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Abstract

In this paper, the peristaltic flow under the impact of heat transfer, rotation and
induced magnetic field of a two dimensional for the Bingham plastic fluid is
discussed. The coupling among of momentum with rotational, energy and the
induced magnetic field equations are achieved by the perturbation approximation
method and the mathematica software to solve equations that are nonlinear partial
differential equations. The fluid moves in an asymmetric channel, and assumption
the long wavelength and low Reynolds number, approximation are used for deriving
a solution of the flow. Expression of the axial velocity, temperature, pressure
gradient, induced magnetic field, magnetic force, current density are developed the
effect of rotation, a stress on the lower and upper channel and stream function. The
quantities flow have been tested for variant parameters. The impact of the Bingham,
Brinkman, Hartman and Grashof numbers are also tested for different values to
indicate the effect on the move of flow fluid. The applications can be seen through
many graphics.

Keywords: induced magnetic field, magnetic force, peristaltic transport, heat
transfer, current density, rotation, velocity, stream function, stress.
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1- Introduction

In the physiological and engineering applications, the peristaltic motion appears in a
wide area such as urine transport in ureter, and swallowing of food through esophagus, etc.
The wide applications of the peristaltic transport have been pulling the attention of researchers
after the principle work of Latham [1]. Peristaltic pumping with long wavelength at low
Reynolds number is used in [2]. Faraday and Richie are the first researchers that they have
put the principle of magnetic fluid dynamic and the effects through their known experiment
[3]. The influence of an induced magnetic field on peristaltic flow with the heat and mass
transfer are discussed in [4-6]. Effects of rotation and initial stress on peristaltic transport of
fourth grade fluid with heat transfer and induced magnetic field are studied in [7,11,12,13,14].
The influence of induced magnetic on the peristaltic flow of nanofluid is also suited in [8,15-
18]. In [16] , authors investigated the effect of Magnetic Field on Peristaltic of Bingham
Plastic Fluid in a Symmetric Channel. In [17], authors mixed convective heat transfer analysis
for the peristaltic transport of viscoplastic fluid. Effect of heat sink/source on peristaltic flow
of Jeffrey fluid through a symmetric channel is investigated in[9]. In [10], authors studied
Momentum and heat transfer behavior of Jeffrey, Maxwell and Oldroyd-B nanofluids past a
stretching surface with non-uniform heat source/sink . Effects of velocity slip model and
induced magnetic field on peristaltic transport of non-Newtonian fluid in the presence of
double-diffusivity convection in nan fluid are discussed in [19]. The influence of MHD on
mixed convective heat and mass transfer analysis for the peristaltic transport of viscoplastic
fluid with porous medium in tapered channel is considered in [20]. Impacts of Porous
Medium on Unsteady Helical Flows of Generalized Oldroyd-B Fluid with Two Infinite
Coaxial Circular Cylinders is shown in [21-23]. Many researchers studied the combined
effects of nonuniform temperature gradients and heat source and magneto convection in a
porous fluid system for more details see [24,25,26].

In this paper, the impact the rotation, energy and induced magnetic field with the
magnetic force and current density on the peristaltic flow are discussed. Different values of
parameters when effect of the fluid move through two dimensional channel are also tested.
We study Electrically conduction to fluid with existence of a magnetic field with energy and
rotation. Finally , velocity, temperature, gradient pressure, stream function, magnetic force,
stress at lower and upper channel, induced magnetic and current density are illustrated by
many plots and graphics.

2- Mathematical Formulation

Assume that the peristaltic transport of Bingham plastic of an incompressible and
electrically conduction fluid through two dimensional channel non-uniform of width (a; + a,
). The upper wall has T, temperature while the lower wall retains at temperature T;, see
Figure (1). The flow is created by sinusoidal wave trains reproduction with speed constant ¢
along channel walls. We choose the two dimension system, X is along centerline of channel
while Y is transverse to it. Uniform constant magnetic field on the external transverse H,,
H(h(X,Y, 1), Hy + hy (XY, 1),0) is the induced magnetic field and H*(h,(X,Yt), Hy +
h, (X,Y, 1),0) total magnetic field are taken into account.
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Figure--Geometric of problem
The geometry for wall surface is defined:
h,=a; + blcos[%" (X —ct)] Upperwall ..., (1)
h, = —a, — bZCos[ZT” (X —ct) +P] Lowerwall ..., (2)

Where b, and b, are amplitudes wave, c is velocity, 4 is the wavelength, t is the time, and X
is the direction of wave reproduction. The ¢ is the phase difference lies 0< <z, when =0 is
the symmetric channel with wave out of phase while ¢ = waves in phase. When a4, a,, by, b,
and ¢ satisfy the condition
by? 4 by? 4 2 b1by COS D<(A1 4 @2)% e (3)

3- Fundamental Equations Governing

We denote that the velocity component U along the X and V along Y the velocity field
V=[U(X,Y,t),V(X,Y,t),0] in the fixed frame. The basic equations which are govern the
present flow:
(1) Maxwell’s equations

VE=0, .H=0 &)
VXE=—p, 2, VXH=] (5)
JZ0(E+ to(VXH)) (6)

Where H, E, J, ¢ and pu, indicate the magnetic field, electric field, current density, electrical
conductivity and magnetic permeability, respectively.
(i) Continuity equation
V.V =0 (7)
(i) Equation of Motion
av av . " +
p =00 (QV +25) = div T+t (VXHY)XH + pgor (T = Tp)

sz+ Y4 pgor(T —Ty)  ceeeeeeeenn.. 3

=divT+ p,(VXH")H* —
(iv) Energy equation
daT
pCp— = ke VET + 0.5(VV) e 9)

Combine equations (4-6) we obtain the:
(v) Induction equation

+
C5 = VX(VXHY) + g V2HY e (10)
Where z = o u, is magnetic diffusivity, C, is specific heat, T is temperature, k; is thermal

5]

conductivity, V= [5,%],;) is the density, Q is the rotation, g is the acceleration due to

1772



Mohaisen and Abdalhadi Iragi Journal of Science, 2022, Vol. 63, No. 4, pp: 1770-1785

gravity, oy is the coefficient of thermal expansion, and o is the Cauchy stress tensor which
is defined for the Bingham plastic fluid by [22]:
Ocs=-PL4+S (11)
Where, S=2ut + 219 (12)
In equation (12) the product stress is t,, while the tensor is 7 ,and rate of deformation tensor t
is defined by:

t=1/V2trat?, 1= %(VV + (V)Y (13)

The components of the extra stress tensor Sare Sgg, Sggp.and Spp.We introduce the
transformations to wave frame , this is given by :

x=X-ct,y=Y,u=U—-c, 5=V, p(x,y) =P(X,Y,E) i, (14)
Where #,and v are the components of velocity. p is the pressure in frame wave, then the

equations(? 13) with help of (14) become to:
6u

= ay =0 Continuity equation L (15)
_om , _ou 0p . 9Szx . 0Sxy - 0hx 7 Ohg dhx

p(ua—;+v u) pQ(Qu+2 ) §+¥+a_yy+“e(hf_f+h5’a_y+1{°a_y)_

He Q1 pgor(T — Ty) MOLON €QUALION ON X-GXES  +.vvveeeeeeeeeeeeeeeeeeeeee (16)

;(ua—+ﬁav) p (25— 2%)=- 24 2w B0 4y (204 0 4 g, 2 -

ot ay | oy 0% 0% 7 0y
79 (—_) Motion equation 0N Y-aXeS — .iiiieeeeee e (17)
_ar
pC, (u—+v ) ke (—+ay2)+5xxa_+5xy( i ) yyay ............. (18)
Equation (18) represents the energy equation. The stress becomes as follows :
= ALY - S _Totxy &5 _2ToTyy
Sex = 2,u‘rxx+m, Sgy = 2UTzy + trac ) y Syy = Zuryy+\/m ......... (19)

Where (i, 7) are the components of velocity along the (x, y) directions, respectively.
We normalize the equations (15-19) by using the followmg dimensionless variables:

N S . S N W R S o P Y Ry
x_l'y_al'u_c'v_c'6_a1' _al'p_ucl t_/l'hl a, hz_ala_
by o _ by p _cpays B p T o _ pgora’ g
B =2 R =L B =02 By =0 B = o B = R, G, =P 0 =
T—T, _ S _Hy [u 2 1 pe(HH?
T1—75;' —j'& _TO ?"’ M? = R,S:°R,,,, R,, = OlioQ1C, Dy —p+5Re6epT,<p =
i __:__ __: N - = —E
Hoal,hx Py, hy = Pz E o e (20)
h, =1+ acos(2nx), h, = —d — Bcosux + d) (21)
=2 v=-52% =2 p,=-52 22
u=5,,v= 3y o e (22)

Where 6, a, B, Re, Pr, B,, E., By, G, 8, S;,M, R, b, ®, Ty, T;, Y and E are as follows ,
the wave number, upper amplitude wave, lower amplitude wave, Reynolds number, Prandtl
number, Bingham number, Eckert number, Brinkman number, temperature, Grashof number,
Stormmer number, Hartman number, magnetic Reynolds number, total pressure, magnetic
force, temperature at h,, temperature at h,, stream function and electric field strength,
respectively. If we substitute equations (20,22) into equations (15-19) we obtain that:

The continuity equation (15) satisfies identically whereas other equations take the following
formulas:

ReS(hyuy — xthyy) — by =
6pm anx 6Sxy 2
3y + Resl ®Pyy + RS, (‘Py‘ny - (Px(/’yy) + G0

0%pa,?

+6
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asyy

9 —_£m Q? 0Sxx
—R662(¢y¢xx lrbxlrbyx) = p - 62— pay” —Y, + 62 > + 6 —=
Qoxgoyx) - Re6 S1 Dxy

63Re512 ((py(pxx -

6PrRe(lpy9x - lpxey) = 629xx + Hyy + Br [6(Sxx - Syy)lpxy + (l/)yy - 621/)xx)5xy]
...(25)

E=F = Irby - 6(¢y(px - ¢x¢y) + i (62(pxx + (Pyy)

Sxx = 28'~|ny +

Bn (Yyy —8% Yxx)
282 (lley)z +282 (lley)z +(‘|Jyy_82‘pxx)2

Sxy = (Lljyy - Szlpxx) +\/

Syy = =26y —\/

Under the assumption of long wavelength, low Reynolds number and § « 1 the equations
(23-29) become as follows:

2
B _Ta Ly + aS"Y+R S 2@y + GO (30)
ap
ay =0 e, (31)
ﬁ + By, S Xy =0 (32)
E=y,+ q)yy ............................... (33)
Sxx = 0, =Yy +B, andS;, =0 (34)
Elimination pressure between (30) and (31) by derivative with respect to y we obtain:
0%a,2 K sX
Sy + 5 H RSOy + GeBy =0 (35)
920
5z TBrlySy =0 (36)
a2
‘*° = R(E — Yy) __>> = —RnWyy e, (37)
Now substltute the equation (34) mto equations (35,36) and equation (37) into equation (35)
then we get :
o* 0?2
ay"’ 2 oYy — M2y +GB, =0 e (38)
2
— + B (Bnq;yy +(Wyy) D=0 (39)
—=Ru(E—-Wy) (40)
The boundary conditions in wave frame and dimensionless volume flow rate are [21]:
(p=0,\|1=%,2—;|:=—1,9=0, Aty=hy (1)
<p=0,\y=—%,%=—1,9=0, Aty= —hy e (42)
In equations (41,42) the q is the flux in the wave frame. a, 3, ¢ and d satisfy the relation
o + B2+ 2aBcosd < (1+d)2 43)
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4- Method of the solution
We use the perturbation method and Mathematica software inserting the following
expressions:

l.l] = l.lJOO + GquOl + O(Gr)z .................................. (44)
9 = 600 + Bn601 + O(Bn)z .................................. (45)
(.p = (pOO + Bn(p01 + O(Bn)z .................................. (46)
4.1- zeroth order
0*Woo 6211100 0*Yoo _
oyt M +R —y2 =0 (47)
02900 a? woo 2_
357 ( —)°=0 (48)
i 52— R + Ry ‘”’"" =0 e, (49)
For example of the zeroth order.
e‘w/Mg‘Roy(e2~/Mg‘R°3’*t1+t2)
00 = Mg—Ro +t3 +y * t4;
__ BR(e*/M8~Royy324o-2/Mg-ROY(2 1 4(Mg—Ro)t1t2y?) )
Yoo = +(Mg—Ro) +t5 + y * t6;
_ eVMg—Royty  o=yMg-Roy{y  Euy2  tay?
('pOO = t7 + y * t8 + (_ (Mg—Ro)3/2 (Mg—R0)3/2 2 - 2 )RM!
4.2- first order
0*WPo1 02 l|J01 02 lIJo1 0600 __
oy M + Ro + 3y 0 (50)
92 e01 0“Yoo) (0°Po1) _
+ 2B, (ayz )(a—yz)_o .................................. (51)
62(0 oY
VZOO + Rm 63(/)1 =0 (52)
Where Ro=221"¢ - Pand Mg = M2.
For example of the first order:
_ tey? BR(e2V/M8&-Roy{12_¢=2/Mg-Roy(p2_g(Mg—Ro0)3/2t1t2y3) , eVME-ROV.tg
Vo1 = 2Mg-2Ro 24(Mg—Ro)5/2 Mg-Ro
e VM8=RoY.t10
W+t11+}/*t12,
o1 = — - BR(2BRe3*VMe~Roy(13 4 27¢-2/Mg=Roy (Mg — Ro)3/2t10t2 —

54(Mg—Ro0)5/2
2BRe~3vVMe-Roy23 4 2702/Mg-Roy (Mg — R0)3/2t1t9 + 54(Mg — Ro)>/2(t1t10 +
t2t9)y? + 18evM8~Ro¥t1(6,/Mg — Rot6 + BRt1t2(25 — 12,/Mg — Roy)) —
18e~VM8=Roytp(—6,/Mg — Rot6 + BRt1t2(25 + 12,/Mg — Roy))) + t13 + y = t14;

'(cplo51 +y*xtl6 +
e~2/Mg=Roy (_BR(e+/ME"ROY (12 4 122~ 4¢2/ME-ROY (Mg—R0)?t1t2y*)+8eVMEROY (Mg—Ro0)*/2(6t10—eVME-ROY (6¢/ME-ROY 94 [Mg—Roy?(3Mgt12— 3R0t12+t6y))))RM
48(Mg—Ro)?
Where from(t1-t16) are the constant of integration and h; = 1 + acos(2nx) and h, = —d —
Becos(2mx + ).
5- Graphical results and discussions
In this problem, we discuss the effects of the rotation and induction on the velocity,
temperature, magnetic force, current density, induced magnetic field, pressure gradient,
stream function and the lower, upper walls stress by using different parameters.
5.1- Velocity distribution
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We use different parameters to show the profile of velocity. The change of the velocity
for different values of BR,GR,q, ¢, B, 0,d, Q Mg are clearly in figure (2) from (A-I) we
notes that the profile of velocity is parabolic distribution and it mostly increases at the center
of channel. The effect of (BR,GR, Q) the Brinkman, Grashof numbers and rotation on the
velocity for increasing value lead to an increasing of velocity near the channel walls and they
are merged with other at the center, while an increasing in value of (q) leads to an increasing
in value of velocity it is away from the walls and descends inward, as well as in cases of
(¢, B, o). In the event of a decrease in the value of (d), the velocity increases and it expands to
the walls when its value increases. When the value of (Mg) decreases, the velocity increases
near the walls and is identical at the center.

(A) (B -

I O

— ¢=Pi2
¢=Pi3
— =Pi6

(H) :' (G) (1)

L 4 f._,..—---.._‘_“- I _'..-""_"‘--.,‘_

- = .: — 0=10 (= — Mg=1.0
= 1= . 0=2.0 - Mg=3.0

6 d=2.0 ] T — 010 [ — Mg=5.0

F / — d=3.0 1 : . :

I i

Figure-2 Represented velocity with different values of parameters{G,=0.2,q = 1.6,x =
0.5, =Pi/4,B, =04,a=04,=0.3,p=09, Mg=1.0,Q=2.0,u=2.0a; = 1.0}.

5.2- temperature distribution

To show the distribution of the temperature using different parameters such as
(BR,BN,q, ¢, B, a, Q,d,Mg). It can be seen from the figure (3) from (A-1), where we note that
(BR,q) when an increasing in these values leads to increase temperature values and any
decreasing in these values the temperature expands near of walls, whereas (BN) in case this
increasing leads to expand near walls and identical at the center of channel. In cases of
(¢, B, o, Mg) ,when the value of these paramreters are decreasing, the temperature will
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continue to increase at the areas near the walls, while the increasing value () implies that
continue increasing near of tha walls channel. When any decreasing in (d) leads to increase
the value of temperature.

(€)

(F)

(SRS RTIRE

Af— =10 B
— d=15 ot
— d=20

Figure-3 This figure represents the temperature with different values of parameters
{0=0.7,E=0.7,Ry = 4.0,q=1.6,BN = 1.0,x = 0.5,Mg = 2.0,BR = 0.4, =
1.2, =Pi/2,Q=0.2,al1 = 1.0,d = 2.0,p = 2.0,p = 0.9}

5.3- magnetic force

We use different parameters to study the impact on the behavior of magnetic force as (Ry,
E, q, BN, BR, Mg, d, a, Q) see figure (4) from (A-1), we observed that when any decreasing in
values of (Ry, E, Mg) leads to an increasing in value of magnetic force. We also see that
when an increasing in values of (g, BN, BR, a, Q) leads to an increasing in value of magnetic
force, in case of (a) this increasing is more direct to upper wall. If we decrease the value of
(d) then its direction tends to the upper wall of the channel, and its value will decrease when
the value of (d) is increasing.
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(A)

bl [Foroe

@ o ) (1

Figure 4-This figure represents the magnetic force with different values of parameters
{0=0.7,E=0.7,Ryy =4.0,q=1.6,BN =1.0,x =0.5,Mg = 2.0,BR=04, =12, =

5.4- Current density

We study the effect of several different parameters on the current density this is shown
in figure (5) from (A-1), we observed that any decreasing values of these parameters (BR, BN,
g, Q) leads to increase the value of current density, as well as any decreasing in values of
(E, a) implies that increasing current density and continues to be high near the walls, while an

increasing in values of (Mg, Ry, d) leads to increase the value of current density near the
walls channel except the (d) is to inward.

(A) (B)

A

‘rrent_Llensty

CUITRILL
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(G)

v

Uirrenl

Figure 5-This figure represents the current density with different values of
parameters{ o= 0.7,E = 4.0,BN = 1.0, = 1.6",x = 0.5,Ryy = 4.0,BR =04, =1.2,d =
Pi/2,Q2=0.2,al =1.0,d = 2.0,u = 2.0,p = 0.9, Mg = 2.0}

5.5- Induced Magnetic

By looking at figure (6) from (A-I), we see that the impact of several parameters (BN, Ry,
E, a, Q, BR, q, Mg, d) on magnetic induction as follows : any decreasing in values of (BN,
BR, g, Mg, Q) leads to increase the value of induced magnetic, where the wall starts from the
lower wall negative up to the upper side until it reaches close to the upper walls begins to land
and merge all values at the center. The impact of (E, d, Ry ) can be seen when an increasing
in values implies that increases the value of induced magnetic and the magnetic induction
motion recedes inward, while any decreasing in value of () leads to near of the lower and
lower walls of channel.

_ (B) (C) .

e (E) | (F)

mlucml Magnetic

(G) (H)

nidnced P

Figure-6 Represented Induced Magnetic With Different Parameters{a = 0.7,Ry =
4.0,BN = 1.0,E = 4.0,q= 1.6,x=0.5,Mg=5.0,BR=04,=1.2,¢ =Pi/2,Q =
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5.6- Behavior gradient pressure

In the studying the behavior of gradient pressure Figure (7) from (A-l) is parabola by
application different parameters (BN, ¢, E, «, Q, BR, g, Mg, GR), we observe that, if the
value of ¢ decreases the wave of gradient pressure begins at the lower wall and ends away
from the upper wall. While if the values of (Mg, E, BN, GR, BR) are increasing lead to
increase the value of gradient pressure. We also see any decreasing in value of (q) implies that
increases in value of gradient pressure whereas of (Q ) a little change occurs of gradient

pressure.
(A) @ . ©

i

— =R

. L

— a=0.2
10} a=05
15t — a=07

14 - - -

Figure-7 Represented Gradient Pressure With Different Parameters {a=0.7,E =
4.0",BN = 1.0,GR = 0.2,y = 0.5,Mg = 2.0,Ryy = 4.0,BR = 0.4, = 1.2,p =
Pi/4,Q = 0.2,al = 1.0,d = 2.0,q = 1.6,"u = 2.0,p = 0.9.

5.7- Stress distribution

In studying the distribution of stress by using different parameters with respect x-axial the
behavior obvious at the upper and lower walls of channel in the figure (8) from (A-R) , we
observed that at upper wall. Now when the value of ¢ decreases, the wave of gradient
pressure begins at the lower wall and ends away from the upper wall at the upper wall, while
any decreasing in values of (q, Mg) leads to increase the value of stress whereas an increasing
in value of (BN, d) leads to increase the stress.
When an increasing in value of (E, GR, a, Q) the stress is confined to the inside of the
channel away from the walls. In the case of the lower wall, the distribution is in reverse.
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UPPER CHANNEL
(A) (c

o T =
—13F I — i @
| d=FLz \
| — ¢=Fi3 |
=20 |
| = guFil 1
Pryal 1
el o AL

— d=2.0
— d=25
— d=3.0

08 a4 oz o0 ox 04

LOWER CHANNEL

(iR.1 o l‘ -1 "I‘ ’ a |'-. ' .-_'II‘- lf'll1 -:”' 0.4 a2 . 0.0 a2 . X
Figure-8 This figure represents the stress with different values of Parameters { a = 0.7,E =
4.0,BN = 1.0,GR = 0.2,y = 0.5, Mg = 2.0,Ryy = 4.0,BR = 0.4, = 1.2,» = Pi/4,Q0 = 0.2,al =

1.0,d = 2.0,q = 1.6,u = 2.0,p = 0.9}
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5.8- Steam Function

The trapping phenomena for different values (Mg, GR, BR, Q , ¢, E, d) are shown in
figure (9) form (A-U). It is observed that the volume of the trapped bolus begins to decay
when the value of (Mg, d) increasing, whereas it begins to be appear when an increasing in
values of (GR), as well as in cases of (BR, £, E). when the increasing value of (¢) leads to
expand of the wave.

0 ®) | ©

05 on  0&
PR (X TE ]

o
% (Al (GR«3.0) (R} GR=510) X (CIHGR=T0)
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s no
X (C)(BR=6.0)

o

0 0n-

-1%5 =11 =5 oo 15 = - (iR i} na

(M

¥ [A) (=100 1.5] wHO=1m

(N) % (0=

1.0 T LA LR [LRE] T L
x 1A (= PUIE

!Aﬂp!dﬂh!dﬁ

S

.U UL v 0.4 -1 10 -0.5 D0 o= K] (]
= (A) [E-4.0) x (M F=7m

-15 =10 =05 o ns 10 15
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Figure-9 This figure shows the stream function with Different values of Parameters
{GR=0.2,BR = 0.4,Mg = 2.0,d = 2.0,E = 4.0,a = 0.4, = 0.3, = Pi/4,q = 1.6, =
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6- Conclusion

In this Paper, The effect of the induced magnetic and rotaion on mixed convection heat
transfer peristaltic move of the Binghame plastic fluid trough of the tapered horizontal
asymmetric channel have been studied. The channel asymmetric is produced by choosing the
peristaltic waves which have different amplutude and phases, low Renolds number and along
wavelength. The perturbation method to obtain the expression of the axial velocity, magnetic
force, induced magnetic, stress, temperature, stream function, current density and pressure
gradient is also adapted. A parametric analysis is performed through various graphs.

A- We note that the profile of velocity is parabolic and it increases at the center of
channel mostly when an increasing in the value of parameters .
B- Temperature profile, Generally the temperature value is in the highest at near the

center of channel and it increases when the parameters are increasing with exception the
value of (d).

C- We note that the magnetic force is t alternates between increasing and decreasing
according to the type of parameter that applied. Also with respect to the current density,
induced magnetic, gradient pressure and stress.

D- The trapped phenomonent it is observed that the volume of the trapped bolus begins
to decay and to increase volume according to which parameters are used.
E- There are several applications such as in engineering and physical applications of

peristaltic mobility, in fact such waves have been induced due the expansion and contraction
of an extensible tube and propagate along the length of tube, mixing and transporting the fluid
in the direction of wave propagation, this process appears in the tubular organs of human
body such as ureter, blood transport in the extracorporeal circulation.

F- Another applications including medical, biological sciences,physiology, blood and to
generation of electric energy in the industrial field.

References

[1] T.W. Latham, “Fluid Motion in a Peristaltic Pump”, M. Sc. dissertation, Massachusetts Institute
of Technology, Cambridge (1966).

[2] A.H. Shapiro, M.Y. Jaffrin, S.L. Weinberg, *“ Peristaltic pumping with long wavelength at low
Reynolds number”, J. Fluid Mech. Vol. (37), pp:799-825, (1969).

[3] M. Faraday , “ Experimental Researches in Electricity”, Phil. Trans., Vol. (15), pp:175, (1832).

[4] Tasawar Hayat, Saima Noreen, ‘“Peristaltic transport of fourth grade fluid with heat transfer and
induce magnetic field”, C. R. Mecanique, Vol. (338), pp:518-528, (2010).

[5] T. Hayat, S. Noreen, M. Shabab Alhothuali, S. Asghar, A. Alhomaidan, “Peristaltic flow under
the effect of an induced magnetic field and heat and mass transfer”, International Journal of Heat
and Mass Transfer, Vol. (55), pp:443-452, (2012).

[6] Safia Akram, S.Nadeem, “Influence of induced magnetic field and heat transfer on the peristaltic
motion of Jeffery fluid in an asymmetric channel: Closed form solutions”, Journal of Magnetism
and magnetic Materials, Vol.(328), pp:11-20, (2013).

[71 A.M. Abd-Alla, S.M. Abo-Dahab, H.D. El-Shahrany, “ Effects of rotation and initial stress on
peristaltic transport of fourth grade fluid with heat transfer and induced magnetic field ”, Journal
of Magnetism and magnetic Materials, VVol.(349), pp: 268-280, (2014).

[8] M. Mustafa, S. Hina, T. Hayat, B. Ahmed, “ Influence of induced magnetic on the peristaltic flow
of nanofluid ”, Meccanica, Vol.(49), pp:521-534, (2014).

[9] M. Rehman, S. Noreen, A. Haider, H. Azam, “Effect of heat sink/source on peristaltic flow of
Jeffrey fluid through a symmetric channel”, Alexandria Engineering Journal No. (54), pp:733—
743, (2015).

[10] N. Sandeep, C. Sulochana, “Momentum and heat transfer behaviour of Jeffrey, Maxwell and
Oldroyd-B nanofluids past a stretching surface with non-uniform heat source/sink”, Ain Shams
Engineering Journal, VVol.(9),pp:517-524, (2018).

1784



Mohaisen and Abdalhadi Iragi Journal of Science, 2022, Vol. 63, No. 4, pp: 1770-1785

[11] Ahmad M. Abdulhadi, Aya H. Al-Hadad, “Effects of rotation and MHD on the Nonlinear
Peristaltic Flow of a Jeffery Fluid in an Asymmetric Channel through a Porous Medium”, Iraqi
Journal of Science, Vol. (57), No.1A, pp:223-240, (2016).

[12] A.M. Abd-Alla, S.M. Abo-Dahab, “ Rotation effect on peristaltic transport of a Jeffrey fluid in an
asymmetric channel with gravity field”, Vol.(55), (2016).

[13] Hayat, T., Zahir, H., Alsaedi, A., Ahmad, B., Hall current and Joule heating effects on peristaltic
flow of viscous fluid in a rotating channel with convective boundary conditions, Results in
Physics (2017), doi: http://dx.doi.org/10.1016/j.rinp.2017.07.069.

[14] T Sh Alshareef, “Impress of rotation and an inclined MHD on waveform motion of the non-
Newtonian fluid through porous canal”, Journal of Physics: Conference Series, 1591 012061,
(2020).

[15] Hina Sadaf, Muhammad Usman Akbar, S. Nadeem, *“ Induced magnetic field analysis for the
peristaltic transport of non- Newtonian anaofluid in an annulus”, Mathematics and Computers in
Simulation, N0.148, pp:16-36, (2018).

[16] Farah Alaa Adnan, Ahmed M. Abdulhadi, “ Effect of Magnetic Field on Peristaltic of Bingham
Plastic Fluid in a Symmetric Channel”, Sic. Int.(Lahore), VVol.(1), No.31, pp: 29-40, (2019).

[17] Zaheer Asghar, Nasir Ali, “ Mixed convective heat transfer analysis for the peristaltic transport of
viscoplastic fluid: Perturbation and numerical study”, AIP Advances, No0.9, 095001, doi:
10.1063/1.5118846, (2019).

[18] M. Rashid, K. Ansar, S. Nadeem, “Effect of induced magnetic field for peristaltic flow of
Williamsom fluid in A curved channel”, Physica A, No. 533,123979(2020).

[19] Safia Akram, Alia Razia, Farkhanda Afzal, “ Effects of velocity slip model and induced magnetic
field on peristaltic transport of non-Newtonian fluid in the presence of double-diffusivity
convection in nanofluid”, Arch Appl Mach, (2020).

[20] Mohammed Ali Murad, Ahmed M. Abdulhadi, “ Influence of MHD on mixed convective heat
and mass transfer analysis for the peristaltic transport of viscoplastic fluid with porous medium in
tapered channel”, Journal of Al-Qadisiyah for Computer Science and Mathematics, Vol. (12),
No. 4, pp: 79-90, (2020).

[21] N. Ali, T. Hayat, and Y. Wang, Int. J. number. Methods fluids 64, 992, (2009).

[22] Y. Wang, Acta Mechanica 186, 187, (2006).

[23] Ghusoon.Gh.Mohammed, Alaa Waleed Salih,” Impacts of Porous Medium on Unsteady Helical
Flows of Generalized Oldroyd-B Fluid with Two Infinite Coaxial Circular Cylinders”, Iraqi
Journal of Science, Vol. (62), No. 5, pp: 1686-1694,( 2021).

[24] Manjunatha N, Sumithra R, Vanishree R K, “Combined effects of nonuniform temperature
gradients and heat source on double diffusive Benard-Marangoni convection in a porous-fluid
system in the presence of vertical magnetic field”, International Journal of Thermofluid Science
and Technology, Volume 8, Issue 1, (2021).

[25] Manjunatha Nand Sumithra R, “Effects of non-uniform temperature gradients on surface
tension driven two component magneto convection in a porous fluid system”, IOP Conf. Series:
Journal of Physics: Conf. Series 1000 (2018) 012128 doi :10.1088/1742-6596/1000/1/012128.

[26] Manjunatha N., Sumithra R, “Influence of Vertical Magnetic Field and Nonuniform Temperature
Gradients on Double Component Marangoni Convection in a Two-Layer System in the Presence
of Variable Heat Source/Sink”, https://www.researchgate.net/publication/353738741, August
(2021).

1785



