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Abstract. In the thermal analysis of moving
fins, there have been conflicting results as well
as discussion on the effects of Peclet number
on the thermal responses of fins. While some
authors agreed the increase in Peclet number,
increases the fin temperature, the other class
of researchers is of the opinion that when the
Peclet number increases, the fin temperature
decreases. It could be said that many of these
divergence views arose from the physics of the
problem as well as the mathematical model gov-
erning the heat transfer problem. Therefore, in
this work, through modeling from the first prin-
ciple, the effect of Peclet number on the thermal
behaviour of convective-radiative moving porous
fin is explored. First, a transient thermal model
of a convective-radiative rectangular moving
porous fin with temperature-dependent internal
heat generation is developed. The developed
thermal model is nondimensionalized to bring up
the needed Peclet number in the adimensional
governing equation of the heat transfer process.
Thereafter, the model is solved analytically
using the Laplace transform method and the
effect of Peclet number on the thermal behaviour
of the fin is investigated and discussed. It is
hoped that the present study will help for a
better understanding of the thermal problems in

extended surfaces.
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1. Introduction

In order to augment the rate of heat transfer
on thermal and electronic components, fins are
widely used as a passive method. In practice,
the extended surfaces are attached to heat trans-
fer devices and components to facilitate the rate
of heat transfer from the prime surface. Such
an important passive method of heat transfer
enhancements has provoked several studies over
the past decades [1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,
25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37,
38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50,
51, 52, 53, 54, 55, 56, 57, 58, 59]. The study
of thermal behavior of continuously moving sur-
faces such as extrusion, hot rolling, glass sheet or
wire drawing, casting, powder metallurgy tech-
niques for the fabrication of rod and sheet have
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become an area of increasing research interest.
In the processes such as rolling of strips, hot
rolling, glass fiber drawing, casting, extrusion,
and drawing of sheets and wires, there is usu-
ally the presence of heat exchange between the
surrounding and the stationary or moving mate-
rial as depicted in Fig. 1 where hot plate/billet
emerges from a die or furnace.

Since the schematic depicted in Figure 1 satis-
fies the approximate working condition of a heat-
exchanging device, they can be modeled as fins
moving uninterruptedly. Due to these adapt-
able and wide areas of applications, there have
been extensive research works on the continu-
ous moving fins. Moreover, in industrial pro-
cesses, control of the cooling rate of the sheets is
very important to obtain desired material struc-
ture. As a result, numerous works on thermal
investigation of moving fins have been offered
in previous studies [1, 2, 3, 4, 5, 6, 7, 8, 9, 10,
11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
23, 24, 25, 26, 27, 28, 29, 30]. Various heat
transfer techniques in variable thermal conduc-
tivity moving fin with and without heat gener-
ation have been presented [1, 2, 3, 4, 5, 6, 7,
8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,
21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33,
34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46,
47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59].
However, scanning through all the reviewed pub-
lished works as presented in literature, there are
different and opposing results as well as discus-
sion on the effect of Peclet number on the ther-
mal responses of fins. Such conflicting results
and discussions show a great deal of disagree-
ment even among the titans of heat transfer en-
hancements by the passive device. The present
study seeks to explore the mathematics and the
physics of the heat transfer problem in order
to establish some facts among the existing dif-
ferent schools of thought on the thermal prob-
lem. Therefore, in this work, a transient ther-
mal model of a convective-radiative rectangular
moving porous fin with temperature-dependent
thermal conductivity and internal heat genera-

tion is developed and presented. The developed
thermal model is nondimensionalized to bring up
the needed Peclet number in the adimensional
governing equation of the heat transfer process.
Thereafter, the model is solved analytically us-

ing the Laplace transform method and the effect
of Peclet number on the thermal behaviour of
the fin is discussed.

2. Model Development for
the Transient Thermal
Flow Process

Fig. 1 presents an internally heated longitudi-
nal porous moving fin of length L, thickness δ
and perfectly and thermally attached to a prime
surface at temperature Tb. Assuming that the
porous fin tip is considered under adiabatic con-
dition and the porous medium with fin material
is homogeneous and isotropic for the unidirec-
tional heat flow along the fin length. Also, lo-
cal thermodynamic equilibrium prevails between
the porous medium and the saturated with a
single-phase fluid. The thermophysical proper-
ties of the fin material and the fluid are constant,
and the fluid density variation follows Boussi-
nesq approximation.

Using the assumptions stated above, the ther-
mal energy balance equation of the extended sur-
face is given by the following equation

Energyinleftface+ heatgeneratedinelement

= energyoutrightface

+ energylostbyconvection

+ energylostbyimmersedfluid

+ energylostbyradiation

+ energylostbymoving + accumulatedheat

(1)

qx + q′′′ (T )Acrdx =

(
qx +

δq

δx
dx

)
+ h (T )Asuf (T − Ta) (1− ϕ) + ṁcp (T − Ta)

+ σε (T )Asuf (T
4 − T 4

s ) + (ρcp)effAcru
∂T

∂x
dx+ (ρcp)effAcr

∂T

∂t
dx

(2)
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Eq. (2) can be written as

qx + (1− ϕ) q′′′ (T )Acrdx =

(
qx +

δq

δx
dx

)
+ hP (T − Ta) (1− ϕ) dx+ ṁcp (T − Ta) + σεP (T 4 − T 4

s )dx+ (ρcp)effAcru
∂T

∂x
+ (ρcp)effAcr

∂T

∂t
dx

(3)

The rate of flow of fluid through the porous
medium is given by

ṁ = ϕρfVwWdx (4)

While the fluid flow velocity is and

Vw =
gKβ

v
(T − Ta) (5)

Therefore, after the substitution of Eq. (5)
into Eq. (4), the mass flow rate of the fluid is
given as

ṁ =
ρfgKβWϕ

v
(T − Ta) dx (6)

The introduction of Eq. (7) into Eq. (3) pro-
duces Eq. (7)

(7)

− ∂q

∂x
+ (1− ϕ) q′′′ (T )Acrdx

= hP (1− ϕ) (T − Ta)dx

+
ρfcp,fgKβWϕ(T − Ta)

2

v
dx

+ σεP (T 4 − T 4
s )dx+ (ρcp)effAcru

∂T

∂x

+ (ρcp)effAcr
∂T

∂t
dx

Dividing Eq. (7) through by

(8)

− 1

Acr

∂q

∂x
+ (1− ϕ) q′′′ (T )

=
hP (1− ϕ) (T − Ta)

Acr

+
ρfcp,fgKβWϕ(T − Ta)

2

vAcr

+
σεP (T 4 − T 4

s )

Acr

+ (ρcp)effu
∂T

∂x
+ (ρcp)eff

∂T

∂t

Eq. (8) can be written as

(9)

− 1

Acr

∂q

∂x
+ (1− ϕ) q′′′ (T )

=
hP (1− ϕ) (T − Ta)

Acr

+
ρfcp,fgKβϕ(T − Ta)

2

vδ

+
σεP (T 4 − T 4

s )

Acr

+ (ρcp)effu
∂T

∂x
+ (ρcp)eff

∂T

∂t

The heat conduction rate through the solid por-
tion of the fin is given by Fourier’s law as given

qs = −keffAcr
∂T

∂x
(10)

The radiation heat transfer rate in the porous
medium is given as

qp = −4σAcrϕ

3βR

∂T 4

∂x
(11)

Therefore, the total rate of heat transfer is given
by

q = −keffAcr
∂T

∂x
− 4σAcrϕ

3βR

∂T 4

∂x
(12)

The introduction of Eq. (12) into Eq. (9) pro-
vides,

∂

∂x

(
keff

∂T

∂x
+

4σϕ

3βR

∂T 4

∂x

)
+ (1− ϕ) q̇′′′ (T )

=
ρfcp,fgKβϕ(T − Ta)

2

vδ

+
hP (1− ϕ) (T − T∞)

Acr
+

σεP (T 4 − T 4
s )

Acr

+ (ρcp)effu
∂T

∂x
+ (ρcp)eff

∂T

∂t
(13)
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(a)

(b)

(c)

Fig. 1: (a) Schematic diagram of rolling and extrusion, (b) Schematic of a longitudinal moving porous fin with
perfect thermal contact and insulated tip, (c) Thermal energy balance in the elemental strip.
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Further simplification of Eq. (13) the governing
differential equation for the fin becomes

(14)

∂

∂x

(
keff

∂T

∂x

)
+

4σϕ

3βR

∂

∂x

(
∂T 4

∂x

)
− ρfcp,fgKβϕ(T − Ta)

2

vδ

− hP (1− ϕ)

Acr
(T − Ta)−

σεP

Acr
(T 4 − T 4

s )

+ (1− ϕ) q′′′ (T ) = (ρcp)effu
∂T

∂x

+ (ρcp)eff
∂T

∂t

The temperature-dependent thermal conductiv-
ity and internal heat generation are respectively
given by the linear expressions as

keff = (1− ϕ) ks + ϕkf (15)

where,

q′′′ (T ) = q′′′o [1 + γ(T − Ta)] (16)

And

(ρcp)eff = (1− ϕ) (ρcp)s + ϕ(ρcp)f (17)

Therefore, the governing equation becomes

(18)

keff
∂2T

∂x2
+

4σϕ

3βR

∂

∂x

(
∂T 4

∂x

)
− ρfcp,fgKβϕ(T − Ta)

2

vδ

− hbP (1− ϕ) (T − Ta)

Acr

− σεbP

Acr

(
T 4 − T 4

s

)
+ (1− ϕ) q′′′o [1

+ γ(T − Ta)] = (ρcp)eff

[
u
∂T

∂x
+

∂T

∂t

]

For the case when the temperature between the
base and tip of the fin is small, the radiative term
can be linearized. Using Roseland’s approxima-
tion for the radiative term in the model, with
the aid of Taylor series, expanding about

(19)T 4 ∼= T 4
a + 4T 3

a (T − Ta) + 6T 2
a (T − Ta)

2

+ 4Ta(T − Ta)
3
+ . . .

and ignoring the higher order components in Eq.
(21a), we have

T 4 ∼= 4T 3
aT − 3T 4

a (20)

Therefore,

T 4 − T 4
a
∼= 4T 3

a (T − Ta) (21)

Substituting Eq. (21) into the second term in
the Eq. (18), we have

(22)−4σϕ

3βR

∂T 4

∂x
= −4σϕ

3βR

∂(4T 3
aT − 3T 3

a )

∂x

= −16σϕT 3
a

3βR

∂T

∂x

Substituting Eqs. (21c) and (21d) into Eq. (18),
we have

(23)

keff
∂2T

∂x2
+

16σϕT 3
a

3βR

∂2T

∂x2

− ρfcp,fgKβWϕ(T − Ta)
2

vAcr

− hP (1− ϕ)

Acr
(T − Ta)

− 4σεPT 3
a

Acr
(T − Ta) + (1− ϕ) q′′′o [1

+ γ(T − Ta)] = (ρcp)effu
∂T

∂x

+ (ρcp)eff
∂T

∂t

The initial condition is

T = T0, when t = 0, for 0 < x < L, (24)

The boundary conditions for the fin with insu-
lated tip are given as

T = Tb, at x = 0, (25a)

for t > 0,

dT

dx
= 0, at x = L, (25b)

for t > 0,

(25)
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Eq. (23) can be expressed as

(26)

(
keff +

16σϕT 3
a

3βR

)
∂2T

∂x2

− ρfcp,fgKβWϕ(T − Ta)
2

vAcr

− hP (1− ϕ)

Acr
(T − Ta)

− 4σεPT 3
a

Acr
(T − Ta) + (1− ϕ) q′′′o [1

+ γ(T − Ta)] = (ρcp)effuo
∂T

∂x

+ (ρcp)eff
∂T

∂t

The temperature-dependent internal heat gener-
ation in the porous fin can be expressed as

(27)q′′′ (T ) = (1− ϕ) q′′′o + (1− ϕ) q′′′oγT

− (1− ϕ) q′′′oγTa

Therefore

(28)

(
keff +

16σϕT 3
a

3βR

)
∂2T

∂x2

− ρfcp,fgKβWϕ(T − Ta)
2

vAcr

− hP (1− ϕ)

Acr
(T − Ta)

− 4σεPT 3
a

Acr
(T − Ta) + (1− ϕ) q′′′o [1

+ γ(T − Ta)] = (ρcp)effu
∂T

∂x

+ (ρcp)eff
∂T

∂t

Collecting like terms, we have

(
keff +

16σϕT 3
a

3βR

)
∂2T

∂x2
− ρfcp,fgKβWϕ(T − Ta)

2

vAcr
−

hP (1− ϕ)

Acr
+

4σεPT 3
a

Acr

− (γ (1− ϕ) q′′′o)

 (T − Ta)

+ (1− ϕ) q′′′o = (ρcp)effu
∂T

∂x
+ (ρcp)eff

∂T

∂t

(29)

Which can be written as

(
1 +

16σϕT 3
a

3βRkeff

)
∂2T

∂x2
− ρfcp,fgKβWϕ(T − Ta)

2

vAcrkeff
−


hP (1− ϕ)

Acrkeff
+

4σεPT 3
a

Acrkeff

− (γ (1− ϕ) q′′′o)

keff

 (T − Ta)

+
(1− ϕ) q′′′o

keff
=

(ρcp)effu

keff

∂T

∂x
+

(ρcp)eff
keff

∂T

∂t

(30)

Applying the following dimensionless variables

X =
x

L
, θ =

T − Ta

Tb − Ta
, τ =

keff t

(ρcp)effL
2

(31)

Which implies that

(32)

x = XL, T

= θ (Tb − Ta) + Ta, T − Ta

= θ (Tb − Ta) , t

=
τ(ρcp)effL

2

keff

When Eq. (32) is substituted into Eq. (30), we
have

(
1 +

16σϕT 3
a

3βRkeff

)
∂2 [θ (Tb − Ta) + Ta]

∂(XL)
2 − ρfcp,fgKβWϕ[θ (Tb − Ta)]

2

vAcrkeff

−


hP (1− ϕ)

Acrkeff
+

4σεPT 3
a

Acrkeff

− (γ (1− ϕ) q′′′o)

keff

 θ (Tb − Ta) +
(1− ϕ) q′′′o

keff

=
(ρcp)effu

keff

∂ [θ (Tb − Ta) + Ta]

∂ (XL)
+

(ρcp)eff
keff

∂ [θ (Tb − Ta) + Ta]

∂
(

(ρcp)effL
2τ

keff

)
(33)

Further simplification provides,

(
1 +

16σϕT 3
a

3βRkeff

)
(Tb − Ta)

L2

∂2θ

∂X2
− (Tb − Ta)

2 ρfcp,fgKβWϕθ2

vAcrkeff

− (Tb − Ta)

[
hP (1− ϕ)

Acrkeff
+

4σεPT 3
a

Acrkeff
− (γ (1− ϕ) q′′′o)

keff

]
θ

+
(1− ϕ) q′′′o

keff
=

(Tb − Ta)

L

(ρcp)effu

keff

∂θ

∂X
+

(Tb − Ta)

L2

∂θ

∂τ

(34)

Which gives

(
1 +

16σϕT 3
a

3βRkeff

)
∂2θ

∂X2
− ρfcp,fgKβWϕL2 (Tb − Ta) θ

2

vAcrkeff

−
[
hP (1− ϕ)L2

Acrkeff
+

4σεPT 3
aL

2

Acrkeff
− (γ (1− ϕ) q′′′o)L

2

keff

]
θ

+
((1− ϕ) q′′′o)L

2

keff (Tb − Ta)
=

(ρcp)effuL

keff

∂θ

∂X
+

∂θ

∂τ

(35)

The above equation can be written as

(1 + 4R)
∂2θ

∂X2
− Shθ

2 − (Mc+Mr −Qγe) θ +Qe = Pee
∂θ

∂X
+

∂θ

∂τ

(36)
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where

Rd =
16σϕT 3

a

3βRkeff
, Mc2 =

hP (1− ϕ)L2

Acrkeff
, Mr =

4σεPT 3
aL

2

Acrkeff
, Qγ

γ (1− ϕ) q′′′oL
2

keff
,

Q =
(1− ϕ) q′′′oL

2

keff (Tb − Ta)
, P e =

(ρcp)effuoL

keff
, Sh =

ρfcp,fgKβWϕL2 (Tb − Ta)

vAcrkeff

(37)

Eq. (36) is alternative written as

(38)
∂2θ

∂X2
− Spθ

2 − (Nc+Nr −Qγ) θ +Q

= PeR
∂θ

∂X
+ ζ

∂θ

∂τ

where

Nc =
Mc

1 + 4R
, Nr =

Mr

1 + 4R
Sp =

Sh

1 + 4R
, Qγ =

Qγe

1 + 4R
,

Q =
Qe

(1 + 4R)
, P eR =

Pee
(1 + 4R)

, ζ =
1

(1 + 4R)

(39)

Also, the nondimensionalization for the initial
and boundary conditions can be done by substi-
tuting Eq. (32) into Eqs. (24) and (25)

The initial condition is

θ (Tb − Ta) + Ta = T0 when
τ(ρcp)effL

2

keff
= 0,

(40)
for 0 < XL < L,

The boundary conditions for the fin with insu-
lated tip are given as

θ (Tb − Ta) + Ta = Tb at XL = 0 (41a)

for
τ(ρcp)effL

2

keff
> 0,

∂ [θ (Tb − Ta) + Ta]

∂(XL)
= 0 at XL = L, (41b)

for
τ(ρcp)effL

2

keff
> 0,

(41)

Therefore, the adimensional initial condition is

θ = θ0, when τ = 0, for 0 < X < 1, (42)

Also, the dimensionless boundary conditions are
given as

θ = 1, at X = 0 for τ > 0, (43a)

∂θ

∂X
= 0, at X = 1, for τ > 0, (43b)

(43)

3. Numerical Solution of
the Nonlinear Transient
thermal model

(
θn+1
i+1 − 2θn+1

i + θn+1
i−1 + θni+1 − 2θni + θni−1

2∆2X

)
− Sp(θ

n
i )

2 − (Nc+Nr −Qγ) θ
n
i +Q

= PeR

(
θn+1
i+1 − θn+1

i−1 + θni+1 − θni−1

4∆X

)
+ ζ

(
θn+1
i − θni
∆τ

)
(44)

Which can be arranged as

(
1

2∆2X
− PeR

4∆X

)
θn+1
i+1 −

(
2

2∆2X
+

ζ

∆τ

)
θn+1
i +

(
1

2∆2X
+

PeR
4∆X

)
θn+1
i−1 +

(
1

2∆2X
− PeR

4∆X

)
θni+1

−
(

2

2∆2X
− ζ

∆τ
+ (Nc+Nr −Qγ)

)
θni − Sp(θ

n
i )

2
+

(
1

2∆2X
+

PeR
4∆X

)
θni−1 +Q = 0

(45)

We can write Eq. (45) as

(46)Aθn+1
i+1 +Bθn+1

i + Cθn+1
i−1 +Dθni+1

+ Eθni + F (θni )
2
+Gθni−1 +H = 0

where

A =

(
1

2∆2X
− PeR

4∆X

)
, B = −

(
2

2∆2X
+

ζ

∆τ

)
,

C =

(
1

2∆2X
+

PeR
4∆X

)
, D =

(
1

2∆2X
− PeR

4∆X

)
,

E = −
(

2

2∆2X
− ζ

∆τ
+ (Nc+Nr −Qγ)

)
, F = −Sp,

G =

(
1

2∆2X
+

PeR
4∆X

)
, H = Q,
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The finite difference discretization of the ini-
tial condition is

θoi = 0 , (47)

While FDM for boundary conditions become

θn1 − θn−1

2∆X
= 0 ⇒ θn1 = θn−1 (48)

θnM = 1

4. Development of Exact
Analytical Solution for
the Linearized Model

In order to generate an exact analytical solu-
tion for the nonlinear model, we can linearize
the nonlinear term in the porous term in Eq.
(38).

θ2 = θ2a + 2θa (θ − θa) = 2θaθ − θ2a (49)

When Eq. (38) is substituted into Eq. (36), we
have

(50)
∂2θ

∂X2
− Sp

(
2θaθ − θ2a

)
− (Nc+Nr −Qγ) θ

+Q = PeR
∂θ

∂X
+ ζ

∂θ

∂τ

Collecting the like terms provides

(51)
∂2θ

∂X2
− (Nc+Nr + 2θaSp −Qγ) θ

+Q+ Spθ
2
a = PeR

∂θ

∂X
+ ζ

∂θ

∂τ

Applying Laplace transform to the transient
thermal model in Eq. (51), we have

(52)
d2θ̄

dX2
− (Nc+Nr + 2θaSp −Qγ) θ̄

+
Q+ Spθ

2
a

s
= PeR

dθ̄

dX
+ ζ

(
sθ̄ − θ0

)
Collection of like terms provides

(53)

d2θ̄

dX2
− PeR

dθ̄

dX
− (ζs+Nc+Nr + 2θaSp −Qγ) θ̄ =

−
(
Q+ Spθ

2
a

s
+ ζθ0

)

Also, the adimensional boundary conditions in
the Laplace domain are

θ =
1

s
, at X = 0 for s > 0, (54a)

∂θ

∂X
= 0, at X = 1, for s > 0, (54b)

(54)

On solving the above equation, one arrives at

θ̄ (X, s) = Ae

(
PeR+

√
PeR

2+4(ζs+Nc+Nr+2θaSp−Qγ)
2

)
X

+Be

(
PeR−

√
PeR

2+4(ζs+Nc+Nr+2θaSp−Qγ)
2

)
X

+

(
Q+ Spθ

2
a + sζθ0

)
s (ζs+Nc+Nr + 2θaSp −Qγ)

(55)

After applying the boundary conditions
in Eq. (54a) and (54b), we have

A (s) =

−

(PeR−
√

PeR2+4(ζs+Nc+Nr+2θaSp−Qγ)

2

)
e

(
PeR−

√
PeR

2+4(ζs+Nc+Nr+2θaSp−Qγ)
2

)[1− (Q+Spθ
2
a+sζθ0)

(ζs+Nc+Nr+2θaSp−Qγ)

]

s



(
PeR +

√
PeR2 + 4 (ζs+Nc+Nr + 2θaSp −Qγ)

2

)
e

(
PeR+

√
PeR

2+4(ζs+Nc+Nr+2θaSp−Qγ)
2

)

−

(
PeR −

√
PeR2 + 4 (ζs+Nc+Nr + 2θaSp −Qγ)

2

)
e

(
PeR−

√
PeR

2+4(ζs+Nc+Nr+2θaSp−Qγ)
2

)


(56)
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B (s) =

(PeR+
√

PeR2+4(ζs+Nc+Nr+2θaSp−Qγ)

2

)
e

(
PeR+

√
PeR

2+4(ζs+Nc+Nr+2θaSp−Qγ)
2

)[1− (Q+Spθ
2
a+sζθ0)

(ζs+Nc+Nr+2θaSp−Qγ)

]

s



(
PeR +

√
PeR2 + 4 (ζs+Nc+Nr + 2θaSp −Qγ)

2

)
e

(
PeR+

√
PeR

2+4(ζs+Nc+Nr+2θaSp−Qγ)
2

)

−

(
PeR −

√
PeR2 + 4 (ζs+Nc+Nr + 2θaSp −Qγ)

2

)
e

(
PeR−

√
PeR

2+4(ζs+Nc+Nr+2θaSp−Qγ)
2

)


(57)

On substituting A and B into the solution in Eqs. (56) and (57), we have

θ̄ (X, s) =

[
1−

(
Q+ Spθ

2
a + sζθ0

)
(ζs+Nc+Nr + 2θaSp −Qγ)

]





(PeR +
√
PeR2 + 4 (ζs+Nc+Nr + 2θaSp −Qγ)

2

)
e

(
PeR+

√
PeR

2+4(ζs+Nc+Nr+2θaSp−Qγ)
2

)
L

 e

(
PeR−

√
PeR

2+4(ζs+Nc+Nr+2θaSp−Qγ)
2

)
X

−

(PeR −
√
PeR2 + 4 (ζs+Nc+Nr + 2θaSp −Qγ)

2

)
e

(
PeR−

√
PeR

2+4(ζs+Nc+Nr+2θaSp−Qγ)
2

)
L

 e

(
PeR+

√
PeR

2+4(ζs+Nc+Nr+2θaSp−Qγ)
2

)
X



s



(
PeR +

√
PeR2 + 4 (ζs+Nc+Nr + 2θaSp −Qγ)

2

)
e

(
PeR+

√
PeR

2+4(ζs+Nc+Nr+2θaSp−Qγ)
2

)

−

(
PeR −

√
PeR2 + 4 (ζs+Nc+Nr + 2θaSp −Qγ)

2

)
e

(
PeR−

√
PeR

2+4(ζs+Nc+Nr+2θaSp−Qγ)
2

)





+

(
Q+ Spθ

2
a + sζθ0

)
(ζs+Nc+Nr + 2θaSp −Qγ)

(58)

l

A =

−

(PeR−
√

PeR2+4(Nc+Nr+2θaSp−Qγ)

2

)
e

(
PeR−

√
PeR

2+4(Nc+Nr+2θaSp−Qγ)
2

)[1− Q+Spθ
2
a

(Nc+Nr+2θaSp−Qγ)

]


(
PeR +

√
PeR2 + 4 (Nc+Nr + 2θaSp −Qγ)

2

)
e

(
PeR+

√
PeR

2+4(Nc+Nr+2θaSp−Qγ)
2

)

−

(
PeR −

√
PeR2 + 4 (Nc+Nr + 2θaSp −Qγ)

2

)
e

(
PeR−

√
PeR

2+4(Nc+Nr+2θaSp−Qγ)
2

)


(63)

B =

(PeR+
√

PeR2+4(Nc+Nr+2θaSp−Qγ)

2

)
e

(
PeR+

√
PeR

2+4(Nc+Nr+2θaSp−Qγ)
2

)[1− Q+Spθ
2
a

(Nc+Nr+2θaSp−Qγ)

]


(
PeR +

√
PeR2 + 4 (Nc+Nr + 2θaSp −Qγ)

2

)
e

(
PeR+

√
PeR

2+4(Nc+Nr+2θaSp−Qγ)
2

)

−

(
PeR −

√
PeR2 + 4 (Nc+Nr + 2θaSp −Qγ)

2

)
e

(
PeR−

√
PeR

2+4(Nc+Nr+2θaSp−Qγ)
2

)


(64)
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On substituting Eqs. (63) and (64) into the solution in Eq. (65), we have

θ (X) =

[
1− Q+ Spθ

2
a

(Nc+Nr + 2θaSp −Qγ)

]





(PeR +
√
PeR2 + 4 (Nc+Nr + 2θaSp −Qγ)

2

)
e

(
PeR+

√
PeR

2+4(Nc+Nr+2θaSp−Qγ)
2

)
L

 e

(
PeR−

√
PeR

2+4(Nc+Nr+2θaSp−Qγ)
2

)
X

−

(PeR −
√
PeR2 + 4 (Nc+Nr + 2θaSp −Qγ)

2

)
e

(
PeR−

√
PeR

2+4(Nc+Nr+2θaSp−Qγ)
2

)
L

 e

(
PeR+

√
PeR

2+4(Nc+Nr+2θaSp−Qγ)
2

)
X




(
PeR +

√
PeR2 + 4 (Nc+Nr + 2θaSp −Qγ)

2

)
e

(
PeR+

√
PeR

2+4(Nc+Nr+2θaSp−Qγ)
2

)

−

(
PeR −

√
PeR2 + 4 (Nc+Nr + 2θaSp −Qγ)

2

)
e

(
PeR−

√
PeR

2+4(Nc+Nr+2θaSp−Qγ)
2

)





+
Q+ Spθ

2
a

(Nc+Nr + 2θaSp −Qγ)

(65)

5. Results and Discussion

The simulated results and parametric studies
on the passive device are presented in this sec-
tion. The effect of each parameter of the thermal
model on the thermal behaviour of the extended
surface is investigated. The results are presented
in various sub-sections for better analysis and
understanding.

The Fig. 2a and 2b show the effect of Peclet
number on the thermal response of the fin.
While Fig. 2a illustrate the impact of low Peclet
number on the thermal characteristics of the
passive device, Fig. 2a shows the influence of
very high Peclet number on the thermal perfor-
mance of the extended surface. The results pre-
sented that the fin temperature increases with
increases in the Peclet number. A low Peclet
number depict a significant change in the fin
temperature distribution from the fin base to the
tip while for a very high Peclet number, there
is marginal or negligible temperature difference
between the fin base and its tip. This is because
when the speed of the fin increases, the material
moves faster and consequently, the material ex-
posure time to the environment (the surround-
ing fluid) gets shortened and the rate of heat
loss from the surface of the fin surface reduces,
thereby causing increase in the fin temperature.
Therefore, it could be stated that when cooling
enhancement is needed, it is preferable to use a
low Peclet number.

Figs. 3a-d and 4a-d displays the impacts of
convective-conductive and radiative-conductive
parameters under varying Peclet on the thermal
behaviour of the fin. It is shown in the figures
that the convective-conductive and radiative-

conductive and Peclet numbers have significant
effects on the heat transfer in the porous fin.
The results depicted that as the convective-
conductive and radiative-conductive parameters
increase, the dimensionless temperature distri-
bution in the fin decreases and consequently,
the rate of heat transfer by the fin increases.
The swift reduction in temperature is because
as these parameters increase, more heat is lost
from the fin because the heat transfer rate is
enhanced, and more cooling of the fin occurs
which shows a decrease in the temperature pro-
file. Consequently, the fin thermal performance
is increased. However, it is still shown that the
fin temperature increases with increases in the
Peclet number.

The effects of ambient and surface tempera-
ture on temperature distribution in the moving
porous fin are shown in Figs. 5a-d and 6a-b. An
increase in the Peclet number, ambient and sur-
face temperatures resulted in increase the values
of thermal distribution within the extended sur-
face. This is expected because when the am-
bient and surface temperatures are increased,
the rate convective and radiative heat loss form
the surface of the fin will be reduced and more
heat will be absorbed by the fin, thereby, the
fin temperature history intensifies. Further sim-
ulations show that the temperature history in-
creases with increasing time value. This is ex-
pected because with increasing heat transfer
rate, the porous fin conducts more heat, thus
temperature increases.

Figs. 8a-d analyze the effect of porosity pa-
rameters under varying Peclet on the thermal
behaviour of the fin. It is shown in the fig-
ures that the porous term effect the fin ther-
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(a) (b)

Fig. 2: (a) Effect of low Peclet number on the fin thermal behaviour when Nc=0.8 Nr=0.2, θa=0.1 θs=0.2, (b)
Effect of high Peclet number on the fin thermal behaviour when Nc=0.8 Nr=0.2, θa=0.1 θs=0.2.

mal behaviour in a significant way. It is shown
that when the porous term increases, there is
decreases in the fin dimensionless temperature
distribution which causes the rate of heat trans-
fer by the fin to increase. The is due to in-
creased porosity of the fin which enhances the
rate at which heat is lost form the fin surface to
the atmosphere. It is also shown in the figure
that when the fin speed increases, which indi-
cate an increase in the Peclet number, interac-
tive time between the surface and surrounding
drops. Therefore, it takes small time for the
fin to release heat to the environment or being
cooled by the surrounding fluid. Consequently,
the temperature of the fin increases.

Fig. 9a-d depict the effect of internally gen-
erated heat on temperature distribution in the
moving porous fin. From the plot, it is evident
that an augmentation in the internally gener-
ated heat increases the magnitude of thermal
distribution within the fin. This is expected be-
cause when the heat generation parameter is in-
creased, more heat will be absorbed by the fin
which consequently increases the fin tempera-
ture.

The results of the present study are compared
and verified with the results of our past study us-
ing regular perturbation method (RPM) as pre-
sented in Tables 1 and 2. The excellent agree-
ments between the two methods are shown as
presented in the Tables

Tab. 1: Comparison of results of θ(X) when M = 0.8,
Nr = 0.2 Sp= 0.0, Pe=0.

X EXACT RPM [62] Difference
0.00 0.64805427 0.64805427 0.00000000
0.20 0.66105862 0.66105862 0.00000000
0.40 0.70059357 0.70059357 0.00000000
0.60 0.76824580 0.76824580 0.00000000
0.80 0.86673043 0.86673043 0.00000000
1.00 1.000000000 1.000000000 0.00000000

Tab. 2: Comparison of results of θ(X) when Nc = 0.40,
Nr = 0.1, Sp= 0.0, Pe=0.0.

X EXACT RPM [62] Difference
0.00 0.886818883 0.886818884 0.000000001
0.20 0.891256674 0.891256674 0.000000000
0.40 0.904614461 0.904614462 0.000000000
0.60 0.927025934 0.927025934 0.000000000
0.80 0.958715394 0.958715394 0.000000000
1.00 1.000000000 1.000000000 0.000000000

6. Conclusion

In this work, the effect of Peclet number on
thermal behaviour of a porous fin is investi-
gated. The results showed that the fin tem-
perature increases with increase in the Peclet
number. Therefore, it could be stated that
when cooling enhancement is needed, it is prefer-
able to use a low Peclet number. Also, under
varying Peclet number, the fin thermal distribu-
tion decreases as porosity, conductive-convective
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(a) (b)

(c) (d)

Fig. 3: (a) Effect of Peclet number on the fin thermal behaviour when Nc=0.5 Nr=0.0, θa=0.3, θs=0.2, (b) Effect
of Peclet number on the fin thermal behaviour when Nc=0.5 Nr=0.0, θa=0.3, θs=0.2, Effect of Peclet
number on the fin thermal behaviour when Nc=0.5 Nr=0.0, θa=0.3, θs=0.2, Effect of Peclet number on
the fin thermal behaviour when Nc=0.5 Nr=0.0, θa=0.3, θs=0.2.

and conductive-radiative terms increase. How-
ever, the temperature of the extended surface
increases as internal heat generation, ambient
and surface temperatures increase. It is hoped
that the present study will help better under-
standing of the thermal problems in extended
surfaces, especially on the effect of Peclet num-
ber on moving fin.
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