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Test and simulation of film cooling length in conventional
propellant rocket engine
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China Aerospace Science and Technology Corporation, Xi’an 710100, China;
2. School of Energy and Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: In view of the effective range of film cooling in the thrust chamber of liquid propellant
rocket engine, based on the model thrust chamber, the effective length data of liquid and gas films, the
temperature rise of regenerative coolant and the temperature of outside wall were obtained by test. Heating
length and evaporation length of liquid film, distribution of gas film cooling efficiency, regenerative
coolant temperature rise and outside wall temperature were obtained by simulation. The temperature rise of
the regenerative coolant was 90.1 K, and the outside wall temperature was about 340 K by test. The
regenerative coolant temperature rise and outside wall temperature were 89.7 K and about 330 K
separately calculated by simulation. The effective length of liquid film was 74.67 mm and that of gas film
was 124.2 mm by test. The effective length of the liquid film was 75.0 mm by simulation, in which the
heating length was 66.0 mm and the evaporation length was 9.0 mm. The standard for judging effective
cooling efficiency of gas film obtained after calibration was 0.687. By comparing the test results and
simulation results, the applicability and accuracy of the simulation program were verified, and the critical
value of gas film cooling efficiency was obtained, which can be used as a reference for thermal protection

design of thrust chamber.

Y #5 B #: 2023-01-19
HETE : 173 BHE AR RIS LR BT B
1B & 18 7Y« EE(1995—), B, tR, T NERAR KT & S e S 2 B B R AFSE . E-mail: hrfchina@]163.com

SIA MR GEsm e, MRAde, 20K, 5. B HUAEIE ) AT R S HLRE S HK BER 50 5 007 20 (1] s 3 3 2% 41k, 2023, 38(11): 2799-2808. HOU
Ruifeng, CHEN Jianhua, LI Longfei, et al. Test and simulation of film cooling length in conventional propellant rocket engine[J]. Journal

of Aerospace Power, 2023, 38(11): 2799-2808.



2800 o= 3

% %38 %

Keywords: liquid propellant rocket engine; thrust chamber; film cooling; cooling length;

cooling efficiency

WA K RPN yis B i et R G n &
B AR 52—, X 23 AR R 55 A AT 55 BB 75 A
DB A EEAE Y, (B RR S & L E R
HY NGB H | BN KA RAT: 55 X 1 2K i HE
HRGRRE AP 1 T S AR . TR T
HYERRTE AR IR A b, $R T R R A AR
HEMITEZ — BRI N R %
B2 2RI, g IR 4P R R AR KPR

FEE V2 0B AT PTG Tt AR 4 0 2 B T 5
TR R IER), B A 22K B AR AL RE HL
W) 5 4 07 2 N B B PrR HIASCR o R T R AR
FHAC B2 AT 547 M A A v 200000 6 | Wi Ao | Mg
TS5 1 55 52 e R 2R, 4 o VR BT R 0 R 8

R IEME . Munk 2581 58 i oK i F 25 1H Lag-
range B J5 B2, X /NE D VR AR K i & S HLAY
XA B | 78 R Sl R AR VR AT 1
%%, 133 T Euler-Lagrange I AH#ABE i S HEZE T 1
W R ZE L . Fu, FE . M ZE0Y 45
A VLT P TE AR RS AR, B B T /N R A K
i K SAILHE T 3 N IR K e FOE il A, 153
W R RN B e Y W A AR R # . Strokach,
Li 01 fifi FH Largrangian F7 - B 55 57 A AR UL
KRR, WA Tz AR T AR T 04 0 HRS B
P, 15 3] T W IR BT I B0 X6 s TRORE IR RN R T Y
M1, Lee. Sako. Ludescher S5 X I 1 #3153 7 )
I RE R AT T RIS, A58 TR F A TR
S 1) JEE B A3 A e, DA SO A R T A .

IR R R 2R TR ) A R R A
THHECLAE, (HIR AR — SR 2 X T/ — 4
G AR B, T R g, T TR
I FH Hox 3R AR AROR SR A s X T 4R HE ) = AR
POt ERARF, ARG A ERZ,
AT TR 2238 2k P AR v R IR R B ke (]
PSR P A B, S e B — RN TR, R
A7 38 3 7 = A R A SR BUR T K
JFE B o RTAS 3o A% PR AR e T 5

AR SCGHE A A RSN E AR S
B F gm i AL PO R E 005 JA5 Rk T T A
BGUE, FEAT T 4.4 MPa WP S5 = R A0 AR L
ek S GRS, A EE#S T B ER
ORIV 0 AN B SME TG R 1 SRR A, 15

BT L AU | PRV AR R TR 250
AMEE THT I A il B A5 A U 2 SRRy B R, A
TN SR 5 A R v BRI S {E AR A, m]
SRR K i K BB ) B A R HE Bt S %

1 KR

1.1 KBRS

RIS ARG FEM LN R R
ARG BCR ARG MRRRGEHM . K1 KR
Se 20 s B HEER) A E BT R SR R S
W, TR R . ERTTE ARSI
MR AR ] o A A 8 B S b =
AR e TEPLAE |

W AL » i
ikt ® i
RSO = S
L 7 pg

B B R GERY F 2

Fig. 1 Main components of the test system
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Fig.2 Position of temperature sensor
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Fig. 3 Thrust chamber profile and coolant flow path
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Table 1 Thrust chamber size and working parameters
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Fig. 4 Time sequence of start-up and shutdown
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metallographic examination
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Table 4 Chemical composition of gas flow
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Fig. 7 Equivalent treatment of radiation heat transfer
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