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ABSTRACT

This study investigates the peristaltic transport of a micropolar fluid in an asymmetric channel under the
influence of an induced magnetic field. The effects of slip velocity at the channel boundaries are
incorporated into the analysis. By employing the long wavelength and low Reynolds number
approximations, analytical expressions for the axial velocity, stream function, magnetic force function,
and axial induced magnetic field are derived. The governing expressions are evaluated for a specific set
of parameter values used in the model analysis. The computed results are illustrated graphically to
highlight the physical behavior of the flow. It is observed that variations in the parameters significantly
influence the flow characteristics, and the presence of a magnetic field notably affects the fluid motion.
The influence of slip velocity on the flow exhibits a behavior similar to that of the induced magnetic
field.
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1 Introduction

Peristaltic motion, a mechanism of fluid transport driven by progressive wave propagation along a
boundary, has become an important subject of study due to its wide physiological and engineering
significance. It plays a key role in processes such as urine, chyme, sperm, and ovum transport, and in
blood flow through small vessels. Industrially, this mechanism is used for transporting slurries and
corrosive fluids and in the functioning of peristaltic pumps like roller and finger pumps.

The pioneering analysis of peristaltic motion was undertaken by Latham [1], marking the beginning of
systematic research in this area. Since then, numerous contributions, both theoretical and experimental
[2-9], have enhanced our understanding of peristaltic mechanisms in different physical and physiological
situations. However, most existing studies have modeled blood and other physiological fluids as
Newtonian, an assumption appropriate for peristaltic transport in the ureter but inadequate for describing
complex biological flows such as those in small blood vessels, lymphatic vessels, the intestine, and
reproductive tracts. The models proposed by Shapiro et al. [10] and Shapiro [11] were highly idealized,
representing peristaltic motion as an infinite train of sinusoidal waves propagating through a two-
dimensional channel. Their analyses primarily aimed to explain the important phenomenon of reflux, in
which fluid is transported in the direction opposite to the mean flow. A notable example of such reflux
occurs when bacteria migrate from the bladder to the kidneys against the normal urinary flow.
Subsequently, Srivastava and Srivastava [12] investigated the peristaltic motion of an incompressible
Newtonian viscous fluid containing a suspension of small, spherical, rigid particles in a channel with
flexible walls.
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Research on peristaltic motion in electrically conducting physiological fluids has gained significant
attention owing to its biomedical and engineering applications. These studies provide valuable insights
into the working principles of devices such as blood pumps and MRI systems, and aid in enhancing the
performance of MHD peristaltic compressors. Li et al. [13] reported that impulsive magnetic fields can
serve as an effective therapeutic tool for patients with urinary stone fragments. Hakeem et al. [14]
investigated the influence of an applied magnetic field on peristaltic motion within a uniform tube
containing a fluid of variable viscosity. Misra et al. [15] conducted a theoretical study on the peristaltic
transport of physiological fluid in a porous asymmetric channel under the effect of a magnetic field.
Wang et al. [16] examined the peristaltic motion of a magneto-micropolar fluid in a symmetric tube,
employing the assumptions of long wavelength and low Reynolds number. However, in all these
investigations, the effect of the induced magnetic field was neglected, even though such an effect may not
be insignificant, particularly when the magnetic Reynolds number is small. Considering the limitations
of earlier models that ignored magnetic induction, Shit et al. [17] analyzed the peristaltic flow of a
micropolar fluid in an asymmetric uniform channel under the influence of an induced magnetic field.
Their findings indicated that the inclusion of magnetic induction significantly influences the flow field,
pressure rise per wavelength, and streamline pattern. Mekheimer [18,19] extended this line of research by
studying induced magnetic field effects in symmetric channels for both couple stress and micropolar
fluids.

Though the no-slip condition is central to classical fluid mechanics, it fails in some cases where a partial
velocity slip occurs between the fluid and the wall. This behavior is observed in particulate fluids or
rarefied gases with finite Knudsen numbers, where intermolecular interactions at the boundary are
insufficient to enforce the no-slip constraint. Beavers and Joseph [20] formulated a modified boundary
condition that expresses the slip velocity at a permeable or coated boundary in terms of the tangential
velocity and shear stress. This condition has wide-ranging significance in both biological and engineering
contexts, especially where the interaction between the fluid and the boundary is weak or modified by
surface treatments. Examples include the polishing and lubrication of artificial heart valves, flow through
micro- and nanochannels, and applications involving thin lubricating films or hydrophobic coatings like
octadecyltrichlorosilane [21]. Recognizing its practical importance, a number of investigators [22—-25]
have extended the study of slip effects to peristaltic motion of physiological fluids. These investigations
demonstrate that wall slip can modify the flow resistance, streamline pattern, and trapping phenomena,
thereby providing a more realistic description of flow behavior in biological and technological systems.
A thorough review of the available literature reveals that no prior investigation has been reported on the
peristaltic transport of a micropolar fluid in an asymmetric channel considering the combined effects of
wall slip and induced magnetic field. The no-slip boundary condition, though widely applied in
continuum fluid mechanics, proves inadequate in cases where the fluid exhibits macroscopic slip at the
wall. Such situations demand a modified boundary formulation that relates the slip velocity to the wall
traction through an appropriate physical law.

Keeping this aspect in view, the present work is aimed at developing a theoretical model for the
magnetohydrodynamic peristaltic motion of a micropolar fluid, incorporating the effects of both induced
magnetic field and velocity slip. The study seeks to bridge the gap between idealized theoretical
assumptions and realistic flow conditions encountered in biological systems and microfluidic devices,
thereby enriching the understanding of MHD peristaltic phenomena.

2 Modelling

We analyze the peristaltic motion of an incompressible viscous fluid flowing through an asymmetric two-
dimensional channel in the presence of an externally applied magnetic field. Since the fluid is electrically
conducting, its motion gives rise to an induced magnetic field, and both effects are included in the
formulation to describe the magnetohydrodynamic peristaltic transport more accurately. Let us assume
that Y'=h' and Y'=h, be respectively the upper wall and lower wall of the channel (cf. Figure 1). The

medium is considered to be induced by a sinusoidal wave train propagating with a constant speed c
along the channel wall, such that

h(X',t') :dl+aico{27”(x'_ct')} ontheupperboundary; (1)
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h,(X',t)=-d, —a, co{%(X'—ct') +¢} onthelower boundary, @)

Hp

Figure 1: A Physical sketch of the problem

where a, and a, are the amplitudes of waves, A is the wave length, ¢ (0<¢ <) the phase difference,

X" and Y' are the rectangular co-ordinates with X' measures the axis of the channel and Y’ the traverse
axis perpendicularto X'.

A constant magnetic field of strength H, is applied in the transverse direction. This gives rise to an
induced magnetic field H'(h;,h;,0) and therefore the total magnetic field will be H'"(h;,H,+h;,0),

X

where h, and h; are the components of induced magnetic field along the co-ordinate axes.

In the present analysis, the flow of an incompressible magneto-micropolar fluid is considered under the
assumption that body couples are negligible. Accordingly, the governing equations representing the
conservation of mass, momentum, microrotation, and magnetic field are expressed as:

V'V'=0 (3)
8\7’ =1 N\ 44 ’ 1 1+\2 12551 !\ '+ o g+
Pl St 0V |2V () |+ s K7+ kY W = g, (A VA
(4)
- 8\7\7, =1 N\ ~1 ' o T (!
pj(g+(v -V)Wj=—2kw +kV'xV —;/(V xV xw)+(a+[j’+7)v (V'-w') (5)
The Maxwell’s equations,
ﬁlx H'H - j!’ ﬁrx E’ = _ﬂe(%J (6)
ot
along with the Ohm’s law
j’=a(|§'+ye(\7'>< H'*)) (7)
in addition, it should be noted that
V'-H'=0 and V'-E'=0 (8)
Now, combining equations (6) - (8) we get the induction equation,
8H, =§’X(V’XH’+)+LV'2H'+ (9)
HO
1 . e ., 05 07 ) . .
where —— (=7) is the magnetic diffusivity, V'* = +—— and V' is the velocity vector, @' is the

JTRes X' oY”
microrotation vector, p’ is the fluid pressure, p the fluid density, j the micro-gyration parameter, o
the electrical conductivity, u, is the magnetic permeability, E" is an induced electrical field. Also the
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material constants (or viscosity coefficients of the micro-polar fluid ) « and k are satisfies the following
inequalities (2u+k)>0, k>0.

The governing equations (3)—(5) and the magnetic induction equation (9) will be solved subject to the
boundary conditions defined in the next section.

3 Solution
It is further noticed that the flow field in laboratory frame (X',Y') and wave frame (x'.y") are treated as

the unsteady and steady motion respectively. Considering the wave frame (X', y") moving with a velocity
¢ away from a fixed frame (X',Y") that follows from the following transformations

X!: X,—Ct,, y!:YI’ UI(X!’ y!) :U!_C’ V’(X” yl) :VI-

In which (u’,v") and (U’,V’) are the respective velocity components in the laboratory and wave frames.

The fundamental equations governing the unsteady flow of an incompressible magneto-micropolar fluid
are derived in a Cartesian coordinate system, taking into account the coupling between the fluid velocity,
microrotation, and magnetic field, and are expressed as follows.

v +8V =0 (10)
oX' oY’

' ’ ' 21! 21! ' ’ ’ i
U ,0u U 1o LAk @ uz+a U2)+kaw ﬂe( oh 8h) My O
ot’ ox' oY poX' p X2 oy pov cax TN oy 0 ooy

(11)

NV eV 1o ,u+k(62V2 azvz) Kk ow
ot oX' oY pdaX' p oX? ? pox

oh, en,. . . oh

_He ,
== (h—=+h -=—H 12
( X' yaY' p oy’ (12)
w oV’ ou’ o'W o'W
—+U’ V' = —2kw' +k - + 13
pj( x oy o o ot Y’Z) 13)
Let us introduce the following non-dimensional variables
' ' ’ i i 1! 2 !
X:i’y:i,u:u_’\/:ﬁ’_vla):_aw 'h(x): h(X)’ p= a p(X)
A a c ac c a Auc
o ,_i  _v g h hy
t=—,J=—=,y="—,C= ,h,=—- and h =— 14
A a2 " ca 6= H,a H, Y H, (14)

where w and ¢ represent the dimensionless stream function and magnetic force function respectively.

On introducing the dimensionless variables defined in equation (11)-(13 ) into the preceding equations,
the governing equations can be rewritten in the following dimensionless form.

d 0 P 1 N ow
Rﬁ[[wy&—%—jwy}— n Vi, + +R,S°¢,

oy x 1-N° VTN oy

+Reszd[(§y§—éx %M (15)

O°N ow

m 2

RS
H‘”X ‘/lyax ale PTIIN

-
s

R.S25%¢,,
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1-N 0 0 _ 2—N
R Fo| T|:(l//y &—l/lx EJO):| - —2w—V2y/+?Vza) (17)
1 gor_
l//y _5(l/jx§y _Wygx) +R_V é/ =E (18)
with
2 2
PESCUARV LA T Sy Lo S Y (19)
OX oy OX Ox? ay
The following dimensionless parameters that appear in (15) - (19) are defined as
. = PP the Reynolds number , & :% the Wave number, S = Ho (&) the Strommer’s number is
7 c\ p
also known as magnetic force number, R, = op,ac the magnetic Reynolds number,
k _a’k(2u+k)

N=—— , (0SN<1) the coupling parameter and m’= is the micropolar or
+u

(7 (u+k))
microrotation parameter.

The total pressure in the fluid, which is equal to the sum of the ordinary and magnetic pressure given by

S(H” )), and E(:_,uEH
e 0

P =p+ ER(S(

m

) is defined as the electrical field strength in non-

dimensional form.
Eliminating the total pressure from equations (15) and (16), the resulting equation can be written as

R 5{(% e ;JVZW} FETAA ek

0 0
+R,S°V?*¢ +R.S%S — ¢, —|V? 20
SV R, Kcyax cxayj ;} (20)
The instantaneous volumetric flow rate in the fixed frame is given by
= ['uxy (21)
2

where h/ and h; are functions of X' and t’.
The rate of volume flow in the wave frame is found to be given by

h:i. ! [ A !

a=[ u(x,y)dy (22)
2

where h/, and h; are function of X' alone.

We note that h (x) and h,(x) represent the dimensionless form of the peristaltic channel walls given by
the equations of the form

h (x) =1+acos(22x), h,(x) =—d —bcos(2zx + ¢) (23)
where, a = ai, =&, d=£.
dl dl dl

Using the transformation into the equations (21) and (22), the relation between Q and ¢ can be obtained
as

Q=q+c(h~hy) 24)

The time mean flow over a period T at a fixed position X' is defined as
1T
Q'==[Qdt (25)
Using (24) in (25) the flow rate Q" has the form
_—j qdt+c(h —h)) = q-+cd, +cd, (26)

The non-dimensional form of equation (26) is given by
O=F+1+d (27)
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where _& and F:i,
cd, cd,
such that
0
J“‘ ‘”dy w(h)—w(h,) (28)

The boundary conditions for the dimensionless stream function y(x,y) and magnetic force function
£ (x,y) in the wave frame can be put mathematically as,

2
8_1//+ 2yl/2/:—10ny:h1

oy
2

%’”Jr 81/2/:—1ony:h2
w=0ony=handy=h,

F

=—ony=
p=ony=h

F
:—Eony:hz
andg“—gé’:Oony:hlandy:h2 (29)

where £ is consider as the slip parameter. Applying long wave length approximation (6 =1) and
assuming the Reynolds number to be small, the dimensionless equations (20), (17) and (18) becomes

4 2
TV NTP RS2 N)—C—O (30)
oy* oy* oy’
_ 2 2
(2 ZN)af’:zma'/z’ (31)
m= oy oy
o°¢ oy
—7 = Rn(E——5) (32)
? oy
2
By operating 8%2 and % on both sides of (31) and (32) respectively and substituting the expressions for
4 3
0 l/: and a—i in the equation (30) we obtain
oy oy

4 2
8 +(1-N)H }aa) 2m°H?(1-N) (33)
(2-N)
2 3
g C;) g i from (32) after differentiating with respect
oy
to y, in the expression (30) the stream function y may be written as
1 (2-N), o’w
= —m +Cy+C, 34

where H* =R S*R_ i, H = (yeHo)a\/E is the Hartmann number and C, and C, are two integrating
MU

constants which are to be determined.
The general solution of equation (33) takes in the form,

@ = Acosh(8,y) + Bsinh(8,y) + C cosh(é,y) + Dsinh(6, y), (35)
where
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_ 1 2, m2 2 22 8M*(1-N)H*
_ 1 _ 2, m21_ _ 2 m2 2_8m2(1—N)H2
and 6?2—\/5\/{(1 N)H"+m“} \/{(1 N)H“+m<} 2-N)

together with four integrating constants A, B, C and D.
Using the corresponding boundary conditions for @ in equations (34) and (35), the stream function

has the form

_ 1 (2=N)y2 2 :
y = M2 (1 N)[ o {(67 —m~)(Acosh(6,y) + Bsinh(4,y))
+(6? —m?)(C cosh(d,y) + Dsinh(6,y))}+C,y +C,] (36)

Applying the boundary conditions given in the equation (29) into the expressions « and y the values of
all the constants have been determined and are given in the appendix.
Thus, the expressions for the axial velocity u and stream function y are obtained as

oy _ 1

u= R Z—[Zl{Asinh(ely) +Bcosh(6,y)}+ Z,{Csinh(6,y) + Dcosh(6,y)}+C, ] (37)
and w(x,y) = %{%{Acosh(@ly) +Bsinh(6,y)}+ %{C cosh(6,y) + Dsinh(6,y)}+C,y + CZ} (38)

Now solving the equation (32) with the corresponding equation (38) , we get the magnetic force
function £ as

2
cxy)=R,EL —Bnl L1 eaginn(a,y) + Beosh(d,y)}
2 7,4
2
+%{c sinh(6,y) + D cosh(8,y)}+ cl% + Cz} +C,y+C, (39)
2

where the constants C, and C, are obtained so far using the boundary conditions (29) are also included

in the appendix.

The corresponding mathematical expressions for the axial-induced magnetic field and the distribution of

current density across the channel can be written, respectively, as follows.h, = %V =R,Ey-R,yw+C,
(40)

and

J,=R.E-R_u. (42)

The electric field strength E can be determined by integrating (32) and using the boundary conditions
on ¢ and y across the wall surface as
E= L

h (x) —h,(x)
Using equation ( 15), the relationship describing the pumping characteristics of the peristaltic flow in
terms of the axial pressure gradient is derived and may be written as follows.

3
op_ 1 0oy N aa)+

(42)

- 99 e -2y (43)

ox  (1-N)oy” (1-N) oy oy

With the help of equations ( 35) and (38 ), the axial pressure gradient governing the flow field is derived
and written in the following form.

P ;{Zﬂf (Asinh(@,y) + B cosh(8,y)) + Z,67 (Csinh(6,y) + Dcosh(6,y))}
ox  z,(1-N)

+ a NN){Ael(sinh(ely) +B@, cosh(4,y) +C8, sinh(6,y) + D6, cosh(6,y)}

+H2(E-u) (44)
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The pressure rise per wave length Ap in the non-dimensional form is given by
Ap = f@ dx (45)
0 OX

One of the characteristic features of micropolar fluids is that their stress tensor is non-symmetric, unlike
in classical viscous fluid theory. This asymmetry arises due to the micro-rotational effects of fluid
particles. Therefore, in the present analysis, the dimensionless shear stress components are represented by
the following expressions.

N (46)

TXY
d (1-N)
1 ou N
Ty = —+ @
(1-N)oy (1-N)
The numerical computations for the shear stresses z,, and z,, are obtained at both the upper and lower
walls of the channel and whose graphical representation is presented in the next section.

(47)

4 Computational Results

Analytical expressions for the flow and magnetic field variables—namely the axial velocity, pressure
rise, axial induced magnetic field, current density, wall shear stress, stream function, and magnetic force
function—have been derived in the previous section. To gain physical insight into the behavior of the
flow, numerical computations based on these expressions have been carried out. The input parameters
used for the computation have been adopted from the existing studies reported in the literature [7, 17,

25]: a=b=05, d=10, m=01, R, =001, =24, H=0.001,24816, N=0.2,04,06,08,

= 0,%,%,7[ and 4=0.0,0.5,10,1.5.

Figures 2-4 illustrate the variation of axial velocity for different values of the Hartmann number (H), slip
parameter (f), and micropolar coupling parameter (N). From Figure 2, it is evident that the axial velocity
decreases near the centerline of the channel as the Hartmann number H increases. This behavior occurs
because a stronger magnetic field produces a greater Lorentz force, which acts as a retarding force on the
fluid motion. As a result, the velocity of the fluid in the central region is suppressed. However, near the
channel walls, a slight acceleration in the fluid velocity is observed, which helps maintain a constant
volumetric flow rate for all values of H. This indicates that while the magnetic field redistributes the
velocity profile, it does not alter the overall flow rate through the channel. In Figure 3, the effect of the
slip parameter 3 on the axial velocity is presented. It is observed that as the slip parameter increases, the
velocity at the wall becomes higher, whereas the velocity near the center of the channel decreases.
Physically, this is because the partial slip condition allows the fluid to move more freely along the wall,
reducing frictional resistance. Consequently, a portion of the momentum that would normally be
dissipated at the boundary is instead retained within the fluid, leading to an enhancement of near-wall
velocity and a corresponding decrease in core velocity.

05
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FrxzzT]
U

O®HNO

[=]=Y=l=Y=)
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-1.5 -1 -0.5 0 05 1 15

Figure 2: Variation of axial velocity u for different values of H withN =0.4,¢=0.0,4=0.5
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Figure 3: Variation of axial velocity u for different values of gwithH =2.0,N =0.4,=0.0
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Figure 4: Variation of axial velocity u for different values of N withH =2.0,¢=0.0,5=0.5
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Figure 5: Variation of pressure rise AP with @ for different values of ¢ withN =0.4,H=2.0,5=0.5
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Figure 6 Variation of pressure rise AP with @ for different values of g with H=2.0,N =0.4,¢=0.0,

However, the trend is reversed in the case of the micropolar coupling parameter (N), as illustrated in
Figure 4. The presence of micro-rotational particles significantly influences the flow behavior by
introducing additional rotational motion, which enhances the effective viscosity of the fluid and alters the
velocity distribution across the channel. As the coupling parameter increases, the interaction between the
microelements and the base fluid becomes stronger, leading to noticeable modifications in the flow field.

The variation of pressure rise (Ap) with respect to the dimensionless volumetric flow rate (Q) is presented
in Figures 5 and 6. It is observed that the pressure rise varies linearly with the flow rate, indicating a
direct proportionality between these two quantities. Specifically, the pressure rise decreases linearly as
the volumetric flow rate increases, which is a typical characteristic of peristaltic motion under low
Reynolds number conditions. The pumping phenomenon can be categorized into three distinct regions
based on the sign and magnitude of the pressure rise (Ap):The region where Ap>0 corresponds to
pumping, further classified as positive pumping when Q>0 and negative pumping when Q<0; The region
for which Ap<0 is known as co-pumping; The case Ap=0 represents the free pumping condition. From
Figure 6, it is evident that the pressure rise (Ap) decreases with increasing phase difference (¢) in both
the pumping and free-pumping regions, while a transition occurs in the co-pumping region. A similar
behavior is observed in Figure 3 for different values of the slip parameter (). However, an interesting
feature emerges from the figure — in the absence of slip (i.e., when p=0), the magnitude of the pressure
rise is considerably higher. This indicates that the introduction of slip velocity reduces the resistance to
flow, thereby decreasing the required pressure to maintain the same volumetric flow rate.

-1

0=0.0
O=1/2
=314
2 F L b=m

X

Figure 7: Distribution of pressure gradient oP = ? for different values of ¢ with

X
H=20,N=04,=05
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Figure 8: Distribution of pressure gradient oP = ? for different values of £ with
X
H=20,N=04,§=0.0,
op

Figure 7 and Figure 8 show the variation of axial pressure gradient x along the length of the channel
X

in one wave length. Figure 7 indicates that the peak value of the magnitude of the axial pressure gradient
decreases with increasing phase difference ¢ . One can note from this figure that when the phase

difference is 180°, no change in the pressure gradient is observed. The peak value of the pressure
gradient shifted onwards along the phase difference ¢. Figure 8 depicts the variation of axial pressure
gradient with various slip parameters . It is shown that the magnitude of the pressure gradient gradually
decreases with the increase of the slip parameters £ .
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Fig. 9 Effect of axial induced magnetic field h, for different values of H with N=0.4,§=0.0,8=0.5

Figures 9 and 10 illustrate the influence of the induced magnetic field on the flow characteristics for
varying values of the Hartmann number (H) and the slip parameter (). As shown in Figure 9, the
magnitude of the axial induced magnetic field (hx) decreases with increasing Hartmann number. This
behavior arises because a stronger applied magnetic field enhances the Lorentz force, which suppresses
the fluid motion and, consequently, the generation of the induced magnetic component. In other words, as
the imposed magnetic field becomes dominant, the fluid-induced magnetic response diminishes. From
Figure 10, it is evident that the induced magnetic field is also significantly affected by the slip parameter.
An increase in the slip parameter leads to a further reduction in the magnitude of the induced field. This
is because the wall slip condition decreases the frictional interaction between the fluid and the channel
boundaries, thereby weakening the current generation mechanism responsible for inducing magnetic
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effects in the flow domain. It is also observed from these figures that the induced magnetic field (hy) is
positive near the lower wall, where the external magnetic field is applied, and negative near the upper
wall. This behavior indicates that the induced field circulates in opposite directions about the channel’s
centerline, forming two distinct magnetic lobes. These lobes represent regions of opposing magnetic
polarity resulting from the recirculating nature of the induced currents in the conducting fluid. As the slip
parameter increases, the centers of these lobes are observed to shift toward the channel walls, implying
that the induced magnetic activity becomes confined closer to the boundaries as wall slip effects intensify
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Figure 10: Effect of axial induced magnetic field h, for different values of £ with
H=2.0,N=04,§=0.0,

The distribution of current density J, for the variation of Hartmann number H and the slip parameter S
are illustrated in Figure 11 and Figure 12. Figure 11 shows that the current density becomes flattening
and decreases at the central region with increasing the magnetic field strength. Similarly, from Figure 12,
we observed that the current density also decreases at the central region of the channel, whereas it is
enhances near the wall with the increasing values of the slip parameter £.
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Figure 11: Distribution of current density J, for different values of H with N=0.4,4=0.0,4=0.5
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Figure 12: Distribution of current density J, for different values of g with H =2.0,N =0.4,4=0.0,

Figures 13—15 exhibit the distribution of wall shear stress z,, with the variation of slip parameters £,

phase difference ¢ between the walls of the channel and the micropolar coupling parameter N. We
observe from Figure 13 that the magnitude of the wall shear stress decreases with an increase in the slip
parameter . The magnitude of the wall shear stress is always greater in the case of no-slip velocity
condition at the wall. It is interesting to seen from Figure 14 that the magnitude of the shear stress on
both the walls decreases with the increase of the phase difference ¢. However the peak value of the wall
shear stress shifted backward direction as the wave train moves on the forward direction. Therefore, the
asymmetric channel has a significant impact on the wall shear stress. The non-Newtonian effect for the
micropolar fluid due to the coupling parameter N has also significant role in controlling the distribution
of wall shear stress as shown in Figure 15. We observe that as the coupling parameter N increases, the
magnitude of the wall shear stress decreases.
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Fig. 13 Variation of 7, along with the co-ordinate x for different values of g with H=2.0, N =04,
$=0.0
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Figure 14: Variation of 7, along with the co-ordinate x for different values of ¢ with H =2.0,
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Figure 15: Variation of 7, along with the co-ordinate x for different values of N with H =2.0,4=0.5
, $=0.0

It is known that the phenomenon of trapping is the formation of an interesting circulating bolus of the
fluid is a region of closed streamlines that move with the speed in the wave frame. Owing to the trapping
phenomenon, there will exist stagnation points, where both the velocity components of the fluid vanish in
the wave frame. To see the effect of various non-dimensional parameters on the streamlines are depicted
in Figures 16—23. We observe from Figures 16—18 that the formation of trapped bolus decreases in size
and vanishes with the increase of the slip parameter £ . In the presence of strong slip velocity the trapped
bolus eliminated and the streamlines become parallel to the channel walls. Similarly from Figures
19,17,20 and 21 we have seen that trapped bolus decreases significantly as the magnetic field strength
increases. It is interesting to note from Figure 17 that when ¢ =0, the bolus appears and moves towards
left with decreases in size as the phase difference ¢ increases as shown in Figure 22. However, when
¢ =, the trapped bolus completely disappear and streamlines aligned parallel to one another as
presented in Figure 23.
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y
Figure 16: Streamlines pattern (v ., = 0.40945,y.;, = —0.40945) for £ =0.0 with ¢=0.0, H =2.0,
N=04
-04 : i, RED
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Figure 17: Streamlines pattern (., = 0.2587,y;, =—0.2687) for #=0.5 with ¢ =0.0, H =2.0,
N=04
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Figure 18: Streamlines pattern (v ., = 0.20054,y ;. =—-0.20054) for £ =1.5 with ¢=0.0, H =20,
N=04

[JCRT2511191 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | b549


http://www.ijcrt.org/

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 11 November 2025 | ISSN: 2320-2882

Y
X
Figure 19: Streamlines pattern (., = 0.29177,y;, =—0.29177) for H =0 with ¢=0.0, N =04,
p=05
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Figure 20: Streamlines pattern (., = 0.22518,y,;, = —0.22518) for H =4 with ¢=0.0, N =04,
p=05
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Figure 21: Streamlines pattern (., = 0.20742,y;, = —0.20742) for H =6 with ¢=0.0, N =04,
p=05
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Figure 22: Streamlines pattern (., = 0.23978,y;, = —0.23978) for ¢ = /2 with H =2.0, N=04,
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Figure 23: Streamlines pattern (v ., = 0.22099,y;, = -0.22101) for ¢ =z with H=2.0, N =04,
p=05
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Figure 24: Distribution of magnetic force function ¢(x,y) for £=0.0
with N =04, ¢=0.0,H=2.0
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Figure 25: Distribution of magnetic force function £(x,y) for f=0.5
with N =04, ¢=0.0, H=20
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Figure 26: Distribution of magnetic force function ¢ (x,y) for =15
with N =04, ¢=0.0, H=2.0

The variation of the magnetic force function for different values of the slip parameter (P) is illustrated in
Figures 24-26. It is observed from these figures that the number of magnetic force lines decreases as the
slip parameter increases. This indicates a reduction in the magnetic field intensity within the flow region
due to the enhanced wall slip, which weakens the interaction between the fluid motion and the magnetic
field. The study of Shit et al. [17] reported that, in the presence of a low magnetic field strength, the
magnetic lines of force are concentrated predominantly in the central region of the channel. However,
these lines tend to disperse and diminish as the Hartmann number (H) increases, reflecting the
suppression of induced magnetic effects by a stronger applied field. A similar trend is observed in the
present analysis for the case of increasing slip velocity. Therefore, both the magnetic field strength and
the wall slip parameter exhibit analogous influences on the magnetic field distribution. The introduction
of slip at the channel boundaries reduces the shear interaction between the fluid and the wall, leading to a
weaker induced magnetic response and consequently fewer magnetic force lines across the channel. This
demonstrates that the slip mechanism and magnetic field effects act in a complementary manner, both
tending to diminish the overall magnetic influence in the flow domain.

5 Conclusions:

The combined effects of slip velocity and induced magnetic field on the peristaltic transport of a
micropolar fluid in an asymmetric channel have been analyzed under the long wavelength and low
Reynolds number approximations. The present investigation has focused on examining how the slip
condition at the wall and the induced magnetic field influence the transport characteristics of a
physiological fluid. The major findings of this study can be summarized as follows:
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» The axial velocity in the central region of the channel decreases with an increase in both the
Hartmann number (H) and the velocity slip parameter ().

» The viscosity parameter exhibits an enhancing effect on the axial velocity near the channel center.

» The asymmetry of the channel, introduced through the phase difference between the upper and
lower walls, leads to a reduction in the magnitude of the axial pressure gradient.

» The slip velocity and induced magnetic field produce similar influences on the streamline
patterns, both tending to alter the flow structure in comparable ways.

In conclusion, the present theoretical analysis provides valuable insights into the mechanisms governing
magnetohydrodynamic peristaltic motion in micropolar fluids. These findings may serve as a useful
reference for biomedical engineering applications, particularly in the design and optimization of
magnetically controlled peristaltic pumps, blood flow modeling, and microfluidic transport systems.
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Appendix

The expressions that appear in section 3 are listed as follows:
—[Bsmh(eh ) +Ccosh(é,h,) + Dsinh(&,h )]

cosh(éh,)
B = 228 _Czso — DZ31 C= Zs9 DZ41 D= Z40236 _237239
Z s Ly Zilog—Lly
C,=-Hz,+2,A+Z2,B+72.C+Z7,D],

C,=2, %—%[Acosh(&lhl) . Bsinh(@lhl)]—%[c cosh(6,h,) + Dsinh(6,h)]—C,h,

2

_ h’-h) Rm Z,
C3_(h2—h1)[RmE{ 2 J 7. Lgz (AGINN(G) —sinh(6:h,)) + B(cosh(6ify) — cosh(6h, )

+%(C(Sinh(92hl)—Sinh(@zhz))+ D(cosh(6,h,) —cosh(8,h,)))]+C, (h? - 2 )]

2
2
C, =—-RmE —= y R—[é(Asmh(é?h ) +Bcosh(é,h))+— Z, 5 (Csinh(6,h,) + Dcosh(6,h,))
2 Z, 0} 0? £ =07 —m
2 1 1 '

+C, h2 +C,]-C;h,,

2—-N)¢0 2—N)¢&,0
§2=922_m2120:H2(1_N)1 Zl:( mz)é:ll, 22:( 2522’

m
Z,=Z,sinh(6h)+ pZ,6,cosh(@h), Z, =Z cosh(6h)+ SZ,6,sinh(6,h),
Z.=27Z,sinh(6,h)+ pZ,0,cosh(6,h), Z, = Z, cosh(6,h) + pZ,0,sinh(6,h,) ,
Z, =Z,sinh(6h,) - pZ,6,cosh(6h,), Z, = Z, cosh(&h,) — FZ,6,sinh(6h,),
Z,=Z,sinh(6,h,) - pZ,6, cosh(b,h,), Z,, = Z, cosh(6,h,) — 5Z,6, sinh(6,h,),
Z,, =cosh(g,h)—cosh(gh,), Z,, =sinh(6h)—-sinh(gh,),

Z,, = cosh(6,h,) —cosh(6,h,) , Z,, =sinh(6,h))—sinh(6,h,),

Z, - 2,y Z,— Z,Z,, Z. - 2,2, . — Z,Z,,
_ 6,(h, —h2) _ 6, (h, —h2) _ 6,(h, —h2) _ 6,(h, —h2)
Z = 7 , Ly = 7 VAR 7 v Lyg = 7
0 0 0 0
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, L7y 77, , Lyl
__F _ " 6M-h2) o 6 (h-h2) " 6,(h—h2)
Zlg - ! 20 © ! ZZl - ! ZZZ - '
(h, —h2) Z Z Zy
_ Z2214
©9,(h,—h2) .
Z,= ZZ , Z,, =cosh(gh)+Z,,cosh(@h), Z,, =Z,sinh(gh)—-Z,,cosh(6h)
0

Z,, = Z,.cosh(d,h)—-2Z,,cosh(@h), Z,, =Z,.sinh(6,h)—-Z,, cosh(Eh,),

Z,, =cosh(éh,)+Z,,cosh(8h,), Z,, = Z,;sinh(&h,)—-Z,,cosh(6h,),

Z,, = Z, . cosh(6,h,)-Z,,cosh(dh,), Z,, = Z,;sinh(6,h,)—Z,, cosh(éh,),

Ly =(Zis=Z) = Zig(Zyy—2Zs5) s Loy = (ZogZss = ZisZy1), Loy = (LooZs; = ZisZ5,)
Zos = (Zp0Zig—Z1sZp3) s Lag = (LogZoy = ZpsZsg) s Ly = (Zo9Zps = LpsZs) s

Loy =(Zpglyy —LyZy), Loy = (LagZoy = ZpsZ3y)  Lag = (L3glys =L psZy,)

2y = (Zyly = ZysZy).
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