ER O R N W Vol. 46, No. 5
2020 4F 10 A JOURNAL OF ROCKET PROPULSION Oct. 2020

MR K HT A SRR S AR O BAR AL 55 0 H]

FET, AR T, AR
(AFALK 3 A BT, T 100076)

W E N TREAANIEFH N RE, UKE K LN R A &, 73 X
P BEE L T Modelica 2% , B2 LT EARGHERENREKFLXANRSFEGE
WRAESHEM TG, AH4MIENANEFENRT AEXFNKEGE KA/ T KL
A FEE I AT E T, VXA G AR S R E R TIRE, A2 T
HARE/ FREFGHV AR T EERER, UERHEER PR AN TIE X, hiz A & L6 &
wl TERE T R,

IR RE K TR A RS e al 7T b MR R

RESEE V434 TEERIBEA  XEHRE:1672-9374(2020)05-0048-09

Model and application of steady-state characteristics

simulation for cryogenic rocket engine
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Abstract: In order to improve the efficiency of engine engineering development, the cryogenic rock-
et engine was used as the research object, a simulation model library and simulation analysis platform
with high simulation accuracy for the steady-state characteristics of the cryogenic rocket engine were es-
tablished by using Modelica language with good generality, supporting the modular modeling and simula-
tion. In addition, aiming at the requirements of engineering application, the fault simulation of LOX/LH,
engine, the performance evaluation and performance reliability sensitivity analysis of LOX/LCH, engine
were carried out. It provides a basis for the fault location of a certain LOX/LH, engine, and obtains the
performance reliability index of a certain LOX/LCH, engine, as well as the interference factors that have
the greatest impact on its performance, which provides a guarantee for the development of this type of en-
gine.
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Tab.1 Calculation results of pump characteristics
; UEEZE Sebidnt N el PR A
B /MPa MPa THER A SEFRACR 522/ % St i52%/%
AR 16. 06 15.90 0.800 3 0.801 3 1.01 -0.12
AE 13.53 13. 41 0.883 3 0.882 7 0. 89 0.07
xR2 RBEMETEER
Tab.2 Calculation results of turbine characteristics
‘ PR bRk . s I A e
Ak (r+min") (r-min") RS bR iR 25/ % iR 2E/ %
SiRE 32 615 32 718 0.507 7 0.508 7 -0.31 -0.20
HiREe 18 569 18 577 0.308 6 0.307 5 -0.04 0.36

FOXS TR, 25 1R e UE 590 i T 5 2 B AR Al
F1 28 2R 1 R 08 250 A M A DL R 3l T 8 2 1) T
FebE, BAT R RS
L2 RERMERYH

AR SOR B 2528 301 XA 1 e 25 T Jié A # 3T
B JEEE X S ) = AL PR e 2 o AT T B
I, GIABIERE
(dyd)”!

r

c

Q:Iﬁ“#%%q (6)

X p MEN RS p WRAUR; r MEE
REW; d NHES W EAR d D9 A fa B B AR
JI A 08 R e B o AR B UM TE S AR
ML AREL
h, = C,h, (7)

A by, Sl 28 A SO AR B e R 2

(A IR i B8 A R SRR TR 43 030 b B 78 50 ¢
AN RGP T OCRAS BT,
BEEE TS B, IF 514 R B s L, %
B A A T B AT B B R I WnEk 3 ~
T SPIR.

R®3 EIRRE(p. =9.937 MPa, r =6.06)
Tab.3 Low operating condition(p,  =9.937 MPa, r =6.06)
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Rl i 69. 86 2.29 -21.6  -15.33
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x4 HMEIRKRE(p. =10.195 MPa, r =6.517)
Tab.4 Rated working condition(p,  =10. 195 MPa, r =6.517)
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Tab.5 High operating condition(p, =10.391 MPa, r =6.791)
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Tab. 6 Verification results of isentropic algorithm model

Eff ACUE ACR R, B B
" Ji/MPa JE/K (kg-s™') (kgesT') %

/mm

11.475 9.245 28.37 2. 965 2. 866 3. 454

11.22  10.199 27.304 3.021 3.053 -1.048
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Fig.3 System schematic of hydrogen-oxygen engine
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Fig. 5 Fishbone diagram of failure mode
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Fig. 6 Simulation results of failure mode
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Fig.7 System schematic of LOX/LCH, engine
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Tab.7 Distribution law of component characteristics
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Fig.8 Simulation results of vacuum thrust
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Fig.9 Simulation results of mixing ratio
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Tab.8 Comparison of engine reliability index
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Fig.10 Sensitivity analysis results of engine main

performance under single factor
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