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Simulation of liquid oxygen temperature and its influence on
acoustic frequency of swirl injector
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Abstract: In view of the phenomenon of acoustic correlation frequency of liquid film appearing in
hot-fire test of a hydrogen-oxygen preburner with swirl injectors in literature, the change process of
average temperature of liquid oxygen film in injector during 30 s hot-fire test was calculated by transient
thermal simulation of multiphase flow. In order to reduce the consumption of computational resources and
time, multiphase model with Fluent was used to calculate the steady isothermal flow field, then, a two
dimensional axisymmetric heat transfer model was used to call the velocity field and phase distribution
results of Fluent to simulate the transient temperature. The results of heat transfer calculation showed that
the gas temperature at the injector outlet had a significant effect on the liquid oxygen film temperature. The
average temperature of liquid oxygen increased by about 2 K when the gas temperature increased by 50 K.
The average temperature of liquid oxygen obtained by simulation was in good agreement with the
empirical correction value in the literature when the injector outlet temperature was set to 105 K, which
verified the reasonable temperature correction method. The calculation results can explain the phenomenon
that the acoustic frequency of injector decreased duo to the effect of solid heat capacity on the heating of

liquid oxygen.

%5 B BA: 2022-01-14
1B & 18 7 K(1983—), 5, gk TARIM, i+, B FA A K R SHARR S, 5 ELASRTF9E T4 . E-mail: zhangya0226@163.com

SIRARRE: ok, S, W 5. VSR B 07 20 B o 88 o M3 7 2 A3 3 S iy [T i 25 3 2% 3, 2023, 38(11): 2785-2790. ZHANG Ya, TIAN
Yuan, PAN Liang. Simulation of liquid oxygen temperature and its influence on acoustic frequency of swirl injector[J]. Journal of

Aerospace Power, 2023, 38(11): 2785-2790.



2786 o=

7))

% %38 %

Keywords: hydrogen-oxygen preburner; swirl injector; acoustic frequency of injector;

hot-fire test data; multiphase flow; heat transfer simulation

B0 WS TE R ) S K R Bh LA B T3
SRz B T S I AR I, U R
oI A RNk MIRG IS . %ISR AR Z 0
GEN GURE SR B UMW 1Y) ISR 5 o o s i 332 A3
R IRBEE R PR R ARG R MR A
R P D N P N I AN ES N A PO A= o O}
WE PR32 7 A ML AT T T 2 BRI,

Bai 4 ' % i 56 A1 2E T VOF (volume of flu-
id) A 2 oG PR BB Y, o HL AT 4 2 1) 8 0
W SR IR AT TS, A HEIE W R T B
SR PN ZE AT IR0 R B v AR AL R 5 R 4
R R A [R5 () 2 H L] . Tm 250
SR e 5 5 4 B 5 HE VRN ik 5 0 R 4R 0 A i
AL 7 A R e A O vk, WS T S0 WEWE B R
T R B S PR R A R SRR IR G AR B I
VR B 1) 3 5 2R T JB AR R SR ) R 5 R AR R

Tsohas 55" # 57 1 [a] filt B I Mot 6 119 — 24k b
XTRR A BE A A, SR FHR AR SE PR Bk,
RAMGE T W s 1= A FRE S . 1EE NI
ST 1T I U AR IR VL DA T AT VAR
PR P 241 3 FRITRE  25 TRT AS H 11 68 I3 7% 2 3 g [+)
B BT i E R R W ) R g ik s A
I T Lux &P %) R 56 00 1 56 A0 32 22 0,
F 5T J B4 X P 1Y) 32 e M3 5 M5 I PRV L
B 75 2F A0 R AR H YT . Armbruster 25 BV X [R] il
LI M I P AR T A I R S I PR B 1 7 A
HH 1 3 A R A7 2 PN 1 AT T 8 o e R AR Ak
XoF T WS W 75 2 B A i 2 A S

SCHR [20] TA A 250 ot W o, 24 REOR AU 0 7
SRR AR, TR RR R = R4k I A PG 5
BErhgt 2], B2, A T BTk
ARAT 5O I N TS VR RS AE ¢ B AIL LA o 2 Isf i) °F-
LR, VA5 4 R FH S s ek B o) AR A T IR
FE AT B R SRR WA R E 2 g a2 Sk

2 2895 2 X ARAG VR AUt B 0 0 0 W I A
Y 1 B ) A AR S PR A SR ORIV S AR S
AR SCE X HAE R 50 A SO R IR AR E S5 R, R
FA L5 BT 77 5 A S0 I ST 3 B i AR A O
AP Aik M I A 3 3153 BT SR 2 2246 24 =M G 1Y
B 2 B I T R A L

BT BB N Z AR & 2, HL A
M S I T 7, E Fluent B4R A 3547 Z2 A0 0 Al
IRFE G 0 AL o B W 8 B [a) 20 K /N T
I1x 107 so R I8 28 A% 1Y e MERETH S ML A7 2L
15 B4R 30 s A P A2 0ok PR U AR B ) A8 Ak it
2, B FE DA AR 2 K BT A ], D,
PR A B GAER A H IRE TR 2T
BRI

R ff e B RS G AR A B R ]
KA TR, AR SR FH Fluent K4 B 25 S5 AR
AU THARA5 3) W8 W PN %) 22 R I T S RN A 3% 0 A1, 4R
J&i A Comsol Multiphysics ¥ . [ ¥ & 1% #40 B
H5E B ] A A 3 A A 37 00 A 45 R AT AL
[T 5 I AN TR 0 L o X3 B 7R A% R I3 A I 3
T A, AT LAK IR R E E 25K 1x 107~
1x 107 s &, BRI 2 24 h PLA .

1 TE&ER

1.1 ZHRBESERER

Fluent R4 H 22 AH it 452 78 0 A% 301 550 B 5 00 g
Ui 589 N S I e o N L L = B/ 97

22 FH TS TR ) A SR FH 45 /) A, G I A BT
BB 3.077 . RAHHHEA AR, 4R
5 Y 1 FLAR [ . UI) ) R e 43 g 4 ) 3 8,88
27.83 m/s 1 0 m/s. HH T &0 A H AR i 12l 46 &0 i
BE A DN 160 m/s BFBEHE & AR, B 2s
BERURWC S . B A T3 4 8k 50 my/s, LA
AT 6 A, 1 AL AR RN

AN XFRA AN
¥ l o e <
S = ::1_
. JET1
e L PARE
< < md|
1 ZARAAS R R 30 S Lo W 2 R
Fig. 1 Mesh boundaries of multiphase model and major dimensions of

the swirl injector
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Table 1 Geometrical parameters of the swirl injector
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transient heat transfer model
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