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Frequency characteristics of liquid rocket engine feed system

DONG Meng', TAN Yonghua®, XING Lixiang', XU Haohai’, LI Pengfei'

(1. Science and Technology on Liquid Rocket Engine Laboratory, Xi’an Aerospace Propulsion Institute,
China Aerospace Science and Technology Corporation, Xi’an 710100, China;
2. Academy of Aerospace Propulsion Technology,
China Aerospace Science and Technology Corporation, Xi’an 710100, China)

Abstract: In order to study effective engineering measures to reduce the oscillation in the liquid
rocket engine feed system, the linearized transfer matrix models in complex domain suitable for medium
and high frequency analysis were established for the model system and the real system. Combined with the
method of the contrast relationship between the impedance of orifices and the characteristic impedance of
pipelines, the frequency characteristic of the system flow path under the excitation of outlet pressure was
analyzed. The results showed that the resonance frequency shift effect may occur at the excitation source
end, and the amplitude-frequency response of the non-excitation source end should be selected to judge the
system resonance frequency. The throttle orifice had strong frequency selectivity and position selectivity
for the system of anti-resonance characteristics, so attention shall be paid to the frequency and location.
The closer the throttle orifice to the antinode of the flow mode, or the greater the pressure drop of the
throttle orifice at the position of the flow antinode, indicated the greater attenuation effect on the oscillation
in the flow path. For the liquid rocket engine feed system, shortening the length of the liquid oxygen pipe
by 0.1 m, increasing the length of the kerosene pipe by 0.05 m, and adjusting the pressure drop distribution

of the throttle orifice can effectively reduce the oscillation of the feed system.
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Fig. 3 Three-dimensional mass flow vibration mode of the three-stage throttle orifices pipeline system (Z,, < Z¢, Zg; < Zc)
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Fig. 17 Influence of throttle orifice position on frequency characteristics
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Table 1 Impedance value under different pressure drop distributions
il T Z/10° (m™"s™") Zp/10° (m™'s7") Zpo/10° (m's7") Zxs/10° (m™"-s7")
1 0.447 0.161 0.638 0.076
B 2 0.447 0.352 0.447 0.076
3 0.447 0.606 0.193 0.076
1 4.297 8.266 25.376 5.434
PORTiN%S 2 4.297 16.936 16.705 5.434
3 4.297 25.607 8.035 5.433

FE, B 1 I B R R TN OB . PR,
S5 19T Rl 3 O BHAC (85 78 e ik BE 7 AH 1)
X 17 1) H R, BT 2.

PO R ST B v R DA
470 Hz Kb 14 3 B2 9 W /)N, UL IR 18(b), {H i T 1t
AT B Y AL T T, RN RCR
JEARUT . . HRAYE 18(d) 2 WM %25 1 2005 it
R T It fa T, 35 2 4 i Pl B 3 TR R

[0 100/0pP|

800
fHz

[0,0:/0P,

x/m
(c) 470 Hz T 48 i s AR Y

184 ,11/5p|

B, BEE L 1G0T TR, RIS 2 99 1
JE R84 0, U S v O AR R RN ol TR
TR/, BB 1 G I 1B BT IR 28 R T8 Ak B
PU, A DG4 T P . i i IR i e
A PR Y52 ) Y U P A LA, X U e v D R Ak
IR M 0 DSORGB/ INERS
07 i Pl T

05 1 1 1 1

0 200 400 600 800
flHz
(b) B i LB 100 38 2 o R
8 —T

'—s—Casel ' , |

—&— Case 2
—&— Case 3

[0G,5:/0p,|
i

2.0 2.5

1
0 0.5 1.5

x/m

(d) 470 Hz N B 7R e R

1.0

B 18 JERESFFCXT AR R

Fig. 18 Influence of pressure drop distribution on frequency characteristics

4 #& it
A% S e R R A K R o B P ARR b 2
1% R GEESE, ATAR DL T 5

1) B 7 2% 270 Yl D8 o 30 5 BELE R T 487 B L
PO, 32 v L B HR AR 2 7 A i A, L i B
SV HRARFAE, DRI 17 388 Ao 11 8l D8 ) W 0 A



513

T WK S S HLBLE AR SRR 239

FIT R GBI . AR E S BURE RS
(8T 4 e 5 vl T A L 23 T B B B B 80
17 22 55 4% BT TS HR AT 3 X0 0 B A I RS, T I
Rl BEL B R, g % B ] Sk, L i R Y 0
(VA= AR

2) 19 it BT 90N ] b 3 1 49 1 400 3h IR I
1 L A7 BB T O R T R, sl R R A
S N = DAY 8 ' N e R R E =2 R (!
R

3) 19 i P EL A A F A R, AN [ B

BIRMUR T B BK S AR o AR, 103 B A =%
B SRR A Y A G B o B e R, R B

ANTR S B A B JK Bl S RO A [R] . A,  EE
I3/ N B TP A R AR, U AR TR IR

W AR 8 /N K Bl A B TR Y P )
{EEO

4) EFXF RS R G, N B R, TR
éM%TU”W%Q%E%@&Mmﬁﬁﬁ%—
Gy i Pl e 8 8 L e 45 14 B R 21T BELE 1) i vt 5
XF T 8%, AT R UK L, 9 0.05 m, AR 4544
TN T AR R P I s 2 9T 3 P T R 0 i

CESY &

[1] Xk, XVEL2E, Rl 46 5 SUR R A A -k nE
o E PEE T 0], MR, 2013, 34(11): 1448-1458.
LIU Shang, LIU Hongjun, CHEN lJianhua, et al. Investigation on

RGME

oxidizer-rich preburner feed system coupled stability[J]. Journal of
Propulsion Technology, 2013, 34(11): 1448-1458. (in Chinese)

(2] BROC, EAR, D5 i, 45 O T AN RO 2R R Sh L R 452
Fo € MEBE T (0], K TE;&, 2020, 46(3): 41-48.

CHEN Wen, XING Lixiang, XU Haohai, et al. Study on system
stability of deep-throttling staged combustion cycled engine[J].
Jounal of Rocket Propulsion, 2020, 46(3): 41-48. (in Chinese)

[3] YOOJ, YOON N, LEE S, et al. Pogo analysis for a clustered rock-
et engine by sophisticated branch-pipe modeling[R]. AIAA 2021-
1614, 2021.

[4] SEKITA R, MATSUDA M, NAKAMURA R. Pressure oscillation
analyses of the pressure regulator for the H-IIA propulsion system
[R]. ATAA 2003-4600, 2003.

[5] &RK, B, B30 %, 55 A8 2 T 1 Ik 5 X - 1) b

B R & LA SE IR (1] A2 3 12441, 2020, 35(2): 294-297.
FU Qingfei, JIA Boqi, YANG Lijun, et al. Effect of combustion
chamber pressure pulsation on mixing ratio of liquid-liquid coaxial
swirl injector[J]. Journal of Aerospace Power, 2020, 35(2): 294-297.

[6

—

~

(8]

(9]

[10

(1]

[12]

[13]

[14

[15]

[16

[17]

(18]

[19

(20]

(in Chinese)

NATANZON M S, CULICK F E C. Combustion instability[M].
Washington DC: American Institute of Aeronautics and Astronau-
tics Incorporation, 1999.

LEONARDI M, DI M F, STEELANT J, et al.System analysis of
low frequency combustion instabilities in liquid rocket engines[R].
ATAA 2015-4208, 2015.

X b, T, RRIGENE, GF L KR LA S SR R ek T
PR IR0 (). 0% 30 F1 4R, 2018, 33(11): 2635-2643.

LIU Shang, ZHANG Xingjun, CHENG Xiaohui, et al. Hydraulic
vibration experiment on a rocket engine feed system after pump[J].
Journal of Aerospace Power, 2018, 33(11): 2635-2643. (in Chinese)
X b, 5k ETE, BB NE, 45 R SIHLIR R B B R K
Ty AR ], 25 3 J1 244K, 2018, 33(12): 3057-3064.

LIU Shang, ZHANG Xingjun, CHENG Xiaohui, et al. Experiment
for hydraulic vibration on rocket engine feed pipe-venturi tube sys-
tem after pump[J]. Journal of Aerospace Power, 2018, 33(12): 3057-
3064. (in Chinese)

WYLIE E B, STREETER V L. Fluid transients in systems[M]. Up-
per Saddle River, US: Prentice Hall, 1993.

) R YRR R R S HLIE T AR B B 1 2 4R PERE ST (D). b
AP E R R S A W AR — BF AU B, 2018,

LIU Zhaoyu. Research on the dynamic characteristic of injecting
system in liquid rocket engine[D]. Beijing: the First Academy of
China Aerospace Science and Technology Corporation, 2018. (in
Chinese)

SUTTON G P, BIBLARZ O. Rocket propulsion elements[M].9th
ed. Hoboken, US: John Wiley and Sons Incorporation, 2017.

TEHE i, ST, RUA L R G M) e B2
i, 2018.

HITT M, LINEBERRY D, AHUJA V, et al. Experimental investi-
gation of cavitation induced feedline instability from an orifice[R].
ATAA 2012-4029, 2012.

Al Wanzheng, ZHOU Qi. Hydraulic characteristics of multi-stage
orifice plate[J]. Journal of Shanghai Jiaotong University (Science),
2014, 19(3): 361-366.

HARRIJE D T, REARDON F H. Liquid propellant rocket combus-
tion instability[M]. NASA SP-194, 1972.

X b, XV, PN W, G5 IR K R R S HL T RS S R
BT[], HEBEH AR, 2013, 34(1): 101-108.

LIU Shang, LIU Hongjun, SUN Hongming, et al. Preliminary study
of medium frequency coupled oscillation in liquid rocket engine[J].
Journal of Propulsion Technology, 2013, 34(1): 101-108. (in Chi-
nese)

KOBAYASHI K, NUNOME Y, TOMITA T, et al. Studies on in-
jection-coupled instability for liquid propellant rocket engines[R].
ATAA 2015-3843, 2015.

BAZAROV V G. i 14 W3 Wi )y 1 % [M] AR DUSF, b8 I, 3%
At R Tl B2 &4 LU 5 97, 1997,

FU Q, YANG L, WANG X. Theoretical and experimental study of
the dynamics of a liquid swirl injector[J]. Journal of Propulsion and
Power, 2010, 26(1): 94-101.

(mig. T2E)


https://doi.org/10.3969/j.issn.1672-9374.2020.03.006
https://doi.org/10.3969/j.issn.1672-9374.2020.03.006
https://doi.org/10.1007/s12204-014-1510-x
https://doi.org/10.13675/j.cnki.tjjs.2013.01.020
https://doi.org/10.13675/j.cnki.tjjs.2013.01.020
https://doi.org/10.2514/1.44271
https://doi.org/10.2514/1.44271
https://doi.org/10.3969/j.issn.1672-9374.2020.03.006
https://doi.org/10.3969/j.issn.1672-9374.2020.03.006
https://doi.org/10.1007/s12204-014-1510-x
https://doi.org/10.13675/j.cnki.tjjs.2013.01.020
https://doi.org/10.13675/j.cnki.tjjs.2013.01.020
https://doi.org/10.2514/1.44271
https://doi.org/10.2514/1.44271
https://doi.org/10.3969/j.issn.1672-9374.2020.03.006
https://doi.org/10.3969/j.issn.1672-9374.2020.03.006
https://doi.org/10.3969/j.issn.1672-9374.2020.03.006
https://doi.org/10.3969/j.issn.1672-9374.2020.03.006
https://doi.org/10.1007/s12204-014-1510-x
https://doi.org/10.13675/j.cnki.tjjs.2013.01.020
https://doi.org/10.13675/j.cnki.tjjs.2013.01.020
https://doi.org/10.2514/1.44271
https://doi.org/10.2514/1.44271
https://doi.org/10.1007/s12204-014-1510-x
https://doi.org/10.13675/j.cnki.tjjs.2013.01.020
https://doi.org/10.13675/j.cnki.tjjs.2013.01.020
https://doi.org/10.2514/1.44271
https://doi.org/10.2514/1.44271

	1 系统描述
	2 模型系统分析
	2.1 组件模型
	2.2 三维幅频特性分析
	2.3 节流圈位置影响
	2.4 节流圈压降影响

	3 真实系统分析
	3.1 组件模型
	3.2 幅频特性分析
	3.3 节流圈位置影响
	3.4 压降分配影响

	4 结　论
	参考文献

