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Abstract: In order to study the mechanism and influence factors of the transcritical heat transfer deteriora-
tion of methane, the transcritical flow and heat transfer of methane in a rectangular channel under asymmetric
heating conditions were simulated numerically in three dimensions, and the effects of different outlet pressures
and wall roughness on the results were discussed. The results show that there is a region near the pseudo—critical
temperature at the wall where the constant pressure specific heat capacity is at the maximum while the thermal
conductivity is at the minimum due to the temperature stratification of methane in the channel. Both of them will
hinder the heat transfer between fluids which will lead to the heat transfer deterioration. In addition, when the out-
let pressure increases from 6MPa to 10MPa and 14MPa, the average heat transfer coefficient increases by 18.9%
and 6.5%, respectively, and the average wall temperature decreases by 22.9% and 16.3%, respectively. When
the wall roughness increases from Opm to 3.2pum and Spm, the average surface heat transfer coefficient increased
by 56.3% and 92.6%, respectively, and the average wall temperature decreased by 29.1% and 39.3%, respec-
tively. This indicates that increasing the outlet pressure and wall roughness can inhibit the heat transfer deteriora-

tion and significantly reduce the wall temperature. However, when the outlet pressure is too high, the cooling effi-
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ciency will be reduced due to the decrease of methane heat absorption capacity.

Key words: Regenerative cooling; Numerical simulation; Methane; Transeritical; Heat transfer deterio-

ration
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Fig.1 Geometry and mesh of the computational model
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Table 1 Outlet pressure and wall roughness for each case
Case p/MPa Roughness/pm
6 3.2
2 10 3.2
3 14 3.2
4 10 0.0
5 10 5.0
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Table 2 Various grid arrangements for grid independence

test
Region Coarse grid Base grid Fine grid
Solid 1.5x10° 4.5x10° 9x10°
Fluid 9.0x10* 5.4x10° 2.16x10°
1000
u Coarse
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Fig. 4 Streamwise variations of wall temperature of case 1

for three grid level
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Fig. 5 Physical properties of methane vary with

temperature under different pressures
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Fig. 8 Thermal conductivity distribution of coolant on each
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Fig. 10 Distribution of specific heat of coolant on each

section for different pressures
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Fig. 11 Thermal conductivity distribution of coolant on

each section for different pressures
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ficient and wall temperature for different pressures
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Fig. 13 Streamwise variations of surface heat transfer coef-

ficient and wall temperature for different roughness
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