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Experimental Study on Kerosene Heat Transfer
Characteristics Using Simulating Cooling Channels

Bom Lee* - Wongoo Lee* - Yoonho Song* - Donghyun Hwang* - Kyubok Ahn*'

ABSTRACT

In a liquid rocket engine using hydrocarbon fuels, cooling of the combustion chamber wall is
necessary to prevent the combustion chamber wall from melting or structurally deforming due to high
heat flux. Among the various methods, regenerative cooling, which uses fuel as a coolant and then
injects it into the combustion process, has good performance. This study investigated the heat transfer
characteristics of kerosene as a coolant by varying the copper cross-sectional area, the flow rate in the
channel, and the current applied to the channel. Convective heat transfer occurred rapidly when the

cross-sectional area of the copper channel was small and when the kerosene flow velocity was fast.
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Fig. 1 Variation of flow-rate with time
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Fig. 2 Variation of temperature with time

32 i gAgA s

g7 42 AsE 77 9% A2 Eq1d
Eq3& &3t 78 F Atk onf EXAE=
bulk 255 &3 73 %S ©]&Frh bulk &
=9 Aeol= Eq. 3o YErYAH. Fig. 32 bulk

exs 4yYzdel WE UF GALAFE B
gzt f&ol Fod URF GALALI 37
do ¢ 5 dom, Fu e gL 2

'é = 7f;ﬁch(fZ—voutlet - T;nlet)/A Eq 1

q = h(Ty— Tpe) Eq. 2
Tyutre = Thnter + Toutier )/ 2 Eq. 3
olmf ¢& EFE, ¢, & bulk 2=MA AR
o Hideln, A GAGS W WHL vt
o =3 h oifF AZASFE onsdt 7,
= Al 738 679 LEAAR de 2=
& B greloh
Figure 4= A Fol W& tiF Ed2AFE B
otk dRe ASE AL AHe FY

Zol ZAL&FE gAY ATVt o AvdE AS
F¥ & gk
50 C
r O 50 bar_10 m/s
wk A 30 bar_10 m/s
= v 50 bar_20 m/s
[ > 30 bar_20 m/s
Sl
e L
£ 3 v
: % s % >
= 20 M
C Ooa
10w foa DA
O'....I....I....I....
280 290 300 310 320
Tbulk ]
(@) Dew = 1.6 mm
50
[ [m] 50 bar_10 m/s
w0 A 30 bar_10 m/s
o v 50 bar_20 m/s
[ > 30 bar_20 m/s
Sl
E [
s v
2z N
=0r %D w» N
10F A @
Fofot &
ol v v b v v b
280 290 300 310 320
Tbulk ]
(@) Do = 2.0 mm
50 C
[ m} 50 bar_10 m/s
e A 30 bar_10 m/s
= v 30 bar_20 m/s
Sl
E L
; -
=z, [ V
=0 'vv V v
0E o v B
O'....I....I....I....
280 290 300 310 320

bulk

(@) Dew = 24 mm

Fig. 3 Variation of convective heat transfer coefficient
with bulk temperature at (@) Dcu = 1.6 mm, (b) Dcu
=20 mm (c) Dcu = 24 mm

o] AfolME Ft Y

flo

g ddeA s

— 645 —



20
L D_=1.6 mm
I A D.=2.0 mm
151 v D.=2.4 mm
g -
E -
S10 O O 0 ©
= £
= L A
< o
5
ol bbb e
0 500 1000 1500 2000 2500
Current [A]
(@) 50 bar_10 m/s
20
L O D,=1.6mm
I A D_,=2.0 mm
15 v D_=2.4 mm
gt o
E r ] N
sor %X B 3
= |
< o
5
ol b b b 1
0 500 1000 1500 2000 2500
Current [A]
(b) 30 bar_10 m/s
40 -
[ O D.=1.6 mm
35 A D_=2.0mm
E v D.=2.4 mm
=30 F
£
Sast )
A L, o8
I v
S2f i g o ¢
15 F
P P B A I
0 1000 2000 3000 4000

Current [A]
(c) 30 bar_20 m/s

Fig. 4 Variation of convective heat transfer coefficient
with current under (a) 50 bar_10mys, (b) 30 bar_10
mys, (c) 30 bar_20 m/s

2 QAEe olgstel Azyel ddg
=40 ds) APAow ATsdn. Ade T
g o] ZA54E, Ad Wi g2 A=
el frgo] w24 Adgel & dojul A
o =3 AZLNo] o] supercritical ©]/¢<]
209 A9 39 4o ARY 540 G
F7 eech

2023
1. Huzel, D. and Huang, D. “Moden

Engineering for design of Liquid-Propellant
Rocket Engines, 4th” Volume 147, American
Institute of Aeronautics and Astronautics
Inc, Washington, DC, USA

2. Wang, H,, Luo, Y., Gu, H, Li, H,, Chen,
T., Chen, J. and Wu, H. “Experimental
investigation on heat transfer and pressure
drop of kerosene at supercritical pressure
in square and circular tube with artificial
roughness,” Experimental Thermal and Fluid
Science Vol. 42, 2012, pp.16-24

3. Liang, K, Yang, B. and Zhang, Z,
“Investigation of Heat Transfer and Coking
Characteristics of Hydrocarbon Fuels,”
Journal of Propulsion and Power, Vol. 14,
No. 5, 1998, pp.789-796

4. Park, HH., Lee, YS., and Kim, SJ,
“Experimental Investigation on Forced

Convective Heat Transfer Characteristic

Generated to Heated Tube,” Journal of the

Korean Society of Propulsion Engineers, Vol.

10, No. 3, pp. 90-98, 2006

— 646 —





