
International Journal of Scientific & Engineering Research Volume 8, Issue 5, May-2017                                                                           55 
ISSN 2229-5518  

IJSER © 2017 
http://www.ijser.org 

 
 

Radiation effect on Non-Darcy Convective Heat 
Transfer through a porous medium in a vertical 

channel with heat generating source  
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Abstract : In this study  the effect of radiation on the Non-Darcy convection heat transfer flow of a viscous electrically conducting 
fluid through a porous medium confined in a vertical channel investigated by taking into account both heat generating source and 
Radiation effect in the presence of heat sources. The non-linear, coupled equations governing the flow and heat transfer have been 
solved by employing a perturbation technique with δ the porous parameter as perturbation parameter. The velocity and temperature 
dissipation are analysed for different values of G,D-1, α , and M .From the analysis, new expressions for Nusselt number and Shear 
Stress on the walls  are numerically evaluated for different sets of parameters 
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1. Introduction 
Any substance with a temperature above zero transfers 
heat in the form of radiation. Thermal radiation always 
exits and can strongly interact with convection in many 
situations of engineering interest. The influence of radiation 
on natural or mixed convection is generally stronger than 
that on forced convection because of the inherent coupling 
between temperature and flow field [1]. Convection in a 
channel (or enclosed space) in the presence of thermal 
radiation continues to receive considerable attention 
because of its importance in many practical applications 
such as furnaces, combustion chambers, cooling towers, 
rocket engines and solar collectors. During the past several 
decades, a number of experiments and numerical 
computations have been presented for describing the 
phenomenon of natural (or mixed) convection in channels 
or enclosures.  
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These studies aimed at clarifying the effect of mixed 
convection on flow and temperature regimes arising from 
variations in the shape of the channel (or enclosure),in fluid 
properties, in the transition to turbulence, etc.   
Akiyama and chang [2] numerically analysed the influence 
of gray surface radiation on the convection of 
nonparticipating fluid in a rectangular enclosed space. 
         Barletta and Magyari[3] discussed the convention with 
viscous dissipation in the thermal entrance region of a 
circular duct.Numerous studies have been denoted to the 
investigation of thermal stability of reactors with internal 
volumetric heat generation and cooling of the walls. For 
example, In classical monographs [4,5] ,the emergence of  
uncontrolled rise of temperature in a reactor with internal 
heat release is referred to as thermal explosion. 
          Recently, Ghaly [6], Chamkha et al.[7],  Yussyo El-Dib 
and Ghaly[8], analyze the effect of radiation heat transfer 
on flow and thermal fields in the presence of a magnetic 
field for horizontal and inclined plates. Shohel Mahmud [9] 
studied the effects of radiation heat transfer on magneto 
hydrodynamic mixed convection through a vertical channel 
packed with fluid saturated porous substances. 
                            Farajollahi et al [10] published studies on 
the forced convective heat transfer coefficient of nanofluids 
and most of them are under the constant heat flux or 
constant temperature boundary conditions at wall of tubes 
and channels. 
            The early research which used suspension and 
dispersion of millimeter-and  micrometer-sized particles, 
faced the major problem of poor suspension stability.Thus, 
a new class of fluid for improving both thermal 
conductivity and suspension stability is required in the 
various industrial fields.This motivation leads to 
development of nanofluids [11] Kyo Sik Hwang 
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             Non-Darcy effects on natural convection in porous 
media have received a great deal of attention in recent years 
because of the experiments conducted with several 
combinations of solids and fluids covering wide ranges of 
governing parameters which indicate that that the 
experimental data for systems other than glass water at low 
Rayleigh members do not agree with theoretical predictions 
based on the Darcy flow model. This divergence in the heat 
transfer results has been reviewed in detail in Cheng [12] 
and Prasad et al., [13] among others.  

            Haddad and Abuzaid [ 14 ] the developing free 
convection flow in a vertical open-ended micro-channel 
with porous media. Raveendra Nath et al [15 ] applied the 
computation for the analysis convective heat and mass 
transfer through a porous medium with heat sources and 
dissipation. 

            Rokini and Sunder [ 16 ]  developed computational 
method for straight ducts with arbitary cross-sections to 
predict  turbulent Reynolds stresses and turbulent heat 
fluxes in ducts by different turbulence models for fully 
developed conditions. 

 2. The problem formulation 
 
We consider a fully developed laminar convective heat 
transfer flow of a viscous, electrically conducting fluid 
through a porous medium confined in a vertical channel 
bounded by flat walls. We choose a Cartesian co-ordinate 
system O(x,y,z) with x- axis in the vertical direction and y-
axis normal to the walls. The walls are taken at y=± 1.The 
walls are maintained at constant temperature and 
concentration. The temperature gradient in the flow field is 
sufficient to cause  natural convection in the flow field .A 
constant axial pressure gradient is also imposed so that this 
resultant flow is a mixed convection flow. The porous 
medium is assumed to be isotropic and homogeneous with 
constant porosity and effective thermal diffusivity. The 
thermo physical properties of porous matrix are also 
assumed to be constant and Boussinesq approximation is 
invoked by confining the density variation to the buoyancy 
term. In the absence of any extraneous force flow is 
unidirectional along the x-axis which is assumed to be 
infinite.  
 The Brinkman-Forchheimer-extended Darcy 
equation which account for boundary inertia effects in the 
momentum equation is used to obtain the velocity field. 
Based on the above assumptions the governing equations in 
the vector form are  
 
 
Equation of Continuity 
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Equation of energy 
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Equation of State 
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Since the flow is unidirectional, the continuity of equation 

(1) reduces to 0=
∂
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x
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  Where u is the axial velocity implies 

u = u(y) 
The momentum, energy and diffusion equations in the 
scalar form reduces to  
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The boundary conditions are  
LyonTTu −=== 1,0                               (7) 

LyonTTu +=== 2,0                               (8) 

The axial temperature gradients  
x
T
∂
∂

 is assumed to be a 

constant, say, A .Invoking Rosseland approximation for 
radiative heat flux 
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and expanding 4T ′  about Te by Taylor’s series and neglecting 
the higher order terms we get 

434 34 ee TTTT −′≅′  

where •σ is the Stefan-Boltzman constant and Rβ is mean 
absorption coefficient. 
We define the following non-dimensional variables as  
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Introducing these non-dimensional variables the governing 
equations in the dimensionless form reduce to (on 
dropping the dashes) 
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The corresponding boundary conditions are  
11,0 −=== yonu θ                       (12) 

1,0 +=== yonmu θ                      (13) 
 
 
3.Shear Stress and Nusselt number  
 
 
 The shear stress on the boundaries 1±=y  is given by 

LyLy dy
du

±=±= = )(µτ                                    (14) 

which in the non-dimensional form is 

11 )( ±=±= = yy dy
duτ                                         (15) 

and the corresponding expressions are 

37
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The rate of heat transfer (Nusselt Number) is given by 

1)( ±=±= = yiy dy
dNu θ

                                       (18) 

and corresponding expressions are 
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4. Results and discussions 
 
 
             In this analysis we discuss the velocity, 
temperature, shear stress and rate of heat transfer with 
the variation in different governing parameters viz., 
Grashof number G, Darcy parameter D-1, heat source 
parameter α , and Hartmann number M .The governing 
equations of momentum and energy are solved by 
perturbation method with δ as a perturbation parameter 
and we take P=0.71. The velocity is exhibited in Figures 
(1-4) for different G, D-1, α , and M .  
 
 

 
 

Fig.1 
Fig(1) Variation of u with G 

N1=0.5,M=2,D-1=102 G=102, α =2 
                           I       II          III       IV      V         VI 

G   102  2x102  3x102 -102  -2x102  -3x102 
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Fig.2 
Fig(2) Variation of u with D-1 

N1=0.5,M=2,G=102, α =2 
I        II       III        IV        V          VI 

D  102    102      102      102     3x102        5x102 

 

 
Fig 3 

Fig(3) Variation of u with α  

N1=0.5,M=2,D-1=102 G=102 

I      II     III 
                              α        2      4       6 

 

Fig.4 
Fig(4) Variation of u with M 

N1=0.5,D-1=102, G=102, α =2 
          I      II    III 
M      2      4      6 

 

 
 

Fig.5 
Fig(5) Variation of θ with G 

N1=0.5,M=2,D-1=102 G=102, α =2 
                     I        II         III         IV          V          VI 

G      102    2x102   3x102   -102    -2x102   -3x102 

 

 

 
 

Fig.6 
Fig(6) Variation of θ with D-1 

N1=0.5,M=2,G=102, α =2 
I       II     III        IV        V        VI 

              D-1    102   102      102       102     3x102    5x102 
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Fig.7 
Fig(7) Variation of θ with α  

N1=0.5,M=2,D-1=102 G=102 

                                   I      II     III 
α        2      4       6 

 

 
Fig.8 

Fig(8) Variation of θ with M 

N1=0.5,D-1=102, G=102, α =2 
          I     II    III 
M      2    4      6 

From Fig.1 it is found that as we move from the left 
boundary to right boundary the velocity changes from 
negative to positive.  The region of transition from negative 
to positive near the boundary enlarges with increase in G 
(>o). For variation in |G| (<0) this transition takes place 
near the boundary and the transition region increases with 
|G|. For G> 0 the maximum u occurs at y = -0.6 and for 
higher G≥ 2x103 the maximum occurs in the vicinity of the 
right boundary.  
            The variation of u with D-1  is shown in Fig.2.  We 
notice that the region of transition from negative to positive 
shrinks in its size with increase in D-1 ≤  103 and for higher 
D-1  it enlarges. In this case the maximum u occurs in the 
vicinity of the lower boundary.  Also lesser the 

permeability of the porous medium larger the magnitude of 
u.   
         Fig.3 shows that the magnitude of u decreases with the 
increase in the strength of the heat generating source α . 
Also the region of transition of velocity near the right 
boundary shrinks with increase in α .   
           With reference to M the transition region enlarges 
with increase in M.  Also |u| experiences an enhancement 
with M (fig.4).  

          The non-dimension temperature (θ ) is shown in the 
Figs.(5-8) for different G, D-1, α , and M .  For all variations 
the temperature is positive in the entire flow region.  This 
means that the actual temperature is greater than the 
equilibrium temperature in the fluid region.  The 
temperature gradually reduces from the value 1 on the left 
boundary to attain its prescribed value 0 on the right 
boundary y=1.  It is found that the temperature depreciates 
with G>0 and enhances with increase in |G|(<0)(Fig.5).  

       The variation of θ  with D-1 exhibits that lesser the 
permeability of porous medium larger the temperature in 
the flow region (Fig.6).   

       The variation of θ  with α   shows that θ  depreciates 
with increase in the strength of the heat generating source 
α  (Fig.7)  

       The variation of θ  with M implies  that θ  experiences 
an enhancement with M≤ 4 and for higher M≥  6 it 
experiences an enhancement in the flow region (Fig.8).   

 
Table. 1Shear Stress( τ ) at y=1P=0.71,N1=4.0 

 

 
 

 

G I II III IV V VI VII 

103 
1.1681

7 
1.1851

7 1.3382 
1.1789

9 
1.2245

4 
1.0459

1 
1.0070

4 
2x10

3 
1.2803

2 
1.3467

5 
1.6658

3 
1.3315

8 
1.4328

7 
1.0800

8 
1.0103

4 
3x10

3 1.3363 
1.4846

7 
1.9828

5 
1.4576

9 
1.6249

5 
1.1023

6 
1.0097

6 

-103 
0.7753

9 0.791 
0.6510

8 
0.7944

2 
0.7591

3 
0.9419

3 
0.9888

2 
-

2x10
3 

0.4947
5 

0.5584
1 0.2916 

0.5624
2 

0.5020
5 

0.8721
1 

0.9738
9 

-
3x10

3 
0.1579

5 
0.3021

6 

-
0.0784

9 
0.3039

6 
0.2287

2 0.7904 0.9551 

M 2 4 6 2 2 2 2 

D-1 103 103 103 2x103 3x103 103 103 

α  2 2 2 2 2 4 6 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research Volume 8, Issue 5, May-2017                                                                           60 
ISSN 2229-5518  

IJSER © 2017 
http://www.ijser.org 

 
 

Table. 2Shear Stress( τ ) at y=-1P=0.71,N1=4.0 
 

G I II III IV V VI VII 

103 -1.1466 
-

1.06243 
-

0.85743 -1.0767 
-

0.99751 -1.0567 
-

1.02828 

2x103 
-

1.25562 
-

1.10793 -0.7071 
-

1.13455 
-

0.98321 
-

1.11028 
-

1.05808 

3x103 
-

1.32693 
-

1.13641 
-

0.54896 
-

1.17347 
-

0.95707 -1.1606 
-

1.08935 

-103 
-

0.81541 -0.9204 
-

1.13465 
-

0.90425 
-

0.99057 
-

0.93977 
-

0.97292 
-

2x103 
-

0.59325 
-

0.82387 
-

1.26154 
-

0.78964 
-

0.96934 
-

0.87643 
-

0.94742 
-

3x103 
-

0.33337 
-

0.71032 
-

1.38062 
-

0.65611 
-

0.93626 
-

0.80984 
-

0.92337 
 

M 2 4 6 2 2 2 2 

D-1 103 103 103 2x103 3x103 103 103 

α  2 2 2 2 2 4 6 

 
Table .3Nusselt Number(Nu) at y=1P=0.71,N1=0.4 

 

 
Table. 4Nusselt Number(Nu) at y=-1P=0.71,N1=0.4 

 

 

The shear stress and the rate of heat transfer at the 
boundaries is exhibited in the tables 1 and 2 for different 

sets of the governing parameters G, D-1,α , and M . It is 
found that the shear stress at the right boundary 1=y  is 
positive for all variations. The shear stress increases in the 
heating case and reduces in the cooling case.  It enhances 
with M≤ 4 and depreciates for higher 6≥M  at G = 103.  
For higher G≥ 2x103 the shear stress enhances with M.  In 
the case of cooling |G|(<0) we notice  that the shear stress 
enhances with M≤ 4 and reduces with M≥ 6. Also in case 
of cooling, the stress enhances with increase in  D-1 in the 
heating of the channel  while in the cooling case the shear 
stress increase with D-1≤ 2x103 and reduces with D-1≥ 3x103.  
Also stress experiences a depreciation with increase in the 
strength of the heat generating source α (Table1).  
        Table.2 shows that The shear stress at left boundary is 
negative for all variations.  The magnitude of stress 
increases with G>0 and reduces with G<0.  It is found that |
τ | depreciates with M in the heating case and enhances in 
the cooling case.  Also lesser the permeability of porous 
medium smaller |τ |   for G>0 and larger |τ |  for G <0.  
With reference to α , shear stress depreciates with α  in 
heating case and enhances with α  in the cooling case.   
          The Nusselt number (Nu) which measures the rate of 
heat transfer across the boundaries is exhibited in the tables 
3 and 4 for different sets of variation in G, D-1, M, and α  .  
The rate of heat transfer at y=1 is negative for all variations 
and that at y=-1 it is positive for all variations.  It is found 
that |Nu| reduces with G>0 and enhances with 
|G|(<0).Also |Nu|  at both the boundaries enhances with 
M in the heating case and reduces with it in the cooling 
case.  The variation of Nu with D-1 shows that lesser the 
permeability of porous medium larger |Nu| at y= ± 1 in 
the heating case and smaller |Nu|  in the cooling case. Also 
|Nu| experiences a depreciation at y= ± 1 with increase in 
α  for all G (Tables 3 and 4). 
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103 
-
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-
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-
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Nomenclature 

     q     velocity(m/s)  
      P    Pressure(N/m2)  

k   Permeability of the porous medium (H/m) 
Q   Strength of the heat  generating source  
Cp  Specific heat at constant pressure(J/kg K)  

J   Current density vector 
H    The magnetic field vector 
T     Temperature  in the flow region(K) 
  

Greek Symbols 
      ρ  Density of the fluid (Kg/m3) 

µ   Coefficient of viscosity(Ns/m2) 
λ   Coefficient of thermal conductivity(W/mk) 
β   Coefficient of thermal expansion(m3) 
δ   Porosity of the medium 
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