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Abstract

This study presents a closed-form solution for a triangular porous fin, incorporating factors such as power
law-dependent heat transfer coefficient, internal heat generation, surface emissivity, and external magnetic
and electric fields. Darcy's model is used to simulate flow within the fin under insulated boundary conditions.
The governing equation is solved using the Modified Adomian Decomposition Method (MADM), with
results compared to the Finite Difference Method (FDM) for validation. The analysis shows that the fin
temperature increases with higher power law parameters, and both the Hartmann number (magnetic field

effect) and porosity improve fin efficiency.
Keywords: variable area; porosity; magnetic effect; modified differential operator

Nomenclature
. W
k Thermal conductivity, —
m.K

T(x) Temperature function of fin length, K
P, Perimeter at location x, m
T, Dimensional temperature at the base, K

T, Temperature at ambient condition, K

IJCRT2502111 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | a906


http://www.ijcrt.org/

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 2 February 2025 | ISSN: 2320-2882
W

m3

q(T) Internal heat generation power function of (T, T,, T, )
h(T) Heat transfer co-efficient, ziK
m*.

n,B,e; Power exponent Heat transfer co-efficient, Surface emissivity, Internal heat generation

Kb(T,-T,)L
R, Modified form of Rayleigh number, M

agkpy
- : 40T}
R, Radiation-conduction parameter, O a
effBR
: - 40e T°L
R,  Surface ambient-radiation parameter, RZ:&
keﬁw
B, V?L?
H,  Hartmann number, OnZo ¥ =
keﬁ (Tb _Ta)
h 2
Z, Fin parameter, |—>
Ker Yo
. q,L’
G Heat generation number, ———
keff (Tb _Ta)
- . K
Kq Thermal conductivity ratio, ”
f
X Axial co-ordinate measured from fin tip, M
y Vertical co-ordinate measured from fin tip, m
A, Cross-section at the location x, m?
: . . .. X
X Dimensionless co-ordinate measured from fin tip, .
. . A
J Conduction current density, m
E External electric field
B, Magnetic Field, Tesla
.m
Vi Darchy velocity, S
: : . . g m
\ Macroscopic velocity of fluid due to electric and magnetic field, S

C Specific Heat, I
kg.K

b Width, m
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t, Thickness at the base, m

E Electrical field, X
m

e(T) Surface emissivity of power function of (T, T,, T, ),

U} Half fin thickness measured at the base to length ratio, y—Lb
A Half fin thickness measured at the base to width in dimensionless form, %
0} Parameter denote porosity
0 Temperature in dimensionless form, T- 2
b~ 'a
&, Emissivity parameter of surface w.r.t. atmosphere
w
o Stephen-Boltzmann constant, ——
m<.K
m2
Y Kinematic viscosity, —
s
e K,
o Thermal diffusivity, ——
pC,
. .k
p Fluid density, —93
m
. 0 1
B Thermal expansion co-efficient, K
1
0) —
2\
. - A
(o Electrical conductivity, —
m

Br Mean absorption co-efficient of Rossland

1. Introduction

Extended surfaces are essential components in thermal engineering, used to enhance heat transfer from a
solid surface to the surrounding environment. The design of fins varies based on the specific application,
taking into account factors like material efficiency, production costs, and ease of fabrication. Among the
different shapes, rectangular fins are the most common due to their simplicity and broad range of
applications, such as in electronics, automotive industries, and more [1-3]. This study explores fin profiles

like triangular, convex/concave, and exponential, focusing on applications where lightweight and material
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efficiency are keys, such as in space technology. Triangular fins are preferred for their reduced volume and

ease of manufacturing. Kraus [4] provides a detailed review of fin designs.

In the past two decades, research on porous fins has increased due to their ability to enhance heat dissipation
by increasing surface area through interconnected voids. Early studies focused on how different parameters
affect the thermal performance of porous surfaces [5, 6]. Kiwan and Al-Nimr [7] studied porous fins for
improved heat transfer under different conditions. Kiwan [8] explored natural convection in porous fins,
while Gorla and Bakier [9] showed that porous fins outperform solid fins in heat transfer. Kundu and Bhanja
[10] optimized porous fins using various models, and in [11], they found that Constructal T-shape porous
fins offer better heat transfer when using the appropriate porous medium.

Various methods, including the Differential Transformation Method (DTM), are used to solve non-linear
problems in porous fins with singularities. Moradi et al. [12] applied DTM to analyze triangular porous fins,
achieving good agreement with the Runge-Kutta method. Hatami et al. [13] used DTM, Collocation Method
(CM), and Least Square Method (LSM) to solve non-singular energy equations for rectangular fins made of
Si3N4 and Al. Oguntala et al. [14] applied the Daftardar-Gejiji and Jafari Method (DJM) to solve the non-
singular energy equation for a constant cross-section porous fin, with results matching the Runge-Kutta
method. Roy et al. [15] used the Adomian Decomposition Method (ADM) for non-linear rectangular fins and
the Modified Adomian Decomposition Method (MADM) for singular convex and triangular fins, achieving
good agreement with exact solutions. They applied similar methods for heat transfer analysis in solar
collectors with power law-dependent thermal properties [15, 16].

Many studies have focused on fins with temperature-dependent properties, using power law for heat transfer
coefficients and linear or polynomial relations for other parameters. Mosayebidorcheh et al. [17] and
Moitsheki et al. [18] applied power law to thermal conductivity and heat transfer coefficients in rectangular
fins, extending it to variable cross-sections [19]. Porous fins, with their interconnected voids, benefit from
electric and magnetic fields, which enhance heat transfer by ionizing gas particles. Studies by Sobamowo
[20], Das and Kundu [21], Hoshyar et al. [22], and Patel and Meher [23] examined the impact of these fields
on porous fins, while Gireesha et al. [24] and Madhura et al. [25] investigated porous fins with varying
thermal properties and conductivity. Das and Kundu [26] also studied heat transfer in longitudinal porous
fins for electronic cooling.

The current research addresses a gap in the literature by studying the multiple variations of thermo-physical
parameters in porous triangular fins. It aims to unify these variations into a single mathematical framework to
better predict heat transfer, while also exploring how an external magnetic field enhances the heat transfer

rate.
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2. Methodology

This study aims to find closed-form solutions for a triangular porous fin with power law-dependent thermal

properties, using Darcy's equation for fluid flow influenced by electric and magnetic fields. The singular non-
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3. Mathematical Formulation of the physical problem

Figure 1(a) shows a triangular cross-section porous fin with its base attached to a constant-temperature plate.
Assumptions include an isotropic, homogeneous medium with no phase change, local thermal equilibrium
between fluid and porous medium, a steady one-dimensional model, Darcy’s law for fluid flow, and a

vertically applied uniform magnetic field with temperature varying only in the x-direction.

The energy equation for the differential element at a location x from the tip of the porous fin as

J. xJ,

O

dx (D)

%tdx+MﬂAﬂx=Nﬂﬂa—¢XT—R)+mCAT—TQ+odﬂRd{T4_gJﬁJ+
&

S m

Where A, is area P, perimeter at the location x. For solving the equation (1) two boundary conditions are

required as follows

At tip : T(x)] _, =0 2(a)
At base: T(x)],_, =T, 2(b)
The power law variations of thermophysical parameters are applied as follows,
T_T n 3(8.)
n(r)-n (17 B
T,-T, T-T
e(T)=¢, a
Tb _Ta
3(b)
T-T,\°
T)= F
q(T) qo[Tb_Ta) 3(c)

Figure 1(b) illustrates the geometrical relationship of the fin in the vertical plane using the similarity law.

ﬂ:ﬁand X:ﬁ
dx L X L

Since vertical distance y is linear function of x therefore cross-sectional area A, and perimeter P, for the

triangular fin from tip to base is calculated as follows

y X
A =2x=Db :[—beb

P, =(2y+b) 1+(ﬂJ2
g dx

®)
; , . . dy ?
The mass flow rate m and Darcy’s velocity related by the relationm = pV,, (2y +b),/1+ ™ dx . The cross
X

product of current density produces the magnetic field in the porous media and it can be related as follows
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J xJ X T-T
e g gy X : 6
o 0By (Lybj(Tb—Ta] (6)

The conduction-radiation energy transfer rate from fin’s base is given below

Y, X\dT 4o (y,x\dT*
q qcond. qrad. eff ( j dX BﬁR ( L ) dX (7)

Using T* =~ 4T,°T —3T,* and employing the non dimensional terms, the energy equation (5) can be rewritten

as follows,

d(, do G Z,2(1-¢) R
—| X = |+ ——= X% =24(X T+y? 2 20™ + 24X 1+y? —26°
dX( dX]+(1+4Rd) (X + oW1+ +2UX + oW1ty

(1+4R,) (1+4R,)
2 R?_ Ha
+ 20X + o 1+y (l+4Rd)+ X 4R ©

The following boundary conditions are required to solve the above equations

9
Attip:  6(X)],, =0 (%)
At base:  O(X)], =1 (9b)
40,190 _ G o 2LV ;o g BRIV g em
dx? X dX  ([@+4R @+4R,) ° @+ 4R)
d d
+2/1 1+y?° R92+21 1+y? e 6 +2/1 1+y? - B+1+2& 1+y? ’ %"
A+4R,) ° A+4R,) | X a+R,) ° @+4R,) -l X (10)
+L
1+4R,)

The above equation (10) will be solved by modified ADM. According to the MADM the LHS of the

equation (10) will form the modified differential operator as follows

L, =X" ax X dix( o) and it is invertible and therefore its inverse operator can be written as follows

X X
‘:jxljx o)dXdX
0 0

The equation (10) can be written in operator form

2214y 2741

L0 =S ()« 2 7 20 )+ 2V g 2 g N

(1+4R,) (1+4R,) 1+4R,)
221+ y? 221+ y? 2241 2241
LY o (o) ¢ PRV g (NG 2Ly RZ(NDl)+uwR2 ND,
(1+4R,) (1+4R,) X ) (1+4R,) (1+4R,) X
L Ha (11)
(1+4R,)
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The non-linear terms are expanded in Adomian polynomials in the manner given below
NA=6% =3 A;
0
A, = 6’06G ;
A = 5@‘908_191;
NBl=NB2=0"" =) B,;
0

n+l,
= 90 ;

(n+1)9,"6;;

B0

Bl

NC1=NC2=6*=>C,;
0

Co =6,

C, =26,6;;

ND1=ND2=6%*=>"D,;
0

D0 :908+l;
D, =(B+1)9,°6,;

Multiplying by the inverse operator on both sides of the equation (11) and expanding the RHS in Maclaurin

series expansion

dX  (1+4R,) 1+4R,) >
221+ p? B} 2.8, 221+ y? B}
0z, 1P| LR L YC, |+
(1+4R,) X (1+4R,) -
C D
271+ y? . 20: m 2414yl RL (S 271+ y? LAl s
@+4R,) % X @+4R,) 27 \& ") @+4r) X
+—Ha Lx_l[zemj
1+4Ry) 5 (12)

The first component &, is calculated as below
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0, =9(o)+xd9—(())=0
dx

Using the recursive relation next higher order terms are computed as follows
_ 24 1+1// 4 &
Opg =———=—Ly ~g)L B, |+
=g [ EA s 2t g S

Bm
YLy’ 21— )L, g LAY o Sc, |+
@+4R,) ° X X @+4R,) ° ~ "

2 icm 2 a
2y LA ] 2l RzLxl[szJ"'

o, Ly
(1+4R,) X (1+4R,)

0

[ 2 ZDm a
M RZLX_l 0 Ha LX—l(ZHmj,mZO
0

10, +
1+4R,) X 1+4R,) (13)
The second component is calculated as follows
G o} 221+ _ 4 2 1+y* _, _1(Boj
0 =———L — 7, 1-9)L, (B))+——wZ," (1-9)L, | —
1 (1+4Rd) X (Ao)+ (1+4Rd) 0 ( ¢) X ( o)+ (1+4Rd) WL ( ¢) x| x
241+ 2 _ 21+ p? 4(C 241+ 2 _
1 (1+4R':/) LG (1+4RZ/) Rabx 1(70]+ (1+4RZ/) el (B)
271+ y? (D H |
N TR, L =2 |+ —2— L, (0
TTirar,) T (Xj+(1+4Rd) « (@) (1)
The third component is calculated as follows
G 4 221+y? _, . 22 1+y? _, 1(Blj
0,=——L —Z, -9, (B)+———wl, (1-9)L, | —
2 (1+4Rd) X (A1)+ (1+4Rd) 0 ( ¢) X ( 1)+ (1+4Rd) L, ( ¢) x| x
21+ y° 4 221+ y? _1(clj 21+ 4
N T SN T R L 2|+ 2T RL, (D
(1+4R,) % ©) 1+4R,) 7 (X ! 1+4R,) 7% (B,)
271+ 2 (D H 4
—— T wR,L, | 2 |+—2—~L, (O
TTrar,) T (X]+(1+4Rd) (@) (15)
Therefore, final solution is the summation of three components.
0=)> 0. =6,+6,+0,---
Zo: o (16)

The actual rate of heat transfer of the porous fin from base to tip can be determined using Fourier’s law of

heat conduction
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. keff ybb(Tb _Ta)(1+4Rd ) X de:l
X=0

Qactual = v
L dX 17
The maximum heat transfer is possible if its area and perimeter are calculated at base.
C, KA(T,-T,)
Omax :_qo[YbbL]+hb(1_¢)(Tb _Ta)[bL\/l"'WZ + Ybl-]"' i ﬂ( s a) [bl—\/l"'lf’/z + Ybl-]
Y
+40eT, (T, - T, )[bl_,/1+ w4y, L]+ 0B, "V ?(y,bL) (18)
The efficiency (77) of the triangular porous fin can be obtained by the expression
Nl
77 — qactual dX X=0
G G Z(-gl1+w? +2) RWL+y® +4) R+ +2)  H,
(1+4R,) (1+4R,) (1+4R,) @+4R,)  (@+4R,) (49

4. Results and discussion

This study examines the effects of power law index for heat transfer coefficient, internal heat generation, and
surface emissivity in a triangular porous fin under external electric and magnetic fields. The energy equation,
which involves non-linearity and singularity, is solved using the Modified Adomian Decomposition Method
(MADM). In order to validate the present results, the governing equations are converted into only singular
value equations by putting, G=¢; =n=B=R; =H, =R, =R, =0=¢y=0,A=12,=1.5 and as shown
below,

d’0 do 1.2

+—=X+2)Z,76
dx? dXx ( 2) P (20)

X

The above equation is solved numerically using FDM and both the results of FDM and MADM are plotted

for their comparison as shown in Figure 2.
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1.0

0.9—-
0.8
0.7—-
0.6

0.5

—— MADM
044 -+ - FDM

0.3

0.2 k:O.l,ZO=1.5,
1 G=¢_=n=R =R_=B=0x=R =H =0
G a 2 d a
0.1 —— —2—2 4 8
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Figure 2. Comparison of MADM and FDM for the values of Zo.

Table 1 Range of values for physical and thermal parameters

G| &=n=B R R, R, H 2 Z,

a a

0.001 0-0.5 0.001-0.1 0.001 | 0.001-0.1 | 0-0.2 0.01-1 1.1-2

The energy equation comprises twelve thermo-physical parameters, and a higher value of these parameters
results in an increase in the absolute error at the fin tip, potentially leading to an unreliable solution for the
problem. In each figure, the power law values are varied together while maintaining the same levels. The
values for heat generation number and surface ambient radiation parameters are kept constant at low levels,
and the other parameter ranges for the current problem are as presented in Table 1. Figure 3 exhibits of the

effects of combine power index ofh, & andq, on the temperature curves for the specific values of 0, 0.25

and 0.5 and all the three values are separately exhibited at Ra at 0.001 and 0.1 respectively.
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1.0
0.9
0.8 /
0.7 4 %
0.6 7
0.5 - £,=N=B=0.25
D 2
' 2 —— R =0.001
0.4- Db ’,/////’
1| e;=n=B=0.5 s - R=01
03 -1 ”, ::,” e
0.2_-,—"':://:/’, e,=n=B=0
017 R,=0.001, Z,=2,G=0.001,.~0.2,
] ¢=0.1,y=0.02,R_=0.001,H_=0.1
0.0 u T T T T T F T T T T T T T T T T T T

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
X

Figure 3. Effects of combine power index of h, & and g on the temperature curves for the specific values of
0, 0.25 and 0.5 for the values of R, at 0.001 and 0.1 respectively.

The bottom solid and dashed lines illustrate the tip temperature for fixed values of the power index

parameter. i.e., foreg =n =B =0, this suggests that the combined effect of power index parameters has no

influence on heat transfer at all. The upper solid and dotted curves represent the maximum tip temperature
corresponding to increased values of the power index parameter. i.e. for e, =n =B =0.5 and middle two
curves for intermediate values of power index parameter, i.e. for ¢; =n=B =0.25. It is clear from the
illustration that the combined influence of the power index parameter for the convective heat transfer
coefficient, the internal heat generation sources, and the emissivity parameter of the fin surface collectively
enhance the heat transfer process between the working fluids and the porous triangular fin. The higher value
ofes, B and n imposes more nonlinearity in the energy equation and results higher tip temperature and
escalate the rate of heat transfer. Along with the power law variation, a drop in tip temperature is also noted,
with the increasing value of R, form 0.001 to 0.1. When R, increases, it raises the relative permeability of
medium to penetrate more fluids which in turn contributes to increase of buoyant force in connection with
the increase of power law parameters. The relative spacing between the solid and dotted line is more for

ge =n =B =0.5, which indicates that Ra is influences more heat transfer rate for higher value of power law

parameters. Figure 4 manifests the tip temperature of the triangular porous fin for three values of Ha at 0, 0.1
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and 0.2 and each three values are separately analyzed when Rq at 0.001 and 0.1 respectively. The working

fluids inside the porous fin are thought to be influenced by the external magnetic fields, which causes them to
move more in order to transfer heat. Since Ha indicates the ratio of external magnetic field to the viscous
force, the solid curve shows the tip temperature in the absence of an external magnetic field, indicating that
the Ha has no effect on the fluid particles inside the fin. As the value of H, increases, for greater mobility of
the working fluids inside the fin, it increases the buoyancy force and reduces the viscous force.
Consequently, the fluid particles convective heat transfer coefficient falls, strengthening the heat conduction
process. The thermo physical parameter Rq indicates the combine mode of conduction and radiation from the
base of the fin and it is evident that with an increasing the value of Rq, tip temperature increases for all values
of Ha which implies that Rq influences the external magnetic effect of porous triangular fin. Figure 5

describes variation of 7, with respect value of Z, when power index parameters &.,n,B are equal to 0, 0.25
and 0.5 respectively. It has been observed that the fin efficiency is highest when power index parameters of g

,¢ andhis equal to 0 and increasing value of power index parameters, the fin efficiency decreases. Also the

fin efficiency has decreasing trends with the increase of value Zo. Figure 6 describes the variation of 7, with
respect value to A for values of R, equal to 0.001 and 0.1 and effect of R, are further exhibited when the
values of ¢ is equal to 0.1 and 0.2 respectively. It is acceptable from the figure that, for higher value of ¢,
higher is the fin efficiency and also the efficiency curves has increased value when R, is equal to 0.1. All the
curves have an increasing trend with the increase of 4. Figure 7 describes the variation of7, with respect
value to y for the values of ¢.,n,B equal to 0, 0.25 and 0.5 while other parameters at fixed level. It has
been found that the fin efficiency is highest when power index parameters ofg,¢ andhis equal to 0 and

increasing value of power index parameters, the fin efficiency have decreasing trends with increase ofy .
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1.0
0.9—-
0.8—-
07
0.6—-
0.5—-

0.4 1

034

0.2 1

0.1

Z,=2.0,G=0.001,1=0.2,0=0.4,y=0.02,
R,=0.001,R,=0.001,¢ .=n=B=0.25

0.0

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

T T T T T T T T T T T T

X

Figure 4. Effects of Ha on the temperature curves for the values of Rq at 0.001 and 0.1 respectively.
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Figure 5. Effects of 7 with respect value of Z, for different values of power index parameters
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F G=0.001,R,=0.001.c,=n=B=0.25
v=0.02,R,=0.001,H_=0.1,Z =1.5
T T T T T T T T

0.4 ——— :
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A

Figure 6. Effect of 1 with respect value to A for values of Ra equal to 0.001 and 0.1 respectively.
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Figure 7. Effect of 7 with respect value to y for different values of power index parameters.
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5. Conclusions

This study used the Modified Adomian Decomposition Method (MADM) to analyze the variation of power
law-dependent heat transfer, internal heat generation, and surface emissivity in a triangular porous fin under
external magnetic and electric fields. The results, compared with the Finite Difference Method (FDM),
showed good agreement. It was found that increasing power law-dependent parameters raised the fin's tip
temperature, enhancing heat transfer between the fluid and the fin.

The study found that increasing the Hartmann number, porosity, and base-to-width thickness improved fin
efficiency, while wider fins had higher tip temperatures and heat transfer rates. Efficiency was highest when
power law parameters were constant. MADM can also be applied to triangular or convex fins with varying

thickness in future work.
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