%49 % 53 W NOFF OHE Vol. 49, No. 3
2023 4£ 6 A JOURNAL OF ROCKET PROPULSION Jun. 2023

I Ve HIRE KT A LR BE R Y 32 i

BB, E 9L AR, ROk A, ) IR
(BZHARF) A BRI "RARKIT A FHIE L LT, H% 710100)

HE REAHFNRINAGF UG EEENE W, 7 THRFRREENL B R E
W, FRTMREEREAHARREAR, REFHAETHRARE A HILNEE . HAM
AN ETHHELIAALTEMAFAMCERHEA T ZACENRREEE, TET AR TR
THBRERE, FREW . EAZRAKE, BRENENSEREE &% AN ERARXLEA
R, EMHENRERET, FRNBREENT R RSB REF LR ENNEREY W, LR
AHESOMIH, AERELSREELRENTOLERE 2.3%, WHREZEHRREZERMKRY
1%,

KBIR RFEA AR R KRB IR E

MESHEE V43473 XEARIRES A XEHES  1672-9374(2023)03-0069-07

Influence of liquid film cooling on combustion efficiency

of rocket engine
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Abstract Liquid film cooling has important influence on the thermal protection and the engine perform-
ance. In order to study the effect of different liquid film injection conditions on the combustion efficiency,
a thermal test study of liquid film cooling in the combustion chamber was carried out. In the test, the jet
flow rate, the number of cooling holes, and the jet inclination angle were changed, the wall temperature
of the combustion chamber at the position facing the cooling holes and between the two cooling holes was
measured, and the combustion efficiency under different working conditions was calculated. It was found
that after the ignition of the thrust chamber, the injection of the liquid film will reduce the slope of the
temperature curve. In the experimental study, under the same liquid film flow rate, different liquid film
injection methods did not have significant regular effects on the combustion efficiency. When the oxygen-
fuel ratio of the head is around 3. 6, for every 2. 3 % increase in the percentage of liquid film flow in the
total flow of the combustion chamber, the combustion efficiency of the combustion chamber reduces by

about 1%.
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Fig.1 Overall structure of the combustion chamber
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Fig.2 Liquid film ring structure and test picture
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Fig.3 Schematic diagram of the experimental system



72

KoOHE e B

2023 46 A

Y RGEE A 3 B HUBE R S D
TIVBURSE IS o FF o 36 R A 4L 65 7 FH S R A8 4 ol O o
FRET VR RS B 1 P A0 A R s I A o 3 i AR K
HP I S PR RSk A I s 114 7 a0 T AR B v
SEIAT DR ENAL T 00T & I =

PR it A v A S B R A R A R R
IR ERER M E R S5 A Be#1 B A Br#2
bR 1 BRI AR RS, 5 W 25 1 14 1 B 4 )
2970 mm 190 mm, Jf AR 1 B SR SR AR R
1 kHz, 7E48 FH DX P 1) 246 552 25 AN ik 0. 025 MPa,
TG R I R A 1l 2 TR I R A
TF, T B e g A R DR R AE T A
P AR EE L BRI, AME AR 1 mm
TS SRR A N BERE Bk 1 mm, ARH HREAIE 1 7
PRI 228 70 ms, R BE S5 G000 — 90 I B 4008 1) ok
FEARAN 2 kHz,

BRI L TR 1) B A 2 B o R 4 TR
TETR IR T Ui 04 [P Ak B #2 B LT8R 1 4 HEF
RN E o MRG0 IR R ) AN ], 76 [
FEBL#2 TR 10 4 HEA A B 22 08 07 B rh e B HE %
PR Al L P — R A R O X VR A b
ANEHIFL, 53 —HE R A A F P AR AT LAY IE
[ 5 Ak 55 Ah, X T 22 6 AN [R] VRS 3R 11 R 4%
E A R i A EFL R I3 s A

T e ) 2 L B AR B AR NS o [ Be#2
HEZeHe 7 R, S 14 JUP e il FE PR
TR o 2 451 12 PR A ry 0 L 3 LA
PL&S PNAI LR

B4 HEBMBREME

Fig.4 Reserved installation location for thermocouples
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Fig.8 Combustor pressure and temperature curve
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Fig.9 Combustor pressure under all experimental conditions
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TEHET B, S HBIR A HAE 3. 6 BTTRT, fk e
BERLY N 94 % , BEF OB TR, WRBERCR Z 18 %
%, AR R I ] 19. 36 o/s BT, MR
RGBSR 11,5 %, JREERAR LY 89 %,
AT BN U R o A R A B T
P2 2. 3%, R BE 2 B MR BR AR AR 20 1 %,

K11 R TR LT AR, i LU
SRR R O B IR G FEXHIRBR AR B 32 R B
PIRTE N A R A SN P b & L
ORISR, 2R A LR Y IUIR MR BE R0 22 511
AN Sk R B FERTARBE AR B 5 WA B /)

e N=12,0=20°

10 0
ma /(g s™) 15 2.8

E11 RERA L TR E

Fig.11 Combustion efficiency at different mixing ratios

ML e 45 2R, 5 iR A SE PR T AR
REAARA TR o v 2050 LG I 1 75 50 AR b %
J , FEFHBE Je AN VTl 8 5 1) i 3 80, TR P 32 g it
IR 8 W e A o OB, M A 252 0 B 1) T 1
sl wR I TEREA TR, 5 R E 4 I R
TRt — 2B Kt A S SR (ER: BB A VRO A
W R, R 20 B YR M RS WU BE L 2l , Ik A 2
Z5be, FEURPERCR AWK . EAEBREE A
J7 A B AR Ak, A TG ¥k A0 R R N B
g, TEAUS SRS, X BT WA
T AR ARHRBE R R B R /), 8 o R
AT7 A T EA A B 12 AL, k5 b A
SR AR FIR 22 T 5 R A SR e R AL AL T i 82,
PETIARRE L BLH 2 25 A LA

3 #Fig

T WFFEAS R A 55 1R R R 8 35 6 1) 5
i, TR Ve 20 BRI 7Y, IR B LA T 4518 .



49 & H 3 )

JESE 5 UV HRT K A LA B A3 (Y 5 75

1) WHRAEHES) % KR TEN R B E A2
R 2 b 2 LT A AR 5 R T AL B e Y
T I A, X — R R

2) MABERSCR S WO B AT S A S, SRR Ak
R BE A I B3 R MR AIR . (HAEA S
FR IR RIS R, AN ) BRI AT 20 R 0 44
PERCR A W R TE R

3) JRbe A R Jo A5k AR i R A X 8 R T
%, A SCRAIKIR W T AT, SR 5 LEAE 3. 6 K
U, A BB oAb = R T
BERE G 2. 3 %, WIAKE 28 BB BE IR R AR 2 1 %,

S% 3k

(1] JH5E 250, RIS WK I A S AL IS A ATE 5 43¢
R, k&i#EE,2020,46(1) :1-12.

TANG L,LI P,ZHOU L X. Review on liquid film cooling of
liquid rocket engine [ J ]. Journal of Rocket Propulsion,
2020,46(1) :1-12.

(2] ok, APARNE. IRV A ) e BT ErFE L) ). Ko
PE.2009 ,35(4) :34-37.

ZHANG F,ZHONG W C. Computational investigation of
heat transfer for film cooling thrust chamber[ J ]. Journal of
Rocket Propulsion,2009,35(4) :34-37.

(3] ZEEB, R, MEM, 2. WA KF LB [ M].
U AR ZS TR R H L, 2011

(4] B, MRORIET, X B . s RE VR A G b 5 R S L AR
KIE[T]. KiHEDE,2013,39(4) :1-7.

YANG C H,LIN Q G,LIU C G. Technology development of
high-performance liquid apogee engine [ J ]. Journal of
Rocket Propulsion,2013,39(4) .1-7.

[5] BODEN R H. Heat transfer in rocket motors and the appli-
cation of film and sweat cooling[ J]. Journal of Fluids Engi-
neering,1951,73(4) :385-390.

[6] MORRELL G. Investigation of internal film cooling of 1000-
pound-thrust liquid-ammonia-liquid-oxygen rocket-engine
combustion chamber[ R]. NACA RME51E04.

[7] KNUTH E L. The mechanism of film cooling[ D]. Pasade-
na: California Institute of Technology,1954.

[8] TOTTEN J K. Ramjet structural elements and non-regenera-
tively cooled combustion chambers and nozzles [ Z ].
Marquardt Corporation,1964.

[9] VOLKMANN J,TUEGEL L,MCLEOD J. Gas side heat flux
and film coolant investigation for advanced LOx/hydrocar-

bon thrust chambers [ C]//26th Joint Propulsion Confer-

ence. Reston, Virigina: ATAA ;1990.

[10] KIRCHBERGER C,SCHLIEBEN G,HUPFER A et al. In-
vestigation on film cooling in a kerosene/GOx combustion
chamber| C]//45th ATAA/ASME/SAE/ASEE Joint Pro-
pulsion Conference and Exhibit. Reston, Virigina:
ATAA ,2009.

[11] COOK R,QUENTMEYER R. Advanced cooling techniques
for high-pressure , hydrocarbon-fueled rocket engines[ C]//
16th Joint Propulsion Conference. Reston, Virigina;
ATAA ,1980.

[12] ABRAMSON A E. Investigation of internal film cooling of
exhaust nozzle of a 1000-pound thrust liquid ammonia-lig-
uid oxygen rocket[ R]. NACA RME52(C26.

[13] KINNEY G R, ABRAMSON A,SLOOP J L. Internal film
cooling experiments with air-stream temperature to 2000 °F
in 2- and 4-inch diameter horizontal tubes [ R ].
NASA 1087.

[14] SHINE S R, KUMAR S S, SURESH B N. Influence of
coolant injector configuration on film cooling effectiveness
for gaseous and liquid film coolants [ J|. Heat and Mass
Transfer,2012,48(5) :849-861.

(15 ] itk ek K A shipLas i Beit [ M. RSO, B 74,
B bt T AR, 1992.

[16] YU Y,SCHUFF R,ANDERSON W. Liquid film cooling u-
sing swirl in rocket combustors[ EB/OL]. https ://www. se-
manticscholar. org/paper/ Liquid-Film-Cooling-Using-Swirl-
in-Rocket-Yu-Schuff/865{f58¢75f7823b430febafc37dfc001 b
360b8c,2004.

[17] WARNER C F,GUINN G R. An experiment study of lig-
uid film cooling accomplished by dual slot injection[ J].
Journal of Spacecraft and Rockets, 1966, 3 (10 ).
1547-1549.

[18] VOLKMANN J,MCLEOD J, CLAFLIN S. Investigation of
throat film coolant for advanced LOX/RP-1 thrust cham-
bers[ C]//27th Joint Propulsion Conference. Reston, Viri-
gina: ATAA,1991.

(191 ARPIE . 2 T B4 e s AL s R80Hk b 28 05 5 a8
FELD ] KU EBRR AR R, 2015,

[20] KNAB O,PRECLIK D,ESTUBLIER D. Flow field predic-
tion within liquid film cooled combustion chambers of stor-
able bi-propellant rocket engines [ C ]//34th AIAA/
ASME/SAE/ASEE Joint Propulsion Conference and Ex-
hibit. Reston, Virigina; ATAA ,1998.

[21] GORDON S, MCBRIDE B. Computer program for calcula-

[

tion of complex chemical equilibrium compositions [ R ].

NASA 1311.



