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Specific Impulse Variation of a Liquid Rocket Engine

by Film Cooling
Won Kook Cho*, Soon Young Park**, Woo Seok Seol***

Abstract

An analysis has been performed on the specific impulse for a liquid rocket engine of
gas generator cycle. The present analysis method has been validated through the
comparison of the optimal specific impulse for the 300t thrust conceptual engine against
the published data. The engine specific impulse can be increased by applying film
coolant decreasing the fuel pump head for regenerative cooling despite the decrease of
specific impulse of the combustion chamber when the film coolant participates
combustion more than the critical amount. The improved condition shows that higher
combustion chamber pressure is achieved with less fuel pump head rise by additional
film cooling.
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a7 1 Example of energy balance analysis.[2]
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2 ()8 BAE oA WAX2]E xFs7]  ASHA] FHxof spekEolu A s A9l o
T 3t B AFdA T oA AFA AEE  SPZY JIEFS AaYgH AR Al=FH Y] fF
KEB (KARI Energy Balance)[4]S ©]-8-3}51th. Aoz HE FI& F 9Jom AxEH Ao

FGHA Fe FFgolHd At S ZdS o]
i 1 Performance model. AU o]de AlE[4E FEee dige I
component | variable model T2 ARE F A
propellant Pros ! (fD  T) E 2 Comparison of optimal specific impulse.
Pr F(7)
o* CEA[5], equilibrium parameter | present | reference | error, %
cf CEA[5], equilibrium ", bar 175.3 159.6 9.8
combustionl empirical, f(p,.) Isp*, sec| 3314 3313 0.03
chamber Tey empirical, f(e)
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12 2 Pressure rise model of fuel pump.
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a2l 3 Comparison of engine specific impulse.
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a2l 4 Engine specific impulse map
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I 3 Optimal condition for specific impulse.

/w film w/o fim
cooling cooling
P, bar 205 175.3
Ap, bar 297 364
O/F), 2.69 2.8
O/F),,, 2.36 242
€ 38 35
Isp,, sec 333.3 3314
mf [y, % 0.8 0

335

330 |-

Isp (sec)

325 -

=2.7 (Ry=50%)
=2.7 (Rpe=100%)
=2.8 (no film cooling)

IR R R I R
50 100 150 200 250 300
P, (bar)

a2l 5 Ratio of film coolant combustion.
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