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Numerical Study of the Effect of Embedded
Radiation on Fluid Flow and Heat Transfer
in a Porous Medium

Shaymaa M. Younus®, Iman Al-Obaidi® *

Department of Mathematics, College of Education for Pure Science, University of Mosul, Mosul, Iraq

ABSTRACT

This takes a look at ambitions to investigate the two-dimensional flow pattern of fluids in a conductive medium
constrained between two parallel horizontal plates under the influence of embedded radiation. The mathematical model
is based entirely on the flow equations, including the continuity, momentum, energy, and diffusion equations. The
machine is solved numerically the usage of the specific finite difference approach (ADE) to investigate the conduct of
drift, temperature, and mass transfer below radiative outcomes. The study specializes in the impact of key dimensionless
parameters, including the Reynolds number, Darcy number, Grashof number, Péclet number, radiation parameter, mixed
radiation, and thermal absorption coefficient, on temperature and concentration distributions within the porous medium.
The effects indicate that growing the combined radiation complements the temperature in the porous layer, while the
Darcy range considerably influences the fluid velocity and balance. MATLAB program software became employed to
perform the numerical analysis and visualize the outcomes, imparting a clear understanding of the float flow conduct
and heat and mass transfer in porous media under thermal radiation conditions. The significance of this study lies in
clarifying the role of thermal radiation in modifying and enhancing the heat transfer characteristics within porous.

Keywords: Alternative direction explicit method, Darcy number, Embedded radiation, Radiation parameter, Thermal
absorption coefficient

Introduction

Fluid mechanics is a branch of applied mechanics that studies the motion and formation of fluids. The study of
fluid flow is a fundamental field in engineering and the physical sciences, as it plays a vital role in understanding
the behavior of materials under various dynamic conditions.' Sarojamma, Sreelakshmi, and Animasaun studied
the motion of a low-viscosity fluid in a magnetodynamic state in the presence of thermal radiation using the
Range-Kutta method.? Abu Zeid, Shaalan, and Raslan presented a numerical solution to the B-Spling function
to explain how both mass and heat are spread over an unsteady fluid flow according to the proposed model.*
Liu, Jiang, and Chong adopted a numerical approach to solve the problem of heat diffusion of a fluid within a
permeable medium, and through this, they demonstrated the effect of wall thickness.* Feng, Liu, and He, Y. L.
Heat diffusion in porous media on the REV scale was studied using the lattice Boltzmann method (CLB) and
numerically obtained stable parameters.® Asjad et al. presented an analytical study using Laplace transforms
for the flow of an incompressible viscous fluid through a porous medium under the influence of magnetic
forces, employing a hybrid fractional derivative with constant proportionality.® Hammodat, Algwauish, and

Received 24 September 2025; revised 30 December 2025; accepted 16 March 2026.
Available online 22 June 2026

* Corresponding author.
E-mail addresses: Shaymaa.mohammed@uomosul.edu.iq (S. M. Younus), emanhashem1986@uomosul.edu.iq (I. Al-Obaidi).

https://doi.org/10.21123/2411-7986.5334

2411-7986/© 2026 The Author(s). Published by College of Science for Women, University of Baghdad. This is an open-access article distributed under the terms of
the Creative Commons Attribution 4.0 International License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work
is properly cited.


https://orcid.org/0009-0007-5934-7550
https://orcid.org/0000-0003-2300-6758
mailto:Shaymaa.mohammed@uomosul.edu.iq
mailto:emanhashem1986@uomosul.edu.iq
https://doi.org/10.21123/2411-7986.5334
https://creativecommons.org/licenses/by/4.0/

BAGHDAD SCIENCE JOURNAL 2026;23(6):2206-2215 2207

Al-Obaidi dealt with a mathematical problem of fluid flow between two parallel plates with porous walls under
the influence of a magnetic field, and through it, the properties of the fluid were studied in terms of speed and
temperature.’” Danish et al. considered an unsteady Williamson fluid to investigate heat and mass transfer in
a magnetohydrodynamic (MHD) environment under the influence of externally generated thermal radiation
forces. Through this study, the effects of the resulting physical parameters were analyzed and interpreted.®
Ikram et al. have used nanotechnology to solve the problem of heat diffusion in some engineering and industrial
applications by performing multiplicative calculus on a nanofluid.°

Rafee and Saddam studied numerically a model consisting of a plate placed vertically inside a porous medium
in the presence of a radiation source using the (F.D.M) method. ! Rahaman et al. discovered a solution to
the water pollution problem by formulating a mathematical model based on the one-dimensional convection
and diffusion equations and solving it numerically using the ADE method, while imposing appropriate initial
and boundary conditions for the model.!! Ahmed et al.The bvp4c) algorithm was employed to conduct a
numerical study of a nanofluid under the influence of a magnetic field, and the results revealed an inverse
relationship between the fluid velocity and the magnetic field intensity.'? Abbas et al. proved that the change
in density affects the flow of gray fluid, by using a numerical method in a magnetic environment. '® Al-Khafajy
et al. studied how both thermal radiation and the Lorentz force affect a vertical plate in terms of speed
and temperature, relying on the finite difference method.'* Chouderley explains the relationship between
increased radiation and decreased temperature using the turbulence technique, while explaining the role of
external forces on the fluid.'®> Saleem revealed, based on a numerical study of a mathematical model, several
physical parameters that directly impact heat transfer in fluid flow in horizontal and inclined channels. '°
Kumar et al. used the fourth-order Runge-Kutta method, along with an optimization approach, to approximate
the results. Some non-dimensional parameters were observed to have adverse effects on the fluid flow under the
influence of thermal radiation. !” In this research, the explicit specific differences (ADE) method was adopted to
demonstrate the effect of integrated radiation and temperature distribution on the fluid flow behavior within
a porous medium. Through this method, the dynamic response of the fluid in this field was evaluated, and
several parameters affecting this flow were identified; their effects on the model were illustrated using graphical
representations.

Model of mathematics and fundamental equations

Fig. 1 illustrates the problem of heat and mass transfer in a steady fluid within a two-dimensional porous
medium in the Cartesian coordinate system. The fluid is confined between two parallel horizontal plates, with

the upper wall thermally insulated (% = 0), preventing the passage of materials and being exposed to incident

thermal radiation. The lower wall is heated at a constant temperature (T = T,) and concentration (¢ = &). The
fluid is assumed to flow from the left edge at zero initial temperature and concentration and zero velocity,
and to exit from the right side under normal flow conditions. Furthermore, the filled medium is assumed to
be equally porous and subject to fluid and mass movement under the influence of radiation, convection, and
diffusion.

y
4 Porous medium
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E of e
y=h Isolated wall | E =0 r@ =0
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Fig. 1. Model of mathematics.
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The following are the basic dimensional differential equations that govern the problem:-
The equation of continuity
ou v
— 4+ —=0 1
PV ay €

Equation of motion x & y directions

oa on ap %a 9% w.

i) == el Il 2
p<u8x+v8y> 8x+ueff(8x2+8y2> K @

a2 g0 0B (T LN B e (F - ) + pghe 6 — ) ®
PSS ay )~ oy Heff \ 552 3y? k p&PT o0) T PEPC o

After differentiating Eqgs. (2) and (3) w.r.t x and y respectively, subtracting Eq. (2) from Eq. (3), we obtain
the equation of motion in the general (dimensional) case:

d (.90 d (L0 O\ feff o (dV A0\ p (3 8d aT ¢
—(a= 4= ) - —(a—4yv— )= ()L (2 = = 4
ax (uax + vay) oy (uax +v8y) 0 ax dy ok \dx dy +oghr ax + pgfic ax “)
aT T 92T 92T 1 3G Q
a0 0T _ (T 7T 1 3¢ Q (5)
0x oy axz  9y>? pCp 3y  pCp
Using Roseland’s approximations for thermal radiation, which is expressed as follows. !9
34 160 T2 oc 92T
9 _ B R (6)
Ay 3k*  Jy
By substituting Eq. (6) into Eq. (5), the energy equation becomes as follows:
Energy equation
aT T 92T 16pT3 \ 82T )
ALY (CAC I PR 10 R B @)
0x oy dx2 3k*k | 9y? pCp
Diffusion equation
ac ac 3%¢ 9%
i 49— =D — + — 8
u8x+v8y <8x2+8y2) (8)

where velocity components are i and ¥ represent the along the x- and y-axes respectively, p density, u viscosity,
uery effective viscosity, k represents the permeability of the porous medium, T temperature, C, specific heat
capacity of a fluid at a given pressure, « thermal diffusion coefficient, ¢ concentration, D mass diffusion, 8t
and B¢ Coefficient of expansion for both temperature and concentration, and p pressure.

The corresponding initial and boundary situations are:

%)

Dimensional analysis

Converting the governing Egs. (1), (4), (7) and (8) to the dimensionless state is necessary to study the model
and find numerical solutions under the initial conditions indicated in Eq. (9). To obtain the dimensionless
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equations, the following dimensionless quantities are imposed:

u:—,V:—’C:A—’p:—z
Uo Uo Co - PUS

X y T-T
x*:—,y*:z, 0= —

h h Tw_Too

By substituting the given assumptions into Eq. (10) in Egs. (1), (4), (7) and (8), we get:

ou*  ov*

=0
ax* + ay*

00 oc*
+Grr +Gre—
ax* ax*
90 90 1 /3% 920 e
u* Vi—=_—|—F+(1+4Rd) — )| - Qe "”
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*

u
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2209

(10)

(1mn

(12)

(13)

14

Where Re, Da, Grr, Gr., Rd, Pe, Sc, Q* and y* represent respectively Reynolds number, Darcy number, Grashof
number for heat transfer, Grashof number for mass transfer, radiation parameter, Pécletnumber, Schmidt

number, Embedded Radiation, and Thermal absorption coefficient, respectively. %°

The resulting boundary conditions are:

u=0,v"=0,0=1,

20 ac* * = * =
=12 _o. -0 ay*=0,y"=1.
ay* ay*
: : : v v
Using the stream function,?' assuming u* = By Vi= -3

A
ax? oyt

9 W azw*+aw* RV N 3 [oW* 32w ot Jrut
ax* ay*  ax?  9x* axry* ay* \ ay* axry*  ax* gy

1 1 a6 ac*
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Re + ReDa + o ax* o O ax*
ow* a6  ov* 96 1 (/0% 026 -
T o (L (14+4Rd) —— | - Qe
ay* ax*  dx* dy*  Pe \ ox* ay

IW*  dc*  W* dc* 1(8%* azc*)

By o ax oy Se\ax? | ay?

The resulting boundary conditions are:

aty*=0,y"=1.

and substituting @* = V¥’ U* into Egs.
to (14), obtain the equations in the dimensionless case under the influence of the flow function:

(15)

(11)

(16)

17)

(18)

(19)

(20)
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Numerical solution

Using the explicit finite-difference method and the boundary conditions imposed in the mathematical model,
a system of non-linear, non-intransitive partial differential equations was obtained that describes the diffusion
of mass & heat in a steady two-dimensional fluid flow in a porous environment. The flow field was divided into
lines perpendicular to the x- and y-axes, where the x-axis represents the fluid flow, while the y-axis represents
the distance between the two plates. Assume that the maximum value is 25, meaning that the y values range
between 0 and 25, and assume that the flow field length measurements range between 0 and 100. Thus, a
regular two-dimensional computer network was formed in the x- and y-directions, respectively. The P.D.E
(16)-(19) with the cond. (20) was solved by FDM,?? after assuming that m = 250 and n = 250, as well as
Ax* = 0.4 st x* € [0,100] & Ay* = 0.4 y* € [0, 25] as follows:

W) = 2W% + Wiy | Wlijin = 2005 4 Wi j

(AX*)Z (Ay*)Z L]
Wi — W whij @ _ Vi =W . @i T P
Ay* Ax* Ax* Ay*
_ 1 (vhin 200t ot @hijn 207 i @
Re (Ax*)? ( Ay*)2
1 0ij — i1, Cj =S,
... Grq | 2224 Gr. |2 —t=2J 292
ReDa i T OTT < Ax* o Ax* (22)

Whjen — Wi\ (b — b1y W =W\ (Oij+1 — O
Ay* Ax* Ax* Ay*

1 (041 —20;;+6i_1; 6 iy1—26; i +0;i_ N
- - i+1,j 1,];‘ i—1,j + (1 + 4Rd) i,j+1 1,]2+ i,j—1 + Q*e’y y (23)
Pe (Ax*) (Ay*)
Wi — W5 (S~ G 3 W =Y\ (Sl — S
Ay* Ax* Ax* Ay*
1 (¢ —2¢%j+c% i1 Cfijyr — 2C% 5+ C%ij-
_ - i+1,j 1,]2 i-1,j + ij+1 1,]2 i,j—1 ) (24)

Results and discussion

In this section, review the numerical solutions for a fluid that is stable inside a porous environment between
two horizontal plates influenced by embedded Radiation. The explicit finite difference method (ADE) was used
to obtain the numerical results and represent them graphically, using MATLAB, to deduce the numerical results,
and to illustrate the drawings of the differential equations represented by Egs. (22) to (24) as shown in Figs. 2

Velocity u

Velocity u

o 10 20 30 40 50 60
Iterations

Fig. 2. Effect of Re. On the motion equation Re = (1-20), with a 3D. at Re = 20.
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Velocity u

Rerations

Fig. 3. Effects of Gr, On the motion equation Gr. = (0.05 — 50), with a 3D. at Gr. = 5.
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Fig. 4. Effects of Da On the motion equation Da = (1 — 5) with a 3D.at Da = 1.5.

Velocity u

i a
(e,
teratio

20 40 60 80 100
Iterations

Fig. 5. Effects of Gry. On the motion equation Grr = (0.1 — 20) with a 3D. at Grr = 2.

to 10. The effect of the parameters in the equation of motion is shown in Figs. 2 to 5, where it was noted in
Figs. 2 and 3 that the lower the values of the Reynolds number Re and the Grashof number for mass transfer
Gr,, the more stable the system becomes.

While the effect of Darcy number Da and Grashof number for heat transfer Grr is shown in Figs. 4 and 5.
Note that the higher their values, the closer to stability.

The parameters of the energy equation are shown in Figs. 6 to 9. In Figs. 6 and 7, the higher the values of
the Pécletnumber Pe and the Embedded Radiation Q*, the less stable the system becomes

Figs. 8 and 9 show the effect of both the Radiation parameter Rd and the thermal absorption coefficient y*
respectively, where higher values indicate greater system stability.

Fig. 10 shows the effect of the Schmidt number Sc parameter in the diffusion equation, where the lower its
value, the less stable the system becomes.
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Iterations
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Fig. 6. Effect of the Pe. On the energy equation Pe = (0.1 — 3), with a 3D. at Pe = 1.
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Fig. 7. Effects of the Q* on the energy equation Q* = (1 — 10), with a 3D.at Q* = 5.
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Fig. 8. Effects of the Rd. on the energy equation Rd = (0.1 — 20), with a 3D. at Rd = 20.
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Fig. 10. Effects Sc. on the diffusion equation Sc = (0.1 — 10), with a 3D. at Sc = 0.1.
Conclusions

In this section, the numerical results of the studied differential Eqgs. (22) to (24) are shown, supported by
illustrations (2-10). The stability of flow and the diffusion of heat and mass inside the porous medium depend
on the equivalence of the forces of convection, conduction, and diffusion. The lower the Reynolds number, the
Grashof number for mass, the Pécletnumber, and the Embedded Radiation, the more stable the system is, as
shown in Figs. 2, 3, 6 and 7 by reducing the effect of momentum and thermal buoyancy from the equations
of motion and energy. While increasing the Darcy and Grashof number for heat, Radiation effect, and thermal
absorption coefficient leads to improving the performance of the thermodynamic system, as shown in Figs. 4, 5,
8 and 9 in both the equations of motion and energy, while getting an increase in concentration and a decrease
in mass when the value of Grashof is increased, which negatively affects the stability of the flow, as shown in
Fig. 10 in the diffusion equation.
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