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Engineering calculating method for film cooling in
small thrust rocket engine

Ma Ding, Zhang Lihui
(School of Astronautics. Beijing University of Aeronautics and Astronautics. Beijing, 100083, China)

Abstract: To meet the requirement of internal heat transfer analysis in chamber, based on
stratified layers theory and in combination with semi—empirical heat transfer model and chemical e-
quilibrium model , a heat transfer model was established to analyze the film cooling performance of
the thruster. Process of the film cooling in a GOX/kerosene rocket engine at the instance of fixed
constants was simulated. The computation of characteristics of heat transfer near inner wall has been
realized. The influences of certain factors such as mass fraction, gas flow status on the efficiency of
film cooling and the integral performance of the rocket engine were analyzed. The result may provide
reference for the development of new generation of small liquid rocket engines.
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Fig.1 Sketch of flows in the thruster

SREERE

21 BAZRIWSEINESHITN
MR E R FEXRTE.

ﬂ%kiq WFEiaw 1)

2 -(1-k=1)%) @
p

He, A, A k. A DI RBRENBRBER, ¥

BHWER, REIWEREBER. RKHEER

¥, p Mp HHRBSMBEMBE,

22 REEBEAHBKBRALLITN
AHAERDIN AN SRERE4EBER, B

AHIHTEARMTY,

K____E&___
K=Kg-| ° |, Katl)m 1.6 (3)
mc!
K, X,
Ky=Koot| 1y Kt Im ™ g
mct
kme (%
o (ar
£=l-e ©)

o, Ky, KR RBEBMGHFRIEA
MEENEIRE K m REHFHENTFEAREH
MR, m RILEROHEMNRER; « REE%E
MER; H RERENMGEREE; K RIERRE
B



22 X & O

2007 4¢ %6 33 %

3XMAKXBATRHAIBRBGER, 4
BHIR BN, Ko BITBERERUE, BT
KBHEK, RUTREBL 3 XPHEBHK
5,

23 BAZUFTEEHITHER

RABBHER AN, AHEMNNBRER
BARME (<10?), BRMAFRSINAAHER
FREABIERNMEBER, AXFHTKR
HEPEEBOERITERER TR TRAER N R
B, POSHAMRBEERDERTHR/EARBAS
FHM 84S H, 0, OH, H, 0, HO,
CO, CO,,

HRBRBETYPEAE NHASSEE T
R, WXFZOEWREFEIEN:

%uguwmhm ©6)
R, p REANWER; p REASHHE,
X 1T RBA TR E LS BRI oW
BiMEASATRPE  HTRNEN,; NE
FITHRASHE i HEENYRNE,

B bk MEER DA m # RS n F A
Y1, WRTZR TR ITEY .

Ink, = Zﬁki ‘In p,; - 2}, ‘B, “Inp, )
J= i=

Hep, K, ARBETRESAEFEELR; p, M
py AR B R RIS s B, RS AL
T BRAT MR,
BEEBRO,MA4E, AERBELRHT
X LR FBAFTHTUAR, THE HO MFE
B, RAEMERE=YHNIEE, BhHAREH
HEAE O, MAE, EEHBEASTEEEW
RAFVHOFAARENS, WELREHS
1, BERAERE RO AT RGBT 5 #
B, AIHRERE . HORR. RAGMAFEY
R AR AR MR R A T XM,
RARBHE RS R, SKHRHHE MR E 1L
EEK BTCEHHSEEZIHTOMNZE,
3B 5 £ B T B\ R 4L 43 TE A 6 R BB SR AE
TRUBIXER, REZBREAS UG HEHEY

G, HASREANLBEBIEFTHEN
BAWEE, FUAXHEERE (CH, ) %
BB (C) fERANTE, BB TEEHBN .
CO+3H,<>CH,+H,0 ®)
C+C0O,=2C0 )
B AL B4 AL BT T H,0 A1 CO, MY AR Y
FRAEHBA, AR TR TRA, #W
BARTAINNE, RAREGERTED
.,
ERERERSRO TR, BEMEE LR
BE, HBASHIRE, MORH, FUER
FEs A T 40 B A MR 2R IE BB
KAHEGREEE, SAMEN—FIEL, XE
BEERT LTI ER, TRARAKKT
0.3, RAR—MITEHEY, MENMFHET 0.3,
W3R s — R
24 WA RBATEHER
A3 EEKIBER K I K B < B BRI BE R
SXFRLRF RN R LR R RS
HENIRRPTE, BRI EARTELR
X

0.85

q=B- —1#; ) Py f)ﬁs) ' %.53 ®
D d,
Ko, BERSEE., LHALEHEY; B,
pi&y, DA BIRSWMNERE . WiES, #xt
HRR; ProARRERE RN,

SHIFEIERIMTF .
(=T e

- 0425 032 __ 0595 __ 0I5 (9)

R, T, (14T,) (3+T,)
K, (L-L)REERERHBRAHBE R
BEMW L LIS EE,; R, AESIEER; uo b
BEBEMSIRE; T VERBEEE T, &R
BRE T, MIE,

HTRHBER, AXARATH— 145t

HERSHRBAWEN SR, HEELAR,

0.8

| Gle

0.2

12 0.026 (n ¢, )(”—i

- 02 0.6

d Pr

v c



B2

/NMES RIS 3 TRE R

23

d, ¢, n WBKBWAER, EEEM, AR
E;{,J,%ﬁ%%ﬁ&,%ﬁﬁﬁ,ﬁﬁ

W o HEMBERERE, 2iEEMNDHEE
] 88

3 BERAREDE TS

A3 R 43 B — B B AR AT IR, RAT
H 1R YEER, ARPORTHERS LA
A5, BA BRI 5 BLATR A LoV B 1w B4
WBRMNRE, AEMTERT ELEERRIER
AHHBET=ZERNELEELFTIEHERGETHE
TS B, F P ORI RE T 22 ] 4% 2 O
EAXRERREOTEARX @XM 10X) &R
HERSERE, EHERTRSAB MY KE
B, AN TRRESEHEGIHE S LFET
WA ERWES, BEFMRHSEHTT &
KM, RBARERL, AFREES Lo mE
HEE LW —BVFERO R ESH,

BB T T R LA B

(1) BEASHRBMIRE, FREBEMER;

() AEAIE, BB THREZRBENKE.
BHAUSERESRS, FBAFEELER
B 5

() EREAMLERNASSERELE
tk;

@) AEZREHZEFEREW,

4 B

A SCER 31 A B EEM DR S
BEA A BHTHE, UMSRIE R RM
AT, RSB E MBS LI MA 2 7
~, BRRTEAHAIZER (mm), EHERA
RGN E, FANBEERAZERMERBAR
BmEAREN, TERERERRST 254
BE, WS 27ARE, VKR 20MEE, it
By SEIE 1 xR,

SV

¥

A 4

# H I8 E

254.2 10°

7.
98 *

36°

~__

2 EHEREA
Fig.2 Sketch of thruster
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Tab.l1 Computation conditions
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Fig4 Relative mass flow and temperatures of coolant
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Fig.5 Effect of turbulence on mixing ratio
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Fig.6 Heat flux between mixing layer and coolant
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Fig.8 Temperature distribution of oxidizer coolant
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