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Numerical simulation of heat transfer process in the wall of

a high enthalpy and pressure air heater

FENG Junhong ,SHEN Chibing ,ZHAO Fang
(Science and Technology on Scramjet Laboratory, National University of Defense Technology, Changsha 410073, China)

Abstract; Three dimensional turbulent fluid flow and heat transfer in the cooling channels of high enthalpy and pressure air heater were

numerically investigated. The liquid water was employed as the coolant, and the materials of combustor and nozzle wall were steel and copper

respectively, whose thermo physical properties vary with temperature. The hot-fire tests of the facility were performed to validate the simulation

results. The influences of gaseous radiation, the channel configuration and cooling routing on the wall heat transfer were discussed and analyzed.

The result shows that the heat transfer of combustor wall is affected obviously by the gaseous radiation which has little effect on the nozzle wall. The

result will lead to significant error if the gas radiation is neglected. The heat transfer rate of wall is largest if the number and the width of channel

was optimized. The flow mode of coolant has a great effect on the coolant side wall temperature but a little impact on the hot-gas side wall

temperature.
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Fig. 1 Typical cooling channel cross section
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Tab. 1 The parameters of air heater

Parameters Combustor  Nozzle
Total temperature (K) 1500
Total pressure ( MPa) 6
Coolant flow rate (kg/s) 25
Material Steel Copper
channel numbers 100 60
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/7 SLiner

B2 i e A R s A
Fig.2  Computational model of air heater
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Fig.3 Distribution curve of hot-gas side wall heat flux
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Fig.5 Temperature contour in the throat region of nozzle
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Fig. 6 Distribution curves of hot-gas side wall
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with gas radiation
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Tab.2 The temperature increase of coolant with two

different computational cases

Computational Temperature increase of coolant(K)  Eyror

cases Computational value  Test result (%)
No radiation 11.4 12.8 12
Radiation 12.4 12.8 3
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Tab.3 The parameters of three different configurations of channel

The number of channel

The width of channel

Configuration cases

Combustor Nozzle Combustor Nozzle
Configuration-1 100 60 w, w,
Configuration-2 80 40 1. 25w, 1. 50w,
Configuration-3 120 80 0. 84w, 0. 63w,
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with different configurations of channel
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