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Abstract: The synergistic interplay of ciliary motion and Magnetohydrodynamics (MHD) in facilitating the peristaltic
transport of nanofluid presented a transformative approach for bio-applications. Our research enhanced medical diagnostics
and increased the precision of drug delivery. Our analysis also examined the interactions between cilia-induced fluid
motion and the influence of magnetic fields on nanofluid flow in a vertical endoscopic tube. A Mathematical model was
created and solved through analytical as well as numerical procedures. We examined the impacts of involving factors on
flow efficiency, heat transfer and particle dispersion. The results indicated that coordinated action of ciliary beating and
magnetic field gradient significantly enhanced fluid propulsion and control. Our research indicated that combining ciliary
mechanisms with an MHD-driven nanofluid system improved the movement of biofluid in a clinical situation. Magnetic
force is observed to reduce velocity while buoyancy force tend to tends to increase it. A wider section of the tube exhibits a
lower pressure gradient and facilitates smoother fluid flow with reduced resistance.
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Nomenclature
57 w Velocity profiles
c Concentration
(0} Volume fraction of nanoparticles
Ny Brownian motion parameter
N Thermophoresis parameter

Qo Heat absorption
D, Molecular diffusivity

Re Reynolds number
Gr Grashof number
6 Non-dimensional temperature
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1. Introduction

Innovative methods are necessary to enhance efficiency and precision due to the complex dynamics of biofluid
transport in constrained biological systems. Ciliary motion refers to the synchronized beating of hair-like structures and is
a natural mechanism essential for enabling fluid passage in biological channels. Such approaches combine the unique
thermophysical characteristics of nanofluids with concepts from Magnetohydrodynamics (MHD), utilizing magnetic fields
to influence electrically conductive fluids.

Fatima and Asghar [1] examined the dynamics of fluid flow resulting from a pressure gradient generated by peristaltic
waves. Tanveer et al. [2] conducted a theoretical analysis of peristaltic blood flow for a non-Newtonian fluid influenced by
MHD effects. Javid et al. [3] studied biofluid peristaltic motion within a divergent complex wavy channel. Elboughdiri
et al. [4] investigated peristaltic pumping of hybrid nanofluid with magnetic device effects for applications in human
endoscopy. Devakar et al. [5] analyzed magnetohydrodynamic effects on the peristaltic flow of couple stress fluid in an
inclined tube with endoscope effects. Asha et al. [6] examined entropy generation and radiation effects in hyperbolic
tangent fluid with hybrid nanoparticles during peristaltic transport through an endoscope.

The Sisko fluid model represents an important non-Newtonian framework describing stress-strain behavior and is
widely applied in hydrodynamic systems to reduce friction. Jawad et al. [7] explored magnetic field effects on Sisko
nanofluid thin film flow over a stretching surface. McCash et al. [8] investigated chemical reaction and activation energy
effects in Sisko fluid over a curved surface. Shaheen and Asjad [9] studied the peristaltic flow of Sisko fluid with viscous
dissipation over a convectively heated surface.

MHD examines the flow behavior of conducting fluids under magnetic phenomena, focusing on the interaction
between magnetic fields and electrically conductive fluids. Mumtaz et al. [10] performed a thermal performance analysis
of quaternary hybrid nanofluid considering radiative and Joule heating effects. Alharbi et al. [11] provided exact solutions
for non-Newtonian blood flow with nanoparticles in porous arteries. Kumar et al. [12] utilized artificial neural networks
for mass transfer and bioconvection analysis in radiative Eyring-Powell flow. Arshad [13] analyzed MHD hybrid nanofluid
flow in a rotating system with thermal radiation effects. Ayub et al. [14] discussed biological interactions between
microswimmers and cross fluid with inclined MHD effects. Tanveer and Ashraf [15] investigated mixed convection flow
of Sisko nanofluid with entropy generation and Joule heating. Bahnasy and Abdel-Wahab [16] developed a mathematical
model for suspension fluid flow under flexible endoscopy effects.

Rafiq et al. [17] evaluated activation energy and variable property effects on peristaltic flow through a porous wall
channel. Abbas et al. [ 18] examined the peristaltic transport of Casson fluid in a non-uniform inclined tube using Rosseland
approximation. Hafez et al. [19] studied MHD peristaltic transport of Casson fluid on an inclined plane. Mahendra et al.
[20] performed entropy analysis on bioconvective peristaltic flow involving gyrotactic microorganisms in an Eyring-Powell
nanofluid. Abdelhafez et al. [21] investigated magnetic field effects on blood peristaltic flow in an asymmetric channel.
Alhazmi et al. [22] studied thermal convection in nanofluid for peristaltic flow in a nonuniform channel. Fatima et al. [23]
explored electro-osmotic and thermal energy influences in tri-hybrid nanofluid for artificial olfactory cilia. Asghar et al.
[24] analyzed the Ellis fluid model in a complex divergent channel, emphasizing rheological characterization for flow
stability prediction. Sadaf et al. [25] developed a mathematical model for cross-fluid motion in a peristaltic channel with
viscous dissipation and MHD effects. Asghar et al. [26] investigated the electro-fluid-dynamic behavior of soft-bodied
organisms navigating mucus with diverse rheological properties, providing insights into bio-propulsion in nonlinear viscous
environments.

The investigation of a biorheological fluid within the context of electro-magneto-hydrodynamics is examined from a
theoretical perspective and utilized external fields of electricity and magnetism in fluid mechanics. MHD directly converts
heat energy into electrical energy without involving mechanical processes. Our objective is to introduce an approach
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for an MHD Prandtl fluid. By varying the material parameters, the Prandtl fluid exhibited a range of characteristics,
particularly in the context of non-Newtonian fluid, which justifies its consideration. The nanofluid model of peristaltic
flow in a vertical endoscopic tube has not yet detonated. As a result, we have emphasized the peristaltic flow of nanofluid
in a vertical endoscopic tube in the current study. A model of the two-dimensional nanofluid governing equations in a
vertical endoscopic tube that takes curvature into account is created. The simplified highly nonlinear partial differential
equation is solved analytically using the homotopy perturbation method, following nondimensionalization and with the
assumptions of the long wavelength and low Reynolds number approximation. Finally, graphs are plotted to discuss the
physical phenomena.

2. Mathematical formulation

In a vertical endoscopic tube, evaluate the non-Newtonian Prandtl nanofluid peristaltic flow. The flow is driven by
sinusoidal waves moving on the tube walls at a constant velocity. The flow pattern of the configuration is presented in
Figure 1. The outer tube features sinusoidal waves on its wall, maintaining a constant temperature and the inner device is
rigidly held at an exact temperature. The wall surface geometry is given as follows:

=i

1= by,

—= 27 (= =
R2=b2+esin7 (Z—Cﬂ).

Where e is a wave’s amplitude, A is a wave length, ¢ is the speed of waves, 7 is the time, and by and b, are the outer
and inner tube radii, respectively.
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Figure 1. Physical phenomenon model
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With the transformation create a wave element (7, Z) that is moving away from the constant frame (E E with velocity

Cl’

<l
Il
S

Z=7Z—cf, 7=R, w=W-—c,

The cilia tips’ mathematical equation is provided in the manner

=l
Il
=l

—F(Z.1) = [a +bacos (2;) (al - ct)] :

= =/= = = 2
Z=G (21, Z, t) =7, +cabeos (f) (1 — ).

Ciliated tube radius is a wavelength represented by A. ¢ is the mean Wave speed. Non-dimensional metric concerning
cilia is represented by c. Elliptic motion of tips of cilia is measured by eccentricity, which is represented by . Velocities

caused by cilia tips are mathematically written as

= 93| oh Jh 9% 0% di=
W=—=|Zo=7=%+= ===+=W,
ar ot Jz di oJif OX
or ot 0z 9if 0Ji OX
= ( )(EBabsm(MZ (Z—cf)) 3L,
— (%) (caaccos (3F) (Z— <))
- (42) (eBabcos (2£) (z1 — cl?)) _
U=- == at F=H.
1—(3%) (eawaccos (3F) (z—ci))

Following are the basic equations for momentum, continuity, and nanoparticle concentrations: [9]

QU oW
v aid (1)
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The associated boundary conditions on the wave frame are:

W=—cy, at F =" 3)

Z Z R G w W
2{ b 2{ b a27 r az b Cl b W Cl b
A0 Aa asP (T_T1> cif
U:7> = — T A 9_ — — ) t:77
arcq ancq Cl)L (TO Tl) A,
(¢-¢) .
§=2 Re=PY%2 s =" _1¢sin0m)
A u (CO—C1> as
k (pc)pDr (Eo —El) (pc)pDp (Eo —a>
o = 9 N; = 9 Nb - ’
(pe)s” (PC) fa (pc)s
o gOCCl% (?O —?1) gaa% (Eo —El)
M == EB()(X, Gr = T, Br == V—2 (4)

Where the parameters of thermophoresis, Brownian motion, Grashof number, and Brinkman number are, respectively,

Np, Ny, G, and B,.
With the help of the Equation (5) when Equations (1) to (4), a simplified equations are:

u u 87w:0 5)

LRI
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=0 (6)
%’: = %% (rS;.)+G,0 +B,c—M*(w+1) (7
i;r(rg(:) +Nb%g—f+1\lt <‘3(:)2:0 (3)
SRR )

7 W W 3
Where sz =0 (W) +ﬁ (W) .
Using Equation (7) and the value of S5

D - -\ 3
E (5 e () ) ) reosmo-sinin o)

3. Approximations by homotopy perturbation

To the analytical solution for velocity, the homotopy perturbation approach is applied.

H(gq, w) =L(w) —L(Wo) +gqL(Wi0) +q

—Mz(w—&—l)}

- -\ 3
L(w) = L(W10) —qL(Wi0) — ¢ [ijy (V <a?: +B (?:) )) +G,0+B.c— (Z—S—Mz(erl) .

Here, L is the linear machinist, and L =
Let us define:
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(11)

%;—R (R;—R) and g € [0, 1] is a parameter in embedding.

w:wo—i—qwl—i—qzwz—l—m
P=P1+C]P2+6]2P3+"'

F=Fy+qFi +¢*F+---

3774 | Zil-e-Huma, et al.



The associated boundary conditions are:

w=-1, 6=1 and o=1 at r=ry,

w=-1, 6=0, and o6=0 at r=r,=1+¢@sin(27z). (12)

The initial guess that meets the boundary criteria listed in Equation (13) is:

2
Wio = —1 —27 € Srecos(27z) + P, {Slnr+ % +T} : (13)
Where
2_ 2 2 _ 2
_ (B—r7) T rilnry —rylnr andP():%.
4(Inry —1Inry) 4(Inry —1nry) 9z

By solving Equation (8) and (9) while taking into account the boundary conditions listed in Equation (13), we get the
solutions for temperature and concentration profile as follows.

4. Exact solutions of temperature and concentration profile

From Equation (8), we solved the above equations by exact solutions such as:
102 (30NY N (19 (,98Y)_,
r\or\ oJr Ny\ror\'or)) 7
d ( do N, (0 [ d6
—|r=—)=—=(=(r=—1,]).
dr \' dr N, \dr \ dr

Integrating both sides w.r.t “r”,

do_ N (00)
r&r_ N r&r n

N,
0=——L0+ciInr+c;. (14)
Np
Using Equation (12) for the integration constant values,

N,
1= _ﬁ; “+c (lnr1 —1n}’2),
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L+ 3

(lnr1 — lnrg) ’

L+ 5
o=—|——"""—]nn.
Inr; —Inr

c] =

Entering ¢| and c¢; values in (14),

N,
6=——L0+h(z)Inr+hy(z). (15)
Np
Where
h l+% dh l+% 1
l(Z)—Cl—maﬂ 2(2)—02—_ m nra,
hy(z) = c; = —hi(z)Inrs.
Taking Equation (9),

(0 (00V) (20 (29 (29Y_,
r\ar\'or P\ or ar "\or)
Using Equation (15) for the value of o,
1(d (96 26 N; 96 ) ) 20\’
(5 05)) = m(5) (-5 +m g+ 5 0men) - (5)

Integrating both sides w.r.t “r”,

26

rﬁ =—h (z)NbB(r, Z) +h2(z)7
00
ma(2) = r 2 Ny (01 2) 1o
Let x = Inr, than % = %,
¢ =" thanr = ¢*,
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f{hz(z)} =< {I”g? +th1(z)9(x, Z)},

hz(z); =[s0(s, z) — 0(0, 2)] + Nph1(z)0(s, 2),

hzs(z) = 8(s, 2) [s+ Nyl ()] - 0(0, 2),
0(s,2) & P

- S[S—I—Nhhl] B [S-Fthl]’
s s -1 M
2 sy =2 {s(s+th1)}+g {(S+th1)}’

9()6, Z) = hszl { } =+ 9(07 Z)efN,,hlx. (17)

S(S+N},h1)

Putting values in Equation (17),

Volume 7 Issue 3|2026| 3777

1 1
sNyhi — Nphy (s+Nphy)

0(x, ) = ! { } 1 6(0, ) Mohre,

009 = g2 (1= () ™) + 001, () 4
0(r2) = ﬁ (1= (™M) - 0(1, 2) () 7,

h _ _
1=—— (1—r1 Nhhl) +0(1, 2)r, MM,

Nphy
hy —Nyh ( hy )
-2 =M (2 a1, ) ),
Nphy ! bhi (1,2)

Contemporary Mathematics



Where A (z)
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- (2)"
(r, z) N
(3
N,
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2 B
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-(3)
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Nyh
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(r2) Np 1_(r2>th' "
r

= Inrj—Inr, °

5. Solution for homotopy perturbation

The homotopy perturbation approach is used to get the velocity field and pressure gradient solution.
Putting w = wo + gw; +¢*wa +--- and P = P; +¢qP> + ¢*P3 + - -- in Equation (11)

L(wo+qwi+ q*wa+---)

d
= L(WIO) _qL(WIO) —q |:(: <ar (W0+qwl —|—q2W2+)>

(18)

(19)
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P 3
(ar (wo +gqwi +q2wz+---)) +G,0+B,c

_Mz((W0+61W1+6]2W2+~--)+1) —(%(Pl—s-qP2+q2p3+...) )

After comparing we get these solutions.

5.1 Zeroth order solution

2
Wo = —1— 27 € Srcos(2mz) + P, {Slnm % T T} (20)

5.2 First order solution

r3 2 3
wp = — (éPorZOCJr;POSOClOg[”}) - <;P5 <(3)+6(rh)S 1(23 B 38(Sr3)> ﬁ)

: (6"
G(r?) | =2+ MmNy + 255
-
o — | —2rh; +rlog {f} hy+
4 (—1 + (é)h‘Nb) (—2+hiNy) b

a

b\INp (2
- b h.i(’) o) - <1M2Po ()~ %MZPO (P)S+ %MZPO (AT
(_1+(5) )Nb(z_thb)(_2+h1Nb)

bt
et
—
<
to
N

_ L2 Ln 2 (P I SR U S
2M 7 (r*) y8ecos[2mz] + 4M Py (r*) Slog|r] y) + “logla] 1+ 1oglb] i M~ Py

2 = 2 =
a-pl  b°pl 1, , [ L5 5 Lo s L,
B MRS + —BEMEPYS 4+ ~a*MPPyT — ~b*MPPyT + —a* Pyt
4 4 e MRty 05+ g Ml =g ol gt

1 1 a’ 125 853 1 b’ 1252 853
— PP+ =P’ (= +6(a—hS— — - |B—-P> | =+6(b—h)S— —— — —
vt g (5 +sta-ms— 2B Y g in (G wso-ms- - 55 ) p

1 1 1
+4nZmedycos — §a2M2Ey5€cos[27rz] + EszZﬂ:y(S(cos[an] + ZazMzPoSlog[a}

1 2 1 1
+5RSalogld — R (‘; +T +Slog[a]> - szMngSlog[b] — 5 RSalog[b]
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C

b2
+P0(4+T+Slog[b]> —2ahy +2bhy +alog [g} Iy @1)
Adding Equations (20) and (21), the solutions for velocity field can be written as for g = 1:

w=wo+gwi+---

2 1 1
w=—1-2m € drcos(2nz)+ P, {SlnrJr % +T] =— (8P0r2a+ 2P0Soclog[r}>

(1 () . 128 8§° | (s,
<8Po< 3 +6(r—h)S B 3(r3)>l3> 4(_1+(§)h1Nb)(_2+thb) ( 2rhy

r B (rz) N, B (%)/’HNb (I,Z) N, - i )
o [b}hﬁ“(—“(ﬁ)"'%)fvﬁ(—1+<Z>h‘Nb)Nb<2—h1Nb>(—z+h1Nb>) ()

Y 2 L N Lio o 1 2 7151(r2)
M>Py (r )S+4M P (r°)T 2M m(r )y5€cos[27rz}+4M Py (r*) Slog|r] )

1 U s Uyyn,  @pl Dpl 1, 5 Lon
—(—a*M*Py— —b*MP 2P PMPRS + ~bPMPPyS
+< “log[a] + log[h] (64“ 07 64 0ty 4 gty 0

1, , 1, 5 1, 1, 1 (a 125 853
—a*M*RT — ~b*M*RT + -a*Pyo. — <b*Poa+ <Py | —+6(a—h)S— — — —
+4a 0 1 0 +8a (4 3 OOHS 0 3+ (a—h)s P 34 B

1 5 (b 128> 858 1
— ng <3 +6(b—h)S——— - 3b3> B +4nzmedycos —EazMzny&cos[an]

1 1 1 2
+ EszZﬂ:yﬁfcos[an] + ZaZMZPoSlog [a] + EPOS(X log[a] — Py (C; +T+ Slog[a])

1 1 b?
— Jb M RoSloglb] — S RSaloglb] + Py <4 4T +Slog[b]) —2ahy +2bhy +alog m hy - 22)

The frictional force F and pressure rise AP on the inner and outer pipes Fy, F; are calculated by:

1
AP — / P . (23)
0o dz
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b 2
Fo :/ r (—1 —2medycos[2mz] + (Slog[r] + rz + T) Po) dr, 24
h 2_p2 r2 —h? 1 5,4 .4 L s(6 16 2
A () e () e (o) = (38 () )
U o) (G-I (BN (B4 -r)N,
+<16Gh (r h)) ( 64 + 16N, 64N,

Where ‘j—f is defined in Equation (23).
In dimensionless form, flow rate can be expressed as:

2 b2 B 4 b4 2T bZT
Fy= % -5 + a*mydecos[2nz) — b*mydecos2nz) 4 Py (?6 t16~ aT +t—
1, 1.,
+S —24 (—1+210g[a])+1b (—1+2log[d]) | |, (26)
Gh® Py 1 ¢ o WP 1, BN, 1
Fl= ——— 4+ 24 —1°M?Py— —— + —h*M*naSecos|2mz) — —n°p;
! 9% 16 196 b= gl M madccosprdl =5 ot 4 Gehty an
+ ih8Pga3a12 (27)
512 ’
F = FO +F17
2 2 4 4 2 2
_a b 2 2 = a  b* a’T b T
F = 7~ ta nydecos[2nz] — b nyﬁecos[an]—FPo( TRETI >
+S —1a2(—1 +2loga]) + 1172(—1 +2log[p]) | ) — G + "R + L spep, - il
4 BTy & 9% ' 16 96 16
1 Bh®N, 1 1
~h*M*madecos2mz] — L+ —h°R; ——hPoza?. 28
+8 Todecos[2mz] 96N, +96 0a1a2+512 5 03007 | (28)
The following terms can be used to define the pressure gradient:
a _ 16 F+ hj +h*radecos|2mz) + G—hé - @ - ihéle3 - lh4M271'065€cos[27r ]
dz W 2 9T\ 16 96" " 78 :
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Stream functions define velocities as follows:

_ (oY i wol(o¥
“= r \ dz an w_r or )’

The solution of the stream function can be written as:

3 1 3 1 Pt 1 Gro
= L 2GR SRPR + MPR R+ — G+ L p2aRpyt — 2
4 2 128t T T g e T 07" ™ 384

1 1 1
+ @MzPor6 —nr*adecos[2mz] + thMznr2a6€cos[27rz} - §M27rr4a6€cos[2nz]

3Bh*r’N,  BR**N, BN, 1 4 5, | I I ¢ s 5
— — —h'Pyroajon——P’roajon+—nhP’roao
128N, | 64N, 384N, 64 00T o 0T 0t a0t 000
Py’ r3 a0
_ Rrtasat (29)
1536

5.3 Limitations

The study examined two-dimensional laminar flow of a Newtonian base fluid with constant viscosity that is
independent of temperature, which may diminish its practical relevance. While the 2D flow assumption simplifies the
model, it fails to account for three-dimensional effects that
occur in complex geometries typical of real bio-convective systems. By restricting the analysis to laminar flow, the
study overlooks potential turbulent interactions that can arise in high-velocity MHD nanofluid conditions. Furthermore,
the assumption of a Newtonian base fluid disregards the non-Newtonian characteristics commonly found in biological
fluids, which may compromise the accuracy of analyses regarding ciliary-driven transport. Additionally, neglecting
temperature-dependent viscosity may result in an underestimation of thermal effects in heat transfer applications.

6. Results and discussions

We solved the governing equation and developed the results in graphical form. We debated the mechanical behavior
characterizations of a non-Newtonian Prandtl fluid in a vertical endoscopy tube when the effects of the following parameters
for the problem are fluid parameter, magnetohydrodynamics, Grashof number, thermophoresis parameter, Brownian
motion, Brinkman number, inner tube radius and amplitude ratio. Figures 2—5 show the effects of temperature profile and
concentration. Figures 23 illustrate how the temperature profile increases as the magnitudes of N; and N, in the base fluid
increase. According to these graphs, the temperature peaks close to the tube’s outside edge. In conclusion, graphs explain
that both parameters shed light on how particles behave inside a fluid. The thermophoretic parameter concentrates on
the impacts of temperature gradients, while the Brownian parameter focuses on the consequences of arbitrary thermal
movement. Thermophoresis and Brownian motion arise from the thermophoretic force that drives nanoparticles from the
hot region toward the cooler region. The results enhanced the thermal boundary layer thickness and increased the fluid
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temperature. The curve indicated that stronger thermophoretic effects promoted better heat distribution within the fluid.
The concentration profile is illustrated in Figures 4-5. The concentration profile increased with rising N, in the base fluid
and decreased with increasing ;. We concluded that as N, increased, the distribution of nanoparticles in the base fluid
also increased while the concentration profile decreased with the influence of N;. The motion of the particles is influenced
by the random thermal movement of the fluid molecules. Figures 6—9 show the velocity profile variations caused by the
various components of the issue. Figures 6—7 revealed the impacts of thermophoresis and magnetic field on the velocity
profile amplitude. The increase in the thermophoresis parameter leads to a reduction in the amplitude of the velocity profile.
The fluid decelerates with increasing »;, indicating that stronger thermal-particle interactions are resisting the flow.

The trend indicates that thermophoretic forces influence momentum transfer by reducing flow velocity near the peaks
and troughs of the wave. A rise in the magnetic parameter M (magnetohydrodynamic effect) decreases velocity throughout
the domain. Magnetic force created a Lorentz drag that opposed motion which is reflected in the reduced peak velocities.
Such a type of damping effect becomes more pronounced at higher values of the magnetic parameter M which highlights
the resistance of the magnetic field conducting in nanofluid. Figures 7-8 illustrated that the velocity profile decreased
as the effects of the amplitude ratio ¢ diminished. An increase in the magnitude of the variables B and N led to a rise
in velocity at every location within the zone. As depicted in Figure 9, the velocity profile increased with rising Grashof
number. The figure indicated that buoyancy forces significantly influence the region r € [0.6, 1.4] which resulted in a
increase in the velocity profile with higher Gr values. Increased internal heat generation raised the fluid temperature
which altered the buoyancy force and modified momentum. The resulting thermal energy induced greater fluid resistance.
Stronger thermal gradients promoted flow acceleration.

Figures 1013 illustrate the properties of the pressure gradient dP/dz for various wave forms and different types of
waves. Figure 10 illustrates that as the thermophoresis parameter (&;) increased, the pressure gradient profile exhibited a
higher peak. The stronger thermophoretic forces contributed to increasing pressure buildup along the channel. Figure 11
indicated that larger values of the geometry/stretching parameter (b) led to a significant increase in the peak of the pressure
gradient. This rise in pressure gradient peak implied that geometric stretching enhanced resistance in the axial direction.
Figure 12 presents the impact of Brownian motion on pressure variation. Increasing the Brownian motion parameter N,
led to an increase in pressure variation. Brownian diffusion effects strengthen local pressure fluctuations which enhance
the momentum exchange. Figure 13 illustrates thermophoresis effects on the pressure gradient. An increase in N; led to
more pronounced spikes in the pressure gradient. The thermophoresis induces localized steep pressure changes. A bolus
moves at the speed of a wave and progresses through the peristaltic wave in a process known as trapping. A bolus becomes
entrapped by expanded streamlines within the wave frame. Figures 14—16 displayed the streamlines for square, triangular,
trapezoidal, sinusoidal and multi-sinusoidal waves. These graphs demonstrated that bolus size decreased in triangle waves
when compared to other waves.
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Figure 2. Temperature profile for Ny, z=10.9, ¢ = 1.2, r; = 1.1 and N, = 1.35
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Figure 6. Velocity profile for N,
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7. Conclusion

Our research focused on peristaltic transport of Prandtl nanofluid specifically examining the combined effects of heat

transfer and MHD. Key findings include:

* Precise control of nanofluid flow facilitated ciliary oscillation along with MHD force which enhanced the fluid
propulsion and particle dispersion for targeted medicinal intervention.

* The temperature gradient increases in steepness with higher N, and particle movement under the temperature
gradient enhances heat transfer.

* The influence of N, is more pronounced near the boundary which indicates a greater level of nanoparticle agitation
and enhanced energy transport.

* Thermophoresis and Brownian motion play a significant role in influencing the internal pressure distribution as a
result of nanoparticle movement.

» The trapping bolus size of the triangular wave is smaller compared to other wave types.
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