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Design Methodology for Thermal Protection of Hydrogen
Peroxide and Kerosene Thrust Chamber Used
by Combined Cycle Engine
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(Science and Technology on Scramjet Laboratory, Beijing Power Machinery Institute, Beijing 100074, China)

Abstract: An engineering calculating method was built to fulfill the requirement of thermal protection de-
sign on a hydrogen peroxide and kerosene biopropellant thrust chamber embeded in rocket combined cycle en-
gine. By modifying the convection heat transfer coefficient of burned gas and introducing the liquid film decompo-
sition rate of coolant, the results match well with those of experiment and three dimensional coupled numerical
simulation. Then, applied in the thermal protection of a thruster assembled in combined cycle engine, the result
indicates that the cooling design is proved practicable, with liquid film cooling in the head and regenerative cool-
ing in the body. The coolant is selected as hydrogen peroxide and the consumption of liquid film cooling makes up
about 30%. The method manages to evaluate the performance of thermal protection conveniently, and contribute
to the assessment of the overall performance.
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Table 1 Feature size of thrust chamber :
Parameter Value 2 oxf
Combustor diameter/mm 52 § 0_255— .
Throat diameter/mm 20 - | 8MPa thermal conductivity™ _
Outlet diameter/mm Z U e e el oyl
Cylinder length/mm 165 i 2MPa thermal conductivity
Thrust length/mm 261 o ‘3(|)0‘ - ‘4(;0‘ ;m ‘5(;0‘ B ‘6(|)0‘ |
Expanding angle/(°) 9 (¢) Thermal conductivity
Mass flux/(kg/s) 0.3~0.9 2.0
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Table 2 Conditions of firing test

Parameter Case 3 Case 4

Mass flux/(kg/s) 0.821 0.845
Mixture ratio 7.25 7.35
Proportion of coolant/% 222 25.6
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Fig. 7 Schematics of H,0,/kerosene bipropellant thruster"
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Table 3 Profile and operating condition of thrust chamber

Parameter Value
Combustor diameter 2.25
Throat diameter 1

Outlet diameter 2.25
Cylinder length 7.25
Thrust length 10.7
Expanding angle/(°) 10
Mass flux/% 57.1~100
Combustor pressure/MPa 2.0~3.6
Mixture ratio 7.5
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Fig. 11 Calculation result of regenerative cooling
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