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Numerical analysis of heat transfer and thermal stress in the

hydrogen-helium PCHE channel of precooled engine

WANG Yanhong, LI Yujian, JIA Yuting, LI Hongwei
(School of Energy and Power Engineering, Northeast Electric Power University, Jilin 132012, China)

Abstract Based on the application of printed circuit heat exchanger (PCHE) in the closed helium
Brayton cycle of hypersonic precooled engine, the thermal-solid coupling characteristics of hydrogen-heli-
um PCHE channel were numerically studied, and the effect mechanisms of hot-side helium parameters on
heat transfer were emphatically expounded. The variation characteristics of hot-side wall temperature and
heat transfer coefficient and the effect on cold-side heat transfer were investigated. The distributions of
temperature and turbulent kinetic energy in channel cross-section were analyzed. The performance of
PCHE channel was evaluated by the entropy generation and the comprehensive heat transfer coefficient,
the thermal stress of channel was analyzed, and the heat transfer correlations of hot-side and cold-side
were established (error within +15%). The results show that the hot-side pressure has only a weak effect
on the heat transfer. The heat transfer of hot-side and cold-side is enhanced with the increase of hot-side

mass flux. The decrease of hot-side inlet temperature causes the weakened heat transfer both of the hot-
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side and the cold-side. The increase of hot-side inlet temperature leads to the significant increase of chan-

nel entropy generation, and the increase of hot-side mass flux results in a significant decrease of entropy

generation. High thermal stress occurs between the hot and cold flow channels and the side-walls, the

maximum local thermal stress reaches 25 MPa.
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Fig.1 Model and mesh of channel ( unit: mm)
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Fig.2 Thermal properties variations with temperature
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Tab.1 Calculated conditions

(VR VAR WA RV Y

T in,h in,c
K (kg-s™') MPa K (kg-s™') MPa
1 450 0.01 5 300 0.01 20
2 450 0.01 20 300 0.01 20
3 450 0.02 5 300 0.01 20
4 400 0.01 5 300 0.01 20
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Tab.2 Thermal parameters at different hot-side conditions

Tin,h/ min,h/ |2 Sg/

K (kg-s™') MPa (kJ-mol™' -K™") Noa/1072
450 0.01 5 2519.39 1.85
450 0.01 20 2709. 61 1.93
450 0.02 5 1026. 21 0. 66
400 0.01 5 1357.62 1.33
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Tab.3 Comprehensive heat transfer coefficient at different hot-side conditions

Tow/K iy /(kges™) py/MPa 0,/kW Q./kW 0./kW ATr/K — U/(W-K™)
450 0.01 5 1. 564 48 1.573 97 1.569 22 18.77 83.61
450 0.01 20 1.620 68 0.886 12 1.253 40 15.32 81. 80
450 0.02 5 1.676 35 1.686 34 1.681 34 13.67 122.99
400 0.01 5 1.044 61 1.051 00 1.047 81 12.53 73.62
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