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Numerical analysis of heat transfer in porous fin with non-homogeneous
porosity and considering thermal radiation effect
Salman Nourazar , Mohammadreza Mohammadpour
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ARTICLE INFORMATION ABSTRACT
Original Research Paper In this study, the analysis of heat transfer in porous fin considering thermal radiation and natural
Received 05 Marfll 2018 convection is investigated. In order to model radiation, discrete ordinates method is used. Also, Darcy—
if__;ﬁl’g‘;ﬁ gﬁ’:ﬁ%ﬁ 2018 Brinkman-Forchheimer model is applied for simulating porous media. A Least square method and
S numerical simulation (computational fluid dynamics) are applied to obtain the solution of governing
r— equations. In addition, accuracy of LSM results is compared with the numerical simulation results.
Porous fin Moreover, the effects of homogeneous and non-homogeneous porosity along the porous media,
non-homogeneous porosity Rayleigh number, Darcy number, porosity, surface emissivity, on temperature distribution along the
Radiative heat transfer length of porous fin and Nusselt number are investigated. Results show that the numerical simulation
D . and LSM results are in good agreement with each other (With average error of 3.39%). Also neglecting
Computational fluid dynamics

thermal radiation effect in heat transfer analysis of porous fin leads to 10- 20% error in the Nusselt
number value. Moreover, by applying nonlinear variable porosity along the porous media, the Nusselt
number will increase up to 23% with respect to the homogeneous porosity. So in order to enhance heat
transfer rate, porosity profile should be applied appropriately along the porous media.
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Fig. 5 Effect of varying Rayleigh number on the Nusselt number
without radiation and with constant porosityg = cte, ¢ = 0: validation
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Table 1 Comparison of the temperature distribution along the length of
convective-radiative porous fin between the LSM result and that of
CFD result.
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0.005  365.368 357322 0.0225 2.25
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0015 334524 321.881 0.0392 3.92
0.020  327.110 314412 0.0403 4.03
0.025  322.375 309.521 0.0415 4.15
0.030  319.337 306.610  0.0415 4.15
0.035  317.672 305.042  0.0414 4.14
0.040  317.154 304230 0.0424 4.24
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Fig. 8 Dimensionless temperature distribution along the length of
porous fin for different values of porosity
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Fig. 6 Temperature distribution along the length of porous fin using
different settings for the DO-method
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Fig. 11 Dimensionless temperature distribution along the length of
porous fin for different values of fin base temperature

LI S EPRN g APV PRI [ESPPSSNICH UV S LYORTN B B o
ot sl gles alizs olis

4

3.8 4
3.6 1
3.4 4
3.2
2 3
2.8 1

26 1
e —— with radiation
24 4 S

— — without radiation
2.2 1

2 T T T T

0.95 0.96 0.97 0 0.98 0.99 1
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Fig. 10 Dimensionless temperature distribution along the length of
porous fin for different values of surface emissivity
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