Journal of Radiation Research and Applied Sciences 18 (2025) 101452

Contents lists available at ScienceDirect

JourNAL OF

ADIATION
ESEARCH

Journal of Radiation Research and Applied Sciences

FI. SEVIER

journal homepage: www.journals.elsevier.com/journal-of-radiation-research-and-applied-sciences

Bioconvective flow of Casson-Micropolar nanofluid over bidirectional
surface with radiation thermophoretic and Cattaneo-Christov model

Rejab Hajlaoui *, Aaqib Majeed ”, Sami Ullah Khan °, Mohamed Mahdi Boudabous®,
Alaa Chabir?, Ali Chamkha ®, Lioua Kolsi "

& Department of Information and Computer Science, College of Computer Science and Engineering, University of Hai’l, Hai'l City, Saudi Arabia
Y Department of Mathematics, The University of Faisalabad, Sargodha Road, University Town Faisalabad, 38000, Pakistan

¢ Department of Mathematics, Namal University, Mianwali, 42250, Pakistan

4 Department of Computer Engineering, College of Computer Science and Engineering, University of Ha’il, Ha'il City, Saudi Arabia

€ Faculty of Engineering, Kuwait College of Science and Technology, Doha District, 35004, Kuwait

f Department of Mechanical Engineering, College of Engineering, University of Ha'il, Ha'il City, 81451, Saudi Arabia

ARTICLE INFO ABSTRACT
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Recent developments in nanotechnology identifies the novel role of nanomaterials in upgrading the transport
phenomenon of heat and mass transfer analysis. The significance of nanofluid is widely examined in energy
enhancement, solar and nuclear systems, cooling applications, extrusion processes and various biomedical ap-
plications. This investigation contributes to bioconvective flow of Casson-Micropolar nanofluid due to porous
bidirectional stretched surface. Unlike traditional models, a non-Fourier approach (Cattaneo-Christov model) is
implemented to analyze the transport problem. The radiated effects and chemical reaction consequences are
adopted to modify the model. The numerical computations are performed with help of shooting technique. It has
been observed that the micro-rotational velocity due to porosity parameter while stretching parameter shows
opposite results. The heat transfer impact enhances due to porosity parameter and micropolar fluid constant. The
demonstrated results due to variation of flow parameters preserves applications in optimizing heat transfer ef-

Chemical reaction

ficiency, cooling impact, biofuels, fertilizers etc.

1. Introduction

The nanomaterials express the modified class of conventional fluids,
exhibiting more superior thermal impact and stable conducting features.
The source of nanofluids are based on dispersion of nanoscale particles
to base liquids. Subject to tiny size and higher surface area, the
decomposition of metallic particles to base materials enhances the
thermal conductivity and other conducting performances. The nano-
materials show size-dependent refection, which confirms their mag-
netic, unique optical and thermal features. The utilization of nanofluids
offer efficient energy transport, enhanced heat dissipation and impres-
sive thermal management. The significance of nanofluid are examined in
increasing lubrication, reducing wear and tear in mechanical processes
and controlled viscosity, confirming applications in different industrial
systems. The research on nanofluid has grown rapid interest and present
novel applications in enhancing efficiency of HVAC systems, controlling
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the cooling processes in microchips and electronic systems. The appli-
cations of nanofluids in renewable energy presents applications in solar
collectors. In modern nuclear medical, the nanoparticles present appli-
cations in the diagnostic imagining, hyperthermia treatment and drug
delivery. The pioneer work on nanofluid was performed by Choi (Choi &
Eastman, 1995). Hayat et al. (Hayat et al., 2020) determined the un-
steady trnaport of nanofluid under the assumptions of variable thermal
features. Thriveni and Mahanthesh (Thriveni & Mahanthesh, 2021)
investigated the fluctuation of heat transfer subject to annuls flow of
nanofluid. Rajput et al. (Rajput et al., 2022) visualized the unsteady flow
of nanofluid to analyze the heat transfer effects. Abdal et al. (Abdal et al.,
2021) focused to thermal aspects of nanofluid due to elongation of
cylinder with porous medium. The preduction of thermal phenomenon
in revolving canal filled with nanoparticles was explained by Mahan-
thesh et al. (Mahanthesh et al., 2016). Mahian et al. (Mahian et al.,
2021) analyzed the thermal applications of nanoparticles to enhance
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heat transfer performances of renewable systems. Zaheer et al. (Zaheer
et al., 2024) responded the stagnation point analysis for buoyancy
driven flow of nanofluid. The analytical simulations are problem were
performed with homotopy analysis scheme. Chabani et al. (Chabani
et al., 2022) performed the heat transfer in trapezoidal enclosure for
convective flow. The role of heat absorption in hybrid nanofluid has
been evaluated by Mashhadian et al. (Mashhadian et al., 2021) Ali et al.
(Ali et al., 2021) examined the rotatory flow of nanofluid numerically
via finite element technique. Baazeem et al. (Baazeem et al., 2023)
developed mathematical model for unsteady transport of nanofluid with
additional Darcy-Forchheimer impact. Ramasekhar et al. (Ramasekhar
etal., 2023) used the semi-analytical scheme to analyze the heat transfer
performances in rotatory flow of nanofluid. Solar collectors applications
with interaction of aluminum nanoparticles was revealed by Chukami
et al. (Chukami et al., 2023). Batool et al. (Batool et al., 2023) expresses
the viscous dissipation flow of nanofluid due to extension of surface.
Mahmood et al. (Mahmood et al., 2022) focused to thermal aggregation
of nanoparticles with viscous dissipation consequences. Nasir et al.
(Nasir et al., 2023) contributed to investigation of heat transfer due to
mixed convective flow of nanoparticles. Das et al. (Das et al., 2025)
intended the heat transfer in vibrated channel containing the hybrid
nanoparticles under rapid temperature constraints. Karmakar et al.
(Karmakar et al., 2025) focused the Riga surface flow of nanofluid due to
vibrated Riga surface. The thermal analysis subject to radiative flow of
platinum-cerium oxide-water nanofluid was examined by Das et al. (Das
et al., 2024). Karmakar et al. (Karmakar et al., 2024) visualized the
weakly ionized flow of nanofluid in Riga channel with electromagnetic
rotation. Loganathan et al. (Loganathan, Choudhary, et al., 2025) pre-
dicted the entropy generation in Riga supported flow of nanofluid with
implementation of non-Fourier approach. The investigation for heat
transfer with utilization of Williamson nanofluid was observed by
Loganathan et al. (Loganathan, Thamaraikannan, et al., 2025). Sen-
thilvadivu et al. (Senthilvadivu et al., 2024) analyzed the thermal en-
ergy transport due to suspension of ethylene glycol base nanofluid.
Eswaramoorthi et al. (Eswaramoorthi et al., 2025) focused the thermal
prediction of carbon nanofluid with ohmic heating effects. Sarfraz and
Khan (Sarfraz et al., 2023a) reported the Homann flow of nanofluid due
to biaxially moving surface. Yasir et al. (Yasir et al., 2023) developed
mathematical model for non-inertial flow of Oldroyd-B nanofluid.
Ahammad et al. (Ameer et al., 2022) addressed the convective transport
of nanofluid for stagnation point assessment. Comparative heat transfer
due to Xue and Hamilton—Crosser nanofluid models was investigated by
Sarfraz et al. (Sarfraz, Yasir, & Khan, 2023). Muhammad et al.
(Muhammad et al.,, 2025) intended examined thermal efficiency of
hybrid nanofluid by performing statistical analysis.

In various classes of non-Newtonian materials, the micropolar fluid is
famous category which contributes the understanding of novel micro-
structure features. In contrasting to traditional nonlinear models, the
micropolar fluid exhibits the rotational behavior and microstructural
impact of fluid particles. The rheology of micropolar fluid is important
for analyzing the angular velocity and micro-rotational suspension of
particles for understanding internal dynamic of complex materials. The
significant applications of micropolar fluid has been analyzed in diverse
range of fields. In liquid crystals, the micropolar fluid help in under-
standing of rotational characteristics of elongated molecules and
anisotropic materials. In colloidal decompositions, the micropolar fluids
accounts the rotational movement of suspended colloids. The human
blood properties can also be justified with help of micropolar fluid. In
biomedical engineering, the micropolar dynamics can be followed to
model in tissues engineering, diagnostics devices and drug delivery
processes where the micro-scale materials crucial for augmenting the
performances. Guedri et al. (Guedri et al., 2023) presented the aggre-
gation of micropolar nanofluid subject to shrining surface flow under the
influence of thermal radiation. Rana et al. (Rana et al., 2020) explained
the improved heat transfer aspects subject to micropolar nanofluid.
Vertically supported flow of micropolar nanofluid with heat transfer
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impact was predicted by Khan et al. (Khan et al., 2021). Habib et al.
(Habib et al., 2021) analyzed the utilization of microbes in nanofluid
flow confined by stretching surface. Abbas et al. (Abbas et al., 2024)
investigated the micropolar nanofluid driven by Riga electromagnetic
surface. Pandey et al. (Pandey & Chandra, 2020) focused to study of
rotational effects governed by micropolar fluid due to propagation of
waves. Ali et al. (Ali et al., 2020) used the magnetic dipole effects while
performing the heat and mass transfer due to micropolar fluid. Karvelas
et al. (Karvelas et al., 2020) predicted the insight to micropolar flow by
claiming the fibrous hydraulic permeability applications. Majeed et al.
(Majeed et al., 2024) discussed the bidirectional stretching Riga surface
flow of Casson-micropolar and nanofluid. However, this analysis was
performed by utilizing the traditional Fourier approach.

Despite extensive investigations on bioconvective flow of nanofluid
due bidirectional stretching surface, it has been analyzed that assess-
ment of heat and mass transfer due to bioconvective flow of radiated
Casson-Micropolar nanofluid has not be explored yet. This research aims
to presents the heat and mass transfer aspects in magnetized Casson-
Micropolar nanofluid with suspension of microorganisms. A source of
flow is bidirectional stretched surface subject to porous media. The
bidirectional stretched surface flow of nanomaterials is novel with
realistic industrial, engineering and biomedical applications like extru-
sion processes, manufacturing systems, polymers, coating phenomenon
and bio-fluid transport. The Cattaneo-Christov model is incorporated to
model the problem. The assessment of heat transfer is performed by
incorporating the radiated effects. The concentration equation is upda-
ted by utilizing the chemical reaction consequences. A complex system
of equations has been developed which is solved via shooting algorithm.
The physical impact of problem is presented graphically due to variation
of modeled parameters.

2. Flow assumptions and governing equations

A bidirectional stretched surface flow of Casson-Micropolar nano-
fluid containing the microorganisms have been studded. Cartesian plane
is used to model the problem. The flow configuration is presented in
Fig. 1. The governing equations are obtained in view of following flow
assumptions.

< A steady and laminar flow of Casson-Micropolar nanofluid with
suspension of microorganisms has been considered due to bidirec-
tional porous stretching surface.

% The velocity components u,v and w are considered along x,y and z,
directions, respectively.

< The bidirectional velocities of stretching surface are expressed with

u="U, =U exp[xLﬂ],v =V, =V exp[xTﬂ'}.

u—>0,v—->07T->7,.C>C,non,.

Porous medium
Y

| | I

L S

Fig. 1. Flow configuration of the problem.
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Normal magnetic force effects are considered. The induced magnetic
force features are ignored under small magnetic Reynolds number
assumptions.

The extension in heat and mass transfer equations is suggested with
help of Cattaneo-Christov approach.

The energy equation retaining the thermal radiation consequences
while chemical reaction features are adopted in heat and concen-
tration equation, respectively.

% Let N be micro-rotation, T defines the temperature, C explaining the
dilute concentration and n be microorganisms density. Moreover, Ny
and N, represents the micro-angular speed, T, is the free stream
temperature, C,, represents the ambient stream concentration while
n, is ambient microorganism density.

%
£<3

o’
23

Following all these assumptions, the problem is expressed with help
of following set of equations (Majeed et al., 2024):

&u 0v &w
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ox oy oz o Ty o022 a2 o2
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u—L+v —1+w—1:l.—21——.1——.—, 7)
0x ay 0z pj 0z P P 0z
ON, 0N, ON, y *N, 2KN, K ou

T2y, 2 P02 S 2 8
uax+vay+waz pi P - —, ®

with ¢ (electric conductivity), s (density), K (micropolar fluid coeffi-

cient), @ (Casson fluid coefficient), g, (radiated coefficient), K* (porous
media coefficient), 4o (thermal relaxation coefficient), Dy (thermopho-
retic coefficient), K- (reaction coefficient), j (microintertia density), D;,
(microorganisms diffusivity), b (chemotaxis constant) and w, (maximum
cells speed).

The boundary conditions are (Majeed et al., 2024):
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u=UW:U0exp[

X + X+
Ly],v:VW:Voexp[Ty},w:O,

T = TW:T°°+T°eXP{M}vC:Cw:Coo-&-CDexp{B(ery)],

2L 2L
n=n, =Ny + Ny €X M
=Ny = N o €Xp 5L )
1ov 1 0u
Nl_ﬁa_z"Nz_ Ea—as z=0.
9
u-»0,v—-0,T->T,,C—>Cy,n—>n,,N; -0, N,—>0as Z—oo. (10)

Above defined boundary conditions are associated to the stretched
surface flows. Physically, these constraints express the velocity, tem-
perature, concentration and microorganisms behavior within the sur-
face and fluid. Such constraints are important in industrial processes like
metal forming, polymer extrusion, coating flows etc.

2.1. Dimensionless variables

The new endorsed variables are (Majeed et al., 2024):

u=Uy="U, exp{%f(n), an
v="Vw ="V, exp [%]g’(q), 12)
w= =22 exo i)+ uf () + g0n) + g ), as)
T=Ty=Ts + T, exp {’w} o), (14)
C=Cy=Cu +C, exp [B(xzzy)](p(n), as)
n=ny =N, + Ny €Xp [W]x(n), (16)
N, = %exp F(x;[ Y )}R(n), 17)
N, = %exp {S(XJ y)} Q(n) (18)
n= z%e p[% a9

where A,B and D are the temperature, concentration, and motile ex-
ponents respectively. Moreover, Ty, Co, and ng are the constants. The
new dimensionless system is:

(1+aty)r-a@rgrar - ver - (Men)f -0 @0

1\
1 e —
(1+a+)e

(1 +%R +Pr/11(f+g)2>0” +Pr[A(f+8)0 — (f +&)0+Nbd§ + Nt(6/)°]

oR +(f+9)¢ — (f +§)¢ — (M+1,)¢ =0, @D

+Prir | (1f +18 +f +8-+24f +248)(f +8)0

_A{<A +2) (fz +g+ 2fg’) - (ff +f¢ +f“’g+gg")}0] =0,
(22)
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¢ +Scl(f +8)¢' ~ B +&) — kr] — Scic|(nf +ng +f+g+24f

+249)(f +8)0 —A{(A+2)(f +&" +2f¢) - (ff +fg' +fg  (23)

+gg”)}¢] ﬁ;a” =0,

X +8b(f +8 —D(f +&)x] —Pel(c+1)¢" +x¢]=0, (2
(1 +g)R" +(f+g)R —3(f +&)R—2aR — ag =0, (25)
(1+5)Q +(F+8)Q -3 +£)Q~2aQ—of =0, (26)

with boundary conditions (Majeed et al., 2024):

f(0)=0,8(0) = 0,£(0) =1,¢(0) = 4,6(0) = —f3(1 - 6(0)), ¢ (0)
= —fc(1-¢(0).49 = —ﬂx(l —x(0)),R(0)
ng'(0),Q(0) = —nf'(0

27)

f(00) > 0,8(e0) > 0,6(c0) = 0, ¢p(c0) = 0, y(c0) - 0,R(c0) 0, Q(c0) >0
(28

with micropolar parameter («), Hartmann number (M), stretching
parameter (1), Prandtl number (Pr), Brownian motion (Nb), thermo-
phoresis parameter (Nt), Schmidt number (Sc), and Peclet number (Pe)

a:E,MZZJB(Z)LJ,:&,Pr:v—fJVb:TDB(CW_CDO),Nt:TDT(TW_ Too)

Hy prw Uy as vf 07T

Uf K2 Tf — Ty Ea EDm WC ﬂ.ollo exp((x +y) /L)
Sc=—Rr=—"N;= E= ,Pe= Ar=
“TDy ¢ T T, kT ¢ Dy T 2L

2.2. Physical quantities

The wall shear force, Nusselt number, Sherwood number and motile
density number are (Majeed et al., 2024):
XQy XQm

ke(Tw — Two )Sh*’k( —Co )’Q”" Dmnw (29)

where g, = — K (g—g) ,qm = —Dg (g—g) and g, = — Dp, (%) are
z=0 z=0 z=0
the wall heat flux, wall mass flux and microorganism flux from the

stretching surface respectively. The dimensionless form is:

Nu, =

(%) - - (14 20 0
Re.\ 2L
(7") ;?Sh’: —¢'(0), (31)
Re.\ L
(%) Sew= -2 (32

3. Numerical simulations

Coupled system of equation is numerically solved with shooting
technique. Shooting method is based on transferring the higher order
system to first order problem. Following new variables are introduced to
attains the first order relations:
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f=af =2f =2f"=2.8=2.8 =2.8 =2.8" =2,
0=27,0 =25,0" =25, =20, =210, =20, x =211, =212, 4" =213,
R=213,R' =214,R" =2,,Q=215,Q =216,Q" =2,
(33)

Replacing above quantities in dimensionless equations:

, 1
Fyg=———— [azlf, — (21 +24)23 + (22 + 25)22 + <M+ yp)22] , (34)
(l +a+ ﬁ)
, 1
Zg=——— [azu — (21 +24)26 + (22 + 25)25 + <M+ yp>zs] , (35)
<1 +a+ m)

1

Z8:
(1 +§R+Prz1r(f+g)2)

[—Pr[A(z1 +24)25 — (22 +25)27

-+ Nbzgz1o +Nt(Zs)2} —Prir [(1122 +125+21 +24 +2A2; +2A2,4) (22 +25)
23 7A{ (A + 2) ((22)2 + (25)2 +22225) — (leg +2126 +2324 +Z4Zs) }27} :0] s

(36)

2o = — Sc[(21 + 24)210 — B(22 + 25)29 — krzo] + Scic [(r]z'2 + 125 +21 + 24

+2Az; + 2A24) (22 + %5)210 —A{ (A + 2)((22)2 + (25)* + 22,2s)
Nt ,
2,

— (2123 + 2126 + 2324 +Z4Z6)}Z9} ~Nb

37)

Z/lz = — Sb[(Zl +Z4)212 — D(Zz +Zs),l/] + Pe[(0+211)z/10 +210212], (38)

, 1
2, =7 — (21 +24)214 + 3(22 + 25)213 + 20213 + 2], 39
(1+9)
, 1
216 :7[ — (Zl +Z4)216 + 3(2’2 +Z5)215 -+ 2(1215 + aZ;g], (40)
(1+3)
with:

21(0)=0,24(0)=0,25(0) =1,25(0) = 4,25 (0) = — B,(1 —27(0)),210(0)

(
(

= —fc(1—29(0)),2 ( )= —Px(1—211(0)),213(0)
:m6(0)7215(0) = —Nnzs3 (O)
(41)
22(00) = 0,25(00) = 0,27(c0) = 0,29(c0) = 0,211 (00) = 0, 213(c0) (42)

- 0, 215(00)—>0.
4. Solution verification

The numerical results are now validated in Table 1 by comparing
with benchmark investigation of Ariel (Ariel, 2007) under some limiting
case. Both studies confirmed close agreement which guaranteed the
solution accuracy.

Table 1
Comparison of simulated numerical data with Ariel (Ariel, 2007) when a =y, =
0 and w—oo.

parameter Ariel (Ariel, 2007) Present numerical results

A -f(0) -g'(0) -f(0) -¢'(0)
0.0 1.00000 0.00000 1.00000 0.00000
0.1 1.02025 0.06684 1.020244 0.066875
0.2 1.03949 0.14873 1.039513 0.148724
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Fig. 2. (a-d): Variation of velocity profile f'() due to impact of (a) porosity parameter (y,), (b) Casson fluid parameter (), (c) micropolar parameter (a), (d)
5.

Graphical results and discussion

In this section, the physical interpretation of results has been pre-

subject to variation of parameters. This section aims to explicate the
dicted and analyzed. The physical amplification of problem is assessed

fluctuation in velocity profiles (f'(1),g (17)), micropolar functions (Q(),

R(n)), temperature field 6(y), concentration profile ¢() and motile
microorganism profile y(n) against the modeled parameters. Current
(a) (b)
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Fig. 3. (a—c): Variation of velocity profile g'(7) due to impact of (a) stretching parameter (4), (b) porosity parameter (y,) and (c) micropolar parameter (a).
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flow problem is modeled under the theoretical flow assumptions,
therefore, constant appropriate numerical values are assigned to
involved flow parameters. Fig. 2(a) concentrates to understanding of
velocity profile f (i) by entertaining the effects of porosity parameter y,.
Upon enhancing numerical values of y,, a decrement in f'(7) has been
examined. The slower in velocity due to porosity constants indicate the
presence of permeability of porous medium which controls the fluid
velocity. Due to permeability of saturated porous space, the fluid ve-
locity reduces. Fig. 2(b) perform the analysis for f' () due to Casson fluid
parameter (w). The velocity profile reduces when w increases. Physi-
cally, the Casson fluid model predicts the shear thinning consequences.
In shear thinning effects, the viscosity of fluid declines when rate of
shear force enhances which results in reduction of f'(5). The results
responded in Fig. 2(c) claim the influence of micropolar parameter (@)
onf'(n). The fluid profile gradually reduces when K gets larger numerical
values. The micropolar fluid highlights the microstructural of fluid,
describing the rotational movement of microelements within the fluid.
Fig. 2(d) accounts the influence of Hartmann number (M) on f(n).
Higher values of M leads to reduction of fluid velocity. Such observa-
tions are physically associated to Lorentz force which declines the
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velocity profile.

Fig. 3(a) reflects the influence of stretching parameter (1) on g (i7).
Change in A leads to enhancement of g'(5). Fig. 3(b) describes the
assessment of g'(7) by enhancing porosity parameter (y,). Change in y,
leads to reduction of g'(17). This behavior is subject to increasing inter-
action between the fluid and porous medium. Higher impact of y, in-
creases the drag of resistance between fluid particles resulting a
decrement in velocity. In order to characterizes the observations for g'(17)
due to micropolar parameter (a), Fig. 3(c) is proposed. The change in a
leads to decrement of g'(17). The micropolar fluid parameter preserves the
rotational impact of microelement within fluid, presenting prominent
viscosity and resistance to the flow.

Fig. 4(a) evaluates the analysis for temperature profile 6(n) by
increasing thermal relaxation parameter A7r. The heat transfer declines
when A7 enhances. Since current mathematical model is based in
implementation of Cattaneo-Christov model which account the finite
thermal wave propagation, resulting delay in conduction phenomenon
and controlling the temperature profile. Fig. 4(b) executes impact of
porosity constant (y,) on the temperature profile 6(17). Upon y, enriches,
boosted observations for 6(;) are revealed. The presence of porous

(a) (b)
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Fig. 5. (a-d): Profile of ¢(n) due to (a) Nt (b) Sc (c) kr and (d) ic

media is effective to increases the heat transfer phenomenon. Such ob-
servations reveal importance in petroleum industry for recovery pro-
cesses. In Fig. 4(c), the analysis is performed for temperature profile 6(1)
due to larger variation of thermal Biot number (4;). Increasing change in
Py enhances the heat transfer gradually. Physically, f, attains a direct
relationship with coefficient of heat transfer. The convective heat
transfer enhances due to . Fig. 4(d) concluding observations for 6(1) by
varying micropolar parameter (a). Increment to a leads to enhancement
of temperature profile. Fig. 4(e) demonstrates the outcome due to
variation of Prandtl number (Pr) on 6(1). Subject to larger Pr, transfer of
heat become slower sharply. Higher Pr correspond to smaller thermal
diffusivity. The heat transfer condensed for lower thermal diffusivity.
Such results are important for cooling processes in various electronics
and engineering systems. In order to interpolates the significance of
Brownian parameter (Nb) on 6(), Fig. 4(f) is proposed. Larger Nb leads
to rise in fluid temperature. Enhancement in Nb presents the random
motion of nanofluid which contributes to improve the internal heat
transfer within the fluid.

Fig. 5(a) discloses the variation in concentration profile ¢(i) by
increasing the thermophoresis parameter (Nt). An impressive rate of
change is exhibited in ¢ (1) due to numerical variation of Nt. Physically,
the thermophoresis phenomenon is subject to movement of fluid parti-
cles towards the cooler region. Such dispersion in thermophoresis phe-
nomenon leads to enhancement of concentration profile. Fig. 5(b)
evaluates the results for ¢ (1) corresponds to larger Schmidt number (Sc).
A reduction in ¢(y) is exhibited by enlarging Sc. Physically, increasing
change in Sc leads to smaller mass diffusivity which turn down the
concentration phenomenon. Fig. 5(c) justifies the features of chemical
reaction parameter kr on ¢ (). It is examined that ¢(n) declines against
higher values of kr. Fig. 5(d) analyzing the consequences of concentra-
tion relaxation number ic on ¢(y7). Upon larger variation of Ac, the
concentration field reduces.

Fig. 6(a and b) expresses the effects of micropolar fluid parameter «
on angular velocity distribution Q(#7) and micro-rotation distribution
R(n). Enchantment in a leads to reduction of both profiles. These ob-
servations indicate that larger micropolar fluid parameter a offers
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Fig. 6. (a-b): Effect of micropolar parameter (@) on (a) Q(n) and (a) R(n)
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Table 2

Variation of skin friction (— f”(0)), microrotation ( — g(0)), temperature gradient (— §(0)), concentration gradient (— ¢'(0)), and microorganism motility (— '(0))

due to fluid parameters.

M 4 Pr Tp & a f(0) 8(0) -6(0) - 4(0) -Z(0)
0.2 1.97785 0.6561 1.26434 3.34533 3.16954
0.4 2.03365 0.6657 1.15767 3.26423 3.11433
0.6 2.05432 0.6752 1.04567 3.12342 3.07256
0.2 1.97856 0.6561 1.15356 3.43533 3.16965

0.4 2.05325 1.0084 1.29645 3.39654 3.23235

0.8 2.13032 1.3761 1.29435 3.33085 3.29785

0.4 1.12869 0.6561 1.10564 3.23533 3.16698

0.8 1.27745 0.6561 1.13566 3.21345 3.15895

1.2 1.54543 0.6561 1.17854 3.16977 3.14433

0.2 1.97043 0.6561 1.11654 3.56311 3.16675

0.6 2.03324 0.6657 1.10980 3.59043 3.16786

1.0 2.08543 0.6752 1.09223 3.63353 3.17353

0.2 1.97906 0.6561 1.11533 3.33666 3.16997

1.2 1.83432 0.6230 1.09675 3.45430 3.17123

1.8 1.73553 0.5981 1.08433 3.67974 3.17984

0.2 1.97455 0.6561 1.01678 3.28644 3.80453

0.4 1.97543 0.6636 1.01986 3.14334 3.80875

0.8 1.97543 0.6711 1.02556 3.06427 3.80435

resistance to rotational motion, making the fluid less susceptible to
angular motion. Fig. 7(a and b) exposes the microorganism profile y (1)
under the influence of Peclet number Pe and bioconvective Lewis
number Lb. Both parameter effectively reduces the microorganism
profile y(n). The resistance in y(#) due to Pe is associated to low motile
diffusivity.

Table 2 aims to presents the numerical results for skin friction,
Nusselt number, Sherwood number and motile density subject to higher
values of flow parameters. The wall shear force is influenced with
Hartmann numbr and porosity constant. These observations are
important for controlling the surface friction. The micro-rotational ve-
locity, representing the angular velocity of micropolar fluid remain
stable with minor fluctuations when micropolar fluid parameter a vary.
Such stable outcomes in micro-rotational velocity reveals that the
rotational dynamic of nanofluid is influenced with Hartmann number
while the change near the surface is negligible. The Nusselt number,
Sherwood number and motile density number reduces due to Hartmann
number M while Prandtl number Pr and stretching constant A showing
increasing impact on these physical quantities.

6. Conclusions

This analysis provides comprehensive analysis for applications of
bioconvection in Casson-Micropolar nanofluid flow endorsed by bidi-
rectional moving surface. Modified expressions of Cattaneo-Christov
model are used to model the energy and concentration equations.
Additional impact of thermal radiation and chemical reaction were

attributed. Major observations are.

> The Casson fluid parameter and porosity parameter reduces the fluid
velocity.

> The micro-rotational velocity enhances when the effects of stretching
parameter are prominent. However, porosity parameter controls the
micro-rotational velocity.

> Higher thermal relaxation parameter leads to reduction of temper-
ature profile.

> The Brownian parameter increases the temperature profile.

> Presence of porosity parameter and Biot number increases the heat

transfer impact.

Change in micropolar fluid parameter enhances the thermal profile.

The micro-rotation distribution reduces due to micropolar

parameter.

> The concentration profile grows due to thermophoretic parameter
while reverse effects are observed for concentration relaxation
parameter and chemical reaction constant.
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Limitation of model

Current model is based on theoretical flow assumptions instead
experimental data. Therefore, these exists some minor fluctuation be-
tween theoretical and experimental results.

Applications of problem

The claimed observations present applications in optimizing thermal
efficiency of various engineering systems, nuclear energy, chemical re-
actions, cooling technologies, energy storage systems, biomedical de-
vices, fertilizers etc.

Future recommendations

The current results can be modified further by performing the en-
tropy generation effects, Hall features, nonlinear radiated effects and
viscous dissipation features. The analysis could be further modified by
utilizing the hybrid nanofluid and tri hybrid nanofluid models.
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Glossary

(u,v,w): velocity components (ms
(x,y.2): coordinates (m)
py: density (kgm™3)

Ao: thermal relaxation coefficient (s)

)
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Dr: thermophoretic coefficient (m?s~!)
T: temperature (K)

Te: free stream temperature (K)

C: dilute concentration (kgm~3)
Co: ambient stream concentration (kgm~3)
Nb: Brownian motion (m?s~!)

o: electric conductivity

K: micropolar fluid coefficient

: Casson fluid coefficient

q,: radiated coefficient

K': porous media coefficient

K:: reaction coefficient

Jj: microintertia density

Dp: microorganisms diffusivity

b: chemotaxis constant

w,: maximum cells speed

N: micro-rotation

n: microorganisms density

(N7, N2): micro-angular speed

n.: ambient microorganism density
a: micropolar parameter

M: Hartmann number

A: stretching parameter

Pr: Prandtl number

Nt: thermophoresis parameter

Sc: Schmidt number

Pe: Peclet number (Pe)
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