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Cooling Performance of 30t-thrust Combustor
Won-Kook Cho*, Soo-Yong Lee**, Gwang-Rae Cho***

Abstract

A design of regenerative cooling system of 30 ton level thrust combustion chamber
for ground test has been performed. The 1-D design code has been validated by
comparing with the heat flux of the NAL calorimeter for;{”/high chamber pressure and
water-cooling performance of the ECC engine of MOBIS. The present design code has
been confirmed to predict accurately the heat flux and water-cooling performance for
high chamber pressure condition. The maximum hot-gas-side wall temperature is
predicted to be about 720 K without thermal barrier coating and the coolant-side wall
temperature is less than the coking temperature of RP-1. The coolant temperature rises
nearly 100 K with thermal barrier coating when Jet-Al is used as coolant.
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Fig. 1 Sketch of typical regeneratively cooled
combustion chamber.
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Table 1. Algorithm of heat transfer analysis code.

for i=1, N_stage

guess T,

for j=1, N_step
calculate Ma
calculate T,
calculate material properties
calculate O
calculate h,, h,
calculate rib effect
calculate soot and TBC
calculate ¢’
calculate T,,, T,

calculate AQ, T,

if |qu— Tﬁy”l< € exit § loop
end do for j
T =T, + AAq"/mC,

end do for i
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Fia. 2 Heat flux of NAL calorimeter for p~=52.8 bar.



Table 2, Comparison of heat transfer
characteristics of 10tf methane engine.
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Fig. 3 Heat flux distribution.
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Fig. 4 Schematic of cooling channels.

Material
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rib : !
out wall : 5TS
Coolant : Jet-Al (property data[13] for Russian
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Fig. 5 Wall heat flux.
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Fig. 6 Comparison of hot-gas-side wall temperature.
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Ma

mpg

= W32 A=

chamber diameter

throat diameter

thermal conductivity
conduction coefficient of liner
rib height

heat transfer coefficient
effective rib height, =h+ W,/2
Mach number

fuel mass flow rate

mrorastotal propellant mass flow rate

Nu
(Pe)ns
b,

Py

Pr

R

Nusselt number

stagnation chamber pressure
coolant pressure

hot gas pressure

Prantdl number

radius or gas constant
hydraulic radius

heat flux

chamber temperature
coolant-side wall temperature
hot-gas-side wall temperature
stagnation temperature

rib half thickness

channel width

coolant channel inside width

Greek symbols

B
gl
¢

twist angle of cooling passage
specific - heat ratio

parameter of thermal condition at
outside wall

viscosity

density

for material

correction coefficient

property in boundary layer
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