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Identification of key transfer parameters of rocket engine
pressurization system
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(Shanghai Aerospace System Engineering Institute,

China Aerospace Science and Technology Corporation, Shanghai 201109, China)

Abstract: In order to solve the difficulty of determining the key heat transfer parameters in the
design of rocket pressurization system, a heat transfer parameter identification method based on adaptive
chaotic particle swarm optimization (ACPSO) algorithm was proposed. The mathematical model of the
pressurization system considering the heat transfer terms was established. The parameters to be identified
were selected by sensitivity analysis, and then identified by particle swarm optimization method with local
minimum prevention and adaptive weight strategy. The root mean square function with weight decay was
optimized. The results showed that the identified simulation value was in good agreement with the
measured value. The deviation between the simulation and the measured value of the opening time of the
pressurization electric valve of the oxygen tank was less than 3%, and the deviation between the simulation
value and the measured value of the temperature at the end of a flight of the gas bottle was only 2.4 K. If
the identification results were applied to a similar newly developed pressurization system, the volume and
weight of the gas bottle was reduced by 32 L and 11.6 kg compared with the design under the adiabatic

assumption, which effectively saved cost caused by redundant design.

Keywords: system engineering; heat transfer; particle swarm optimization algorithm;

parameter identification; rocket pressurization system

U %5 B #A: 2022-05-13
1E & & - 0®(1994—), 3, THRYN, Bit:, EENFHE K EHHEIE RG VT m MR .

51 A& 3. SRAOH, 2R, 1R L, 85, KT ARSI e R G G A S BOIHR [T]. iz 3l J1 2741, 2024, 39(4): 20220335. ZHANG Xiaopu, LI
Zhimin, XU Pengli, et al. Identification of key transfer parameters of rocket engine pressurization system[J]. Journal of Aerospace Power,

2024, 39(4): 20220335.

20220335-1



IR DA

%39 %

18 H KT LR LA TN AR
e/ BB DR T S SRR i . b
HEE AR . R P R 3 W A s HLA B
1B, BEAR K& ShHILIA 56 52 1R ik XURS: , 2R FH 1A
MR R G H FIAERS R, U Rk R
LR R A, R AR EER A RGP
PEA A ARG . AL R, HAERTT.
DA AT R rp 2 e 22 . (R, ©A 10 RAT 5
FEU, AL B L R AT REXT G TR PR AE T B RAT AR
Ve R K, B AL S aE 4k R,
BRSO 9 A6 Z e s ZURE 9 R A 1k
AT G RN 20 0 T [T 10% DL, WSSO
FIETE 30% L -, HJE PR A A7 300 1) I A A4
P X ICHR SRR T A HGR 2 . AN 423 (8] RAT AT
55 I 2 AR, R T AERF R K, 7R e ad A e
BT BAG IR AL IS, T AR S i R B AR
Wit vl . P, 38 2 A3 AT 3 S B0
FE S, FE25 4 AL 5 1 R T
B B 53 2R 0 b T 00 500 6 AT B, R R
Xof R ABL A B F TR 5 B T R I A BIAR 4 1 48
fEH

BE 48 A 3% R LS. RS H,
E NN RIF T TS . 75 R R H 7,
X R A1 L AR e T SE PR AP BB R B A ek 8k, 1 A
WL SR G R % R TSR0 T 2 B bR
fbo BRI SEN TR S0 38 I 50 A L AR LT
8 TARIRI A 45 FHE R R SR . Corpen-
ing 25 F 3R, Akcal W G T AR RS
TR R T HE e i 1% R G005 BTSRRI HE AT T
SIAT, BUS T R A TR I PRI o 20 il A5 )
XK BRI AR e RGBT T AT R Gl
M4 3 . LA 1 AU T Modelica TR 1 75 14
HET A K & B HLE B R, TR AL T 1
En] A PR KR R S L B T R BR
RGRAT BTN, XoF 1 i 1% 2R G0 A LAY
R BT T — 2 MR $EREM R T
RCTRIY A J Je se 2 AT AR S I RS TR R 1 2 R
Kumar ¢ 5L F CFD iAW Tl A 4644 =
Fb X W TR B 4 2 B 5 Liang %5 U7 Lud-
wig S50 33 o A E AU ST T AN [R5 T A6 Y
eI 2% R

R AR T, R G S B ST TR
EROE LR IEy B EDOE) S N pNE 2 S AT /N
KEAT TG, — 2o o8 AR SR A AT IR B 508

X TR AT T AT BB B E, (ELJE: 1 R R — 20 A di
Y XS T O B 2 M) ST 5 s E R s T AL
P05 HAFFEAEAE SRR AR i A B4R, ARt
EREFR I JZ AR S IR E L B E . D
BTN B i BT BB AR B AR K A4 N
B, (EORME LTS T2 RGBT h 2 A
R E R

TR K5 38 1 ik 2R 0 R AT AR Y
ARt AR, HE LR S G0 B8R B R B2 7
HEHEAT S, BAERESR— R TR 2 it it A,
Ry B AR BRI, R fige 1 B B PR SR AR AR . PR,
AR R R T TT R AT R R S R Al i R
. FET, B RS ITTEAE SR I HUR ., KB
ARG FOEHE Ll S A RSB A
I RIS AR SO S T TR A RS
WP, AR R PERCA AL, U T RGN
SR B ) 8 T 3 i T S U A S B fE
SO R ) R, Ve U S BO R
PR AR R AT B R Y BRI . RN
ZER N T RAENE ™ b, DR R T A
o WO 112 B M)

1 AXEERERFHFER

S F TR TR SR, O B A I
SRR, W 1 R, ARG
RIBB . o, BRI R R
FEI UL 5 A 0 T 3 25 £ Bt 80
HPE I 5 T B A0S H TR py, I, JE 705 5 5

Rl

R | e
s
il S
s i

% eSS
R e gl

BT S RAA R G S A

Fig. 1 Pressurization system

20220335-2



5 43

TRALIG A KT A B HLIG TR R GG A S HOIHR

1) I S8 P R DT b, ORI 2 B B s
T IR T BRI AT IF T pg, B, B 5% P 12 1
A R, AR L R A g [ P 4 e

14 ik ik RGN SR | SS A
DL 20 3 BUA I G R, SRR I T A 0 5 R A
IR —F . B p, VT, e 3 5URE
J1 AR | B R A ELRE s X B9 T AR in,
u, b o BRI AT B 100 AR OB A O P
Oy HAUREE S “UR N R I ;5 0,0 0, 70
BAREEAE | EUT IR BE A N R R B T
5 Qgwr Ogin O MR M S I AT BE | <HE S
SRR | T 5 A BE B I R pd b, AUER
SRR/ RIEEHIb] 7 SV

JORI T 1 14

V=7

FUAH

H r’i)i

48
TR
Q}'P
<>
L
TR
O

P2 B kR R GRS SR R P (O A
Fig. 2 Thermodynamic parameter transfer in the pressurization

system (only single propellant tank )

T [ o G ) SRR, R B TR ek R gE AL A
TR B o E . TR TR e
HUEEXt 5, 43 A B BCF AR IR LR 5
1.1 SiREs

RSk R h A 2 28 A, IR S
M B B I A o O H IR A E R, AT 2
R8N A W Z R A% Bt #E, B SN
J1 BEA TS BT R SR, A HER
A ECABERLN (D) L K (2) iR

dT, dm, dV,
cvmuE = (¢, T —cyT,) F—pu m —ZQ (1)

puVu :Z'muRTu (2)

X pos Vi Tow my 209008 R IR 7 L ARl
JERNUR; T HIRATRRIIRE, ¢\ ¢p WIES
PRI B TR AR HL s RS O R R
HAEERLG 2= (T, p) SRR R4 N T
1.2 SEFRTHEE

4 ARSI i 45 U A e e 4 O S
Jte i n] 2 (3) FrR:

. Di 1 (po)
=C,C;A — | — (3)
" “NT. VZR o

.
()

y+1
y+1

2 r+l
Gl ()
")/. — p— p— p—
y-1]|\ pi Di
AP Cy A MAGE IR T B R EG A TR
HY AL p o po AT R SR T pe A
TR SR D7 by T, Sk 3l o 49 3 B ) AR B 5
y AR SER IR G C T 3R AE R T L ¢
PA S 3 B B9 1 R, Feak = an (5) Rty

max[(l - —S) ,0]
Iy
WRIFTHES

P 2
le
(5

A 1, 1 4300 LR IR T FE L OGP e iz B[],
ST BRAG s ¢ MR IRIESAT IR S S5
eZSuniuing e
1.3 ##EE

1 FE ik RGN AFAE R e LA, an A 4R
XU (A SRE 5 BE T L HESER)) L 5838 X (3 &
BHH RS R 0 By H KA X
2 (6):

Po
— < Der
P )]

-~

&>pCT
Pi

-

~

eI PNElERS]

0 = hAAT (6)

Xt A SRX, A
h= cﬁ(Lgp%gnxzmAT' : C”fﬂf)n )

LU g ke
PO SIERS N/ ]
VoL n
h= cﬁ(’&) (8)
Ls luf

20220335-3



IR DA

%39 %

XTI AL 2 ol TR SO
T Ak, 8 o IR AT DL i Hegge SR, D
IR R A B AT 2, s (8) P

0 = k,AAT D

K h KRG IR LG A R AT iR
225 ke IR SURAG IR B b, WAL B RAR
B L IR s o AR E 5 g 7
s n Rk R B B MG R AR IR R G 1
SRR L o B R AR W8 TR v,
MR ¢ R0 Ry 5 A B AR G I R
AT AR D, T T T T 1] B A 3
PRI LG T PR R A 28 350 S T RCIR A, YT R BT ARL,
AR 5 A R i T R BOH IR I, 5 A R
2 fio TR Ay 35K A 2 ) T R T B b T ke
Hb, FiRE VR RE R 4F HANE AT A 4 B,
AN A RE N 1Y S FARI A BE SN 5 2 ] BRE5E 7

Az B S TR P9 A AR T R s 1A 3
Fr7R o
|
yaN 3
oA, AL S
YA 1E
————— x| 8
‘NJ v
2R
v :
BE-RHERRIATFR 4, LA |
/ Hﬁi@xﬁ;ﬁ\

K3 AR B
Fig. 3 Schematic diagram of heat transfer in the tank
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Table 1 Heat transfer parameters in the pressurization system
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Table 2 Identification result of heat transfer parameters in

the pressurization system
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