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I n f o r m a t i o n  is p r e s e n t e d  to assist t h o s e  i n t e r e s t e d  i n  c o n d u c t i n q  wind- 

t u n n e l  t e s t i n q  w i t h i n  t h e  Lanqley Unitary P l a n  Wind Tunnel .  P r o c e d u r e s ,  

r e q u i r e m e n t s ,  forms and examples  n e c e s s a r y  for  t u n n e l  e n t r y  are i n c l u d e d .  

P rocedures  and r e q u i r e m e n t s  n e c e s s a r y  for e n t r y  i n t o  the Lang ley  U n i t a r y  

P l a n  Wind ' runnel  t e s t i n q  is presen ted .  P e r t i n e n t  i n f o r m a t i o n  re la t ive  to  

models ,  i n s t r u m e n t a t i o n ,  d a t a  a c q u i s i t i o n ,  and r e q u i r e d  forms is  a l so  

p r e s e n t e d  to  a s s i s t  i n t e r e s t e d  r e s e a r c h e r s .  I n c l u d e d  are b lank  forms,  w i t h  

examples  t h e r e o f ,  which are r e q u i r e d  to  so l i c i t  and conduc t  a wind- tunnel  test 

w i t h i n  t h e  Lanqley  U n i t a r y  P l a n  Wind Tunnel.  

The Lanqley  U n i t a r y  P l a n  Wind Tunnel is  a t w o  test  s e c t i o n ,  con t inuous -  

f l o w  f a c i l i t y  w i th  a v a r i a b l e  p r e s s u r e ,  t e m p e r a t u r e  and Mach r a n q e  from Mach 

1.50 t o  4.63. The f a c i l i t y  w a s  c o n s t r u c t e d  under  t h e  U n i t a r y  P l a n  A c t  of 1949 

(ref. 1 ) .  B r i e f  d e s c r i p t i o n s  a r e  p re sen ted  i n  t h e  f a c i l i t y  c o m p i l a t i o n s  of 

references 2, 3, and 4 and a more d e t a i l e d  d e s c r i p t i o n  i s  p r e s e n t e d  i n  

reference 5. 

The b a s i c  e l e m e n t s  of t h e  Lanqley U n i t a r y  P l a n  Wind Tunnel  a r e  a 100,000- 

horsepower  compressor  d r i v e  sys tem,  a d r y  a i r  s u p p l y  and e v a c u a t i n q  sys tem,  a 

coolinq sys t em,  and t h e  n e c e s s a r y  i n t e r c o n n e c t i n g  d u c t i n q  to produce  t h e  

proper a i r  f low throuqh e i t h e r  o f  t h e  t w o  test s e c t i o n s .  

The low-ranqe test s e c t i o n  (numher 1 )  h a s  a d e s i q n  Mach number ranqe of 

from 1 .SO to  2.86. The s t a q n a t i o n  p r e s s u r e  can  be v a r i e d  up t o  a maximum of 

a p p r o x i m a t e l y  fin psia. The hiqh-ranqe test  s e c t i o n  (number 2 )  h a s  a d e s i q n  

Mach number r anqe  of from 2.30 t o  4.63. Its maximum s t a g n a t i o n  p r e s s u r e  is  

a p p r o x i m a t e l y  150 psia. 

The d r i v e  sys tem c o n s i s t s  of a 20,000-horsepower l i q u i d - r h e o s t a t -  

c o n t r o l l e d  wound-rotor  s t a r t i n q  motor d r i v i n g  th rouqh  a qear box to  the main 

d r i v e  l i ne -up .  T h i s  l i n e - u p  c o n s i s t s  of a 63,333-horsepower synchronous  motor 

d r i v i n q  s i x  l a r q e - c a p a c i t y  c e n t r i f u q a l  compressors. The combined maximum 

overload c a p a c i t y  of the  t w o  motors is 100,000 horsepower  f o r  30 minutes .  The 
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compresso r s  can  he a r r a n s e d  i n  f ive  d i f f e r e n t  c o n f i q u r a t i o n s  by v a l v e s  i n  t h e  

I n t e r c o n n e c t i n s  d u c t i n q  i n  order to  p r o v i d e  t h e  w i d e  r anqe  of  volume f l o w s  and 

compress ion  ra t ios  r e q u i r e d  f o r  t h e  t w o  test s e c t i o n s .  

t h e  d r i v e  sys tem w i l l  s u p p l y  one of the test  s e c t i o n s  a t  a t i m e ,  t h e y  c a n n o t  

be o p e r a t e d  s imul t aneous ly .  The sys tem t h a t  s u p p l i e s  a i r  t o  t h e  t u n n e l  

c o n s i s t s  of  compressors ,  vacuum pumps, and a i r  d r y e r  and a i r  storaqe 

v e s s e l s .  

a t  the r e q u i r e d  s t a g n a t i o n  p r e s s u r e ,  and p r o v i d e s  for e v a c u a t i o n  and 

r e c h a r q i n q  of t h e  t u n n e l  or p o r t i o n s  t h e r e o f  for purg ing  and s t a r t i n g .  

S i n c e  t h e  c a p a c i t y  of 

It s u p p l i e s  a i r  to  t h e  t u n n e l  a t  a dewpoin t  of lower t h a n  -65O and 

Both test  s e c t i o n s  are of t h e  asymmetr ic  s l i d i n g - b l o c k ,  c losed-working  

s e c t i o n  t y p e ;  the  workinq s e c t i o n  ( r e g i o n  i n  which m o d e l  i s  mounted) is 4 feet 

h i q h ,  4 f e e t  w i d e ,  and a p p r o x i m a t e l y  7 feet  lonq .  Each test  s e c t i o n  w i l l  

p e r m i t  v a r i a t i o n  of Mach number a t  any  d e s i r e d  inc remen t  throucrhout  i ts ranqe  

w i t h  t h e  t u n n e l  o p e r a t i n q .  Both s t a q n a t i o n  p r e s s u r e  and s t a q n a t i o n  

t e m p e r a t u r e  may he c o n t r o l l e d  i n d e p e n d e n t l y .  Access to each test section is  

prov ided  by t w o  doors  which form t h e  s i d e w a l l s  o f  t h e  tes t  s e c t i o n s .  The 

d o o r s  are r e c t a n q u l a r  and made up of n i n e  s t r i p s  of opt ical  p la te  qlass, each  

5-1/2 i n c h e s  w i d e  and s e p a r a t e d  from each  o t h e r  by 1-1/4 i n c h e s  of s u p p o r t i n s  

s t r u c t u r e .  T h i s  arranqement  p e r m i t s  t h e  a t t a i n m e n t  of  a larqe f i e l d  of view 

w h i l e  r e t a i n i n q  e x c e l l e n t  opt ical  q u a l i t i e s .  A n  a l t e r n a t e  set  of s o l i d  steel 

d o o r s  is a v a i l a h l e  f o r  s i d e w a l l  model mounts and h e a t  t r a n s f e r  tests. I n  

a d d i t i o n ,  each  tes t  s e c t i o n  is p rov ided  w i t h  an  access h a t c h  i n  the  r e g i o n  of 

t h e  d i f f u s e r .  

Electric power is  a v a i l a h l e  a t  110  and 440 v o l t s  a l t e r n a t i n q  c u r r e n t  and 

1 2  and 24 volts  direct  c u r r e n t .  Other  power s u p p l i e s ,  e i t h e r  a l t e r n a t i n g  

c u r r e n t  or d i r e c t  c u r r e n t ,  can  be f u r n i s h e d  o n l y  by special ar ranqement .  

Many methods have been used to  s u p p o r t  models and probes depend ing  on t h e  

o b j e c t i v e  o f  t h e  tes t .  The basic mechanism is t h e  h o r i z o n t a l  wal l -mounted 

s t r u t  which is capab le  of forward and a f t  t ravel  of 36.25 i n .  i n  t h e  

a t r eamwise  d i r e c t i o n .  To t h i s  s t r u t  is a t t a c h e d  a s t i n q  s u p p o r t  which h a s  

t r a v e r s e  and s i d e s l i p  motion of f20 i n .  and f 1 2 O  r e s p e c t i v e l y .  

s t i n q  s u p p o r t  i s  the  a n q l e - o f - a t t a c k  mechanism which p r o v i d e s  p i t c h  mot ion  

from - 1 5 O  to  30°. 

Forward of t h e  

J u s t  ups t ream of t h e  p i t c h  mechanism is t h e  r o l l  mechanism 
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which p r o v i d e s  c o n t i n u o u s  rol l  motion w i t h i n  a 310° r a n q e .  

moilntcrl to  t h e  r o l l  mechanism by means of a s t i n g .  A w i d e  a s s o r t m e n t  o f  s t i n q  

s i z e s  and l e n q t h s  a r e  ava i l ah le  t o  p r o v i d e  s p e c i f i c  model p o s i t i o n  and l o a d  

requi rements .  Tn a d d i t i o n  t o  s e v e r a l  a l t e r n a t e  p i t c h  mechanisms, one  of which 

c a n  p r o v i d e  rip t.o 90° a n q l e  of a t t a c k ,  t h e r e  are assorted a n q u l a r  coupl inqs  

and "doq-lcq" or o f f s e t  s t i n q s .  

The model i s  

The a c t u a l  d i m e n s i o n s  of models t o  be used  depend upon so many factors 

t h a t  e a c h  c a s e  m u s t  be c o n s i d e r e d  separately. The recommended maximum 

d i m e n s i o n s  of a model for  e a c h  of the  test s e c t i o n s  are l i s ted  i n  t h e  

f o l l o w i n q  t a h l e :  
Low Mach number Hiqh Mach number 
test s e c t i o n  tes t  s e c t i o n  

Rody diameter 7 i n c h e s  1 2  i n c h e s  

Rody l e n q t h  30 i n c h e s  60 i n c h e s  

Wins s p a n  20 i n c h e s  34 i n c h e s  

The model d i m e n s i o n s  a r e  the maximum d i m e n s i o n s  t h a t  w i l l  p e r m i t  t e s t i n g  

at a Mach number of 1 .S  i n  t h e  low Mach number t e s t  s e c t i o n  and 2.3 i n  t h e  

h i q h  Mach numhpr tes t  s e c t i o n  over a n  a n q l e - o f - a t t a c k  r a n q e  from -2O t o  20° 

and over a n  a n q l e - o f - s i d e s l i p  ranqe of i12 . The maximum a n q l e - o f - a t t a c k  

r a n q e  a t  any Mach number, i n  e i t h e r  test  section, is from -13' t o  28O. The 

u s e  o f  larqer models w i l l  r e d u c e  the  allowable r a n q e  of t e s t  a n q l e s .  

o 

P r e l i m i n a r y  estimates of t h e  a n q u l a r  r a n q e  for a model a t  o t h e r  t h a n  t h e  

above  Mach numbers c a n  he made u s i n s  t e s t  s e c t i o n  d i m e n s i o n s  and c o n v e n t i o n a l  

t h e o r e t i c a l  c a l c r i l a t i n q  methods f o r  d e t e r m i n i n q  t h e  r e f l e c t e d  wave l e n q t h .  

The s t a r t i n c r  l o a d s  s h a l l  be assumed to  be t w i c e  t h e  maximum loads 

r e s t i l t i n q  from t h e  maximum s t a r t i n q  s t e a d y - s t a t e  dynamic p r e s s u r e s .  The 

maximum s t a r t i n q  s t e a d y - s t a t e  dynamic p r e s s u r e s  c o r r e s p o n d  to  a s t a q n a t i o n  

p r e s s u r e  of  5 p s i a  and are 309 p s i  i n  t h e  l o w  Mach number test  s e c t i o n  and 184 

p i  i n  t h e  h i q h  Mach number t e s t  s e c t i o n .  

The models d e s i q n e d  f o r  i n l e t  i n v e s t i q a t i o n  s h a l l .  d u p l i c a t e  t h e  f u l l -  

s c a l e  c o n f i q u r a t i o n  fo r  s u f f i c i e n t  d i s t a n c e  t o  assure i n l e t  and boundary- layer  

f l o w s  c o r r e s p o n d i n q  t o  t h e  f u l l - s c a l e  conf iqu ra t ion .  All c a n a r d  surfaces and 

o t h e r  a p p u r t e n a n c e s  t o  t h e  forebodv s h a l l  be i n c l u d e d .  D u c t s  t h r o u q h  t h e  
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f r i s e l a q e  n r  nacel les  s h a l l  he s i m u l a t e d  t o  t h e  e x t e n t  t h a t  a i r  c a n  f l o w  

throuqh them w i t h  the d e s i q n  mass-flow rat io .  Mass f l o w  s h a l l  be c o n t r o l l e d  

hy chokinq  a nozz le  i n  t h e  model. I n  s c a l i n q  down t h e  model a n y  houndary- 

l a y e r  bleeds s h a l l  be modif ied  to  correct for t h e  d i f f e r e n c e  i n  Reynolds  

niimher. P r o v i s i o n  s h a l l  he made for t h e  i n s t a l l a t i o n  o f  dynamic- p r e s s u r e  

P i c k u p s  on t h e  model a t  l o c a t i o n s  such  t h a t  i n d i c a t i o n  of  i n c i p i e n t  f l o w  

i n s t a h i l i t v  (huzz)  c a n  be o h t a i n e d .  

S t r a i n - q a q e  b a l a n c e s  used i n  t h e  Lanqley  U n i t a r y  P l a n  Wind Tunnel  w i l l  

q e n c r a l l y  h e  s t i n q  s u p p o r t e d .  The s e l e c t i o n  of a b a l a n c e  w i l l  he made a t  the 

t i m e  of t h e  i n i t i a l  c o n f e r e n c e  p r e p a r a t o r y  t o  t h e  tests. Normally t h e  b a l a n c e  

w i l l  he f u r n i s h e d  hv  t h e  Lanqley  U n i t a r y  P l a n  Wind Tunnel .  These  b a l a n c e s  

wi l . l  s a t i s f y  t h e  r e q u i r e m e n t s  of most a i r p l a n e  and missile c o n f i q u r a t i o n s .  

O t h e r  b a l a n c e s  with maximum normal forces up  t o  2,000 pounds and d i f f e r e n t  

d t ~ t r i h o t i o n s  O F  force and moment r a n q e s  c a n  be made ava i l ab le  i n  most cases 

j f  necessary. The p i t c h  center of t h e  b a l a n c e  s h o u l d  be p l a c e d  as c l o s e l y  as 

p o s s i b l e  t o  t h e  c e n t e r - o f - q r a v i t y  l o c a t i o n  f o r  t h e  f u l l - s c a l e  a i r c r a f t .  

All c a l i b r a t i o n  f i x t u r e s  and s u p p l e m e n t a r y  equipment  n e c e s s a r y  for a 

c o m p l e t e  c a l i h r a t i o n  o f  t h e  b a l a n c e  i n  t h e  model and a d e t e r m i n a t i o n  of t h e  

a l i q n m e n t  o f  t h e  model and t h e  b a l a n c e  w i l l  be f u r n i s h e d  by  t h e  u s e r .  The 

u s e r  w i l l  also f i i rn i sh  a l l  c a l i b r a t i o n  f i x t u r e s  and equipment  €or c a l i b r a t i o n  

and p o s i t i o n i n q  of a l l  c o n t r o l  s u r f a c e s  and a l l  surfaces to  be i n v e s t i q a t e d .  

DATA KQUISITION 

The d a t a  a c q r l i s i t i o n  room is l o c a t e d  between t h e  t w o  t e s t  s e c t i o n s  i n  t h e  

T,an(rley I J n i t a r y  Plan Wind Tunnel  F a c i l i t y .  T h i s  room c o n t a i n s  t w o  MODCOMP 

7 2 / ~ 5  computer s y s  tems w i t h  a q s o c i a t e d  p e r i p h e r a l s  ( t e r m i n a l s ,  p r i n t e r s  , 
disks, maqnet.ic tapes, etc.) networked t o q e t h e r .  Each computer  sys tem is part 

of  a d a t a  a c q u i s i t i o n  sys tem which i n c l u d e s  D/A c o n v e r t e r s ,  a n a l o u  and d i q i t a l  

p a t c h b o a r d s ,  c o n t r o l  c o n s o l e s ,  etc. 

The computer equipment  r e c o r d s  r a w  d a t a  d u r i n q  t h e  wind-t i innel  tests and 

p r o v i d e s  r e a l - t i m e  e n q i n e e r i n s  u n i t s  c o m p u t a t i o n s  which are p r i n t e d ,  p l o t t e d ,  

and stored as each d a t a  p i n t  is r e c o r d e d .  T h i s  al lows t h e  test  e n q i n e e r  t o  

v a l i d a t e  d a t a  as  it is h e i n q  r e c o r d e d  and t o  be c e r t a i n  t h a t  h i s  t es t  
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o h j e c t i v e s  are h c i n q  m e t .  A t  t h e  end of t h e  test ,  t h e  raw da ta  are  edited and  

recomputed as f i n a l  d a t a .  

The e x p e r i m e n t a l  d a t a  f i l e s  a r e  s t o r e d  b o t h  on d i s k  and on rnaqnet ic  t a p e  

p o i n t  hy  p o i n t  as e a c h  d a t a  p o i n t  i s  b e i n q  r e c o r d e d  ( t y p i c a l l y ,  60 frames of 

data  f o r  each test p o i n t ) .  Also, each c h a n n e l  scanned  is l i s % e d  on a 

l i n e p r i n t e r  w i t h  se tup  i n f o r m a t i o n .  A t y p i c a l  test  c o n s i s t s  of  several 

hundred d a t a  p o i n t s  and q e n e r a t e s  10,000 t o  100,000 r e c o r d s .  

ORGANIZATION 

The N A S A  Lanqley  I J n i t a r y  P l a n  Wind Tunnel  (UPWT) is l o c a t e d  i n  b u i l d i n g  

1251 a t  Lanqley  Research  C e n t e r  (LaRC). THe f a c i l i t y  is managed by the 

Applied Aerodynamics Group ( A A G )  of t h e  S u p e r s o n i c / H y p e r s o n i c  Aerodynamics 

Rranch ( S H A R )  , Hiqh-Speed Aerodynamics D i v i s i o n  (HSAD) . A d d i t i o n a l  s u p p o r t  is 

s u p p l i e d  by  t h e  n a t a  Systems Group ( D S G )  of t h e  SHAR/HSAD and t h e  O p e r a t i o n a l  

S u p p o r t  D i v i s i o n  (OSD). 

Tunnel  o p e r a t i o n s  require t h e  a c t i v e  involvement  of s e v e n  ( 7  ) t e c h n i c i a n s  

and t h r e e  ( 3 )  c n q i n e e r s .  Technic ian  s u p p o r t  is p r o v i d e d  by OSD of LaRC. Two 

o f  t h o  t h r e e  encrineers  are provided by HSAD for t h e  s u p e r v i s i o n  and 

c o o r d i n a t i o n  o f  a c t i v i t i e s  w i t h i n  t h e  UPWT test  s e c t i o n s  and t h e  na t a  

A c q u i s i t i o n  R o o m  ( D A R ) .  I n  a d d i t i o n ,  a n  e n q i n e e r  is to  be d e s i q n a t e d  b y  t h e  

s p o n s o r i n q  aqency  or o r q a n i z a t i o n  ( N A S A ,  Department  of Defense ,  or C o n t r a c t o r )  

a s  pro jec t .  e n q i n e e r  for t h e  tes t  t h a t  i s  to  be conducted .  The t i t l e s  and 

qeneral r e s p o n s i h i l i t i e s  of t h e  a s s i q n e d  e n q i n e e r s  are as f o l l o w s :  

T e s t  Enqincer  - 

Projoct E n q i n e e r  - R e s p o n s i b l e  f o r  t h e  s o l i c i t a t i o n ,  d e f i n i t i o n  and 

s u p p o r t  o f  t h e  r e s e a r c h  test  p r o j e c t .  P r o v i d e d  by t h e  

s p o n s o r i n q  o r q a n i z a t i o n  or aqency. 

R e s p o n s i b l e  f o r  d i r e c t i n q  and c o o r d i n a t i n q  t h e  

a c t i v i t i e s  i n  b o t h  t h e  UPWT t e s t  s e c t i o n s  and t h e  DAR 

t o  e n s u r e  s a f e ,  rel iable and e f f i c i e n t  o p e r a t i o n .  

Provided by AAG/SHAB/HSAD. 

Data  Systems A n a l y s t  - R e s p o n s i b l e  for DAR computer proqraminq for "on-line" 

d a t a  a c q u i s i t i o n ,  da t a  r e d u c t i o n  and p r e l i m i n a r y  data 

a n a l y s i s .  P r o v i d e d  by DSG/SHAR/HSAD. 
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PR0CB)URES AND ~ I R B ( E " f S  

Prior to  e n t r y  i n t o  e i t h e r  t e s t  s e c t i o n  of t h e  UPWT, for  t h e  p u r p o s e  of 

c o n i ~ u c  ti n q  e x p r  imenta l  wind-tunnel  tes t i n q ,  c e r t a i n  p r o c e d u r e s  and 

r e q u i r e m e n t s  a re  to  be fo l lowed and m e t .  The p u r p o s e  of t h i s  p u b l i c a t i o n  i s  

to  complement the  i n f o r m a t i o n  c o n t a i n e d  i n  reference 4 and to  p r o v i d e  

i n f o r m a t i o n  r e l a t i v e  t o  p r e s e n t  r e q u i r e m e n t s .  I n c l u d e d  are i n s t r u c t i o n s  and 

n e c e s s a r y  forms ,  wi th  example5 t h e r e o f ,  t h a t  are to  be p r e p a r e d  by t h e  P r o j e c t  

Enqineer  and d e l i v e r e d  t o  t h e  T e s t  E n q i n e e r  p r i o r  t o  t u n n e l  e n t r y  date. 

A d d i t i o n a l  i n f o r m a t i o n  and a s s i s t a n c e ,  i f  needed,  c a n  be o h t a i n e a  from e i t h e r  

t h e  T e s t  Enqincer  or t h e  OSn Lead T e c h n i c i a n .  S p e c i f i c  d u t i e s  and 

r e s p o n s i b i l i t i e s  of t h e  Project E n q i n e e r  are as follows: 

1 .  

2 .  

-3. 

S i x  (6) months prior t o  t h e  desired t u n n e l  e n t r y  d a t e .  

a .  S o l i c i t a t i o n  of t u n n e l  t es t  t i m e  is t o  he r e q u e s t e d  from t h e  F a c i l i t y  

Manaqer. T h i s  r e q u i r e s  t h e  c o m p l e t i o n  and s u b m i t t a l  of a " U n i t a r y  P l a n  

Wind Tunnel Schedule  S h e e t "  ( e n c l o s u r e  1 ) .  A copy of t h i s  form, a l o n q  

w i t h  "Guide l ine  I n f o r m a t i o n  f o r  IJPWT S c h e d u l e  S h e e t "  ( e n c l o s u r e  21, is  

i n c l u d e d  a t  t h e  r e a r  of t h i s  p u b l i c a t i o n .  A p r e l i m i n a r y  test review 

meet inq  w i l l  he  s c h e d u l e d  and h e l d  t o  e s t a b l i s h  t e s t  s u i t a h i l i t y ,  

l e n q t h  and p r i o r i t y .  The P r o j e c t  E h q i n e e r  should  d e t e r m i n e  a t  this 

t i m e  t h e  a v a i l a b i l i t y ,  number, c a p a c i t y  and t y p e  of i n s t r u m e n t a t i o n  

t h a t  w i l l  he r e q u i r e d  to c o n d u c t  t h e  r e q u e s t e d  test program. 

Three  months prior t o  t h e  d e s i r e d  t u n n e l  e n t r y  d a t e .  

a .  Provide s t r e s s - a n a l y s i s  reports a n d / o r  o t h e r  d a t a  t o  t h e  F a c i l i t y  

Manaqer. The s e l e c t i o n  and u s e  of a l l  model components,  s u p p o r t  

hardware ,  i n s t r u m e n t a t i o n ,  etc. for a l l  t h e  t e s t  parameters r e q u e s t e d  

m u s t  f u l l y  meet a l l  s a f e t y  r e q u i r e m e n t s  of b o t h  IJPWT and t h o s e  

p u h l i s h ~ ~ i  i n  LaRC "Wind-Tunnel Model Systems C r i t e r i a " ,  L.Y.R. 1710.15, 

One month prior t o  t h e  d e s i r e d  t u n n e l  e n t r y  d a t e .  

a. The m o d * - l  and a comple te  set of d r a w i n q s  s h a l l  be d e l i v e r e d  to  t h e  

(JPWT. 

b, e n s u r e  t h a t  a l l  r e q u i r e d  i n s t r u m e n t a t i o n ,  special hardware ,  and m o d e l  

components are d e l i v e r e d  t o  t h e  UPWT. Both,  t h e  IJPWT T e s t  E n q i n e e r  and 

t h e  OSD Lead T e c h n i c i a n ,  are t o  h e  informed of a n y  prior s h o p  

f a b r i c a t i o n  needed f o r  tes t  e n t r y ,  i.e., p r e s s u r e  t u b e  e x t e n s i o n s ,  l e a k  

c h e c k s  and i d e n t i f i c a t i o n ,  s p e c i a l  w i r i n q ,  cables, f i t t i n q s ,  etc. 
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4. TWO w e e k s  p r i o r  t o  t h e  d e s i r e d  t u n n e l  e n t r y  da t e .  

A. P r o v i d e  f o u r  ( 4 )  completed c o p i e s  o f  t h e  " U n i t a r y  P l a n  Wind Tunnel  

P r o j e c t  T n s t a l l a t i o n  Check Sheet"  ( e n c l o s u r e  3 a ) .  T h i s  form is t o  h e  

f i l l e d  out  i n  i ts e n t i r e t y .  See " M i s c e l l a n e o u s  I n f o r m a t i o n  R e l a t i n q  t o  

t h e  IJPWT Project I n s t a l l a t i o n  S h e e t " ,  e n c l o s u r e  3b. 

h. P r o v i d e  f o u r  ( 4 )  comple ted  c o p i e s  o f  the " U n i t a r y  P l a n  Wind Tunnel  

O p e r a t i n q  I n f o r m a t i o n "  form ( e n c l o s u r e  4 a ) .  T h i s  form s h o u l d  i n c l u d e  

h o t h ,  s t a n d a r d  o p e r a t i n q  i n f o r m a t i o n  and any opt iona l  test  c o n d i t i o n s  

which miqht  become n e c e s s a r y  b e c a u s e  of t u n n e l  c h o k i n q ,  b a l a n c e  over- 

load, Fitc. " O p e r a t i n q  Condi t ions"  f o r  the m a j o r i t y  of wind t u n n e l  

tests i n  t h e  IJPWT are as  follows: 

T e s t  S e c t i o n  I T e s t  S e c t i o n  I1 

Mach Ranqe 1.50 t o  2.R6 2.30 t o  4.63 
6 6 2.0 x 10 Rn/Ft 2.0 x 10 

S t a q n a t i o n  Temp. 125')F. Mode I - I A  125OF. Mode 2-11, I11 

125OF. Mode 1-11 ISOOF. Mode 2-IV 

"IIPWT O p e r a t i n q  I n f o r m a t i o n "  for t h e s e  r u n  c o n d i t i o n s  is i n c l u d e d  as  

e n c l o s u r e  4h. I n f o r m a t i o n  o u t s i d e  t h e  r a n q e  of e n c l o s u r e  4b can be 

o b t a i n e d  from t h e  T e s t  Enqineer  or t h e  UPWT DSG. 

c. Provide three ( 3 )  copies of  " U n i t a r y  P l a n  Wind Tunnel  S t i n q - B a l a n c e  

D e f l e c t i o n  1,oads" form ( e n c l o s u r e  5 a )  when s t i n q - b a l a n c e  d e f l e c t i o n  

constant . ;  are n o t  a v a i l a b l e  or  need to  h e  re-checked.  Loads requested 

and l i m i t . ;  must be i n d i c a t e d  on t h e  forms. I n  a d d i t i o n ,  h a l a n c e  

i n f o r m a t i o n  s u c h  a s  t h a t  shown i n  e n c l o s u r e s  Sb, 5c, and 5d, is  t o  be 

p r o v i d e d  so t h a t  p r o p e r  hook-up, a sys tem span-check,  and an a x i a l  

force "dead-load" check can  be made a t  the t i m e  o f  i n s t a l l a t i o n .  T h i s  

i n f o r m a t i o n  can  he o b t a i n e d  from e i t h e r  t h e  IJPWT DSG or t h e  I n s t r u m e n t -  

Rescarch  Hriinch Balance  Enqineer .  For s a f e t y  r e a s o n s ,  r e a u e s t e d  loads 

s h o u l d  be l i m i t e d  to  450-500 pounds. F o r  ease of c o m p u t a t i o n s ,  use t h e  

same a p p l i e d  l o a d s  f o r  h o t h  Normal F o r c e  and P i t c h  Moment and t h e  same 

f o r  S i d e  Force and Yawinq Moment. Moment o u t p u t  c a n  be S e l e c t e d  b y  

c h o i c e  o f  moment arm. The T e s t  E n q i n e e r  w i l l  compute t h e  d e f l e c t i o n  

c o n s t a n t s  a f t e r  t h e  s t i n q - b a l a n c e  l o a d i n q .  However, it i s  t h e  

r e s p o n s i h i l i t y  of t h e  Project E n q i n e e r  t o  e n s u r e  t h a t  t h e  r e s u l t s  are 

reasonah1 e and a c c u r a t e .  
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d. P rov ide  f o u r  ( 4 )  completed copies of  t h e  E l e c t r o n i c  Scan P r e s s u r e  

System or Scanner-Valve P r e s s u r e  Tube Hook-Up form ( e n c l o s u r e  6a and 

6 b ) .  

Select ion of t y p e  and number of p r e s s u r e  measur inq  d e v i c e s  must be 

coord ina ted  wi th  t h e  AAG and DSG. The P r o j e c t  Enq inee r  is r e s p o n s i b l e  

for  de te rmin inq  t h e  a v a i l a b i l i t y  as w e l l  as t h e  i n s t a l l a t i o n  of a l l  

needed equipment.  T h i s  is to  be accompl ished  th rough  c o n t a c t  w i t h  the  

Flow-Instrument  S e c t i o n  of Wyle L a b o r a t o r y ,  t e l e p h o n e  865-0000. I t  is 

r o u t i n e  practice, when possible, to  i d e n t i f y  and l e a k  check all 

pressure  c o n n e c t i o n s  throuqh t h e  d a t a  a q u i s i t i o n  svstem h e f o r e  run  

s t a r t - u p .  

e, P r o v i d e  two ( 2 )  copies of  a " T e s t  Run Schedule"  ( e n c l o s u r e  7a 

and 7h). T h i s  s c h e d u l e  r e q u i r e s  t h e  a p p r o v a l  of t h e  F a c i l i t y  

Manaqer. No major  a d d i t i o n s  or l a r q e  chanqes  are permitted w i t h o u t  

prior approva l  of e i ther  t h e  T e s t  Enq inee r  or t h e  F a c i l i t y  Manaqer. 

Smal l  chanqes,  such  a s  added d a t a  p o i n t s  d u r i n q  a run ,  s h i f t i n q  of 

c o n f i q u r a t i o n  o r d e r ,  e x t r a  s c h l i e r n  p i c t u r e s ,  etc., which would enhance  

or c l a r i f y  t h e  t e s t  data,  are p e r m i t t e d .  Reques t  for a d d i t i o n a l  d a t a  

d u r i n q  a q i v e n  r u n  m u s t  be made p r i o r  to  t h e  b e q i n n i n q  of a new r u n  

number. 

f .  P rov ide  t w o  ( 2 )  c o p i e s  of t h e  "Data Reduct ion  I n f o r m a t i o n "  ( e n c l o s u r e  

8 )  t o  t h e  DSG. 

5 .  Durinq  t h e  test period. 

a. P r o v i d e  a "mas ter"  copy of each  "Run Shee t "  ( e n c l o s u r e  9a, 9b, and 9c) 

t h a t  will he needed d u r i n q  t h e  test. T h i s  i s  to  be done prior t o  

R t a r t - u  p. 

h. I t  w i l l  he t h e  r e s p o n s i b i l i t y  of  t h e  P r o j e c t  Enq inee r ,  OK h i s  d e s i g n e e ,  

t o  he p r e s e n t  d u r i n q  model i n s t a l l a t i o n ,  model changes ,  and w h i l e  

runninq .  He i s  to  a s s i s t  and o f f e r  i n p u t  t o  both t h e  T e s t  Eng inee r  and 

t h e  OSn Lead T e c h n i c i a n  t o  e n s u r e  t h a t  i n s t a l l a t i o n  is as r e q u e s t e d  and 

t h a t  model c o n f i q u r a t i o n  is correct. F a i l u r e  to  carry o u t  this 

r e s p o n s i b i l i t y  may r e s u l t  i n  n o t  runn inq ,  or job removal from t h e  test 

section. 

c. After t u n n e l  s t a r t - u p  t h e  P r o j e c t  E n q i n e e r ,  or h i s  d e s i q n e e ,  is  to  be 

p r e s e n t  i n  t h e  DAR to  observe, assist and m o n i t e r  t h e  data t a k i n q  

p r o c e s s .  Any q u e s t i o n s  or d i s c u s s i o n  n o t  r e l a t e d  to  t h e  o p e r a t i o n  of 
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t h e  Model-Support Console  should be d i r e c t e d  t o  t h e  T e s t  E n q i n e e r .  The 

p r i m a r v  d u t y  of t h e  Console  Operator is t h e  a c c u r a t e  and safe o p e r a t i o n  

of  t h e  Model-Support System. Hold q u e s t i o n s  or d i s c u s s i o n  w i t h  t h e  

o p e r a t o r  to  a minimum w h i l e  t h e  t u n n e l  is i n  o p e r a t i o n .  The P r o j e c t  

e n q i n e e r  is to  e s t a b l i s h  a "Ralance Zero Loq" ( e n c l o s u r e  10) and l i s t  

b a l a n c e  "no-load r e a d i n q s "  b e f o r e ,  d u r i n q ,  and a f t e r  e a c h  hatch of data 

as it is t a k e n  ( a  " b a t c h "  number is a s s i g n e d ,  i n  n u m e r i c a l  order, t o  

e a c h  c o n f i q u r a t i o n  chanqe or c o n f i g u r a t i o n  ro l l  p o s t i o n  e x c e p t  i n  

i n s t a n c e s  where c o n t r o l  s u r f a c e s  are r e m o t e l y  control led w h i l e  

r u n n i n q ) .  T h i s  n o t  o n l y  f a c i l i t a t e s  easier data p r o c e s s i n q  a f t e r  the 

tes t  is completed hut qives a close check on a n y  b a l a n c e  percu l ia r i t i es  

or problems as t h e y  may occur, i.e., open b a l a n c e  component,  f o u l i n g ,  

t e m p e r a t u r e  "zero"  s h i f t s ,  e t c .  

6. A b l a n k  copy of t h e  v a r i o u s  forms r e f e r e n c e d  i n  t h i s  document are 

c o n t a i n e d  i n  e n c l o s u r e  1 1 .  

1. Roland,  Alex: Model R e s e a r c h ,  NASA SP-4103 V o l .  11, pp.: 400, 1985. 

2 .  S c h a e f e r ,  w i l l i a m ,  T., Jr.:  C h a r a c t e r i s t i c s  of major A c t i v e  Wind T u n n e l s  
a t  t h e  T.iinqley Research  Center .  NASA TMX-1130, 1965. 

3 .  A e r o n a u t i c a l  Fac i l i t i e s  Cata loquc ,  V o l .  1, Wind T u n n e l s ,  NASA Rp-1132, 
Janriarv 1985. 

4 .  Manual fo r  l l so r s  of  the I J n i t a r y  P l a n  Wind Tunnel  F a c i l i t i e s  of the 
N a t i o n a l  Advisory C o m m i t t e e  f o r  A e r o n a u t i c s .  NACA 1956. 

5 .  J a c k s o n ,  C h a r l i e  M.,  Jr.; C o r l e t t ,  W i l l i a m  A., and Monta, W i l l i a m  J.: 
D e s c r i p t i o n  and C a l i b r a t i o n  o f  t h e  Lanqley  U n i t a r y  P l a n  wind Tunnel ,  
NASA TP 1905, November 1981. 
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UNITARY PLAN W I N D  TUNNEL SCHEDUU SHEET 

Number of T e s t  Configurations / O  E8tokCUpanCy Time 2 M&J 

Bot. Run Time per Config.  d / S  Est.Tota1 Run Time 4 u  Am 
Bot. Tias per Hodel Change 2 H&. E s t .  Total Power KWH /.O#cX / O G  

knrrkr 

10 



‘1 1 
GU1DELI : t t  1NFOi;l~lATIOH FOR UPYT SCHEDULE SHEET 

-a t  Sectlon(T.8.) Mode of  Comprerrioa 
1 1-1 
1 1-11 
2 2-11 
2 2-111 
2 2-rv 

Mach Range 
1.b7 to 2.16 
2.36 to 2.06 
2.29 to 2.96 
3.00 t o  3.71 
3.83 to 5.63 

15rtimated Procedun Ti.. .ad Pomr Requirement 

T.8. Model Inrtallation - Force Teat 
T.8. Model fartallation - Prorruru Tort 
Rmnel rtut-up or ahut-dom 
Change of Mach number ( e t h i n  Modo o f  Conprerrlon) 
Ch-e i n  Mode o f  Cuaprerrion - T.9,  1 
Ch-0 In Mode of Colpnrrion - To$. 2 
Time por data point - ?orce teat 
Time per data point - Prereure teat 
Average total  power per hour of run t i m e  

16 hourr 
24 houra 

10 rinukr 
23 Minutor 
10 riautu 
2 minutor 

4-6 minuter 
26,Ooo I[v 

5s rimtoo 

Enclosure 2. 



12 UNITARY PLAN WIND "NJ3L PROJECT INSTALLATION CHECK SHEET 

Project No. /-5-46 J.0, QXXXXX Test Section 1 Date / a / f d  
Model sdp&? p . y 6 %  

ProJect Engineem 3 O E  

Data System Analysis ht!? 

Teat S tar t s  i/6'7 Ends / / g 7  

Type Test: Force Pressure - 
Other 

Operating Conditions: 

Compressor Moder 2 . x-/A 
Mach Aos. /.s, J e O .  2.5' 

I 

Power Range 20 * j o  2 v  Mw 

. Pitch Range - 4' fb 20' deg 

deg . Yaw Range 

Roll Range 0' k2 /8@ '* deg. 

Minimum Dew Point -10 deg,F. (Std.)  

-t g'' -- 

I .  Trans1 t ion : 
G r i t  No. 5@ Width //b 
Sprinkle Single Space - 

Location (Perpendicular to  L.E. ) : 
Nose 1.2" Wing 0.25'' 
Tai 1 Other 

J % prom: C~e----Uprigbt /Invert ,y 
ModelzUpright J Invert . - 

Orientation : 
Roll Coupling UP/ G/fT 
Balance Uf'k16rtT 
Model/Balance Adapter Fwp D ~ L .  
Model / kP i  6+ 1 

Proasure Transducers: 
Type €SP 44'b R L / & ' C ' Q  
Mumber Required 3 .EsPrn.*auLe-A, & A u . c ~  
Der i m a t  1 on a 

Classificatiop LA& C 

Balance: 
Designation 833 3 

Balance Parallel  Wired? h%' 

Cable: Parallel  Aon-Parallel 

Engineer &U/AJM 

Ifon-Parallel Adapter LI 

A x i a l  Force: L imi t  57s l b  e 

Dead Load 20 lb. 

Span Check: A t  Balance Taper 4 
10 ft. f r a n  Taper - 

@ @ @ @ @ 8 @ @ @ @ @ @ O O @ @ @ @ @ b  

@ @ @ @ @ @ @ @ @ 0 @ @ @ @ 0 @ @ @ @ 8  

Adapters : 
Model-to-Balance uJt 72/ /nJbck-L 
Balance-to-Sting /t/L.AI€ 
Sting-to-Knuckle Y - 3 - 4  

Calibrat ion J 

Angullu Coupling * SA- 

Knuckle Ao, 3 Std. A r m  Other --. 

Roll Coupliw JNumber 2 Adapter - 
Calibration e o 9u #/Y u &' deg. 

Fouling St r ip  Required /1/ P 

Photogram: m e 1  + 2 c"- EACH i34wt 
Schlieren Rs A?EQicidL;D 
Other - 

Enclosure 3a ORIGINAL PAGE IS 
QUALITY 
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MISCguANIsooS INPDRIUTIOR RELATING '10 UPWT 
PROJECT IIQSTALLATION cHz4clt SAERT 

Model Transition ( G r i t )  .Selection 

To e n s u r e  t u r b u l e n t  a i r  f l o w  over  model s u r f a c e s  a s e l e c t i o n  of g r i t  s i z e  

and l o c a t i o n  h a s  been e s t a b l i s h e d  f o r  t h e  f o l l o w i n s  Mach r a n g e s  a t  a 

RN/FT = 2.0 x 10': 

T e s t  S e c t i o n  I 

Mach number - Less t h a n  2.87 

G r i t  s i z e  - Number 50 carburundum ( n o m i n a l )  

A p p l i c a t i o n  - S p r i n k l e d  ( s p a r s e )  

w id th  - 1/16 i n c h  s t r i p  

T e s t  S e c t i o n  I1 

Mach number - L e s s  t h a n  4.65 

G r i t  s i z e  - Number 35 sand ( n o m i n a l )  

A p p l i c a t i o n  - S i n q l e  Spaced 

Width  - S i n q l e  r o w  

G r i t  l o c a t i o n  for a l l  Mach numbers is  0.4 i n c h  streamwise (See e n c l o s u r e  3d 

fo r  p e r p e n d i c u l a r  d i s t a n c e s )  from t h e  l e a d i n q  edqe of a l l  s u r f a c e s  e x c e p t  t h e  

of t h e  nose.  N o r m a l  l o c a t i o n  for nose qrit is 1.2 i n c h  a f t  of the m o d e l  n o s e  

measured a'lonq the s u r f a c e .  G r i t  s h o u l d  be s i z e d  for t h e  Reynolds  number 

a n d / o r  h i ~ h e s t  Mach number t o  be run. See e n c l o s u r e s  3c and 31 for t r a n s i t i o n  

s i z e  and s u r f a c e  l o c a t i o n  R N / F T  = 2.0 x 10 . 6 

Theta W e 1  em) Measurement 

The term T h e t a  M refers to  an a n q u l a r  d i f f e r e n c e  between t h e  m o d e l  p i tch  

r e f e r e n c e  and t h e  r e f e r e n c e  f l a t  located on  t h e  k n u c k l e  ( a n q l e  of a t tack 

mechanism). T h i s  measurement i s  n e c e s s a r y  b e c a u s e  t h e  measur inq  means for  

model p i t c h  is a K e a r f o t t  a n q u l a r  accelerometer l o c a t e d  on t h e  base of t h e  

k n u c k l e .  The model p i t c h  c a n  be d i f f e r e n t  from t h e  k n u c k l e  p i t c h  of several 

c o n c u r r e n t  r e a s o n s  i n c l u d i n q :  

1 .  Weiqht of t he  model on t h e  s t i n q  c a u s i n q  t h e  s t i n q  t o  hend downward 

r o t a t i n q  t h e  model more n e q a t i v e  i n  a n q l e  o f  a t tack  re la t ive  t o  the 

knuck le. 

E n c l o s u r e  3b 
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2. The c e n t e r  of q r a v i t y  of  t h e  m o d e l  c a n  be forward or a f t  of t h e  b a l a n c e  

moment center which would i n c r e a s e  or decrease t h e  m o d e l  a n q l e  of 

a t  t a c k  r e s p e c  ti v e  ly . 
3. An of fse t  c o u p l i n g  or "doqleq" between t h e  k n u c k l e  and t h e  model c a n  

i n t r o d u c e  an o f f s e t  done p u r p o s e f u l l y  to  e x t e n d  t h e  m o d e l  a n q l e  of 

a t t ack  ranqe. 

4.  A b e n t  s t i n q  or b a l a n c e .  Any s t i n q  or b a l a n c e  ( u n l e s s  d e s i q n e d  w i t h  a 

hcnd)  t h a t  is detected to  be damaqed, deformed or b e n t  d u r i n q  t h e t a  

came ( b C )  measurements c a n n o t  be used  i n  the UPWT w i t h o u t  prior 

a p p r o v a l  from t h e  F a c i l i t y  S a f e t y  Head. 

Theta M is always measured i n  t h e  u p r i q h t  p o s i t i o n  for e v e r y  

c o n f i q u r a t i o n  and i n  t h e  i n v e r t e d  p o s i t i o n ,  i f  a n  i n v e r t e d  r u n  is to be 

made. Whenever a r e f e r e n c e  s u r f a c e  is n o t  available on t h e  m o d e l ,  t h e  Theta M 

is computed hv the  T e s t  E n q i n e e r  knowing: 

1.  A term c a l l e d  Theta  C a q e  (ec). 
2. The w e i q h t  of t h e  m o d e l .  

3. me normal f o r c e  s t i n g  d e f l e c t i o n .  

4. The d i s t ance  between t h e  model c e n t e r  of q r a v i t y  and t h e  

b a l a n c e  center. 

5 .  The p i t c h i n q  moment s t i n q  d e f l e c t i o n .  

These t e r m s  can he used to  compute T h e t a  M i n  place of a measured Theta 

M. T h e t a  M c a n  he simply p i c t u r e d  as t h e  a n q u l a r  "droop" of a model on a lOnq 

a t i n a  d u e  to  q r a v i t y .  

Uodel Pitch and R o l l  References 

Al l  models are r e q u i r e d  to  have p i t c h  and ro l l  r e f e r e n c e s  w h e t h e r  or n o t  

these r e f e r e n c e s  a r e  e x t e r n a l  s u r f a c e s  on t h e  model. T h i s  i n f o r m a t i o n  is 

s u p p l i e d  hy t h e  Project E n q i n e e r  and must  he c o n s i d e r e d  i n  advance  of t u n n e l  

e n t r v .  Hodel p i tch  is measured w i t h  a n  i n c l i n o m e t e r  or a b u b b l e  level  on  a 

m o d e l  s u r f a c e  f l a t  a l i q n e d  w i t h  the model p i t c h  and r o l l  p l a n e s .  This surface 

s h o u l d  he a t  l e a s t  3 i n c h e s  i n  l e n q t h  and may or may n o t  he parallel w i t h  t h e  

m o d e l  w a t e r l i n e .  If n o t ,  t h e n  t h e  amount of d i f f e r e n c e  and t h e  d i r e c t i o n  must  

E n c l o s u r e  3b 



he known to  t h e  n e a r e s t  0.02 degree.  The measurement must be repeatable and 

n o t  d e p e n d e n t  upon where t h e  i n c l i n o m e t e r  is l o c a t e d .  Model a n q l e  of a t t a c k  

is  r e f e r e n c e d  to q r a v i t y .  

Model r o l l  a n q l e ,  measured i n  r e f e r e n c e  to  g r a v i t y ,  c a n  be set a t  Oo by 

t h e  u s e  o f  an i n c l i n o m e t e r  or bubble  l eve l  placed on the model s u r f a c e  f l a t  a t  

a n  a n q l e  p e r p e n d i c u l a r  to  t h e  model p i t c h  plane. Another  method can be used 

t o  set m o d e l  ro l l  a n q l e  a t  Oo when no model s u r f a c e  f l a t  is available.  

t u n n e l  floor is n o t  level  i n  t h e  l o n q i t u d i n a l  d i r e c t i o n  because of t h e  

a s s y m e t r i c  s l i d i n q  b lock .  However, t h e  t u n n e l  f loor  i s  leve l  i n  t h e  lateral  

d i r e c t i o n .  A v e r n i e r  h e i q h t  qaqe is used t o  match t h e  d i s t a n c e  above the 

t u n n e l  f loor t o  t h e  f u r t h e s t  span l o c a t i o n s  on t h e  m o d e l .  

The 

Pressure Transducers 

When a h s o l u t e  or d i f f e r e n t i a l  pressure t r a n s d u c e r s  are  r e q u i r e d ,  the  

nrrmber and t h e  c o n n e c t i o n ,  i.e., numbers  1 and 2 - chamber p r e s s u r e ,  3 and 4 - 
l e f t  and r i q h t  hase, etc., is t o  he noted  on t h e  "Project I n s t a l l a t i o n  Check 

S h e e t "  (example 3 a )  . 
The t r a n s d u c e r  d a t a  c o n s t a n t s  are k e p t  on  f i l e  i n  t h e  notebooks  located 

i n  t h e  IJPWT DAR. N o t a t i o n  s h o u l d  be made on t h e  P r o j e c t  I n s t a l l a t i o n  Check 

S h e e t  i f  o t h e r  r a n q e  or t y p e  of p r e s s u r e  measur inq  i n s t r u m e n t a t i o n  i s  to be 

i n s t a l l e d  and used d u r i n q  t h e  test p r o j e c t .  

Balance 

Ralance  s p e c i f i c a t i o n s  and drawinqs c a n  be found i n  t h e  "Tunnel O p e r a t i n q  

I n f o r m a t i o n  Notebook'' l o c a t e d  i n  t h e  DAR. A v a i l a b i l i t y ,  ca l ibra t ion  dates and 

o t h e r  i n f o r m a t i o n  p e r t a i n l  nq to LaRC b a l a n c e s  is ava i l ab le  upon request from 

t h e  UPWT T e s t  E n q i n e e r .  

Stinqs 

P r o p e r  s e l e c t i o n  o f  a s t i n q  is n e c e s s a r y  n o t  o n l y  to  e n s u r e  t h a t  it f u l l y  

meets t h e  r e q u i r e m e n t s  o f  t h e  test proqram b u t  also t h o s e  as specified i n  LHR 

8R50.1 "Wind Tiinnel Model System Criteria".  S t i n q  l i s t i n g ,  d e t a i l s  and o t h e r  

E n c l o s u r e  3b 
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i n f o r m a t i o n  may he found i n  t h e  Tunnel  O p e r a t i o n  I n f o r m a t i o n  Notebook l o c a t e d  

i n  t h e  IJPWT DAR. A l t e r a t i o n ,  s o l d e r i n q ,  we ld inq  or o t h e r  p r o c e d u r e s  t h a t  

would mark OK s c r a t c h  t h e  p o l i s h e d  s u r f a c e  of  any  s t i n q  is strictly 

forbidden.  The m a t e r i a l  composition of soma s t i n a s  is such  t h a t  even  a s l i q h t  

s c r a t c h  c o u l d  cause t h e i r  f a i l u r e  when loaded .  Any of  t h e s e  type s t i n q s  so 

s c r a t c h e d  must he removed from s e r v i c e ,  r e p o l i s h e d  and r e c e r t i f i e d ,  or 

destroyed.  

Adaptors 

Model, ba lance ,  s t i n q  and model s u p p o r t  a d a p t e r s  used i n  s u p p o r t  of UPWT 

t a u t  projects are s t o r e d  and ma in ta ined  by t h e  iJPWT OSD S u p p o r t  S e c t i o n .  

I n f o r m a t i o n  and a s s i s t a n c e  i n  t h e  c h o i c e  and u s e  of t h e s e  adapters can be 

o b t a i n e d  from e i ther  t h e  OSD Lead T e c h n i c i a n  or t h e  Test Enq inee r .  Any 

i n s t a l l a t i o n  adaptors r e q u i r e d  shou ld  be s p e c i f i e d  by i d e n t i f i c a t i o n  number or 

l e t te r ,  i f  so marked. Any special a d a p t o r s  t h a t  are n o t  o f  UPWT o r i g i n  s h o u l d  

bct i d e n t i f i e d  by p r o j e c t  or drawinq  number. 

Knuckle and Roll Coupling Calibration 

Whenever a r o l l  c o u p l i n q  is to  be used ,  a new r o l l - a n q l e  c a l i b r a t i o n  i s  

r e q u i r e d .  A halance f i x t u r e / c a q e  s u r f a c e  or some o t h e r  r e f e r e n c e  p l a n e  is 

uued  to  o b t a i n  t h i s  c a l i b r a t i o n .  A minimum of t h r e e  a n q l e  r e a d i n q s  are 

r e q u i r e d  and mugt i n c l u d e  Oo, 90°, and l R O O .  A l l  test models ,  u n l e s s  

o t h e r w i s e  requestwl, a r e  r i in  i n  a "winqs- leve l"  or " z e r o - r o l l "  a t t i t u d e .  R o l l  

a x j s  misa l iqnment  i f  any,  between model and b a l a n c e  is referred to as " d e l t a  

p h i "  ( L A @ ) .  Model-roll anqle  is d e s i q n a t e d  as " p h i  model" (om). Ba lance  

f i x t u r e / c a q e  roll a n q l e  is  d e s i q n a t e d  a s  " p h i  caqe" (Oc) .  Periodic 

c a l i b r a t i o n s  a r e  made of t h e  P i t c h  and Yaw (Knuckle /Beta)  a n q l e - o f - a t t a c k  

mechaniums and p r i n t - o u t s  of a n q l e  i n  raw-counts  are kept  i n  t h e  "Knuckle/Yaw 

C a l i h r a t i o n  Notebook" i n  t h e  IJPWT DAR. Dependent upon m o d e l  and s t i n q  t o t a l  

l e n q t h ,  normal o b t a i n a b l e  p i t c h  r anqe  is -15O t o  30° and yaw ranqe  is + 12O. 

S h i f t s  o f  t h e s e  ranges  c a n  be accompl ished  by t h e  u s e  of offset  c o u p l i n g s  or 

i n t e r c h a n q e a b l e  knuckle  uppe r - l i nk  s e c t i o n s .  

, 

! 
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me model s l i ppor t  sys tem can  be p o s i t i o n e d  fore and a f t  (upstream, 

downstream) w i t h i n  a r anqe  of 36.25 i n c h e s .  P o s i t i o n i n q  of t h e  test m o d e l  

w i t h i n  t h e  tes t  s e c t i o n  is sometimes n e c e s s a r y  i n  o r d e r  t o  select a 

p r e l i m i n a r y  f low-anqle  c o r r e c t i o n  from t h e  "Flow-Angle C a l i b r a t i o n  Chart" 

( e n c l o s n r e  3e and 3f). A t  t h e  maximum ups t ream p o s i t i o n  t h e  f r o n t  of t h e  

k n u c k l e  assembly is l o c a t e d  approx ima te ly  18 i n c h e s  i n t o  t h e  test  s e c t i o n  

area. I t  c a n  he moved downstream approx ima te ly  36.25 i n c h e s  f r o m  t h i s  

p o s i t i o n .  

Enc losu re  3b 
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USE OF PARAtLEL/UOU-PARALtEGnRgO BALARCES I11 UoPoWoT. 

T.S. #I and T.S. 112 (Data ~ o a  -Test Section) 
Balance cahles 1 and 2 are parallel-wired. 

Balance cable 3 is non-para l le l  wired- 

NORHAL m K - U P  - US= A RoB-pARzLttlBGIcIRH) BALMK3g 

a. 

b. 

C. 

U s e  a non-para l le l  mini-plug cable. 

Must use  a n o n - p a r a l l e l  plug adaptor also. 

Se t  t h e  balance power-supply such that t h e  voltage a t  the ba lance  is 

5 v o l t s .  

Span check can be made either a t  t h e  balance taper or 10' from t h e  taper 

between the mini-cable 31 p i n  p luq  and t h e  p l u g  adaptor .  

d. 

N o t e :  A parallel  wired mini-cable can  be used w i t h  a n o n - p a r a l l e l  wired 

balance.  I f  t h i s  is done, DO NOT use a non-para l le l  p l u s  adaptor .  

Span check can o n l y  be made a t  t h e  taper. 

NORWAL IXXX-UP WlRG A PARALLEbwTRB) 

a. U s e  a p a r a l l e l  mini-plug cable, i f  r equ i r ed .  Most, i f  n o t  a l l ,  parallel 

w i r e d  halances are hard-wired to  a 31 p i n  p luq  connector .  

S e t  t h e  balance power-supply such t h a t  t h e  voltaqe a t  t h e  ba lance  is 

5 v o l t s .  

b. 

c. A parallel-wired ba lance  cannot  g e n e r a l l y  be spanned. 

Mini-Cable I d e n t i f i c a t i o n :  

1. Pain ted  red means cable is 10 feet long. 

2.  A paral le l -wired mini-cable marked a B  such. Also,  t h e r e  is a s m a l l  

k n o t  i n  t h e  cable near  t h e  mini-pluq. 

3. I f  n o t  marked, it is a non-para l le l  cable. 

Enclosure 5 c  
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P A R A L L E L  
B A L A N C E  

NON P A R A L L E L  
I BALANCE 

24 P I N  PLUG 

S P A N  NON P A R A L L E L  1 
ADAPTER 

TOROUE ON FRONT END "EXPANDERS" 
D I AMETER TORQUE 

.750 45 IN/Lb 
I .ooo 125 IN/Lb 
I .250 125 IN/Lb 
I .375 125 IN/Lb 
I .750 250 IN/Lb 
2.000 250 IN/Lb 

Enclosure 5d 
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UNITARY PLAN WIND TUNNEL 

DATA REDUCTION INFORMATION 

D a t e  I /87 

B a l a n c e  O r i e n t a t i o n  I n  M o d e l  U p r i g h t  I n v e r t e d  

R o l l  C o u p l i n g  11/1 Y e s  0 No A t t a c h  C a l i b r a t i o n  
T a r e s  A l l  R o l l  A n g l e s  Ir/l yes 0 No 
A n g l e  O f  A t t a c k  M e c h a n i s m  #3 C a l i b r a t i o n  D a t e  // / 8 6  

F l o w  A n g l e s  F r o m  U p r i g h t  A n d  I n v e r t e d  R u n s  
O F r o m  O t h e r  S o u r c e  ( n a m e )  

NO ( a t t a c h  I n s t r u c t t o n s ,  constants and 
I d a n t l f l c a t l o n  o f  tubas) 

I n t e r n a l  F l o w  0 Y e s  

A x i a l  F o r c e  C o r r e c t e d - f o r  H Base 11/1 Chamber  

S p e c l a l  R e q u i r e m e n t s  Y e s  Ir/l No 
( a t t a c h  tne t ruc t lons  f o r  any r a  utramrnts  
o thar  than standard 6 componan 4 s,ba81 
o r  chambar pressure da ta )  

O u t p u t  R e q u i r e m e n t s :  D a t a  D i s b u r s e m e n t  

P l o t  T a p e  
Y e s  No 
El 0 

BCD T a p e  rn O A t t a c h  F o r m a t  

Xerox C o p i e s  U N O .  

B e t a  D e r i v a t i v e s  
B e t a  D e r i v a t i v e s  
P I  o t T a p e s  

C l a s s i f i c a t i o n  O f  
F i n a l  L i s t  ingz UnlCLASs IF/ E D  

I 

, 

I 

- '  

I 

I 

I 

, 
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Channel Gage Location Sensl- C a l l b r a t l o n  A r e a  Averag. C o r r a c t  
N o .  No.  on Model t l v l t y  D a t e  sq f t  Axial 

I 
2 
3 / 

4 
5 
6 

-- 
I 

L, 

---- 
--. -- -I 

I 

1 ,  ORIGINAL PAGE IS 
I *  

OF POOR QUALITY 
Sting No. 350- 84 35 

/--- 
Deflections List and G l v e  Source or(Jttach RecuIt3I 

Gamma 

Ba I a nce m i  sa I i nement ang I e= /r/../b- 

Moment Transfer: + 1. /z5a1 

Sign 

+ z ,  

z = 0.0 
Orientation: 

+ Model Moment Center P 
in. I 

Sketch /7 

L-- -@ Balance Moment Center 
+X,  in. 

/. 0 sq f t  - Reference Area, S, - 
Wing Span, bw - - 

- - Wing C h o r d ,  cw - 
in. 

in. 

2 0 . 0  

/o 0 

Enclosure 8 



36 
, 

Attach Special Listing o r  Data Reduction O Y a s  B N o  

I 

I 

On-Line R e q u i r e m e n t s :  

PI  o t s :  C L ,  c., e,. /rce. 4 , ' c, , c",, c y  /P-=u B 
I Paramc t ers: 

Sca I es: 
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UNITARY PLAN WIND TUNNEL SCHEDULE SHEET 

Date 

T i t l e  Project h g i n c e r  (I 1 

RTOP Data System ~ n a l y a t ( s )  

Job a d o r  Sponsor 

Model Avallablr Date Desired Schedule Date 

T.S. Ihch N08. Reynold# &(SI. 
Pitch Range Yaw Range Roll Range 

Sch l i e  ran Vapor Screen O i l  P l o w  

O w r a l l  W e 1  Dimension8 

E m t i u t e d  node1 Loads 

Number of  T e s t  Configuration. Bat . Occupancy Ti pa 

Emt. Run Tim per Config. tst.Tot.1 Run Time 

Bat. Tim per nodel Change E s t .  Total Power KWH 

Teat Objective 

fn8trumnt.t ion Required 

Data k d u c t i o n  Requirr-ntr 

I 

k N r k 8  

Enclosure l l a  
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UNITARY PLAN WIND TUNNEL PROJECT INSTALLATION CHECK SHEET 

P r o  J ec t Engi neem 

Data System A n d Y S i S  

Ter t  S ta r t8  End8 

Typo Tert: Force Presrure 
Other 

Operating Condltionr: 

Comprerror Mode8 

Mach Nor. 

Power Range Mu 

. Pitch R m g e  deg 

Yew Range deg . 
Roll Range dag 

Minimum Dev Point -10 dea.F. (Std.) 

TrMSitiOn: 
G r i t  no. Width 
Sprinkle Single Spece 

Location (Perpendicular t o  L& : 
lose W i  nB 
T a i l  Other 

%Roar: Cage--- wight,-, Invert .- 
Model-Upright Invert *- 

Orientation: 

BdMCe 
. Roll Coupling 

Modcl/Balance Adapter 
Model 

Prmrsure Tranaducerr: 
T Y w  
Humbor Required 
De8 i @ a t i O D  

11 12 
I b  13 

15 
17 18 

I 7  

Vapor Runs O i l  Flav 

Mercuq La~pr laser 

42 

Balance: 
De 8 i-at ion 
Engineer 

Balance P a r d l e l  Wirad? 

Cable: Para l le l  Aon-Parallel 

Axial Force: L i m i t  lb  
Dead h a d  lb 

Aon-Parallel Adapter 

~ ~ ~ b e ~ a s ~ ~ s s s o s ~ ~ e s s  

Adapters : 
Model-to-Balance 

Sting-to-Knuckle 

Calibration 

B d . M C t - t d t l n $  

Knuckle No. Stdm h Other 

Angulu c o u p l i q  

Roll Coupling Number Adapter 

Fouling S t r i p  Required 

Photogram:  Model 
Schlieren 
Other 

C a l l b r a t i o a r  dCga 

Remarks : 

Enclosure l l b  



U n i t a r y  P l a n  W i n d  T u n n e l  

DATE 

PROJECT PROJECT 0 ESIGNATION 

ENGINEERS BALANCE STING 

CLASS IF ICAT ION, MODEL 

DATA 

D a t a  S y s t e m  A n a l y c t ( r )  

TYPE TEST Joe ORDER ## 

MACH MODE BLOCK 
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UNITARY PLAN U I N D  TUNNEL STING-AALANCE DEFLECTION LOAOS 

Pro Ject  # Job Order I Date 

T.Sb I Kslucur I Roll Couplirrg I O b r o m r  

m M C @  Brl. h m b  Ctr. Bin# I 

lel . SSDB - 
sting 

I i 
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UNITARY PtAN WIND TUNTEL 

SCANIVALVE SYSTEM 
PROJECT T I T L E  DATE .-, 

Enclosure llf 
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UNITARY PLAN W I N D  TUNNEL 

DATA REDUCTION INFORMATION 
47 

D a t e  

P r o J e c t  No. J.O. RTR A c c o u n t  No. 
PROJECT ENGINEER 
DATA SYSTEM ANALYST 

Mode l -Name B a  I ance 

B a l a n c e  O r i e n t a t i o n  I n  Model 0 U p r i g h t  0 I n v e r t e d  
- 

R o l l  C o u p l i n g  0 Y e s  0 No A t t a c h  C a l i b r a t i o n  
T a r e s  A l l  R o l l  A n g l e s  0 Y e s  0 N~ 

A n g l e  O f  A t t a c k  M e c h a n i s m  C a l i b r a t i o n  D a t e  

F l o w  A n g l e s  O F r o m  U p r i g h t  And I n v e r t e d  Runs  
O F r o m  O t h e r  Source  (name] 

I n t e r n a l  F l o w  0 Yes 0 No (a t tach In*tructtonm, constant. and 
l d r n t l f l c a t l o n  o f  tub..) 

A x i a l  F o r c e  C o r r e c t e d - f o r  ~ a s e  0 Chamber 

S p e c i a l  R e q u i r e m e n t s  0 Y e s  No 
(a t tach Inmtructlons f o r  any r m  ulrrmmnt. 
othar than standard 6 eo pon.n?e.bas. 
o r  chambrr prrssura datclT 

O u t p u t  R e q u i r e m e n t s :  D a t a  D i s b u r s e m e n t  

Yes 

0 
0 

0 
0 

P l o t  Tape 

BCD Tape 

X e r o x  C o p i e s  

B e t a  D e r i v a t i v e s  

B e t a  D e r i v a t i v e s  
P l o t  Tapes 

No 

O A t t a c h  F o r m a t  

U N O .  

0 

0 
0 

C l a s s i f i c a t i o n  O f  
F i n a l  L i s t i n g r  

Enclosure llg 



48 S t i n g  N o .  
D e f l e c t i o n s  L i s t  and Glve Source or A t t a c h  R e s u l t s  

I 

Callbrotlon 
oat. 

N 
M 

Ar.0 Avorag. 
3q f t  

Gamma 

Channel 
No. 

n 
Y 

Gaga Locatlon Sanrl- 
No. o n  Moda l  tlvlty 

B a l a n c e  misa l inement  angle= 
Moment T r a n s f e r :  

S k e t c h  
S i g n  O r i e n t a t i o n :  

+ Model Moment C e n t e r  Q 
1 @ B a l a n c e  Moment C e n t e r  

+X ,  i n .  

R e f e r e n c e  Area ,  % = sq f t  
- 

Wing S p a n ,  bw - i n .  

Wing Chord,  cw - i n .  
- - 

PRESS1 

1 2 I I I 

4 I I I 

6 I I I 

C o r r o c t  
Axlal 

S k e t c h  

Enclosure llg 
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Attach Special Listing o r  Data Reduction D y e s  ON0 

On-Line Requirements: 

P l o t s :  

Parameters: 

Scales: 

Enclosure llg 
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Project No. f t  tlc Date 
Job Order Ba 1 anct Sting Observer -- 
Contf gurr t f  on 

and Remarks Mach Block 

> 

no a a 6 6 em Sch 
prf  Batch Run Pofnt deg counts dcg cts. - 

I I 1 I I I 
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