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Injector Discharge Characteristics of Liquid Rocket Engine

Won Kook Cho*, Chul-Sung Ryu*, Young-Mog Kim*

ABSTRACT

The discharge characteristics of the oxidizer injector of liquid rocket engine were investigated.
The discharge performance was obtained numerically which agreed quantitatively with the
measured data. The discharge coefficient is proportional to the cavitation number for cavitating
flow and constant for non-cavitating flow. The Reynolds number, however, affects little the
discharge coefficient. The discharge coefficient decreased slightly as the Reynolds number

increased because the friction loss decreased relatively at high Reynolds number flow.
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Fig. 1 Schematic of experimental setup.
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Table 1 Description of variables and material properties.

Variable Value Unit Description
0O 1000 kg/ m’ liquid density
[ 0.02558 " vapor density
[ =P/RT ! non-condensible gas density (air)
fe 15 PPM mass fraction of non-condensible gas
b - Pa vapor pressure
)7 1.0 mPa-s dynamic viscosity
0 0.0717 N/m surface tension
Va, - m/s characteristic velocity
C. 0.02 - phase change rate coefficient for evaporation
C. 0.01 - phase change rate coefficient for condensation
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Fig. 4 Geometry of the injector for axi-symmetric
CFD analysis.
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flow, (b) cavitating flow for K=1.12.
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Fig. 9 Streamiines for Re=4.3x10"
(@) non—cavitating flow,
(b) cavitating flow for K=1.12.

2o wud wWesl gl A4 PReIA vE

Aol gomz of PrrlA gheiel wahe
clde 53

4o de b
ol
B
:L
b
_(?L
s
ol
O o
rUlo
_}L
N,
.E,

J ol M EE} 7&%*312 el %E}.

WA Y AbjEe] Ut E 73-?— T T A
olxH ole FTF WAo] H
omgict. EARZ] Wil #AEE v)FAAN
o] ¥X& Fig. 8% z2omw olf §F zAL
golEx 4 Re=43x10', 3% 4 K=1.29¢]t}.
oA Fade 144 7|AANHEE 018
vebdth Fig. 79) rgjo] we gelola) A
3 71¥7} SFE JAA Y3 E e AF
"ok 717k b ol wAse X Ha
e YRtk ozt dhFoly ol ulRY 9T
o2 Zoldth

3F wye A s1skE oguiae o P

)

Aae 25 fA9 B3 F7E Furdch o
o wetd % 944 JPe WA =M Fig 9
AE AWE edth TEo AAY

S, f2 FaRAM FAZ B FFl
i 52

2 FA¥E A$AG WEe] TEo] WS
A e FEANE f29 BAY 45 AR
t}.

|, 27, 2§ S st 2A SeAEz
o5 W4E Xt 77 A& olo} @
olt.

4.4 B

B A e Ax 2AAZ 2
£ E4S 49 4 sy =4

Pk B AFE 5ot de 48

¥ ok

1) FREA g BA7S £& S 49

Aot viwA & ARt

) 2 gEAA KA AHéEHe §A

BPom ols st& FelAM jtE Aol

2 3% 2ol 9% Aoz %AAAUL .
3) FEASE FFC FAste 20NN 3%
mgatn 3ol BAsA Y 2yl

g dolzz £ HE54 & 9L vAA
gom ez 47 Frtshw fEAF
2 F7hkgn

A7 #rjeRed Add SHATA
Al KSR /REARYT A de] A%
4E sy

o 28

Hu

1. Liquid rocket engine injectors, NASA SP-8089,
1976.

2. W.H. Nurick, Orifice cavitation and its
effect on spray mixing, ] Fluids Eng,
Vol.98, pp.681687, 1976.

3. AN o, 398 a2 AL AR A
14, #st7]4 3, 2000.



A5 MN45S, 2001.12

AXN 2AATQ BAD| RE

A

o 19

4. CFD-ACE v6.4 manual, 2001.
5. D.K. Huzel and D.H. Huang, Modern

engineering  for design of liquid-propellant
rocket  engines, American Institute of

Aeronautics and Astronautics, Inc., 1992,

6. F.R. Young, Cavitation, McGraw-Hill, 1989.
7. E. Numachi, M. Yamabe, and R. Oba,

Cavitation effect on the discharge
coefficient of the sharp-edged orifice plate,
]. Basic Eng. Vol.82, pp.1-10, 1960.



