
p o r t a t i o n  Needs. In:   Princeton Univ. Conference 
Proceedings  (A76-457761,  Princeton, N-J . ,  NOV- 10, 
11,  1975, pp. 5-1 t o  5-26. 

A76-45781# 

Improvements,  such as au tomat i c   f l i gh t   mn-  
agement,  advanced  aerodynamics,  laminar  flow con- 
t r o l ,  advanced  engines,  and  advanced  structural 
materials, c o u l d   l e a d   t o   s i g n i f i c a n t   r e d u c t i o n s   i n  
fuel  requirements;  the  development  of new tech- 
nologies  is, however,  dependent on t h e  economic 
hea l th  of t h e   a v i a t i o n   i n d u s t r y .  The h i s to ry   o f  
t r a n s p o r t   a i r c r a f t  is reviewed  as  are  technolog- 
ica l   advances  - drag  reduct ion,   weight   reduct ion,  
improvement i n   l i f t   c o e f f i c i e n t ,  etc. Some devel- 
opments i n  a i r  t r a n s p o r t a t i o n  which r a i s e d   g r e a t  
expec ta t ions ,   bu t   have   f a i l ed   t o   have   a   s ign i f i -  
cant   impact   are   reviewed:   laminar   f low  control ,  
nuc lear  powered a i r c r a f t ,  STOL and  the  supersonic 

4. *Zuda, E.: I n s t a l l a t i o n  of  a Flow S t ra igh tene r  
i n   t he   Subson ic  Wind Tunnel. DFVLR-Nachrichten, 
NOV. 1975, pp.  697, 698. ( I n  German. 1 

A76- 13407 

Turbulence-produced  disturbances  in  wind 
tunne l   expe r imen t s   l ed   t o   t he   i n s t a l l a t ion  of a 
f low-straightening  device.  The el iminat ion  of  
t u rbu lence   e f f ec t s   i n   such  a device is obta ined  by 
d iv id ing   the   a rea  of t he   f l ow  c ros s   s ec t ion   i n to  a 
number of separate   channels .  The use of cy l ind r i -  
ca l   t ubes   fo r   t h i s   pu rpose   has   ce r t a in   d i sadvan-  
t ages .  It was, t he re fo re ,   dec ided   t o  employ 
regular   hexagonal   p ipes   for   the   des ign  of the  f low 
s t r a i g h t e n e r .  Aluminum pipes  were s e l e c t e d  
because of t h e i r  low weight .   Detai ls   concerning 
the   des ign  and t h e   i n s t a l l a t i o n  of the  device  are  
discussed. 

*Deutsche  Forschungs- und Versuchsans ta l t   fuer  
Luft- und Raumfahrt. Zen t r a l ab te i lung  
Niedergeschwindigkeits-Windkanaeale, Porz-Wahn, 
West Germany. 

5. *Bauer,  Frances;  *Garabedian,  Paul;  *Korn, 
David;  *Jameson,  Antony; fBeckmann, M . ,  ed.; 
and  fKuenzi, H. P., ed.: S u p e r c r i t i c a l  Wing 
Sections 2, Volume 108. NASA CR-142229, 1975, 
301 pp. Springer-Verlag, 1975. 

N75- 18167 

A mathematical   theory  for  the  design  and 
a n a l y s i s  of s u p e r c r i t i c a l  wing sec t ions  was previ-  
ously  presented. Examples  and  computer  programs 
showing how t h i s  method works  were included. The 
work  on t r anson ics  is p resen ted   i n   a  more 
d e f i n i t i v e  form.  For  design,  a better model of 
t h e   t r a i l i n g  edge is introduced which  should 
e l imina te  a loss of f i f t e e n   o r   t w e n t y   p e r c e n t   i n  
l i f t  experienced  with  previous  heavi ly   af t   loaded 
models, which is a t t r i b u t e d   t o  boundary  layer 
s epa ra t ion .  How drag  creep  can be reduced a t   o f f -  
design  condi t ions is ind ica t ed .  A r o t a t e d   f i n i t e  
d i f f e rence  scheme is p r e s e n t e d   t h a t   e n a b l e s   t h e  
app l i ca t ion  of Murman's  method of a n a l y s i s   i n  
more or less a r b i t r a r y   c u r v i l i n e a r   c o o r d i n a t e  
systems. This allows the use of supersonic as 
w e l l  a s   subson ic   f r ee  stream Mach numbers and t o  
cap tu re  shock waves as f a r  back on an a i r f o i l  as 
desired.  Moreover, it leads  t o  an e f f e c t i v e   t h r e e  
dimensional  program  for  the  computation of t ran-  
sonic   f low  past  an obl ique  wing. In  the  case  of  
two dimensional  f low,  the method is ex tended   t o  
take  into  account   the  displacement   thickness  com- 
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puted  by a semi-empir ical   turbulent   boundary  layer  
cor rec t ion .  

*New York Univ., New York. 

Contract  AT(  11- 11-3077 
Grants  NGR-33-016-201 and NGR-33-016-167 

6. f P o v i n e l l i ,  F. P.; *Klineberg, J. M.; and 
*Kramer, J. J.: Improving Aircraft h e r g y  
Efficiency.  Astronautics  and  Aeronautics,  
V o l .  14,  Feb.  1976,  pp. 18-31. 

A76- 19593# 

Inves t iga t ions   conducted  by a NASA t a s k   f o r c e  
concerning  the  development of ae ronau t i ca l   fue l -  
conservation  technology are considered.  The t a s k  
fo rce   e s t ima ted   t he   fue l   s av ings   po ten t i a l ,   p ros -  
pec t s   fo r   ' imp lemen ta t ion   i n   t he   c iv i l  air- 
t r a n s p o r t   f l e e t ,  and t h e  impact of the  technology 
on a i r - t ranspor t   fue l   use .   Propuls ion   advances  
are r e l a t e d  t o  e x i s t i n g   e n g i n e s   i n   t h e  f leet ,  to 
new product ion of current   engine  types,   and t o  new 
engine  designs.  Studies  aimed a t  the   evo lu t iona ry  
improvement  of  aerodynamic  design  and a laminar 
flow  control  program are d iscussed   and   poss ib i l i -  
ties concerning  the  use  of   composi te   s t ructural  
materials are examined. 

*NASA, Office  of  Aeronautics  and Space Technology, 
A i r c r a f t  Energy  Efficiency  Office,  Washington, 
D.C. 

7. *Jobe, Charles E. : A Biblioqraphy  of 
AFFDL/FXM Reports on Laminar Flow Control .  
AFFDL-I"76-26-FXM, U.S. Air Force, Mar. 1976, 
24 PP- 

N79-70034 

AFFDL/FXM w a s  t h e  Air Force   o f f ice   respons i -  
b l e   fo r   t echn ica l ly   mon i to r ing   t he  X-21A Laminar 
Flow Control  Flight  Demonstration  Program  and  the 
many associated  research  contracts .   Approximately 
165 r e p o r t s  and technical   notes   remain  f rom  the 
LFC research,  due t o  t h e  c r i t i ca l  shor tage  of f i l e  
cabinets  and many " f i l e   F i e l d   d a y s  ." The bib l io-  
graphy is a r r anged   a lphabe t i ca l ly  by personal  
author   and  date .  The corpora te   au thor  w a s  used 
when the   pe r sona l   au tho r  w a s  unknown. The many 
p rogres s   r epor t s  are l i s t e d  as such, by c o n t r a c t  
number. A cross-reference list by NORTHROP 
BLC- ( ) number is contained on  page 22. 

*Air  Force  Flight Dynamics Lab.,  Wright-Patterson 
AFB, Ohio. 

8. *Maddalon, D. V.; and *Wagner, R. D.: Energy 
and Economic Trade Of f s   f o r  Advanced Technology 
Subsonic   Aircraf t .  NASA TM-X-72833, Apri l  1976, 
25  pp. Also presented  a t  t h e   4 t h  Annual In te r -  

society  Conference on h a n s p o r t a t i o n ,  -.s Angeles, 
Calif . ,  J u l y  18-23, 1976, 11 pp. 

N76-20124b 
A77- 2945 1 X 

Changes i n   f u t u r e   a i r c r a f t   t e c h n o l o g y  which 
conserve  energy are s tud ied ,   a long   w i th   t he   e f f ec t  
of  these  changes on  economic  performance. Among 
t h e  new technologies   cons idered  are laminar-flow 
c o n t r o l ,  composite materials with  and  without 
laminar-f low  control ,   and  advanced  a i r foi ls .  
A i rc ra f t   des ign   f ea tu re s   s tud ied   i nc lude   h igh -  
a spec t - r a t io   w ings ,   t h i ckness   r a t io ,  and  range. 
Engine  technology is he ld   cons tan t  a t  t h e  JT9D 
l e v e l .  It is concluded  that   wing  aspect ratios 
of f u t u r e  a i rcraf t  are l i k e l y  t o  s i g n i f i c a n t l y  
i n c r e a s e  as a r e s u l t  of new technology  and  the 
push of h i g h e r   f u e l  prices. Composite materials 
may raise a s p e c t  ratio to  about 11 t o  12 and 
practical laminar  flow-control  systems may f u r t h e r  
i n c r e a s e  aspect r a t io  to  14 or more. Advanced 
t echno logy   p rov ides   s ign i f i can t   r educ t ions   i n  
a i r c r a f t   t a k e - o f f  gross weight,  energy con- 
sumption,  and d i r e c t   o p e r a t i n g  cost. 

*NASA, Langley  Research  Center, Hampton, Va. 

9.  *Payne, H. E.: Laminar Flow Rethink - Using 
Composite  Structure.   Society  of  Automotive 
Engineers,   Business  Aircraft   Meeting,  Wichita,  
Kansas, A p r i l  6-9,  1976,  12  pp. 

SAE-76-0473  A76-31966 

The use  of composite s t r u c t u r e   i n   t h e   d e s i g n  
of  the  Skyrocket 11, a g e n e r a l   a v i a t i o n   a i r c r a f t  
capable   o f   opera t ing   in   the   l aminar   f low  "drag  
bucket"  on a normal service, is discussed.  The 
a i r c r a f t   d e s i g n   u t i l i z e s  a v e r y   s t i f f  epoxy/ 
f iberg lass   composi te   a i r -passage   sk in   cons is t ing  
o f   r e l a t i v e l y  few parts to  e l i m i n a t e  a i r  load 
stress r i p p l e s .  A z e r o - l i f t   d r a g   c o e f f i c i e n t   i n  
t he   a r ea   o f  0.15 has  been  obtained by design  engi- 
n e e r i n g   s p e c i f i c a l l y   f o r  low drag,  maximizing  the 
e x t e n t  of laminar  flow by use   o f   t he   s t i f f  com- 
p o s i t e   s k i n ,  and  minimizing  protuberances  into  the 
a i r  passage. 

*Bel lanca  Aircraf t   Engineer ing,   Inc. ,   Scot t  Depot, 
W. Va. 

10.  %winford, G. R.: A Preliminary  Design  Study 
of a Laminar Flow Control  Wing of  Composite 
Materials f o r  Long Range Transpor t   Ai rcraf t ,   F ina l  
Rept.,  April.  1975 - Mar. 1976. NASA CR-144950, 
April 1976,  125  pp. 

N76-25146# 

The r e s u l t s   o f   a n   a i r c r a f t   p r e l i m i n a r y   d e s i g n  
s tudy  are reported.  The s e l e c t e d   s t u d y   a i r p l a n e  
conf igura t ion  is def ined .  The suc t ion   sur face ,  
ducting,  and compressor systems are descr ibed.  
Techniques  of  manufacturing  suction  surfaces are 
i d e n t i f i e d  and  discussed. A wing  box of graphi te /  
epoxy  composite is def ined .   Leading   and   t ra i l ing  
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A 
5 e d g e   s t r u c t u r e s  of   composi te   construct ion  are  
- desc r ibed .   Con t ro l   su r f aces ,   eng ine   i n s t a l l a t ion ,  

and  landing  gear   are   i l lustrated  and  discussed.  
The pre l iminary  wing design is appraised  f rom  the 
s tandpoin t  of  manufacturing,  weight,  operations, 
and d u r a b i l i t y .  It is concluded  that  a p r a c t i c a l  
laminar   f low  control  (LFC) wing  of  composite 
material   can be b u i l t ,  and tha t   such  a wing w i l l  
be   l igh ter   than   an   equiva len t  metal wing. As a 
resul t ,  a program  of suc t ion   su r f ace   eva lua t ion  
and   o ther   s tud ies  of configuration,  aerodynamics,  
s t ruc tu ra l   des ign  and  manufacturing,  and  suction 
systems  are recommended. It is concluded  that  
fu tu re  development  of  composite  primary  structure 
should  consider   the  requirements  of LFC wings,  and 
be coordinated  with  an LFC development  program. 

*Boeing  Commercial  Airplane Co., S e a t t l e ,  Wash. 
Contract NASI- 13872 

of  long-range  passenger  and  cargo  aircraft .  The 
f i r s t   t echno logy   cen te r s   a round   t he   u se  of a span- 
loaded   cargo   a i rc raf t   wi th   the   payload   d i s t r ibu ted  
a long   the  wing. The second  technology is t h e  
app l i ca t ion  of laminar  f low  control to  t h e   a i r -  
c r a f t   t o   r e d u c e   t h e  aerodynamic  drag. The use  of 
LFC can  reduce  the  fuel  requirements  during  long- 
range cruise. The last program  evaluates  the 
production of a l t e r n a t e   a i r c r a f t   f u e l s  from coa l  
and the  use of l i q u i d  hydrogen as an a i r c r a f t  
f u e l  . 
*NASA, Langley  Research  Center, Hampton, Va. 

13. Geddes, J. Pa: Civil  Transport  Technology  up 
t o  2000- (NASA believes  fuel  consumption is the 
major cons ide ra t ion . )   In t e rav ia ,  Vol.  31, May 
1976,  pp. 419-421. 

A76-32649 

11. *Denning, R. M . ;  *Mil le r ,  S. C.; and W r i g h t ,  
G. H.: Future  Trends i n  Aero Gas Turbine  Design. 
I1 - Unconvent ional   hgines .   Presented a t  t h e  
Royal Aeronautical   Society  Spring  Convention on 
"Seeds   for   Success   in   Civ i l   Ai rcraf t   Des ign   in   the  
N e x t  Two Decades," London, mgland ,  May 19, 20, 
1976. Aeronaut ical   Journal ,  V o l .  80,  Sept.  1976, 
pp. 385-393. 

~~~ ~ ~ 

A77- 11595 

Unconvent ional   types  of   a i rcraf t   gas   turbine 
(GT)  engines  reviewed are so t r e a t e d   i n   t h e   s e n s e  
of :   unconvent ional   uses   (other   than  propuls ion)  
f o r   t h e  GT engine,   modif icat ion of t he  thermo- 
dynamic cycle  under some f l i g h t   c o n d i t i o n s ,  or use 
of  extremes of the   cons tan t -pressure  GT cycle.  
Variant thermodynamic/aerodynamic cycles  under 
considerat ion  include:  a heat-exchanger  engine, 
propulsion  systems w i t h  i nges t ion  or re-energizing 
of wake o r  boundary l aye r   t o   r educe   d rag ,  and 
systems  resor t ing  to   laminar   f low  control  or 
boundary  layer  suction.  Engines  featuring  in- 
f l i g h t   v a r i a t i o n  of t he  thermodynamic  cycle 
inc lude :   t hose   u s ing   va r i ab le   t u rb ine   s t a to r s ,  
SSP variable-cycle  engines  with  compressor  switch- 
ing  valve  system,  and  variable-pitch  fan  engines.  
E n g i n e s   d e v e l o p i n g   v e r t i c a l   l i f t   i n   a d d i t i o n   t o  
p ropu l s ive   t h rus t   i nc lude :  blow-fan  engines, 
ex t e rna l ly  blown f l ap   eng ines ,   and   ro t a t ab le  
remote  l i f t /propuls ion  fan  engines .  

*Aero. Div.,  Rolls-Royce ( 19711,  Ltd., B r i s t o l ,  
England 

12. *Schrader, 0. E.: Application of Advanced 
Technology to  Future Long-Range Aircraf t .   Pre-  
sented at  the  Society of All ied  Weight   mgineers ,  
35th Annual Conference,   Philadelphia,  May 24-26, 
1976. NASA 'IM-X-73921, May 24,  1976, 49 pp. 

SAWE Paper 1126 A77- 12194) 
N76-29216# 

An assessment is presented  of t h r e e   s e p a r a t e  
programs a t  Langley  Research  Center  that  have 
incorporated  advanced  technology  into  the  design 

The recommendatlons  of a NASA t a s k   f o r c e  
formed to  e s t a b l i s h   g o a l s   i n  a comprehensive  pro- 
gram for   developing  fuel   conservat ion  technology 
f o r   t h e   c i v i l   a i r   t r a n s p o r t   i n d u s t r y  are compared 
with  typical   industry  views of the  developments 
t h a t   a r e   f e a s i b l e   i n   t h e   n e a r   f u t u r e .  A +year  
research  program  for  an  advanced  turboprop  engine 
c r u i s i n g   a t  Mach 0.8 a t  9,500 m has  been  sug- 
gested,  together  with  improved  engine  components 
fo r   ex i s t ing   eng ines   such   a s   t he  JTBD,  JTBD, and 
CF6, including  mechanical   mixers   to  mix the   co re  
and  duct stream before  discharge  through a common 
nozz le ,   c l ea rance   con t ro l   t o  improve  compressor 
and   tu rb ine   e f f ic iency ,  and  improved  blade  shapes. 
Four possible   aerodynamic  approaches  to   fuel  con- 
sumption were s e l e c t e d   f o r   f u t u r e   s t u d y :   d r a g  
clean-up,  improved  aerodynamic  design,  laminar 
f low  control ,   and  the  use of small v e r t i c a l  end- 
p l a t e s  on wing- t ips   to  augment t h r u s t .  work i n  
t h e s e   a r e a s  would be divided  between  an  Ehergy 
Efficient  Transport  program  and a sepa ra t e  Laminar 
Flow Control  program. A g rea t ly   acce le ra t ed  
e f f o r t   i n   t h e  development of composi te   s t ruc tures  
i s  urged. The t o t a l   c o s t  of the  proposed  programs 
is $670 mi l l ion ;  a fue l   sav ings  of 79% over a 
f lee t   incorpora t ing   cur ren t   advanced   technology is 
p r e d i c t e d   f o r  a f lee t  r e s u l t i n g  from the  suggested 
program i n   t h e   y e a r  2005. 

14. *Sturgeon, R. F.; *Bennett, J. A.; *Etchberqer, 
F. R.; * F e r r i l l ,  R. S.; and *Meade, L. E.: Study 
of ~ the   Applicat ion of Advanced Technologies t o  
L a g . n a r - F l o L C n t r o l  Systems fo r   Subson ic   hans -  
po r t s .  Volume I: Summary. F i n a l   w p t  . NASA CR- 
144975, May 1976,  63 pp. 

~. 

N76-24144# 

A study was conducted   to   eva lua te   the   t ech-  
n i c a l  and  economic f e a s i b i l i t y  of applying  laminar 
f low  con t ro l   t o   t he  wings  and empennage  of long- 
range   subsonic   t ranspor t   a i rc raf t   compat ib le   wi th  
i n i t i a l   o p e r a t i o n   i n  1985.  For a design  mission 
range of 10,186 km (5500 n. mi. ), advanced  tech- 
nology  laminar-flow-control (LFC) and tu rbu len t -  
f low  (TF)   a i rc raf t  w e r e  developed  for  both 200- 
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and  400-passenger  payloads,  and  compared  on t h e  
bas i s  of product ion   cos ts ,  direct o p e r a t i n g   c o s t s ,  
and f u e l   e f f i c i e n c y .  As p a r t  of the  study,  para- 
metr ic   analyses  were conducted t o  e s t a b l i s h   t h e  
optimum geometry  for LFC and TF a i r c r a f t ,  advanced 
LFC system  concepts  and  arrangements w e r e  evalu- 
a t ed ,  and configurat ion  var ia t ions  maximizing  the 
e f fec t iveness   o f  LFC were developed.  For  the 
f i n a l  LFC a i r c r a f t ,   a n a l y s e s  were conducted t o  
define  maintenance  costs  and  procedures, manu- 
f a c t u r i n g   c o s t s  and  procedures,   and  operational 
cons ide ra t ions   pecu l i a r  t o  LFC a i r c r a f t .  Compared 
to  the  corresponding  advanced  technology TF t r ans -  
p o r t s ,   t h e  200- and  400-passenger LFC a i r c r a f t  
rea l ized   reduct ions   in   fue l   consumpt ion  up t o  
28.2%, r e d u c t i o n s   i n   d i r e c t   o p e r a t i n g   c o s t s  up t o  
8.4%,  and  improvements i n   f u e l   e f f i c i e n c y ,   i n  
ssm/lb of f u e l ,  up t o  39.4%. Compared t o   c u r r e n t  
commercial   t ransports   a t   the   design  range,   the  LFC 
s tudy  a i rcraf t   demonstrate   improvements   in   fuel  
e f f i c i e n c y  up t o  131%.  Research  and  technology 
requi rements   requis i te  to  the  development  of LFC 
t r a n s p o r t   a i r c r a f t  were i d e n t i f i e d .  

*Lockheed-Georgia Co., Marietta,   Georgia.  
Contract NASI-13694 

15. *Sturgeon, R. F. ; *Bennett , J. A. ; 
*Etchberger, F. R.; * F e r r i l l ,  R. S.; and *Meade, 
L. E.: Study of the  Applicat ion of Advanced 
Technologies   to  Laminar-Flow Control  Systems  for 
Subsonic  Transports. Volume 11, Analyses. NASA 
CR-144949, May 1976, 471 pp. 

N76-24145# 

The a b s t r a c t   g i v e n   i n  Volume I covers  both 
volumes. 

*Lockheed-Georgia Co., Marie t ta ,  Ga. 
Contract NASI- 13694. 

16. *Mabey, Dennis G. : Some Remarks on t h e  Desiqn 
of  Transonic  Tunnels  with Low Levels  of Flow 
Unsteadiness. NASA CR-2722, Aug. 1976, 20 pp. 

N79-25039# 

The pr inc ipa l   sources  of f low  uns teadiness   in  
t h e   c i r c u i t  of a t r anson ic  wind tunnel   a re   p re-  
sented.  Care must be  taken to   avoid  f low  separa-  
t ions ,   acous t ic   resonances  and la rge   sca le   tu rbu-  
lence.  Some problems  discussed  are   the  e l imina-  
t i o n  of d i f fuser   separa t ions ,   the   aerodynamic  
design  of  coolers  and  the  unsteadiness  generated 
in   vent i la ted   working   sec t ions .  

*Royal Aircraft  Establishment,  Bedford,  England. 
NASA L-32158-A 

17. A i r c r a f t  Fuel Eff ic iency  Program. GPO Wpt. 
(GPO-57-010) f o r  U.S. Senate  (S-Rept-94-633) Comm. 
on Aeronautical  and  Space  Sciences,  94th 

Congress, 2nd Sess. 17 Feb. 1976, 28 pp.  Avail- 
l a b l e  from U.S. Capi to l ,   Sena te  Document Room.) 

N77-17032# 

A technology  plan is descr ibed   for   deve loping  
f u e l - e f f i c i e n t   a i r c r a f t .   I n p u t s  were obtained 
from indus t ry ,  NASA resea rch   cen te r s ,   and   o the r  
governmental  agencies. Six major programs  are 
defined:  engine component  improvement,  composite 
pr imary  s t ructures ,   turboprops,   laminar   f low con- 
trol, f u e l   c o n s e r v a t i v e   t r a n s p o r t ,  and t h e   f u e l  
conservative  engine.   Funding  requirements and 
b e n e f i t s  are d iscussed .  

18. *Maddalon, D. V.; and  Wagner, R. D.: Energy 
and Economic Trade Of f s   f o r  Advanced Technology 
Subsonic   Aircraf t .   In:  Annual I n t e r s o c i e t y  Con- 
f e rence  on Transpor t a t ion ,   4 th ,  Los Angeles, 
Ca l i f . ,   Ju ly  18-23, 1976,  Proceedings (A77-29451) 
ASME, 1976, 11 pp. 

A77- 2947 1 

Changes i n   f u t u r e   a i r c r a f t   t e c h n o l o g y  which 
conserve   energy   a re   s tud ied ,   a long   wi th   the   e f fec t  
of these  changes on economic  performance. Among 
t h e  new technologies   considered  are   laminar-f  low 
control ,   composi te   mater ia ls   with  and  without  
laminar-flow  control,   and  advanced  airfoils.  
Ai rcraf t   des ign   fea tures   s tud ied   inc lude   h igh-  
a spec t - r a t io   w ings ,   t h i ckness   r a t io ,  and  range. 
Engine  technology is h e l d   c o n s t a n t   a t   t h e  JT9D 
l e v e l .  It is concluded  that   wing  aspect   ra t ios  of 
f u t u r e   a i r c r a f t  are l i k e l y  t o  s i g n i f i c a n t l y  
i n c r e a s e   a s  a r e s u l t  of new technology  and  the 
push  of   higher   fuel   pr ices .  Whereas c u r r e n t   a i r -  
planes  have  been  designed  for AR = 7,  super- 
c r i t i ca l   t echno logy   and  much h i g h e r   f u e l   p r i c e s  
w i l l  d r i v e   a s p e c t   r a t i o   t o   t h e  AR = + l o  range. 
Composite m a t e r i a l s  may r a i s e   a s p e c t   r a t i o   t o  
about 11- 12 and pract ical   laminar   €low-control  
s y s t e m  may f u r t h e r   i n c r e a s e   a s p e c t   r a t i o   t o  14 o r  
more.  Advanced technology  provides   s ign i f icant  
r e d u c t i o n s   i n   a i r c r a f t   t a k e - o f f  gross weight, 
energy  consumption,  and direct ope ra t ing   cos t .  

*NASA, Langley  Research  Center, Hampton, Va .  

19.  *Douglas A i r c r a f t  Co.: Development  of 
Technology f o r   t h e   F a b r i c a t i o n  of Reliable  Laminar 
Flow Control  Panels on Subsonic  Transports.  NASA 
CR-145125; MDC-J4546; O c t .  1976, 214 pp. 

N77- 17038# 

The f e a s i b i l i t y  of  using  porous  composite 
mater ia l s   (Kevlar ,  Doweave, and Leno Weave) a s  
l i gh twe igh t ,   e f f i c i en t   l amina r   f l ow  con t ro l  (LFC) 
su r f ace   ma te r i a l s  is compared t o   t h e   m e t a l l i c  319L 
s t a i n l e s s  Dynapore sur faces   and   e lec t ron  beam 
dr i l led   composi te   sur faces .   Areas   inves t iga ted  
inc lude :  ( 1) s e l e c t i o n  of the  LFC-suitable  sur- 
f a c e  materials, s t r u c t u r a l  materials, and  fabr i -  
ca t ion   t echn iques   fo r   t he  LFC a i r c r a f t   s k i n s ;  
( 2 )  aerodynamic s t a t i c   a i r  flow test r e s u l t s   i n  
terms of   pressure  drop  through  the LFC panel  and 



& . the corresponding effective porosity; (3) struc- v - -. ~ tural design definition and analyses of the 
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panels; and (4) contamination effects on static 
drop and effective porosity. Conclusions are 
presented and discussed. 

*McDonnell Douglas Corp, Long Beach,  Calif. 
Contract NASI- 14400 

20. *Econ, Inc.: A n  Assessment of the Benefits 
of the Use of NASA Developed Fuel Conservative 
Technology in the U. S. Commercial Aircraft 
Fleet. NASA CFt-148148 (Revised); Rept.-75-163-1, 
Oct.  1975, 04 pp. 

376-232491 

Cost and benefits of a fuel conservative 
aircraft technology program proposed by NASA are 
estimated. NASA defined six separate  technology 
elements for the proposed program: (a) engine 
component improvement (b) composite structures 
(c) turboprops (d) laminar flow control  (e) fuel 
conservative engine and (f) fuel conservative 
transport. There were two levels postulated: 
The baseline program was estimated to cost 
$490 million over 10 years with peak funding in 
1980. The level two program was estimated to cost 
an additional $180 million also over 10  years. 
Discussions with NASA and with representatives of 
the major commercial airframe maufacturers were 
held to estimate the combinations of the tech- 
nology elements most likely to be implemented, the 
potential fuel savings from each combination, and 
reasonable dates for incorporation of these new 
aircraft into the fleet. 

*Princeton, N.  J. 
Contract NASW-2781 

21. *Fasel, H. : Investigation of the Stability of 
Boundary Layers by a Finite-Difference Model of 
the Navier-Stokes Equations. Journal of Fluid 
Mechanics, Nov.  23,  1976, Part 2,  pp. 355-303. 

A77-20041 

The stability of incompressible boundary- 
layer flows on a semi-infinite flat plate and the 
growth of disturbances in such flows are investi- 
gated by numerical integration of the  complete 
Navier-Stokes equations for laminar two- 
dimensional flows. Forced time-dependent distur- 
bances are introduced into the flaw field and the 
reaction of the flow to such disturbances is 
studied by directly solving  the Navier-Stokes 
equations using a finite-difference method. An 
implicit f inite-dif f erence scheme was developed 
for the calculation of the extremely unsteady flow 
fields which arose from the forced time-dependent 
disturbances. The problem of the  numerical sta- 
bility of the method called for special. attention 
in order to  avoid possible distortions of the 
results caused by the interaction of unstable 
numerical oscillations with physically maninqEu1 

perturbations. A demonstration of the suitability 
of the numerical method for the investigation of 
stability and the  initial growth of disturbances 
is presented for small periodic perturbations. 
For this particular case the numerical results can 
be compared with linear stability theory and 
experimental measurements. In this paper a number 
of numerical calculations for small periodic dis- 
turbances are discussed in detail. The results 
are generally in fairly close agreement with 
linear stability theory or experimental 
measurements. 

*Institut A fiir Mechanik, Universitiit, Stuttgart, 
Germany. 

22. *Leonard, Fbbert W.; and Wagner, Richard D.: 
Airframe Technology for Energy Efficient Transport 
Aircraft. Paper presented at SAE 1976 Aerospace 
Engineering and Manufacturing Meeting, San  Diego, 
Calif.,  NOV.  29-Dec.  2, 1976, 17 pp. 

SAE 760929 A77-20234 

NASA has initiated a comprehensive Aircraft 
Energy Efficiency Program which is concerned with 
the development of approaches for reducing fuel 
consumption in new aircraft of the 1980-2000 time 
period. A review is presented of the airframe 
technologies selected for emphasis in the NASA 
program, taking into account an evaluation of 
their potential for reducing transport direct 
operating cost for derivative and new aircraft 
introduced by  1985. Technology for maintenance of 
a laminar boundary layer in cruise offers great 
benefits in fuel efficiency and direct operating 
cost and  may be ready for application to trans- 
ports introduced in the 1990's. 

+NASA, Langley Research Center, Hampton, Va. 

23.  'Herbert , 'Ih. : On the Stability of the 
Boundary Layer Along a Concave Wall. Biennial 
Fluid Dynamics Symposium on Advanced Problems and 
Methods in Fluid Dynamics, 12th, Bialowieza, 
Poland, Sept.  8-13,  1975.  Arch.  Mech.  Stosow., 
vol.  28,  no.  5-6, 1976, pp.  1039-1055. 

A77-2937 1 

Various approaches for investigating the 
linear stability of the laminar boundary layer 
along a concave wall with respect to  Ggrtler vor- 
tices  are compared concerning  their order in the 
two small parameters, wall curvature and inverse 
Reynolds number,  as well  as  the treatment of the 
curvature terms. Numerical results show sepa- 
rately the effects of wall curvature, streamline 
curvature and its finite extent on the neutral 
conditions. The influence of the growing boundary 
layer thickness on  the stability characteristics 
is estimated and found to be of first order. 

*Freiburg, Universitaet, Freiburg im Breisgau, 
Germany 
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24.  *Kutateladze, S. S.; and  *Migirenko, G. S. 
( ed i to r s ) :   I nves t iga t ions   o f  Boundary  Layer Con- 
trol .  Novosibirsk - 1976. ( In   Russian.)  - 

In  t h i s  d i g e s t  are set out  some r e s u l t s  of 
inves t iga t ions   o f   var ious   boundary   l ayer   cont ro l -  
l i n g  methods  including  dis t r ibuted  suct ion,   poly-  
meric a d d i t i o n   i n t r o d u c t i o n ,  gas sa tu ra t ion   o f  
boundary layer and   the   format ion   of   v i scoe las t ic  
p rope r t i e s   fo r   s t r eaml ined   su r f aces .  

Most o f   t he   pape r s   dea l   w i th   t he   i nves t i -  
ga t ion   of   t rans i t ion   o f   boundary   l ayer   in to   tu rbu-  
lence  and  the  development  of  measuring  equipment 
and  methods. 

Contents 

1. Kolobov, B. P.; Migirenko, G. S.; and 
Novikov, B. G.: Boundary-Layer Control  by t h e  
Dis t r ibu ted   Suc t ion .  

2.  Vedyakin, P. I.; Garipov, R. M.; and 
Novikov, B. G.: The Effec t   o f  Homogeneous Suction 
Through Per fora ted   Sur faces  on Laminar  and  Turbu- 
l e n t  Boundary  Layer. 

3 .  On the   E f fec t   o f   Sa tu ra t ion  on t h e  Wall 
Turbulence. 

4.  Bogdevich, V. G.; and  Malyuga, A. G.: 
Su r face   F r i c t ion   D i s t r ibu t ion   i n   t he   Turbu len t  
Boundary  Layer  Behind the   P l ace  of Gas I n j e c t i o n .  

5. Kobets, M. L.; and  Kobets, G. F.: The 
Drag  Reducing  Natural Polymers. 

6.  Vanin, Yu. P.; and  Migirenko, G. S.: On 
t h e   D i s t r i b u t i o n   o f  Polymer Concen t r a t ions   i n  
Boundary  Layer - 

7. Semenov, B. N.: The E f f e c t  of E l a s t i c  
Covers  on a Turbulent  Boundary  Layer. 

8. Trifonov, G. F.: On Measurement  of  Skin 
F r i c t i o n   i n   D i l u t e  Polymer  Solution  Using Hot 
Films. 

9.  Belousov, P. Y a . ;  and  Evseev, A. R.: 
Multichannel  Laser  Doppler Velocimeter. 

10.  Voitenko, A. N.; and  Tetyanko, V. A.: On 
t h e  Measurement  of  an I n t e r m i t t e n c y   C o e f f i c i e n t   i n  
Laminar-Turbulent  Transition. 

11. Sobs te l ,  N. B.; Tetyanko, V. A.; 
Sharapova, T. A.; and  Shtatnov, Yu. V.: On t h e  
Formation  of  the  Turbulent  Boundary  Layer. 

*Inst i tute   of   Thermophysics  , Academy of Sciences 
of t h e  USSR, Siberian  Branch 

25. 'Kopkin, T. J.; and  *Rife, C. D.: Laminar 
Flow Control  Bibliography. Rep.  No. LG 77ER0018, 

Lockheed-Georgia OO., Jan. 17, 1977. (Avail- 
a b l e  t o  U. s. Gov't. Agencies  Only) 

AD BO26 321L  X78-75877 

*Lockheed-Georgia Co., Marietta, Georgia 

26. *Weiss, D. D.; and  *Lindh, D. V.: Development 
of the Technology  for   the  Fabricat ion of Reliable 
Laminar Flow Contro l   Pane ls .   F ina l  Rept. NASA 
CR-145124;  D6-44184; Feb. 1977, 119 pp. 

N77-18131# 

The r e s u l t s   o f  a 5 months test program t o  
e v a l u a t e  LFC s u r f a c e  materials are reported.  
Requirements for  LFC surface  smoothness  and  flow 
were compiled  from  existing  data.   Various  config- 
u r a t i o n s  of porous ,   per fora ted   and   s lo t ted  mate- 
rials were f low  t e s t ed  t o  de termine   i f   they  would 
meet these   requi rements .  The candidate  materials 
were t h e n   t e s t e d   f o r   s u s c e p t i b i l i t y  t o  clogging 
and for r e s i s t a n c e  to  cor ros ion .  Of t h e  materials 
tes ted,   perforated  t i tanium,  porous  polyimide,   and 
s l o t t e d  assemblies demonstrated a much g r e a t e r  
r e s i s t a n c e  to  clogging  than  other   porous mate- 
rials. Three c o n c e p t s   f o r   i n s t a l l i n g  LFC mate- 
rials were s tudied .  

*Boeing Commercial Airplane Co., Seattle, Wash. 
Contract  NASI- 14407 

27. 'Meade, L. E.; *Kays, A. 0. ; f F e r r i l 1 ,  R. s. ; 
and *Young, H. R.: Development  of the  Technology 
f o r  the Fabr ica t ion  of Rel iab le  Laminar Flow Con- 
t r o l  Panels .   F ina l   Technica l  F!ept., Apr.-Sept., 
1976. NASA CR-145168, Feb.  1977,  91 pp. 

N77-22178 

Materials were assessed   and   fabr ica t ion   tech-  
n iques  were developed   for   use   in   the   manufac ture  
of  wing  surface materials compatible   with  the 
app l i ca t ion   o f   bo th  aluminum a l l o y s  and nonmet- 
a l l i c  composites. The concep t s   i nves t iga t ed  
inc luded   pe r fo ra t ions  and slots i n   t h e  metallic 
test  panels   and   microporos i ty   and   per fora t ions   in  
the  composi te  test  pane l s .   Pe r fo ra t ions  were 
produced i n   t h e  metallic test  panels  by t h e  
e l e c t r o n  b e a m  process and slots w e r e  developed by 
control led  gaps  between  the metal s h e e t s .  Micro- 
p o r o s i t y  w a s  produced i n   t h e  composite tes t  pane ls  
by the   r e s in   b l eed   p rocess ,  and p e r f o r a t i o n s  were 
produced by the f u g i t i v e   f i b e r   t e c h n i q u e .  Each of 
these   concepts  w a s  f a b r i c a t e d   i n t o  test panels ,  
and a i r  flow tests were conducted  on  the  panels.  

Flow test r e s u l t s  for each material specimen 
were compared wi th   an   ana ly t i ca l ly   p red ic t ed   va r i -  
ab l e   suc t ion  cri teria,  and   ind ica ted   acceptab le  
performance  for a l l  but  the  microporous  composite 
specimens.  Contamination  and  cleaning tests were 
conducted   on   se lec ted   e lec t ron  b e a m  p e r f o r a t e d  
panels .  Maximum i n c r e a s e s   i n   p r e s s u r e   l o s s  due t o  
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/ ,  8' -_ -. - ++ .. contamination  of 23 percent  were observed,  and i n  
genera l   the   c leaning   process   successfu l ly  removed 
the   contaminant .   Fur ther   f low  ana lys i s   inc luded  
flow f r i c t i o n   f a c t o r   e v a l u a t i o n   w i t h  good da ta  
conso l ida t ion   fo r  a l l  test  condi t ions   o f   e lec t ron  
beam pe r fo ra t ions   and   s lo t t ed  test panels.  Sev- 
eral samples  of the   per fora ted   composi te   pane ls  
were submi t ted   to  NASA along  with material d a t a  
shee t s .  

*Lockheed-Georgia Co., Marie t ta ,  Ga. 
Contract NAS1- 14409 

28. *Carter,  James E. : STAYLAM: A FORTRAN Program 
for   the   Suc t ion   Trans i t ion   Analys is  of a Yawed 
Wing Iaminar  Boundary  Iayer . NASA R3 X-740 13, 
March 1977, 80 pp. 

" 

N77- 18390 

A computer  program c a l l e d  STAYLAM is pre- 
sen ted   for   the   computa t ion  of the compressible 
laminar  boundary-layer  flow  over a yawed i n f i n i t e  
wing inc lud ing   d i s t r ibu ted   suc t ion .   Th i s  program 
is r e s t r i c t e d   t o   t h e   t r a n s o n i c   s p e e d   r a n g e  or l e s s  
due to   the   approximate   t rea tment  of t h e  compres- 
s i b i l i t y   e f f e c t s .  The p resc r ibed   suc t ion   d i s t r i -  
bu t ion  is p e r m i t t e d   t o  change  discontinuously 
along  the  chord  measured  perpendicular  to  the  wing 
leading  edge.  Estimates  of  transit ion  are made by 
consider ing  leading  edge  contaminat ion,   cross   f low 
i n s t a b i l i t y ,  and i n s t a b i l i t y  of the  Tollmien- 
Schl ich t ing   type .  A program l i s t i n g  is given i n  
a d d i t i o n   t o   u s e r   i n s t r u c t i o n s  and  a sample case. 

*NASA, Langley  Research  Center, Hampton, Va. 

29. *Gregorek, G. M.; 'Hoffmann, M. J.; **Payne, 
H. E.; and  **Harris, J. P.: Drag Evaluation  of 
the  Bellanca  Skyrocket 11. Presented a t  Society 
of  Automotive  Engineers,  Business  Aircraft Mtg. 
Wichita, Kan., Mar. 29 - Apr. 1,  1977, 13  pp. 

SAE Paper-770472 A77-37090 

The Bellanca  Skyrocket 11, possessor of f i v e  
world  speed  records, is a s i n g l e   e n g i n e   a i r c r a f t  
with  high  performance  that   has  been  attr ibuted to  
a laminar   f low  a i r foi l   and  an a l l  composite  struc- 
t u r e .   U t i l i z a t i o n  of  composite materials i n  t h e  
Skyrocket I1 is un ique   s ince   t h i s   s e l ec t ion  w a s  
made t o   i n c r e a s e   t h e  aerodynamic  efficiency of t h e  
a i r c r a f t .   F l i g h t  tests are i n   p r o g r e s s   t o  measure 
t h e   o v e r a l l   a i r c r a f t   d r a g  and t h e  wing s e c t i o n  
drag  for  comparison  with  the  predicted  performance 
o f   t h e   S k y r o c k e t .   I n i t i a l   r e s u l t s  show the   ze ro  
l i f t   d r a g  is indeed low, e q u a l l i n g  0.016. 

*Ohio State Univ., Columbus, &io 
**Bellanca  Aircraf t   Engineer ing,   Scot t  Depot , 
W. Va. 
Grant NSG 1327 

Boundary  Layers  Along  Concave  Curved Walls. 
P r e s e n t e x a t  the ASME Applied  Mechanics/ 
___- 

Bioengineering/Fluids  Engineering Summer Confer- 
ence,  Yale  Univ. , New Haven,  Conn., June 15- 17; 
1977. Journa l  of  Applied  Mechanics,  vol. 44. 
March 1967, p. 11-17. 

" 

ASME Paper No.  77-AH-4 A77- 284 1  1 # 

This   paper   considers   the  effect   of   heat ing 
on T a y l o r - G r t l e r   v o r t i c e s   i n   l a m i n a r  boundary 
l aye r s .  The e f f e c t  of higher-order terms and t h e  
normal ve loc i ty  component  of the  pr imary  f low  in  
t h e   s t a b i l i t y   c a l c u l a t i o n s   h a s  been  demonstrated. 
The f i n d i n g s   i n d i c a t e   t h a t  t e r n  invo lv ing   t he  
h ighe r -o rde r   e f f ec t s  of cu rva tu re   a s  w e l l  a s  the 
normal component of the  primary  flow become 
increas ingly   impor tan t  a t  small wave numbers. The 
e f f e c t  of hea t ing  is t o   s t a b i l i z e   t h e   f l o w   t o  
d is turbances  of long lateral wavelength  but  has a 
d e s t a b i l i z i n g   e f f e c t  on short   wavelength  dis tur-  
bances. 

*Ecole  mlytechnique,  Montreal,  Canada 
**Colorado  State  Univ.,  Fort  Collins,  Colo. 

31. *Mojola, 0. 0.: T r a n s i t i o n   i n  a Streamwise 
Corner. A I A A  Journal ,   vol .  15, March 1977, 
pp. 427-429. 

A77-26736# 

Some aspec t s  of n a t u r a l  and a r t i f i c i a l   t r a n -  
s i t i o n   t o   t u r b u l e n t  flow in   a   r igh t -angled  stream- 
w i s e  corner formed by t h e   i n t e r s e c t i o n ,   a t  l o w  
subsonic  speed, of two smooth f l a t   p l a t e s   w i t h  
unswept   leading  and  t ra i l ing  edges  are   analyzed.  
The importance of t h i s   a n a l y s i s   f o r  wing-body 
junc t ions  of a i r c r a f t  is pointed  out.  The 
measurements were c a r r i e d   o u t   i n   a   c l o s e d   c i r c u i t  
wind tunnel   with a f rees t ream  turbulence  of 0.03%. 

*I fe   Univers i ty ,   I fe ,   Niger ia .  

32. Volodin, A. G.; and  Zel'man, M. B.: Pairwise 
~" N o n l i n e a r -   v t e r a c t i o n s  of ml lmien -Sch l i ch t inp  
Waves .~ i n  Flows  of t he  Boundary-Layer Type. 
(Translated  f rom  Izvest iya Akademii Nauk SSSR, 
Mekhanika Zhidkosti  i Gaza, No. 2, pp.  33-37, 
March-April  1977.)  Fluid Dynamics, vol.  12, 
no. 2, et.  1977,  pp. 192-196. 

A78- 22354 

For  a  flow of the  boundary-layer type, t h e  
method  of  a  phase  plane is u s e d   t o   i n v e s t i g a t e   t h e  
jo in t   evolu t ion   of   pa i r   o f   Tol lmien-Schl ich t ing  
waves as a func t ion  of the R numbers  and the 
f requencies .  

33. *Klineberg, J. M.: Technology f o r   A i r c r a f t  
Energy  ETficiency.  Presented a t  In t e rna t iona l   A i r  
Transportation  Conference,  Wash., D. C., Apr. 4-6, 
1977 , In  the Proceedings,  American  Society  of 

30. *Kahawita, R. A.; and **Meroney, R. N.: The 
" Inf luence  ~ of Heating  on  the  Stabil i ty  of  Laminar 
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A79- 14136 

Six  technology  programs  for  reducing  fuel use 
i n  U. S. commercial   aviation are discussed. The 
s i x  NASA program are d iv ided   i n to   t h ree   g roups :  
Propulsion - engine  component  improvement,  energy 
eff ic ient   engine,   advanced  turboprops;  Aero- 
dynamics - energy   e f f ic ien t   t ranspor t ,   l aminar  
flow  control;   and  Structures - composite  primary 
s t ructures .   Schedules ,   phases ,  and a p p l i c a t i o n s  
of these  programs  are  considered,  and it is sug- 
g e s t e d   t h a t  program results w i l l  be a p p l i e d   t o  
c u r r e n t   t r a n s p o r t   d e r i v a t i v e s   i n   t h e   e a r l y  1980s 
and t o   a l l - n e w   a i r c r a f t  of t h e   l a t e  1980s  and 
e a r l y  1990s. 

*NASA, Washington, D. C. 

34. *Foss, R. L. : Very  Large Ai rc ra f t  - Tech- 
nology  and  Operational  Implications.  Presented 
a t   I n t e r n a t i o n a l  Air Transportation  Conference,  
Wash., D. C.,  Apr i l  4-6, 1977,  Proceedings 
(A79-14126), Amer. SOC. of C i v i l   m g i n e e r s ,  New 
York, 1977,  pp. 172-196. 

A79- 14137 

This  paper  discusses  future  growth  trends  of 
commercial a i r c r a f t ,   s t a r t i n g   w i t h   h i s t o r i c a l  
p a t t e r n s   t h a t   i n d i c a t e   t h e   c h a n g e s   i n   a i r p l a n e  
physical  dimensions  and  weight that have  occurred 
over   the last several   decades.   Reasons  for  the 
observed  growth  are  reviewed.  Size of today ' s  
l a r g e   a i r c r a f t  is summarized fo r   r e f e rence .  Pro- 
j e c t i o n s  of  commercial  needs f o r   t h e   f u t u r e   a r e  
out l ined .   Thei r   po ten t ia l   impact  on f u t u r e  air- 
c r a f t  growth p a t t e r n s  is shown in   t e rms  of  added 
range,  payload,  and  change  in  cruise  speed. The 
consequences  and  benefi ts   of   switching  to   a l ter-  
na te   fue ls ,   re turn ing   to   tu rboprop  power p l a n t s ,  
adop t ing   a i r sh ips ,  or r e v i t a l i z i n g   s e a   p l a n e s  is 
examined.  Benefits of advanced  technology con- 
s i d e r i n g  new s t ruc tura l   mater ia l s ,   l aminar   f low 
control ,   and  advanced  f l ight   control   systems i s  
d iscussed .   Typica l   a i rc raf t  of t h e   f u t u r e   a r e  
i l l u s t r a t e d .  From t h i s   c o l l e c t i o n ,  a l i k e l y  l ist  
of c a n d i d a t e s   t h a t  may be o p e r a t i o n a l   i n  1995 is 
o f fe red ,   t oge the r   w i th   t he   r a t iona le   fo r   t he i r  
s e l e c t i o n .  

*Lockheed-California Co., Burbank, Ca l i f .  

35. *Meier, H. U.: The Effec t  of Veloc i ty  
Fluctuat ions  and  Nonuniformit ies   in   the  Free 
Stream on t h e  Boundary Layer  Development.  Pre- 
s e n t e d   a t   t h e  Symposium  on Turbulent  Shear  Flows, 
Univ. Park,  Pa.,  April 18-20,  1977. In  
the  Proceedings,  Vol. I, (A77-33806),  1977. 
pp.  10.35-10.41. 

A77-33853# 

The inf luence  of gr id   generated wind tunne l  
tu rbulence  w a s  s tud ied .  It was found t h a t  due t o  

t h e   p o s i t i o n  of t h e   g r i d s  relative t o  the boundary 
l a y e r   s t a r t ,  a momentum loss i n   t h e  boundary l a y e r  
can be added.   This   effect  of l a r g e   f l u c t u a t i o n  
v e l o c i t y  components  and  nonuniformity  of  the  flow 
a t  t h e  start of the boundary  layer was inves t i -  
ga ted  in d e t a i l .  The i n v e s t i g a t i o n s   l e d  t o  some 
genera l   remarks   about   the   in f luence  of the f r e e  
stream t u r b u l e n c e   l e v e l   i n  low speed wind tunne l  
measurements. 

*Aerodynamische  Versuchsanstalt,   Goettingen, West 
Germany 

36.  Laminar-Turbulent  Transition.  Fluid Dynamics 
Panel Symposium, h e l d   i n  Lyngby,  Denmark, May 2-4, 
1977, AGAFD-CP-224, kt. 1977, 380 pp. 

N78- 143 16# 

S t a b i l i t y   t h e o r y   a n d   p r e d i c t i o n  methods 
app l i ed  t o  f l u i d  dynamic processes   in   l aminar -  
t r a n s i t i o n a l   f l o w s  were discussed.  Twenty-eight 
papers  were g iven .   Ci ta t ions  of some s e l e c t e d  
papers   fol low.  Morkovin  gave the   i n t roduc to ry  
address  (no. 37 i n   t h i s   c o m p i l a t i o n )  and a l s o   t h e  
eva lua t ion   repor t   o f   the  symposium (no.  83 i n   t h i s  
compi l a t ion ) .  

37. *Morkovin, M. V.: I n s t a b i l i t y ,   T r a n s i t i o n  t o  
Turbu lence   and   P red ic t ab i l i t y .   P re sen ted   a t  AGARD 
F lu id  Dynamics Panel Symposium on Laminar- 
Turbulent   Trans i t ion  (AGARD-CP-224),  Lyngby, 
Denmark, May 2-4, 1977. AGARD-AG236, Ju ly  28, 
1978, 38  pp. 

N78-31401# 

A c o n c i s e   s t a t e  of t h e  a r t  review on t h e  
phenomenon of t r a n s i t i o n  which c o n s t i t u t e d   t h e  
opening  address is p r e s e n t e d .   V a r i o u s   i n s t a b i l i t y  
mechanisms l ead ing   t o   t r ans i t i on   a r e   p roposed  and 
d iscussed .  A v a r i a b l e   i n s i g h t  is provided  based 
on exis t ing  experimental   evidence  and  postulated 
f low  s t ruc tu res .   Cr i t i ca l   ques t ions   a r e   a sked  
r e l a t i n g   t o   t h e   c o n c e p t u a l   f o u n d a t i o n  on which 
much of t h e   t r a n s i t i o n   e f f o r t  is based. To 
enhance  understanding of t h e  basic mechanisms  and 
processes ,   detai led  microscopic   experiments   are  
encouraged   to   increase   the   da ta  base. 

* I l l i n o i s   I n s t i t u t e  of Technology,  Chicago, Ill. 

38. *Sar ic ,  W. S.: and  'Nayfeh, A. H.: Nan- 
p a r a l l e l   S t a b i l i t y  of  Boundary  Layers  with 
Pressure   Gradien ts  and Suction.  In AGARD Laminar- 
Turbulent   Trans i t ion .  Lyngby,  Denmark, May 2-4, 
1977, AGARD-CP-224 (N78-14316#), kt. 1977. 
21 PP. 

N78- 14322# 

A n  a n a l y s i s  is p r e s e n t e d   f o r   t h e   l i n e a r  non- 
p a r a l l e l   s t a b i l i t y  of  boundary layer  f lows  with 
p re s su re   g rad ien t s  and suc t ion .  The e f f e c t  of t h e  
boundary  layer  growth is included by us ing   the  
method of mul t ip l e   s ca l e s .  The p r e s e n t   a n a l y s i s  
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is compared w i t h  those of Bouthier  and Gaster and 
t h e  roles of the d i f f e r e n t   d e f i n i t i o n s   o f   t h e  
ampl i f ica t ion  rates are discussed.  The r e s u l t s   o f  
t hese   t heo r i e s  are compared  with  experimental  data 
for the  Blasius   boundary  layer .   Calculat ions are 
p r e s e n t e d   f o r   s t a b i l i t y   c h a r a c t e r i s t i c s   o f  
boundary   l ayers   wi th   p ressure   g rad ien ts   and  non- 
s i m i l a r   s u c t i o n   d i s t r i b u t i o n s .  

*Vi rg in i a   Po ly techn ic   In s t i t u t e   and   S t a t e  
University,  Blacksburg, Va. 
Grant NsG-1255 

39.  *Gougat, P i e r r e ;   and   War t in ,   manco i se :  The 
Influence  .of a Per iodic  Wall Deformation  on t h e  

a Transit ion.   (Influence  d 'une  Deformation 
~~ Development-.of  Natural   Instabil i t ies  Leading t o  

Per iodique   de   Paro i   sur  le Development des 
I n s t a b i l i t i e s   N a t u r e l l e s   c o n d u i s a n t  a l a  
Trans i t ion)  . I n  AGARE-CP-224, Laminar-Turbulent 
Trans i t ion ,  May 2-4, 1977,  (N78-14316) O c t .  1977, 
9 pp. (In  French. ) 

N78-14333# 

The n a t u r a l   i n s t a b i l i t i e s  which  occur i n   t h e  
laminar  boundary  layer  of a deformable w a l l  are 
c o n s t i t u t e d  by a series of i n t e r m i t t e n t  waves. A 
spectral a n a l y s i s  of t h e s e   f l u c t u a t i o n s   r e v e a l s  
t he   f r equenc ie s   and   coe f f i c i en t s   o f   ampl i f i ca t ions  
of n a t u r a l   i n s t a b i l i t i e s  are i d e n t i c a l  t o  those  
pred ic ted  by t h e   s t a b i l i t y   t h e o r y .  A deformation 
of   the wall does   no t   change   the   s t ruc ture  of t h e  
phenomena; it merely  introduces a degree  of 
e x t e r i o r   v e l o c i t y  which  provokes  an  amplification 
or a t t e n u a t i o n  of t h e   i n s t a b i l i t i e s .  The e f f e c t  
of a s ta t ic  deformation  of   the w a l l  on t h e  forma- 
t i o n  and a m p l i f i c t i o n  of  boundary  layer  insta- 
b i l i t i e s  w a s  s t u d i e d   i n   r e l a t i o n   t o   t h e   g r a d i e n t  
of ex ter ior   speed .  

*Laboratoire  d'  Aerothermique du  C.N.R.S.,  Meudon, 
France. 

40. *Vaninsen, J. L.: Trans i t i on .   P re s su re  - .  
Gradient ,   Su .c t ion ,   Separa t ion   and   S tab i l i ty  
Thee-ry. In AGARE-CP224, Laminar-Turbulent 

~~ ~ 

Trans i t ion ,  May 2-4, 1977,  (N78-14316). Oct. 
1977. 15 pp. 

N78- 14335# 

A semi-empirical  method is p r e s e n t e d   f o r   t h e  
pred ic t ion   of   t rans i t ion   in   two-dimens iona l   incom 
pressible  f lows  with  pressure  gradient  and  suc- 
t ion.   Included is t h e  case of the   l aminar  separa- 
t ion  bubble ,   where  t ransi t ion is preceded  by 
laminar   separat ion.  The method  employs l i n e a r  
s t a b i l i t y   t h e o r y  t o  c a l c u l a t e   t h e   a m p l i f i c a t i o n  
factor sigma f o r   u n s t a b l e   d i s t u r b a n c e s   i n   t h e  
laminar  boundary  layer  (sigma is def ined  as t h e  
na tura l   logar i thm  of  the ratio between the  ampli-  
tude of a d is turbance  a t  a g iven   i n s t an t  or posi- 
t i o n  t o  the   ampl i tude  a t  n e u t r a l   s t a b i l i t y ) .  It 
is found  tha t  a t  the  experimental ly   determined 
t r a n s i t i o n   p o s i t i o n   t h e   c a l c u l a t e d   a m p l i f i c a t i o n  
f a c t o r   f o r   t h e  critical d i s t u r b a n c e s   a t t a i n s  

n e a r l y  the same value  (about  10) i n  many d i f f e r e n t  
cases for flows  with low f r ee   s t r eam  tu rbu lence  
l e v e l s .  An attempt is made to  i n c l u d e   t h e   e f f e c t s  
of h i g h e r   f r e e  stream turbulence  levels by allow- 
i n g   t h e  cri t ical  a m p l i f i c a t i o n   f a c t o r  to  decrease 
w i t h  i nc reas ing   f r ee   s t r eam  tu rbu lence .  

*Dept.  of  Aerospace mgineering,   Technische 
Hogeschoal,  Delft  (The  Netherlands) 

41. Pol l ,  D. I. A.: Leading Edge Trans i t ion  on 
Swept Wings. I n  AGARD-CP-224, Laminar-Turbulent 
Trans i t ion ,  May 2-4, 1977, (N78-143161, O c t .  1977, 
11 PP. 

N78- 143361 

The behavior  of  the swept wing at tachment  
l i n e  boundary  layer  has  been  studied  experi-  
mental ly .  Two d imens iona l   t r i p  w i r e s  and  turbu- 
l e n t   f l a t   p l a t e  boundary  layers  have  been  used as 
sources  of  disturbance  and a wide  range  of con- 
d i t ions   has   been   covered ,   ensur ing   tha t   the  
r e s u l t s  are d i r e c t l y   a p p l i c a b l e  t o  f u l l  scale 
f l i g h t   s i t u a t i o n s .   S i m p l e  cri teria have  been 
deduced  and  those allow t h e  s ta te  of t he   a t t ach -  
ment l i n e  boundary l a y e r  t o  be determined  for a 
given  geometry  and f r ee   s t r eam  cond i t ions .  The 
v a l i d i t y  of some of t h e   p r i n c i p a l   r e s u l t s   h a s  
been  extended t o  high Mach numbers f o r   t h e  
a d i a b a t i c  w a l l  case.  Sample c a l c u l a t i o n s  show 
t h a t  most of   the   p resent   genera t ion  of c i v i l  
a i r c r a f t  have   t u rbu len t   a t t achmen t   l i nes   i n   t he  
c ru i se   cond i t ion .  Although some b e n e f i t  may be 
gained by a removal  of  root  disturbances  and  the 
maintenance  of a smooth leading   edge   the   to le rab le  
roughness  heights are so small t h a t  it seems 
unl ike ly   tha t   tu rbulence   can  be prevented  without 
some form  of  boundary  layer  suction. 

42. *Finson,  Michael L.: On the   Applicat ion  of  
Second-Order  Closure  Models t o  Boundary  Layer 
Trans i t i on .   In  AGARD-CP-224, Laminar-Turbulent 
T r a n s i t i o n ,  May 2-4. 1977,  (N78-14316), O c t .  1977, 
6  PP. 

N78- 14338# 

Second-order   c losure  models   offer   several  
p o t e n t i a l   a d v a n t a g e s   f o r   t h e   s t u d y  and p r e d i c t i o n  
of   boundary   l ayer   t rans i t ion .  The requi red  
closure  approximations  can be formulated to  
represent   an   adequate   phys ica l   descr ip t ion   of   the  
t r a n s i t i o n   p r o c e s s .  A f i v e   e q u a t i o n  model is 
p r e s e n t e d   f o r   f l u c t u a t i n g   v a r i a b l e s .  It is argued 
tha t   adequate   c losure   t echniques  are a v a i l a b l e   f o r  
t he   p roduc t ion ,   d i s s ipa t ion ,  and d i f f u s i o n  terms. 
Improved  closure  schemes are suggested,  and a 
model is also p r e s e n t e d   f o r   t h e  manner by which 
surface  roughness   e lements   dis turb the boundary 
layer .   Calculat ions  have  been  obtained  for  t w o  
by -pass   s i t ua t ions   where   t he   i n i t i a l   f l uc tua t ion  
levels are r e l a t i v e l y   h i g h ,  due e i t h e r  t o  f r e e  
stream turbulence or surface  roughness ,  and the 
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r e s u l t s  are i n  reasonable  agreement  with wind 
tunnel   observa t ions  on f l a t  plates. 

*Physical  Sciences,  Inc., Woburn, Mass. 

43. *Whitfield,   Jack D.; and  *Dougherty, 
S a m  N. , Jr. : A Survey  of mans i t ion   Research  
a t  AEDC. I n  AGAFG-CP-224, Laminar-Turbulent 
Trans i t ion ,  May 2-4, 1977,  (N78-14316), O c t .  
1977. 20 pp. 

The prospects for   Canadian commercial air- 
l i n e s  from t h e   p r e s e n t  t o  the   end   of   the   cen tury  
are assessed.  Noise regulation a n d   r e t r o f i t t i n g ,  
active control   technology,   laminar   f low  control ,  
regenera t ive   tu rb ines ,   and   mul t i -b lade  turboprop 
wi th   b lades  s w e p t  l i k e  wings are c i t e d  i n  discuss-  
i n g   t h e  processes of fleet replacement  and acqui- 
s i t i o n .  The l i k e l i h o o d   t h a t   C a n a d i a n   a i r l i n e s  
w i l l  a c q u i r e  the A300 Airbus, the Concorde, or the 
proposed  McDonnell  Douglas DC-9-55, t h e   b e i n g  7N7 
and  7x7, or the Br i t i sh   A i rc ra f t   Corpora t ion  
BAC-X- 11 is considered.  

N78- 14340# 
*Air  Canada,  Montreal,  Canada 

Experimental   research on t rans i t ion   Reynolds  
numbers  conducted i n  a l a r g e  number of  ground tes t  
facil i t ies is surveyed .   Fac i l i t i es   surveyed  
included  primary wind tunnels   used  for   aerodynamic 
t e s t i n g  a t  subsonic ,   t ransonic ,   supersonic ,   and  
hypersonic  conditions.  Measurements  have  been 
made on cones   and   p lanar   bodies ,   f la t  plates and 
hollow  cylinders.  The p r imary   mo t iva t ion   fo r   t h i s  
research  spanning  near ly  25 years  has  been t o  
ver i fy   the   adequacy  of the f a c i l i t i e s  t o  s imula te  
f l i gh t   cond i t ions .   Th i s   necessa r i ly   en t a i l ed   t he  
s tudy   o f   f r ee  stream d i s t u r b a n c e s   i n  wind t u n n e l s  
and t h e   r o l e   t h e s e   d i s t u r b a n c e s   p l a y   i n   a l t e r i n g  
t r a n s i t i o n  Reynolds number which  must be con- 
s idered  when s c a l i n g  Reynolds number s e n s i t i v i t y  
da ta .  

*Propulsion Wind Tunnel F a c i l i t y ,  ARO, Inc., 
Arnold Air Force   S ta t ion ,  Tenn. 

Sponsored by AEDC 

44. *Kelly,  Robert E.: The Formation  and 
S tab i l i t y   o f   Long i tud ina l  Roll Vortices i n  Shear 
Flows. F i n a l  Rept. June 1,  1972-May 31, 1977, 
UCLA-Eng.-7737, May 31,  1977, 18 pp. 

46. *Frisbee, L. E.; and *Hopps, R. H.: 
Changing  Horizons  for  Technical  Progress x n  Air 
T ranspor t a t ion .   In  "The Place  of   Aviat ion  in  
Society";  Proceedings of the   15 th   Anglo-her .  
Aeronautical   Conference,  London, mgland ,  May 31- 
June 2, 1977,  (A77-41926).  Royal Aero. Society.  
23 PP. 

A77-41946# 

Some o f   t he  m o s t  p romis ing   po ten t ia l   t ech-  
no log ica l   deve lopmen t s   i n   t he  air  t r a n s p o r t a t i o n  
f i e l d  are d i scussed ,   i nc lud ing  improvements i n  
airframe design,  aircraft engines ,   and  act ive 
controls   hardware.  Major o b s t a c l e s   t o   t h e s e  
r e l a t i v e l y   s h o r t  term developments are con- 
s ide red .   Spec ia l   a t t en t ion  is g i v e n   t o   t h e  
problem of   fue l  economy. Technologies   requir ing 
a longer  time-scale f o r   r e s e a r c h  and  development, 
including  advanced  turboprop  engines ,   a l l -wing 
concepts ,   and  laminar   f low  control ,  are out l ined .  
The po ten t i a l   impac t  of hydrogen-based power 
p l a n t s  on the  development  of  super-  and  hypersonic 
t r a n s p o r t s  is examined. 

*Lockheed-California Co . ,  Burbank, C a l i f .  
AD-A04869 1 N78- 18367# 

Longi tudinal  roll vor t i ces   occu r   f r equen t ly  
in  shear  f lows.  Although  they are most commonly 
dr iven by body f o r c e s   ( e i t h e r   c e n t r i f u g a l  or 
buoyant ) ,   they   a re  also observed   dur ing   t rans i t ion  
i n  homogeneous boundary  layers.  Under the  above 
grant ,   var ious  invest igat ions  have  been made of 
the i r   format ion   and ,   for   the  case of thermally 
d r i v e n   v o r t i c e s ,   t h e i r  own i n s t a b i l i t y .   T h i s  
report summarizes t h e   r e s u l t s   o b t a i n e d .  More 
d e t a i l e d   r e s u l t s   c a n  be found   i n   t he   j ou rna l  
p u b l i c a t i o n s   r e f e r r e d   t o   i n   t h e   r e p o r t .  

fun iv .   o f   Cal i forn ia ,  Los Angeles ,   Cal i f .  
Contract DA-ARO-D-31-124-72-Gl68 

45. *MacDonald, I. S.: Commercial  Aviation  Future 
Progress,  Programs,  Proposals,  and  Problems - A 
Prognosis/W. !?upert Turnbull   Lecture.   Presented 
a t  t h e  Canadian  Aeronautics  and Space I n s t i t u t e  
Annual  General  Meeting, Quebec City,  Canada, 
May 17, 1977. Canadian  Aeronautics  and  Space 
Journal ,   vol .  23, Nov.-Dec., 1977, pp. 338-345. 

A78- 18034# 

47. *Kachanov, Yu. S.; *Kozlov, V. V.; and 
*Levchenko, V. Ya. :  Nonlinear  Development  of a 
Wave i n  a Boundary  Layer.  (Translated  from 
I z v e s t i y a  Akademii Nauk S S S R ,  Mekhanika Zhidkost i  
i Gaza, No.  3, pp. 49-58, May-June, 1977.) F l u i d  
Dynamics, Jan.  1978,  pp. 383-390. 

I n   r e c e n t   y e a r s   d e f i n i t e  progress has  been 
ach ieved   i n   t he   cons t ruc t ion  of theore t ica l   models  
of   nonl inear  wave processes  which  lead t o  a t ran-  
s i t i o n  from  laminar t o  turbulen t   f low.  A t  t h e  
same t i m e ,  t h e r e  is a shor tage   o f   ac tua l   exper i -  
mental material, e s p e c i a l l y   f o r   f l o w s   i n  a 
boundary  layer.   Fairly  thorough  experimental  
s tud ies   have   been   car r ied   ou t   on ly  on t h e   i n i t i a l  
s t a g e  of the  development   of   dis turbances  in  a 
boundary  layer,  which is s a t i s f a c t o r i l y   d e s c r i b -  
a b l e  by t h e   l i n e a r   t h e o r y  of  hydrodynamic s t a b i -  
l i t y .   I n   e v a l u a t i n g   t h e  theoretical models  of 
subsequent   s tages  of t h e   t r a n s i t i o n ,   i n v e s t i g a t o r s  
have  been  forced t o  t u r n   c h i e f l y  to  much earlier 
experiments   carr ied  out  by the   Uni ted   S ta tes  
National  Bureau  of  Standards,   in which t h e  main 
a t t e n t i o n  w a s  concent ra ted  on t h e   t h r e e -  
d imens iona l   s t ruc tu re   o f   t he   t r ans i t i on   r eg ion .  
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2. '. The presen t   i nves t iga t ion  was undertaken  for  the 
" purpose  of   obtaining  detai led  data  on t h e  struc- 

t u r e   o f  the f low  in  the t r a n s i t i o n   r e g i o n  when 
t h e r e  is d is turbance   in   the   l aminar   boundary   l ayer  
of a two-dimensional wave. In   o rde r  t o  make t h e  
two-dimensional   nonl inear   effects   s tand  out  more 
c l e a r l y ,  the amplitude  of the wave w a s  s p e c i f i e d  
t o  be f a i r l y   l a r g e  from t h e  very o u t s e t .  In con- 
trast to  earlier i n v e s t i g a t i o n s ,  the main a t ten-  
t i o n  w a s  cen tered   on   the   s tudy  of t h e   s p e c t r a l  
composi t ion  of   the  dis turbance  f ie ld .  

* I n s t i t u t e  of Theoretical   and Appied  Mechanics, 
Siber ian  Divis ion of t h e  Academy of  Sciences, USSR 

48. fpfenninger ,  Werner:  Laminar Flow Control  
Laminarization.  Special   Course  on  Concepts  for 
Drag  Reduction.  Held a t  t h e  von Karman Inst., 
mode-St-Genese,  Belgium, Mar. 28-Apr. 1, 1977. 
AGARD-R-654, June  1977,  p. 3-1 - 3-75. 

N77-32094# 

A p rac t ica l   aerodynamica l ly   and   s t ruc tura l ly  
reasonably   e f f ic ien t   l aminar   f low  cont ro l  (LFC) 
suc t ion  method,  removing t h e  slowest boundary 
l aye r   pa r t i c l e s   t h rough  many c losed   spaced   f ine  
slots, w a s  developed  and  subsequently  applied t o  a 
second F94 LFC wing  glove i n   f l i g h t :  100 percent  
laminar  flow w a s  observed up t o  t h e  F94 test 
l i m i t .  Laminar  flow on LFC wings i n   f l i g h t  is 
thus   poss ib le  a t  a much higher  Reynolds number 
than   even   i n   t he  best l o w  t u rbu lence   t unne l s  as a 
r e s u l t  of t he   neg l ig ib l e   i n f luence   o f   t he  atmos- 
pheric   microscale   turbuence on t r a n s i t i o n .  The 
F94 LFC glove  comparison  experiments,  with 
s u c t i o n   s t a r t i n g  a t  0 . 0 3 ~  and  0.4c, v e r i f i e d   t h e  
t h e o r e t i c a l l y   p r e d i c t e d  bounday l a y e r   s t a b i l -  
i z a t i o n  by s u c t i o n   s t a r t i n g  a t  O.O8c, thus  main- 
taining  laminar  f low a t  s u b s t a n i a l l y   h i g h e r  CL 
a s  compared t o  boundary l a y e r   s t a b i l i z a t i o n  by 
f low  acce lera t ion ;  i .e. ,  geometry  alone  without 
suct ion  upstream of 0 . 4 ~ .  

*NASA, Langley  Research  Center, Hampton, Va. 

49.  *Kaups, Kalle; and  *Cebeci,  Tuncerf 
Compressible  Laminar  Boundary  Layers With Suct ion 
on Swept and  Tapered Wings. Jou rna l   o f   A i rc ra f t ,  
Val. 14, J u l y  1977,  pp. 661-667. 

A77- 37940# 

In   t h i s   pape r  w e  p r e s e n t  a numerical  method 
for  solving  the  compressible  laminar  boundary- 
layer   equat ions  with  suct ion on swept and  tapered 
wings. The method  employs  an e f f i c i en t   two-po in t  
f i n i t e - d i f f e r e n c e  method t o  solve the  governing 
equations,  and a very   convenient   s imi la r i ty   t rans-  
formation  which  removes t h e  wall normal   veloci ty  
as a boundary  condition  and places it i n t o   t h e  
governing  equations as a parameter. I n   t h i s  way 
t h e  awkward nonl inear   boundary  condi t ion which 
couples a l l  t h e   v a r i a b l e s  is avoided. lb test and 
demonstrate the method, we p r e s e n t  a sample calcu- 
l a t i o n   f o r  a typical   laminar-f low-control  ( LFC) 
wing. 

'Douglas A i r c r a f t  Co., Inc., Long Beach, Cal i f .  
Contract  NASI- 14498 

Note: There is a " U s e r ' s  Guide f o r  Program Main 
t o  Calculate  Compressible  Laminar  Boundary  Layers 
with  Suction on Swept and  Tapered Wings" which 
perhaps  could be obtained  from the au thors  or from 
Douglas   Aircraf t  Co. 

50. 'Lange, R. H.; and  *Bradley, E. S.: Para- 
metric Study  of Advanced Long Range Mi l i ta ry /  
Commercial Cargo Transports .   Presented a t  t h e  
A I A A  A i r c r a f t  Systems L Technology  Meeting, 
S e a t t l e ,  Wash., Aug. 22-24, 1977, 8 pp. 

AIAA-77-1221  A77-44322 

This paper   descr ibes  the r e s u l t s  of  Lockheed 
parametric  design  studies  of  the  performance  and 
economics  of  advanced  technology  military/ 
commercial   cargo  t ransports   envis ioned  for  opera- 
t i o n   i n   t h e  1985  and  1995 t i m e  per iod.  The design 
parameters invest igated  include  payloads  f rom 
220,000 t o  550,000  pounds  and  ranges  from  3,500 to  
5,500 nau t i ca l   mi l e s .  A l l  configurat ions  have 
supercrit ical   wings,   advanced  composite materials, 
r e l a x e d   s t a t i c   s t a b i l i t y ,  and l o w  n o i s e   l e v e l s .  
The a p p l i c a t i o n  of  laminar  f low  control (LFC) 
technology on the  performance of  an  advanced 
m i l i t a r y   t r a n s p o r t  is also presented.  

*Lockheed-Georgia Co. ,  Mar ie t ta ,  G a .  

51.  *Srokowski, A. J.; and  **Orszag, S. A.: MaaS 
Flow Requirements  for LFC Wing Design. AIAA Air- 
c r a f t  Systems  and  Technology  Meeting,  Seattle, 
wash., Aug. 22-24, 1977, 16 pp. 

AIAA-77- 1222 A77-44323# 

The problem  of  determining optimum suc t ion  
mass flow  requirements  for LFC wings is addressed.  
Some previous  methods €or p r e d i c t i n g   t h e   e x t e n t  
of  laminar  flow  over  swept  wings  with  suction are 
br ief ly   reviewed.  These range  from  the  purely 
empirical t o   t h o s e   u t i l i z i n g   t a b u l a t e d   l i n e a r  
s t ab i l i t y   computa t ions .  The present  method is 
descr ibed.  This method s o l v e s   t h e   l i n e a r ,  incom- 
p r e s s i b l e   s t a b i l i t y   e q u a t i o n s  by spectral tech- 
niques. me maximum temporal   amplif icat ion  of  
boundary  layer  crossflow  and 2-D d is turbances  is 
determined  for waves of a given  frequency.  Group 
v e l o c i t i e s  are used t o  in t eg ra t e   t hese   ampl i f i ca -  
t i o n  rates a l o n g   t h e  wing t o  y i e ld   t he   l oga r i thmic  
amplitude ratio or "N factor" o f   t h e   d i s t u r -  
bance. The "N f a c t o r "   c a l i b r a t i o n   o f  a computer 
c o d e   u t i l i z i n g  this method is descr ibed,   using 
exper imenta l ly   de te rmined   t rans i t ion   da ta .  The 
method is shown t o  be as c o n s i s t e n t  as previous ly  
used  "fixed  wavelength"  methods. 

*NASA, Langley  -search  Center, Hampton, Va. 
**Mass. Ins t .   o f  Tech.,  Cambridge, Mass. 
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52. 'Hopps, R. H. : Fuel   Ef f ic iency  - Where We 

ports. In  Proceedings  of  the  Canadian Symposium 
on  Energy  Conserving  Transport  Aircraft,  Ottawa, 
Canada,  Oct.  3, 4, 1977,  (A78-31301), PP. 6-1 
t o  6-16. 

A78-31307# 

Considerat ion is given t o  t h e  1980s jet- 
transport   market  with  emphasis on narrow-body vs  
wide-body a i r c r a f t ,   t h e   b e n e f i t s  of i n c r e a s e d   s i z e  
and   capac i ty   and   t he   f eas ib i l i t y  of super la rge  
a i rc raf t .   Technology of t h e  1980s r e l a t i n g  t o  
span ,   ac t ive   con t ro l s  and  composites is b r i e f l y  
reviewed. Three p o t e n t i a l   t e c h n o l o g i e s   f o r   t h e  
1990s are discussed:   laminar   f low  control ,  
advanced  turboprops  and  liquid  hydrogen. It i s  
noted   tha t   the   t echnology of t h e  1980s w i l l  no t  
o f f e r   d rama t i c  improvements  over a l l  t h e   a i r c r a f t  
flown  today;  large  improvements  can be o f f e r e d  
only  in   comparison  with  the  older  narrow-body 
a i r c r a f t .  

*Lockheed-California Co., Burbank, C a l i f .  

53. *Klineberg, J. M.: The NASA A i r c r a f t  Energy 
Eff ic iency  Program. In  Proceedings  of  the 
Canadian Symposium on Energy  Conserving  Transport 
A i r c r a f t ,  Ottawa, Canada, Oct. 3-4, 1977, 
(A78-313011, pp 1-1 t o  1-32. 

A78-31302# 

The o b j e c t i v e  of t h e  NASA A i r c r a f t  Energy 
Efficiency  Program is t o  accelerate the  develop- 
ment of  advanced  technology  for more energy- 
e f f i c i e n t   s u b s o n i c   t r a n s p o r t   a i r c r a f t .  This pro- 
gram w i l l  have   appl ica t ion  t o  c u r r e n t   t r a n s p o r t  
d e r i v a t i v e s   i n   t h e   e a r l y  1980s  and to  all-new 
a i r c r a f t   o f   t h e  l a te  1980s  and e a r l y  1990s. 
S ix  mjor technology  pro jec ts  were d e f i n e d   t h a t  
c o u l d   r e s u l t   i n   f u e l   s a v i n g s   i n  commercial 
a i r c r a f t :   ( 1 )   h g i n e  Component Improvement, 
( 2)  Energy  Efficient  Engine, ( 3) Advanced Turbo- 
p rops ,   (4 )   he rgy   E f f i c i ency   T ranspor t  (aero- 
dynamically  speaking),  ( 5 )  Laminar Flow Control ,  
and ( 6 )  Composite  Primary  Structures. 

*NASA, Washington, D.C. 

54.  *Meade, L. E.: Material Development f o r  
Laminar Flow Control  Wing Panels.   Presented a t  
the  9th  Nat ional   Technical   Conference  of   the 
SOC. f o r   t h e  Advancement of Material and Process 
Engineering, "Materials and  Processes,   In  Service 
Performance"  (A78-25176),  Atlanta, Ga., Oct. 4-6, 
1977,  pp. 305-312. 

A78-25200 

The absence  of  suitable  porous materials or 
t echn iques   fo r   t he  economic pe r fo ra t ion   o f   su r f ace  
materials has   p rev ious ly   r e s t r i c t ed   t he   des ign   o f  
laminar   f low  control  (LFC) wing  panels   to  a con- 
s idera t ion   of   mechanica l ly   s lo t ted  LFC sur faces .  
A d e s c r i p t i o n  is presented  of  a program  which 

has  been  conducted t o  exploit r ecen t   advances   i n  
materials and  manufactur ing  technology  for   the 
f a b r i c a t i o n  of reliable porous or p e r f o r a t e d  LFC 
su r face   pane l s  compatible w i t h  the   requirements  of 
s u b s o n i c   t r a n s p o r t   a i r c r a f t .   A t t e n t i o n  is given 
t o  LFC design criteria, s u r f a c e  materials, s u r f a c e  
concepts, the use  of  microporous composites, per- 
f o r a t e d  composites, and   per fora ted  metal. The 
descr ihed  program was s u c c e s s f u l   i n   t h a t   f a b r i c a -  
t i o n  processes were developed  for  producing pre- 
dictable   perforated  panels   both  of   composi te   and 
of metal. 

*Lockheed-Georgia, Marietta, ra. 
NAS1-14409 

55. *Banner, 'Ibm F., Jr.; *Pride,   Joseph D.,  Jr.; 
and  *Fernald,  William W.: A i r c r a f t  Energy  Effi- 
ciency  Laminar Flow Control  Wing Design  Study. 
NASA TM-78634, O C t .  1977, 34 pp. 

N78- 13042# 

An engineer ing   des ign   s tudy  was performed i n  
which  Laminar Flow Control  (LFC) w a s  i n t e g r a t e d  
i n t o   t h e  wing  of a commercial pas senge r   t r anspor t  
a i r c r a f t .  A b a s e l i n e   a i r c r a f t   c o n f i g u r a t i o n  was 
s e l e c t e d  and t h e  wing  geometry w a s  def ined.  The 
LFC system,  with  suction  slots,   ducting,  and  suc- 
t i o n  pumps was in t eg ra t ed   w i th   t he  wing s t ruc-  
t u r e .  The use of s tandard  aluminum technology  and 
advanced  Superplastic  Formed-Diffusion Bonded 
(SFDB) t i tanium  technology w a s  evaluated.  The 
r e su l t s   o f   t he   des ign   s tudy  show t h a t   t h e  LFC sys- 
t e m  can be in t eg ra t ed   w i th  the wing s t r u c t u r e  to  
provide a s t ruc tu ra l ly   and   ae rodynamica l ly   e f f i -  
c i e n t  wing f o r  a commercial t r a n s p o r t   a i r c r a f t .  

*NASA, Langley  Research  Center, Hampton, V a .  

56. *Kobavashi. R. : and *Kohama. Y. : Tavlor- . .  
GGrtler Ins tab i l i ty   o f   Compress ib le  Boundary 
Lavers. AIAA Journa l ,   vo l .  15,  no. 12. Dec. 1977. 
pp. 1723-1727. 

The purpose  of  this  paper is t o  consider  
a n a l y t i c a l l y  how compress ib i l i t y   o f  a f l u i d  w i l l  
a f f e c t   t h e   i n s t a b i l i t y  of  laminar  boundary  layers 
a long   s l igh t ly   concave  walls lead ing  to  the   onse t  
o f   l o n g i t u d i n a l   v o r t i c e s .   N e u t r a l   s t a b i l i t y  
c u r v e s   r e p r e s e n t i n g   t h e   r e l a t i o n   o f   t h e  GErtler 
pa rame te r   t o   t he   d imens ion le s s  wavenumber of t h e  
l o n g i t u d i n a l   v o r t i c e s  and also d i s t r i b u t i o n s   o f  
t h e   d i s t u r b a n c e s  a t  t h e   o n s e t  of t h e   v o r t i c e s  are 
presented .  The r e s u l t s  show t h a t   t h e  c r i t i ca l  
va lue  of t h e  Gortler parameter increases   about  
1.6 times as the   f r ees t r eam Mach number v a r i e s  
from 0 t o  5 i n   t h e  case of a the rma l ly   i n su la t ed  
wall. E f f e c t s  of temperature  ra t io  ( w a l l  temper- 
a t u r e  t o  f rees t ream  tempera ture)   in   cases  of an  
i so thermal   wal l  are also discussed.  

*Tohoku Univ.,  Sendai,  Japan 
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57.  Advancing  Transport  Aircraft  Technology 
Towards  2000. Interavia ,   vol .   32,  Dec. 1977, 
pp.  1219-1223. 

A78-17135 

Innovat ions  in   commercial   a i rcraf t   are   fore-  
c a s t   f o r   t h e  1980s  and  1990s: a t t e n t i o n  is given 
t o  improvements in   aerofo i l   des ign ,   the   use   o f  
composites  to  reduce  airframe  weight,   the  reduc- 
t i o n  of s p e c i f i c   f u e l  consumption,  and  reconsid- 
e r a t i o n  of the  turboprop.   Act ive  a i lerons,  wing 
t ip   ex tens ions ,   h igh-aspec t   ra t io   wings ,   super -  
cri t ical  wing designs,   and  laminar  f low  control 
are   discussed.  Advanced powerplants  under  inves- 
t i g a t i o n ,   i n   a d d i t i o n  to  turboprops,   include 
improved  high  bypass r a t io   eng ines ,   va r i ab le   cyc le  
engines,  and l i q u i d  hydrogen p o w e r  systems. 

58. *Benney, David J.; and  *Orszag,  Steven A.: 
S t a b i l i t y   A n a l y s i s   f o r  Laminar Flow Control - 
P a r t  I. NASA CR-2910, kt. 1977, 90 pp. 

N78- 12363 

This   report   develops  the  basic   equat ions  for  
t h e   s t a b i l i t y   a n a l y s i s  of flow  over  three- 
dimensional  swept  wings  and  then  surveys  numerical 
methods f o r   t h e i r   s o l u t i o n .  The equat ions  for  
n o n l i n e a r   s t a b i l i t y   a n a l y s i s  of  three-dimensional 
dis turbances  in   compressible ,   three-dimensional ,  
non-parallel  flows  are  given.  Efficient  and  accu- 
ra te   numer ica l   methods   for   the   so lu t ions  of t h e  
equations of s tab i l i ty   theory   a re   surveyed   and  
analyzed. 

*Cambridge  Hydrodynamics,  Inc. , Cambridge, Mass. 
Contract NASI- 14427 

(Note:  For  Part 11, s e e   c i t a t i o n  #184 i n   t h i s  
bibliography. ) 

59. Kozlov, V. V.; Levchenko, V. Ya.; Maksimov, 
V. P.; Rudni t sk i i ,  A. L.; and  Shcherbakov, 
V. A.: Inves t iga t ion  of  Viscous  Fluid Flow a t  a 
Suct ion   S l i t .   Tsagi  Uch. Zap., vol.  8.' no.  1, 
1977,  pp.  130-135. (Russ i an   t ex t . )  

A79-12142 

The flow  of a v iscous   incompress ib le   f lu id  
a long  a p la te   wi th   a   nar row  suc t ion  sl i t  is 
s tud ied   t heo re t i ca l ly  and  experimentally. A 
numerical   solut ion of the  Navier-Stokes  equations 
is obtained,   t reat ing  the  mainstream  s imulta-  
neously  with  the  f low  within  the slit, and t ak ing  
the  s tabi l ized  f low  as   the  boundary  condi t ion 
wi th in   t he  slit .  In   the   exper imenta l  part of t h e  
study, a laser anemometer is u s e d   t o  measure t h e  
long i tud ina l   ve loc i ty  component a t  var ious  dis- 
tances  from  the slit and f o r   v a r i o u s   s u c t i o n  modes 
and  var ious  mainstream  condi t ions.  Good agreement 
between  theory  and  experiment is noted. 

60.  *Lekoudis, S. G.: S t a b i l i t y  of Boundary 
Layers Over Permeable Surfaces.  A I A A  16th 

Aerospace  Sciences  Meeting,  Huntsville, Ala., 
Jan. 16-18, 1978,  9  pp. 

AIAA-78-203  A78-22597 

The s t a b i l i t y  of a two-dimensional,  inconr 
p r e s s i b l e  houndary  layer  over a pe r fo ra t ed   su r f ace  
is examined. The spac ing  of t he   pe r fo ra t ions  is 
assumed t o  be small compared t o   t h e  wavelength of 
t he   d i s tu rbances .   I f ,   unde r   t he   pe r fo ra t ions ,  
t h e r e   e x i s t s   a  chamber tha t   pe rmi t s   t r ave l ing  
waves t o   e x i s t ,  it can,   under   cer ta in   condi t ions,  
s t a b i l i z e   t h e  flow. I f   i n s t ead   t he re   ex i s t   sma l l  
chambers tha t   sus ta in   compress ib le  waves c rea t ed  
by the   d i s tu rbance   i n   t he  boundary  layer ,   their  
e f f e c t  on t h e   s t a b i l i t y  of the  f low is n e g l i g i b l e ,  
for   the   range  of f requencies  of i n t e r e s t .  

*Lockheed-Georgia,  Marietta, Ga. 

61.  *Sturgeon, R. F.: The Development  and 
.Evaluation of Advanced Technology Laminar-Flow- 
Control  Subsonic  Transport   Aircraft .  A I A A  16th 
Aerospace  Sciences  Meetinq,  Huntsville,  Ala., 
Jan. 16-18, 1978,  9  pp. 

AIAA-78-96  A78-52626 

A study was conducted t o   e v a l u a t e   t h e   t e c h -  
n i c a l  and  economic f e a s i b i l i t y  of applying  laminar 
flow  control (LFC) t o   t h e  wings  and empennage of 
l ong- range   subson ic   t r anspor t   a i r c ra f t   fo r   i n i t i a l  
o p e r a t i o n   i n  1985.  For a design  mission  range  of 
5500 n.mi.,  advanced  technology LFC and  turbulent-  
f l o w   a i r c r a f t  were developed  for a 200-passenger 
payload,  and  compared on the  basis of production 
c o s t s ,   d i r e c t   o p e r a t i n g   c o s t s ,  and f u e l   e f f i -  
c iency.   Parametr ic   analyses  were conducted  to  
e s t a b l i s h  optimum geometry,  advanced  system con- 
c e p t s  were evaluated,  and  configuration  varia- 
t i o n s  maximizing the   e f f ec t iveness  of LFC were 
developed. The final  comparisons  include  consid- 
e r a t i o n  of maintenance  costs  and  procedures, 
manufacturing  costs and procedures,  and  opera- 
t i o n a l   c o n s i d e r a t i o n s   p e c u l i a r   t o  LFC a i r c r a f t .  

*Lockheed-Georgia Co., Marie t ta ,  Ga. 
Contract NAS1- 13694 

62. *Hage, R. E.; and  *Stern,  J. A.: The Chal- 
lenge of Advanced Fuel-Conservative  Aircraft  - A 
Manufacturer 's  View.  14th Annual AIAA Meeting  and 
Technical  Display, Wash. D.C., Feb.  7-9, 1978, 
18 PP. 

AIAA-78-362 A78-24034# 

Costs and  technological  problems  associated 
wi th   advanced   fue l -conserva t ive   a i rc raf t  are dis- 
cussed ,   w i th   pa r t i cu la r   a t t en t ion   g iven   t o   t he  
c u r r e n t  NASA A i r c r a f t  Ehergy Eff ic iency  (ACEE) 
program,  which  focuses on engine  component 
improvement,  turboprops,  laminar  flow  control  and 
compos i t e s .   In   add i t ion   t o   t he   r e su l t s  of t h e  
ACEE program, a i r c ra f t   manufac tu re r s  w i l l  need t o  
deal  during  the  next  decade  with  the  noise 
requirements   es tabl ished by FAR P a r t  36. Due t o  
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high  costs   and  noise   considerat ions,  Dc-8 and E707 
f l e e t s  are expec ted   to  be rep laced  by the 198Os, 
and  the demand f o r   f u e l - e f f i c i e n t   a i r c r a f t   i n   t h e  
100- to  200-seat  category w i l l  be s i g n i f i c a n t .  
Fuselage  cross-sect ions  for   such a category are 
considered; a comparison  of t he   e f f ec t iveness   o f  
t w i n - j e t s  and tri-jets f o r  medium-range t r a n s p o r t  
is a l so   r epor t ed .  

*Douglas A i r c r a f t  Co., m n g  Beach, Ca l i f .  

N78-270668 

Application  of  laminar  f low  control  tech- 
nology to  f u t u r e  CTOL long  range  t ransport  air- 
c r a f t  w a s  considered.  Topics  covered  include: 
( 1 )   a i r f o i l  development  and test; ( 2 )  development 
and  improvement  of  design  methods;  (3)  evaluation 
of  leading  edge  contamination;  and  (4)  laminar 
f low  control   system  def ini t ion  and  concept  
eva lua t ion .  

*NASA, Langley  Research  Center, Hampton, Va. 
63. *Wilson, S. D. R.; and  *Gladwell, I.: The 
S t a b i l i t y  of a Two-Dimensional Stagnation  Flow  to 
Three-Dimensional  Disturbances.  Journal  of  Fluid 
Mechanics,  vol.  84,  Part  3, Feb.  13, 1978, 
pp.  517-527. 

A78-25168 

Experiments  have shown t h a t   t h e  two- 
dimensional  flow  near a forward   s tagnat ion   l ine  
may be unstable   to   three-dimensional   dis turbances.  
The growing  disturbance  takes  the  form  of 
secondary  vort ices ,  i.e. v o r t i c e s  more o r  less 
p a r a l l e l   t o   t h e   o r i g i n a l   s t r e a m l i n e s .  The i n s t a -  
b i l i t y  is usua l ly   con f ined   t o   t he  boundary l a y e r  
and  the  spacing of the  secondary  vort ices  is of 
the  order  of the  boundary-layer  thickness.   This 
s i t u a t i o n  is ana lysed   t heo re t i ca l ly   fo r   t he   ca se  
of in f in i tes imal   d i s turbances   o f   the  type f i r s t  
s tud ied  by Gb’rtler and Hamerl in .   These  are  dis- 
t u rbances   pe r iod ic   i n   t he   d i r ec t ion   pe rpend icu la r  
t o   t h e   p l a n e  of t h e   f l o w ,   i n   t h e   l i m i t  of i n f i n i t e  
Reynolds number. It is shown tha t   t he   f l ow is 
always s t a b l e   t o   t h e s e   d i s t u r b a n c e s .  

*Department of Mathematics, Univ.  of Manchester, 
mg land  

64. CTOL Transport  Technology - 1978. A confer- 
ence  held a t  Langley  Research  Center, Hampton, 
Va. ,  Feb. 28 - March 3, 1978. 
NASA CP2036,  Pt .  I, June  1978, 516 pp. 

NASA CP2036, P t .  11, June  1978, 468 pp. 
N78-27046# 

N79- 10097# 

Technology  generated by NASA and s p e c i f i c a l l y  
associated  with  advanced  conventional  takeoff  and 
l a n d i n g   t r a n s p o r t   a i r c r a f t  is reported.   Topics  
c o v e r e d   i n c l u d e :   a i r c r a f t   p r o p u l s i o n ;   s t r u c t u r e s  
and ma te r i a l s ;  and  laminar  f low  control.  

A s e s s ion  on laminar  f low  control  addressed 
insect   contaminat ion and a l l e v i a t i o n ;   s u c t i o n   p r e -  
d i c t ion   t echn iques ;   po rous   ma te r i a l s ;  and  laminar 
f low  appl icat ions.  

Note:   Selected  papers  from  this  conference 
follow. 

65. *Muraca, Ralph J. : Laminar Flow Control 
Overview.  Presented a t   t h e  CTOL Transport  Tech- 
nology  Conference,  Langley  &search  Center, 
Hampton, Va.,  Feb. 28 - Mar. 3,  1978. 
NASA -2036, P a r t  I, pp. 349-356, June 1978. 

66. *Peterson,  John B., Jr.; and  **Fisher, 
David F.: F l igh t   Inves t iga t ion  of Insec t  Contam- 
i n a t i o n  and Its Al l ev ia t ion .   P re sen ted   a t   t he  
CTOL Transport  Technology  Conference,  Langley 
Research  Center, Hampton, Va., Feb. 28 - Mar. 3, 
1978. NASA CP2036,   Par t  I, pp. 357-373, 
June 1978. 

N78-27067# 

An i n v e s t i g a t i o n  of  leading-edge  contamina- 
t i o n  by i n s e c t s  w a s  conducted a t   t h e  NASA Dryden 
Flight  Research  Center  with a J e t S t a r   a i r p l a n e  
i n s t r u m e n t e d   t o   d e t e c t   t r a n s i t i o n  on the  outboard 
leading-edge  f lap  and  equipped  with a system t o  
wash the   l ead ing   edge   i n   f l i gh t .  The r e s u l t s  of 
a i r l i n e - t y p e   f l i g h t s   w i t h   t h e   J e t S t a r   i n d i c a t e d  
that   insects   can  contaminate   the  leading  edge 
during  takeoff   and  c l imbout   a t   large jet a i r p o r t s  
i n   t h e   U n i t e d   S t a t e s .  The r e s u l t s   a l s o  showed 
t h a t   t h e   i n s e c t s   c o l l e c t e d  on the   l ead ing   edges   a t  
180 k n o t s   d i d   n o t   e r o d e   a t   c r u i s e   c o n d i t i o n s   f o r  a 
laminar  f low  control  airplane  and  caused  premature 
t r a n s i t i o n  of the  laminar  boundary  layer.  None of 
the   supers l ick   and   hydrophobic   sur faces   t es ted  
showed any s i g n i f i c a n t   a d v a n t a g e s   i n   a l l e v i a t i n g  
the  insect  contamination  problem. While t h e r e  may 
be   o the r   so lu t ions   t o   t he   i n sec t   con tamina t ion  
problem,   the   resu l t s   o f   these  tests with a washer 
system showed t h a t  a continuous  water  spray  while 
encoun te r ing   t he   i n sec t s  is e f f ec t ive   i n   p reven t -  
ing  insect   Contaminat ion of the  leading  edges.  

*NASA, Langley  Research  Center, Hampton, Va. 
**NASA, Dryden Flight  Research  Center,  Edwards, 
Ca l i f .  

67.  *Srokowski, Andrew J.: Development of 
Advanced S t a b i l i t y  Theory  Suction  Prediction Tech- 
n iques   fo r  Laminar Flow Control.   Presented a t  
t h e  CTOL Transport  Technology  Conference,  Langley 
Research  Center, Hampton, Va. ,  Feb. 28 - Mar. 3, 

June  1978. 
1978. NASA CP2036,  Pt .  I, pp. 375-394, 

N78-27068# 

The problem  of   obtaining  accurate   es t imates  
of  suction  requirements on swept  laminar  flow con- 
t r o l  wings was d iscussed .  A f a s t   a c c u r a t e   c o w  
p u t e r  code  developed to  p red ic t   suc t ion   r equ i r e -  
ments by i n t e g r a t i n g   d i s t u r b a n c e   a m p l i f i c a t i o n  
r a t e s  w a s  described.  Assumptions  and  approxima- 
t i o n s   u s e d   i n   t h e   p r e s e n t  computer  code are 
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f low  condi t ions on the swept 
their v a l i d i t y .  

*NASA, Langley  Research  Center, Hampton, Va. 

68. *Allison,  Dennis 0.; and  'Dagenhart, 
John R.:  design^ of a Laminar-Flow-Control  Super- 
cr i t ical  n i r f o i l   f o r  a Swept Winq. Presented a t  
t h e  CTOL Transport  Technology  Conference,  Langley 
Research  Center, Hampton, Va., Feb. 28 - Mar. 3, 
1978. NASA CP-2036, P a r t  I, pp. 395-408, 
June 1978. 

N78-27069# 

An a i r f o i l  w a s  ana ly t ica l ly   des igned   and  
analyzed  for  a combinat ion  of   supercr i t ical   f low 
and  laminar  flow  control (LFC) by boundary  layer 
suc t ion .  A shockless   inverse  method w a s  used t o  
des ign   an   a i r fo i l  and   an   ana lys i s  method w a s  used 
i n  lower sur face   redes ign  work. The laminar  flow 
p r e s s u r e   d i s t r i b u t i o n s  w e r e  computed without  a 
boundary  layer   under   the  assumption  that   the  lami- 
nar  boundary  layer would be   kep t   t h in  by suc t ion .  
I n v i s c i d   c a l c u l a t i o n s  showed t h a t   t h i s  13.5 per- 
cen t   t h i ck   a i r fo i l   has   shock le s s   f l ows   fo r  con- 
d i t i o n s  a t  and  below the  design  normal Mach number 
of 0.73 and t h e   d e s i g n   s e c t i o n   l i f t   c o e f f i c i e n t  
of  0.60,  and t h a t   t h e  maximum local normal Mach 
number is 1.12 a t  the   des ign   po in t .  The laminar 
boundary   l aye r   i n s t ab i l i t i e s   can  be c o n t r o l l e d  
with  suct ion  but   the   undercut   leading  edge  of   the 
a i r f o i l   p r o v i d e s  a l o w  ve loc i ty ,   cons t an t   p re s su re  
c o e f f i c i e n t s   r e g i o n  which is conducive t o  laminar 
f low  without   suct ion.  The a i r f o i l  w a s  designed to  
be capable  of l i f t  recovery  with no suc t ion  by t h e  
d e f l e c t i o n  of a small t r a i l i n g  edge  f lap.  

*NASA, Langley  Research  Center, Hampton, Va. 

69.  *Gratzer, L. B.; and  *Georqe-Falvy, D.: 
- Application . ." of  Laminar . Flow Control  Technology 
to  Long-Range Transport   Design.  Presented a t  t h e  
CTOL Transport  Technology  Conference, Hampton, 
Va.,  Feb. 28 - March 3,  1978, NASA -2036, 
P a r t  I, pp.  409-447, June 1978. 

N78-27070# 

The impact of  laminar f l o w  c o n t r o l  (LFC) 
technology on a i r c r a f t   s t r u c t u r a l   d e s i g n   c o n c e p t s  
and  systems w a s  discussed  and  the  corresponding 
b e n e f i t s  were shown i n  terms of performance  and 
f u e l  economy. Spec i f i c   t op ic s   d i scussed   i nc lude :  
(1)  recent  advances  in  laminar  boundary  layer 
development  and s t a b i l i t y   a n a l y s i s   t e c h n i q u e s   i n  
terms of suct ion  requirements   and  wing  suct ion 
su r face   des ign ;   (2 )   va l ida t ion  of theory  and real- 
i s t ic  simulat ion  of   dis turbances  and  off-design 
condi t ions  by wind tunnel   t es t ing ;   (3)   compat ib i l -  
i t y  of aerodynamic  design  of airfoils and  wings 
with LFC requirements; ( 4 )  s t r u c t u r a l   a l t e r n a t i v e s  
involving  advanced  a l loys or composites i n  corn 
b ina t ions  made p o s s i b l e  by advanced materials pro- 
c e s s i n g  and   manufac tur ing   techniques ;   (5)   addi t ion  
of   suct ion compressor and drive u n i t s  and t h e i r  
l o c a t i o n  on the   a i r c ra f t ; .   and   (6 )   p rob lems  associ- 

a ted   wi th   opera t ion   of  LFC a i r c r a f t ,   i n c l u d i n g  
accumulat ion  of   insects  a t  low a l t i t u d e s   a n d  
environmental   considerat ions.  

*Boeing Commercial Airplane Co., S e a t t l e ,  Wash. 

70. *Sturgeon, R. F. : Toward a Laminar-Flow-Con- 
t r o l  Transport .   Presented a t  t h e  CTOL Transport  
Technology  Conference,  Langley  Research 
Center ,  Hampton, Va. , Feb. 28 - Mar. 3, 1978. 
NASA CP2036,   Par t  I, pp. 449-495, June  1978. 

N78-27071# 

Analyses w e r e  conducted t o   d e f i n e  a p r a c t i c a l  
design  for  an  advanced  technology  laminar  f low 
c o n t r o l  (LFC) t r a n s p o r t   f o r   i n i t i a l   p a s s e n g e r  
opera t ion   in   the   ear ly   1990 ' s .   Miss ion   requi re -  
ments,   appropriate  design cri teria,  and l e v e l   o f  
t e c h n o l o g y   f o r   t h e   s t u d y   a i r c r a f t  were def ined.  
The c h a r a c t e r i s t i c s  of t h e   s e l e c t e d   c o n f i g u r a t i o n  
were e s t a b l i s h e d ,   a i r c r a f t  and LFC subsystems 
compatible w i t h  the  mission  requirements were 
d e f i n e d ,   a n d   t h e   a i r c r a f t  was eva lua ted   i n  terms 
o f   f u e l   e f f i c i e n c y .  A wing  design  integrat ing 
t h e  LFC ducting  and  metering  system  into  advanced 
composite  wing  structure was developed,  manufac- 
t u r ing   p rocedures   fo r   t he   su r f ace   pane l   des ign  
were e s t a b l i s h e d ,  and  environmental   and  structural  
t e s t i n g   o f   s u r f a c e   p a n e l  components w e r e  
conducted. T e s t  r e s u l t s   r e v e a l e d  a requirement 
f o r   r e l a t i v e l y  minor  changes in   the   manufac tur ing  
procedures  employed,  but  have shown the   gene ra l  
c o m p a t i b i l i t y  of   both  the  selected  design  and  the 
use  of  composite materials with  the  requirements  
of LFC wing  surface  panels.  

*Lockheed-Georgia Co., Marietta, G a .  
Contract  NAS1-14631 

71.  'Pearce,  Wilfred E.: Appl icat ion of  Porous 
Mater ia l s  €or Laminar Flow Control.   Presented a t  
t h e  CTOL Transport  Technology  Conference,  Langley 
Research  Center, Hampton, ' V a . ,  Feb. 28 - Mar. 3, 
1978. NASA CP2036,   Par t  I, pp. 497-522, 
June 1978. 

N78-27072# 

F a i r l y  smooth  porous materials were e l e c t e d  
fo r   s tudy :  Doweave; Fibermetal ;  Dynapore; and 
pe r fo ra t ed   t i t an ium  shee t .   Fac to r s  examined 
include:   surface  smoothness;   suct ion  character is-  
t ics;  po ros i ty ;   su r f ace   impac t   r e s i s t ance ;   and  
s t r a i n   c o m p a t i b i l i t y .  A laminar   f low  control  
suction  glove  arrangement w a s  i d e n t i f i e d   w i t h  
material combinations  compatible  with  thermal 
expans ion   and   s t ruc tura l   s t ra in .  

*Douglas A i r c r a f t  Co., Inc.,  Santa Monica, C a l i f .  

72.  'Nagel, A. L.: Studies   of  Advanced Transport  
Aircraft. Presented a t  t h e  CTOL Transport   wch-  
nology  Conference,  Langley  Research  Center, 
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Hampton, Va., Feb. 28 - Mar. 3, 1978. NASA 
CP2036,   Par t  11, pp.  951-982, June  1978. 

N78-29064% 

Studies  have  been made of   several   concepts  
f o r  possible fu ture   a i rp lanes ,   inc luding   a l l -wing  
d is t r ibu ted- load   a i rp lanes ,   mul t i -body  a i rp lanes ,  
a long-range  laminar   f low  control   a i rplane,  a 
nuclear-powered  airplane  designed  for  towing con- 
ven t iona l ly  powered airplanes  during  long-range 
cruise, and  an aerial t ransportat ion  system  corn 
p r i s e d  of   cont inuous ly   f ly ing   " l iner"   a i rp lanes  
operated  in   con  junct ion  with  short-range  "feeder"  
a i rp l anes .  The s t u d i e s   i n d i c a t e   t h a t   e a c h  of 
these   concepts   has   the   po ten t ia l   for   impor tan t  
performance  and  economic  advantages,  provided 
ce r t a in   sugges t ed   r e sea rch   t a sks   a r e   success fu l ly  
accomplished.   Indicated  research  areas   include 
al l -wing  a i rplane  aerodynamics,   aer ia l   rendezvous,  
nuc lear   a i rc raf t   engines ,   a i r -cushion   landing  
systems,  and  laminar  flow  control,  as  well as t h e  
b a s i c   r e s e a r c h   d i s c i p l i n e   a r e a s  of  aerodynamics, 
s t ruc tu res ,   p ropu l s ion ,   av ion ic s ,  and  computer 
app l i ca t ions .  

'NASA, Langley  Research  Center, Hampton, Va. 

73.  Advanced Technology Air fo i l   Research .  A con- 
f e r e n c e   h e l d   a t  NASA, Langley  Research  Center, 
Hampton, Va. ,  March 7-9, 1978. 
NASA -2045,  Vol. I. Pt. 1, Mar. 1979, 468  pp. 

N79-20030# 
NASA CP2045,  Vol. I. P t .  2, Mar. 1979, 304 pp. 

NASA CP2045, V o l .  11, Mar. 1979, 263 pp. 
N79- 19989# 

N80-21283# 

This  conference  provided  a  comprehensive 
review  of a l l  NASA a i r fo i l   r e sea rch ,   conduc ted   i n -  
house  and  under  grant  and  contract. A broad  spec- 
trum of a i r f o i l   r e s e a r c h   o u t s i d e  of NASA w a s  a l s o  
reviewed. The major t h r u s t  of t h e   t e c h n i c a l  ses- 
s i o n s  were in   three  areas:   development  of compu- 
t a t i o n a l  aerodynamic   codes   for   a i r fo i l   ana lys i s  
and  design,  development  of  experimental   facil i t ies 
and test techniques,  and a l l   t y p e s  of a i r f o i l  
a p p l i c a t i o n s .   I n   a d d i t i o n ,   r e s u l t s  of t e c h n i c a l  
workshops  were  presented a t  a  concluding  round- 
t ab le   d i scuss ion .  

Note:   Selected  papers  from  this  conference 
follow. 

74. fBobbitt ,   Percy J. : Langley  Airfoil-Research 
Program.  In the  "Advanced Technology A i r f o i l  
Research"  conference  held a t  Langley  Research 
Center, March 7-9, 1978, NASA CP2045,  Vol. I, 
P a r t  1, March 1979,  pp. 11-38. 

N79-20032# 

An overview  of  past ,   present,  and f u t u r e  
a i r f o i l   r e s e a r c h   a c t i v i t i e s   a t   t h e  Langley 
Research  Center is given. The immediate  past  and 
f u t u r e  occupy  most  of the  discussion;  however,  

past   accomplishments  and  milestones  going  back to 
t h e   e a r l y  NACA yea r s  are d e a l t   w i t h   i n  a broad- 
brush way t o  g ive  a b e t t e r   p e r s p e c t i v e  of cu r ren t  
developments  and  programs. In a d d i t i o n   t o   t h e  
h i s t o r i c a l   p e r s p e c t i v e ,  a s h o r t   d e s c r i p t i o n  of t h e  
f a c i l i t i e s  which are now b e i n g   u s e d   i n   t h e   a i r f o i l  
program is given. This i s  followed by a discus- 
s i o n  of a i r fo i l   deve lopmen t s ,   advances   i n   a i r fo i l  
design  and  analysis  tools (most ly   those that have 
taken   p lace   over   the  past 5 or 6 y e a r s ) ,  and  tun- 
ne l -wa l l - in t e r f e rence   p red ic t ive  methods  and mea- 
surements .   Future   research  requirements   are  
t r e a t e d .  

*NASA, Langley  Research  Center, Hampton, Va. 

75. *Eppler,  Richard;  and  **Somers, Dan M.: Low 
Speed A i r f o i l  Design and  Analysis.   In  the 
"Advanced Technology A i r f o i l  Research"  conference, 
Langley  Research  Center, Mar. 7-9, 1978. NASA 
CP2045,  Vol. I, Pa r t  1, March 1979,  pp. 73-99. 

- 

N79-20036# 

A low speed   a i r fo i l   des ign  and analysis   pro-  
gram was developed  which  contains  several  unique 
fea tures .   In   the   des ign  mode, t he   ve loc i ty   d i s -  
t r i b u t i o n  is no t   spec i f i ed   fo r   one   bu t  many d i f -  
f e r e n t   a n g l e s  of a t t a c k .   S e v e r a l   i t e r a t i o n  
op t ions   a r e   i nc luded  wh ich   a l low  the   t r a i l i ng  edge 
a n g l e   t o  be spec i f ied   whi le   o ther   parameters   a re  
i t e r a t e d .  For a i r f o i l   a n a l y s i s ,  a panel  method is 
a v a i l a b l e  which uses   third-order   panels   having 
p a r a b o l i c   v o r t i c i t y   d i s t r i b u t i o n s .  The flow con- 
d i t i o n  is s a t i s f i e d   a t   t h e  end  points  of  the 
pane ls .  Both sha rp   and   b lun t   t r a i l i ng   edges  can 
be analyzed. The i n t e g r a l  boundary  layer  method 
wi th  its laminar  separation  bubble  analog,  empir- 
i c a l   t r a n s i t i o n   c r i t e r i o n ,  and   prec ise   tu rbulen t  
boundary  layer  equations  compares  very  favorably 
with  other   methods,   both  integral  and f i n i t e   d i f -  
ference.   Comparisons  with  experiment  for  several  
a i r f o i l s   o v e r  a very  wide  Reynolds number range 
are d i s c u s s e d .   A p p l i c a t i o n s   t o   h i g h   l i f t   a i r f o i l  
design  are   a lso  demonstrated.  

* S t u t t g a r t  Univ., West Germany 
**NASA, Langley  Research  Center, Hampton, Va. 

76. *Newman, Perry A.; and  **Anderson, E. C.: 
Analytical  Design  of a Contoured Wind-Tunnel Liner 
f o r   S u p e r c r i t i c a l   T e s t i n g .   I n   t h e  "Advanced  Tech- 
nology  Airfoil  Research"  conference  held a t  
Langley  Research  Center, March  7-9, 1978, NASA 
CP2045,  Vol. I, P t .  2,  March 1979,  pp. 499-509. 

N79- 1999 3 # 

The present   ana ly t ica l   des ign   procedure  i s  
being  developed  in   order  to  determine  the  shape  of 
a contoured  nonporous  wind-tunnel  l iner  for  use 
i n   t h e  Ames 12-foot   pressure wind tunnel  test of 
a large-chord,  laminar  flow  control,  swept-wing 
panel  which  has  a s u p e r c r i t i c a l   a i r f o i l   s e c t i o n .  
This  procedure is a p p l i c a b l e   t o   t h e  two- 
dimensional  streamlined  tunnel  problem  and a f i r s t  
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f check on its v a l i d i t y  would  be a comparison  of t h e  
F. calculated  tunnel-wal l   shape  with  that   found 

experimental ly .   Resul ts   for   such a comparison are 
given  and  the  favorable  agreement is encouraging. 

*NASA, Langley  Research  Center, Hampton, Va. 
**DCW Indus t r ies ,   Inc . ,   S tudio   Ci ty ,   Cal i f .  
Contract NAS1-14517 

77. *Meier, H. U.; and  *Kreplin, H. P.: The 
Inf luence  of   Turbulent   Veloci ty   Fluctuat ions  and 
Integral   Length  Scales  of Low Speed Wind Tunnel 
Flow on t h e  Boundary  Layer  Development. A I A A  
10th  Aerodynamic  Testing  Conference, San Diego, 
Cal i f . ,  Apr. 19-21, 1978. In  Technical  Papers 
(A78-323261, 1978, pp.  232-238. 

AIAA-78-800 A78-32355# 

The in f luence  of t h e  wind tunnel   tu rbulence  
on the  development  of a t u r b u l e n t  boundary was 
s tudied .  The experiments were c a r r i e d   o u t   i n   t h e  
Low Turbulence Wind Tunnel  of t h e  DFVLR-AVA a t  a 
f r e e  stream v e l o c i t y  of 20 m/s .  The turbulence  
l e v e l  ( T u (  1 )  approximately  equal  to  0.06%) was 
increased up t o  T u (  1)   approximately  equal   to  1% by 
means  of va r ious   g r id s  a t  d i f f e r e n t   p o s i t i o n s   i n  
t h e   s e t t l i n g  chamber or nozzle.  For a f ixed   t r an -  
s i t i o n  and constant   dis tance  f rom  the  nozzle  
t h r o a t   t h e   e f f e c t  of t he  wind tunnel   tu rbulence  on 
the   wa l l   shea r   s t r e s s  was inves t iga ted .   In   par -  
t i c u l a r  it was t r i e d   t o   s e p a r a t e   t h e   e f f e c t s  which 
r e s u l t  from t h e   t u r b u l e n c e   i n t e n s i t y  and  from the  
tu rbu lence   s t ruc tu re ,  which is d i f f e r e n t   i n   e a c h  
wind tunnel.  

*Deutsche  Forschungs- und Versuchsans ta l t   fuer  
Luft- und Raumfahrt. I n s t i t u t   f u e r  
Stroemungsmechanik,  Goettingen, West Germany 

N78-20464# 

A compressible  Navier-Stokes  solution  pro- 
cedure i s  appl ied   to   the   f low  about  an i s o l a t e d  
a i r f o i l .  Two major  problem  areas were i n v e s t i -  
gated. The f i r s t   a r e a  is t h a t  of  developing a 
coordinate  system and  an i n i t i a l   s t e p   i n   t h i s  
direction  has  been  taken. An a i r f o i l   c o o r d i n a t e  
system  obtained  from  specification of d i s c r e t e  
data   points   developed  and  the  heat   conduct ion 
equat ion  has   been  solved  in   this   system.  Effor ts  
required  to   a l low  the  Navier-Stokes  equat ions to  
be so lved   in   th i s   sys tem  a re   d i scussed .  The 
second  problem area is t h a t  of  obtaining  f low 
f ie ld   so lu t ions .   Solu t ions   for   the   f low  about  a 
c i r c u l a r   c y l i n d e r   a n d   a n   i s o l a t e d   a i r f o i l   a r e   p r e -  
sented. In the   former   case ,   the   p red ic t ion  i s  
shown t o  be i n  good agreement  with  data. 

*United  Technologies  Research  Center,  East 
Hartford,  Conn. 
Contract NAS1-13619 

79.  *Harvey, William D. : Inf luence  of  Free-Stream 
Disturbances on Boundary-Layer  Transition. NASA 
TM-78635, April  1978, 33  pp. 

N78-20460# 

Considerable  experimental   evidence  exists 
which shows tha t   f r ee - s t r eam  d i s tu rbances   ( t he  
r a t i o  of  root-mean-square  pressure  f luctuations t o  
mean values)   in   convent ional  wind tunne l s   i nc rease  
wi th   increas ing  Mach number a t  low supersonic  
t o  moderate  hypersonic  speeds.  In  addition to  
loca l   condi t ions ,   the   f ree-s t ream  d is turbance  
l eve l   i n f luences   t r ans i t i on   behav io r  on simple 
test models.  Based on t h i s   o b s e r v a t i o n ,   e x i s t i n g  
n o i s e - t r a n s i t i o n   d a t a   o b t a i n e d   i n   t h e  same test 
f a c i l i t y  have  been c o r r e l a t e d   f o r  a l a rge  number 
of   re fe rence   sharp   cones   and   f la t   p la tes   and  are 
shown t o   c o l l a p s e   a l o n g  a s ingle   curve.   This  
r e s u l t  is a s i g n i f i c a n t  improvement  over  previous 
a t t e m p t s   t o   c o r r e l a t e   n o i s e - t r a n s i t i o n   d a t a .  

*NASA, Langley  Research  Center, Hampton, Va. 

80. *Newman, Perry A; and  **Anderson, E. Clay: 
Numerical  Design  of  Streamlined  Tunnel  Walls  for a 
%io-Dimensional Transonic %st. NASA “78641, 
April  1978, 22 pp. 

N78-23105# 

An ana ly t ica l   p rocedure  is d iscussed   for  
des igning  w a l l  shapes  for  streamlined  nonporous 
two-dimensional  transonic  tunnels.  It is based 
upon c u r r e n t l y   a v a i l a b l e  2-D i nv i sc id   t r anson ic  
and  boundary-layer  analysis  computer  programs. 
Predicted  wal l   shapes  are  compared  with  experi- 
mental   data  obtained  from  the NASA Langley 6- by 
19-Inch  Transonic  Tunnel  where  the  slotted walls 
were replaced by f l e x i b l e  nonporous  walls. Com- 
pa r i sons   a r e   p re sen ted   fo r   t he  empty tunnel  oper- 
a t i n g   a t  a Mach number of 0.9 and f o r  a super- 
c r i t i c a l   t e s t  of an NACA 0012 a i r f o i l   a t   z e r o  
l i f t .   S a t i s f a c t o r y  agreement is obtained  between 
t h e   a n a l y t i c a l l y  and  experimentally  determined 
wall  shapes.  (Such a l i n e r  w i l l  be r e q u i r e d   f o r  
t e s t i n g  a large-cord,  LFC, swept-wing  panel,  which 
has a s u p e r c r i t i c a l   a i r f o i l   s e c t i o n . )  

*NASA, Langley  Research  Center, Hampton, Va. 
**DCW Indus t r ies ,   Inc . ,   S tudio   Ci ty ,   Cal i f .  
Cont rac t  NAS1-14517 

81. *El-Hady, N. M.; and  *Nayfeh, A. H.: Non- 
p a r a l l e l   S t a b i l i t y  of Two-Dimensional Heated 
Boundary-Layer  Flows,  Proceedings  of  the  12th 
Symposium on Naval  Hydrodynamics, Wash., D.C., 
June 5-9, 1975. 

The method  of mu l t ip l e   s ca l e s  is used to  
a n a l y z e   t h e   l i n e a r ,   n o n p a r a l l e l   s t a b i l i t y  of two- 
dimensional  heated  l iquid  boundary  layers.  
Inc luded   i n   t he   ana lys i s  are d is turbances  due t o  
veloci ty ,   pressure,   temperature ,   densi ty   and 
t ranspor t   p roper t ies   wi th   t empera ture .  A n  equa- 
t i o n  is derived  for   the  modulat ion of t h e  wave 
amplitude  with  streamwise  distance.   Although  the 
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a n a l y s i s  is app l i cab le  t o  both  uniform  and non- 
uniform w a l l  heating,  numerical  results a r e  pre- 
sen ted   on ly   fo r  the uniform  heat ing case. The 
numer ica l   resu l t s  are i n  good agreement  with the 
experimental  results of S t r a z i s a r ,  Reshotko  and 
Prahl.  

*Vi rg in i a   Po ly techn ic   In s t i t u t e   and   S t a t e  Univer- 
s i ty ,   Blacksburg,  Va. 
Grant NSG- 1255 

82. f l o v e l l ,  W. A.; *Price,  J. E.; *Quarterof 
C. B.; *Tur r i z i an i ,  R. V.; and *Washburn, G. F.: 
Design of a Large  Span-Distributed Load Flying- 
Wing Cargo Airplane  with  Laminar Flow Control.  
NASA CR-145376, June 1978, 45 pp. 

N78-30045# 

A design  study w a s  conducted t o  add  laminar 
f low  con t ro l   t o  a previously  designed  span- 
dis t r ibuted  load  a i rplane  while   maintaining 
constant  range  and  payload. With  laminar  flow 
c o n t r o l   a p p l i e d   t o  100 percent   of   the  wing  and 
v e r t i c a l  t a i l  chords,   the empty weight  increased 
by 4.2 percent,   the  drag  'decreased by 27.4 per- 
cen t ,   the   requi red   engine   th rus t   decreased  by 
14.8 percent,   and  the  fuel  consumption  decreased 
by  21.8 percent .  When laminar  f low  control was 
a p p l i e d   t o  a lesser   extent   of   the   chord  (approxi-  
mately 80 p e r c e n t ) ,   t h e  empty weight  increased by 
3.4 percent ,   the   drag  decreased by 20.0 pe rcen t ,  
the   requi red   engine   th rus t   decreased  by 13.0 per- 
cent ,  and t h e   f u e l  consumption  decreased by 
16.2 percent .   In   both  cases   the  required  take-off  
gross weight   o f   the   a i rc raf t  was less than  the 
o r i g i n a l   t u r b u l e n t   a i r c r a f t .  

*Vought Corp., Hampton, Va. 
Contract NAS1-13500 

83.  *Morkovin, M. V.: Technical  Evaluation  Report 
o f   the   F lu id  Dynamics Panel Symposium on Laminar- 
Turbulent   Trans i t ion .  Symposium h e l d   a t  Lyngby, 
Denmark, May 2-4,  1977; AGARD Advisory  Rept., 
AGAFD-AR-122, 18 pp.,  June  1978.  (See c i t a t i o n  
nos. 36-43 f o r   s e l e c t e d   p a p e r s  from t h i s  
symposium). 

N78- 27882# 

The AGARD F lu id  Dynamics Panel  organized a 
t h r e e  day symposium  on laminar- turbulent   t ransi-  
t ion   to   rev iew  the   p rogress   ach ieved   dur ing   the  
last  t e n   y e a r s   a n d   t o   b r i n g   t o   l i g h t   t h e  s t i l l  
unsolved  problems.  There  were a t o t a l  of  twenty- 
n ine   papers   p resented   in   f ive   sess ions .  The l ist  
of these  papers   heads  the  references  a t   the   end  of  
t he   r epor t .  A second  sect ion of t h i s   r e p o r t   p r e -  
s en t s   va r ious   cons ide ra t ions   fo r   eva lua t ing   t heo -  
r e t i c a l  and  experimental   analyses of t h e   t r a n s i -  
t i o n  phenomena wi th   pa r t i cu la r   conce rn   t o   t he  
improvement of methods f o r   c a l c u l a t i n g   ( t r a n s i -  
t i on )   onse t  and  development on which  emphasis w a s  
focused   i n   t he  Call for   Papers  by the  Program 
Committee. The subsequent   sec t ions   then   of fe r  
eva lua t ive  comments concerning  individual   papers  

and  related  groups  of  papers,   primarily  from  the 
p o i n t  of view  of   the  special is t   in   the  given  sub-  
f i e l d .  

84. *Jernel l ,   Lloyd S.: Effects  of  Laminar Flow 
Cont ro l  on the Performance  of a Large- Span- 
Distributed-Load  Flying-Wing  Cargo  -Airplane- con- 
s. NASA 'IM-78715, June  1978, 23  pp. 

N79-17851# 

The e f f e c t s  of laminar  f low  control (LFC)  on 
the  performance of a l a rge   span -d i s t r ibu ted - load  
f lying-wing  cargo  a i rplane  concept   having a design 
payload of 2.669 MN and  range  of  5.93 Mm were 
determined. Two conf igu ra t ions  w e r e  considered. 
One employed laminarized  f low  over   the  ent i re  
su r faces  of t h e  wing  and v e r t i c a l  ta i ls ,  wi th   the  
except ion  of t he   e s t ima ted   a r eas   o f   i n t e r f e rence  
due t o  the  fuselage  and  engines .  The o ther   case  
d i f f e red   on ly   i n   t ha t   l amina r   f l ow w a s  no t   appl ied  
t o  the   f l aps ,   e l evons ,   spo i l e r s ,  or rudders.  The 
two cases  are r e f e r r e d   t o   a s   t h e  100 percent  and 
80  percent   l aminar   conf igura t ions ,   respec t ive ly .  
The u t i l i z a t i o n  of   laminar   f low  control   resul ts  
i n   r educ t ions   i n   t he   s t anda rd   day ,   s ea   l eve l  
i n s t a l l e d  maximum s t a t i c   t h r u s t   p e r   e n g i n e  from 
240 kN f o r   t h e  non-LFC c o n f i g u r a t i o n   t o  205 kN f o r  
t h e  100 percent  laminar  configuration  and 209 kN 
f o r   t h e  80 pe rcen t   ca se .  Weight i nc reases  due t o  
t h e  LFC sys tems  cause   increases   in   the   opera t ing  
empty  weights  of  approximately 3 t o  4 percent .  
The design  takeoff  gross  weights  decrease  approxi- 
mately 3 t o  5 pe rcen t .  The FAR-25 t a k e o f f   f i e l d  
d i s t a n c e s   f o r   t h e  LFC conf igu ra t ions  are g rea t e r  
by about 6 t o  7 pe rcen t .   Fue l   e f f i c i enc ie s  
f o r   t h e   r e s p e c t i v e   c o n f i g u r a t i o n s  are increased  
33 pe rcen t  and 23 percent .  

*NASA, Langley  Research  Center, Hampton, Va. 

85.  *Nayfeh, A. H.; and  *Padhye, A.: The Rela t ion  
Between  Temporal  and S p a t i a l   S t a b i l i t y   i n  Three- 
Dimensional  Flows.  Presented a t   t h e  A I A A  11th 
Fluid  and  Plasma Dynamics Conference,   Seat t le ,  
Wash., Ju ly  10-12, 1978, 12 pp. 

AIAA- 78- 1 126  A78-45 130 

An a n a l y s i s  is presented  of t he   nonpa ra l l e l  
s p a t i a l  or t e m p o r a l   s t a b i l i t y  of  three-dimensional 
incompressible,   isothermal  boundary-layer  f lows 
t ak ing   i n to   accoun t   t he   t r ansve r se   ve loc i ty  com- 
ponent   as   wel l  as t h e   a x i a l  and  crossflow  varia- 
t i o n s  of t he  mean flow. The method of mul t ip l e  
s c a l e s  is used t o   d e r i v e   p a r t i a l   d i f f e r e n t i a l  
e q u a t i o n s   t h a t   d e s c r i b e   t h e   a x i a l  and  crossflow 
v a r i a t i o n s  of the  disturbance  amplitude,   phase and 
wavenumbers.  This  equation is used t o   d e r i v e   t h e  
expres s ions   t ha t   r e l a t e   t he   t empora l  and s p a t i a l  
i n s t a b i l i t i e s .  mese r e l a t i o n s  are funct ions  of  
t h e  complex  group v e l o c i t i e s .  Moreover, t h i s  
equation is u s e d   t o   d e r i v e   t h e   e x p r e s s i o n   t h a t  
r e l a t e s   t h e   s p a t i a l   a m p l i f i c a t i o n   i n  any d i r e c t i o n  
t o  a c a l c u l a t e d   a m p l i f i c a t i o n   i n  any o ther   d i rec-  
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1;' 
t ion .   These   re la t ions  are v e r i f i e d  by numerical 
r e s u l t s   o b t a i n e d   f o r  t w o -  and  three-dimensional 
d i s tu rbances   i n  two- and  three-dimensional  f lows. 

*Virginia  Polytechnic  Insti tute  and  State  Univ. ,  
Blacksburg, Va. 
Grant NSG- 1255 

86. *Kachanov, Yu. S . ;  *Kozlov, V. V.; and 
*Levchenko, V. Ya.: Experiments on Nonlinear 
In te rac t ion   of  Waves i n  Boundary  Layer. AIAA 11th 
Fluid  and  Plasma Dynamics Conference,   Seat t le ,  
Wash., Ju ly  10-12, 1978, 12 pp. + 15 f igu res .  

AIM-78-  1131 

The r e s u l t s  of an  experimental   s tudy  of   the 
flow s t r u c t u r e   i n  a region of t u r b u l e n t   t r a n s i t i o n  
obta ined  when i n i t i a t i n g  two harmonic waves being 
in t roduced   in to   the   f la t   p la te   boundary   l ayer  are 
described. The q u a s i - s t a t i o n a r y   i n t e r p r e t a t i o n  of 
t he   ob ta ined   r e su l t s  is presented. On t h e   b a s i s  
of t h e   o b t a i n e d   r e s u l t s  and the   p re sen ted   i n t e r -  
p r e t a t i o n ,  some p e c u l i a r i t i e s  of a "na tura l"   t ran-  
s i t ion   p rocess   a re   d i scussed .  

* I n s t i t u t e  of Theore t ica l  and  Applied  Mechanics, 
USSR Academy of Sciences,  Novosibirsk. 

Note: See  pp.  135-144 i n  #139 i n   t h i s   b i b l i o g r a -  
phy fo r  a  symposium paper  with  the same t i t l e  and 
the  same authors .  

87.  *George-Falvy, D. : Summary Report of t h e  
Second Wind Tunnel Test of t h e   B e i n g  LFC Model. 
NASA CR-157792, J i i j -x ,  1978, 27 pp. 

N79- 17799# 

An 8-ft   span,  20-ft   chord,  30 deg  swept  wing 
section  having  provisions  for  laminar  boundary 
c o n t r o l   o v e r   t h e   f i r s t  30% of the  upper   surface 
a n d   t h e   f i r s t  15% of t h e  lower su r face  was t e s t e d  
i n  a 5-ft  by 8 - f t  wind t u n n e l   t o   e x p l o r e   t h e  
s e n s i t i v i t y  of laminar  f low  to  various  forms of 
disturbances  such as sur face   imperfec t ions ,  con- 
tamina t ion ,   o f f -des ign   pressure   d i s t r ibu t ion  
( increased   c ross f low) ,  and  imposed noise .  The 
t e s t  equipment  used  and  instrumentation  of  the 
model a re   descr ibed .   Typica l   resu l t s   ob ta ined  
from configurations  with  spanwise  r idges  and  span- 
w i s e  r o w s  of d i sk   a re   d i scussed  as w e l l  a s   s u c t i o n  
f l o w   c h a r a c t e r i s t i c s  a t  reduced  incidence. 

*Boeing  Commercial  Airplane Co., S e a t t l e ,  Wash. 

88. *Kramer, J. J. : Planning a New Era i n  Air 
Transport   Efficiency.  Astronautics  and  Aeronaut- 
i c s ,  V o l a  16,  July-AUg. 1978, pp.  26-28. 

A78-43357# 

The c u r r e n t   s t a t u s   o f   t h e  NASA A i r c r a f t  
Energy Eff ic iency  (ACEE) program is b r i e f l y  
reviewed  with  reference t o  CTOL a i r c r a f t .  Atten- 
t i o n  is given to  four   bas ic   t echnologies :  turbo- 

prop,  advanced  aerodynamics  and  active  controls, 
laminar  flow  control,  and  composites. 

*NASA, Washington, D.C. 

89. *Leonard, R. W. : Airframes  and  Aerodynamics - 
A i r c r a f t   D e s i g r i n  NASA Energy Eff ic ien t   Transpor t  
program.  Astronautics  and  Aeronautics,  vol. 16, 
July-AUg., 1978, pp.  38-46. 

~ " ~ .  

A78-43359# 

The f i r s t   p a r t  of the   paper   d i scusses   the  
Energy Efficient  Transport   program of t h e   A i r c r a f t  
Energy  Efficiency (ACEE) program,  giving  atten- 
t i o n   t o   t h e  development  of  active  aerodynamics  and 
a c t i v e   c o n t r o l s .  The second  par t  of the  paper  
dea ls   wi th  two o the r   po r t ions  of t h e  ACEE program: 
Composite  Primary  Structures  and  Laminar Flow 
Control.  

*NASA, Langley  Research  Center, Hampton, Va. 

90. *Gi lbe r t ,  B.: Turbulent Flows  Produced b y  
Per fora ted   P la te   Genera tors   in  Wind Tunnels. 
Rept. no. LcGJ10987, Aug. 11, 1978, 18 pp. 

N79-29473# 

An appl ica t ion   of   per fora ted   shee t   meta l  
p l a t e s  w a s  shown t o   p r o v i d e   a n   e f f i c i e n t  method 
of producing a large  range of turbulent   f lows 
for   exper imenta l   inves t iga t ion .   Fabr ica t ion  of 
a s tandard  uniformly  perforated  gr id  was done 
quickly,  with  ordinary  machine  shop  equipment. 
Different  f low  geometries w e r e  produced  accurately 
without  the  use of special  equipment. The stan- 
dard  gr id  and two geometr ic   var ia t ions  were  inves- 
t i g a t e d   g i v i n g   i s o t r o p i c   f l o w ,  wake flow,  and  uni- 
form  shear  flow.  Although  the  degree of i so t ropy  
was e x c e l l e n t ,   t h e   v a r i a t i o n   i n  mean ve loc i ty  
p r o f i l e s  was s l i gh t ly   poore r   t han  found f o r   o t h e r  
g r id   gene ra to r s .  The wake and  shear  flows  were 
comparable in   qua l i t y   t o   s imi l a r   f l ows   p roduced  
exper imenta l ly  by o the r  methods. 

*Grumman Aerospace  Corp.,  Bethpage, N.Y. 

91. *Fisher,  David F.; and  **Peterson,  John B., 
Jr. : Flight   Experience on t h e  Need and U s e  of 
I n f l i g h t - L a d i n g  . ~ Edge Washing f o r  a Laminar Flow 
A i r f o i l .   P r e s e n t e d   a t  AIAA,  A i r c r a f t  Systems 
and  Technology  Conference, Los Angeles,  Calif.,  
Aug. 21-24, 1978, 11 pp. 

AIM-78-1512 A78-47947 

An i n v e s t i g a t i o n  of  leading-edge  contamina- 
t i o n  by i n s e c t s  w a s  conducted a t   t h e  NASA Dryden 
Flight  Research  Center  with a J e t S t a r   a i r p l a n e  
instrumented t o  d e t e c t   t r a n s i t i o n  on the  outboard 
leading-edge  flap  and  equipped  with a system t o  
wash the   l ead ing   edge   i n   f l i gh t .  The r e s u l t s  of 
a i r l i n e - t y p e   f l i g h t s   w i t h   t h e   J e t S t a r   i n d i c a t e d  
t h a t   i n s e c t s  can  contaminate  the  leading  edge  dur- 
ing  takeoff   and  c l imbout   a t  large jet  a i r p o r t s   i n  
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t he   Un i t ed   S t a t e s .  The r e s u l t s  also showed tha t  
t h e   i n s e c t s   c o l l e c t e d  on the   l ead ing   edges  a t  
180 knots d i d  not  erode a t  c r u i s e   c o n d i t i o n s   f o r  a 
laminar   f low  control   a i rplane  and  caused premature 
t rans i t ion   o f   the   l aminar   boundary   l ayer .  None of 
t h e   s u p e r s l i c k  and  hydrophobic  surfaces  tested 
showed a n y   s i g n i f i c a n t   a d v a n t a g e s   i n   a l l e v i a t i n g  
the  insect   contaminat ion  problem. While t h e r e  may 
b e   o t h e r   s o l u t i o n s  t o  the   i n sec t   con tamina t ion  
problem, t h e   r e s u l t s   o f   t h e s e  tests with a washer 
system showed t h a t  a continuous water spray  while  
encoun te r ing   t he   i n sec t s  is e f f e c t i v e   i n   p r e v e n t -  
ing  insect   contaminat ion  of   the  leading  edges.  

*NASA, Dryden Flight  Research  Center,  Edwards, 
C a l i f .  
**NASA, Langley  Research  Center, Hampton, Va. 

92. *Braslow, A. L.; and *Muraca, R. J.: A Per- 
spec t ive   o f  Laminar-Flow Control .   Paper   presented 
a t  A I A A  Conference  on Air Transportat ion:  Tech- 
n i ca l   Pe r spec t ives  and  Forecasts,  Los Angeles, 
Cal i f . ,  Aug. 21-24, 1978, 40 pp. 

AIAA-78- 1528 A78-46503# 

A h i s t o r i c a l   r e v i e w  of the  development  of 
laminar  f low  control  technology is presented  with 
re ference  t o  act ive  laminar   boundary-layer   control  
t h rough   suc t ion ,   t he   u se  of mul t ip le   suc t ion  
slots, wind-tunnel tests, continuous  suction,  and 
spanwise  contamination. The ACEE laminar  flow 
control   program is out l ined   no t ing   the   deve lopment  
of  three-dimensional  boundary-layer  codes,  cruise- 
no ise   p red ic t ion   techniques ,   a i r fo i l   deve lopment ,  
and  leading-edge  region  cleaning.  Attention is 
given to  g l o v e   f l i g h t  tests and t h e   f a b r i c a t i o n  
and   t e s t ing   o f  wing  box  designs. 

*NASA, Langley  Research  Center, Hampton, Va.  

93. fShevel l ,  R. S.: The Technological  Develop- 
ment   of   Transport   Aircraf t  - Past  and  Future. 
A I A A  Conference on Air   Transportat ion:   Technical  
Perspect ives   and  Forecasts ,  Los Angeles,  Calif.,  
Aug. 21-24, 1978, 19 pp. 

AIAA-78-1530 A78-46505# 

The s p e e d   h i s t o r y   o f   t r a n s p o r t   a i r c r a f t  i s  
examined. From 1928 to  1958 speed   increased   f ive  
f o l d .  However, the  beginning of t h e  jet age i n  
1958 e s t ab l i shed   speed   l eve l s  which  have shown 
l i t t l e  change i n   t h e  past 20 years .  It is poin ted  
o u t   t h a t   s u c c e s s f u l   a i r c r a f t   h a v e  almost always 
had equal  or lower o p e r a t i n g  cost compared t o  
the i r   p redecesso r   wh i l e   o f f e r ing   s e rv i ce  improve- 
ment i n   e i t he r   speed ,   r ange  comfort, or combina- 
t i ons   o f  them. The technological  development of 
t h e   f u t u r e  is d iscussed ,   t ak ing   in to   account  lam 
inar   f l ow  con t ro l ,   nuc lea r  powered a i r c r a f t ,   s h o r t  
t akeoff   and   landing   a i rc raf t ,   supersonic   t rans-  
ports, hydrogen-fueled  a i rcraf t ,   prop-fan powered 
a i r c r a f t ,  and  hypersonic  transport .  A d e s c r i p t i o n  
of  near term technological  advances is also pre- 
sen ted .   At ten t ion  is given to  a c t i v e   c o n t r o l  
technology,  improved  transonic  airfoils,   advanced 

f i lamentary  composite materials, induced  drag 
improvements,   propulsion,  and  the  next  generations 
o f   t r a n s p o r t   a i r c r a f t .  

*Stanford Univ., Stanford,  C a l i f .  

94.  *Singh, P. ; *Sharma, V. P. ; and *Misra, u. N. : 
Three  Dimensional  Fluctuating Flow and Heat Trans- 
f e r  Along a P l a t e  W i t h  Suc t ion .   In t .  J. Heat and 
Mass Transfer ,  vol. 21, Aug. 1978, pp. 1117-1123. 

~~~ ~ 

A79- 18970 

The f low  and   hea t   t ransfer   a long  a porous 
plate are i n v e s t i g a t e d  when a t r ansve r se   s inuso i -  
d a l   s u c t i o n   v e l o c i t y   d i s t r i b u t i o n   f l u c t u a t i n g   w i t h  
t i m e  is appl ied .  Due t o  t h i s   t r a n v e r s e   v e l o c i t y  
the  f low of f l u i d  is three  dimensional.   For 
asymptotic f low  condi t ions,  w a l l  shear  stress and 
r a t e  o f   h e a t   t r a n s f e r  are obtained.  When f re -  
quency  parameter a + 0, it is f o u n d   t h a t   t h e  
p h a s e   l e a d   o f   t h e   s k i n   f r i c t i o n   i n   t h e   c r o s s - f l o w  
d i r e c t i o n  is n/2. 

* I n d i a   I n s t i t u t e  of  Technology,  Kharagpur,  India. 

95.  *Nayfeh, A. FI.; and  *Bozatli ,  A. N.: Second- 
a r y   I n s t a b i l i t y   i n  Boundary-Layer Flows-.  VPI-E- 
78- 19, Aug., 1978,  35  pp. (For  a journa l  ar t ic le  

~ ~~~ 

w i t h   t h e  same t i t l e  see #129 i n   t h i s  
bibl iography.)  

AbA058804 N79-13315# 

The s t a b i l i t y  of a secondary  Tollmien- 
S c h l i c h t i n g  wave, whose  wavenumber and  frequency 
are near ly   one   ha l f   o f   those   o f  a fundamental 
T o l l m i e n - S c h l i c h t i n g   i n s t a b i l i t y  wave (T-S wave), 
is analyzed by us ing   t he  method  of m u l t i p l e s .  
Under these   condi t ions ,   the   fundamenta l  wave a c t s  
as a parametric exc i to r   fo r   t he   s econda ry  wave. 
When the  amplitude  of  the  fundamental  wave is 
small, the  amplitude  of  the  secondary wave 
deviates   s lowly  f rom i ts  unexci ted  state. How- 
ever ,  as the  amplitude  of  the  fundamental  wave 
i n c r e a s e s ,  so does  the  amplitude  of  the  secondary 
wave even i n   t h e   r e g i o n s  where it is damped i n   t h e  
unexci ted  state. 

*Vi rg in i a   Po ly techn ic   In s t i t u t e   and   S t a t e  Univ., 
Blacksburg, Va.  
Cont rac t  N00014-75-C-9381 

96. Ryzhenko, A. I.; and  Yasinskiy, F. G. : 
Problem  Statement in   P lanning   and   Analys is -  of 
Variants  of  Mass-Production  Designs  of Bound- 
ary  Layer  Suction  Systems. NASA "-75269, 
August  1978. (U.S. Gov't. Agencies  and Their Con- 
t ractors  only. ) 

Translation  of  "Postanovka  zadacha 
proyekt i rovaniya i ana l i za   va r i an tov   s e r iynykh  
k n o s t r u k t s i y  sistema otsosa pograniehnogo  sloya," 
Samoletostroyeniye - Tekhnika  Vozdushnogo F l o t a ,  
NO. 40,  1976, pp. 73-77. 
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X78-10024 (Engl i sh   Wans la t ion)  
A77-32713 (Original   Russian)  

This   paper   deals   with  the  need t o  work out a 
set of   design  solut ions  for   boundary  layer   suct ion 
(BLS) systems t o  minimize  drag on airframes,  and 
to   pass   the  problem  (achieve  the  milestone)   of  
s e l e c t i n g   t h e  best v a r i a n t s  of  such BLS systems 
f o r  mass production, on t h e   b a s i s  of op t imiza t ion  
s tud ie s .   Sov ie t  and  foreign work on opt imiza t ion  
of   thin-wal led  aviat ion  s t ructural   e lements   and 
appl icable   op t imiza t ion   techniques  are reviewed 
briefly.   Boundary-layer  laminarization,  airframe 
s k i n   f a b r i c a t i o n   v a r i a n t s ,  and t r a d e o f f s   i n   t h e  
design  of BLS su r face  are discussed. 

97.  *Gibson, J. S. : The E f f e c t s  of  Noise on Lam- 
i n a r  Flow Control Drag  Reduction  Systems.  Pre- 
sented a t  11th  Congress  of  the  International 
Council  of  the  Aeronautical  Sciences,  Lisbon, 
Portugal,   Sept.  10-16, 1978,  Proceedings. Vol- 
ume 2 ,  1980,  pp. 33-39, 24 r e f s .  

A81-14390# 

The na ture  of  boundary l aye r   t r ans i t i on   f rom 
laminar t o   t u r b u l e n t  flow  and  the  problem  of  noise 
a s  a t r a n s i t i o n   t r i g g e r i n g  mechanism a r e  
described. For h i s t o r i c a l   p e r s p e c t i v e ,   t h e   n o i s e  
sources   and   laminar   f low/noise   c r i te r ia   re la t ive  
t o   t h e  X-21A laminar   f low  control  (LFC) research  
a i r c r a f t  are reviewed. A more detai led  review is 
given   for  a passenger LFC t r a n s p o r t   a i r c r a f t ,  
which inc ludes   t he   de f in i t i on  of no ise   sources ,  
no i se   p red ic t ions  on a i r c r a f t  LET su r faces ,  and 
c r i t i c a l l y   a f f e c t e d  LFC areas. C u r r e n t   a c t i v i t i e s  
i n   t h e   a r e a  of n o i s e   e f f e c t s  on laminar  f low  are 
b r i e f ly   d i scussed ,   a s   a r e   conc lus ions   r ega rd ing  
needed  research. 

'Lockheed-Georgia Co., Marie t ta ,  a. 

98. *Tur r i z i an i ,  R. V.; 'Lovell, W. A.; *Pr ice ,  
J. E.: *Quartero, C. B.; and  *Washburn, G. F.: 

~ Prel iminary  Design  Character is t ics  of a Subsonic 
Business Jet Concept  Employing  Laminar Flow Con- 
t r o l .  NASA CR-158958, Sept.  1978, 40 pp. 

............... 

__ " " . . . . . .  

- 
N78-33087# 

Ai rc ra f t   con f igu ra t ions  were developed  with 
laminar   f low  control  (LFC) and  without LFC. The 
LFC configuration  had  approximately  eleven  percent 
less pa ras i t e   d rag   and  a seven   pe rcen t   i nc rease   i n  
the  maximum l i f t - t o - d r a g   r a t i o .  Although t h e s e  
aerodynamic  advantages w e r e  p a r t i a l l y   o f f s e t  by 
the   addi t ional   weight  of t h e  LFC system,  the LFC 
a i r c r a f t  burned  from s i x   t o   e i g h t   p e r c e n t  less 
f u e l   f o r  comparable  missions.  For  the  trans- 
a t lan t ic   des ign   miss ion   wi th  the gross weight 
f ixed ,   t he  LFC conf igu ra t ion  would ca r ry  a g r e a t e r  
pay load   fo r   t en   pe rcen t   fue l  per passenger  mile. 

'Vought Corp., Hampton, Va. 
Contract NAS1-13500 

99.  *Pope, G.  G.: Prospects  for  Reducing the Fuel 
-~ Consumption ~ ~ of C i v i l - i i r c r a f t .   I n :  Energy  and 
Aerospace;  Proceedings  of  the  ?mglo/American Con- 
fe rence ,  London, England, Dec. 5-7, 1978, 
(A79-31908).  Royal Aeron. SOC., 1979, 21 pp. 

A79-31911 

An o u t l i n e  is provided  of  technological 
advances  that  w i l l  c o n t r i b u t e   t o   t h e   r e d u c t i o n  of 
f u e l  consumption.  Attention is concent ra ted  
mainly on advances  being made i n   t h e  UK. The 
emphasis is on developments t h a t  can be exp lo i t ed  
i n   t h e   g e n e r a t i o n  of a i r c r a f t  which w i l l  succeed 
the  more recent  of t h e   t r a n s p o r t   a i r c r a f t   t y p e s  
now i n   s e r v i c e  and  those  which w i l l  reach  the 
a i r l i n e s   i n  the e a r l y  1980s. Advances i n  power- 
p l a n t s  are examined  along  with  developments  in 
aerodynamics,   taking  into  account   advances  in  
des ign   techniques ,   exper imenta l   fac i l i t i es ,  wing 
t i p  design,  drag  reduction,  and  laminar  flow con- 
t r o l .   A t t e n t i o n  is a l s o   g i v e n   t o  materials and 
s t ruc tu res ,   ac t ive   con t ro l   t echno logy ,  and  opera- 
t i o n a l   c o n s i d e r a t i o n s .  

*Royal Aircraft  Establishment,  Farnborough,  Hants, 
mgland  

100.  *Klineberg, J. M.: The NASA Ai rc ra f t  Energy 
Efficiency  Program.  In:  Energy  and  Aerospace: 
Proceedinss of t h e  Anslo/Arnerican  Conference, 

" 

London, England, Dec.  5-7. 1978,  (A79-31908). 
Royal Aero. Soc.,  1979, 21 pp. 

A79-31912# 

A review is provided  of  the  goals,   objec- 
t i v e s ,  and recent   p rogress   in   each  of s i x   a i r c r a f t  
energy  efficiency  programs aimed a t  improved  pro- 
puls ive,   aerodynamic  and  s t ructural   eff ic iency  for  
f u t u r e   t r a n s p o r t   a i r c r a f t .   A t t e n t i o n  is given t o  
engine component improvement,  an  energy e f f i c i e n t  
turbofan  engine,   advanced  turboprops,   revolution- 
ary  gains   in   aerodynamic  eff ic iency  for   a i rcraf t  
of t h e   l a t e  199Os, laminar  f low  control,   and com- 
p o s i t e   p r i m a r y   a i r c r a f t   s t r u c t u r e s .  

*NASAI Washington, D.C. 

101. *BCAC Preliminary  Design Dept.: Evaluation 

sonic  Commercial Transport   Aircraft ,   Final  Rept. ,  
Sept. 1976 - Sept.  1978. NASA CR-158976, 
D6-47109, Dec.  1978, 269 pp. 

~ of K n a r  ................. Flow Control  System  Concepts  for Sub- 
_ _ ~  ............. 

N79- 15942# 

A two-year  study  conducted t o   e s t a b l i s h  a 
b a s i s   f o r   i n d u s t r y   d e c i s i o n s  on t h e   a p p l i c a t i o n  of 
laminar   f low  control  (LFC) t o   f u t u r e  commercial 
t r a n s p o r t s  w a s  presented.   Areas   of   invest igat ion 
included: ( 1)   miss ion   def in i t ion   and   base l ine  
se l ec t ion :  ( 2 )  concepts   evaluat ions;   and  (3)  LFC 
t r anspor t   con f igu ra t ion   s e l ec t ion  and  component 
design. The development  and  evaluation of com- 
pet ing  design  concepts  was conducted   in   the  areas 
of   aerodynamics,   s t ructures   and  mater ia ls ,   and 
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systems. The r e s u l t s  of suppor t ing  wind tunne l  
and   l abo ra to ry   t e s t ing  on a f u l l - s c a l e  LEC wind 
panel ,   suct ion  surface  opening  concepts   and  s t ruc-  
t u r a l  samples were included. A f i n a l  LFC t r ans -  
p o r t  was conf igu red   i n   i nco rpora t ing   t he   r e su l t s  
of   concept   eva lua t ion   s tud ies   and   po ten t ia l  per- 
formance  improvements w e r e  assessed.  Remaining 
problems  together  with  recommendations  for  future 
research  are discussed. 

*Boeing  Commercial  Airplane Co., Seattle, Wash. 
Contract NAS1-14630 

102.  *El-Hady, N. M.: E f f ec t  of Compress ib i l i ty ,  
Suction,  and Heat Transfer  on the   Nonpara l l e l  
S t a b i l i t y  of  Boundary  Layer  Flows. VPI and S U  
Ph.D. Thesis,  1978, 215 pp.  (Available  from  Univ. 
Microfilms,  Order no. 7921029.) 

N79-32494 

The e f f e c t s  of  heating,  suction,  and compres- 
s i b i l i t y  on t h e   s t a b i l i t y   c h a r a c t e r i s t i c s  of 
boundary layer   f lows  within  the framework  of a 
c o m p l e t e   n o n p a r a l l e l ,   l i n e a r ,   s p a t i a l   s t a b i l i t y  
theory was inves t iga t ed .   Inc luded   i n   t he   t heo ry  
a re   d i s tu rbances  due t o   v e l o c i t y ,   p r e s s u r e ,  ten+ 
pe ra tu re ,   dens i ty ,   and   t r anspor t   p rope r t i e s   a s  
w e l l  as v a r i a t i o n s  of t h e   f l u i d   p r o p e r t i e s   w i t h  
temperature.  The method  of mu l t ip l e   s ca l e s  is 
used   t o   accoun t   fo r   t he   nonpa ra l l e l i sm of t he  mean 
flow  and  an  equation is der ived   for   the   modula t ion  
o f   t he  wave ampl i tude   w i th   pos i t i on .   S t ab i l i t y  
c h a r a c t e r i s t i c s   a r e  examined f o r  boundary  layer 
f l o w s   o v e r   a n   a d i a b a t i c   f l a t   p l a t e   t o   s t u d y   t h e  
e f f e c t  of a s l i g h t   c o m p r e s s i b i l i t y  of t he  mean 
flow. The f e a s i b i l i t y  of c o n t r o l l i n g  boundary 
l aye r s  by suc t ion   th rough  porous   s t r ips  is inves- 
t i g a t e d  and t h e   r e s u l t s   a r e  compared wi th   the   case  
of cont inuous  area  suct ion.  

D i s se r t a t ion  Abstracts. 

* V i r g i n i a   P o l y t e c h n i c   I n s t i t u t e  and S t a t e  Univ., 
Blacksburg, Va. 

103. Weeks, D. J. ; and  *Hodges, J. : An Drperi- 
menta l   Inves t iga t ion   in to   the   Inf luence  
of  Acoustic  Disturbances on t h e  Development  of a 
Turbulent  Boundary  Layer. ARC-R/M-3825, BR64877, 
DCAF E010257, ( supersedes  RAE-TR-77035 and 
ARC-37524), 1978, 41 pp. 

N79- 16238# 

The e f f e c t s  of acous t ic   d i s turbances  on t h e  
mean flow i n  a t u r b u l e n t  boundary layer  developing 
i n  a mildly  favorable   pressure  gradient   are   dis-  
cussed. A Hartmann genera tor ,  mounted  on t h e  
c e n t e r   l i n e  of  a t r anson ic  wind tunnel ,  was used 
a s  a noise   source,   and  the mean f low  in   t he  bound- 
a ry   l ayer  on the   t unne l   s idewa l l  was examined f o r  
any e f f e c t s  of the  noise .  It w a s  n o t   p o s s i b l e   t o  
i d e n t i f y  any e f f e c t  o f   t h e   n o i s e   i t s e l f  on t h e  
boundary  layer. It is concluded   tha t   the   acous t ic  
dis turbances  general ly   found  in   the  working sec- 
t i o n s  of t r anson ic  wind tunne l s  are l i k e l y   t o  

e x e r t  a measurable 
turbulent  boundary 

in f luence  on the  development  of 
l aye r s .  

*Royal  Aircraft   Establishment,   Bedford,   mgland 

104. *Nayfeh, A. H.: S t a b i l i t y  of  Three- 
Dimensional  Boundary  Layers.  Presented a t  t h e  
17th  Aerospace  Sciences  Meeting, New Orleans,  La., Jan. 15-17, 1979, 10 pp. Also A I A A  Journa l ,  
vo l .  18,  no. 4, pp. 406-416,  1980. 

AIAA-79-0262 A79-23565# 

A theory  is d e v e l o p e d   f o r   t h e   l i n e a r   s t a b i l -  
i t y  of three-dimensional  growing  boundary  layers. 
The method of mul t ip l e   s ca l e s  is used   t o   de r ive  
p a r t i a l - d i f f e r e n t i a l   e q u a t i o n s   d e s c r i b i n g   t h e  tem- 
p o r a l  and s p a t i a l   e v o l u t i o n  of t h e  complex  ampli- 
tudes  and wavenumbers of the   d i s turbances .   In  
g e n e r a l ,   t h e s e   e q u a t i o n s   a r e   e l l i p t i c ,   u n l e s s  
c e r t a i n   c o n d i t i o n s   a r e   s a t i s f i e d .   F o r  a  monochro- 
mat ic   d i s turbance ,   these   condi t ions  demand t h a t  
t h e  ratio of t h e  components  of t h e  complex  group 
v e l o c i t y  be r e a l ,   t h e r e b y   r e l a t i n g   t h e   d i r e c t i o n  
of  growth  of  the  disturbance t o   t h e   d i s t u r b a n c e  
wave angle.  For a nongrowing  boundary l a y e r ,   t h i s  
condi t ion  reduces to  da/df3 b e i n g   r e a l ,  where 
a and f3 a r e   t h e  complex wavenumbers i n   t h e  
streamwise and crosswise d i rec t ions ,   in   agreement  
wi th   t he   r e su l t   ob ta ined  by using  the  saddle-point  
method.  For a wavepacket ,   these  condi t ions demand 
t h a t   t h e  components  of t he  complex  group v e l o c i t y  
be real. I n   a l l  cases, the   evolu t ion   equat ions   a re  
r educed   t o  inhomogeneous o r d i n a r y - d i f f e r e n t i a l  
equa t ions   a long  real group  ve loc i ty   d i rec t ions .  

*Vi rg in i a   Po ly techn ic   In s t i t u t e   and   S t a t e  Univ., 
Blacksburg, Va. 
Grant NSG- 1255 

105. *Cebeci,  Tuncer;  and  **Stewartson,  Keith: 
On S t a b i l i t y  a n d   T r a n s i t i o n   i n   T h r e e - D i m e n s i s  
Flows.  Presented a t  t h e  A I h  17th  Aerospace 
Sciences  Meeting, New Orleans, La., Jan. 15-17, 
1979, 9 pp.  Also AIAA Journal,   vol.   18,   April  

-" 

1980, pp.  398-405. 

AIAA-79-0263 A79- 19630# 

The usefu lness   o f   the  en method f o r  pre- 
d i c t i n g   t r a n s i t i o n   i n  two-dimensional  and a x i a l l y  
symmetric flows is w e l l  e s t a b l i s h e d .  In o r d e r   t o  
extend the method to   t h ree -d imens iona l   pa ra l l e l  
shear  f lows, it is f i r s t   n e c e s s a r y   t o   e s t a b l i s h  a 
r e l a t i o n s h i p  between a and B ,  t h e  complex wave 
numbers i n  two pe rpend icu la r   d i r ec t ions   i n   t he  
plane  of  flow. W e  s u g g e s t   t h a t   t h i s  may be done 
by making  use of group  veloci ty   concepts  which 
l ead  to  the  requirement  aa/afl  = -tan@,  where @ 
is rea l   and   denotes   the   d i rec t ion   of   p ropagat ion  
of centered   d i s turbances .  As a paradigm  of t h i s  
approach ,   the   ro ta t ing   d i sk  is s tudied .  It is 
e s t a h l i s h e d   t h a t   t h e  cri t ical  Reynolds number is 
176, t h a t   t h e   p r i n c i p a l   d i s t u r b a n c e s   t o   t h e  lami- 
nar   f low  t rave l   ou twards   and   a t   an   angle  -8 deg 
t o   t h e   d i r e c t i o n  of  motion  of  the  disk,   while  the 
appropriate   value  of  n is -20. The observed 
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direction of propagation of disturbance is at 
-13  deg to the direction of motion of the disk. 
The generally accepted value of n is -9, much 
less than that found here. 

*California State Univ., Long Beach,  Calif. 
**University College, London, mgland 
ONR Contract N00014-76-C-0927 

106. *Mack, L.  M.: On the Stability of the Bound- 
ary_lyer - on a Transonic Swept Wing. AIAA 17th 
Aerospace Sciences Meeting, New Orleans, La., 
Jan.  15-17,  1979,  17  pp. 

AIAA-79-0264 A79-23563# 

Both incompressible and compressible  linear 
stability theory are applied to the three- 
dimensional compressible boundary layer on a par- 
ticular transonic sweptback wing of infinite span. 
A spatial stability theory is used which identi- 
fies  the growth direction with the real part of 
the complex angle of the group velocity. It is 
found that in the forward, but not the rear, 
crossf low instability region, the maximum amplif i- 
cation rates of the steady disturbances may be 
calculated to within about 10%  by the incompres- 
sible stability theory. !There is little differ- 
ence between the sixth and eighth-order compres- 
sible theories. The maximum amplification rate of 
the steady disturbances at  any chordwise station 
is closely related to  the maximum cross-flow at 
that station independent of the Reynolds number. 
For other than crossflow instability, there can be 
large differences between the incompressible and 
compressihle theories, both as to  the amplifica- 
tion rate and the angle of the wave-number vector 
for maximum instability. Amplitude ratios of 
individual wave components are obtained by  inte- 
grating the spatial amplification rate along the 
growth direction subject to the constraint that 
the wavenumber vector is irrotational. This 
procedure yields steady disturbances aligned with 
the local potential flow direction whose wave- 
lengths are nearly independent of downstream 
distance. 

'California  Inst.  of  Tech., Jet Propulsion Lab., 
Pasadena, Calif. 
Contract NAS7- 100 

107. *Lekoudis, Spyridon G.: Stability of  Three- 
Dimensional Compressible Boundary Layers over 
Wings with Suction. Presented at AIAA 17th  Aero- 
space Sciences Meeting, New Orleans, La., 
Jan.  15-17,  1979,  12  pp. 

AIM-79-0265 A79-  1963  1# 

The problem of the propagation of three- 
dimensional laminar instabilities in a three- 
dimensional compressible boundary layer is exam- 
ined using linear stability theory. The theory is 
applied to the case of a swept wing with suction. 
Compressibility is stabilizing especially when  the 
disturbance is of the Tollmien-Schlichtinq type. 
When compressibility is .neglected the calculations 

of the amplification rates and the group veloci- 
ties agree with existing results, obtained from 
incompressible theory. 

*Consultant, Iackheed-Georgia Co., Marietta, Ga. 
Research supported by  Lockheed-Georgia's IR and D 
Program. 

108.  *Runyan, L.  J.: and  *George-Falvy, D.: 
Amplification Factors at Transition on an Unswept 
Wing in Free Fliyht and on a Swept Wing in Wind 
Tunnel. Presented at AIAA 17th Aerospace Sciences 
Meeting, New Orleans, La., Jan.  15-17,  1979, 
18 PP- 

AIAA-79-0267 A79-23564# 

Theoretically predicted amplification charac- 
teristics of Tollmien-Schlichting and crossflow 
disturbances are correlated with experimental data 
on transition location. A modified version of the 
M A M  linear stability program was used to  analyze 
two specific cases: an unswept sailplane wing of 
high quality surface finish in free flight at low 
Reynolds number, and a swept wing section in a low 
turbulence wind tunnel.  For the sailplane wing, 
where transition was caused by Tollmien- 
Schlichting type instability, the amplification 
factor corresponding to transition was found to be 
about e to the 15th power. For the swept wing 
model, where transition was caused by crossflow 
instability, the amplification factor correspond- 
ing  to transition was about e to  the 12th  power. 

*Boeing Commercial Airplane Co., Seattle, Wash. 

109.  'Boeing Preliminary Design Department:  Eval- 
uation of Laminar Flow Control System Concepts for 
Subsonic Commercial Transport Aircraft, Summary 

Jan.  1979,  79 pp. 
Rept.,  Sept. 1976 - Sept.  1978. NASA CR-158998, 

N79-21043# 

Results of a 2-year study are reported which 
were carried out to extend the development of 
laminar flow control (LFC) technology and evaluate 
LFC systems concepts. The overall objective of 
the LFC program is to  provide a sound basis for 
industry decisions on the application of LFC  to 
future commercial transports. The study was orga- 
nized into major tasks  to support the stated 
objectives through application of LFC systems con- 
cepts  to a baseline LFC transport initially gener- 
ated for the study. Based on competitive evalua- 
tion of these concepts, a final selection was made 
for incorporation into the final design of an LFC 
transport which also included other advanced tech- 
nology elements appropriate to the 1990 time 
period. 

*Boeing Commercial Airplane CO., Seattle, Wash. 
Contract NASI- 14630 

110. *Boeinq Preliminary Design Dept.: Aircraft 
Surface Coatings Study: Energy Efficient Trans- 
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p o r t  Program - Sprayed  and  Adhesive Bonded Coat- 
i n g s   f o r  Drag  Reduction.  Final  Rept.,  %-46699, 
NASA CR-158954, Jan.  1979, 115  pp. 

N81-12225# 

Sur face   coa t ing   ma te r i a l s   fo r   app l i ca t ion  
on t r a n s p o r t   t y p e   a i r c r a f t   t o   r e d u c e   d r a g ,  were 
inves t iga t ed .  The inves t iga t ion   i nc luded  two 
basic types of materials: spray  on coatings  and 
adhes ive ly  bonded f i lms .  A c o s t / b e n e f i t s   a n a l y s i s  
w a s  performed,  and  recommendations were made f o r  
fu tu re  work toward  the  appl icat ion of t h i s  
technology. 

*Boeing  Commercial  Airplane Co., S e a t t l e ,  Wash. 
NASI- 14742 

11 1. *Keefe,  Laurence R. : A Study  of  Acoustical 
Fluctuations  in  the  Langley  8-Foot  Transonic  Pres- 
sure  Tunnel. NASA CR-158983 Jan.  1979, 29 pp. 
(U.S. Gov't.  and Their Contractors  (xlly.)  

~ ~ 

X79- 10022# 

*Wyle Labs,  Inc., Hampton, Va. 
NASA G67019-A 

112. *Baraer. Ravmond L.: A Theoret ical   Inves-  - .  - 
t i g a t i o n  of  Forebody  Shapes  Designed fo r   Na tu ra l  
Laminar  Boundary-Layer Flow. NASA TP1375,  

~ ~~ 

~~ ~. 

N79- 15903# 

The design of  forebody  shapes  for  natural  
laminar  flow is discussed.  For  subsonic  flow, 
computed r e su l t s   fo r   t h ree   shapes  of d i f f e r e n t  
f ineness   ra t ios   ind ica te   tha t   l aminar   f low  can   be  
at ta ined  under   condi t ions  that   approximate  those 
on the  forebody of a   c ru i se  missile f l y i n g   a t   a  
low a l t i t ude   a t   a   h igh   subson ic  Mach number. For 
supersonic  (Mach 2.00) design,  a  one-parameter 
family  of  hyperbolic  arcs w a s  used   to   genera te  
forebody  shapes  having a favorable   pressure  grad-  
ient   over   the  forebody  length.  Computed r e s u l t s  
for   these  shapes  indicated  laminar   and  t ransi-  
t ional   f low  over   the  range of  Reynolds  numbers 
considered. 

*NASA, Langley  Research  Center, Hampton, Va. 

113. *McQuilkin, F. T.: Study  of  the  Application 
of   Superp las t ica l ly  Formed and  Diffusion Bonded 
(SPF/DB) T i t an ium  S t ruc tu re   t o  Laminar Flow Con- 
trol (LFC) Wing Design. NASA CR-158979, 
Jan.  1979, 101 pp. 

N79-20070 

Eighteen  design  concepts  for  a LFC wing 
cover ,   us ing  var ious SPF/DB approaches,  were 
developed.   After   evaluat ion  of   producibi l i ty ,  
compat ib i l i ty   wi th  LFC requ i r emen t s ,   s t ruc tu ra l  
e f f i c i e n c y  and fat igue  requirements ,   three  candi-  
da t e s  were s e l e c t e d   f o r   f a b r i c a t i o n   o f  15 x 23 cm 

( 6  X 9  in .  ) demonstration  panels.   Included were 
both  sandwich  and  stiffened  semi-sandwich  panels 
w i th   s lo t t ed   and   pe r fo ra t ed   su r f aces .  

Subsequent t o   t h e   e v a l u a t i o n  of t h e   t h r e e  
demonstration  panels,   one  concept w a s  s e l e c t e d   f o r  
f a b r i c a t i o n  of a 0.3 X 1.0 meter ( 12 X 42  inch) 
f e a s i b i l i t y   p a n e l .  It was a s t i f f e n e d ,  semi- 
sandwich  panel w i t h  a s l o t t e d   s u r f a c e ,   d e s i g n e d   t o  
meet the   requi rements  of 
t h e  maximum wing  bending 
conf igu ra t ion .  

'Rockwell I n t e r n a t i o n a l ,  
Contract NAS1-14566 

the  upper  wing  cover a t  
moment o f   t he   base l ine  

Los Angeles,  Calif. 

114.  *Wright, Andrew s.: A i r c r a f t   h e r g y   E f f i -  
ciency  Laminar Flow Control  Glove  Fligh-t Concep- 
t u a l  Design  Study. NASA TM-80054, Jan.  1979, 34 
PP * 

N79-20100# 

A conceptual  design  study  of a laminar  flow 
c o n t r o l   g l o v e   a p p l i e d   t o   t h e  wing  of a s h o r t   t o  
medium range jet  t r a n s p o r t   w i t h   a f t  mounted 
engines  has  been  completed. Two suc t ion   su r f aces  
w e r e  s tud ied- -a   s lo t ted  aluminum glove  concept  and 
a woven s t a i n l e s s  steel mesh porous  glove  concept. 
The laminar  f low  control  glove  and  a dummy glove 
wi th  a mod i f i ed   supe rc r i t i ca l   a i r fo i l ,   duc t ing ,  
modi f ied   wing   lead ing   and   t ra i l ing   edges ,   modi f ied  
f laps   and  an LFC t r i m  tab were a p p l i e d   t o   t h e  wing 
a f t e r  slot spacing  suction  parameters,   and com- 
p r e s s i o n  power were deterrdned. The r e s u l t s  of 
t h e   s t u d y  show t h a t  a laminar  f low  control  glove 
can be a p p l i e d   t o   t h e  wing  of a je t  t ranspor t   wi th  
an appropr i a t e   suc t ion   sys t em  in s t a l l ed .  

*NASA, Langley  Research  Center, Hampton, Va. 

115. *Tur r i z i an i ,  R. V.; *Lovell ,  W. A.; *Pr ice ,  
J. E.; *Quartero, C. B.; and  *Washburn, G. F.: 
Evaluation of  a  Long-Endurance-Surveillance 
Remotely-Piloted  Vehicle With and  Without  Laminar 
Flow Control.  NASA CR-159006, Feb. 1979, 56 pp. 

N79- 17852# 

Two a i r c r a f t  were eva lua ted ,   us ing   a   dera ted  
TF34-GE-100 turbofan  engine  one  with  laminar  f low 
c o n t r o l  (LFC) and  one  without. The mission  of 
t he   r emote ly   p i lo t ed   veh ic l e s  (RPV) is one  of 
h igh -a l t i t ude  loiter a t  maximum endurance. With 
t h e  LFC system maximum mission time increased  by 
6.7 pe rcen t ,  L/D i n   t h e  loiter phase  improved 
14.2 percent ,   and  the minimum p a r a s i t e   d r a g  of the  
wing was reduced by 65 p e r c e n t   r e s u l t i n g   i n   a  
37 percent   reduct ion   for   the  total  a i rp l ane .  
Except   for   the minimum p a r a s i t e   d r a g  of t h e  wing, 
t h e   p r e c e d i n g   b e n e f i t s   i n c l u d e   t h e   o f f s e t t i n g  
e f f e c t s  of weight   increase ,   suc t ion  power requi re -  
ments,  and  drag  of  the  wing-mounted  suction  pods. 
In  a supplementary  s tudy  using a scaled-down, 
r a the r   t han   de ra t ed ,   ve r s ion  of the  engine,  on the 
LFC conf igura t ion ,   a  17.6 p e r c e n t   i n c r e a s e   i n  mis- 
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9 s ion  time over the   a i rp l ane   w i thou t  LFC and  an 
=d incremental  time increase  of  10.2 percent   over   the  
7' 

LFC a i rp lane   wi th   dera ted   engine  w e r e  a t t a ined .  
This  improvement w a s  due p r i n c i p a l l y  t o  reduct ions  
i n  both  weight  and  drag  of  the  scaled  engine.  

*Vought Corp., Hampton, Va. 
Contract NAS1-13500 

116.  *Mangiarotty, R. A.; and *Bohn, A. J.: Wind 
Tunnel  Study on the   E f fec t s  of Acoustical  D i s -  
turbances on Controlled  Laminar Flow. AIAA 5 th  
Aeroacoust ical   Conference,   Seat t le ,  Wash., 
March  12-14, 1979, 11  pp. 

AIAA-79-0629 A79-26922# 

An exploratory  s tudy was conducted to  inves- 
t i g a t e   t h e   s e n s i t i v i t y  of  laminar  f low  controlled 
(LFC) boundary l a y e r s  t o  e x t e r n a l   a c o u s t i c a l   d i s -  
turbances  using  an  &ft   span,   20-f t   chord,   and 
30-deg swept  wing section  with  laminar  f low con- 
t r o l  through  spanwise slots. The ob jec t ives  w e r e  
to  identify  Tollmien-Schlichting  and  other  ampli-  
f i c a t i o n   f r e q u e n c i e s ,  cri t ical  d i s tu rbance   l eve l s  
i n   t h e  boundary l aye r ,   t he   i n f luence  of suc t ion  
r a t e  on these   d i s tu rbances ,  and t h e   t r a n s f e r  func- 
t i o n  between  an ex te rna l  sound f i e l d  and the  cor- 
responding  disturbance  induced  in  the  boundary 
layer .  

*Boeing  Commercial  Airplane Co., Seattle, Wash. 
Contract NASI- 14630 

117.  *Eggleston, B.; *Jones, D. J.; and 
**Elfstrom, G. M.: Development  of Modern Air- 
f o i l   S e c t i o n s   f o r  High Subsonic  Cruise  Speeds. 
In:  AIAA Technical  Papers (A79-27351,  pp. 9-16) 
of  Atlantic  Aeronautical  Conference,  Williamsburg, 
Va., Mar. 26-2Ef 1979, 8 pp. 

AIAA-79-0687 A79-27353# 

Some recen t  Canadian work on the  design  and 
test  of a i r f o i l s   f o r   h i g h   s u b s o n i c   a i r c r a f t  is 
reviewed.  Comparisons  of  theory  and  experiment 
are p resen ted   fo r  two  16% t h i c k   a i r f o i l s .  (Xle 
a i r f o i l  was designed  using  numerical   opt imizat ion 
wh i l e   t he   o the r  w a s  designed by inve r se  methods 
with  refinements t o  improve  performance. The 
inve r se   des ign   a i r fo i l   i np roved  maximum l i f t  coef- 
f i c i e n t s  20% a t   a l l  Mach numbers t e s t e d  (0 -2-0.80) 
and  demonstrated  that  a concave  pressure  recovery 
w a s  not  detrimental .   Anticipated  improvements  due 
t o  natural   laminar  f low were no t   r ea l i zed  a t  high 
subsonic Mach numbers  and  high  Reynolds  numbers 
(20 x 106).  

*de  Havilland  Aircraft  of  Canada,  Ltd., Downsview, 
Ontario,  Canada 
**National  Research  Council,  Mtawa, Canada 

118. *Eppler, R.: The Effect  of  Disturbances  on 
a Winq. The Science  and  Technology of Low Speed 
and  Motorless   Fl ight ,  NASA CP2085,   Par t  I 

(N79-23889#),  pp.  81-82, h e l d   a t  NASA, langley  
Research  Center, Hampton,  Va., March 29-30, 1979. 

N79-23893# 

Disturbances  such as f l a p  and a i l e ron   h inges  
and   poor ly   f a i r ed   spo i l e r s  w e r e  s imulated  in   a  
computer wind tunnel .  The total  drag of a   s i n g l e  
roughness  element  does  not  depend  only on t h e  
s i z e  of tha t   e lement .  Its pos i t i on  on t h e  wing 
h a s   a   s u r p r i s i n g l y   s t r o n g   e f f e c t .   I n   p a r t i c u l a r ,  
a roughness  element on the  convex s i d e  of a 
d e f l e c t e d   f l a p  or a i l e ron   causes  a very  substan- 
t i a l  inc rease   i n   d rag .  V e r y  few experimental   data 
are avai lable   for   comparison.  Good agreement  with 
experiment  can be achieved, however, by adapt ing  a 
f i c t i v e   " s t e p   s i z e . "  The c o r r e l a t i o n  between t h e  
real roughness-element  size  and  the  drag  increase 
remains   to  be determined.  Simple,  fundamental 
experiments are suggested which w i l l  al low a theo- 
r e t i c a l   e s t i m a t i o n  of the drag   increase  due t o  
roughness  elements. 

* S t u t t g a r t  Univ., S t u t t g a r t ,  West Germany 

119. *Eppler, R.: Some New A i r f o i l s .  The Science 
and  Technology  of L o w  Speed  and  Motorless  Flight, 
NASA CP2085,  Pt .  1 (N79-23889#),  pp. 131-154, 
h e l d   a t  NASA, Langley  Research  Center, Hampton, 
Va., March 29-30, 1979. 

N79- 23896# 

A computer  approach to   t he   des ign  and  analy- 
sis of airfoils and some common problems  concern- 
ing  laminar   separat ion  bubbles  a t  d i f f e r e n t   l i f t  
c o e f f i c i e n t s   a r e   d i s c u s s e d   b r i e f l y .  Examples  of 
a p p l i c a t i o n   t o   u l t r a l i g h t   a i r p l a n e s ,   c a n a r d s ,   a n d  
sa i lp lanes   wi th   f laps   a re   g iven .  

* S t u t t g a r t  Univ., S t u t t g a r t ,  West Germany 

120. *Blackwelder, R. F.: Boundary  Layer h a n -  
s i t i on .   Phys i c s  of Fluids ,   vol .  22, no. 3, 
March 1979,  pp.  583  and 584. 

A79-28324 

It is sugges t ed   t ha t  boundary  layer  transi-  
t i o n  on a f l a t   p l a t e   m y  be considered  as  a cas- 
cade  of a t  least t h r e e   d i s t i n c t   i n s t a b i l i t i e s .  The 
osc i l l a t ion   f r equency  of the   ve loc i ty   "sp ike"  is 
p red ic t ed  by t h e  growth  of a l o c a l i z e d   f r e e   s h e a r  
l a y e r   t h a t  is a r e s u l t  of t h e   e a r l i e r  
i n s t a b i l i t i e s .  

'Dept.  of Aerospace  Engineering, Univ.  of Southern 
Cal i f . ,  Los Angeles,  Calif. 
Research  supported by the Guggenheim Foundation 
and  Max-Planck-Institut  fuer  Stroemungsforschung. 

121. *Roache, P. J.: Semidirect  Computation  of 
Three-Dimensional  Viscous  Flows Over Suction  Holes 
i n  Laminar Flow Control  Surfaces.   Final  Report .  
NASA CR-159017f March 1979, 23 pp. 
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N79-21005# 

A summary is given  of  the attempts made t o  
apply   semidi rec t   methods   to   the   ca lcu la t ion  of 
three-dimensional  viscous  f lows  over  suction  holes 
i n  laminar   f low  cont ro l   sur faces .  The a t tempts  
were a l l   unsuccess fu l ,  due t o   e i t h e r   ( 1 )   l a c k  of 
r e s o l u t i o n   c a p a b i l i t y ,  ( 2 )  l ack  of  computer e f f i -  
ciency, or ( 3 )   i n s t a b i l i t y .  

*Ecodynamics  Research  Associates,  Inc., 
Albuquerque, N. Mex. 
Contract NASI- 15045 

122. *Nayfeh, Ali H.: Effec t  of Streamwise 
Vortices on Tollmien-Schlichting Waves. NASA 
CR-162654;  VPI-E-79-12; March 1979, 20 pp. 

N80- 16294# 

The method  of mu l t ip l e  scales is used t o  
determine a f i r s t   o rder   un i form  expans ion   for   the  
e f f e c t  of coun te r   ro t a t ing   s t eady  streamwise vor- 
tices i n  growing  boundary  layers on Tollmien- 
Sch l i ch t ing  waves. The results show tha t   such  
vort ices   have a s t rong  tendency  to   amplify  three 
dimensional  Tollmien-Schlichting waves having a 
spanwise  wavelength  that  is twice  the  Wavelength 
of t he   vo r t i ce s .  An ana ly t i ca l   exp res s ion  is 
d e r i v e d   f o r   t h e  growth r a t e s  of t h e s e  waves. 
These growth rates inc rease   l i nea r ly   w i th   i nc reas -  
ing  ampli tudes of t h e   v o r t i c e s .  

*Virginia   Polytechnic   Inst i tute   and  State   Univ. ,  
Blacksburg, Va. 
Contract N00014-75-C-03811 
Grant NsG- 1255 

123. *Arata, W. H., Jr.: V e r y  Large  Vehicles, 
Aircraft  Design  Concepts.  Astronautics  and Aero- 
naut ics ,   vo l .  17, April  1979,  pp. 20-25, 33. 

A79- 30484# 

Some of t he   concep t s   be ing   s tud ied   fo r   l a rge  
a i r c r a f t  are br ie f ly   d i scussed .   Concepts   for  
convent iona l   t akeoff   and   landing   a i rc raf t ,   d i s -  
t r ibu ted- load   a i rc raf t ,   wing- in-ground  e f fec t  
a i r c ra f t ,   mu l t ip l e   fu se l ages ,   t he   l amina r - f low 
c o n t r o l   a i r c r a f t ,   n u c l e a r  powered tug ,   a i r -  
cushion-landing-system  ai rcraf t ,   b l imp-hel icopter  
combination,  and  surface-effect   ships  are men- 
t ioned. 

*Northrop  Corp., IDS Angeles,  Calif. 

124. *Noggle, L. W.; and  **Jobe, C. E.: Large- 
Vehicle  Concepts - Aircraf t   Design.   Astronaut ics  
and  Aeronautics,  vol. 17, April 1979, pp. 26-32. 

A79-30485# 

The paper   b r ie f ly   surveys  most  of the  very 
large  vehicle  concepts  examined by Air Force, 
Navy, NASA, and   i ndus t ry   i n   r ecen t   s tudy   e f fo r t s .  

Some of these inc lude  a c o n v e n t i o n a l   a i r c r a f t  
capable   of   carrying a 400,000-lb  load  over a range 
of 6200 n.mi., a l amina r   f l ow  con t ro l   a i r c ra f t ,  
where s l o t t e d  wing  and t a i l  sur faces   p rovide  lami- 
nar   f low to  70% chord t o  conserve  fuel,   nuclear- 
powered a i r c ra f t   w i th   ac t ive -con t ro l s   t echno logy ,  
swept -wing   space-d is t r ibu ted- load   a i rc raf t   capable  
of ca r ry ing  a mi l l i on  pounds of  payload,  wing-in- 
ground-effect   vehicles ,  a power-augmented-ram/ 
wing-in-ground-effect  vehicle,   and  the  heavy-lif t  
a i r s h i p .  

*Aeronautical  Systems  Div.,  Wright-Patterson AFB, 
Ohio 
**Flight Dynamics Lab.,  Wright-Patterson AE'B, Ohio 

125. *Meade, L. E.: Fabr ica t ion  of  Thick 
Graphite/Epoxy Wing Sur face   S t ruc tu re  f o r  @- 
sonic   Transpor t   Ai rcraf t .   In :  "Enigma of t 
Eighties:  Environment,  Economics,  Energy."  SOC. 
f o r   t h e  Advancement of  Material   and Process Engi- 
neer ing,   24th  Nat ional  Symposium and  Exhibit ion,  
San n a n c i s c o ,   C a l i f . ,  May 8-10, 1979, 
Book I, (A79-432281, pp. 252-259. 

A79-43245 

The f a b r i c a t i o n  of t h i c k   s t r u c t u r a l   l a m i n a t e s  
from Narmco 5208/T300 graphite/epoxy  prepreg  has 
presented  problems  of  dimensional  and  void  content 
con t ro l .  This pape r   desc r ibes   t he   f ab r i ca t ion  
process  development  conducted on Laminar Flow Con- 
t r o l  wing su r faces  for passenger   t ranspor t   appl i -  
ca t ions   t o   ach ieve   t h i ck   l amina te s  of high  qual- 
i t y .  The s teps   addressed   inc lude   preb leeding ,  
layup,   too l ing   a ids ,   and   cur ing   to   ach ieve   the  
requi red   l amina te   qua l i ty .  

*Lockheed-Georgia Co., Mar ie t ta ,  Ga. 

126.  *Molloy, J. K. : Advanced Air Transport  Con- 
c e p t s  - Review  of Design  Methods f o r  Very Large 
A i r c r a f t .  A I A A  Student  Journal,   vol.   17,   Spring 
1979,  pp. 12-16. 

A79-31121# 

The concepts  of  laminar  f low  control,   very 
l a rge   a l l -w ing   a i r c ra f t ,   an   ae r i a l   r e l ay   t r anspor -  
t a t ion   sys t em  and   a l t e rna t ive   fue l s ,  which  would 
enab le   l a rge  improvements i n   f u e l   c o n s e r v a t i o n   i n  
a i r   t r a n s p o r t a t i o n   i n   t h e  1990's  are  discussed. 
Laminar  boundary layer   cont ro l   th rough  suc t ion  
would g rea t ly   r educe   sk in   f r i c t ion  and  has  been 
repor ted   to   reduce   fue l   consumpt ion  by up t o  29%. 
D i s t r i b u t e d   l o a d   a i r c r a f t ,   i n  which a l l  fue l   and  
payload are c a r r i e d   i n   t h e  wing  and the   fu se l age  
is absent ,   permi t   the   use   o f   l igh ter   cons t ruc t ion  
ma te r i a l s   and   t he   e l imina t ion  of f u s e l a g e   a n d   t a i l  
drag.   Spanloader   a i rcraf t   wi th   laminar   f low con- 
t r o l   c o u l d  be used i n  an a e r i a l   r e l a y   t r a n s p o r t a -  
t ion   sys tem which would employ a network  of con- 
t i nuous ly   f l y ing   l i ne r s   supp l i ed   w i th   fue l ,   c a rgo  
and crews by smaller f e e d e r   a i r c r a f t .   L i q u i d  
hydrogen  and  methane fue l s   de r ived  from c o a l  are 
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t" 
d. shown t o  be wre w e i g h t   e f f i c i e n t  and less c o s t l y  
. L ~  than  coal-der ived  synthet ic  je t  f u e l s .  >' 
" 

*NASA, Langley  Research  Center, Hampton, Va. 

127. *Boeing  Preliminary  Design  Department: 
Natura l  Laminar Flow Airfoil   Analysis  and  Trade 
S tud ie s ,   F ina l  Rept. Aug. 1977 - June 1978. 
NASA CR-159029, May 1979,  84  pp. 

N82- 15018# 

Recent  development  of  advanced  computer  tech- 
n iques   for   boundary   l ayer   ana lyses   and   a i r fo i l  
design,  and  advances  in  manufacturing  methods  for 
low-cost,  smooth-surfaced  bonded  structure  have 
combined to   p rov ide  new i n t e r e s t   i n   n a t u r a l  lami- 
nar  flow  technology. 

This document c o n s t i t u t e s   t h e   f i n a l   r e p o r t  of 
two of the   subtasks ,  of Contract NASl-14742. The 
f i r s t   s u b t a s k  w a s  t o  de f ine  an a i r f o i l   f o r  a l a r g e  
commercial t r a n s p o r t   c r u i s i n g   a t  Mach 0.8. The 
second  subtask w a s  t o  i n c o r p o r a t e   t h e   a i r f o i l   i n t o  
a natural   laminar   f low  t ransport   configurat ion  and 
compare fue l   r equ i r emen t s   and   ope ra t ing   cos t s   t o  
those of an   equiva len t   tu rbulen t   f low  t ranspor t .  

A t h i rd   sub ta sk  w a s  pursued   as   a   separa te  
study  and is r e p o r t e d   i n  NASA CR-158954, " A i r c r a f t  
Surface  Coatings  Study,"  which is no. 110 i n   t h i s  
compilation. 

'Boeing  Commercial Airplane Co., S e a t t l e ,  Wash. 
Contract NAS1- 14742 

128. *Anderson, E. C.: U s e r  Guide f o r  STRMLN: A 
Boundary-Layer  Program f o r  Contoured Wind-Tunnel 
Liner D e s i g n .  Final  Report .  NASA CR-159058; 
DCW-R-15-02:  May 1979, 52 pp. 

N79-23114# 

A 2-D boundary l aye r  computer  code  developed 
t o   p r o c e s s   d a t a  for an a r b i t r a r y  number of stream- 
l i n e s  is presented .   Provis ions   a re   inc luded   for  
t h e  computer  code t o  de termine   e i ther  mass t rans-  
f e r   r a t e s   necessa ry   fo r   an   e f f ec t ive   boundary  
layer   displacement  of ze ro   t h i ckness  or the   e f f ec -  
t i ve   d i sp l acemen t   t h i ckness   fo r   a   spec i f i ed  mass 
t r a n s f e r - r a t e   d i s t r i b u t i o n .  The computer  code w a s  
developed to  be compatible  with  other  computer 
codes  which are  being  modified  and/or  developed a t  
t h e  NASA-Langley Research  Center i n  o r d e r   t o  
design the three  dimensional,   contoured, wind 
tunne l   l i ne r   u sed   i n   t r anson ic   t e s t ing   o f  a lami- 
nar   f l ow  con t ro l   sys t em  in s t a l l ed  on a super- 
c r i t i c a l   a i r f o i l   s e c t i o n .  A b r ie f   descr ip t ion   of  
t h e   l i n e r   d e s i g n   p r o c e d u r e ,   r e p r e s e n t a t i v e   l i n e r  
calculat ions,   adapt ive-wal l   design  for  a two 
dimensional wind tunne l  test ,  and other   appl ica-  
t i ons   a r e   r epor t ed .  

'Dow Indus t r i e s ,   S tud io   C i ty ,   Ca l i f .  
Contract NASI- 14517 

129.  *Nayfeh, A. H. ; and  *Bozatli ,  A. N. : Sec- 
o n d a r y   I n s t a b i l i t y   i n  Boundary-Layer  Flows. 
Physics  of  Fluids,  Vol. 22, May 1979,  pp. 805-813. 
(For   a   report   wi th   the same t i t l e  see #95 i n   t h i s  
b ib l iography. )  

AD-A074792  A79- 3640 1 

The s t a b i l i t y  of a secondary  Tollmien- 
Sch l i ch t ing  wave,  whose  wavenumber and  frequency 
a re   nea r ly  one ha l f   those   o f  a fundamental 
To l lmien -Sch l i ch t ing   i n s t ab i l i t y  wave, is analyzed 
us ing   the  method of mul t ip l e   s ca l e s .  Under t h e s e  
conditions,   the  fundamental  wave acts as a  para- 
metric exc i t e r   fo r   t he   s econda ry  wave. The 
r e s u l t s  show tha t   t he   ampl i tude  of the  fundamental 
wave must exceed  a cri t ical  value t o  t r i g g e r   t h i s  
pa rame t r i c   i n s t ab i l i t y .   Th i s   va lue  is propor- 
t i ona l   t o   a   de tun ing   pa rame te r  which is t h e   r e a l  
p a r t  of  k - 2K, where  k  and K are t h e  wave- 
numbers of the  fundamental  and its subharmonic, 
r e spec t ive ly .  For the   Blas ius   f low,  the cri t ical  
amplitude is approximately 29% of   the mean flow, 
and  hence many o t h e r   s e c o n d a r y   i n s t a b i l i t i e s   t a k e  
p l a c e   b e f o r e   t h i s   p a r a m e t r i c   i n s t a b i l i t y  becomes 
s i g n i f i c a n t .  For other  f lows  where  the  detuning 
parameter is small,  such as free-shear   layer  
f lows ,   t he   c r i t i ca l   ampl i tude  can be small; thus  
t h e   p a r a m e t r i c   i n s t a b i l i t y  might  play a g r e a t e r  
r o l e .  

*Virg in ia   Poly technic   Ins t .   and   S ta te  Univ., 
Blacksburg, Va. 
Grant NSG- 1255 

130. V o u s t e i x ,  J.; and 'Pailhas,  G.: Exploratory 
Study  of  a  Laminar-Turbulent  Transition  Process 
Near the   Poin t  of  Laminar  Boundary  Layer  Separa- 
t i o n .  ONERA TP-1979-86. June  1979. L a  Rgcherche 
Aerospa t ia le ,  May-June 1979, pp.  213-218. ( I n  
French. ) 

A79-41308# 

The po in t  and  nature of l aminar - turbulen t  
t r a n s i t i o n  w a s  s tud ied   sys t ema t i ca l ly  i n  a  small 
subsonic wind tunnel,   using  models  with  various 
angles  of sweep  and  a  wide  range  of  angles  of 
a t t a c k .  The technique employed was based on sub- 
l i m i t a t i o n  of  acenaphtene  coatings  and on hot-wire 
anemometer probings  of  the  boundary  layer.  Tran- 
s i t i o n  was found t o  be a phenomenon  whose charac- 
teristics a r e   s t r o n g l y   i n f l u e n c e d  by such param- 
eters a s   t h e   p r e s s u r e   g r a d i e n t .   F u r t h e r   s t u d i e s  
of t h e   t r a n s i t i o n  phenomenon a r e   i n   p r o g r e s s .  

'ONERA, Centre  d'Etudes e t  de  &cherches  de 
Toulouse,  Toulouse,  France 

131.  *Hefner, J e r r y  N.; and  'Bushnell, 
Dennis M.: Application - of S t a b i l i t y  Theory 
t o  Laminar Flow Control.   Presented a t  t h e  
A I A A  12th  Fluid  and  Plasma Dynamics Conference, 
Williamsburg, Va., ;luly 23-25, 1979, 20 pp. 

AIAA-79- 1493 A79-4669 1 X 
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The paper  summarizes  the  state-of-the-art   for 
app l i ca t ion  of s t a b i l i t y   t h e o r y  to  laminar  flow 
c o n t r o l   u s i n g   s u c t i o n ,  w a l l  temperature  and/or 
favorable   p ressure   g rad ien t  ( "natural   laminar  
f low") .   Discuss ions   inc lude   cur ren t  LFC problem 
areas r e q u i r i n g   s t a b i l i t y   a n a l y s e s ,  methods  of 
r e l a t i n g   s t a b i l i t y   t h e o r y   t o   t r a n s i t i o n   w i t h  
r e s u l t s  from data  and  theory  comparisons  available 
t h u s   f a r ,  and a summary of low d is turbance   da ta  
a v a i l a b l e   f o r   t h e o r y   c a l i b r a t i o n  on swept  wings. 
C r i t i c a l   i s s u e s   h i g h l i g h t e d  are problems  peculiar 
to  suc t ion  LFC on high  performance  transonic  wings 
and  appl icat ion of the  eto-the-n-power method t o  
both low and  high  speed  f l ight   data .  

*NASA, Langley  Research  Center, Hampton, Va. 

132. *Nayfeh, A. H.; and *El-Hady, N. M.: 
h r a lua t ion  of Suction Through  Porous S t r i p s f o r  
Laminar Flow Control.  A I A A  12th  Fluid  and  Plasma 
Dynamics Conference,  Williamsburg, Va. ,  Ju ly  23- 
25,  1979, 14 pp. 

AIAA-79- 1494 

An evalua t ion  is presented  of suct ion  through 
porous   s t r ips   for   l aminar   f low  cont ro l .  The 
l i n e a r   s t a b i l i t y   t h e o r y  and the   exp(N)   c r i t e r ion  
a r e  used t o   i n v e s t i g a t e   t h e   c a s e  of suc t ion  
through  porous  s t r ips   and compare it with  the  case 
of cont inuous  area  suct ion.  A number  of ca lcu la-  
t i o n s  have  been  performed  for s t r i p s  of var ious  
wid ths   and   spac ings   subjec t   to   the   cons t ra in t  
of c o n s t a n t   t o t a l  mass flow  through the s t r i p s .  
The amount of s u c t i o n   r e q u i r e d   t o   k e e p   t h e   f a c t o r  
N below some semi-empirical  value is determined. 
The e f f e c t  of suct ion  through a s t r i p  is not  
l imi t ed   t o   t he   r eg ion   ove r   t he   s t r i p   bu t   ex t ends  
both  upstream  (upstream  influence)  and  downstream 
(downstream  influence).  The e f fec t iveness  of a 
s t r i p  can be increased  considerably by inc reas ing  
t h e   e x t e n t  of the  upstream  inf luence  (s ink 
e f f e c t ) .  The r e s u l t s  show t h a t   t h e  number of 
s t r i p s  and the i r   w id ths  and spacings can be opt i -  
mized so t h a t   t h e   t o t a l   s u c t i o n   l e v e l s  needed a r e  
about 5- 10% la rge r   t han   t hose  needed to   ach ieve  
the  same s t a b i l i t y   c h a r a c t e r i s t i c s   u s i n g   c o n t i n u -  
ous  area  suct ion.  

*Vi rg in i a   Po ly techn ic   In s t i t u t e  and S t a t e  Univer- 
s i ty ,   Blacksburg ,  Va. 
Grant NSG- 1255 

133. *Lekoudis,  Spyridon G. : The S t a b i l i t y  of t h e  
Boundary Layer on a  Swept Wing With Wall  Cooling. 
P resen ted   a t  A I A A  12th  Fluid  and  Plasma Dynamics 
Conference,  July 23-  25 , 1979,  Williamsburg, Va. , 
10 PP. 

AIAA-79- 1495 A79-46692# 

L inea r   s t ab i l i t y   t heo ry  is used t o  examine 
the  propagat ion of l a m i n a r   i n s t a b i l i t i e s   i n   t h e  
leading  edge  region  of a transonic  swept wing with 
wall   cooling.  Before  this  could  be  done,  the 
e f f e c t s  of  computing r e a l  g roup   ve loc i ty   r a t io s  
f o r  monochromatic waves needed inves t iga t ion .  

When crossf low  d is turbances  were computed us ing  
s p a t i a l   t h e o r y  and f o r  a l imited  range of angles  
of  wavegrowth d i r e c t i o n ,   t h e  growth rate i n   t h e  
d i r e c t i o n  formed by t h e  real r a t i o  of the  group 
v e l o c i t i e s  and t h e   d i r e c t i o n   i t s e l f  were insens i -  
t i v e   t o   t h e   o r i e n t a t i o n   o f   t h e  wave growth. When 
temporal  theory w a s  u sed ,   t h i s   cond i t ion   r e su l t ed  
i n  a s i n g l e  wave of maximum ampl i f i ca t ion .  It is 
found   t ha t   wa l l   coo l ing   has  a s t a b i l i z i n g   e f f e c t  
on c ros s f low  d i s tu rbances ,   bu t   t he   s t ab i l i za t ion  
is  mild  compared to  t h e   s t a b i l i z i n g   e f f e c t   t h a t  
w a l l  cool ing   has  on Tollmien-Schlichting  waves. 

'Lockheed-Georgia CO., Marie t ta ,  Ga. 
Research  supported by Lockheed-Georgia's I R & D  
Program. 

134.  *Nayfeh, A. H. ; and  **Bozatli,  A. N. : 
Nonlinear Wave I n t e r a c t i o n s   i n  Boundary  Layers. 
P re sen ted   a t  A I A A  12th  Fluid  and  Plasma Dynamics 
Conference,  Williamsburg, Va., Ju ly  23-25, 1979, 
18 PP. 

AIAA-79- 1496 

A model is p roposed   fo r   t he   exc i t a t ion  of 
three-dimensional waves in  two-dimensional 
boundary-layer  flows. me model is an   in te rac t ion  
of fou r  waves:  two two-dimensional waves having 
the   f r equenc ie s  w and 2w and two three-  
dimensional waves having  the  f requency w. N u m e r -  
i c a l   r e s u l t s   f o r   n o n p a r a l l e l   s p a t i a l l y  growing 
waves are obta ined   for   the   exper imenta l   condi t ions  
of  Klebanoff , Tidstrom,  and  Sargent. The r e s u l t s  
show tha t   the   p roposed  model is capable of pred ic-  
t i n g   t h e  growth  of the  three-dimensional  waves. 

*Vi rg in i a   Po ly techn ic   In s t i t u t e   and   S t a t e  Univ., 
Blacksburg, Va. 
**Univ.  of  Arkansas, Fayet tevi l le ,   Arkansas  
ONR Contract NO00 14-75-C-0381 and NASA Grant 
NSG- 1255 

135.  *Floryan,  Jerzy M.; and  *Saric,  William S.: 
S t a b i l i t y  of GGrtler V o r t i c e s   i n  Boundary  Layers 
With  Suction. AIAA 12th  Fluid  and  Plasma Dynamics 
Conference,  Williamsburg, Va., J u l y  23-25, 1979, 
18  pp. A I A A  Journal ,   vol .  20, March 1982, 
pp. 316-324. 

AIAA- 79- 1497 A82-23830# 

The formal   ana lys i s   o f   GEr t le r - type   ins tab i l -  
i t y  is presented. The boundary-layer  and  the 
d i s tu rbance   equa t ions   a r e   fo rmula t ed   i n  a genera l ,  
o r thogonal ,   curv i l inear   sys tem of coord ina tes  
cons t ruc ted  from the   inv isc id   f low  over  a curved 
surface.   Effects   of   curvature  on t h e  boundary- 
layer   f low are analyzed. The basic  approximation 
fo r   t he   d i s tu rbance   equa t ions  is presented  and 
solved  numerically.   Previous  analyses  are  dis-  
cussed  and  compared  with  our  analysis.  Effects of 
suc t ion  are introduced  and  discussed,   and  the 
r e s u l t s  show t h a t  the s t a b i l i t y   c h a r a c t e r i s t i c s  
depend  on the  normal-veloci ty  terms. S tab i l i za -  
t i o n  due t o   s u c t i o n  is n o t   n o t i c e a b l e   u n t i l   t h e  
suct ion  exceeds a c e r t a i n   c r i t i c a l   v a l u e .  It is  
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found that l a r g e  
s t a b i l i z a t i o n  of 
surf   ace.  .., - 

suc t ion  is requ i r ed   fo r   t he  
the  boundary layer   over  a curved 

*Virginia  Polytechnic  and State Univ.,  Blacksburg, 
Va . 
Grant NSG- 1255 

136. *Owen,  F. K. ; **Stainback, P. C. ; and 
**Harvey, W. D.: Evaluation  of Flow Qua l i ty   i n  
Two NASA Transonic Wind Tunnels. AIAA 12th  Fluid 
and  Plasma Dynamics Conf ., Williamsburg, Va., 
Ju ly  23-25, 1979, 11 pp. 

AIAA-79-1532 A79-46714# 

Tests  have  been  conducted i n   t h e  Langley 
Research  Center  &.Foot  Transonic  Pressure  Tunnel 
and t h e  Ames Research  Center  12-Foot  Pressure Wind 
Tunnel i n   o r d e r   t o  measure c h a r a c t e r i s t i c   d i s t u r -  
bance l e v e l s  and  energy  spectra   in   their   respec-  
t i v e   s e t t l i n g  chambers, test sec t ions ,  and 
d i f fusers   and   to   de te rmine   the   sources  of t hese  
dis turbances.   Resul ts   are   presented  and  discussed 
along  with some s p e c i f i c  recommendations. 

'Complere Inc. ,   Palo  Alto,  Calif. 
**NASA Langley  Research  Center, Hampton, Va. 
Cont rac ts  NAS1-14833 and NASI-15223. 

137. *Swift ,  G.; and 'Mungur,  P.: A Study  of t h e  
P red ic t ion  of Cruise  Noise  and  Laminar Flow Con- 
t r o l ~ N o i s e   C r i t e r i a  For  Subsonic Air Transpor t s ,  
Final  Rept.,  May 1977-June 1978; LG78ER0218; 

~~ 

NASA CR-159104, AUg. 1979, 262 pp. 

N80-12818# 

General  procedures for t he   p red ic t ion  of com- 
ponent   no ise   l eve ls   inc ident  upon airframe  sur-  
faces   during  cruise   are   developed.   Contr ibut ing 
noise   sources   are   those  associated  with  the  pro-  
pulsion  system,  the  airframe  and  the  laminar  f low 
c o n t r o l  (LFC) system.  Transformation  procedures 
from the   bes t   p red ic t ion   base  of  each  noise  source 
to   t he   t r anson ic   c ru i se   cond i t ion   a r e   e s t ab -  
l i shed .  Two approaches   to   LFC/acous t ic   c r i te r ia  
are developed. The f i r s t  is a semi-empirical 
extension of t he  X-21 LFC/acoustic criteria t o  
inc lude   s ens i t i v i ty   t o   t he   spec t rum  and   d i r ec t ion -  
a l i t y  of t he  sound f i e l d .  In the  second,   the more 
fundamental  problem  of how sound e x c i t e s  boundary 
layer   d i s turbances  is analyzed by de r iv ing  and 
solving  an inhomogeneous  Orr-Sommerfeld equation 
i n  which the  source terms are p ropor t iona l  t o  t h e  
product ion  and  diss ipat ion of  sound  induced  fluc- 
tua t ing   vor t ic i ty .   Numer ica l   so lu t ions   a re  
obtained  and compared with  corresponding  measure- 
ments.  Recommendations are made t o  improve  and 
va l ida t e   bo th   t he   c ru i se   no i se   p red ic t ion  methods 
and the  LFC/acoustic criteria. 

*Lockheed-Georgia Co., Marie t ta ,  Ga. 
Contract NAS  1- 14946 

138. *Tibbet t s ,  J. G.: Near-Field Noise Predic- 
t i o n  For A i r c r a f t   i n   C r u i s i n g   F l i g h t :  Methods 
. Manual-Laminar . . - . . . Flow Control  Noise  Effects 
Analysis.   Final  Report ,  May 1977-June  1978. 
LG78ER0219; NASA -159105, Aug. 1979, 97 pp- 

N80- 128 19# 

Methods f o r   p r e d i c t i n g   n o i s e   a t  any po in t  on 
an a i r c r a f t   w h i l e   t h e   a i r c r a f t  is i n   a   c r u i s e  
f l i g h t  regime are presented.   Developed  for   use  in  
laminar  f low  control (LFC) no i se   e f f ec t s   ana lyses ,  
they  can be used i n  any case  where a i r c ra f t   gene r -  
a ted   no ise   needs   to   be   eva lua ted   a t  a loca t ion  on 
an a i r c ra f t   wh i l e   unde r   h igh   a l t i t ude ,   h igh   speed  
condi t ions .   For   each   no ise   source   appl icable   to  
t h e  LFC problem, a noise  computational  procedure 
i s  given  in   a lgori thm  format ,   sui table   for  comput- 
e r iza t ion .   Three   ca tegor ies  of no ise   sources   a re  
covered: ( 1 )  propulsion  system, ( 2 )  a i r f rame,  and 
( 3 )  LFC suct ion  system.  In   addi t ion,   procedures  
are given  for   noise   modif icat ions due to  source 
soundproofing  and  the  shielding  effects  of t h e  
a i r c r a f t   s t r u c t u r e  wherever  needed. Sample cases ,  
f o r  each of the  individual   noise   source  proce-  
du res ,   a r e   p rov ided   t o   f ami l i a r i ze   t he   u se r   w i th  
typ ica l   input  and  computed da ta .  

*Lockheed-Georgia CO., Marie t ta ,  Ga. 
Contract NAS1-14946. 

139.  *Eppler, R.; and  'Fasel, H., Edi tors :  
". Laminar-Turbulent . ~ Trans i t ion ,   Sept .  16-22, 1979. 
Proceedings of t h e  Symposium sponsored by IUTAM, 
DFG, U n i v e r s i t a t ,   S t u t t g a r t ,  e t  a l .   B e r l i n ,  
Springer-Verlag,  1980, 451 pp., 34 papers. 

A81-18101 

The s t u d i e s   c o n t a i n e d   i n   t h i s  volume provide 
an  overview  of   the  current   research  in   the  f ie ld  
of hydrodynamic s t a b i l i t y  and t r a n s i t i o n   t o   t u r -  
bulence.   Papers   are   presented on t h e   l o c a l  cri- 
t e r i a  of hydrodynamic s t a b i l i t y ,   t h e   t r a n s i t i o n  
mechanics  of  an o s c i l l a t i n g  boundary layer ,   th ree-  
dimensional waves in   a  boundary l aye r ,  and t h e  
genera t ion  of a  Tollmien-Schlichting wave  by a 
sound wave. Other  studies  include  the  laminar- 
turbulent   t ransi t ion  in   Taylor-Couet te   f low,  a 
v isua l   s tudy  of t he  growth  and  entrainment  of 
t u r b u l e n t  spots, and  numerical   studies of t r a n s i -  
t i on   i n   p l ana r   shea r   f l ows .  

f s t u t t g a r t   U n i v e r s i t a t ,   S t u t t g a r t ,  West Germany 

140.  *Nayfeh, A. H.: Three-Dimensional S t a b i l i t y  
of Growing Boundary  Layers.  Proceedings of t h e  
I n t e r n a t i o n a l  Union of Theore t i ca l  and  Applied 
Mechanics Symposium on Laminar-Turbulent  Transi- 
t i o n ,   h e l d  a t  S t u t t g a r t ,  Germany, Sept. 16-22. 
1979,  (~81-18101,  pp.  201-217),  Springer-Verlag, 
1980. 
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A theory  is deve loped   fo r   t he   l i nea r   s t ab i l -  
i t y  of three-dimensional  growing  boundary  layers. 
The method of m u l t i p l e  scales is used t o  der ive  
pa r t i a l -d i f f e ren t i a l   equa t ions   desc r ib ing   t he  
temporal and spatial evolu t ion  of the complex 
amplitudes  and wavenumbers of the   d i s tu rbances .  
In   genera l ,  these equat ions are e l l ipt ic  unless 
ce r t a in   cond i t ions  are s a t i s f i e d .   F o r  a mono- 
chromatic   dis turbance,  these condi t ions  demand 
t h a t  the ratio of t h e  components of t h e  complex 
group  ve loc i ty  be real and  thereby relate the 
d i r e c t i o n  of growth  of   the  dis turbance t o  t h e  
d is turbance  wave angle.   For a nongrowing bound- 
ary l aye r ,   t h i s   cond i t ion   r educes  t o  da/df3 
be ing  real, in   agreement   with the re su l t   ob ta ined  
by us ing   the   saddle-poin t  method.  For a  wave- 
packe t ,   t hese   cond i t ions  demand t h a t   t h e  compo- 
nents   of   the   group  veloci ty  be real. 

*Vi rg in i a   Po ly techn ic   In s t i t u t e  and S t a t e  Univ., 
Blacksburg, Va.  
Grant  NSG1255 (Navy supported  research.)  

141. *Bushnell,  Dennis M.; and  **Tuttle, Marie H.:  
Survey  and  Bibliography on Attainment  of  Laminar 
Flow Con t ro l   i n  Air Using  Pressure  Gradient  and 
Suct ion - V o l .  I. NASA -1035, Sept.  1979," 
346 pp.,  616 r e f s .  

~ ~ " .  

N79-33438# 

This survey  and  bibliography on at ta inment   of  
laminar   f low  in  a i r  through  the  use  of   favorable  
pressure   g rad ien t   and   suc t ion   cons is t s   o f  t w o  
volumes. Volume I conta ins  the survey, summaries 
of data  for  both  ground  and  f l ight  experiments,  
and abstracts of re ferenced  reports. Volume 11, 
NASA 'IM-80108  (X79- 10184#) comprises a b ib l iog-  
raphy  and abstracts o f   t h e   r e s t r i c t e d   a n d  classi- 
f ied   l aminar   f low  cont ro l  (LFC) l i t e r a t u r e .  The 
f i r s t   au tho r   conduc ted   t he   su rvey  and  compiled 
summaries  of  data,  and  the  second  author  conducted 
t h e   l i t e r a t u r e   s e a r c h  and  compiled  the  bibliog- 
raphy. A t h i rd   s e l ec t ed   b ib l iog raphy  of  laminar 
f low  con t ro l   r epor t s ,   ava i l ab le  t o  NASA personnel  
only,   can  be  secured  f rom  the  Scient i f ic   and 
Technical   Information  Faci l i ty  by a s k i n g   f o r  NASA 
'IM-80157 (X79-10185#). 

*NASA, Langley  %search  Center, Hampton, Va. 
**NASA, Langley  Research  Center, Hampton, V a .  
( r e t i r e d )  

142. Wigeland,  R. A.; *Tan-Atichat, J.; and 
*Nagib, H. M. : Evaluat ion of a New Concept f o r  
Reducing EYee-Stream lb rbu lence   i n  Wind Tunnels. 
NASA CR-3196, O C t .  1979, 49 pp. 

N79-33440# 

The f e a s i b i l i t y   o f   u s i n g   o f  a 45  deg- 
honeycomb for   improving   the   f low  qua l i ty   in  wind 
tunnels  w a s  i n v e s t i g a t e d .  The r e s u l t s   o f   t h e  
expe r imen t s   i nd ica t e   t ha t   t he   t u rbu lence   l eve l s   i n  
a wind tunnel   us ing   the  45 deg-honeycomb would be 
comparable t o  those   ob ta inable   us ing  a conven- 
t i o n a l  honeycomb, i.e., a honeycomb which i s  

posi t ioned  normal  to  the mean f l o w   i n  the settl- 
i n g  chamber. However, this is true only  when a 
45  deg-screen is mounted  inmediately  downstream 
of t h e  honeycomb, and when some d i s t a n c e  is  
provided  between the t r a i l i n g   e d g e s   o f  the corner  
turning  vanes  and  the  upstream  s ide of t h e  45 deg- 
honeycomb. This d i s t a n c e  is r e q u i r e d  for adequate 
decay of the  turning-vane wakes, thereby   provid ing  
a reasonably  uniform mean f low  en ter ing  the honey- 
comb. R e s u l t s  d e m o n s t r a t e   t h a t   t h i s   d i s t a n c e  
should  be a t  least twice   the   spac ing   be tween  the  
turning  vanes.  Even though  the   resu l t ing   tu rbu-  
l e n c e   i n t e n s i t y  is the same downstream of both 
t h e  45 deg-honeycomb and  the  convent ional  honey- 
comb, there would  have t o  be a s i g n i f i c a n t  
improvement i n  the t e s t - sec t ion   t u rbu lence   i n t en -  
s i t y ,   u s i n g  the 45  deg-honeycomb to  j u s t i f y  the 
a d d i t i o n a l   e x p e n s e   i n   f a b r i c a t i n g  and i n s t a l l i n g  
t h i s   t y p e   o f  honeycomb. 

* I l l i n o i s   I n s t .   o f  Tech., Chicago, Ill. 
Grant NSG- 145 1 

143. *Hough, G. R. (ea.): Viscous Flow Drag 
Reduction. Symposium h e l d  a t  Vought  Advanced 
Technology  Center, Dallas, Texas, Nov. 7 and 8, 
1979. AIAA Technical   Papers ,   "Progress   in  
Astronautics  and  Aeronautics," Volume 72,  1980, 
481 pp. 

A 8  1- 2650 1 

The symposium focused on  laminar  boundary 
l a y e r s ,   b o u n d a r y   l a y e r   s t a b i l i t y   a n a l y s i s   o f  a 
na tura l   l aminar   f law glove on t h e  F- 11 1 TACT air- 
c r a f t ,  drag r e d u c t i o n   o f   a n   o s c i l l a t i n g   f l a t   p l a t e  
w i th   an   i n t e r f ace  f i l m ,  e lec t romagnet ic  pre- 
c i p i t a t i o n  and  ducting  of particles i n   t u r b u l e n t  
boundary  layers,  large eddy  breakup  scheme f o r  
turbulent  viscous  drag  reduction,  blowing  and  suc- 
t i o n ,  polymer a d d i t i v e s ,  and  compliant  surfaces.  
Topics included  influence  of  environment  in  lami- 
nar   boundary  layer   control ,   generat ion rate of  
t u rbu len t   pa t ches   i n   t he   l amina r   boundary   l aye r  
of a submersible ,   drag  reduct ion  of  small ampli- 
t u d e   r i g i d   s u r f a c e  waves,  and  hydrodynamic drag 
and sur face   deformat ions   genera ted  by l i qu id   f l ows  
o v e r   f l e x i b l e   s u r f a c e s .  

'Vought Advanced Technology  Center, Dallas, Texas 
Supported by: U.S. Navy, U.S. Air Force, NSF, and 
NASA. 
(Note: Se lec ted  papers from t h i s  symposium 
follow. ) 

144.  *Leehey, P.: Influence  of  Environment  in 
Laminar  Boundary  Layer  Control.  In:  Viscous Flow 
Drag Reduction, Symposium, Dallas, Texas, Nov.  7- 
8, 1979. AIAA Technical  Papers  (A81-26501),  1980, 
V o l a  72, pp. 4-16. 

A81-26502# 

Transi t ion  Reynolds  number is not  a unique 
f u n c t i o n  of stream turbulence  percentage,   but  is 
inf luenced  by the   f requency   spec t ra ,  spa t ia l  
scales, and o t h e r   p h y s i c a l  properties of   the  dis- 
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turbance  environment  of the p a r t i c u l a r  test  
f a c i l i t y  and by t h e   p h y s i c a l   c h a r a c t e r i s t i c s   o f  
t h e  test  p l a t e .  Hot-wire  measurements of  bound- 
a r y   l a y e r   d i s t u r b a n c e s   s h w   t h a t   t h e   r e s p o n s e   t o  
stream  turbulence,   to  downstream  traveling  acous- 
t i c  waves,  and t o  test p l a t e   v i b r a t i o n  is primar- 
i l y   i n   t h e   T o l l m i e n - S c h l i c h t i n g  ( F S )  fundamental 
eigenmode. Growth rates of T-S waves a r e   i n i -  
t ia l ly   greater   under   two-dimensional   acoust ic  
wave exci ta t ion  than  under   three-dimensional  
stream tu rbu lence   exc i t a t ion   i n   acco rdance   w i th  
p red ic t ions  from s p a t i a l   s t a b i l i t y   t h e o r y .  Con- 
vers ion  of environmental   disturbances to  !l"S waves 
is found t o   o c m   p r i m a r i l y   i n   t h e   v i c i n i t y  of ' the  
test plate   leading  edge.   Analyt ical ,   numerical  
and expe r imen ta l   r e su l t s   sugges t   s t rong ly   t ha t   t he  
e f f i c i e n c y  of conversion  increases   with  increased 
b luntness  of the  leading  edge.  

*Mass. I n s t .  of  Tech.,  Cambridge, Mass. 
NSF-Navy-supported research .  

145. *Famyan, L. J.; and  **Steers,  L. L.: 
Boundary  Layer S tab i l i t y   Ana lys i s  of a Natura l  
Laminar Flow Glove on t h e  F-111 TACT Airplane. 
In:  Viscous Flow Drag Reduction, Symposium, 
Dallas,  Texas, Nov. 7-8,  1979, AIAA Technical 
Papers  (A81-26501),  1980,  Vol.  72,  pp. 17-32. 

A81-26503# 

A na tura l   l aminar   f low  a i r fo i l   has   been  
developed  as a p a r t  of t h e   a i r c r a f t   e n e r g y   e f f i -  
ciency  program. A NASA f l i g h t  program  incorpora- 
t i n g   t h i s   a i r f o i l   i n t o   p a r t i a l  wing  gloves on t h e  
F- 111 TACT a i r p l a n e  was s c h e d u l e d   t o   s t a r t   i n  
May, 1980. In   support  of t h i s   r e s e a r c h   e f f o r t ,  an 
ex tens ive   boundary   l ayer   s tab i l i ty   ana lys i s  of t h e  
pa r t i a l   g love   has  been  conducted. The r e s u l t s  
of t h a t   a n a l y s i s  show the   expec ted   e f f ec t s  of wing 
leading-edge sweep angle,  Reynolds number, and 
compress ib i l i ty  on boundary l a y e r   s t a b i l i t y  and 
t r a n s i t i o n .  These r e s u l t s   i n d i c a t e   t h a t  it should 
be p o s s i b l e   t o   a t t a i n  on the   o rder  of 60% laminar 
flow on the  upper  surface  and 50% laminar  flow on 
the  lower  surface  for  sweep angles  of a t  least 
20 deg,  chord  Reynolds numbers  of 25 x lo6 and 
Mach numbers  from  0.81 t o  0.85. 

*Boeing  Commercial  Airplane Co., S e a t t l e ,  Wash. 
**NASA, Dryden Fl ight   Research  Center ,  Edwards, 
Ca l i f .  

146. *Mask, R. L.: JAW Drag A i r f o i l  Design Uti- 
l i z i n g   P a s s i v e  Laminar Flow Control  and  Coupled 
Diffusion  Control.  In: "Viscous Flow Drag Reduc- 
t i on"  Symposium a t  Dallas,   Texas,  Nov. 7-8. 1979. 
A I A A  Technical  Papers (A81-265011, 1980,  Vol. 72 
of "Progress  in  Astronautics  and  Aeronautics ," 
pp. 212-232. 

A81-26512# 

A two-dimensional  high-chord  Reynolds number 
p a s s i v e   l a m i n a r   a i r f o i l  was d e s i g n e d   f o r   l i f t  
c o e f f i c i e n t  = 0.73 a t  f rees t ream M = 0.6 and 
Re = 4 x lo7 (evaluated  . for   chord  length)  

providing  an  extremely  high L/D = 240. This 
laminar   a i r fo i l   des ign   concept   in tegra tes   pass ive  
laminar   f low  s tab i l iza t ion ,  by pressure   g rad ien t  
shaping ,   wi th   ac t ive   d i f fus ion   cont ro l   t echniques  
o n   t h e   a i r f o i l   t r a i l i n g  edge. A d i scuss ion  of t h e  
design  concept  and  the  predicted  performance i s  
given. Full s c a l e  Reynolds number experiments 
de f in ing  maximum t r a n s i t i o n  Reynolds number and 
environment  influence on t r a n s i t i o n  are presented. 

*Vought  Advanced Technology  Center,  Dallas, Tex. 
Cont rac ts  N62269-77-C-0442 and N62269-79-C-0277 
(Note:   For  this work i n   r e p o r t  form, see #200 i n  
t h i s   b ib l iog raphy . )  

147.  *Pfenninger, W.; **Reed, H. L.; and 
***Dagenhart, J. R.: Design  Considerations  of 
Advanced S u p e r c r i t i c a l  L o w  Drag  Suction  Airfoils.  
In:  Viscous Flow Drag  Reduction; Symposium a t  
Dallas,   Wxas,  Nov. 7-8, 1979. AIAA Technical 
Papers (A81-265011, 1980,  Vol. 72 of  "Progress  in 
As t ronaut ics  and Aeronautics," pp. 249-271. 

A81-26514# 

S u p e r c r i t i c a l  low drag  suction  laminar  f low 
a i r f o i l s  were l a i d   o u t   f o r  shock   f ree   a t   des ign  
f rees t ream Mach = 0.76,  design l i f t   c o e f f i -  
c i e n t  = 0.58,  and t / c  = 0.13. The design  goals 
were the  minimization of suc t ion   laminar iza t ion  
problems  and  the  assurance of shock-free  flow a t  
f rees t ream Mach not   greater   than  design  f reestream 
Mach ( f o r   d e s i g n   l i f t   c o e f f i c i e n t )   a s  w e l l  a s  
a t   l i f t   c o e f f i c i e n t   n o t   g r e a t e r   t h a n   d e s i g n   l i f t  
coe f f i c i en t   ( fo r   des ign   f r ees t r eam Mach); t h i s  
involved   l imi t ing   the   he ight - to- length   ra t io   o f  
the   supersonic  zone a t  design to  0.35.  High 
design  f reestream Mach numbers resu l t   wi th   ex ten-  
s ive  supersonic   f low  (over  80% of  the  chord) on 
the  upper   surface,   wi th  a s t eep   S t r a t fo rd - type  
r e a r   p r e s s u r e  rise wi th   suc t ion ,   as  w e l l  a s  by 
c a r r y i n g   l i f t   e s s e n t i a l l y   i n   f r o n t -  and  rear- 
loaded  regions of t h e   a i r f o i l   w i t h   h i g h   s t a t i c  
p re s su res  on the  carved  out   f ront   and rear lower 
surf   ace.  

*George  Washington  Univ., Wash., D. C. 
**Virginia   Polytechnic   Inst i tute ,   Blacksburg,  Va. 
***NASA, Langley  Research  Center, Hampton, Va. 

148. *Pol l ,  D. I. A.: T r a n s i t i o n   i n   t h e   I n f i -  
n i t e  Swept Attachment  Line  Boundary  Layer. The 
Aeronautical   Quarterly,   vol.  30, Nov. 1979, 
pp. 607-629. 

A80- 13573 

The t ransi t ion  behavior   of   the   boundary  layer  
which is formed  along  an  infinite  swept  at tachment 
l i n e   h a s  been s tudied   exper imenta l ly .   Ci rcu lar  
t r i p  w i r e s  and t u r b u l e n t   f l a t   p l a t e  boundary 
layers  have  been  used as sources  of d i s tu rbance  
and  the  range of parameters covered  has  been  such 
t h a t   t h e   r e s u l t s  are d i r e c t l y   a p p l i c a b l e   t o   f u l l  
scale f l igh t   condi t ions .   S imple   c r i te r ia   have  
been  deduced  which allow t h e  state of the  boundary 
l a y e r  to  be determined  for  given  geometric  and 
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f r e e  stream p r o p e r t i e s .  Sample c a l c u l a t i o n s  for 
typical swept wing   conf igura t ions   sugges t   tha t   the  
m a j o r i t y   o f   c i v i l   a i r c r a f t  w i l l  have   tu rbulen t  
a t t achmen t   l i nes   i n   t he   c ru i se   and   t ha t   subsequen t  
r e l a m i n a r i z a t i o n  i n  reg ions   o f   favorable   p ressure  
grad ien t  is unl ike ly .  

*College  of   Aeronaut ics ,   Cranfield  Inst i tute   of  
Technology,  Beds.,  England 
Research  supported by the Ministry  of  Defence. 

149. *Pugh, P. G.; **Grauer-Carstensen, H.; and 
***Quemard, C.: An I n v e s t i g a t i o n  of t h e   m a l i t y  
o f   t h e  Flow Generated by Three Types  of Wind 
Tunnels.  In: AGARD "Towards New Transonic Wind- 
Tunnels"  (N80-19137), Nov. 1979,  23  pp. 

N80-19138# 

Flow q u a l i t y   i n   t h r e e  wind tunnels   wi th   d i f -  
f e r i n g  drive systems is examined. The i n v e s t i -  
gation  included  measurements  of ( 1 )   f l u c t u a t i n g  
s t a t i c  pressure  on t h e   s i d e w a l l  of the test sec- 
t ion ;   (2)   tu rbulence   immedia te ly   ups t ream  of   the  
c o n t r a c t i o n  and i n   t h e  test s e c t i o n ;   ( 3 )   f l u c t u a -  
t ions  of   f low  angle   (both  pi tch  and yaw) i n   t h e  
test  s e c t i o n ;  and (4 )   f l uc tua t ions   o f   bo th  p i to t  
and s t a t i c  p r e s s u r e s   i n   t h e  test sect ion  f low.  
Factors   important  t o  t h e   d e s c r i p t i o n  of  wind 
tunnel   f low  qua l i ty  are also discussed.  It i s  
shown t h a t   t h e   u s e   o f   f l u c t u a t i n g   s t a t i c   p r e s s u r e  
as an  index  of  f low  quali ty is i n v a l i d  when com- 
p a r i n g  wind tunne l s   hav ing   d i f f e ren t  forms  of 
dr ive  system or, possibly,   even  widely  different  
t y p e s  of test sec t ion .   F luc tua t ions   in   f low  angle  
are of much more direct   consequence t o  the   ga ther -  
i ng   o f   t he   u sua l   t ypes  of d a t a  and  can be measured 
us ing   e i the r   app ropr i a t e ly   des igned  yawmeters or 
with  hot-f i lm probes. 

*Royal Aircraft  Establishment,  Bedford,  England 
**DFVLRI Goettingen, West Germany 
***CERT, Tbulouse,  France 

150. *Koegler,  John A., Jr.: A Parametr ic  Wing 
Design  Study  for a Modern Laminar Flow  Wing. 
NASA-1M-80154, Dec. 1979, 44 pp. 

~~ - 

*A081255  N80-23602# 

Goertler in s t ab i l i t y   fo r   boundary - l aye r   f l ows  
over   general ly   curved walls is considered. The 
f u l l   l i n e a r i z e d   d i s t u r b a n c e   e q u a t i o n s  are obta ined  
in   an   o r thogonal   curv i l inear   coord ina te   sys tem.  A 
pe r tu rba t ion   p rocedure  t o  account for  second-order 
e f f e c t s  is used to  determine the effects of t h e  
displacement   thickness   and the v a r i a t i o n   o f   t h e  
s t r eaml ine   cu rva tu re  on t h e   n e u t r a l   s t a b i l i t y   o f  
t h e   B l a s i u s  f l o w .  The p r e s s u r e   g r a d i e n t   i n  mean 
flow is accounted  for  by s o l v i n g  the non-similar 
boundary-layer  equations.  Growth rates are 
o b t a i n e d   f o r   t h e   a c t u a l  mean flow  and  compared 
with  those  for   the  Blasius   f low  and  the  Falkner-  
Skan  flows. The r e su l t s   demons t r a t e   t he   s t rong  
inf luence  of the p r e s s u r e   g r a d i e n t  and t h e  
nons imi l a r i t y   o f  the basic flow on t h e   s t a b i l i t y  
c h a r a c t e r i s t i c s .  

*Vi rg in i a   Po ly techn ic   In s t i t u t e  and State Univ., 
Blacksburg, Va. 
Cont rac t  N00014-75-C-0381. 

152. Winoto ,  S. H.; *Durao, D. F. G.; and  *Crane, 
R. I.: Measurements  Within Grtler Vort ices .  
Jou rna l   o f   F lu ids   hg inee r ing ,  Lkc. 1979, 
V O ~ .  101, pp. 517-520. 

A80-20750# 

Local measurements  of streamwise v e l o c i t y  
component  have  been made i n   t h e   l a m i n a r  boundary 
l a y e r  on the   concave   sur face  of a water channel, 
supported by f low  v i sua l i za t ion .  Details of   the  
na tura l ly-occurr ing  GGrtler v o r t e x   p a t t e r n  are 
presented .  

*Dept.  of  Mechanical  Engineering, Imperial College 
of  Science  and  Technology,  London,  England 
Research  supported by Science  Research  Council. 

153. 'Bozatli.  A. N.: Ef fec ts   o f  Wall Waviness 
and  Nonlinear Wave I n t e r a c t i o n s  on t h e   S t a b i l i t y  
of Boundary-Layer  Flows. Ph.D. Thes is ,   Vi rg in ia  

~ 

P o l y t e c h n i c   I n s t i t u t e  and S ta t e   Un ive r s i ty ,  1979, 
186 pp. (Available  from  University  Microfilms, 
Order no.  7924092.) 

N80- 15050# 
N80- 12992 

The r e s u l t s   o f  a parametric  wing  design  study 
u s i n g  a modern laminar   f low  a i r fo i l   des igned  t o  
e x h i b i t   d e s i r a b l e  s ta l l  c h a r a c t e r i s t i c s   w h i l e  
maintaining  high  cruise   performance are presented.  
It was found t h a t  l i t t l e  is s a c r i f i c e d   i n  cruise 
performance when s a t i s f y i n g   t h e  s t a l l  margin 
requirements i f  a t a p e r  ra t io  of 0.65 o r  greater 
is used. 

*NASA, Langley  Research  Center, Hampton, Va. 

151. *-gab, S .  A.; and  *Nayfeh, A. H. : 
Goertler I n s t a b i l i t y .  VPI-E-79-41,  Dec. 1979, 
81  PP- 

The e f f e c t s   o f  w a l l  undula t ions  on t h e  sta- 
b i l i t y   o f  and  nonlinear mode-mode i n t e r a c t i o n s  of 
d i s turbance  waves i n  boundary  layer  flows are 
i n v e s t i g a t e d  by u s i n g  a combination  of  perturba- 
t i o n  and  numerical  methods.  Nonparallel  flow 
e f f e c t s  are r e t a i n e d   i n  most of the cases t r e a t e d .  
The waviness on a plate which  can s t a b i l i z e   o r  
des tab i l ize   the   f low,   depending  on the   f low and 
waviness parameters is d i scussed .   S t ab i l i z ing   t he  
f low by t r ans fe r r ing   ene rgy   f rom the unstable 
Tollmien-Schlichting mode t o  a h i g h e r   s t a b l e  mode 
through a resonant  wave coupl ing mechanism is 
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examined. F i r s t   o r d e r   l i n e a r   s e c o n d a r y   i n s t a b i l -  
i t ies assoc ia ted   wi th  a time dependent  flow con- 
s i s t i n g  of t he   supe rpos i t i on  of a basic  flow  and a 
f in i te   ampl i tude   fundamenta l  wave are analyzed. 

L,! I 

Disser ta t ion   Abs t rac ts .  

*Virginia  Polytechnic  Insti tute  and  State  Univer- 
s i ty ,   Blacksburg,  Va. 

154. *Ai rc ra f t  Ehergy Eff ic iency  Program: laminar 
Flow Control  Technology. NASA-7"-82352, 
NF-86/8-79, 1979, 8 pp. 

N81-24389# 

Laminar  flow  control  system  design is ana- 
lyzed  with  emphasis on s u r f a c e   a n d   s t r u c t u r a l  con- 
cep t s ,  wing s t ructures ,   leading  edge  contaminat ion 
and   suc t ion   un i t   conf igura t ions .  

(This type of pub l i ca t ion  is known as  a "NASA 
FACT. " ) 
*NASA, wash., D.C. 

155. *Nayfeh, A. H . ;  and  *El-Hady, N. M. :  Nan- 
p a r a l l e l   S t a b i l i t y  of  Two-Dimensional  Nonuniformly 
Heated  Boundary-Layer  Flows. NASA CR-162309, 
VPI-E-79-1; 1979, 37 pp.  Also,  Physics of F lu ids ,  
vol.  23, 1980,  pp. 10-18. 

N79-32499X 

An a n a l y s i s  i s  p r e s e n t e d   f o r   t h e   l i n e a r  sta- 
b i l i t y  of water  boundary-layer  flows  over  nonuni- 
formly  heated f l a t   p l a t e s .   I n c l u d e d   i n   t h e  
a n a l y s i s  are d is turbances  due t o   v e l o c i t y ,   p r e s -  
sure ,   t empera ture ,   dens i ty ,   and   t ranspor t  
p r o p e r t i e s   a s  w e l l  a s   v a r i a t i o n s  of t h e   l i q u i d  
propert ies   with  temperature .  The method of 
mul t ip l e   s ca l e s  is used  to  account  for  the  nonpar- 
allelism of the  mean flow. In  cont ras t   wi th  
prev ious   ana lyses ,   the   nons imi la r i ty  of t he  mean 
flow is taken   in to   account .  N o  a n a l y s i s   a g r e e s ,  
even   qua l i ta t ive ly ,   wi th   the   exper imenta l   da ta  
when s i m i l a r   p r o f i l e s  are used. However, bo th   the  
p a r a l l e l  and n o n p a r a l l e l   r e s u l t s   q u a l i t a t i v e l y  
agree   wi th   the   exper imenta l   resu l t s   o f   S t raz isar  
and  Reshotko when nons imi l a r   p ro f i l e s  are used. 

*Vi rg in i a   Po ly techn ic   In s t i t u t e  and S t a t e  Univ., 
Blacksburg, Va. 

156.  *-gab, S. A.: I n t e r a c t i n g   I n v i s c i d   a n d  
Laminar  Viscous Flow, and S o m e  Aspects of t h e  
S t a b i l i t y .  VPI and SU Ph.D. Thesis,  1979, 207  pp. 
(Available  from  University  Microfilm,  Order 
no. 8020226.) 

N80-30679 

The method of matched  asymptotic  expansions 
is used t o  ob ta in  a second   o rde r   t r i p l e  deck  solu- 
t i o n   f o r   t h e   c a s e  of cons tan t   wal l   t empera ture .  
It includes  the  problem of an ad iaba t i c   wa l l   a s  a 
special case. A s econd   o rde r   accu ra t e   f i n i t e   d i f -  

fe rence  scheme is developed  for  solving  the  lower 
deck  equations. The theory  is app l i ed   t o   supe r -  
sonic  f lows  past   compression ramps and  incompres- 
s ible   f lows  over  small humps with small bubble 
separa t ion .  Also a numerical method f o r   i n t e g r a t -  
ing   the   in te rac t ing   boundary   l ayer   equa t ions   for  
incompressible  f lows is developed.  For  incompres- 
s ible   f lows  over  small humps t h e   f i r s t   o r d e r  
theory is i n  good agreement  with the i n t e r a c t i n g  
boundary l aye r .  By including  the  second  order  
t e r m s   i n   t h e   t r i p l e  deck theory,  better agreement 
is obtained. For supersonic   f lows  past   corners ,  
t h e  agreement  between  the t r i p l e  deck theory and 
so lu t ions  of the  ful l   Navier-Stokes  equat ions i s  
improved  only i n   t h e   f r e e   i n t e r a c t i o n   r e g i o n   f o r  
an  adiabat ic   wal l .  The second  order  theory  breaks 
down for   co ld   wal l s .  

*Vi rg in i a   Po ly techn ic   In s t i t u t e  and S t a t e  Univ., 
Blacksburg, Va. 

157. *Dougherty, N. S., Jr. ; and  **Fisher, D. F. : 
Boundary-Layer Trans i t i on  on  a IO-Deg. Cone-Wind 
Tunnel/Flight  Correlation. AIAA 18th  Aerospace 
Science  Meeting,  Pasadena,  Calif ., Jan.  14-16, 
1980, 17 pp. 

AIAA-80-0154  A80-22737X 

Boundary-layer t r a n s i t i o n   l o c a t i o n  measure- 
ments  were made  on a 10-deg sharp  cone  in  23 wind 
tunnels  of t h e  U . S .  and  Europe  and i n   f l i g h t .  The 
da ta  were acquired  a t   subsonic ,   t ransonic ,   and 
supersonic Mach numbers  over a range  of  unit  
Reynolds  numbers t o   o b t a i n  an  improved  understand- 
ing  of wind tunnel   f law  qua l i ty   in f luence .  Cone 
su r face  microphone  measurements showed Tollmien- 
Sch l i ch t ing  waves p re sen t .   T rans i t i on   l oca t ion  
def ined  by pitot  probe  measurements showed t r a n s i -  
t i o n  Reynolds number t o  be co r re l a t ab le   t o   cone  
surface  dis turbance  ampli tude  within + o r  - 20 
pe rcen t   fo r   t he   ma jo r i ty  of tunnel   and   f l igh t  
da ta .  

*ARO, Inc.,  Arnold  Air  Force  Station, Tenn. 
*NASA, Dryden Flight  Research  Center,  Edwards, 
C a l i f .  

158.  *Mercer, J. E. ; *Gel le r ,  E. W. ; *Johnson, 
M. L.; and  **Jameson, A.: A Computer Code t o  
Model Swept Wings i n  an  Adaptive  Wall  Transonic 
Wind Tunnel. Flow Research  &pt. no. 164, 
May 1980. Presented a t  t h e  A I A A  18th  Aerospace 
Sciences  Meeting,  Pasadena,  Calif.,   Jan. 14-16, 
1980, 7 pp. 

AIAA-80-0156  A80- 19287# 

A computer  program  has  been  developed t o  cal- 
cu la te   inv isc id   t ransonic   f low  over  a swept  wing 
i n  a wind tunnel  with  specified  normal  f low a t  
t h e  walls. An approximately  orthogonal computa- 
t i o n a l   g r i d  which  conforms t o  t h e  wing  and t h e  
tunne l   wa l l s  w a s  deve loped   for   appl ica t ion  of t h e  
Jameson-Caughey f i n i t e  volume algorithm. The code 
s o l v e s   t h e   f u l l   p o t e n t i a l   e q u a t i o n s   i n   f u l l y  con- 
s e r v a t i v e  form  using  l ine  re laxat ion.   This   pro-  
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gram is to  be used i n  place of t h e  wind tunne l   fo r  
p r e l i m i n a r y   s t u d i e s  of the   adap t ive  wall concept 
for three  dimensional   configurat ions.  It can   a l so  
be used t o   a s s e s s   t h e  magnitude  of w a l l  i n t e r f e r -  
ence i n  a convent ional   tunnel .  

*Flow Research Co., Kent, Wash. 
**New York Univ., New York, N. Y. 
Contract No. F40600-79-C-001. 

159. *El-Hady, N. M.; and 'Nayfeh, A. H.: Nonpar- 
a l le l  S t a b i l i t y  of  Compressible  Boundary-Layer - 
Flows. Presented a t  the  AIAA 18th  Aerospace 
Sciences  Meeting,  Pasadena,  Calif.,   Jan. 14- 16, 
1980. 

AIAA-80-0277 

The e f f e c t  of compress ib i l i t y  on t h e   s t a b i l -  
i t y   c h a r a c t e r i s t i c s  of boundary-layer  flows is 
inves t iga t ed   w i th in   t he  framework of a complete 
n o n p a r a l l e l ,   l i n e a r ,   s p a t i a l   s t a b i l i t y   t h e o r y .  
The method  of mu l t ip l e   s ca l e s  is used to   accoun t  
for   the   nonpara l le l i sm  of   the  mean flow  and  an 
equation is der ived  for   the  modulat ion of t h e  wave 
ampl i tude   wi th   pos i t ion .   S tab i l i ty   charac te r i s -  
tics a r e  examined for boundary-layer  flows  over  an 
a d i a b a t i c   f l a t   p l a t e .  A near ly   constant   increment  
i n   t h e  growth r a t e  due t o   n o n p a r a l l e l   e f f e c t s  is 
found for   subsonic   f lows.  For supersonic   f lows,  
t h i s   e f f e c t  is a func t ion  of wave angle.  Oblique 
first-mode waves a r e  more unstable   than two- 
dimensional waves acco rd ing   t o   bo th   pa ra l l e l   and  
nonpara l l e l   t heo r i e s .  For t h e  second-mode t h e  
most   unstable   f requency  predicted by t h e  nonpar- 
a l le l  theo ry   fo r  a given  Reynolds number is h igher  
t h a n   t h a t   p r e d i c t e d  by t h e   p a r a l l e l   t h e o r y ,   i n  
contrast   wi th   the  f i rs t -mode results where they  
are equal.  The n o n p a r a l l e l   r e s u l t s   a r e   i n  better 
agreement  with  the  experimental   results of Laufer 
and  Vrebalovitch  and  Kendall   than  the  parallel  
r e s u l t s   f o r  M < 2.2. 

*Virginia   Polytechnic   Inst i tute   and State Univ., 
Blacksburg, V a .  

160. Wray,  Alan;  and  **Hussaini, M. Y.: Numeri- 
cal   Experiments   in  Boundary-Layer S t a b i l i t y .  AIAA 
18th  Aerospace  Sciences  Meeting,  Pasadena,  Calif., 
Jan. 14-16, 1980, 9 pp. 

AIAA-80-0275 A80-23957# 

Numerical solut ion  of   the  three-dimensional  
incompressible  Navier-Stokes  equations is used   t o  
s t u d y   t h e   i n s t a b i l i t y  of a f l a t - p l a t e  boundary 
l a y e r   i n  a manner  analogous t o   t h e   v i b r a t i n g -  
r ibbon   expe r imen t s .   F lowf ie ld   s t ruc tu res  are 
observed  which  are   very  s imilar   to   those  found  in  
the  vibrating-ribbon  experiment to  which  computa- 
a t i o n a l   i n i t i a l   c o n d i t i o n s  have  been  matched. 
Streamwise  periodicity is assumed in   the   s imula-  
t i o n  so t h a t   t h e   e v o l u t i o n   o c c u r s   i n  time, but  
the  events  which c o n s t i t u t e   t h e   i n s t a b i l i t y   a r e  
so s i m i l a r   t o   t h e   s p a t i a l l y   o c c u r r i n g   o n e s  of t h e  
l a b o r a t o r y   t h a t  it seems c lea r   t he   phys i ca l   p ro -  

cesses involved are the same. A s p e c t r a l  and 
f in i t e   d i f f e rence   numer i ca l   a lgo r i thm is employed 
i n   t h e   s i m u l a t i o n .  

*NASA, Ames Research  Center,   Moffett   Field,   Calif .  
**ICASE, NASA, Langley  Research  Center, Hampton, 
Va  . 
161. fwilcox, D. C.: Development  of an 
A l t e r n a t i v e  t o  t h e  e9 Procedure   for   Pred ic t ing  
Boundary ldyer   Trans i t ion .   Presented  a t  t h e  A I A A  
18th  Aerospace  Sciences  Meeting,  Pasadena,  Calif.,  
Jan.  14-16, 1980, 14 pp. 

AIAA-80-0278 A80- 18289# 

A method has  been  devised  which  can be used 
in   con junc t ion   w i th   l i nea r - s t ab i l i t y   t heo ry  for 
pred ic t ing   boundary - l aye r   t r ans i t i on .  As with  the 
classical lle911 procedure ,   for  a given  frequency 
t h e  growth of a d is turbance  is computed  downstream 
o f   t h e   i n i t i a l   p o i n t  of i n s t a b i l i t y   u s i n g   t h e  
l i nea r i zed   equa t ions  of  motion. In c o n t r a s t   t o  
t h e  e9 procedure   in  which the   l i nea r i zed   equa t ions  
a re   used  a l l  t h e  way t o   t h e   i n f e r r e d   t r a n s i t i o n  
p o i n t ,  an approximate set of  long-time  averaged 
equat ions  which  account   for   nonl inear i ty  is used 
t o  descr ibe  the  ul t imate   nonl inear   growth of t h e  
disturbance.  Because  the new method accounts   for  
nonl inear   p rocesses  it holds   promise  as  a  more 
phys ica l ly  sound  procedure  than  the e9 method f o r  
de te rmining   the   po in t  a t  which a boundary  layer 
undergoes   t rans i t ion  t o  turbulence .  

*DCW Industr ies ,   Inc. ,   Studio  Ci ty ,   Cal i f .  
Cont rac ts  NOR N00014-77-C-0259 and 
NOOO14-78-C-0799. 

162. Cotta,  R.: I nc reas ing   A i rc ra f t   E f f i c i ency  
Through  Laminar Flow Control.   Aviation 
Engineering  and  Maintenance,  vol.  4,  Jan.  1980, 
pp. 12-15. 

A80- 24899 

The a r t i c l e   d i s c u s s e s   r e c e n t  work i n  improv- 
ing  laminar   f low  in   order   to   reduce  drag  and 
thereby  overal l   fuel   consumption.   Attent ion i s  
g i v e n   t o  NASA's laminar   f low  control   project  
(LFC) , t h e   o b j e c t  of  which is to   demons t r a t e   t ha t  
the   t echnology  requi red   to   incorpora te  LFC i n t o  
long-range  commerical j e t   t r a n s p o r t s  of the  1990's 
is avai lable .   Discussion  covers  LFC a i r c r a f t  
configurat ions  proposed by Boeing,  Lockheed,  and 
Douglas.  Also  covered  are  computer  aided  design, 
possible  materials,   and  compromises  for  mainte- 
nance   access .   F ina l ly ,   a t ten t ion  is g iven   to  
l o s s e s  i n  aerodynamic  efficiency which stem from 
insec t   accumula t ion  on wing  leading  edges,   dents,  
mismatched sur face   pane ls ,   and   leak ing   pressur iza-  
t i o n  of  aerodynamic  seals. 

163. 'Mabey, Dennis G.: Resonance  Frequencies  of 
Ven t i l a t ed  Wind Tunnels. AIAA Journal ,   vol .  18, 
no. 1, Jan. 1980, pp. 7-8 (Synopt ic ) .  
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166. *Klopfer, G. H.; and **Hussaini, M. Y.: A N79-30245 (full  paper) 

Experiments suggest that the theory widely 
used to predict the  transverse resonance frequen- 
cies in slotted tunnels is in error in  the 0-0.05 
Mach number range.  One reason for the error is 
that the theory is based on an unrepresentative 
wall boundary condition. Moreover, the theory 
implies that the plenum chamber depth is generally 
less than  twice  the  tunnel height. An improved 
theory is developed which shows that the resonance 
frequencies of ventilated tunnels are influenced 
by the depth of the plenum chamber for Mach nun+ 
bers up to about M = 0.6. Although the theory is 
approximate, it agrees well with experiments for 
slotted and perforated walls (with both normal and 
60 deg inclined holes)  in a small pilot wind tun- 
nel (100 x 100 m). The earlier theory was only 
valid for slotted working sections. The results 
are consistent with other experiments, which show 
that plenum chamber design can influence the flow 
unsteadiness within the  working section of a 
ventilated tunnel. 

*Royal Aircraft Establishment, Bedford, England 

164. *Lekoudis, S. G.: Resonant Wave Interac- 
tions on a Swept Wing. AIAA Journal, vol.  18, 
Jan.  1980,  pp.  122-124. 

A80- 17006# 

!rhe nonlinear stability of a three- 
dimensional boundary layer flow on a swept wing 
with laminar flow control is considered in terms 
of resonant wave interactions. For a locally 
parallel, three dimensional boundary layer flow 
consisting of a steady mean part and an unsteady 
disturbance part consisting of wave triads, it is 
found that the disturbance is governed by the 
Orr-Somerfeld problem for the case of a three- 
dimensional boundary layer. A set  of quasi- 
linear, first-order, partial differential equa- 
tions for the slowly varying disturbance ampli- 
tudes is then derived from the resonance condi- 
tions. It is shown that the necessary conditions 
for resonant interaction exist for crossflow 
instability waves on a typical laminar flow con- 
trol wing, and implications for the prediction of 
transitions on swept wings are discussed. 

*Lockheed-Georgia Co., Marietta, Ga. 

165. *Orszag, S. A.: Advanced Stability Theory 
Analyses for Laminar Flow Control. Final Report. 
NASA CR-3233,  Feb.  1980,  50  pp. 

N80- 17396# 

Recent developments of the  SALLY computer 
code for stability analysis of laminar flow con- 
trol wings are summarized. Extensions of SALLY to 
study three dimensional compressible flows, non- 
parallel and nonlinear effects are discussed. 

*Cambridge Hydrodynamics, Inc., Cambridge, Mass. 
Contract NAS1- 15372 

Study of Formation of Intense Shear Layers in 
.. Transitional Boundary Layers. ICASE Rept. 
No.  80-5, NASA CR-165,909,  Jan.  31,  1980,  31  pp. 

- 
. 

The present study is  an analytical investiga- 
tion of the initial stages to turbulence in an 
incompressible boundary layer on a flat plate. An 
attempt is made to  obtain a conceptual picture of 
the development of laminar instability with par- 
ticular reference to three-dimensional nonlinear 
phenomena. The analytical study is based on cer- 
tain physical assumptions, and some comparisons 
with experiments are carried out to test these 
assumptions. The agreement between the two estab- 
lishes confidence in the final results. 

It is shown that the development of a two- 
dimensional disturbance into a three-dimensional 
configuration associated with streamwise vortices 
is a nonlinear phenomenon, at least in the cases 
investigated. Its subsequent evolution to intense 
shear layers is essentially an inviscid linear 
phenomenon, though nonlinear effects modify the 
magnitude of the relevant characteristic proper- 
ties.  The influence of various initial perturba- 
tion profiles on the development of high shear 
layers is brought out. 

'Nielsen Engineering and Research, Inc., Mountain 
View, Calif. 
**Institute for Computer Applications in Science 
and Engineering (ICASE) NASA, Langley Research 
Center, Hampton, Va. 
Contracts NASI-14101 and NAS1-14472. 

167.  *-glia, G. L.; and *Wilkinson, S. P.: 
Experimental Study  of Flow Due to an Isolated 
Suction Hole and a Partially Plugged Suction 
Slot. Final Report, Feb. 1, 1978 - Jan.  31, 
1980. NASA CR-162808,  Feb.  1980,  36 pp. 
-~ ~~ 

- 

N80- 18340# 

Details for construction of a model of a 
partially plugged, laminar flow control, suction 
slot and an isolated hole are presented. The 
experimental wind tunnel facility and instrumenta- 
tion is described. Preliminary boundary layer 
velocity profiles (without suction model) are pre- 
sented and shown to be in good agreement with the 
Blasius laminar profile. Recommendations for the 
completion of the study are made. An experimental 
program for study of transition on a rotating disk  
is described along with preliminary disturbance 
amplification rate data. 

*Old Dominion Univ., Norfolk, Va. 
Grant NSG-  149 1 

168.  *El-Hady, Nabil M.: Nonparallel Stability 
of Three-Dimensional Compressible Boundary 
Layers. Part I - Stability Analysis. Final 
Rept. NASA CR-3245, Feb.  1980, 38 pp. 

N80- 16296# 
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A c o m p r e s s i b l e   l i n e a r   s t a b i l i t y   t h e o r y  is 
presented  for   nonparal le l   three-dimensional  
boundary-layer  f lows,  taking  into  account the 
normal v e l o c i t y  component as w e l l  as the stream- 
w i s e  and  spanwise  var ia t ions of the basic flow. 
The method of   mult iple  scales is used t o  account  
fo r   t he   nonpa ra l l e l i sm  o f  the basic flow,  and 
equat ions are d e r i v e d   f o r   t h e  spatial evolu t ion   of  
the disturbance  amplitude  and wavenumber. The 
numer ica l   p rocedure   for   ob ta in ing   the   so lu t ion   of  
t h e   n o n p a r a l l e l  problem is out l ined .  

*Old Dominion Univ.,  Norfolk, Va. 
Grant NSG- 1645 

169. *Schairer ,  Edward T.: Turbulence  Measure- 
ments i n   t h e  Boundary  Layer  of a Low-Speed  Wind 
Tunnel  Using  Laser Velocimetry. NASA TM-81165, 
Feb. 1980, 25  pp. 

N8O- 16300# 

Laser  velocimeter  measurements  in  an  incom- 
p res s ib l e ,   t u rbu len t   boundary   l aye r   a long   t he  w a l l  
of a low-speed wind tunnel  are presented.  The 
laser data are compared wi th   ex is t ing   ho t -wire  
anemometer  measurements  of a f l a t   p l a t e ,  incom- 
press ib le ,   tu rbulen t ,   boundary   l ayer   wi th   zero  
pressure   g rad ien t .  An argument i s  presented  t o  
e x p l a i n  why previous laser velocimeter  measure- 
ments i n   ze ro   p re s su re   g rad ien t ,   t u rbu len t  bound- 
a ry   l ayers   have  shown an  unexpected  decrease  in 
t u rbu len t   shea r  stresses n e a r   t h e  w a l l .  

*NASA, Ames Research  Center ,   Moffet t   Field,   Cal i f .  

170. *Nayfeh, A. H.; and  *Padhye, A.: Neut ra l  
S t a b i l i t y   C a l c u l a t i o n s   f o r  Boundary-Layer  Flows. 
Physics  of  Fluids,  vol. 23,  Feb.  1980, 
pp. 24 1- 245. 

A80-25852 

An a n a l y s i s  is presented   of   the  paral le l  
neut ra l   s tab i l i ty   o f   th ree-d imens iona l   incompress-  
ible,   isothermal  boundary-layer  f lows. A Taylor- 
series expans ion   of   the   d i spers ion   re la t ion  
is used to  der ive   the   genera l   e igenvalues .  These 
equat ions are func t ions   o f   the  complex  group 
v e l o c i t y .  These r e l a t i o n s  are v e r i f i e d  by numer- 
i ca l  r e s u l t s   o b t a i n e d   f o r  two- and  three- 
dimensional   dis turbances  in  twc-  and  three- 
dimensional  flows. 

*Vi rg in i a   Po ly techn ic   In s t i t u t e  and S t a t e  Univ., 
Blacksburg, Va .  
Grant NSG 1255 

171.  *Orszag,  Steven A.: Advanced S t a b i l i t y  
Theory  Analyses f o r  Laminar Flow Control. NASA 
CR-3233, February  1980, 48 pp. 

N80-17396# 

Recent  developments  of  the SALLY computer 
c o d e   f o r   s t a b i l i t y   a n a l y s i s  of  laminar  flow con- 

trol wings are summarized.  Extensions  of SALLY t o  
s tudy   th ree   d imens iona l  compressible flows, non- 
parallel a n d   n o n l i n e a r   e f f e c t s  are discussed.  

*Cambridge  Hydrodynamics,  Inc.,  Cambridge, Mass. 
Cont rac t  NAS1-15372 

172. * B a t i l l ,  S. M.; and   Wue l l e r ,  T. J.: Visual- 
i za t ion   o f   t he   Lamina r -Turbu len t   T rans i t i on   i n   t he  
Flow over an   Ai r fo i l   Us ing   the  Smoke-Wire Tech- 
nique. A I A A  11th  Aerodynamic  Testing  Conference, 
Colorado  Springs, Cnlo., March 18-20,  1980. I n  
Technical   Papers  (A80-269291, 1980,  pp. 45-53. 

AIAA-80- 042 1  A80-26935# 

A f l ow  v i sua l i za t ion   t echn ique ,   r e f e r r ed  t o  
as the smoke-wire, w a s  u s e d   f o r   v i s u a l i z a t i o n  of 
t h e   t r a n s i t i o n   o f   t h e   f r e e   s h e a r   l a y e r   a s s o -  
c ia ted   wi th   the   l aminar   separa t ion   bubble  of a 
NACA 663-018 a i r f o i l   s e c t i o n  a t  l o w  Reynolds 
number (50,000-130,000). The smoke-wire technique 
a l lows   t he   i n t roduc t ion   o f   f i ne  smoke s t r e a k l i n e s  
i n t o   t h e   f l o w   f i e l d   t h r o u g h   t h e  electrical resis- 
t ive hea t ing   o f  a v e r y   f i n e  w i r e  which  has  been 
coa ted   wi th  o i l  and  which is located  upstream  from 
the   l ead ing   edge   of   the  a i r f o i l  sec t ion .   S t reak-  
l i n e   d a t a  were col lected  using  both  high  speed 
s t i l l  and  motion picture   photography.  

*Notre D a m e  Univ., Notre D a m e ,  Ind. 
Grant NSG  1419 

173.  *Pate, S. R.: E f fec t s   o f  Wind Tunnel  Distur- 
bance on Boundary-Layer Trans i t ion   wi th   ~Ehphas is  
on  Radiated Noise: A Review. ( I n v i t e d   p a p e r ) ,  
AIAA 11th Aerodynamic Testing  Conference,  Colorado 
Springs,  Colo., March 18-20, 1980, 22 pages + 
80 f i g u r e s .  

AIAA-80-0431 

E f f e c t s  of  wind tunne l   f r ee - s t r eam  d i s tu r -  
bances  on  boundary-layer  transit ion are reviewed. 
Exper imenta l   resu l t s  show that  free-s t ream dis- 
tu rbances   domina te   t he   t r ans i t i on   p rocess  as 
determined by the  experimental ly   measured  t ransi-  
t i o n  Reynolds numbers on simple g e o m e t r i e s   ( f l a t  
p l a t e s   and   sha rp   cones ) .   P r inc ipa l  modes of dis- 
turbance are turbulence  (;/Urn) and acoust ic   sound 
(p/q,) a t  subsonic   speeds ;   ho le / s lo t   acous t ic  
resonance a t  transonic  speeds  (p/q,);   and  tunnel 
w a l l  turbulent-boundary-layer  radiated  noise a t  
supersonic-hypersonic  speeds  (p/q,). Data corre- 
l a t ions   and   r e su l t i ng   empi r i ca l   equa t ions   t ha t  
show t h e   d i r e c t   r e l a t i o n s h i p   b e t w e e n   t r a n s i t i o n  
Reynolds  numbers  and  free-stream  disturbance 
levels are presented  and  discussed.  

*ARO, Inc., AEDC Division,  Arnold Air Force Sta- 
t i o n ,  Tenn. 

- 

174. Wigeland,  R. A. ; *Tan-Atichat, J. ; and 
*Nagib, H. M.: Evaluation  of a New Concept  for 
Reducing  Free-Stream  Turbulence i n  Wind Tunnels. 
A I A A  11th Aerodynamic Testing  Conference,  
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Colorado  Springs, Colo., March 18-20, 1980- I n  
Technical  Papers (A80-269291, AIAA, Inc.,  1980, 
pp. 117-128. Also, Journa l   o f   Ai rcraf t ,   vo l .  18, 
J u l y  1981, Pp. 528-536. 

AIAA-80-0432  A80-26942# 

A 45  deg-honeycomb flow  manipulator,  mounted 
p a r a l l e l  t o  the   co rne r   t u rn ing   vanes ,  was inves- 
t i ga t ed   fo r   improv ing  the f l o w   q u a l i t y   i n  wind 
tunnels   wi th  little or no s e t t l i n g  chamber length.  
This  manipulator permits increased   tu rbulence  
decay   d i s tance   in   compar ison  t o  a convent ional  
honeycomb arrangement. The r e s u l t i n g   t u r b u l e n c e  
l e v e l s   i n  a wind t u n n e l   u s i n g   t h e  45 deg-honeycomb 
are comparable t o  those   ob ta ined   u s ing  a conven- 
t i o n a l  honeycomb, but   only when a 45 deg-screen 
is mounted immediately  downstream  of  the honeycomb 
and when some sepa ra t ion   d i s t ance  between t h e  
turning  vanes  and  the 45  deg-honeycomb is provided 
for  adequate  decay  of the turning  vane wakes (at  
least twice the   spac ing   be tween  the   tu rn ing  
vanes) . 
*I l l ino is   Ins t i tu te   o f   Technology,   Chicago ,  Ill. 
Grant NsG- 145 1. 

175.  *Scheiman, James; and  *Brooks, J. D.: A 
Comparison  of  Experimental  and Theoretical 
Turbulence  Reduction  from  Screens, Honeycomb and 
Honeycomb-Screen Combinations. A I A A  11th 
Aerodynamic Testing  Conference,  Colorado  Springs, 
Colo., March 18-20, 1980, Technical  Papers,  1980, 
pp. 129-137. 

- 

AIAA-80-0433-CP AEO- 26943# 

A 1/2-scale  model of a po r t ion   o f   t he  NASA 
Langley  8-Foot  Transonic  Pressure  Tunnel was used 
to  conduct some turbulence  reduct ion  research.  
The e x p e r i m e n t a l   r e s u l t s  are co r re l a t ed   w i th  
var ious   theor ies .   Screens   a lone   reduce   ax ia l  
tu rbulence  more t h a n   t h e  la teral  turbulence ;  
whereas, honeycomb alone  reduces la teral  turbu- 
lence  mre than  axial   turbulence.   Because of t h i s  
d i f f e rence ,   t he   phys i ca l  mechanism fo r   dec reas ing  
turbulence   for   sc reens   and  honeycomb mst be corn 
p l e t e l y   d i f f e r e n t .  Honeycomb with a downstream 
screen  is an   exce l len t   combina t ion   for   reducing  
turbulence.  

*NASA, Langley Research Center, Hampton, Va. 
( N o t e :  A r ev i sed   ve r s ion  of t h i s  paper w a s  pub- 
l i s h e d   i n   t h e  Aug. 1981 i ssue   o f   the   Journa l   o f  
A i r c r a f t ,  pp. 638-643,  #241 i n   t h i s   b i b l i o g r a p h y . )  

176.  *Brooks, J. D.; *Stainback, P. C.; and 
*Brooks, C. W., Jr. : Addit ional  Flow Qual i ty  
Measurements in   the  Langley  Research  Center  8-Foot 
Transonic  Pressure  Tunnel.   Presented a t  the A I A A  
11th  Aerodynamic  Testing  Conference,  Colorado 
Springs,  Colo., March 18-20, 1980. Technical  
Papers, 1980, pp. 138-145. 

AIAA-80-0434-CP  A80-26944# 

Addit ional  tests were conducted t o  f u r t h e r  
de f ine   t he   d i s tu rbance   cha rac t e r i s t i c s   o f   t he  
Langley  *Foot  Transonic  Pressure  Tunnel. 
Measurements were made i n   t h e   s e t t l i n g  chamber 
with  hot  w i r e  probes  and i n   t h e  test sec t ion   wi th  
pressure   t ransducers  when var ious  methods were 
used t o  choke the   f l ow.   In   add i t ion  to  present-  
i n g  rms values  measured a t  var ious   loca t ions   and  
tunnel   condi t ion,   autocorrelat ions  and cross cor- 
r e l a t i o n   d a t a  are also presented.  

*NASA, Langley  Research  Center, Hampton, Va. 

177. 'Nayfeh, A. H.; *Bozat l i ,  A. N.: Nonlinear 
I n t e r a c t i o n  of 'Ruo Waves i n  Boundary-Layer 
Flows.  Physics  of  Fluids,  vol.  23, March 1980, 
pp. 448-458. 

A80-30535 

F i r s t -o rde r   non l inea r   i n t e rac t ions   o f  
Tollmien-Schlichting waves of d i f fe ren t   f requen-  
cies and in i t ia l   ampl i tudes   in   boundary- layer  
flows are analyzed  using  the method  of  multiple 
scales. Numerical r e s u l t s   f o r   f l o w   p a s t  a f l a t  
p l a t e  show that  the   spa t i a l   de tun ing   w ipes   ou t  
r e s o n a n t   i n t e r a c t i o n s   u n l e s s   t h e   i n i t i a l   a m p l i -  
tudes  are very  large.  Thus, a wave having a 
moderate  amplitude  has little inf luence  on its 
subharmonic  although it has a s t rong   i n f luence  on 
i ts  second  harmonic.  Moreover, two waves having 
moderate  amplitudes  have a s t rong   i n f luence  on 
the i r   d i f f e rence   f r equency .  The r e s u l t s  show t h a t  
the   d i f fe rence   f requency   can  be very  unstable  when 
generated by the   non l inea r   i n t e rac t ion ,   even  
though it m y  be s t a b l e  when introduced by i t s e l f  
in   the   boundary   l ayer .  

*Vi rg in i a   Po ly techn ic   In s t i t u t e  and S t a t e  Univ., 
Blacksburg, V a .  
Cont rac t  N00014-75-C-0381. 
Grant NSG- 1255. 

178. *Quast, Armin: Laminar A i r f o i l s   f o r  
Transport   Aircraf t .   "Laminarprofi le   fuer  
verkehrsflugzeuge"  Fept. DFVLR-Mitt-80-07, 
March 1980, 34 pp. T rans l a t ion   i n to   Eng l i sh  
ESA-TT-680 by European Space Agency. P a r i s ,  
France, O c t .  1981,  33  pp. 

N81-13952# ( I n  German) 
N82-18190# ( I n   E n g l i s h )  

The  development  of  laminar a i r f o i l s   i n   o r d e r  
t o  save f u e l  by reducing  drag is discussed.  
Laminarization  through  shaping i s  considered.  
Laminar  and  turbulent  boundary  layer  theory  and 
subjec t ive   assessment   ind ica te   tha t   l aminar  air- 
fo i l s   fo r   h igh   Reyno lds  numbers are f eas ib l e ,   w i th  
a 22% fue l   sav ing .  The reduced  cruis ing  speeds,  
required,   however,   decrease  passenger comfort, 
making them more s u i t a b l e   f o r   f r e i g h t   c a r r y i n g .  

*Deutsche  Forschungs-  und  Versuchsanstalt   fuer 
Luft-  und  Faumfahrt,  Brunswick (West Germany) 
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179.  fDougherty, N. S., Jr.: Inf luence  of Wind 
Tunnel Noise on the   Loca t ion  of Boundary  Layer 

~~ ~ 

T r a n s i t i o n  on a Slender  Cone a t  Mach N u m b e r s  from 
0.2 t o  5.5, V o l .  11: Tabulated  and  Plotted Data. 
AEDC-TR-78-44, vol. 2. F i n a l  R e p t . ,  Jan.  26, 
1970 - A p r .  28,  1977. March 1980, 246 pp. 

-A083166  N80-26280# 

A s tudy  w a s  conducted t o  i n v e s t i g a t e   t h e  
e f f e c t s   o f  wind tunnel  test s e c t i o n   n o i s e  on t h e  
locat ion  of   boundary-layer   t ransi t ion.  The study 
was c a r r i e d   o u t  by conducting  experiments  on  a 
s lender ,   h ighly   po l i shed   cone   wi th   an   inc luded  
angle  of 10 deg. Wind tunnel  t e s t  s e c t i o n   n o i s e  
w a s  measured by microphones  flush-mounted on t h e  
cone  surface.   In most of  the  experiments,  
boundary-layer   t ransi t ion was measured  with a 
sur face-mounted ,   t ravers ing   p i to t   p ressure  
probe. The experiments were conducted i n  23 d i f -  
f e r en t   subson ic ,   t r anson ic ,  and  supersonic  wind 
t u n n e l s  over a Mach number range  from 0.2 t o  5.5 
and a unit   Reynolds number range  from 1.0 X IO6 
t o  7.0 x l o6   pe r   foo t ,   t he   bu lk  of t he   da t a   be ing  
obtained  between 2.0 x lo6  and 4.0 X lo6 per foot .  
The r e s u l t s  show an inf luence  of  wind tunnel   no ise  
on boundary- layer   t rans i t ion   for  most of t h e  wind 
tunnels .  

*ARO Inc., a Sverdrup  Corp., Co., Arnold Air Force 
S t a t i o n ,  Tenn. 

180.  Zhigulev, V. N.; Kirkinskiy,  A. T.; 
Sidorenko, N. V.; and Tumin, A. M.: The Mechanism 
of  Secondary  Instabil i ty  and Its RDle i n   t h e  
Generation  of  Turbulence.  Fluid  Mechanics - 
Soviet  Research,  vol.  9,  no.  2, Mar./Apr. 1980, 
pp. 96- 114. 

The development   of   dis turbances  in   the bound- 
a r y   l a y e r   a f t e r  loss of s t a b i l i t y  is analyzed, 
c o n c e n t r a t i n g  on the   three-dimensional   nonl inear  
p e r t u r b i n g  wave. A mechanism of  secondary 
i n s t a b i l i t y  of t h e   p e r t u r b i n g  wave i n   t h e  boundary 
l a y e r  is suggested  and  the role of t h i s  mechanism 
in   genera t ion   of   tu rbulence  is examined. The 
c a l c u l a t i o n s  made are compared  with  experimental 
d a t a  and a s t a t i s t i ca l  approach to  the  problem  of 
hydrodynamic i n s t a b i l i t y  t o  reveal t h e  role of 
s econdary   i n s t ab i l i t y   i n   t he   deve lopmen t  of  flow 
turbulence.  

181.  'Nayfeh, Ali H.: S t a b i l i t y  of Three- 
Dimensional  Boundary  Layers.  Presented as  
AIAA-79-0262 a t  the  17th  Aerospace  Sciences Meet- 
ing ,  New Orleans,  La., Jan. 15-16, 1979. A I A A  
Journa l ,  vol. 18, no. 4, Apri l  1980,  pp. 406-416. 

AIAA-79-0262R 

( F o r   a b s t r a c t  see c i t a t i o n   # l o 4   i n   t h i s  
bibl iography.  ) 

'Virginia   Polytechnic   Inst i tute   and  State   Univ. ,  
Blacksburg, Va. 
Grant NSG 1255 

182. *Cebeci, Tuncer;  and  **Stewartson.  Keith: 
On Stab i l i t y   and   T rans i t i on   i n   Three -Dimens iona l  
Flows.  Presented as AIAA-79-0263 a t  t h e   1 7 t h  
Aerospace  Sciences  Meeting, New OTleans, La., 
Jan.  15-16, 1979. AIAA Journa l ,  vol. 18, no. 4 ,  
A p r i l  1980, pp. 398-405. 

AIAA-74-0263R 

(For  abstract see c i t a t i o n   # l o 5   i n  this 
bibl iography.  ) 

*Cal i forn ia  State Univ., Long Beach, Cal i f .  
**University  College,  London,  England 

183. 'Hefner, J. N.; and  *Bushnell, D. M.: S t a t u s  
of  Linear Boundary-Layer S t a b i l i t y  and t h e  e" 
Method, with  Emphasis on Swept-Wing Applicat ions.  
NASA TF1645,  April  1980, 50 pp. 

N80-22633# 

The s ta te -of - the-ar t  for the   app l i ca t ion   o f  
l i n e a r   s t a b i l i t y   t h e o r y   a n d   t h e  en method f o r  
t r ans i t i on   p red ic t ion   and   l amina r   f l ow  con t ro l  
design are summarized,  with  analyses of prev ious ly  
publ ished low dis turbance ,  swept wing d a t a  
presented.  For  any set o f   t r a n s i t i o n  data with 
similar stream di s tu rbance   l eve l s  and s p e c t r a ,   t h e  
en method fo r   e s t ima t ing   t he   beg inn ing   o f   t r ans i -  
t i o n  works reasonably w e l l ;  however, t he   va lue  of 
n   can   vary   s ign i f icant ly ,   depending  upon var ia -  
t i o n s   i n   d i s t u r b a n c e   f i e l d  or r e c e p t i v i t y .  Where 
d is turbance  levels  are high,  the values  of n are 
apprec iab ly  b e l o w  t h e   u s u a l  average value  of  9 t o  
10 o b t a i n e d   f o r   r e l a t i v e l y  l o w  d i s tu rbance   l eve l s .  
It is recommended t h a t   t h e   d e s i g n  of  laminar  flow 
control   systems be based on conserva t ive  estimates 
of n and tha t ,   i n   cons ide r ing   t he   va lues   o f  n 
obta ined   f rom  d i f fe ren t   ana ly t ica l   approaches  or 
i n v e s t i g a t i o n s ,   t h e   d e s i g n e r  explore the   va r ious  
assumptions  which  entered  into  the  analyses .  

*NASA, Langley  Research  Center, Hampton, V a .  

184.  *Orszag,  Steven A.: S t a b i l i t y   A n a l y s i s   f o r  
Laminar Flow Control  - P a r t  11, Fina l  R e p o r t .  
NASA CR-3249, Apri l  1980, ~ 2 0 ~  pp. 

N80-21703# 

Topics covered   inc lude :   (1)   op t imiza t ion   of  
t h e  numerics of t h e  SALLY s t a b i l i t y   a n a l y s i s   c o d e ;  
( 2 )   r e l a t i o n  between  temporal   and  spat ia l   s tabi l -  
i t y   t h e o r y ;  ( 3 )  compress ib l e   f l ow  s t ab i l i t y  cal- 
c u l a t i o n s ;   ( 4 )   s p e c t r a l  methods for   the   boundary  
layer   equat ions;   and  (5)   numerical   s tudy  of  non- 
l i n e a r ,   n o n p a r a l l e l   s t a b i l i t y   o f   i n c o m p r e s s i b l e  
flows. 

*Cambridge  Hydrodynamics,  Inc.,  Cambridge, Mass. 
Contract  NAS1-14907 
(Note:  For  Part I, see c i t a t i o n  #58 i n   t h i s  
bibl iography.  ) 
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185. *Beall ,  R. T.: Fabr ica t ion  of a Graphite/ 
Epoxy Composite  Leading Edge f o r  Laminar Flow 
Con t ro l .   I n   t he   Soc ie ty   fo r   t he  Advancement  of "4 

Material and  Process  Engineering (SAMPE) Proceed- 
ings  of the  25th  Nat ional  Symposium and  Exhibi- 
t i on ,  San Diego, Cal i f . ,  May 6-8, 1980, 
(A81-22636), pp.  243-250. 

A81-22652 

Lockheed has   r ecen t ly   comple t ed   t he   f i r s t  
phase  of  a  program to  evaluate  laminar  f low con- 
t r o l   c o n c e p t s   f o r   t r a n s p o r t   a i r c r a f t .  Achievement 
of  laminar  flow  over a wing su r face   r equ i r e s  a 
system  of slots, metering  holes,   ducts  and pumps 
t o  be used to  remove t h e   t u r b u l e n t   a i r   a d j a c e n t  
to  the  surface.   This  requirement  poses  severe 
r e s t r i c t i o n s  on conventional metallic s t r u c t u r e .  
Graphite/expoxy  composite  with its unique  proper- 
t ies a p p e a r s   t o  be t h e  material t h a t  might  solve 
the very  complex s t r u c t u r a l  problems  associated 
with a l amina r   f l ow  con t ro l   a i r c ra f t .  A s ix- foot  
span  graphite/epoxy test a r t i c l e   i n c o r p o r a t i n g  
provis ions  for   leading  edge  c leaning,   deicing  and 
laminar  f low  control was designed,   fabr icated  and 
t e s t e d .  

*Lockheed-Georgia Co., Marie t ta ,  Ga. 
NASA-supported research .  

186.  *Chan, Y. Y.: Boundary  Layer Controls on t he  
Sidewalls of Wind Tunnels f o r  Two-Dimensional 
Tests. Journa l  of A i rc ra f t ,   vo l .  17. May 1980, 
pp.  380-382. 

A80-33281# 

The s ide   wal l   boundary   l ayer   in   a   t ransonic  
wind tunnel  test s e c t i o n   f o r  a two-dimensional 
a i r f o i l  is tu rbu len t  and  compressible  in  general .  
The present   note   provides  some results of t he  
side  wall  boundary  layer  developments  correspond- 
i n g   t o  two s p e c i f i e d  boundary  layer  growth con- 
t r o l  methods. A detai led  examinat ion  gives   a  
be t te r   unders tanding  of t h e  phenomena with which 
the   mer i t s  or inadequacy  of  the  control  methods 
can be assessed .  In summary, by applying  suct ion 
a t  an a rea  of the  s ide  wal l   around  the model,  one 
can  actively  control  the  boundary  layer  growth, 
and  consequent ly   the  inviscid  f low  outs ide  the 
boundary  layer  can be made p r a c t i c a l l y   p a r a l l e l   t o  
t h e   s i d e  w a l l .  Suction  applied  ahead of t h e  model 
i s  much less e f f e c t i v e   i n   c o n t r o l l i n g   t h e  boundary 
layer  development, as t h e  boundary layer   recovers  
r ap id ly   a f t e r   t he   suc t ion   a r ea   and   r e sponds   t o   t he  
p r e s s u r e   f i e l d  i n  a manner s i m i l a r  t o  tha t   w i thou t  
suc t ion .  

*High-speed  Aeronautics Iab., National  Aeronauti- 
cal   Establishment,   Ottawa, Canada 

187. fWilson, Vernon, E.: Design  Studies  of Lam- 
i n a r  Flow Control (LFC) Wing Concepts  Using  Super- 
p l a s t i c s  Forming  and  Diffusion  Bonding (SPF/DB). 
Final  Report ,  NASA CR-159220, Aug. 1978 - 

180-26293C 

Alternate  concepts  and  design  approaches w e r e  
developed  for  suction  panels,   and  techniques were 
def ined   for   in tegra t ing   these   pane l   des igns   in to  a 
complete LFC  200R wing. The design  concepts  and 
approaches w e r e  ana lyzed   t o   a s su re   t ha t   t hey  would 
meet t h e   s t r e n g t h ,   s t a b i l i t y ,  and i n t e r n a l  volume 
requirements.  Cost  and  weight  comparisons  of  the 
concepts were a l s o  made. Problems of i n t e g r a t i n g  
the   concep t s   i n to  a complete   a i rcraf t   system were 
addressed.  Methods  for  making  splices  both  chord- 
w i s e  and   spanwise ,   fue l   l igh t   jo in ts ,  and i n t e r n a l  
d u c t   i n s t a l l a t i o n s  were  developed.  Manufacturing 
problems  such as s lo t   a l i gnmen t ,   t ape red  slot  
spacing,  production  methods,   and  repair   techniques 
w e r e  addressed. An assessment of the  program w a s  
used t o  develop  recommendations f o r   a d d i t i o n a l  
research  in   the  development  of SPF/DB f o r  LFC 
s t r u c t u r e .  

*Rockwell I n t e r n a t i o n a l  Corp., A i r c r a f t  Div., Ins 
Angeles,   Calif .  
Cont rac t  NAS1- 15488 

188.  *Tan-Atichat, Jimmy: Ef fec t s  of Axisymmetric 
Contractions on Turbulence  of  Various  Scales. 
I l l i n o i s   I n s t .  of  Tech.,  Chicaso, Ph.D. Thesis, 
1980, 393  pp. (Order No. 8026159  from Univers i ty  
Microfilms.) 

- .  

N81- 13055 

The present   s tudy   examines   d ig i ta l ly   acqui red  
and  processed  resul ts   f rom an experimental   inves- 
t i g a t i o n  of gr id-generated  turbulence of var ious  
scales   through  and downstream  of nine  matched 
cubic   axisymmetr ic   contract ions  ranging  in   area 
r a t i o  from 2 t o  36, and in l ength- to- in le t  d i a m -  
eter r a t i o  from 0.25 t o  1.50.  In addi t ion ,   a  
f i f t h   o r d e r   c o n t r a c t i o n  was u t i l i z e d   f o r   s t u d y i n g  
the  contour   shape  effect .  Key f e a t u r e s  of t h i s  
experiment  included  powering  the wind tunnel   with 
compressed a i r   t o   e l i m i n a t e  minute  extraneous 
ve loc i ty   f l uc tua t ions   caused  by the  blower  fan 
b lades  which amplify  and  affect  the  components  of 
tu rbulen t   k ine t ic   energy   unequal ly   in   a   cont rac t -  
i ng   s t r eam,   and   t he   concur ren t   u t i l i za t ion  of  both 
d i g i t a l  and  analog  instrumentat ion  to   achieve a 
h ighe r   qua l i t y  of the   recorded  data .   Resul ts  
i n d i c a t e   t h a t   t h e   e x t e n t   t o  which the   tu rbulence  
is a l t e r e d  by the  contract ion  depends on t h e  
incoming  tu rbulence   sca les ,   and   the   to ta l   s t ra in  
experienced by t h e   f l u i d  as w e l l  a s   the   cont rac-  
t i o n   r a t i o  and t h e   s t r a i n  rate. 

Di s se r t a t ion   Abs t r ac t s .  

* I l l i n o i s   I n s t i t u t e  of  Technology,  Chicago, Ill. 

189. Winblade, R. L.: Advanced Transport  Air- 
c r a f t  Technology. Airport  Forum, vol.  10, 
June  1980, pp.  44-48, 50. 

A80-44114 
Sept.  1979, May 1980, 114  pp. 
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Various  elements  of  the  NASA  aircraft  energy 
efficiency  program  are  described.  Regarding  com- 
posite  structures,  the  development  of  three 
secondary  and  three mediumprimary components  to 
validate  structural  and  fabrication  technology  is 
discussed.  In  laminar  flow  control,  the  design  of 
advanced  airfoils  having  large  regions  of  super- 
critical  flow  with  features  which  simplify  lami- 
narization  are  considered.  Ehphasis  is  placed on 
engine  performance  improvement,  directed  at  devel- 
oping  advanced  components  to  reduce  fuel  comsump- 
tion  in  current  production  engines,  and  engine 
diagnostics  aimed  at  identifying  the  sources  and 
causes  of  performance  deterioration  in  high-bypass 
turbofan  engines. In  addition,  the  results  of 
propeller  aerodynamic  and  acoustic  tests  have s u b  
stantiated  the  feasibility  of  achieving  the  pro- 
peller  efficiency  goal  of  80%  and  confirmed  that 
the  effect  of  blade  sweep  on  reducing  propeller 
source  noise  was  5-6 dB. 
*NASA,  Transport  Aircraft  Office,  Washington, D.C. 

190. *Malik, M. R.: Transition  Prediction  Using 
Three  Dimensional  .Stability  Analysis.  NASA 
CR-159277;  R-SAG6/80-01.  June  1980, 31  pp. 

N80-26621# 

Several  methods  of  transition  prediction  by 
linear  stability  analysis  are  compared.  The 
spectral  stability  analysis  code  SALLY  is  used  to 
analyze  flows  over  laminar  flow  control  wings.  It 
is  shown  that  transition  by  the  envelope  method 
and  a  new  modified  wave  packet  method  are 
comparable  in  reliability  but  that  the  envelope 
method  is  more  efficient  computationally. 

*Systems  and  Applied  Sciences  Corp.,  Hampton,  Va. 
Contract  NASI-  15604 

191. *El-Hady, N. M.: On the  Stability  of  Three- 
Dimensional  Compressible  Nonparallel  Boundary 
Layers.  Presented  at  AIAA  13th  Fluid  and  Plasma 
Dynamics  Conference,  Snowmass, Colo.,, July 14-16, 
1980,  15  pp. 

AIAA-80-  1374  A80-44144# 

A  compressible  linear  stability  theory  is 
presented  for  three-dimensional  nonuniform  bound- 
ary  layers.  The  amplitude,  phase,  and  wavenumber 
equation  which  govern  the  motion  of  the  distur- 
bance  are  obtained  by  using  the  method  of  multiple 
scales.  Group  velocity  trajectories  are  used  to 
identify  the  disturbance  growth  direction.  The 
spatial  stability  theory  is  applied  to  the  flow on 
a  laminar  flow  control  supercritical  sweptback 
wing  of  infinite  span.  Three  different  methods 
are  used  to  calculate  the  absolute  maximum  loga- 
rithmic  amplitude  ratio N. In the  front  crossflow 
instability  region,  the  method  of  maximum  spatial 
growth  rate  predicts  large  difference  in  N cow 
pared  with  the  method  of  fixed  wavelength  and  the 
method  of  fixed  spanwise  component  of  wavelength. 

This  difference  decreases  in  the  middle  streamwise 
instability  region,  and  almost  vanishes  in  the 
rear  crossflow  instability  region.  Compressibil- 
ity  of  the  medium  reduces N by  about  15%  in  both 
the  front  and  rear  regions,  and  by  about 40% in 
the  middle  region  of  the  wing.  Nonuniformity  of 
the  medium  has  large  effects  especially  in  the 
rear  region. 

*Old  Dominion  Eniv.,  Norfolk,  Va. 
Grant NSD 1645 
(Note:  NASA  CR-3245,  Feb.  1980  has  the  same 
title. ) 

192.  *Floryan,  J. M.; and  *Saric,  W. S.: Wave- 
length  Selection  and  Total  Growth  of  Gortler 
Vortices.  AIAA  13th  Fluid  and  Plasma  Dynamics 
Conference,  Snowmass, Colo., July 14-16, 1980, 
18 PP. 

AIAA-80-1376  A80-44145# 

This  paper  investigates  a  wavelength  selec- 
tion  mechanism  under  ideal  and  nonideal  flow  con- 
ditions.  The  conditions  of  the  total  streanwise 
growth  of Grtler vortices  generated  under  ideal 
and  nonideal  flow  conditions  and  its  effect  on 
the  laminar-turbulent  transition  process  is  also 
examined.  The  stabilizing  effects  of  suction on 
the  total  growth  of  these  vortices  are  analyzed. 
It  is  demonstrated  that  the  wavelength  selection 
mechanism  and  the  total  growth of the  vortices  are 
affected  by  the  departures  from  ideal  flow  con- 
ditions.  It  is  shown  that  under  ideal  flow  con- 
ditions,  a  wavelength  selection  mechanism  can be 
based on the  maximum  amplification  rate  of  the 
disturbances.  However,  this  mechanism  is  easily 
affected  by  the  departures  from  ideal  flow.  The 
case  of  streamwise  vorticity  in  the  basic  flow  is 
analyzed  and  is  shown  to  affect  disturbances 
through  a  subharmonic  resonance. 

*Virginia  Polytechnic  Institute  and  State 
University,  Blacksburg, Va. 
Grant N s G  1255 

193.  *-gab, S. A.;  and  *Nayfeh,  A. H.: Effect 
of  Pressure  Gradients  on  Ggrtler  Instability. 
AIAA  13th  Fluid  and  Plasma  Dynamics  Conference, 
Snowmass,  Colo.,  July  14-16,  1980,  26  pp. 

AIAA-80-1377  A80-44146# 

Gortler  instability  for  boundary-layer  flows 
over  generally  curved  walls  is  considered.  The 
full  linearized  disturbance  equations  are  obtained 
in  an  orthogonal  curvilinear  coordinate  system.  A 
perturbation  procedure  to  account  for  second-order 
effects  is  used  to  determine  the  effects  of  the 
displacement  thickness  and  the  variation  of  the 
streamline  curvature  on  the  neutral  stability  of 
the  Blasius  flow.  The  pressure  gradient  in  the 
mean  flow  is  accounted  for  by  solving  the  nonsim- 
ilar  boundary-layer  equations.  Growth  rates  are 
obtained  for  the  actual  mean  flow  and  the  Falkner- 
Skan  flows.  The  results  demonstrate  the  strong 
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i n f luence  of t he   p re s su re   g rad ien t  and the 
nonsimilar i ty   of   the   basic   f low on t h e   s t a b i l i t y  
c h a r a c t e r i s t i c s .  

*Vi rg in i a   Po ly techn ic   In s t i t u t e  and S t a t e  Univer- 
s i ty ,   Blacksburg,  Va. 
Navy supported  research. 
Grant NsG- 1255 

194. *Nayfeh, A. H.; *Reed, H. L.; and **-gab, 
S. A.: Flow Over P l a t e s  With Suction Through 
Porous  Strips.  AIAA 13th  Fluid  and Plasma 
Dynamics Conference, Snowmass., Colo., Ju ly  14-16, 
1980, 24 pp. 

AIAA-80-1416 A80-44157# 

This paper  addresses  the  steady,  incompres- 
s i b l e ,  two-dimensional  flow past a f l a t   p l a t e  
with  suction  through  porous  str ips.   Closed-form 
so lu t ions   for   each   f low  quant i ty  are developed  in  
the   contex t  of l inear ized   t r ip le -deck   theory   us ing  
Fourier   t ransforms.  To demonst ra te   the   va l id i ty  
of these  closed-form  solutions,  we compare t h e  
wal l   shear  stress and  pressure  coeff ic ients   and 
t h e   s t r e a n r i s e   v e l o c i t y   p r o f i l e s  from the   l i nea r -  
ized  theory  with  those  obtained by the  numerical 
i n t eg ra t ion  of b o t h   i n t e r a c t i n g  and  nonsimilar 
boundary-layer  equations. The agreement  between 
the   l i nea r i zed   t r i p l e -deck  and i n t e r a c t i n g  
boundary-layer  equations is good;  however, t he  
nonsimilar  boundary  layers,  which f a i l   t o   a c c o u n t  
f o r  upstream  influence,   are shown t o  be i n  poor 
agreement  with  both  interacting  boundary  layers 
a n d   t h e   l i n e a r i z e d   t r i p l e  deck. The l i n e a r i z e d  
closed-form  solut ions w i l l  t he re fo re  be very  use- 
f u l   i n   f u t u r e   s t a b i l i t y   c a l c u l a t i o n s .  

*Virginia  Polytechnic  Insti tute  and  State  Univ. ,  
Blacksburg, Va. 
**Lockheed-Georgia Co., Marie t ta ,  Ga. 
Work supported by ONR and NASA Grant NSG- 1255. 

195. *Comptroller  General   of  the  United  States:  A 
Look a t  NASA's Ai rc ra f t  Energy Eff ic iency  Program. 
PSAD-80-50, Ju ly  2 8 ,  1980, 94 pp. 

N81-26149# 

The s t a t u s  of t he  program,  the  coordination 
e f f ec t iveness  between NASA and  the  Department  of 
Defense,   the   need  for   per iodic   report ing  to   the 
Congress on e f f o r t s  such as ACEE, and NASA's r o l e  
in   ae ronau t i ca l   r e sea rch  and  development w e r e  
examined. h p h a s i s  is placed on t h e  development 
of technologies which would make f u t u r e   t r a n s p o r t  
a i r c r a f t  up t o  50% more f u e l   e f f i c i e n t   t h a n  
cu r ren t  models. 

*Washingtion, D.C. 

196. *Malik, M. R.; and  **Orszag, S. A. :. Compari- 
son--~€ Methods fo r   P red ic t ion   o f   T rans i t i on  by 
Stab i l i ty   Analys is .  A I M  Fluid  and  Plasma Dynam- 
ics Conference,  13th, Snowmass, Colo., Ju ly  14-16, 
1980,  7 pp. 

AIAA-80-1375 A80-41588) 

The paper  compares  several  methods of t r a n s i -  
t i o n   p r e d i c t i o n  of l i n e a r   s t a b i l i t y   a n a l y s i s .  The 
s p e c t r a l   s t a b i l i t y   a n a l y s i s  code SALLY is used t o  
analyze  flows  over  laminar  flow  control  wings. It 
is shown t h a t   t r a n s i t i o n   p r e d i c t i o n  by the  enve- 
lope  method  and a new rmdified wave packet method 
a r e  comparable i n   r e l i a b i l i t y ,   b u t   t h a t   t h e  enve- 
lope  method is more e f f i c i e n t  computation- 
a l ly .   Th i s  is based on t h e   r e s u l t s  which show 
t h a t   t h e  wave packet method provides N f a c t o r s  
which are a t   b e s t   a s   c o n s i s t e n t   a s   t h o s e  of t h e  
envelope  method;  since  the wave packet method is 
a t  least 3 times as   expensive  as   the  envelope 
method, t h e  lat ter is recommended for   engineer ing 
des ign   ca lcu la t ions .  

*Systems  and  Applied  Sciences  Corp., Hampton, Va. 
**MIT, Cambridge, Mass. 
Cont rac ts  NAS1-15604 and NAS1-15894 

197. *Phi l ipp ,  V. M.: Development  of Natural  D i s -  
t u rbances /Pe r tu rba t ions   i n   a  Laminar  Boundary 
Layer.   Translation  into  English  from UCh. Zap. 
( A v a i l a b l e   t o  U.S. Gov't.   agencies  and  their 
cont rac tors   on ly . )  

AD-BO507610 X81-72147 

*Air Force  Systems Command, Wright-Patterson AFB, 
Ohio 

198.  *Eppler, R.; and  **Somers, D. M. : A Computer 
Program fo r   t he  Design  and  Analysis  of Low-Speed 
A i r f o i l s .  NASA 1M-80210, August 1980,  145 pp. 

N80-29254# 

A conformal-mapping method for the  design  of 
a i r f o i l s   w i t h   p r e s c r i b e d   v e l o c i t y - d i s t r i b u t i o n  
c h a r a c t e r i s t i c s ,  a  panel method f o r   t h e   a n a l y s i s  
of   the  potent ia l   f low  about   given  a i r foi ls ,   and  a  
boundary-layer method have  been  combined. With 
t h i s  combined  method, a i r f o i l s   w i t h   p r e s c r i b e d  
boundary-layer   character is t ics   can be designed 
and  a i r foi ls   wi th   prescr ibed  shapes  can be ana- 
lyzed. A l l  t h r e e  methods are desc r ibed   b r i e f ly .  
A FORTRAN IV computer  program for   the  numerical  
eva lua t ion  of t hese  methods is avai lable   through 
COSMIC. me program  and its input   op t ions  are 
desc r ibed   i n   de t a i l .  A comple t e   l i s t i ng  is given 
a s  an  appendix. 

Note:  For a supplement t o   t h i s   r e p o r t   s e e  #210 i n  
th i s   b ib l iog raphy .  

* S t u t t g a r t  Univ., West Germany 
**NASA, Langley  Research  Center, Hampton, Va. 

199.  *Hawkins, W. M.: Liquid Hydrogen - An Cut- 
standing   Al te rna te   Fue l   for   Transpor t   Ai rcraf t .  
In:   Safe   and  Eff ic ient  Management of  Energy; 
Proceedings  of  the  33rd  Annual  International Air 
Safety  Seminar,  Christchurch, New Zealand, 
Sept.  15-18, 1980,  (A82-17276). pp.  270-295. 
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A82- 17290 

Liquid  hydrogen is proposed  as   an  excel lent  
a l t e r n a t e   a i r c r a f t   f u e l ,   w i n g  t o  its worldwide 
a v a i l a b i l i t y ,  low c o s t ,   a b i l i t y  to  be t r anspor t ed  
and   s to red   w i thou t   d i f f i cu l ty ,  and minimum impact 
on the  environment. NASA compared the   charac te r -  
istics and  performance  of   three  a i rcraf t   us ing 
( 1) s y n t h e t i c  Jet A, ( 2 )  l i q u i d  methane,  and 
( 3 )   l i q u i d  hydrogen. The l i q u i d  hydrogen air- 
c r a f t  was found t o  weigh considerably less than 
the  others ,   thereby  reducing  the  take-off  gross 
weight.  Every pound  of hydrogen  produces 
51,590 BTU's, whereas a pound  of Jet A produces 
only  18,400 BTU's .  Moreover the  l iquid  hydrogen 
a i r c r a f t   u s e s   t h e   l e a s t   e n e r g y   i n   s p i t e  of  aero- 
dynamic disadvantages of t h e   a i r c r a f t  and  high 
energy  needs  for  l iquefaction  and  the  manufactur- 
ing  process.   Liquid  hydrogen  also  has a f l y -  
over   no ise   l eve l  of  89 dec ibe l s  compared t o   t h e  
94 ' dec ibe l s   fo r   t he   Syn je t   a i r c ra f t .  A simple 
system  of  laminar  f low  maintenance  using  l iquid 
hydrogen is d iscussed ,  and seve ra l   s a fe ty   f ea tu re s  
of t h e   f u e l   a r e   n o t e d .  

'Flight  Safety  Foundation, Inc., Arlington,  va. 

200. *Mask, R. L.: Low Dray A i r f o i l  Design 
Ut i l i z ina   Pass ive  Laminar Flow and COUDled "~~ 

Diffusion  Control  Techniques.  Final  Rept.,  
30 Sept. 1977 - 1 Dec. 1979,  Sept.  1980, 84 pp. 
(ATC-R-91100/9 CR-71, NADC-79119-60). 

AD-A090778 N8  1- 12024X 

A two dimensional  high  chord  Reynolds number 
pas s ive   l amina r   a i r fo i l  was designed  for  
CL = 0.73 a t  M, = 0.06 and Rec = 4 x l o 7  pro- 
viding  an  extremely  high L/D = 240. This  laminar 
a i r fo i l   des ign   concept   in tegra tes   pass ive   l aminar  
f l o w   s t a b i l i z a t i o n ,  by pressure  gradient   shaping,  
with  act ive  diffusion  control   techniques on 
t h e   a i r f o i l   t r a i l i n g  edge. A d i scuss ion  of t h e  
a i r fo i l   des ign   concep t  and the   p red ic ted   per for -  
mance is presented.  Full   scale  Reynolds number 
passive  laminar  f low/transit ion  experiments  defin- 
i n g  maximum t r a n s i t i o n  Reynolds number and r e a l  
flow  environment  influence on t r a n s i t i o n  are 
presented.  Examination  of wind tunne l   s ca l ing  
influences  and  real   f low  environment  effects on 
t h e  ATC/laminar a i r fo i l   per formance   a re   d i scussed  
and  summarized f o r   t y p i c a l  low turbulence   tunnels .  

*Vought Corp.,  Dallas,  Texas 
Contracts N62269-77-C-0442 

N62269-79-C-0277 

(Note:  For  another  form  of t h i s  work see #I46 i n  
t h i s   b i b l i o g r a p h y . )  

201. *Sturgeon, R. F. : Evaluation of Laminar Flow 
Control  System  Concepts  for  Subsonic  Commercial 
Transport   Aircraft .   Final  Rept.  L G ~ O E R - ~ ~ ;  NASA 
CR-159253, Sept.  1980, 316 pp. 

~~~ ~~. . ~ -  

N80-33394# 

A l t e r n a t i v e s  i n  the design of laminar  flow 
c o n t r o l  (LFC) subsonic  commercial   transport  air- 
c r a f t   f o r   o p e r a t i o n   i n   t h e   1 9 8 0 ' s   p e r i o d  were 
studied.  Analyses w e r e  conducted t o  select mis- 
s i o n  parameters and  define optimum a i r c r a f t  con- 
f igu ra t iona l   pa rame te r s   fo r   t he   s e l ec t ed   mi s s ion ,  
de f ined  by a passenger  payload  of 400 and a design 
range  of  12,038 lan (6500 n mi). The base- l ine  
a i r c r a f t   d e v e l o p e d   f o r   t h i s   m i s s i o n  w a s  used   as  a 
vehicle   for   the  evaluat ion  and  development   of  
a l t e r n a t i v e  LFC sys tem  concepts .   Al te rna t ives   in  
t h e  areas of  aerodynamics, structures and mater- 
i a l s ,  LFC system,  leading-edge  region  c leaning,  
and   in tegra t ion  of auxi l iary  systems w e r e  s tud ied .  
R e l a t i v e   t o  a similarly-optimized  advanced  tech- 
no logy   t u rbu len t   t r anspor t ,   t he   f i na l  LFC conf  igu- 
r a t i o n  is approximately  equal  in DOC but   provides  
decreases  of  8.2% in  gross   weight   and 2 1.7% i n  
f u e l  consumption. 

*Lockheed-Georgia Co., Marie t ta ,  Ga. 
Contract NAS  1- 1463  1 

202.  Lockheed-Georgia CO., Marietta:   Etraluation 
of  Laminar Flow Control System  Concepts f o r  
Subsonic  Commercial  Transport  Aircraft. Summary 
Rept.  Lockheed No.  LG80ER0149; NASA CR-159254, 
Sept.  1980, 100 pp. 

"" 

N80-31384# 

A study vas conducted t o   e v a l u a t e   a l t e r n a -  
t i v e s   i n   t h e   d e s i g n  of  laminar  flow  control (LFC) 
suLsonic   commercial   t ransport   a i rcraf t   for   opera-  
t ion   in   the   1980 ' s   per iod .   Analyses  were con- 
ducted to  select mission  parameters  and  define 
optimum a i r c ra f t   con f igu ra t iona l   pa rame te r s   fo r  
the  selected  mission,   def ined by a  passenger 
payload  of 400 and  a  design  range  of  12,038 km 
(6500 n. mi.). The base l ine   a i r c ra f t   deve loped  
f o r   t h i s   m i s s i o n  w a s  u sed   a s   a   veh ic l e   fo r   t he  
evaluation  and  development of a l t e r n a t i v e  LFC sys- 
t e m  concepts .   Al ternat ives  were e v a l u a t e d   i n   t h e  
a r e a s  of   aerodynamics,   s t ructures ,   mater ia ls ,  LFC 
systems,  leading-edge  region  cleaning  and  integra- 
t i o n  of auxi l ia ry   sys tems.  Based  on these  evalua-  
t ions ,   concepts   in   each   a rea  were s e l e c t e d  
for   fur ther   development   and  tes t ing  and  ul t imate  
i n c o r p o r a t i o n   i n   t h e   f i n a l   s t u d y   a i r c r a f t .  Rela- 
t ive  to   a   s imilar ly-opt imized  advanced  technology 
t u r b u l e n t   t r a n s p o r t ,   t h e   f i n a l  LFC conf igura t ion  
is approximately  equal   in   direct   operat ing cost 
but   provides   decreases  of 8.2% in   g ross   weight  and 
21.7% i n   f u e l  consumption. 

Cont rac t  NAS1-14631 

203.  Bogdevich, V. G.; Kobets, G. F.; Koziuk, 
G. S.; Migirenko, G. S.: Mikuta, v. I.; Mironov, 
B. P.; Novikov, B. G.; Tetianko, V. A.; and 
Shtatnov,  Iu. V.: Some Ques t ions   Rela t ing   to   the  
Control  of Flows  Near a Wall. (FMTF-Zhurnal 
Prikladnoi  Mekhaniki i Tekhnicheskoi  Fiziki .  
Sept.-Oct.  1980, pp. 99-109.) R a n s l a t i o n   i n  
Journa l  of  Applied  Mechanics  and  Technical 
Physics,   vol.  21,  no. 5, March 1981, pp. 657-665, 
44 r e f s .  
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A81-46784 ( m g l i s h )  
~81-21061   ( lh s s i an )  

A review is presented  of c a v i t a t i o n   f l o w s   i n  
heavy l i q u i d s ,   c h a r a c t e r i s t i c s  of t r a n s i t i o n  of 
laminar   to   turbulent   f lows,   and  laminarizat ion  of  
wall-boundary  flows on permeable  surfaces.  The 
i n t e r a c t i o n  of  gas  bubbles  and  polymer  additions 
on t h e   s t r u c t u r e  of  wall-boundary  turbulence i s  
examined. 

204. Levchenko, V. Ya.; and  SOlov'ev, A. S.: 
I n t e r a c t i o n  of Wave Dis turbances   in  an O s c i l l a t i n g  
Boundary Layer.   Fluid Dynamics, vol.  15,  no. 5, 
March  1981, pp. 756-760. Translated  from 
Izves t iya ,  Akademii Nauk  SSSR, Mekhanika Zhidkosti  
i Gaza, no. 5,  pp. 154-158, Sept.-Oct. 1980. 

A t h e o r e t i c a l   a n a l y s i s  is made of t h e   i n t e r -  
a c t i o n  of wave d is turbances  of small f i n i t e  ampli- 
t u d e   i n  a boundary l a y e r   i n   t h e   c a s e  when t h e  
v e l o c i t y   d i s t r i b u t i o n   c o n t a i n s  a p e r i o d i c  compo- 
n e n t   t h a t   o s c i l l a t e s   i n  time in  accordance  with a 
harmonic law. It is shown t h a t  it is i n   p r i n c i p l e  
p o s s i b l e   f o r   t h e r e   t o  be a four-wave  synchronous 
( r e sonance )   i n t e rac t ion   i n  a cub ic   non l inea r i ty ;  
equations  are  obtained  for  the  amplitudes.   Calcu- 
l a t i o n s  made to  test  the   e f f ec t iveness  of t h e  
resonance phenomena have shown tha t   t he   coup l ing  
c o e f f i c i e n t s   a r e   n o t   s u f f i c i e n t l y   l a r g e   f o r   t h e  
superimposed o s c i l l a t i o n s   t o  change s i g n i f i c a n t l y  
t h e   n a t u r e  of t h e   i n t e r a c t i o n  of t h e  waves. 

205. *Steers ,   Louis  L.: Natural  Laminar Flow 
Flight  Experiment.  In NASA -2172,  (N81-19001), 
pp.  135-144,  "Advanced Aerodynamics  and  Active 
Controls ."   Selected NASA Research, Feb.  1981. 
Presented   a t   the   4 th  Ann. S ta tus  Rev. of t h e  NASA 
A i r c r a f t   h e r g y   E f f i c i e n c y  (ACEE) Energy E f f i c i e n t  
Transport  Program,  Mountain V i e w ,  C a l i f . ,  
Oct. 7-9,  1980. 

N81-19010# 

A s u p e r c r i t i c a l   a i r f o i l   s e c t i o n  was designed 
wi th   favorable   p ressure   g rad ien ts  on both  the 
upper  and  lower  surfaces. Wind tunnel  tests were 
conducted  in  the  Langley 8 Foot  Transonic  Pressure 
Tunnel. The ou te r  wing panels  of t h e  F- 111 TACT 
a i r p l a n e  w e r e  mod i f i ed   t o   i nco rpora t e   pa r t i a l   span  
test gloves  having  the  natural   laminar   f low 
p ro f i l e .   I n s t rumen ta t ion  w a s  i n s t a l l e d   t o   p r o v i d e  
sur face   p ressure   da ta   as  w e l l  as to   de te rmine  
t rans i t ion   loca t ion   and   boundary   l ayer   charac te r -  
istics. The flight  experiment  encompassed 
19 f l igh ts   conducted   wi th   and   wi thout   t rans i t ion  
f ixed  a t  s e v e r a l   l o c a t i o n s   f o r  wing  leading  edge 
sweep angles  which  varied  from 10 to  26 a t  Mach 
numbers from 0.80 t o  0.85 and a l t i t u d e s   o f  
7620 meters and  9144 meters. P re l imina ry   r e su l t s  
i n d i c a t e   t h a t  a la rge   por t ion   o f   the  test chord 
experienced  laminar  flow. 

'NASA,  Hugh L. Dryden Fl ight   Research  Center ,  
Edwards, Ca l i f .  

206. *Gaster, M.: On Trans i t i on  to  Turbulence  in 
Boundary  Layers.  In:  Proceedings of t he  Sympo- 
sium on "Transi t ion  and  Turbulence"  in   f luids ,  
Madison,  Wisconsin, kt. 13-15, 1980,  pp. 95-112 
(A82-124381, New York, Academic Press ,  1981. 

A82- 12443 

Trans i t ion   p rocesses   tha t   occur   in   boundary  
l aye r   f l ows   such   a s   t hose   t ha t   a r i s e  on the  sur-  
f ace  of smooth ae ro fo i l s   a r e   ana lyzed  by examining 
the   idea l ized   problem of t r a n s i t i o n   i n   t h e  bound- 
a ry   l aye r  of a f l a t   p l a t e   a t   z e r o   i n c i d e n c e   t o   t h e  
flow. The type of s t a b i l i t y  problem  involved is 
def ined ,   and   para l le l   f lows  are analyzed. Wave- 
p a c k e t s   i n  a p a r a l l e l   f l o w  and i n  a growing bound- 
a ry   l aye r  are discussed,  and  experimental  work on 
the   evo lu t ion  of wave p a c k e t s   i n  a laminar bound- 
a ry   l aye r  on  a f l a t   p l a t e  is repor ted .  

*National Maritime Ins t i tu te ,   Teddington ,  Middx., 
England 

Grant AF-AFOSR-80-0272 
Contract F49620-78-C-0062 

207.  *Cunnington, G. R., Jr.; and  'Parmley, R. T.: 
Aerodynamic Surface  Cooling  for Laminar Flow Con- 
tro1"for  Hydrogen-Fueled  Subsonic  Aircraft. SAE, 
Aerospace  Congress  and  Exposition, Los Angeles, 
C a l i f . ,  Oct.  13-16,  1980, 9  pp. 

.. 

SAE-80- 1155 A8 1- 34245 

The nature  and  magnitude of t h e   p o t e n t i a l  of 
c ryogenic- fue led   a i rc raf t   des igns   for   l aminar   f low 
c o n t r o l ,  by use of the   s ens ib l e   hea t  of t he   s to red  
f u e l   t o   c o o l  aerodynamic  surfaces,   are  explored. 
It is shown t h a t   c o o l i n g   t h e  boundary l aye r  below 
adiaba t ic   wal l   condi t ions   de lays   tu rbulen t   reg ion  
t r a n s i t i o n  and  reduces  f r ic t ional   drag,   wi th   pre-  
l iminary   des ign   ca lcu la t ions   p romis ing ,   for  
t h e   c a s e  of liquid  hydrogen  and  nitrogen  heat- 
t r a n s f e r   f l u i d ,  20% fue l   requi rement   reduct ions   in  
a M 0.85-cruise,   400-passenger  aircraft  on a 
12,000 km f l i g h t .  The cool ing  system  entai led is 
a simple,   current-technology  design which does  not 
a d v e r s e l y   a f f e c t   s a f e t y  or normal opera t iona l   fac-  
t o r s .  'It is es t ima ted   t ha t   t he   fue l   we igh t  sav- 
ings  w i l l  be greater  than  the  added  cooling  system 
weight ,   a l though  fur ther ,   experimental   s tudies   are  
needed to   ve r i fy   t he   accu racy  of  drag-reduction 
p red ic t ions .  

*Lockheed  Research  Labs.,  Palo  Alto,  Calif. 

208. Brykina, I. G.; Gershbein, E. A.; and 
Pe ig in ,  S. V.: Laminar  Boundary I aye r  on 
Sweptback Wings of I n f i n i t e  Span a t  an Angle 
of  Attack.  (Akademiia Nauk SSSR, I z v e s t i i a ,  
Mekhanika Zhidkosti  i Gaza, May-June 1980, 
pp.  27-39.) F lu id  Dynamics, vol.  15,  no. 3,  
Nov. 1980, pp.  344-354. (T rans l a t ion . )  

A81- 17656 
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I n   t h e   p r e s e n t  paper, the compressible boun- 
dary   l ayer  f l o w  on swept wings  of i n f i n i t e   s p a n  is 
s tudied   for   var ious   angles   o f   a t tack   under   the  
assumption  of  an  impermeable or BLC wing  surface. 
A f i r s t - approx ima t ion   ana ly t i ca l   so lu t ion  is 
obtained (also for  axisymmetric f l o w )  by an   i n t e -  
gral method  of  successive  approximations. Asymp- 
to t ic  s o l u t i o n s  of the  boundary  layer   equat ions 
are obta ined   for   l a rge   va lues   o f  the BLC 
parameter. 

209.  *Harvey, W. D.; *Stainback, P. C.; and 
**Owen,  F. K.: Evaluat ion  of  Flow Q u a l i t y   i n  Two 
Large NASA Wind Tunnels a t  Ransonic   Speeds.  NASA 
TP1737,  Dec.  1980, 76 pp. 

N81- 13303# 

Wind-tunnel t e s t i n g   o f  low-drag a i r f o i l s   a n d  
b a s i c   t r a n s i t i o n   s t u d i e s  a t  t ransonic   speeds  are 
designed t o  provide  high  quali ty  aerodynamic  data 
a t  high  Reynolds  numbers.   This  requires  that   the 
f l o w   q u a l i t y   i n   f a c i l i t i e s   u s e d   f o r   s u c h   r e s e a r c h  
be   exce l l en t .  To o b t a i n  a be t t e r   unde r s t and ing   o f  
t h e   c h a r a c t e r i s t i c s   o f   f a c i l i t y   d i s t u r b a n c e s  
a n d   i d e n t i f i c a t i o n  of t h e i r   s o u r c e s   f o r   p o s s i b l e  
f a c i l i t y   m o d i f i c a t i o n ,   d e t a i l e d   f l o w   q u a l i t y  
measurements were made i n  two prospec t ive  NASA 
wind tunnels .  This paper   p resents   exper imenta l  
r e su l t s   o f   an   ex tens ive  and  systematic  flow- 
q u a l i t y   s t u d y  of t h e   s e t t l i n g  chamber, test sec- 
t i o n ,  and d i f f u s e r   i n   t h e   L a n g l e y  8-Foot  Transonic 
Pressure  Tunnel  (TPT)  and  the Ames 12-Foot Pres- 
s u r e  Wind Tunnel (PWT). R e s u l t s   i n d i c a t e   t h a t   t h e  
f r ee   s t r eam  ve loc i ty  and   pressure   f luc tua t ion  
l e v e l s   i n   b o t h   f a c i l i t i e s  are l o w  (<0.1  percent)  
a t  subsonic  speeds  and are so high as t o  make 
it d i f f i c u l t  t o  conduct  meaningful  boundary-layer 
c o n t r o l   a n d   t r a n s i t i o n   s t u d i e s  a t  t r a n s o n i c  
speeds. 

*NASA, Langley  Research  Center, Hampton, Va. 
**COMPLERE, Inc. ,   Palo A l t o ,  Ca l i f .  

210.  *EppleT, R.; and  **Somers, D. M.: A Computer 
Program f o r   t h e  Design  and  Analysis of Low-Speed 
Airfoils,  Supplement. NASA TM-81862, Dec.~ 1980, 
30  PP. 

N81-13921# 

Three new opt ions  were inco rpora t ed   i n to   an  
exis t ing  computer   program  for   the  design  and  anal-  
y s i s  of low s p e e d   a i r f o i l s .  These  options  permit 
t h e   a n a l y s i s   o f   a i r f o i l s   h a v i n g   v a r i a b l e   c h o r d  
(var iable   geometry) ,  a boundary  layer  displace- 
ment i t e r a t i o n ,  and t h e   a n a l y s i s  of the e f f e c t   o f  
single  roughness  elements.  All t h ree   op t ions  are 
d e s c r i b e d   i n   d e t a i l   a n d  are i n c l u d e d   i n   t h e  
FORTRAN IV computer  program. 

Note: For   the  main r e p o r t  see c i t a t i o n  #198 
Aug. 'BO i n   t h i s   b i b l i o g r a p h y .  

* S t u t t g a r t  Univ., S t u t t g a r t ,  West Germany 
**NASA, Langley  Research  Center, Hampton, Va. 

211.  Padhye, A.: N o n p a r a l l e l   S t a b i l i t y  of Three- 
Dimensional  Flows. Ph.D. Thes i s ,   V i rg in i a  Poly- 
t e c h n i c   I n s t i t u t e   a n d   S t a t e  Univ.,  1980, 140 pp. 
(Avai lab le  from University  Microfilms,  Order 
No. 8110471.) 

N81-26070 

A n  a n a l y s i s  of l i n e a r   s t a b i l i t y   o f   t h r e e  
dimensional  boundary  layer  f lows is presented.  
Both temporal and spat ia l  stabilities are con- 
s idered .  The method  of multiple scales is used to  
accoun t   fo r   t he   nonpa ra l l e l i sm  o f   t he  mean flow, 
and t o  derive  amplitude  and wave-number modulation 
equat ions.  The wavenumber modulation  equation i s  
used t o  develop a formal  method f o r   o b t a i n i n g  
n e u t r a l   s t a b i l i t y .  The amplitude  modulation  equa- 
t i o n  is used to  develop a t r ans fo rma t ion   r e l a t ing  
the   t empora l   and   spa t ia l  stabilities. I n   t h e  case 
o f   t h ree   d imens iona l   f l ows ,   t he   ca l cu la t ions  are 
performed i n  temporal s t a b i l i t y  which is then  
t ransformed to  be t h e  spat ia l  a l o n g   t h e   d i r e c t i o n  
of group  ve loc i ty .  The most ampl i f ied   d i s turbance  
a t  any  given  frequency is o r i e n t e d  almost normal 
t o  t h e   d i r e c t i o n   o f   t h e   p o t e n t i a l   f l o w .  The cor- 
responding   group  ve loc i ty  is d i r e c t e d  almost along 
t h e   d i r e c t i o n   o f   t h e   p o t e n t i a l   f l o w .  

D i s s e r t a t i o n  Abstracts. 

212. *Floryan, J. M.: S t a b i l i t y   o f  Boundary-Layer 
Flows Over Curved Walls. Ph.D. Thesis , 1980, 
V i r g i n i a   P o l y t e c h n i c   I n s t i t u t e  and State   Univ. ,  
175  pp. 

N80-30668 
Avail.:  Univ.  Microfilms 

Order No.  8020206 

The formal   ana lys i s   o f   the   Ggr t le r - type  
i n s t a b i l i t y  is presented .  The boundary  layer 
equat ions  and  the  dis turbance  equat ions are formu- 
l a t e d   i n  a general ,   or thogonal ,   curvi l inear   system 
of   coord ina tes   cons t ruc ted   f rom  the   inv isc id   f low 
over  a curved   sur face .   Ef fec ts   o f   the   curva ture  
of t h e  w a l l  on the  boundary  layer f l o w  are ana- 
lyzed  and are shown to  be i n s i g n i f i c a n t   f o r   t h e  
i n t e n d e d   s t a b i l i t y   a n a l y s i s .  The basic  approx- 
imat ion for the   d i s tu rbance   equa t ions  is pre- 
sented  and  solved  numerically.   Previous  analyses 
are discussed  and  compared  with the p r e s e n t  one. 
Resul ts  show the  importance  of   the  boundary  layer  
growth  and are i n  a good  agreement  with  the  exper- 
imenta l   da ta .   Ef fec ts   o f   suc t ion  are in t roduced  
and are shown t o  s t a b i l i z e   t h e   b o u n d a r y   l a y e r .  

D i s s e r t a t i o n  Abstracts. 

*Vi rg in i a   Po ly techn ic   In s t i t u t e   and   S t a t e  Univ- 
e rs i ty ,   Blacksburg ,  Va. 

213. *Owen,  F. K.: Measurements  of Flow W a l i t y  
i n   t h e  Ames 2 x 2 Ft  Transonic  Wind Tunnel. AIAA 
19th Aerospace Sciences  Meeting, St. Louis, Mo., 
Jan. 12-15, 1981, 7 pp. 

AIM-81-0156 A81-20636# 
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For decades, wind tunnel  testing has been 
conducted in test section  environments which have 
not been adequately documented. However, with 
the advent of the energy shortage, the need for 
improved fuel-efficient transports employing 
supercritical or LFC airfoils has increased the 
awareness of the  possible influence of freestream 
turbulence on advanced experimental testing. This 
has already lead to detailed flow quality measure- 
ments in NASA transonic wind tunnels.  The purpose 
of this paper is to present results of a study in 
the Ames 2 x 2 ft transonic wind tunnel. 

” 

*Complere, Inc., Palo Alto,  Calif. , U.S .  Air Force 
supported research. 
Contract NAS2- 10352 

214. *Thomas, A. S. W. ; and *Cornelius, K. C. : An 
Experimental Investigation of the Flow of a La&- 
nar Boundary Layer into a Suction Slot. AIAA 19th 
Aerospace Sciences Meeting, St. Louis, lo. , 
Jan.  12-15,  1981,  12  pp. 

AIAA-81-0194 A81-20665F 

The problem of the flow of a laminar boundary 
layer into a suction slot has been examined exper- 
imentally in a low turbulence water channel. A 
dimensional analysis is used to determine the 
variables that are important to the problem and 
these are found to be the slot Reynolds number and 
a new parameter that is introduced to describe the 
mean velocity gradient in the flow above the slot. 
Measurements are  then reported of the characteris- 
tics of the  separation region within  the slot and 
the slot pressure loss. These data show unique 
collapse when expressed in terms of these similar- 
ity variables and may now be used  as a predictive 
design tool. The flow in the region above the 
slot, in both the upstream and downstream direc- 
tions, has also been examined. The upstream flow 
development can  be likened to that of a boundary 
layer that develops from some displaced effective 
origin.  The possibility of a Taylor-Goertler 
rational instability occurring just downstream of 
the slot has been studied and is not found to be 
critical to  the subsequent flow development. 
Finally, some brief discussion is given to  the 
implications of these findings in the design of 
suction slots for Laminar  Flow Control 
applications. 

*Lockheed-Georgia Co., Marietta, Ga. 

215. *Mack, L. M.: Compressible Boundary-Layer 
Stability Calculations for Sweptback Wings with 
Suction. Presented at the 19th AIAA Aerospace 
Sciences Meeting, St. Louis, Mo.,  Jan.  12-15, 
1981, 10  pp. 

AIAA-81-0196 -1-20840R 

The stability of the laminar boundary layers 
on two transonic wings of infinite  span with dis- 
tributed suction is investigated with the compres- 
sible, parallel-flow stability theory. Both wings 

have supercritical airfoil sections; one  has 
a sweep angle of 23  deg, the other of  35  deg. 
Zero-frequency disturbances are used to represent 
cross-flow instability, and disturbances with 
the wavenumber vector aligned with the local flow 
direction represent traveling-wave instability. 
In both cases, the maximum spatial amplification 
rate is used as a measure of the instability. For 
the suction, distributions with constant mass flux 
downstream of the starting point are used. The 
main objective is to determine how the maximum 
amplification rate varies with the magnitude and 
starting point of the suction.  It  is found for 
both types of disturbances that the maximum ampli- 
fication rate varies almost linearly with the 
suction magnitude up to at least the point where 
the amplification rate is halved. Different 
starting locations for the suction in the first 
4% of the chord were found to affect cross-flow 
instability, but to  have little influence on 
traveling-wave instability. 

*California Institute of Technology, Jet Propul- 
sion Lab., Pasadena, Calif. 
Contract NAS7-  100 

216. *Sonoda, T.; and *Aihara, Y.: Effects of 
Pressure Gradients on the Secondary Instability of 
Gartier Vortices. AIAA  19th Aerospace Sciences 
Meeting, St. Louis, Mo., Jan.  12-15,  1981,  12  pp. 

AIAA-81-0197 A81-20666# 

The paper discusses the experimental results 
on the secondary instability of GGrtler vortices 
in low speed boundary layers under the influence 
of pressure gradient. It is found that the sec- 
ondary instability in the form of horseshoe type 
vortices is important to  the transition of the 
boundary layer. The effects of pressure gradient 
are observed to appear through a changing of the 
high shear layer in three-dimensional mean veloc- 
ity  field. Influence of pressure gradient on the 
upstream region is  noticed. 

*Tokyo University, Tokyo, Japan 

217. *Nastrom, G.  D.; **Holdeman, J. D.; and 
***Davis, R. E.: Cloud Encounter and Particle 
Density Variabilities from GASP data. Paper 
presented at AIAA 19th Aerospace Sciences Meeting, 
St. Louis, Mo.,  Jan.  12-15, 1981, 7 pp. Also, 
Journal of Aircraft, vol. 19, no. 4. April  1982, 
pp.  272-277. 

AIAA-81-0308 A81-20742# 

Summary statics and variability studies are 
presented for cloud encounter and particle number 
density data taken  as part of the NASA Global 
Atmospheric Sampling Program (GASP) aboard commer- 
cial Boeing 747 airliners. On the average, cloud 
encounter is shown on about 15% of the 52,164 data 
samples available, but this value varies with 
season, latitude, synoptic weather situation, and 
distance from the tropopause. The number density 
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of particles (diameter  greater than 3 pm) also 
va r i e s   w i th  time and location,  and  depends on t h e  
hor izonta l   ex ten t   o f   c loudiness .  

Clouds are also o f   i n t e re s t   fo r   p roposed  
laminar   f low  control  (LFC) wing a i r c r a f t .  This 
in te res t ,  which   provided   the   mot iva t ion   for   th i s  
s tudy,  is due t o  some ev idence   t ha t   t he  low d r a g  
c h a r a c t e r i s t i c s  of LFC wings are lost, albeit 
temporar i ly ,   whenever   vis ible   c louds are encoun- 
t e r e d  and sometimes in   c i r rus   hazes ,   t he reby  
in f luenc ing   t he  economic f e a s i b i l i t y  of LFC. 

*Control Data Corp.,  Minneapolis, Minn. 
**NASA, L e w i s  Research  Center,  Cleveland,  Ohio 
***NASA, Iangley  Research  Center, Hampton, Va. 

218. *Kong, Fred Y.; and  *Schetz,  Joseph A. :  
Turbulent  Boundary  Layer Over Solid  and  Porous 
Surfaces  with Small RDughness. Paper  presented a t  
AIAA 19th  Aerospace  Sciences  Meeting,  St.  Louis, 
Mo., Jan. 12-15, 1981,  13  pp. 

AIAA-81-0418 A81-20820# 

Experimental   s tudies  were conducted t o  o b t a i n  
direct   measurements   of   skin  f r ic t ion,  mean 
v e l o c i t y   p r o f i l e s ,   a x i a l  and  normal  turbulence 
i n t e n s i t y   p r o f i l e s ,  and  Reynolds stress p r o f i l e s  
i n  the  boundary  layer  on a large-diameter,  axi- 
symmetric body with a s o l i d ,  smooth sur face ,  a 
sandpaper-roughened,  solid  surface  and a porous, 
s i n t e r e d  metal s u r f a c e   i n   t h e  same nominal  rough- 
ness  range as the  sandpaper.  The roughness  values 
were i n   t h e  low range  just   above what is normally 
cons idered   "hydraul ica l ly  smooth".  Measurements 
were taken a t  f o u r   d i f f e r e n t   a x i a l   l o c a t i o n s  
(except   for   the   porous   sur face ,   for  which  measure- 
ments were made only a t  t h e  l as t  s t a t i o n )  and  two 
d i f f e r e n t  freestream veloc i t ies   cor responding  t o  
dynamic pressures   o f  12.7  and  17.8 cm H20, which 
g i v e s  a ReL range of 4.96 X lo6 t o  6.11 X l o 6 .  
For t h e  Law of  the  Wall ,   the  Defect Law, and t h e  
tu rbu lence   quan t i t i e s ,  good agreement   ex is t s  
b e t w e e n   t h e   p r e s e n t   r e s u l t s  and  those  from w e l l -  
e s t a b l i s h e d   s t u d i e s   f o r   s o l i d ,  smooth sur faces .  
The sandpaper-roughened w a l l  tests showed an 
i n c r e a s e   i n  local s k i n   f r i c t i o n  and a s l i g h t   s h i f t  
i n   t h e   l o g   r e g i o n  of t h e  Wall Law, as w e l l  as an 
i n c r e a s e   i n   t u r b u l e n c e   q u a n t i t i e s .  These r e s u l t s  
were in   acco rd   w i th   c l a s s i ca l   r e su l t s   fo r   un i fo rm 
sand  grain  roughness.  For the  porous  wal l  case, 
a h i g h e r   i n c r e a s e   i n  local s k i n   f r i c t i o n  and 
marked downward s h i f t  o f   the   log   reg ion  of t h e  
Wall L a w  were observed. All the   tu rbulence  quan- 
t i t i e s  a l s o  showed a d e f i n i t e   i n c r e a s e   i n  magni- 
tudes ,  which w e r e  greater than  those  observed  from 
the  sandpaper-roughened  wall. These r e s u l t s   i n d i -  
cate t h a t   t h e   p o r o s i t y  and  non-uniformity  of  the 
porous  surface  inf luences  the  turbulent   boundary 
l a y e r  mre s t rong ly   t han  a uniformly  sand- 
roughened ,   so l id   sur face   in   the  same nominal 
range. 

*Virginia   Polytechnic   Inst .   and State Univ., 
Blacksburg, Va.  
Work supported by NASA, LaRC. 

219. *SOmers, Dan M.: NASA Research Rzlateclto I 

Sai lp lane   Ai r fo i l s .   In :   Proceedings  of 1981 
S.S.A. (Soaring  Society of America)  National 
Soaring  Convention,  Phoenix,  Ariz., Jan. 14-18, 
1981, pp. 99-109. (Published  by the Arizona 
Soaring ASSOC. (ASA) 1981.) 

The theoretical methods  and  experimental 
faci l i t ies  a t  the NASA Langley  Research  Center 
have  been  employed t o  conduc t   i nves t iga t ions  of 
s a i l p l a n e   a i r f o i l s .  The unique  and  powerful capa- 
bilities of the Eppler  Program have  been  used to  
design  and  analyze many a i r f o i l s  and to  smooth 
several Wortmann a i r f o i l s .  Wind-tunnel i n v e s t i -  
g a t i o n s  of two s a i l p l a n e  a i r fo i l s  have  been con- 
ducted  in  the  Langley  low-turbulence  pressure 
tunnel .  A p rocedure   for   sa i lp lane   per formance  
improvement  has  been  outlined. 

*NASA, Langley  Research  Center, Hampton, Va.  

220. *Wazzan, A. R.; *Gazley, C., Jr.; and  *Smith, 
A. M. 0.: The H-R Method for Predic t ing   Trans~i -  
- t i o n .  I?AND/F6581, Jan.  1981, 14 pp. 

N81-25328# 

A s h o r t c u t  method, t h e  H-% method, f o r  
p r e d i c t i n g   t r a n s i t i o n   i n  a wide class of  boundary 
l a y e r   f l o w s ,   i n c l u d i n g   t h e   e f f e c t s   o f   p r e s s u r e  
g r a d i e n t ,   s u r f a c e   h e a t   t r a n s f e r ,   a n d   s u c t i o n  is 
descr ibed.  Here H and 5, are t h e  body  shape 
f a c t o r  and the  Reynolds number, based on d i s t a n c e  
x measured i n  the d i r e c t i o n   o f   t h e  f l o w ,  
r e s p e c t i v e l y .  The method is extremely simple t o  
use  and a good s u b s t i t u t e  t o  t h e  well known b u t  
ra ther   compl ica ted  e t o  t h e   9 t h  p o w e r  method. 

*California  Univ., W s  Angeles ,   Cal i f .  

221. *Orszag, S .  A.: Advanced S t a b i l i t y   A n a l y s i s  
f o r  Laminar Flow Cont ro l .   F ina l  R e p t .  CHI-43; 
NASA CR-165661, Feb.  1981, 126 pp. 

N81-17381# 

Five classes of problems are addressed:  
( 1)   the   ex tens ion   of   the  SALLY s t a b i l i t y   a n a l y s i s  
code to  t h e   f u l l   e i g h t h   o r d e r   c o m p r e s s i b l e   s t a b i l -  
i ty   equa t ions   for   th ree   d imens iona l   boundary  
l a y e r ;  ( 2 )  a comparison  of  methods f o r   p r e d i c t i o n  
o f   t r ans i t i on   u s ing  SALLY for   incompress ib le  
f lows;   (3)  a s t u d y   o f   i n s t a b i l i t y  and t r a n s i t i o n  
i n   r o t a t i n g   d i s k   f l o w s   i n  which t h e   e f f e c t s  
o f   Cor io l i s   fo rces  and  s t reamline  curvature  are 
inc luded ;   (4 )  a new l inea r   t h ree   d imens iona l  
i n s t a b i l i t y  mechanism tha t   p red ic t s   Reyno lds  num- 
b e r s   f o r   t r a n s i t i o n  to  tu rbu lence   i n   p l ana r   shea r  
f lows   in  good agreement  with  experiment;  and  (5) a 
s tudy  of t h e   s t a b i l i t y  of f i n i t e   a m p l i t u d e   d i s t u r -  
bances  in   axisymmetr ic   pipe  f low  showing  the sta- 
b i l i t y  of t h i s   f l o w  to  a l l  nonlinear  axisymmetric 
d i s turbances .  

*Cambridge  Hydrodynamics,  Inc., Mass. 
Contract  NASI- 15894 
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222. *Jagger, D. H.: Design P o s s i b i l i t i e s   f o r  
Improved  Fuel  Efficiency  of  Civil  Transport 

., , ~L Aircraf t .   In :  Symposium on  Energy Management and 
Its Impact on Avionics,   bndon, March 19,  1981, 
(A82-20513),  Royal Aeronautical   Society.  9 pp. 

A82-20514 

The poss ib l e   app l i ca t ion  and p o t e n t i a l  bene- 
f i t s  of var ious  technical   advances  in   aerody-  
namics ,   s t ructures ,   and  propuls ion  for   the  reduc-  
t i o n  of f u e l   u s a g e   i n   f u t u r e   A i r b u s   a i r c r a f t  are 
d iscussed .   In   par t icu lar ,   t echnica l   compar isons  
and   t r adeof f s   i n  terms of f u e l  economy are con- 
s ide red   fo r  a hypothe t ica l  medium-range p r o j e c t  
a i r c r a f t  of the  1980's.  Improvements i n   f u e l   u s e d  
per  passenger a t  1,000 n.m. range  over two succes- 
sive per iods  of 20 years   are   es t imated.  A break- 
down of t he   ob jec t ives ,  time-scales, and costs   of  
v a r i o u s   p a r t s  of t he   cu r ren t  NASA Ai rc ra f t  mergy 
Eff ic iency  Program is a lso   g iven .   This   fea tures  
such  improvement as   propuls ion/aerodynamic  inte-  
gra t ion   wingle t s ,   the   use  of advanced composite 
materials, drag  c leanup,   s t ructural-duct   integra-  
t i o n ,  minimum suction-natural   laminar  f low,  reduc- 
t i o n  of  engine  performance losses, and a c t i v e  con- 
t r o l s   f o r   l o a d   a l l e v i a t i o n .  

223. *Demetriades, A.: Roughness Ef fec t s  on 
Boundary-Layer T r a n s i t i o n   i n  a Nozzle  Throat. 
AIAA Journal,   vol  19,  no. 3, March 1981, 
pp.  282-289. 

AIAA-81-4057  A81-2551 l# 

A boundary- layer   t rans i t ion   s tudy  w a s  c a r r i e d  
ou t   i n   t he   t h roa t   r eg ion  of t h e  DeLaval nozzle of 
a supersonic wind tunne l .  The s tudy  was motivated 
equal ly  by the   need   t o   f i nd   t h re sho lds   fo r   l amina r  
boundary-layer  f low  in  the  tunnel  walls when 
roughness is p resen t  and by t h e   d e s i r e   t o   s i m u l a t e  
t r a n s i t i o n  on roughened  blunt   bodies   in   supersonic  
and  hypersonic  flow.  Detailed  inviscid  and  vis- 
cous  flow  measurements w e r e  done  from the  low sub- 
s o n i c   t o   t h e   s u p e r s o n i c   r e g i o n s  of the  nozzle  
t h r o a t .  The roughness was caused by a t t a c h i n g  
d is t r ibu ted   roughness   over lays  on the  nozzle  sur- 
face .   Trans i t ion ,   de tec ted  by hot - f i lm ane- 
mometers, was found t o  move upstream as the  f low 
Reynolds number and/or  the  roughness  height 
i nc reased .   Cas t   i n   t he   coo rd ina te s  of some of t h e  
empir ica l   b lunt -body  t rans i t ion   cor re la t ions   cur -  
r e n t l y   i n   u s e ,   t h e   p r e s e n t   t r a n s i t i o n   d a t a   a g r e e  
with  the  avai lable   blunt-body  data  when t h e  non- 
dimensional  roughness  exceeds  unity  and  support  
the  concept of a constant  roughness  Reynolds nun- 
b e r   f o r   t r a n s i t i o n   i n   t h a t  regime. A t  the lower 
roughness   he ights ,   the   resu l t s  show t h a t   t h e   t r a n -  
s i t i o n   B y n o l d s  number depa r t s  from the aforemen- 
t i oned   co r re l a t ions  and  approaches a l imi t   insen-  
s i t i v e  t o  roughness   bu t   charac te r i s t ic   o f   the  
exper imenta l   fac i l i ty .  

*Montana S t a t e  Univ., Bozeman, Mont. 
Contract F04701-77-C-0113 

224. *Jenkins,  M. W. M.: In-Flight  Research - 
A t  Low Cost.  Lockheed  Horizons,  Spring  1981, 
pp. 32-39. 

A81-29208 

An overview is presented  of a f l i g h t  t es t  
program i n  which a  manned, je t -powered  sai lplane 
has  been  used in   conjunct ion  with  several   remotely 
control led  0 .3-scale   research  vehicles   for  
advanced  aerodynamics  technology  research. Among 
the  concerns of t h e  program  have  been t h e   e f f e c t s  
of  wing  spanwise  blowing,  laminar  flow  control  by 
s lo t - suc t ion  methods,   leading-edge  insect   s t r ikes ,  
vo r t ex   d i f fuse r s ,   a i r f r ame   no i se ,  command augmen- 
t a t i o n ,  and f i b e r - o p t i c   f l i g h t   c o n t r o l s .  A 
desc r ip t ion  is a lso   g iven  of t h e   f u l l y   i n t e g r a t e d  
ground  moni tor ing   fac i l i t i es  a t  which test a i r -  
c r a f t   t e l e m e t r y  is gathered,  reduced,  and 
analyzed. 

*Lockheed-Georgia Co., Marie t ta ,  Ga. 

225.  *Holmes, Bruce J.; and *Croom, Cynthia C.: 
Aerodynamic  Design  Data f o r  a Cruise-Matched High 
Performance  Single  mgine  Airplane.   Presented a t  
the  Business  Aircraft   Meeting  and  Exposit ion,  
Wichita,  Kansas,  April 7-10, 1981, 12 pp. 

SAE-8 1- 0625 A8 1-42779 

Des ign   da ta   a re   p resented   for  a c l a s s  of 
high-performance  single-engine  business air- 
p lanes .  The design  object ives   include a c r u i s e  
speed of 300 knots,  a c r u i s e   a l t i t u d e  of  10,700 m 
(35,000 f t ) ,  a cruise   payload  of   s ix   passengers  
( inc lud ing  crew  and  baggage),  and a nc-reserves 
c ru ise   range  of 1300 n.mi. Two unconventional 
aerodynamic  techologies were evaluated:   the   indi-  
v idua l  and  combined e f f e c t s  of  cruise-matched wing 
loading and  of a na tu ra l   l amina r   f l ow  a i r fo i l  were 
analyzed. The t r a d e o f f   d a t a   p r e s e n t e d   i l l u s t r a t e  
the  ranges of wing geometr ies ,   propuls ion  require-  
ments,   airplane  weights,  and  aerodynamic  charac- 
teristics which a re   necessary  to meet the  design 
ob jec t ives .  Very large  design  and  performance 
improvements r e s u l t e d  from  use  of  the  aerodynamic 
technologies   evaluated.  It is shown t h a t   t h e  
p o t e n t i a l   e x i s t s   f o r   a c h i e v i n g  more than 200- 
pe rcen t   g rea t e r   fue l   e f f i c i ency   t han  is achieved 
by cur ren t   a i rp lanes   capable  of s i m i l a r   c r u i s e  
speeds,  payloads,  and  ranges. 

*NASA, Langley  Research  Center, Hampton, Va .  

226. *Papenfuss, H.-D.; and  *Niehuis, R.: 
Grenzschich tef fek te  2. Ordnung he i   de r  
kompressiblen  Stromung  mit  starkem  Absaugen. 
__.. (Boundary-Layer Ef fec t s  of t h e  Second  Order 
i n  a Compressible Flow with Hard Suction. 
Deutsche  Gesel lschaft  f k  Luft- und Raumfahrt, 
Jahres tagung,   hchen ,  West Germany, May 11-14, 
1981, 19 pp. Paper 81-018. ( I n  German.) 

A81-47571# 
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An approach   involv ing   suc t ion  from the w a l l  
can be used t o  reduce  drag. The effects of s u e  
t i o n  are r e l a t e d  t o  a displacement  of the separa- 
t i on   po in t   and   t he   l amina r i za t ion  of the  boundary 
layer .  Up t o  now, this approach  has  been  rarely 
u s e d   i n  practical appl icat ions  because  of   techni-  
cal  d i f f i c u l t i e s .  The cons ide red   i nves t iga t ion  is 
concerned  with  hard  suction. I n  increas ing   suc-  
t i o n   i n t e n s i t y ,  the l i m i t s  o f   t h e   v a l i d i t y   o f   t h e  
Prandtl   boundary  layer  concept are approached. 
P a r t i c u l a r   a t t e n t i o n  is given t o  second-order 
boundary- layer   e f fec ts ,   t ak ing   in to   account   the  
e f f e c t s  of displacement,   longitudinal  and  trans- 
versal curva ture ,   and   ex terna l   ro ta t ion .  The 
laminar  flow  around  planar  and  axisymmetrical 
bodies  is s tud ied ,   t ak ing   i n to   accoun t  compres- 
s ible   f luids .   Second-order   boundary-layer   theory 
p r o v i d e s   t h e   r e s u l t   t h a t   c u r v a t u r e   a n d   r o t a t i o n  
e f f e c t s   d i s a p p e a r   f o r   t h e   l i m i t i n g  case of  hard 
suc t ion .  Only the  displacement   effect   remains.  
It i s  p o i n t e d   o u t   t h a t   s o l e l y   t h e   q u a n t i t i e s   o f  
f r ic t ionless   displacement   f low are needed  for  
c a l c u l a t i n g   t h e  w a l l  g rad ien ts  of  second-order 
boundary-layer  flow. 

'Bochum, Ruhr-Universitat, Bochum, West Germany 

227. *Creel, Theodore R., Jr.; and  *Beckwith, 
Ivan E. ( i n v e n t o r s ) :  A Rectangular Rod-Wall Sound 
Shie ld ,   Pa ten t   Appl ica t ion .   F i led  May 28,  1981, 
12 pp. NASA-Case-LAR-12883-1,  U.S. Pa ten t  
Application-SN-267935. 

N81-29138# 

A test s e c t i o n   f o r  a supersonic  or hypersonic  
wind  tunnel is descr ibed.  The s e c t i o n  is s h i e l d e d  
from the   no ise   normal ly   rad ia ted  by t h e   t u r b u l e n t  
t u n n e l  w a l l  boundary  layer. A vacuum plenum 
surrounds  spaced  rod  elements  making  up  the test  
chamber. Some of t h e  boundary l a y e r  formed  along 
the  rod  elements  during a test is thereby  
e x t r a c t e d  t o  delay  the  tendency  of   the  rod bound- 
ary l a y e r s  t o  become turbulen t .  Novel rod 
construct ion  involves   bending.  Each rod is bent  
p r i o r  t o  machining,  providing a f l a t  segment  on 
each   rod   fo r   connec t ion   w i th   t he   f l a t   en t r ance  
f a i r i n g .  Rods and f a i r i n g   a r e   s e c u r e d  t o  provide 
a test  chamber i n c l i n e  on the   o rder   o f  1 deg  out- 
ward from t h e   n o i s e   s h i e l d   c e n t e r l i n e   t o   p r o d u c e  
up t o  a 65% reduct ion  of t h e  root-mean-square 
( r m s )  p ressure   over   p rev ious ly  employed  wind  tun- 
n e l  test s e c t i o n s  a t  equivalent  Reynolds  numbers. 

*NASA, Langley  Research  Center, Hampton, Va.  

228.  *Reshotko, E.; and  *Leventhal, L.: prel imi-  
nary  Experimental  Study  of  Disturbances i n  a 
Laminar  Boundary-Layer Due to   D i s t r ibu ted   Su r face  
Roughness. A I A A  14th  Fluid-  and  Plasma Dynamics 
Conference,  Palo Alto, Calif . ,   June 23-25, 1981, 

.. .. "" 

12 PP. 

AIAA-8 1- 1224 

Mean flow  and  disturbance  measurements  have 
been made on a f l a t  p l a t e  model i n   t h e  CWRU low 

speed  wind  tunnel  using  hot-wire anemometry. 
Tes ts  were conducted  on the smooth plate and  with 
t w o  sandpaper  coverings,   one  with Rek = 15  and 
a coarser sandpaper  with Rek = 150. The  mean 
f l o w  measurements   ind ica ted   Blas ius   p rof i les  for 
t h e  smooth plate and   wi th   the   f iner   sandpaper .  
With t h e  coarser sandpaper, the profile w a s  best 
approximated by a B l a s i u s  profile a t  t h e   e a r l y  
s ta t ions   bu t   then   progressed   toward  a t u r b u l e n t  
p r o f i l e .  The finer  sandpaper  had  only  very  minor 
e f f e c t s   o n  the d i s t u r b a n c e  profiles. For the 
coarser sandpaper ,   the   departure  of t h e  mean pro- 
f i l e s  f r o m  Blas ius   could  be i d e n t i f i e d  w i t h  dis- 
turbance  ampli tudes  about  10% of   the  mean values .  
A s tudy  of   dis turbance spectra f o r   t h i s   c a s e  shows 
l a rges t   ampl i tudes   and   ampl i f i ca t ions  a t  frequen- 
cies w e l l  below the   B las ius   neu t r a l   cu rve .  

*Case Western Reserve Univ.,  Cleveland,  Ohio 
Work supported by AFOSR. 

229.  *Harvey. W. D.; and  'Bobbitt, P. J.: Some 
Anomalies Between Wind Tunnel  and Fl ight   Transi-  
t ion   Resul t s .   Paper   p resented  a t  AIAA 14th  Fluid 
and  Plasma Dynamics Conference,  Palo Alto, Cal i f . ,  
June 23-25, 1981,  18 pp. 

- 

AIAA-81-1225 A 8  1-38089# 

A review  of   environmental   d is turbance  inf lu-  
ence  and  boundary  layer  transit ion  measurements on 
a large co l l ec t ion   o f   r e f e rence   sha rp   cone  tests 
i n  wind tunnels   and   of   recent   t ransonic-supersonic  
cone   f l igh t   resu l t s   have   p rev ious ly   demonst ra ted  
t h e  dominance  of  free-stream  disturbance  level on 
t h e   t r a n s i t i o n  process from  the  beginning to  end. 
Var ia t ion   o f   the  r a t io  o f   t r a n s i t i o n  Reynolds 
number a t  onset-to-end  with Mach number has  been 
shown t o  be c o n s i s t e n t l y   d i f f e r e n t  between f l i g h t  
and wind tunne l s .   P rev ious   co r re l a t ions   o f   t he  
end   o f   t r ans i t i on   w i th   d i s tu rbance   l eve l   g ive  good 
r e s u l t s   f o r   f l i g h t   a n d   l a r g e  number of   tunnels ;  
however ,   anomalies   occur   for   s imilar   correlat ion 
based on t r ans i t i on   onse t .   P re sen t   cone   r e su l t s  
wi th  a tunnel   sonic   th roa t   reduced   the   d i s turbance  
l e v e l  by an order   of   magni tude  with  t ransi t ion 
values  comparable t o  f l i g h t .  

*NASA, Langley  Research  Center, Hampton, Va.  

230.  *Malik, M. R.: and  **Orszag, S. A.: Ef f i -  
c ient   Computat ion  of   the  Stabi l i ty   of   Three-  
Dimensional Compressible Boundary Layers . 'AIAA 
14th  Fluid  and  Plasma Dynamics Conference,  Palo 
A l t o ,  Calif . ,   June 23-25, 1981, 14 pp. 

. . . . - " 

A I A A - 8  1- 1277 A81-38113# 

Methods fo r   t he   compute r   ana lys i s   o f   t he  sta- 
b i l i t y  of  three-dimensional  compressible  boundary 
l a y e r s  are d iscussed   and   the   user -or ien ted  Com- 
p r e s s i b l e   S t a b i l i t y   A n a l y s i s  (COSAL) computer 
code is descr ibed.  The COS= code  uses a matr ix  
f i n i t e - d i f f e r e n c e  method for local eigenvalue 
s o l u t i o n  when a good guess   fo r   t he   e igenva lue  is 
a v a i l a b l e  and is s i g n i f i c a n t l y  more computation- 
a l l y   e f f i c i e n t   t h a n   t h e  commonly u s e d   i n i t i a l -  
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h -" value  approach. The local   e igenvalue  search pro- 

i- 
_ .  c e d u r e   a l s o   r e s u l t s   i n   e i g e n f u n c t i o n s   a n d ,   a t  

l i t t l e  e x t r a  work,  group v e l o c i t i e s .  A g loba l ly  
convergent  eigenvalue  procedure is a lso   deve loped  
which may be used when no guess   for   the   e igenvalue  
is ava i l ab le .  The global  problem is fo rmula t ed   i n  
such a way t h a t  no uns tab le   spur ious  rmdes  appear 
so t h a t   t h e  method is s u i t a b l e   f o r   u s e   i n  a black- 
box s t a b i l i t y  code. Sample s t a b i l i t y   c a l c u l a t i o n s  
are presented   for   the   boundary   l ayer   p rof i les   o f  
an LFC swept wing. 

*Systems  and  Applied  Sciences  Corp., Hampton, Va. 
**Mass. I n s t i t u t e  of  Technology,  Cambridge, Mass. 
Cont rac ts  NAS1-15604;  NAS1-15894; and NASI-16237 

231. *El-Hady, N. M.; and *Verma, A. K.: Growth 
of Goertler Vort ices   in   Compressible  Boundary 
Layers  Along  Curved  Surfaces.  Paper  presented a t  
AIAA 14th  Fluid  and  Plasma Dynamics Conference, 
Palo  Alto,   Calif . ,   June 23-25, 1981, 15 pp. 

AI&-8 1- 1278 

The i n s t a b i l i t y  of the  laminar  compressible 
boundary layer   f lows  a long  concave  surfaces  is 
inves t iga t ed .  The l i nea r i zed   d i s tu rbance  equa- 
t ions   for   the   th ree-d imens iona l ,   counter - ro ta t ing ,  
longi tudinal   type  vort ices   in   two-dimensional  
boundary l a y e r s  are presented   in   an   o r thogonal  
curv i l inear   sys tem of coord ina tes .  The basic 
approximation of t he   d i s tu rbance   equa t ions ,   t ha t  
i n c l u d e s   t h e   e f f e c t  of t h e  growth of t h e  boundary 
l aye r ,  is considered  and  solved  numerically. The 
e f f e c t  of compress ib i l i t y  on the c r i t i c a l   s t a b i l -  
i t y   l i m i t ,  growth rates, and  amplitude  ratios  of 
t h e   v o r t i c e s  is evaluated  for   a   range of Mach 
numbers from 0 t o  5. 

Grant NSG- 1645 
*Old Dominion Universi ty ,   Norfolk,  Va. 

232.  *Reed, H. L.; and  *Nayfeh, A. H.: S t a b i l i t y  
of Flow  Over Plates   with  Porous  Suct ion  Str ips .  
Paper  presented a t  AIAA 14th  Fluid  and  Plasma 
Dynamics Conference a t  Palo  Alto,   Calif . ,   June 23- 
25,  1981,  15 pp. 

AIAA-8 1- 1280 A81-40049# 

Th i s   pape r   add res ses   t he   s t ab i l i t y  of two- 
dimensional,  incompressible  boundary-layer  flow 
over   plates   with  suct ion  through  porous strips. 
The mean flow is ca lcu la t ed   u s ing   l i nea r i zed  
t r iple-deck,   c losed-form  solut ions.  The s t a b i l i t y  
r e s u l t s  of   the  t r iple-deck  theory are shown to  be 
i n  good agreement   wi th   those   o f   the   in te rac t ing  
boundary  layers .   %en  different   configurat ions of 
number, spacing,  and mass flow rate through  such 
porous  s t r ips   are   analyzed  and compared with non- 
s i m i l a r   u n i f o r m - s u c t i o n   s t a b i l i t y   r e s u l t s  from t h e  
point   of   view  of   appl icabi l i ty   to   laminar   f low 
cont ro l .  

*Virginia   Polytechnic   Inst i tute   and State Univer- 
s i ty ,   Blacksburg,  Va. 
Grant NSG- 1255 

233. * P a a y e ,  A. R.; and  *Nayfeh, A. H.: Nonpar- 
a l l e l   S t a b i l i t y  of  Three-Dimensional  Flows. A I M  
14th  Fluid  and  Plasma Dynamics Conference,  Palo 
A l t o ,  Ca l i f . ,  -ne 23-25, 1981, 12 pp. 

AIAA-8 1- 128 1 A81-39017X 

The l i n e a r   s t a b i l i t y  of  three-dimensional 
incompressible ,   i sothermal ,   nonparal le l   boundary-  
layer  f lows  has  been  investigated.  The method of 
mul t ip le  scales is u s e d   t o   d e r i v e   t h e   p a r t i a l -  
d i f f e r e n t i a l   e q u a t i o n s   t h a t   d e s c r i b e   t h e   s p a t i a l  
modulations  of  the  amplitude,  phase  and wavenumber 
of  a  disturbance. Group v e l o c i t i e s   a r e   u s e d   t o  
determine  the  dis turbance growth d i rec t ion .  The 
envelope method is used t o   c a l c u l a t e   t h e  loga- 
rithmic amplitude  growth  rate N. The theory is 
appl ied   to   the   f lows   over  a swept-back  tapered 
wing  with  boundary-layer  suction.  Results  of  such 
a n a l y s i s   f o r   t h e  X-21 wing are discussed. It is 
found t h a t   t h e   n o n p a r a l l e l   e f f e c t s   f o r   t h i s  wing 
a r e   s u b s t a n t i a l .  

*Vi rg in i a   Po ly techn ic   In s t i t u t e  and S t a t e  Univ., 
Blacksburg, Va. 

234. *Somers, Dan M.: Design  and  Experimental 
Resu l t s   fo r  a Natural-Laminar-Flow A i r f o i l   f o r  
General  Aviation  Applications. NASA Tp- 1861, 
June  1981, 104 pp. 

N81-24022# 

A na tura l - laminar - f low  a i r fo i l   fo r   genera l  
av ia t ion   app l i ca t ions ,   t he  NLF(1)-0416, was 
designed  and  analyzed  theoret ical ly  and v e r i f i e d  
experimentally  in  the  Langley Low-Turbulence  Pres- 
sure  Tunnel. The bas i c   ob jec t ive  of  combining t h e  
high maximum l i f t  of t h e  NASA low-speed a i r f o i l s  
with  the low cru i se   d rag  of t h e  NACA 6 - se r i e s   a i r -  
f o i l s  was achieved. The safe ty   requi rement   tha t  
t he  maximum l i f t   c o e f f i c i e n t   n o t  be s i g n i f i c a n t l y  
a f f ec t ed   w i th   t r ans i t i on   f i xed   nea r   t he   l ead ing  
edge was a l s o  met.  Comparisons of t h e   t h e o r e t i c a l  
and  experimental   resul ts  show excellent  agreement. 
Comparisons  with  other   a i r foi ls ,   both  laminar   f low 
and  turbulent  flow,  confirm  the  achievement  of  the 
bas i c   ob jec t ive .  

*NASA, Langley  Research  Center, Hampton, Va. 

235. *Somers, Dan M.: Design  and  Experimental 
Results  for  a  Flapped  Natural-Laminar-Flow  Airfoil 
for  General   Aviation  Applications.  NASA TP-1865, 
June  1981, 122 pp. 

This   repor t  is FEDD (For Early Domestic Dissemina- 
t i on ) .   Ava i l ab le  from NASA I n d u s t r i a l  Applica- 
t i ons   Cen te r s   on ly   t o  U.S .  Requestors. 

A f lapped   na tura l - laminar - f low  a i r fo i l   fo r  
g e n e r a l   a v i a t i o n   a p p l i c a t i o n s ,   t h e  NLF(1)-0215F, 
has  been  designed  and  analyzed  theoretically  and 
ver i f ied   exper imenta l ly   in   the   Langley  Low- 
Turbulence  Pressure  Tunnel. The b a s i c   o b j e c t i v e  
of  combining  the  high maximum l i f t  of t h e  NASA 
l o r s p e e d   a i r f o i l s   w i t h   t h e  low cruise   drag  of  
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t h e  NACA 6-ser ies   a i r fo i l s   has   been   ach ieved .  The 
safe ty   requi rement   tha t   the  maximum l i f t  coe f   f i -  
c i e n t   n o t  be s i g n i f i c a n t l y   a f f e c t e d   w i t h   t r a n s i -  
t ion   f ixed   near   the   l ead ing   edge   has   a l so   been  
m e t .  Comparisons of t h e   t h e o r e t i c a l  and experi- 
men ta l   r e su l t s  show gene ra l ly  good agreement. 

*NASA, Langley  Research  Center, Hampton, Va. 

236. * P i a t t ,  M.: A n  Experimental   Invest igat ion 
of a Large  Delta P S e t t l i n g  Chamber f o r  a 
Supersonic   Pi lot  pliet !Tunnel. F ina l  Rept. No. 
R-SAG03/81-03, NASA CR-3436, June  1981, 81 pp. 

N81-24112# 

The  mean s t reamwise   f low  d is t r ibu t ions   and  
tu rhu lence   l eve l s   ac ross   t he  chamber were measured 
with a hot  wire anemometer  downstream  of a series 
of  porous  Rigimesh p l a t e s  which were shown t o  be 
an   e f fec t ive  means of  reducing  the chamber  acous- 
t i c  d i s tu rbance   l eve l s  due to   ups t r eam  p ipe  and 
valve  systems. Tests made with  var ious  types  of  
f low  conditioners  downstream  of  the  porous  plates 
showed t h a t  a series of sc reens  w a s  t h e  most 
e f f e c t i v e  means of ach iev ing   t he   ob jec t ive  of a 
uniform mean flow dis t r ibut ion  with  reduced  vor-  
t i c i t y   l e v e l s  downstream  of the  porous  components. 
Frequency spec t ra   ob ta ined   across   the  series of 
sc reens  shows tha t   t hey   r educe   vo r t i c i ty   ove r  a 
wide   f requency   range   for   severa l   d i f fe ren t   in i t ia l  
ups t r eam  vo r t i c i ty   cond i t ions .  Improvements i n  
the   mechan ica l   i n s t a l l a t ion  of t he   po rous   p l a t e s  
and  damping  screens  and  the  use  of  porous  plates 
with more uniform  porosity  should  reduce  the  free- 
s t r eam  ve loc i ty   f l uc tua t ions  to  t h e  minimum acous- 
t i c  levels   of   about  0 . 5  percent .  

*Systems  and  Applied  Sciences  Corp., Hampton, Va. 
Contract NASl-16096 

237. *McKinney, Marion 0.; and  *Scheiman, James: 
Evaluation of  Turbulence  Reduction  Devices  for  the 
Langley  8-Foot  Transonic  Pressure  Tunnel. NASA 
lT4-81792, June  1981, 30 pp. 

N81-24114# 

Model tests were made of devices   for   reducing 
turbulence   in   the   Langley  8-Foot Transonic Pres- 
sure   Tunnel   to   permi t   l aminar   f low  a i r fo i l  tests. 
The test model consis ted  of  a cooler ,   tu rn ing  
vanes ,   and   se t t l ing  chamber  (immediately  upstream 
o f   t he   con t r ac t ion )   i n  which various  combinations 
of screens  and honeycomb were t e s t e d .  Conven- 
t i o n a l   h o t  wires were u s e d   t o  measure t h e   a x i a l  
and l a t e r a l   t u r b u l e n c e   r e d u c t i o n   f o r   t h e   d i f f e r e n t  
turbulence  reduct ion  devices .  The f ina l   con f igu -  
ration  chosen  consisted  of a honeycomb followed by 
f i v e   s c r e e n s .   R e s u l t s   a r e   p r e s e n t e d   h e r e i n   t o  
document t h i s   s e l e c t i o n .  

*NASA, Langley  Research  Center, Hampton, Va. 

238.  *Nayfeh, A. H.: Effec t   o f  S t r e a m w i s e  Vorti- 
ces on Tollmien-Schlichting Waves. Journal of 
Fluid  Mechanics,  vol.  107, June 1981, pp.  441-453. 

A81-39764# 

The method  of mu l t ip l e  scales is used t o  
determine a f i r s t -order   un i form  expans ion   for   the  
e f f e c t  of counter-rotat ing  s teady  s t reamwise  vor-  
t ices i n  growing  boundary  layers  on  oblique 
Tollmien-Schlichting waves. The r e s u l t s  show t h a t  
such  vortices  have a s t rong  tendency  to   amplify 
obl ique  Tol lmien-Schl icht ing waves having a span- 
w i s e  wavelength  that  is twice  the  wavelength of 
t h e   v o r t i c e s .  An a n a l y t i c a l   e x p r e s s i o n  is der ived  
f o r   t h e  growth r a t e s  of t h e s e  waves.  These expo- 
n e n t i a l  growth r a t e s   i n c r e a s e   l i n e a r l y   w i t h  
increasing  amplitudes  of  the  vortices.   Numerical 
r e s u l t s   a r e   p r e s e n t e d .  They s u g g e s t   t h a t   t h i s  
mechanism may dominate t h e   i n s t a b i l i t y .  

* V i r g i n i a   P o l y t e c h n i c   I n s t i t u t e  and S t a t e  Univ., 
Blacksburg, Va.  
Grant NSG 1255 
Also Navy supported. 

239.  *Pfenninger, W.: Program  of  Research i n  
Laminar Flow Con t ro l   i n   t he  JIAFS a t  NASA Langley 
Research  Center.   Status  Report ,  1 Jan. - 30 June 
1981. NASA CR-164843, J u l y  30, 1981, 15 pp. 

N81-32121# 

A t  high  length  Reynolds  numbers,   the  perfor- 
mance of a low d rag   suc t ion  LFC a i r p l a n e  is essen- 
t i a l l y   c o n t r o l l e d  by the  induced  drag  and  the  tur-  
b u l e n c e   f r i c t i o n   d r a g  of the  nonlaminarized  area.  
The ques t ion   t hen   a r i s e s  as to  how t h e   a i r p l a n e  

c r u i s e   l i f t   t o   d r a g   r a t i o  inc reases  

with  increasing  extent   of   laminar   f low 
Olam,/Ototal (0 = a i rp l ane   we t t ed   a r ea ) .   I n  
p a r t i c u l a r ,   t h e   q u e s t i o n   a r i s e s   a s   t o   t h e   a i r -  
plane  performance  in   the optimum case  with a l l  
laminar   f low  over   the  a i rplane  wet ted  area.  
Design  approaches  of a l l  laminar  flaw LFC 
a i r p l a n e s  which opt imize  the  a i rplane  range 

(')cruise 

R = qov (r;) H ln(Wo/WE) are   considered.  

*George  Washington  Univ., Wash., D.C. 
Grant N s G  1585 

240. *Mangiarotty, R. A.: E f f ec t  of  Engine  Noise 
on Ai rc ra f t  Wing Laminar  Boundary-Layer S t a b i l i t y .  
Journa l  of the  Acoustical  Society  of  America, 
vol.  70, no. 1, Ju ly  1981,  pp.  98-109. 

A81-41255 

High- in tens i ty   acous t ica l   d i s turbances   can  
c a u s e   t r a n s i t i o n  of control led  laminar   f low.  An 
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a-r i n v e s t i g a t i o n  w a s  made t o  determine  whether 
p ropu l s ion   eng ines   i n s t a l l ed  on a n   a i r c r a f t  
would  cause  excessive  t ransi t ion  of   laminar  
turbulent   f low.  A method was developed  for  

F' 

main 
wing 
t o  
ana- 

lyz ing   the   in f luence   o f   no ise  on t h e   s t a b i l i t y  of 
a control led  laminar   boundary  layer ,   based upon 
the  Tol lmien-Schl icht ing  t ravel ing wave s o l u t i o n  
of   the  Orr-Sommerfeld equation  and some wind  tun- 
nel   experimental   data .  It is concluded  that  wing- 
mounted,  high-bypass-ratio  engines  with  sufficient 
acous t ic   t rea tment   for   cont ro l l ing   tu rbomachinery  
noise  would not   cause  excessive loss of  wing  lami- 
nar   f low.   Addit ional   analyt ical   and  experimental  
work is needed,  however, t o  improve the  accuracy 
o f   eng ine   nea r f i e ld   no i se   p red ic t ion ,  and the  need 
to  improve the  proposed model t o  accoun t   fo r   t he  
a c o u s t i c   t r a n s f e r   f u n c t i o n  for p r e d i c t i n g  
t r a n s i t i o n .  

*The m e i n g  Commercial Airplane Co., S e a t t l e ,  
Wash. 

241. *Scheiman,  James;  and  *Brooks, J. D.: 
par ison of  Experimental ~ and Theoretical Turbulence 
". Reduction  from  Screens, Honeycomb, .. and Honeycomb- 
Screen  Combinations.  Journal  of  Aircraft, 
vol .  18, no. 8, Aug. 1981,  pp. 638-643. 

A 1/2-scale model of a po r t ion   o f   t he  NASA 
Langley  8-Ft.  Transonic  Pressure  Tunnel was used 
t o  conduct some turbulence   reduct ion   research .  
The exper imenta l   resu l t s  are co r re l a t ed   w i th   va r i -  
ous  theories .   Screens  a lone  reduce  axial   turbu-  
lence more than la te ra l  turbulence,   whereas honey- 
comb alone  reduces la teral  turbulence  mre than 
ax ia l   tu rbulence .   Because   o f   th i s   d i f fe rence ,  
t he   phys i ca l  mechanism for   decreas ing   tu rbulence  
for  screens  and honeycomb must be completely  dif-  
f e r e n t .  Honeycomb with a downstream  screen is an 
exce l len t   combina t ion   for   reducing   tu rbulence .  

*NASA, Langley  Research  Center, Hampton, Va. 
(Note: See c i t a t i o n  #265, NASA TP1958 ,   fo r  a 
longer  and more complete   form  of   this  art icle.)  

242. *%gab, S. A.; and  *Nayfeh, A. H.: Ggrtler 
Instabi l i ty .   Physics   of   Fluids ,   vol .  24, no. 8, 
Aug. 1981,pp. 1405-1417. 

A81-44527 

Gb'rtler in s t ab i l i t y   fo r   boundary - l aye r   f l ows  
over   general ly   curved walls is considered. The 
fu l l   l i nea r i zed   d i s tu rbance   equa t ions  are obta ined  
i n  an  or thogonal   curvi l inear   coordinate   system. A 
per turbat ion  procedure t o  account   for   second-order  
e f f e c t s  is used t o  de te rmine   t he   e f f ec t s   o f  the 
d isp lacement   th ickness   and   the   var ia t ion   o f   the  
s t reaml ine   curva ture  on t h e   n e u t r a l   s t a b i l i t y  of 
the   B las ius  f l o w .  The p r e s s u r e   g r a d i e n t   i n   t h e  
mean flow is accounted  for  by s o l v i n g   t h e  non- 
similar  boundary-layer  equations.  Growth rates 

are o b t a i n e d   f o r   t h e   a c t u a l  meanflow  and  compared 
w i t h  t hose   fo r   t he   B las ius   f l ow and the  Falkner- 
Skan  flows. The re su l t s   demons t r a t e   t he   s t rong  
inf luence   o f   the   p ressure   g rad ien t   and   the  
n o n s i m i l a r i t y  of t h e  basic flow on t h e   s t a b i l i t y  
c h a r a c t e r i s t i c s .  

*Vi rg in i a   Po ly techn ic   In s t i t u t e  and S t a t e  Univer- 
s i ty ,   Blacksburg ,  Va.  
NsD1255, N a v y  supported  research. 

243. *Scheiman, James: Cons ide ra t ions   fo r   t he  
I n s t a l l a t i o n   o f  Honeycomb and   Sc reens   t o  Reduce 
Wind-Tunnel Turbulence. NASA "4-81868, Aug. 1981, 
". ~- ~ """ ~~ 

53 PP. 

N81-29137# 

T e s t s  were conducted on a half-scale  model 
r e p r e s e n t i n g  a 0.914-111 (3.0-f t . )   square stream 
tube of the   f low  through  the   four th   corner   and  
s e t t l i n g  chamber of the  Langley  8-Foot  Transonic 
Pressure  Tunnel.  The model inc luded   the   f inned-  
tube  cooler, 45O turning  vanes,   and  the  turbu-  
lence  reduction  screens  and honeycomb, which were 
t h e   s u b j e c t   o f   t h e  tests. H o t - w i r e  measurements 
of   the   tu rbulence   reduct ion   for   var ious  combina- 
t i o n s  of screens  and honeycomb were made a t  var i -  
ous  duct  speeds. Of t h e   f o u r   s i z e s  of honeycomb 
ce l l s  t e s t e d ,  none were found t o  have a supe- 
rior performance  advantage. The e f fec t iveness   o f  
s c r e e n s  and honeycomb in reducing  turbulence is 
g r e a t l y   a f f e c t e d  by r e l a t i v e l y  minor p h y s i c a l  
damage; therefore ,  extreme care must be  exercised 
i n   i n s t a l l i n g  and  maintaining honeycomb or screens  
i f   the   tu rbulence   reduct ion   per formance  is to  be 
maintained. 

*NASA, Langley  Research  Center, Hampton, va. 

244. *Campbell,  Richard L . :  Computer Analysis  of 
Flow Perturbations  Generated-6;  Placement  of Choke 
Bumps i n  a Wind Tunnel. NASA TP-1892, Aug. 1981, 
42  PP. 

N81-30088# 

An i nv i sc id   ana ly t i ca l   s tudy   has   been  con- 
ducted t o  determine  the  upstream  flow  perturba- 
t ions   caused  by placing  choke bumps i n  a wind 
tunnel .  A computer  program  based on t h e  stream- 
tube curva ture  method w a s  used t o  c a l c u l a t e   t h e  
r e s u l t i n g   f l o w   f i e l d s   f o r  a nominal  free-stream 
Mach number range  of 0.6 t o  0.9. The choke bump 
geometry w a s  a lso v a r i e d  t o  i n v e s t i g a t e   t h e   e f f e c t  
of bump shape on the   dis turbance  produced.  
Resu l t s   f rom  the   s tudy   i nd ica t e   t ha t  a region  of 
s i g n i f i c a n t   v a r i a t i o n  from the  f ree-s t ream  condi-  
t ion   ex is t s   ups t ream  of  the t h r o a t  of t he   t unne l .  
"he e x t e n t  of the   d i s turbance   reg ion  w a s ,  as a 
rule ,   dependent  on Mach number and  the  geometry  of 
t h e  choke bump. In   genera l ,   the   ups t ream  d is tur -  
bance  dis tance  decreased  for   increasing  nominal  
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free-stream Mach number and for   decreas ing   length-  
to-height   ra t io   of   the  bump. A polynomial-curve 
choke bump usually  produced less of  a  disturbance 
than  did  a   c i rcular-arc  bump, and  going t o   a n   a x i -  
symmetric  configuration  (modeling  choke bumps on 
a l l  the   tunnel  walls) g e n e r a l l y   r e s u l t e d   i n   a  
lower dis turbance  than  with  the  corresponding two- 
dimensional  case. 

*NASA, Langley  Fesearch  Center, Hampton, Va. 

245.  *Montoya, L. C.; *Steers ,  L.  L.; 
'Christopher, D.; and 'T ru j i l l o ,  B.: F-11 1 TACT 
Natural  Laminar Flow Glove Fl ight   Resul ts .   Pre-  
sen ted  a t  the   5 th  Annual S ta tus  Review of t h e  NASA 
Ai rc ra f t   mergy   E f f i c i ency  (ACEE) Transport  
Program he ld  a t  Dryden Flight  Research  Center, 
Edwards, Cal i f . ,   Sept .  14-15, 1981. NASA -2208, 
Dec .  1981, pp.  11-20. 

N82-71010 

This   report  is FEDD (For  Early  Domestic  Dissemina- 
t i on ) .   Ava i l ab le  from NASA I n d u s t r i a l  Applica- 
t ions   Centers   on ly   to  U . S .  Requestors. 

The ob jec t ive  of the  experiment was t o  
eva lua te   the   ex ten t  of natural   laminar   f low  that  
could be achieved  with  consis tency  in   a   real  
f l i g h t  environment a t  chord  Reynolds numbers i n  
t h e  range  of 30 X lo6. The experiment  consisted 
of 19 f l igh ts   conducted  on t h e  F-111 TACT a i r p l a n e  
having  a NLF a i r f o i l   g l o v e   s e c t i o n .  The s e c t i o n  
cons i s t ed  of a s u p e r c r i t i c a l   a i r f o i l   p r o v i d i n g  
favorable   p ressure   g rad ien ts   over   ex tens ive   por -  
t i o n s  of the  upper  and  lower  surfaces of t h e  
wing.  Boundary-layer  measurements were obta ined  
over  a  range of  wing-leading-edge  sweep  angles 
a t  Mach numbers  from 0 -80 to  0.85. Data were 
o b t a i n e d   f o r   n a t u r a l   t r a n s i t i o n  and f o r  a range  of 
fo rced   t r ans i t i on   l oca t ions   ove r   t he  test a i r f o i l .  

*NASA, Dryden Flight  Research  Center,  Edwards, 
C a l i f .  

246. maddalon, Dal V., ( E d i t o r ) :  Laminar Flow 
Control - 1981 Research  and  Technology  Studies. 
NASA C P 2 2 1 8 ,  March 1982, 135 pp.  Proceedings 
of a Conference  held a t  Dryden Fl ight   Fesearch 
Center,  Edwards,  Calif. , Sept. 17-18,  1981. 

a p p l i c a t i o n  t o  commercial t r a n s p o r t   a i r c r a f t .  
E a r l i e r  work has shown t h a t  an LFC sys tem  grea t ly  
reduces   bo th   a i rc raf t   fue l   use   and   opera t ing  cost. 
Ongoing r e s e a r c h   s t u d i e s   d e s c r i b e d   i n   t h e s e   p a p e r s  
compliment the major s t r i d e s   b e i n g  made by indus- 
t ry   a i r f rame  manufacturers   (under  NASA sponsor- 
s h i p )   i n  LFC s t r u c t u r e s  and materials and i n   t h e  
demonstration  of  flight  systems.  Research  and 
technology  developments  discussed  herein  include , 
f o r  example,  fundamental  studies  of  improved  ana- 
l y t i ca l   t echn iques   i n   boundary - l aye r   s t ab i l i t y  
pred ic t ion   and  a g r e a t l y  expanded  experimental 
da t a  base cha rac t e r i zed  by de ta i l ed   t r anson ic  
wind-tunnel  measurements on s u p e r c r i t i c a l  
a i r f o i l s .  

*NASA, Langley  Fesearch  Center, Hampton, Va. 

247. Harvey, W. D.; and  Pr ide,  J. D., Jr.: The 
NASA Laminar Flow Cont ro l   Ai r fo i l  meriment. 
P re sen ted   a t  a Conference  held a t  Dryden F l i g h t  
Research  Center,  Sept. 17-  18 , 1981. Pages 1-42 i n  
Laminar Flow Control,  NASA CP-2218, March 1982. 

N82-20150# 

The design  and  construct ion of  an  advanced 
swept s u p e r c r i t i c a l   a i r f o i l   f o r  commercial a i r -  
c r a f t   t o  be t e s t e d   i n   a   t r a n s o n i c  wind tunnel  i s  
described. The swept LFC a i r f o i l  was designed  for  
a   g iven   th ickness   ra t io  and l i f t   c o e f f i c i e n t ,   w i t h  
emphasis   placed  on  high  cr i t ical  Mach number with 
shock-free  flow. It is compatible   with  sat isfac-  
t o r y  low speed   and   bu f fe t ing   cha rac t e r i s t i c s  and 
minimizing  the  suct ion  laminarizat ion.   Further  
emphasis was p laced  on achieving  shock-free  flow 
over a wide  range  of  off-design  conditions  includ- 
i n g   t r a i l i n g  edge f l a p   c o n t r o l .  The requirements 
and  design  of  the  suction  system and modi f ica t ions  
t o  the  Langley  8-Foot  Transonic  Pressure  Tunnel is 
br ie f ly   descr ibed .   Contour ing  of nonporous test  
s e c t i o n   w a l l s   f o r   f r e e  air  simulation and  flow 
q u a l i t y  improvements is included. 

248. *Applin,  Zachary T.: S t a tus  of NASA Advanced 
LFC Airfoi l   High-Lif t   Study.   Presented  a t   a  Con- 
f e r e n c e   h e l d   a t  Dryden Flight  Research  Center, 
Edwards, Cal i f . ,   Sept .  17-18,  1981. Pages 43-62 
i n  Laminar Flow Cont ro l ,  NASA CP-2218, March 1982. 

N82-20151# 
N82-20149 

This   Conference  hrbl icat ion  contains   papers  
presented  a t  the   Ora l   S ta tus  -view  of t h e  NASA 
Ai rc ra f t  Energy Eff ic iency  ( ACEE) Laminar Flow 
Control (LFC) Program h e l d   a t   t h e  Dryden F l igh t  
Research  Center i n  Edwards, Cal i fornia   on 
September 17- 18, 1981. Laminar  flow  control  tech- 
nology  has  undergone  tremendous  progress  in  recent 
y e a r s   a s   f o c u s e d   r e s e a r c h   e f f o r t s   i n   s t r u c t u r e s ,  
materials,  aerodynamics,  and  systems  have  begun t o  
pay  off.   This work,  conducted  under  the NASA Air- 
c r a f t  Energy Eff ic iency  Laminar Flow Control  Pro- 
gram, was begun i n  1976. The o b j e c t i v e  i s  t o  dem- 
o n s t r a t e   p r a c t i c a l ,   r e l i a b l e ,  LFC technology  for  

The design  of   a   high-l i f t   system  for   the NASA 
advanced LFC a i r f o i l   d e s i g n e d  by Pfenninger is 
described. The h igh - l i f t   sys t em  cons i s t s  of  both 
lead ing-   and   t ra i l ing-edge   f laps .  A 3-meter semi- 
span,  1-meter  chord  wing model using  the  above 
a i r f o i l  and h igh - l i f t   sys t em is under  construc- 
t i o n  and w i l l  be t e s t e d   i n   t h e  NASA Langley 
4- by 7-Meter Tunnel.  This m d e l  w i l l  have two 
separa te   fu l l - span   lead ing-edge   f laps   (0 .10~  and  
0 . 1 2 ~ )  and  one  ful l -span  t ra i l ing-edge  f lap 
( 0 . 2 5 ~ ) .  The performance  of   this   high-l i f t   sys-  
t e m  was p red ic t ed  by t h e  NASA two-dimensional 
viscous  multicomponent a i r f o i l  program.  This 
program was a l so   u sed  t o  p r e d i c t   t h e   c h a r a c t e r i s -  
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-@' Airc ra f t  Company and  Lockheed-Georgia A i r c r a f t  
t ics  of the LFC a i r fo i l8   deve loped  by t h e  Douglas 

Company. 

*NASA, Langley  Research  Center, Hampton, Va. 

249. 'Reynolds, G. A,: *Sa r i c ,  W. S.; *Reed, 
H. L.; and  *Nayfeh, A. H.: S t a b i l i t y  of  Boundary 
~ . .  Layers "" With-Porous  Suction  Strips:  Experiment 
and  Theory.  Presented a t  a Conference  held a t  
Dryden FlLght  Research  Center,  Edwards,  Calif. , 
Sept. 17-18, 1981.  Pages 63-74 i n  Laminar Flow 
Control,  NASA -2218, March  1982. 

N82-20152# 

Low-turbulence  tunnel  experiments on t h e  sta- 
b i l i t y  and t r a n s i t i o n  of 2-D boundary  layers on 
f l a t   p l a t e s   w i t h  and  without  suction are 
described. A number of   general   suct ion  cases   are  
discussed. Test r e s u l t s  showed t h a t   t h e  maximum 
s t a b i l i z a t i o n   o c c u r r e d  when t h e   s u c t i o n  was  moved 
toward the  Branch I n e u t r a l   p o i n t .  An a n a l y t i c a l  
study of t h e   s t a b i l i t y  of  two-dimensional,  incom 
pressible   boundary-layer   f lows  over   plates   with 
suc t ion   th rough  porous   s t r ips  w a s  performed. The 
mean flow was c a l c u l a t e d   u s i n g   l i n e a r i z e d   t r i p l e -  
deck,  closed-form  solutions.  The s t a b i l i t y  
r e s u l t s  of the   t r ip le -deck   theory   a re  shown t o  
be i n  good agreement  with  those of t h e   i n t e r a c t -  
i ng  boundary l aye r s .  An a n a l y t i c a l   o p t i m i z a t i o n  
scheme fo r   t he   suc t ion   conf igu ra t ion  was 
developed.  Numerical  calculations were  performed 
corresponding  to   the  experimental   configurat ions.  
In  each   case ,   the   theory   cor rec t ly   p red ic t s   the  
exper imenta l   resu l t s .  

'Virginia  Folytechnic I n s t i t u t e  and S t a t e  Univ., 
Blacksburg, Va. 
ONR Contract N00014-75-C-0381 
Grants N S G  1608 and N S G  1255 

250. Davis,  Richard E.: P r o b a b i l i t y  of  Laminar 
Flow Loss  Because  of Ice Crystal   Encounters.  Pre- 
sented a t  a Conference  held a t  Dryden F l igh t  
Research  Center,  Sept. 17- 18, 1981. Pages 75-94 
i n  Laminar Flow Control,  NASA CP2218, March 1982. 

N82-20153# 

A method f o r  combining  the  cloud  detector 
o b s e r v a t i o n   r e s u l t s  from the  Global  Atmospheric 
Sampling  Program (GASP) with  Knollenberg  probe 
observa t ions  of   c loud   par t ic le   concent ra t ion  from 
other   programs  to   der ive estimates of  the  ambient 
concent ra t ion  of p a r t i c l e s   l a r g e r   t h a n  a given 
s i z e  was developed. The method was a p p l i e d   t o  
estimate t h e   p r o b a b i l i t y  of encoun te r ing   pa r t i c l e  
concent ra t ions  which would degrade  the  performance 
of  laminar  flow-control (LFC) a i r c r a f t .  It is 
concluded  that  LF loss  should  occur  only  about  one 
pe rcen t  of t he  time i n   c l e a r   a i r  and t h a t   f l i g h t  
within  c louds  should  a lways  resul t   in  a s i g n i f i -  
can t  loss of LF, with 90 pe rcen t  LF loss occurr ing  
about  one  percent  of  the t i m e .  Preliminary esti- 

mates  of  cloud  encounter  probability are presented  
f o r   f o u r   a i r l i n e   r o u t e s ,  and conclus ions   a re  pre- 
sented  as t o   t h e  best a l t i t u d e s  for cloud  avoid- 
ance i n  e x t r a t r o p i c a l  and t r o p i c a l   l a t i t u d e s .  

251. *Wilson, V. E.: SPF/DB Titanium  Concepts  for 
S t r u c t u r a l   E f f i c i e n c p   P r e s e n t e d  a t  a Conference 
he ld  a t  Dryden Flight  Research  Center,  Edwards, 
Cal i f . ,   Sept .  17-18,  1981. Pages 95-110 i n  
Laminar Flow Control,  NASA CF2218, March 1982. 

N82-20154# 

I l l u s t r a t i o n s  for a presentat ion  demonstrat-  
ing  superplast ic   forming-diffusion  bonding 
t i tanium  porous  panels  are presented.   Fabricat ion 
phases ,   sandwich  panels ,   load  bear ing  qual i t ies ,  
mic ros t ruc tu re ,   and   pane l   su r f ace   a f t e r   f i n i sh ing  
are i l l u s t r a t e d .  

'Rockwell I n t e r n a t i o n a l  Corp., Los Angeles,  Calif. 

252. *Williams, N e i l  R.: SPF/DB Titanium LFC 
Porous  Panel  Concept.  Presented a t  a Conference 
h e l d   a t  Dryden Flight  Research  Center,  Edwards, 
Cal i f . ,   Sept .  17-18, 1981.  Pages 111-138 i n  
Laminar Flow Control,  NASA CP-2218, March 1982. 

N82-20155# 

I l l u s t r a t i o n s   f o r  a p re sen ta t ion  on super- 
plast ic   forming/diffusion  bonding  t i tanium  design 
concepts   are   presented.  Sandwich skin  panels   with 
ha t   s ec t ion ,   s emic i r cu la r   co r ruga t ion ,   s ine  wave, 
and t r u s s   c o r e s   a r e  shown. The fabr ica t ion   of  
wing  panels is i l l u s t r a t e d ,  and a p p l i c a t i o n s   t o  
the  design of advanced  variable sweep bombers 
summarized. 

*McDonnell-Douglas  Corp., Long Beach, Calif. 

253. *Malik, M .  R . ;  ** Wilkinson, S .  P.;  and 
***Orszag, S. A.: I n s t a b i l i t y  and Trans i t i on  on a 
Rotating  Disk.  A I A A  Journal,   vol.   19,   Sept.  1981 , 
pp. 1131- 1138. 

A81-44443# 

The s t a b i l i t y  of  three-dimensional  rotating 
disk  f low is i n v e s t i g a t e d ,   i n c l u d i n g   t h e   e f f e c t s  
of Cor io l i s   forces   and   s t reaml ine   curva ture .  The 
numer ica l   r e su l t s  show t h a t   t h e   c r i t i c a l  Reynolds 
number fo r   e s t ab l i shmen t  of s ta t ionary   vor tex   f low 
is 287. These vor t ices   sp i ra l   ou tward  a t  an angle  
of  about 11 -2  deg,  and t r a n s i t i o n   t o   t u r b u l e n c e  
occurs  when their t o t a l   a m p l i f i c a t i o n  is about 
e". New expe r imen ta l   r e su l t s   a r e   a l so   r epor t ed  
on t h e   s p a t i a l  growth r a t e s  of t h e   s t a t i o n a r y  
v o r t i c e s .  It is shown t h a t   t h e   a n a l y s i s   g i v e s  
growth r a t e s   t h a t  compare much better with  the 
exper imenta l   resu l t s   than  do r e s u l t s   o b t a i n e d  
u s i n g   t h e  Orr-Sommerfeld  equation. The experi-  
menta l   resu l t s   t end  to  support   the  numerical   pre- 
d i c t i o n   t h a t   t h e  number of s t a t i o n a r y   v o r t i c e s  
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v a r i e s   d i r e c t l y  with the Reynolds number. The 
c a l c u l a t i o n s  also ind ica t e   t he   ex i s t ence   o f   weak ly  
unstable   propagat ing (type 11) modes a t  l o w  
R e y n o l d s  numbers ( C r i t i c a l  Reynolds N u m b e r  be ing  
approximately  equal t o  49) .  

'Systems and  Applied  Science Corp., Hampton, Va.  
**NASA, Langley  Research  Center, Hampton, Va. 
***Mass. Inst i tute   of   Technology,  Cambridge, Mass. 
Cont rac ts  NAS1-15604 and NAS1-15894 

254.  *El-Hady, Nabil M.; and  *&glia, G. L.: 
Applicat ion of S t a b i l i t y  Theory  of "minar -Flow 
Control .   Final   Report ,  1 Sept .  1980-1 August 
1981. NASA CR-164709, Sept.  1981,  68  pp. 

N81-30387# 

Four p u b l i c a t i o n s   r e s u l t e d  from work per- 
formed  during  the  report   period  September 1, 1980 
to  August  1,  1981.  Topics  include: a computer 
program f o r   c a l c u l a t i n g   t h e   l i n e a r   i n c o m p r e s s i b l e  
or c o m p r e s s i b l e   s t a b i l i t y   c h a r a c t e r i s t i c s   o f   t h e  
laminar  boundary  layer on swept  wings;  the 
growth  of Goertler vor t ices   in   compress ib le  bound- 
a ry   l aye r s   a long   cu rved   su r f aces ;   t he   e f f ec t   o f  
boundary l a y e r  growth on t h e   s t a b i l i t y  of  compres- 
s i b l e   f l o w s ;  and t h e   e f f e c t  of compress ib i l i ty ,  
suct ion,   and  cool ing on t h e   c e n t r i f u g a l   i n s t a h i l -  
i t y  of  boundary layer  f lows  along  curved walls. 
For ind iv idua l  titles, see N81-30388 through 
NE 1-30389. 

*Old Dominion Univ.,  Norfolk, Va. 
Grant NsG- 1645 

255. *El-Hady, Nabil M.: HADY-1, A FORTRAN Pro- 
gram for   the  Compressible   Stabi l i ty   Analysis   of  
Three-Dimensional  Boundary-.Layers.  In  "Applica- 
t i o n   o f   S t a b i l i t y  Theory  of  Laminar Flow Control ,"  
(N81-303871, Sept.  1981, 22 pp. 

"" ~ .. .. 

N81-30388# 

A computer  program, HADY- 1, is desc r ibed   fo r  
c a l c u l a t i n g   t h e   l i n e a r   i n c o m p r e s s i b l e   o r  compress- 
i b l e   s t a b i l i t y   c h a r a c t e r i s t i c s  of the  laminar  
boundary  layer on swept  and  tapered  wings. The 
eigenvalue  problem  and its a d j o i n t   a r i s i n g  from 
the   l i nea r i zed   d i s tu rbance   equa t ions   w i th   t he  
appropr ia te   boundary   condi t ions   a re   so lved  numer- 
i c a l l y   u s i n g  a  combination  of  the Newton-Raphson 
i t e r a t i v e  scheme and  a v a r i a b l e   s t e p   s i z e   i n t e -  
grator   based on t h e  Runge-Kutta-Fehlburg f i f t h -  
order  formulas.  The i n t e g r a t o r  is used   in  con- 
junct ion  with a modified Gram-Schmidt orthonormal- 
izat ion  procedure.  

*Old Dominion Univ.,  Norfolk, Va. 
Grant NSG- 1645 

256.  *El-Hady, Nabil M. : The Effect  of Boundary 
Layer Growth on t h e   S t a b i l i t y   o ~ f o m p r e s s ~ i b l e  
Flows.  In:   "Application  of  Stabil i ty Theory of 
Laminar Flow Control ,"  (N81-30387#) Sept.  1981, 
10 PP. 

N81-30389# 

The method of m u l t i p l e  scales is used t o  
d e s c r i b e  a formally correct method  based on t h e  
n o n p a r a l l e l   l i n e a r   s t a b i l i t y   t h e o r y   t h a t   e x a m i n e s  
t h e  t w o  and   t h ree   d imens iona l   s t ab i l i t y   o f  com- 
press ib le   boundary   l ayer  f l o w s .  The method is  
a p p l i e d  t o  t h e   s u p e r s o n i c   f l a t  plate boundary 
l a y e r  a t  Mach number 4.5. The theo re t i ca l   g rowth  
rates are i n  good agreement  with the experimental  
resu l t s   o f   Kendal l .  The method is also appl ied  t o  
t h e   i n f i n i t e   s p a n  swept wing t ransonic   boundary 
l aye r   w i th   suc t ion  t o  e v a l u a t e   t h e   e f f e c t   o f   t h e  
nonpara l le l   f low on the  development  of  crossflow 
d is turbances .  

*Old Dominion Univ.,  Norfolk, Va. 
Grant NSG- 1645 

257. *El-Hady, Nabil M. : HADY- 1, A FORTRAN Pro- 
gram fo r   t he   Compress ib l e   S t ab i l i t y   Ana lys i s   o f  
Three-Dimensional  Boundary  Layers,  Final  Rept. 
NASA CR-3467, Sept.  1981, 117 pp. 

N82- 12388# 

A computer  program HADY-1, f o r   c a l c u l a t i n g  
t h e   l i n e a r   i n c o m p r e s s i b l e  or compress ib l e   s t ab i l -  
i t y   c h a r a c t e r i s t i c s   o f   t h e   l a m i n a r   b o u n d a r y   l a y e r  
on swept  and  tapered  wings is descr ibed.  The 
eigenvalue  problem  and i ts  a d j o i n t   a r i s i n g   f r o m  
the   l i nea r i zed   d i s tu rbance   equa t ions   w i th   t he  
appropriate   boundary  condi t ions are solved numer- 
i c a l l y   u s i n g  a combination  of  the Newton-Raphson 
i t e r a t i v e  scheme  and a v a r i a b l e   s t e p   s i z e   i n t e -  
gra tor   based  on t h e  Fhmge-Kutta-Fehlburg f i f t h -  
order  formulas.  The i n t e g r a t o r  is used   in  con- 
junct ion  with a modified Gram-Schmidt orthonormal- 
iza t ion   procedure .  The computer  program HADY-1 
ca l cu la t e s   t he   g rowth  rates of crossf low or 
streamwise T o l l m i e n - S c h l i c h t i n g   i n s t a b i l i t i e s .  It  
a l s o   c a l c u l a t e s   t h e   g r o u p   v e l o c i t i e s   o f   t h e s e  dis- 
turbances.  It is r e s t r i c t e d   t o   p a r a l l e l   s t a b i l i t y  
c a l c u l a t i o n s ,  where the  boundary  layer  (meanflow) 
is assumed to  be p a r a l l e l .  The meanflow s o l u t i o n  
is an  input t o  t h e  program. 

*Old  Dominion Univ.,  Norfolk, Va.  
Grant NSG 1645 

258.  *El-Hady, Nabil M . :  On t he   E f fec t   o f  Bound- 
ary  Layer Growth on t h e   S t a b i l i t y   o f   S o m p r e s s i b l e  

~ 

Flows. NASA CR-3474, O C t .  1981, 45 pp. 

N81-33426# 

The method of   mul t ip le  scales is used t o  
descr ibe  a fo rma l ly   co r rec t  method  based on t h e  
nonpa ra l l e l   l i nea r   s t ab i l i t y   t heo ry ,   t ha t   examines  
t h e  two- and   th ree-d imens iona l   s tab i l i ty  of com- 
pressible   boundary-layer   f lows.  The method is 
a p p l i e d  t o  the   supe r son ic  f l a t  plate boundary 
l a y e r  a t  Mach number 4.5. The theo re t i ca l   g rowth  
rates are i n  good agreement  with the experimental  
resu l t s   o f   Kendal l .  The method is also appl ied  t o  
t h e   i n f i n i t e   s p a n  s w e p t  wing t ransonic   boundary 
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l aye r   w i th   suc t ion  t o  e v a l u a t e   t h e  effect of t h e  
nonparal le l   f low on the development  of  cross-flow 
d is turbances .  

"" 

*Old Dominion Univ.,  Norfolk, Va. 
Grant NSG- 1645 

259. *Riley, N. : No-n-Uniform S l o t   I n j e c t i o n   i n t o  
a Laminar  Boundary  Layer. J o u r n a l  of  Engineering 
Mathematics,  vol. 15, O c t .  1981, pp. 299-314. 

A82- 11375 

S l o t   i n j e c t i o n   i n t o  a laminar  boundary  layer 
i n  both supersonic  and  subsonic  f low is t r e a t e d .  
It is noted   tha t   the   b lowing  rates are s u f f i -  
c i e n t l y   l a r g e  t o  provoke  an  interact ion  between 
t h e  boundary l a y e r  and ou te r   i nv i sc id   f l ow  and  
t h a t  this i n t e r a c t i o n  is accounted  for  by t r i p l e -  
deck theory.  The nonuniformity  of  the  blowing 
v e l o c i t y  models the  channel  flow  from  which  the 
i n j e c t i o n   t a k e s  place. 

*East  Anglia,  University,  Norwich,  England 

260. *Bower ,  Robert E.: Progress   in   Aeronaut ica l  
Research  and  Technology  Applicable t o  C i v i l  Air 
Transpor t s .   In te rna t iona l   Meet ing  on h a n s p o r t a -  
t ion  Research:   "State   of   the  Art - Perspec t ives  
and  Internat ional   Cooperat ion,"   held a t  Amalfi, 
I t a l y ,  Nov. 11-14, 1981, 51 pp. 

A82- 13974# 

Recent  progress i n   t h e   a e r o n a u t i c a l   r e s e a r c h  
and  technology  program  being  conducted by t h e  
United  States  National  Aeronautics  and Space 
Administration is discussed.  Emphasis is on COIR- 

p u t a t i o n a l   c a p a b i l i t y ,  new t e s t i n g   f a c i l i t i e s ,  
drag  reduction,  turbofan  and  turboprop  propulsion, 
no ise ,   composi te   mater ia l s ,   ac t ive   cont ro ls ,  
i n t e g r a t e d   a v i o n i c s ,   c o c k p i t   d i s p l a y s ,   f l i g h t  
management, and  operating  problems. It is shown 
t h a t   t h i s   t e c h n o l o g y  is s ign i f i can t ly   impac t ing  
t h e   e f f i c i e n c y  of t h e  new c i v i l  air t r a n s p o r t s .  
The excitement  of  emerging  research  promises  even 
g r e a t e r   b e n e f i t s   t o   f u t u r e   a i r c a f t   d e v e l o p m e n t s .  

*NASA, Langley  Research  Center, Hampton, Va. 

261. * H o l m e s ,  Bruce J.; *Coy, Paul F.; *Yip, 
Long P. ; *Brown, P h i l i p  W.; and **Obara, 
C l i f f o r d  J.: Natural  Laminar Flow Data from F u l l  
Sca le   F l igh t  and Wind Tunnel  Experiments.  Pre- 
sented a t  A I A A  8 t h  Annual General  Aviation Tech- 
nology  Fest,  Wichita,  Kansas, Nov. 13-14, 1981, 
21 PP. 

Resul ts  are presented  for  laminar  f low  exper- 
imen t s   and   d i scussed   i n   t he   con tex t   o f   r e l a t ed  
developments  which may l e a d  to  t h e   r e a l i z a t i o n   o f  
p rac t i ca l   app l i ca t ion   o f  NLF for high  performance 
genera l   av ia t ion   a i rp lanes .   Recent   fu l l - sca le  
wind-tunnel  and f l ight   experiments   have  confirmed 
the   ex i s t ence   o f   s ign i f i can t   r eg ions   o f  NLF on 
s e v e r a l  powered a i r c r a f t .   T h e s e   f i n d i n g s  are 

s i g n i f i c a n t   i n   t h a t   t h e  airfoils e x h i b i t e d   t h e  
maximum theore t ica l   ex ten ts   o f   l aminar   f low a t  
Reynolds numbers equiva len t  t o  cur ren t   h igh  per- 
formance  business airplane operating  envelopes.  
None of the a i r f o i l   s u r f a c e s   r e c e i v e d  any s p e c i a l  
p repara t ion  prior t o  f l i g h t   t e s t i n g .  N o  premature 
t r a n s i t i o n  due t o  sur face   imperfec t ions  w a s  found 
on   any   of   the   a i r fo i l s   t es ted .   In   addi t ion ,   no  
ev idence   o f   c ros s f low  in s t ab i l i t y  w a s  seen on any 
o f   t he  wings tes ted  with  leading-edge sweep angles  
as high as 27O. 

The boundary-layer  transition  measurement 
methods  used  included  sublimating  chemicals  and 
acous t i c   de t ec t ion .  A s imp l i f i ed   t echn ique  for 
using  subl imat ing  chemicals   without  wing coverings 
( f o r   p r o t e c t i o n   a g a i n s t   p r e m a t u r e   t r a n s i t i o n )  w a s  
demonstrated  using  acenaphtene. 

These recent  boundary-layer  experiment 
r e s u l t s   c l e a r l y  show t h a t   f o r   g e n e r a l   a v i a t i o n  
f l i g h t  Reynolds  numbers, the n e c e s s a r y   a i r f o i l  
surface  smoothness   condi t ions  for  NLF can be pro- 
vided by use of composite  construction  methods. 
Thus, t h e  most significant  remaining  impediment 
t o  laminar   f low  appl icat ions is p r o t e c t i o n  from 
ice  and insect   contaminat ion.  

*NASA, Langley  Research  Center, Hampton, Va. 
**George Washington  Univ.,  Langley  Research 
Center ,  Hampton, Va. 

262. *Smith, A. M. 0.: The Boundary  Layer 
and I. AIAA Journa l ,   vo l .  19, Nov. 1981, 
pp. 1377- 1385. 

-2- 10979# 

The author  gives  an  account of h i s   c o n t r i b u -  
t i o n s  t o  boundary l aye r   t heo ry   s ince  1945, includ- 
ing  such  developments  as  the DESA-2 laminar-flow 
a i r f o i l ,   t h e   a m p l i f i c a t i o n  ra t io  method, f i n i t e -  
d i f f e r e n c e  boundary l a y e r   c a l c u l a t i o n ,  and t h e  
appl icat ion  of   increasingly  powerful   computer  
codes t o  t h e   s o l u t i o n  of  boundary  layer  aerody- 
namics  problems.  Attention is a l s o   g i v e n   t o   t h e  
author 's   extension of  laminar  boundary  analysis 
methods t o  turbulen t   f low  s t ruc tures .   Other  meth- 
ods   cons idered   inc lude   the  Goertler problem,  the 
Falkner-Skan p a r t i a l   d i f f e r e n t i a l   e q u a t i o n ,  the 
Galerkin  and  Picard  methods,   the Gram-Schmidt 
or thogonal izat ion  procedure,   and  Prandt l ' s   mixing 
l e n g t h   r e l a t i o n .  

*Sari Marino,  Calif. 

263. *Dagenhart, J. Ray: Amplified  Crossflow D i s -  
t u rbances   i n   t he  Laminar  Boundary  Layer  on Swept 
Wings with  Suction. NASA T P 1 9 0 2 ,  Nov. 1981, 

~ 

88 PP. 

N82- 11391# 

Solu t ion   cha r t s   o f   t he  Orr-Sommerfeld  equa- 
t i o n  fo r   s t a t iona ry   c ros s f low  d i s tu rbances  are 
p resen ted   fo r  10 typical v e l o c i t y   p r o f i l e s  on a 
swept laminar-flow-control (LFC) wing. The crit- 
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ical  crossf low  mynolds number is shown to  be a 
funct ion  of  a boundary-layer  shape  factor.  Ampli- 
f i c a t i o n  rates fo r   c ros s f low  d i s tu rbances  are 
shown to  be p r o p o r t i o n a l  t o  t h e  maximum crossflow 
v e l o c i t y .  A computer s t a b i l i t y  program c a l l e d  
MARIA, employing  the  amplif icat ion rate d a t a  for 
the 10 c r o s s f l o w   v e l o c i t y   p r o f i l e s ,  is con- 
s t r u c t e d .  This code is shown to  adequately 
approximate more involved  computer   s tabi l i ty   codes 
us ing  less than 2 percent  as much computer time 
w h i l e   r e t a i n i n g   t h e   e s s e n t i a l   p h y s i c a l   d i s t u r b a n c e  
growth  model. 

*NASA, Langley  Research  Center, Hampton, Va. 

264. fcarmichael ,  E. H.: Low R e y n o l d s  Number Air- 
f o i l  Survey, V o l .  I, F i n a l  Rept. NASA CR-165803, 
vol. I, Nov. 1981, 106 pp. 

N82- 14059# 

The d i f fe rences   in   f low  behavior  on t w o  
d i m e n s i o n a l   a i r f o i l s   i n   t h e  cr i t ical  chordlength 
Reynolds number compared  with lower and  higher 
Reynolds number are discussed.  The la rge   l aminar  
separation  bubble is d i scussed   i n  view  of i ts 
important   inf luence on c r i t i ca l  Reynolds number 
a i r fo i l   behav io r .  The shortcomings  of  application 
of theoretical   boundary  layer  computations  which 
are successfu l  a t  higher  Reynolds  numbers t o  t h e  
cr i t ical  regime are discussed.  The l a rge   va r i a -  
t i on   i n   expe r imen ta l   ae rodynamic   cha rac t e r i s t i c  
measurement  due t o  small changes i n  ambient  tur- 
bulence,   vibration,  and  sound level is i l l u s -  
t r a t e d .  The d i f f i c u l t i e s   i n   o b t a i n i n g   a c c u r a t e  
d e t a i l e d  measurements i n   f r e e   f l i g h t  and  dramatic 
performance  improvements a t  c r i t i ca l  Reynolds 
number, achieved  with  various  types  of  boundary 
l a y e r   t r i p p i n g   d e v i c e s  are discussed.  

*Low Energy Transport  Systems,  Capistrano  Beach, 
C a l i f .  
NASA G4059B 

265.  *Scheiman, James: Comparison  of  Experimen- 
t a l  and  Theoretical  Turbulence  Reduction .earac-- 
teristics for   Screens,  Honeycomb, and Honeycomb- 
Screen  Combinations. NASA TP1958,  Dec. 1981, 
58 PP- 

N 8 2 -  14055# 

A ha l f - sca le  model of a po r t ion   o f   t he  
Langley  8-Foot  Transonic  Pressure  Tunnel w a s  used 
t o  conduct some turbulence  reduct ion  research 
us ing   s c reens ,  honeycomb, and  combinations 
thereof .  The expe r imen ta l   r e su l t s  are compared 
wi th   var ious   theor ies .   Screens   a lone   reduce   ax ia l  
turbulence more than   la te ra l   tu rbulence ;   whereas ,  
honeycomb alone  reduces l a te ra l  turbulence more 
than   ax ia l   tu rbulence .   Because   o f   th i s   d i f fe r -  

ence, the p h y s i c a l  mechanism for decreas ing   tu r -  
bu lence   for   sc reens   and  honeycomb must be com- 
p l e t e l y   d i f f e r e n t .  Honeycomb with a downstream 
screen  is an  excel lent   combinat ion for reducing 
turbulence.  

*NASA, Iangley  Research  Center,  Hampton, Va. 

266. *Nastrom, Gregory D.; **Holdeman, James D.; 
and ***Davis, Richard E. : Cloud-Encounter  and 
P a r t i c l e - C o n c e n t r a t i o n   V a r i a b i l i t i e s  from GASP 
D a t a .  NASA TP1886,  Dec. 1981, 244 pp. - 

N82- 15677# 

Summary stat is t ics ,  t a b u l a t i o n s ,  and  vari- 
a b i l i t y   s t u d i e s  are presented  for  cloud-encounter 
and   par t ic le -concent ra t ion   da ta   t aken  as p a r t   o f  
the  Nat ional   Aeronaut ics   and space Administration 
(NASA) Global  Atmospheric  Sampling  Program (GASP). 
Cloud  encounter w a s  experienced  in  about 15 per- 
cent  of  the  data  samples;   however,   the  percentage 
va r i e s   w i th   s eason ,   l a t i t ude ,  and a l t i t u d e  (par- 
t i cu la r ly   d i s t ance   f rom  the   t ropopause ) .   In  
agreement  with classical storm models, t he   da t a  
show more c l o u d s   i n   t h e   u p p e r   t r o p o s p h e r e   i n  
an t icyc lones   than   in   cyc lones .  The concent ra t ion  
o f   pa r t i c l e s   w i th  a diameter   greater   than 3 (un 

also varies with time and  location,  depending 
p r i m a r i l y  on t he   ho r i zon ta l   ex t en t   o f   c loud iness .  
Some examples   of   the   appl icat ion of t h e  statisti- 
cal d a t a  to  the   es t imat ion   of   the   f requency   of  
cloud  encounter  and  laminar-flow loss to  be 
expected on l ong- range   a i r l i ne   rou te s  are  also 
presented .  

*Control Data Corp., Minneapolis,  Minnesota 
**NASA, Lewis  Research  Center,  Cleveland,  Ohio 
***NASA, Langley  Research  Center, Hampton, Va. 
(Note: This is a comprehensive  development  of: 
( 1 )  AIM-81-0308, Jan.  12-15,  1981 and ( 2 )  Journa l  
of   Aircraf t   vers ion  submit ted  July,   1981.)  

267. *Reed, Helen L.: The lbl lmein-Schl icht ing 
I n s t a b i l i t y  of Laminar  Viscous  Flows. Ph.D. 
Thesis, V i r g i n i a   P o l y t e c h n i c   I n s t i t u t e  and State 
Univ., Dec. 1981, 210 pp. (Avai lable  from 
University  Microfilms.)  

The l b l l m i e n - S c h l i c h t i n g   i n s t a b i l i t y  is 
ana lyzed   for  a var ie ty   of   laminar   viscous  f lows.  
These  include  two-dimensional  incompressible, 
axisymmetric  incompressible,  and  three-dimensional 
compressible  f lows  with  suction.  For  the incom- 
p res s ib l e   f l ows ,  a l i nea r   op t imiza t ion  scheme i s  
developed to  determine  placement  of  and  flow rate 
through  suction strips. The important  conclusion 
is t ha t   suc t ion   shou ld  be concentrated  near   the 
Branch I n e u t r a l   s t a b i l i t y   p o i n t .  The scheme i s  
found to  accura te ly   p red ic t   the   exper imenta l  
resu l t s   in   the   two-dimens iona l  case. For t h e  
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/1 compressible  flows, a method for   fo l lowing   one  __ '' s p e c i f i c  wave t o   a s c e r t a i n   t h e   c h a r a c t e r i s t i c s  of 
t h e  most uns tab le   d i s turbance  is presented. 

*Virg in ia   Poly technic   Ins t i tu te   and   S ta te  Univ. , 
Blacksburg, Va. 
NASA Grant NSG-1255 and ONR N00014-75-C-0381 
Consultants  to  Westinghouse Electric and  Naval 
Underwater Sea Center. 

268. Althaus, Dieter; and Wortmann, F. X.: 
S t u t t g a r t e r   P r o f i l k a t a l o g  I: messergebnisse  aus 
dem Laminarwindkanal   des   Inst i tuts   fur  Aerodynamik 
und  Gasdynamik d e r   U n i v e r s i t a t   S t u t t g a r t  - 1981. 
(Experimental   resul ts   f rom  the  laminar  wind 
tunnel .  ) New ed i t i on .  Vieweg, Braunschweig, 
1981, 320 pp. (Book). 

QA929.A42 (1981) V81-22050 (1981) 

Copies  of t h i s   c a t a l o g  must be ordered  
d i r e c t l y  from the Univers i tH ' t   S tu t tgar t .  (NASA- 
LaRC l i b r a r y   h a s   a n   m g l i s h   e d i t i o n  of t h i s  
pub l i ca t ion . )  

269. *Ai rc ra f t  Energy Efficiency.  Overview: 
NASA-Facts 96/9-80; NASA 1M-80454, 1981, 7 pp. 

N81-28083# 

Six  advanced  technology  development  projects 
that   could  cut   fuel   consumption of f u t u r e   c i v i l  
air t r a n s p o r t s  by a s  much a s  50 percent   are   high-  
l i gh ted .  These  include  improved  engine compo- 
nents ;   be t te r   engine   des ign;   th in   shor t   b lades   for  
turboprop  a i rcraf t ;   us ing  composi te   pr imary  s t ruc-  
tu res   for   weight   reduct ion;   the   use  of s u p e r c r i t i -  
c a l  wings,   h igher   aspect   ra t io ,   and  winglets   for  
improved  aerodynamics; a c t i v e   c o n t r o l s ;  and lami- 
nar   f low  control .  The time  span of each of t he  
s i x   e f f o r t s  and NASA's expected  expendi tures   are  
a l so   d i scussed .  

*NASA, Washington, D.C. 

270. *Kong, F. Y .  ; and  fSchetz, J. A. : !Turbulent 
Boundary Layerover   Porous  Surfaces   with  Different  
Surface  Geometries. A I A A  20th  Aerospace  Sciences 
Meeting,  Orlando,  Florida,   Jan.  11-14, 1982, 
11  PP. 

AIAA-82-0030  A82- 17742# 

The turbulen t   boundary   l ayer   over   th ree  
porous walls wi th   d i f fe ren t   sur face   geometr ies  
was s t u d i e d   i n   o r d e r   t o   i n v e s t i g a t e   t h e   i n d i v i d -  
ua l   i n f luences  of poros i ty   and  small roughness, 
a s  w e l l  as t h e i r  combined e f f e c t s ,  on t u r b u l e n t  
boundary layer  behavior.  The tests were 
conducted i n  a 2m x 2m tunnel  on a l a r g e  axisym- 

metric model a t  speeds  corresponding t o  
Re(L) = 5,000,000 - 6,000,000. The development  of 
t h e   t u r b u l e n t  boundary l aye r  was compared for t h a t  
of s in te red   meta l ,  honded screening,  and  perfo- 
ra ted   shee t   and   then  t o  t h a t   f o r   t h e   f l o w   o v e r  a 
s o l i d  smooth w a l l  and a s o l i d ,  sand-roughened 
wall. The c o m p a r i s o n s   r e v e a l   t h a t   t h e   e f f e c t  of 
poros i ty  is t o   s h i f t   t h e   l o g a r i t h m i c   r e g i o n  of t h e  
w a l l  law down by a c e r t a i n  amount from t h e   s o l i d  
w a l l   r e s u l t s  and t o   i n c r e a s e   t h e   s k i n   f r i c t i o n  
va lues  by about 30 - 40%. The downward s h i f t  of 
the  logari thmic  region  of   the  wal l  law  and t h e  
inc rease  of t h e   s k i n   f r i c t i o n   v a l u e  by t h e   c o w  
b ined   e f f ec t s  of small roughness  and  porosity  are 
found  to  be roughly the sum of t h e i r   i n d i v i d u a l  
e f f e c t s .  

'Virginia   Polytechnic   Inst i tute   and  State   Univ. ,  
Blacksburg, Va. 
NASA-supported research .  

271. *Reynolds, G. A. : Experiments on the   S t ab i l -  
i t y  of the  Flat-Plate   with  Suct ion.  Ph.D. Thesis,  
V i rg in i a   Po ly techn ic   In s t i t u t e  and S t a t e  Univ., 
Jan.  1982, 157 pp. (Available  from  University 
Microfilms.) 

These  experiments   consider   the  effects  of 
s u c t i o n   i n   s t a b i l i z i n g   t h e   l a m i n a r  boundary l aye r  
with  respect   to   Tol lmien-Schl icht ing wave growth. 
Two-dimensional waves a r e   i n t r o d u c e d   i n t o   t h e  
boundary  layer  using a v ibra t ing   r ibbon and  suc- 
t i o n  is a p p l i e d   a t   t h e   s u r f a c e  of t he  model v i a  
two Dynapore  porous  panels.  Suction is appl ied  
e i t h e r   i n  a spa t i a l ly   con t inuous   f a sh ion  or 
th rough  d i scre te   spanwise   s t r ips .   Deta i led  mean 
flow  and  disturbance  amplitude  measurements  indi- 
c a t e   t h a t   d i s c r e t e   s u c t i o n   c a n  be a s   e f f e c t i v e   a s  
cont inuous  suct ion  and  that   suct ion is more e f fec-  
t i v e  when placed  forward on the  model and  not  in 
the  region of maximum dis turbance  growth  ra te .  

*Vi rg in i a   Po ly techn ic   In s t i t u t e  and State  Univ. ,  
Blacksburg, Va. 
Grant NSG- 1608 

272. *Biringen,  Sedat:  Laminar Flow h a n s i t i o n :  
A Large-Eddy Simulation Approach. NASA CR-3518, 
Feb. 1982, NEAR-TR-251,  33 pp. 

N82- 19499# 

A vectorized,  semi-implicit   code is developed 
f o r   t h e   s o l u t i o n  of the  t ime-dependent,  three- 
dimensional  equations of  motion i n   p l a n e  
Poiseui l le   f low by the large-eddy  simulation  tech- 
nique. The code is t e s t e d  by comparing r e s u l t s  
wi th   those   ob ta ined   f rom  the   so lu t ions  of the Orr- 
Sommerfeld equation.  Comparisons  indicate  that  
f i n i t e - d i f f e r e n c e s  employed a long  the cross-stream 
d i r e c t i o n   a c t  as an i m p l i c i t   f i l t e r .   T h i s  removes 
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t h e   n e c e s s i t y  of explicit f i l t e r i n g   a l o n g  this 
di rec t ion   (where   a  nonhomogeneous mesh is used) 
fo r   t he   s imu la t ion  of   l aminar   f low  t rans i t ion   in to  
t u r b u l e n c e   i n  which small sca l e   t u rbu lence  w i l l  be 
accounted  for  by a subgr id  scale turbulence  model. 

*Neilsen  Engineering Si Research,  Inc.,  Mountain 
V i e w ,  Ca l i f .  
Contract NAS1- 16289 

273. *Harvey, W. D.; and  'Pride, J. D., Jr.: The 
NASA Langley  Laminar Flow Control   Airfoi l   Experi-  
ment. P re sen ted   a t   t he  A I A A  12th  Aerodynamic 
Testing  Conference,  Williamsburg, Va., March 21- 

- 
- 
24, 1982, 25 pp. 

AIAA-82-0567 

A large  chord  swept   supercr i t ical   laminar  
f low  con t ro l   a i r fo i l   has  been  designed,  con- 
s t r u c t e d ,  and  soon w i l l  be t e s t e d  as a p a r t  of 
NASA-Langley's ongoing  research  program t o  s i q  
n i f i can t ly   r educe   d rag   and   i nc rease   a i r c ra f t  
efficiency.  This  experiment is aimed a t   v a l i d a t -  
ing   p red ic t ion   techniques  and es tab l i sh ing   a   t ech-  
nology  base  for   future   t ransport   designs.  Unique 
f ea tu res   i nc lude  a high  design Mach number and 
shock-free  f low,  as w e l l  as   the   minimizat ion  of  
the   l aminar iza t ion   suc t ion   th rough  choice  of a i r -  
f o i l  geometry  and  pressure  distribution.  Success 
of the  experiment   requires   t ransonic   tunnel   f low 
of exce l l en t   qua l i t y  which s i m u l a t e s   t h a t   i n   f r e e  
a i r   a b o u t   a n   i n f i n i t e  yawed model. Modi f ica t ions  
made t o   t h e  NASA Langley/B-Ft.  Transonic  Pressure 
Tunnel t o  meet these  requirements   are   discussed.  

*NASA, Langley  Research  Center, Hampton, Va.  

274. *Newman, Perry A.; *Anderson, E. Clay;  and 
*Peterson,  John B., Jr.: Numerical  Design  of t h e  
Contoured Wind-Tunnel Liner   for   the  NASA Swept- 
Wing LFC Test. Presented a t  t h e  AIAA 12th Aero- 
dynamic Testing  Conference,  Williamsburg, Va., 
March  21-24, 1982, 12 pp. 

AIAA-82-0568 A82-24656# 

A contoured,  nonporous,  wind-tunnel  liner  has 
been   des igned   in   o rder   to   s imula te   a   f ree- f l igh t ,  
i n f i n i t e  yawed-wing, t ransonic-f low  condi t ion 
about   a   l a rge-chord   supercr i t ica l - sec t ion ,  
laminar-flow-control (LFC) , swept-wing test panel.  
The numerical   procedure  developed  for   this   aero-  
dynamic l i ne r   des ign  is based upon the   s imple   idea  
of   s t ream-l ining and inco rpora t e s   s eve ra l   ex i s t ing  
t r anson ic  and  boundary-layer  analysis  codes. A 
summary of t he   en t i r e   p rocedure  is p r e s e n t e d   t o  
ind ica t e :  What  was done  and why, the  sequence  of 
s t e p s ,  and the  overal l   data   f low.  The l i n e r  is 
b e i n g   i n s t a l l e d   i n   t h e  NASA Langley  8-Foot  Tran- 
son ic  Pressure Tunnel  (TPT). Test r e s u l t s   i n d i -  
cat ing  the  aerodynamic  performance  of   the  l iner  
are no t   ye t   ava i l ab le ;   t hus ,   t he   l i ne r   des ign  
resul ts   g iven  here   are   examples  of t h e   c a l c u l a t e d  
requirements  and  the  hardware  implementation. 

*NASA, Langley  Research  Center, Hampton, Va. 

2 7 5 .  'Dagenhart, J. R. ; and  *Stack, J. P. : Bound- 
ary  Layer  Transit ion  Detection  Using Flush-Mounted 
Hot-Film Gages and  Semiconducter Dynamic- - P r e s s u i  
Transducers.  Presented a t  t h e  A I A A  12th  AerodyT 
namic %sting  Conference,   Will iamsburg,  va. ,  
March 21-24, 1982. 

AIAA-82-0593 

Flush-mounted  hot-film  gages  and  semicon- 
duc ter  dynamic pressure  t ransducers   (microphones)  
are compared a s  boundary  layer   t ransi t ion  detec-  
t ion   devices .  The films  and  microphones  are 
flush-mounted on t h e   s i d e  w a l l  of  a  small, low- 
speed,   open-circui t  wind tunnel .  The v a r i a t i o n  of 
t h e  dynamic  and  root-mean-square  voltage  signals 
f o r   t h e  two d e t e c t o r   t y p e s   a r e  compared  over t h e  
range   f rom  laminar   th rough  t rans i t iona l   to   fu l ly  
turbulent   f low.  The ho t - f i lm   s igna l s  change  dis- 
t i n c t l y   a s   t h e  Reynolds number is increased.  In 
con t r a s t ,   t he   mic rophone   s igna l s   change   l i t t l e   i n  
character  over  the  Reynolds number range.  These 
obse rva t ions   i nd ica t e   t ha t   t he   ho t - f i lm  gage is 
the   supe r io r   t r ans i t i on   de t ec t ion   dev ice .  

*NASA, Langley  Research  Center, Hampton, Va. 

276.  *Floryan, J. M.; and  *Saric,  W. S.: S t ab i l -  
i t y  of GGrtler V o r t i c e s   i n  Boundary  Layers. AIAA 
12th  Fluid and  Plasma Dynamics Conference, 
Williamsburg, Va. ,  J u l y  23-25, 1979, 18 pp. AIAA 
Journal ,   vol .  2 0 ,  March 1982,  pp. 316-324. 

AIAA- 79-  1497R A82-23830# 

A fo rma l   ana lys i s   o f   &r t l e r - type   i n s t ab i l i t y  
is presented. The boundary-layer  and  disturbance 
equat ions  are formulated i n  a general ,   or thogonal ,  
curvi l inear   system  of   coordinates   constructed from 
the  inviscid  f low  over   a   curved  surface.   Effects  
of   curvature  on the  boundary-layer   f low  are  
analyzed. The bas ic   approximat ion   for   the   d i s tur -  
bance  equations is presented  and solved numeri- 
ca l ly .   Prev ious   ana lyses  are discussed  and 
compared wi th   our   ana lys i s .  It is shown t h a t   t h e  
general   system of coord ina te s   deve loped   i n   t h i s  
analysis   and  the  correct   order-of-magnitude  anal-  
y s i s  of t he   d i s tu rbance   ve loc i t i e s   w i th  two veloc- 
i t y   s c a l e s   l e a d s  to a   r a t iona l   founda t ion  for 
f u t u r e  work i n   G o r t l e r   v o r t i c e s .  

*Virginia  Polytechnic  and State Univ.,  Blacksburg, 
Va . 
Grant NsG- 1255 

277. *Nastrom, G. D.; **Holdeman, J. D.; and 
***Davis, R. E.: Cloud  Encounter  and P a r t i c l e  
Number D e n s i t y   V a r i a h i l i t i e s  from GASP Data. 
Journa l  of A i rc ra f t ,   vo l .  19, April,   1982, 
pp. 272-277. 

AIAA-8 1-0308R 

Summary statistics and v a r i a b i l i t y   s t u d i e s  
a re   p resented   for   c loud-encounter  and p a r t i c l e  
number dens i ty   da t a   t aken   a s   pa r t  of t h e  NASA 
Global  Atmospheric  Sampling  Program (GASP) aboard 
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B 

.gF commercial  Boeing 747 a i r l i n e r s .  On average,  280. * H o l m e s ,  Bruce J.; and  **Obara, C l i f f o r d ,  i:; cloud  encounter is shown on about  15% of   t he  - ~ -  J.: Observations  and  Implications  of  Natural  
52,164 data samples   avai lable ,  but this value  Laminar Flow on Practical Airplane  Surfaces.  13th 
var ies   wi th   season ,   l a t i tude ,   synopt ic   weather  Congress of t h e  ICAS/AIAA A i r c r a f t  Systems  and 
s i t u a t i o n ,  and d i s t a n c e  from the  t ropopause.  The Technology  Meeting, Aug. 22-27, 1982, S e a t t l e ,  
number dens i ty   o f  particles (diameter  greater than  wash. 
3pn1 also va r i e s   w i th  t i m e  and  locat ion,   and 
depends on t he   ho r i zon ta l   ex t en t   o f   c loud iness .  ICAS-82-511 

. . ~ " . . ~ ~ ~ ~ ~ ~ ~  

.. . ~ ~-~ ~ 

*Control Data Corp., Minneapolis, Minn. 
**NASA, L e w i s  Research  Center,  Cleveland, Ohio 
***NASA, Langley  Research  Center, Hampton, Va. 
( N o t e :  See #217 i n   t h i s   b i b l i o g r a p h y  for t h e  
AIAA paper, A I A A  Aerospace  Sciences  Meeting, 
St .   Louis ,  Mo., Jan. 12-15, 1981.) 

278. *Campbell,  Richard L.: Ef fec t   o f  Nacelles on 
Aerodynamic Characteristics of  an  Executive-Jet 
" Model . with  Simulated,   Partial-Chord, Laminar-Flow- 
Control  Wing Glove. NASA 'IM-83271, A p r i l  1982, 
103 pp. 

~. ." ~~~~~~ 

~. 

N82-22217# 

Tests w e r e  conducted i n   t h e   L a n g l e y  High- 
Speed 7- by 10-Foot  Tunnel us ing  a l / l0 -sca le  
model of   an   execut ive   j e t  t o  examine t h e   e f f e c t s  
o f   t he   nace l l e s  on t h e  wing p r e s s u r e s  and model 
longi tudina l   aerodynamic   charac te r i s t ics .  For t h e  
p re sen t   i nves t iga t ion ,   each  wing  panel was  modi- 
f i ed   w i th  a s imulated,   par t ia l -chord,   laminar-  
f low-cont ro l   g love .   Hor izonta l - ta i l   e f fec ts  were 
also b r i e f l y  examined. The tests covered a range 
of Mach numbers from 0.40 t o  0.82 and l i f t   c o e f f i -  
c i e n t s  from 0.20 t o  0.55.  Oil-flow  photographs  of 
t h e  wing a t   s e l e c t e d   c o n d i t i o n s  are included. 

*NASA, Langley  Research  Center, Hampton, Va .  

279.  Harvey, W. D.: -~ NASA ~~ S u p e r c r i t i c a l  'Laminar 
Flow Control  Airfoil   Experiment.   Energy 
Conservation  in Air TransDorts Meetincr. Toronto, 

279.  Harvey, W. D.: -~ NASA ~~ S u p e r c r i t i c a l  'Laminar 
Flow Control  Airfoil   Experiment.   Energy 
Conservation  in Air TransDorts Meetincr. Toronto, -. 
Canada, May 4-6, 1982, 47 pp, 34 f i g u r e s ,  1 t a b l e ,  
and 45 re ferences .  

A large  chord  swept   supercr i t ical   laminar  
f l o w   c o n t r o l   a i r f o i l   h a s  been  designed, con- 
s t r u c t e d ,  and soon w i l l  b e   t e s t e d  as a p a r t  of 
NASA-Langley's ongoing  research  program t o  sig- 
n i f i c a n t l y   r e d u c e   d r a g   a n d   i n c r e a s e   a i r c r a f t  
e f f i c i e n c y .  This experiment is aimed a t  v a l i d a t -  
i ng   p red ic t ion   t echn iques   and   e s t ab l i sh ing  a tech- 
nology  base   for   fu ture   t ranspor t   des igns .  Unique 
f ea tu res   i nc luded  a high  design Mach number and 
shock-free  flow as w e l l  as the  minimizat ion  of   the 
laminar iza t ion   suc t ion   th rough choice of air- 
f o i l  geometry  and  pressure  distribution.  Success 
of   the   exper iment   requi res   t ransonic   tunnel   f low 
of e x c e l l e n t   q u a l i t y  wh ich   s imula t e s   t ha t   i n   f r ee  
a i r  a b o u t   a n   i n f i n i t e  yawed model. Modif icat ions 
made t o  t h e  NASA Langley/8-Ft.  Transonic  Pressure 
Tunnel t o  meet these  requirements  are discussed.  

*NASA, Langley  Research  Center, Hampton, Va. 

Recent f l ight   experiment   observat ions  have 
recorded   ex tens ive   reg ions   o f   na tura l   l aminar   f low 
(NLF) boundary   l ayers   in   the   favorable   p ressure  
grad ien t   reg ions  on s e v e r a l  smooth,  production- 
qua l i t y   a i r f r ames .  These observations  have 
r e s u l t e d   i n  a new apprec ia t ion   o f   t he   ope ra t iona l  
f e a s i b i l i t y   f o r   o b t a i n i n g  NLF on c e r t a i n  modern 
p r a c t i c a l   a i r p l a n e   s u r f a c e s .  The f l i g h t   e x p e r i -  
ments were conducted on e i g h t   d i f f e r e n t   a i r p l a n e s ,  
including  propeller-   and  turbojet-powered  configu- 
r a t i o n s  and  a i r f rames  constructed  of  aluminum or 
composites. The experiments were conducted on 
s u r f a c e s  which received  (with t w o  noted  excep- 
t i o n s )  no spec ia l   p repa ra t ion  of contours  or 
sur face   waviness   for  NLF considerat ions.   Experi-  
mentally  observed  laminar  f low  transit ion  Reynolds 
numbers  ranged  between 1 and 5 m i l l i o n  on t h e  
p rope l l e r -d r iven   a i rp l anes  and  exceeded 11 m i l l i o n  
on the   bus iness  jet t e s t e d .  

The summarized r e s u l t s  of these  experiments  
include  comparisons  between  measured  and  empiri- 
ca l ly   p red ic ted   a l lowable   sur face   waviness ,  com- 
par i son  of fl ight-measured  wing  profile  drag  with 
tunnel   data ,   comparisons of f i x e d  and f r e e   t r a n s i -  
t i o n   a i r f o i l  and airplane  aerodynamics,   and com- 
p a r i s o n s  between  observed  sweep e f f e c t s  on laminar 
flow  and  an  empirical  spanwise  contamination cri- 
t e r i o n .  A l s o  d i scussed   a re   the   observa t ions  of 
l amina r   f l ow  in   t he   p rope l l e r   s l i p s t r eams   o f  t w o  
a i r p l a n e s ,  and  an  example  of  insect  debris contam- 
i n a t i o n  on an NLF wing. Severa l   impl ica t ions   o f  
these   observa t ions  are a l so   d i scussed ,   inc luding  
the   necess i ty   fo r   bo th   f i xed  and f r e e   t r a n s i t i o n  
f l i g h t   t e s t i n g  on a i rp lanes   wi th   sur faces  smooth 
enough for  laminar  f low. 

*NASA, Langley  Research  Center, Hampton, Va. 
**Kentron I n t e r n a t i o n a l ,  Hampton, Va. 

281. *Petersen,  Richard H.; and  *Maddalon, 
D a l  V.: NASA Research on Viscous  Drag Reduc- 
t ion .   13 tX~Congress   o f   the   In te rna t iona l   Counci l  
o f   the   Aeronaut ica l   Sc iences  (ICAS)/AIAA A i r c r a f t  
Systems  and  Technology  Meeting,  Seattle, Wash., 
Aug. 22-27, 1982, 11 pp. 

ICAS- 8 2- 5 14 Also see NASA 1M-84518 

Current NASA research   po in ts   toward   exc i t ing  
o p p o r t u n i t i e s   f o r   l a r g e   r e d u c t i o n s   i n   v i s c o u s  
drag.  Research is underway on natural   laminar  
flow,  laminar  f low  control by suction,  and  turbu- 
l en t   d rag   r educ t ion .   P re l imina ry   r e su l t s   sugges t  
t h a t  a s i g n i f i c a n t  amount of  natural   laminar  f low 
can be achieved  on small, s t ra ight -wing   a i rp lanes .  
On l a r g e r ,  swept-wing a i r c ra f t ,   l amina r   f l ow con- 
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t ro l  by d i s t r i b u t e d   s u c t i o n  is expected t o  r e s u l t  
i n   s i g n i f i c a n t  f u e l  savings.  The area over  which 
laminar   f low  control  is appl ied  depends  on  t rade-  
of fs   involv ing   s t ruc tura l   complexi ty ,   main tenance ,  
and cost. Several methods of r educ ing   t u rbu len t  
s k i n   f r i c t i o n  by a l t e r i n g   t h e   t u r b u l e n c e   s t r u c t u r e  
i t s e l f  have shown promise i n   e x p l o r a t o r y   t e s t i n g .  
This paper reviews the   s t a tus   o f   t hese   t echno lo -  
gies and i n d i c a t e s   t h e   b e n e f i t s  of applying them 
to  f u t u r e  aircraft. 

*NASA, Langley  Research Center ,  Hampton, Va. 

282. * B r a s l o w ,  Alber t  L.: Laminar Flow. McGraw- 
Kill Encyclopedia Yearbook of  Science  and Tech- 
nology, 1982-1983, pp. 272-275, Sept. 1982. 

The i n c r e a s e   i n  cost of petroleum f u e l s   i n  
t h e  past seve ra l   yea r s ,   g rea t e r   t han   t he   gene ra l  
i n f l a t i o n   o f  prices, has   ra i sed   the   percentage   o f  
a i r c ra f t   ope ra t ing   expense  due t o  f u e l  t o  t h e  
p o i n t  where f u e l   e f f i c i e n c y  is the key  design goal 
f o r   f u t u r e   d e r i v a t i v e  and new a i r c r a f t .  NASA and 
t h e   a i r c r a f t   i n d u s t r y   h a v e   i d e n t i f i e d   t e c h n o l o g i e s  
t h a t   c a n   s i g n i f i c a n t l y   r e d u c e   a i r c r a f t   f u e l  con- 
sumption i n  coming years  and are ac t ive ly   pu r su ing  
research  and  technology  development  programs. One 
of these technologies  is the  a t ta inment   of   exten-  
s ive   r eg ions   o f   l amina r   a i r   f l ow  ove r   a i r c ra f t  
su r f aces .   A l though   t h i s   o f f e r s   t he  greatest 
po ten t i a l   fo r   fue l   conse rva t ion   o f  any s i n g l e  new 
technology, it i n v o l v e s   t h e  greatest cha l l enges   i n  
t h e  areas of a i rcraf t   manufacture ,   maintenance,  
and   opera t iona l   p rocedures   requi red  t o  provide 
a c c e p t a b l e   r e l i a b i l i t y  a t  reasonable  cost. This 
ar t ic le  d i scusses   t he  phenomenon o f   t r a n s i t i o n  
from  laminar to  t u r b u l e n t  f l o w  and  what  has  been 
learned  about  its prevent ion.  

*NASA, Langley  Research  Center, Hampton, Va .  
( r e t i r e d )  

283.  Krishnaswamy, R.; and  Nath, G.: A Parametr ic  
Di f fe ren t ia l   Vers ion   wi th   F in i te -Dif fe rence  Scheme 
Applicable t o  a Class of Problems - in  Boundary 
Layer Flow with  Massive  Blowing.  Computers  and 
Fluids ,   vol .  10,  no.  1,  1982, pp. 1-6. 

A numerical  procedure,  based on t h e  param- 
etric d i f f e r e n t i a t i o n  and i m p l i c i t   f i n i t e   d i f f e r -  
ence scheme, has  been  developed  for a class of 
problems in  the  boundary-layer  theory  for  saddle- 
po in t   r eg ions .  Here, t h e   r e s u l t s  are presented  
f o r   t h e  case of a three-dimensional  stagnation- 
point  flow  with  massive  blowing. The method com- 
pares very w e l l  wi th   o ther   methods   for   par t icu lar  
cases ( z e r o  or small mass blowing).   Results 
emphas ize   tha t   the   p resent  numerical procedure i s  
w e l l  su i t ed   fo r   t he   so lu t ion   o f   s add le -po in t   f l ows  
w i t h  massive  blowing,  which  could  not be solved  by 
o t h e r  methods. 

284. *Preliminary  Design  Dept.,  Boeing Commercial 
Airplane Co. (BCAC) : Hybrid  Laminar Flow Control 
Study,   Final   Technical  Rept.  Boeing  Rept. no. - 
D6-49359; also NASA CR-165930, 1982, 201 pp. 

The hybrid  laminar  f low con t ro l  (HLFC) con- 
cept was  examined i n  which  leading-edge  suction is 
used   i n   con junc t ion   w i th  wing p r e s s u r e   d i s t r i b u -  
t i o n   t a i l o r i n g  t o  postpone  boundary  layer  transi-  
t i o n  and  reduce  f r ic t ion  drag.  A paramet r ic   s tudy  
was conducted t o  de te rmine   a i r fo i l   des ign   cha rac -  
teristics required  €or   laminar   f low  control  (LFC). 
The aerodynamic  design  of  an HLFC wing f o r  a 
178-passenger commercial t u r b o f a n   t r a n s p o r t  w a s  
developed,  and a drag  estimate was made. Systems 
changes  required to  i n s t a l l  HLFC w e r e  defined,  and 
weights  and  fuel economy were est imated.  The 
p o t e n t i a l   f o r  9% f u e l   r e d u c t i o n   f o r  a 3926-km 
(2120-nmi) mission w a s  i d e n t i f i e d .  

*Boeing Commercial Airplane Co., Seattle, Wash. 
Contract  NAS1-15325 

285.  *Ecklund, R. C.; and W i l l i a m s ,  N. R.: 
Laminar Flow Control  SPF/DB F e a s i b i l i t y  
Demonstration,  Final Report. NASA CR-165818, 
1982, 50 pp. 

N82-21532# 

The f e a s i b i l i t y   o f   a p p l y i n g   s u p e r p l a s t i c  
forming/diffusion  bonding (SPF/DB) technology to  
laminar   f low  control  (LFC) system  concepts was 
demonstrated.  Procedures were developed to  
produce  smooth, f l a t   t i t a n i u m   p a n e l s ,   u s i n g   t h i n  
0.016 inch   shee ts ,   meet ing  LFC surface  smoothness 
requirements .  Two l a rge   pane l s  28 x 28 inches  
were f a b r i c a t e d  as f ina l   demonst ra t ion  articles. 
The f i r s t  w a s  f l a t  on t h e   t o p  and  bottom s i d e s  
d e m o n s t r a t i n g   t h e   c a p a b i l i t y   o f   t h e   t o o l i n g  and 
the  forming  and  diffusion  bonding  procedures  t o  
p r o d u c e   f l a t ,   d e f e c t   f r e e   s u r f a c e s .  The second 
panel  was conf igu ra t ed   fo r  LFC porous  panel treat- 
ment by forming  channels  with  dimpled  projections 
on t h e  top s i d e .  The p r o j e c t i o n s  were machined 
away leaving   ho les   ex tending   in to   the   pane l .  A 
p e r f o r a t e d   t i t a n i u m   s h e e t  w a s  adhesively  bonded 
o v e r   t h i s   s u r f a c e   t o  complete t h e  LFC demonstra- 
t i o n   p a n e l .  The f i n a l   s u r f a c e  w a s  c o n s i d e r e d   f l a t  
enough t o  meet LFC requi rements   for  a jet  t rans-  
port a i r c r a f t   i n   c r u i s i n g   f l i g h t .  

*Douglas A i r c r a f t  Co., Long Beach, C a l i f .  

286.  *McQuilkin,  Fred T.: F e a s i b i l i t y   o f  SPF/DB 
Titanium  Sandwich for LFC Wings. NASA CR-165929, 
1982. 

The f e a s i b i l i t y   o f   f a b r i c a t i n g  SFP/DB t i t a -  
nium s t ruc tu res   o f   su f f i c i en t   smoo thness   t o   be  
used  for  laminar  f low  wing  surfaces  has  been 
demonstrated. lku methods  of   fabr icat ing  panels  
which meet the  surface  smoothness  criteria have 
been  demonstrated. The f i r s t   c o n s i s t s  of  super- 
p l a s t i ca l ly   fo rming /d i f fus ion   bond ing  a panel  
us ing  steel d ies ,   and   then   machin ing   the   sur face  
t o  t h e   r e q u i r e d   f l a t n e s s  and f i n i s h  af ter  form- 
ing.  This  approach,  however,  has  been  estimated 
t o  be more cos t ly   t han   t he   s econd   approach ,   i n  
which the   pane l  is formed aga ins t   ce ramic   p l a t ens  
which  produce the desired  surface  smoothness  
without   subsequent   f inishing.  Acceptable s u r f a c e  
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q u a l i t y  as w e l l  a s   f e a s i b i l i t y   o f  the laminar  flow t o  l a r g e r  wing  panels ,   fabr icat ion of s epa ra t e  LFC 
con t ro l  (LFC) su r face   des ign ,   i n  which sepa ra t e  strips, and the   app l i ca t ion  of the  technology t o  
s t r i p s   i n c o r p o r a t i n g   t h e   b o u n d a r y   l a y e r   b l e e d   m i l i t a r y   a i r c r a f t .  
p rovis ions  are bonded i n t o   s l o t s  on the   su r f ace ,  
h a s   a l s o  been  demonstrated.  Recommendations f o r  *Rockwell   International,   North American Ai rc ra f t  
f u t u r e  work are   presented,   including  cont inued  Operat ions,  Los Angeles,  Calif. 
study on additional  smoothness  concerns,   scale-up  Contract NAS1-16236 

The fo l lowing   c i t a t ions  are included  for   the  sake  of   completeness .   Abstracts   for  some were not 
a v a i l a b l e  and some were i d e n t i f i e d  too l a t e   t o  be inc luded   in   chronologica l   o rder .  

287. *SariC, W. S.; and  *Reynolds, G. A.: Experi- 
ments on the   S tab i l i ty   and   Trans i t ion   o f  Two- 
Dimensi-onal and  Three-Dimensional  Boundary  Layers 
With Suctiiiiiri. "Final  Rept.,  NASA CR-157256, 
Ju ly  1979, 71 pp. 

__ ""_" " . ~ ~ ~ ~  

N79-27464X 

The pre l iminary   exper imenta l   deve lopent  work 
d i rec ted   towards   the   unders tanding   of   t rans i t ion  
i n  boundary layers   wi th   suc t ion  is presented .  %e 
bas i c   s t ab i l i t y   expe r imen t  was e s t a b l i s h e d  and t h e  
f a c i l i t y  was c e r t i f i e d .  

*Virginia  Polytechnic  Insti tute  and  State  Univ. ,  
Blacksburg, Va. 
Grant NSG 1358 

288. *Babbitt, P. J. : Modern F lu id  Dynamics of 
Subsonic  and  Transonic  Flight. A I A A  I n t e r n a t i o n a l  
Meeting  and  Technical  Display on Global  Technology 
2000, Baltimore, Md.,  May 6-8, 1980, 39 pp., 
65 r e f s .  

AIAA-80-0861 -0-33274# 

The paper  discusses a number of f a c t o r s ,  
termed  research  dr ivers ,  which a re   expec ted   t o  
provide much of t h e   s t i m u l u s   f o r   r e s e a r c h   i n   t h e  
subsonic and t r anson ic   f l i gh t   r eg imes   i n   t he  com- 
ing  decade. The r e sea rch   d r ive r s   d i scussed  com- 
p r i s e   t h e  need fo r   ene rgy   e f f i c i ency ,  new and 
improved f a c i l i t i e s ,   b e t t e r   i n s t r u m e n t a t i o n ,  more 
capable   and   e f f ic ien t   computers ,   theore t ica l  
methodology  refinements,  increased  use  of  optimi- 
zat ion  techniques,   and  mil i tary  requirements .  
I l l u s t r a t i o n s  of  advances i n   a i r c r a f t   a e r o d y n a m i c s  
a t  subsonic   and  t ransonic   speeds  are   presented,  
along  with a d i scuss ion  of fu tu re   r e sea rch  oppor- 
t u n i t i e s  a n d   t r e n d s .   P a r t i c u l a r   a t t e n t i o n  
is g i v e n   t o   a i r f o i l  and b a s i c   f l u i d s   r e s e a r c h  
designed  to   reduce  skin-fr ic t ion  drag.   (Laminar  
flow is discussed  beginning  on  page 15. ) 

*NASA, Langley  Research  Center, Hampton, Va. 

289. *Tan-Atichat, J.; *Nagib, H. M.; and 
**Loehrke, R. I.: I n t e r a c t i o n  of  Free-Stream 
Turbulence  with  Screens  and  Grids - A Balance 
Between  Turbulence  Scales.  Journal  of  Fluid 
Mechanics,  vol. 114, Jan.  1982,  pp. 501-528. 

A82-26131 

Ef fec t s  of sc reens   and   per fora ted   p la tes  
( g r i d s )  on free-s t ream  turbulence are s t u d i e d   i n  
s e v e r a l  test flow  conditions.  The l e v e l ,   s t r u c -  
t u r e  and  decay  of  the  turbulence  generated by such 
"manipulators"  depend i n  p a r t  on t h e i r   s h e a r - l a y e r  
i n s t a b i l i t i e s ,  and  can  therefore  be modified by 
inser t ing   addi t iona l   devices   immedia te ly  down- 
stream. The performance of screens  and some per- 
f o r a t e d   p l a t e s  is found t o  depend on the  charac- 
teristics of the incoming  flow  such as ve loc i ty ,  
t u rbu lence   l eve l  and spectra.  Combinations  of 
p e r f o r a t e d   p l a t e s  and sc reens   a r e   found   t o  be very 
e f f e c t i v e  flow  manipulators. By op t imiz ing   t he  
intermanipulator   separat ion  and  careful ly   matching 
t h e   s c a l e s  between the   manipula tor   pa i r ,   the   tu r -  
bulence  decay rate downstream  of a g r i d  can be 
quadrupled. 

* I l l i n o i s   I n s t i t u t e  of  Technology,  Chicago, 111. 
**Colorado  State  Univ.,  Fort  Collins,  Colo. 

290.  *Chen, J. L. S.; and  *Jeng, M.  C.: F lu id  
I n j e c t i o n   t o  a Laminar  Boundary  Layer  with 
Variable Wall Mass and  Heat  Flux. AIAA/ASME 3rd 
J o i n t  Thermophysics,  Fluids,  Plasma  and  Heat 
Transfer  Conference,  St. Louis, Mo., June 7-11, 
1982. 

ASME-82-HT61 

*Univers i ty  of P i t t sbu rgh ,   P i t t sbu rgh ,  Pa. 

291. *Nayfeh. A. H.; and  *Reed, H. L.: S t a b i l i t y  
of Flow over Axisymmetric  Bodies  with  Porous Suc- 
t i o n   S t r i p s .  AIAA/ASME 3rd  Joint  Tbermophysics 
F lu ids ,  Plasma  and  Heat Transfer  Conference,  
St.  Louis, Mo., June 7-11,  1982. 

"_ . . 

AIAA-82-1025 

*Vi rg in i a   Po ly techn ic   In s t i t u t e  and S t a t e  Univ., 
Blacksburg, Va.  

292. *Reynolds, G. A.: and  **Saric, W. S.: Exper- 
iments on the S t a b i l i t y  of t h e   F l a t - P l a t e  Boundary 
Layer  with  Suction. AIAA/ASME 3rd   Jo in t  Thermo- 
phys ics ,   F lu ids ,  Plasma  and Heat Transfer  Confer- 
ence,  St.  Louis, Mo., June 7-1 1, 1982. 

. . ~ ~  ~ 
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AIM-82-  1026 

*National  Bureau  of  Standards,  Washington, D.C. 
**Virg in ia   Poly technic   Ins t i tu te   and   S ta te  Univ. , 
Blacksburg, Va. 

293.  *El-Hady, N. M.; and * V e m ,  A. K.: Ins ta -  
b i l i t y  of  Compressible  Boundary  Layers  Along 
Curved Walls with  Suction or Cooling. AIAA/ASME 
3rd  Joint  Thermophysics,  Fluids,  Plasma  and Heat 
Transfer  Conference,  St. Louis, Mo., June 7-11, 
1982. 

AIAA-82- 10 10 

*Old Dominion Univ.,  Norfolk, Va. 

294. *Hankey, W. L.;  and  *Shang, J. S . :  Natura l  
T r a n s i t i o n  - A Se l f   Exci ted   Osc i l la t ion .  A I M /  
ASME 3rd  Joint  Thermophysics,  Fluids,  Plasma  and 
Heat Transfer  Conference,  St. Louis, Mo., 
June 7-11,  1982. 

AIAA-82- 10 1  1 

*Air Force  Wright  Aeronautical  Labs.,  Wright- 
Pa t te rson  AFB, Ohio 

295. *Morris, P. J.; and *Byon, W.: The S t a b i l i t y  
of t h e  Axisymmetric  Boundary  Layer  on a C i r c u l a r  
Cylinder. AIAA/ASME 3rd  Joint  Thermophysics, 
F lu ids ,  Plasma  and Heat !Transfer  Conference, 
St.   Louis,  Mo.,  June 7-11, 1982. 

.~ 

AIAA-82-1012 

297.  *Bennett, J. A.: Externa l  Aerodynamic  Design 
for  a Laminar Flow Control  Glove on a Lockheed Jet 
S t a r  Wing. 13th  Congress   of   the   Internat ional  
Council of the Aeronautical   Sciences (ICAS)/AIAA 
A i r c r a f t  Systems  and  Technology  Meeting,  Seattle, 
Wash., Aug. 22-27, 1982. 

ICAS-82-513 

*Lockheed-Georgia Co., Marietta, Georgia 

298. *Thelander, J. A.; *Allen, J. B.; and * Welge, 
H. R.: Aerodynamic  Development  of  Laminar Flow 
Control   on Swept Wings Using  Distributed  Suction 
Through  Porous  Surfaces.  13th  Congress  of  the 
Internat ional   Counci l   of   the   Aeronaut ical   Sciences 
(ICAS)/AIAA A i r c r a f t  Systems  and  Technology Meet- 
i n g ,   S e a t t l e ,  Wash., Aug. 22-27, 1982. 

~~. . " .  . "" __ 

ICAS- 82- 5 12 

Development  of a laminar  f low  control  system 
u t i l i z ing   d i s t r ibu ted   suc t ion   t h rough   po rous  
strips  is reviewed.  Recent  improvements i n  elec- 
t r o n  beam per fora t ion   technology  have   grea t ly  
e n h a n c e d   t h e   p o t e n t i a l   f o r   p r a c t i c a l  LFC appl ica-  
t i o n .  Design  of a i r fo i l   shapes   compa t ib l e   w i th  
LFC on swept wings is out l ined .  Boundary layer  
s t a b i l i t y   a n a l y s i s   r e s u l t s  and  determinat ion  of  
s u c t i o n   d i s t r i b u t i o n s  are reviewed.  Considera- 
t i ons   fo r   an   ope ra t iona l   sys t em  fo r   p ro t ec t ion  
from ice and insect   contaminat ion  are   noted.  
Resul ts  of a swept wing model t e s t  and p l a n s   f o r  
a LFC leading   edge   g love   f l igh t  t es t  program are 
reviewed. 

*Douglas A i r c r a f t  Co., Long Beach, Calif. 

*Penn. State Univ., University  Park,  Pa. 
299. *Pearce, W. E.: Progress  a t  Douglas on  Lami- 

296. *Reed, H. L.;  and  *Nayfeh, A. H.: S t a b i l i t y  
of  Compressible  Three-Dimensional  Boundary-Layer 
Flows. AIAA/ASME 3rd  Joint  Thermophysics,   Fluids,  
Plasma  and Heat Transfer  Conference,  St.  Louis, 
Mo., June 7-11, 1982. 

AIAA-82- 1009 

nar  Flow Control  Applied t o  Commercial Transport  
Aircraf t .   13th  Congress  of t h e   I n t e r n a t i o n a l  
Council   of  the  Aeronautical   Sciences (ICAS)/AIAA 
A i r c r a f t  Systems  and  Technology  Meeting,  Seattle, 
Wash., Aug. 22-27, 1982. 

ICAS-82- 153 

*Douglas A i r c r a f t  Co., Long Beach, Calif. 
*Vi rg in i a   Po ly techn ic   In s t i t u t e   and   S t a t e  Univ., 
Blacksburg, Va. 
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The 49 e n t r i e s   i n   t h i s   a p p e n d i x  have pub l i ca t ion  dates prior t o  1976 bu t   t hey  
were no t   i nc luded   i n  NASA RP-1035 ( c i t a t i o n  1 4 1 ) .  Many of them were n o t   f r e e l y  
available when t h a t   r e p o r t  w a s  published. They are included  here  because of t h e i r  
relevance. 

These  documents  have  been  included in   t he   au tho r   i ndex  a s  A-1, A-2, etc., and 
are a lso   a r ranged   in   chronologica l   o rder .  
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A-1. *Johnson, D.: Brief  Measurements of Insect 
Contamination  on  Aircraft  Wings. Tech. Note Aero. 
2164, May 1952, 11 pp. (Avai lab le  t o  U . S .  Gov't. 
Agencies Ck7ly.l 

N-53305 from STIF 

*Royal Aircraft   Establishment,   Farnborough, 
England. 

A-2. *Coleman, W. S.: Wind Tunnel  Experiments  on 
the  Prevent ion  of   Insect   Contaminat ion by. Means-~f  
Soluble  Films and by Liquids  Discharged~ -Over- _ t h e  
Surface. ALCC Note 39 (Note W.T. 131) ,   Br i t i sh  
Minist.  Supply,  July 1952. (Available t o  U.S. 
Gov't.  Agencies  and Their Contractors  Only.)  

CN-142,061 
X80-71190# 

*Ministry  of  Supply, London, England 

A-3. *Rogers,  Kenneth H. : Inves t iga t ion   o f  the 
Pressure   Dis t r ibu t ion   in   Suc t ion   Ducts .  R e p t .  
N o .  BLC-22, Northrop  Aircraft ,   Inc. ,  Nov. 1953, 
45  PP- 

AD 25 566 N79-75676 

Resul ts  of tests to  determine  the  pressure 
d i s t r i b u t i o n   i n   s u c t i o n   d u c t s   f o r   a i r c r a f t   w i t h  
boundary  layer  control are presented.   This   report  
i nc ludes   t he  material presented   in   Nor throp  Air- 
c ra f t ,   I nc .   Repor t  No .  BLC-13, "Preliminary  Inves- 
t i g a t i o n   o f   t h e   P r e s s u r e  Drop in   Suc t ion  IXIcts," 
p l u s   t h e   r e s u l t s   o f   a d d i t i o n a l  tests made subse- 
q u e n t   t o   t h e  release of   the   p re l iminary   repor t .  
Resul ts  show tha t   t he   p re s su re   d rop   a long   t he   duc t  
i s  smal l   i f   tu rn ing-vanes  are provided t o  t u r n   t h e  
i n l e t   f l o w   i n t o   t h e   d i r e c t i o n  of the   duc t .  This 
is due t o  the  reduced losses i n   t h e   d u c t  and t o  
the  mixing  of  the  duct f l o w  with  the  f low  f rom  the 
tu rn ing -vanes   (d i f fuse r   e f f ec t ) .   Wi thou t   t u rn ing -  
vanes,   the   pressure  drop  a long  the  duct  is 
increased  considerably.   Within  reasonable limits, 
v a r i a t i o n s   i n   d u c t   t a p e r ,   v a r i a t i o n s   i n   t h e   r a t i o  
o f   i n l e t   v e l o c i t y   t o   d u c t   v e l o c i t y ,  and v a r i a t i o n s  
i n  Reynolds number of the  duct  f low  have  only 
minor e f f e c t s  upon the   p re s su re   d i s t r ibu t ion   a long  
the   duc t .  

*Northrop  Aircraft ,   Inc. ,   Hawthorne,   Calif .  

A-4. 'Schuh, H.;  and  'Winter, K. G.: The R.A.E. 
4 - f t  x 3-ft   Experimental   bw-Turbulence Wind 
Tunnel.   Part  11. Measurements  of  Turbulence 

~ ~ ~ _ _ _  
~" 

I n t e n s i t y  and  Noise  in  the  Working-Section. 
R. F i  M .  2905, B r i t i s h ,  A.R.C., 1957,- 20 pp. 

N78- 7859 1 

With a l l  t h e   s c r e e n s   f i t t e d   i n   t h e   t u n n e l ,  
t h e   i n t e n s i t i e s  of l a te ra l  components are o f   t he  
same order  as t h e   l o n g i t u d i n a l  component  and  range 
from  about 0.01% to  0.03% o f   t h e  mean speed. 
Frequency  analyses  have shown t h e   l o n g i t u d i n a l  
components t o  cons i s t   o f   f an   f r equenc ie s  and a 
low-frequency  contribution a t  about 5 t o  10 C.P.S. 

The lateral components c o n s i s t  almost e n t i r e l y  of 
a s i m i l a r  low-frequency c o n t r i b u t i o n .  With a l l  
t h e   s c r e e n s   i n   t h e   t u n n e l   t h e  l o w  level   of   turbu-  
l e n c e  is confined t o  a r e s t r i c t e d  area n e a r   t h e  
cent re   o f   the   tunnel   wi th   f lashes   o f   h igh-  
in t ens i ty   t u rbu lence   sp read ing  a cons iderable  
d i s t a n c e  from t h e  w a l l s .  Noise measurements  with 
the  hot-wire  microphone i n   t h e   m i d d l e  of t h e  work- 
ing-sec t ion  showed t h a t  above a tunnel  speed  of 
150 ft/sec t h e   l o n g i t u d i n a l  component c o n s i s t e d  
mainly  of  noise. Some measurements were also made 
wi th   the   ho t -wire   microphone   in   the   tu rbulen t  
boundary  layer on t h e  walls.  

*Aeronautical  Research  Council,  London,  England 

A-5. *Goldsmith, J. : Experiments With Laminar 
Flow Near the   Junc tu re   o f  a Fuselage  and a Wing 
T r a i l i n g  Edge. Northrop  Corp.,  Norair  Div.,  Rept. 
NO. NOR-59-306,  BLC-120, June  1959, 114 pp. 

N79-77133 

The problem  of  maintaining  laminar  flow i n  
the   reg ion   of   the   junc ture   o f  t w o  a i r p l a n e  compo- 
nents  is being  considered a t  Norair, and t h e  
p o s s i b i l i t y   f o r   l a m i n a r   f l o w   i n   t h e   r e g i o n  of a 
wing  leading  edge  and  fuselage  juncture  has  been 
demonstrated. These juncture  experiments were 
extended to  i n c l u d e   t h e  wing t r a i l i n g  edge  and 
f u s e l a g e   i n t e r s e c t i o n ,  and it is with  the l a t t e r  
subject t h a t   t h i s  report d e a l s .  

The experiments  demonstrated  that  it is pos- 
s i b l e  to  achieve  laminar  flow  in  and  downstream  of 
t he   j unc tu re   o f  a wing  and f l a t  plate. The exper- 
iments also demonstrate   that   laminar   f low i s  
f a c i l i t a t e d  by i n s t a l l i n g  t w o  small vortex  genera- 
tors on   the  wing t r a i l i n g  edge   near   the   in te rsec-  
t i o n   o f   t h e  wing  and p l a t e .  The vort ices   gener-  
a t e d  i n  t h i s  manner seem to  "sweep" t h e  wing wake 
away from t h e  plate; consequent ly   l a rger  wake 
d is turbances   than   former ly   be l ieved   can   be   to le r -  
a t ed   w i thou t   caus ing   t r ans i t i on  on t h e   f u s e l a g e  
(or p l a t e )  downstream  of a wing. 

'Northrop  Corp., Norair Div.,  Hawthorne, Calif. 

A-6. *Carmichael, B. H.; and  *Pfenninger, W.: 
Surface  Imperfection  Experiments on a Swept Lami- 
nar   Suct ion Wing. Northrop Corp., Norair Rept. 
No.  NOR-59-454,  BLC-124, August  1959, 34 pp. 

N79- 77 135 

The 30° swept laminar  suction wing was 
modified by extending  suct ion  forward t o  0.5 per- 
cent  chord.  This c o n f i g u r a t i o n  w a s  t e s t e d   w i t h  
and  without   surface  waviness  at  both the 5- by 
7-Foot University  of  Michigan  and  the 7- by 
10-Foot Norair Low Turbulence Wind Tunnels. The 
t o t a l  d r a g   c o e f f i c i e n t s   f o r   t h e   c l e a n  model were 
p r a c t i c a l l y   i d e n t i c a l  over the  Reynolds number 
range   tes ted .  

Allowable  values  of  surface  waviness 
(1/400 < h/h < 1/70)  appear t o  be very similar t o  
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::-- 47 those  previously  found on unswept low drag   suc t ion  
wings in  the  nonsuction  region.  Allowable wave 
he ight  was found t o  be p r o p o r t i o n a l   t o  (wave 
length)  'I2 and  (Reynolds ?he s i n g l e  
wave r e s u l t s  w e r e  w e l l  descr ibed  by 

h2 - . c ( R c '  3/2 59,000. The allowable wave he igh t  

of   four  waves i n  series was less #an  half   #at  
f o r   a   s i n g l e  wave. Cri t ical   waviness   appeared 
i d e n t i c a l   a t  27 and 75 percent   chord   loca t ions   for  
e i t h e r   s i n g l e  or mult ip le  waves. Poss ib le   ou t f low 
of air from t h e   s l o t s  due t o  excess ive ly  low 
s t a t i c   p r e s s u r e s   o v e r   a  wave may o f t e n  limit t h e  
permissible   surface  waviness .   Total   drag  coeff i -  
c i e n t s  and   suc t ion   d i s t r ibu t ions   wi th  waves 
i n s t a l l e d  and j u s t  subcritical condi t ions  were 
iden t i ca l   w i th   c l ean  model da ta .  

The e f f e c t  of slot spacing on t h e   s u c t i o n  
requirements  of  the  clean model was i n v e s t i g a t e d  
by plugging  two-thirds of t h e  slots. This 
increased   the   spac ing   in   the  rear ha l f  of t h e  
model  from 0.55 percent  chord t o  2.2 percent  
chord. No i n c r e a s e   i n   s u c t i o n   q u a n t i t y   f o r   f u l l  
laminar  flow w a s  noted  gver  the  range  investigated 
( 7  X t o 6  < Rc < 11 X 10 ). 

*Northrop  Corp.,  Norair  Div.,  Hawthorne,  Calif. 

A-7. *Carmichael, B. H.: Surface Waviness C r i t e -  
r i a   f o r  Swept and Unswept Laminar  Suction Wings. 
Northrop.Norair  Rept. No.  NOR-59-438,  BLC-123, 
August  1959, 19 pp. 

-~ 

N79-77134 

This  report   summarizes  the  available  experi-  
menta l   da ta   concern ing   the   c r i t i ca l   s ize  of sur- 
face  waviness on swept  and  unswept  laminar  suction 
wings. A c r i t i c a l  wave is de f ined   a s   t he  minimum 
s i z e  which prevents   the   a t ta inment  of  laminar  flow 
t o   t h e   t r a i l i n g  edge  under  moderate  suction.  Data 
a r e  shown which e s t a b l i s h   t h e   e f f e c t  of the  two 
p r inc ipa l   va r i ab le s ,  Reynolds number and r e l a t i v e  
wave length.  A design  char t  is provided  to   enable  
computation of t h e  cri t ical  wave r a t io   ove r   a  wide 
range  of   the  var iables .  A small amount of i n fo r -  
mation is p r e s e n t e d   t o  show #e r e d u c t i o n   i n  crit- 
i c a l  wave r a t i o  due t o  a group  of  consecutive 
waves. A shor t   d i scuss ion  of a l l  p e r t i n e n t   v a r i -  
ab l e s  is inc luded   i n   t he   t ex t .  

These  design  char ts   apply  to   s inusoidal  waves 
on swept or unswept  wings in   reg ions   having   a  
close  approach to  d i s t r ibu ted   suc t ion   ( e .g . ,  
mu l t i - s lo t   cons t ruc t ion ) .  They a l so   app ly  t o  
unswept  wings  where t h e  wave is i n  a nonsuction 
region  but where s t rong   f l ow  acce le ra t ion   ex i s t s .  

*Northrop  Corp.,  Norair Div., Hawthorne, Cal i f .  

A-8. *Bacon, J. W., Jr.; *Tucker,   Virginia L.; and 
'Pfenninger, W.: Experiments  on  a 30° Swept 12 
Percent  Thick Symmetrical Laminar  Suction Wing i n  
t h e  5- by 7-FOOt IJniversity of  Michigan  'Tunnel. 
Northrop  Norair  Rept. No.  NOR-59-328,  BLC-119, 
August 1959, 62 pp. 

N79-77132 

The f i r s t  series of  experiments on t h i s  wing 
proved  that   ful l   chord  laminar   f low  can be main- 
t a ined  on a  swept  wing  with  adequate  suction 
th roughou t   t he   s t rong   c ros s   f l ow  r eg ion   i n   t he   a f t  
po r t ion  of t he  w'ng a t  chord  Reynolds  numbers  of 
a t   l e a s t  12 x 10 . In   addi t ion ,   the   l ead ing   edge  
cross flow i n s t a b i l i t y  was n o t   c r i t i c a l   a t  00 and 
+ lo ,  but  was c r i t i c a l   a t  a chord  Reynolds number 
above  7 X lo6   for   - lo   angle  of a t t ack .  

ii 

In t he   p re sen t  series of t e s t s ,   t h e  swept 
wing  laminar  suction  model  has  been  modified  by 
t h e   i n s t a l l a t i o n  of slots forward t o  achieve  lami- 
nar  f low  at   higher  Reynolds numbers  where t h e  less 
severe  leading  edge  cross  f low becomes cri t ical  a t  
Oo angle of attack.  Full   chord  laminar  f low  and 
low f r i c t i o n   d r a g s  were  observed up t o   t h e   t u n n e l -  
l imi t ed  wing chord  Reynolds number. The measured 
d r a g s   a t  Oo a r e   s l i g h t l y  lower  than  those  from  the 
f i r s t   s e r i e s  of t e s t s  and  there  were no ind ica-  
t i ons   t ha t   t he   fo rward   s lo t s   caused  any d i s t u r -  
bances  with or without   suct ion  appl ied.  The 
s a t i s f a c t o r y  pekformance  of t he   fo rward   s lo t s  
suggests  that   laminar  f low is poss ib l e  on swept 
wings t o  much higher wing  chord  Reynolds  numbers. 

*Northrop  Aircraft ,   Inc. ,   Hawthorne,   Calif .  

A-9. * S t a l l ,  C. G.: Present   Status  of Production 
A i r c r a f t  ~ Surface  Waviness a t   Norair .   Northrop 
Corp.,  Norair  Rept. No.  NOR-59-444,  BLC-126, S e p  
tember  1959, 19 pp. 

N79-77136 

Waviness  measurements w e r e  made on a l l  models 
o f   a i r f r ames   cu r ren t ly   i n   p roduc t ion   a t   Nora i r   t o  
determine  whether  products of s t anda rd   f ab r i ca t lon  
procedures were within  the  range of  waviness 
requirements   for   a  BLC su r face .  A t y p i c a l  
required  waviness  range  for  a medium s i ze   h igh  
subson ic   l og i s t i c   a i rp l ane  is 1/750 t o  1/1500 (one 
p a r t   i n  750 t o  one par t   in   1500) .  The major i ty  of 
specimens  measured  were  grouped in to   th ree   ca tego-  
ries or types  with  their   respect ive  waviness  
ranges. 

Waviness Range 

1. Thick sk ins  1/750 t o  1/1500 
2. Thin s f i n s  over honeycomb 1/900 to  1/3000 

3. Skins  over  spars  and  skin 1/150 to  1/1000 
core  

j o i n t s  

The survey showed tha t   Category   3   ( sk ins   over  
spa r s  and s k i n   j o i n t s )   f a i l e d   t o  meet BLC waviness 
requirements  range. 

fNorthrop Corp., Norair Div.,  Hawthorne, C a l i f .  

A- 10. *Pfenninger, W. : Prel iminary  Design  Studies  
of L a r g e L n w  Drag BLC Long mdurance  Airplanes.  
Northrop  Corp.,  Norair  Rept. No.  NOR-59-613, 
BE-127,  December 1959,  64 pp. 
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N79- 77  137 

General  design,  propulsion,  and  general  aero- 
dynamic considerat ion  and  prel iminary  design 
c a l c u l a t i o n s  are made. An example  of a low d r a g  
long  endurance airplane is worked-out  based  on 
r e su l t s   o f   t he   s tudy .  

*Northrop  Corp., Norair D i v . ,  Hawthorne, Cal i f .  

A-1 1. 'Worth, R. N. : Effect  of  Weathering  on 
Typical  Bonded Boundary  Layer  Control  Structure. 
Northrop Corp., Norair Rept. No.  NOR-59-608, 
BLC-128, January 1960,  39 pp. 

N79-77174 

The o b j e c t s  were to  de te rmine   t he   e f f ec t s   o f  
v a r i o u s  climatic condi t ions  on typical   boundary 
l aye r   con t ro l   sk in   conf igu ra t ions   w i th   r e spec t  t o  
t h e   o p e r a t i o n a l   c h a r a c t e r i s t i c s  and  maintenance 
r eq i r emen t s   o f   t he   suc t ion   sys t em,  and t o  evalu- 
ate the   s t r eng th   cha rac t e r i s t i c s   o f   t he   adhes ives ,  
used t o  bond t h e  test panels ,   a f te r   exposure  t o  
t h e   v a r i o u s  climatic condi t ions   o f   the  test  
program. 

*Northrop  Corp., Norair Div.,  Hawthorne, calif. 

A-12. *Pfenninger, W.; and *Bacon, J. W., Jr.: 
About t h e  Development  of Swept Laminar  Suction 
Wings With F u l l  Chord Laminar Flow. Northrop 
Corp., Norair Rept. No. NOR-60-299,  BLC-130, Sep- 
tember 1960, Revised  January 1961,  59 pp. (Pre- 
sen ted  a t  the  Tenth  Internat ional   Congress  of 
Applied  Mechanics a t  S t r e s a ,   I t a l y ,  August- 
September  1960. ) 

N79-77138 

On a  swept  laminar  suction  wing  spanwise 
p r e s s u r e   g r a d i e n t s   d e f l e c t   t h e  boundary l a y e r  air ,  
which has lost part of its energy,  toward  the 
regions  of  l o w  s ta t ic  pressure.  As a r e s u l t ,  the 
f low  pa th   o f   the   boundary   l ayer   par t ic les  on a 
swept  laminar  suction  wing  differs  from  the  poten- 
t i a l  flow  streamline,   and a boundary  layer cross 
f low  deve lops   i n   t he   d i r ec t ion  normal t o  t h e  
po ten t i a l   f l ow  s t r eaml ine .  The boundary  layer 
cross f l o w   p r o f i l e s   i n   t h i s   d i r e c t i o n  show i n f l e c -  
t i on   po in t s   and  are thus  dynamically  highly  unsta- 
b l e   a g a i n s t   e x t e r n a l   d i s t u r b a n c e s  a t  high  wing 
chord R e y n o l d s  numbers. The quest ion  concerning 
t h e   f e a s i b i l i t y  of fu l l   chord   l aminar   f low on 
swept  wings  under cross f low  condi t ions a t  h igh  
Reynolds  numbers by means of  boundary  layer  suc- 
t i o n  is t h e   o b j e c t  of t h i s   s t u d y .  

*Northrop  Corp., Norair Div.,  Hawthorne, C a l i f .  

A-13. *Groth, E. E.: Low Drag  Boundary  Layer 
Suction  Experiments a t  Supersonic  Speeds on an 
Ogive  Cylinder  with 29 Closely  Spaced S l o t s i - ~  
Northrop  Corp., Norair Rept. No. NOR-61-162, 
BLC-131, August  1961,  69  pp. 

N79-77139 

Low drag  boundary  layer  suction  experiments 
on   an   og ive   cy l inder  w e r e  conducted a t  the Arnold 
Engineering  Developnent  Center  Supersonic  Tunnel 
E-1 at  Tullahoma,  Tennessee, a t  Mach numbers  2.5, 
3.0, and 3.5. The model  had t h e  same e x t e r n a l  
dimensions as the o n e   t e s t e d   i n  1958, but  w a s  
equipped  with  an  improved  suction  system. A 
l a r g e r  number of   c lose ly   spaced  slots approached 
cont inuous  suct ion to   a  be t te r   degree ,   and   la rger  
s u c t i o n  tubes permi t ted   h igher   suc t ion   coef f i -  
c i en t s .   Fu l l   l amina r   f l ow and low drag coef f i -  
c i e n t s  were measured  up to  Reynolds numbers 
% - 15 x l o 6  a t  M = 2.5, % - 12 x l o6  a t  
M = 3.0 and % - 7 x lo6 a t  M = 3.5. 

The houndary  layer  development  along  the body 
w a s  computed fo r   s eve ra l   expe r imen ta l   suc t ion   and  
s u r f a c e   p r e s s u r e   d i s t r i b u t i o n s  and t h e   r e s u l t s  
were compared w i t h   t h e  test data .  

*Northrop  Corp., Norair Div., Hawthorne, C a l i f .  

A-14. *Worth, R. N. : Effect  of  Environmental 
Exposure  on  Boundary  Layer  Control  Surfaces  and 
Operations.  Northrop  Corp.,  Norair D i v .  Rept. 
N o .  NOR-61-211,  BLC-133, September  1961, 31 pp. 

N79- 77  154 

The object was t o  de te rmine   t he   e f f ec t s   o f  
exposure t o  var ious  climatic environments on typ i -  
cal boundary   l ayer   cont ro l   sk in   conf igura t ions  
wi th   r e spec t  t o  t h e   o p e r a t i o n a l   c h a r a c t e r i s t i c s  
and  maintenance  rkquirements  of  the  suction 
system. 

Steam cleaning  of   the  surfaces   every  seven t o  
t en   days   du r ing   ope ra t ions   i n  normal climatic 
condi t ions  should  prevent   degradat ion of t h e  suc- 
tion  system  beyond a maximum of  5  percent due t o  
contamination  of  the slots and  holes. 

*Northrop Corp., Norair Div., Hawthorne, C a l i f .  

A- 15. *Groth,  Eric, E. : Low Drag Boundary  Layer 
Suction  Experiments  on a F l a t   P l a t e  a t  Mach Nm-- 
bers  3 .O a n d y 5  1, 
BLC-135, October 1961 (with  February 1963 
Addendum), 67 pp. 

N79-77141 

Low drag  boundary  layer  suction  experiments 
on a 41-inch  long f l a t   p l a t e  were conducted a t  t h e  
40- by 40-Inch  Continuous  Supersonic  Tunnel A of 
t h e  Arnold  Ehgineering  Development  Center a t  
Tullahoma,  Tennessee. The model w a s  equipped  with 
76 c lose ly   spaced ,   f i ne  slots a r r anged   i n   e igh t  
suction  chambers.   Full   length  laminar  f low w a s  
ob ta ined  a t  M = 3.0 and 3.5 up t o  t h e   h i g h e s t  
p o s s i b l e   t u n n e l   p r e s s u r e s ,   r e s u l t i n g   i n   l e n g t h  
Reynolds  numbers  of 25.7 X lo6  and  21.4 x l o 6 ,  
respec t ive ly .  The measured  drag  coeff ic ients  (sum 
of wake and suc t ion   d rag )  were of   the   o rder  of 28 
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;@ t o  43 percent  of t h e   t u r b u l e n c e   f r i c t i o n  drag a t  
,.,_ t h e  same Reynolds  and Mach numbers. 

The r e s u l t s  of a ca lcu la t ion   of   the   l aminar  
boundary  layer   development   a long  the  plate  a t  
t y p i c a l   s u c t i o n   d i s t r i b u t i o n s  are compared  with 
the test data .  

*Northrop Corp., Norair  Div . ,  Hawthorne, C a l i f .  

A-16. *Walz, A.: Approximation  Theory f o r  Bound- 
ary  Layer  Suction Through I n d i v i d u a l   S l i t s .  NASA 
"-75384, May 1979, 51 pp. 

Trans la t ion  of "Naeherungstheorie  fuer 
Grenzschichtabsaugung  durch  Einzelschlitze," 
Rept. No. D-184, June 1962. 

N62-16345 (German form) 
N79-23910 (Eng l i sh   t r ans l a t ion )  

The basic concepts  of  influencing  boundary 
layers  are summarized, e s p e c i a l l y   t h e   p r e v e n t i o n  
of flow  detachment  and  the  reduction of f r i c t i o n a l  
res i s tance .  A mathematical   analysis of s u c t i o n  
through a sl i t  is presented,  t w o  parameters,   for 
thickness  and  for  shape of the  boundary  layer ,  
be ing   i n t roduced   t o   spec i fy   t he   f l ow ' s   ve loc i ty  
prof i le   behind   the  slit .  An approximation  of  the 
shape  parameter  produces a useful   formula,  which 
can be used to   de t e rmine   t he  most favorable   posi-  
t i o n  of t h e  slit .  An aerodynamic  example is 
given. 

*Deutsche  Versuchsanstalt   fuer  Luft-  und 
Raumfahrt, I n s t i t u t   f u e r  Angewandte Mathematik  und 
Mechanik, Freiburg,  West Germany 
Contract NASw-3199. 

A- 17. *Rogers, 0. R.; *Curran, E. T. ; Wrobel ,  
N. A.: Aero-Acoustic  Aspects  of  Laminar Flow 
Control. ASC-TDR-62-718, V o l .  I. In:  1962 Com- 
pendium of Symposium Papers,  Vol. I ,  Sept.  1962, 
(X68-81601), pp. 11-40. (Avai lab le  t o  U.S. Gov't. 
Agencies  and Their Contractors  Only. ) 

X68-81603 

*Aeronautical  Systems  Division, Air Force  Systems 
Command, Brooks AFB, Texas. 

A-18. *Pate,  S .  R.; and  *Deitering, J. S.: Inves- 
t i g a t i o n  of  Drag  Reduction by Boundary-Layer Suc- 
t i o n  on a 36-Deg Swept Wing a t  M = 2.5 to  4 . 
AEDC-TDR-63-23, U . S .  Air Force, Feb. 1963, 
33 pp. (Avai lab le  t o  U.S. Gov't  Agencies  and 
Their Contractors   only.)  

X63-11101 

*ARO, Inc.,  Arnold  Air  Force  Station, Tenn. 
Contract  AF40/600/-1000 

A- 19. Summary of Studies   Leading t o  t h e  Develop- 
ment of a Laminar Flow Torpedo. F i n a l  Rept. No. 

NOR-64-114,  (BLC-157) , Northrop  Corp.,  June  1964, 
207 pp. 
(Avai lab le  t o  U . S .  Gov't. Agencies  and "beir Con- 
tractors Only. ) 

AD 351  916 X67-88932 

(Contract  N& 61-0413-C) 

Northrop  Corp.,  Hawthorne,  Calif. 

A-20. *Gross, L. W.; and  *Pfenninger, W.: Experi- 
mental   and  Theoret ical   Invest igat ion of a 
Reichardt  Body of  Revolution  with Low Drag Suct ion 
i n   t h e  NASA-Ames 12 f t .   P r e s s u r e  Wind Tunnel. 
NASA CR-158413. Northrop Corp. Rept. N o .  
NOR63-46, BLC-148. J u l y  1963,  134 pp. 

N78-77795 

Full   length  laminar  f low  with  very low f r i c -  
t i o n  and  equivalent t o t a l  drags was maintained on 
an 8 to  1  f ineness  ra t io  Reichardt body of  revolu- 
t i o n  of  12-foot  length by means of  boundary  layer 
suction  through 113 f i n e  slots u 
Reynolds number % = 57.76 x 10 . The lowest 
c o e f f i c i e n t  of equ iva len t   t o t a l   d rag   (based  on 
body wet ted  area  and  including  the  equivalent  
suc t ion   d rag )  a t  an  angle of a t t a c k  a = O o  was 
C = 2.63 x a t  % = 57.76 x lo6  with  a 

corresponding to t a l  suc t ion   f low  coef f ic ien t  
(based on wetted area) C = 1.77 X This 

value of equiva len t  t o t a l  drag  is 12 percent   o f  
t h e   f r i c t i o n   c o e f f i c i e n t   o f  a t u r b u l e n t   f l a t   p l a t e  
a t  t h i s   l e n g t h  Reynolds number. 

'Northrop  Carp., Norair Div.,  Hawthorne, C a l i f .  
Sponsored by NASA. 

t to a length 

D t  

Qt 

A-21. *Pfenninger, W. : About S o m e  Flow Problems 
i n   t h e   L e a d i n g  Edge Region  of  Swept  Laminar Flow 
Wings. Northrop Corp. Rept. No.  BLC- 160, J u l y  
1964, 30 pp. 

N79-77143 

Dur ing   t he   f i r s t   phase   o f   t he  X-21 f l i g h t  
tests, ful l   chord  laminar   f low was observed  only 
i n   t h e   o u t e r   p a r t   o f   t h e  30° swept wings  of t h e  
X-21 a i rp lane .   Tota l   p ressure   p robes   loca ted  a t  
t h e  wing t r a i l i n g  edge  c lose t o  the   ou ter   edge  of 
the   boundary   l ayer ,   i f  it were laminar, showed a 
r a t h e r   l a r g e  loss i n  to ta l  p r e s s u r e   i n   t h e   i n b o a r d  
areas of t h e  wing, i n d i c a t i n g  the presence of a 
t h i c k   t u r b u l e n t   l a y e r   a t   t h e   t r a i l i n g   e d g e   a n d  
hence of ex tens ive   t u rbu len t   f l ow  in   t he   i nboa rd  
wing  regions. (This report discusses  problems 
concerned  with  turbulence on  laminar  flow swept 
wings. 

*Northrop  Corp.,  Norair Div., Hawthorne, Calif. 

A-22. *Lang, T. G.; and  *Patrick,  H. V. L.:  Wind- 
Tunnel Tests on a Porous Body With  Suction. U.S. 
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Navy NAVWEPS Wpt.  8528, NOTs TP 3529,  1964, 
42 PP- ( A v a i l a b l e   t o  U.S. Gov't.  Agencies  and 
The i r   Con t rac to r s   mly . )  

AD358 692 X68-85165 

*Naval  Ordnance Test S ta t ion ,  China  Lake, C a l i f .  

A-23. *Kobashi, Y.; and  *Onji, A.: A n  Experimen- 
t a l   I n v e s t i g a t i o n  of S t a b i l i t y   C h a r a c t e r i s t i c s   o f  
Unsteady  Laminar  Boundary  Layer.  Rept. No. NAG 
TR-65, 1964, 16 pp. ( In   Japanese . )  

N65-22096# 

In  order   to   determine a s t a b i l i t y   c r i t e r i o n  
of  small   disturbances  in  a  boundary  layer  with a 
t ime-dependent  outside  f low,  experimental   studies 
have  been ca r r i ed   ou t   i n   a  wind tunne l  of  a 
20 cm X 15 c m  c r o s s   s e c t i o n ,   i n  which the  f low 
speed was forced  to  o s c i l l a t e   s i n u s o i d a l l y   a r o u n d  
its mean value.  

The r e s u l t s   a r e  summarized as   fo l lows:  

The boundary l a y e r   v e l o c i t y   p r o f i l e s   a n d  
t h e i r   s t a b i l i t y   c h a r a c t e r i s t i c s   v a r y   w i t h   t h e  
phase of the  outs ide  f low,  and a r e   r e l a t e d   t o  
unsteadiness   parameters  AU/U, and ws/Um. As 
f a r   a s   t hese   pa rame te r s   a r e   sma l l ,   t he   s t ab i l i t y  
of the   d i s turbances  is r e l a t e d   t o   t h e   i n s t a n t a -  
neous  boundary l a y e r   p r o f i l e s .  

'National  Aerospace  Laboratory, Tokyo, Japan 

A-24. *Goldsmith,  John: A Suggested  Procedure  for 
Determining  the Wake Drag of  Highly Swept Wings by 
Means of Simple Wake Measurements.  Northrop  .Fept. 
No.  NOR-65-285,  BLC-165., October  1965, 36 pp. 

N79-77145 

In  laminar  flow  control  experiments,  measure- 
ments are  normally made of t he  boundary l s y e r   i n  
o r d e r   t o   e v a l u a t e   t h e  wake drag.  This wake drag  
is then  added t o  t h e   e q u i v a l e n t   s u c t i o n   d r a g   i n  
o rde r   t o   de t e rmine   t he   e f f ec t ive   sk in   f r i c t ion  
drag. The boundary l a y e r   p r o f i l e  i s  measured by 
means of a t o t a l  head  rake  and for two-dimensional 
unswept a i r f o i l s   t h e  wake drag may be determined 
from the  momentum th ickness  of t h i s   p r o f i l e  by 
conventional means. When, however, t h e   t r a i l i n g  
edge is swept  the momentum thickness  (determined 
from t h e  streamwise boundary l aye r   p ro f i l e )   canno t  
be used by i t s e l f   t o   d e t e r m i n e   t h e  wake drag  
accura te iy .  A change  of  procedure i s  requ'ireh 
s ince   t he  'mass flow rate on which t h e  momentum 
d e f i c i t   s h o u l d  be based mst be modified by t h e  
boundary  layer  cross flow whenever  such cross   f low 
is present.  Cross  flow  components w i l l  normally 
occur  whenever  pressure  gradients are p resen t  on a 
swept wing and l a r g e r  Sweep ang le s   gene ra l ly  
resu l t   in   g rea te r   c ross   f low  and   la rger   cor rec t ion  
f a c t o r s   f o r   t h e  wake drag.  Methods for  determin- 

i n g   t h e  wake d rag   fo r   cons t an t   cho rd  wings  have 
been   descr ibed   for  small and l a rge  sweep angles ,  
r e spec t ive ly .  With cer ta in '   modif icat ions,   the  
method for l a r g e  sweep  angles   ( in   excess   of   the  
Mach angle)  has  been made more genera l  so t h a t  
it may a l s o  be used t o  determine  the local drag  
c o e f f i c i e n t  of  a t ape red  wing,  and t h e   l o c a l  
c o e f f i c i e n t s  may then  be in t eg ra t ed   a long   t he  
spanwise  coordinate   in   order   to   determine  the 
o v e r a l l   d r a g   c o e f f i c i e n t .  The development  and 
method  of u s i n g   t h i s  more genera l  wake correc- 
t i o n  is g i v e n   i n   t h i s   r e p o r t .  

*Northrop  Corp.,  Norair  Div.,  Hawthorne,  Calif. 

A-25. fcarmichae l ,  R. F.;  and  *Finwall, P.: Anal- 
ysis of the   Resul t s  of the  Laboratory Cuct Model 
Test f o r   t h e  X-21A Laminar Flow A i r c r s f t .  Rept. 
No.  NOR-65-303, Northrop  Corp., Nov. 1965, 80  pp. 

N79- 75674 

A method has   been  developed  that   pr .edicts   the  
s l o t   p e r t u r b a t i o n   v e l o c i t y ,  Aw, e x i s t i n g   a t   t h e  
i n t e r s e c t i o n  of t h e  wing su r face  and   suc t ion   s lo t ,  
given  the  spanwise  duct  sound  pressure PD, and 
the  pertinent  geometric  and  f low  parameters.  The 
method has  been  empirically  derived  and  quali ta- 
t i v e l y   s u b s t a n t i a t e d  by t h e o r e t i c a l  methods. The 
r e s u l t  is presented   in   t e rms  of t he  mean, o r   bes t  
e s t ima te ;   t he   p robab le   e r ro r ,  or t he  50% probabil-  
i t y  limits; and the  upper 95%  confidence limit 
assuming  normal d i s t r i b u t i o n   a b o u t   t h e  mean of a l l  
test  da ta .  

The test r e s u l t s   a l s o   d i s c l o s e d   t h e   e x i s t e n c e  
o f   a   d i s tu rbance   i n   t he   suc t ion   s lo t   t ha t   appea r s  
t o  be a   funct ion of t h e   s l o t  flow. The ex is tence  
of t h i s   d i s t u r b a n c e   i n  a high  streanwise  flow  such 
a s  would occur i n  f l i g h t   h a s   n o t  been  confirmed. 

*Northrop  Corp.,  Norair  Div.,  Hawthorne,  Calif. 

A-26. *Bacon, John W., Jr.; and  *Pfenninger, W.: 
Transit ion  Experiments a t  the  Front  Attachment 
Line  of  a 45O Swept Wing with  a  Blunt  Leadinq Edge. AFFDL-TR-67-33, June  1967, 43 pp.  Final 
Rept. Feb.-Dec.  1966. ( A v a i l a b l e   t o  U.S.  Gov't. 
Agencies  and  Their  Contractors  Only.) 

AD-818 962 X67-23005 

*Northrop  Corp.,  Norair  Division,  Hawthorne, 
Ca l i f .  
Contract  AF33(657)-11618 

A-27. Final  Report  on LFC A i r c r a f t  Design Data 
Laminar Flow Control  Demonstration  Program. 
Northrop  Corp., NOR-67-136, June 1967,  415 pp. 
(Avai lab le  t o  U . S .  Gov't.  Agencies  and Their Con- 
t r a c t o r s  Only. ) 

AD 819 317 X67-22964 
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This is a r e v i s i o n  of Report NOR 61-141, 
"Laminar Flow Control  Demonstration  Program,  Final 
Report - LFC Design Data," Contract  AF 
33(600)-42052, A p r i l  1964. 

Northrop  Corp.,  Hawthorne, C a l i f .  
(Contract  A F  33(657)-13930) 

A-28. *Beasley, J. A. : Some Notes on t h e  Design 
of Swept Wings f o r  Laminar Flow A i r c r a f t .  Tech. 
R e p t .  67169, B r i t i s h  R.A.E., J u l y  1967,  34 pp. 
(Available t o  U . S .  Gov't.  Agencies  and  Their Con- 
tractors Only. ) 

AD 822  711 X68- 1  133  1 

*Royal Aircraft   Establishment,   Farnborough, 
England 

A-29. *McCauley, William D., ed.: Boundary I a y e r  
Transit ion  Study Group Meeting, J u l y  11-12,  1967. 
Volume I1 - Session  on  Boundary  Layer  Stability. 
BSPTR-67-213, Volume  11, U.S. Air Force, Aug. 
1967, 225  pp. (Avai lable  t o  U . S .  Gov't. Agencies 
and  Their  Contractors  Only.) 

AD 820 364  X67-23560 

The fol lowing  papers  are c o n t a i n e d   i n   t h i s  volume: 

Mack, Leslie Y.  : Numerical Solut ions  of  
Compressible  Boundary  Layer S t a b i l i t y ,  
pp. +1 - 9-22. 

Kendall, James M., Jr.: Supersonic  Boundary 
Layer Stabi l i ty   Experiments ,  pp. 10-1 - 
10-8. 

Brown, W. Byron: Improvements i n  Compress- 
i b l e   S o l u t i o n s  of S t a b i l i t y  Theory, pp. 11- 
1 - 11-16. 

Donaldson, Coleman duP.: and  Sul l ivan,  
Roger D.: A Computer Study  of  an  Analyti- 
ca l  Model of  Boundary  Layer  Transition, 
pp. 12-1 - 12-36. 

Reshotko, E l i :  S t a b i l i t y  Theory as a Guide 
t o  the   Eva lua t ion   o f   T rans i t i on  D a t a ,  
pp. 13-1 - 13-22. 

Nagel, A. L.: Compressible Boundary  Layer 
S t a b i l i t y  by Time-Integrat ion  of   the 
Navier-Stokes  Equations,  and  an  Extension 
of Emmons' Transition  Theory t o  Hypersonic 
Flow, pp. 14-1 - 14-62. 

Van Driest, E. R.; and Blumer, C. B.: Bound- 
a r y   I a y e r   T r a n s i t i o n  on  Cones  and  Spheres 
a t  Supersonic  Speeds - E f f e c t s  of Roughness 
and  Cooling, pp. 15-1 - 15-30. 

*Aerospace  Corp., San Bernardino, Calif. 

A-30. *Vasudeva, B. R.: Boundary-Layer I n s t a b i l -  
i t y  Experiment  with  Localized  Disturbance.  Jour- 
nal  of  Fluid  Mechanics, vol. 29, pt. 4. pp. 745- 
763, 1967. 

Laminar  boundary l a y e r  on a f l a t   p l a t e   w i t h  
zero   p ressure   g rad ien t  w a s  e x c i t e d  by a s o l i t a r y  
three-dimensional  disturbance. The growth  of the 
d is turbance  w a s  s t u d i e d   u s i n g  a 10-channel  l inear- 
i z e d  d.c.-coupled  hot-wire  system. The develop- 
ment of the   d i s tu rbance   f l ow  f i e ld  w a s  s tud ied   and  
compared  with  theory by Criminale hi Kovasznay 
(1962).  The experimental  results i n d i c a t e  a 
departure   f rom  the  theory on account  of  the s i m -  
p l i fying  assumptions made in   t he   t heo ry .   Ce r t a in  
new r e s u l t s  were also obtained.  

*Dept. of  Mechanics, The Johns  Hopkins  Univ., 
Baltimore, Md. 

A-31. *Kurn, A. G.: A Suction  Control  System  for 
t h e  Boundary  Layer  Developed  Along a Cylinder .  
Tech. Memo. Aero. 1090, B r i t i s h  R.A.E., Aug. 1968, 
28 pp. (Avai lable  t o  U . S .  Gov't. Agencies  Only.) 

X69- 15349 

*Royal Aircraft Establishment,  Farnborough, 
England 

A-32. *Morkovin, M. V.: Mechanics  of  Boundary 
Layer   Transi t ion,   Par t  2: I n s t a b i l i t y  and  Transi- 
t i o n  t o  Turbulence.  VKI-Lecture-Series-3- 
P a r t  2, 176 pp. DCAF-FOO2628.  Von Karman I n s t .  
f o r   F l u i d  Dynamics,  Rhode-St.-Genese, Belgium. 

N79-31530# 

I n s t a b i l i t y  and t r a n s i t i o n  from  laminar to  
tu rbu len t   shea r   l aye r s  is discussed.  Topics 
inc lude   advances   in   unders tanding   the   t rans i t ion  
a n d   c o n t r a d i c t i o n s   i n   t r a n s i t i o n   r e s e a r c h .  Tran- 
s i t i o n   c o r r e l a t i o n s   f o r   h y p e r s o n i c  wakes, t h r e e  
dimensional  boundary  layers,   laminar  suction 
wings ,   hea t   t ransfer   and   boundary   l ayer   t rans i -  
t i o n ,  and  Reynolds number e f f e c t s  are covered. 

*Martin Co., Baltimore, Md. 

A- 33. *Bacon, John W. , Jr - ; *Goldsmith,  John ; and 
*Gross, Lloyd W. : Effec t   o f   S lo t   Conf igura t ion  
and  Disturbances F r o m  S l o t  or Environment  on Lami- 
n a r  Flow Vehicles. NCIr68-46RI Northrop Corp. 
Lab., J u l y  31,  1968,  143  pp. (Avai lable  t o  U.S.  
Gov't.  Agencies  and Their Cont rac tors  Cmly.) 

A D 8 5  1246 X69- 16041 

*Northrop Corp., Hawthorne, Calif. 
Contract  ~00017-67-C- 11 12 
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A-34. *Eppler, R.: l amina r   A i r fo i l s   fo r   Reyno lds  
Numbers Greater Than 4 X IO6. Boeing CO., 
Seattle, Wash., Of f i ce   o f   In t e rna t iona l  Cpera- 
t ions .   Trans la t ion   in to   Engl i sh   f rom German 
Report AVA-67-A-62, B-819-35; April 1969,  32 pp. 

A70- 10930 ( O r i g i n a l  German) 
N69-28178# (Trans la t ion)  

Laminar a i r f o i l s ,  which means a i r f o i l s   w i t h  
the h ighes t   poss ib l e   d rag   ga in  by laminar  boundary 
layers  without  suction,  have  been  examined  thor- 
oughly   in   the   reg ion   of   smal le r  Re numbers. It is 
t i m e  t o  report on  ghe g a i n s   p o s s i b l e   i n   t h e   r e g i o n  
above Re = 4 x 10 . !Ibe NACA a i r f o i l s  which are 
now over  20 yea r s   o ld ,  are considered as a p o i n t  
of  departure.  W e  proceed a t  f i r s t   p u r e l y   t h e o r e -  
t i c a l l y ,   i n  a way which  has  already  been  success- 
f u l   f o r  smaller Re numbers. It could   be   seen   tha t  
keeping a boundary  layer  laminar is not  so d i f f i -  
c u l t   i n   t h e   r e g i o n   o f  smaller Re numbers i f  one 
b u i l d s   p r e c i s i o n  wings. The most d i f f i c u l t  pro- 
blem lies here   in   avoid ing   laminar   separa t ions   and  
so-ca l led  local separa t ion   bubbles .   In   the  Re 
number region  under   discussion  this   problem  does 
p r a c t i c a l l y   n o t   p l a y  any ro e a t  a l l  and  any mea- 
surements  with Re = 4 x lo‘, where  such  “bubbles” 
would  have  had  any e f f e c t ,  are not  known t o   t h e  
au thor  had t h e r e   n o t  been  very  sudden  and  very 
s t eep   p re s su re   i nc reases .  These however, are not  
appropr ia te   for   reasons  of f l i g h t   c h a r a c t e r i s t i c s .  
The boundary l a y e r   t r a n s i t i o n  is here   o f   the  
utmost  importance. A r e l i a b l e   t r a n s i t i o n  crite- 
r i o n  is therefore   o f   cons iderable   impor tance   for  a 
theo re t i ca l   t r ea tmen t .  

Note: The o r i g i n a l  German r e p o r t  is l i s t e d  as 
#491 i n  NASA RP-1035. 

* S t u t t g a r t  Univ., West Germany 

A-35. *Struminski i ,  V. V.; *Filmonof M. L.; and 
*Glushko, G. S .  : Turbulent Flows (Se lec ted  Arti- 
cles) - S t a b i l i t y   o f  Laminar  Flows  and Bo~unda-ry 
Layer   Trans i t ion .   (Trans la t ion   in to   Ehgl i sh  by 
Foreign  Technology Div. AFSC, Wright-Patterson 
AFB). MOSCOW, 1970. 

Am754323 N74- 10344# 

A series of art icles d i s c u s s   t u r b u l e n t  
flows. The o v e r a l l   p r o b l e m ,   t h e   s t a b i l i t y  of 
laminar   f low,   and  t ransi t ion t o  turbulen t   f low are 
discussed.  Diagram equat ions   for   the   degenera t ion  
of tu rbulence ,   and   ca lcu la t ions   o f   p ressure   and  
v e l o c i t y   f l u c t u a t i o n s   i n   t h e   b o u n d a r y   l a y e r  are 
followed by articles on the   k inemat i c   cha rac t e r i s -  
t ics of a turbulent   f low  during  s teady  motion,  
p re s su re   f l uc tua t ions  on the  boundary  of a turbu- 
l en t   f l ow,   t u rbu len t   f l ows   i n  jets and  ducts,  and 
the   tu rbulen t   mix ing  of f r e e  je ts .  

*Akademiia Nauk  SSSR, I n s t i t u t   T e o r e t i c h e s k o i  i 
Prikladnoi  Mekhaniki,  Novosibirsk, USSR 

A-36. *Craik,  Alex D. D.: Non-Linear  Resonant 
I n s t a b i l i t y   i n  Boundary  Layers.  Journal of F l u i d  
Mechanics, vol. 50, part 2, 1971, pp. 393-413. 

A72-13160 

Inves t iga t ion   o f   r e sonan t  triads of  Tollmien- 
S c h l i c h t i n g  waves i n   a n   u n s t a b l e  boundary  layer. 
The t r i a d s   c o n s i d e r e d  are those  compris ing a t w o -  
dimensional wave and t w o  ob l ique  waves propagat ing 
a t  equal  and opposite angles  t o  t h e  flow d i r e c t i o n  
and  such that a l l  t h r e e  waves have  the same phase 
v e l o c i t y   i n   t h e  downstream d i r e c t i o n .  For  such a 
resonant   t r iad   remarkably   powerfu l  wave i n t e r a c -  
t i o n s   t a k e  place, which may cause a continuous  and 
r ap id   t r ans fe r   o f   ene rgy  from the  pr imary  shear  
f l o w   t o   t h e   d i s t u r b a n c e .  It a p p e a r s   t h a t   t h e  
obl ique  waves  can g r o w  p a r t i c u l a r l y   r a p i d l y  and it 
is sugges t ed   t ha t   such   p re fe ren t i a l  growth may be 
respons ib le   for   the   rap id   deve lopment   o f   th ree-  
d imens iona l i ty   in   uns tab le   boundary   l ayers .  The 
non- l inear   energy   t ransfer   p r imar i ly   t akes  place 
i n   t h e   v i c i n i t y   o f  the c r i t i ca l  l a y e r  where t h e  
downstream  propagation  velocity of the waves 
equals   the   ve loc i ty   o f   the   p r imary   f low.  

*Dept. of  Applied  Mathematics, St. Andrews Univ., 
S t .  Andrews, Scot land 

A-37. *East,  L. F. : Spat ia l   Var ia t ions   o f   the  
Boundary  Layer i n  a Large Low-Speed  Wind Tunnel. 
Aeronaut ical   Journal ,  vol. 76,  Jan.  1972, 
pp.  43, 44. 

A72- 1906 1 

Experimental   study  of  boundary  layer varia- 
t i ons   caused  by f i t t i n g   s c r e e n   i n s e t s   i n  wind 
tunnels .  The r e s u l t s   o b t a i n e d   i n d i c a t e   t h a t  
f i t t i n g   s c r e e n s   c a n  remove s p a t i a l   v a r i a t i o n s  of 
t h e  boundary l aye r   f l ow  in   t he   work ing   s ec t ion   o f  
t h e   t u n n e l  and tha t   the   dependence  of the  f low 
upon t h e   s c r e e n s   i n   t h e   s e t t l i n g  chamber is as 
g r e a t   i n   l a r g e  as it is in   sma l l   t unne l s .  

*Royal Aircraft   Establishment,   Farnborough, 
England 

A-38. *Struminski i  , V.  V. : Laminar Flow S t a b i l i t y  
Problems  and t h e   T r a n s i t i o n  to  Turbulent Flow. 
Fluid  Mechanics - Soviet   Research,  vol.   1,  NO. 2, 
Mar.-April  1972, pp. 121-134. ( A  Survey  Paper.) 

A72-37468 (Engl i sh)  
A71-15602 (Russian) 

An a n a l y s i s  is given  of   the  resul ts   of   theo-  
retical  s t u d i e s   u s i n g   t h e   l i n e a r   t h e o r y  of  hydro- 
dynamic s t a b i l i t y .  The need   for   carefu l   exper i -  
men ta l   ve r i f i ca t ion   o f   t he   deduc t ions  from l i n e a r  
theory   in   the   deve lopment   o f  a non-linear  theory 
i s  shown. A cr i t ical  a n a l y s i s  is made of the 
e x i s t i n g  attempts t o  c o n s t r u c t  a non-linear  theory 
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.&, 
$- of  hydrodynamic s t a b i l i t y .  ?he a u t h o r ' s  non- 

l i n e a r   t h e o r y  unambiguously d e f i n e s   t h e   n a t u r e   o f  
t he   deve lopnen t   o f   pe r tu rba t ions   i n  a laminar 
flow.  Based  on t h i s   t h e o r y ,  a q u a l i t a t i v e   p i c t u r e  
is g iven   o f   t he   t r ans i t i on  from laminar t o  turbu- 
l e n t  flow. 

'Akademiia Nauk SSSR, I n s t i t u t   T e o r e t i c h e s k o i  i 
Prikladnoi  Mekhanik,  Novosibirsk, USSR 

A-39. *Burnel, S. ; and  *Gougat, P. : Study of t h e  
Development  of Natural I n s t a b i l i t i e s   i n  a Laminar 
Boundary  Layer in   Incompressible  Flow. NASA 
.I"76560, June  1981,  7  pp.  Translation  into 
m g l i s h  by s c i e n t i f i c   T r a n s l a t i o n  Service, Santa 
Barbara,   Calif .   from Comptes Rendus, Serie A - 
Science I Math., vol .  2,  no. 16, A p r i l  17,  1972, 
pp. 1251-1254. 

N81-27432X (Engl ish)  
A72-29784 (French)  

N a t u r a l   i n s t a b i l i t i e s  which are c r e a t e d   i n  a 
laminar   boundary  layer   consis t   of   intermit tent  
wave t r a i n s .  The spectral ana lys i s   o f   t hese  
f l u c t u a t i o n s  makes it possible t o  l o c a l i z e  them i n  
terms of frequency  and t o  isolate the i r   spec t rum 
of  amplitude  modulation. The v a r i a t i o n   i n  terms 
of absc issa   va lue   and   ord ina te   va lue  of t h e s e  
i n s t a b i l i t i e s  is compared w i t h   t h e   r e s u l t s   d e r i v e d  
from t h e   s o l u t i o n  of t h e  Orr-Sommerfeld equat ion.  

NASW-3198 (Trans la t ion)  

*CNRS, Labora to i re  d' Aerothermique, Meudon, Hauts- 
de- Seine,  France 

A-40. *Dads , J u l e s  B., Jr . ; and  *Hanly , 
Richard D.: Evaluation  of  Transonic  and  Super- 
s o n i c  Wind-Tunnel Background Noise and E f f e c t s  of 
Surface  Pressure  Fluctuation  Measurements.  Pre- 
sented a t  t h e  AIAA 7 th  Aerodynamic Testing  Confer- 
ence,  Palo Alto, C a l i f . ,  Sept. 13-15, 1972, 8 pp. 

~~ ~~ ~~ ~. ~~ 

AIAA-72- 1004 A72-41588# 

An investigation  of  wind-tunnel  background 
n o i s e   i n   t h e  Ames Research  Center  12-foot  pressure 
wind  tunnel ,   the  11- by 11-foot  and  the  14-foot 
t ransonic  wind t u n n e l s  , and  the  9- by  7-fOOt 
supersonic  wind tunnel   has   been  made. The data, 
which represent  a frequency  range  from 10 Hz t o  
20 kHz, have  been  analyzed i n   t h e  form  of 
(1)  broadband  sound  pressure  levels  and root-mean- 
square f l u c t u a t i o n s   o f   p r e s s u r e   c o e f f i c i e n t ,  
( 2 )  power spectra in  both  dimensional  and non- 
dimensional  form,  and (3) cross spectra and  phase 
ang le ,   y i e ld ing  narrow band  convection velocities. 
The su rveys   i nd ica t ed  a maximum broadband  sound 
pressure   l eve l   o f  155 dB a t  maximum tunnel  stagna- 
t i o n   p r e s s u r e   i n   t h e  11- by 11-foot   t ransonic  
tunnel .   For   equivalent   s tagnat ion  pressures ,  the 
sound  pressure levels were  approximately  the same 
i n  both the 11- by 11-foot  and  14-foot  transonic 

wind  tunnels. The maximum sound  pressure level i n  
the 12-foot  tunnel was 146 dB a t  a Mach number of 
0.6 for   near   a tmospheric   s tagnat ion  pressure.  
Sound p res su re   l eve l s  were about  13 t o  15 dB lower 
fo r   equ iva len t   s t agna t ion   p re s su res   i n   t he  9- by 
7-fOOt supersonic  wind t u n n e l   t h a n   i n   t h e   t r a n -  
s o n i c   f a c i l i t i e s .  The slots and t h e  plenum 
chamber  surrounding a t r a n s o n i c  test sec t ion   have  
been   i den t i f i ed  as the   sou rce   o f   t he  mst prom- 
inent   peaks which  occur i n   t h e  power spectral 
d e n s i t y  measurements i n   t r a n s o n i c  wind tunnels .  
Comparison  of r e s u l t s   o f  a model i n   t h e  wind 
t u n n e l  and i n   f r e e   f l i g h t   p r o v i d e s   a n   a p p r a i s a l  
of the  effects   of   tunnel   background  noise .  

*NASA, Ames Research  Center,   Moffett   Field,   Calif .  

A-41. *Dougherty, N. S., Jr; and  **Steinle, 
F. W.; Jr.: Transition  Reynolds Number Compari- 
s o n s   i n   S e v e r a l  Major Transonic  Tunnels. A I A A  8 t h  
Aerodynamic Testing  Conference,  Bethesda, Md., 
J u l y  8-10,  1974. 

AIAA-74-627 A74-36048# 

Boundary-layer  transit ion  and test s e c t i o n  
environmental   noise   data  were a c q u i r e d   i n   s i x  
major   t ransonic  wind t u n n e l s  as a p a r t   o f  a 
b roade r   co r re l a t ion  of t h e   e f f e c t  of free-s t ream 
dis turbances  on t rans i t ion   Reynolds  number. The 
d a t a  were t aken   a t   compara t ive  test condi t ions  on 
a sharp,  smooth 10-deg included-angle  cone. It 
was found that  aerodynamic  noise  sources  within 
t h e  test s e c t i o n  were t h e  dominant  sources of 
uns teadiness   and   tha t   t rans i t ion   Reynolds  number 
provided a good i n d i c a t o r  for the   resu l t ing   degra-  
dat ion  in   f low  qual i ty .   Ampli tudes,   f requency 
composi t ion ,   d i rec t iv i ty ,   and   or ig in  of t h e s e  
d is turbances  are descr ibed.  

*ARO, Inc.,  Wnold Air Force   S ta t ion ,  Tenn. 
**NASA, Ames Research  Center,   Moffett   Field,  
C a l i f .  

A-42. *Varner, M. 0.: Noise Generation  in  Tran- 
sonic  Tunnels.  A I M  8 t h  Aerodynamic "%?st ing  Con- 
ference,   Bethesda, Md., J u l y  8-10,  1974, 13 pp. 

AIAA-74-633  A74-35397# 

In  an  a t tempt  t o  b e t t e r   u n d e r s t a n d   t h e   n o i s e  
envi ronment   in   t ransonic   tunnels ,   no ise   genera t ion  
mechanisms were i so l a t ed   and   s tud ied .  The n o i s e  
environment i n   t h e  test  s e c t i o n  is s e p a r a t e d   i n t o  
t h r e e   d i s t i n c t  parts: t h e   n o i s e  due t o  je t  flow 
through the porous walls, a w a l l  hole- tunnel  reso- 
nance phenomenon, and   the   tu rbulen t   boundary   l ayer  
on   t he  test section walls and i n   t h e   d i f f u s e r .  
Each par t  is ana lyzed   separa te ly  for t h e   e f f e c t s  
of  aerodynamic  and  geometric  f low  constraints on 
the  f requency  and power c h a r a c t e r i s t i c s .  The 
cont r ibu t ion   of   each  of the models t o  t h e   f l u c t u -  
a t i n g  pressure level is also examined. 

*ARO, Inc., Arnold Air Force   S ta t ion ,  Tenn. 
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A-43. *Pfenninger, W.; and  *Syberg, J.: Reduction 
of Acous t ic   Dis turbances   in   the   Tes t   Sec t ion  of 
Supersonic Wind Tunnels by Laminarizing Their 
Nozzle  and  Test  Section Wall Boundary  Layers  by 
Means of  Suction. NASA CR-2436, Nov. 1974, 
305 pp. 

N75- 12977# 

The f e a s i b i l i t y  of quie t ,   suc t ion   laminar -  
ized,   h igh  Wynolds number ( R e )  supersonic  wind 
tunnel   nozzles  w a s  studied.  According t o  nozzle  
w a l l  boundary  layer   development   and  s tabi l i ty  
s t u d i e s ,   r e l a t i v e l y  weak area suc t ion   can   prevent  
ampl i f ied   nozz le  wall TS (Tol lmien-Schl icht ing)  
boundary   l ayer   osc i l la t ions .   S t ronger   suc t ion  is 
needed i n  and  shortly  upstream of t h e   s u p e r s o n i c  
concave  curvature   nozzle   area t o  a v o i d   t r a n s i t i o n  
due t o  ampl i f ied  n; (Taylor -Goer t le r )   vor t ices .  
!lb c o n t r o l  TG i n s t ab i l i t y ,   modera t e ly   r ap id   and  
s l o w  expansion  nozzles  require smaller t o t a l  suc- 
t i o n  rates than  rapid  expansion  nozzles ,  a t  t h e  
cost of   l a rger   nozz le   l ength  Re and  increased TS 
d is turbances .  The to ta l  suc t ion  mass flow ratios 
for   the   l aminar iza t ion   of   h igh  R e  supersonic  a i r  
nozz le s   i nc rease  from nis/mo = 0.005 a t  M* = 3 
( tes t  s e c t i o n )  t o  0.0105 a t  M* = 9. Nozzle w a l l  
cool ing  decreases  TS o s c i l l a t i o n ;  TG i n s t a b i l i t y  
i n   t h e  concave  curvature  region,  though, may be 
worse. Due t o  smaller nozzle  length Re and 
Goer t le r   parameters ,  M* = 9 helium  nozzles 
r e q u i r e   h a l f  as much s u c t i o n   f o r   t h e i r   l a m i n a r i z a -  
t i o n  as M* = 9 a i r  nozz les   o f   the  same UfD*/v* 
( tes t  s e c t i o n )  . Boundary l aye r   c ros s f low  in s t ab i -  
l i t y  on t h e   s i d e  w a l l s  of  two-dimensional  high Re 
supersonic   nozzles   due t o  s t reaml ine   curva ture  
r e q u i r e s   s t r o n g  local suc t ion  t o  a v o i d   t r a n s i t i o n .  
Nozzle w a l l  surface  roughness  is c r i t i ca l  i n   t h e  
t h r o a t  area, e s p e c i a l l y  a t  high M*, b u t   n o t   i n  
t h e  downstream  nozzle  region.  Allowable  surface 
roughness i n   t h e   t h r o a t  area of a M* = 9 helium 
nozzle  is f i v e  times l a rge r   t han   fo r  a comparable 
M* = 9 a i r   nozz le .  Test s e c t i o n  mean flow irre- 
gularities can be minimized  with  suction  through 
long i tud ina l   o r   h igh ly   swep t  slots (swept  behind 
local Mach cone) as w e l l  as f i n e l y   p e r f o r a t e d  
su r faces   (ho le   spac ing  < subsonic   nozzle  w a l l  
boundary  layer   thickness) .   Longi tudinal  s lo t  
suc t ion  is optimized when the  suction-induced 
c r o s s f l o w   v e l o c i t y   i n c r e a s e s   l i n e a r l y   w i t h   s u r f a c e  
dis tance  f rom  the s lo t  "attachment  l ine"  toward 
t h e  s lo t  ( t h r o u g h   s u i t a b l e  s lo t  geometry). Suc- 
t i o n   i n   s u p e r s o n i c  blowdown tunnels  may be oper- 
a t e d  by one o r   s e v e r a l   i n d i v i d u a l  vacuum spheres .  

*Boeing  Commercial  Airplane Co., S e a t t l e ,  Wash. , 
Contrac t  NASw-2359 

A-44. *McCanless, G. F., Jr.; and *Boone, J. R.: 
Noise Reduction  in  Transonic Wind Tunnels. Acous- 
t i ca l  Society  of America, Journal ,   vol .   56,  Nov. 
1974,  pp. 1501-1510. 

A75- 14385 

The phenomena of  background  noise  generation 
i n   t r a n s o n i c  wind tunnels  are analyzed.  In 
unsteady  aerodynamic tests, background d i s t u r -  

bances create problems Mcause  the ins t rumenta t ion  
senses  them i n   a d d i t i o n  t o  the   f l uc tua t ions   gene r -  
a t e d  by the  aerodynamic  flow  over  wind-tunnel 
models. Ca l ib ra t ions   o f  25 facil i t ies show t h a t  
the   ampl i tudes   o f   the   background  f luc tua t ions  are 
excess ive .   In   porous-wal l   fac i l i t i es ,   one   no ise  
source c o n s i s t s  of porous-wall   edgetones  that  are 
generated by t h e  passage of air  ove r   t he   ho le s .  A 
f l o w  model is developed that y i e l d s  the frequen- 
cies of   these   osc i l la t ions .   Tes t   sec t ion   boundary  
l a y e r s  and hole conf igura t ions   govern  the occur- 
r ence   o f   t hese   f l uc tua t ions .   In   s lo t t ed -wa l l  
f a c i l i t i e s ,  a noise   source  is the   s lo t t ed -wa l l  
shear ing  caused  by  the a i r  f lowing   a long   the  open- 
ings .   In   bo th   types   o f  wind tunnels ,   o ther   f low 
mechanisms also cause   d i s turbances ,   and   these  
phenomena are described.  Noise-reduction  methods 
are o u t l i n e d  which w i l l  provide  val id   unsteady 
aerodynamic  resul ts .  

*Chrysler Corp., Huntsv i l le ,  A l a .  
Cont rac ts  NAS8-27503 and NAS8-30517 

A-45. *Roos, F. W.: Surface  Pressure  and Wake 
Flow F l u c t u a t i o n s   i n  a S u p e r c r i t i c a l   A i r f o i l  Flow- 
f i e l d .  A I A A  13th  Aerospace  Sciences  Meeting, 
Pasadena,   Cal i f . ,   Jan.  20-22, 1975, 10 pp. 

AIAA-75-66  A75- 18288# 

Nonsteady f e a t u r e s   o f  a Whitcombtype super- 
c r i t i ca l  a i r fo i l  f l o w f i e l d  were s t u d i e d   i n  a 
series of   t ransonic  wind tunnel  experiments.  Data 
cons is ted   o f  mean and   f l uc tua t ing  pressures on t h e  
a i r f o i l  and i n   t h e  free stream, ve loc i ty   f l uc tua -  
t i o n s   i n   t h e  wake r eg ion ,   and   a i r fo i l   v ib ra t ions .  
F luc tua t ion   da ta  w e r e  a n a l y z e d   s t a t i s t i c a l l y  for  
in t ens i ty ,   f r equency   con ten t ,  and spa t i a l   cohe r -  
ence :   va r i a t ions   i n   t hese   pa rame te r s  were corre-  
l a t e d   w i t h   c h a n g e s   i n   t h e  mean a i r f o i l   f l o w f i e l d .  
S u r f a c e   p r e s s u r e   f l u c t u a t i o n   i n t e n s i t y  w a s  i n f l u -  
enced  pr imari ly  by the l o c a t i o n  and  motion  of t h e  
upper-surface  shock,   the   exis tence  of   separat ion,  
and  (downstream of the   shock)   t he  development  and 
upstream  propagation  of  "shocklets." Power spec- 
t r a  o f   p re s su re   f l uc tua t ions  showed charac te r i s -  
t ics d i f f e r e n c e s  up  and  downstream  of  the  shock. 
Chordwise  and  spanwise  coherences were consider- 
ab ly   reduced   in   the   p resence   o f   separa t ion .  Down- 
wash f l u c t u a t i o n s  a t  t h e  edge  of  the wake w e r e  
no t i ceab ly   a f f ec t ed   on ly  by t h e  development  of 
t ra i l ing-edge  f low  separat ion.  

*McDonnell Douglas  Research  Labs.,  St.  Louis, Mo. 
Research  supported by McDonnell-Douglas  and NASA 

A-46. *Saric,  William S.; and *Navfeh. A l i  H.: 
" 

VPI-875-5, Feb. 1975, 27 pp. 

AD-A006918  N75-22654# 

The spatial s t a b i l i t y  of  two-dimensional 
incompressible  boundary-layer  flows is analyzed by 
us ing   t he  method of m u l t i p l e  scales. The a n a l y s i s  
t a k e s   i n t o   a c c o u n t   t h e  streamwise var ia t ions   o f  
t h e  mean f low,   the  dis turbance  ampli tude,   and  the 
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wavenumber. The theory is appl ied  t o  t h e   B l a s i u s  
and t h e  Falkner-Skan  flows.  For the Blas ius  flow, 
t h e   n o n - p a r a l l e l   a n a l y t i c a l   r e s u l t s  are i n  good 
agreement  with  the  experimental   data.  The r e s u l t s  
show that  t h e   n o n - p a r a l l e l   e f f e c t s   i n c r e a s e  as the 
pressure   g rad ien t   decreases .  

*Virg in ia   Poly technic   Ins t .   and   S ta te  Univ., 
Blacksburg, Va.  
Cont rac t  NOOO14-72-A-0136-0002 
Prepared  in  cooperation  with  Sandia  Labs,  
Albuquerque, N. Mex. 

,; i 
. .. .L. 

A-47. *Nagel, A. L.; *Alford, W. J., Jr.; and 
**Dugan, J. F. , Jr.: Future Long-Range Trans- 
ports - Prospects f o r  Improved Fuel Eff ic iency .  
NASA  !"X-72659, Feb.  1975, 18 pp. 

N75- 173391 

A s t a t u s   r e p o r t  is provided on cu r ren t   t h ink -  
ing   conce rn ing   po ten t i a l  improvements i n   f u e l  
e f f i c i e n c y  and p o s s i b l e   a l t e r n a t e   f u e l s .   T o p i c s  
reviewed are: h i s t o r i c a l   t r e n d s   i n   a i r p l a n e  
e f f i c i ency ;   t echno log ica l   oppor tun i t i e s   i nc lud ing  
supercr i t ica l   aerodynamics ,   vor tex   d i f fusers ,  
composite materials, propuls ion  systems,   act ive 
c o n t r o l s ,  and  terminal-area  operat ions;  unconven- 
tional  design  concepts,  and  hydrogen-fueled 
a i rp lane .  

*NASA, langley  Research  Center, Hampton, Va. 
**NASA, L e w i s  Research  Center,  Cleveland,  Ohio 

A-48. *Varner, M. 0. : Noise  Generation i n  Tran- 
s o n i c  Wind mnnels.   Final  Report ,   June 1973-June 
1974. AEDC-TR-74-126, Apri l ,  1975, 40 pp. 

AD-A007688 N75-23614# 

In  an  a t tempt  t o  determine  the  parameters  
charac te r iz ing   the   no ise   envi ronment   in   t ransonic  
tunnels ,   noise-generat ing mechanisms for  porous- 

wal l  tunnels   with 60-deg i n c l i n e d   h o l e s  w e r e  iso- 
l a t e d  and  studied. 'Ihe noise  environment i n   t h e  
tes t  s e c t i o n  is s e p a r a t e d   i n t o  three d i s t i n c t  
p a r t s :   t h e   n o i s e  due to  je t  f low  through  the 
porous walls, a w a l l  hole-tunnel  resonance pheno- 
menon, and the   tu rbulen t   boundary   l ayer  on t h e  
tes t  s e c t i o n  w a l l s  and i n   t h e   d i f f u s e r .  Each p a r t  
is a n a l y z e d   s e p a r a t e l y   f o r   t h e   e f f e c t s   o f  aero- 
dynamic  and  geometric  flow  constraints  on  the 
frequency  and power c h a r a c t e r i s t i c s .  The c o n t r i -  
bution  of  each  of  the  acoustic  models t o  t h e  test 
sec t ion   f ree-s t ream  f luc tua t ing   pressure   l eve l  is 
also examined. 

*ARO, Inc.  Arnold Air Force   S ta t ion ,  Tenn. 

A-49. *Kulfan, R. M.; and *Howard, W. M.: Appli- 
c a t i o n  of Advanced Aerodynamic  Concepts t o  Large 
Subsonic   Transport   Airplanes.   Final  Tech. R e p t . ,  
October 1974-September  1975; D6-75748; 
AFFDGTR-75-112; Nov. 17,  1975,  117 pp. 

ADA019956 N76-251591 

A preliminary  design  study  has  been made t o  
identify  the  performance  advantages  obtained when 
advanced  aerodynamic  technology a i r c r a f t  are used 
t o  perform  subsonic military a i r   mi s s ions   r equ i r -  
ing  long  range  (10,000 m i )  or high  endurance 
(24  hr)  with  heavy  payloads  (250,000 l b  and 
400,000 l b ,   r e s p e c t i v e l y ) .  The s tudy   cons i s t ed  of 
two p h a s e s ;   t h e   f i r s t   i n c l u d e d   e v a l u a t i n g   t h e  
performance  benefi ts  by ind iv idua l ly   app ly ing  
various  advanced  aerodynamic  concepts  and 
recommending areas where a d d i t i o n a l   r e s e a r c h  and 
development work are necessary.  The second  phase 
inc luded   conf igur ing   in tegra ted   advanced   tech-  
no logy   a i r c ra f t   t ha t   i nco rpora t ed   t he   mos t  
promising  compatible  aerodynamic  concepts. 
Comparisons were made with  conventional aerc- 
dynamic  technology  configurations  designed  for 
similar missions. 

*Boeing Commercial Airplane Co., S e a t t l e ,  Wash. 
Contract  F33615-75-C-3013 
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