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Prediction of natural acoustic frequency of gas core in centrifugal injector
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Abstract: In order to obtain accurate natural acoustic frequency of the gas core in centrifugal
injector, numerical simulation was carried out by using renormalization group (RNG) k-& turbulence
model and volume of fluid (VOF) two-phase flow model. The simulation results showed that it could
predict acoustic frequency of the centrifugal injector accurately by regarding the injector and conical liquid
film at the exit of the injector as an acoustic system, and the modified formula of the acoustic frequency of
the centrifugal injector can accurately calculate the first-order and second-order acoustic frequency of
different gas media in the gas core, the error was within 3%. The coupling resonance occurred when the
chamber pressure disturbance frequency was equal to acoustic frequency of the centrifugal injector, and
the increase of the pressure amplitude in gas core was about 16 times of the chamber pressure disturbance
amplitude, the gas core acoustic pressure pulsation may be introduced into the upstream supply system,

resulting in the instability of the injection.

Keywords: pressure pulsion; acoustic frequency; gas core; centrifugal injector;

quarter-wavelength tube

B0 M R LB R S5 O e A e AR AR, i U g L 308 IR g X AR AR T i
K e TR B Z N . B O T PRI BE TR UL, 5 20 W v SRR B s O U e T

W &S B #A: 2022-02-07
VE & 181 A2 e 2445(1996—), B, W2, BFSE4TUON IR 5 & BB T
BAS1EE XI5 (1987—), Lo, B TREI, T+, AR 4 M A K 55 & S#Lis3 . E-mail: liugian_mingbai@163.com

SR I Te2%h, PVEE, XI5, B MM SR A 75 2R T (3], iizs 3 12441, 2023, 38(12): 2895-2904. QIAO Xingwei, SUN Jiguo, LIU
Qian. Prediction of natural acoustic frequency of gas core in centrifugal injector[J]. Journal of Aerospace Power, 2023, 38(12): 2895-
2904.



2896

= B

% %38 %

UL T T 014 8BS D) 17 3 JRE % I A A D A 1
JE, RIS 2 M 00, NS KT UHE TR W
YRS L 0 2 TR P R B — R I VAR I A A
PR B W i 5 AR A BRI, e
M P 2P R B S B 2 P S A AR SR
Eberhart 55 AP DAy 24 B0 i SN I 3l 12 A 2]
I, 2251 R ITE P AE T SE R T, X R
[ b 2 Lo M 7 A IR R IR IR 2 — o B
Jal 2 5 NEST A Ay 46 R A B Y MR R ] il
L IEIE 14 ST I, MRS 2R 0 T Bk sl 2
5 R W R 114 [ A P 2 R ™ A SR S R
LIl Faate SOR A D=7 T8 37 2 B o T
LI £14 108 X B R GE AR Gt A TR TR, 2R
AR AT BB AN X T 14 B,
W KA BE = B P RE, A3l LA 25 A Y IS W 40 )
AR EVERY KA

G K B SR R AN B E T R R B
FEEF RS PRI, A I AT 0 B o X S P 2 R
(49 70, 6 A5 T M L AT 2 Bk B R e i
REAG E L bR TR W A — S T I —
Ui DA 9 [ 2 I, A T 174 BORAE, /e A
NN A I 1 s A 7 BELE, P AL g
TR, TE X PR R AT T IE;
Eberhart, B T 55 A\ I\ 85 0 8 W Hh A7 A6
A0S, 5 5 P ARY TR S . (E A e
W TE I A0 M [ A 7 2 R 0 X
RIS

7 8 M W T 2o AR P, X M A T
AP AR A BN AR B ik, B B 0
W [P A P A AT B U 2R HOKR, TR A AR
R WG BLIT A SCHR L — Tl g O I [
A FEEE BRI T5 3, 5 B O HETE
55 g I L A — A 7 2 R T T A5 B S B T A
I YRR PR B W [T A P 2 R R (B LA
00 B O M I b [ P 22 R T T Bk sh 4 21 5
W] A P 2 AR B i DA R A 2 Wi 7 A7 %6 L, E
BRI AR SCHR Hh o M G [ 7 S R B ik A
AR o AN [ R A A Tk sl ke B T
YU A S T L WG [ 7 2 A AR I P 2
Rl AR, TSR b % T B R RE

1 HERE
1.1 BEHESE

K AR T, 08 i ) ) FL e ACES O
W, S A SN B g, SRR R AT

Il BUIRES, SR FH PR(Peng-Robinson ) 32 Fr 4R
AT RIATBUERAY . A TR I S IR R
IR B G S, SR ACOIR A, S PR A T R T A A
K] VOF BEAY, Jifi A5 R HIRNG k-ef68 Y, 124
R T BA e sh W T 5, e RE AR
RS DX AT FH A 47 4 17 B T R K ke el B T
HB 43 1) AE B B . 3R 1H 5K J7 R CSF(continuum
surface force) 1% I | J& 1 85 # 75 ¥ >k F§ PRESTO
(pressure staggering option) 357, JE /1 ¥ FE fl & %
FH PISO( pressure implicit with splitting of operators)
Sk, B BN RE I O FER Y 2 Bl KUk =X
1.2 Wi RiDFEH

AR SO BB I A0 P A R LA S R
A K R BIAIL) Iz L P R SR )t g o I s e X
T B P 2 R PR R AT U7 B0 A, B W B[] il
BTSSR AN 1 R

0o,

0

123
P

R A

Fig. 1 Schematic diagram of injector
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Fig. 12 Time series of pressure oscillation and amplitude-
frequency characteristics of oscillation in different

frequency disturbance of back pressures
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