
Research Article
Analysis of Heat and Mass Transfer on MHD Peristaltic Flow
through a Tapered Asymmetric Channel

M. Kothandapani,1 J. Prakash,2 and V. Pushparaj3

1Department of Mathematics, University College of Engineering Arni (A Constituent College of Anna University, Chennai),
Arni, Tamil Nadu 632 326, India
2Department of Mathematics, Arulmigu Meenakshi Amman College of Engineering, Vadamavandal, Tamil Nadu 604 410, India
3Department of Mathematics, C. Abdul Hakeem College of Engineering & Technology, Melvisharam, Tamil Nadu 632 509, India

Correspondence should be addressed to M. Kothandapani; mkothandapani@gmail.com

Received 31 August 2014; Accepted 15 December 2014

Academic Editor: Miguel Onorato

Copyright © 2015 M. Kothandapani et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

This paper describes the peristaltic flow of an incompressible viscous fluid in a tapered asymmetric channel with heat and mass
transfer. The fluid is electrically conducting fluid in the presence of a uniform magnetic field. The propagation of waves on the
nonuniform channel walls to have different amplitudes and phase but with the same speed is generated the tapered asymmetric
channel.The assumptions of lowReynolds number and longwavelength approximations have been used to simplify the complicated
problem into a relatively simple problem. Analytical expressions for velocity, temperature, and concentration have been obtained.
Graphically results of the flow characteristics are also sketched for various embedded parameters of interest entering the problem
and interpreted.

1. Introduction

The study of peristaltic transport has enjoyed increased inter-
est from investigators in several engineering disciplines.
From amechanical point of view, peristalsis offers the oppor-
tunity of constructing pumps in which the transported
medium does not come in direct contact with any moving
parts such as valves, plungers, and rotors. This could be of
great benefit in cases where themedium is either highly abra-
sive or decomposable under stress. This has led to the devel-
opment of fingers and roller pumps which work according
to the principle of peristalsis. Applications include dialysis
machines, open-heart bypass pump machines, and infusion
pumps. After the first investigation reported by Latham
[1], several theoretical and experimental investigations [2–5]
about the peristaltic flow of Newtonian and non-Newtonian
fluids have been made under different conditions with refer-
ence to physiological and mechanical situations.

In view of the processes like hemodialysis and oxygena-
tion, some progress is shown in the theory of peristalsis

with heat transfer [6–8]. Such analysis of heat transfer is
of great value in biological tissues, dilution technique in
examining blood flow, destruction of undesirable cancer
tissues, metabolic heat generation, and so forth. In addition,
the mass transfer effect on the peristaltic flow of viscous
fluid has been examined in the studies [9–11]. The effect
of magnetic field on a Newtonian fluid has been reported
for treatment of gastronomic pathologies, constipation, and
hypertension.

Recently, few attempts have been made in the peristaltic
literature to study the combined effects of heat and mass
transfer. Eldabe et al. [10] analyzed the mixed convective heat
and mass transfer in a non-Newtonian fluid at a peristaltic
surface with temperature-dependent viscosity. The influence
of heat and mass transfer on MHD peristaltic flow through
a porous space with compliant walls was studied by Srinivas
and Kothandapani [11]. The effects of elasticity of the flexible
walls on the peristaltic transport of viscous fluid with heat
transfer in a two-dimensional uniform channel have been
investigated by Srinivas and Kothandapani [12]. Ogulu [13]
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Figure 1: Schematic diagram of the tapered asymmetric channel.

examined heat andmass transfer of blood under the influence
of a uniform magnetic field.

The problem of intrauterine fluid motion in a non-
pregnant uterus caused by myometrial contractions is a
peristaltic-type fluid motion and the myometrial contrac-
tions may occur in both symmetric and asymmetric direc-
tions. Further it is observed that the intrauterine fluid flow
in a sagittal cross section of the uterus discloses a narrow
channel enclosed by two fairly parallel walls with wave trains
having different amplitudes and phase difference [14–16].
Keeping in view of the abovementioned reasons, a new
theoretical investigation of peristaltic motion of a Newtonian
fluid in the presence of heat and mass transfer in the most
generalized form of the channel, namely, the tapered asym-
metric channel, is carried out. The governing equations of
motion, energy, and concentration are simplified by using the
assumptions of long wavelength and low Reynolds number
approximations. The exact solutions of velocity, temperature,
and concentration of the fluid are generated. Also interesting
flow quantities are analyzed by plotting various graphs.

2. Mathematical Formulation

Consider the unsteady, combined convective heat and mass
transfer, MHD flow of an electrically conducting viscous
fluid in a two-dimensional tapered asymmetric channel. Let
𝑌 = 𝐻

1
and 𝑌 = 𝐻

2
, respectively, the lower and upper

wall boundaries of the tapered asymmetric channel. The
flow is generated by sinusoidal wave trains propagating with
constant speed 𝑐 along the tapered asymmetric channel
(Figure 1).The geometry of the wall surface [15, 16] is defined
as

𝐻
2
(𝑋, 𝑡) = 𝑑 + 𝑚


𝑋 + 𝑏
2
sin [2𝜋

𝜆
(𝑋 − 𝑐𝑡)] .

upper wall,
(1a)

𝐻
1
(𝑋, 𝑡) = −𝑑 − 𝑚


𝑋 − 𝑏
1
sin [2𝜋

𝜆
(𝑋 − 𝑐𝑡) + 𝜙] .

lower wall,
(1b)

where 𝑑 is the half width of the channel at the inlet, 𝑏
1
and 𝑏
2

are the amplitudes of lower and upper walls, respectively, 𝑐 is
the phase speed of the wave,𝑚 (𝑚 ≪ 1) is the nonuniform

parameter, 𝜆 is the wavelength, the phase difference 𝜙 varies
in the range 0 ≤ 𝜙 ≤ 𝜋, 𝜙 = 0 corresponds to symmetric
channel with waves out of phase (i.e., both walls move
towards outward or inward simultaneously), and further 𝑏

1
,

𝑏
2
, and 𝜙 satisfy the following conditions for the divergent

channel at the inlet:

𝑏
2

1
+ 𝑏
2

2
+ 2𝑏
1
𝑏
2
cos (𝜙) ≤ (2𝑑)2 . (2)

It is assumed that the temperature and concentration at
lower wall are 𝑇

0
and 𝐶

0
, respectively, while the temper-

ature and concentration at the upper wall are 𝑇
1
and 𝐶

1
,

respectively (𝑇
0
< 𝑇
1
& 𝐶
0
< 𝐶
1
). The equations of conti-

nuity, momentum, energy, and concentration are described
as follows [11, 12]:

𝜕𝑈

𝜕𝑋

+
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𝜕𝑌

= 0,

𝜌 [
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]
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] ,
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[
𝜕𝐶

𝜕𝑡
+ 𝑈

𝜕𝐶

𝜕𝑋

+ 𝑉
𝜕𝐶

𝜕𝑌

]

= 𝐷
𝑚
[
𝜕
2
𝐶

𝜕𝑋
2
+
𝜕
2
𝐶

𝜕𝑌
2
] +

𝐷
𝑚
𝐾
𝑇

𝑇
𝑚

[
𝜕
2
𝑇

𝜕𝑋
2
+
𝜕
2
𝑇

𝜕𝑌
2
] ,

(3)

where 𝑈, 𝑉 are the components of velocity along 𝑋 and
𝑌 directions, respectively, 𝑡 is the dimensional time, 𝜇 is
the coefficient of viscosity, 𝜎 is the electrical conductivity of
the fluid, 𝐵

0
is the uniform applied magnetic field, 𝜌 is the

fluid density, 𝜁 is the specific heat at constant volume, 𝑃 is
the pressure, 𝑇 is the temperature, 𝐶 is the concentration
of the fluid, 𝑇

𝑚
is the mean temperature, 𝜅 is the thermal

conductivity,𝐷
𝑚
is the coefficient of mass diffusivity, and𝐾

𝑇

is the thermal diffusion ratio.
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The corresponding boundary conditions are

𝑈 = 0, 𝑇 = 𝑇
0
, 𝐶 = 𝐶

0
at 𝑌 = 𝐻

1
, (4a)

𝑈 = 0, 𝑇 = 𝑇
1
, 𝐶 = 𝐶

1
, at 𝑌 = 𝐻

2
. (4b)

By introducing the following set of nondimensional variables
in (3),

𝑥

=
𝑋

𝜆
, 𝑦

=
𝑌

𝑑
, 𝑡

=
𝑐𝑡

𝜆
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𝑐
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𝑐
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0

𝐶
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0

,

(5)

we obtain
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𝑢

,

𝑅𝛿
3
[
𝜕V

𝜕𝑡
+ 𝑢
 𝜕V

𝜕𝑥
+ V

𝜕V

𝜕𝑦
]

= −
𝜕𝑝


𝜕𝑦
+ 𝛿
2
[
𝜕
2V

𝜕𝑥2
+
𝜕
2V

𝜕𝑦2
] ,

𝑅𝛿 [
𝜕𝜃

𝜕𝑡
+ 𝑢
 𝜕𝜃

𝜕𝑥
+ V

𝜕𝜃

𝜕𝑦
]

=
1

Pr
[𝛿
2 𝜕
2
𝜃

𝜕𝑥2
+
𝜕
2
𝜃

𝜕𝑦2
]
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2
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2
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] ,
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𝜕𝑡
+ 𝑢
 𝜕Θ

𝜕𝑥
+ V

𝜕Θ

𝜕𝑦
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=
1
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[𝛿
2 𝜕
2
Θ

𝜕𝑥2
+
𝜕
2
Θ

𝜕𝑦2
] + Sr[𝛿2 𝜕

2
𝜃

𝜕𝑥2
+
𝜕
2
𝜃

𝜕𝑦2
] ,

(6)

where 𝑎 (= 𝑏
1
/𝑑) and 𝑏 (= 𝑏

2
/𝑑) are nondimensional ampli-

tudes of lower and upper walls, respectively, 𝑘
1
= (𝜆𝑚


/𝑑) is

nonuniformparameter,𝑅 (= 𝑐𝑑𝜌/𝜇) is the Reynolds number,
Sc = 𝜇/𝐷

𝑚
𝜌 is the Schmidt number, Sr = 𝜌𝐷

𝑚
𝐾
𝑇
(𝑇
1
−

𝑇
0
)/𝜇(𝐶

1
− 𝐶
0
)𝑇
𝑚
is the Soret number,𝑀 = √𝜎/𝜇𝐵

0
𝑑 is the

Hartmann number, Pr = 𝜌]𝜁/𝜅 is the Prandtl number, and
𝐸 = 𝑐
2
/𝜁(𝑇
1
− 𝑇
0
) is the Eckert number.

In order to discuss the results quantitatively, we assume
the instantaneous volume rate of the flow 𝐹(𝑥, 𝑡), periodic in
(𝑥 − 𝑡) [17–19], as

𝐹 (𝑥, 𝑡) = 𝑄 + 𝑎 sin [2𝜋 (𝑥 − 𝑡) + 𝜙] + 𝑏 sin 2𝜋 (𝑥 − 𝑡) , (7)

where𝑄 is the time-average of the flow over one period of the
wave and

𝐹 = ∫

ℎ
2

ℎ
1

𝑢 𝑑𝑦. (8)

3. Exact Analytical Solution

Using the long wavelength approximation and neglecting the
wave number along with low Reynolds number and omitting
prime, one can find from (6) that

0 = −
𝜕𝑝

𝜕𝑥
+
𝜕
2
𝑢

𝜕𝑦2
−𝑀
2
𝑢, (9)

0 = −
𝜕𝑝

𝜕𝑦
, (10)

0 =
1

Pr
𝜕
2
𝜃

𝜕𝑦2
+ 𝐸(

𝜕𝑢

𝜕𝑦
)

2

, (11)

0 =
𝜕
2
Θ

𝜕𝑦2
+ ScSr𝜕

2
𝜃

𝜕𝑦2
. (12)

Equation (10) shows that 𝑝 is not function of 𝑦.
The corresponding boundary conditions are

𝑢 = 0, 𝜃 = 1, and Θ = 1

at 𝑦 = ℎ
2
= 1 + 𝑘

1
𝑥 + 𝑏 sin (2𝜋 (𝑥 − 𝑡)) ,

(13a)

𝑢 = 0, 𝜃 = 0, and Θ = 0

at 𝑦 = ℎ
1
= −1 − 𝑘

1
𝑥 − 𝑎 sin (2𝜋 (𝑥 − 𝑡) + 𝜙)

(13b)

which satisfy, at the inlet of channel,

𝑎
2
+ 𝑏
2
+ 2𝑎𝑏 cos (𝜙) ≤ 4. (14)

The set of (9)–(12), subject to the conditions (13a) and (13b),
are solved exactly for 𝑢, 𝜃, and Θ, and we have

𝑢 =
(𝜕𝑝/𝜕𝑥)

𝑀2

× (1 −
(cosh (𝑀ℎ

2
) − cosh (𝑀ℎ

1
)) sinh (𝑀ℎ

1
)

𝑀2 sinh (𝑀 (ℎ
1
− ℎ
2
))

)

×
cosh (𝑀𝑦)
cosh (𝑀ℎ

1
)
+
(𝜕𝑝/𝜕𝑥)

𝑀2

× (
(cosh (𝑀ℎ

2
) − cosh (𝑀ℎ

1
)) sinh (𝑀𝑦)

𝑀2 sinh (𝑀 (ℎ
1
− ℎ
2
))

− 1) ,
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𝜃 = 𝐴
1
+ 𝐵
1
𝑦 −

Pr𝐸𝐴2

8
[cosh (2𝑀𝑦) − 2𝑦2𝑀2]

−
Pr𝐸𝐵2

8
[cosh (2𝑀𝑦) + 2𝑦2𝑀2]

−
Pr𝐸𝐴𝐵

8
sinh (2𝑀𝑦) ,

Θ = 4𝐷
3
ScSr𝑀2ℎ2

1
− 𝐷
4
ℎ
1
− 𝐷
1
ScSr𝑒2𝑀ℎ1

− 𝐷
2
ScSr𝑒−2𝑀ℎ1 + 𝐷

4
𝑦 + 𝐷

1
ScSr𝑒2𝑀𝑦

+ 𝐷
2
ScSr𝑒−2𝑀𝑦 − 4𝐷

3
ScSr𝑀2𝑦2,

𝜕𝑝

𝜕𝑥
= 𝐹𝑀

3 cosh (𝑀ℎ
1
) sinh (𝑀 (ℎ

1
− ℎ
2
))

× ((sinh (𝑀ℎ
2
) − sinh (𝑀ℎ

1
))

× [sinh (𝑀 (ℎ
1
− ℎ
2
))

− [cosh (𝑀ℎ
2
) − cosh (𝑀ℎ

1
)] sinh (𝑀ℎ

1
)])
−1

+
𝐹𝑀
3 sinh (𝑀 (ℎ

1
− ℎ
2
))

[cosh (𝑀ℎ
2
) − cosh (𝑀ℎ

1
)]
2
−

𝐹𝑀
2

ℎ
2
− ℎ
1

,

(15)

where

𝐴 =

((𝜕𝑝/𝜕𝑥) − 𝐵𝑀
2 sinh (𝑀ℎ

1
))

𝑀2 cosh (𝑀ℎ
1
)

,

𝐵 =
(𝜕𝑝/𝜕𝑥) (cosh (𝑀ℎ

2
) − cosh (𝑀ℎ

1
))

𝑀2 sinh (𝑀 (ℎ
1
− ℎ
2
))

,

𝐴
1
=
Pr𝐸𝐴2

8
[cosh (2𝑀ℎ

1
) − 2ℎ

2

1
𝑀
2
]

+
Pr𝐸𝐵2

8
[cosh (2𝑀ℎ

1
) + 2ℎ

2

1
𝑀
2
]

+
Pr𝐸𝐴𝐵

8
sinh [2𝑀ℎ

1
] − 𝐷ℎ

1
,

𝐵
1
=

1

ℎ
2
− ℎ
1

[1 +
Pr𝐸𝐴2

8
[cosh (2𝑀ℎ

2
) − 2ℎ

2

2
𝑀
2

− cosh (2𝑀ℎ
1
) + 2ℎ

2

1
𝑀
2
]

+
Pr𝐸𝐵2

8
[cosh (2𝑀ℎ

2
) + 2ℎ

2

2
𝑀
2

− cosh (2𝑀ℎ
1
) − 2ℎ

2

1
𝑀
2
]

+
Pr𝐸𝐴𝐵

8
[sinh (2𝑀ℎ

2
) − sinh (2𝑀ℎ

1
)]] ,

𝐷
1
=
Pr𝐸𝐴2

16
+
Pr𝐸𝐵2

16
+
Pr𝐸𝐴𝐵

8
,

𝐷
2
=
Pr𝐸𝐴2

16
+
Pr𝐸𝐵2

16
−
Pr𝐸𝐴𝐵

8
,

𝐷
3
=
Pr𝐸𝐴2

16
−
Pr𝐸𝐵2

16
,

𝐷
4
=

1

ℎ
1
− ℎ
2

(4𝐷
3
ScSr𝑀2 (ℎ2

1
− ℎ
2

2
)

− 𝐷
1
ScSr (𝑒2𝑀ℎ1 − 𝑒2𝑀ℎ2)

− 𝐷
2
ScSr (𝑒−2𝑀ℎ1 − 𝑒−2𝑀ℎ2) − 1) .

(16)

The coefficient of heat transfer at the lower wall is given by

𝑍 = ℎ
1𝑥
𝜃
𝑦
. (17)

4. Numerical Results and Discussion

The effect of various flow parameters on temperature is
plotted in Figure 2 for the fixed values of 𝑥 = 0.6 and 𝑡 = 0.4.
The influence of the nonuniform parameter (𝑘

1
) on 𝜃 is

depicted in Figure 2(a). It is noticed that the temperature
(𝜃) increases nearer to the lower wall of the tapered channel
while the situation is reversed as nonuniform parameter (𝑘

1
)

increases. Figure 2(b) reveals that the temperature profile
increases with increase of Eckert number. It is considered
from Figure 2(c) that the temperature profile increases as the
amplitude of lower tapered channel increases. The variation
of the Prandtl number (Pr) on 𝜃 is shown in Figure 2(d).
This figure indicates that an increase in Prandtl number
results in increase in the temperature of the fluid. Figure 2(e)
depicts the effect of temperature for the various values of
𝑄. It is observed that the temperature 𝜃 increases with an
increase in the time-average flow rate 𝑄 in the entire tapered
channel. The variations of the Hartmann number𝑀 against
𝜃 are shown in Figure 2(f). This figure indicates that by
increasing the Hartmann number the temperature decreases.
The result presented in Figure 3 indicates the behavior of 𝐸,
𝑎, 𝑄,𝑀, 𝜙, and Pr on the heat transfer coefficient (𝑍). These
figures display the typical oscillatory behavior of heat transfer
which may be due to the phenomenon of peristalsis. Figures
3(a)–3(f) reveal that the absolute value of the heat transfer
coefficient increases by increasing 𝐸, 𝑎, 𝑄,𝑀, 𝜙, and Pr.

The effect of various physical parameters on the con-
centration of the fluid (Θ) is shown in Figure 4. Figure 4(a)
exposes that the fluid concentration decreases with an
increase of 𝐸. It is noticed from Figure 4(b) that the concen-
tration of the fluid increases as 𝑎 increases. Figure 4(c) shows
that the absolute value of concentration distribution increases
at the central part of channelwhen 𝑘

1
is increased. Figure 4(d)

is plotted to see the influence of𝑀 on the concentration. We
notice that an increase in𝑀 increases Θ. The concentration
for the phase difference is shown in Figure 4(e). It is observed
that an increase in 𝜙 causes increase in Θ. In Figure 4(f),
the cause of Prandtl number Pr on Θ is captured. It is
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Figure 2: Temperature distribution (for fixed value of 𝑡 = 0.4 and 𝑥 = 0.6): (a) 𝑄 = 1.7, 𝜙 = 𝜋/3,𝑀 = 1, 𝐸 = 0.5, Pr = 1.7, 𝑎 = 0.3, and
𝑏 = 0.4; (b) 𝐸 = 0.5, 𝑘

1
= 0.2, 𝑄 = 1.85,𝑀 = 2, 𝜙 = 𝜋/4, 𝑎 = 0.35, and 𝑏 = 0.3; (c) 𝐸 = 1, 𝜙 = 𝜋/3, Pr = 2,𝑀 = 0.5, 𝑘

1
= 0.3, 𝑄 = 1.75, and

𝑏 = 0.3; (d) 𝐸 = 0.5, 𝑘
1
= 0.2, 𝑄 = 1.85,𝑀 = 2, 𝜙 = 𝜋/4, 𝑎 = 0.35, and 𝑏 = 0.3; (e) 𝐸 = 0.7, 𝜙 = 𝜋/6, Pr = 0.6, 𝑘

1
= 0.25,𝑀 = 0.8, 𝑎 = 0.1,

and 𝑏 = 0.2; (f) 𝜙 = 𝜋/2, 𝐸 = 2, Pr = 1.5, 𝑏 = 0.3, 𝑎 = 0.2, 𝑘
1
= 0.3, and 𝑄 = 1.6.
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Figure 3: Coefficient of heat transfer distribution: (a) 𝑄 = 1.8, Pr = 0.5, 𝑘
1
= 0.5,𝑀 = 3, 𝑡 = 0.5, 𝜙 = 𝜋/2, 𝑏 = 0.2, and 𝑎 = 0.1; (b) 𝑄 = 1.6,

𝑀 = 0.8, 𝑡 = 0.5, 𝜙 = 𝜋, 𝑘
1
= 0.2, 𝐸 = 1, 𝑏 = 0.2, and Pr = 1.1; (c) 𝑡 = 0.35, 𝐸 = 2, 𝑎 = 0.4, 𝑘

1
= 0.25,𝑀 = 2.5, Pr = 1.5, 𝜙 = 𝜋/3, 𝑘

1
= 0.1,

and 𝑏 = 0.3; (d) 𝑄 = 1.6, 𝑡 = 0.4, 𝜙 = 𝜋/4, 𝐸 = 2, 𝑏 = 0.35, Pr = 1, and 𝑎 = 0.4; (e) 𝑄 = 1.78, 𝑥 = 0.48, 𝐸 = 1, Pr = 0.7, 𝑎 = 0.26, 𝑏 = 0.3,
𝑘
1
= 0.29, and𝑀 = 1.6; (f) 𝑄 = 1.72, 𝑥 = 0.42, 𝐸 = 1, 𝑎 = 0.2, 𝑘

1
= 0.23,𝑀 = 1.2, 𝜙 = 𝜋/4, and 𝑏 = 0.3.
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Figure 4: Continued.
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Figure 4: Mass transfer distribution (fixed value of 𝑥 = 0.5 and 𝑡 = 0.6): (a) 𝑄 = 1.7, 𝑎 = 0.2, 𝑏 = 0.1, 𝜙 = 0, Pr = 0.7, 𝑘
1
= 0.5,𝑀 = 0.8,

Sc = 0.6, and Sr = 1.6; (b) 𝐸 = 0.5, 𝑎 = 0.2, 𝑄 = 1.6, 𝜙 = 𝜋/2, Pr = 0.5, 𝑘
1
= 0.1,𝑀 = 0.5, Sc = 0.5, and Sr = 1.4; (c) 𝑎 = 0.4, 𝑏 = 0.3,

𝐸 = 1.25, 𝑄 = 1.65, 𝜙 = 𝜋/3, Pr = 1.5,𝑀 = 0.8, Sc = 0.38, and Sr = 1.25; (d) 𝑏 = 0.5, 𝑎 = 0.4, 𝐸 = 2, 𝑄 = 1.55, 𝜙 = 𝜋/6, Pr = 2, 𝑘
1
= 0.15,

Sc = 0.52, and Sr = 1.42; (e) 𝑏 = 0.2, 𝑎 = 0.1, 𝐸 = 0.9, 𝑄 = 1.8, Pr = 0.75, 𝑘
1
= 0.3,𝑀 = 0.2, Sc = 0.4, and Sr = 1.22; (f) 𝑏 = 0.25, 𝑎 = 0.2,

𝐸 = 1.5, 𝑄 = 1.75, 𝜙 = 𝜋, 𝑘
1
= 0.25,𝑀 = 0.5, Sc = 0.44, and Sr = 1.3; (g) 𝑎 = 0.6, 𝑏 = 0.5, 𝐸 = 0.75, 𝜙 = 𝜋/3, Pr = 2, 𝑘

1
= 0.4,𝑀 = 3,

Sc = 0.3, and Sr = 1.5; (h) 𝑏 = 0.4, 𝑎 = 0.3, 𝐸 = 1.2, 𝑄 = 1.65, 𝜙 = 𝜋/4, Pr = 1.6,𝑀 = 2.5, and Sr = 1.53.

detected that with an increase in Pr the concentration of the
fluid decreases. Figure 4(g) depicts the concentration profile
corresponding to various values of 𝑄. It is seen that the
concentration distribution decreases with an increase in the
mean flow rate 𝑄. From Figure 4(h), one can view that the
concentration profile decreases with increase of Sc.

5. Conclusion

The present analysis can serve as a model which may help
in understanding the mechanism of physiological flow of
a Newtonian fluid in tapered asymmetric channel. The
analytical solutions for the temperature, concentration, and
coefficient of heat transfer have been obtained under long
wavelength and low Reynolds number approximations. The
features of the flow characteristics are analyzed by plotting
graphs and discussed in detail. The main observations found
from the present study are given as follows.

(1) There is an increase in the temperature (𝜃) when the
Prandtl number Pr, time-average flow rate 𝑄, occlu-
sion parameter 𝑎, and Eckert number are increased
while it decreases when𝑀 is increased.

(2) Mass transfer (Θ) increases with the increase of 𝑎,𝑀,
and 𝜙 while it decreases with the increase of 𝐸, Pr, 𝑄,
and Sc.

(3) The temperature distribution of the fluid increases at
the core part of channel when nonuniform parameter
is increased and the reverse situation is observed in
respect of the concentration of the fluid.

(4) The absolute value of the heat transfer coefficient
increases when the𝐸, 𝑎,𝑄,𝑀,𝜙, and Pr are increased.
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