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Abstract: During the launch vehicle improvement or new launch vehicle design, various complex
flow and heat transfer problems are encountered. The directly established numerical model is too
complicated. The structure, flow and heat transfer at different special scales, long-time flight
processes are coupled with each other, and the calculation time is too long (several years) . The
calculation convergence and debugging are difficult. In view of the complex initial conditions, com-
plicated flight process and complex boundary conditions, three types of corresponding simplified
methods are summarized, i. e. engineering empirical method, limited parameter method and low-
dimensional approximation. These methods provide a reference for numerical simulation of
complex flow and heat transfer in propellant tank.
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Fig. 1 Simplification of sloshing near the interface, in the
hydrogen tank, before main engine cut-off, ¢,, ¢,, t;,

and ¢, are four separate moments in a sloshing cycle
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Fig. 2 Extreme status of the hydrogen propellant in the
tank, liquid hydrogen all occupying the upper side of the
propellant tank

3 (RHEIEMUE

b TE G S AR A S W AT ), AE 2 b
WERBEKAIMEHT, WK Z W N, 5 R4
JE 37T R0 DR 2R A 45 SOBL IR B/ R A )R, R
WA A I AR IR RE AR AL BT HEE R
RRE//R RS I S0 TR o 7 N | 2D I A
WIFETE . W48 R 7 % ax o6 I8 22 #0110 dose ., HRg it
7= 4e kW BB BT, A BB E 345 1
B R ) T BT, AT 48 S 0 R ik R SR
et .

B A =R W BT R AL, LA AR
R ARG . A 8 AR . AR A 3R T A IR
B AR 2, B R N B TG R B L — ik TAE BT bR
WREAR, REERNPLEHL, #EARE )W
T8, 3R 58 2 0% JUART A0 a) A5 7Y 2% 38 ) 22 Jy Tl
MYRIME, 1) JUff A5 A 52 A%, HESE R, 4 )8 A
WK MR m, mm. em X 3 DNRE, RIS
K. WG 2, RFRAMERCS. 2) B RE Il
5 QO = N T R A S 117l B A e 07 4
B RS ) W AT I )y AR R AL 10 £
WEF 10 A CPU B4, FHE i la A f,



%2

12 430 CH A R S 2 U 0 1 A ) RS ASE FL v ) A Y T AL 5 1 29

XA B[R] X6 T 328 28 BT B AT 5538 LV S AR AS 1

SR FHRURE R R R, T B R W AT
RSN I Y S N NI EE = I < 4 2 s
SR AN B 0 e A, — AN 2 A eT AR A5 HE B 09 0GR IR
BEGT A s 53— A2 QAT i 2 5 3 0 RO i AR
AT LA R B 2 3 R TR figp e ik 1 1 A

HE, P FELEHI K TIER, WshE
FIRAMXEAAS, WANTHH,. AR
L T o s =R e SN 18 | R VAN N B I PP
SR SR o DG e R o - T G P
CINYSE v 3 PO E SR I P S RS
PS4, P H A B 8 RATBOR TR
ZVS M B A . SR A A AN IR A, fE R
TR VAT B 4 B SR R 1 0 R A
THAAS B AR N 09 ) T R R . R AT b R AR R ]
eIk, THRAR B AT T AL E AT BT
A6 B 220 () SR TR BE BN RT3 i

90— oo

bohohohohooloowooL

7
6
6
6
5
5
5
4
44
4
3
3
3
2
2
2

SEISEIE

B3 WMMRECEEIESIANTEAHTRIECE, ¥
ENRTABHLANEBESS (REBARMEHEDHT,
EBAHER)

Fig. 3 Temperature distribution in a launcher hydrogen

propellant tank, at the beginning of microgravity flight, calcul-

ated from an axial symmetry simplified model
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Fig. 4 Temperature variation at the outer side of the tank

foam, before microgravity flight, calculated from a two-

dimension simplified plane model
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