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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

PREL.IMINARY INTERNAT, PERFCRMANCE DATA FOR A VARTAELE-EJECTOR
ASSEMBLY ON THE XJ79-GE-1 TURBOJET ENGINE
IT - AFTERBURNING CONFIGURATIONS

By Harry E. Bloomer and Donald E. Groesbeck

SUMMARY

Internal performaence of an XJ79-GE-1 varlable 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 alr for 4 selected ejector configurations over a wide range of
secondary to primary alrflow ratios and primary-noczzle pressure ratios.
The experimental ejector data are presented in both graphical and tabu-
lated form.

INTRODUCTTON

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

Jet-thrust and air-handling data were obtalned over a range of ejec-
tor operating conditions for each of 4 selected ejector configurations.
Bjector dismeter ratios of 1.21 and 1.37 were investigeted for a primary
exhaust-nozzle dlameter of 27 inches and a spacing ratio of 0.78. For &
primary-nozzle dlemeter of 29.25 inches arnd a spacing ratio of 0.71,
ejector diameter ratios of 1.18 and 1.25 were Investigated. Primary
pressure ratio was varied from 2 to 11, snd weight-flow ratio ranged from
0.035 to 0.28. Primary exhaust-ges tempersture was spproximately 2900° R
(2440° F) for the 27-inch primary diameter and 3600° R (3140° F) for the
29.25-inch primary diameter. The secondary air was supplied at 500° R
(40O F) for most .of the data. During the investigation of one configura-
tion, the secondary air wah' a]'.so supplied, at 705° R (245° F) to simulate
an engine-inlet flight conditiqu- SE Mach zLQ_for;g series of five data
points. : :
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Couventional internal performance maps of Jjet-thrust ratios and
total-pressure ratlo are presented hereiln for the 4 ejector configura-
tions investigeted. 1In addition, all ejector data from the investiga-
tion are presented in tabulated form.

APPARATUS

Installation

0€97

The XJ79-GE-1 ejector instaellation in the altitude test chember is
shown photographically in figure 1 and schematically in filgure 2. The
forward bulkhead, which incorporates & labyrinth seal around the englne-
inlet air duct, was used to separate the engine-inlet air from the ex-
haust and to provide a means of maintaining a pressure difference across
the engine. A bulkhead butterfly valve was used to ventllate the test
chamber. In this investigation, the engine was used as a gas generator
for the ejector and was operated at rated conditlons. Secondary air
entered the test setup at an angle of 90° to the engine axis, so as not
to impose an extraneous axlal force. The entire assembly was mounted on .
a bedplate gupported by flexure plates, as 1lndicated in figure 2. Jet
thrust was obtalined from a calibrated null-type thrust cell after account-
ing for forces due to a pressure differential acting across the front
bulkhead labyrinth-seal area. The over-all thrust-system accuracy was
better than the system used 1n reference 1 and is belleved to be accurate
to within il/z percent for the operating conditions of this investigation.

EBjector System

The varisble-geometry ejector assembly is schematically represented
in figure 3. Separate sets of actuators permitted independent control
of the primery-nozzle diameter, secondary-nozzle dlameter, and axial
spacing between the two nozzles. These dimensions were transmitted to
the control room by a callbrated electromechanical system with an accu-
racy of *0.15 inch. Secondary air entered the plenum chamber from & sin-
gle 8-inch pipe, and a sheet-metal baffle served to equalize the flow
sround the ejector annulus. A photograph is shown of the primery nozzle
in figure 4 and of the ejector shroud in figure 35,

INSTRUMENTATION

Basic ejector instrumentation is indicated in figure 6. Primary-
stream values of total pressure P, were computed as arithmetic averages,
seince the probes were located in equal annular flow areas. (Symbols are -
defined in appendix A.) An arithmetic average was also used for the
total pressure Ps and for the total temperature T of the secondary

SO



4630

"0X-1 Back

NACA RM EST7F2S . 3

stream because essentially no radial and clrcumferential profiles occurred
at station s except at very low secondary airflows. Engine alrflow and
secondary airflow were deiermined from conventional pressure and temper-
ature surveys indicated in figure 2. Secondary airflow was taken as that
entering the plenum chamber, since very little leskage was found to oc-
cur between the plenum and station s. Ambient exhaust pressure was meas-
ured by 4 trailing static probes equally spaced around and 1 inch away
from the ejector exit.

PROCEDURE

Throughout most of the investigation, the engine was opereted at a
speed of about 7460 rpm, an inlet pressure of 1145 pounds per square foot
gbsclute, ard an inlet temperature of 500° R (40° F). The primary nozzle
was held at either 27 or 29.25 inches in dlemeter, and the afterburner
was operated to produce a turbine-outlet temperature of spproximately
1540° R (1080° F). This resulted in primary temperature levels of &p-
proximately 2900° R (2440° F) and 3600° R (3140° F}, respectively, and a
primery gas flow of spproximately 92 pounds per second. For one config-
uration, the engine-inlet conditions were changed to simulate &8 flight
condition of Mach 2.0, the engine speed was ralsed to 7700 rpm, and the
turbine-outlet temperature remsined 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) for
most of the data. For the one configuration that was Iinvestigated at
conditions simulating Mach 2.0, secondary air was also supplled at 705° R
(245° F)Y. Secondary flow was maintained almost constant for a desired
number of data points by operating so as to choke both the secondary
lebyrinth-seal leakage and a supply valve upstream of the labyrinth seal.
Primary pressure ratio was varied by chenging only the ambient exhaust
pressure.

Data for conventional performance maps were cobtained by first set-
ting & specific ejector geometry and then operating over a range of pri-
mary pressure ratios (2 to about 11) at severel constant welght-flow ra-
tios (0.035 to about 0.28). The 4 ejector configurations investigated
in thie meanner are listed in table I, along with the range of operation
for each. The primery gas temperature and nozzle coefficients were
calculated as described in appendix B.

RESULTS
Performance maps of the 4 ejector configurations investigated are

glven in figures 7-10, and tabuleted data are given in table II. Both
Jet-thrust ratio Fej/?ip end Jjet-thrust coefficient Fej/?ip +Fyg
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are presented in graphical form. The Jjet-thrust. ratio is gliven because
it is the conventlonal form used by aircraft manufacturers to obtain
ejector thrust from engine performance; the jet-thrust coefficient is
given because it 1s a mesasure of the isentropic efficiency of the ejec-
tor system. The performance maps exhibit typical ejector characteristics.

Jet-thrust ratio F /?ip peaked within the range of primary pres-

sure ratios investigated for all configurations except number 2 (fig. 8),
which had a large diameter ratio (1.37). For this configuration, the
combined flow was not fully expanded with respect to amblent pressure
within the range of primary pressure ratios investigated.

0g9%

Since few date polnts were obtained between primary pressure ratios
of 2.25 and 4.0, the thrust coefficlent curves are dashed in this region.
However, it is expected that minimum Jet-thrust ratios would occur in
this region because of internal overexpansion losses.

The pumping curves for each ejector configuration indicate the usual
“choking" of the secondary stresm within the ejector at high primary pres-
sure ratios. "Choking" weans essentially that the secondary stream has s
been accelerated to its sonic velocity, and thus its total pressure (at
station s} is no longer influenced by downstream conditions. This condi-
tion 1ls indicated when the pumping curves become independent of primary -
pressure ratio, that is, when secondary pressure ratic becomes constant
with increasing primary pressure ratio. -

Since only 4 counfigurations were evaluated, no attempt has been made
in thls report tc find the optimum dlameter ratio as in reference 1. In
general, however, the thrust coefficients for configuration 3 show the
highest performance level (D//D b = 1.25). Configuration 2 (DS/D = 1.37)

is probably beyond the optimum dismeter ratio for highest performance.

Temperature rise for the secondary alr shown in figure 11 can be
used to evaluate ejector temperature ratio for all 4 ejector configura-
tions. (When the cooling air is supplied at 705° R, the data separate
widely from the 500° R curves. By plotting temperature rise against cor-

rected flow ratio W /Wp1/TS7Tp, the data may be generalized.) The data

from reference 1 at a primary temperature of 1410° R is shown for com-
parative purposes.

The effect of welght-flow ratio on the mass distribution around the
shroud is presented in figure 12. At high secondary flow, the distribu- .
tion was quite uniform. As the secondary welght flow decreased to 0.033,
the variation in flow distribution increased to a spread of 16.5 points
between the circumferentisl locations of 90° and 180°. .
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APPLICATION OF DATA

All data contained in this report apply directly to only the specif-
ic ejector configurations operating &t specific primary and secondery
temperatures. However, the date can be interpolated for systematic wveri-
ations in geometry, weight-flow ratlio, and pressure ratio.

To apply these date to the same ejector system operating at other
pPrimary or secondary temperatures, the convenbtlonral corrected weight-flow

parameter Ws/quﬁfs/Tp should be used.

The assumptions involved in this method are:

Wg [Tg We [Ts

WoAXTp/test  \¥p Tp)flight

angd

(k-6

Fiphest \Fip/rrignt

(For extrapolations of data below a primary temperature of 1700° R, use
ref. 1.)

The data do not include any effect of base drag or of free stream
on internel ejector performance. EJector base drag is influenced by the
fuselage or nacelle conflguration preceding an ejector installation. The
free-stream effect should be negliglble when the ejector is operated at
“choking" conditions.

Lewis Flight Propulsion Laboratory
Neationgl Advisory Committee for Aeronautics
Cleveland, Ohio, June 26, 1957
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APPENDIX A

SYMBOLS

W
effective flow area Apx tﬁ—§35 , 8q Tt
' P

measured flow area of primary nozzle, sq It

W, Aers
flow coefficient for primary nozzle, Cp = A A,
P

measured diameter of ejector exit, in.

measured dlameter .of primary-nozzle exlt, in.
meagured Jet thrust of ejector system, 1b

Jet thrust ideally avallable from complete isentropic expansion
W
of primary flow,(f) Vips 1b

jet thrust ideally available from complete isentroplc expansion

WS

acceleration due to gravity, 32.17 ft/sec?

of secondary flow, (

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

average total pressure of primery stream at station p, 1b/sq £t
abs :

average total pressure of secondary stream at statlion s, 1b/sq £t
abs

ambient exhaust pressure; lb/sq ft abs

universal gas constant

total temperature of secondary air entering plenum chamber, °R
average total temperature of primary stream at station p, °R

average total temperature of secondary stream at station s, °R

0€9¥%
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Veer

effective veloclty of idesl convergent nozzle, ft/sec

idesl velocity of complete isentropic expension from 1’p and
Tp to Py ft/sec

ideal velocity of complete isentropic expansion from P, and
I; %o pps ft/sec

measured primary gas flow, lb/sec

critical one~-dimensional primaery flow, computed from A.p s Pp 3
T , and 71, lb[sec
P P

measured secondary airflow, 1b/sec

D
half-cone angle of primary nozzle, sin'l (1.79 - T’?EE) - 3, deg

Dg

half-cone angle of elector shroud, sin'l (1.29 - m) + 5, deg

ratio of specific heats for primary stream, 1.28
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APPENDIX B

CALCULATION OF PRIMARY GAS TEMPERATURE AND NOZZLE COEFFICIENTS

The following diagram represents the engine-ejector ingtallation:

R

¥ — —

g ]
-]

___/
e

wg ———— I
3 P ]
r Engine R : Afterburner -

The primary mass flow Wb wag the sum of engine airflow W plus engine
fuel flow wf,l plus afterburner fuel flow Wf,z minus leakage flow
wleakage' Primery ges temperature was calculated from total pressure
taken at station p Pp, ambient pressure pPg, primary nozzle area Ap,

and a primary nozzle flow coefficient determined from previous data

CD = 0.99.
. CDAP (1L.25 Pp - po)
P v
R W eff
g P
A JET,
veff
where -———=— 18 an effectlive velocity parameter which is a function of

1o

Po 2 \rt
" (ref. 2), and 1.25 = (v + 1) §r:fi) when ¥ = 1.27. The ejector
P

T

Ted

Jet-thrust ratio F was determined from the following relation:
ip .

Fej _ Measured jet thrust
Fo. = W

1

i (‘gE) Vip

0%9%
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where Vip is determined by using an ideal velocity parameter (ref. 2)

that is a function of popr s and by using T.p to £find an isentropic

veloclity of complete expansion to ambient pressure. The ejector Jet-
thrust coefficiemt F,u/Fy, +Fy, was determined from the following

relation:

Fe - Measured Jet thrust
Fi-p + Fyg EE. v We

where V:Lp and vis are isentropic velocities of complete expansion.
In cases where Pg; was less than po, F;4 was assumed to be zero.
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TABLE I. - RJECTOR CONFIGURATICNS ARD TEST CONDITIORS

Wy To

Mo

K- ag

Vs w
“%p
L
—_———
Hpy T
DP D
Ej)ector Primary | Diemeter | Spacing | Secondary | Primary | Renge of | Range of | Data in
configur- | dlameter, | ratio, | ratio, | balf-cone | helf-cone | primary welght | flgure
ation D, De/Dy L/I)P angle, angle, | pressure | Flow
in. Xg s Oy ratio, ratio,
deg deg Pp/I’O ws/wp
1l 27.0 1.21 0.78 +35.56 11.70 2.25 - 0.030 - 7
lo.8 124
2 27.0 1.37 .78 -5.62 11.7¢ 2,25 - .033 - 8
n-o ‘28
3 29.25 1.25 .71 -4.76 4.88 2.01 - .060 - 9
n.o .24
4 29.25 1.18 71 -0.34 4.88 2.18 - .060 - 10
10.0 . 285

0%29¥

o1
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FARLE II. - WOMINAL EJECTOR OECHETRY
(n) Configurstion 13 Diamater ratia Dy/Dy, 1.1} spacing ratlo LyDp, 0.78) primary-norzie-erit dlawater T, 27,00 inohes

SeAlSE WY VOVN

’-nTm Ejeotor getmstry Performance paramatara Waight flow Praapura Temparature “3”?;‘
ejeo
Spaoing |Diemetar|Ejectar [Prinavy |Biector |Ricctor| Rlacter Pprimary(W, prisary|9noond-| Frivary |Becondary| Azbient |Primary|Sacond-|Ejec Jot
ratio, | ratlo, |welght-[pressure| total- | Jet- Jet-thrust to “_B_ '!—;' EAp wy total total exbanst | total Ay u\lm:oil.ymw1 ¥hruat,
DJDD flow retio, |pressurs|thrust |cosifioient,|sacond- P ow, air |pressure,|prasmurs, |prassurd, |temper-| total air Fejr
ratio, | Po/pp | ratlc, | ratio, S Bry Wy, | flow, Fps By: Por ature, | temper-|temper-] 1y
L P./Pp PoslPip P—;'lp; tamper- lb/Eu L' 1b 1b 1B Tps ature, | ature,
ip oy u’/““ aq TT Ehn|Wg TC BOR |80 1T anaj) R Y Tar
ratio, °r op
'o/Ta
1 0.78 1.7 Q.030 £2.28 a.578 0.522 0.972 4.0T {0.018 | 01.54 2.72 2473 928 1081 £981 53 301 7,501
2 055 £.02 452 .30 850 %.78 017 | 90.98 3.01 2451 868 €10 2968 788 808 9,188
3 0387 5.9 +198 946 40 3.50 020 | 91.12 3.40 ML 4Ta 408 easg 815 B0 10,185
4 .059 | 10.81 »183 S 954 3,90 020 | 90.6) 5.57 12 “H2 223 2008 54 808 o4
5 .083 2.26 +A08 L850 S0 44T L0380 1 91.567 5.78 437 969 1078 2094 047 502 7,378
8 L088 4.00 .288 .858 953 4,87 082 1 8L.77 8.54 2460 526 045 us o2 7,318
7 O87 4.02 «251 882 .t 4.54 08 | 80.4 8.07 2419 888 402 2028 643 508 10,480
8 068 | 10.82 J2l4 .363 1% &.68 L0528 | #0.5) 8.26 prE B20 228 2948 548 503 11,71=
9 a2 2,45 A7 A7 7T 5.08 084 ] B1.5¢ | 2119 2445 1089 1088 2004 715 503 7,68)
10 124 5.88 298], 873 .57 4.06 | .085 | B1.32 | 1l.32 HAS nl 628 2917 874 505 9,490
11 121 8,18 204 507 . 080 3.4 084 | F1.78 | L1.13 2449 B47 398 2808 578 E02 10,697
12 | 2180 | 10.24 206 985 851 5.8 [065 | 90.70 | 10.91 2447 [+ 239 Q9048 578 E03 11,871
(b) Configuration 2: Dismetsr ratlo Dp/Dp, 1.37) spacing ratie LDy, 0.78¢ primary-norzle-exit dlamater I, 27.00 inches
Rum hjucor gaonetry| Ferformhnae paramatars Welght flow Erenure Tenparatunre Heasured
& Jeator
Spaolng |DIameter(EIsctor {Frinary {BJeator {Rjeotor| Ejeotor Priwary|W, [T, [Prinary|Saoond-| Privary fsoondary| dmblant |Primary|Bcoond- |Ejecton] Jet
retlo, | ratio, |weight~|praspure| total- | jet- Jot=thruat to v r{u ary total votal exhaunt | totml ary |supply | bhrust,
rlunw ;ut o, |pressuvs|thrust |ocefficient,|second-| P |'P| rlow, r;h- m;lm. pr-;mro. lprenntrs, |tawpar—| total | alr LT
ratio, Pp | ratio, | ratio, ) ary W oM, . 1 Pos ature, | tewpar.. | LeNper - 1n
¥a/¥p Ty/Py |Pes/Pip| g—iidyr | vemper- 1o/ica | Var 1% 1 1 Ty, | rtwe, | atuee,
i 8 | ature 1b/noc | T obe{sg It mba|aq Lt #bA| of Tas Tar
ratlo,
/% g e
13 | 0.78 1.5 0.085 2.26 0.418 0.932 ©.832 4.1%  j0,017 | 92.T? .81 2480 1038 1009 2899 Tod 437 7,364
14 .083 4.1 1203 801 801 &,04 (017 | 91.98 5.07 o] 514 e1e 309), 788 &87 8,203
1= .088 8.01 .1e8 831 920 5.78 020 | 9828 3.48 2487 418 414 2953 ™ 447 10,380
18 .088 | 11.00 J1ES . 260 042 5.88 018 | 91.18 3.64 2466 388 eRs 3016 777 A88 11,878
17 068 2.28 427 852 952 &.20 .0p8 | 82,80 6,38 2443 1044 1088 2631 850 499 T,380
18 066 2.33 410 838 836 [ ) L0268 | 80,98 5.05 2438 9299 1044 2918 234 487 7,887
1e .058 3.61 230 936 038 A.28 L0268 | 92.48 8.32 2426 Bb7 821 FB08 an 486 9,020
20 057 6,84 1180 949 . 1] 4.28 028 | #2.5) 6.31 2433 462 410 2718 8ia 485 10,873
21 080 | 10,3 175 065 241 4,29 079 | 81,2 B.i8 2435 i1 238 2881 8TL 485 11,681
a2 .083 2.8 b 959 .} 4.0 042 | 91.98 a4.58 2438 1082 1101 2083 5 497 7,380
23 D80 3.98 JBAT 42 N: ] 4,01 040 ] 91,93 68.1% 2430 600 814 a848 592 497 9,215
24 088 6.01 SR04 950 937 4.82 L040 | 01,98 8,12 2433 497 408 2002 602 40 10,385
i r 092 9,88 .18 968 3 404 042 | 90,08 8,38 2432 476 248 e 581 AT 11,82
a8 1.58 —— 2.20 454 . 968 4,86 wemm | BR.T0 Am— - N 1182 1128 2908 588 503 72493
27 <111 5.98 280 960 .856 4.92 L0850 7 BR,27 | 10.27 244 556 518 2084 582 400 9,454
28 <11l 5,08 a2 A +980 4,80 .0%0 | 9a.52 | 10,28 2450 b45 404 2085 585 407 10,708
28 .108 2.78 Q17 . 87 4,96 J47 | 91,01 9,7 2455 32 62 2904 566 96 11,908
30 18§ 2,2 480 974 964 6.19 .07 |83.71 | 15.82 2483 us2 1096 | 2088 BEB 1) 7,617
1 +188 4.05 290 989 988 5.23 L0735 | 92.85 | 16.34 2448 1 807 2879 3581 4166 2,
3= y; 8.51 283 D54 ,9m8 9.17 078 | 95.18 | 15,00 2459 648 500 2l 581 (1] 11,111
A7 9.21 25T 1,000 587 B.31 L0741 | 82.50 | 15.80 2487 a35 258 a2l 550 94 12,102
34 L2756 2,88 487 .0ag 554 2.40 ,119 | 92.80 } 25,55 2480 1207 1007 2850 B43 601 7,008
3t 278 4,23 7 L] 5 5.45 119 | 91.88 | 25,85 2487 [:1.1] 58% 2980 E43 488 10,118
38 } 278 5,89 552 1,020 8] 5.28 .120 | 92.608 | 28.%8 247 0y ABO 2848 035 97 11,048
7 .281 6.88 558 1.030 1] B8.39 ,121 | 82.00 | 25.85 2440 822 288 2889 538 497 12,192

1T




TABLE II. - Continued.

NOMINAL BJECTOR GEOMETRY

(e) Configuration 3: Diameter ratio DJDP, 1.25; spacing ratio L/hp, 0.71; primary-nozzle-exit diameter Dy, 29,25 inches

Run| Ejector geometry Performance parameters Welight flow Prassure TPexperaturs Measured
ajector
Spacing [Diameter|EJector |Primary |Ejector |Ejector| Ejector Primary|W, ,/Ty]|Primary]Second-| Primary |Secondary| Amblent |Primary[Second-|Ejector| Jet
ratio, | ratlo, [welght-|pressure| total- | jet- Jet-thruat to wo Y| sas ary total total exhaust | total ary |supply | thrust,
De/Dp ngw r;t}io, prassure thruait coefficient,isecond-| P | P| flow, r;ir vr-;mre, pressure, | pressure, | temper- t::;al ugpir Fogs
ratio, Pn/Po ratlo, | ratlo, Po ary ’ OW, pr ) Pas ature, er- ar- 1b
Va/¥y : Py/Py (Fes/Pip) ¥+ Fy, temper- In/sec| ¥ar 1b b 1 Tps | ature,| ature,
r:'“tio“ 1b/sec |8q It abs|mq Tt abs|8q It aba o;’ og'
’
TP/TS
38| 0.71 1.27 0,060 2.07 0.455 0:963 0.953 5.54 {0.026 | 93.68 8.63 2378 1082 1148 5605 651 498 8,045
39 1.26 .083 35.89 .278 .957 .954 5.44 .028 | 92.88 6.03 2383 654 638 3596 €61 498 10,389
40 1.26 .063 5.65 .252 970 .957 5.23 .028 | 93.48 5.93 2349 592 416 3546 678 497 11,849
41 1.26 .081 9.63 .245 974 - .958 5.35 .026 92.23 5.59 23531 577 244 3678 888 500 13,262
42 1.25 .085 5.80 .257 971 .958 5.75 027 | 98.87 6.25 2406 618 415 3541 818 493 12,207
43 1.24 .067 5.92 257 .989 956 5.85 .029 | 95.69 6.40 2417 622 408 3596 617 493 123,327
44 1.27 .073 9.89 +258 .979 .960 5.78 .030 | 93.84 6.83 2394 813 258 5887 633 499 13,461
48 1.28 .074 | 10.98 .288 975 .95 8.02 .030 | 95.00 7.04 2418 623 220 3659 608 496 15,914
46 1.28 084 2.14 449 .986 .956 6.82 .035 | 94.19 7.89 2570 1085 1108 3546 809 497 8,203
47 .26 .082 3.88 .289 .963 L8535 5.91 .034 | 93.17 7.82 as543 877 604 3549 601 487 10,581
48 1.26 080 5.72 271 .979 .980 5.82 037 | 94.25 8.47 2567 659 412 3511 §03 4396 12,038
49 1.28 .089 8.27 .2656 .985 .962 5,92 036 92,75 | 8.21 2545 822 253 3587 606 436 15,274
50 .70 1.25 .135 2.17 461 .969 569 6.45 .063 | 94.55 | 12.8) 2408 1108 1110 5864 868 498 8,543
51 .70 1.28 137 3.9¢ .3516 974 ,953 6.36 D54 94.84 | 12,98 2406 759 811 3649 S74 497 11,071
52 .69 1.28 .158 8.01 .301 .991 960 8.37 - 94.50 | 13.03 2402 23 400 3868 876 497 12,802
83 .69 l.28 159 | 10.34 .3500 1.011 975 8.52 054 | 95,29 | 12.93 2399 720 233 %756 878 498 14,237
54 .72 1.22 .148 2.01 504 .969 .965 8.37 D59 | 95.85 | 15.82 2381 1200 1183 5594 438 8,008
S5 .71 1.25 .155 5.96 529 1.016 978 68.38 D61 { 93.96 | 14.55 2373 78} 588 5569 861 498 12,850
56 1.28 .157 9.356 355 1,016 .972 6.40 . 935.23 | 14.82 2568 788 255 3642 861 202 15,8%9
57 l.28 2154 § 10.27 354 1.017 972 6.31 .061 | 91.04 | 14,02 asll 772 225 3636 876 517 13,731
58 1.22 841 2,01 .558 1.001 975 6.69 005 | 94.19 | 23.713 2582 1287 1188 3832 43 486 8,554
59 1.26 .229 6.00 .399 1 0}-0 978 6.62 089 | 84,27 | 21.60 2380 950 597 3617 S¢6 496 13,071
60 1.25 .235 7.23 404 zl (2) 6.58 082 | 93.44 | 21.92 2355 951 328 3592 546 497 a
61 .25 .235 8.48 .399 1.054 .586 8.84 091 | 94.47 | 22,23 2386 953 262 5610 544 496 14,239
62 .70 1.23 .130 b.18 .518 991 .939% 5.82 054 | 36,21 5.13 807 288 175 3524 806 494 4,567
63 .70 1.23 .084 5.51 .a71 .970 .954 5.41 .036 | 36.58 5.08 913 247 172 75 642 497 4,2
64 .89 1.27 239 4.44 530 1.018 .962 6.18 .096 | 36.88 8.79 920 359 207 3496 365 486 4,564
86, .70 1.23 241 4.51 598 1,022 .984 6,24 .0 356.23 8,72 907 358 201 3518 564 496 4,536
66 .70 1.23 139 9.83 .315 .989 943 4.34 .067 1109.38 | 15.21 2648 855 275 3309 183 691 15,137
2Cooling air on.
brras-strean Mach number, 2.0.
[ h ] v » ! .
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TABLE II. - Conaluded, ROMINAL EJECTOR OROMETRY
(d) Comfiguretion 41 Dismetsr ratioc Dg/Dp, 1.18; spacing ratio l:,/'Dp, 0.71; prisary-nocsls-exit dlameter D, 29.25 inches
Run (R jeotor gmcmetry! Perfarmanpge paramsterp Walght flow Ereznums Teuperature Maasured|
o Jsctor
Bpasing [Iinmatar(EJjector|Primtry |Ejeotor (Bjector{ Rjaotor Primary|W, T, |Prizvary |3coond~| Primary |Secondary| Awblent |Primary |Becond-|Rjsctor| Jet
ratio, | ratio, |welght-|prossure| total- | Jet Jat-thrust to I ama ary total total exhaust | total ary |supply | thrust,
flow ratio, |prassure|thrust |coefficisnt,)sescond-| P §°P| £low, alr |preswura,]presmura, |[presmurs, |tampar-| total air ll,d,
ratio, | Pp/py | ratio, | retio, Ta ary ¥, flow, b ' Do aturs, |tempar- - 1
¥ Pulty |Poy/Pip| T tirmy - v, | 1f n | M| et | amaw,
)] a P| Fip in ature 1n/nan T )
ratlo, 1b/eec{Fd AG8|3gq TG aba|ag TE aba| ©R o;s o:-
T
87 | 0.1 1.18 | o,088 | 2.21 | o0.,418 | 0,93 | 0,938 5,87 |0.028 | 92,85 | 8.,1) 2560 1002 1084 | 5741 680 801 8,245
88 +TL 1.18 081 3.65 2717 950 8] 5,64 028 | 53,08 B.87 2384 880 az2 5899 [.].1:] 601 10,5676
69 59 1.20 067 4.4 2353 584 .95 5.83 029 | 94,41 6.37 2380 802 482 5580 849 459 1},548
70 WL 1.18 £0B84 5,93 »255 72 .8EA 5.29% 028 | 93.5¢ 6.0 2368 8o 599 5509 88l 801 18,079
71 .TL 1.18 084 0.47 +248 .930 .B82 5.38 028 | 92,39 B, 2548 585 248 5085 684 =00 13,289
12 89 1.20 L0858 9,86 43 972 +DBN 5,82 028 | #1,07 5.88 23 684 s 5889 1] 612 13,076
5 7 1.18 .088 2,19 hkS +967 687 £.86 L0%8 | 94,38 7.87 Qi 1044 1066 5587 81p 467 » 250
% 087 3.52 .307 972 B84 5.87 .038 | 9%,88 8.10 2330 719 665 55872 600 03 10,326
75 OM .13 277 988 .BB? 5.88 038 | 82,32 8.87 2528 848 380 3848 611 504 12,216
78 099 | 10.01 8-y 987 050 5.99 040 | 81,72 9,04 2552 [5..] 253 3857 810 498 13,41)
n +139 2,234 | . 457 B0 975 B.34 +OBB | 91,88 | 12.72 550 1064 1043 5599 588 200 8,464
78 357 4,20 <558 991 .72 8.28 .ons | 65,70 | 12.82 2358 798 582 5545 587 499 11,303
78 70 5.49 -3-3] 1.01 974 8.30 LOBE | 63,48 | 15,08 RIAD 177 S98 35¢l 662 496 12,4326
80 144 8.39 2T | wem-- —m—— 6.30 087 | 93.8 15,80 2368 715 202 5559 B85 498 ———
al 181 2,18 A88 BB 585 8,48 071 | 92,80 | 18,72 2363 1187 1089 3819 580 503 8,381
ag 7R «188 5,91 580 1.01 971 8,40 074 | BR.BL | 1T.43 <370 900 808 5536 588 504 11,214
a5 +187 6.18 .369 1.02 .01 6.31 074 | 02.60 | 17.35 2563 875 582 3818 875 807 1,735
B .1B4 6.80 .388 1.08 .0on8 a.40 075 | 91,85 | 18.68 851 267 5571 874 603 15,678
856 .L82 1 2,14 N.TF] 988 .BBs 6.82 100 | 82,18 | 25.96 a3 1247 1112 | 5698 559 504 4,55
a8 .285 4,00 A54 1.03 .985 6.53 Jd12 | 92,75 | 26.44 £578 1078 685 S843 359 608 11,547
a7 284 6,80 ] 1.08 9710 8.51 211 | 91, 26.09 o588 1088 385 5854 583 807 13,242
as i 281 8.00 461 1.06 .Ba% 8.54 Q10 | 91,77 | 25.79 392 1061 o4 3683 B&Q 508 13,897
gan W71 1.3l 087 T.81 287 600 L.B80 3.61 058 | BB,71 3,98 135¢ 348 188 2835 agn 1] 7,867
boo T 1.21 JAr8 6.7% 515 1.01 .967 3.90 083 | 668,82 7.29 1580 423 200 2891 788 T08 7,548
p 31 0 1.01 .180 B.47 8.5 1,03 .888 4.08 094 | 67,85 | 10.98 1355 507 209 3074 2 04 7,485
p 32 .88 1.80 088 3.87 277 963 U8 3.2 038 | 52.27 2,13 727 20), 188 2869 a5? 08 3,245
s | o 1.20 P8 3.88 585 962 .B5R 3.87 088 | 38.22 4.05 737 240 202 2936 800 TO6 5,550

beree-stream Mach mmber, 2,0.
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(e) Bide view.

Figure 1. - XJ79-GE-] engine ejector insgtallatlon.
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(b) Three-quarter view.

Figure 1. - Conzluded. ZIZJ79-GB-1 engine ejector installation.
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Figure 2. - Schematic drawing of test installation for XJ79-CE-1 engine ipstallation.
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Dimensions are approximate and in inches.)

Cx-3 4630
EJector dlameter
actuator
Primery-nogrle
Length actuator rod actuator rod
Station s AT - »
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¥ 3. ~ Schematic diagram of ZJ79-(E-1 varlable-ejector assesbly.
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Figure 4. - XJ79-CGE-1 varisble primery nozzle with inside view of varilaeble-ejector shroud.
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Figure 5. - View of XJ79-CGE-1 varleble-ejector shroud.
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Figure 6. - Schematic diagram of basic ejector instrumentation, down- .
stream view. ._. . . . ' o —
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Figure 7. - Thrust and alr-handllng data for ejJector configuration 1; Dp = 27,0

inches, De/Dp = 1.21, L/D, = 0.78, and T,

= 2910° R.



22

coefficient,

EJjector jet-thrust
Pe J/rip + Mg

ratio, Fey/Fip

EJector jet-thrust

Ejector total-pressure ratic, Pa/Pp

NACA RM E5TF25

1.04

82

.88

.52

48

44

.40

.36

32

Welght-flow ratio,
Wo/¥p
0.0568

3 4 S ] 7 8 8 10 12
Primary pressure ratio, Pp/po

Figure 8. - Thrust and air-hendling dats for ejector configur&tion 23
Dp = 27.0 inches, D,/‘Dp - 1.37, I, = 0,78, and Ty = 2910 .
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1.0

.98

coefflicient,

Ejector jet-thrust
Foy/F1p + Fig

1.02

.98

Ejector Jet-thrust
. ratio, Fey/Fip

Welght-fiow ratilo,
Wa/Wp

0.063
070
.086
.155
.233

Bjeotor total-pressure ratio, PB/Pp

.24é

5 11
Primery pressure ratlo, Pp/bo

Pigure 8. - Thrust and alr-hendling data for eJector conriguragion 35

Dp = 29.25 inches, De/bp = 1.25, L/Dp = 0.71, and Tb = 3620~ R.
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Ejector jet-thrust
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Ejector total-pressure ratio, PB/Pp
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1.00

w0

w
N

[
[e]
®

2

8

.92
.58
Welght-flow ratio,
Wo/¥Wp
.52 0.064

.092
.140
.185
285

.48

44

40

.36

.32

.28

2 3 4 5 [ 7 8 9 10
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Figure 10. - Thrust and esir-handling data for ejector ccnrigurstion 4
D, = 29.25 inches, Do/Dp = 1.18, L/Dy = 0.71, and T, = 3620
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Becondary air tempersture rise Tg - T, °R or °F

2 i
[ Liner 5
=1 ______.__—.-/ﬁ:——————:\ E
E
__————-—-——-——-—-—_—/ 3
} Wy Tg =W e |
Baffie .5
Plenyub, 51
320 ,‘,
¥ WB" TC
280 : T
H ) Cooling air Approximate Primary
i tempersture, primary nozzle
240 Tes total diameter,
o tempersature, DP »
TP’ in.
°R
200 o 500 2900 27.00
L o 500 3600 29.25
: & 705 2975 29.25
160 —— —— = Date from reference 1
120 5 ;
L : & Tp = 3600° R
(e}
80 s F 'Ep = 2900° R
=i i
40 : Smame
1410° R (ref. 1)
0 4 8 1z i6 20 24 28
Secondary alrflow, Wy, lb/sec

Figure 11. - Relatlion between secondary temperature rise end eirflow.
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Total ejector mirflow, percent
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Figuye 12. - Bffect of weight-flov ratio on varietion of mass distribution around shroud.
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