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SUMMARY 

The e f f e c t s  of  geometric  design parameters on two-dimensional  convergent- 
d ivergent   nozz les  were i n v e s t i g a t e d  a t  nozz le   p ressure  ratios up to  12 i n   t h e  s ta t ic  
test  f a c i l i t y   a d j a c e n t  to  the  Langley  l6-Foot  Transonic  Tunnel.   Forward-fl ight  (dry 
and   a f te rburn ing  p o w e r  s e t t i n g s ) ,   v e c t o r e d - t h r u s t   ( a f t e r b u r n i n g  p o w e r  s e t t i n g ) ,  and 
r eve r se - th rus t   (d ry  power s e t t i n g )   n o z z l e s  were inves t iga t ed .  The nozz les   had   th rus t  
Vector angles  from Oo t o  20.26O , throat aspect ratios of 3.696 to  7.61 2 , t h r o a t   r a d i i  
from sha rp  t o  2.738 c m ,  expansion ratios from 1 .089 t o  1.797,  and  various sidewall 
lengths .  

The r e s u l t s  of this i n v e s t i g a t i o n   i n d i c a t e  that  two-dimensional  convergent- 
divergent   nozzles   have s t a t i c  internal  performance  comparable  to  axisymmetric  nozzles 
wi th  similar expans ion   ra t ios .   Nozzle   expans ion   f lap   curva ture   ( rad ius)  a t  t h e  
t h r o a t  had little e f f e c t  on t h r u s t  ratio,  but   d i scharge   coef f ic ien t   decreased  by as 
much as 3.5 pe rcen t  when the r ad ius  w a s  reduced to   ze ro   ( sha rp   t h roa t ) .   Nozz le  
t h r o a t   a s p e c t  ra t io  ( t h r o a t   w i d t h   d i v i d e d  by t h r o a t   h e i g h t )  had l i t t l e  e f f e c t   o n  
t h r u s t  ra t io  over the range of n o z z l e   p r e s s u r e   r a t i o   t e s t e d .  A nozzle   geometr ica l ly  
vectored a t  angles  up t o  20.26O turned  the  f low a t  l e a s t  as much a s   t he   des ign   vec to r  
angle   once  nozzle   pressure r a t io  w a s  high  enough t o   e l i m i n a t e   s e p a r a t i o n  on the lower 
expansion  surface.  The thrust-reverser   nozzles   (designed  for   50-percent   reverse  
t h r u s t )  p roduced   reverse   th rus t  of  50  percent or more when the   r eve r se r   po r t   pas sage  
rear w a l l  w a s  longer  than  the  forward w a l l .  

INTRODUCTION 

S tud ie s  of  expanded o p e r a t i o n a l   c a p a b i l i t i e s   f o r   t u r b o f a n -  and  turbojet-powered 
a i r c r a f t  a t  v a r i o u s   f l i g h t   c o n d i t i o n s ,   e s p e c i a l l y   t h o s e   a s s o c i a t e d   w i t h  tact ical  
s i t u a t i o n s ,  have  given rise to  cons ide ra t ion   o f   p ropu l s ion   sys t em  pa r t i c ipa t ion   i n  
the  enhancement of a i r c r a f t  maneuver, a t t i t ude   con t ro l ,   l and ing   approach ,  and landing  
ground-roll  performance. Some of these  s tudies   have  included  propuls ion  systems  with 
nonaxisymmetric  nozzles  having the a b i l i t y   t o  change   the   d i rec t ion  of t h e   t h r u s t  
vec tor  t o  genera te   o ther   forces   and  moments ( r e f s .  1 to  7) .   Nozzles   having  essen-  
t i a l l y  two-dimensional  flow  up to  the   ex i t   have   been   pro jec ted  to  be compet i t ive   wi th  
ax isymmetr ic   nozz les   for   l eve l   f l igh t   and  be more amenable to  i n c o r p o r a t i o n   o f   t h r u s t  
vectoring  for  installed-performance  improvements (ref. 8 ) .  The emergence  of  the 
nonaxisymmetric  nozzle as a c a n d i d a t e   f o r   t h e s e   a p p l i c a t i o n s   h a s   c r e a t e d   t h e  need f o r  
r e sea rch  on a var ie ty   o f   nozz le   types   and   for  parametric d a t a  on t h e   e f f e c t  of com- 
ponen t   va r i a t ions  on the  performance of each. 

The three principal  types  of  nonaxisymmetric  nozzles on which r e s e a r c h   d a t a  
are available include  the  two-dimensional  convergent-divergent (2D-CD) nozz le  
( r e f s .  9 t o  12 ) ,  the single-expansion-ramp  nozzle  (SERN)  (refs.  10 t o  131,  and the 
wedge nozzle  (refs.   11,   12,   and  14 t o  1 7 ) .   S p e c i f i c  aircraft  conf igura t ions   have  
been  modif ied  and  tes ted  in  wind tunnels  with  nonaxisymmetric  nozzles  (refs.   14,  
15,  and 1 8 )  t o  ob ta in   i n s t a l l ed -pe r fo rmance   e f f ec t s .  However, t h e   c o n s t r a i n t s  pre- 
sen ted  by the l o c a t i o n  of a i r c r a f t  components on ex i s t ing   des igns   can   r ende r  the 
conversion to  nonaxisymmetric  nozzles a d i f f i c u l t   t a s k ,   e s p e c i a l l y   f o r   t h e   i n - f l i g h t  



t h rus t - r eve r s ing  mode (ref. 19) .  When aircraft  conf igu ra t ions  are i n i t i a l l y   d e s i g n e d  
to  inc lude   mul t ip le - func t ion   nozz les ,  many p o t e n t i a l  problems can be avoided  by 
proper placement of components (refs. 20 t o  22 1. 

One type of nonaxisymmetr ic   nozzle   that   has   been  extensively  researched is t h e  
S E W .  I n i t i a l  development of th i s   t ype   nozz le  came from a requi rement   for  a v e r t i c a l  
takeoff   and  landing (VTOL) a i r c r a f t ,  and   t he   nozz le   i nco rpora t ed   an   exhaus t   de f l ec to r  
( r e f s .  20 t o  25) t o  p rov ide   h igh   t h rus t   vec to r   ang le s   (up  t o  1 l o o )  a t  very low a i r -  
speeds .   Cons iderable   da ta  on s ta t ic  ( r e f s .  10 t o  1 3 )  a n d   i n s t a l l e d   ( r e f s .  14,   15,  
21, and 22) performance are a v a i l a b l e  for vers ions  of t h e  SERN without  a d e f l e c t o r  
( e l imina t ion  of VTOL c a p a b i l i t y ) .  

The 2D-CD n o z z l e   d i d   n o t   r e c e i v e   s i g n i f i c a n t   a t t e n t i o n  as soon as the  SERN b u t  
has  now emerged as a competi t ive  nonaxisymmetr ic   nozzle   design  for   mult iple-funct ion 
a p p l i c a t i o n s .  (See, for example,  ref. 26.) I n v e s t i g a t i o n s  of specific 2D-CD nozzle  
designs  have  been made, a l though  paramet r ic   s ta t ic -per formance   da ta  on t h e   e f f e c t   o f  
nozzle  component v a r i a t i o n  are l imi t ed  (refs. 9 t o  1 2 ) .  Reference 10 con ta ins  s ta t ic  
da ta  on t h e   e f f e c t  of nozzle  parameters  such as expansion ra t io ,  s idewa l l   l eng th ,  
f lap   l ength ,   and   f lap   d ivergence   angle .   Reference  9 con ta ins  s t a t i c  d a t a  on the 
e f f e c t  of f l a p   r a d i u s  a t  t he   nozz le   t h roa t  a t  two expansion ra t ios  as w e l l  as compar- 
i s o n s  of measured f l a p   s u r f a c e   p r e s s u r e  and n o z z l e   t h r u s t  r a t io  with  computational 
va lues   ob ta ined  by the  method  of r e fe rence  27. 

The present   paper   conta ins  s ta t ic  in te rna l   per formance   da ta   for  2D-CD nozzles  
hav ing   geomet r i c   va r i a t ions   r ep resen ta t ive  of engine power s e t t i n g   ( t h r o a t  a rea) ,  
s i d e w a l l   l e n g t h ,   t h r o a t  aspect ra t io  ( th roa t   w id th   d iv ided  by t h r o a t   h e i g h t ) ,   t h r u s t  
vec tor   angle ,   and   th rus t   revers ing .   Thrus t -vec tor ing  data were o b t a i n e d   f o r   a f t e r -  
burning power s e t t i n g  a t  d e s i g n   t h r u s t   v e c t o r   a n g l e s  of 9.79O,  13.22O, and 20.26O 
with  four  sidewall conf igura t ions .   Throa t   aspec t  r a t io  (3.696 to  7.612) was va r i ed  
a t  nozzle  expansion ra t io  of 1.089 and 1.797 by reducing   th roa t   he ight .   S idewal l  
l e n g t h   e f f e c t s  were a l so   de t e rmined   fo r  t w o  nozz le   con f igu ra t ions   hav ing   l a rge   t h roa t  
a s p e c t  ratios.  Two nozz le s   w i th   sha rp   t h roa t s   (no   r ad ius   o f   cu rva tu re  a t  t h e   i n t e r -  
s e c t i o n  of the   convergent   and   d ivergent   f laps)  were i n v e s t i g a t e d  to  determine  the 
e f f e c t  (compared   wi th   typ ica l   th roa t   rad i i )   on   nozz le   d i scharge   coef f ic ien t .  The 
e f f e c t  of expansion ra t io  ( 1 .250 t o  1.797) on the   in te rna l   per formance  of unvectored 
dry-power  nozzles  having a near ly   cons tan t   f lap   d ivergence   angle   (approximate ly  
10.8O) was also i n v e s t i g a t e d .  A t h rus t - r eve r se r   concep t   fo r  2D-CD nozzles   in   which 
a f low blocker  is deployed  ahead  of the th roa t   wh i l e   r ec t angu la r  ports open  symmetri- 
c a l l y  a t  the  top  and  bottom of the   nozz le  was also i n v e s t i g a t e d .  The d e s i g n   t h r u s t  
reversa l   angle   o f   the   b locker   and   por t   passage  w a s  120° (measured  forward  from a 
ho r i zon ta l   r e f e rence   p l ane ) .   Reve r se r   con f igu ra t ion   va r i a t ions   cons i s t ed  of p o r t  
pas sage   l eng th   and   po r t   door   l oca t ion   ( ex te rna l ) .  

The purpose  of   the  invest igat ion was to  expand t h e  available i n t e r n a l   p e r f o r -  
mance d a t a  base for 2D-CD nozzles   over  a range  of  nozzle geometries and  nozzle 
des ign   pressure  ratios.  In t e rna l   pe r fo rmance   da t a   ( t h rus t  ra t io ,  vector  angle,   and 
d i s c h a r g e   c o e f f i c i e n t )  were obta ined  from force balance  and  flow  measurements. Flap 
i n t e r n a l   s u r f a c e  s t a t i c  p res su res  were measured on some nozz le   con f igu ra t ions .  Noz- 
z l e s   hav ing  a t h r o a t  area r ep resen ta t ive   o f  a d ry  p o w e r  s e t t i n g  and the   t h rus t   r eve r -  
ser were t e s t e d  a t  nozz le   p re s su re  ra t ios  from 2 to 9. Nozzles  having a t h r o a t  area 
r e p r e s e n t a t i v e  of a f t e r b u r n i n g  power s e t t i n g  were t e s t e d  a t  nozz le   p ressure  ratios 
from 2.0 t o  5.5. The nozz le s   w i th   h ighe r   t h roa t  aspect ra t ios  (5.806 and 7.61 2 )  had 
smaller t h r o a t  areas and were t e s t e d  a t  nozz le   p re s su re  ratios from 2 to  12. This  
i n v e s t i g a t i o n  w a s  conducted i n   t h e  s ta t ic  tes t  f a c i l i t y   a d j a c e n t   t o   t h e   L a n g l e y  
16-Foot Transonic  Tunnel. 
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. . 

SYMBOLS 

A l l  f o rces  and moments (wi th   the   except ion  of r e s u l t a n t   g r o s s   t h r u s t )  and ang le s  
are r e f e r r e d   t o  the model center l ine   (body ax i s ) .  Nozzle   pi tching moment is r e f e r r e d  
to the  balance moment cen te r ,  which is on the  model c e n t e r l i n e  a t  s t a t i o n  74.65. A 
d e t a i l e d   d i s c u s s i o n  of the   da ta - reduct ion   and   ca l ibra t ion   procedures  as w e l l  as 
d e f i n i t i o n s  of forces ,   angles ,   and   propuls ion   re la t ionships   used   here in   can  be found 
i n   r e f e r e n c e  11. 

AR nozz le   t h roa t  aspect r a t i o ,  wt/ht 

Ae 

At 

n o z z l e   e x i t  area, c m  

nozz le   t h roa t  area, cm 

2 

2 

deq 
diameter  of circle having same area a s   t h r o a t  of rehea t   nozz les ,  8.1 31 cm 

F measured t h r u s t   a l o n g  body a x i s ,  N 

Fr 

hb 

he 

ht 

kd 

kS 

N 

P 

Pt, j 

PC0 

R 

R t  

I r y-ll 
i d e a l   i s e n t r o p i c   g r o s s   t h r u s t ,  w i d e a l   i s e n t r o p i c   g r o s s   t h r u s t ,  w 

p d RTt , j  Y - (&) 't, j '1, N 

r e s u l t a n t   g r o s s   t h r u s t ,  \lF2+, N 

ha l f -he igh t  of flow area i n   r e v e r s e r   b e f o r e  flow is tu rned   i n to   r eve r se r  
p o r t s  (see f i g .  7 ( a ) ) ,  3.226 cm 

v e r t i c a l   d i s t a n c e  between t i p  of vectored  upper f lap  and h o r i z o n t a l   e x t e r -  
n a l  su r f ace  of l o w e r   f l a p   ( s e e   f i g .   3 ( a ) ) ,  cm 

nozz le   t h roa t   he igh t  (see f i g .  2 ) ,  cm 

v e r t i c a l   d i s t a n c e  between t i p  of  lower  divergent  f lap and h o r i z o n t a l   e x t e r -  
na l   su r f ace  of  lower f l a p  (see f i g .   3 ( a ) ) ,  c m  

v e r t i c a l   d i s t a n c e   b e t w e e n   t i p  of  lower  end po in t  of s idewa l l   and   ho r i zon ta l  
e x t e r n a l   s u r f a c e  of lower f l a p  (see. f i g .  3 ( a ) ) ,  c m  

measured  normal  force, N 

l o c a l   s t a t i c   p r e s s u r e ,  Pa 

j e t  t o t a l   p r e s s u r e ,  Pa  

ambient   pressure,  Pa 

gas   cons tan t ,  287.3 J/kg-K 
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Sta. 

S 

TtlJ 

V 

W i 

W P 

Wt 

wV 

X 

X e 

X S 

Xt 

Y i  

z 

Y 

A 

6 j  

6 V  

P 

model s t a t i o n ,  c m  

t h rus t - r eve r se r  port passage  uncontained  length (see f i g .   7 ( b ) ) ,  cm 

j e t  t o t a l  temperature ,  K 

t h rus t - r eve r se r  port passage   conta ined   length  (see f i g .   7 ( b ) ) ,  cm 

i d e a l  mass-flow rate, kg/sec 

measured  mass-flow rate ,  kg/sec 

nozz le   t h roa t   w id th ,  10.1 57 cm 

th rus t - r eve r se r  port opening  width (see f i g .   7 ( a ) ) ,  1.664 c m  

a x i a l   d i s t a n c e  measured  from  nozzle  connect  station (Sta. 104.47), posit ive 
a f t  (see f i g .  91, c m  

a x i a l   d i s t a n c e  measured  from  nozzle  connect  station to end  of  nozzle  diver- 
g e n t   f l a p  (see f i g s .  2 and 3 ) ,  cm 

a x i a l   d i s t a n c e  measured  from  nozzle  connect  station to  end of nozz le   s ide-  
wall  (see f i g s .  2 and 3 )  , cm 

a x i a l   d i s t a n c e  measured  from  nozzle  connect  station t o  n o z z l e   t h r o a t  
( u n v e c t o r e d )   s t a t i o n  (see f i g s .  2 and 31, c m  

l a te ra l  distance  measured from model c e n t e r l i n e ,   p o s i t i v e  to  l e f t  looking 
upstream ( see f i g .  9 ) , c m  

vertical  distance  measured from  model c e n t e r l i n e  (see f i g .   7 ( a ) )  , c m  

r a t i o  of s p e c i f i c   h e a t s ,  1.3997 f o r  a i r  

incremental   value 

r e s u l t a n t   t h r u s t   v e c t o r   a n g l e ,   t a n ”  2 deg 

design or geometr ic   thrust   vector   angle   measured  f rom  horizontal   reference 

F‘ 

l i n e ,   p o s i t i v e   i n  downward d i r ec t ion ,   deg  

divergence  angle  of nozz le   d ive rgen t   f l ap   su r f ace   (nega t ive  downward f o r  
upper f lap and p o s i t i v e  downward f o r  lower f l ap ) ,  deg 

Subsc r ip t s  : 

d lower 

i i n t e r n a l  
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max maximum 

Conf igura t ion   des igna t ions :  

A1 ,A2,A3,A4 nozz le   con f igu ra t ions   hav ing   t h roa t   a spec t   r a t io  2.012 

AlVlO,AlVl3,AlV20 vectored   conf igura t ions  of Al, where last two d i g i t s   i n d i c a t e  
approximate  value of 6v  

A2VlO,A2V13,A2V20 vectored   conf igura t ions  of A2, where l a s t  two d i g i t s   i n d i c a t e  
approximate  value of 

6V 

A3VlO,A3V13,A3V20 vectored   conf igura t ions  of A3, where last  two d i g i t s   i n d i c a t e  

A4V10, A4V1 

R1 ,B2 

Dl ,D2,. . . , 
Dl 1V5 

Dl 2V5 

approximate  value of 6v 

3,A4V20 vectored   conf igura t ions  of A4, where l a s t  two d i g i t s   i n d i c a t e  
approximate  value of 6v 

nozz le   conf igura t ions   having   sharp   th roa ts  

Dl0 nozz le   con f igu ra t ions   hav ing   t h roa t   a spec t   r a t io  3.696 

nozz le   con f igu ra t ion   hav ing   t h roa t   a spec t   r a t io  3.696 and vectored 5 O  

conf igu ra t ion  Dl 1V5 with  cutback  s idewalls  

El ,E2,E3,E4 nozz le   con f igu ra t ions   hav ing   t h roa t   a spec t   r a t io  5.806 

F1 ,F2,F3,F4 nozz le   con f igu ra t ions   hav ing   t h roa t   a spec t   r a t io  7.612 

F5V5 nozz le   con f igu ra t ion   hav ing   t h roa t   a spec t   r a t io  7.612 and vectored 

s1 ,s2,s3,s4 s idewa l l   con f igu ra t ions  

Rl,R2,...,R6 r e v e r s e - t h r u s t   c o n f i g u r a t i o n s  

2D-CD two-dimensional  convergent-divergent 

APPARATUS AND METHODS 

S t a t i c - T e s t   F a c i l i t y  

I 

T h i s   i n v e s t i g a t i o n  w a s  conducted  in  the static-test f a c i l i t y   a d j a c e n t   t o   t h e  
Langley  16-Foot  Transonic  Tunnel.   Test   apparatus is i n s t a l l e d  i n  a room with a high 
c e i l i n g .  The je t   exhausts   to   a tmosphere  through a l a rge  open  doorway. The c o n t r o l  
room is remotely  located from t n e  Lest  area,  and a c l o s e d - c i r c u i t   t e l e v i s i o n  camera 
i s  used to   observe   the  model. T h i s   f a c i l i t y   u t i l i z e s   t h e  same c lean ,   d ry-a i r   supply  
as t h a t  used i n  the  Langley  16-Foot  Transonic  Tunnel  and a s i m i l a r   a i r - c o n t r o l  
system - i n c l u d i n g   v a l v i n g ,   f i l t e r s ,  and a hea t   exchange r   ( t o   ope ra t e   t he  j e t  flow a t  
cons t an t   s t agna t ion   t empera tu re ) .  
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Single-Engine  Propulsion-Simulation  System 

A ske tch  of t h e  
z l e s  were mounted is 
i n s t a l l e d .  The body 
i n v e s t i g a t i o n .  

s ingle-engine  a i r -powered  nacel le  model on which various  noz- 
p r e s e n t e d   i n   f i g u r e  l ( a )  with a typ ica l   nozz le   con f igu ra t ion  
s h e l l   f o r w a r d  of s t a t i o n  52.07 w a s  removed f o r   t h i s  

An externa l   h igh-pressure  a i r  system  provided a continuous  f low of c lean ,   d ry  
a i r  a t  a cont ro l led   t empera ture  of about  300 K. This   high-pressure a i r  was var ied   up  
to approximately 12 atm (1 atm = 101.3 kPa)  and w a s  brought  through  the  dolly-mounted 
suppor t  s t r u t  by s i x   t u b e s  which connect   to  a high-pressure plenum  chamber. A s  
shown i n   f i g u r e  1 (b), t he  air w a s  t hen   d i scha rged   pe rpend icu la r ly   i n to  the model low- 
p res su re  plenum through  e ight   mult iholed  sonic   nozzles   equal ly   spaced  around  the 
high-pressure plenum. This method was designed  to  minimize  any  forces imposed  by the 
t r a n s f e r  of a x i a l  momentum as t h e  a i r  was passed  from  the  nonmetric  high-pressure 
plenum t o  the metric (mounted on the force  balance)   low-pressure plenum. Two f l e x i -  
b l e  metal bellows were used as seals and served   to   compensa te   for   ax ia l   forces   caused  
by p res su r i za t ion .  The a i r  w a s  then  passed  from the model  low-pressure plenum (cir- 
c u l a r   i n   c r o s s   s e c t i o n )   t h r o u g h  a t r a n s i t i o n   s e c t i o n ,  a choke plate, and  an i n s t r u -  
menta t ion   sec t ion ,  as shown i n  f i g u r e   l ( a ) .  The t r a n s i t i o n   s e c t i o n   p r o v i d e d  a 
smooth  f low  path  for   the  a i r f low from the  round  low-pressure plenum to   the   rec tangu-  
l a r  choke plate and in s t rumen ta t ion   s ec t ion .  The in s t rumen ta t ion   s ec t ion  had a flow 
pa th   wid th-he ight   ra t io  of 1.437 and w a s  i d e n t i c a l   i n   g e o m e t r y   t o   t h e   n o z z l e  a i r -  
f l o w  entrance.  The nozzles  were a t tached  to the ins t rumenta t ion   sec t ion  a t  model 
s t a t i o n  104.47. 

Nozzle  Design  and  Models 

Nozzle  concept .- The two-dimensional  convergent-divergent ( 2D-CD) nozzle is a 
nonaxisymmetric  exhaust sys t em i n  which a symmetr ic   contract ion and  expansion  process 
t a k e s   p l a c e   i n t e r n a l l y   i n   t h e   v e r t i c a l   p l a n e .  Basic nozzle  components cons i s t   o f  
upper   and  lower  f laps   to   regulate   the  contract ion  and  expansion  process  and f l a t  
n o z z l e   s i d e w a l l s   t o   c o n t a i n   t h e   f l o w   l a t e r a l l y .  The f lap   inner   sur face   geometry   can  
be var ied or a l t e r e d  by a c t u a t o r s  so that  (1  ) engine p o w e r  s e t t i n g  can  be changed  by 
vary ing   the   th roa t   he ight  (minimum area 1, and ( 2)  expans ion   su r f ace   ang le   ( f l a t   su r -  
f ace  downstream  of  the t h r o a t )   c a n  be var ied   for  optimum expansion of the exhaust  
flow. The f l a t n e s s  of t h e   f l a p s  and s idewa l l s  of t he  2D-CD n o z z l e   f a c i l i t a t e s   t h e  
inco rpora t ion  of   performance  capabi l i t ies   not   readi ly   amenable   to   axisymmetr ic  
designs.  The 2D-CD nozzle  can be designed to (1  ) vector   the  exhaust   f low up o r  down 
by  varying the geometry of the upper  and  lower f l aps   i ndependen t ly  and ( 2 )  r eve r se   o r  
s p o i l   t h e   t h r u s t  by opening  ports  upstream of the   t h roa t   wh i l e   dep loy ing   i n t e rna l  
b lockers  from the f l a p s  t o  d i v e r t  the f low  to  the t h r u s t - r e v e r s e r   p o r t s .  Many prac- 
t i c a l  mechanical  schemes  have  been  proposed t o   a c h i e v e  some or  a l l  of the  aforemen- 
t i o n e d   c a p a b i l i t i e s   b u t  w i l l  not  be descr ibed   here in .  However, development of a 
2D-CD nozz le   having   mul t ip le   capabi l i t i es  is  desc r ibed   i n   r e f e rence  26. 

Unvectored-  and  vectored-thrust  nozzle  models.- The nozzle models of the p r e s e n t  
i n v e s t i g a t i o n  were a t t ached   t o   t he   p ropu l s ion   s imula t ion   sys t em  ( f ig .  1 )  a t  model 
s t a t i o n  104.47 and  had a constant   f low  path  width of 10.157 cm. Parametric nozzle 
geometry  changes were made by  combining  various  interchangeable  upper  and  lower 
f l a p s  and s idewal l s .  The parameters for   unvectored-thrust   nozzles  were expansion 
r a t i o  ( A e / A t ) ,  s i dewa l l   l eng th  (xs) , f l a p   t h r o a t   r a d i u s  ( R t ) ,  expansion  surface 
( f l a p )   l e n g t h ,  and t h r o a t  aspect r a t i o   ( w t / h t ) .  The parameters for   the  vectored-  
t h r u s t   n o z z l e s  were th rus t   vec to r   ang le  (6,) and s idewal l   l ength .  The values of 
the   nozz le  parameters s e l e c t e d   f o r   t h i s   i n v e s t i g a t i o n  are p resen ted   i n   f i gu re  2 f o r  
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unvectored-thrust   nozzles  and i n   f i g u r e  3 for   vectored-thrust   nozzles .   Photographs 
of  unvectored-  and  vectored-nozzle  models  with one s idewa l l  removed for   v iewing   a re  
p r e s e n t e d   i n   f i g u r e s  4 through 6. 

Reverse- thrust   nozzle  models .- Conceptually,   the  thrust-reverser  components  for 
t he  2D-CD nozzles  would be deployed  ahead of t h e   t h r o a t   a t   d r y  power s e t t i n g s .  Flow 
would be blocked by components  deployed  from  the  flaps  while  ports would  open on the  
top  and  bot tom  of   the  nozzle   contract ion  sect ion  to   a l low  f low  to   exi t   wi th  a vec tor  
component i n   t h e   r e v e r s e   d i r e c t i o n .  The nozzle  minimum area ( t h r o a t )   o c c u r s   i n   t h e  
p o r t   ( e x i t )   p a s s a g e s ,  which are cons t an t   i n   a r ea   a long   t he i r   l eng th .  The reverse-  
t h rus t   ang le   des igned   i n to   t he   ha rdware  was 120° measured  forward  from a h o r i z o n t a l  
re fe rence   p lane ;   tha t  is, the   b locker   sur face   angle  was 120°,   the  passage  angle w a s  
120°, and a l l   e x t e r n a l   p o r t  door  angles  were 120O. Geometrically,   120°  can  provide a 
50-percent component  of t h r u s t   i n   t h e   r e v e r s e   d i r e c t i o n .  

Nozzle t h r u s t - r e v e r s e r   c o n f i g u r a t i o n s  were b u i l t  up  from di f fe ren t   combina t ions  
of blocker ,   f lap,   door ,   and  s idewall   combinat ions.   Detai ls  of t h e   s i x   c o n f i g u r a t i o n s  
t e s t e d   a r e  shown in   f i gu re   7 (b ) .   Conf igu ra t ion   va r i ab le s  were por t   passage   l ength  
and ex terna l   por t   door   loca t ion .  A photograph of a t yp ica l   t h rus t - r eve r se r   nozz le  
model with one s idewal l  removed for  viewing is presented i n  f i g u r e  8. 

Ins t rumenta t ion  

A three-component  strain-gage  balance was used t o  measure the   fo rces  and moments 
on the  model  downstream  of s t a t i o n  52.07 c m .  (See  f ig .  1 . )  Jet t o t a l   p r e s s u r e  was 
measured a t  a f i x e d   s t a t i o n   i n   t h e   i n s t r u m e n t a t i o n   s e c t i o n   ( s e e   f i g .  1 )  by means  of  a 
four-probe  rake  through  the  upper  surface,  a three-probe  rake  through  the  side,  and  a 
three-probe  rake  through  the  corner.  A thermocouple,   also  located i n  t h e   i n s t r u -  
menta t ion   sec t ion ,  w a s  used  to  measure j e t   t o t a l   t e m p e r a t u r e .  Mass flow of the  high-  
p re s su re   a i r   supp l i ed   t o   t he   nozz le  was determined from pressure  and temperature 
measurements in   the   h igh-pressure  plenum ( l o c a t e d  on top of the  support  s t r u t )  c a l i -  
b ra t ed   w i th   s t anda rd   ax i symmet r i c   nozz le s .   In t e rna l   s t a t i c -p res su re   o r i f i ce s  were 
loca ted  on  some of the  nozzle  upper and  lower f l a p s   ( f i g .  9 )  and on the  blocker  of 
r eve r se - th rus t   con f igu ra t ions   ( f ig .   7 (a ) ) .   Coord ina te s  of t he   s t a t i c -p res su re   o r i -  
f i c e s   f o r   e a c h   f l a p   c o n f i g u r a t i o n   a r e   g i v e n  i n  t a b l e s  I through I X  in  nondimensional 
form as  x/xt  and y /  ( w t / 2 ) .  

Data  Reduction 

A l l  d a t a  were recorded  s imultaneously on magnetic  tape.  Approximately 50 frames 
of data ,   taken a t  a r a t e  of  10 frames per second,  were  used  for  each  data p o i n t ;  
average  values were used in   computat ions.  D a t a  were obta ined   in   an   ascending   order  

r e p o r t  are referenced   to   the  model c e n t e r l i n e .  
of P t , j  With the  except ion of r e s u l t a n t  g r o s s   t h r u s t  Fr, a l l   f o r c e   d a t a   i n   t h i s  

The basic   performance  parameter   used  for   the  presentat ion of r e s u l t s  is t h e  
i n t e r n a l   t h r u s t   r a t i o  F/Fi ,  which is t h e   r a t i o  of t h e   a c t u a l   n o z z l e   t h r u s t   ( a l o n g  
t h e  body a x i s  ) t o   t h e   i d e a l   n o z z l e   t h r u s t ,  where i d e a l   n o z z l e   t h r u s t  is based on 
measured mass flow wp, j e t  t o t a l   p r e s s u r e   p t ,  j , and j e t  t o t a l   t e m p e r a t u r e  Tt, j . 
The balance  axial-force  measurement,  from  which  actual  nozzle  thrust is subsequent ly  
obtained,  is i n i t i a l l y   c o r r e c t e d   f o r  model we igh t   t a r e s  and b a l a n c e   i n t e r a c t i o n s .  
Although  the  bellows  arrangement was des igned   to   e l imina te   p ressure  and momentum 
in t e rac t ions   w i th   t he   ba l ance ,  small bellows tares on axial ,   normal,  and p i t c h  
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balance  components s t i l l  ex is t .   These  tares r e s u l t  from a small p re s su re  difference 
between  the  ends of t h e  bellows when i n t e r n a l   v e l o c i t i e s  are high  and from small 
d i f f e r e n c e s   i n   t h e  forward and a f t  bellows s p r i n g   c o n s t a n t s  when the  bellows are 
p res su r i zed .  As d i s c u s s e d   i n   r e f e r e n c e  11, t hese  bellows tares were determined  by 
runn ing   ca l ib ra t ion   nozz le s   w i th  known performance over a range of expected  normal 
forces and   p i tch ing  moments and were app l i ed  to  the   ba l ance  data to  o b t a i n   a c t u a l  
n o z z l e   t h r u s t  . 

Nozzle   d i scharge   coef f ic ien t  wp/wi is the  ratio of  measured mass flow to ideal 
mass f l o w ,  where i d e a l  mass f l o w  is based on j e t  t o t a l  p r e s s u r e  p t , j ,  j e t  t o t a l  
tempera ture   T t ,  j , and  measured  nozzle  throat area. Nozzle   d i scharge   coef f ic ien t  is, 
then  , a measure  of the a b i l i t y  of a nozzle  t o  pass  mass f l o w  and i s  reduced  by 
momentum and  vena c o n t r a c t a  losses. 

PRESENTATION  OF  RESULTS 

The basic n o z z l e   i n t e r n a l   p e r f o r m a n c e   d a t a   o b t a i n e d   i n   t h i s   i n v e s t i g a t i o n  are 
p r e s e n t e d   i n   f i g u r e s  10 through  31,  which w i l l  n o t  be d i scussed   i nd iv idua l ly .  How- 
eve r ,   r e f e rence  w i l l  be made to the  performance of t h o s e   n o z z l e s   d i r e c t l y   r e l e v a n t  t o  
the   d i scuss ion  as the need arises. Local  s t a t i c  p r e s s u r e s  were measured  on the noz- 
z l e  i n t e r n a l   e x p a n s i o n   s u r f a c e s  for var ious   nozz le  t o t a l  p r e s s u r e  ra t io  s e t t i n g s   a n d  
are p r e s e n t e d   i n  r a t io  form i n  tables I through I X .  Those  nozzles on which i n t e r n a l  
expansion  surface  static-pressure  measurements were obta ined  are i n d i c a t e d   i n   f i g -  
u r e s  2 and 3. Ratios of local pressures  measured on the reverse- thrus t   b locker  are 
p r e s e n t e d   i n   t a b l e  X. Samples of p re s su re   da t a  are p resen ted   g raph ica l ly   and  w i l l  be 
in t roduced  as needed i n  a later sec t ion   o f  this report. 

N o z z l e   i n t e r n a l   t h r u s t  r a t io  F / F i ,   r e s u l t a n t   t h r u s t  ratio Fr/Fi,   and  discharge 
c o e f f i c i e n t  wp/wi are p r e s e n t e d   g r a p h i c a l l y  as a func t ion   of   nozz le   p ressure  ra t io  
i n   f i g u r e s  10 through 29.  The r e s u l t a n t   t h r u s t  ra t io ,  shown on ly   fo r   vec to red - th rus t  
nozz les ,  is  i n d i c a t e d  by a d a s h e d   l i n e   i n   f i g u r e s  27 to  29. Thrus t   vec tor   angle  
and  pitching-moment ra t io  are p r e s e n t e d   i n   f i g u r e s  30(a) and ( b ) ,  r e spec t ive ly ,  for 
the   vec tored- thrus t   nozz les .   F igure  31 p resen t s   i n t e rna l   pe r fo rmance   da t a   fo r   t he  
th rus t - r eve r se r   con f igu ra t ions .  A nega t ive   va lue   o f   t h rus t  ra t io  i n d i c a t e s   t h r u s t   i n  
t he   r eve r se   d i r ec t ion .  

RESULTS AND DISCUSSION 

The r e l a t i v e   c r o s s - s e c t i o n a l  areas of the   engine   exhaus t   duc t  (or augmentor 
s ec t ion )   and   nozz le   t h roa t   €o r   cu r ren t   ax i symmet r i c   nozz le   i n s t a l l a t ions  a t  a given 
power s e t t i n g   e s t a b l i s h  a basis for s e l e c t i o n   o f   r e c t a n g u l a r   t h r o a t   a s p e c t  ra t ios  
( r a t i o  of  width to h e i g h t )  for nonaxisymmetric  nozzle  applications.  For  example, 
cur ren t   ax isymmetr ic   ins ta l la t ions   have   nozz le- throa t -a rea  to engine-exhaust-duct- 
area ratios of abou t   1 /3   fo r   d ry  p o w e r  s e t t i n g   a n d  2/3 for a f t e r b u r n i n g   ( r e h e a t )  
power se t t i ng .   Fo r  a simple a p p l i c a t i o n  where the  nonaxisymmetric  nozzle is t o  be 
b lended   in to  the pro jec t ed  area behind  the  engine,   the   width  of   the  rectangular  noz- 
z l e  can be assumed to  be equal t o  the   engine   exhaus t  diameter. The re fo re ,   t h roa t  
aspect r a t io  f o r   d r y  power nozz les   should  be about  3.8 and for a f t e rbu rn ing   nozz le s ,  
about  1.9.  These  numbers are presented   mere ly   as   typ ica l  for a simple app l i ca t ion .  
Other demands on the nozzle ,   such as a need to  gene ra t e   l a rge  amounts of superc i rcu-  
l a t i o n  (or induced) l i f t ,  might make l a r g e r   v a l u e s  of t h r o a t  aspect ra t io  desirable. 

8 



With the p r e v i o u s   d i s c u s s i o n   i n  mind, it can be noted from the nozzle  geometric 
data i n   f i g u r e s  2 and 3 t h a t   c o n f i g u r a t i o n   d e s i g n a t i o n s   s t a r t i n g   w i t h   t h e  letters "B" 
and "D" r ep resen t   d ry  p o w e r  con f igu ra t ions  and tha t  d e s i g n a t i o n s   s t a r t i n g   w i t h   t h e  
letter llA" r e p r e s e n t   a f t e r b u r n i n g  power conf igura t ions .   Nozzles   having   des igna t ions  
s t a r t i n g   w i t h  letters "E" and "F" have   l a rge r   t h roa t  aspect r a t i o s  and  can be con- 
s i d e r e d   f o r   u s e   i n  more spec ia l i zed   app l i ca t ions .  

Unvectored  Nozzles 

Sidewall  geometry.- The e f f e c t  of sidewall   geometry on the   in te rna l   per formance  
o f  a t h r o a t  aspect r a t i o  2.01 2 nozz le   ( r ep resen ta t ive  of a f te rburn ing)   having   an  
expans ion   ra t io   o f  1.300 is shown i n   f i g u r e  10. These  data show similar e f f e c t s   o f  
s idewa l l   l eng th   ( cu tback)  on t h r u s t   r a t i o  as r epor t ed   i n   r e f e rence  10 f o r  aspect 
r a t i o  3.696 nozz le s   ( r ep resen ta t ive  of dry  power)  having  expansion  ratios of 1.089 
and 1.797. That is, f o r   t h e  greatest amount  of s idewall   cutback  (about  75 p e r c e n t ) ,  
t h e r e  w a s  only a small loss i n  maximum t h r u s t   r a t i o   ( a p p r o x i m a t e l y  1/2 p e r c e n t   f o r  
t h e   p r e s e n t   i n v e s t i g a t i o n ) .  A t  low o f f - d e s i g n   n o z z l e   p r e s s u r e   r a t i o s ,   t h r u s t   r a t i o  
increased  when the   s idewa l l s  w e r e  c u t  back. Closer examination  of  the  sidewall   cut-  
back   e f f ec t s  on maximum t h r u s t   r a t i o   f o r   t h r e e   n o z z l e   e x p a n s i o n   r a t i o s  (1 .089 
(ref. 10 1 ,  1 .300 ( p r e s e n t   s t u d y ) ,  and 1.797 ( r e f .  1 0 )  ) i n d i c a t e s  a t rend  of increased  
t h r u s t   r a t i o   l o s s e s  as expans ion   r a t io  is increased.  (See unvec tored   nozz le   th rus t  
r a t i o   i n c r e m e n t s   i n   f i g .  32 f o r  AR = 2.01  2 and 3.696. ) Maximum s idewal l   cu tback  
(about  75 p e r c e n t )   r e s u l t e d   i n  maximum t h r u s t - r a t i o   l o s s e s  of approximately 1/4 per- 
cen t ,  1/2 percent,   and 1 percen t ,   r e spec t ive ly ,   fo r   t he   t h ree   expans ion   r a t io s .  
Discharge   coef f ic ien t  w a s  unaf fec ted  when the sidewalls were c u t  back on any  of  the 
aforementioned  nozzles.  

The e f f e c t s  of sidewall cutback on t h r u s t   r a t i o   f o r  two nozz les   wi th   l a rge  
t h r o a t   a s p e c t   r a t i o s  (5 .806 and 7.612) are summarized i n   f i g u r e  33. Resu l t s   i nd i -  
cate sidewall c u t b a c k   e f f e c t s  on t h r u s t   r a t i o  are neg l ig ib l e  on these  high-aspect-  
r a t i o   n o z z l e s   r e g a r d l e s s  of nozzle   expansion  ra t io   (which  var ied from 1.089 t o  
1 . 7 9 7 ) .  I n   f a c t ,  data t r e n d s   i n d i c a t e   t h a t   t h e   i m p a c t  of sidewall cutback on t h r u s t  
r a t i o  decreases wi th   increas ing  aspect r a t i o .  One p o s s i b l e   e x p l a n a t i o n   f o r   t h i s  
might be t h a t  as a s p e c t   r a t i o   i n c r e a s e s ,   t h e  area of sidewall conta inment   re la t ive  
t o   d i v e r g e n t   f l a p  area decreases. As a r e s u l t ,  a smaller percentage of t o t a l  
exhaust  f low is inf luenced  by sidewall  geometry  changes.  Unlike  the  trend  noted  for 
AR < 3.7 nozz le s ,   d i scha rge   coe f f i c i en t s   fo r   t he   l a rge r  AR nozzles  (see f i g .  3 3 )  
increased  1 t o  1.5 percen t  a t  h igh   nozz le   p ressure   ra t ios  when the s idewa l l s  were c u t  
back. The r e a s o n   f o r   t h i s  is no t  known. 

A summary p l o t  of t h e   e f f e c t  of s idewall   cutback on the  maximum value  of  nozzle 
t h r u s t  ra t io  from a v a i l a b l e  s ta t ic  in te rna l   per formance   da ta  is p r e s e n t e d   i n   f i g -  
u re  32 for  unvectored  and  vectored  nozzles.  

The va r i a t ion   o f  local p r e s s u r e   ( r a t i o )   a l o n g   t h e   f l a p   c e n t e r l i n e  of t h e  
unvec tored   a f te rburn ing   nozz le   wi th   th ree   d i f fe ren t   s idewal l s  is shown a t  the top  of 
f i g u r e s  34(a)  and (b)  f o r   n o z z l e   p r e s s u r e   r a t i o s  of 2.0 and 5.0, respec t ive ly .   For  
a n o z z l e   p r e s s u r e   r a t i o  of 2.0 ( f i g .  34 ( a )  1 ,  s e p a r a t i o n   d u e   t o   c u t t i n g  back the s ide-  
w a l l  w a s  greater f o r   c o n f i g u r a t i o n  A4 ( c u t  back to 22.7 percen t ) .  Away from t h e   f l a p  
c e n t e r l i n e  ( l a t e ra l  p re s su re   o r i f i ce   rows) ,   f l ow  sepa ra t ion  w a s  more e x t e n s i v e   f o r  
both A3 and A4. These   i nc reases   i n   s epa ra t ion  a t  condi t ions  below  the  nozzle   design 
p res su re  ra t io  i n c r e a s e   f l a p  static p r e s s u r e   i n  the separat ion  region  and  effec-  
t ive ly   decrease   the   nozz le   expans ion   ra t io .   This   p roduces   an   increase   in   th rus t  
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r a t io   w i th   s idewa l l   cu tback  and causes  a small s h i f t   i n  peak t h r u s t   r a t i o   t o  a lower 
n o z z l e   p r e s s u r e   r a t i o .   T h i s   e f f e c t  of s idewall   cutback,  shown i n   f i g u r e  10,  has 
been   d i scussed   prev ious ly   in   re fe rence  10. Near the   nozz le   des ign   p re s su re   r a t io  
( f i g .   3 4 ( b ) ) ,   t h e   e f f e c t  of s idewal l   cu tback   does   no t   reach   the   cen ter l ine  of t h e  
nozz-le  f lap;  however,   f lap s ta t ic  pressure near   the   s idewal l  (see l a t e r a l   p r e s s u r e  
d i s t r i b u t i o n s  a t  the  bottom  of  f ig.  34(b)) is decreased.  These lower pressures pro- 
duce  the  small   losses  i n  t h r u s t   r a t i o   n o t e d  earlier for   s idewal l   cu tback .  

Throat   radius . -  The e f f e c t s  on internal   performance of changes   in   f lap   curva ture  
( t h r o a t   r a d i u s  ) a t   t h e   n o z z l e   t h r o a t   a r e  summarized i n   f i g u r e  35. Although  there is 
a l a r g e   s h i f t   i n   t h e   t h r u s t  ra t io  cu rve   fo r   con f igu ra t ion  B1 ( f i g .   3 5 ( a ) )   r e l a t i v e  
t o   c o n f i g u r a t i o n s  D 2 ,   D 7 ,  and D 8  because of a d i f f e rence   i n   nozz le   des ign   p re s su re  
r a t i o ,  it is apparent  from the   o the r   con f igu ra t ions  i n  f i g u r e   3 5 ( a )   t h a t   t h r o a t   c u r -  
vature  has l i t t l e  e f f e c t  on n o z z l e   t h r u s t   r a t i o .  

The major e f f e c t  of t h r o a t   r a d i u s  is on n o z z l e   d i s c h a r g e   c o e f f i c i e n t  (w   /w i )  
which is decreased by approximately 3.5 percen t   fo r  a s h a r p   t h r o a t  (Rt  = 0 cm) over 
the  range of p r e s s u r e   r a t i o s   i n v e s t i g a t e d   w i t h  a nozz le   expans ion   ra t io  of  1.797. 
A s i m i l a r   e f f e c t  of t h r o a t   r a d i u s  on nozz le   d i scha rge   coe f f i c i en t  is  shown f o r  
low expans ion   ra t ios .  The l o s s   i n   d i s c h a r g e   c o e f f i c i e n t   i n c r e a s e s   n o n l i n e a r l y  
wi th   dec reas ing   t h roa t   r ad ius  as shown i n  incrementa l   form  in   f igure   35(b)   €or  
Rt/ht = 0,  0.249,  0.578,  and  0.996. 

P 

Pressu re   da t a   fo r   con f igu ra t ions  D 7  through D l 0  a r e   con ta ined  i n  re ference  9. 
Those d a t a   i n d i c a t e   t h a t   a s   t h r o a t   r a d i u s   d e c r e a s e s ,   s t a t i c   p r e s s u r e   v a l u e s  j u s t  
downstream  of the   nozz le   th roa t   decrease ,  and s t a t i c   p re s su re   va lues   ups t r eam of the  
t h r o a t   i n c r e a s e .  The lower  pressures  immediately  downstream of t h e   t h r o a t   a r e  
be l i eved   t o  be t h e   r e s u l t  of increased  local   f low  overexpansion as t h r o a t   r a d i u s  is 
decreased. The s h a r p   t h r o a t s  of   nozzle   configurat ions B1 and B2 may cause a l o c a l  
f low  separat ion  bubble   to  be  formed j u s t   a f t  of t he   geomet r i c   t h roa t   a s   t he   exhaus t  
flow is expanded  over   an  inf ini tes imal ly  small   length (i.e.,  ze ro   l eng th ) .  The pres -  
s u r e   d a t a  of t h i s   i n v e s t i g a t i o n  and  of r e fe rence   9 ,   a long   w i th   ana ly t i ca l   r e su l t s  
from  a two-dimensional  inviscid  code  (ref.  91, i n d i c a t e  a tendency   for   the   phys ica l  
n o z z l e   t h r o a t   ( l o c a t i o n   f o r   p / p t , j  = 0.528) t o  move s l i g h t l y  downstream of the 
nozzle   geometr ic   throat  as t h r o a t   r a d i u s  is decreased.  The l o c a l   v i s c o u s   e f f e c t s  
(which become more s ign i f i can t   a s   t h roa t   r ad ius   dec reases )   a l so   ac t   t o   r educe   t he  
e f fec t ive   nozz le   th roa t   a rea   and ,   hence ,   reduce   nozz le   d i scharge   coef f ic ien t  wp/wi. 

Expansion  ratio.-  The e f f e c t  on nozzle   internal   performance of increasing  expan- 
s i o n   r a t i o  by i n c r e a s i n g   f l a p   l e n g t h  is shown  by comparing  the  data  obtained on con- 
f i g u r a t i o n s  D 3  through D 6  which  have  approximately  the same f lap   d ivergence   angle  of 
1 0 . 8 O .  A summary p l o t  of t h e   d a t a   f o r   t h e s e   c o n f i g u r a t i o n s   ( f i g .  3 6 )  shows t h a t  a 
f ixed-throat ,   f ixed-divergence-angle  (10.8O) nozz le ,   des igned   to   increase   expans ion  
r a t i o  by i n c r e a s i n g   f l a p   l e n g t h ,  would  have  an e s s e n t i a l l y   c o n s t a n t   t h r u s t   r a t i o  of 
about  0.99 ( locus  of th rus t - ra t io   peaks)   over   the   p ressure- ra t io   range   inves t iga ted .  
The same r e s u l t  was obtained i n  r e fe rence  10 f o r  a nozzle  having a f lap   d ivergence  
angle  of  approximately 5.5O over  the same ranges of expansion and p r e s s u r e   r a t i o .  
There was  no s i g n i f i c a n t   e f f e c t  of expans ion - ra t io   va r i a t ion  on d i s c h a r g e   c o e f f i c i e n t  
(which  ranged  from  0.978 t o  0.991 in   t he   p re s su re - r a t io   r ange  from 2 t o   9 )   f o r   e i t h e r  
group of nozzles .  

The peak t h r u s t   r a t i o s  and d ischarge   coef f ic ien t   l eve ls   ob ta ined   over   the   range  
of expansion  ratios  are  comparable  with  those  obtained  with  axisymrnetric  nozzles 
having   s imi la r   expans ion   ra t ios .   (See   re fs .  11 and 14.)  The internal   performance of 
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the c u r r e n t  test nozz les  is w e l l  behaved, i n   t h a t  peak t h r u s t  ra t io  occurs   very  near  
the   des ign   nozz le   p ressure  ratio for each  expansion ra t io  tes ted .   (See   f ig .   36 . )  

Throat  aspect ratio.- Nozzle throat a s p e c t   r a t i o  (wt/ht) w a s  varied  between 
3.696 and 7.61  2 f o r  t w o  expansion ratios by  changing  throat  height  and  holding noz- 
z le   wid th   cons tan t ;  that  is, nozzle  area decreased as nozzle  throat aspect r a t io  
increased .  The ratio of throat r a d i u s  t o  t h r o a t   h e i g h t  Rt/ht w a s  held nea r ly  con- 
s tan t ;   hence  as aspect r a t io  increased,  both  ht   and Rt decreased. A summary of 
t h e   e f f e c t  on in te rna l   per formance   of   increas ing   th roa t  aspect ra t io  for nozz le  
expansion ratios of  1.089  and  1.797 is p r e s e n t e d   i n   f i g u r e  37. For the range  of 
t h r o a t  aspect r a t i o s   i n v e s t i g a t e d ,   t h e r e  is l i t t l e  e f f e c t  of t h r o a t  aspect ra t io  on 
n o z z l e   t h r u s t  ratio. However, d i s c h a r g e   c o e f f i c i e n t   d e c r e a s e d   s i g n i f i c a n t l y   w i t h  
increased  aspect ra t io .  These  decreases are thought to  be p a r t l y  a r e s u l t  of   the  
r e l a t i v e   i n c r e a s e   i n   t h e   i n f l u e n c e   o f   t h e   v i s c o u s   e f f e c t s   r e s u l t i n g  from the  reduced 
throa t   he ight   and   increased   th roa t   wid th   and   par t ly  a r e s u l t  of t he   dec reased   t h roa t  
radius .   Unfortunately,  the separate e f f e c t s   c o u l d   n o t  be i so l a t ed   w i th  the a v a i l a b l e  
da ta .   For   bo th   h igher   th roa t  aspect ra t ios  (5.806  and  7.6121,  discharge  coefficient 
i nc reased   w i th   i nc reas ing   p re s su re   r a t io  by as much as 1 percent  between  nozzle pres- 
s u r e  ratios of 2 and   9 .   This   increase   in   d i scharge   coef f ic ien t   wi th   increas ing   noz-  
z l e   p r e s s u r e   r a t i o  w a s  even   grea te r  (as much as 1.6 pe rcen t )  when the s idewa l l s  were 
cu t   back .   Reasons   fo r   t hese   i nc reases   i n   d i scha rge   coe f f i c i en t  are no t  known a t  
p re sen t ,   bu t  similar increases  have  been  obtained  for  other  nozzles  with  moderate-to- 
h igh   t h roa t  aspect ratios.  

Vectored-Thrust  Nozzles 

V e c t o r i n g   t h e   t h r u s t  from a 2D-CD nozzle  can be done i n  a number of d i f f e r e n t  
ways. For example, t o  ob ta in   t he   h ighes t   i n t e rna l   pe r fo rmance ,   t he  whole  nozzle  can 
be gimbaled  about  an  axis  system  upstream of the   convergent   sec t ion  so t h a t   t h e   f l o w  
would tu rn  a t  l o w  speed  with no tu rn ing  losses. In  such  an  arrangement ,   the   inter-  
nal   performance  along  the  vectored  nozzle  axis would  be i d e n t i c a l   t o   t h e   u n v e c t o r e d -  
nozzle  performance,  and the r e su l t i ng   vec to r   ang le  would equal   the  geometr ic   design 
vector   angle .  However, such a nozzle  would  have  drawbacks  from a practical  s tand-  
p o i n t ,   i n   t h a t  it would r e q u i r e  a set  of ac tua t ion   hardware   (ex t ra   weight )  t o  gimbal 
the   nozz le  downward as w e l l  as the   ac tua to r s   necessa ry  to  change  nozzle power s e t t i n g  
and  expansion ra t io .  I n  a d d i t i o n ,  the gimbaled-type  nozzle  has the p o t e n t i a l   f o r  
r e l a t i v e l y   h i g h   i n c r e a s e s   i n   d r a g   d u r i n g   v e c t o r e d   o p e r a t i o n  a t  maneuver speeds,  as 
r e p o r t e d   i n   r e f e r e n c e  8. As the   nozz le  is  g imbaled ,   excess ive   boa t ta i l   angles  on the  
nozz le   t op   su r f ace  are crea ted   whi le   the   bo t tom  sur face   p ro t rudes   in to   the   f ree-  
stream f l o w   f i e l d .  Both  can r e s u l t   i n   s i g n i f i c a n t   d r a g   i n c r e a s e s .  A more p r a c t i c a l  
arrangement is to  incorpora te   the   vec tor ing   func t ions   in to   the   sys tem  tha t   changes  
power s e t t i n g  and  expansion ratio by ar ranging  for the upper  and lower f l a p s  t o  be 
independent ly   ac tua ted  so tha t   t hey   can  be de f l ec t ed   i ndependen t ly   ( r e f .   26 ) .   Th i s  
i s  the  type of t h rus t   vec to r ing   r ep resen ted  by the   nozz le s   desc r ibed   i n   f i gu re  3.  
One disadvantage of t h i s   a r r angemen t  is tha t   t he   t h roa t   o r i en ta t ion   r ema ins   abou t   t he  
same fo r   t he   vec to red - th rus t   con f igu ra t ions  as it did   for   the   forward- thrus t   conf ig-  
ura t ions .   This  means tha t   supe r son ic   f l ow downstream  of the   th roa t   mus t  be turned  by 
the   nozz le   d ivergent   f laps .   Prev ious   s tud ies  ( for  example, refs. 8, 11 , and 12)  have 
shown a p o t e n t i a l   f o r   t h r u s t  losses when t h i s  is done. 

Thrust   vector  angle.-  The i n c r e m e n t a l   e f f e c t  on r e s u l t a n t   t h r u s t  ra t io  of  vec- 
to r ing   an   a f te rburn ing   nozz le   (wi th   an   expans ion  ra t io  of 1.300) 9.79O and 20.26O 
wi th  each of four  sidewall conf igu ra t ions  is shown i n   f i g u r e  38. These  increments 
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were obtained by s u b t r a c t i n g   r e s u l t a n t   t h r u s t  ratio f o r  the unvectored  nozzles  (with 
the   appropr i a t e   s idewa l l s )  from t h e   r e s u l t a n t   t h r u s t  ratio of   the  vectored  nozzles  
( f i g s .  27 and   29)   and   hence   represent   in te rna l   tu rn ing   ga ins   (pos i t ive   increments )  or 
losses (negat ive   increments ) .   In   genera l ,   vec tor ing   the   nozz les   resu l ted   in   an  
i n c r e a s e   i n   r e s u l t a n t   t h r u s t   r a t i o  a t  low nozz le   p re s su re   r a t io s   and  a d e c r e a s e   i n  
r e s u l t a n t   t h r u s t   r a t i o   o v e r  a range of n o z z l e   p r e s s u r e   r a t i o s   i n   t h e   v i c i n i t y  of the 
des ign   p re s su re   r a t io   ( approx ima te ly  1 p e r c e n t   f o r  6, = 9.79O and 3 p e r c e n t   f o r  
6v = 20.26O). 

A l l  the nozzles  were e f f e c t i v e   i n   v e c t o r i n g   t h e   t h r u s t   ( f i g .  30(a)) when the 
n o z z l e   p r e s s u r e   r a t i o  w a s  l a r g e  enough to   r educe   t he  amount  of f low  separation  from 
the  lower  f lap.  The largest th rus t   vec to r   ang le s  were ob ta ined   w i th   fu l l   s idewa l l s .  
Thrust   vector   angles  were equa l   t o   o r   g rea t e r   t han   t he   geomet r i c   vec to r   ang le   w i th  
fu l l - l eng th   s idewa l l s   fo r  a l l  three nozzles  when ex tens ive   lower- f lap   f low  separa t ion  
w a s  no t   p resent .  The maximum measured  vector   angle   for   each  nozzle   with  ful l - length 
s idewa l l s  was reached   be low  the   des ign   pressure   ra t io   and   decreased  as p r e s s u r e   r a t i o  
w a s  i nc reased .   Th i s   e f f ec t  of t h r u s t   a n g u l a r i t y   v a r y i n g   w i t h   p r e s s u r e   r a t i o  is 
common in  nonaxisymmetric  nozzles  whenever  one  f lap is longe r   t han   t he   o the r   r e l a t ive  
to   t he   exhaus t   f l ow  cen te r l ine .  It  occurs  for  both  unvectored  and  vectored  single- 
expansion-ramp  nozzles (see, for  example,  refs.  10  and  13)  and some vectored 2D-CD 
nozzles  where r o t a t i o n  of t h e   i n d i v i d u a l   f l a p s   t a k e s  place about   axes  near t h e  
throat .   This   type  nozzle   geometry  presents   expansion  surfaces  of unequal   length  for  
t he   f l ow  to  work a g a i n s t ,  so t h a t  one s i d e  of the  exhaust   f low is contained  longer  by 
a f l a p   ( i n  this i n v e s t i g a t i o n  , the lower   f lap)   whi le   the   o ther   s ide  of the exhaust  
f low is unbounded. 

Comparisons  of the v a r i a t i o n  of f l a p   c e n t e r l i n e   p r e s s u r e   ( r a t i o )   w i t h   x / x t  
w i th   fu l l - l eng th   s idewa l l s  a t  nozzle   geometr ic   vector   angles  of Oo, 9.79O1 13.22O, 
and 20.26O f o r  a nozzle  pressure r a t i o  of 5.0 are shown i n   f i g u r e  39. Sonic  f low 
occurs  a t  x/xt = 0.94 ( j u s t   u p s t r e a m  of the   geometr ic  throat) on both  upper  and 
lower   f laps   for  the range   of   vec tor   angles   t es ted .  The nozzles   with a geometric 
vec tor   angle  of 13.22O were obtained by combining  the upper and  lower  f laps  of t h e  
20.26O and 9.79O conf igura t ions ,   respec t ive ly .   These   da ta  show that  the   p ressure  
d i s t r i b u t i o n s  on t h e   u p p e r   f l a p   f o r   t h e  13.22O and 20.26O conf igu ra t ions  (same p iece  
of model hardware) are ident ica l ,   even   though the lower   f laps   (and   therefore  geomet- 
r ic  vector   angle   and  nozzle   expansion  ra t io)  are d i f f e r e n t .  As d i s c u s s e d   i n   r e f e r -  
ence  13 , t h i s  is because  the Mach wave,  which o r i g i n a t e s  a t  t h e   t h r o a t  from flow 
turn ing   over   the   lower   f laps ,  is acute enough in   bo th  cases ( a t  pt, j/p, = 5.0) so 
t h a t  it passes ou t  the nozz le   ex i t   wi thout   impinging  on &he su r face  of the  upper 
f l a p .  The x /x t   coord ina te   used   in   the   t ab les  and as t h e   a b s c i s s a   i n   t h e   p r e s s u r e  
d i s t r i b u t i o n   p l o t s  is along the model c e n t e r l i n e  (6, = O o  1. However,  downstream  of 
x/xt = 1.0,  an  x/xt  coordinate,  transformed by us ing  6,, may be a more appropr i a t e  
absc i s sa   i f   de t a i l ed   compar i sons  of p r e s s u r e   d i s t r i b u t i o n s  a t  d i f f e r e n t   v e c t o r   a n g l e s  
are t o  be made. 

Although  there w a s  no e f f e c t  on d i s c h a r g e   c o e f f i c i e n t  of vector ing  the  nozzle  
from Oo t o  9.79O, t h e r e  w a s  a 1 -percent  decrease due to vector ing  the  nozzle  from 
9.79O to 20.26O ( f ig s .   10 ,  27,  and  29). 

Sidewall  cutback.- The e f f e c t  of   s idewall   cutback on the   i n t e rna l   pe r fo rmance  
and   vec to r ing   cha rac t e r i s t i c s   fo r   t h ree   vec to red   nozz le s  a t  a f t e r b u r n i n g  power set- 
t i n g  is shown i n  f i g u r e s  27 through 30. I n c r e m e n t a l   e f f e c t s  of s idewall   cutback on 
peak r e s u l t a n t   t h r u s t   r a t i o  are shown a t  the   top  of f i g u r e  32. These   da ta   ind ica te  
s l i g h t l y  larger l o s s e s   i n   p e a k   t h r u s t   r a t i o  because of s idewal l   cu tback   for   vec tored  
nozzles   than  for   unvectored  nozzles .  
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Examples 
( g V  = 20.26O) 

of t h e   e f f e c t  of s idewall   cutback on t h e   v a r i a t i o n  of  nozzle 
su r face  pressure ( ra t io)  a l o n g   t h e   f l a p   c e n t e r l i n e  and l a t e r a l l y  from 

t h e   f l a p   c e n t e r l i n e  are shown i n   f i g u r e s  40 and 41 for   nozz le   p ressure  ratios below 
and near   the  unvectored-nozzle   design  pressure  ra t io .  The uppe r - f l ap   cen te r l ine  
pressure   var ia t ions   wi th   x /x t  are i d e n t i c a l   i n   s h a p e  and  magnitude for   bo th   nozz le  
p r e s s u r e   r a t i o s   ( f i g s .   4 0 ( a )  and 41(a) )  and ind ica te   a t tached   f low.  Some sepa ra t ion  
occurs  la teral ly  towards the  edge of the  upper   f laps   with  cutback  s idewalls .  How- 
ever ,  the p res su res  on the   l ower   f l ap   i nd ica t e   t ha t   t he   f l ow is almost  completely 
separa ted  up t o   t h e   n o z z l e   t h r o a t  a t  the  l o w  nozzle pressure r a t i o   f o r   t h r e e   s i d e w a l l  
c o n f i g u r a t i o n s   ( f i g .   4 0 ( b ) ) .  With the four th   s idewal l   conf igura t ion   (most   cu tback) ,  
s epa ra t ion  of the  lower-f lap  f low is less severe  a long  the  center l ine;   however ,  
ex t ens ive   s epa ra t ion  still o c c u r s   l a t e r a l l y  toward the  edge  of   the  f lap.   Separat ion 
a long   t he   l ower - f l ap   cen te r l ine  was e l imina ted  a t  the   h ighe r   nozz le   p re s su re   r a t io s ,  

. b u t  was still e v i d e n t   l a t e r a l l y  toward  the  edge of t h e   f l a p  when the   s idewa l l  was c u t  
back ( f i g .  41 ( b ) ) .  

The e f f e c t  of sidewall cutback on nozz le   t h rus t   vec to r   ang le  is shown i n   f i g -  
u re   30 (a ) .   I n  a l l  cases when ex tens ive   f low  separa t ion  was n o t   p r e s e n t ,   i n c r e a s e s   i n  
s idewall   cutback  produced  decreases  i n  t h rus t   vec to r   ang le  up t o   a s  much a s  6O.  When 
s i g n i f i c a n t   f l o w   s e p a r a t i o n   e x i s t e d  on the  lower  f lap,   s idewall   cutback had only 
s m a l l   e f f e c t s  on t h r u s t  vector   angle .  

Nozzle   d i scharge   coef f ic ien t  was unaf fec ted  by s idewal l   cu tback   ( f igs .  27 
through  29)  for a l l   t h ree   geomet r i c   vec to r   ang le s .  

Thrus  t-Reverser  Nozzles 

Deployment of a thrust   b locker   upstream of a forward-thrust   nozzle   throat   neces-  
s i t a t e s   c a r e f u l   c o n s i d e r a t i o n  of t he   d i scha rge   coe f f i c i en t  of t he   t h rus t - r eve r se r  
n o z z l e   r e l a t i v e   t o   t h a t  of the  forward-thrust   nozzle .  For  example, i f   t he   d i scha rge  
c o e f f i c i e n t  of t he   t h rus t - r eve r se r   nozz le  is s i g n i f i c a n t l y  lower  than  that  of the 
forward-thrust   nozzle ,   engine  operat ion  can be adve r se ly   a f f ec t ed  by an inc rease  i n  
back  pressure  unless  there  has  been a compensating  increase i n  r eve r se r   po r t   a r ea .  
I f ,  on the   o ther   hand ,   reverser   por t   a rea   has  been  overcompensated  for  (port   area  too 
l a r g e ) ,   t h e   r e s u l t i n g   d e c r e a s e  i n  back pressure  can  resul t   in   engine  overspeed.  

The th rus t - r eve r se r   nozz le s  of t h i s   i n v e s t i g a t i o n  are related to   t he   d ry  power 
("D") nozzle   conf igura t ions ,  i n  t h a t   t h e   r e v e r s e r   p o r t   a r e a  w a s  s ized   to   approximate  
the   d ry  power ( c r u i s e )   t h r o a t  area ad jus t ed  to compensate f o r  an expec ted   decrease   in  
d i s c h a r g e   c o e f f i c i e n t   d u r i n g   r e v e r s e - t h r u s t   o p e r a t i o n .   T h a t  is ,  an a t tempt  w a s  made 
to make t h e   r e v e r s e r   p o r t   l a r g e  enough (approximately 21 pe rcen t   l a rge r   t han   t he   d ry  
power nozz le   a r ea )   t o   a l l ow  eng ine  mass flow t o  remain  the same a t  a given  nozzle 
pressure  ratio fo r   t he   fo rward - th rus t   d ry  power  and the   reverse- thrus t   conf igura-  
t i o n s .  The results i n d i c a t e   t h a t   r e v e r s e r   n o z z l e   d i s c h a r g e   c o e f f i c i e n t s  were low 
(0.755  or less based on a c t u a l   r e v e r s e r   p o r t   a r e a )   r e l a t i v e  to typica l   forward- thrus t  
n o z z l e   d i s c h a r g e   c o e f f i c i e n t s  (0.985). Per formance   da ta   for   the   s ix   th rus t - reverser  
conf igu ra t ions  are p r e s e n t e d   i n   f i g u r e  31. 

Port   passage  length.-  The e f f e c t  of port passage  length (see f i g .   7 ( b )  for 
d e f i n i t i o n )  on the   in te rna l   per formance  of th ree   th rus t - reverser   conf igura t ions   hav-  
i n g  similar port ex i t   geomet r i e s  is shown i n   f i g u r e  42. B e s t  r eve r se - th rus t   pe r fo r -  
mance occurred  for  the  midpassage  length of v/wv = 0.600.  Reasons f o r   t h e  losses 
associated  with  both  the  short   and  long  passage are not  known. Nozzle  discharge 
c o e f f i c i e n t  is a l s o   s e e n  to  vary w i t h  por t   passage   l ength .  Once t h e   c u r v e s   " f l a t t e n  
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ou t "  above a nozzle pressure r a t i o  of 3.5, the reverser   conf igura t ion   wi th   the   shor t -  
est  passage   length   p rovided   the   h ighes t   va lues  of d i scha rge   coe f f i c i en t .   Reasons   fo r  
t h i s   a r e   a l s o  unknown. 

-Perhaps  the l a r g e s t   e f f e c t s  shown i n   f i g u r e  42 are those   assoc ia ted   wi th   var ia -  
t i o n  of nozz le   p re s su re   r a t io .  Above a nozzle  pressure r a t i o  of 4.0, l e v e l s  of 
r e v e r s e   t h r u s t  are seen to  decrease  as n o z z l e   p r e s s u r e   r a t i o   i n c r e a s e s .  The decrease  
i n  r e v e r s e - t h r u s t   r a t i o   w i t h   i n c r e a s i n g   n o z z l e  pressure ra t io  i s  probably  due to the  
g r e a t e r   l e n g t h  of the  forward port passage w a l l  r e l a t i v e   t o   t h e   r e a r   p a s s a g e   w a l l ,  
i n   t h a t   p a r t  of  the  forward  passage  wall acts a s  a n  ex terna l   expans ion  surface. 
(See  f ig .  7 ( b )  fo r   ske t ches  of ports fo r   con f igu ra t ions  R1 , R 2 ,  and R3. ) This   for-  
ward surface  outs ide  the  contained  passage is  p res su r i zed  by the   po r t   exhaus t   f l ow 
and  develops a fo rce  component i n   t h e   t h r u s t   ( f o r w a r d )   d i r e c t i o n   a t   t h e   h i g h e r   n o z z l e  
p re s su re   r a t io s .   Th i s   fo rce  component i n  t he   t h rus t   d i r ec t ion   va r i e s   w i th   nozz le  
p r e s s u r e   r a t i o  i n  the  same manner as the  normal-force component on the   ex te rna l   por -  
t i o n  of the  ramp of  a single-expansion-ramp  nozzle.  Examples of t h e   v a r i a t i o n  of 
normal  force  with  nozzle  pressure  ratio  for  single-expansion-ramp  nozzles  can be 
found i n  r e fe rence  13 where 6j i s  presented   as  a func t ion  of nozz le   p re s su re   r a t io .  

The r e v e r s e - t h r u s t   r a t i o s   f o r   n o z z l e   p r e s s u r e   r a t i o s  below 4.0 vary  widely. 
Reasons  for   this  wide v a r i a t i o n   a t  low nozz le   p re s su re   r a t io s  are thought   to  be  a 
r e s u l t  of varying amounts of s e p a r a t i o n   a t   t h e  port l i p  as we l l   a s   non l inea r   e f f ec t s  
on the   ex te rna l   expans ion   sur face .  

The low values  of d i s c h a r g e   c o e f f i c i e n t   f o r   a l l   t h e   t h r u s t - r e v e r s e r   n o z z l e s  of 
t h i s   i n v e s t i g a t i o n   a r e   p r o b a b l y   r e l a t e d   t o   t h e   s h a r p   c o r n e r   a t   t h e   e n t r a n c e   t o   t h e  
port   passage.   That  is ,  the  f low  has   to   negot ia te  a sharp-cornered 120° t u r n  t o  e n t e r  
the   por t   passage .  Some evidence of th i s   in f luence   can  be s e e n   i n   t h e   p r e s s u r e  
measurements on t h e   s u r f a c e  of t he   b locke r   ( t ab le  X and f i g .   4 3 ) ,  which i n d i c a t e   t h a t  
the   passage   f low  a t   the   b locker   sur face  is not  choked u n t i l  it approaches  or  reaches 
the  port e x i t  (somewhere  downstream  of  the l a s t  pressure o r i f i c e ) .  The pressure da ta  
a l s o  show that   changes i n  p o r t   e x i t  geometry  did  not   affect   the   blocker   pressure 
d i s t r i b u t i o n .  

A separa te   inves t iga t ion   conducted  on conf igu ra t ion  R2 wi th   add i t iona l   p re s su re  
o r i f i c e s   i n s t a l l e d  on the   b locker ,   s idewal l ,  and passage  surface of the  forward  f lap 
is repor ted  i n  r e f e rence  28. The s i d e w a l l   s t a t i c   p r e s s u r e s  measured  during  that  
i n v e s t i g a t i o n   i n d i c a t e   t h a t   t h e   s o n i c   l i n e  on the  passage  s idewall   extends from the  
sharp   corner  of t he   fo rward   f l ap   a t   t he  port ent rance   to   the   corner  of the  blocker  a t  
t h e   p o r t   e x i t  and is s l igh t ly   curved .   That  is, t h e   s h a r p   c o r n e r   a t   t h e   p o r t   e n t r a n c e  
g rea t ly   i n f luences   t he   f l ow  en te r ing   t he   po r t ,  and  choking  does  not  occur a t  the  
geometric minimum. 

External  doors.-   Configuration R2 was used  as a b a s e l i n e   t o  examine  the  effects 
of t he   l oca t ion  of e x t e r n a l   p o r t   e x i t   d o o r s  on in te rna l   per formance .   (See   f ig .  44.) 
The most s i g n i f i c a n t   e f f e c t s  were obtained when a s i n g l e   p o r t   e x i t   d o o r  was mounted 
i n  t h e   a f t   p o s i t i o n   ( c o n f i g u r a t i o n  R 5 )  so t h a t   t h e   a f t   p a s s a g e   w a l l  was longer  than 
the  forward  passage  wal l .   This   arrangement   a l lows  pressurizat ion of the  door,   as 
prev ious ly   d i scussed   for   the   forward   unconta ined   por t   wal l .  However, i n   t h i s   c a s e ,  
the  door   force component is  i n  t h e   r e v e r s e - t h r u s t   d i r e c t i o n  and is therefore   addi -  
t i v e   t o   t h e   p a s s a g e   f o r c e  component. Th i s   con f igu ra t ion   a t t a ined  a nea r ly   cons t an t  
r eve r se - th rus t - r a t io   l eve l   equa l   t o   o r   g rea t e r   t han  the geometric  design  value 
(cos  120°)   over   the  nozzle-pressure-rat io   range.  The a d d i t i o n  of a sec to r - type   po r t  
s idewa l l   ( conf igu ra t ion  R6) to t h e   a f t  door   configurat ion ( R 5  1 had only  a small  
f a v o r a b l e   e f f e c t  on r e v e r s e - t h r u s t   r a t i o .  
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CONCLUSIONS 

The e f f e c t s  of geometric des ign  parameters on the   in te rna l   per formance  of two- 
dimensional  convergent-divergent  nozzles were i n v e s t i g a t e d  a t  n o z z l e   p r e s s u r e   r a t i o s  
up t o  1  2 i n   t h e  s t a t i c  test  f a c i l i t y   a d j a c e n t  to  the Langley 1 6-Foot Transonic  
Tunnel .   Forward-f l ight   (dry  and  af terburning p o w e r  s e t t i n g s ) ,   v e c t o r e d - t h r u s t  
( a f t e rbu rn ing  power s e t t i n g ) ,   a n d   r e v e r s e - t h r u s t   ( d r y  power s e t t i n g )   n o z z l e s  were 
inves t iga t ed .   Resu l t s  of this s tudy   lead  t o  the   fo l lowing   conclus ions :  

1. Unvectored  two-dimensional  convergent-divergent  nozzles  have s t a t i c  i n t e r n a l  
performance comparable with  unvectored  axisymmetric  nozzles  with similar expansion 
ratios. 

2. An unvectored   nozz le   ( represent ing   a f te rburn ing  p o w e r  s e t t i n g )  los t  only  
1 / 2   p e r c e n t   i n  maximum t h r u s t  r a t io  when the   s idewa l l s  were c u t  back  about 75 p e r c e n t  
of   the  dis tance  between  the  exi t   and  throat .  

3 .   Nozzle   expans ion   f lap   curva ture   ( rad ius)  a t  the   th roa t   had  little e f f e c t  on 
th rus t   r a t io   ove r   t he   nozz ie -p res su re - r a t io   r ange   t e s t ed ,   bu t   d i scha rge   coe f f i c i en t  
decreased as much as 3.5 pe rcen t  when the   r ad ius  w a s  reduced   to  zero ( s h a r p   t h r o a t ) .  

4.  Nozz le   t h roa t   a spec t   r a t io   ( t h roa t   w id th / th roa t   he igh t ) ,  which was va r i ed  
between 3.696 and  7.612,  had l i t t l e  e f f e c t  on t h r u s t  ra t io .  

5. A nozz le   ( r ep resen t ing   a f t e rbu rn ing  power se t t i ng )   geomet r i ca l ly   vec to red  a t  
ang le s  up to  20.26O turned  the  f low a t  least  as much as the  design  vector   angle   once 
nozz le   p ressure  r a t io  w a s  high  enough to  e l imina te   s epa ra t ion  on the  lower  expansion 
f l a p .  

6. The thrus t - reverser   nozz les   ( represent ing  a d ry  p o w e r  n o z z l e   i n   t h e   r e v e r s e  
mode) had l o w  d i scha rge   coe f f i c i en t s   r ang ing  from 0.67 t o  0.76. Above a nozzle   pres-  
s u r e   r a t i o  of  3.5, d i scharge   coef f ic ien t   for   each   reverser   conf igura t ion   remained  
cons t an t   w i th   i nc reas ing   nozz le   p re s su re   r a t io .  

7. me thrust-reverser   nozzles   (designed  for   50-percent   reverse   thrust)   produced 
r eve r se   t h rus t   o f  50 pe rcen t  or more when the   r eve r se r   po r t   pas sage  rear w a l l   w a s  
longer  than  the  forward w a l l .  

Langley  Research  Center 
National  Aeronautics  and  Space  Administration 
Hampton, VA 23665 
December 14,  1983 
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TABLE I.- RATIO O F  INTERNAL  STATIC  PRESSURE TO J E T  TOTAL  PRESSURE  FOR 
UNVECTORED-NOZZLE  CONFIGURATIONS 

(a) p/ptlj for configuration A1 

I p t , j / p m l  0.638  0.745 0.851  0.957  1.000  1.064  1.117  1.170 . ~~~ .~ 
.I 

2.000 .64 1 . b o 0  .728  .472  .332  .256  .283 -305 
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4.014 .a41 . 8 0 2  

.4 6 9  
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~ ~ " 

P t , j / P -  
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. 3 2 1   . 3 2 0   . 3 1 9   - 3 1 9  . 2 6 0   . 2 > 8   . 2 > 9   . 2 b O   - 2 6 1  

.258   . 25b  
- 3 1 8  

5 . 0 2 9  . 2  59   .258  .2 6 0  -320 , 3 1 7  -316 - 3 1 7  
. 2 5 7   - 2 5 6  5 . 6 2 7  .259   , 257  .2 6 0  ~. ,320 .317 , 3 1 6   - 3 1 6  - 

I I x/x = 1.809 

0.500  0.750  0.875  0.950 I 
2.000 
2.V98 

.46V . 4 7 1   . 4 9 7  . 4 8 8  .4 8 9  

. 2 5 1   . 2 4 9   - 2 4 6   - 2 5 0   - 2 4 3  5 . 6 2 7  

.251   . 250   . 248   , 250   . 244  5.025' 

. 2 5 2  . 2 5 c   . E 5 0   . 2 5 1   - 2 4 4  4 . 0 1 4  

. 2 5 2  .250 . 2 5 1  . 2 4 b  . 2 5 0  

- 
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TABLE I. - Continued 

(b) p/ptlj for conf igu ra t ion  A3 

____ ~~ ~ ~ _ _ _ _  

0.638  0.745 0.851 0.957 1.000 1.064 1.117 1.170 

3 .994  
3.954 

. 8 4 0  
- 6 4 0   - 8 0 1   - 7 2 7  . E O 2  4.974 .84 1 -726  .335  .279 

.335 .280 

I I x lx t  

1 .ye5 
2.9b7 
3 . 9 9 4  
3.954 
4.974 
5.722 

1.277  1.383 1.489 1.596 1.702 1.809  1.872 

. 3 3 0  
a 3 2 9  
. 3 2 9  

* 334  .321  .257  .243 
. A 3 4  .321  .297  .271  .E43 - 2 2 6  

.328 . 332  .319 . 2 9 3  

.327 . 3 3 2  
.270 . 2 4 6  
.270 .246 

0.250 0.500 0.750  0.875 0.950 

.25b . 2 3 5  .250  .274  .232 

.202   . 258   . 257   -266  - 2  30 

. 2 b O  . 2 5 b  . 2 7 b  
- 2 6 0  .25d 

.230 
.277 . 2 3 6  

.l 66 

.197 
.258  .25>  .255 
.257 . 2 5 4  . 2 5 9  

- 2 6 4  .2 6 0  

".2260" - 2 6 1  ~~ 

0.250 0.500 0.750 0.875 0.950 

- 3 2 0  
.320 .319 
- 3 1 5  

- 2 7 6  

- 3 1 9  .335 
. 3 1 9  
- 3 1 7  

.279 

.316 .296 - 2 3 9  

I x/x = 1.809 1 
0.250  0.500 0.750 0.875 0.950 

P 
1.985 . 4 n  5 .49t - 4 9 0  .498 1 ~ : ~ ~ ~  I - 2 5 2  

. 2 5 j  .253 
. 2 4 e  

.302 
e231 

e298 
.231 

3 .954   -251  - 2 4 6  .233 . 202  .246 
. 2 5 1  . 2 + 5  .212 - 1 7 1  1::;:; I - 2 5 0  . 2 4 4   - 2  06 - 1 5 8  - 1 7 4  
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TABLE I.- Continued 

( c )  p/pt,j for  conf igu ra t ion  A4 

y / q 2  = 0.0 

x l x t  
I I 1 

0.745 0.851 0.957 1.000 1.064  1.117  1.170 

.BOO -728   -256  .282 -305  .472 
-727  

,331 
.469 

. e o 1  
.334  .257  .281 

-127  .467  .335 
-306 

.BO1 
.257 

a728 . 4  66 a335  -256  -279 
. r e o  a305 

, 3 0 4  

.eo1 
-728  
-728  

.467  .335  .25b  ,279 .304 

-601  
.467 

-728  ,467 
.335 
.335 

.256  -279  -304 
-256  .279 - 3 0 4  

. no1 

.a01 

I Y/wf12 = 0.0 

1.277  1.383  1.489  1.596  1.702  1.809  1.872 

1.985 
2.990 
3.984 
5.003 
5.036 
4.976 
5.582 

2.990 
3.984 
5.003 
5.036 
4.916 
5.582 

.331 
.33 1 .335  .324 .484 .535  .555 

.335 .322 .299 
.329  .334 - 2 7 1  .248 

.274 
a320 

- 2 5 2  

.328 
.296 

~ 3 3 2  
. 3 2 8  

- 3  19 .294 
.333 - 3 1 9  .E70 -245  

-270  
,294 

.245 -233  
, 2 3 3  

.328  .333 

.328 
. 3 1 9  

m 332 
.294 

.319 
- 2  7 0  

,293 
.245 

.270 
,233 

.245  .233 1 

xlxt = 1.064 

Y/VtI’ 

0.250 0.500 0.750 0.875 0.950 

.261  .256 

.264 . 2 5 9  
.251  .246 .E67 
~ 2 6 5   - 2 4 6  

- 2 6 0  - 2 5 6  
.260 

.263 
.25b  ,254 

- 2 4 8  
.262  -244 

. 259  

.258 
.258 . 2 5 5  
.a58  .255 

,262  .2kk 
~ 2 6 2  

.258 
.244 

.E57 .E54 .2bZ - 2 4 3  . 2 5 6  
e258 ! 

I I 
I I  x/xt - 1.809 I 
I I I 

I I  
I 1 J 

I pt’jlpm I 0.250 0.500 0.750 0.875  0.950 I 
1.985 
2.990 
3 . 9 8 4  
5.003 
5 a 036 
4.976 
5.582 

.557 .542 

.256 
.518 

.267 .3 09 
.510  .501 
.353 

.247 
.343 

e 2 4 6  
.209 .220  .253 .E50 . E03 .169 

.246 
.198 

-203  
.zoo 

.168 
.246 ,203 

.197 
.170 

.199 
,199 

. 2 4 5  
.202 

.E03 .152 .175 .180 

x/xt - 1.489 
Ybt I 2  

0.250  0.500 0. 750 0.875 0.950 

- 3 7 0  - 4 4 2  .481  -511 .505 
-322 -328  .330 
- 3 1 9  .330 .2b5 

.3k2  .355 

-318  
.254  .256 

. 3 3 3  
-319 

.251 . 2 0 5  
. 3 3 4  - 2 5 1  

. 2 0 4  

.319 
.204 

. 3 3 4  .251  .206  .205 
-203  

.3i8 -336 .251  -186  ,183 I ~~ 
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TABLE I. - Continued 

( a )  p/pt, for  conf igura t ion  D l  

P t ,  j /P, 

" 

1 .969  
2 . 4 7 0  
2 . 8 6 5  
2 .929  
2 .998  
3 . 4 5 3  
3 .933  

4.636 
3 .956  

4 . 9 1 5  
5 .408  

6 .386  
5 . 9 1 1  

6 . 8 7 3  
7 . 3 6 2  

8 . 3 6 3  
7.848 

9 . 3 6 3  
~ 

1 .969  
2.470 
2 . 8 6 5  
2 . 9 2 9  
2.998 
3 . 4 5 3  
3 .933  

4 . 4 3 6  
3 .956  

4 . 9 1 5  
5 .408  

6 .386  
5 . 9 1 1  

6 . 8 7 3  
7 . 3 6 2  
7 .848  
8 . 3 6 3  
9 . 3 6 3  

y/wt/2 = 0.0 

x/xt 

0.651 

- 9 4 2  
.944  
.944  
.944  
.943  

- 9 4 2  
, 9 4 2  

. 9 4 2  

.94 2 

. 9 4 1  

. 9 4 2  

, 9 4 1  
, 9 4 1  
. 9 4 1  
.941 

. 9 4 0  

. 9 4 1  

, 9 4 0  

0.724 

. 9 2 1  
- 9 2  3 
- 9 2 2  
.922 

.922  
- 9 2 2  

a 9 2 2  
- 9 2 2  
- 9 2 2  
.922  
. 9 2 2  
, 9 2 2  
- 9 2 2  
- 9 2 1  
.922 
- 9 2 1  
.921  
, 9 2 1  

~~ ~ 
" ~- 

0.796  0.868 0.941  0.969  0.998  1.027  1.056  1.085 1.114 

.E91 .837 
- 8 9 2  .a37 
- 8 9 1  .837 
.E91 .e37 

.E91 
- 8 9 1  

- 8 3 6  
.837  

- 8 9 1  .E36 
.E91  .E36  
. 891  - 8 3 6  

. 8 9 0  

. 8 9 1  -836 
. a35  

, 8 9 0   . e 3 5  

- 8 9 0  
- 8 9 0  

.e35 

.a35 

.a90  .835 

.E90 

.E90  
.835 

- 8 9 0  
.a34 
.e34 

.631  .475 
- 6 3 1  
.631 

.474 

.b30 
.473 
. 473  

. 6 3 1  -474 
- 6 2 8  
.616  

.473  

- 6 1 6  -473 
. 4 7 2  

.bo5 . 4 7 1  

. 596  -470 

. 587  ,467 

. 6 1 1  
- 6 1 0  

-470 

-607 -468 
.469 

. 6 0 9  -468 

- 6 0 3  ,466 
- 6 0 5  - 4 6 7  

. s 9 9   . 4 h 3  

-376 
. 3 7 4  
.374  

.373 

.374 

. 3 7 3  

.373 

. 3 7 3  

. 3 7 3  

. 3 7 3  

. 3 7 4  

. 3 7 3  
, 3 7 2  
- 3 7 2  
-372 
e 3 7 1  
. 3 7 1  
. 3 7 1  

, 3 4 8  - 3 5 2  

- 3 4 6  -350 
. 3 4 7  , 3 5 0  

.345  .350  
,345 - 3 5 0  
- 3 4 5  - 3 5 0  
- 3 4 5  - 3 5 0  
- 3 4 5  - 3 5 0  
.345  , 3 4 9  
.347  . 3 4 8  
, 3 4 5  . 3 4 8  
. 344  .347 
. 3 4 4  .347 
- 3 4 3  . 3 4 6  
, 3 4 3  , 3 4 5  
. 3 4 3  .345 
. 3 4 2  . 3 4 4  
. 342  .344  

.355 

.353 
, 3 5 2  

.353 

.353  

- 3 5 2  
- 3  5 0  
- 3 5 0  
.349 

3 4  6 
, 3 4 8  

- 3 4 6  
. 3 4 5  
.344 
. 3 4 3  
- 3 4 2  
. 3 4 2  
- 3 4 0  

.375  

- 3 6 6  
, 3 6 4  

- 3 6 6  
e 3 6 6  
- 3 6 5  
, 3 6 4  
- 3 6 3  
- 3 6 3  
e 3 6 3  
.362 
- 3 6 1  
- 3 6 1  
.360  
, 3 6 0  
- 3 6 0  
- 3  6 0  
- 3 6 0  

x /x  = 1.027 

~~ 

x/x = 1.114 

0.250 

- 3 4 1  
.340  

.339  

.339  

. 3 3 9  

.343  

.345 

.34 5 

. 3 4 5  

.34 5 

. 3 4 4  

. 343  
, 3 4 3  
. 3 4 3  
. 3 4 2  
- 3 4 2  

- 3 4 1  
, 3 4 1  

0.500 

. 3 4 4  

. 3 4 0  
- 3 4 0  
- 3 4 0  

. 3 4 4  

. 341  

.344 

. 3 4 4  

. 3 4 4  

. 3 4 4  

. 3 4 3  
, 3 4 3  

-342 
- 3 4 2  
.341  
- 3 4 1  

- 3 4 0  
- 3 4 1  

0.750  0.875 

. 3 4 4   - 3 4 6  
, 3 4 1   . 3 4 4  
- 3 4 1   . 3 4 4  
, 3 4 1  
- 3 4 1  

.344 
, 3 4 4  

- 3 4 6  
. 3 4 4  .345 

.345 
- 3 4 6  
- 3 4 6  

.345 

.347  
, 3 4 4  

, 3 4 6  
.344 

.345 
. 3 4 4  
.343 

. 3 4 4  
, 3 4 3  

.343  

. 3 4 3  
.343 
- 3 4 2  

. 3 4 3   - 3 4 2  
-342 a 3 4 2  
- 3 4 2   - 3 4 2  

0.950 

.358 

0.250  0.500  0.750  0.875  0.950 

. 354  
. 3 9 2   - 3 8 6  
.380 - 3 8 0  

. 3 9 4   - 3 9 1  -446 

.38 1 - 3 8 0   . 3 5 7  . 3 5 3  
.387  
.389 

.353  

-362 
.38 1 

.380 

. 3 8 2  
.389  

.354 
, 3 8 1  .38 1 

- 3 5 6  

3 9 0  3 8 0   - 3 5 6  
.379 
-380 

.380 e 3 5 6  

.380 - 3 5 6  

.378  

.378  
, 3 5 6  

.388 .378 .355 
.377   . 353  

.378  .386 

. 3 7 8   - 3 8 6  
.377 .353 

, 3 5 6  .378   . 377  .385 
3 5 6   . 3 7 7  

376 - 3 5 2  
-376   . 385   . 377   . 351  

. 3 5 5   . 3  7 7  . 375  

.354 -376 .383 . 3 8 4  
. 3 8 4  

.375 
- 3 7 6  .349 

. 337  
.354  .376 
. 353   . 375  

.375 

.374 
. 383  
, 3 8 2  

. 3 8 3  .337 
- 3 8 1   . 3 4 8  

.353  

.353 
.375   . 374  3 8 2  3 8 1  
.375 .374 -382 - 3 8 1  

. 3 4 9  

-352   .375   .373   .382  3 8 0  
.347 

.352   .374  .372 - 3 8 1  .380 .348 
. 3 4 8  

21 



TABLE I.- Continued 

(e) p/pt,j fo r  conf igu ra t ion  D2 

pt,,'p- 

1 . 9 9 6  
2 4 9 5  
2 . 9 0 2  
2 . 9 5 8  
3 . 0 2 3  
3 . 0 4 0  
3 . 4 9 3  

3 . 9 8 0  
3 . 4 7 4  

4 . 4 8 6  
4 . 9 8 0  
5 . 4 6 7  
5 . 9 5 4  
5 . 9 6 6  
6 . 4 7 6  
6 . 9 6 5  

7 . 9 5 5  
7 . 4 4 7  

8 . 4 4 4  
6 . 4 2 8  

8 . 7 1 9  

Y/Wt/2 = 0.0 

0.791  0.901  1.011  1.077  1.143  1.286  1.429  1.560 1.736 1.89C 

, 8 0 5  , 6 3 1  . 4 2 2  .476 , 4 8 7  .408 .420 
, 8 0 4  .630 

. 4 0 3  
.42  1 .474 

- 3 6 1  
. 4 8 5   . 4 0 7  

, 8 0 4  - 6 3 0  
- 4 1 9  ,401 

- 4 2 1   , 4 7 3   . 4 8 3  - 4 0  6 
. 3 8 1  

, 4 1 9  
36: 

.400  
- 8 0 5  - 6 3 0  , 4 2 1  

, 3 8 0  - 3 6 2  
,473 

. e 0 5  .630 
. 4 8 3  .40 6 

, 4 2 0  . 4 7 3  .48 3 - 4 0 6  
. 4 1 9  
- 4 1 9  

.400 . 3 7 9  
4 0 0   , 3 7 9  

- 3 6 2  
- 3 6 2  

- 8 0 5  - 6 3 0  . 8 0 5  .b31 
. 4 2 0  .473 
, 4 2 0  . 4 7 3  

.483 - 4 0 6  , 4 1 9  
, 4 8 2  

- 4 0 0  
. 4 0 5  .418 . 3 9 9   . 3 7 8  

. 3 7 9  ,361  

.804 
.36C 

- 6 3 0  , 4 2 0   . 4 7 3  
. 8 0 4  .630 . 4 1 9  

. 4 8 2   . 4 0 5  
- 4 7 2  , 4 8 1  

, 4 1 8  . 3 9 9  
.405  , 4 1 8  

. 3 7 8  .36C 
. 3 9 9  .377 

. 8 0 4  . 6 3 0  . 4 1 9  
. 3 5 <  

.472 
- 8 0 4  . 6 3 0  

, 4 8 2  . 4 0 3   e 4 1 8  .398 
- 4 1 9  -472 .403  . 4 1 8  . 3 9 8   . 3 7 5  

- 3 7 6  
. 4 8 2  

,355 

.a04 - 6 3 0  . 4 1 9  -471 . 4 8 2  . e o 4  , 6 3 0  
, 4 0 3  

- 4 1 9  
. 4 1 8  

.471 
. 3 9 8   . 3 7 4  

. 4 8 2   . 4 0 3  
.35E 

- 4 1 7  
.a03 

. 3 9 8  
- 6 3 0  - 4 1 9  ~ 4 7 1  

. 3 7 4  
. 4 8 2  

.357  
- 4 0 3  

.E03 
, 4 1 7  

- 6 3 0  
, 3 9 8  

, 4 1 9  
, 3 7 3  

.471 
, 3 5 1  

.4R2 
.e03 

. 4 0 2  
- 6 3 0  

. 4 1 7  
4 1 9  

.39R 
.471 

. 3 7 3  
. 4 8 2  

- 3 5 1  

.e03 
- 4 0 3  

- 6 3 0  - 4 1 9  
-417 .39P 

~ 4 7 1  . 4 8 3  
- 3 7 2   . 3 5 7  

- 4 0 3  . 4 1 7  
, 8 0 0  . 6 3 0  

. 3 9 R   . 3 7 1  
- 4 1 9  -471 

, 3 5 7  

- 7 9 6  
. 4 8 3  

- 6 3 0  
.403 

- 4 1 9  
-417 

.471 
. 3 9 8  

. 4 8 3  
.371 

- 4 0 3  
. 3 5 t  

. 4 1 7  
. 7 9 6  

. 3 9 8  
,630 

-370 
- 4 1 9  

- 3 5 6  
,471 

,793 
. 4 8 3  

.630 . 4 1 9  
- 4 0 3  .417 

.471 . 4 8 3  .403 - 4 1 7  
. 3 9 8  .3 70 
, 3 9 8   - 3 6 9  

. 3 5 t  

. 3 5 c  

, 3 8 2  

. 3 5 e  

I .* 
x lx t  

P t J ' P -  
0.791  0.901 1.011 1.077  1.143  1.286  1.429  1.560  1.736  1.890 

1 . 9 9 6  
2 . 4 9 5  

. B O 4  . b 3 2  - 4 2 6   . 4 8 0  .487 . 3 P O  . 3 5 7  

.BO4 . 6 3 2  
. 4 1 0  

.472 
, 8 0 4  2 . 9 0 2  

. 4 2 5  
. 4 2 7  . 3 9 2  

a 4 2 5  
. 4 8 4  

.631  
, 8 0 4  2 . 9 5 8  

.466 . 4 8 3  
,410 . 4 2 7  - 3 9 1  - 3  R O  , 3 5 5  

.348 

. 3 4 8  
376 

. 3 7 6   , 4 2 2   . 3 8 9  
. 4 8 2  

.409 
.BO2 . 6 3 0  , 4 2 4  . 4 4 3  .410 , 4 2 3   - 3 8 9  

- 4 2 3  . 4 4 3  , 4 8 2  
8 . 7 1 9  

.482 - 4 0 9   . 4 2 3   . 3 8 9   . 3 7 h   - 3 4 9  
. B O 2  - 6  30 

.444 
8 . 4 4 4  

- 3 7 6   . 3 4 9  
- 4 2 3  

, 4 2 2   , 3 8 9  
. 8 0 2  , 6 3 0  8 . 4 2 8  

. 3 4 8  
. B O 2  , 6 3 0  . 4 2 3  . 4 4 4  . 4 8 2   . 4 0 9  

. 3 7 6  
7 . 9 5 5  

. 4 2 2  . 3 8 9  
- 3 7 6  . 3 4 9  

, 4 2 3   . 4 4 5   . 4 8 2  .4  0 9  
.409 . 4 2 2   , 3 8 9  

.630 
. 4 P 1  

. B O 2  7 . 4 4 7  

.3 7 7  , 3 4 9  
, 4 2 3  - 4 4 6  

. 4 2 2  . 3 8 9  
, 6 3 0  

, 4 0 9  
, 8 0 2  

. 4 3 8  . 4 P 1  
6 . 9 6 5  

. 3 7 7  , 3 4 9  
.BO3 .630  - 4 2 3  6 . 4 7 6  

. 4 3 9  . 4 8 1  - 4 0 9  . 4 2 2  , 3 8 9  
. 3 5 0  

- 4 2 3  
. 4 2 2  , 3 8 9  , 3 7 7  

. E O 3  , 6 3 0  
. 4 8 1  . 4 0 9  

5 . 9 6 6  

. 4 2 2  . 3 8 9  .3 77 , 3 5 0  
.43Q 

,409  
- 8 0 3  . 6 3 0  - 4 2 3   5 . 9 5 4  

. 3 5 1  
. 4 8 1  

, 4 2 2   - 3 8 9   , 3 7 7  
, 6 3 0  . 4 2 3  . 4 4 2  

, 4 2 3  - 4 5 1  , 4 8 1  . 4 0 9  
.BO2 5 . 4 6 7  

, 6 3 0  
. 4 8 1  

-803 
. 4 5 3  

4 . 9 8 0  

, 3 5 2  
- 6 3 0  - 4 2 3  . 4 0 9  . 4 z z  , 3 8 9  ,378 . 3 5 1  

.48  2 . 4 0 9   . 4 2 3  .3P9 . 3 7 P  
.EO3 

.456 
4 . 4 8 6  

, 4 2 3  
, 3 5 3  

- 6 3 0  
, 4 0 9  , 4 2 4  . 3 R 9   . 3 7 8  

- 8 0 3  3 . 9 8 0  
.460 . 4 8 2  , 4 2 4  
. 4 6 0  . 4 P 2  - 4 0 9  . 4 2 4  . 3 8 9  . 3 7 Q   , 3 5 3  

, 8 0 4  .631 
.BO4 . h 3 0  . 4 2 4  

3 . 4 7 4  
3 . 4 9 3  

. 3 5 4  
.464 , 4 8 2  - 4 0 9   . 4 2 5   . 3 9 0   . 3 7 9   . 3 5 4  

4 0 9   - 4 2 5   . 3 9 0   . 3 7 9  
- 6 3 1  . 42  5 

. 4 8 3  
, 8 0 4  

. 4 2 5  4 6 5  
3 . 0 4 0  

. 3 5 4  
. 6 3 1  

. 4 2 5  .4h6 .4 8 3   . 4 0 9   . 4 2 5   - 3 9 0  ,379 
,804 3 .023 

. 6 3 1  
- 4 0 9   - 4 2 5   - 3 9 0   , 3 7 9   . 3 5 5  
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TABLE I.- Continued 

(e 1 Concluded 

Pt, j k  

1 . 9 9 6  
2 . 4 9 5  
2 - 9 0 2  
2 . 9 5 8  
3 . 0 2 3  

3 . 4 9 3  
3 . 0 4 0  

3 . 4 7 4  
3 . 9 8 0  

4 . 9 8 0  
4 . 4 8 6  

5 . 4 6 7  
5 . 9 5 4  
5 . 9 6 6  

6 . 9 6 5  
6 . 4 7 6  

7 . 4 4 7  
7 . 9 5 5  

8 . 4 4 4  
8 . 4 2 8  

8 . 7 1 9  
~~ 

" 

2 . 4 9 5  
2 . 9 0 2  
2 . 9 5 8  
3 . 0 2 3  
3 . 0 4 0  
3 .493  
3 .474  

4.486 
3 . 9 8 0  

4 . 9 8 0  
5 . 4 6 7  
3 . 9 5 4  

6.476 
5 . 9 6 6  

6 . 9 6 5  
7 . 4 4 7  
7 . 9 5 5  
8 - 4 2 8  

8 . 7 1 9  
8 . 4 4 4  

"" ~ 

0.901 

,638 

. 6 3 6  
- 6 3 7  

- 6 3 6  
. 6   3 6  

. 6 3 6  
- 6 3  5 

,637 
, 6 3 8  
- 6 3 6  
- 6 3 6  
- 6 3 6  
, 6 3 6  
-636 
, 6 3 5  
- 6 3 6  
- 6 3 6  
- 6 3 6  
- 6 3 5  
. 6 3 6  
, 6 3 5  

1.011 1.077 1.143  1.286  1.429  1.560 1.736 1.890 

.427 , 4 8 3  . 4 P R  e 4 3 1  - 4 1 9  . 3 7 8  , 3 8 1  .3e0 

.428 . 4 8 3  . 4 8 5  , 4 3 2  . 4 1 8  , 3 8 8  .3RO - 3 6 0  

. 4 2 7  . 4 8 2  . 4 8 4  . 4 3 0  . 4 1 h  . 3 9 3  . 3 7 9  . 3 5 9  

. 4 2 7  . 4 e p  . 4 8 4  - 4 3 0  , 4 1 6  . 3 9 4  . 3 7 9  . 3 5 9  
- 4 2 7  - 4 8 1  . 4 8 4  , 4 3 0  - 4 1 6  . 3 9 5  , 3 7 9  . 3 5 9  
- 4 2 7  ,481 .48 4 , 4 3 0  - 4 1 6  . 3 9 5  , 3 7 9  .3 5 9  
. 4 2 8  .4 81 . 4 8 3  , 4 2 8  . 4 1 4  . 3 9 8  . 3 7 8  . 3 5 A  
, 4 2 8  . 4 8 1  . 4 8 3  .42R - 4 1 4  , 3 9 8  . 3 7 8  . 3 5 8  
. 4 2 8  .480 , 4 8 2  . 4 2 6  .414 , 4 0 1  . 3 7 7  , 3 5 7  
.42R , 4 7 9  , 4 8  3 - 4 2 5  -41 3 .404 . 3 7 c  . 3 5 6  
- 4 2 9  .4 7 9  , 4 8 3  .424 . 4 1 2  . 4 0 5  . 3 7 4  - 3 5 6  
- 4 2 9  . 4 7 9  . 4 8 2  , 4 2 3  . 4 1 2  . 4 0 7  .374 . 3 5 5  
- 4 2 9  . 4 7 9  . 4 F 2  . 4 2 3  . 4 1 1  ,408  . 3 7 3  . 3 5 5  

, 4 2 9  . 4 7 9  , 4 8 2  , 4 2 2  . 4 1 1  . 4 0 9  -372 . 3 5 5  
- 4 3 0  . 4 7 9  ,482 . 4 2 1  . 4 1 1  .410 - 3 7 2  , 3 5 4  
.4 3 0  . 4 7 9  . 4 8 2  . 4 2 1  . 4 1 1  .411 - 3 7 1  . 3 5 4  
, 4 3 0  . 4 7 9  . 4 8 2  .420 - 4 1 1  . 4 1 2  - 3 7 1  . 3 5 4  
. 4 3 0  .4 7 9  .4R2  -419 .410 . 4 1 2  . 3 7 1  . 3 5 3  
. 4 3 0  . 4 7 9  . 4 8 2  . 4 1 9  . 4 1 0  e 4 1 2  3 7 1  . 3 5 3  

. 4 2 9   . 4 7 9  .482 . 4 2 3   . 4 1 1  .40 8 . 3 7 3   . 3 5 5  

, 4 3 0   . 4 7 9  . 4 8 2  - 4 1 9   . 4 1 1   - 4 1 3   . 3 7 1   . 3 5 3  

. - .. . " ~~ ~ 

y/wt/2 = 0.225 

X/Xt  

- 

0.791  1.011  1.286  1.560  1.890 

. 801 

. 8 0 1  
. 4 2 8  .408 
- 4 2 9  

. 3 8 9  
,410 . 3 8 9  

- 3 6 2  
, 3 6 1  

.800 . 4 3 1  .408 . 3 8 9  

.800 -431 . 3 8 9   - 3 6 0  
- 3 6 0  

,408 
.800 - 4 3 1  -408 
.800 - 4 3 1  

. 3 8 9  
-408 

. 3 6 0  
. 3 8 9  

.800 e 4 3 1  ,406 .388 
. 3 6 0  

, 7 9 9  - 4 3 1  e406 .388 
. 3 5 9  

. 7 9 9   - 4 3 0  
. 3 5 9  

, 4 0 5  
. 7 9 5   - 4 3 0  

, 3 8 8  
- 4 0 5  

. 3 5 8  
, 3 8 7  

- 7 9 0   - 4 3 0  -404 . 3 8 7  
. 3 5 7  

. 787  - 4 3 0  
. 3 5 6  

. 7 9 8   - 4 3 0  
.404 . 3 e 7   , 3 5 6  

, 7 9 8  
- 4 0 3   . 3 8 7   , 3 5 5  

-430 
. 7 9 9  e 4 3 0  

.403 . 3 8 7  
,404 , 3 8 6  

. 3 5 5  

. 3 5 4  
. 7 9 9  
. 7 9 9  

- 4 3 0  
e 4 3 0  

- 4 0 3  
-404 

- 3 8 6  
- 3 6 6  

, 3 5 4  
. 3 5 3  

. 7 9 8  
- 7 9 7  

- 4 3 0  
- 4 3 0  

- 4 0 4   - 3 8 6  
,404 -386 

. 3 5 3  

. 3 5 2  
. 7 9 7   - 4 3 0  
, 7 9 7  

.404 
, 4 3 0  ,404 

- 3 8 6   e 3 5 2  
- 3 8 6   - 3 5 2  

y/wt/2 = 0.662 

x/xt  

1.011  1.286  1.560  1.890 

. 4 2 2  
- 4 2 3  
. 4 2 3  
- 4 2 3  
- 4 2  3 
- 4 2 3  

. 4 2 4  

- 4 2 4  
- 4 2 3  

4 2 3  
.424 

4 2 4  
a 4 2 4  

- 4 2 3  

e 4 2 4  

- 4 2 4  
e 4 2 4  

. 4 2 4  

. 4 2 4  

. 4 2 4  
, 4 2 4  

- 4 1 6  

- 4 1 5  
- 4 1 5  
, 4 1 5  
- 4 1 5  
, 4 1 4  
- 4 1 4  
- 4 1 3  
- 4 1 3  
. 4 1 2  
- 4 1 2  
. 4 1 2  
. 4 1 2  
e 4 1 1  
- 4 1 1  

, 4 1 6  

e 4 1 1  
-411 
. 4 1 1  

4 1 0  
, 4 1 1  

3 9 0  
. 3 9 0  

3 9 0  
. 3 8 9  
. 3 8 9  
. 3 8 9  
, 3 8 9  
. 3 8 9  
. 3 8 8  
. 3 8 8  
. 3 8 8  

. 3 8 7  
, 3 8 8  

. 3 8 7  
, 3 8 7  

. 3 8 7  

. 3 8 7  

. 3 R 7  

.3R7 

. 3 8 7  

. 3 8 7  

, 3 5 6  
- 3 5 6  
, 3 5 6  
. 3 5 5  
. 3 5 5  
. 3 5 5  
. 3 5 4  
. 3 5 4  
. 3 5 3  
- 3 5 2  
. 3 5 2  
e 3 5 1  
- 3   5 0  
. 3 5 0  
e 3 5 0  
.3 4 9  
. 3 4 9  
. 3 4 8  
, 3 4 8  
. 3 4 8  
, 3 4 8  
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TABLE I. - Continued 

(f ) p/pt,j  for  configuration D3 

- 

Y/Wtl2 = 0.0 

0.624 0.702 0.780 0.858 0.920  0.967 0.998 1.029  1.061 1.107 1.154 1.201 

1.958 -919 .a88 . a 3 4  
.94? 2.458 
- 9 4 6  .?08 .479 a380 - 3 0 0  -270 .28b .303 . 4 4 8  

.9L1 .888 . a 3 4  
,921 .B 89 .a35 .?O? .4?0 

- 2 9 0  ,276 . 2 8 4  
.94 5 

-381 
2.939 

.?O? .478 

a300 
. 944  .921 .889 .a34 , 694  -477 a381 3.926 

. 2 8 2  -263 . 2 9 8  . 2 ? 4  . 2 8 4  -381 
.944 .921  .689 . a 3 4  .?01  .4?? 3 . 4 3 3  

.281 - 2 6 3  

. 9 4 3  .921 .889 . a 3 4  - 6 7 7  -474 4.907 

.200 - 2 6 2  .298 .2?3 .284 
. 9 4 3  .921 .889 . a 3 4  - 6 8 2  - 4 7 6  -381 4.400 

.290 . 2 7 3  . 2 8 5  .281 a263 

. 2 5 ?  
-294 .Zbh ,279 

.2?4 -2V4 - 2 6 8  . 2 7 9  . 3 ? 9  
-940 a 9 2 0  .889 .a32 .6?6 a467 .378 ~ 2 7 4  . 2 5 7  9.296 

.2?4 -257 - 2 9 4  .268 . 2?9  
.920 

. 3?9  
.940 .889 -832 - 6 7 7  -467 8.751 

-294  -260 . 2 ? 9  . 2 7 4  . 2 5 ?  
, 6 7 6  -467 

. 3 ? 9  
.940 .920 .889 . a 3 3  9.660 

.274 .257 
.940  .920 - 8 8 9  . a 3 3  - 6 7 5  - 4 6 7  8.597 

.258 
.3?9  a 2 9 4  - 2 6 8  .279 

- 2 9 5  - 2 6 9  . 2 8 0  .2?5 
. 940  .920 * 8 89 . E 3 3  .6?4 a 4 6 7  

.380 
8.378 

. 2?5  . 2 5 8  - 2 9 5  ,269 ,280 
,941  .921 . 889  .633 - 6 7 2  - 4 6 7  7.826 

-380 
0 2 7 6  . 2  5 9  .295  .2?0  .281 

.941 .921 .889 .e33 .b?l - 4 6 7  7 . 3 6 0  

e 2 7 6  - 2 5 9  
. 942  .921 . 8 8 9  . a 3 3  -671 - 4 6 8  -380 

.380 -2 '46 -270 .281 
6 . 6 6 8  

. 2??  .2b0 
. 9 4 2  ,921 .889 .a33 - 6 6 8  - 4 6 9  6.365 

. 2?8  - 2 6 0  . 2 9 ?  . 2?2  .282 
- 9 4 2  .921 , 8 8 9  . a 3 3  .6?0 - 4 7 0  .381 .29? ,270 . 2 a 2  5.894 

. 2 9 ?  .2?2 . 2 0 2  . 2 ? 8  a261  -381 
. 9 4 3  .921 .889 . a 3 4  ,672  -472  -301 5.385 

. 2  79 e261 . 2 9 8  . 2 ? 3  . 2 8 2  
. 9 4 3  -921 .889 . a 3 4  .675 ~ 4 7 3  5.380 

.200 e 2 6 2  
-381 

. 2 9 0  .2?C . 2 8 3  

P t J P -  

2 . 4 5 0  
1.958 

3.433 
2 . 9 3 9  

3.926 

4.907 
4.400 

5.380 
5.305 
5.894 
6.365 

7 . 3 6 0  
6 . 8 6 8  

7 .826  
8.378 
8 . 5 9 7  
8 . 6 6 0  
8.751 
9 . 2 9 6  - 

I x/x = 1.029 

I 0.250  0.500  0.750 0.875 0.950 

X I X ,  = 1.201 

Y/WtI2 
~ ~~ 

0.250  0.500 0.750 0.875 0.950 1 
-304 
-303 
- 3 0 3  
~ 3 0 6  
-308 

-308 
-300 

-307 

-307 
-307 

- 3 0 6  
-306 

-304 
-305 

.304 
e 3 0 4  
- 3 0 4  
a 3 0 4  
. 3 0 4  

~ 

.305 

.302 

.301 

.302 

.303 

.303 

.302 
, 3 0 2  

-302 
.301 
.300 

. 299  
,300 

.z99 

.299 

. 2 9 8  

. 2 9 0  

. 2 9 8  

. 2 9 8  

.310 
- 3  09 
.311 
.313 
.314 
.316 
-315 
-314 
,314 
-313 
-313 

.312 

.312 

.312 

.311 

.311 

.311 

.311 

.311 

.314 

.312 
-313 
e314 
.315 

.316 

.316 

,318 
-318 
-316 
.315 
-313 
,313 

.312 
-313 

.312 
-312 
.311 
,310 

. 3 3 3  

.332 
, 3 3 4  
- 3 3 6  
.335 
. 3 3 6  
-336 
.331 
- 3 3 0  
-341 
.339 
.336 
.339 
. 3 3 ?  
. 3 3 ?  
. 3 3 9  
.339 

. 3 3 8  

. 3 3 8  

. 4 3 9  
-273 

-273 
.2?3 

.2?2 
,272 
.272 
.2 72 
. 2 ? 2  
.2?1 
.2?1 
.2?1 

. 2 ? 0  

.2?0  

.2?0 

.2?0 

. 2 7 0  

. 2 ? 0  

.2?0 

. 4 3 ?  

. 2 5 8  
-259 
.258 
. 2 5 ?  
.256 
- 2 5 6  - 255 
-255 
.254 
. 2 5 4  
-254 
.253 
-253 
-253 
-252 
-252 

-252 
0252 

, 4 4 3  
.2?5 

.2?5 

.2?b 

. 2 ? 4  

.2?4 

.2?3 

.2?t 

.2?2 

. 2  74 

.2?5 
-275 
.2?4 
.2?3 
.2?3 

. 2 ? 3  

.2?3 

.2?3 

.2?3 

.4 39 

- 2 5 8  
.259 

.258 

.258 
,257 

. 2 5 6  
- 2 5 6  

e 2 5 6  
-256 
.2:5 
.255 
.254 
-254 
.253 
. 2 5 3  
a 253 

.253 
,253 

, 4 6 2  

- 2 6 8  
-326 

-266 
,265 
.265 
.264 

. 2 6 4  
a264 

.259 

. 2 6 C  

.255 

.258 
- 2 5 7  
,256 
-256 
,256 

1 
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TABLE I.- Continued 

(9) p/pt,j fo r  conf igu ra t ion  D4 

- 
1.971 
2.467 
2.963 
3.446 

4.423 
3 . 9 4 6  

4.915 
5 . 4 0 2  

5.886 
5.874 

6.391 
6 . 8 7 5  
7.344 
7.845 
8.325 
8.584 

8.751 
9.041 

~ 1 . 6 6 0  

0.595 

. 952  

. 9 5 4  

.953 
e952 
.953 
.953 
.953 
.953 
.953 
.953 
. 9 5 2  
.952 
. 952  
.953 
. 9 5 2  
. 9 5 2  
.952 
.952 
. 9 5 2  

0.670 

.934 

.936 

.935 

.935 

.935 

.935 

.935 

.935 

.935 

.935 

.935 

.935 

.935 

.935 

.935 

.935 
- 9 3 4  
. 9 3 4  
.93k 

0.744 

a 9 1 0  
.911 

.911 

.910 

-911 
.912 
.911 
.911 
.911 
-911 
-911 
-911 

.911 

.911 

-911 
.911 
.911 
.911 
.911 

0.819 

.a72 
-872 
-872 
,871 
e871 
-071 
-871 
-871 
-871 
-871 
m871 
-870 
-870 
.E70 
.E70 
-870 
-870 
.El0 
.E69 

0.893 

-790 
-790 
.787 
.782 

.763 
,776 

.764 

.758 

.758 

.757 

.759 

.757 

.755 
-756 
.756 
.756 
.758 
.755 
.754 

0.967 

. 580  

.578 

.471 

.479 . 479 . 479 

-578 
. 4 1 1  

.477 

.477 
- 5 7 6  
.475 

.474 

.474 

-473 
-473 
.413 
-473 . 473 

0.997 

.398 

.398 

.397 

.397 

.397 

.397 

.397 

.397 

.397 

.397 

a 3 9 6  
.396 

.396 
-396 
-396 
.395 
.395 
.395 
.395 

1.034 

a 2 9 5  
- 2 9 4  

.293 
-294 

.292 

. 2 9 2  

.292  

.291 

-291 
. 2 9 1  

.290  
-291 

-290 
. Z P O  
. 2 9 0  
. 2 9 0  
.2 89 
. 2 9 0  
.289 

1.071 - 
. 2 8 1  
. 2 8 0  

.281 

. 2 8 0  

. Z O O  

.280 

.279 

.279 

.279 

.279 

,278 
.279 

.278 

.277 
-277 
~ 2 7 7  
.211 
.277 
.271 - 

1.116  1.191 

.290  .273 

. 290  

.290 
-273 

.289 

. 2 8 9  .272 

.289 .272 

. Z 8 8  .272 

.288  .272 

.288  

. Z 8 8  
a272 

. 2 8 8  .272 

.287  .272 

Y / W t / 2  - 0.0 1 rlxt - 1.034 

1.265 

"133 

.230 

.230 

-230 
-230 
.230 
.zz9 

. 2 2 8  
, 2 2 8  

. 2 2 8  
-227 
.227 
.227 
-227 
.227 
.227 
.227 

.227 

.227 

1.310 

-461 
.353 
.211 
.211 
.211 
.211 
.211 
.211 
.211 
.210 
.210 
.210 

.209 

.209 

.209 

. 2 0 9  
-209 
. 209  
.209 

0.250 0 .500  

-297  -307 
-296 - 3 0 4  
- 2 9 6  -303 
. 2 9 8  
-300 

.307 

.299 
-307 
.307 

.299 

.299 
-307 
-306 

.299 -306 

.299 

.298 
.30b 

.298 
.305 
.305 

.298 

. 2 9 8  .305 
-305 

.298 . 3 0 4  

.297 . 3 0 4  

.297 

.297 
. 3 0 4  
- 3 0 4  

e296 - 3 0 4  

0.750 

-295 
- 2 9 4  
.292 
.292 

-293 
.293 

-292 
.291 
.289 
. 2 8 9  

. 2 8 8  

. Z B 9  

. 2 8 8  

.288 

. 2 8 8  

.288  
-287 
.Z88  
.288  

0.875 

-302 
.300 
.300 
.299 

.299 

.300 

.299 

.299 

.299 

. 2 9 8  

.298 

.298 

.297 

.297 

.297 

.297 

.297 
-297 
.297 

0.950 - 
-307 
- 3 0 5  
- 3 0 3  
.302 

-301 
.301 

- 3 0 0  
.300  

- 3 0 0  
. 3 0 0  
. 3 0 0  
.300 

- 3 0 1  
-300 

.301 

.301 

.300 

. 3 0 0  
- 3 0 0  

x/xc - 1.191 

0.250 

.296  

.267 

.Zb8 

.267 

. 2 h 6  
- 2 6 6  
. Z b 5  
- 2 6 5  
- 2 6 4  
. 2 6 4  
. 2 6 4  
-264 
- 2 6 3  
.zt3 
.262  

.262 

.262  

.ZbZ 

. 2 6 2  

0.500 

.291  
-271 
.?73 
.273 
-273 
-272 
. 2 1 2  

-271 
- 2 7 2  

-271 
-271 

-271 
-270 
-270 
-270 

-270 
.?70 

.269 
-270 

0.750 

.281 

.278 

.277 

.218 
-277 
-277 
.276 
-276 
-276 
.276 
- 2 7 5  

-275 
.275 

-275 
.275 
-275 
-275 
.275 
.275 

~ ~~ -~ ~ 

0.875 

.298 
-275 
.276 
.276 

-275 
-276 

.275 
-275 
.275 
.274 
-275 
-274 
.274 
.274 

-274 
.274 

,274 
-275 
-275 

0.950 

-382 
. 282  
.282  
.28Z  
. 2 8 1  
. 2 8 2  
.280 
. zoo  
.281 

. 2 1 1  

. zoo  

. 280  

.zoo 

.ZBO 

. 280  

. 2 8 0  

.ZOO 

.280 

.279 
~~ 

x l x e  - 1.310 
Y / y t 1 2  

0.250 0.500 0.750 0.875 0.950 
~ 

- 3 2 5  
.455 

.214 
- 2 1 4  

.214 

.214 

-213 
.213 
-213 
.213 

.212 

.212 

.212 

.212 

.212 

.212  

.212 

. 476 

. 3 3 2  
.452 
.307 
.219 . 2 2 0  
.219 .221 
.219 
.219 .222  

2 2 1  

.219 .221 

.218 . 2 2 1  

.219 ,221  

.218 . 2 2 1  

.218 

.218  .221 
. 2 2 1  

.219 . 2 2 1  

.219 . Z Z l  

.219 .221 
-219 
-219 

.ZZl 

. 2 2 1  

- 5 0 2  
.297 
- 2 3 0  
- 2 3 0  
- 2 3 0  

-230 
- 2 3 0  

.229  
-230 
- 2 3 0  
.230 
-230 
.227 
.229  
. 2 2 9  

.228  

.228 

-595 
.339 
- 2 5 6  
.226 
- 2 2 5  
. Z Z 6  
.226  
-225 
-225 
- 2 2 5  
- 2 2 5  
.225 
.224 
- 2 2 4  
. 2 2 4  

. 2 2 4  
e 2 2 4  

-212 -219 
.211  .219 

.221 

. 2 2 1  
.229 .223 
.229  - 2 2 3  

~~~ 
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TABLE I.- Continued 

(h) p/pt , j  for  c o n f i g u r a t i o n  D 5  

I .- I 0.626 

1 6 . 8 4 6  I .925 

0.716 

.902 

.90k 
- 9 0 3  
.903 
-903 
.903 
.902 
.903 
.902 
.902 
.902 
.902 

- 9 0 1  
.902 

. 9 0 1  

.PO2 

.PO1 

.PO1 

.PO1 
- 9 0 1  
~ 9 0 1  

0.805 

. 8 5 3  

. e 5 3  

. e 5 3  
a 8 5 3  

. a 5 3  

.852  

. e 5 2  

.852 

. 852  

. e 5 2  
. e 5 2  
. 8 5 2  
.852  
, 8 5 2  
. a 5 2  
. 8 5 1  

. n 5 3  

0.895 

- 7 4 4  
.745  
.745  
- 7 4 5  
- 7 4 5  
.745  

- 7 4 5  
.745  

.745  
- 7 4 5  
.7kk 
- 7 4 4  

.7kk 

.744  

.7kk 
- 7 4 4  
.744 
- 7 4 4  
.744  
.744  
.74k 

0.966 

- 4 5 2  

k 5 2  
k 5 2  

-448 
s k k l  
. 4 3 3  . 428 
429 
, 4 2 1  

.422 

.k23 

-420 
. 4 2 1  
. 4 2 7  . 426  
. 4 2 3  
.423 
. 4 2 5  . k 2 5  
. 4 2 7  
, 4 2 7  

1.002  1.047  1.092 

- 3 7 1  . 3 1 0  . 2 8 6  
- 3 6 8  , 3 0 6  . 2 8 b  
- 3 6 6  ~ 3 0 4  . 286  
- 3 6 3  - 3 0 1  - 2 8 7  
- 3 6 3  .300 - 2 8 7  
.362 .299 . 2 8 7  
- 3 6 2  .298 . 2 8 b  
- 3 6 2  .E98 . 286  
- 3 6 1  . 2 9 7  . 2 8 6  
- 3 6 1  - 2 9 7  .266  

-360 - 2 9 7  . 2 8 5  
.3bO . 2 9 7  . 2 8 b  

- 3 6 0  . 2 9 7  . 2 0 5  
.359 . 296  .285  

- 3 5 9  - 2 9 6  .205 
- 3 5 9  e 2 9 6  . 2 8 5  

- 3 5 8  . 2 9 5  .285  
- 3 5 9  .Z96  . 2 8 5  
- 3 5 8  . 2 9 5  . 2 8 5  
, 3 5 9  . Z P b  . 285  
- 3 5 8  , 2 9 5  . 2 8 k  

1.163 

. 2 9 6  
~ 2 9 6  
-296 
. 295  
, 2 9 3  

. 2 9 1  

.29z 

. 2 9 1  

.290 

.290 

.290 

.289 

.289 

. 2 0 9  
e 2 0 9  
.PBB 
.289 
.289 
.289 
. 2 8 9  
.288 

1.253 

- 2 6 7  

- 2 6 7  

- 2 6 7  

- 2 6 7  

1.342 

2 . 4 4 2  - 2 2 5  
1 . 9 5 2  - 4 0 6  

2 . 9 4 1   - 2 2 5  
3 . 4 2 6   - 2 2 5  
3 . 9 3 0  a 2 2 5  
4.203 
4 . 8 6 4  . 2 2 5  

. 2 2 5  

4 . 9 0 3   . 2 2 5  

1.432 

- 3 4 8  
m k30 

e 1 9 7  
- 1 9 7  

.197  

.191 
- 1 9 7  
- 1 9 7  

- 1 9 7  
.197  

.I96 
- 1 9 6  
- 1 9 6  
- 1 9 6  
.19b 
.19b  

~ 1 9 6  
~ 1 9 6  

- 1 9 6  
.196 

.195  

1.521 

.366 

. k k 7  

. l 6 4  
~ 3 0 8  

. 165  

- 1 6 6  
.I66 

.166 

.1b7  
- 1 6 7  

. I 6 7  

.167 

.1b7  

.167  
. I 6 7  

. l b 7  

.I68 

. l b 7  

. 168  

. l b 7  

. 168  

1.515 

.378 
. k b k  

.323 

.22O 

. 1 5 1  

- 1 5 2  
. 1 5 1  

.152 

. I 5 2  

.I52 

- 1 5 2  
- 1 5 2  

.152  
-15.7 
- 1 5 2  
. I 5 2  

- 1 5 2  
. I 5 2  

- 1 5 2  
.152  

.152  

~~ 

I .294 

I .I93 
.293 

.292 

. 2 9 2  

. 2 9 2  

I : Z q 2  291 

0.500 

.309 

. 3 0 5  

.30C 

.306 
- 3 0 6  
. 3 0 6  
.305 
. 305  

. 3 0 4  

. 305  

. 3 0 C  

.30C 

. 3 0 3  

.303 
- 3 0 3  
-303 

.303 

.303 

-303 
.302 

-302 

0.  750 

.308 
- 3 0 5  

-300 
. 3 0 3  

, 3 0 4  
.303 
.302 
.302 
. 3 0 1  
- 3 0 1  
- 3 0 1  
- 3 0 1  
. 3 0 0  
.300 
-300 
.299 
.299 
-300 
.299 

.299 

.ZPP 

.301 .290 I 
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1.969 
2 .219 
2 .470 

2 . 9 5 1  
2.712 

3 1 9 7  

3 . 9 4 1  
3 . 4 4 4  

4 . 4 2 0  
4 . 9 0 8  
5 . 3 8 6  
5 . 8 8 1  
6 .373 
6 . 8 6 6  
7 . 3 3 4  

8 .310 
7.P28 

8.592 

8 . 7 5 3  
8 .654 

9 . 2 0 9  

P t, j /Pea 

1 . 9 6 9  
2 . 2 1 9  
2.470 

2 . 9 5 1  
2 .712 

3 . 1 9 7  
3 . 4 4 4  

4 . 4 2 0  
3 . 9 4 1  

4 .908 
5 . 3 8 6  

6 .373 
5 . 8 8 1  

6.866 
7.334 
7.828 
8 3 1 0  

8 .654 
8.392 

8 .753 
9 .209 
.~ . . - .  

TABLE I.- Continued 

(i) p/pt,j fo r  conf igu ra t ion  D6  

y/wt12 - 0.0 
- .~ 

X I X ,  

"~ ~~ ~. - ~ 

0.791  0.901  1.011  1.077  1.143  1.286  1.429  1.560  1.736  1.890 

.779  

. 7 7 8  
, 6 1 5   . 3 h 7  
- 6 1 3  

. 2 8 4  
,366 . z e 3  

- 2 9 4   - 2 7 6  
- 2 9 4   . 2 7 6  

. 4 3  5 

. 3 9 3  
.435 .4 3 9  
.418 

,464 

. 7 7 8  
- 4 2 1  

- 6 1 6   - 3 6 5   . 2 8 2   , 7 9 4   - 2 3 1   . 3 7 7  
.429 

.778 
- 2 7 7  

, 6 1 5   - 3 6 4   . 2 8 2  
,385 . 3 A R  

. 7 7 7  -616 
. 2 9 5   . 2 7 7   . 2 3 1  

3 6 3  
, 3 0 0  

. 2 8 2  
, 3 5 1  

,295 
. 3 5 4  

- 2 7 7   - 2 3 1  -191 
, 7 7 7  .616 

.31P  ,324 ,. 3 t 3 
. 7 7 7  

, 2 8 1  
- 6 1 6  

. 2 9 5   . 2 7 7  
- 3 6 2  

- 2 3 1  
. 2 8 1  

,191 
,295 

,284 
. 2 7 8   , 2 3 1  

- 2 9 6  
- 1 9 1  

. 7 7 6  
. 2 0 1  

-616 . 3 6 2  
. 2 7 4  

. 7 7 4   - 6 1 6  
. 2 8 1   - 2 9 5   - 2 3 1   , 1 9 1   . 1 4 5   - 2 3 1  

- 3 6 2  
- 2 7 7  

. 2 8 0   . 2 9 5   . 2 7 6   . 2 3 1   . 1 9 1   . 1 4 5  
. 7 7 4   - 6 1 7  -362 . 2 @ @   - 2 9 5   - 2 7 5  

. 1 2 1  

. 7 7 3   , 6 1 7   , 3 6 2  
, 2 3 1  

, 2 8 0  
- 1 9 1   . 1 4 5  

a 2 9 5  
-117 

- 7 7 2   . 6 1 7   - 2 7 9   . 2 9  5 . 2 7 4  
. 2 7 5  

. 3 6 1  
- 2 3 1  . 1 9 1  . 1 4 5  
- 7 3 1  .190 

-117 

. 7 7 4   , 6 1 7  
.145 

- 3 6 1  
-117 

- 7 7 4   . 6 1 7  
. 2 7 9  

.36 1 
. 2 9 5   - 2 7 4   - 2 3 1   , 1 9 0   . 1 4 5  

. 2 1 9   . 2 9 5   . 2 7 4  
-117 

. 2 3 1  
. 7 7 4   . b 1 1   . 3 6 1  

,190 , 1 4 5  .117 
. 2 8 0  

. 7 7 3   - 6 1 7   - 3 6 1   . 2 1 9  
. 2 9 5   . 2 7 3  
. 2 9 5  

. 2 3 0  
,273 

.190 
, 2 3 0  

.145 
-190 

-117 
. I 4 5  

. 7 7 4  
- 1 1 7  

a 6 1 7  
-173 . b 1 7  

-361 
- 3 6 1  

.2 79 .E94 - 2 1  3 - 2 3 0  1 9 0  
, 2 7 9   . 2 9 4  

, 1 4 5   - 1 1 7  

. 7 7 4   . 6 1 7  .361 
. 2 7 3   - 2 3 0  - 1 9 0  

- 2 7 9   . 2 9 4   . 2 7 3  
. 1 4 5  

, 2 3 0  
.117 

, 1 9 0  
, 7 1 3  

. 1 4 5  
- 6 1 7   - 3 6 1   - 2 7 9   . 2 9 4   . 2 7 3   . 2 3 0  .190 

.117 

. 7 1 4   . 6 1 7   - 3 6 1   - 2 7 9   - 2 9 4   - 2 7 3  -230 ,190 , 1 4 5  -117 
,145 -117 

~ ~~ 

y/wt/2 q 0.450 

0.791  0.901 1.011 
. ~~ 

. 7 8  4 , 6 1 9  

. 7 8 2  

.78 3 . h 1 8  
. 6 l e  

.78 3 
7 8 2  

- 6 1 8  
.618 

, 7 8 3  
. 7 8 3  

. t 1 8  

, 7 8 2  .t 17 
. 6 1 P  

. 7 8 2  

. 7 8 2  
. 6 1 7  

, 7 8 2  
- 6 1 7  
a t 1 6  

, 7 8 1  
- 7 8 2  

- 6 1 6  

. 7 8 1  
- 6 1 6  

.78 1 
- 6 1 6  
. e 1 6  

. 7 8 1   - 6 1 7  
, 7 8 1   - 6 1 6  
. 7 8 1  
- 7 8 1  -616 

- 6 1 6  

- 7 8 1  
, 7 8 1  

- 6 1 6  
- 6 1 7  

- 3 1 8  

. 3 7 1  

. 3 7 4  

. 3 b 9  

.368 
-366 
. 3 6 5  
-363 
- 3 6 1  
-360 
. 3 5 9  
,358 

. 3 5 7  
,358 

. 3 5 7  

. 3 5 6  

- 3 5 6  
, 3 5 6  

- 3 5 6  
, 3 5 6  
, 3 5 5  

~ 

1.077  1.143  1.286 

- 2 8 5  
.2e 3 - 2 9 2  

- 2 9 2  

. 2 8 2  . 2 9 3  

. 2 8 1  , 2 9 4  
, 2 8 0  . 2 9 5  

. . 2 7 9  
. 2 8 0  

- 2 9 5  
, 2 9 5  

. 2 7 R   - 2 9 5  

.278   . 294  

. 2 7 8   - 2 9 4  

.27R  ,294 

.27A 
- 2 7 7  

, 2 9 3  

- 2 7 7  
- 2 9 4  
.E93 

- 2 7 7   - 2 9 3  
. 2 7 7   , 2 9 3  
- 2 7 7  , 2 9 3  
. 2 7 7  . 2 9 3  
. 2 7 7  - 2 9 3  
. 2 7 7  
- 2 7 7  

2 9 3  
- 2 9 3  

. 2 7 7  
- 2 7 8  
.278 
, 2 7 8  
. 2 7 8  
- 2 7 8  
. 2 7 7  
- 2 7 7  
. 2 7 7  
- 2 7 6  
. 2 7 6  

- 2 7 6  
- 7 7 6  

. 2 7 6  
- 2 7 6  
. 2 7 6  
. 2 7 6  

2 7 6  
- 2 7 6  
- 2 7 6  
- 2 7 6  

1.890 

-329 . 4 1 8   . 4 t 3   . 5 0 0  
. 3 7 9  
, 2 1 6  

. 4 1 6  ,420 

. 3 7 5   . 3 e 4  
. 4 2 8  

, 2 1 9  
.38 7 

. 7 2 2  
2 7 5   - 3 4 6  

- 1 9 3   - 3 1 6  
- 3 5 0  

. 2 7  5 
. 3 2 2  

- 2 2 7  
, 1 9 3  . 2 8 1  . 7 9 4  

1 9 2  170 ,272 
. 2 3 1   - 1 9 2  -146 
, 2 3 3   - 1 9 2  

.228 

. 2 3 5   . 1 9 2  
- 1 4 6  ,117 

. 2 3 7  
. 1 4 6   - 1 1 6  

- 1 9 2  
.239 - 1 9 2  

, 1 4 6  -117 
-146 

- 2 3 9  
,117 

. 2 4 0  
191 - 1 4 6  

- 1 9 1  
,117 

- 1 4 6  
- 2 4 1  

- 1 1 6  

.24 2 
,191 -146 
- 1 9 1  

- 1 1 6  

. 2 4 3  
- 1 4 6  

-191 
- 1 1 6  

2 4 3  1 9 1  
- 1 4 6  
- 1 4 6  

, 1 1 6  

. 2 4 3   - 1 9 1  
11 6 

- 1 4 6  
. 2 4 3  

- 1 1 6  
- 1 9 1  

. 2 4 4  
, 1 4 6  

-191 
- 1 1 6  

,145 . 3 1 h  
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TABLE I. - Continued 

( i 1 Concluded 

0.791  0.901  1.077 1.143 1.286  1.429  1.560  1.736  1.890 
1.969 
2.219 

.785 -623 .282 .305 305  ,430 .478 e 4 8 2  
,784 

2.470 
-622 

. 4 R 9  

.785 
. 282  

-622 
.306 

,282  .307 , 2 8 2  
.282 .333 .404 e411 ,423 

.7a4 .t2l .307 .281 .192 .337 2.712 
.235 .373 

,282 
-366 

,784 .622 ,203 2.951 
,235 

-381 

.622 
.282  .234 

,784 3.197 
307 

.34e 

,783  -621 283  ,307  ,282 -234 
rn 234 .190 

3.444 
. 282  

e313 
307 

e305 
.2R3 

190 

,622 .2@3 307 ,281 
191 

,783 3.941 

.28C 271 

.119 -148 
,781 .620 ,281 -307  -279 230 192 148 119 9.209 

.192 -230 .281 -307  ,279 
-230 

- 6 2 0  
-279 

,781 
-307 

8.753 

-192 -148 -119 
,281 - 6 2 0  

279 
.782 8.654 

148 119 
782  ,620  ,281  -307 8.592 

- 6 2 0  .281 -307 ,279 -230  -192 
. 120  

,782 
.14e 

8 310 
,231 192 

,148  ,120 
.201 -307 279 

-192 
. 6 2 0  

-231 
.782 

.279 
7.828 

-307 
.120 

,620 , 2 8 1  
.148 

-782 
.192 

7.334 
731 

.120 
-279 

-231  -192 - 1 4 8  
- 6 2 0  .281  .307 

.280 
782 

.307 
6 .866  

. 2 e 1  
.120 

- 6 2 0  
-192 .148 

.78 2 6 373 

.120 
.28 1 -306 .280 -232 

-192 .148 
,782 .c21 

.2P2 -307 .280 .232 
5.681 

148 119 
,783 .e21 5.386 

.121 
.621 , 282  ,306 . 280  ,233 192 .78 3 
. b 2 2  - 2 8 2  -307 .281 e233  ,197  e149 

4.908 

19.1 - 1 4 8  .224  
-793 4.420 

.234 
-268 .153 

e230 
192 e 1 4 8  ,119 

y/Wt/2 = 0.225 

I I x/xt 

Pt, j /P, 

0.791 1.011 1.286  1.560  1.890 

1.969 .785 -368 , 2 7 8  . 418  - 4 6 6  
2.219 
2.470 

,785 -367  ,279 .418  .429 

2.712 
,785  ,367 279 .377 .388 
,784  ,367  -279 300 .353 

2.951 .785 -366  ,278 190 e323 
3.197 -786  -366  ,278  -190  -296 
3.444 .785 -365  -278  -190  -273 

4 420 
3.941 

,784 
.784 

,364 
-365  ,277 

,277 190 
,190 

.118 
,231 

4.908 ,784  -364 .277 190  -116 
5.386 .784 ,364 
5.881 ,784  -363 .277 

-116 
,116 

" ~~ 

-277 190 
-190 

6.373 
6.866 

.784 -363 .276 -190 -116 

.783 
7.334 

e363 
.783 ,363 

,190 
,276 

,116 
,189 ,116 

7.828 .782 ,363  -276  -189 
8.310 .778 

-116 
,362  ,276  -189  -116 

8 592  ,775  -362 .276 -189  -116 

8.753 
8 . 6 5 4  ,775  -276 189  ,116 

.774 
-362 
e362  -276 

9.209 
~ 

.768 e362  -276 189  -116 

e276 

e189  e116 

y/wt/2 = 0.662 

x/xt 

0.791  1.286  1.560  1.890 

-782 
.782 

.280 

.280 
e456  e509 

,782 . 2 8 0  
-413 , 4 2 7  
e373  -386 

,782 ,280 -211  ,342 
..783 .279 -192 e 3 2 1  
,782 279  -192  e295 
-782  -279 ,192  e273 

782 
-782 279 

279 
,192  ,229 
-191  ,120 

.78 2 -279 

.781 
.191 .120 

e781 
,279  ,191  e120 
279 

.781 
-190 -120 

279 
e781  -279 

.190  .llQ 
-189  e119 

.781 -279  -189  e119 
-781 .279 

279  e1R9  -119 
.781 .279 189  a119 

-781 
-781 279  -188  -119 

e781 
-189 ,119 

,781 279 -189  e119 
e279  e188  e119 
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TABLE I.- Continued 

(j ) p/pt, for conf igura t ions  E l f  
E3, and F1 

Q,,,lQ- 

1 . 9 7 5  
2 . 4 7 0  
2 . 9 5 6  
3 .556  
3 . 9 5 1  
4 . 4 5 1  
4 . 5 4 2  
4 . 9 3 3  

5 . 9 1 2  
5 . 4 0 9  

6 . 3 7 7  

6 . 8 8 8  
6 . 9 1 5  

7 . 4 1 6  
7 . 8 8 6  
7 . 8 3 9  
8 . 3 6 3  
8 . 8 3 7  
9 . 8 3 3  

1 1 . 7 3 7  

Qt,jlQ- 

1.994 

2 . 9 8 9  
2 . 4 8 5  

3 . 4 8 5  
3 . 9 6 9  
4 . 4 6 0  
4 . 9 6 1  
5.454 

6 . 5 $ 4  
5 . 9 4 9  

6 . 9 3 4  
7 . 4 4 6  
7 . 9 3 9  
8 . 8 4 4  

9 . 8 8 9  
8 .918  

1 1 . 8 7 6  - 

.263 

.Zbk 
- 2 7 1  
. 2 7 7  
. 2 1 1  
-283 
-283 

. 2 8 6  

. 285  

. 2 8 8  

.289 
- 2 9 0  
. 2 9 0  
, 2 9 1  
. 2 9 2  
- 2 9 2  
. 2 9 3  
.293 
- 2 9 4  
- 2 9 6  

C o n f l g u r a t -  F1 

.130 

. I 9 1  - 1 3 0  

. 1 9 0  - 1 3 0  

.190 - 1 3 0  

. 1 9 0  
- 1 3 0  

. l o 9  
- 1 3 0  

. 1 9 0  
e130 

. 1 9 0  
~ 1 3 0  
.130 

- 1 8 9  
. l o 9  

- 1 3 0  
-130 

, 1 9 0  
. 1 8 9  

- 1 1 0  
- 1 3 0  

~ 

0.943 1.000 1.086 1.157 1.223 

- 4 0 7  

.kOS 

. 4 0 6  

. 4 0 3  

.402  

. 4 0 1  

. 4 0 1  
400 

.400 

. 3 9 9  

. 3 9 9  

.399 

. 3 9 9  

. 3 9 8  

- 4 0 7  

- 4 0 1  
. 4 0 9  

. 4 0 7  

.406 
- 4 0 6  
.406 

.SOL 

.40b 

- 4 0 6  
.kOb 
. 4 0 7  
-407 
. 4 0 7  

. kO1 

.+Ob 

.406  

.GO4 

. 4 0 2  

. 4 0 0  

. 4 0 0  

,399 
. 3 9 9  
.399 
. 3 9 8  
.398 
. 3 9 8  
.398 

. a 1 0  

.BO9 . 3 9 8   . 4 0 7  
- 8 0 7  . w e  . G O 8  

.398  
. 3 9 7  

. 3 4 7  
, 3 4 2  

. iqe . 4 0 7   . 3 9 8  . 3 5 1  

29 



TABLE I.- Concluded 

(k) p/ptlj for configuration F3 

I Y I y c 1 2  - 0.0 

- 

'r , J IP- 

- 
2 . 2 3 2  
1.981 

2 . 4 7 5  
2.716 
2.973 
3.232 
3.203 
3.453 
3 . 9 6 3  
4.4311 
4 . 9 1 2  
5.435 
5.906 
b . 3 8 0  

7 . 3 8 3  
6.885 

8 . 3 7 0  
7 . 8 5 0  

8 . 8 4 0  
9.795 
9.831 
1.783 

y / v r / 2  = 0.450 

,823 .341 .288 .278 . 2 4 2  . 2 8 6  m335 .3kb 
. 8 Z 2  .341 .288 .277 . Z 4 1  . 2 0 4  . 2 4 3  .309 

.309 

y / v t / 2  = 0 . 6 6 2  

1 981 ,320 
2:232 I ~ 2 9 0  
2 . 4 7 5  .270 
2.71b ,270 
2.973 .270 
3.232 ,271 
3.203 a271 
3.1153 . 2 7 4  
3.963 , 2 7 5  

. b 3 3  

. 3 8 b  

. 3 3 4  

.227 

.203 
. 2 0 3  
.203 
.203 
.203 

y f w . / 2  = 0.875 

0.943 1.000 1.043 1.086 1.121  1.157 1.193 1.229 

.79b .352 .289 .779 .742 ,205 .I73 .149 

.797 .352 .289 .274 . 2 4 2  .PO5 .I73 . l G 9  

.79b e 3 5 0  .287 ,282 - 2 4 3  -205 -172  .I47 

3 0  



TABLE 11.- RATIO  OF  INTERNAL  STATIC  PRESSURE  TO  JET  TOTAL  PRESSURE  FOR 
NOZZLE CONFIGURATION A1 V10 

_ _ _  ~ .. 

r 1.963 
2.973 
3.962 
4.948 
5.445 

Y/Wt/2 - 0.0 
X/X, 

0.638  0.745  0.851  0.957 1.000 1.064  1.117  1.170 

.a42 .79v - 7 3 1   - 3 5 1  .378 
- 8 4 1  

- 4 7 1  
.a01  .731 

.449 
.467 

.493 

- 6 4 1  
.354 

.801  .733 .377 , 4 4 8  
,379 

,464 
- 4 5 1  

,355 
- 4 9 2  

.843 ,801 .733 
.489 

-465 
,845 .8U2 ,733 ,466 

.357 

.357 .378 
.448 
, 4 4 8  . 4 8 8  

. 3  7a .+a8 

1.983 
2.973 
3.962 
4.946 
5.445 

y/wt/2 = 0.0 
- . ." . ~ ~~ 

XIX, 

1.277  1.383  1.489  1.596  1.702  1.809 

.SO8 

.509 .346 

.51u - 4 6 9  .42b -346  -310 
.3 10 

xlx = 1.064 XIX, = 1.489 
~~ 1 

Y/w,l2 Y/Wt12 
. ~ ~ 

0.250 0.500 0.750  0.875  0.950 I 0.250 0.500 0.750  0.875  0.950 

2.973 
1.983 

4.948 
3.962 

". . 

.3b1  .377 

.391 . 3 8 3  
-365 
.375  .360 

.357 .40a 
.428 -416 
.429 . 4 2 1  ,435 

. 4 2 7  -413 
. 4  38  -423 

. 4 2 2  
. 4 3 8  

. 4 2 4  

,439 
.388 .381  -371 

e445 
- 4 2 1  

.412 
.422 

- 3 6 4  
-365 

-427 
.387  .381 -371 

.421 
, 4 2 2  .420 

- 4 2 7  . 4 1 2  
- 4 5 0  .440 

.389 . 3 a 1  a372 .362 

.453 .439 .422 . 4 2 1 ;  
~~~ .~ 

I I XIX = 1.809 

t 2.973 
1.983 

3.962 
4.948 
5.445 
-~ "_ 

.309 
-309 

.307 
-306 

.3G9 -306 
-313  -309 
.313 -309 ,308 
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Ill I 

TABLE 11. - Concluded 

(b) p/pt, for  lower f l a p  

I Y/Yt/2 - 0.0 
I I x/xt 

P,,j/P- 
0.638  0.745  0.851  0.957  1.000  1.064  1.117  1.17C 

1.963 . 64C -795  .735 
2.973 

, 4 8 3  - 3 5 1  .346  .373 . 3  77 
. d 3 9  .794 .735 ,481 

3.902 
. 3 4 4  194 

. 6 3 U  -793 .734 . 4 8 l  
-159  -169 

. 3 4 3  
4.948 

-194 
.839  .793 .734 .481 

-157 - 1 6 8  

5.445 
. 342  

- 8 4 0  .7Yk .734 
-193 

. 4 8 0  
156 

. 3 4 2  -193  -155 ,167 
-167 

~ ~~ 

1.983 
2.973 
3.962 
4.948 
5.445 

ylwt/2 = 0.0 

x/xt 

1.277  1.383  1.489  1.596  1.702  1.809  1.915 
~ 

.59 7 * 4 2 2  .450 . 4 6 3  .475 
- 1 6 6  

- 4 3 6  
.198 .195 

-480 
.186 ,221 

.187 
.305 -326 

- 1 9 6  
,106 

.193 
.1Y5 

-185  .172 .157 
- 1 9 3  

-214 
-184 .I71 

.166  .193 ,185 -172 -157 
.156 

.193 
.177 

P,,j/P, 

2.973 
1.983 

3.962 
4 . V 4 t r  
5.445 

1.250  0.500  0.750  0.875  0.950 

.312 . 335  ,350 -336 

.201 .195  .191 .203 
,331 

. 2 0 1  
. 1 B 7  

.195 
.201  .195 

.i88 - 1 9 1  .204 

. z o o  
.167 .I91 

.195 . lbZ  -191  .201 
.203 

~. 
0.250  0.500  0.750  0.875  0.950 

.439  .435  .436 
-192 -193 

.437 -441 
-192 

-192 193 .190 .184 
-189 

.192 
.184 

-192 
-191 

.191 
-191 

,192 
-192 

-190 
-190 

.184 

. 1 8 4  

. . ~~~ ~ 
"_ - 

I I X/Xt = 1.809 
I I 

I I 
I Pt,  j IP, 

0.250  0.500  0.750  0.875  0.950 

I 2.973 
1.963 

3.962 
4 . Y 4 8  
5.445 

, 4 7 5  
-307 

,471 . 4 7 3  .472 .474 
,306  .301  .295 

.15Y 
,312 

.162 .159  -167  -175 
.16b  .162 .I59 
.I60 .16G .159 

.166 

.lb5 
-168 
.I68 
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TABLE 111.- R A T I O  OF INTERNAL  STATIC  PRESSURE  TO JET TOTAL  PRESSURE  FOR 
NOZZLE  CONFIGURATION A1 V13 

I I  Y/Vt/2 - 0.0 1 
I 1 
I I x / r t  

I Pt,,/% I . .  ~~ ~ 

0.638  0.745  0.851  0.957  1.000  1.064  1.117  1.170 

1.9iJb 
2 .978 
3.979 
4 . 9 4 2  
5 . u u 7  
5 . 5 0 0  

, 8 4 5  
. b 4 6  -630 - 7 4 6   . 5 8 8   - 6 2 2  

. 8 3 0  .745 
,632 

.584 
623 

-622 
- 6 1 1  

- 6 3 0  
- 6 4 4  .a30 ,582  .623 ,630  

. b20 
, 7 4 6  

6 0 9  

.b45 - 8 3 0  
- 6 1 9  

.748 - 5 8 1   - 6 2 3  -632 
- 6 0 8  

.845 
-620 

6 3 1   . 7 4 9  -624 ,632 
-608 

. M4 5 
.581 . b 3 0  . 7 4 9   - 5 8 0  - 6 2 5  - 6 3 2  -620 - 6 0 8  

-620 6 0 9  

1 . 9 8 6  
2 .978 
3 .979 
4.V42 
5 . 0 0 7  
5 .500 

I 1.277  1.383  1.489  1.596  1.702  1.809 1 
~ 

.575  

.;74 
- 5 2 6  ,477 
- 5 2 4  - 4 7 6  

. 4 3 ?  

. 4 3 4  
- 3 8  7 
. 3 8 b  

.350 

.573 
.347 

.573 
.522 
.522  

. 4 7 5  

. 4 7 5  
- 4 3 2  
- 4 3 1  

.385  .344 

.572 
.385 . 3 4 3  

. 5 7 2  
- 5 2 2   . 4 7 5   - 4 3 1  
. > 2 2   . 4 7 5   . 4 3 1  .38 5 

.385  .343 
- 3  42  

x l x  = 1.064 
.~ ~~~~~ 

Y/Wt12 
~ ~~ ~ ~~ 

0.250 0.500 0.750  0.875  0.950 

- 6 2 8   - 6 2 9  
- 6 2 5   a b 2 7  

- 6 3 5  a b 3 7  , 6 4 1  

- 6 2 4   . b 2 7  
-635 
- 6 3 4  

.b35 .640 

.b33  
. b 2 3  . b 2 7  . b 3 4  

0636 

. b23   . 627  
. b 3 3  

- 6 3 3  
.63b  

, 6 2 3   - 6 2 7  
s b 3 3   - 6 3 6  

b 3 4  -633 - 6 3 6  

x l x ,  - 1.489 

Y/WtI2 
~ ~ ~~~ 

0.250 0.500 0.750  0.875  0.950 

.47b e 4 6 9  

.474 
- 4 7 8  

.485 
.479 

. 4 7 6  
,476 

. 478  
,473 . 4 9 2  . 4 7 c  . 4 7 3  

, 4 7 4  

, 4 7 2  
. 4 7 5  

.497 .474 
- 4 7 2  498 

- 4 7 5  , 4 7 2  
.4?C 

- 4 7 1  , 4 9 9  . 4 7 4  .475  .472 
- 4 7 5  .472  

~. ~ 

I I X / X t  = 1.809 

I L I 

1 . 9 d b  
2 . 9 7 8  
3.979 
4 .942 
5 . 0 0 7  

0.250 0.500 0.750  0.875  0.950 

.347 .347 . 3 4 6  .357  .395 
a 3 4 6  -346 
.34  4 

.344 
. 3 4  5 

. 3 4 8  - 3 4 2  
- 3 4 1  

. 3 4 3  
.34 7 

.345 
, 3 3 8  

.343 
- 3 4 0   . 3 4 6  

. 3 4 4  - 3 4 0   . 3 4 6  - 3 3 7  
- 3 3 7  

5 . 5 0 0  . 3 4 3  . 3 4 4   - 3 4 0  - 3 4 6  ,337 
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TABLE 111.- Concluded 

(b) p/pt,j f o r   l o w e r  f lap 

Y/Wt/2 = 0.0 

X/Xt 

0.638  0.745  0.851  0.957  1.000  1.064  1.117  1.170 

1 .986 
2.978 

ab45 ,803 e 7 4 3  . 2 1 1   . 1 8 0  .192 .490 

3.979 
,490  

- 3 6 0  

, 8 4 5  .a01 .742 
.356  .209 

.498  ,355 . 2 0 8  
- 1 7 5  

.I345 - 8 0 1   - 7 4 2   . 4 9 7  4.942 

e 1 8 9  

. 2 0 7  -171 
ad46  .bo2  .742 

.354 
5.0u7 

-173 - 1 8 7  

.497  .354 - 2 0 7  -170 , 1 8 6  ,645   .bo1   ,742  
- 2 0 7  

5.500 

,186  
.497 . 3 5 4  - 1 7 1   . 1 8 6  

.845  .a01  .743 

y  w I2 - 0.0 It - 

I 

1 1 
x / x t  

P t , j k  
~ ~. ~ .. "_ 

1.277  1.383 1.489  1.596  1.702  1.809  1.915 

1.Yd6 
2.970 

, 2 2  5 .25 3 
.222  .245 

.294  .394  .450 

.2bl   .2b0  .270 
.402 5 0 3  

3.979  .220 
4.942 

.242 
- 2 6 7  .280 

,216 
.259 

, 2 4 0  
-267  .269 

.258  ,266  .269 
- 2 6 7  

5.007 

.2b4 

. 2 l b  
-266 

. 240  
. 2bZ 

5.500 - 2 l d  
, 257  . 2 39 

- 2 6 5   . 2 6 0  
.256   e265 . 2 b 0  - 2 6 6  

a 2 6 6  
.262 
- 2 6 2  

1.986 
i: .978 
3 .579  
4.542 
5 .007  
5 . 5 0 0  

x/x = 1.064 

Y/wt/2 

0.250 0.500 0.750  0.875  0.950 

.214 . 200  .197 . 2 0 0  

. d l 5  . C O Y  
- 2 2 3  

- 1 9 9  
.215 

.209 
.208 . 1 Y Y  .207  .221 

. 2 2 1  

- 2 1 4  . ibtl  .199   .204  .213 
,214  .207  .199  .204 
. 2 1 4  .297 

,213 
.1PY - 2 0 5  .209 

x/xt = 1.489 

+,12 

0.250  0.500  0.750  0.875  0.950 

- 2 7 3   , 2 9 7  .378 e376 . 3 8 3  
- 2 5 7  
- 2 5 6  

. 2 5 9  
- 2 5 8  

- 2 5 3  -256 . 261  
. 2 5 5   - 2 5 6  

-255 
260 

- 2 5 5  
, 2 5 7  

256 
- 2 5 4   - 2 5 4   , 2 5 7  
, 2 5 3  

.254 
-2% 

, 2 5 6  - 2 5 3   - 2 5 4  
, 2 5 7  
.256 

I XIX,  = 1.809 I 
I I  

I 

p t , , / p -  
0.250  0.500  0.750  0.875 

1 . 9 b 6  
2.978 

.489 

.272 
.491 
.275 

a476 
.271  

.480 

3.979 

.477 

.273   .273  .2 70  .275   .273  
.278 

. 2 7 L   - 2 7 2   , 2 7 2   - 2 7 1  
- 2  6 9  

5.U07 
-272   . 272   4 .942  

, 2 0 0  

- 2 7 1  .272 .z 6 9  .Z72 5 . 5 0 0  

- 2 7 1  
.269 

- 2 7 3  

- 2 7 1  
~~~ ." - - 
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TABLE  1V.-   RATIO  OF  INTERNAL  STATIC  PRESSURE  TO  JET  TOTAL  PRESSURE FOR 
NOZZLE  CONFIGURATION A1 V 2 0  

(a)  P/Pt,j for upper flap 

0.638 
. .  

, B i b  
,844 
,845  

,8011 
,850 
,8011 
, 8 0  7 

, 8 4  b 

~. 

I 1.383 1.489 1.596 1.702 1.809 I 0.250  0.500  0.750  0.875  0.950 

, 5 0 8  
, 0 32 
, 432 
,432 

,032 
, 0 32 

,4 32 
,032" -~ 

,489 
, 385 
, 385 
, 385  
, 3 8 5  
, 3 8 5  , 380 , 3 8 4  

-~ 

x/x = 1.489 
I L 

I I  Y/Wt/2 

I I- P t . j / P -  
0.250 0.500 0.750  0.875  0.950 

x/xt = 1.809 

Y/wt/2 1 
0.250  0.500  0.750  0.875  0.950 1 
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TABLE 1V.- Concluded 

(b) p/pt,j  for  lower f lap 

1 Y/wt/2 =o.o 

I t 

I Pt,j/P- I 
0.638 0.745 0.851 0.957 1.000 1.064  1.117  1.170  1.277 

L 2.008 
2,524 
3.027 
5.532 
4 , 0 5 3  
4,553 
5,037 
5 ,552  

,H39 
,837 
, 8 3 8  
, 8 3 9  
* 8 3 9  
,84 1 
,A42 
,842 

,600 ,134 
,798 . 7 3 3  
,799 ,733 
,800 ,734  
,800 ,739 
,800 ,730  
.BO0 .734  
* H O O  ,735 

,477  ,551 
,47u .345  
,473 ,345 
,a73  ,343 
,473 ,543  
, 4 7 2  ,543  
,472 ,543 
,472 ,345 

y/wtI2 = 0.0 x/xt = 1.064 

x/xt = 1.489 x/xt = 1.809 

! 
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TABLE V.- R A T I O  OF INTERNAL  STATIC  PRESSURE  TO JET TOTAL  PRESSURE FOR 
NOZZLE  CONFIGURATION  A2V20 

I I  Y/Wt/2 = 0 .0  

I 1 

I I  XIX, 

lyt'jfrm1 0.638 0.745 0.851 0.957 1.000 1.064 1.117  1.170 1.277 1 
~ 

, 618  
,605  
.bo5 
.hob 
.bob 
. b o ?  
.bo7 

- 6 0 7  
.bn7  

~ ~~ ~ 

Y/Wt/2 = 0.0 x/xt = 1.064 

1.809 

,50b ,08b 

,032 , 3 0 5  
,432 , 305 

,432 , 3 0 5  
, U 3 2  ,304 

,432 ,304 

,432 ,385 

,432 ,384 

,432 ,304 

,471 

,345 
, 394 

, 345 
,345 , 545 
,345 
,305 

,54b 

0.250 0.500 

,631 
6 2 2  

.bz1 
,621 

6 2 2  
bz3 
,623 
,623 
b2U 

0.750 

.b35 

.b2b . b25 

.6Zb 
, 626 
.b27 
, 627  
,627 . b28 

0.875  0.950 

, 6 2 8  ,b23 
,b19 ,b14 
,620 ,615 
,b2O .b15 
,621 ,blb 
,621 , 0 1 7  
,bZl .b1? 
,622 ,617 
,b22 ,018 

0.250  0.500 0.750 0.875 0.950  0.250 0.500 0.750  0.875 0.950 
~~~ ~~ I 

,521 
,473 
,472 
,073 
,073 
,474 
,473 
,473 
,473 
- 

,451 
.343 
031  1 
, 3 0 0  
, 3 0 0  
, 309 
,310 
, 310  
,308 
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TABLE V.- Concluded 

(b) p/pt,j for lower flap 

yJwt/2 = 0.0 

I I x/xt 

0.851 0.957 1.000 1.064 1.170 1.277 

,076 
, 380 
,517 
,270 
,090 

, 092 
, 09 1 

,092 
, 092 

.~ 
1.117 

,U71 
,373 
,310 
,261 
,115 
, 115 
,115 
, 11s 
. I  15 

0.638 

. 8 4 J  
,838 
, 8 3 8  
, 8 3 9  
,640 
,840 
,eul 
.BUl 
-841 

0.745 

,800 
,798 
.799 
,799 

,HOO 
,900 

. 8 U O  

.e00 
-800 

.7 34 

.732 
-7 32 
,733 
,733 
.73u 
.73u 
,734 
-734 

,477 
."3 
,473 
0 4  I2 
,1172 
, u72 
,471 

-47 1 
,471 

,1179 
. I 7 9  
, 3 1 6  
, 2 7 0  
. O A U  
,080 
, 0 0 0  

. of7 1 
,of7 @ 

y w 1 2  = 0.0 It x/x = 1.064 t 

0.950 1.383  1.489 1.596 0.250 0.500 

,28S ,295 
,1125 ,1130 

,211 ,199 
,211 . z o o  
,211 ,201 
,211) ,200 
,210 ,200 
*21U ,200 
,210 ,200 

1.809 

,4Sl 
,304 
,320 
, 27 1 
,203 
,128  
,128 
,128  , 127 

1.702 

,483 
, 385 
, 320 
,271 , 127 
, 127 , 126 
,127 , 127 

~ 

,411 ,p10 
,276 , 2 1 5  
,195 ,199 

.197 ,201 
,196 ,201 

.197 .ZOl 

,413 
,269 
, 199 
,199 
I 199 
, 199 
, 199 
,199 
, 199 

,417 ,479 
,381 ,383 
,311 ,318 

,108 ,117 

,108 ,117 
,108 ,117 

,108 ,117 

,269 ,269 

,108  ,116 

, 482 
,384 
,320 

, 121 
,121 
, 122 
.122 
,121 

,270 

,197 ;201 

,197 ,201 
,197 ,201 

r P t , j / P -  

x/xt = 1.489 

0.250  0.500 0.750 0.875  0.950 0.250  0.500  0.750  0.875 0.950 

,456 
,362 
,299 
, 250 
,210 

, 146 
, 166 

,146 
,122 
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TABLE  VI.-   RATIO OF INTERNAL  STATIC  PRESSURE TO JET TOTAL  PRESSURE  FOR 
NOZZLE CONFIGURATION  A3V20 

x/xt 
- ~~ 

0.638  0.745  0.851  0.957  1.000 1.064 1.117 1.170 1.277 

, 5 8 9  
,502 
, 5 8 2  
,587  
, 5 0 2  
, 5 8 2  
,582  
. 5 8 2  

,631 
, 6 1 0  
,b19 
, 620 
,620  
, 6 2 0  , 620 
, 62 1 

I I  x/xt = 1.489 x f x  = 1.609 

I P , , j f L  

2 , 0 0 4  
2.520 
3,037 
5.533 
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TABLE VI.- Concluded 

(b) p/pt,j for lower flap 

I Y/WtI2 = 0.0 
I I 

X/x t  

P t  , j /p- 

0.638  0.745  0.851  0.957 1.000 1.064  1.117 1.170 1.277 

z.oou 
2,520 
3,037 
3,533 
4,050 

5, us5 
4,54b 

5 . 5 5 2  

-734 , 0 7 7  
,732 , 4 7 3  
.132  ,473 
. 7 3 3  , 0 7 2  
,734 * u 7 2  
, 7 3 4  ,472 
, 7 3 0  ,472 
- 7 3 5  .472 

, 352 
,345 
, 543 
,543 
, 543 
,343 
, 343 
- 3 4  3 

, 4 1 7  
, 3 7 3  
,305 

,120 

,119 

, 116 

,119 

- I 1 0  

I I  y w t / 2  = 0.0 I x/xt = 1.064 
I I I 

,487 ,489 
,365 ,307 
,515 ,318 
,214 ,235 
, 117 ,lZZ 
,117 ,122 
0 1  17 ,122 
, 1 1 7  ,122 

,490 ,489 
, 3 8 9  ,306 
,321 ,321 
,258 ,283 

189 ,246 
,127 ,138  
, 127 ,128 
, 1 2 7  ,127  

x / x t  = 1.489 

Y/Wt/2 

0.250  0.500  0.750  0.875  0.950 

x / x t  = 1.809 

0.250  0.500  0.750  0.875  0.950 I 
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TABLE  VI1 . -   RATIO OF INTERNAL  STATIC  PRESSURE TO J E T  TOTAL  PRESSURE FOR 
NOZZLE  CONFIGURATION  A4V20 

I Y/Wt/2 - 0.0 
I x/xt 

0.745 0.851  0.957  1.000  1.064 1.117 1.170 1.277 
,801 

,800 
, 8 0 0  

,801 
,802 
,803 

.no5 

.746 

.IUP 
,748 
* 745 
,745  
, 745 
,746 
-746 

, b 2 3  

. b 1 6  
, 615  

,616 
,616 
,617 
,617 
-617 

-611 
, 6 0 1  
,602 
.bo2 
, 6 0 3  

. b o 3  
, 6 0 3  

- 6 0 3  

I y/wt/2 = 0.0 

[ 1.383  1.489  1.596  1.702  1.809 

2.012 
2,518 

, 5 4 3  

, 5 1 0  4,5311 
, 5 1 0  4,044 

, 5 0 9  
3,049 

,510 3,527 
,509 

5,064 
,512 5,564 
,511 

, 5 0 5  
,460 
,UbO 

,UbQ 
,UbO 

, 46 1 
,Ubi 
,461 

,500 
,915 
,414 
,015 
,1115 

,415 
, 4 1 5  

,415 

~ 

x/xt = 1.064 

Y I w t / 2  

0.250  0.500  0.750  0.875 0.950 

, 627 
, 6 2 0  
,620 
,620 
, 6 2 0  

, 6 2 1  
, 620 
, 6 2  1 

.624 
,620 
,b19 

. 6 2 0  

. b2 1 
, b Z 0  

,622 

, 0 2 0  

,618 
,b14 
,615 
, 6 1 5  
,b15 
,b15 
,616 
,617 
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TABLE VII. - Concluded 

(b) p/pt,j for lower f lap 

X/Xt 
D In r 

. 7 3 2  

.731 
,732 
,735 
,733 
733 

,734 
,730 

y w t / 2  = 0.0 

x/xt 

/ x/xt = 1.064 

0.250 0.500 0.750  0.875  0.950 

x/xt = 1.489 x/xt = 1.809 

Y/Wt/2 

4 2  



Pt ./PQ, .3  

2.GC2 
2.550 
2.998 
3.517 
4.1C6 
5.391 
5.940 
6.557 
7.344 
8 . 4 2 6  

10.034 

TABLE  VII1.-   RATIO OF INTERNAL  STATIC  PRESSURE TO J E T  TOTAL  PRESSURE FOR 
NOZZLE  CONFIGURATIONS  Dl 1 VS AND Dl  2VS 

(a)   Configurat ion D l   1 V 5  

Upper f l a p  

Y/Wt/2 = 0.0 

X/Xt  x/xt 

y/wtf2 = 0,875 

0.791 1.011 1.286  1.560  1.890 0.791  1.011 1.286  1.560 1. ago 

-783 e411  .399 ,468 . 4 8 3  .101 , 418  e400 .456  476 
.781 .414 ,400  , 2 4 8  .375 
.779 

.803 420 ,400 252 370 

.413 - 7 7 6  
.a01 e 3 9 9  e253 305 e412 .399 ,249 e313 

,412 e 7 7 6  
. 8 0 2  ,419 .399 e252 .399 a 2  50 e149 163 

,399 .250 149 .805 419 399 a252 163 
.775 0411 . 3 9 8  e249 -150 803 418 399 . 252  
, 7 7 4  -411 

162 
,398 

. 774  
-249 150 . a01  ,418 .398 ,252 e 1 6 2  

,412 , 3 9 8  
.773 

.249 a 1 5 0  .BO2 417 398 e252  e162 
,412 

, 7 7 2  
.398 . 2 4 8  ,150 . a 0 0  .416 e 3 9 8  -252 

e411 
160 

,397 . 247  .148 -799 
a 7 7 2  -411 

e415 .397 e250 160 
.398 ,248 ,148 .799 ,416  e399 -251 .159 

-419 

Lower f l a p  
I I 

I I Y/ut/2 = 0.0 I Y/Wt/2 = 0.075 

I I I 
I 

2 .550  
2 . 9 9 8  

4 106 
3.517 

5.391 
5.940 
6.557 
7.344 

10eOBI 
8 426 

0.791  1.011 1.286  1.560  1.890 1.011 1.286 1.560 1.890 

,781 . 3 7 9  
, 785  . 3 7 9  

a 2 7 1  274  e524 ,383 . 282  
.272 e263 .345 

, 265  e506 

e 7 8 6  ,377 -273 261 -215 
, 3 8 4  ,283 e 2 6 4  
. 3 8 4  

a325 

,784  e376 ,273 262 .217 
-283 e262 .212 

,787 .375 -273 
. 3 8 3  .283 

e261 e217 
a263 e213 

,787 
,383 

. 374  ,272 259  , 2 1 6  
e283 , 262  e213 

. 7 8 8  -373 .27l 258  a216 
381 .282 0262 ,214 

-382 
.373 

.281 
.271 e 2 5 7  e216 

,261  .214 

.788 372 .270 256 
e381 .281 

,215 
0261 e21C 

e381 
.785 370 e269 e253 

e 2 6 0  
e214 

,213 

e 7 8 7  
-380 

370 - 2 6 9  e253 , 2 1 4  381 . 279  
.279  e260 

e259 
. 212  
.212 

,787 
.2ao 

P 
w 



P 
P 

TABLE VI1 I. - Conc luded 

(b) Configuration D l  2V5 

Upper flaD 

I y/vt72 = 0.0 

I I 
I I 0.791  1.011  1.286 1.560 1.890 

2.550 
3.047 
3.572 
4 0 9 1  
5.416 
5.894 
6.464 
7.294 
8.342 
9.976 

~ ~~ 

.782 

.781 

.777  

.777  

.775 
,774 
.775 
.774 
,773 
,773 

. r e 4  e414 
e416 
a 4  15 
e415 
,414 
- 4 1 3  
- 4 1 4  
e413 
,412 
e411 
- 4 1 1  

.398 
400 

,399 
.399 
.398 
,398 
.398 
,398 

398 
,397 
,398 

e424 .478 
,249 .374 
e259 307 
e250 e148 
a250 e149 
e249 - 1 5 0  

248 1 5 0  
e248 e150 
- 2 4 8  1 5 0  
e247 

247 ,148 
,148 

y/wt/2 = 0.875 

x/xt 

0.791  1.011 1.286  1.560 1.890 

804 - 4 1 9  ,426 .4@3 e511 
.eo7 e422 .395 ,359 .394 
. B O 4  .420 . 3 9 3  - 2 8 6  320 

805 420 .393 a233 ,259 
805  .419 .392 .191 .218 
8 0 4  ,418 .393 .140 155 

.eo2 e418 ,393 e139 1 4 0  

.a02 .417 -392 1 3 9  e 1 2 4  

.e00 ,417 .392 1 3 9  ,101 

.799 ,415 ,392 - 1 3 8  069 

.799 ,416 392 - 1 3 8  rn Ob? 

Lower f l a p  

y/wt12 = 0.0 y/Wt/2 = 0.875 
I I 

I I x/xt 

0.791  1.011  1.286  1.560 1.890 

1 976 
. 7 8 5  380  ,274 2 6 2   - 2 9 2  2 550 
.?A1 e380 .271  e431 e530 

3.047 . 7 8 6  .378  ,274 261  .217 
3.572 

, 7 8 7  374  .272 258  e216 5.416 
.78? 376  e273  e261  .218 4.091 
. 785  .377 e 2 7 3  2 6 1   - 2 1 7  

5.694 

. 7 8 7  e 3 7 1  , 2 7 0  -254   a214  9.976 

.786 371  e270  a255  e214 8.342 

.787  .374  .271 258  - 2 1 6  6.464 
, 7 8 7  . 374   -271  2 5 9   - 2 1 6  

7.294 . ? E 8  .373  ,270 2 5 7   - 2 1 5  

1.011 1.286 1.560 1.890 

.383  ,452  -511  a509 

.386 .297 

.3R3 
,389  ,397 

,283  ,329 330 
. 3 8 3  .282  .27?  a275 
.383 .281 
. 3 8 t  

,242  -237 
.281 

.382 
.178 .172 

, 2 8 0  
.382 

,159  a157 

.382 
.280 ,141  e140 

380 
.279  e134  ,118 
.278 

.3@1 
- 1 3 3  e 0 9 8  

.278 ,133 .081 



TABLE  1X.-   RATIO  OF  INTERNAL  STATIC  PRESSURE  TO  JET  TOTAL  PRESSURE 
FOR  NOZZLE  CONFIGURATION F5V5 

Upper flap 
- ~ "" ~- . .  

y/wt/2 = 0.0 

X/X, 

-r 
~.~ ~ 

Pt,j'p, 
~ 

0.943  1.000 1.086 1.157 1.229 

2 0 062 
2 . 4 9 3  
2 9 9 1  
3 0 5 0 8  
4.019 
5 e 243 
5 0 8 2 6  
6 . 3 3 4  
70  3CO 
8 0  4 4 0  

1Oe6G1 
1 1 2 . 4 1 3 -  

-. .. ~~ 

Pt ,j 'pm 

2 0 0 0 2  
2 4 9 3  
2 9 9 1  
30 5 G B  
4 . 0 1 9  
5 2 9 3  
5 0 8 2 6  
60 3 3 4  
7 0 3 6 0  
8 0 4 4 0  

10 601 
1 2 . 4 1 3  

- " .. . - 

__ 

0 8 0 8  
e 8 0 7  

8G8 
8 0 4  
0 6 4  
8 0 4  

0 0 0 3  
8 0 3  
803 
8C4 
8 0 6  

a806 

e 405 
4 0 5  

0 4 0 4  
0 4 0 4  
0 4 0 2  

4 0 2  
e 4 0 2  
0 4 0 1  

4 0 0  
m400 
0400  

. - 4 0 0  

e 4 0 3  e 4 0 6  
e 4 0 7  e 2 7 1  

4 0 6  2 7 1  
4 0 5  0 2 7 1  

e 4 0 4  269 
404 e 2 7 1  
4 0 4  0271 
4 0 4  0271 

e 4 0 4  0 2 7 1  
405  0 2 7 2  

e 4 0 7  0 2 7 3  
.408 0 2 7 5  

4 6 6  
0 3 8 5  
e 1 8 6  
e185  

1 0 5  
0 1 8 8  
e 1 8 7  

1 8 7  
0 1 8 7  
e187  
e 1 8 8  
-189 

Lower flap 
~~ 

y/wtj2 = 0 .0  

X/Xt 

0.943  1.000 1.086 1.157  1.229 

e 8 2 5  e 3 8 2  3 7 1  2 5 7  e 418  
e 8 2 8  0 3 8 5  2 7 3  0 2 5 1  2 3 8  
e 8 2 3  0 3 8 5  2 7 3  - 2 5 5  e 2 3 8  

8 2 3  3 8 1  2 7 3  2 6 1  2 3 8  
8 1 9  3 8 1  b 2 7 0  2 6 0  e 2 3 7  
8 2 2  0 3 7 9  e 2 7 4  e 2 5 9  2 3 7  

e 8 2 1  e 3 7 9  . 2 7 4  m258 2 3 6  
e 8 2 1  0 3 7 9  0 7 7 4  0 2 5 8  2 3 6  
0 8 2 0  e 378  e 2 7 3  e 2 5 7  e 2 3 5  
b 8 1 8  e 3 7 6  0 2 7 1  a 2 5 6  2 3 4  
e 8 1 9  e 375 2 7 1  e 2 3 3  2 3 5  
b 820 0 375  . ? 7 4  0 2 5 4  2 3 4  

". "" ~~ ~~ 
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TABLE X. - R A T I O  OF S T A T I C   P R E S S U R E  ON THE  THRUST BLOCKER 
T O  JET TOTAL  PRESSURE FOR THRUST  REVERSER 

CONFIGURATIONS 

Configuration R2 

Y/Vr12 - 0.0 I ~~ 

Y/VrIZ - 0.0 

21% 

pt,j'p- Q.000 0.512  0.984  1.378 

1.985 
1.004  2.k95 
1.003 

1.004 3 . 0 0 0  
.992 
,993 .962 . b e 5  

,991 -958 -6119 
1 a 003 3.475 

. 9 5 8  .bk9 
1.00k  3.495 

,991 
-959 .b58 

-957 .bk9 
1.003 4.963 

,989 
1.003 -990 .957 .6k8 3.963 
1.003  k.k59 

-990  -958 .649 

,990  a957 - 6 4 8  
5.4k5 1.003 
5.952  1.002 

.990 
,990 

.957 -6'18 

b.4kl 1.002 
- 9 5 7  .bk8 

-990 .9S7 .648 
6.941 1.002 
7.477 1.002 

,990 -956 .bk8 

7.klk 1.002 
,991 
,990 -956 .6k8 

.956 .648 

'7.92'1 1.002 ,991 
8 . 4 2 2  1.002 

.957 -648 
,992 -957 .6k8 

9.316 1.002 
8 . 4 0 3  1.002 

,992 
,992  .956 .6k8 

-956 .6k8 

0.000 

1.005 
1.004 

1.005 

1.005 
1.005 

1.004 
1.003 
1.004 
1.003 
1.003 
1.003 
1.003 

1.003 
1.003 

1.003 
1.003 
1.003 

0.394 

-996 
.995 
-996 

.995 

.995 

.995 

.99k 

.99s 

.995 

.99b 

.996 
a996 
.996 
.997 

.998 

.997 

.998 

0.787 

-992 
.993 

-992 

-990 
.991 

.989 

.989 

.988 
"488 
.988 
.988 

. 9 8 8  

.988 

.988 

.988 

.98R 

.988 

1.181 

Configuration R4 
" T 

I t  y / q z  - 0.0 
I I 

~~ ~~ ~ ~ 

0.000 0.512  0.984  1.378 3 1  .957 

,992 
.990 

.993 
-991 
.990 

.990 

.989 

. 9 8 9  

.989 

.989 

. 9 8 9  
-990 
.990  
.990 

.991 
-990 

~ 9 9 2  
.992  

- 9 6 4  .701 
- 9 6 0  .670 
-958 . 6 5 5  

-957 .6k9 
~ 9 5 8  .t50 

,957 .650 
.957 .6k9 
- 9 5 7  .bk@ 
-957 .668 
-957 .6k8 
~ 9 5 6  .bk8 
~ 9 5 6  .648 
.956 .6k8 
- 9 5 6  .648 
-956 .b48 
,956 .bk8 

-990 
.990 
.990 
,990 
.989 
.989 
-990 

3.466 

1.003 5.437 
1.003 4.949 

1.004 3.971 
1.003 k.k66 

1.004 3.47k 
1.00k 

1 j! .6k8 

6.432 1.002 
5.933  1.002 -957 .6k8 

6.919 1.002 ,956 -6k8 
.9S6 . b 4 8  

7.411 1.002 
7.903 1.002 
8.467 1.002 

- 6 4 8  

8.369  1.002 
.992 
-992 

,956 -6k8 

9.303  1.002  .992 
-956 - 6 k 8  
.957  -648 

Configuration R5 Configuration R6 

Y I y t 1 2  - 0.0 I Y/W,lZ = 0.0 I 
d h b  

pt*jlpm I 0.000 0.512  0.984 1.378 1 pt*j'p- I 0.000 0.512  0.984  1.378 1 7 1.969 
2.577 
2.k53 
2.946 
3.k30 

k , k O l  
3.926 

4 . 8 9 6  
5.393 
5.864 

6.822 
6 . 3 7 8  

7.292 
7.331 
7.800 

2.492 
1.991 

2 . 9 7 2  
3 . 4 8 3  
3 . 4 7 3  
3.978 

1.005 
1.00k 
1.004 
1.OOk 
1.004 

1.00k 
1.005 

1.00k 
1.003 

1 so03 
1.003 

1.003 
1.003 
1.003 

1 - 003 1.003 

-990 
.989  

-962 e682 

.989 
-958 . 6 5 t  

. 988  
, 9 5 8  - 6 5 4  
-957 -652 

.PBB .9S7 -652 

.989 -957 e652 

.988 ~ 9 5 7  ~ 6 5 2  

.989 
,989 

- 9 5 7  .bSC 
-956 - 6 4 9  

.990 ~ 9 5 6   ~ 6 5 9  

.990 -956 .6k9 
,990 
-990 

~ 9 5 7  -649 

-991 
- 9 5 6  ~ 6 4 8  
-956 -648 

-992 
.992  

-956 -648 
-956 ,648 

1.003 
1.OOk 
1.001 
1.004 
1 .OOC 
1.003 
1.003 

1.003 
1.003 

.993 

.991 

.992  
.965 

.958  

.958 

.958 

. 9 5 8  

.P57  

.957 

.957 

.991 

.991 
,990 
.990 
.990 

.991 

.990 

.990  
,992 

,992 
.992 

.992  

k.470 
k.9k5 
S.kk8 
5.951 
6.kk4 
6.937 
7.k11 
7.909 

9 . 3 2 4  
8.  5 0 5  

.957 

. 9 5 6  

.956 

.956 

.956 

-956 
.956 

1.002 

1.002 
1.002 

1.002 
1.002 

1.003 
8.298 

1.003 ,993 9.195 
.993 
.992  .95b .b48 

1.002 8.288 
1.002 

-956 ,658 
-956 .668 
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Sto. 0 Sto. 52.07 Sta. 104.47 

Wlv zn ,',,,,"+\ nozzles exiting 

[Upper and lower 
flaps 

to  model  center line 
50.80-cm chord at model 
centerline 

Typical section  ahead Typical section in 
transition section of transition 

Total-pressure 
probes 

Typical section in instrumentation section 

( a )  Air-powered nacel le  test apparatus. 

Figure 1.- Sketch of air-powered  nacelle model with  typical  nozzle  configuration 
i n s t a l l e d .  A l l  dimensions  are  in  centimeters  unless  otherwise  noted. 



H 

\ 

rzza Mounted  on  balance  (metric) 
Mounted  to  support  system  (nonmetric) 

r Low-pressure plenum 

Bellows 

(b) Schematic  cross  section of flow  transfer  system. 

Figure 1 . - Concluded . 



All unveclared mnfiguralianr exceptA2 and A3  
IDelail of nolcher al  ridemlll 

Configurations A2 and A3 

I I I I Pressure I Internal I 

1 I I 

51.305  5.969 11.557 I 11.557 1 1111 I IO 

BE 5.779 

I 

16.637 

- 10.089 

11.557 

10.089 z 11.557 

10.089 

11.557 
- 
- 

mom - 
11.557 

10.089 

Rei. 9 

Iiil 

I 

I 8  I 
19 I 

2 3 b l  I "1 

Figure 2 .- Unvectored-nozzle  geometry. A l l  dimensions are 
i n  cent imeters   un less   o therwise  ind ica t ed .  
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9.790 design thrust vector angle 

rpxe. u 

"" 7- he 

2 D . W  design thrust vector angle 

Figure 3.- Vectored-nozzle  geometry. A l l  dimensions are i n   c e n t i m e t e r s  
un less   o therwise   ind ica ted .  
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7.066 T 

X t- 
(unvectored) I 

Conf igurat ion 

D l l V 5  

" " 

1 

Sidewall 
Length  Unvectored 

'e -'t 

x - x  

1. ooo 
.253 

1. ooo 

~~~ 

e+ D l l V 5  

he ' kd 

Pressure 
x ,  cm 

Table 
e, u S t 

Data pd, deg pun deg he -kd ,  cm x and  xe, d, cm x , crn 

5.119 1 11.551 11.557 I 3.967 I 1.28 I 10.92 I Vl l l  (a) I 
~~ 

I V I  I I (bl t 
1.926 IX 11.00 1.33 

(b) AR = 3.696 and 7.612. 

Figure 3 .- Concluded. 
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C o n f i g u r a t i o n  D6 Conf igu ra t ion  F3 

L-77-6571  L-77-6558 

Figure  4.- Photographs   o f   conf igura t ions  D6 and F3 w i t h  one  sidewall   removed. 



Configuration A1 Configuration A3 

L-82-495 

Configuration A4 

L-82-506 

L-82-491 

Figure 5 .- Photographs of configurat ions A1 , A3, and A4 w i t h  one 
s idewall  removed. 
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Configuration A1 Configuration A1 V 1 0  

L-82-495 

Configuration A1 V 1 3  

L-82-5 1 9 

Configuration A1 V 2 0  

L-82-504 L-82-517 

( a )  Configurations A1 , A l V 1 0 ,   A l V 1 3 ,  and A l V 2 0 .  

Figure 6.- Photographs of AR = 2.01 2 configurations  with one s idewall  removed. 
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C o n f i g u r a t i o n  A1 V 2 0  Conf igura t ion  A 2 V 2 0  

L-82-517 

C o n f i g u r a t i o n  A 3 V 2 0  

L 

Conf igura t ion  A 4 V 2 0  

i 

1-8 2- .51 1 

L-82-498 L-82-503 

(b) C o n f i g u r a t i o n s  A l V 2 0 ,   A 2 V 2 0 ,   A 3 V 2 0 ,  and A 4 V 2 0 .  

F igure  6.- Concluded. 
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Orifice locations on thrust 
blocker centerline 

z/hb 

Configuration 
R2 through R6 R 1  
Configurations 

- 
0.000 

.512 .394 
0.000 

Configuration R3 

Configuration R4 

Nozzle centerline 
" 

Configuration R5 

Nozzle centerline 

Configuration R6 

Nozzle centerline 

(a) Sketches of thrust-reverser configurations. 

Figure 7.- Thrust-reverser configurations. A l l  dimensions are in centimeters  unless 
otherwise indicated. 



Configuration R1 

% w = 1.664 

” 
Nozzle centerline I 

Configuration R2 

”” 
Nozzle centerline 

1 length 
port passage 

Configuration 
V - 

w” 

R1 0.197 

R2 .6M) 

R3  1.952 

R4 . 600 

R5 1.551 

R6 1 
I 

Uncontained poi 
passage length 

0.945 forward 

.951 

.979 

2.331 1 
,401 a f t  

1 1  

I Configuration R3 

Configuration R4 

“- 

Nozzle centerline 

(b) Thrus t - reverser   por t   geometry   de ta i l s .  

Figure 7 .- Concluded. 

- 
‘ressure 
data 

Table 
- 

Configuration R5 I 

Nozzle centerline 
”- I 

Configuration R6 

Nozzle_centerline - ”” 



L-82-501 

Figure 8.- Photograph of thrus t - reverser   conf igura t ion  R5 with one s idewall  removed. 



Sta. 104.47 

Fx 

P 
I I 

I 
0 

I I 0 b 

I I  I 
9 

Typical nozzle flap 

'1 

T Y b j 2  Y = O - O  

Figure  9.- Sketch  of t y p i c a l   n o z z l e   f l a p   i n t e r n a l   s t a t i c - p r e s s u r e   i n s t r u m e n t a t i o n .  
A l l  dimensions are i n   c e n t i m e t e r s   u n l e s s   o t h e r w i s e   i n d i c a t e d .  



Conf igura t ion  A 1  Conf igura t ion  A2 
1.00 

.96 

.92 

.88 

1 . 00 

.96 

. " Conf igura t ion  A3 1.uu 

- .96 
Fi 

.92 

Conf igurat ion A4 

1 .oo 

5 
'i 

.96 
1 3 5 7 1 3 5 7 

Figure 10.- Variation of nozz le   th rus t   ra t io  and discharge  coeff ic ient   with 
nozzle  pressure  ratio  for  unvectored AR = 2.012 nozzle  with  four  sidewall  
configurat ions.  Ae/At = 1.300. 
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F 

1 .oo 

.96 

.92 

.88 

1 .oo 

.96 

.92 

AR = 3.106 P 

AJAt = 1.183 Rt 

= 2.50’ 

= o m  

1 3 5 7 9 11 

Figure 11 .- Varia t ion  of nozzle t h r u s t   r a t i o  and d i s c h a r g e   c o e f f i c i e n t  
with  nozzle   pressure r a t i o   f o r   c o n f i g u r a t i o n  B1. 
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1.00 

.96 

.92 

.88 

1 .oo 

.96 

.92 
1 3 5 7 

P t  ,j’Pm 

9 11 

Figure 12.- Var ia t ion  of nozzle t h r u s t   r a t i o  and d i s c h a r g e   c o e f f i c i e n t  
with  nozzle   pressure r a t i o   f o r   c o n f i g u r a t i o n  B2. 
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1.00 

.96 

.88 

.84 

AR = 3.696 

A,/At = 1.086 

p = 5.50' 

Rt  = 1.588 cm 

1 .oo 

.96 
1 3 5 7 9 11 

Figure 13.- Variation of nozzle t h r u s t   r a t i o  and d ischarge   coef f ic ien t  
with  nozzle  pressure r a t i o  for configurat ion Dl. 
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1.00 

.96 

.92 

.88 

.84 

1. 00 

96 

K% AR = 3.696 p = 1.28' 

kp A,/At = 1.089 Rt = 1.588 Cm 

1 3 5 7 9 

Figure 14.- Varia t ion  of n o z z l e   t h r u s t   r a t i o  and d i s c h a r g e   c o e f f i c i e n t  
with  nozzle  pressure r a t i o   f o r   c o n f i g u r a t i o n  D2. 

6 4  



AR =I 3.696 p = 10.67' 

AJAt = 1.250 Rt = 1.588 cm 

1. 00 

96 

92 

88 

84 

1 .oo 

.96 
1 3 5 7 9 11 

Figure 15.- Var i a t ion  of n o z z l e   t h r u s t   r a t i o  and   d i scharge   coef f ic ien t  
w i th   nozz le   p re s su re   r a t io   fo r   con f igu ra t ion  D3. 
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1.00 

.96 

.88 

.84 

1 .00 

-96  

n 
AR = 3.696 p = 10.83' 

3 5 7 3 11 

Figure 16.- V a r i a t i o n  of nozzle t h r u s t   r a t i o   a n d   d i s c h a r g e   c o e f f i c i e n t  
w i th   nozz le   p re s su re  ra t io  f o r   c o n f i g u r a t i o n  D4. 
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i 

1 

AR = 3.696 p = 10.83' 

A,/At = 1.600 Rt = 1.588 cm 

. 00 

.96 

.92 

.88 

.84 

1 .oo 

.96 
1 3 5 7 3 11 

F i g u r e  17.- V a r i a t i o n   o f   n o z z l e  t h r u s t  ra t io  and discharge c o e f f i c i e n t  
w i t h   n o z z l e   p r e s s u r e  ratio for c o n f i g u r a t i o n  D5. 
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AR = 3.696 p = 10.92O 

1.00 

.96 

.92 

.88 

.84 

1 .oo 

.96 3 9 11 

Figure 18.- Var ia t ion  of nozzle t h r u s t   r a t i o  and d i s c h a r g e   c o e f f i c i e n t  
with  nozzle   pressure r a t i o   f o r   c o n f i g u r a t i o n  D6. 
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1 .oo 

.96 

F - 
Fi 

.92 

.88 

.84 

1.00 

m 
I m 
HI m 
// 
1 

111 

AR = 3.696 p = 1.21O 

A,/At = 1.089 Rt = 0.683 cm 

.96 
1 3 5 7 9 11 

Figure  19.- V a r i a t i o n  of nozz le  t h r u s t   r a t i o   a n d   d i s c h a r g e   c o e f f i c i e n t  
w i t h   n o z z l e   p r e s s u r e  ra t io  f o r   c o n f i g u r a t i o n  D7. 
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AR = 3.696 P = 1.17' 

1. b oc 

96 

92 

88 

84 

1. 00 

96 
1 3 5 7 9 11 

Figure 20.- Variat ion of n o z z l e   t h r u s t   r a t i o  and  discharge  coeff ic ient  
with  nozzle pressure r a t i o   f o r   c o n f i g u r a t i o n  D8. 
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1 .oo 

.96 

.92 

F - 
Fi 

.88 

.84 

AR = 3.696 p = 10.92O 

AJAt = 1.797 Rt = 0.683 cm 

1 .oo 

.96 

Figure 21.- V a r i a t i o n   o f   n o z z l e   t h r u s t   r a t i o   a n d   d i s c h a r g e   c o e f f i c i e n t  
w i t h   n o z z l e   p r e s s u r e   r a t i o   f o r   c o n f i g u r a t i o n  D9. 
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1.00 

.96 

.92 

.88 

.84 

1 . 00 

.96 
1 

F i g u r e  22.- V a r i a t i o n  of n o z z l e   t h r u s t  r a t i o  a n d   d i s c h a r g e   c o e f f i c i e n t  
w i t h  n o z z l e   p r e s s u r e  r a t i o  f o r   c o n f i g u r a t i o n  D10. 

3 5 7 11 
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P = 1.25' 
xs Xt 

xe - Xt 
= 1.000 

- 

Rt = 0 952 crn 

1.00 
. .  lT . . .  . .  

.96 

.84 

1 .oo 

.96 

.. 

I I  
l i  
II 
!iI 

9 11 13 1 3 

( a )  C o n f i g u r a t i o n  El . 
Figure  23.- V a r i a t i o n   o f   n o z z l e   t h r u s t  ra t io  a n d   d i s c h a r g e   c o e f f i c i e n t  w i t h  

n o z z l e   p r e s s u r e  r a t io  f o r  AR = 5.806 n o z z l e   w i t h  Ae/At = I .089 and t w o  
s i d e w a l l   c o n f i g u r a t i o n s .  
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1.00 

.96 

.88 

.84 

1 .oo 

.96 

xs - Xt 

x, - Xt 
= 0.587 

R, = 0.952 cm 

P = 1.25' 

1 3 5 7 

( b )  C o n f i g u r a t i o n  E2. 

F igure  23.-  Concluded. 

9 11 13 
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1 .oo 

.96 

.92 

.88 

.84 

1 .oo 

.96 

p = 11.08’ 

0.952 cm 

1 3 5 7 9 11 13 

( a )  Configurat ion ~ 3 .  

Figure 24.- Var ia t ion  of n o z z l e   t h r u s t   r a t i o   a n d   d i s c h a r g e   c o e f f i c i e n t   w i t h  
n o z z l e   p r e s s u r e   r a t i o   f o r  AR = 5.806 nozzle   with Ae/At = 1.797 and two 
s idewa l l   con f igu ra t ions .  
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F 
L 

Fi 

1.00 

.96 

.92 

.88 

.84 

R, = 0.952 cm 

p = 11.08' 

1 .oo 

.96 
1 3 5 7 9 

P t  , j'pw 

(b ) Conf iquration E4. 

Figure 24.- Concluded. 

11 13 
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1.00 

.96 

.92 

.88 

.84 

1 .oo 

.96 

xs - x 

'e - 't 
= 1.000 

Rt = 0.734 cm 

P = 1.33' 

1 3 5 7 

( a  ) Configurat ion F1. 

9 11 13 

Figure 25.- V a r i a t i o n   o f   n o z z l e   t h r u s t   r a t i o   a n d   d i s c h a r g e   c o e f f i c i e n t   w i t h  
n o z z l e   p r e s s u r e   r a t i o   f o r  AR = 7.612 nozzle   with Ae/At = 1.089 and  two 
s idewa l l   con f igu ra t ions .  
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1 

F 

1 
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F igure  26.- V a r i a t i o n   o f   n o z z l e   t h r u s t  r a t i o  a n d   d i s c h a r g e   c o e f f i c i e n t   w i t h  
n o z z l e   p r e s s u r e   r a t i o   f o r  AR = 7.612 nozz le   w i th  A,/At = 1.797 and t w o  
s i d e w a l l   c o n f i g u r a t i o n s .  
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Figure 27.- Variat ion of n o z z l e   t h r u s t   r a t i o  and  discharge  coeff ic ient   with 
n o z z l e   p r e s s u r e   r a t i o   f o r  AR = 2.012 nozzle  vectored 9.79O with  four  
sidewalls.  Dashed l i nes   i nd ica t e   va lues  of r e s u l t a n t   t h r u s t   r a t i o  F r / ~ i .  
A ~ / A ~  = 1.300. 
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Figure 28.- V a r i a t i o n  of n o z z l e   t h r u s t  r a t i o  a n d   d i s c h a r g e   c o e f f i c i e n t   w i t h  
n o z z l e   p r e s s u r e  r a t i o  f o r  AR = 2.012 n o z z l e   v e c t o r e d  13.22O w i t h   f o u r  
s i d e w a l l s .   D a s h e d   l i n e s   i n d i c a t e   v a l u e s  of r e s u l t a n t   t h r u s t  r a t i o  F r / ~ i .  
A , / A ~  = 1.1 66. 

82 



Conf igura t ion  A1V20 Conf igura t ion  A2V20 
1 .oo 

.96 

.92 

.88 

.84 

Conf iaura t ion  A3V20 Conf iaura t ion  A4V20 
1.00 

.96 

.92 

.88 

.98 

!P 
’i 

.94 
1 3 5 7 1 3 5 7 

Pt,j’P, 

Figure 29.- V a r i a t i o n   o f   n o z z l e   t h r u s t   r a t i o   a n d   d i s c h a r g e  
c o e f f i c i e n t   w i t h   n o z z l e   p r e s s u r e   r a t i o  for  AR = 2.012 
nozzle   vectored 20.26O wi th   fou r   s idewa l l s .  Dashed l i n e s  
i n d i c a t e   v a l u e s   o f   r e s u l t a n t   t h r u s t   r a t i o  Fr/Fi 
A /At = 1.300. e 
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( a )   mrus t   vec to r   ang le .  

Figure 30.- Ef fec t  of s idewall   configurat ion on var ia t ion  of  
thrust   vector   angle   and pitching-moment r a t io   w i th   nozz le  
p r e s s u r e   r a t i o   f o r  AR = 2.012 nozzles. 
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Figure 31.- Var i a t ion  of n o z z l e   t h r u s t   r a t i o   a n d   d i s c h a r g e   c o e f f i c i e n t  
w i t h   n o z z l e   p r e s s u r e   r a t i o   f o r   s i x   t h r u s t - r e v e r s e r   c o n f i g u r a t i o n s .  
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Figure  32.- I n c r e m e n t a l   e f f e c t  of r e d u c t i o n   i n   n o z z l e   s i d e w a l l   l e n g t h   ( c u t b a c k )  
on maximum t h r u s t  r a t i o  (or maximum r e s u l t a n t   t h r u s t  r a t i o  €or v e c t o r e d   n o z z l e s )  
fo r  n o z z l e s  of v a r i o u s   t h r o a t   a s p e c t   r a t i o s   a n d   e x p a n s i o n  ra t ios .  
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Figure 33.- E f fec t  of s idewall   length  (cutback)  on v a r i a t i o n  of n o z z l e   t h r u s t   r a t i o  
and d i scha rge   coe f f i c i en t  with nozz le   p re s su re   r a t io   fo r  AR = 5.806 and 
AR = 7.612 nozzles. 
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Figure 35.- Effect  of th roa t   rad ius  on the   var ia t ion  of nozz le   t h rus t   r a t io  and  discharge  coefficient 
for low and high  expansion r a t i o  nozzles. 
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Figure 37.-  Effect  of t h r o a t   a s p e c t   r a t i o  on var ia t ion  of nozz le   t h rus t   r a t io  and 
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Figure 38.- V a r i a t i o n   w i t h   n o z z l e   p r e s s u r e   r a t i o  of i n c r e m e n t a l   r e s u l t a n t   t h r u s t  
r a t i o  due t o   n o z z l e   v e c t o r   a n g l e   f o r   g i v e n   s i d e w a l l   c o n f i g u r a t i o n s .  AR = 2.012; 
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Figure 40.- E f f e c t  of nozz le  sidewall l eng th  on f l a p  
p r e s s u r e   d i s t r i b u t i o n   f o r  a nozz le   vec tored  20.26O 

a t  P t , j /P ,  = 3. Unvectored Ae/At = 1.300. 

102 



. 8  1.0 1.2 1.4 1.6 1.8 2.0 

End of 
sidewall 

x/xt 
1.936 

1.574 
1.213 

t. 
3.03 
3.02 
3.04 
c 

(h) L o w e r  f lap.  

F igure  40.- Concluded. 
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Figure 43.- Comparison of l oca l   p re s su re   r a t io s  on surface of thrust-reverser   blocker   for  
configurat ions R1, R 2 ,  and R 3  a t  a nozz le   p ressure   ra t io  of approximately 3.0. 
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