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ABSTRACT: This study rigorously examines the interplay between viscous dissipation, magnetic effects, and thermal
radiation on the flow behavior of a non-Newtonian Carreau squeezed fluid passing by a sensor surface within a
micro cantilever channel, aiming to deepen our understanding of heat transport processes in complex fluid dynamics
scenarios. The primary objective is to elucidate how physical operational parameters influence both the velocity of
fluid flow and its temperature distribution, utilizing a comprehensive numerical approach. Employing a combination
of mathematical modeling techniques, including similarity transformation, this investigation transforms complex
partial differential equations into more manageable ordinary ones, subsequently solving them using the homotopy
perturbation method. By analyzing the obtained solutions and presenting them graphically, alongside detailed analysis,
the study sheds light on the pivotal role of significant parameters in shaping fluid movement and energy distribution.
Noteworthy observations reveal a substantial increase in fluid velocity with escalating magnetic parameters, while
conversely, a contrasting trend emerges in the temperature distribution, highlighting the intricate relationship between
magnetic effects, flow dynamics, and thermal behavior in non-Newtonian fluids. Further, the suction velocity enhance
both the local skin friction and Nusselt numbers, whereas the Weissenberg number reduces them, opposite to the effect
of the power-law index.

KEYWORDS: Homotopy perturbation method; squeezed flow; Carreau fluid; sensor surface; magnetic field; viscous
dissipation

1 Introduction

Squeezed flows occur when fluid is pushed through a tight passage, boosting its speed and lowering
pressure sideways. This happens because the total mass flow stays steady in an incompressible fluid. As the
fluid moves through the narrow area, its volume shrinks, leading to acceleration. These flows are crucial
in engineering, particularly in microfluidics, for precise control in devices like lab-on-a-chip systems and
medical diagnostics. This area has numerous practical uses, spanning chemical engineering, biophysical
engineering, food engineering, polymer processing, biaxial expansion of bubble boundaries, liquid-metal
lubrication, and the creation of dampers using motor bearings and electro-rheological fluids. Rashidi et al. [1]
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studied the flow of a viscous, incompressible fluid squeezed between two parallel plates. The unsteady two-
dimensional flow of a viscous MHD fluid between two parallel infinite plates was examined by Siddiqui
et al. [2]. The squeezing flow was thought to be caused by the two infinite plates approaching each other
symmetrically. Mustafa et al. [3] researched the characteristics of heat and mass transport in a viscous
fluid squeezed between parallel plates. The problem’s series solution was built using the homotopy analysis
method (HAM). Khan et al. [4] researched how a viscous fluid flows when it is squeezed. Axisymmetric and
two-dimensional flows, respectively, were the two types of flows that were studied.

Recent studies have extensively examined Casson fluid dynamics in various configurations: Khan
et al. [5] analyzed heat transfer in Casson fluid compressed between parallel circular plates, while Ahmed
etal. [6] studied its squeezing flow in electrically conductive media using the variation of parameters method
(VPM). Al-Saif and Abeer [7] investigated MHD effects on Casson fluid compression flows, and Mat Noor
et al. [8] explored MHD Casson nanofluid behavior in porous media with velocity slip, viscous dissipation,
and chemical reactions. Sivasankaran et al. [9,10] experimentally examined unsteady MHD copper-water
nanofluid flow between plates with chemical reactions, whereas Abbas et al. [11] analyzed heat transfer in
squeezed particle fluids with thermal radiation effects.

Several recent studies have contributed significantly to the understanding of squeezed Casson fluid
flows and associated heat transfer phenomena. Obalalu et al. [12] explored the unsteady squeezing flow
and thermal behavior of a dissipative Casson fluid influenced by solar radiation, employing the optimal
homotopy analysis method to capture transient effects. Jyothi et al. [13] extended the investigation to hybrid
nanofluids, analyzing Casson hybrid nanofluid flow between parallel plates, accounting for thermophoretic
effects and internal heat generation or absorption. Khan et al. [14] presented a detailed study on the influence
of quadratic thermal stratification and slip boundary conditions in squeezed Casson fluid flow over a convec-
tively heated surface, highlighting stratification’s role in thermal regulation. Qureshi et al. [15] provided both
analytical and numerical insights into the fundamental mechanics of squeezing flow between two parallel
plates, offering a benchmark for validating theoretical models in thermal engineering applications. Using
an analytical method, Abdul-Ameer et al. [16] developed a model of heat and mass transfer in an unsteady
squeezing flow between parallel plates.

Numerous scholars and researchers have worked to understand the characteristics of fluids throughout
the years, especially non-Newtonian fluids, which have gained enormous popularity in a variety of the
manufacturing sector, biofluid, food production, and medical sectors. One of the non-Newtonian fluid
models that is vital in multiple fields is the Carreau fluid model. This constitutive model offers distinct
advantages for characterizing shear-thinning fluids, particularly due to its ability to accurately capture
the gradual transition between Newtonian and power-law regimes across varying shear rates. Such rheo-
logical precision is especially valuable for simulating both biological and synthetic fluids in microfluidic
environments, making it particularly appropriate for our research objectives. The significance rheological
properties of Carreau fluids have prompted extensive investigation into their behavior in geometrically
complex flow configurations.

Several studies have explored magnetohydrodynamic (MHD) peristaltic flows of non-Newtonian fluids
in complex geometries. Akbar et al. [17] analyzed the peristaltic motion of a Carreau nanofluid through
an asymmetric channel under magnetic effects. Abbasi et al. [18] extended this research by studying
Carreau-Yasuda fluid dynamics in curved configurations with applied magnetic fields. Kothandapani
et al. [19] further investigated how wall permeability and magnetic interactions influence Carreau fluid
flow in tapered asymmetric channels. Complementary work by Hashim and Khan [20], and Khan and
Azam [21] examined coupled heat and mass transfer mechanisms, incorporating nanoparticle behaviors
through Brownian motion and thermophoresis effects. Yousef et al. [22] analyzed how chemical kinetics,
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magnetohydrodynamics, and porous structures influence the flow of a dissipative Casson-Williamson fluid
over a stretching surface with slip. Similarly, Alali and Megahed [23] addressed the unsteady flow of a Casson
nanofluid film under magnetic and radiative effects, incorporating slip conditions and highlighting transient
thermal dynamics.

Many investigations have advanced our understanding of non-Newtonian fluid dynamics in porous
media under various conditions. Attia et al. [24] studied porous media flow of incompressible Bingham
plastic fluids containing dust particles through circular pipes. Nasr et al. [25] numerically investigated MHD
boundary layer behavior for Reiner-Philippoft fluids, focusing on thermal and mass transport phenomena.
In a comprehensive study, Megahed and Abbas [26] systematically examined chemical reaction effects on
laminar cross fluid flow coupled with heat and mass transfer processes.

Due to the significance of sensor surfaces in various processes, researchers have recently focused a
lot of attention on them. One such example is the microcantilever, which can be used to precisely feel
several biowarfare or dangerous substances as well as be able to identify various diseases. The temperature-
dependent viscosity-affected magnetohydrodynamics (MHD) squeezed flow of nanofluid across a sensor
shell was investigated by Akbar and Khan [27]. Nayak et al. [28], investigated the magneto-hydrodynamic
flow of sodium chloride-carbon nano-powder nano-fluid across a sensor surface in a time-dependent
manner. Hussain et al. [29] examined how an electrically conductive pseudoplastic fluid moved across a
sensor surface in an unstable squashing hydromagnetic manner. The combined effects of radiation and heat
generation on the electrokinetically produced hydromagnetic squeezed flow of a pseudoplastic fluid were
investigated by Hussain et al. [30]. Located in the superficial free stream, a microcantilever sensor surface
was being traversed by the fluid.

Drawing upon the insights gleaned from the comprehensive examination of existing literature, our
current research focuses on exploring the magnetohydrodynamic dissipative characteristics of fluid flow
within a narrow channel or conduit, specifically in conjunction with the flow of squeezed Carreau fluid,
building upon existing literature and innovation in the field. Findings from this study have the potential to
enhance process management, optimize flow dynamics, and improve efficiency across diverse operations.
This understanding can guide the development and implementation of fluid-handling systems such as
pumps, pipelines, and heat exchangers.

2 Theoretical Framework

This section develops the mathematical framework for analyzing the squeezed flow of a non-Newtonian
Carreau fluid influenced by a magnetic field and viscous dissipation. Squeezed flow occurs when a fluid is
compressed within a confined space, such as a narrow channel. Specifically, we examine the flow of a Carreau
fluid between two parallel plates separated by a time-dependent distance, h(t). The velocity components
along the x and y directions are denoted as u(x, y) and v(x, y), respectively, as illustrated in Fig. 1.

Additionally, the analysis considers that the free-stream flow is subjected to squeezing.

The system configuration involves fluid motion from the tip region toward the surface, with a fixed
lower plate and a movable upper plate generating the squeezing action. A micro cantilever sensor of length
L is aligned with the stationary lower plate of the microchannel. In such squeezing flow configurations,
the fluid dynamics near the sensor surface becomes particularly significant as the pressure distribution is
directly affected by the plate movement. As the upper plate approaches the lower one, fluid compression
creates elevated pressure zones that induce measurable surface deformation on the sensor. This deformation
subsequently modifies the sensor’s output signal, which serves as the basis for determining key flow
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parameters including velocity and viscosity. The flow is driven by an external free stream velocity U, while a
transverse magnetic field of intensity By is imposed in the y-direction, normal to the channel orientation.
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Figure 1: Physical model of sensor surface

The micro cantilever sensor was selected for its exceptional responsiveness to both pressure variations
and thermal fluctuations in constrained flow environments. Within microfluidic and MEMS systems,
the sensor’s bending deformation under squeeze flow conditions enables precise characterization of key
fluid parameters, including flow velocity and dynamic viscosity. This operational principle validates the
experimental configuration while demonstrating its utility for practical micro-scale flow diagnostics.

Applying the boundary layer approximation, the governing equations for mass conservation, momen-
tum balance, thermal energy transport, and species concentration can be formulated as follows [1,2]:
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In the previous model, it is important to emphasize that viscous dissipation in the energy equation
represents the transformation of kinetic energy into thermal energy through fluid friction, an effect
particularly pronounced in high-shear-rate flows or microscale systems. Similarly, the inclusion of magnetic
effects in the momentum equation is critical for manipulating electrically conductive fluids, with direct
applications in thermal management systems, microfluidic pumping, and magnetohydrodynamic (MHD)
flow regulation.
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The fluid properties are characterized by density p, dynamic viscosity y, and specific heat capacity c,.
The velocity field is described by components (u, v) in Cartesian coordinates (x, y) evolving with time (¢).
Key physical parameters include radiative heat flux (¢;), power-law index (n), applied magnetic field intensity
(By), pressure (P), relaxation time constant (I'), and thermal conductivity (). The governing boundary
conditions reflecting the system geometry are specified as follows [1]:

u(x,y,t)=0, v(x,y,t)=vo(t), T(x,9,t)=Ty=To +qix Ly aty =0 (5)
ap

u(x,y,t)=ax, T(x,y,t)=Te, as y—>oo (6)

The implemented boundary conditions model conventional squeezing flow dynamics, featuring a fixed
lower plate and an opposing upper plate in motion towards it, generating pressure buildup, commonly
observed in lubrication systems, polymer processing, and MEMS devices.

The governing equations employ the following notation: g; denotes wall heat flux, while u characterizes
fluid viscosity. The permeable velocity vo(t) is typically modeled as a constant value v;. In computational
fluid dynamics, similarity transformations serve as a powerful analytical tool for reducing partial differential
equation systems to more tractable forms. This technique introduces dimensionless variables through
appropriate scaling relationships, commonly expressed as:

e 1
e vER [ e ) as 7)

__ [ _I-Tw -
v=\ [, b= U=ax ®

The analysis employs dimensionless variables to streamline the mathematical formulation of the phys-
ical problem. The key transformed parameters include: # (similarity variable), S (dimensionless constant),

b (squeezing flow index), 6 (normalized temperature), and f (dimensionless stream function). In fluid
dynamics, the stream function y serves as an analytical tool for characterizing flow patterns, defined by
its orthogonal gradient relative to the flow direction and its inherent satisfaction of the two-dimensional
continuity Eq. (1) for incompressible flows. This mathematical approach frequently enables the reduction of
complex physical systems into more manageable ordinary differential equations. Through implementation
of Eqgs. (7) and (8) while maintaining continuity via Eq. (1), the governing equations simplify to the following
form:

(1+ We2f)'T (14 uWe f72) f + (gn+f)f”+ (b=M=f)f +(M-b+1)=0 )
% (1+R) 0" + (£6' - f'0) + Ecf™ (1+ We )T - g (8-16') =0 (10)

here, we must mention the importance of the surface motion topics especially on nonlinear flow behavior has
also been explored in some of recent works, including stretched or moving boundaries [31]. Furthermore,
the corresponding boundary conditions can be expressed as follows:

f=-Fo, f'=0, 0=1, at 5n=0 (11)
f’:]) 0=0, as n—>oo (12)
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Additionally, the system’s behavior is primarily controlled by the following key parameters:

3 2r2 % BZ C U2 16 *T3 ;
We = ax , M:u’ p,:Q, Ec=— - :h, O:U_ 13)
v ap K Co(Ty - Too) 3k*k Vav

The key dimensionless parameters governing the system include the Weissenberg number, magnetic
parameter, Prandtl number, Eckert number, radiation parameter, and surface permeability. Furthermore,
critical physical metrics such as the local skin-friction coeflicient C f, and Nusselt number Nu, quantitatively
characterize the flow dynamics, heat transfer, and mass transfer phenomena. They are defined as follows:

Re,tCf, =~ [1+ W (77 (0)))] © 7 (0) (1)
Re, *Nu, = -6'(0) (15)

2
where Re, = 9% s the local Reynolds number.
v

3 Solution Procedure

The homotopy perturbation method (HPM) is an analytical technique employed for nonlinear prob-
lems. Unlike traditional perturbation methods, HPM does not necessitate a small parameter in equations.
It integrates homotopy theory, where a homotopy embedding parameter p within the range of [0, 1] serves
as a small perturbation factor. Thus, the method, named HPM, combines homotopy techniques with
conventional perturbation methods for comprehensive problem-solving. HPM is applicable to a range of
nonlinear fractional models and offers simplicity and effectiveness. In addition to addressing both weakly and
highly nonlinear problems, HPM eliminates the need for physical parameter assumptions, thereby overcom-
ing limitations associated with traditional perturbation techniques. Furthermore, it outperforms standard
numerical methods by obviating the need for discretization or linearization. Now, we can rewrite Eqs. (9)
and (10) as:

v'+g(v)=0 17)
in which:
u/// — f/// (18)

(S1+0)f"+ (b=M= ) '+ (M=b+1)

f(u) — nWer/lZf/// + — (19)
(1 + WerHZ)T

v =6" (20)

g(v) = RO" + Pr [(f@’ ~F8) + Bcf™ (1+ Wef™)T - g (6- ;19')] 21)

Applying procedure for homotopy perturbation method in unbounded domain [28-31], we can
construct a homotopy equation for Eqs. (16) and (17) as:

u" = 1*u' + g (f(u) +h*u') =0 (22)
v”—h2v+q(g(v) +h2v) =0 (23)
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with boundary conditions,

u=-Fo, u'=0, v=1, atn=0 (24)
u'=1 v=0, asn- oo (25)
here, q denotes an artificial parameter where belongs to closed interval [0, 1]. The equation system becomes
a simpler form with an easily known analytical solution when q = 0. The system of equations changes to the
necessary form as q is raised until a value of 1, and it is expected that the answer will become closer to the
desired value. When g =1, the parameter / will be further determined [32,33]. We suppose that the solution
to Egs. (22) and (23) may be expressed as a power series in g according to the homotopy perturbation method
as following:
u=u0+qu1+q2u2+q3u3+... (26)
v:v0+qv1+q2v2+q3v3+... (27)
by equating the like powers of g, we construct the following system of equations by substituting for u and v
from Eqs. (26) and (27) into (22) and (23):
Zero order system (g°):
III hzuo — (28)
- h*vy =0 (29)

with boundary conditions:
uo (0) = ~Fo, ug(0)=0, uy(e0) =1 v (0)=1 wvo(c0)=0 (30)
The solution of Eqs. (28) and (29) with boundary conditions (30) can be easily obtained as following:

Foh+1 e
R &

vo(1n7) = e (32)

First order system (q'):

b
n+ug)ulf +(b-M—-up)uj+(M-b+1
u” h2u1+nWezu6'2uf)"+(2’1 0) ( 0) 0 ( ) +huy =0 (33)
(1+ Weuj?) = B
=
vi" = h*vi + Rvg + Pr[(uovy — ugvo) + Ecug” (1+ We?ug?) * E(VO"WO)]“‘h vo=0 (34)

with boundary conditions:

u (0)=0, u(0)=0, u(0)=0, v (0)=0, v (c0)=0 (35)
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Solving the above system using MATLAB yields the following:

2h%eth f04 ordx + 2h%e~4h f04 oydx e M (01 -/ 03dx) el (0'1 + /) azdx)

u = i
1(n) oy h h
1 —hx M —hx —hx b —hx —hx b —hx
_ f e_hx _ e (3 _ € 05 + ae 05 + e (3 _ xe (0] +W62h2ne_3hx _ Xe 05 dx
0 h? h? h h? h 2h
(36)
e_h” (0'7 + /0}1 O'ng) eh” (0'7 + fo”l O'9dX)
vi(n) = : - . (37)
where:
et [Foydx + h2e [ osd
o] = 2
h 0y
605 has Mosos bosos hosos hx0e0s hxos0s Weh*ne 4h*
0-2 _ 0'20' _ TO' + 1260' _ 0'20' _ a ;O' + x; 0: + X; (Y ~ € ZHC
h h
h  Foos xo05 05 bxos Mos bos Weh’nog
03=—+ - == 24y 24—
2 2 2 2h 4 2h 2h 2
04 = ot _ gdh
3_n
05 = (We2h206 + 1)2 2
O = e—th
4 _ 4
o o eth J, oodx —e 4h J, osdx
e—4h _ odh
Rh* Prb h* PrFoh Prhx Prbhx EcPr hze_hxalog_%
0g= — — —— + — + - - +

2 4 2 2 2 4 2
0y = hoy . Rh?ay _ Prbay . PrFohon  Prhxoy  Prbhxoy . EcPr h2oy,090"/?
2 2 4 2 2 4 ethx 1 Wkt
010 = We?h?oy +1

-2
o) =¢ hx

There are numerous options for selecting the auxiliary parameter h [34,35]. The solution should be
selected so that no secular terms are used. We consequently look for solutions devoid of secular terms. We
can accomplish this if we set.

VFoP+aM-2b+8 Fo
- 2 2

h (38)

An approximation solution can be obtained by taking the limit of Eqs. (26) and (27) and letting g
approach to unity as follows:

fz%liir%u:uo+qu1+... (39)

Gzlimlv=v0+qv1+‘.. (40)
q—)
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hence,

Foh+1 . e 2h2eth /04 o,dx + 2h%e~4" f04 osdx e (01 - foﬂ 03dx) ehn (01 + fon azdx)

fen=— n o, h } h
nf .. e™os Me " o; ae"o; be "oy  xe Moy 52 _ane  bxe Mo
- fo (e ST + p + R + We“h“ne T dx
(41)
6 - e_h’7 . e_h” (0'7 + /0’1 O'ng) B eh” (0'7 + for’ U9d.X') (42)

h h

Finally, we must mention here that this study distinguishes itself from prior research by utilizing
the homotopy perturbation method to analyze the intricate behavior of Carreau fluid in a microchannel.
This method is applied to a coupled nonlinear system that describes the fluid’s flow under the combined
influences of squeezing, magnetic, and radiative effects, proving its effectiveness in accurately representing
these complex conditions.

4 Code Validation

Initially, it’s imperative to verify the outcomes derived from applying the homotopy perturbation
method. This validation is achieved by juxtaposing our current findings with those of Khaled and Vafai’s [33]
previous studies, particularly in specific scenarios. When comparing various values of the squeezed flow
index parameter, denoted as b, the comparison was carried out with the condition 6’ (0) = -1 instead of
the initial condition being 0 (0) = 1. Yet, the credibility of the present numerical solutions via homotopy
perturbation method is affirmed by the subsequent Table 1, validating their precision and dependability.

Table 1: Comparison of 6(0) for different values of b with the results of Khaled and Vafai ([33]) when M = R = Ec =
fo=W,=0and Pr=6.7

b Khaled and Vafai [33] Present work

1.0 0.38182 0.3818999001255
1.5 0.33084 0.3308379901282
2.0 0.29544 0.2954369089028

Further, the solution accuracy was verified through systematic examination of the homotopy pertur-
bation series’ convergence properties. The iterative series expansion demonstrates excellent convergence
characteristics, with each successive term diminishing rapidly in magnitude. Computational implementation
involves truncating the series once successive term differences fall below an established threshold (1076). All
calculations were confined to parameter ranges guaranteeing method validity and numerical stability. These
convergence properties are further corroborated by strong alignment with established benchmark solutions
(Table 1), confirming the solution’s reliability.

5 Graphical and Tabular Findings with Discussion

This section of the paper makes use of various variables that relate to the flow under study to illustrate
how velocity and temperature profiles are physically described. The Homotopy Perturbation Method is used
with the aid of MATLAB software to obtain the following results. Subsequently, the graphical representations
of the semi-analytical solutions provided in Eqs. (41) and (42) are presented through a series of diagrams.
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These diagrams allow us to manage the effects of the problem parameters on the different distributions. Fig. 2
depicts the temperature and velocity profiles in relation to the dimensionless vertical coordinate # for
varying Weissenberg number values. The figure clearly demonstrates that as the Weissenberg number
rises, the velocity profiles also increase, while a marginal reversed trend is noticeable in the temperature
distribution. Physically, when a squeezed fluid flows, an increase in the Weissenberg number leads to faster
fluid velocity. This is because a higher Weissenberg number indicates a stronger elastic response from the
fluid, which affects how it deforms and moves under compression. Therefore, the Weissenberg number
is crucial for understanding and predicting the viscoelastic behavior of non-Newtonian fluids in various
deformation scenarios.

0.2545 ~We=0
08 o 0% ~We=0.5
02535 —We=1
0253
06 1.166 1.168 117 1.172

n

04

n=0.5,f0=-0.25,b=0.1,
M=0.5,R=0.5, Ec=0.2,Pr=1

02

(b)
Figure 2: (a) f'(#) for various values of We; (b) 9(#) for various values of We

Fig. 3 is provided to analyze alterations in dimensionless velocity and dimensionless temperature
patterns induced by variations in the power-law index. In a physical sense, an increase in the power-law
index leads to heightened viscosity. Due to the fluid’s shear-thinning nature, this viscosity increase amplifies
both fluid movement and dimensionless temperature. However, the impact on temperature distribution
is minimal, as the power-law index indirectly influences temperature. Further, we must mention that
the importance of the power-law index lies in determining the fluid’s shear-thinning or shear-thickening
behavior, which directly affects velocity profiles and heat transfer rates in non-Newtonian flow systems [36].

*I’FB? 0341 =05
0.8 ~n=0.8 08 © 034 ~n=08
=12 el
06 s 06 o S on=ts
& n=t. (0] 0.964 0.966 0.968 0.97 0.972 0.974
04 04 f
i We=1, f0=-0.25, b=0.1,
02/ We=1,f0=-0.25 , b=0.1, M=0.5 0.2 R=0.5,M=0.5,Ec=0.2, Pr=1
0” B
0 1 2 3 4 0 1 2 3 4
n n
(a) (b)

Figure 3: (a) f'(#) for various values of n; (b) 6(#) for various values of n
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Fig. 4 analyzes how the suction velocity parameter influences fluid dynamics and thermal distribution.
The results demonstrate that increasing the suction magnitude boosts velocity profiles while simultaneously
reducing temperature values. Physically, stronger suction effects cause greater accumulation of Carreau fluid
near the sensor boundary, explaining these opposing trends in momentum and thermal transport. This
accumulation intensifies the fluid’s momentum in the vicinity of the surface, resulting in a noticeable rise
in velocity. As a consequence, the increased kinetic activity contributes to higher energy transfer within the
fluid layer, thereby elevating the dimensionless temperature profile for the corresponding parameter setting.

1 — 1
e T ~f0=0.25
08 . 08 ~f0=05
~f0=-0.5 o=t
06 ~fo=-1 06
[ ‘ /f o)
04 /) 04 We=1,n=05, b=0.1,
M=0.5R=05 Ec=0.2 Pr=1
02 We=1,n=0.5 ,b=0.1, M=0.5 0.2
0 g e
0 1 2 3 4 0 1 2 3 4
N n
(a) (b)

Figure 4: (a) f'(n) for various values of fo; (b) 8(#) for various values of fo

Fig. 5 illustrates how variations in the squeezed flow index affect the velocity and temperature profiles.
The dimensionless velocity initially decreases as the index increases up to # = 1.8, after which it begins to rise.
Additionally, a higher squeezed flow index leads to a drop in temperature. This thermal decline is physically
attributed to the inverse relationship between the squeezing index b and the squeezing rate a. As b increases,
the squeezing intensity weakens, reducing compressive forces between fluid layers and decreasing kinetic
energy input. This leads to lower viscous dissipation and diminished frictional heating, causing a measurable
drop in dimensionless temperature. The effect stems from shifted energy conversion dynamics, where
reduced mechanical work input translates directly into weaker thermal generation, particularly evident in
viscoelastic fluids under constrained flow conditions.

| b=0.1 oy
08 s 08 003
b=0.5 et
06 b=t 06-
b o]
04 04
0 . We=1, 105, 10=-0.25
024 ‘ s RE05M=05Ec=0.2Pr=1
0 0 e
40 1 2 3 4
n n

(a) (b)

Figure 5: (a) f'(#) for various values of b; (b) 6(#) for various values of b

Fig. 6 outlines the characteristics of fluid movement and energy resulting from the influence of the
magnetic number.
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~M=0 —M=0
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0\
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Figure 6: (a) f'(#) for various values of M; (b) 6(#) for various values of M

A moderate rise in the magnetic parameter results in greater velocity of the non-Newtonian fluid.
Physically, while stronger magnetic effects typically introduce more resistance, the dominant squeezing
action from the upper surface counteracts this, causing the fluid to accelerate. The influence of this parameter
on temperature distribution is also illustrated in the corresponding figure. It’s evident that there is a reduction
in temperature with an increase in the magnetic parameter. Physically, the heightened magnetic parameter
strengthens the interplay between the magnetic field and the fluid, resulting in escalated energy dissipation.
This, in turn, leads to a decrease in the fluid’s temperature within squeezed fluid flow scenarios.

Fig. 7a demonstrates how the thermal radiation parameter affects dimensionless temperature distri-
bution. As this parameter increases, both the fluid temperature and thermal boundary layer thickness
rise, reflecting enhanced radiative heat transfer and greater energy absorption. Conversely, Fig. 7b reveals
the inverse relationship between the Prandtl number and temperature, higher Prandtl values reduce both
temperature and thermal boundary layer thickness. From a physical standpoint, the thermal conductivity
decreases as the Prandtl number is heightened. This change in thermal conductivity contributes to the decline
in the thermal profile.
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Figure 7: (Continued)
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Figure 7: (a) 6(#) for various values of R; (b) 8(#) for various values of Pr; (¢) 6(#) for various values of Ec

Fig. 7c demonstrates the impact of the parameter related to viscous dissipation on the dimensionless
temperature distribution. Here, the Eckert number, associated with the phenomenon of viscous dissipation,
is a dimensionless parameter utilized in heat transfer. It measures the ratio between convective heat transfer
and the kinetic energy of fluid motion within a system. The figure makes it evident that the Eckert number
has a subtle impact on the temperature field, leading to a minor thickening of the thermal boundary layer.
Subsequently, it is necessary to investigate how the controlling parameters affect both the skin friction
coeflicient Rexl/ c fr and the local Nusselt number Rex_l/ 2Nu,, as these parameters are indicative of
significant and essential engineering quantities. Evidently shown in the Table 2, the Weissenberg number
leads to a reduction in the local skin friction coefficient and an increase in the local Nusselt number.
Conversely, the power-law index exhibits the entirely opposite trend. Furthermore, the magnetic parameter
or the absolute value of the suction velocity parameter tends to increase both the local skin friction
coefficient and the local Nusselt number. Moreover, the local Nusselt number is negatively affected by
both the radiation parameter and the Eckert number, while the Prandtl number exhibits an opposite trend
with an increasing impact. Further, a brief sensitivity analysis was conducted to assess the influence of
the Weissenberg number We on the flow and heat transfer behavior. The analysis reveals that progressive
enhancement of fluid elasticity induces two key phenomena. The first is the reduction behavior in skin
friction coefficient magnitude, demonstrating shear stress attenuation near boundaries due to viscoelastic
effects, while the second is a corresponding Nusselt number enhancement, indicating superior convective
heat transfer efficiency.

Table 2: Values ofRexl/2 Cfy and Rex_l/zNux for different values of We, n, o, b, Ec, Pr and R

We n Fo b M Ec Pr R Re,:Cf, Re, :Nu,
0.0 05  -025 01 0.5 0.2 1 0.5 -15403  0.6053
0.5 05  -025 01 0.5 0.2 1 0.5  —14690  0.6147
1.0 05  -025 01 0.5 0.2 1 0.5  -14218  0.6291
0.5 05  -025 01 0.5 0.2 1 0.5  —14690  0.6147
0.5 0.8  -025 01 0.5 0.2 1 0.5  —14741  0.6092
0.5 12 -025 ol 0.5 0.2 1 0.5  -14237  0.6013
0.5 15 025 Ol 0.5 0.2 1 0.5  -13469  0.5949

(Continued)
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Table 2 (continued)

We n Fo b M Ec Pr R Re,Cf, Re, :Nu,
0.5 05  -025 01 0.5 0.2 1 0.5  —14690  0.6147
0.5 05  -05 01 0.5 0.2 1 0.5 16118 07545
0.5 05  -10 01 0.5 0.2 1 0.5  -19205 10439
0.5 05  -025 01 0.5 0.2 1 0.5  -14690  0.6147
0.5 05  -025 05 0.5 0.2 1 0.5  -13652  0.7007
0.5 05  -025 10 0.5 0.2 1 0.5 -12253  0.8201
0.5 05  -025 01 0.0 0.2 1 0.5  -12940  0.6003
0.5 05  -025 01 0.5 0.2 1 0.5  —14690  0.6147
0.5 05  -025 01 1.0 0.2 1 0.5  -16239  0.6309
0.5 05  -025 01 0.5 0.2 1 0.5  —14690  0.7183
0.5 05  -025 01 0.5 0.5 1 0.5  —14690  0.4593
0.5 05  -025 01 0.5 1.0 1 0.5  -14690  0.2002
0.5 05  -025 01 0.5 0.2 0 0.5  -14690  0.4238
0.5 05  -025 01 0.5 0.2 1 0.5  -14690  0.6147
0.5 05  -025 01 0.5 0.2 2 0.5  -14690  0.8057
0.5 05  -025 01 0.5 0.2 1 0.0  -14690 10385
0.5 05  -025 01 0.5 0.2 1 0.5  —14690  0.6147
0.5 05  -025 01 0.5 0.2 1 L0 -14690 01909

6 Conclusions

This study examines the flow of a Carreau fluid through a narrow duct past a sensor surface, accounting

for viscous dissipation and magnetic field effects. The governing equations are simplified via dimensionless

transformations, reducing them to a system of nonlinear ODEs. Using the Homotopy Perturbation Method

(HPM), key flow characteristics, including velocity, temperature, skin friction, and Nusselt number—are
analyzed. The major findings are summarized as follows:

Increasing velocity profiles and declining temperature distribution are correlated with rising
Weissenberg number.

Higher viscosity results from an increase in the power-law index. This viscosity rise magnifies fluid
motion and dimensionless temperature since the fluid is shear-thinning in nature.

The velocity distribution increases as the suction parameter’s absolute values rise, whereas the tempera-
ture field exhibits the reverse pattern.

As the squeezed flow index parameter is increased from the squeezing sheet to # = 1.8, the dimensionless
velocity starts to decrease before starting to increase. Additionally, there is a decrease in the temperature
distribution as the squeezed flow index parameter is increased.

The application of a magnetic field demonstrates dual effects on the fluid dynamics, while even modest
increases in magnetic field strength produce measurable velocity enhancement, they simultaneously lead
to temperature reduction within the fluid system.

Temperature and thermal thickness both increase in response to an increase in the thermal radia-
tion parameter.

When the Prandtl number rises, the temperature and corresponding thermal thickness also decline.
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o  The precise regulation of both suction intensity and magnetic field strength can optimize microcantilever
sensor performance for simultaneous viscosity and thermal measurements, especially in integrated
microfluidic lab-on-chip systems.
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