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Abstract

The current investigation. explores the thermal convection characteristics of a magneto-
micropolar fluid with temperature-sensitive properties flowing over an elastically deformable
porous-embedded surface. The “mathematical model incorporates frictional heating effects,
internal thermal energy variation (generation/absorption), and optically thick radiative flux
described by the Rosseland approximation./The resultant coupled nonlinear system is tackled
analytically through the Optimal Homotopy Analysis Method (OHAM), which provides
convergent series-based solutions. The resulting veloeity, /microrotation, and temperature fields
are illustrated through graphical and tabulated data acress a bread range of physical parameters.
Validation against existing literature demonstrates® the<reliability of the present approach.
Quantitative analysis shows that the microrotation boundary layer decreases by approximately
18-25% with increasing micropolar parameter, while thermal boundary layer thickness increases
by about 10-14% under stronger radiative effects. Moreover, micropolar-fluids exhibit a thinner
momentum boundary layer compared to Newtonian fluids under identical conditions.
Specifically, the Newtonian case K =0yields a thinner layer relative to /the micropolar case
K > 0. Overall, the results provide valuable insights into micropolar fluid behavior with practical

implications in porous and radiative flow systems.

Keywords: magneto-micropolar fluid, viscous dissipation, thermal radiation, heat generation .or
absorption, OHAM



1. Introduction

The Pioneering researchers and process engineers are focused on improving drying and cooling
operations in industrial manufacturing, where the cooling rate and deformation behavior are critical
factors that determine the final product quality. The thermal and hydrodynamic behavior of fluids flowing
over a continuously deforming stretching sheet has been a subject of sustained scientific interest,
primarily owing to its widespread relevance in polymer extrusion, metal rolling, and textile
manufacturing. As a.consequence, the foundational contribution of Sakiadis [1] established the boundary
layer frameworksfor a moving continuous surface, providing the first systematic analysis of such flows at
constant surface velocity. Extending the Sakiadis framework, Crane [2] derived a closed-form exact
solution for viscous fluidimotion over a linearly stretching plate, a result that served as the cornerstone for
subsequent analytical investigations.,Gupta and Gupta [3] examined the combined heat and mass
transport over a stretching surface incorporating wall suction and blowing, demonstrating that
transpiration conditions substantially modify boundary layer thickness and convective transport. Their
groundbreaking work pioneered the first ever analytical basis for analysis of stretching sheet problems.
Grubka and Bobba [4] analytically characterized the thermal response of a continuous stretching surface
under power-law surface temperature variations, establishing benchmark solutions for subsequent
researchers. Their work showed that the“heat/transfer _and temperature distribution are significantly
affected by the variation of surface temperature, which became a reference point for subsequent
stretching-sheet researches. Dutta et al. [5] constructed ansexact analytical solution for the temperature
distribution induced by a uniform heat flux condition over.a/stretching surface, offering precise insights
into heat transfer under constant flux scenarios. Chenand Char [6] investigated thermal transport
phenomena on a continuously stretched surface subject to wall suction and injection, deriving analytical
expressions that quantified the contrasting influence of these transpiration conditions on thermal boundary
layer development. Ali [7] presented numerical solutions for a range of thermal boundary conditions
while examining the heat transmission properties of a continually extending surface. The rheological
frameworks such as Oldroyd-B, Maxwell, and Jeffery models, along with Cattaneo—Christov modified
Fourier heat flux theory, have been widely adopted to capture the diverse non-Newtonian characteristics

observed in industrial flow systems [8-13].

Nonetheless, other types of non-Newtonian fluids are widely used for engineering andindustrial
applications due to their practicality and convenience. For non-Newtonian fluids, the shear strain rate-to-
shear rate ratio is not constant at a specific temperature, but it also varies with the manner of flow. To

study such behavior, different non-Newtonian fluid models are proposed in the literature, such _as the



viscoelastic liquid model, the second-order liquid model, Walter’s liquid model, the Maxwell liquid
model, the Cattaneo-Christove heat flux model, etc. Furthermore, the advantages of Navier’s theory are
not valid for the fluids with micro-rotation, microstructure, rotational inertia, couple stress, and body
torque;which are connected with the micropolar liquid model. Micropolar fluids; in order to investigate
the behavior of micro-rotation and micro-inertia in such fluids as fluid suspensions, colloidal solutions,
liquid crystals,blood of animals, paint, etc., Eringen [14-15] proposed micropolar fluids. Gorla et al. [16]
presented<the solutions. for boundary layer steady state temperature transfer with a coating surface and
viscous dissipation‘effects on a micro-polar liquid over a semi-infinite flat plate.Many scientists have

worked on micropolarfluids with different geometries, such as [17-22].

On the other hand, the“current results are directly applicable to industrial processes in which the
temperature-dependent transport properties and magnetic actuation play a critical role. For instance, in hot
rolling and polymer extrusion, control_of surface temperature and flow behavior is essential to obtaining
the appropriate product thickness, surface finish, and material strength. One may also note other
applications where knowledge about varying viscosity/thermal conductivity, such as cooling in MHD
metal casting or nanofluid coating, makes an impact on the heat transfer and is labelled as an important
tool to produce high quality material and a stable process. The implication of the work outlined above is
that the current results are rich in terms of providing ideas for efficiency (heat transfer) enhancement in
actual practical manufacturing and thermal processing applications. The Flows have been studied by
several workers and thus reported due to the fact that most of the applications are subject to appreciable

variation in temperature (see e.g. [23-26]).

The relevance of the present work lies in the study of the changeable thermo-physical properties of
magneto-convection micropolar fluid flow past an extending sheet with a porous medium in the presence
of viscous dissipation, internal heat, and thermal radiation effects. Further, the porous media emphasize
the relevance of the present model in potential industrial and engineering, applications of
micropolar fluid flow such as geothermal energy extraction, filtration' processes, polymer
processing, petroleum reservoir engineering, cooling of electronic dewvices; and biomedical
transport phenomena, where porous structures and micro-structural fluid behavior play an
important role. These additions help to better connect the theoretical findings with practical
applications. Furthermore, the governing coupled nonlinear ordinary differential equation system
is solved using OHAM, following the computational strategies established in [27-32]. Graphs

and tables are provided to give a sense of how embedding parameters affect results.



2.  Mathematical Formulation

The‘present two-dimensional model for incompressible micropolar fluid motion over a permeable elastic
stretching surface, accounts for Ohmic dissipation, internal heat source or sink, and radiative thermal
transport through an-optically opaque porous matrix. A physical realization of this work is presented in
Figure 1, .where the flow field is demonstrated to be perpendicular to the y-axis and parallel to the x
direction and possessing the prescribed x and y components of velocity.
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Fig. 1: Schematically illustrates the physical configuration



A transverse uniform magnetic field is oriented perpendicular to the stretching surface along the y-
direction; the induced magnetic field is neglected under the assumption of small magnetic Reynolds

number. We take the external flow velocity as zero but the stretchable velocity asU , = ax . The PST

T=T,=T 4 A(X/ I )2 (Prescribed power law surface temperature) is proposed here to investigate the
temperature field, transfer of temperature. In addition the micro-particles N = N (x, y) angular velocity
is utilized. Thestemperature-sensitive parameters of the transport fluids, thermal conductivity K (T') and

viscosity (T ) ,.are,considered in this study. The linear temperature-dependent models for viscosity and

thermal conductivity are adopted (see Egs. (5)—(6)), which are widely accepted for moderate temperature
variations due to their mathematical simplicity and proven accuracy in boundary-layer flows. Although
nonlinear relations (e.g., quadratic or exponential forms) may offer improved precision for large
temperature gradients, they substantially increase model complexity and often require purely numerical
approaches. Therefore, the linear formulation provides a practical balance between physical realism and
analytical tractability for the current problem.

Under the standard boundary-layer approximations and Boussinesq assumptions, the governing

conservation equations for mass, momentum, angular momentum, and energy take the following form:
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Affording to numerous publications [23, 24] the expression for the heat-dependent viscosity 4 (T) is

Y7,
T — 0
lu( ) l+ﬁ(T_Tw) (5)
As well, the linear expression for the relationship between heat conductivity and temperature is
(T,-T)/ K, =[(T,-T,)+&(T-T,) |/ K(T) (6)



Similarly, following is a description of the Rosseland approximation is a classical diffusion-type
approximation used to simplify radiative heat flux in a participating medium.The limitations of
Rosseland approximations. It is important to note that the Rosseland diffusion approximation is
strictly valid,foroptically thick media and relatively small temperature gradients, where radiative
heat transfer behaves similarly to a diffusion process. Under conditions of very strong
temperature‘gradients or optically thin media, the approximation may lose accuracy because the

radiative, heat flux<can no longer be represented adequately by the linearized temperature
formulation. Moreover, itqreplaces the radiative heat flux g, with a conduction-like diffusion
term:

160T°3
qr=—: vT @)
o

here, o denotes the Stefan—Boltzmann constant, « is represents the Rosseland mean spectral absorption

coefficient, and T is the local abselute temperature of the fluid.

For linearization process, we need to take divergence of radiative flux:

3
v.q, :—V.[lGGT VT]

3a

For negligible small heat variations around a reference temperature T_, we can linearize T* ~ 4T _* —3T_*

160T 3
, which gives V.qr ~ —[&VZTJ
3a

The problem under consideration's physical Boundary Conditions (BC’s) are given by

u=U,=ax, v=0, N/—n:a—u at y=0
oy (8)
uN->0, a y-wo

The thermal boundary conditions associated with Eq. (4) are formulated in accordance with the prescribed

surface temperature (PST) heating mechanism adopted in the present study.

T=T,=T,+A(x1}, at y=0 } =

T->T, as y — ©

Here, from Egs. (1-9), ais constant anda > 0, U, is the velocity (free-stream), 2 is the fluid density,



uand v are the velocity components inxand y directions respectively, in the above equations, K is the
vertexviscosity, N is the microrotation angular velocity component, T is the local fluid temperature, B,
is the applied magnetic field intensity, Cprepresents the isobaric specific heat capacity of the fluid, T,
denotes the surface wall temperature, T_ is the ambient free-stream temperature far from the stretching
surface, Qis.the heat generation or absorption coefficient, K denotes the permeability of the porous

layer, jiis the microinertial density per unit mass and the spin-gradient viscosity 7 is related to the

dynamic viscocity and microinertia through the constitute relation y :(y(t)+k/2) J .Similarly, in equation

(8),the parameter n represents the micropolar boundary parameter and varies within the range0<n<1.
The boundary condition n = 0 physically implies that microelements near the solid wall are unable to
rotate, reflecting a condition” ofi\concentrated particle suspension at the surface with vanishing micro-
rotation. The case n = 0.5 is\often associated with turbulence-like behavior in the boundary layer, where
micro-rotation effects are more” pronounced. When n=1, it characterizes a weak concentration of
microelements at the wall, correspondingto a stress-free or free-spin condition and it controls the micro-

rotation boundary behavior in the governing equations. ., is the ambient fluid viscosity, K_ is thermal

conductivity for away from the plate, &fs variable thermal conductivity parameter, | denotes the

characteristic length, g, is the heat flux, while Aand D<are constants.

The set of equations (1)-(4) are converted into a dimensionless form. To do this the following similarity

transformations are considered (see details in Fatunmbi and Okayo[24])

0 , 0 a a
U:Ey/:aXf (77),V=—8—l;/(/=—\/§f(77),77:\/;y, Nzan(U)\/;y
10
T-T, v q, o
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where f&6& denote the dimensionless stream function and temperature, respectively. The continuity

equation is identically satisfied by the introduction of the stream functions Substituting the
transformations of Eq. (10) together with the constitutive relations (5)—(7) into the governing partial

differential equations (2)—(4) yields the following system of nonlinear ordinary differential<equations.
(1+h0)[ (1+ (1+hO)K) £+ (1+ hg)(ff "~ £+ Kg ) - (Da+ (K +M )(1+hg)) ]
-hd'tf"=0

(11)



1+ ha)K1+(1+ h¢9)+g] g"+(1+ho)(fg'~ T4 —K(2g+ f ”))}—he’g’ 0 @

(1+h0)[ (1+£0+Nr)o"+£0" +Pr(f0'-201'+Q0) |+ PrEc(1+K (1+ho)) f* =0 (13)
And respective BC’s are transformed to,

f(0)=1 f (0)=g(0)+nf"(0)=0,and 6(0)=1
f'(oo),g(oo),&(oo)—)O

The BC’s used insthe present study represent practical engineering situations such as stretching surfaces

(14)

encountered in polymer extrusion, coating processes, and cooling of continuous sheets, where the fluid
adheres to the surface and.experiences strong shear. Additionally, the far-field conditions correspond to
the ambient quiescent fluid region where the effects of surface motion gradually vanish, which is

consistent with boundary-layer flow assumptions commonly used in engineering analyses.
Additionally, where his the temperature dependent viscosity parameter, K is micro-polar parameter, Da
is Darcy parameter, Pr denotes the Prandtl/number, M denotes the magnetic parameter, NI defines the

radiation parameter, Q is heat source/sink parameterand EC is Eckert number, which are given by

C 2
h:ﬂ(TW_Too)vK:L,Da:LJDr:'uO p,M:GBO ,
Hy ak, K/ ap -
3 2
Nr:16O-TOO Q= Q ,EC:U—W
3aK apC, C,(T,-T.)

The primary engineering quantities of practical interest in the present problem are the local skin friction

coefficient Cy, the surface couple stress M, and the local Nusselt number Nux, which respectively

characterize the wall shear force, microrotational stress, and convective heatexchange at the surface.

C, = T > Nu, = X ,Co= XN_IW (16)
U K, (T, —T.) pja

Where, wall shear stressz,, is given by7, :[(,u+k)8u/8y+ kN ]y:O’ heat flux at the surfaceq,, is

given by q, =—-K, [(l-i— Nr)@T/@y]y=O and wall couple stressM, is given byM,, =[ydN/dy]

y=0"
After using the scaling variables, the skin friction coefficient, wall couple stress and«Nusselt'number is
transformed to

Cf*= f”(O), Cs*zg’(o),Nux*z—H’(O), an

Where



1+h)C. R
Cf:( +h)C, ex, U, = Nu, c - (1+h)C, 18)

1+K/2 (1+Nr)Re, " ° (1+K/2)Re,

3. Method of solution

Thesstrongly nonlinear boundary value problem (BVP) defined by Eqgs. (11)-(13) subject to conditions
(14) is resolved using the Optimal Homotopy Analysis Method (OHAM), a powerful semi-analytical
technique that offers guaranteed convergence for highly nonlinear systems with the help of software
named MATHEMATICA 10. This method exploits a continuous deformation mapping from a tractable
linear problem to‘the target nonlinear system, yielding uniformly convergent series solutions even when
perturbation-based methods fail. A distinguishing advantage of OHAM lies in the flexibility it affords in
selecting auxiliary linear<operators and initial approximations. The convergence-control parameters
(CCPs), embedded in"the hometopy.. The OHAM has been successfully applied to different types of
nonlinear coupled problems (for more details refer to [27-32]). In view of these results, we noted that the
OHAM overcomes the restrictions.of all other analytical approximation methods for highly nonlinear
problems. Guided by the boundary conditions (14) and the expected physical behavior of the solution,

the following initial approximations and auxiliary linear operators are chosen for f, g and &.

fo(n)=(1-€"), go(n):a)e‘”+(gje"7, h(n7)=€" and 6,(r7)=¢" (19)

The corresponding linear differential operators, consistent with the selected initial guesses, are defined as
Lo=f"—1"L=(9"-9)-e",L,=h"-h and £,=6"—-§6. (20)
Zeroth-order deformation equations governing the homotopy family for the present system are formulated

as,

@-a)L [fOra)=fo(n)]=aH, () N [ (7:0), 9(7;0), h(z: 4)7; )],
Q=)L [9(a)— 9o ()] = aHy (1), Ny [9(:0), h(; 0), 0C77 ), £07; 0)],
(L-a)L, [h(7;0) =1y (17)] = aH,, (1), N, [9 (73 @), h(7; ), 07: ), §(7:.0) Js
(A-a)L, [007:0) =6, ()] = aH,, (1) 7,N, [0Gr; @), h(p: ), T (17:0), 9 (7: @) ]-

Now H, (7)=H,(7)=H,(n7)=H,(n)=e" are chosen as the auxiliary.functions.

(21)

The parameter q [0, 1] serves as the homotopy embedding parameter; when =0, the system reduces to the
linearized problem, while q=1recovers the original nonlinear formulation and(hf Ty s he) # Qare

called convergence control parameters (CCPs). Then these governing equations can be expand by Taylor

series solution in-terms of embedding parameter g,



Fr:q) = fo(0)+ S ()"

n=1

007:0) = 9 + > 0, (1)
=t (22)

() = My () + 0, ()" and

i) <05(n) Y. 6,0)a

Practically, thesé can be calculating finitely many terms in the form of series solution. Therefore k™

approximate solution form a partial sums which can be given as,
Kk
IMOERNOEDRADE
n=1
k
g (7)=9,(m)+ z 9,(7)
" (23)

h[k](77) =hy(n) +Z h,(77) &

Gy (1) = Gy () + Zﬁn (7).

where,
_14d"f(n.q) _1d"g(n.9)
f”(”)_ﬁT 'Gn(ﬂ)—mT :
q=0 q=0
! nl dp" q:O, ! nl dn" 1o

The optimal values of the CCPs are determined by minimizing thestotal average squared residual
error, computed at each approximation order. This optimization pprocess ensures that the solution
series attains its fastest and most accurate convergence.

L[ f,(7)- 2, foa(n) |= 1R} (1)

L, 9 (77) %y 951 (1) ] =1 RA ()

Ly [ hy (7)= 2, Nya () | = 7,RE () (24)
Ly [ 6, (1)~ 2, 6,2(n)
£(0)=1 f,(0)=g

p

(
fo()=0, 9g,()=0.  6,(0)=0,

10



Now calculating the residual errors and minimize over 7,z , &, &h,in order to get the optimal
values for 7 ,n ,n, &h, and the slightest possible error. In the process of error analyses, we

have two methods namely, exact residual error and average residual error. For different order of
approximation, CPU time required for evaluation of f”(0),g'(0),h'(0)and&'(0) is observed.

As/for as CPU time is concerned, the average residual error needs less time compared to that of
the exact residual error for increasing values of p. At p" order deformation equation, the exact
residual errors canbe written as,

£l (n)= Pili(wf [ (7). G0y (7). Gy () ey () ])
& () ZP:( g[P](”)’ ‘?[PI(")])Z
2 @)
() =53 2 (M [ ). By (). o (0)])
E; (7, )— lg( 9[§[P] (1) 1?[p] (U)!Q[p](ﬂ)m[p](n)])z
Ey (n)=E, (7, )+ES (n,)+Ep(ng).EL (7,) (26)

Here E:, (h) gives the total average squared residual error of the problem and

1
+1

y

Mathematical symbols E;,ES,E’ and E? denote the individual average squared residual errors, It is

undeniably demonstrated that E_,E?,E!, E7 andE gradually declines when the order of the

approximation rises, demonstrating the viability offOHAM.(see Table 1 and Table 2), which demonstrates
that OHAM exist successfully. Computational software like Mathematica is utilized to minimize these

mistakes forn=1,2,3,.....the optimal value of 7y, %,k and 2, for f,g,hand@is given by
dE, (h,)/dh=0,dE? (h,)/dh=0,dE! (h,)/dh=0and dE’ (74)/ dh= 0 respectively. Evidently,
limE, (7,)=0,limE¢ (r,) =0, limE} (%) = 0 and limE (n,) =0 correspondsto a convergent series solution.

11
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Fig. 1a.Individual residual error at a different approximationp.
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Fig.1b. Total residual error at a different approximation p
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Table,1: Individual residual error at different approximation p.

p E, () E,’(hy) E,’(h,) CPU times (S)
1 5.165%x10° 5.206x10* 5.192x10* 0.3692
3 3.183x10°® 4.839x107 1.377x10* 3.6593
5 5.992x10"° 3.058x107 1.156x10* 17.689
7 2:149x101° 1.138x10% 1.379x10° 69.350
9 1.554x10™ 1.605x1071° 1.320x1077 192.12
13 9.849x107* 3.475x107! 1.678x10”° 1361.5
15 9.422x10°% 5.322x107"2 2.059%1071° 4526.4
Table 2:Total residual error at a different approximation p
p ~h ~h, —hyg E, CPU times (S)
1 0.9008 0.4153 1.1176 1.377x1073 0.3692
3 0.9452 1.0053 1.1220 2.684x10* 3.6593
5 1.1395 1.0473 1.1192 1.672%10¢ 17.689
7 1.0609 1.0612 1.1582 1.356x107 69.350
9 1.2150 1.0782 1.2062 2.391x10% 192.12
14 1.2255 1.1961 1.2749 1.403x107 1361.5
15 1.2258 1.1596 1.2583 4.574x10™" 4526.4

Confirming the Methodology:

Through both its convergence behavior and the comparison with reference selutions, the semi-
analytical method's accuracy and stability of implementation are well established. In this work, a

15th-order OHAM approximation is carried out and the corresponding optimal convergence-

control parameters are 7, = -1.2258, h, = -1.1596, and 7, = -1.2583. The residual error

substantially decreases with increasing order of approximation, which indicates fast and stable

convergence of the solution. This evolution is displayed in Figure 1(a-b) and the quantitative




results given in Table 1 and Table 2, respectively, where for each of the governing equations a
uniform decrease of error is presented. The OHAM solutions obtained here are validated through
systematic comparison with established numerical and analytical results from the open literature,
and.the close correspondence observed confirms the accuracy and reliability of the present
approach. Tables 3 and 4 present quantitative comparisons showing that the computed values of
skin‘friction‘and Nusselt number align closely with those reported by Kumar [17], Tripathy et al.
[20], Chen [33], .and, Seddeek and Salem [34], with relative deviations remaining within

acceptable numerical tolerance.

Table 3: Comparison of values of Skin-friction coefficient Cf* with Kumar [17], Tripathy et al

[20] and Fatunmbi and Okayo:[24] (when n=0.5)

[ o [omun Ty | Feuomiond | P
0] 0 0 1.000000 1.000008 1.0000084 1.000000
05| 0 0 0.880200 0.901878 0.8994515 0.899500
05110 O 1.209900 1.250358 1.24966132 1.250100
0511010 | --------- 1.510062 1.5127320 1.512730
1.0[{05| O 0.997600 0.995088 0:9919970 0.992650
10|05 10| ------- 1.265126 1.2646592 1.265130

Table 4: Comparison of values of Nusselt number Nu, with Chen [33], Seddeek and Salem

[34] and Fatunmbi and Okayo [24].

or | Chen |Seddeek and Fatunmobi Present
' and Okayo K
[33] Salem [34] [24] wor

0.72 | 1.08853 | 1.08852 1.088525691 | 1.09258

1.0 |1.33334 | 1.33333 1.33333333 | 1.33332

3 2.50972 | 2.50972 2.50972521 | 2.50969

7 3.97150 | 3.97150 3.917151157 | 4.00023

10 | 4.79686 | 4.97151 479687327 | 4.79686
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4. “Flow Analysis and Discussions
To explore the model predictions, a range of physical parameter values have been calculated following

the method«described in section 3. The relationships between the speed and micro-rotational speed vs.
viscosity h are presented in the plots in Figure 2-4. The graph (Figure 2) clearly shows that for higher

values of vis€osityw.h (i.e.,h=0,1,2), the thickness of boundary layer of the velocity profile f '(n)

decreases: This is due'to'the higher h shows low temperature difference between the liquid and the plate,
which leads tosthe increase of viscosity N of the liquid and consequently enhances both thermal profiles

6(n7) and micro velocity profile 'g (7) (see Figure 3&Figure 4).According to Figures. 5-7, we found that
when we increase the‘value to a‘higher value of K then the thermal 6(77)boundary layer thickness and

velocity f'(77)boundary surfaces' can e increased except for the micro velocity profileg(n). The

micropolar parameter K represents the relative contribution of micro-rotation (microstructure effects)
compared to classical viscous effects. When K (K>0) increases, the effective resistance of the fluid to
shear decreases because part of the momentum is-transferred into particle rotation, which weakens the
classical viscous stress. As a result, the horizental velocity increases and the momentum boundary layer
becomes thicker compared with the Newtonian case«(K=0) far from the wall, where shear-induced
microrotation diminishes, the fluid gradually recovers viscous-dominated behavior analogous to a
Newtonian medium. Figure 8 illustrates the response~of the/velocity field to variations in the Darcy
permeability number Da ; higher Davalues correspond to‘a more’permeable porous medium, which
reduces flow resistance and consequently augments the ‘axial”velacity throughout the boundary layer.
Figure 9 demonstrates that strengthening the applied magnetic field (larger M) progressively suppresses
the fluid velocity, a consequence of the retarding Lorentz force generated by the interaction of the
magnetic field with the electrically conducting fluid. The influence of the micropolar boundary parameter
N on the micro-rotational velocity profile is illustrated in Figure 10+"Physically, the parameter n
represents the micropolar boundary parameter and varies within the range0<n<1. At n = 0 the
microelements at the solid surface are constrained from rotating, corresponding to asphysical seenario of
dense particle packing at the wall where rotational freedom is suppressed. The case n = 0.5 is, often
associated with turbulence-like behavior in the boundary layer, where micro-rotation- effects are more
pronounced. When n=1, it characterizes a weak concentration of microelements at jthe wall;
corresponding to a stress-free or free-spin condition, and it controls the micro-rotation boundary behavior

in the governing equations. The velocity profile clearly increases as a function of the boundary parameter

15



value. Figure 11 shows an increase in the temperature profile when g(i.e., ¢=0,1 2) is changed in

thermal, conductivity. With comes also temperature graph/thermal boundary surface due to linear heat&
especially fluids with poor thermal conductivity, which cool faster. It is clear from Figure 12, as Nr
increases, theioptically thick medium becomes progressively more transparent to radiation; the effective
Rosseland mean. absorption decreases, amplifying the divergence of the radiative heat flux and
transferring .additional thermal energy into the fluid, thereby thickening the thermal boundary layer.
Furthermore, increase” in Nr contributes to the conduction effect, which leads to an increase in
temperature everywhere away from the sheet. Additionally, the Nr modifies behavior underscores the
strong coupling between the radiation parameter and the thermal field; even modest increases in Nr
substantially reshape thestemperature profile and expand the thermal boundary layer, confirming the
dominant role of radiation in thermally. thick flow regimes. Figure 13 indicates that an increase Pr leads
to a softening of the temperaturesprofilesand to a thinner thermal boundary layer. physically, a higher
Prandtl number Primplies reducedsthermal diffusivity relative to momentum diffusivity, which confines
the thermal disturbance to a narrower region near the wall, resulting in steeper temperature gradients and
faster surface cooling. Figs. 14 and 15 demonstrate opposite thermal responses to the Eckert number Ec

(i.e.,Ec=0,1,1.5)and heat source/sink parameter /Q. An increasing Ecenhances viscous dissipation,
elevating the fluid temperature in regions of intense shearing. Conversely, positive Q acts as an internal
heat source (fluid heating), while negative Q reflects‘an energy sink (fluid cooling), yielding contrasting

thermal boundary layer responses. Moreover, the relative influence of viscous dissipation and thermal
radiation on the thermal field. The discussion now highlights that viscous dissipation contributes to
internal heat generation through the Eckert number, thereby enhancing the.fluid temperature particularly
in regions of strong velocity gradients near the surface, while thermal radiation influences the temperature
distribution by modifying the effective thermal energy transport within.the boundary layer. An overview
of the effect of various physical parameters on the variation of local skin frictionsand temperature gradient

at the surface is presented in Table 5.
Concluding remarks

The current study examines how a thermally radiating magneto micropolar fluid behaves when itspasses
through a linearly stretched sheet that is embedded in a porous material. OHAM can berused:to get semi-
analytical solutions of the governing highly nonlinear differential equations. The effect of the controlling
parameters has been examined and discussed through graphs & tables. The main findings in this study are

mentioned below:
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The micropolar fluid model produces a thicker velocity boundary layer relative to its Newtonian
counterpart under identical flow conditions, attributable to the additional momentum imparted by
microrotational effects.

The“thermal transport efficiency progressively diminishes with increasing values of the micropolar
parameter K, as the enhanced rotational inertia redirects energy from thermal conduction into
particle rotation.

Therskinfriction. coefficient and Nusselt number exhibits opposite trend for enhancing values of
hand ¢.

The thermal boundary ‘layer expands monotonically with increasing Eckert number and radiation
parameter, reflecting.enhanced internal energy generation and radiative heating; however, elevation

of the Prandtl number suppresses thermal diffusion, producing a contraction of the thermal layer.
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Fig.2: Impact of viscosity parameter h on the field of velocity f ' (#)with

K=M=n=¢=Nr=Ec=Q=0.5Da=2,Pr=0.72
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Fig.3: Effect of viscosity parameter h on the field of velocity g (#)with
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Fig.4: Variation of viscosity parameter h on the field oftemperature ¢ (»)with

K=M=n=g=Nr=Ec=Q=0.5Da=2,Pr=0.72
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Fig.5: Impact of micropolar parameter K on the field of velocity f'(y) with

h=M=n=¢=Nr=zEc=Q=0.5Da=2Pr=0.72
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Fig.6: Effect of micropolar parameter K on the field of.velacity.g(#)with

h=M=n=6=Nr=Ec=Q=0.5Da=2,Pr=0.72
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Fig.7: Impact of‘micropolar parameter Kon the field of thermal ¢(»)with

h=M=n=g=Nr=Ec=Q=0.5Da=2,Pr=0.72
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Fig.8: Variation of Darcy parameter Daon the field.of velocity f'(y)with
K=h=M=n=g=Nr=Ec=Q=0.5Pr=0.72
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Fig.9: Impact of magnetic parameter M on the field of velocity f’(#) with
K=h=n=g=Nr=Ec=Q=0.5Da=2,Pr=0.72
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K=h=M=¢=Nr=Ec=Q=0.5Da=2,Pr=0.72
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Fig.11: Impact of thermal dependent.viscosity parameter ¢ on the field of temperature o (»)

with K=h=M =n=Nr=Ec=Q=0.5,Da=2,Pr=0.72
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Fig.12: Variation of radiation parameter Nr on the field of temperature 4 (»)with

K=h=M=n=¢g=Ec=Q=0.5Da=2,Pr=0.72
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Fig.13: Impact of thermal dependent viscosity parameter Pron the field of
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Fig.14: Impact of Eckert number Econ the field of temperature ¢ (»)with
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Table5: Computed values of skin-friction coefficient, Nusselt number and wall couple stress

(C,"WNu, andC_") for different values pertinent parameters.

*

*

h K M Da £ Nr Pr Ec Q n C, Nu,~ C,
0 -1.6790 -0.3308 -0.6411
2 0.5 -1.9556 -0.1742 -0.7875
25 0.5 -1.9828 -0.1695 -0.7935
1 -1.6454 -0.2533 -0.6600
3 2 -1.4238 -0.2753 -0.4480
5 A -1.3524 -0.2839 -0.3672
0 -1.6708 -0.2551 -0.7491
1 0.5 -1.9149 -0.2412 -0.7053
3 072 -2.3180 -0.2182 -0.6104
0 05 -1.4036 -0.2719 -0.7829
2 -1.7975 -0.2479 -0.7283
6 0.5 -2.3651 -0.2999 -0.5922
0 05 -1.8019 -0.2473 -0.8692
1 -1.7961 -0.2484 -0.6451
2 -1.7861 -0.2488 -0.4216
0.1 -1.7994 -0.2475 -0.7796
0.5 1 -1.7972 -0.2483 -0.6721
15 -1.7947 -0.2485 -0.4656
0 0.72 -1.6790 -0.3308 -0.3308
0.5 1 -1.8024 -0.2471 -0.7775
2 2 -1.8240 -0.2421 -1.0030
0 -1,8034 -0.2473 -0.8742
05 1 -1.7914 -0.2485 -0.5697
0.5 1.5 -1.7852 -0.2490 -0.4154
0.2 -107952 -0.2483 -0.4161
0.72 0 -1.7958 -0.2482 -0.4328
0.2 -1.7965 -0.2481 -0.6391
0 1 -1.7952 -0.2483 -0.4161
0.5 2 -1.7958 -0.2482 -0.4328
3 -1.7965 -0.2481 -0.6391
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Nomenclature

a,A &D

B& By

C

p

Da
Ec

Constants

Magnetic field and Magnetic Field strength

Specific heat at constant temperature
Darcy parameter
Eckertnumber

Dimensionless horizontal velocity
Dimensionless micro rotational velocity
Temperature dependent viscosity parameter
Micro inertial density

Vertex velocity

Micro polar parameter
Permeability of the poroussmedium

Thermal conductivity

Thermal conductivity for away from the wall

Characteristic length

Magnetic parameter

Micro polar boundary parameter
Micro rotation parameter
Radiation parameter

Prandtl number

Heat source/sink parameter

Heat flux

Fluid temperature
Temperature at wall

Free stream temperature
Free Stream velocity

ué&v

Velocity  components

directions respectively
Greek symbols

along x&y

Micro absorption coefficient

Spin gradient velocity
Viscosity of the fluid

Ambient fluid

Similarity variable
Density of the fluid

Dimensionless Temperature

Stefan Boltzmann constant

Ratio between the effective heat capacity
of the nanoparticle substance and heat
capacity of the base fluid
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