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Abstract The Peristaltic transport of conducting nanofluids under the effect of slip condition in an

asymmetric channel is reported in the present work. The mathematical modelling has been carried

out under long wavelength and low Reynolds number approximations. The analytical solutions are

obtained for pressure rise, nanoparticle concentration, temperature distribution, velocity profiles

and stream function. Influence of various parameters on the flow characteristics has been discussed

with the help of graphs. The results showed that the pressure rise increases with increasing magnetic

effect and decreases with increasing slip parameter. The effects of thermophoresis parameter and

Brownian motion parameter on the nanoparticle concentration and temperature distribution are

studied. It is observed that the pressure gradient increases with increasing slip parameter and

magnetic effect. The trapping phenomenon for different parameters is presented.
� 2016 Faculty of Engineering, Alexandria University. Production and hosting by Elsevier B.V. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

In recent times, Peristalsis has attracted much attention due to
its important in engineering and medical applications such as

chyme movement in the intestine, movement of ovum in the
fallopian tube, flow from kidney to bladder, capillaries,
arterioles and roller pumps. In view of such industrial and

physiological applications, the peristalsis mechanism has been
studied in nature by various researchers for different fluids
under different conditions [1–8]. Nanoparticle research is
currently an area of intense scientific interest due to a wide
variety of potential applications in medical and electronic field.

The nanofluids are a new class of fluids designed by dispersing
nano-meter sized materials (nanoparticles, nanofibers, nan-
otubes, nanorods, nanosheet and nanowires) in base fluids.

Choi and Eastman [9] was reported that an innovative tech-
nique to improve heat transfer is by using nanoscale particles
in base fluid. In the other work by Choi et al. [10] it was also

shown that the addition of small amount (less than 1% by vol-
ume) of nanoparticles to conventional heat transfer liquids
increases the thermal conductivity of the fluid approximately

two times.
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Nomenclature

a1; b1 amplitudes of the waves

d1 þ d2 channel width
k wavelength of the peristaltic wave
c wave speed
p pressure

/ phase difference
l viscosity
M Hartmann number

B0 uniform magnetic field
w steam function

h temperature distribution

b the slip parameter
c thermal slip parameter
c1 concentration slip parameter
Nt Brownian motion parameter

Nb thermophoresis parameter
Gr local temperature Grashof number
Br nanoparticle Grashof number

r nanoparticle concentration
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A detailed analysis of nanofluids was discussed by Buon-
giorno [11] reveals that this massive increase in the thermal
conductivity occurs due to the presence of two main effects

namely the Brownian diffusion and thermophoretic diffusion
of nanoparticles. Mekheimer and Abd elmaboud [12] pointed
out that the cancer tissues may be destroyed when the temper-
ature reaches 40–45 �C. The influence of slip conditions, wall

properties and heat transfer on MHD peristaltic transport
was studied by Srinivas et al. [13]. Peristaltic transport of a Jef-
frey fluid under the effect of slip in an inclined asymmetric

channel was studied by Srinivas and Muthuraj [14]. Endo-
scopic effects on peristaltic flow of nanofluids are studied by
Akbar and Nadeem [15]. Ramana Kumari and Radhakrishna-

macharya [16] have investigated effect of slip on heat transfer
to peristaltic transport in the presence of magnetic field with
wall effects. Further the study of Peristaltic flow of a nanofluid
in non-uniform tube is done by Akbar et al. [17] using Homo-

topy Perturbation method. Akbar and Nadeem [18] have
investigated the peristaltic flow of a Phan-Thien–Tanner nano-
fluid in a diverging tube. The analytical and numerical solu-

tions for influence of wall properties on the peristaltic flow
of a nanofluid were studied by Mustafa et al. [19]. Further
Akbar et al. [20] have studied peristaltic flow of a nanofluid

with slip effects. A note on the influence of heat and mass
transfer on a peristaltic flow of a viscous fluid in a vertical
asymmetric channel with wall slip was studied by Srinivas

et al. [21].
Akram et al. [22] have studied consequences of nanofluids

on peristaltic flow in an asymmetric channel. Numerical study
of Williamson nanofluid in an asymmetric channel is investi-

gated by Akbar et al. [23]. Exact analytical solution of the peri-
staltic nanofluids flow in an asymmetric channel with flexible
walls and slip condition: Application to cancer treatment

was discussed by Ebaid et al. [24]. Slip effects on the Peristaltic
motion of nanofluids in a channel with wall properties were
studied by Mustafa et al. [25].

Recently exact analytical solution for the peristaltic flow of
nanofluids in an asymmetric channel with slip effect of the
velocity, temperature and concentration was studied by Aly

et al. [26]. The study on consequence of nanofluids on peri-
staltic transport of a hyperbolic tangent fluid model in the
occurrence of apt (tending) magnetic field was discussed by
Akram and Nadeem [27].

Mustafa et al. [28] studied the influence of induced mag-
netic field on the peristaltic flow of nanofluids. Peristaltic
motion of nanofluids in curved channel was analysed by Hina
et al. [29]. Sharidan Shafie et al. [30] studied Partial slip effect
on heat and mass transfer of MHD peristaltic transport in a
porous medium. Hayat et al. [31] studied Peristaltic transport

of Carreau-Yasuda fluid in a curved channel with slip effects.
The nanofluids in peristaltic flow problem under the effect

of magnetic field and radiation in the tapered asymmetric
channel through porus space was described by Kothandapani

and Prakash [32]. The peristaltic transport of Carreau nanoflu-
ids under the effect of magnetic field in a tapered asymmetric
channel was studied by Kothandapani and Prakash [33]. Effect

of thermal radiation parameter and magnetic field on the peri-
staltic motion of Williamson nanofluids in a tapered asymmet-
ric channel was studied by Kothandapani and Prakash [34].

Nirmala et al. [35] studied combined effects of hall current,
wall slip, viscous dissipation and soret effect on MHD Jeffrey
fluid flow in a vertical channel with Peristalsis.

The Present work was to discuss the peristaltic flow of

nanofluids in an asymmetric channel under the effect of both
magnetic field and slip parameters. The governing equations
are carried out under the assumption of long wavelength and

low Reynolds number. The reduced equations are solved
exactly.

The result of the present study finds applications in peri-

staltic pumping through corrogative and non-corrogative
pipes. In the case of corrogative pipe flow the slip effect is
important, whereas in the other case slip may not exist.
2. The mathematical model

Consider peristaltic transport of an incompressible Newtonian

conducting nanofluid in an asymmetric channel with flexible
walls. The channel asymmetry is generated by propagation
of waves on the channel walls travelling with different ampli-

tudes and phases but with same constant speed c.

In the Cartesian coordinates system ðX;YÞ of the fixed

frame, the upper wall �h1 and lower wall �h2 are given by Fig. 1

�h1 ¼ d1 þ a1 cos
2p
k X� c�t
� �� �

;

�h2 ¼ �d2 � b1 cos
2p
k X� c�t
� �þ u

� �
( )

where a1 and b1 are amplitude of the waves, k is the wave-
length, d1 þ d2 is the width of the channel, and the phase dif-
ference / varies in the range 0 6 / 6 p where / ¼ 0 and
/ ¼ p correspond to symmetric cannel with waves out of the



Figure 1 Physical model.
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phase and in the phase, respectively. Further, a1; b1; d1; d2
and / satisfy the following condition [32].

a21 þ b21 þ 2a1b1 cosu 6 d1 þ d2ð Þ2

With the following non-dimensional phenomena

a ¼ a1
d1

; b ¼ a2
d1

; d ¼ d2
d1

In the moving frame of reference ðX;YÞ, we have

�x ¼ X� c�t; �y ¼ Y

The non-dimensional quantities are

x¼ 2p�x
k

; y¼ Y

d1
; t¼ 2p�t

k
; h1 ¼

�h1
d1

; h2 ¼
�h2
d2

;M¼
ffiffiffi
r
l

r
dB0

Under the assumptions of long wavelength and low Reynolds
number approximation, Kothandapani and Prakash [32]

found that the flow is governed by the following system of
partial differential equations in non-dimensional form

@2

@y2
@2w
@y2

�M2w

� �
þ Gr

@h
@y

þ Br

@r
@y

¼ 0 ð1Þ

dp

dx
¼ @

@y

@2w
@y2

�M2w

� �
þ Grhþ Brr ð2Þ

@2h
@y2

þNb

@h
@y

@r
@y

þNt

@h
@y

	 
2

¼ 0 ð3Þ

@2r
@y2

þ Nt

Nb

@2h
@y2

	 

¼ 0 ð4Þ

where w; h; r and P are the stream function, temperature dis-
tribution, nanoparticle concentration and pressure gradient
respectively. Further Nt; Nb; Gr; Br and M are Brownian

motion parameter, thermophoresis parameter, local tempera-
ture Grashof number, nanoparticle Grashof number and Hart-
mann number respectively.

The corresponding boundary conditions are

w ¼ F

2
;
@w
@y

¼ �b
@2w
@y2

� 1 at h1 ¼ 1þ a cosðxÞ ð5Þ
w ¼ �F

2
;
@w
@y

¼ b
@2w
@y2

� 1 at h2 ¼ �d� b cosðxþ uÞ ð6Þ

hþ c
@h
@y

¼ 0 at y ¼ h1 ð7Þ

h� c
@h
@y

¼ 1 at y ¼ h2 ð8Þ

rþ c1
@r
@y

¼ 0 at y ¼ h1 ð9Þ

r� c1
@r
@y

¼ 1 at y ¼ h2 ð10Þ

where b; c and c1 represent the slip parameter, thermal slip
parameter and concentration slip parameter respectively.

3. The general closed form solution

Now from Eq. (4) we obtain,

r ¼ �Nt

Nb

hþ c1ðxÞyþ c2ðxÞ ð11Þ

where c1ðxÞ and c2ðxÞ are two unknown functions. By substi-

tuting Eq. (11) into (3) gives

@2h
@y2

þNbc1ðxÞ @h
@y

¼ 0 ð12Þ

The above equation can be solved exactly to get the tempera-

ture distribution as

hðx; yÞ ¼ c4ðxÞe�Nbf1ðxÞy þ 1

Nb

c3ðxÞ
c1ðxÞ ð13Þ

The nanoparticle concentration is given by

rðx; yÞ ¼ �Nt

Nb

c4ðxÞe�Nbc1ðxÞy þ c1ðxÞyþ c2ðxÞ � Nt

N2
b

c3ðxÞ
c1ðxÞ

ð14Þ
where c3ðxÞ and c4ðxÞ are two unknown functions. By substi-
tuting boundary conditions (7) and (8) in Eq. (13) gives

c4ðxÞe�Nbc1ðxÞh1 1� cNbc1½ � ¼ � 1

Nb

c3ðxÞ
c1ðxÞ ð15Þ

c4ðxÞe�Nbc1ðxÞh2 1þ cNbc1½ � ¼ 1� 1

Nb

c3ðxÞ
c1ðxÞ ð16Þ

By solving Eqs. (15) and (16) for c3ðxÞ and c4ðxÞ we have

c4 ¼ 1

ð1þ cNbc1Þrc12 � ð1� cNbc1Þrc11
ð17Þ

and

c3 ¼ �Nbc1ð1� cNbc1Þrc11
ð1þ cNbc1Þrc12 � ð1� cNbc1Þrc11

ð18Þ

Where r1 ¼ e�Nbh1 and r2 ¼ e�Nbh2 ð19Þ
Applying boundary conditions (9) and (10) in Eq. (14) gives

c1c1 �
1

Nb

	 

Ntc4r

c1
1 þ ðc1 þ h1Þc1 þ c2 � Nt

N2
b

c3
c1

	 

¼ 0 ð20Þ



Figure 2 Variation of pressure rise versus flow rate.
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Figure 3 Variation of temperature profile h for different values of Nt.

Figure 4 Variation of temperature profile h for different values of Nb.
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c1c1 þ
1

Nb

	 

Ntc4r

c1
2 þ ðc1 � h2Þc1 � c2 � Nt

N2
b

c3
c1

	 

¼ �1 ð21Þ

Therefore c2ðxÞ is given from Eq. (20) is

c2 ¼ Nt

N2
b

c3
c1

� c1c1 �
1

Nb

	 

Ntc4r

c1
1 � ðc1 þ h1Þc1 ð22Þ

By eliminating c2ðxÞ from Eqs. (22) and (23) to obtain we get,
Ntc4 c1c1�
1

Nb

	 

rc11 þ c1c1þ

1

Nb

	 

rc12

� �
þð2c1þh1�h2Þc1 ¼�1

ð23Þ
This can be written as

Nt

Nb

ðc1Nbc1 � 1Þrc11 þ ðc1Nbc1 þ 1Þrc12
ðcNbc1 � 1Þrc11 þ ðcNbc1 þ 1Þrc12

� �
þ ð2c1 þ h1 � h2Þc1 ¼�1

ð24Þ



Figure 5 Temperature distribution h for different values of Nt (without slip parameters).

Figure 6 Variation of temperature profile h for different values of Nb (without slip parameter).
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which leads to an implicit algebraic equation in c1ðxÞ and exact
solution is difficult to obtain; however, such exact solution is
possible when c ¼ c1.

Substituting c ¼ c1 in Eq. (24), we obtain the exact value of

c1ðxÞ

c1ðxÞ ¼
1þ Nt

Nb

h2 � h1 � 2c1
ð24aÞ

Therefore,
c2 ¼ Nt

N2
b

c3
c1
� c1c1 � 1

Nb

� �
Ntc4r

c1
1 � ðc1 þ h1Þc1

c3 ¼ �Nbc1ð1�cNbc1Þrc11
ð1þcNbc1Þrc12 �ð1�cNbc1Þrc11

c4 ¼ 1

ð1þcNbc1Þrc12 �ð1�cNbc1Þrc11

8>>>>>>><
>>>>>>>:

9>>>>>>>=
>>>>>>>;

ð24bÞ

To obtain the stream function wðx; yÞ,
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Consider Eq. (1)

@

@y

@2w
@y2

�M2w

� �
¼ �Grh� Brrþ c5 ð25Þ

¼ X1ðxÞ þ X2ðxÞe�Nbc1y � Brc1yþ c5 ð26Þ
Where

X1ðxÞ ¼ BrNt

Nb
� Gr

� �
1
Nb

c3
c1
� Brc2

X2ðxÞ ¼ BrNt

Nb
� Gr

� �
c4

8><
>:

9>=
>; ð27Þ

Now the stream function is given by
Figure 7 Variation of nanoparticle p

Figure 8 Variation of nanoparticle p
wðx; yÞ ¼ c8e
My þ c7e

�My � 1

M2
c6 � 1

M2
c5yþ gðyÞ ð28Þ

Where

gðyÞ ¼ � 1

M2
X1y� 1

Nbc1 N2
bc

2
1 �M2

� �X2e
�Nbc1y

þ Brc1

2M2
y2 þ 2

M2

	 

ð29Þ

Applying the boundary conditions (5) and (6) in Eqs. (28) and
(29),

We obtain the following system of equations
rofile r at different values of Nt.

rofile r at different values of Nb.



Figure 9 Variation of nanoparticle profile r at different values of Nt (without slip parameter).
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Figure 10 Variation of nanoparticle profile r at different values of Nb (without slip parameter).
c8e
Mh1 þ c7e

�Mh1 � c6
1

M2
� c5

h1

M2
¼ R1ðxÞ

c8e
Mh2 þ c7e

�Mh2 � c6
1

M2
� c5

h2

M2
¼ R2ðxÞ

c8e
Mh1ðMþM2bÞ þ c7e

�Mh1ð�MþM2bÞ � c5
1

M2
¼ S1ðxÞ

c8e
Mh2ðM�M2bÞ þ c7e

�Mh2ð�M�M2bÞ � c5
1

M2
¼ S2ðxÞ

ð30Þ

Where
R1ðxÞ ¼ F

2
� gðh1Þ

R2ðxÞ ¼ �F

2
� gðh2Þ

S1ðxÞ ¼ �1� g0ðh1Þ � bg00ðh1Þ
S2ðxÞ ¼ �1� g0ðh2Þ þ bg00ðh2Þ

ð31Þ

The pressure gradient from Eqs. (2) and (25) is given by,

dp

dx
¼ c5ðxÞ ð32Þ



Figure 11 Variation of the pressure gradient.

Analytical solution for peristaltic flow of conducting nanofluids 1093
By solving linear system of Eq. (30) for constants,
c5 ¼

a11ð Þ M2 �M4b2
� �� �þ s1 a12ð Þ M�M2b

� �2h i
� R1 � R2ð Þ a13ð Þ MþM2b

� �3h i
þ R1 � R2ð ÞeMh2 MþM2b

� �ðM�M2b
� �þ s1ða14Þ MþM2b

� �2h i
8<
:

9=
;

1
M2

2a15 MþM2b
� �2h i

þ a16 M2 �M4b2
� �� �

þ a17 M�M2b
� �2h i

þ a18 MþM2b
� �

M�M2b
� �2h i

þ a19 MþM2b
� �3h i

8<
:

9=
;

c5 ¼ a34
a35

c7 ¼
1
M2 a20 � a21½ � a22ð Þ a23ð Þ � a24ð Þ a25ð Þ½ � � a26ð Þ a23ð Þ � a27ðMþM2bÞ � s1a14

� �
a28

� �
a29½ �

n o
a30 � a31½ � 1

M2 a22ð Þ a23ð Þ � a32 a33ð Þ½ �
n o c7 ¼ a36

a37

c8 ¼
a35 ðR1 � R2Þa37 � ðe�Mh1 � e�Mh2 Þa36½ � � h2�h1

M2

� �
a34ð Þ a37ð Þ

h in o
a14ð Þ a35ð Þ a37ð Þ

C8 ¼ a38
a39

C6 ¼
a35ð Þ a37ð Þ½ � eMh1 a35ð Þ � a34ð Þ½ �f g þ a35ð Þ a39ð Þ½ � a36 � R1M

2 a37ð Þ� �
 �
a35ð Þ a37ð Þ a39ð Þ
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The Pressure rise Dp in terms of the flow rate Q is given as
Dp ¼
Z 1

0

dp

dx

	 

dx ¼

Z 1

0

c5 xð Þ½ �dx ¼
Z 1

0

a11ð Þ M2 �M4b2
� �� �þ s1 a12ð Þ M�M2b

� �2h i
� R1 � R2ð Þ a13ð Þ MþM2b

� �3h i
þ R1 � R2ð ÞeMh2 MþM2b

� �ðM�M2b
� �þ s1ða14Þ MþM2b

� �2h i
8><
>:

9>=
>;

1
M2

2a15 MþM2b
� �2h i

þ a16 M2 �M4b2
� �� �

þ a17 M�M2b
� �2h i

þ a18 MþM2b
� �

M�M2b
� �2h i

þ a19 MþM2b
� �3h i

8><
>:

9>=
>;

2
666666664

3
777777775
dx

¼
Z 1

0

a11ð Þ M2 �M4b2
� �� �þ s1 a12ð Þ M�M2b

� �2h i
� gðh2Þ � gðh1Þð Þ a13ð Þ MþM2b

� �3h i
þ gðh2Þ � gðh1Þð ÞeMh2 MþM2b

� �ðM�M2b
� �þ

s1ða14Þ MþM2b
� �2h i

8>>>><
>>>>:

9>>>>=
>>>>;

1
M2

2a15 MþM2b
� �2h i

þ a16 M2 �M4b2
� �� �

þ a17 M�M2b
� �2h i

þ a18 MþM2b
� �

M�M2b
� �2h i

þ a19 MþM2b
� �3h i

8><
>:

9>=
>;

2
6666666666666664

3
7777777777777775

dx

þ
Z 1

0

Q� 1� dð Þ eMh2 MþM2b
� �

M�M2b
� �2 � a13ð Þ MþM2b

� �3h i

1
M2

2a15 MþM2b
� �2h i

þ a16 M2 �M4b2
� �� �

þ a17 M�M2b
� �2h i

þ a18 MþM2b
� �

M�M2b
� �2h i

þ a19 MþM2b
� �3h i

8><
>:

9>=
>;

2
666666664

3
777777775
dx

ð33Þ
where F ¼ Q� 1� d.

4. Results and discussion

4.1. Pressure rise

The exact expression for the pressure rise is given by Eq. (33).
It is observed that from Eq. (33) the pressure rise is always a

decreasing function in terms of flow rate. The variation of
pressure rise with flow rate for different values of slip param-
eter is presented in Fig. 2(a) and it is noticed that the pressure

decreases with increasing slip parameter in the pumping region
�1 < Q < �3 and converse behaviour occurs for the co pump-
ing region Q > �1. The effect of increase in Hartmann number
M on pressure rise is shown in Fig. 2(b). It is noticed that the

pressure rise decreases with increasing Hartmann number M.
From Fig. 2(c) it is observed that Dp decreases with increase
in the values of thermophoresis parameter Nt. Fig. 2(d) reveals

that the pressure rise increases with increase in Nb. Fig. 2(e)
and (f) shows the increase in pressure rise when increase in
local nanoparticle Grashof number Br and local temperature

Grashof number Gr. These behaviours are similar to
Kothandapani and Prakash [32].

4.2. Temperature distribution

4.2.1. Temperature distribution (With slip parameters)

Variation of temperature profile h for different values of ther-

mophoresis parameter Nt and Brownian motion parameter Nb
is plotted. It is observed that from Figs. 3 and 4 the tempera-
ture profile increases when thermophoresis parameter Nt and

Brownian motion parameter Nb increase.

4.2.2. Temperature distribution (without slip parameter)

Variation of temperature profile h for different values of ther-

mophoresis parameter Nt and Brownian motion parameter Nb

is plotted for c ¼ c1 ¼ 0. The temperature distribution without
thermal and concentration slip parameters is presented in

Figs. 5 and 6. Comparing the results with previous Sec-
tion 4.2.1, there are no remarkable differences observed for
the effects of Nt and Nb.

4.3. Nanoparticle concentration

4.3.1. Nanoparticle concentration (with slip parameter)

Figs. 7 and 8 show the effects of thermophoresis parameter Nt

and Brownian motion parameter Nb on the nanoparticle con-
centration r. From Fig. 7 it is observed that r decreases with

increase in values of Nt and Fig. 8 shows the increase in r as
Nb increases and the results are similar to [26].

4.3.2. Nanoparticle concentration (without slip parameter)

The effects of thermophoresis parameter Nt and Brownian
motion parameter Nb on the nanoparticle concentration r
are plotted for c ¼ c1 ¼ 0. The nanoparticle concentration

without thermal and concentration slip parameters is pre-
sented in Figs. 9 and 10. The results are similar as the
Section 4.3.1.



Figure 12 Streamlines for a ¼ 0:1; d ¼ 1; b ¼ 0:1; / ¼ 0:2; c ¼ 0:5; c1 ¼ 0:5; Br ¼ 2; M ¼ 1; Gr ¼ 0:5; Nb ¼ 2; Nt ¼ 2; b ¼ 0:3

and for different values of (a) Q ¼ 2:5 and (b) Q ¼ 3.

Figure 13 Streamlines for Q ¼ 2; d ¼ 1; b ¼ 0:1; / ¼ 0:2; c ¼ 0:5; c1 ¼ 0:5; Br ¼ 2; M ¼ 1; Gr ¼ 0:5; Nb ¼ 2; Nt ¼ 2; b ¼ 0:3 and

for different values of (a) a ¼ 0 and (b) a ¼ 0:3.
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4.4. Pressure gradient

Fig. 11(a)–(d) shows the variation of pressure gradient for dif-
ferent values of slip parameter, Hartmann number, Grashof
number and thermophoresis parameters respectively. From

these figures it is observed that the pressure gradient increases
with increase in b; M; Gr and Nb The small increase in b; M
effects the large differences in pressure gradient can be

observed from Fig. 11(a) and (b) respectively and maximum
pressure gradient occurs at x ¼ 0:6 where it was x ¼ 0:45
in [26].
4.5. Streamlines

The streamlines for different values of Q; a; b and M are pre-
sented from Figs. 12–15. It is noticed from Fig. 12 that with
increase in Q, the trapping bolus increases in the upper wall.

Fig. 13 displays the influence of amplitude on both lower
and upper walls, and the trapping bolus decreases with increas-
ing amplitude. Fig. 14 reveals that the bolus increases at both

walls of the channel when b increases and from Fig. 15 it is
examined that the trapped bolus decreases as M increases at
lower and upper walls.



Figure 14 Streamlines for a ¼ 0:1; Q ¼ 2; d ¼ 1; b ¼ 0:1; / ¼ 0:2; c ¼ 0:5; c1 ¼ 0:5; Br ¼ 2; M ¼ 1; Gr ¼ 0:5; Nb ¼ 2; Nt ¼ 2 and

for different values of (a) b ¼ 0:4 and (b) b ¼ 0:6.

Figure 15 Streamlines for a ¼ 0:1; Q ¼ 2; d ¼ 1; b ¼ 0:1; / ¼ 0:2; c ¼ 0:5; c1 ¼ 0:5; Br ¼ 2; Gr ¼ 0:5; Nb ¼ 2; Nt ¼ 2; b ¼ 0:3

and for different values of (a) M ¼ 1 and (b) M ¼ 1:1.
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5. Conclusions

The Peristaltic transport of conducting nanofluids under the

effect of slip condition in an asymmetric channel is reported

in the present work. The solution of the problem is solved

exactly. Both slip effect and Magnetic effect on peristaltic

transport of nanofluids are examined.

1. The pumping characteristics for different parameters are

studied. The pressure rise decreases with increasing

the parameters b; M ; Nt and increases with increasing

the parameters Nb; Br; Gr respectively.
2. It is observed the large variations in pressure gradient by

small increase in slip parameter and magnetic effects.
3. The temperature profile h increases with increase in Nt and

Nb and similar behaviour is observed without thermal and

concentration slip parameters.
4. Nanoparticle concentration decreases with increasing Nt and

increases with increasing Nb and the behaviour is the same
when there are no thermal and concentration slip parameters.

5. It is observed that the pressure gradient increases with

increasing parameters b; M ; Gr and N 0
b.

6. It is noticed that the size of the bolus increases with increas-
ing parameters Q; b and decreases with increasing a; M
respectively.
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Appendix A.
a11 ¼ s1e
Mh2 � 2s2e

Mh1 þ s2e
Mh1e2Mh2

� �

a12 ¼ eMh2 � eMh1e2Mh2 þ e2Mh2

eMh1

	 


a13 ¼ e2mh1

2

	 


a14 ¼ ðeMh1 � eMh2Þ

a15 ¼ eMh1 � e2Mh1

eMh2

	 


a16 ¼ 2eMh1 � e2Mh1eMh2 � eMh2
� �

a17 ¼ eMh1e2Mh2 � e2Mh2

eMh1

	 


a18 ¼ eMh2 h2 � h1ð Þ

a19 ¼ h2 � h1ð Þ e
2Mh1

eMh2

a20 ¼ R1 � R2ð ÞeMh1ðMþM2bÞ
a21 ¼ s1ðeMh1 � eMh2Þ
a22 ¼ eMh1ð ÞðMþM2bÞ � eMh2ð ÞðM�M2bÞ
a23 ¼ 1� eMh1

eMh2

� �
ðMþM2bÞ þ 1� eMh2

eMh1

� �
ðM�M2bÞ

a24 ¼ h2 � h1ð ÞeMh1ðMþM2bÞ þ ðeMh1 � eMh2 Þ
a25 ¼ eMh1

eMh2
ðMþM2bÞ2 � eMh2

eMh1
ðM�M2bÞ2

� �
a26 ¼ s1e

Mh1ðM�M2bÞ � s2e
Mh1ðMþM2bÞ� �

a27 ¼ R1 � R2ð ÞeMh1

a28 ¼ eMh1

eMh2
ðMþM2bÞ2 � eMh2

eMh1
ðM�M2bÞ

� �

a29 ¼ h2�h1
M2

� �
eMh1ðMþM2bÞ þ 1

M2 ðeMh1 � eMh2Þ
h i

a30 ¼ eMh1 e�Mh1 � e�Mh2ð ÞðMþM2bÞ
a31 ¼ e�Mh1 eMh1 � eMh2ð Þð�MþM2bÞ

a32 ¼ h2 � h1ð ÞeMh1ðMþM2bÞ þ ðeMh1 � eMh2Þ� �
a33 ¼ eMh1

eMh2
ðMþM2bÞ2 � eMh2

eMh1
ðM�M2bÞ2

� �

a34 ¼

a11ð Þ M2 �M4b2
� �� �þ s1 a12ð Þ M�M2b

� �2h i
� R1 � R2ð Þ a13ð Þ MþM2b

� �3h i
þ R1 � R2ð ÞeMh2 MþM2b

� �ðM�M2b
� �

þ s1ða14Þ MþM2b
� �2h i

8>>>>><
>>>>>:

9>>>>>=
>>>>>;
a35 ¼ 1

M2

2a15 MþM2b
� �2h i

þ a16 M2 �M4b2
� �� �

þ a17 M�M2b
� �2h i

þ a18 MþM2b
� �

M�M2b
� �2h i

þ a19 MþM2b
� �3h i

8>>>>>><
>>>>>>:

9>>>>>>=
>>>>>>;

a36 ¼ 1

M2
a20 � a21½ � a22ð Þ a23ð Þ � a24ð Þ a25ð Þ½ � � a26ð Þ a23ð Þ½

�

� a27ðMþM2bÞ � s1a14
� �

a28
�
a29½ �

�

a37 ¼ a30 � a31½ � 1

M2
a22ð Þ a23ð Þ � a32 a33ð Þ½ �

� �

a38 ¼ a35 ðR1�R2Þa37�ðe�Mh1 � e�Mh2 Þa36
� �� h2�h1

M2

	 

a34ð Þ a37ð Þ

� �� �

a39 ¼ a14ð Þ a35ð Þ a37ð Þ
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