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PERFORMANCE CHARAC"ER1STICS OF SEVXRAL FULL-SCAIX DOUBLl3-SHROUD 

PRIMARY GAS TEMEZRA~S 

By William K. Greathouse 

An expe r imen ta l   i nves t iga t ion  was conducted on eight double-shroud 
e j e c t o r   c o n f i g u r a t i o n s  which u t t l i z e d  a cu r ren t   p roduc t ion - type   t u rbo je t  
engine  and an a f t e r b u r n e r  as the p r i m a r y  gas  genera tor .  The test con- 
f igu ra t ions   s imu la t ed  the geometry of an a f t e r b u r n e r   i n s t a l l a t i o n  that 
had a two-posit ion variable-area nozz le  wfiich was actuated by l i n k a g e  
t o  a t r a n s l a t i n g   s h r o u d .  An inner  and an outer   passage  were formed by 
the var iab le-area   nozz le ,  the t rans la t ing   shroud,   and  the e jec tor   shroud 
t o  make what is known i n  ejector literature a s  8 double-shroud  e jector .  

A i r - f l o w   a n d   t h r u s t   c h a r a c t e r i s t i c s  of each ejector conf igu ra t ion  
are p r e s e n t e d   f o r  a range  of ope ra t ing   p re s su re  ratios and weight-flow 
r a t i o s  a t  r ep resen ta t ive   nona f t e rbu rn ing  or s f t e r b u r n i n g  primary gas 
temperatures.   The over-all performance of the double-shroud ejectors 
was slmiLar t o  the pumping and  thrust   performance of s ingle-shroud ejec- 
tors having  about  the same exit gemetry. Ejector thrust attained at  
high cooling a i r  flows i nd ica t ed  the recovery  of   about  96 percent of 
the t h r u s t  i d e a l l y  available from an ejector system with complete i sen-  
tropic expansion. There was same r e c i r c u l a t o r y  flow of gas *om the 
prFmary stream back through the tertiary passage at law values  of cool- 
ing air flow. 

INTRODUCTIOB 

The air e j e c t o r  has 'been established as a m e a n s  of provid ing  a s u i t -  
able jet-exit conf igu ra t ion  with respect t o   t h r u s t   p e r f o r m a n c e   a n d  as a 
method of coo l ing  aircraft power p l a n t   i n s t a l l a t i o n s .   S i n g l e - s h r o u d  ejec- 
tors are used   p r imar i ly   i n   connec t ion  w i t h  engine tail-pipe or a f t e r b u r n e r  
cool ing.  A double-shroud ejector may be u t i l i z e d  when a d d i t i o n a l  air 
flow is necessary  for purposes  such as air f'rame s t r u c t u r a l   c o o l i n g .  
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Pumpfng and gross t h r u s t   c h a r a c t e r i s t i c s  of numerous s ingle-shroud 
small-scale e j e c t o r s  are r epor t ed  in reference6 1 t o  9 f o r   c o n f i g u r a t i o n s  
having   conica l ,   cy l indr ica l ,   and   d ivergent   shrouds .  The performance of 
some Full-scale c o n i c a l  and c y l i n d r i c a l   s i n g l e - s h r o u d   e j e c t o r s  is given 
in  references 10 and l3. Double-shroud  ejector  performance is presented  
i n   r e f e r e n c e s  12 t o  14 TOY a l h i t e d  number of small-scale ejector con- 
f i g u r a t i o n s   i n  which the air t o . e a c h  passage was independent ly   suppl ied.  
References 12 and 13 are f o r  the s p e c i a l  cage of secondary   t o t a l  pressure 
( inner   cool ing  air p a s s a g e )   e q u a l   t o  tertiary t o t a l  pressure [ o u t e r   c o d -  g i ng  air passage) .  The case in which the amount of air flow through each b( 

passage is maintained at va r ious   cons t an t   va lues  is i n v e s t i g a t e d   i n  ref- 
erence 14. Because  information on the performance of fu l l - sca le   double-  
shroud  e jec tors   wi tn  a c m o n  a i r  supply for the secondary and t e r t i a r y  
passages is nonexis ten t ,  a brief i n v e s t i g a t i o n  of their  ove r -a l l  perfarm- 
ance c h w a c t e r i s t l c s  has been  conducted a t  the NACA Lewls l abo ra to ry .  

ii 

L "" 

KJ 

The ejector-afterburner.configurations descr ibed  i n  this r e p o r t  sim- 
ulated  the  geometry of an a f t e r b u r n e r   i n s t a l l a t i o n  that u t i l i z e d  a t r a n s -  
l a t i n g   s h r o u d   t o   a c t u a t e   t h e  miable-mea a f t e rbu rne r   nozz le ,  all of 
which were submerged i n  a c a v i t y  similar t o  the aft fuse l age  of an air- 
plane. An inner   passage  between  the  af terburner   nozzle  and the t rans-  
l a t ing   shroud  and   an   ou ter  passage between the. t rans la t ing   shroud  and  
the ejector  shroud  formed the double-shroud  e jector   configurat ions.  
Over-all pumping and thrust characteristics of eight such   conf igurs t i6n6 ,  
mounted on a tu rbo je t   eng ine  in an a l t i t u d e  test  chamber,  were  measured 
and a r e   r e p o r t e d   h e r e i n .  

Tes t  Facility 

The double-shroud  ejector tests of t h F s  i n v e s t i g a t i o n  were performed 
on a c u r r e n t  production-type.turbojet engine and a f t e rbu rne r  assembly 
a r ranged   i n  an a l t i t ude   chamber . a s  schematically shown i n   f i g u r e  1. The 
engine-afterburner-eJector assepbly was r i g i d l y  mounted t o  a pla t form 
that W&B suspended from the t o p  of the a l t i t u d e  chamber by means of 
steel f l e x u r e   p l a t e e .   S c a l e   t h r u s t  force transmitted frm the pla t form 
t o  the nul l - type  thrust measuring u n i t   c o u l d  be de termined   accura te ly   to  
w i th in  A l  pe rcen t .  

Engine and e j e c t o r  air vm.e suppl ied  from either the atmosphere cz 
t h e   l a b o r a t o r y  air system  and.were separately con t ro l l ed .  A bulkhead, 
which  incorporated a l a b y r i n t h  seal around the fo-d end of the engine, 
provided for freedm of engine movement i n  the axial d i r e c t i o n  and per- 
mitted the s jmula t ion  of f l i g h t   c o n d i t i o n s  by independent ly   varying i n -  . 
l e t  t o t a l   p r e s s u r e  and   exhaus t   s t a t i c   p re s su re .  
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Tes t   Conf igura t ions  
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The t y p i c a l  t es t  c o n f i g u r a t i o n   i n   f i g u r e  1 cons i s t ed  of an after- 
burne r   ( f i g .   2 )  submerged  within a cooling  shroud ( f ig .  3) which   car r ied  
an inner   shroud  ( f ig .  4) so  as t o  form an inner  (secondary) passage and 
an  outer  ( ter t iary)  passage as shown i n   f i g u r e s  5 and 6 f o r  typical ejec- 
t o r s .   F i g u r e  5 i n d i c a t e s  the f l o w  passage geometry that  r e s u l t e d  with 
the  nonaf te rburn ing  prinary nozzle   and the inner  shroud i n  a r e t r a c t e d  
p o s i t i o n ;   f i g u r e  6 i n d i c a t e s  the geometry w i t h  the af te rburn ing   pr imary  
nozzle  and the inner   shroud  in  the extended  posi t ion.  

F i v e   d i f f e r e n t   e j e c t o r   s h r o u d s  were i n s t a l l e d  on the cool ing  shroud 
t o  provide  the e i g h t   e j e c t o r   c o n f i g u r a t i o n s  shown i n  f i g u r e  7 and l i s t e d  
in the  fo l lowing  table : 

1 

4 
5 
6 
1AB 
3As 

4AB 

3" 

Primary 
nozz le  ex i t  
liameter, i n .  

19.27 I 
24.93 

Inne r  
shroud 

p o s i t i o n  

Ret rac ted  

1 
Extended 

i 

Diameter 
rat i o  

~~ 

1 .4l 
1.50 
1.55 
1.45 
1.45 
1.10 
1.16 

1.27  

~ 

0.93 
.47 
.36 
.18 

.69 

.36 

-25 

(b 1 

E j e c t o r  
shroud 
used 

1 
3 
a 

None 
6 
1 

3 and 
p a r t  of  6 

4 

aThe inves t iga t ion   o f   con f igu ra t ion  2 was discont inued  because of 

bSpacing   ra t io   no t   def ined   because  of f a i r e d   e j e c t o r  e x i t .  

time l i m i t a t i o n .  

A photograph  of  shroud 1 is  shown i n  figure 8 and is typ ica l  of  shrouds 
3 and 4. The shape of  shroud 6 is i n d i c a t e d   b y   t h e  assembly photograph 
o f   e j ec to r   con f igu ra t ion  6 i n  f i g u r e  9, which r e p r e s e n t s   a n   e j e c t o r -  
fu se l age  ex i t  combination  having a large b l u n t  base area. The lower 
s e c t i o n  of shroud 6 and a l l  of  shroud 3 were combined t o . f o r m  
conf igura t ion  3AB. 

Ins t rumenta t ion  

The axial l o c a t i o n s  of va r ious  e j e c t o r   i n s t r u m e n t a t i o n   s t a t i o n s  are 
g iven   i n   f i gu res  3, 5, and 6.  
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Pressure   ins t rumenta t ion .  - Primary t o t a l   p r e s s u r e  Pp was measured 
a t  s t a t i o n  p with a water-cooled rake c o n s i s t i n g  of 13 probes  spaced on 
e q u a l  f low areas ac ross  the a f t e rbu rne r   d i ame te r .   Secondary   t o t a l  pres- 
s u r e  Ps was measured a t  s t a t i o n  s with one three-probe  rake  and  seven 
s ingle   p robes   equal ly   spaced   a round the secondary  passage  circumference.  
T e r t i a r y   t o t a l  pressure Pt was measured  with eight s ing le   p robes  a t  
s t a t i o n  t equally  spaced  around the t e r t i a r y  passage  circumference.  
Plenum  chamber t o t a l   p r e s s u r e  PB was measured a t  s t a t i o n  b by six 
pressure  kaps  spaced  a long the plenum  chamber wall. Ambient exhaust  0 0 

pres su re  Po was measured with four   equa l ly   spaced   probes   loca ted  on * M 

the  outs ide   o f  the e jec tor   shroud near the ex i t .  The primary s t a t i c  
pressure pp was measured a t  s t a t i o n  p by e igh t   equa l ly   spaced  w a l l  
taps on the a f t e r b u r n e r   s h e l l .  

Temperature ins t rumenta t ion .  - Primary ( t u r b i n e   d i s c h a r g e )   t o t a l  
temperature  T, for   nonaf te rburn ing   opera t ion  was measured with eight 
thermocouple pGobes between the turb ine   d i scharge   and  the a f t e r b u r n e r  
f u e l  spray bars. The accuracy  of   turbine  discharge  teEperature   measure-  
ment was b e l i e v e d   t o  be w e l l  w i th in  120' R .  For a f t e rbu rn ing   ope ra t ion  
the primary t o t a l   t e m p e r a t u r e  was ca lcu la t ed  (see appendix B) f rom  the  
f low  condi t ions  determined a t  s t a t ion   p .   Secondary   t o t a l   t empera tu re  
Ts was measured by four equally  spaced  thermocouple  probes at s t a t i o n  s ,  
whi le  t e r t i a r y  t o t a l   t e m p e r a t u r e   T t  was measured by four   equa l ly   spaced  
thermocouple  probes a t  s t a t i o n  t. Cooling a i r  temperature  Tc was 
measured by a s i n g l e   t h e r m o c o u p l e   i n   t h e   c o o l i n g  air l ine   ups t r eam of 
the plenum  chamber. 

Flow de termina t ion .  - Primary  gas  f low Wp w a s  computed as the sum 
of e n g i n e   i n l e t  a i r  and t o t a l   f u e l  minus leakage a i r  i n  the convent ional  
manner.  Cooling air flow We wsts measured w i t h  an A.S.M.E. s tandard  
f l a t - p l a t e   o r i f i c e  and a l s o  computed  from t o t a l -   a n d   s t a t i c - p r e s s u r e  
measurements  taken i n  the cool ing  air  pipe. T e r t i a r y  a i r  f low W t  was 
computed  from  measurements  taken  with  four  pitot   tubes ( f igs .  5 and 6)  
equa l ly  spa.ced  around the tert iary flow  passage, while secondary a i r  flow 
Ws was taken as the d i f fe rence   be tween  cool ing  a i r  flow  and tert iary a i r  
flow. 

The  measurement  of e j e c t o r  j e t  t h r u s t  was obtained  from the s c a l e  
t h r u s t   r e a d i n g  af ter  accoun t ing   fo r  the f o r c e s   a c t i n g  on the tes t  rig 
due t o  the cool ing  air supply  system  and the engine   l abyr in th  seal. 
Symbols  and the method  of ca l cu la t ing   va r ious   e j ec to r   pa rame te r s  are  
fur ther   def ined   in   appendixes  A and B, respectively. 

PROCEDURE 

Each   e jec tor   conf igura t ion  wa.s inves t iga ted   over  a range  of cool ing  
air t o   p r i m a r y  gas we igh t - f low  r a t io  Wc/Wp and a range of primary 
t o t a l   t o  ambient   exhaus t   p ressure   ra t io  Pp/po a t  one or more r ep re -  
sentative primary gas  temperatures .  The range of condi t ions  is pre- 
sen ted   i n  the fo l lowing  table:  

v 

n 
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C onf ig- 
u r a t i o n  

~ 

1 
3 
4 
5 
6 
1AB 
1AB 
3AB 
3AB 
4AB 
4AB 

Afterburner  

Nonafterburnine 

1 
primary gas 

temperature ,  
OR TP 

1550 t o  1580 
1580 t o  1610 
1570 t o  1600 
1540 t o  E80 
1550 t o  1600 
2050 t o  2200 
2700 t o  2800 
2250 t o  2300 
2720 t o  2820 
2050 t o  2100 
2670 t o  2760 

Prhary pressure  
r a t i o ,  

PJPO 

1.7 to 8.1 
1.6 t o  7.0 
1.7 to 7.25 
2.0 t o  7.75 
1.7 t o  5.25 
1.5 t o  7.85 
1.6 t o  5.8 
1.5 t o  5.5 
1 . 7 5   t o   5 . 9  
1.75 t o  7.2 
1.75 t o  6.0 

r a t i o ,  

w c b p  

0 t o  0.24 
0 t o  0.22 
0 t o  0.20 
0 t o  0.20 
0 t o  0.20 
0 t o  0.12 
0 to 0.12 

0.02 t o  0.12 

0.02 t o  0.12 

0 

0 

MSULTS AND DISCUSSION 

Pumping C h a r a c t e r i s t i c s  

The pumping performance of each ejector c o n f i g u r a t i o n   i e   p r e s e n t e d  
i n  figures 10 through 18 for  the specific primary gas temperature  at  
which the test was performed.  The typical manner i n  which the test 
d a t a  were ffrst p l o t t e d  as obtained at cons tan t   va lues  of primary pres -  
s u r e   r a t i o  is represented  i n  figure 10 only for conf igu ra t ion  1. Pump- 
ing  performance of  the o the r   con f igu ra t ions   ( i nc lud ing  I) is presented  
conven t iona l ly   i n  figures ll through 18, as c r o s s  plots  of curves  such 
as figure IO, a long  with test aata  obtained a t  zero coo l ing  air flow 
Wc/"p = 0) - 

These  double-shroud  ejector air-flow curves,  based on plenum chm- 
ber p res su re ,  exhibit chmacteristics very sixnilax t o  those of single- 
shroud ejectors having  about the same mer-all exit diameter  and spacing 
r a t i o .  The u s u a l  ejector pumping ac t ion   occu r red   ( i n  the range  of pri- 
marry 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 )  mly f o r   c o n f i g u r a t i o n s  1, 3, m, 
3AB, and 4AB. Configurations. 4, 5, and 6 showed l i t t l e  m no puzqping 
ab i l i ty  because of the low spac ing   r a t io s   i nvo lved .   E jec to r s   o f   such  
low spac ing  ratio w i l l  handle   cool ing  air flows i n   f l i g h t  where ram 
pressu re  is a v a i l a b l e ,   b u t   c o u l d  serve for only minor cool ing  purposes  
a t  take-of f .  Pumping c h a r a c t e r i s t i c s  of conf igu ra t ion  lAB at  a primary 
gas  temperature of 2050' t o  220O0 R (fig.  16(a)  } were practically the 
same as f o r  a primary  gas   temperature  of 270O0 t o  280O0 R (fig. 16Cb)) 

T h r u s t   C h m a c t e r i s t i c s  

E j e c t o r  thrust is p resen ted   i n  a manner similar t o  the pumping 
c h a r a c t e r i s t i c s .   T h r u s t   d a t a  as obtained from..the tests of  config- 
u r a t i o n  1 are   p re sen ted  in figure 19. The c r o s s - p l o t t e d   f i g u r e s  20 - 
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through 27 p r e s e n t   e j e c t o r - t h r u s t   r a t i o   F e j / F j  .of a l l  the conf igu ra t ions  
over a range of primary p r e s s u r e   r a t i o  for cons t an t   va lues   o f   e j ec to r  
w e i g h t - f l a w  r a t i o .   E j e c t o r - t h r u s t   r a t i o  Pe3/Fj is defined he re in  a8 
the r a t i o  of  measured J e t   t h r u s t  of the ejector system t o  the J e t   t h r u s t  
of a convergent   nozz le   opera t ing  a t  the same primary mass flow and pri- 
mary p r e s s u r e   r a t i o  as the e j e c t o r  system and  having .=   e f fec t ive  vel: 
oc i t y   c o e f f i c i e n t  C, , e of 0.98 (method  of c a l c u l a t i o n  is in  appendix B) . 

The e j e c t o r   t h r u s t   r a t i o   c u r v e s   f o r   c o n f i g u r a t i o n s  1, 3, lA3, and 8 
3AB show typical e j e c t o r   t h r u s t   l o s s e s  a t  o r  near zero   cool ing  air flow 8 
(a  pronounced  dip in the Wchp = 0 t h r u s t   r a t i o   c u r v e )  when wer- 
expansion  and  shock  losses  occurred i n  the primary stream a t  the p a r t -  
i c u l a r   o p e r a t i n g  primary p r e s s u r e   r a t i o s   ( r e f s .  8 and 11). Huwever, a 
c o n s i d e r a b l e   t h r u s t   i n c r e a s e  was found for these conf igu ra t ions  at o the r  
ope ra t lng  primary p r e s s u r e   r a t i o s  and more r e a l i s t i c   c o o l i n g  air flows. 
The remaining  configurat ions (4, 5, 6, and 4AB) exhibited small t h r u s t  
l o s s e s  a t  low coo l ing  air flows b u t  showed only a slight inc rease  i n  
t h r u s t  with increased   cool ing  air flow or  opera t ing  pressure r a t i o .  

. .. ." 

I s e n t r o p i c   e j e c t o r - t h r u s t  r a t i o  &, Fp, + Fc presented i n  figure 28 

f o r   c o n f i g u r a t i o n  1 only, i n d i c a t e s  the a c t u a l   e j e c t o r   J e t   t h r u e t   a t t a i n e d  
i n   r e l a t i o n  to the i d e a l  t h r u s t  that would be a v a i l a b l e  i f  t h e  flows 
were expanded i s en t rop ica l ly   t o   ambien t   exhaus t   p re s su re .  A t  the high- 
es t   weight - f low  ra t io   inves t iga . ted  (Wchp = 0.24), a t h r u s t  of the order 
of 96 percent  of the i d e a l   t h r u s t  was a t t a i n e d  by conf igura t ion  1 over c 

the e n t i r e   r a n g e   o f  prfmary pressure r a t i o .  Va lues  of i s e n t r o p i c  t h rue t  
r a t i o  greater than 96 pe rcen t  are indicated fo r   we igh t - f low  r a t io s  ex- 
ceeding 0.24. Inasmuch as a p+ .thrust r a t i o  was not   ob ta ined  with + 

r e s p e c t   t o   p r e s s u r e   r a t i o   o r  weight-flow r a t i o ,  it is.appa&?nt that this 
configuration  operated  overexpanded a t  dl- conditions i n v e s t i g a t e d .  The 
method of c m p u t i n g   i s e n t r o p i c   e j e c t o r - t h r u s t   r a t i o  is def ined   i n  
apgendix B. 

Secondary and T e r t f a r y  Systems 

T o t a l   p r e s s u r e s  and temperatures of the flow in the secondary  and 
tertiary passages are. p r e s e n t e d   f o r  only the t h r e e   e j e c t o r   c o n f i g u r a t i o n s  
(M, 3ABJ and 4AB) that.were operated .at -a f te rburh i r ig  .gas temperatures. 
F igures  29 t o  31 g ive  the r a t i o  of average exit p re s su re  $Pt + Pa) t o  

plenum chamber p re s su re  FBI and figures 32 to 34 give  the average tem- 
1 
$Ts + T t )  - T, 

perature-rise r a t i o  
r a t i o .  TC 

f o r  a range  of   e jector   weight-f low II 
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(rr 

0 
tP 
0 

The r a t i o  of tertiary t o   t o t a l   c o o l i n g  air flow is p l o t t e d   i n  f ig -  
u r e  35 f o r   c o n f i g u r a t i o n  LAB. The cons iderable  scatter of d a t a   r e s u l t e d  
f r om computing tertiary air flow Ut f r o m  p i to t - tube   p ressure   measure-  
ments  taken a t  the r e l a t i v e l y  low Mach number existing i n  the tertiary 
passage. Figure  36 shows the r a t i o  of tertiary to  secondary  tempera-  
ture Tt/Ts and the ratio of secondary t o  pr imary  temperature  Ts/T 
p l o t t e d  against t h e i r   r e s p e c t i v e  weight-flow r a t i o s ,  WtDs and WS&. 
These d a t a  f o r  conf igu ra t ion  IAB should be i n d i c a t i v e   o f  the tertiary 
and  secondary   f low  condi t ions   for   conf igura t ions   AB and   AB f o r  wC/wp 
va lues  of the order   of  0.06 t o  Is .12 - 

It can be noted f r o m  figure 36 that the tert iary flaw was sometimes 
greater and  sometimes less than the secondary flow (Wt/ws greater than  
1.0 and less than 1.0). Also, at the lower va lues  of Wt/Ws, the tem- 
p e r a t u r e  of the tertiary exceeded the temperature  of the secondary 
(Tt/Ts greater than 1.0) because the secondary pumping a b i l i t y  was 
somewhat greater than the ter t iary pumping abil i ty.  Consequently, some 
of the h o t  primary s t ream  gases   near  the e j e c t o r  shroud w&ll (of rela- 
t i v e l y  low v e l o c i t y )  were pulled back   in to  the tertiary passage at 
s e v e r a l   p o i n t s  by the excess ive   secondwy  suc t ion  or pumping a c t i o n .  

The ful l -scale   double-shroud  e jector   performance  data   presented 
herein  provFde  addi t ional   information for the design of aircraft 
e j e c t o r   i n s t a l l a t i o n s .  The punrping characteristics me, i n   g e n e r a l ,  
sfmilar t o   t h o s e  of s ing le - sh roud   e j ec to r s .  However, there appewed 
t o  be  some r e c i r c u l a t o r y  flow of gas f r o m  the primary stream  back 
through the t e s t i n g   p a s s a g e  a t  law d u e s  of  coo l ing  air flow. The 
t h r u s t   a t t a i n e d  by one  double-shroud  ejector at high cool ing  air flows 
ind ica t ed  the recovery  of  96 pe rcen t  of the thrust ideally a v a i l a b l e  
from  an e jec tor   sys tem with ccanplete i s e n t r o p i c  eypansion . 
Lewis F l igh t   Propuls ion   Labora tory  

Nat ional   Advisory Committee for Aeronaut ics  
Cleveland, Ohio, June 18, 1954 
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A 

%,e 

D 
P 

Ds 

Dt 

FJ 
FC ' 

FP ' 

g 

Ls 

=t 

pB 

pP 

ps 

P t  

P P 

PO 

R 

SYMBOLS AND PARAMETERS 

The fallowing  symbols  and  parameters a re  used   in  this report: 

c ros s - sec t iona l  area of a f t e r b u r n e u t   s t a t i o n  p,  sq ft 

effective ve loc i ty   coe f f i c i en t ,   r a t io   o f   measu red  je t  thrust t o  8 
jet thrust computed *om measured mass f'luw and idea l  e f f e c t i v e  ;;tl 
v e l o c i t y  

exit diameter of primary nozzle,  in. 
exit d iameter   o f   inner  shroud,  i n .  

ex i t  diameter  of e j e c t o r   s h r o u d ,   i n .  

measured j e t  thrust of e j e c t o r  system, lb 

ca lcu la t ed  j e t  thrust of conica l   nozz le ,  l b  

J e t   t h r u s t  of cool ing  air stream i f  measured mass flow were can- 
pletely expanded isent i ropical ly ,  lb 

J e t   t h r u s t   o f  primary stream if measured mass flow were completely . 
expanded i s e n t r o p i c a l l y ,  l b  

acce lera t ion   due  t o  gravity, 32.17 ftfsec 

axial d i s t a n c e  from prfmary nozzle  exit  t o  inner   shroud exit, i n .  

axial distance  f rom primary nozzle  ex i t  to ejector shroud ex i t ,  i n .  

t o t a l   p r e s s u r e   o f  coolfng a i r  i n  plenum c-hamber, lb/sq f t  

primar-y stream t o t a l   p r e s s u r e  at. s t a t i o n  p, lb/sq f t  

secondary   s t r eam  to t a l   p re s su re  at s t a t i o n  s J  lb/sq ft  

tertiary stream t o t a l   p r e s s u r e  a t  s t a t i o n  t, lb/sq f t  

primary static pressure  a t  s t a t i o n  p, lb/sq ft 

ambient   o r   exhaus t   p ressure ,  lb/sq ft . 
gas c o n s t a n t   f o r  primary stream, approxjmately 53.3 ( f t - lb ) / ( lb ) (%) -  

2 - 

- 
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TC 

T 
P 

TS 

Tt 

r 

measured coo l ing  air temperature entering plenum chamber, 

measured or cacuhted pr~mary stream t o t a l  temperature, OR 

measured secondary t o t a l  taperature at station 8 ,  % 

measured tertiary total temperature at s t a t i o n  t, 41 
cool ing  air entering plenum chamber,  lb/sec 

primary stream gas flow, lb/sec 

secondary stream air flow, lb/sec 

tertiary stream  air flow, Ib/sec 

ratio of specific  heats  of  primary stream 

9 
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METHQDS OF CA.LCTJI&T'IOIJ 

E j e c t o r  t h r u s t  r a t i o  -. FeJ . 
3 

Fe I s e n t r o p i c   e j e c t o r - t w s t   r a t i o  Fp I +JFc, : 

. . . . . . . 

Afterburning primary gas temperature : 
TP 

TP - - 
[yI2. 
(9 

P 

'i,e e f fec t ive   i sen t ropic   v .e loc i ty   (convergent  nozzle ve loc i ty )  , 
computed by methods 'of r e fe rence  15 at e x i s t i n g  P /p 
and s p e c i f i c   h e a t   r a t i o  of prFmary  stream 

i s e n t r o p i c   v e l o c i t y  of complete ansion,  computed  by  methods 
of r e fe rence  15 a t   e x i s t i n g  E'To a n d   s p e c i f i c   h e a t   r a t i o  
01 primary stream 

P O  

vi ,P 

vi  , c   i s en t rop ic   ve loc i ty  of complete expansion, computed by methods 
of r e fe rence  15 a t  s p e c i f i c   h e a t   r a t i o  of 1.40 for existing 
PB/po of cool ing  air system. Assumed equal t o  zero when 
pB/p0 was l e s s  than 1.0 

s t a t i c   p r e s s u r e   p a r a m e t e r   f o r   p r w r y  
puted from r e fe rence  15 a t  exis54ng 
r a t i o  . 

stream at  s t a t i o n  p .  Com- 
Pp/pp and s p e c i f   i c  heat . 

. " . 

. .. 
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The quantities F e ~ J  F j J  Fp' J J gJ p ~ J  ppJ ppJ P g J  RpJ wcJ 
and Wp are def ined   in   appendix  A. Specific heat r a t i o  of the primary 
stream was determined from r e f e r e n c e  It3 a t  the known f'uel-ai$ r a t i o  and 
t h e   e x i s t i n g   ( o r  computed) primary gas temperature.  
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Figure 1. - Diagram o f  full-scale ejector test facl l l ty .  
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Figure 10. - Air f low data plot of ejector configuration 1. Primary gas 
temperatures from 1550° :to 1580° R and cooling air supply temperature 
of 525O R. 
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Figure 15. - P u q i n g  characteristics of ejector config- 
uration 6. Primary gas temperatures from E 5 O o  t o  
16000 R and cooling air supply temperature of 525O R. 
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Figure 16. - Concluded. Pumping char&eristics of ejector configure- - t ion lAB. Cooling air supply temperature of 525' R. 
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Figure 17. - Pumping charaoterirstics of ejeotor configuration W. Prlmry 
&as tenrperatures from 2250' to 2820° R anb 000Ung air supply temperature 
of 525' R. ". . .  
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Figure 20. - Thrust characteristic6 of ejector  conf'fgmation 1. Prm g w  tamperaturea f r o m  
Woo t o  E 8 O o  R and cooling a i r  sqpply tmpemture of 525' R. w w 
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Figure 22. - Thrust characterlatics of ejector ccm?iguration 4. Primary gar temptraturea 
frm E70° to 1600' R 8nd cooling a i r  8-4 temperature of 525O R. 
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Figure 25. - Thrust characterletice of ejector  configuration IAB. Primary 
gas temperatures from 2050° to 2800° R and cooling air supply temperature 
of 525O R. . .  
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pigure 29. - Ratio of average total pressure h seoondary and tertiary 
passages t o  plenum ohamber pressure for ejeotor  oonflguration IAB. 
Primary gas temperatures frum 2050' to  2800' R and cooling alr supply 
temperature of 525' B. 
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. F&ure 30. - Ratio of average total preselTpe in Secondary and t e r t i a ry  
, paesages to plenum m e r  pressure for ejector "tion  AB. 

Prjmary gaa temperature0 f r o m  2720° t o  2820° R and cooling air supply 
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Figure 31. - Ratio of average total preseure In sxon8arg. and 
tertlmy paseagee t o  plemrm Mar pressure for ejector 
configuration 4AB. primary gas tenperaturerr fmm 26700 to 
2760° R and cooling air  upp ply temperature CU 5 S o  R. 
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Ejector weight-flm ratio, W&, 

(b) Primary gss temperatures from 2700° to 2800° R. 
Figure 32. - Average  temperature-rise  ratio f m  ejector 

configuration IAB. Cooling air supply temperature of 
5 2 5 O  R. 
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Figure 33. - Average temperature-rim  ratio for ejector  configuration 3AB. Prlnwy gas temperatures from 2720' to 2820° R and cooling air 
 upp ply temperature of 525' R. 
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Figure 34. - Average temperature-rise ratio for ejector oonfiguratiap 4AB. Primary gas temperatures fKnn 2670° to 2760' R and cooling 
air eupply temperature of 525' R. 
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Figure 35. - Ratio of t e r t i s s y   t o   t o t a l   c o o l i n g  air f Low f o r   e j e c t o r  con- 
f i g u r a t i o n  LAB. primary g a ~ ~  tenqeraturea from 2050° t o  28000 R and 
cooling sir supply temperature of 525' R. WJW, = 1 - wt/wC. 
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