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ABSTRACT

This paper deals with the effect of the thermal radiation on peristaltic
transportation of a couple stress fluid in an asymmetric channel in the
presence of external magnetic field. The governing equations are
reduced by using very low Reynolds number and long-wavelength rough
calculations. Closed-form analytical expressions for axial velocity and
temperature distribution have been obtained. Graphs are plotted and
analyzed by using various parameters and the effects are seen in the
graph.
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1. INTRODUCTION

1.1 FLUID DYNAMICS:

Fluid dynamics offers a systematic structure-which underlines these
practical disciplines that embraces empirical and semi empirical laws derived from
flow measurement and used to solve practical problems. The solution to a fluid
dynamics problem typically involves the calculation of various properties of the
fluid, such as flow velocity, pressure, density and temperature as functions of

space and time.

1.2 APPLICATIONS:

¢ Fluid dynamics is used to measure the forces acting on the aircraft.
e This is used to track content flow levels such as oil from pipelines.
e This may also be used in traffic engineering (traffic viewed as a continuous

flow of liquids).

1.3 IMPORTANCE OF FLUID DYNAMICS :

Fluid dynamics provides methods for studying the evolution of stars, ocean
currents, weather patterns, plate tectonics and even blood circulation.
Some important technological applications of fluid dynamics include rocket

engines, wind turbines, oil pipelines and air conditioning systems.

1.4 THERMAL RADIATION:

e Heat travelling by radiation is called as radiant heat or thermal
radiation.

e Thermal Radiation is the transmission of thermal energy without any
physical contact between the bodies involved.

¢ Unlike heat transfer by conduction and convection, transport of thermal
radiation does not necessarily affect the material medium between heat



1.5

1.6
The

source and receiver.
e Energy released by a radiating surface is not continuous but it is in the

form of successive .

PROPERTIES OF THERMAL RADIATION:

® Thermal radiation having the phenomenon of interference, diffraction,
polarization of light.

® They travels in straight lines like light.

® |t can travel through empty space with velocity of light.

® Thermal radiation are reflected and refracted like light.

® Obeys the law of Inverse square.

COUPLE STRESS FLUID:

theory of couple stresses in fluids, developed by stokes in 1966, represents

the simplest generalization of the classical theory and allows for polar effects such

as the presence of couple.

1.7

Couple Stress fluid theory is a simple generalization of the classical theory
of viscous Newtonian fluids that allow the sustenance of couple stresses
and body couples in the fluid medium.

The concept of couple stresses arises due to the way in which the
mechanical interactions in the fluid medium are modeled.

The solution to Couette flow for couple stress fluid is same as that of
Newtonian fluid.

The velocity in Couette flow increases significantly when the lower plates
moves in the directions of upper plates.

The presence of couple stress has a decreasing effect on the fluid velocity

and the volume flow rate.

APPLICATION OF COUPLE STRESS FLUID:

Couple stress fluid has been the subject of interest due to its numerous industrial

and

scientific applications such as extrusion of polymer fluids, solidification of

liquid crystals and animal bloods.



1.8 PERISTALSIS:

Peristalsis is a mechanism whereby waves of contraction propagate
along the exterior of a fluid filled tube or chamber. Peristaltic pumping is observed
in numerous physiological contexts where tubular smooth muscle structures are
common such as in the gastrointestinal tract, the bile ducts and the Fallopian
tubes.

1.9 ADVANTAGES:

¢ No contamination. Because the only part of the pump in contact with the
fluid being pumped is the interior of the tube, it is easy to sterilize and clean
the inside surfaces of the pump.

e Low maintenance needs and easy clean; their lack of valves, seals and
glands makes them comparatively inexpensive to maintain.

e They are able to handle slurries, viscous, shear-sensitive and aggressive
fluids.

e Pump design prevents back flow and siphoning without valves.

e A fixed amount of fluid is pumped per rotation, so it can be used to roughly
measure the amount of pumped fluid.

1.10 DISADVANTAGES:

e The flexible tubing will tend to degrade with time and require periodic
replacement.

e The flow is pulsed, particularly at low rotational speeds. Therefore, these
pumps are less suitable where a smooth consistent flow is required. An

alternative type of positive displacement pump should be considered.

1.11 APPLICATION

» Peristalsis have a wide applications in manufacturing engineering and
physiology.

» ltis also used in the urine transport from a kidney to the bladder and the
transport of the spermatozoa in the cervical canal, the chime movement

in the large intestine.
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2.1 LITERATURE SURVEY:

M. Kothandapani, J. Prakash, V. Pushparaj (1) (2015) analysed on analysis of
heat and mass transfer on MHD peristaltic flow through a tapered asymmetric
channel. The peristaltic flow of an incompressible viscous fluid in a tapered
asymmetric channel with heat and mass transfer. In the presence of the magnetic
field the fluid is electrically conducting fluid. The propagation of waves on the non
uniform channel walls have different amplitudes and phase but with the same
speed which is generated by the tapered asymmetric channel. The complicated
problem was simplified into a relatively simple problem by using the assumptions
of low Reynolds number and long wavelength approximation. An analytical
expression for velocity, temperature and concentration was obtained. The flow

characteristics for various embedded parameter are shown through graphs.

Y.C. Fung and C.S. Yih (2) in (1991) discussed peristaltic pumping at moderate
amplitudes of motion is analysed in the two-dimensional case. The non-linear
convective acceleration was considered and the nonslip condition was applied on
the wavy wall in order to account for the mean flow induced by the wall motion.
The mean flow induced by the peristaltic motion of the wall is proportional to the
square of the amplitude ratio. The velocity profile depends on the mean pressure
gradient. If the pressure gradient is positive and equal to a certain value, then the
velocity is zero on the center line. Pumping against a positive pressure gradient
greater than the critical value would induce a backward flow in the core region of
the stream. There will be no reflux if the pressure gradient is smaller than the
critical value. The velocity profile and the value of the critical pressure gradient

were presented.

M. Gnaneswara Reddy, K. Venugopal Reddy, O. D. Makinde (3) (2016) studied on
Hydro magnetic peristaltic motion of a reacting and radiating couple stress fluid in
an inclined asymmetric channel filled with porous medium. The mathematical
modeling was investigated by using long wavelength and low Reynolds number.

The exact solution was evaluated for the stream function, velocity, temperature,



concentration and pressure gradient. By using numerical integration the pressure
rise solution was simplified. The effects of Hartmann number, Darcy number,
thermal Grashof number, couple stress parameter, thermal radiation parameter,
species Grashof number, heat generation parameter, inclination angle and
chemical reaction reaction parameter on the velocity characteristics, heat and
mass transfer characteristics and pumping characteristics were discussed and

presented graphically.

J.C. Mishra and S.K. Pandey (4) in 1995 analysed on peristaltic transport in a
tapered tube. The axisymmetric peristaltic flow of a viscous incompressible
Newtonian fluid through a circular tube of varying cross section was studied when
the wave propagating along the wall of the tube is sinusoidal and the initial flow is
Hagen- Poiseuille. A perturbation technique was employed to analyze the problem
fr nonlinear convective acceleration terms. Two particular cases were found. The

Reynolds number is small and the wave number is small.

K S Mekheimer, Shehawey (5) (1994) analysed on Couple stresses in peristaltic
transport of fluids using a peristaltic pump by a sinusoidal travelling wave in the
walls of a two-dimensional channel filled with viscous incompressible couple-stress
fluid. A perturbation solution was obtained, which satisfies the equation of
momentum for the case in which the amplitude ratio is small. It shows that the
mean axial velocity decreases with increase in couple stress parameter. The
phenomenon of mean flow reversal was discussed. A reversal of velocity in the
neighbourhood of the centre line occurs when the pressure gradient is greater than
that of the critical reflux condition. It was found that the critical reflux pressure

increases with the couple stress parameter.

A Sinha, G C Shit, NK Ranjit (6) (2015) presented a theoretical study on
Peristaltic transport on MHD flow and heat transfer in an asymmetric channel. The
energy equation was formulated by including a heat source term which stimulates
either absorption or generation. The governing equations of motion and energy
were simplified using long wavelength and low Reynolds number. The coupled
non-linear differential equations were solved analytically by means of perturbation
method for small values of Reynolds model viscosity parameter. The salient

features of pumping and trapping with we discussed with particular focus on the



effects of velocity-slip parameter, Grashoff number and magnetic parameter. The
study reveals that the velocity at the central region diminishes with increase values
of velocity-slip parameter. The size of trapped bolus decreases and finally

vanishes for large values of magnetic parameter.

J. Suresh Goud, R. Hemadri Reddy (7) (2018) investigated on Hall effects on
peristaltic flow of a couple stress fluid in an inclined asymmetric channel with
permeable walls. They investigated the peristaltic mechanism in the digestive
system by considering the particle size effects. Perturbation method was used to
get the solution using long wavelength approximation with low Reynolds number
and dynamic boundary conditions. As a result, The pressure gradient increases in
the narrow part of the channel and decreases the major part of the channel with
increasing of couple stress parameter n and permeability parameter 3. The
pressure rise AF; decreases in the retrograde region and it increases in the co
pumping region when the Hall parameter m increases. Pressure rise AE;
decreases in all pumping regions when permeability parameter £ increases. With

an increase of Hall parameter m, the magnitude of velocity profile u(y) increases.

Naveedlgbal, HumairaYasmin, Bawfeh K. Kometa , Adel A. Attiya (8) (2020)
analysed on Effects of Convection on Sisko Fluid with Peristalsis in an Asymmetric
Channel. This article deals with Sisko fluid flow exhibiting peristaltic mechanism in
an asymmetric channel with sinusoidal wave propagating down its walls. The
channel walls in heat transfer process satisfy the convective conditions. The flow
and heat transfer equations are modeled and non-dimensionalized. Analysis has
been carried out subject to low Reynolds number and long wavelength
considerations. Analytical solution is obtained by using the regular perturbation
method by taking Sisko fluid parameter as a perturbed parameter. The shear-
thickening and shear-thinning properties of Sisko fluid in the present nonlinear
analysis are examined. Comparison is provided between Sisko fluid outcomes and
viscous fluids. Velocity and temperature distributions, pressure gradient and
streamline pattern are addressed with respect to different parameters of interest.
Trapping and pumping processes have also been studied. As a result, the thermal
analysis indicates that the implementation of a rise in a non-Newtonian parameter,
the Biot numbers and Brinkman number increases the thermal stability of the

liquid.
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3.1 AIM

Our aim is to investigate the analysis of velocity profile and temperature
profile using various parameters.

To study the flow of the couple stress fluid moving through porous
asymmetric channel.

The effects of velocity and temperature are studied for the increase and

decrease with various parameters.

3.2 SCOPE

It includes theoretical, numerical and experimental studies that
contributes to the fundamental understanding and application of fluid
phenomena.

It includes the urine transport from a kidney to bladder and the
transport of the spermatozoa in the cervical canal, the chime movement

in the large intestine.

3.3 DESCRIPTION OF RESEARCH WORK:

This research work gives the interpretation of analytical solution

obtained for various fluid flow problems using matlab . Here the problem is solved

by using perturbation technique.

3.4 RESEARCH METHODOLOGIES:

Analytical solutions are obtained by transforming the partial differential

equation concerning the flow into and ordinary linear differential equation with

constant coefficients by using perturbation method. The arbitrary constant are then

calculated by using boundary condition of the respective non linear equations are

solved. and the results are interpreted by using MATLAB applications.
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4.1 MATHEMATCAL FORMULATION

The flexible tapered asymmetric channel filled with porous medium is considered

The channel walls are given by

d +m' X + basin=* (X - ct)
ol
|

Hz(X,t) =
Ha(X,t) = -d - m' X = br sin [ (x — ct') + 0

Where b1 and b1 are the amplitudes of walls

d is the semi-average width of the channel

A is the wavelength,
1) is the parameter of non uniform

m'(m'=
b1, b2, d and @ satisfy the following condition

bi+b3+ 2b; h,COS(¢p) < (2d)2

where T1is temperature of the lower wall

To is temperature of the higher wall
The governing equations of continuity and momentum are given as

g av
._+T=0
ax = ar
ladu alrl dF
nl—-l—U—-l—'.r" ———+H‘u - ?‘JV*!’J
= 1at arl

8y , .,V . @v] _ 8P -
plog tU 1V = a?+,u‘?’21« nv*y
[BT U BT_I_ VBT]
Mol T Vex T oy
azr ‘ 2 v av\2) eq,
[ + 5 —-“{2[(5 o ]JF(EJ“E)}'W

Where U and V are velocities.

X and Y are directions

t" - time
@ - viscosity
p - fluid density

Cp - specific heat



P - pressure

T - temperature

n - constant associated with couple stress
k - thermal conductivity

gr -radiative heat flux

By using Rosseland approximation for radiation, the radiative heat flux qr is given

by

(8)

Where s, k*are the Stefan — Boltzmann constant and mean absorption coefficient

respectively.

Where
—_ az a2
v _+—=0
ax= ay-
d 2t
=V Vv

% ¥ 4 _H,_ e ¥V YV oo _d 3 H
A= TH¥V = STl = —,L— S U=, - o U= 7,1 = =
#L A G P L L% Pl L
. Ho dZp T-T, by B a3 dZu
i = —, D= ’ = a— —, b— —=,53"=
d cAu T —Ts d d n
R T ]
R 160 1y
TL= e
3k*uC,

The problem statement in the dimensionless form is given by

Au du du ap ~p0%u  8u
Ré [ u v I =-—+ (02 )
at | dx | v dx ax2 | aye
1 (., 82 32)( L 8%u 821{)
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o [dv v av an - ( 5 8% R
2 [2v v _ _Bp | euf 5287V
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By assuming the long wavelength (§ << 1} and low Re.

We find from equations (11) to (13) that

dn g3y 1 d%u
O - 7% Al 2 Fod
dx e 5° 8y
= .
O [ilf.ﬂ

]

A

0= 22+ EGY

13y

§= Kyto-
where R — Reynolds number
p — dimension less pressure
a& b — amplitudes of lower and upper walls
& —wave number
m — Non-uniform parameter
g — dimension less temperature
Pr— Prandtl number
Rn — radiation parameter
S — couple stress parameter

E — Eckert number

The corresponding boundaries conditions are,

u=0,2—}22“=0, 0 =0at
Hi(x,t) = -1 —mx- asin[2m (x-1)+0|
U=0, %:0, f=0at

Hz(x,t) = 1+mx+bsin2n (x — ¢)

(17)



4.2 ANALYTICAL SOLUTION OF THE PROBLEM

(i) VELOCITY DISTRIBUTION:

U=ci+e3y | cgcosh8h1+C4sinhSy+%§y (19)

Where

dp
C1 = -[Ehi+cahi+cacoshShi+casinhShi]

Co = -[£ (hi- 23) + ca(coshShi — coshShz)

+C4(sinhSh1- sinhSh2) ]

(h2=h1)

Fmn f Dan T2 e

Lo BCh
C GPfOK T g EFEio iy
3=- [ 2 ]
£ 2 et ]
& LUy

C [ dn/dx [coshSky —coshSh, )
4=-

S2ginhf (e — 1) ]
(i) TEMPERATURE DISTRIBUTION.
csy+Ce+A1y?+A2cosh2Sy+Asy*+Assinh2Sy
AssinhSy+ AeycoshSy+ A7y3+AscoshSy

+AgysinhS=0 (20)
Where
_E E _ C3252 C4252
A=zl 2 4 4 ]
_ “Epcs? | G
Az = g:[ =+ ]
a.
As= B
12%
—ECzCy
As = T
dp
—E [ 5C2C3 4l
As=+ 1227
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s



r~ OL =
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3fs § s

250,28
2w
Ag = - 28

B
A1o =1 -] Ath+? + A2cosh 2Sh1 + Ash+? +
Assinh 2Sh1 + Assinh Shi1+ Ashicosh Sh
+ A7h12* + Agcosh Shi + AghisinhSh; ]
A1o =1 —[ Ath2? + Accosh 2Shz + Ash2? +
Assinh 2Shz + Assinh Sha+ Ashzcosh Sha
+ A7h22 + Ascosh Shz + Agh2 sin Shz ]
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5.1 RESULT AND DISCUSSION

In this study the behaviour of the various parameters on axial velocity

(u) and the temperature distribution ( &)
(i) Flow characteristics
(i) Heat transfer distributions

5.2 FLOW CHARECTERISTICS

The behaviour of couple stress parameter (S), a non-uniform parameter (m),

phase shift (¢), and amplitude of the lower wall (a) on the axial velocity u.
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Figure 5.1: variation of S on u for a= 0.3, b= 0.5, ¢ = /4, x = 0.5,
t=0.2.




In this graph increase in S causes increases in velocity u
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Figure 5. 2: Variation of mon u fora=0.3, b =0.5, @ = /4, x = 0.5, m = 0.5,
t=02, S=0.5

In this graph the axial velocity increases in the amplitude of the lower wall a



R —— —f—me

i o . -y = ), ]
" ==y = ),2
"

—
014 e g

012

008
e
004
002

1]

Silln

=
Figure 5.3: Variation of monufora=03,b=05, dp=1m/4,x=0.5,1t=0.2,
S= 05.

It is noted that the velocity profile u increases with a corresponding
increasing in m.
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Here opposite behaviour observed for the phase shift @.



5.3 Heat Transfer distributions

The temperature profiles for several values of radiation parameter (Rn), Eckert
number (E), Prandtl number (Pr), couple stress parameter (S), a non-uniform
parameter (m) and amplitude of the lower wall (a).
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Figure 5.5: Variationof Rnon© fora=0.3,b=0.4,p =1m,x=0.5,m=0.2,
t=0.2,Pr=6.2, E =0.75,S=15

The influence of the thermal radiation parameter Rn on temperature 6 is plotted



(i.e) The temperature distribution g increases with a decrease in Rn
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Figure 5.6: Variationof Eon®fora=0.3,b=0.4,p=1m,x=0.5 m=0.2,t=0.2,
Rn=0.3, Pr= 6.2,S=1.5.

The variation of Eckert number E on 8.

(i.e) The increase in Eckert number E results an increase in 4.
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Figure 5.7:Variation of Pron © fora=0,b=0.4,p =, x=0.5, Rn = 0.3,
=02,t1=0.2, E=0.75,S=15

This depicts the effect for various values of Prandtl no Pr

(i.e) The temperature 6 increases as prandtl number Pr increases.



Figure 5.8: Variationof Son®fora=0.3,b=04,p=1m,x=05 m=02,t=
0.2,Rn=0.3,Pr =6.2, E=0.75

This shows that the temperature profile 0 increases with increase of couple stress
parameter S



Figure 5.9: Variationof mon © fora=0.3,b=04,p =1,x=0.5,t=0.2, Rn =
0.3,Pr=6.2,E=0.75,S=1.5

This graph shows that the fluid temperature increases with an increase in uniform

parameter m.



Figure 5.10 Variationofaon® forb=0.4,p=m,x=05 m=0.2,t1=0.2,
Rn=0.3,Pr=6.2,E=0.75,S=15

This represents the temperature profile & for variables values of amplitude lower

wall a.

It is noticed that increase in a leads to an increase in the fluid temperature 6.
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6.1 CONCLUSION

 The velocity profile increases with an increase in couple-stress
parameter, non uniform parameter and amplitude of the lower wall.

» The velocity of the fluid decreases with an increase in phase shift .

» The temperature profile increases with an increase in Prandtl number Pr,
Eckert number, couple- stress parameter and non uniform parameter m.

The temperature distribution decreases with increase in Rn.



REFERENCE:

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Kothandapani M, Prakash J, Pushparaj V. (2015) “Analysis of heat and
Mass transfer on MHD peristaltic flow through a tapered asymmetric
channel.” Volume 2015 Article ID 561263
Y.C Fung and C.S. Yih (1991) “Peristaltic Transport”. Advanced series on
flow with mechanics , pp.947-953.

M. Gnaneswara Reddy, K. Venugopal Reddy, O.D. Makinde (2016). “Hydro
magnetic peristaltic motion of a reacting and radiating couple stress fluid in
an inclined asymmetric channel filled with a porous medium. Alexandria
Engineering Journal

J.C. Mishra and S.K. Pandey in 1995 “ Peristaltic transport in a tapered
tube” "Mathematical and Computer Modelling; An International
Journal,Volume 22, issue 8.

E F Shehawey and K.S Mekheimer (1994) “Couple stress in peristaltic
transport of fluids”. IOP publishing Ltd, Journal of physics D: Applied
physics, volume 27 number 6.

A. sinha, G.C. Shit, N.K. Ranjit (2015) “Peristaltic transport of MHD flow and
heat transfer in an asymmetric channel”, Alexandria Engineering  Journal.
Vol 54.

J. Suresh Goud, R. Hemdri Reddy (2018) investigated on “ Hall effects on
peristaltic flow of a couple stress fluid in an inclined asymmetric channel
with permeable walls” International Journal of Mechanical Engineering and
Technology. Vol 9.

Naveedlgbal, Hu mairaYasmin, Bawfeh K. Kometa , Adel A. Attiya (2020)
analysed on “Effects of Convection on Sisko Fluid with Peristalsis in an
Asymmetric Channel” Mathematical and Computational.

T. Hayat, H. Zahir, A. Alsaedi, B. Ahmad (2017) “Peristaltic flow of rotating
couple stress fluid in a non-uniform channel” Results in physics, vol 7,p.
Ramesh K, Devakar (2015) “MHD Peristaltic transport of a couple stress
fluid through porous medium in an inclined asymmetric channel with heat

transfer” Journal of Magnetism and Magnetic materials, vol 394.



[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Latha R, Kumar B, R Makinde O.D (2018) “ Peristaltic flow of a couple
stress fluid in an asymmetric channel with partial ship” Published in Trans
Tech Publications, Ltd. Vol 387.

S. Jothi, A Ramakrishna Prasad, MV SubbaRedd y. (2012) “Peristaltic flow
of a Prandtl fluid in an asymmetric channel under the effect of magnetic
field” Advances in Applied Science Research Vol 3.

Ravikumar S, “Effect of couple stress fluid flow on MHD peristaltic motion
with a uniform porous medium in the presence of ship effect”. International
Journal of Bio — Science and Bio — Technology Vol 7, NO. 5 (2015).

Mohammed R. Salman, Ahmed M. Abdulhadi (2018) “Effects of MHD on
Peristalsis Transport and Heat Transfer with Variables Viscosity in Porous

Medium”, International Journal of science and Research, volume 7, Issue 2.

K. Ramesh (2016) “Influence of heat and mass transfer on peristaltic flow
of a couple stress fluid through porous medium in the presence of inclined
magnetic field in an inclined asymmetric channel.” Journal of Molecular

liquids.

Ahmed Zeeshan ,Noumanljaz , Muhammad MubashirBhatti (2018) “Flow
analysis of particulate suspension on an asymmetric peristaltic motion in a
curved configuration with heat and mass transfer” volume 19/ No 4 (2018)
Mechanics and Industry.

Tasayar Hayat, Anumtanveer , Fuadalsadi, GhassanMousa (2016)

Impact of radial magnetic field on peristalsis in curved channel with
convective boundary conditions.” Journal of Magnetism and Magnetic
Materials, vol 403
Yongqi Wang, Tasawar Hayat, Nasir Ali, Martin oberlack (2008)“Magneto
hydrodynamic peristaltic motion of a Sisko fluid in an asymmetric channel.”
Statistical Mechanics and its application. Vol 387.

Tasawar Hayat, Nasir Ali (2008). “Effect of variable viscosity on the
peristaltic transport of a Newtonian fluid in an asymmetric channel” .Applied
Mathematical Modelling Vol — 32.

M. Gnaneswara Reddy, Oluwole D Mankinde (2016). “Magneto
hydrodynamics peristaltic transport of Jeffrey nanofluid in an asymmetric

channel.”Journal of Molecular Liquids 2283.



[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

“Impacts of lorentz force and chemical reaction on peristaltic transport of
Jeffrey fluid in a penetrable chennel with injection/suction at walls” (2021)
Alexandria Engineering Journal Vol 60 Issue 1.

Eytan O, Jafa A. J, Elad D.” Peristaltic flow in a tapered channel”, Medical
Engineering & Physics 23(7): 473-82

Ravinderdhorar, DharmendraTripathi, M. M. Bhatti, RahmatEllahi. (2018).
“Electro osmosis modulated bio-mechanical transport through asymmetric
micro fluids channel.” Indian Journal of Physics 92(2).

Sankad G C, Pratima, Vagathan S (2016) “ Unsteady MHD peristaltic flow
of a couple stress fluid through porous medium with wall an slip effects”
Alexandria Engineering journal volume 55, Issue 3

J. Sasikumar, R. Gayathri, A.Govindarajan (2018) “Heat and Mass transfer
effects on MHD oscillatory flow of a couple stress fluid in an asymmetric
tapered channel.” IOP conf. Series : materials science and engineering 402.
Latham, T.W. Fluid Motion in a Peristaltic Pump. Master’s Thesis, MIT,
Cambridge, MA, USA, 1966.

Shapiro, A.H.; Jaffrin, M.Y.; Weinberg, S.L. (1969) Peristaltic pumping with
long wavelengths at low Reynolds number. J. Fluid Mech. 1969, 37, 799—
825.

Abd-Alla, A.M.; Abo-Dahab,(2015) S.M. Magnetic field and rotation effects
on peristaltic transport of a Jeffrey fluid in an asymmetric channel. J. Magn.
Mat. 2015, 374, 680—689.

Abbas, M.A.; Bhatti, M.M.; Rashidi, (2020) M.M. Heat transfer on magneto
hydrodynamic stagnation point flow through a porous shrinking/stretching
sheet: A numerical study. Therm. Sci. 2020, 24, 1335—-1344.

J.C Mishra, S. Maiti, G.C. Shit (2008) “Peristaltic transport of a physiological
fluid in an asymmetric porous channel in the presence of an external
magnetic field”, Journal of Mechanics in Medicine and biology, vol. 08, no.
04, pp. 507-525.



