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Numerical Simulation of Non-Darcy Forced Convection Heat Transfer in
Porous Solar Receiver Pipe under Non-Uniform Temperature Boundary
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Abstract :3D numerical simulation was carried out for the fatigue failure in a working porous solar receiver pipe because
of temperature cyclic change and alternating thermal stress caused by non-uniform heating. The momentum equation was
formulated based on the Brinkman model, and the energy equations were established following the two-equation model
under non-local thermal equilibrium. The non-darcy forced convection heat transfer in a porous solar receiver pipe under
non-uniform entrance temperature but uniform wall temperature (Casel ) and uniform entrance temperature but non-
uniform wall temperature ( Case2) boundary condition was investigated. The numerical results show that the parameters
of dimensionless velocity field have distinct effect on the convection heat transfer process, the temperature difference
between fluid and solid phases decreases with B, number increases. Changing the heating conditions of entrance and wall
and controlling the range of parameters reasonably can decrease the maximal temperature difference in porous solar receiver
pipe effectively, which can improve the working efficiency of porous solar receiver pipe and extend its service life.
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Schematic diagram of porous solar receiver pipe
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Figure 2 Influencing factors of

dimensionless velocity
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Figure 3 Change of dimensionless temperature with

circumference angle ¢
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Table 1 Effect of small k on dimensionless
temperature under two working conditions

T BT TH 1 T2
FRS M - i
B S ﬁ-ﬂﬁiﬁ””” TR EHZIKE”’”J'T: TR TG
0.001 0.312 5 0.542 6 0.683 7 0.486 7
0. 005 0.316 3 0.542 6 0.678 6 0.478 3
0.010 0.318 1 0.540 4 0.6756 0.472 8
0.050 0.317 3 0.527 8 0.682 7 0.472 2
0. 100 0.309 4 0.509 6 0.690 2 0.494 6
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Figure 4  Effect of dimensionless parameters of

velocity on dimensionless temperature
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Figure 5 Effect of ratio of fluid effective thermal
conductivity and solid effective thermal conductivity

k on dimensionless temperature
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