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Abstract 

A closed-form solution of the triangular porous fin with a simultaneous variation 
of power law-dependent heat transfer coefficient, internal heat generation, and sur-
face emissivity parameters under the influence of external magnetic and electric fields 
is carried out. Darcy’s model has been used to simulate flow in the porous triangu-
lar fin with insulated boundary conditions. The governing singular value equation 
is nondimensionalized and solved by modified Adomian decomposition method 
(MADM) and the results of MADM are compared with the numerical solution obtained 
from the finite difference method (FDM) in the limiting conditions. The graphical 
analysis of the significant power law variation of thermophysical parameters, Hart-
mann number and important design parameters such as the half-thickness param-
eter of the triangular fin are performed and physically interpreted. A comparative 
study has been carried out with multiple power law parameters at different values 
while other thermophysical parameters were kept at a fixed level and it has been found 
that fin temperature is highest at higher values of power index parameters. From this 
study, it has been found that with the increasing value of the Hartmann number as well 
as the porosity parameter, the efficiency of the triangular porous fin increases rapidly.

Keywords:  Variable area, Porosity, Magnetic effect, Modified differential operator

Introduction
Fin has a central role in core thermal engineering applications where they are used to 
increase the energy transfer from the solid wall to the environment. The various pro-
files of fins are available depending on the application. They are selected on the basis 
of the economy of materials and production with consideration of the fabrication pro-
cess. In perspective to the content of design and fabrication, the rectangular shapes of 
fins are considered as basic geometry and it has a wide application for example, in the 
electronics industry, automobile industry, and many other [1–3]. This attempt highlights 
in application of fin where weight is not the major criterion. However, the utilization 
of materials and lightweight is the prime factor in some of the applications such as for 

*Correspondence:   
pranab38_skd@yahoo.com

1 Department of Mechanical 
Engineering, Seacom Skills 
University, Kendradangal, 
Birbhum, West Bengal 731236, 
India
2 Department of Mathematics, 
Seacom Skills University, 
Kendradangal, Birbhum, West 
Bengal 731236, India

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s44147-023-00287-5&domain=pdf
http://orcid.org/0000-0003-3013-757X


Page 2 of 18Roy and Das ﻿Journal of Engineering and Applied Science          (2023) 70:110 

space applications and therefore research works on various fin profiles, such as convex/
concave, exponential, and triangular profiles are the interest of current research. The 
triangular profile is attractive due to reduced volume for the same heat transfer rate as 
compared to the rectangular profile and is easy to manufacture due to its straight edge 
as compared to the other curved profile. A vast review related to the fins is presented by 
Kraus [4].

For the last two decades, in the perspective of quick heat dissipation from the fin sur-
face, researchers have increased their interest in the heat transfer study of porous fin. 
The mechanism of increasing the heat transfer rate is to increase the effective surface 
area, which is made by interconnected voids that increase the convective-radiative heat 
dissipation from the surface. The earlier research works focused on a different role of 
involved operating parameters and their thermal performance on the porous surface 
in order to implement such application [5, 6]. Kiwan and Al-Nimr [7] studied numeri-
cally porous fins for increasing heat transfer for certain porosity parameter with differ-
ent design and operating conditions. Kiwan [8] investigated porous fins under a natural 
convection environment. Gorla and Bakier [9] studied longitudinal rectangular porous 
fins with a combined mode of both convection and radiation in which Darchy’s model 
is used for interaction between solid and fluid interaction. They proved mathemati-
cally that porous fins have better heat transfer characteristics as compared to solid fins. 
Kundu and Bhanja [10] presented the performance and optimization of the longitudi-
nal porous fin with different mathematical models. Constructal T-shape porous fin with 
convection and radiation effects for different geometric and thermo-physical parameters 
are also investigated by Kundu and Bhanja [11]. An increased heat transfer performance 
is observed in this type of fin for choosing the porous medium.

For solving the problem of extended surfaces with porous medium, many solution meth-
odologies are available for solving non-linear problems. Further singularity in the govern-
ing equation in conjunction with the non-linearity introduces additional complexity. Some 
of the methods such as the differential transfer method (DTM) can be implemented for 
solving non-linear problems with both singularity and non-singularity. Moradi et al. [12] 
investigated triangular porous fin where energy balance includes conduction accompanied 
by Rossland’s radiation law from the fin’s base and convection with Stephen’s Boltzmann’s 
radiation from the fin’s surface with temperature variation of thermal conductivity. The 
singular and non-linear equation is solved by DTM analytically and Runge–Kutta fourth 
order method is used for numerical study and both methods revealed a good agreement. 
The same DTM along with other approximation methods namely collocation method 
[CM], and least square method [LSM] are used to solve the non-singular type energy equa-
tion of rectangular profile with Si3N4 and Al materials by Hatami et al. [13]. Oguntala et al. 
[14] applied another approximate analytical method proposed by Daftardar–Gejiji and 
Jafari Method (DJM) for the analysis of the non-singular energy equation of constant cross-
section of the porous fin. The results of DJM are in good agreement with the fourth-order 
Runge–Kutta method. Some methodology fails to deal with singular value problem whereas 
others are suitable for non-singular value problem. In that perspective to analyze the fin 
problem, Roy et al. [15] have selected two categories of fins, one with constant cross-section 
and the other with varying cross-section with several thermo-physical parameters func-
tion of temperature. The theory of the classical Adomian decomposition method (ADM) 
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has been carried out to resolve the multiple non-linearity of the rectangular energy equa-
tion. The energy equations of convex and triangular fins with the same non-linearity have 
a behavior of singularity and therefore the concept of modified Adomian decomposition 
theory (MADM) has been carried out and their all results revealed a good agreement with 
the exact solution [15]. Similarly, the same concept of classical and modified decomposed 
solution was obtained for heat transfer analysis of rectangular, convex, and triangular cross-
section absorber plate solar collectors with power law-dependent thermal properties [16].

Many studies on fins with multiple temperature dependence relations have attracted 
many researchers in which majority of the cases they considered the coefficient of heat 
transfer as power law and other thermo-physical parameters as linear or sometimes quad-
ratic/polynomial law. This is due to the fact that in several industrial processes, the values of 
power indices of heat transfer coefficient indicates specific heat transfer process, for exam-
ple when the numerical value of n is −0.25, it is called condensation or laminar film boiling, 
0.25 it is laminar natural convection, and 2 for nucleate boiling. This power index analogy 
can be extended for other parameters in order to intensify the aforementioned heat transfer 
process and bring the variation to one mathematical platform. Mosayebidorcheh et al. [17] 
and Moitsheki et al. [18] with separate mathematical techniques investigated rectangular 
fins, and the variation of the power law concept is applied equally both for thermal conduc-
tivity and heat transfer coefficient. The same is extended for variable cross-sections such as 
convex and concave profile [19].

Although, the porous fin is widely accepted and has interconnected voids in order to 
flow the gas particles through the passage, additionally applied electric and magnetic field 
ionizes the gas particles and enhances additional velocity which leads to the increased 
heat transfer rate. Sobamowo [20], Das and Kundu [21], Hoshyar, et  al. [22], and Patel 
and Meher [23] investigated the longitudinal porous fin with electric and magnetic fields. 
Gireesha et al. [24] studied the radial porous fin numerically where they assumed only heat 
transfer co-efficient as a power law. Madhura et al. [25] investigated straight rectangular 
porous fins with variable thermal conductivity. Das and Kundu [26] investigated forward 
and inverse heat transfer study of longitudinal porous fin numerically using magnetic field 
for electronic cooling.

On the aforementioned literature survey, it is clear that there is no work available in the 
literature in the case of porous triangular fin in which the researcher investigated the mul-
tiple variations of thermophysical parameters. Therefore, in the current work, an attempt 
has been made to bring the variation of all thermo-physical parameters into one math-
ematical platform in order to predict the heat transfer process correctly. Additionally, it 
has been observed that the application of an external magnetic field enhances the rate of 
heat transfer process in the porous fin. Considering the above research gap to the author’s 
knowledge, the present research work has been undertaken to study the multiple varia-
tions of the thermophysical parameter as power law dependent on the application of the 
external magnetic effect.

Methods
The objective of the present study is to obtain closed-form solutions of the triangular 
porous fin with multiple power law-dependent thermal properties. Darcy’s equation is 
used to formulate the flow of fluids through a porous medium where the flow of fluids is 
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influenced by external electric and magnetic fields. The energy equation of a triangular fin 
with insulated boundary conditions is a singular non-linear type equation. The MADM has 
been employed to solve the singular non-linear type equation and the results of MADM are 
compared with the finite difference method (FDM) in the limiting condition.

Mathematical formulation of the physical problem
Figure 1a shows the physical feature of a triangular cross-section longitudinal porous fin 
whose base is affixed to a plate of constant temperature. For simplicity of the problem, a few 
assumptions are considered below.

➢ The medium is to be isotropic and homogeneous and saturated fluid without phase 
change although a uniform magnetic field is applied.

➢ The concept of local thermal equilibrium of both fluid and porous medium is applied 
in the domain.

➢ The steady with one-dimensional model is assumed.
➢ To simulate the fluid particles in the domain Darcy’s model is engaged.
➢ A uniform magnetic field is applied vertically and temperature is a function of x only.

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

where Ax is area Px perimeter at the location x. For solving the Eq.  (1), two boundary 
conditions are required as follows:

The power law variations of thermophysical parameters are applied as follows:

Using the similarity law from the geometrical relationship of the fin in the vertical plane 
as shown in Fig. 1b,
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Since vertical distance y is the linear function of x, therefore cross-sectional area Ax 
and perimeter Px for the triangular fin from tip to base is calculated as follows:

(4)Ax = 2×
y

2
b =

( x

L

)

ybb

(5)Px =
(

2y+ b
)

√

1+

(

dy

dx

)2

Fig. 1  a Important feature of triangular cross-section porous fin in three dimensions. b Physical coordinates 
of triangular porous fin in vertical plane
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The mass flow rate ṁ and Darcy’s velocity related by the relation 

ṁ = ρVW

(

2y+ b
)

√

1+
(

dy
dx

)2
dx . The cross product of current density produces the 

magnetic field in the porous media and it can be related as follows:

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

using T 4 ≈ 4T 3
aT − 3T 4

a  and employing the nondimensional terms, the energy Eq.  (5) 
can be rewritten as follows:

The following boundary conditions are required to solve the above equations:

The above Eq. (10) will be solved by modified ADM. The methodology of MADM is avail-
able in literature [27, 28]. According to the MADM, the LHS of the Eq. (10) will form the 
modified differential operator as follows:
LX = X−1 d

dX
X d

dX (•) and it is invertible and therefore its inverse operator can be written 
as follows:

The Eq. (10) can be written in operator form
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The non-linear terms are expanded in Adomian polynomials [29] in the manner given 
below

Multiplying by the inverse operator on both sides of the Eq. (11) and expanding the 
RHS in Maclaurin series expansion

The first component θ0 is calculated as below

Using the recursive relation next higher order terms are computed as follows:
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The second component is calculated as follows:

The third component is calculated as follows:

Therefore, final solution is the summation of three components.

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

The maximum heat transfer is possible if its area and perimeter are calculated at base.

The efficiency ( η ) of the triangular porous fin can be obtained by the expression
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Results and discussion
The objective here is to observe the simultaneous effect of power law index of the coef-
ficient of heat transfer, internal heat generation, and surface emissivity with externally 
applied electric and magnetic disturbance of triangular porous fin. The governing equa-
tions containing multiple temperature variations of thermo-physical parameters repre-
sent a mathematical model with two types of complexities, non-linearity, and singularity. 
The energy equation containing both types of complexities is solved by the theory of 
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 = εG = n = B = Rd = Ha = Ra = R2 = ω = ψ = 0, � = 1,Z0 = 1.5 and as 
shown below:

The above equation is solved numerically using FDM and both the results of FDM and 
MADM are plotted for their comparison as shown in Fig. 2. The energy equation con-
tains 12 thermophysical parameter and higher the value of thermophysical parameters 
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Fig. 2  Comparison of MADM and FDM for the values of Z0



Page 10 of 18Roy and Das ﻿Journal of Engineering and Applied Science          (2023) 70:110 

lead to an increase of absolute error in the fin tip and that may result to an unreliable 
solution of the problem. For each figure, the power law values are varied simultaneously 
and kept at same levels. The values of heat generation number and surface ambient radi-
ation parameters are kept at constant and set at low values and other range of param-
eters for the present problem are as shown in Table 1. Figure 3 exhibits of the effects of 
combine power index of h , ε , and q , 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. The bottom solid and dotted curves represent the tip temperature for 
constant values of power index parameter i.e., for εG = n = B = 0 , which implies that 
heat transfer is not affected at all by combine impact of power index parameters. Top 
solid and dotted curves indicate highest tip temperature for higher value of power index 
parameter, i.e., for εG = n = B = 0.5 and middle two curves for intermediate values of 
power index parameter, i.e., for εG = n = B = 0.25 . It is evident from the figure that the 
combine effect of power index parameter of convective heat transfer coefficient, internal 
sources of heat generation, and emissivity parameter of the fin surface amplify the heat 
transfer process jointly between the working fluids and porous triangular fin. The higher 

Table 1  Range of values for physical and thermal parameters

G   εG = n = B   Ra   R2   Rd   Ha   �   Z0  

0.001 0–0.5 0.001–0.1 0.001 0.001–0.1 0–0.2 0.01–1 1.1–2

Fig. 3  Effects of combine power index of h,ε , and q, on the temperature curves for the specific values of 0, 
0.25, and 0.5 for the values of Ra at 0.001 and 0.1, respectively



Page 11 of 18Roy and Das ﻿Journal of Engineering and Applied Science          (2023) 70:110 	

value of εG , B, and n imposes more nonlinearity in the energy equation and results 
higher tip temperature and escalate the rate of heat transfer. In addition to  the varia-
tion of power law, there is a decrease of tip temperature observed, with the increasing 
value of Ra from 0.001 to 0.1. When Ra increases, it increases the relative permeability 
of medium to penetrate more fluids which in turn causes to increase of buoyant force 
in conjunction with the increase of power law parameters. The relative spacing between 
the solid and dotted line is more for εG = n = B = 0.5 , which indicates that Ra influ-
ences more heat transfer rate for higher value of power law parameters. Figure 4 mani-
fests the tip temperature of the triangular porous fin for three values of Ha at 0, 0.1, and 
0.2, and each three values are separately analyzed when Rd at 0.001 and 0.1, respectively. 
It is assumed that the external magnetic fields influence the working fluids and by vir-
tue of this the working fluids inside the porous fin experience an extra movement for 
heat transfer. Since Ha indicates the ratio of external magnetic field to the viscous force, 
the solid curve indicates that tip temperature without any external magnetic field, which 
means that the fluid particles inside the fin are not affected by the Ha. As the value of 
Ha increases, it decreases the viscous force and amplifies the buoyancy force for extra 
movement of the working fluids inside the fin. As a result, the convective heat transfer 
coefficient of the fluid particles decreases thereby increasing heat conduction mecha-
nism. The thermophysical parameter Rd indicates the combined mode of conduction and 
radiation from the base of the fin and it is evident that with an increasing value of Rd, tip 
temperature increases for all values of Ha which implies that Rd influences the external 
magnetic effect of porous triangular fin. Figure 5 shows the temperature distribution of 
the triangular porous fin when the values of � is equal to 0.01, 0.1, and 0.2 and each of 

Fig. 4  Effects of Ha on the temperature curves for the values of Rd at 0.001 and 0.1, respectively
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the three values are further computed when Rd is equal to 0.001 and 0.1, respectively 
while other parameters are affixed. The λ is the ratio of half fin thickness at the base to 
the lateral thickness of the triangular porous fin and it is the important design parameter 
that defines the relationship between the vertical height at the base with respect to the 
width of the triangular porous fin. Tip temperature is highest for � = 0.01 and as the 
value of � increases, the temperature curves have a tendency to sag downwards, which 
means that higher value of � provides more non-linearity effect in the energy equation. 
Therefore, it concludes in other way that wider triangular porous fin leads to a higher 
tip temperature because of the increased surface area. Further, it is evident from the fig-
ure that the higher value of Rd increases the tip temperature for all values of � . Figure 6 
depicts the combined impact of εG , B, and n, on the tip temperature of porous triangular 
fin when the values of ψ are at 0 and 0.4, respectively. The parameter ψ is the ratio of half 
fin thickness at the base with respect to the length and it is important design parameter 
that defines the vertical height at the base to the length of the triangular porous fin. The 
value of ψ indicates the specification in vertical plane and when ψ = 0 , it represents zero 
slope in vertical plane. It is evident from the figure that the tip temperature is highest 
when ψ = 0 and as the value ψ increases, the tip temperature decreases and its effect 
remain constant with increase or decrease of the power law parameters. Figure 7 shows 
the variation of value of η , with respect to ϕ for the different values of Ha. The left-hand 
side of the graph represents efficiency of the solid fin since the value of ϕ is zero. As the 
value of ϕ increases, it provides an extra surface area by removing solid material and 
increases heat convection and increases the efficiency. The fin efficiency is lowest with-
out any external magnetic field and it was represented by the dotted lines for Ha = 0 as 

Fig. 5  Effects of � on the temperature curves when the values of Rd at 0.001 and 0.1, respectively
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Fig. 6  Effects combine power index of h,ε , and q on the tip temperature of porous triangular fin when the 
values of ψ at 0 and 0.4, respectively

Fig. 7  Effect of η with respect to ϕ for the different values of Ha
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shown in the figure. When both the values of Ha and ϕ increases, η increases rapidly. The 
increased surface area increases the heat convection of the fluid particles in the passage 
and simultaneously the application of external magnetic field increases heat conduction 
in solid matrices and that ultimately leads to higher η . Figure 8 shows variation of η , with 
respect value of Z0 when power index parameters εG , n,B are equal to 0, 0.25, and 0.5, 
respectively. It has been found that the fin efficiency is highest when power index param-
eters of q, ε , and h is equal to 0 and increasing the value of power index parameters, the 
fin efficiency decreases. Also, the fin efficiency has decreasing trends with the increase of 
value Z0. Figure 9 depicts the variation of η , with respect value to � for values of Ra equal 
to 0.001 and 0.1 and effect of Ra are further displayed when the values of ϕ is equal to 0.1 
and 0.2, respectively. It is evident from the figure that, for higher value of ϕ , the higher is 
the fin efficiency and also the efficiency curves have increased value when Ra is equal to 
0.1. All the curves have an increasing trend with the increase of � . Figure 10 depicts the 
variation of η , with respect value to ψ for the values of εG , 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 of q , ε , and h are equal to 0 and increasing value of power 
index parameters, the fin efficiency have decreasing trends with increase of ψ.

Conclusions
In the present study, simultaneous variation of power law-dependent heat transfer coef-
ficient, internal heat generation, and surface emissivity parameters under the influence 
of external magnetic and electric fields of triangular porous fin were analyzed using 
modified Adomian decomposition method (MADM) and then results of MADM had 

Fig. 8  Effects of η with respect value of Z0 for different values of power index parameters
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Fig. 9  Effect of η with respect value to � for values of Ra equal to 0.001 and 0.1, respectively

Fig. 10  Effect of η with respect value to ψ for different values of power index parameters
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been compared with FDM in the limiting condition and it had been observed that both 
the results were in good agreement. The comparative study was carried out between sig-
nificant parameters like multiple power law parameters, Hartmann number at zero and 
non-zero values while other pertinent thermophysical parameters like modified Rayleigh 
number, radiation-conduction parameter, surface ambient-radiation parameter and 
two important fin design parameters like, half fin thickness at the base to length and 
base to width had been varied and discussed graphically. It had been found that with 
the increased values of the combined power law-dependent parameter, the higher the 
tip temperature of the porous triangular fin ultimately enhanced the rate of heat trans-
fer between the working fluid and porous fin. It was also observed that the tip temper-
ature of the porous triangular fin was decreasing trends when the Hartmann number 
was increasing and also with the decreasing trends of radiation conduction parameters. 
Further, it was evident from the design parameters that the wider triangular porous fin 
had a higher tip temperature and higher heat transfer rate. From this study, it had been 
found that with the increasing value of Hartmann number, porosity parameter as well as 
half thickness at the base to width parameter, the efficiency of the triangular porous fin 
was increasing rapidly and the efficiency of the porous fin was highest when power law 
parameters were kept at a constant value and also the efficiency was decreasing trends 
when fin parameter was increasing.

The MADM also can be applied for solving longitudinal triangular wet fin with mul-
tiple power law-dependent thermal parameters with insulated boundary conditions as a 
scope of future work. Similarly, same MADM can be applied for convex wet fins or any 
longitudinal fins whose thickness changes from base to tip both linearly and non-linearly 
with insulated boundary conditions.

Nomenclature
K  Thermal conductivity, Wm.K

T (x) Temperature function of fin length, K
Px Perimeter at location x, m
Tb Dimensional temperature at the base, K
Ta Temperature at ambient condition, K
q(T ) Internal heat generation power function of (T ,Ta,Tb) , Wm3

h(T ) Heat transfer co-efficient, W
m2.K

n,B,εG Power exponent
Ra Modified form of Rayleigh number, gKb(Tb−Ta)L

agkRy
,

Rd Radiation-conduction parameter, 4σT
3
a

3keffβR

R2 Surface ambient-radiation parameter, R2=
4σεsT

3
a L

keffψ

Ha Hartmann number, σmB
2
0V

2L2

keff(Tb−Ta)

Z0 Fin parameter, 
√

hbL
2

keffyb

G Heat generation number,  q0L
2

keff(Tb−Ta)

kR Thermal conductivity ratio, keff
kf

X Axial coordinate measured from fin tip, m
Y Vertical coordinate measured from fin tip, m
Ax Cross-section at the location x, m2
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X Dimensionless coordinate measured from fin tip, x
L

Jc Conduction current density, Am
E External electric field
B0 Magnetic field, Tesla
Vw Darchy velocity, ms
V  Macroscopic velocity of fluid due to electric and magnetic field, ms
Cp Specific heat, J

kg .K

b Width, m
tb Thickness at the base, m
E Electrical field, Vm
ε(T ) Surface emissivity of power function of (T ,Ta,Tb),
ψ Half fin thickness measured at the base to length ratio, ybL
� Half fin thickness measured at the base to width in dimensionless form, yb

b

ϕ Parameter denote porosity
θ Temperature in dimensionless form, T−Ta

Tb−Ta

εs Emissivity parameter of surface w.r.t. atmosphere
σ Stephen–Boltzmann constant, W

m2.K 4

γ Kinematic viscosity, m
2

s

α Thermal diffusivity,  kf
ρCp

ρ Fluid density, kg
m3

β Thermal expansion co-efficient, 1K
ω 1
2�

σm Electrical conductivity, Am
βR Mean absorption coefficient of Rossland

Abbreviations
MADM	� Modified Adomian decomposition method
FDM	� Finite difference method
DTM	� Differential transform method
CM	� Collocation method
LSM	� Least square method
DJM	� Daftardar–Gejiji and Jafari method
ADM	� Classical Adomian decomposition method
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