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Abstract
This anticipatedmodel investigates the time-dependent, and incompressible 2Dmagnetized Jeffrey
liquid flowing on a sensor surface placed between two infinite parallel plates with the existence of a
uniformheat source/sink. The lower plate remains fixedwhile the upper plate is subject to squeezing.
For the heat andmass transmission processes, the consequences of radiative heatflux, chemical
reaction, and thermophoretic particle deposition are applied and analyzed. The envisionedmodel is
supported by prescribed heat andmass flux conditions. The uniqueness of the proposedmodel is the
analysis of the unsteady squeezedflowof Jeffrey liquid over a sensor surface, accounting for radiative
heatflux, thermophoretic particle deposition, and variable thermal conductivity. Themodel possesses
applications inmicrofluidic sensors, biomedical devices, thermalmanagement systems, and inkjet
printing. The equations comprising themodel are subject to similarity transformations. The bvp4c
package is utilized to analyze the dynamicflow system. The connotation of arising parameters with the
associated profiles is depicted through graphs and tables. It is examined thatfluid velocity,
temperature, and concentration profiles are dwindling functions of squeezed parameter. It is also
witnessed that the concentration of liquid dropswith an enhancement of thermophoretic and
chemical reaction parameters. The validation of the truthfulness of the envisionedmodel is an added
feature of this study.

Nomenclature

Symbols Description

u v, Components of velocity [m/s]

P Pressure [Kg/ms2]

T Liquid temperature [K]

B0 Magnetic induction [T]

( ) [ ]k T k 10 eq= + Temperature-dependent thermal conductivity

Q0 Volumetric rate of heat generation/absorption [Kg/ms3K]

K0 Rate of chemical reaction
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Cp
Specific heat capacity [JKg/K]

U External free stream velocity [m/s]

C Concentration [mol/m3]

a Strength of squeezed flow

k* Mean absorption coefficient

b Squeezing flowparameter

Dm Molecular diffusivity [m2/s]

k0 Thermal conductivity [W/mK]

ko Thermophoretic coefficient

T¥ Free stream temperature

C¥ Concentration at the upper plate

Greek Symbols

1l Relaxation time

n Kinematic viscosity [m2/s]

s Electrical conductivity [S/m]

h Similarity variable

a Thermal diffusivity [m2/s]

l Relaxation to retardation ratio

s* Stefan–Boltzmann constant [W/m2K4]

e Variable thermal conductivity parameter

r Fluid density [kg/m3]

Introduction

Non-Newtonian liquids are of interest to a lot of researchers because of their fascinating properties and practical
significance inmedical, and engineering applications, including polymer processing, bloodflow in the
circulatory system,magma, foodmixing,multi-grade oils, and foodmixing, among others. Non-Newtonian
liquidmechanics theory is important to predict the behaviors of highmolecular weight fluids [1–4], as
Newtonian liquids are insufficient for this purpose. Furthermore, a solitarymathematicalmodel is inadequate to
encompass all of the rheologicalfluid characteristics of non-Newtonian liquids because of the flowdiversity. The
literature contains awide range offluidmodels that address various fluid aspects, one of which is the Jeffrey
model. This linearmodel is simpler than other non-Newtonian fluidmodels, as it uses time derivatives instead of
convective derivatives. There are a few studies that have concentrated on examining the flowof Jeffrey liquid by
applying various constraints. Nadeem et al [5] scrutinized Jeffrey liquidflowover an exponentially stretched
surface.MHDboundary layerflow and thermal transmission of a Jeffrey liquid across an extended sheet are
examined byAhmad and Ishak [6]with the effect of frictional heating. Turkyilmazoglu and Pop [7] obtained an
analytical solution of the flow to the stagnation point in a Jeffrey liquidflowdue to a stretching/shrinking
surface. Qasim [8]worked using a stretched sheet under the influences of heat andmass transmission and
studied the Jeffrey liquidflowby considering the heat source/sink. Bhatti et al [9] computed theMHD flowof
the Jeffreymodel on peristaltic bloodwithin porousmedia. Kothandapani and Srinivas [10] examined the
peristaltic features of a Jeffrey liquidmodel in an asymmetric geometry. A numericalmodel is computed by
Narayana andBabu [11] inwhich Jeffreyfluid is analyzed over a stretched sheet with chemical reactions. Hayat
andMustafa [12]workedwith time-dependentmixed convection Jeffrey liquidflowpassing via porous vertically
stretched surface under the effect of radiativeflux. Ramesh and Joshi [13] found the numerical solutions for the
flowof Jeffrey liquid along a porousmediumwithin two parallel plates, by considering three fundamental
unsteadyflows.Moreover, Nadeem et al [14, 15] conductedmathematical studies on the peristaltic flowof
Jeffrey liquids.

Squeezing flow involves polymermanufacturing, suction/injection operations, hydro-mechanical
machinery, and themovement of synthetics inside living beings. Due to practical applications in industrial
processes and some other fields such as injectionmolding, biophysical, chemical engineering, physical, polymer
processing, and food engineering, the research on squeezeflowhas attained importance in researchfields.
Initially, Stefan [16]put efforts into describingmathematicalmodeling for the viscousfluid squeezed flow across
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two parallel plates using an increasing degree of external squeezing phenomenon. Also, by using theHermitian
finite difference technique, Bhattacharyya and Pal [17] studied the electromagnetic unsteady squeezed flow in a
channel consisting of two parallel discs inwhich the lower disc was revolving, with a result that the torque over
the revolving disc ismagnified as the Lorentz force increases. Recent research has also focused on non-
Newtonianmagnetic squeezing flows. Khan et al [18] performed the squeezed flowofCasson liquid influenced
bymagnetohydrodynamic effects, traversing in a spongymedia.With the repercussion of a transversemagnetic
flux squeezed flowofCarreau-Yasuda liquid due to a horizontal surface is investigated by Salahuddin et al [19].
However, some significant research on heat transfermechanisms in squeezing flowswithmagnetized sensors
has also been revealed. In this regard, thework of Shankar andNaduvinamani [20]whoobserved the
simulations of theMHDsqueezing flowof an unsteady Prandtl-Eyring liquid in a parallel plate sensor design
and came upwith results that elevating themagnetic parameter causes the lubricant to cool and flowmore
quickly, also by decreasing temperaturemagnitudeswas possible with a larger plate permeability velocity value,
is of significance importance. Khan et al [21] analyzedCarreau liquid squeezed flowdue to a sensor geometry
locatedwith temperature dependent thermal conductance and came upwith results that both velocity and
temperature profiles enhance as the squeezed flowparameter escalates.Muhammad et al [22] scrutinized the
unsteady, Jeffrey liquidflow in a squeezed channel having a stretched lowerwall whichwas considered
permeable.

Materials exhibiting variable thermal conductivity find diverse applications across engineering, energy
storage, and other scientific domains, contributing to improved efficiency and performance, therefore the
concept of temperature-dependent thermal conductivity has gained the attention of researchers.Muhammad
et al [23] comprehended the role of unsteady flowof non-Newtonian liquid through a squeezed regime of
parallel plates consisting of amicro-cantilever sensor. Alharbi et al [24] summarized the squeezingCasson
nanofluid flowwith variable thermal conductivity and viscosity. Furthermore, Atif et al [25]workedwith sensor
surface taking time-dependent Carreaufluid by considering the effect of radiativeflux and varying thermal
conductivity within a squeezed conduit. Theflowof tangent hyperbolic liquidwith temperature-dependent
thermal conductivity over a sensor surface locatedwithin a squeezed channel was explored byKumar et al [26],
with the observation that there is a decline in velocity profile due to enhancement in the squeezed flow index
parameter. Hamad et al [27] determined the response of thermal jump constraint on the flowof Jeffrey liquid
across a stretching/shrinking sheet while accounting for varying thermal conductivity.

Many scholars are currently intrigued by the role of heat source and sink on liquidflowproblems because of
their ability to control heat exchange. In a recent study by Ramesh et al [28], an examination of thermal
distributionwas conducted by applying the effect of thermal source/sink in channels that were convergent/
divergent and found that increasing the thermal source/sink parameter enhances thermal distribution. The
consequences of the thermal source/sink on the thermal distribution is computed byMadhukesh et al [29]. By
taking into consideration of thermal source/sink and radiativefluxKhan andHamid [30] conducted the
performance of 2D flowofWilliamson liquid, the research indicates that thermal performance improves with
sink to source.

The phenomenon of thermophoretic particle deposition has attracted significant attention due to its
practical applications, particularly in the field of engineeringwhich includes building powdered coal burners, air
cleaners, nuclear reactor protection, ventilation systems, and thermal exchangers. Goren [31] put a pioneering
effort into the study of thermophoretic particle deposition. Thework on the impacts of Thermophoretic particle
depositionwith different geometries is listed in [32–34]. Considering the effect of thermophoretic particle
deposition the of Casson liquidflowwhichwas dual stratified havingmagnetic dipole is explored byChen et al
[35]. Theflowof a variable viscous ferromagnetic liquid along an extended cylinder, considering the influence of
a thermal source/sink, and later, Casson liquidflowdue to a horizontal thin needle, andMaxwell liquidflow
over a stretched geomtery, considering the termof thermophoretic particle depositionwere computed by
Kumar et al [36–38].

From the researchworkmentioned above it is noticed that the unsteady squeezed flowof Jeffrey liquid over a
sensor geometry under the consequences of radiative heatflux and thermophoretic particle deposition
considering variable thermal conductivity is not yet discussed. The viscoelastic properties of Jeffrey fluidmake it
a key component influidmechanics and bloodflow studies. The implementation of radiative flux and
thermophoretic particle deposition in practical applications and the important role of thermal source/sink,
variable thermal conductivity, and chemical reaction in research and engineering fields,motivates the present
study to analyze the impact of all these effects on Jeffreyfluid. The considered geometry is aflow along a
permeable sensor geometry locatedwithin a squeezed channel. None of the above cited and even existing
literature simultaneously analyzed such effects. The resultingmathematicalmodel ismade up of nonlinear PDEs
that, after undergoing the propermathematical transformations, are transformed into nonlinearODEs that can
be solved numerically employing bvp4c. The uniqueness of the anticipatedmodel is displayed in table 1 by
making a comparisonwith closely publishedworks.
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Mathematical formulation

The two-dimensional, laminar, and unsteady squeezing flowof Jeffrey liquid through amicrocantilever sensor
surface is analyzed. S depicts the extra stress tensor for the Jeffrey liquid is described as under [39]:

⎛
⎝

⎞
⎠

( )S A
dA

dt1
, 11 1

1m
l

l=
+

+

where ( ) ( )A grad V grad V ,T
1 = + indicates first Rivlin Ericksen tensor.

The following are the presumptions:

• Theflow is represented using the xy-coordinate system, where the y-axis is positioned perpendicular to the
flow surface and x-axis points along the direction of the flow.

• Flow is due to the free stream velocityU and a constantmagnetic flux of intensity B0 implemented normal to
the surface.

• The squeezing channel consists of two infinite horizontal parallel plates and a permeable sensor of length L
which is placed horizontally between these plates.

• The channel has a time-dependent height ( )h t ,which is significantly larger than the thickness of boundary
layer.

• The lower plate stays stationarywhile the upper plate is compressed.

• It is assumed that the thermal conductance of liquid varies with temperature.

• During fluid heat transport, the consequences of radiative heat flux and heat generation are taken into
account.

• Afirst-order chemical reaction and thermophoretic particle deposition are assumed to exist formass transfer.

• The geometry of the assumedflowmodel is given infigure 1.

The systemof equations is developed as under [12, 40–43]:

Equation of continuity

( )u v 0, 2x y+ =

Momentumequation

[ ( )] ( )u uu vu P u u uu vu u u u u
B

u
1

1
, 3t x y x yy yyt yyx yyy x yy y yx1

0
2

r
n
l

l
s
r

+ + = - +
+

+ + + - + -

where n indicates the viscosity parameter, l represents the ratio of relaxation and retardation times, and 1l
indicates the relaxation time. The strength of themagnetic field is represented by B .0

Free stream equation

( )U UU P
B

U
1

. 4t x x
0
2

r
s
r

+ = - -

When the pressure gradient is excluded using equations (2) and (3), the resultingmomentum conservation
equationwill be

( )[ ( )] [ ] 5u uu vu U UU u u uu vu u u u u
B

U u
1

,t x y t x yy yyt yyx yyy x yy y yx1
0
2n

l
l

s
r

+ + = + +
+

+ + + - + + -
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Temperature equation

[[ ( ) ] [ ] ] ( ) ( )T uT vT
C

k T T q
Q

C
T T

1
, 6t x y

p
y y r y

p

0

r r
+ + = - + - ¥

where ( )k T is the variable thermal conductance and Q0 represents the heat source/sink termwith Q 0,0 > is the
for the source term and Q 0,0 < is for the sink term.

Concentration equation

( ) [ ( )] ( )C uC vC D C K C C U C C , 7t x y m yy T y0+ + = - - - -¥ ¥

where the second last term in the above equation represents the 1st order chemical reaction and the last term
signifies the thermophoretic term.

The term qr in equation (6) is called radiative heatfluxwhich is:

[ ] ( )
⁎

⁎q
k

T
4

3
, 8r y

4s
= -

withT T T T4 3 ,4 3 4@ -¥ ¥ substituting it in equation (7)we obtain:

( )
⁎

⁎q
k

T T
16

3
, 9r y

3s
= - ¥

The termUT in equation (7) is called thermophoretic velocity and is given as:

( )U
k

T
T , 10T

r
y

n
= -

o

Associated constraints

( ) ( ) ( )u x t v x t v t, 0, 0, , 0, ,0= =

[ ( )] ( ) [ ( )] ( )k T x t q x D C x t h x, 0, , , 0, ,y m y0- = - =

Figure 1.Geometry of assumedflowproblem.
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( ) ( ) [ ( )] ( ) ( ) ( )u x t U x t u x t T x t T C x t C, , , , , , 0, , , , , , , 11y¥ = ¥ = ¥ = ¥ =¥ ¥

where ( )v t v ar0 = indicates the characteristic reference velocity on the sensor surface, ( )q x q x0= represents
the heatflux, and ( )h x h x0= represents themassflux.

Similarity transformations

( ) ( )U ax x a f a s bt y
a

, , , ,1y n h h
n

= = = + =-

y
a

,h
n

=

( ) ( ) ( ) ( ) ( )u axf
T T

v f a
C C

, , , . 12
q x

k

v

a

h x

D

v

am

0

0

0
h q h h n f h= ¢ =

-
= - =

-¥ ¥

Using equation (12) into equations (5)–(7)we get

⎜ ⎟
⎛
⎝

⎛
⎝

⎞
⎠

⎞
⎠

⎡

⎣

⎢
⎢

⎛
⎝

⎞
⎠

⎤

⎦

⎥
⎥

( ) ( )
( )

( ) ( )
( )f f bf f

b
f

f
b

f f

M f b f

2
2

1
1

2

1 1

0, 13m
iv2

2

d
h

l
h

¢¢¢ +  - ¢¢¢ - + + +
+ +  - ¢

+ - ¢ + ¢ -
=

⎛
⎝

⎞
⎠

⎛
⎝

⎞
⎠

( ) ( ) ( )R f
b

f
b

Q1 Pr
2

Pr
2

Pr 0, 142eq q e q q
h

q q+ +  + ¢ - ¢ + + + ¢ + =

⎡
⎣⎢

⎛
⎝

⎞
⎠

⎛
⎝

⎞
⎠

⎤
⎦⎥

( ) ( )Sc Sc Sc f
b

f
b

2 2
0, 15f gf t fq q f

h
f f - -  + ¢ ¢ + + ¢ - ¢ + =

and the associated transformed boundary conditions are obtained by substituting equation (12) into
equation (11)

( ) ( ) ( ) ( )f f f0 0, 0 , 0 1, 0 1,0 q f¢ = = - ¢ = - ¢ = -

( ) ( ) ( ) ( ) ( )f f1, 0, 0, 0, 16q f¢ ¥   ¥  ¥  ¥ 

where am 1d l= indicatesDeborah number, M
B

a
0
2

= s
r

is themagnetic parameter,
⁎

⁎R T

k k

16

3

3

0
= s ¥ indicates the

radiation parameter, Pr = n
a
is Prandtl number,

( )
Q Q

C ap

0=
r

indicates heat generation/absorption coefficient,

Sc
Dm

= n indicates the Schmidt number, K

a
0g = represents the chemical reaction factor,

k q x

k T ar

0

0
t = - no

is the

thermophoretic parameter.
Thewall drag coefficient has amathematical form:

( )Cf
U

2
, 17x

f
w2r
t=

where wt is wall shear stress defined as

[ ( )] ( )u u uu vu
1

. 18w y yt xy yy y1 0t
m
l

l=
+

+ + + =

The dimensionless formof thewall drag coefficient is as follows:

⎡
⎣⎢

⎛
⎝

⎛
⎝

⎞
⎠

⎞
⎠

⎤
⎦⎥

( ) ( )Cf f f b f f f
1

2
Re 1

3

2
. 19x x m

1

0

l d= +  + ¢ -  - ¢¢¢
h

-

=

The local heat transmission rate has themathematical form [44]:

( )Nu
x

q x
q , 20x

a

w

0

=
n

where qw is wall heatflux is

( )

( )
( )q q

k T
. 21w r

q x

k
0

0

q h
= +
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Dimensionless formof local heat transmission rate is as follows:

⎡
⎣⎢

⎤
⎦⎥( )

( ( )) ( ) ( )Nu R
1

Re

1
1 . 22

x
x

0q h
eq h q h= + - ¢

h=

The localmassflux has themathematical form

( )Sh
x

h x
h , 23x

a

m

0

=
n

where hm is wallmassflux defined as

( )
( )h

h x
. 24m

0

f h
=

Dimensionless formof localmassflux is as follows:

⎡
⎣⎢

⎤
⎦⎥( )

( )Sh
1

Re

1
. 25

x
x

0f h
=

h=

In equations (19), (22), and (25) the parameter Re ,x
ax2

=
n

represents the local Reynolds number.

Solution scheme
The above system is solved using a built-in bvp4c software inMATLABwith the 4th order accuracy andmesh
size 0.01with an error tolerance of 10−6. The coupled, nonlinear ordinary differential equations expressed in
equations (13)–(15) are converted into 1st orderODEs by applying the underneath approach:

( )

f y f y f y f y f yy

y y yy

y y yy

, , , , ,

, , ,

, , . 26

iv
1 2 3 4 1

5 6 2

7 8 3

q q q
f f f

= ¢ =  = ¢¢¢ = =
= ¢ =  =
= ¢ =  =

With equation (26) the systemof equations (13)–(15)with boundary conditions in equation (16) can bewritten
as:

⎡
⎣

⎤
⎦( )

( )
( ) ( ) ( ) ( ) [( ) ]

( )yy
y y y M y b y y y by

y

1 1 1 1 2
, 27

b
m

m
b1

1 2 3 2
2

2 2 4 3
2

4

1 2

l d

d
=

+ + + - + - + - + + -

+

h

h

⎡
⎣

⎤
⎦( )( ) ( )

( )
( )yy

y y y y Qy y

y R

Pr

1
, 28

b b

2

2 2 5 1 2 6 5 6
2

5

e

e
=

+ - + - -

+ +

h

⎡
⎣⎢

⎡
⎣⎢

⎛
⎝

⎞
⎠

⎛
⎝

⎞
⎠

⎤
⎦⎥

⎤
⎦⎥

( ) ( )yy Sc y y yy y y y
b

y y
b

y
2 2

, 293 7 7 2 6 8 1 8 2 7g t
h

= + + - + - +

with boundary conditions,

y y f y y0, , 1, 1 at 02 1 0 6 8 h= = - = - = - =

( )y y y y1, 0, 0, 0 as 302 3 5 7 h     ¥

Aflowdiagramof the implemented scheme bvp4c is added infigure 2.

Results and discussions

This section elucidates a discussion about the core outcome of the existing study. The influence of various
important emerging parameters in the problemon their respective profiles is examined through graphs and
discussed briefly. Furthermore, the role of l and md over thewall drag coefficient, b and Q on the heat
transmission rate, t and g on the Sherwood number are presented through tables. The non-dimensional flow
control physical parameters encountered in the problemwith values assigned to them are given below:

b Q R M

f Sc

0.2 0.8, 0.1 0.7, 0.5 0.7, 0.3 0.6, 0.9, 0.2,

0.5, 0.5 0.7, Pr 0.5, 0.5 1.7, 0.3, 0.5, 0.9.
m

0

l d
t g h e

= =
= = = = =
       

   

For convenience, this section is divided into the following subsections:

i. Interpretation of velocity profile versus varied parameters
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ii. Interpretation of temperature profile versus varied parameters

iii. Interpretation of concentration profile versus varied parameters

iv. TabularDiscussion

Interpretation of velocity profile
Figure 3 clarifies that the velocity of liquid drops for elevating counts of squeezed flow factor. It happens due to
the kinetic energy of liquid particles increases as the squeezing phenomenon intensifies.However, there exists an

Figure 2. Flow chart of utilized numerical scheme.

Figure 3. Illustration of ( )f h¢ with squeezedflowparameter.
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inverse relation among the strength of the squeeze flow and the squeezingflowparameter. Consequently, this
shows a reduction in the velocity distribution.

The role of the Jeffreymodel parameter on the velocity profile is illustrated infigure 4. This plot clarifies that
the velocityfield is a growing function of the Jeffreymodel factor. The velocity profile enhances for varied
estimates of Jeffreymodel parameter because relaxation and retardation times influence the flowoffluid under
stress and reduce thefluid resistance toflow, eventually, the increased fluid velocity is visualized.

The association offluid velocity with theDeborah number is depicted infigure 5.Here, the repercussion of
theDeborah number is opposite to the effect of the Jeffreymodel factor on the velocity profilemeans velocity of
fluid is on the decline for the numerous estimations ofDeborah number. This is because of the dominance of the
elastic forces that change thefluid-like behavior to solid-like. This enhanced resistance tofluidflow results in
lowering the fluid velocity.

Figure 4. Illustration of ( )f h¢ with Jeffreymodel parameter.

Figure 5. Illustration of ( )f h¢ withDeborah number.

9

Phys. Scr. 99 (2024) 125966 SMazhar et al



Figure 6 shows the rise in velocity profile for amplification inmagnetic parameter. This occurs becausewhen
the value ofM increases, resistance in theflow rises. However, the effect ofM cancels due to the squeezing of an
upper surface, and thefluid flow around the sensorwall increases, resulting in an elevation of the velocity
distribution. As theMHDeffect elevates the velocity profile, itmeans themagnetic fieldmay accelerate or
decelerate specific regions of theflow. This flexibility optimizes flow characteristics for various applications.
Also, it improvesmodel accuracy by aligning theoretical predictionswith experimental results, which leads to a
more accurate representation of physical systems likeMHDpumps, generators, and electromagnetic brakes.

Interpretation of temperature profile
Fromfigure 7 it can be noted that the temperature profile supresses for higher estimations of squeezed flow
parameter. This happens because generally when the squeezed flowparameter increases, this results in a

Figure 6. Illustration of ( )f h¢ withmagnetic parameter.

Figure 7. Illustration of ( )q h with squeezed flowparameter.
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decrease in the kinetic energy of liquid particles which leads to a subsequent reduction in temperature. The
radiation parameter is a dimensionless quantity that exhibits a ratio of heat transfer via thermal radiation to heat
transmission via conduction. The role of the radiation factor on the temperature field is depicted infigure 8.
According to this plot, there is an enhancement in the temperature profile with incremented values of the
radiation parameter. Physically, for higher counts of radiation parameter radiation prevails over conduction,
alsomean absorption coefficient decays, and as a result temperature of the fluid upsurges.

Figures 9 and 10 point out that an upsurge in values of heat generation/absorption coefficient enhanced the
temperature profile and relevant thickness. In fact, the coefficient of heat generation/absorption accelerates the
heat transport phenomenon occurring on the surface and the absorption of heat causes a rise in the kinetic
energy of liquid particles, leading to an enhancement in the temperature of thefluid.

Figure 8. Illustration of ( )q h with radiation parameter.

Figure 9. Illustration of ( )q h with heat absorption coefficient.
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Interpretation of concentration profile
Figure 11 shows the trend of the concentration profile with the squeezed flowparameter. It is clear from this plot
that enlarging the squeezed flowparameter decreases the concentration profile. Owing to squeezing, a stronger
compression of the liquid between the plates is observed resulting in a high-pressure gradient in the liquid
leading to enhanced fluid velocity near the surfaces.

Figure 12 clarifies that the concentration profile shows decreasing behaviorwith thermophoretic parameter.
This happens because of the positive values of the thermophoresis variable and the increasing effect of
thermophoretic forcewhich results in themovement offluid particles fromwarm to cold surface.

The behavior of the concentration profile against chemical reaction parameter is explained infigure 13. This
plot clarifies that there is a drop in the concentration profile for elevating counts of chemical reaction parameter.
This happens because for large estimates of chemical reaction parameter, the reaction rate is fostered and

Figure 10. Illustration of ( )q h with heat generation coefficient.

Figure 11. Illustration of ( )f h with squeezed flowparameter.
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reactions are transmuted into products at a faster pace which results in a supression in the concentration of the
reactants in the liquid leading to a declined concentration profile.

Tabular discussion

The behavior of friction factor with increment in Jeffrey fluid parameter l andDeborah number md is presented
in table 2. According to the results, thewall drag coefficient exhibits increasing behavior for l and decreasing for

.md The elastic behavior offluid is influenced by Jeffrey fluid parameter. As Jeffrey fluid parameter is enhanced,
the liquid depicts a solid-like behavior leading tomore resistance to deformation. As a result, high shear stress at
the surface is witnessed, and eventually, strong surface drag is spotted. In the second case, for high estimates of

Figure 12. Illustration of ( )f h with thermophoretic parameter.

Figure 13. Illustration of ( )f h with chemical reaction parameter.
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Table 1.Originality of the presentmodel.

Studies Squeezed flow Unsteady Jeffrey fluidflow Temperature dependent thermal conductance Heat source/sink Radiative heatflux Thermophoretic particle deposition

Hayat andMustafa [12] No Yes No No Yes No

Atif et al [25] Yes No Yes No Yes No

Kumar et al [36] No No No Yes No Yes

Current Yes Yes Yes Yes Yes Yes
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theDeborah number, the relaxation time ismuch longer than the fluid flow time scale, and ultimately, the liquid
flowing characteristic is compromised leading to the diminishing of shear forces. Thus, a drop in Surface drag is
observed.

The performance of the local heat transmission rate with incrementing values of squeezed flowparameter b
and heat generation coefficient Q is numerically presented in table 3. This table clarifies that theNusselt number
shows increasing and decreasing behaviors for b and Q respectively. Amplification of the squeezed flow
parameter results in a higher liquidflow velocity near the surface; thus increasing the rate of heat transfer. In
contrast, with an enhancement in the heat generation parameter values, the liquid producesmore internal heat
resulting in an overall rise in the fluid temperature. As the surface heat flux isfixed, the rate of heat transfermust
drop to balance internal heat generation. That is why a declined heat transfer rate is observed.

Table 4 numerically explains the variation of the Sherwood numberwith increments in estimations of the
thermophoretic parameter t and chemical reaction parameter .g According to outcomes, there is an
enhancement in localmass flux for both t and .g Higher estimates of the thermophoretic parameter improve
the particles’ interaction thus increasing thefluid temperature and concentration gradient. Also, high chemical
reaction parameter values indicate the faster consumption of reactants leading to a high concentration gradient.

Table 2. Skin friction
coefficient for Jeffreymodel
parameter andDeborah
number.

l md Cfx

0.2 −0.604668

0.6 −0.558168

1.0 −0.524970

1.4 −0.499018

0.7 −0.723303

1.0 −1.889510

1.3 −3.093760

1.6 −4.304650

Table 3.Nusselt number
for squeezed flow
parameter and heat
generation coefficient.

b Q Nux

0.7 1.75414

0.9 1.78279

1.1 1.81429

1.3 1.84607

0.1 1.82160

0.2 1.80233

0.3 1.78263

0.4 1.76245

Table 4. Sherwood
number for
thermophoretic parameter
and chemical reaction
parameter.

t g Shx

0.1 1.20272

0.3 1.30024

0.5 1.40324

0.7 1.51153

0.1 1.34865

0.5 1.48728

0.9 1.61455

1.3 1.73271
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Table 5 illustrates a comparison of the present workwith previous research. An excellent concurrence is
obtained.

Concluding remarks

Two-dimensional, unsteady,magnetized squeezed flowof Jeffrey liquidwith temperature-dependent thermal
conductivity flow along a sensor surface under the role of chemical reaction, linear thermal radiation,
thermophoretic particle deposition, and thermal source/sink is investigated. The proposedmodel has been
supported by the prescribed heat andmassflux conditions. The bvp4c tool is utilized and the behavior offluid
under these effects has been analyzed through graphs to assort the flow-controlling backdrops, the impacts of
some dimensionless numbers have been shown in tabular form.

This study owing to its interesting applications in daily lifemakes it unique from the earlier publishedworks.
It provides important insights into the behavior of Jeffrey fluids in squeezed flow conditions, which are
applicable to a variety of industrial and biomedical systems. The viscoelastic properties, especially relaxation
time, affect velocity and temperature profiles, enabling improvedmaterial control in polymermanufacturing,
while in biomedical applications like artificial heart pumps, understanding the fluid’s behavior can enhance the
efficiency and longevity offluid-handling devices. Further research into complex flow conditions could expand
these applications across various industries.

Below is a list of some of themain conclusions:

• Velocity, and concentration distributions are dwindling functions of squeezed flowparameter.

• The velocity profile shows opposite behavior for the Jeffreymodel parameter andDeborah number.

• The velocity profile depicts an upsurgingmanner formagnetic parameter.

• Enhancement influid temperature is observed due to heat generation/absorption coefficient.

• The concentration of liquid dropswith the enhancement of both thermophoretic and chemical reaction
parameters.

• Adecreasing behavior of thewall drag coefficient for the Jeffreymodel parameter and an increasing behavior
of thewall drag coefficient forDeborah number is observed.

• TheNusselt number increases as the squeezed flowparameter enhances and decreases for increment in heat
generation coefficient.

• The Sherwood number exhibits an increasing phenomenon for both thermophoretic and chemical reaction
parameters.
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