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Experimental Study of Film Cooling
in Liquid Rocket Engine(IIl)

Jin Yu* - Younghwan Choi** - Heeho Park*** - Youngsung Ko* - Yoo Kim***

ABSTRACT

An experimental study was carried out to investigate the effect of film cooling in the thrust
chamber of liquid rocket using LOx and Kerosene as propellant. The heat fluxes were obtained from
the measured wall temperature to the axial direction of thrust chamber for different type of coolant,
the various O/F ratio, mass flow rate and the location of the film cooling injector. A thin wall
combustion chamber and nozzle were used to obtain the heat flux.

E =

2 A7E dANL9 AN VA e ARG DI DS FaAs] 2PA T
Nel WE D ez BF, A% 220 BANAG D2 224 Yoges guers 333
Ak AW 915 thin wall Q43 =2 ¢ AHHPH, 2B LEE o 8ste] F2440
Pshe 445 AV

Key Words: Film cooing(2§2}), Heat Flux(@-#%)
.M B 24 o8, BAY 5%, 9449 84, F4

o 23 T =2 ZA Wy g =23
FAZAADE Adste FAAM HAHde o FE&xC B HEE ¥4 Wds 498
ol

2

71 & BA Fd e dadeA 24 7] AsiM e Q&g dFo] dasi. & A+
v g2 B34 H 52 @fFS(heat flux) At Y A =22 (kerosene)F H A AFA(LOx)
ZNE FEE BRIt 53 2AdIY Fx g FIAZ ste AN durHd d¥g

S 3437 A% ¥ dHolHd dREe & Fo A2AT =Z ZoA 2z 1 MW ms 10

P MWm? ZEoltt. wWebA dad ez 33
. s TR AE BANANN SA St EE T AR
o Fdgtn 7)A FAAR AYe Yste AEG FHE A}

A A A}, E-mail: jinycomet@hanmail.net

- 203 -



£33 2y FAA BE EHEHFS FF
g7lols &%l FEA FAY A 2
A7y EHoE EARZTH A A¥YAvLe=EE
Alofe] wah wepAM o)E HA™R £ e F
7HAQ Wtvhie R d4d uidd Uy =y
Z}(internal film cooling) & HAZ W
(boundary layer cooling)& AF&3ch ol AA
o] ¥de] WztAl(coolant) Zhfilm)E 3 A A
A A ¥H 22§ HMF g2 {FAT F
A= 2 st Wygez WA (coolant)ys FAA
oA AFEEAY BE9 FAE AL 2
dArollAe AZANFH YJAUNLE FAANZ ALS
st A¥E 2% AAZAdZY A¥IEE
z3gogn “YZ(film cooling)o] FHA<

fr&ol vlxe FFE I 4F7IY S

A A &} St

21 A¥AX

2 478 dslal Fig 19 e 2248 A
Asigich A AN RAAS AR
$)3}e] graphite |44} thin wall 944%
A3t d44S AA stden, dad oY
o] W3 E 93t thin wall =& 29 FAL
233, 203, 16.6mn& A Zsl] wA F2EAC

B ==

5 [ Film cooling adapter
LI R / Chamber & Nozzle \
1 ignitor | z H

t

olbomn iR

=

! Graphite Chamber |

v
[ '}I Iﬁ
1 LT Thin wait Nozzke

¥
Thin watt Chamber | 1pees

R

Fig. 1 A sketch of general view of baseline
assembly of model combustion chamber

A

L dfE AN

B

Y4004 AFH L=

d o 7HF Fag AMgelgt & 4 gtk &
A&l e Fig. 29t o] K-type &
Y4 dolw¥dor A2 =F 99 4
Z} 7704 H(spot)&H71E A&t A aH )

Figure 32 ¥ 97 & 939 23d FYH4Y
23 YA Y £ A Agtd g ¥
o] Apzlojt,

; Ll

..

T1Te2 T3 T4 T.5 T.6 To7 1
!
1
|

1
™ Ao

}
l" Thin wall CRamber |

0 > Axial
Fig. 2 Thermocouple position in combustion
chamber

Fig. 3 Rocket engine setup and film cooling
adapter ring

22 4827

Z44 ol yd =34 ¢
AAd 9F wako g 90°tH o E FAr)
Zslo] A2MPE WA AFHFY 2=
¥7} Y9F A2 RH d4sidol AAFH
< A3 ATh Q24P WYL ot} 2ok

A, Qx4 4L 15, 20, 30 kg Jom’2 W
A7 FRAY Euie 228 033 A

iy X

3@ ML o orR

- 204 -



A FRAAE FAAY A5 TUY AR
A3 dxe fAA 8& Abgsto Zzbe] @4
A7 dfEd viAe 9L Wi E48a, ¥
BziA o] 4RAAE Fotrtt

EA, 20kg /om?e A2l 4 T
22014 =gztA FEE F FEY 4-10%=
Wtz EA] JA fEFel dised HlAlE
FHE EAstgch d44d dez EAE A=
A% & A F3¥E obe 2o

g

=

m
Coalam‘ ker osene(% ) = ps molgz_r,t
m + m
propellant coolant

— MoK
L4

ok oW
Covlant sy = -

m o w

A, 20kg Jom?e B4 4N FAA
o) EEHE 17, 22, 258 WA 2AA
Egulrt ER&e vAeE 9% g

M propeliont

23 IfF& AL

e AT ALE HAdMdE 488 F
# 2e FHE-ANRAE YA A2 Y
of Adelel 28€¥ F exTs 484
2 A" 738 A3 BE AL
F7FetH A Radial & ofvet & ¥ge=
o] €39x= FA FUHe WEd 424 9y
ol ¢AZE MPorRH &2V ¥ FTE
A& AL Aldez Aok (1]

24 4829

Figure 4= =% ZoM 24T 4452 4
7R e TR d2d @l gt vehd o)
o A¥AT 15, 20, 30 kg Jem e A4 9
oA ehdztA FFE F 6% nAHHm, ¥
AE ARLLE ALF A 22 ALY BB
o z+z} 12.7%, 7.6%, 30.1% AL /4L v
Wk 53] 30kg Jom*e J44 d¥oz AR
Ag AR A dx4PedME F &
Fo 4%7tA 373%¢ FHT EdR% Faad

Rojtk olF AR FAE FAse vl
& AR A ZF¢ 101%8 AL o
& 48 Yeidth

do g wo

N « Combustion Pressuse | {5kgl/em2 - Kejosene
1.50m10" b » Combuation Pressute © 15kghicm2 ~ Watac
< Combustion Preasure ! 20kgf/cmZ - Kerosene
T v Combustion Prassurs : 20kghfcm? ~ Water
1.35x19" ¢ + Combustion Pressure : 30kgl/om2 ~ Kerosans
+ Combustion Pressua | J0kghlcm2 ~ Watec
Eoramit’F 4. o
N e T D
2 josao b \ T
3 S “
= goox10” | ~s
-] ® =
L BT S P AL Y »
T o75010°F  TTveeg s T iwo——-h
BErr el PR i LD L 24
Ol e DA e s Y
8.00x10 q~_‘__---‘.» ‘ll“‘.«:_,
g~
3 L]
4.50x10" ¢ N N N
0 2 4 8 8 10

o S &g I, (%)
Fig. 4 Heat flux distribution with coolant type

over mo g/mr g & mC‘,W/mT,W

(%}

Figure 5% 20kg fom?e] d44 Feim 22
o] A Ef M FH4L "ol el
g i 18 E AGAFARZY) BA 539
wpz vhebd Aolch whiztg shAl ge da4
ol vlste} WAAE 4.3%, 6.9%, 97% £YH
Aaddel i d2894 269%, 43.7%,
61.6% xZo|ME 17%, 268%, 345% Z2=HY
ch

g

~-»=Hon film coolin:
10T L efut s 4.3%
e~ Me/Mt  6.8%
Bx10* f v~ Mc/nt D TR

Fitm cooling loration : Chamber
fing

a1t
E T

sx10 -

Heat flux (W/m®)

st b
410" b

'

o

2 : P .
o s@ 100 150 200 250
Axial Distance (mm}

Fig. 5 Heat flux distribution with film codlant flow
rale over LRE length(Chamber)

- 205 -



Figure 62 15kg /em?9] dad gEolA =
Zd 2" 45 PYAAAZN) FF
gl 9AEE vehd otk =F 7 TN
diEe I4A fEFe] /gl o 433
A Basgen, o= &te] fFFd oj2Y f
o) df&9 Fae douA Ut =& &
(Ty5) BEAM /5SS B BY Y44
S2o] 0%, 49%, 6.9%, 98%% Z7}3e) me}
g s% 70, 57, 54 MW m?*2 Zi3Hen,
oA Ztzt A vAle FHEol 187%, 5.65%,
52%49 Za Z& FAY 5 A Tyl
Afde 27 LGS AR ¥ AL
AP 38 MW m?el & Boltrt 49%9
WZtA) £9] A 25 MW m?Z 359%2) 743
98%9 WZta £ wWi7tA & 3.9%9 HATS
Yebdch o2 e A ofe #uFd I
o222 EAE 3Z4A7 FHAH ydg F2
Azt <tell 9A Ha #A e s 43
+F ojldezEe #FATUES WIANIA ¥xn
4 29 AT FAYA Gngd da A2
A FFE vIXNA &) WEo|th

:10

o o Nozzled T3
L . v Nozzled 1 T,4
A + Throat :T.5
A « Nozzles : T,6
& 6x10° | e * Nozzie? : 1,7
.-
% sxi0'f Xy ~--e
2 3.
= N
© AN
2 a0l ®- TEal
=~ S
Q\ ‘\~\~ R L A
N RREETS S *
o ~ 1T N
3x10° .. S D .
e e .
2x10° L L L . . "
0 2

ofedm B) 8 10

Fig. 6 Heat flux distribution with nozzle location

over T.nC]K/’r;’l r.x(Po= 15kgf/cm2)

Figure 72 F24 Zo] wae] gt E3u 9
332 eld Aol Thin wall 944 3
ZAAZNE F A8 F 4%2 233 AL,

)7} 2504 22, 1.78 olAs2 TAs
THANX Zrzp ADdA Y dfSo 19.0%, 385%
283 142%, 242% ¥ AT AAF & AU
o} o] AL FHA Y EFHI} ALASFE 0|8 T
dulo 77 AEE Axd 25E wA ¥4
Hn), A3 A7HEe &= 4 AVl EF
o] A FFE vA7] BEojrt

Film cooling location : Chamber
—w- Mixture Ratio : 1.7
~+—~ Mixture Ratio : 2.2

oxto* [l Mixture Ratio : 2.5 ‘
A/‘—A"\ a

9x10°

7x10° |
& ». P
x10 A S e
o
s | -~
5x10 - z.
4x10° |

| e /.\,\/Z/ \

2x10°

Heat flux (W/m?)

0 50 ‘00 150
Axial Distance (mm)

Fig. 7 Heat flux distribution with mixture ratio
over LRE length(chamber)

Figure 82 =37 #& thin wall 44 A
R Azl JYZAFAZNFS AsSAA
=& F(Tw5)dlA £3E E75E 943 F24
F ol o EFvuE vEhd 7-]0]1:} =1A &
Fulg 17-182 &xn YAA F3L F FF

o] 43~97%7tAx RBEIFYE W Iize
54~50 MW m?*S Jepdor. a8y 234 &%
HE 2527bA 'Y wEk FREL 43, 72,

97%2 Z7}3lad 82, 72, 6.4 MW m*S e
o}

- 206 -



Fllm cooling location | Chamber
Coolant Folw Rate : 0% .
o + Coolant Folw Rale : 4.3% P
B8x10T 1 Goolant Fow Rate : 7.2% e
v Coolant Folw Rate : 8.7% . -
8.0x10° b et o
- .
— Pid -
s -
- -
£ 72q0°} IPts L A
z e hd -
x - - - e . P
3 eax10®f Pid ot .- 5
= | ] P I -
Tsexaot e e
e
o L A
4BX1° L 1, ' L L 1
18 18 2.0 22 24 28

Mixture ratio

Fig. 8 Heat flux distribution with coolant flow
rate over Mixture Ratio(chamber)

3.2 E

Azad 82 JZ4AZ Aed A=A 3
QAo hiZe) 9Be nAHDA sHgon
A249AD oeF 2L AEL AR

1 FPgAe FHol @e /5 FHEH,
ERte AZAE B4AZ ALSAES BF
W a#H7E A vebstth

2. %% 7 RRANY G5 WAA §3
of Z7htel Wb YASA BaHL AR #F
of olzal H olael dH&e) FaE dolitA
Qg oRe YH #F oHoRE FAZY
o WY Ae B IuPe) thsted AAHQ

FEE viAA E57] gEolH
3. d24 e nAF AeeA hdza e
F FJA e WA EFECl o

s AT} AN F3A FFS 8

#3 &

@ AfS 2N AAAE AL QoA
‘KQF

WA EYUE BRANA YREAES

Soish

- 207 -

. ?)_- 'LEL/

L E, FEUEn g
. Dieter K. Huzel and David H. Huang,

3
ki
o
ror

“WHEA FHLAN gL
Heat Fluxol o3 FHERM Hige" AAME9)e
, 2003

"Modern Engineering for Design of
Liquid-propellant Rocket Engines”, AIAA,
Vol. 147, Progress

Aeronatics, 1992,

in Astronautics &

. G. P. Sutton, W. R. Wagner and ]. D.

Seader, "Advanced Cooling Techniques for
Rocket Engines", Astronautics & Aeronatics,
January 1966.

Philip A. Masters, Elizabeth S. Armstrong,

and Harold G. Price “Hihg-Pressure
Calorimeter Chamber Tests for Liquid
Oxygen/Kerosene  Rocket  Combustion”,
NASA TP-2862.

R. Carl Stechman, Joelee Oberstone, and
J.C.Howel], Film
Cooling for Small Liquid-Propellant Rocket
Engines" J.SPACERAFT, February 1969

Andrew E. Abramson,
Internal Film Cooling of Exhaust Nozzle of
A 1000-pound-thrust
Liquid- Oxygen Rocket" National Advisory

"Design  Criteria  for

"Investigation of

Liquid-Ammonia

Committee for Aeronautics, June 17, 1952
J.C.Volkmann, ].M.McLeod, and S.E.Calflin,
"Investigation of Throat Film coolant for
Advanced LOX/RP-1 Thrust Chambers"

. G. P. Sutton, "Rocket Propulsion Element",

7th Jhon Wiley & Sons Inc, 1992.



