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PFSLIMINARY INTERNaL PERFORMANCE  DATA  FOR A VARIXKGE-EJEC'POR 

By  Harry E. Bloomer and Donald E. Groesbeck 

ExmwmIy - 
Internal  performance of an XJ79-GE-1  variable  ejector was experi- 

mentally  determined  with  the  primary  nozzle  in  two  representative after- 
burning  positions.  Jet-thrust  and  air-handling  data  were  obtained  in 
quiescent  air  for 4 selected  ejector  configurations  over a wide  range of 
secondary  to  primary  airflow  ratios  and  primary-nozzle  pressure  ratios. 
The  experimental  ejector  data  are  presented  in  both  graphical  and  tabu- 
lated f o m .  

INTRODUCTION 

The  experimental  performance  of  the XJ79-GE-1 variable-ejector  as- 
sembly  was  investigated  in an NACA Lewis altitude  test  chamber.  The 
ejector  assembly  utilized  independent  control of the  ejector-nozzle  diam- 
eter,  the  primary  exhaust-nozzle  diameter,  and  the  spacing  between  the 
two  nozzles. In this  investigation,  the  internal  ejector  performance  was 
determined  over a range of ejector  geometry  and  operating  conditions  with 
the  variable  primary  nozzle  in  two  representative  afterburning  positions. 
Data  for  nonefterburning  configurations  are  reported i n  reference 1. 

Jet-thrust  and  air-handling  data  were  obtained  over a range  of  ejec- 
tor  operating  conditions  for  each of 4 selected  ejector  configurations. 
Ejector  diameter  ratios of 1.21 and 1.37 were  investigated  for a primary 
exhaust-nozzle  diameter  of 27 inches  and a spacing  ratio of 0.78.  For a 
primary-nozzle  diameter of 29.25  inches  and a spacing  ratio  of 0.71, 
ejector  diameter  ratios of 1.18 and  1.25  were  investigated. P r i m a r y  
pressure  ratio  was  varied  from 2 to 11, and  weight-flow  ratio  ranged  from 
0.035 to 0.28. Primary  exhaust-gas  temperature was approximately 290O0 R 
(2440O P) for  the  27-inch  primary  diameter  and 36000 R (31400 F) for  the 
29.25-inch  priuta,ry  diameter.  The  secondary  air  was  supplied  at 500° R 
(a@ F) for most.of  the  data.  During  the  investigation of one  configura- 
t ion,  the secondary air ~&~:&ki?)- supplied, &tw,7050 R 12-45' P) t o  simulate 
an  engine-inlet  flight c ~ ~ ~ t ~ Q ~ ~ ~ . ~ ~ ~ . ~ c h . - - ~ ~ ~ ~ ~ o ~ ~  series of five  data 
points. 
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2 NACA RM E57F25 

Conventional internal  performance maps of je t - thruat   ra t ios  and 
total-pressure  ratio  are  presented  herein  for the 4 ejector  configura- 
tions  investigated.  In  addition, a l l  egector data from the inveetiga- 
t i on  are presented in   tabulated form. 

APPARATUS 

Ins ta l la t ion  

The XJ79-GE-1 e jec to r   i n s t a l l a t ion   i n  the a l t i t u d e   t e s t  chamber i e  
shown photographically in   f i gu re  1 and schematically  in  figure 2. The 
forward  bulkhead, which incorporates a labyrinth  seal  around the  engine- 
i n l e t   a i r   duc t ,  was used to  separate  the  engine-inlet  air from the  ex- 
haust and t o  provide a means  of maintaining a pressure  difference  across 
the engine. A bulkhead butterfly  valve was used t o  vent i la te   the  test 
chamber. I n  this investigation, the engine was used aa a gas  generator 
f o r  the ejector and w a s  operated a t  rated conditions. Secondary air 
entered the tes t   se tup  at an angle of 90' t o  the engine a x i s ,  so as not 
t o  impose an extraneous axial force.  The entFre assembly was mounted  on 
a bedplate  supported by f lexure  plates ,  as indicated  in   f igure 2. Jet 
thrus t  w a s  obtained from a cal ibrated.nul1- type  thrust   cel l   af ter  account- 
ing  for  forces due t o  a pressure  differential  acting  across the front  
bulkhead labyrinth-seal  area. The over-all  thrust-system  accuracy w a ~  
bet ter   than  the eystem used i n  reference 1 and is believed t o  be  accurate 
to   wi th in  k l / 2  percent  for the operating  conditions of this investigation. 

Ejector System 

The variable-geometry  ejector assembly is  schematically  represented 
i n  figure 3. Separate sets of actuators  permitted  independent  control 
of the primary-nozzle  diameter,  secondary-nozzle  diameter, and axial 
spacing between the two nozzles. These dimensions were transmitted  to 
the  control room by a calibrated  electromechanical system  with  an  accu- 
racy of fio.15 inch. Secondary air entered the plenum  chamber from a s in-  
gle  8-inch  pipe, and a sheet-metal baffle served to   equal ize  the flow 
around the ejector  annulus. A photograph-is shown of the  primary  nozzle 
in   f igure  4 and of the  ejector shroud in   f igure  5. 

I N S T R ~ A T C O E T  

Basic ejector  instrumentation is indicated  in  figure 6 .  Primary- 
stream  values of to ta l   p ressure  P were computed 86 arithmetic  averages, 
since  the  probes were located in e&al annular  flow  areas. (Symbole a re  
defined i n  appendix A . )  An arithmetic  average was also used fo r  the 
to ta l   p ressure  P, and for  the t o t a l  temperature Ts of the secondary 



HACA RM E57F25 3 

0 

d 
3 

H 

stream  because  essentially no radial and circumferential  profiles  occurred 
at s t a t ion  s except a t  very low secondary airflows. m i n e  airflow and 
secondary airflow w e r e  determined  from  conventional  pressure and tenper- 
ature surveys  indicated in figure 2. Secondary airflow w a s  taken as that 
entering the plenum  chamber, since  very l i t t l e  leakage w a s  found t o  oc- 
cur between the plenum and s ta t ion  s. Ambient exhaust  pressure w a s  m e a s -  
ured by 4 t r a i l l n g  static probes  equally  spaced  around and 1 inch away 
from the ejector  exit. 

PROCEDURF: 

Throughout most of the investigation,  the  engine w a s  operated at a 
speed of about 7460 rpm, an in le t   p ressure  of ll45 pounds per  square  foot 
absolute, and an i n l e t  temperature of 500' R (400 F).  The primary  nozzle 
vas held at either 27 o r  29.25 inches in diameter, and the afterburner 
was operated t o  produce a turbine-outlet  temperature  of  approximately 
1540° R (1080° P) . This re su l t ed   i n  primary  temperature levels of  ap- 
proximately 29000 R (24400 P) and 3 W 0  R (31400 F), respectively, and a 
primary  gas flow of approximately 92 pounds per eecond. For one config- 
uration, the engine-inlet  condftions were changed t o  simulate a flight 
condition of Mach 2.0, the engfne  speed was raised t o  7700 rpm, and t h e  
turbine-outlet  temperature remained at 1540' R (1080° F) . 

Ejector  weight-flow  ratios were set by  changing only the  secondary 
flow, which was supplied at a constant  temperature of 500° R (400 F) f o r  
most of the data. For the one configuration that was investigated a t  
conditions  simulating M a c h  2.0, secondary air w a s  also  supplied a t  705' R 
(245' F) . Secondary  flow w a s  maintained  almost  constant  for a desired 
number of data points by  operating so as t o  choke both the secondsry 
labyrinth-seal  leakage and a supply  valve  upstream of the labyrinth seal. 
Primary  pressure  ratio was varied by changing  only the ambient  exhaust 
pressure. 

Data for  conventional performance maps were obtained by first s e t -  
t i n g  a specif ic   e jector  geometry and then  operating  over a range of p r i -  
mary pressure  ra t ios  (2 t o  about l l )  at several  constant  weight-flow ra- 
t i o s  (0.035 t o  about 0.28) . The 4 ejector configurations  investigated 
i n   t h i s  manner are l i s t e d   i n  table I, along with the range of operation 
f o r  each. The primary gas temperature  and  nozzle coefficients w e r e  
calculated as described i n  appendix B. 

Performance maps ,of the 4 ejector  configurations  investigated are 
given in figures 7-10, and tabulated data are given i n  table II. Both 
jet-thrust r a t i o  Fe j,!Fip and jet-thrust coefficient Fej/Fip + Fis 
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are presented in graphical form. The j e t - th rus t - r a t io  i s  given  because 
it i s  the  conventional form  used by a i r c ra f t  manufacturers t o   ob ta in  
ejector   thrust  from engine  performance; the  je t - thrust   coeff ic ient  i s  
given  because it is a measure of the  isentropic  efficiency of the  eJec- 
t o r  system. The performance maps exhibit typical   e jector   character is t ics .  

Jet- thrust   ra t io  F /kip peaked x3thin  the range of primary  pres- e3 
sure rat ios   invest igated  for  a l l  configurations  except number 2 ( f ig .  8 ) ,  
which had a large  diameter  ratio (1.37) .  For this configuration,  the 
combined flow w a s  not fully expanded with  renpect t o  ambient pressure 
within  the  range of primary  pressure  ratios  investigated. 

+ 
Q, w 
0 

Since f e w  data  points,were  obtained between primary  pressure  ratios 
of 2.25 and 4.0, the thrust  coefficient  curves are dashed i n  this  reglon. 
However, it is  expected t h a t  minimum jet-thrust r a t io s  would occur i n  
this region becauae of internal  overexpansion  losses. 

The  pumping curves f o r  each  ejector  configuration  indicate  the  usual 
"choking" of the secondary  stream  within the ejector  .at   high primary  pres- 
sure ra t ios .  ''Choking" means essent ia l ly   tha t   the  secondary stream has 4 

been accelerated t o  i ts  sonic  velocity, and thus i ts  total   pressure (at 
s ta t ion  s )  i s  no longer  influenced by downstream conditiom. This condi- 
t i on  is indicated when the pumping curves became independent of primary 
pressure  ra t io ,   that  is, when secondary  pressure  ratio becomes constant 
with  increasing  primary  pressure  ratio. 

Since  only 4 configurations were evaluated, no attempt has been made 
in   t h i s   r epor t   t o   f i nd   t he  optimum diameter r a t i o  as in  reference 1. I n  
general, however, the  thrust coefficients  for  configuration 3 show the 
highest performance leve l  (Ds/Dp = 1.25). Configuration 2 (Ds/Dp = 1.37) 
i s  probably beyond the  optimum diameter r a t i o  far highest performance. 

Temperature r ise f o r  the secondmy air shown i n  figure 11 can  be 
used to  evaluate  egector  temperature  ratio for a l l  4 ejector  configura- 
t ions.  (When the  cooling air i s  supplied a t  705' R, the  data separate 
widely from the 50O0 R curves. By plotting  temperature rise against  cor- 
rected f low r a t i o  W8/Wpdm, the  data may be  generalized. ] The data 
from reference 1 at a primary temperature of 1410° R i s  shown f o r  com- 
parative  purposes. 

The e f fec t  of weight-flow r a t i o  on t h e  mass dist r ibut ion around the 
shroud is presetrted in   f igure  12. A t  high secondary flow, the   dis t r ibu-  
t i o n  was quite  uniform. As t he  secondary w e i g h t  flow  decreased t o  0.033, 
the   var ia t ion   in  flow distribution  increased  to a spread of 16.5 points 
between the circumferential  locations of 90' and 1800. " 
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APPLICATION OF DATA 

A l l  data  contained i n  this report   apply  direct ly   to  only the  specif-  
i c  ejector  configurations  operating at specific  primary and  secondary 
temperatures. However, the  data  can  be  interpolated for systematic  vari- 
a t i o n s   i n  geometry, w e i g h t - f l o w  ra t io ,  and pressure  ra t io .  

To apply  these data t o  the same ejector  system  operating at other 
primary or secondary  .temperatures, the conventional  corrected  weight-flow 
parameter W s / W p + i i  should  be  used. 

The assumptions  involved i n   t h i s  method are: 

ana 

(For  extrapolations of data below a primary temperature of 17000 R, use 
ref. 1.) 

The data do not  include any effect of base  drag  or of free stream 
on in te rna l   e jec tor  performance.  Ejector  base drag is influenced  by  the 
fuselage or  nacelle configuration  preceding an e j ec to r   i n s t a l l a t ion .  The 
free-stream  effect  should be negliglble when the ejector  is operated a t  
"choking" conditions. 

Lewis Plight  Propulsion  Laboratory 
National Advisory Committee f o r  Aeronautics 

Cleveland, Ohio, 3une 26, 1957 
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SYW3XS 

effective  flow area sq f t  

Ap 

CD 

De 

DP 

F m  

F i s  

Q 

L 

pP 

PS 

R 

TC 

*P 

Ts 

m e a s u r e d  flow area of primmy  nozzle, sq f t  

flow  coefficient  for  primary  nozzle, % = wP *err v=Ap 
measured diameter of e jector  exit, i n .  

measured diameter of primary-nozzle exi t ,   in .  

measured jet t h r u s t  of e jector  system, l b  

jet  thrust  ideally  available from complete isentropic expansion 

of primary flow, e) vip, Ib 

jet  thrust   ideally  available from complete isentropic expansion 

of secondary flow, (>) Vis, lb 

acceleration due to   gravi ty ,  32.17 ft /sec2 

spacing,  distance between primmy- and secondary-nozzle exits, 
in .  

average total pressure of primary  stream a t   s t a t i o n  p, lb/aq f t  
ab 8 

average t o t a l  pressure of secondary  stream at atat ion a, lb/sq f t  
abs 

ambient exhaust pressure, lb/sq f t  abs 

universal gas constant 

t o t a l  temperature of secondary air entering plenum  chamber, 

average t o t a l  temperature of primary stream at s t a t ion  p, si 

average t o t a l  temperature  of  secondary stream at s ta t ion  6, 91 

E 
0 
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effect ive  veloci ty  of i dea l  conv-gent nozzle, ft/sec 

ideal   veloci ty  of complete isentropic expansion  from Pp and 
T~ t o  po, ft;/sec 

T, t o  po, f t / sec  
ideal   veloci ty  of complete isentropic expansion from P, and 

measured primary gas f l o w ,  lb/sec 

c r i t i c a l  one-dimensional primary flow, computed from Ap, Pp, 
T and yp, lb/sec P’ 

measured secondary  airflow, lb/sec 

half-cone  angle of primary  nozzle, sin’’ 1.79 - 2 - 3, deg ( 1:.J 

bu-cone   ang le  of ejector  s-ud, sin-’ (1.29 - A) + 5, deg 

r a t i o  of speciffc  heats  for  primary  stream, 1.28 
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The following diagram represents  the  engine-ejector  installation: 

The primary mass flow Wp w a s  the sum of engine  airflow W plus engfne 
f u e l  flow W plus  afterburner  fuel flow Wf,z minus leakage flow 
Wleakage. Primary  gas  temperature was calculated from total   pressure 
taken at s ta t ion  p Pp, ambient pressure pol primary nozzle area Apt 

and a primary nozzle flow coefficient determined from previous data 

f, 1 

CD = 0;99. 

where is an  effective  velocity  parameter which is a function of 
-F% Y 

PO p- (ref. 21, and 1.25 = (y + l)(*)y-l when y = 1.27. The ejector  
P m 

jet-thrust r a t i o  was determined  from the  following  relation: 
FiP 
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where Vip is determined by using an ideal velocity parameter  (ref. 2) 
that is a function of P&~, and by using Tp t o  find 811 isentropic 
velocity of complete expansion t o  ambient pressure. The  ejector  jet- 
thrust  coefficient FeJ/Fip + Fis was determined from the following 
relation: 

where Vip and Vie are  isentropic  velocities of complete expansion. 
In cases  where P, was  less than pOy  Ffs was assumed to be zero. 

1. Greathouse, William K., and Bloomer, Hezry E.: Preliminary  Internal 
Performance Data for  a  Variable-Ejector Assembly on the XJ79-GE-l 
Turbojet  Fbgine. I - Nonafterbuning Configurations. NACA RM - 

E56E23, 1956. 

2. Turner, L. Richard,  Addie,  Albert X., and Zimmerman,  Richard E. : 
Charts for the Analysis of One-Dimensional  Steady Compress#.ble Flpw. 
NACA TN 1419, 1948. 
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Ejector 
diameter, :onfigur- 

FkLmary 

ation DP? 

I in- 

1 27.0 

2 27.0 

3 29.25 

4 29.25 

Diameter spacing 
ratio,  ratio, 
De& =I4 

1.21 0.78 

1.37  .78 

1.25 .n 

1.18 -71 

Range of 
weight primary 

Range of 

W E E U E  floV 
ratio,  ratio, 
q p o  

2.25 - 0.030- 
10.8 .l24 
2.25 - -035 - 
11.0 .28 

2.01 - .om - 
11.0 -24 

10.0 . .285 
2.18 - .om - 

F 
F 

I 

OE9P 
. 
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I s 

I I I 1 

~ u n  rJaolor P - 
%? 
mmd. 
arl 
apsr 
a.tlps 

22 
4 . u  
4.04 
5.1s 
5.88 

4.20 
4.4s 
4.10 
4.28 
b.28 

4.80 

4.82 
4.01 

4.04 

4 -06 
4.92 
4.w 
4.98 

6.10 
6.25 
5.17 
B .31 

5.40 
5.15 
5 . a  
8 3 8  

- 
, J m t O r  
miat. 
flm 
rtlo 
'dup' 

- 
0 . W  .am .OM .OM 
.we 
.066 
. a 0  
.E7 .m 
.Om 
, 0 8 0  
.OB8 
.om 
"_ 
.lll 
.a11 . 1w 
,160 
.lW . m  
.111 

,216 

.213 

.201 

.ere 

- 
$ 

I 

,017 
,017 .a 
,018 

.ope 

.a28 

.a28 .ws 

. M B  

.we .ou1 .OM 

.042 

"" 

.on0 .Mo 

.041 

.014 

. o n  

.om 

.014 

.118 

.119 

.120 

.121 - 

- 
. I8  

T 

an 
28 
27 
28 

31 
52 

34 

31 

m.m ---- 
0n.u ~ ) .a  
81.81 10.27 

91.01 9 . n  

0a.n 15.68 
92.PI l6.M 9s.u 18.00 
0z.m w.53 
82.80 25.56 
81.08 1 . 1 8  
92.60 m.58 
02.w I 96.88 I 
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( 0 )  Configuration 3: Mawtor  ratio D&, 1.25; spacing ratio I&,. 0.711 pri.ary-noz.zleaxit d l m t e r  D,,, 29.25 inches q 'jcotor 

- 
Flu 

- 
38 
39 
40 
41 

42 
43 
44 
49 

46 
47 
48 
49 

50 
51 
52 
53 

54 
55 
56 
57 

58 
59 
60 
61 

3 
64 
66. 
66 - 

c T T PerfoFmancs parePeters prsssure 

f; IJectOr Bjeotor 
tota l -  I l e t -  

jmtor 
WPlY 

amp=- air 

a t m ,  

2' - 
498 
498 

503 
497 

493 
493 
499 
496 

497 
487 
496 
446 

497 
486 

497 
498 

458 
498 
5oe 
517 

486 
496 
497 
490 

494 
497 
498 
496 
681 - 

k-isarp W, Ts P r l w ,  

e&d- 5 f f%, 
.mper- 
atltre lb/ar{ 
ra t io ,  

.ry WP' 

* A  
5.54 0.026 95.66 
5.44 ,028 92.88 

6.55 .026 92.23 
5.23 .028 93.48 

1.73 .027 95.87 
6.85 ,029 95.69 
6.78 .030 93.84 
6.02 .030 95.00 

6.82 .035 94.18 
5.81 .034 93.17 
9.82 .OS7 94.25 
5.92 .036 92.75 

6.45  .053 N.65 
8.36 -0% 94.84 
6.37 .OS5 84.50 
6.52 .054 95.29 

8.37 . E 9  95.85 
0.58 .P61 83.96 
6.48 .062 93.23 
6.31 .061 81.04 

6.69 .OS5 94.19 
6.02 .OB9 94.27 
0.58 .092 93.44 
0.04 .091 94.47 

Ejector 
jet-thruat 
a f f i o i e n t ,  

1.27 
1.26 
1.26 
1.26 

1.25 
1.24 
1.27 
1.19 

1.26 
1.26 
1.28 
1.26 

1.25 
1.25 
1.25 
1.aa 

1.22 
1.25 
1.21 
1 .25  

1.22 
1.25 
1.25 
1.26 

1.23 
1 .e3 
1.27 
1.23 
1.2s - 

0.955 
.954 
.957 
-958 

.958 

.956 
,960 
.955 

,956 
.953 
.960 
.962 

,869 
,853 
.SBD 
.975 

.'e65 

.879 
,972 
,972 

.975 

.978 

! t i6  

.919 . BM 

.962 

.sa4 

.945 

6.63 

5.93 
6 .OS 

5.59 

6.25 
6 -40 
6 . M  
7.04 

7.89 
7.62 
8.47 
8.21 

12.61 
12.88 
1s .os 
12.93 

w.82 
14.55 
14.02 
14.02 

n.15  
21.00 
21.92 
P -23 

5.11 
3 .OS 
8.78 
8.72 

15.21 - 

3605 
3596 

3678 
-6 

3541 
3596 
S057 
5659 

9eu.5 
5549 
55ll 
3587 

5664 
a 9  
sB68 
3156 

3594 
3569 
3642 
3636 

983a 
3617 
3592 
3610 

124 
3475 
3496 
5518 
5509 - 

U 4 8  
038 
416 
244 

415 
408 
258 
220 

lloB 
604 
412 
25s 

1110 
811 
4@l 
Q 3 a  

1183 
3BB 
253 
225 

1188 
397 
325 
282 

175 

207 
201 
275 

171 

651 
661 
678 
688 

818 
617 
633 
608 

609 
6Ol 
603 
Bo6 

568 
574 
878 
378 

5% 
361 
361 
376 

*3 
346 
346 
544 

806 

365 
642 

564 
163 

8,045 
10,389 

13,262 

12,207 
1P,327 
19,461 
13,814 

11,849 

16,581 
8,205 

12,038 
13,274 

11,071 
8.543 

14,257 

12,850 
8,008 

W.859 
13,751 

15,071 
8,364 

14,239 
(a) 

4.567 
4 , m 2  
4 . w  
4,856 

15.137 

1a,802 

0 .71  

I 
.70 
.70 
.68 
.89 

.T2 

.70 * I  

.70 

.69 

.70 

.70 

0,060 2.07 
.OB 3.69 
.063 5.65 
.OB1 9.63 

. O E  6.80 

.067 6.92 

.07S 8.E9 

.074 10.98 

.Oa4 2.14 
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18 NACA RE4 E57P25 

Figure 4 .  - X J 7 9 - a - 1  variable primary nozzle with inside view of variable-ejector Bhroud. 
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Figure 5 .  - V i e w  of XJ'j'S-GELl variable-ejector shroud. - 
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Figure 6. - Schematic diagram a f  basic ejector inetrumentation, down- 
stream view. - 
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NACA RM E m 2 5  - 21 

primary pressure ra t io ,  p p / p o  

Figure  7 .  - Thrust and air-handling d a t a  for ejector configuration 1; % - 27 .0  
inches, De&, - 1.21, L/% = 0.78, and Tp 2910° R. 
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NACA RM E5p25- - 23 

primary pressure ratio, Pp/po 

Figure  9 .  - "hru6t and air-handling data f o r  ejector conflgurailon 3; 
Dp = 29.25 inches, D&+, = 1.25, L&, = 0.71, and Tp = 3620 R. 



24 _c_ NACA RM ESP25  

a 

primary pressure ratio, PJpo 

Dp I 29.25 inches, D& - 1.18, L/Dp - 0.71, and Tp - 3620 R. 

" 

Figure 10. - Thrust and air-handling data for ejector conflgurstlon 4 )  
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Secondary airflow, Ifs, lb/sec 

Figure U. - Relation between  secondary temperature rise and airflow. - 
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Flgure 12. - Effect of weight-flow ratio on variation o f  mass Biatribution amund shroud. 
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