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Abstract: To achieve quantitative prediction of precooling characteristics and patterns in rocket
engine cryogenic turbopumps, addressing the technical challenge where AMESim software cannot
accurately predict two-phase heat transfer during precooling, a chilldown simulation of liquid
oxygen turbopump by lumped parameter approach. First, the complex turbopump structure was
simplified based on a thermal capacitance equivalence method, enabling synchronous precooling
simulation of pre-cooling for both the turbopump casing and core. Subsequently, cryogenic two-
phase flow pattern identification and boiled heat transfer models are incorporated into AMESim
software to establish a multi-node lumped-parameter prediction model for turbopump precooling.
Finally, this model is employed to predict the precooling behavior of a complex liquid oxygen
turbopump under varying operating conditions. Results demonstrate that the developed cryogenic
precooling lumped-parameter model achieves a maximum error of less than 6. 0% in predicting
precooling duration. The core precooling time constitutes merely 3. 7% of the casing precooling

time, indicating that the casing’s precooling process dominates the overall turbopump precooling
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progression. Increasing the inlet pressure enhances heat transfer rates between the fluid and

structure, facilitating rapid precooling, albeit at the cost of greater liquid consumption during the

process. The established AMESim precooling model provides a novel methodological option for

studying the operational principles of cryogenic rocket engines.

Keywords: turbopump; cryogenic chilldown; lumped-parameter simulation; boiled heat transfer
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Fig. 1 Schematic diagram of liquid oxygen turbine
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Fig. 2 Simplified model of turbopump
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Fig. 3 Schematic diagram of heat transfer process

in the liquid oxygen turbopump
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Fig. 4 Turbopump simulation model based on AMESim software
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Fig. 5 Boiling curve of cryogenic chilldown process

zkxb. xjtu. edu. cn

b B TE JIT Kb 48 PR 5 SRS S AR [R) I B R XTI Y
38 TG IR 3SR A T 1A 55 BE T (1) e PR
MERFE o = 05 1 W, JIE WA 4SO
B4 VRORE  BE T 5 A A 22 1) A 4 B AL T B 48 B
B, % A Dittus-Boelter 23 208 e R 41
h = 0.023Re!*Pr¥*k:/d (D
K Re HEEE Pro 85 BRA B b R AR 31
FREG TR TR 2 = O W RRWA AE 2 = 1IN RRA
s d SRR EE
MERRO <z << LW, JiilE b AR AR
it » AL R B B S TG A5 R T AR Y 4 AR 3 Ol RO R
JEEZS W0 10 BVTE IR 22 W I O JBEKE W AH 5 B T 7
B . FEIE 5 v, 3500 o B DRSS W 1 e 71 Ry ok U
Jils %)t A8 0 TR DA o I Vs O B A Sy A S Wl s 1Y) AR
SR Y RV e A B RN . X T AR A
MRS Tin G B XA T 18 5 K 5 B8 e 25 /N T
10960200 BRI s AR SR FH 2% 2 T 5 05 A1 245 s 1
T JRE .0 R IR e IS U A R IR BE (T e ) B, 450
FROM BB S I 5 2 BE IR /N T I B AR R IR
(Tepp) B 4 FRHEAAZ ST IS T > BE IR AL T Turs
FI T ZTEVF 00 Ay 3o Y 0 1 . Tap B T T
Nl )




%114 BRI B R IO T A TR TS R AR S S B A 181
1+ 0.001 22/3?‘7900'145‘()?'49 / B
Tyrs = (T, — Ty + T (2) /N ikl ol T, — T.) " Ap»T
e C m NB GOAJ‘;#?A zgh?é_ﬁl 2 24 ( cat) P
g= [Recn (3) 4y
kyoucw S=[1+2.53X10"° (Re,F-*)""]" (15
Tewe =T R b WA FIREG T, ERERY 0 HET

T = 01 LT 40,68 ()

s C W IE # B % T AL C B 76. 46
To AU A G S0 BE 5 T 0y 100 03 B2 5 0 S RO 28
JE s key R, 3 53 D VR VR T A R B 0130 200N
VBUAE FIVBE TET B ORL 5 B 5 SRR L E TR 500
CIEE NI T

TE NG W 6 B B, Darr 23 2 B0 (8 5 32050 %5 48
W) BAF . AR SR Darr 24 203 RS o 5 6 4

hy = hy, + h + ho (5
_ Tl —pv)ghfgki]”
hy, C1 |:4L/IV(T;*TLW) (6)
h'lC -

[l * <L+%>N} (%><1—I>“3 Ret Pri

)

haw = cs (%)eXp [— (L/D)% JWet Jai'  (8)

s Ay ke hay 53 ARERAR I 1 X it 4 B R 8
e T BT iR ek A g A R B U RO W
- BETH IR B s 0, A BE 5 g R NN BE 5y,
Rk, A FIRRBGL N MK EE D
RER sy WAMBE 500 ~ o WARAREGT, 21
ST I BETHT IR BE s T s TR RIR B s We: Sh 3510
s Ja: NHERS AL,
7E AMESim 1, &SR 5 S BOTRE L. 4
W E O, R B 38 N AMESIim 804 59 fix A 75 2,
7 SR S W 1 i Bz LA ASAE N s Al 3 5 XA
K (5) ~ @ AT F fdijfk
ha, = cshy (9
s oo N4 G 77 AR R 22 948 IE T, 47 BE T
WEEAR T Tonr > A% B W5 B B, BE T8 55 0 445 [R] 46t
P 7R Rl BB RS T B B K. A A A S
Chen 558 2 I W0 ORG J32 95 i o JHL 4 44 28 B0 fu 45 X
Tt T 5 3 s T S
h = Shyg + Fhey (10)
hey = 0.023 Rel-® Pri-*k,/D (1D

1.0
XN

X, — (121)0.9 <%>0> (/%)o.l 13)

0.736
F— max[1.0,2.35 ( +o.213) } (12)

zkxb. xjtu. edu. cn

5K 73 s Rey Pry 43390 2 WOAH T 1 550 VROAH 3 B9 R A
Ap KNIEZE o, NAAAE B W LLE H, Chen SCIHE L
G A SR RN A ) 1 R T R
TEAR SO E b SR IR OG22 20T 5308 25 i 6 AR
B H A BB o IR n ARG 5 Chen 24X il
WIAE He Bt e, AR
hay = ¢y (T, — To)" (16)
PRV AT EL A7 2 B X Aok U o P A A M A
{ELTR] Al Ak FEES ) AR SO SR A B AL 3 5 % it
T T T 114 A2 AR SO A B TR I 5L BA I 28 R IR
A I R B e 2 TR P AR (T . fE AMESIm K
F b, AR 5 BE T Y 4 I B 2 A Y A T
2 I FhRE THT AR 2 0 1] T AV i A B TR RE L 3O
iR 5 BE T 3 22 36 5 e PN R 4 B Y 1 B O
S [l e ELTE P Y Steiner BEE Sy — A
R AAGEAL AR AR PRTE B b R 7 TR AR R B X A AR
B DI R A i A R A A Tl BV T
RIS 4% BRE 6 s 2B AT I A ST PR AR A 4 A
A YR ) P T B I A S T PN R A T Y I
Ab T RE R B R B BE S 3 (2) ~ (O TR R
TRLEE | I 5 e T L L 4 R BB X i AR A
KHRA (5) ~ (16) FE AT G i 4k A s I JC 45 115
o, BEGZ T L A W AR S B R A IR TE T

| AMESim 76 H4 A\t 55 |

AR

Dittus-Boelter 2y

JEAS T
Darr K12

%A
Chen I

TLWEYNG LA

6 Bve WA TR R

Fig. 6 Calculation logic of chilldown two-phase heat transfer
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