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Experimental Study of Zero-Secondary-Flow Ejectors
for Rocket Engine Altitude Simulation

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

ABSTRACT

Ejector characteristics tests and detailed diffuser wall pressure measurements were made on
six basic zero secondary flow ejector configurations, which were combinations of two different
area ratio nozzles and three diffusers. One constant area diffuser and two second throat diffusers
with different contraction area ratios were used. In each configuration, a diffuser was attached
to a vacuum capsule in which a simulated rocket engine nozzle driven by cold nitrogen gas was
set up.

It is shown that over a certain range of nozzle exit position XNE relative to the second
throat diffuser inlet plane, a minimum capsule pressure ratio P;/P; is maintained and that the
optimum position, i.e., the nozzie exit position where minimum starting or break down system
pressure ratio Pt/Pa is minimum, is somewhere in the capsule region. A further withdrawal of
the nozzle into the capsule region produces an increase in capsule pressure ratio which is approxi-
mately linear with XNE. In a better performing configuration, the length of separated flow region
is shorter for the same system pressure ratio.

The starting characteristics data and second throat ramp pressures are compared with the
calculation using the approximate method of German, et al., and it is shown that the method
predicts generally satisfactory trends when the relative position of nozzle and diffuser is appropriate.
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XNe< Xng1 T, Y=z VEREFA7 2 —¥YAOR
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BrlUetarst 20— R HoOPALDCEHETSH X
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oy b IO VBEHRRBRA Y 20EBOPR 11
R1 2RMFBX720BAHEOHEMR - ERECHE
Configu- (Pt/Pa)BR (Pc/Pt)MIN X103 (XNE/DD), (XNE/DD),
ration | Exp? |CALCY) | Exp®) |cALc¢/|cALcd)| Exp |cALce/| Exp |caLce
N1-D1 | 27.83 | 2783 | 0.641 114 | 0775 | -0.16 | -0.26 — -
N2-D1 28.49 28.66 0.883 1.266 -0.36 -049 - —
N1-D2 | 2167 | 2228 | 0.643 0775 | -0.18 | 026 | 064 | 0.74
N2-D2 | 2253 | 2384 | 0.795 1266 | -036 | —-049 | 041 | 0.51
N1-D3 18.56 18.04 0.636 0.775 -0.17 -0.26 0.64 0.74
N2-D3 19.08 19.60 0.793 1.266 -0.35 -049 041 0.51

a) XNE/DD=0.058 for N1, XNE/DD=0.004 for N2.

b) Method of German et al, see Section 2.
¢) Isoentropic expansion to AD.
d) Base pressure theory (Korst, ref.17).

e) Isoentropic jet boundary calculation using Pc/Pt value of ¢).
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nyy b Ty rEBEHERRAE T Y 20ERHHR 15
%2 CY—/BEGENEFROBENOHEM L ERBEOHEK

Configu- Pt/Pa (Pw/Pt)peak x10° Pr/Pt x 103

ration 4/ ExP | caLcd) | carce/ | Exp | caLcd

N1-D1 28.31 5.04 6.24 6.12 — —

N2-Dl1 28.52 5.29 9.11 9.01 — —

N1-D2 21.46 4.77 6.24 6.12 797 11.02

N2-D2 23.18 491 9.11 9.01 9.67 12.75

N1-D3 18.90 4.70 6.24 6.12 7.37 9.14

N2-D3 18.97 5.00 9.11 9.01 9.21 10.49 '

a) X~Ne/DD=0.058 for N1, XNE/DD=0.004 for N2.

b) Pc/Pt value calculated from isoentropic expansion to AD.
¢} Pc/Pt value calculated from base pressure theory (Korst).
d) Method of German et al, see Section 2.

Open Symbol NI
Solid Symbol N2

Ls/Dst or Ls/Do

14 20 P/Pa 30 40
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