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Effects of Subsonic Diffuser and Nozzle Contour on
The Performance of Zero-Secondary-Flow Ejector

By

Hiroshi MIYAJIMA, Kazuo KUSAKA, Yukio KURODA,
Noboru ABE, Masahiro SATO, Makoto KAMATA,
and Takashi UENO

ABSTRACT

This report describes the results of experiments conducted to determine the effects of a
subsonic diffuser attached to a second throat diffuser and ejector nozzle contour on ejector
performance, without induced flow, for rocket engine altitude simulation.

A reduction of more than 10% in the starting and break down pressure ratio was found to
be obtainable by employing a conical subsonic diffuser having a 2.3 area ratio and 4 to 12 degree
semiangle. The reduction in pressure ratios depended on the nozzle area ratio and the second
throat length, as well as the semiangle of the subsonic diffuser. It was also found that in some
configurations the flow at the subsonic diffuser inlet was partly supersonic and that in these cases
pressure recovery in the subsonic diffuser was larger than that in the cases where the flow at the
inlet was subsonic.

The nozzle contour effect was studied by comparison of ejector performances between two
otherwise identical configurations, one with a conical nozzle and the other with a contoured
nozzle. Both nozzles were of approximately the same throat diameter and area ratio. In the con-
figuration where the gap between the nozzle exit diameter and diffuser inlet diameter was large,
the difference in ejector performance between the two configurations was found to be predictable.
Important unfavourable results, i. e., increased limiting second throat contraction area ratio for
starting, large hysteresis, and violent start and break down transients, were observed in the con-
toured nozzle-second throat diffuser configuration where the gap between nozzle exit diameter
and diffuser inlet diameter was small.

Experimental data on wall pressure distribution over the shock-separated region in the
second throat and constant diameter diffuser are presented and discussed in the Appendix.
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{T0RR )
START TRANSIENT
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250. .
P
<
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30.
i50. 4
20.
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L 0. h
50. | \
i
!
|
|
| —
~ ! ~
J.oo1 0. R , . N . . , N N
§. 10. 1t. 12. 13, 14. 15. 16. 17. 18. 18. 20. 21. 22. 23. 24. 25. 26. 27. 28. 28.
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29 A#-—ETORMAZE{L (N1I-D2)
{T0RR
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Run No. 360, N3-D2, Xyp = 0.72 cm
56G. .

400. . (XG/CM2)

30.
300.
| .
200.
10.
100.
0. 1 ¢ . >\\\Tﬁ“f——

23, 24. 25. 06, 27. 28. 29. 30. 3t. 32. 33, 3¢, 35, 35. 37. 38, 39. 40. 41. 42. 43.
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K30 =£-—BIORMEZE{L (N3-D2)
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BOEXNLHENTHIINDT, XypDEALIK X > TH
HEA P THERNOFEMOEEANICERY, o
T, MHOBEHN XEAFEOELI N ENnkDdTHE EE
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A*T 25T 15" ¥AMD/ AALNL LavwT - J X
N3IDXpplCL bz X7 2 HEOE ETRT o N2EN
4onE (32 )Thrbnels, N1ICEK~ N
3T P /PO—BEREL, Xyg;, Xygp & DT
PIRKECZDo TR ERBIC, BSERZNI EN3
DHNIEOHBEE, 3.21HTHXyp =07cm OBHE
oW Tik~<fei, N1-D2DERTHE P 2i—E
CEHBETIHLEALERZ - ETVv—2 £ DdnE
OeRT N YAZHZNOWE~N, N3-D2OERTH
PP pi—EOBBACE N THICKERE AT ) v 2H
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TRZ—rEADREWEML, 7v -2 £y EHER
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E(%bo B33 URIHREEF AT, T4 7 .—F
2Z—PEEER D/ AAMHAMNBREEZOEI BT
THTh o BICRAHTC LR TE RS ok, N
1=-D2HOLNBARE—}ETV =2 - FUrOdbn
EOEDRBEAS S XNE,/D), #1— 0.8 DAIEED %
hAZ—- TEOHBRENWSO LEEIN S0
ko e 27 ) vy, BEOREOMRK, FTibb,
J A OECEFAIFEN ZEHBROEZWHEEOT 4 7 .
—FRALNBT EThbo BMIKELNE, / X0t
A% (N1, N3TE100mm) &7 4 7 « = AO&E(
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Wi EE i, RIAOBRICIDbECERY, 24—}
BELIThIKELT L WS B LrLAaDL, N3O
BEO/ AArHOFEKET L~ , ~"HEAHETERLT,
LV AEREBNE P T 2 bR T hd—BEI 2 &%
*MEHTCEETE 2
3.23 THI/IMBEHMEIRREOLLE

gt/ A epnr N -z2a—) F47.—%%4
AERIBEDORA L —VRAFv—2 - FOVYEAKD
MR R IHERE (German HOFEM) ), 21U, B
BAEMEET B 5 EERE NLOHEEOEMLHRS
TEET 879 4 ERIUR Lo MBOLD, ThHD
HEET, 2yv 7 - VAAN3IFRIUNAG/ X0l
OAE Oy VEREEE—OBgE / AT 5 L LTE
Blho *ORBRETRACERBEEHCTR T 25, &
dDORBEA Xyt 0225 0.7mm OBNWEKB Y, £

B3 L, Xyp>Xyp OBEATX,, OBROWCHE S B R Xy =0LELTIn, B—DBRECFNT,
NE NE1 NE NE
B4 XypZ 00w bx ¥ 5 HEEE ERBRIE & OBt
_ _ Fep,) (Pbéz)BR (Yb45>M,N>003
Configuration
Exp. | Cale*| Exp. | Cale. | Exp. |Cale.
N2—-D3B—130—4 | 1606 | — 16.02 | 1662 | 0.750 |0.904
N4—D3B—130—4 | 1524 — | 1536 | 15.48 | 0.462 [0.417
N1—-D3B—130—4 | 1536 | — 1524 | 1570 | 0.606 |0.543
N1-D2 21.45 | — 21.39 | 22.28 | 0.610 ”
N3—D2 25.05 | 24.64 | 20.44 | 20.05 | 0.548 |0.193
N1—D1 2775 | — 27.83 | 27.83 | 0.641 [0.543
N3—-D1 2794 | — 26.95 | 26.39 | 1.295"*0.193
* Normal shock theory (Ref.2)

* Conden sation effect
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