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Abstract. This paper investigates the heat transfer effects on peristaltic transport of a Jeffrey fluid 
in an inclined porous stratum. The present problem is formulated under long wavelengths and low 
Reynolds number approximations. Regular perturbation parameter is used to solve the governing 
non - linear partial differential equations. The expressions for velocity, temperature, pressure 
gradient and volume flow rate are derived. The effects of various pertinent parameters on velocity, 
temperature and pressure rise are discussed graphically. The results illustrate that the influence of 
inclination parameter �  and permeability parameter �  on flow quantities is significant. For a 
fixed mean flow, the pressure rise per wavelength reduces with rising values of permeability 
parameter where the contradictory behavior is observed for larger values of inclination parameter. 
The variation in velocity for different values of pertinent parameters is studied. The pressure 
gradient for different values of pertinent parameter is analyzed through graphs.  It is observed that 
temperature increases with higher values of inclination parameter. Trapping phenomena is 
discussed graphically. 
 

         Nomenclature. 

a  Half width of the channel 
b  Amplitude of wave 
�  Angle of inclination 
�  Wave length of the peristaltic wave 

1�  Jeffrey parameter 

Fr  Froude number 
c  Wave speed 
t  Time 

( , )X Y  Stationary coordinates 

( , )x y  Moving coordinates 
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( , )U V  Velocity components in fixed frame 

( , )u v  Velocity components in moving frame 

�  Amplitude ratio 
p  Pressure  
�  Dimensionless temperature distribution 
T  Dimensional temperature distribution 

0T  Reference temperature 

1T  Temperature at the plates 
�  Viscosity 
�  Kinematic viscosity 

0k  Thermal conductivity 
	  Density 
�  Permeability parameter 
Da  Darcy’s number 
Gr  local temperature Grashof number 
Re  Reynolds number 
Pr  Prandtl number 
Ec  Eckert number 

  Wave number 
N  Perturbation parameter 
g  Acceleration due to gravity 
q  Volume flow rate in fixed frame 
Q  Volume flow rate in wave frame 

F  Dimensionless mean flow  in fixed frame 
�  Dimensionless mean flow  in wave  frame 
p�  Pressure rise 

 

1. Introduction 
In recent times, peristalsis is a current area of research due to its wide industrial and biological 
applications. In peristaltic pumping the flow is generated by a progressive wave of area contraction or 
expansion along the tube walls. Very significant application of peristalsis by nature is observed in the 
flow of physiological fluids or biofluids from one part of the living body to the other. For example, 
swallowing of food through the esophagus, the colonic transport in the large intestine, the passage of urine 
from the kidney to the urinary bladder through the ureter, the spermatic flows in the ducts of the male 
reproductive tract, the vasomotion of small blood vessels and movement of ovum in the fallopian tube etc. 
 In view of such industrial and physiological applications, the peristaltic flow has been studied in literature 
by various researchers for different fluids under different conditions. Several theoretical and experimental 
studies have been carried out to understand the mechanism of peristaltic transport. The present study deals 
with peristaltic transport of nanofluids in a vertical porous stratum. The flow through porous media has a 
number of practical applications in engineering and medicine like extraction of energy from geothermal 
regions, oil flow through porous rocks and drug penetration through human skin.  

The first experimental work on peristaltic transport was done by Latham [1]. Shapiro et al. [2] 
presented a detailed analysis of peristaltic flow of Newtonian fluid along with experimental results. Some 



3

1234567890

14th ICSET-2017 IOP Publishing

IOP Conf. Series: Materials Science and Engineering 263 (2017) 062027 doi:10.1088/1757-899X/263/6/062027

investigations on peristaltic flow of different physiological fluids are reported in earlier studies. [3-13]. 
Rudraiah and Nagaraj [14] considered natural convection along with the influence of Darcy and viscous 
resistances. A model of two-dimensional asymmetric channel is made by Mishra and Rao [15] to 
understand the fluid mechanic effects of peristaltic pumping. Vajravelu et al. [16] analyzed peristaltic flow 
of Hershel–Bulkley fluid in channel and extended the study for tube with inclination [17]. 

Kothandapani and Srinivas [18] analyzed Non-linear peristaltic transport of a Newtonian fluid in an 
inclined asymmetric channel through a porous medium. Haroun [19] examined the peristaltic flow of a 
fourth grade fluid in an inclined asymmetric channel. Hayat et al. [20] extended the investigation of 
Haroun [19] by incorporating the effects of an inclined magnetic field. Vajravelu et al. [21] investigated 
the influence of heat transfer on peristaltic transport of a Jeffrey fluid in a vertical porous stratum.  

Mehmood et al. [22] studied the influence of heat transfer on peristaltic flow in inclined asymmetric 
channel for fourth grade fluid along with partial slip. MHD convection flow of a couple stress fluid 
through a vertical porous stratum is examined by Sreenadh et al. [23]. Prasad et al. [24] studied 
temperature dependent properties on MHD mixed convection heat transfer in a vertical channel with 
temperature dependent transport. Further, free convection flow of a Jeffrey fluid through a vertical 
deformable porous stratum is discussed by Sreenadh et al. [25]. 

Motivated by the earlier studies, it is interesting to study the effects of heat transfer on peristaltic 
transport of Jeffrey fluid in an inclined porous stratum. In this study, quite a few interesting features of the 
flow in porous medium and heat transfer characteristics have been discussed. 

  
2. Mathematical formulation 
We consider the peristaltic motion of Jeffrey fluid in a two dimensional channel. An infinite sinusoidal 
wave train propagating with constant wave speed c along the channel walls generates the flow as shown 
in Fig. 1.  The wall deformations are given by 

 �2
( , ) osY H x t a bc x ct

�
�

� �� � � �� �
� �

                                                                                                  (1) 

 �2
( , ) osY H x t a bc x ct

�
�

� �� � � � � �� �
� �

                                                                                               (2) 

where 2a  is the width of the channel, b is amplitude of wave, t is the time and � is wavelength. 

 

Figure 1. Physical Model 
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The constitutive equations for an incompressible Jeffrey fluid are 

T pI s� � �                                                                                                                                                  (3) 

 �2
11

s
� � � �
�

� �
�

�2� � �22�                                                                                                                                    (4) 

Where T - Cauchy stress tensor, S - Extra stress tensor, p - pressure, I -Identity tensor, 1� - ratio of 

relaxation time to retardation time, 2� - retardation time and � - shear rate. 

Under the assumption that the length of the channel is an integral multiple of wavelength � , the flow is 
unsteady in the stationary frame and it is assumed to be steady in the moving frame of reference. The 
transformation between stationary coordinates ( , )X Y  and moving coordinates ( , )x y is given by 

,   ,   , , ( , )x X ct y Y u U c v V p P x t� � � � � � �                            (5) 

here ,U V  denotes the velocity components in fixed coordinates. ,u v are the velocity components in 
moving coordinates respectively. 
The non-dimensional quantities are, 

2

1 0 0
0

3 2
1 0

2
0 1 0

2

2 2 2 2
, , , , , , ,

, , , , , ( ) ,

( )
, Pr , Re , , ,

Re ( )

Re
Pr, ,

p

p

x y u v a a p ct
x y u v p t

a c c c

H a b a
h S S T T T T

a c a k

cg T T a ac Gr c
Gr G Ec

k c T T

c
N Ec f Fr

Fr ag

� � � �

� 
 � � � �

�� � � �
� 	

��
� �

�
� � � � � � � �

�
�

� � � � � � � � �
�
�� �� � � � �
��
�
�

� � � �
�

                                                   (6) 

Where Re - Reynolds number, � - permeability, Gr - Grashof number, Pr - Prandtl number, 
 -wave 

number, Ec - Eckert number, Fr -Froude number and N - perturbation parameter. 
The non-dimensional governing equations are, 

0
u v

x y

� �
� �

� �
                                                                                                                                                  (7) 

2Re ( 1) ( 1) Sinxyxx
SSu u p

u v u G f
x y x x y


 
 � � �
� ! �� � �

� � � � � � � � � �" #� � � � �$ %
                                                (8) 

3 2 2 2Re ( 1) cosxy yyS Sv v p
u v v f

x y y x y

 
 
 
 � 
 �

� � !� � �
� � � � � � � �" #� � � � �$ %

                                                     (9) 

2 222 2
2 2 2 2 2

2 2
Pr Re ( 1) 2 ( 1)

u v v u
u v N N N u

x y x y x y x y

� � � �
 
 
 
 �
 ! ! ! � � � �� � � � � � � �� �� � � � � � � � � �" #� � � �" # � �" #� � � � � � � �� �" #$ % � � � �$ % $ %     

(10)

                           

where 2

1

2
1

1xx

c v u
S u

a x y x


�

� 


 !� �� � �
� � �" #� �� � � �� �$ %

, 2

1

1
1

1xy

c v u v
S u

a x y y x


� 

� 


 !� � � �� � � �
� � � �" #� � � �� � � � �� � � �$ %
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2

1

2
1

1yy

c v u
S u

a x y y


�

� 


 !� �� � � �
� � �" #� �� � � �� �$ %

 

and 
2

2
10

1

1
xyS u

y y
 �
&

�� � �
�� �� � �� �

 

The corresponding boundary conditions are 
1 , 1 at    ( )

0 , 0 at 0

u y h x

u
y

y y

�
�

� � � � �
�

� � �� � � �� � �

                                                                                                                   (11) 

using long wavelength approximations and neglecting the wave number
 , equations (8)-(11) reduces to 

 �
2

2
2

1

1
1 sin 0

1

p u
u G f

x y
� � �

�
� �

� � � � � � �
� � �

                                                                                        (12) 

0
p

y

�
�

�
                                                                                                                                                        (13) 

22
2 2

2
( 1) 0

u
N N u

y y

� �
� �� �

� � � �� �� �� �
                                                                                                             (14) 

1 , 1 at    ( )

0 , 0 at 0

u y h x

u
y

y y

�
�

� � � � �
�

� � �� � � �� � �

                                                                                                                    (15) 

The dimensional fluxes in the fixed and moving frames are  
( )

0

( , )
h x

q u x y dy� '                                                                                                                                        (16) 

( , )

0

( , , )
H X t

Q U X Y t dY� '                                                                                                                              (17) 

From Eqs. (16) and (17) we have, 
( )Q q ch x� �                                                                                                                                             (18) 

The average time mean flow over a period T at a fixed position x is  

0

1 T

Q Qdt q ac
T

� � �'                                                                                                                                   (19) 

The non-dimensional mean flow � in fixed frame and F in the wave frame are related as 1F�� �  

where 
0

,
h q Q

F udy
ac ac

� � � �'
 

3. Perturbation solution 
To obtain the perturbation solution, the following quantities are expanded in powers of small parameter 
N as 
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0 1

0 1

0 1

.....

....

....

u u Nu

N

p p Np

� � �
� � �

� � �

� � �
                                                                                                                                       (20) 

Using the equation (20), equations (12) - (15) reduces to two different systems of equations. 
Zero order system 0N : 

 �
2

20 0
0 02

1

1
1 sin 0

1

dp u
u G f

dx y
� � �

�
�

� � � � � � �
� �

                                                                                  (21) 

2
0

2
0

y

��
�

�
                                                                                                                                                     (22) 

The appropriate boundary conditions are 

0 0

0 0

1 and 1 at    

0 and 0 at 0

u y h

u
y

y y

�
�

� � � � �
�

� � �� � � �� � �

                                                                                                               (23) 

First order system 1N : 
2

21 1
1 12

1

1
0

1

dp u
u G

dx y
� �

�
�

� � � � �
� �

                                                                                                           (24) 

 �
22

2201
02

1 0
u

u
y y

� �
� ���

� � � �� �� �� �
                                                                                                                (25) 

The appropriate boundary conditions are 

1 1

1 1

0 and 0 at    

0 and 0 at 0

u y h

u
y

y y

�
�

� � � �
�

� � �� � � �� � �

                                                                                                                (26) 

Solving equations (21) - (22) and (24) - (25) using boundary conditions (23) and (26), we get 
expressions for fluid velocity and temperature as 

20 0

1
0 2 2

1

sin sincosh 1

cosh 1

dp dp
G f G fydx dxu

h

� � �� �
� �� �

� � � �� � � � �� � � ��
� �� � � �

�� � � �� � � �
� � � �

                                                      (27) 

0 1� �                                                                                                                                                          (28) 

 �1 11
1 1 8 9 1022

1 1

2 32 4
1 1 1 102 2

cosh 1 cosh 11
( )

cosh 1 cosh 1

cosh 2 1 sinh 1
2 3 2

y ydp
u GA A A A

dx h h

AA A
GA y y y y A

� � � �
�� � � � �

� � � �
� � �

� � � �� �
� � � � �� � � �� � � �� �� � � �

� �� � � � � � �� �
� �

                                          (29) 

2

1 1 2 3 1 4 1 15cosh 2 1 cosh 1
2

y
A A A y A y A� � � � �

� �
� � � � � �� �

� �
                                                               (30) 

The zeroth-order and first-order dimension less mean flow are given by 
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 �1 10
0 2 23 3

1 1 1 1

sinh 1 sinh 1
sin

1 cosh 1 1 cosh 1

h hdp h h
F G f h

dx h h

� � � �
�

� �� � � � � � � �

� � � �� �
� � � � � �� � � �� � � �� � � �� � � �

                   (31) 

 �1
1 11 12 1 13 14 10

dp
F A A GA A A A h

dx
� � � � �                                                                                                   (32) 

Solving equations (31) and (32) for 0dp

dx
 and 1dp

dx
 respectively yields, 

 � 1
0 23

1 10

1
23

1 1

sinh 1
sin

1 cosh 1

sinh 1

1 cosh 1

h h
F h G f

hdp

dx h h

h

� �
�

�� � � �

� �
�� � � �

� ��
� � � �� �� �� �� ��

� ��
�� �� �� �� �

 

 � 1
0 23

1 1

1
23

1 1

sinh 1
1 sin

1 cosh 1

sinh 1

1 cosh 1

h h
h G f

h

h h

h

� �
� �

�� � � �

� �
�� � � �

� ��
� � � � �� �� �� �� ��

� ��
�� �� �� �� �

                                                           (33) 

1 12 1 13 14 10 1 12 1 13 14 101

11 11

( ) ( )F A GA A A A h A GA A A A hdp

dx A A

�� � � � � � � �
� �                                                   (34) 

The pressure rise for zeroth order and first order are expressed as, 
1

0
0

0

dp
p dx

dx
� � '    and 

1
1

1

0

dp
p dx

dx
� � '                                                                                                            (35) 

4. Results and Discussion 
The peristaltic pumping of Jeffrey fluid in an inclined porous stratum along with the effect of heat 
transfer are studied in the present problem. The effects of various pertinent parameters like Jeffrey 
parameter 1� , permeability parameter� , angle of inclination � and perturbation parameter N on velocity, 

temperature and pressure rise are analyzed through graphs. The velocity profiles for different values of 1�
,� , � and N are plotted in Figs. 2 to 5 respectively. From Fig.2 it is observed that velocity increase with 

increasing values of Jeffrey parameter 1� . The variation in velocity profiles for different values of 
permeability parameter is depicted in Fig.3. It is clear that velocity reduces as permeability �  increases. 
The influence of angle of inclination on fluid velocity profiles are observed from Fig.4. It is found that 
the fluid velocity enhances with inclination parameter � . Fig. 5 shows that velocity increases with 
increasing values of perturbation parameter N . 
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Figure 2. Velocity profiles for different values          Figure 3. Velocity profiles for different values 
of 1�  with 0.6, 0.1, 0.1,Re 0.1,f Gr� � � � �              of �  with  0.6, 0.1, 0.1,Re 0.1,f Gr� � � � �  

0.1, 1, / 4N � � �� � �                                                           10.1, 1, / 4N � � �� � �  

0.0 0.5 1.0 1.5 2.0

0.3

0.4
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0.7

u

y

 �)�),
 �)�)�-.
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0.9

u

y

 N=0.1

N=0.11

 N=0.12

 N=0.13

 

Figure 4. Velocity profiles for different values             Figure 5. Velocity profiles for different values 
of � with 0.6, 0.1, 0.1,Re 0.1,f Gr� � � � �                   of  N  with 0.6, 0.1, 0.1,Re 0.1,f Gr� � � � �  

10.1, 1, 1N � �� � �                                                        11, 1, / 4� � � �� � �  

 The variation of temperature for different physical parameters 1� ,� , � and N are presented  from Figs. 6 

to 9. The temperature increases with growing values of Jeffrey parameter 1�  is illustrated in Fig.6.  The 
effect of permeability parameter on temperature variation is noticed form Fig. 7 and temperature decreases 
with higher values of� . The variation in temperature with different values of inclination parameter is 
illustrated in Fig. 8 and it is clear that temperature increases with increasing values of� . The influence of 
perturbation parameter on temperature is shown in Fig.9. It is noticed that temperature increases with 
rising values of N . 
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Figure 6.Temperature profiles for different values      Figure 7.Temperature profiles for different values 
of  1�  with   0.6, 0.1, 0.1,Re 0.1,f Gr� � � � �             of  �  with 0.6, 0.1, 0.1,Re 0.1,f Gr� � � � �  

0.1, 1, / 4N � � �� � �                                                                    10.1, 1, / 4N � � �� � �           
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Figure 8. Temperature profiles for different values   Figure 9. Temperature profiles for different values 
of  �  with    0.6, 0.1, 0.1,Re 0.1,f Gr� � � � �            of  N  with 0.6, 0.1, 0.1,Re 0.1,f Gr� � � � �  

10.1, 1, 1N � �� � �                                                        11, 1, / 4� � � �� � �  

The variation in pressure rise per wavelength with the mean flow for different values of 1� ,� , � and N  
are given in Figs. 10 to 13. It is observed that the pressure rise over one period decreases with increasing 
mean flow. From Fig. 10 it is found that for fixed mean flow the pressure rise decreases with increasing 
values of Jeffrey parameter 1� . The effect of permeability parameter � on variation of pressure rise along 
with mean flow is presented in Fig. 11. It is clear that the pressure rise decreases with increasing values of 
�  for fixed mean flow. The pressure rise with mean flow for different values of � and N are shown in 
Figs. 12 and 13 respectively. It is noticed that pressure rise increases as inclination parameter and 
perturbation parameter increases.  
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Figure 10. Pressure rise vs. mean flow different      Figure 11. Pressure rise vs. mean flow for different 
values of 1� with 0.6, 0.1, 0.1,Re 0.1,f Gr� � � � �      values   of  �   0.6, 0.1, 0.1,Re 0.1,f Gr� � � � �  

0.1, 1, / 4N � � �� � �                                                                 10.1, 1, / 4N � � �� � �  
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Figure 12. Pressure rise vs. mean flow for               Figure 13. Pressure rise vs. mean flow for 
different values of  �  with 0.6, 0.1,f� � �               different values of N with 0.6, 0.1,f� � �  

10.1,Re 0.1, 0.1, 1, 1Gr N � �� � � � �
                                   10.1,Re 0.1, 1, 1, / 4Gr � � � �� � � � �                            

The pressure gradient for various values of 1� ,� , � and N  are given in Figs. 14 to 17. It is noticed that 

the pressure gradient increases with increasing values of Jeffrey parameter 1�  and permeability parameter
� . Also the pressure gradient reduces with higher values of inclination parameter �  and perturbation 
parameter N . Further it is seen that the maximum pressure gradient occurs at 0.75x � . 
 



11

1234567890

14th ICSET-2017 IOP Publishing

IOP Conf. Series: Materials Science and Engineering 263 (2017) 062027 doi:10.1088/1757-899X/263/6/062027

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

2

4

6

d
p

/d
x

x

 �
(
�)*

 �
(
�)+

 �
(
�).

 �
(
�)0

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

1

2

3

4

5

6

d
p

/d
x

x

 �)�(
 �)�(.1

  �)�(.2

  �)�(.3

 

Figure 14. Pressure gradient vs. x   for different         Figure 15.   Pressure gradient vs.  x  for different 
values of  1�   with     0.6, 0.1, 0.1,f Gr� � � �             values of �  with 0.6, 0.1, 0.1,f Gr� � � �  

Re 0.1, 0.1, 1, / 4N � � �� � � �                                           1Re 0.1, 0.1, 1, / 4N � � �� � � �  
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Figure16. Pressure gradient vs. x   for different         Figure 17.   Pressure gradient vs.  x  for different 
values of  �   with     0.6, 0.1, 0.1,f Gr� � � �             values of N  with 0.6, 0.1, 0.1,f Gr� � � �  

1Re 0.1, 0.1, 1, 1N � �� � � �                                           1Re 0.1, 1, 1, / 4� � � �� � � �
 

 
5. Trapping Phenomena: 
The other interesting phenomenon of peristalsis is trapping, the formation of internally circulating bolus of 
fluid which moves along with the wave. The effects of different pertinent parameters on the size of trapped 
bolus are presented in Figs. 18-21. It is found that the size of tapered bolus increases with increasing values 
of Jeffrey parameter 1� , Permeability parameter �  and inclination parameter� . Also, it is noticed that the 

size of bolus decreases with increasing values of perturbation parameter N . 
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Figure 18. Streamlines with 0.6, 0.1, 0.1,Re 0.1, 0.1, 1, / 4f Gr N� � � �� � � � � � �  for different values of  

1 1 1) 1.5, ) 2.5, ) 3.5i ii iii� � �� � �  

  
Figure 19. Streamlines with 10.6, 0.1, 0.1,Re 0.1, 0.1, 1, / 4f Gr N� � � �� � � � � � �  for different 

values of  ) 1, ) 1.2 ) 1.4i ii iii� � �� � �       

 
 

Figure 20. Streamlines with 10.6, 0.1, 0.1,Re 0.1, 0.1, 1, 1f Gr N� � �� � � � � � �  for different values of  
) 0, ) / 4 ) / 2i ii iii� � � � �� � �  
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Figure 21. Streamlines with 10.6, 0.1, 0.1,Re 0.1, / 4, 1, 1f Gr� � � � �� � � � � � �  for different values of  

) 0.01, ) 0.02 ) 0.03i N ii N iii N� � �  

 
6. Conclusions 
The effect of heat transfer on peristaltic flow of Jeffrey fluid in an inclined porous stratum is studied in 
the present problem. The perturbation technique is used to solve the governing equations. The analytic 
solution for velocity, temperature and pressure gradient are derived. The effect of different physical 
parameters on flow characteristics are analyzed graphically. The significant observations are summarized 
as 

1. The velocity in an inclined porous stratum enhances with greater values of Jeffrey parameter 1� , 
inclination parameter �  and perturbation parameter N  where the opposite behavior is observed with 
growing values of permeability� . 

2. The temperature in an inclined porous stratum increases with increasing values of 1� ,� and N where 
as higher values of �  reduces the temperature profile. 

3. For fixed mean flow the pressure rise increases as inclination parameter �  and perturbation 

parameter N increases. Also the decrease in pressure rise noticed for increasing values of 1� and� . 

4. The pressure gradient enhances with higher values of 1�  and �  where as it decreases with increasing 

values of � and N . The maximum pressure gradient occurs at 0.75x �  
5. The size of the tapered bolus increases with increasing values of 1� , �  and � where as bolus size 

decreases as N increases. 
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