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Abstract: The present study examines the outcome of viscous dissipation chemical reaction, and stratification in porous media
on electromagnetohydrodynamic (EMHD) bioconvective hybrid nanofluid flow over an extending surface, using efficient similarity
transformations. The system of partial differential equations (PDEs), which is very nonlinear, is converted to a set of
ordinary differential equations (ODEs), which is then numerically solved using MATHMATICA's NDSOLVE METHOD and
MATLAB's built-in numerical algorithm, bvp4c, is based on finite differences. Graphical representation between the
Numerical results for various values of factors related to buoyancy, magnetic, thermal, and solute stratification include
profiles of concentration, motion, and temperature. According to the skin friction coefficient, and local Nusselt and
Sherwood numbers graphs, the effect of the magnetic field on the velocity profile is shown to be outweighed by the
electric field. the electric field dominates the magnetic field in a physical sense. So the velocity profile speeds up with increasing
values of M. The fluid temperature and concentration decrease with the increment of the thermal buoyancy A and solutal
stratification parameters, respectively, whereas the magnetic and buoyancy parameters reduce both temperature and

concentration profiles. due to the velocity profile acceleration when A increases.
Keywords: Porous Medium, Shrinking Sheet, Hybrid Nanofluid - Thermal buoyancy.

Nomenclature

u,v Velocity component(ms™)
T Temperature of fluid (k)
c Nanoparticles Concentration
N Microorganism Concentration
c Stretching rate (s1)
Uy, Stretching Velocity
Tw Surface temperature(k)
Cy Surface Concentration of nanoparticles
Ny, Surface Concentration of microorganism
Too Ambient temperature(k)
Co Ambient Concentration of nanoparticles
Ny, Ambient Concentration of microorganism
To Reference temperature(k)
Co Reference Concentration of nanoparticles
Ny Reference Concentration of microorganism
E, Applied electric field (Vm™)
By Magnetic field strength
Dg Brownian diffusion coefficient
Dy, Microorganisms' diffusion coefficient
W, Maximum cell swimming speed
Cp Specific heat (J Kg* K1)

A Thermal buoyancy
Solutal buoyancy parameter

1. Introduction

Nano fluid was used as a coolant in heat transfer equipment
is crucial. Additionally, these fluids are crucial for engineering
and industry applications such microelectronics, biomedical
technology, vehicle cooling and energy production etc, [1, 2].
In order to increase the thermal conductivity. Nanoparticles
(size 100 nm) are dispersed into a basic liquid like ethylene,
propylene glycol or water. In many industrial and
manufacturing processes water and air are examples of classic
Newtonian fluids that have been used as cooling fluids,
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S1 Thermal stratification parameter

Sy Mass stratification parameter

S3 Motile density stratification parameter
Greek Symbols

o Electrical conductivity

p Density (kgm-)

0 Dimensionless temperature

U] Dimensionless Concentration of nanoparticles

u Dynamic viscosity (kgms?)

9 Kinematic viscosity (m?st)

X Dimensionless Concentration of Microorganism

n Dimensionless variable

a Thermal diffusivity(m?s)

0, Volume fraction of CNT
@, Volume fraction of F,,0,
Subscripts
f Base fluid
nf Nanofluid
hnf Hybrid Nanofluid
S1 CNT nanoparticles
Sy F,,0, nanoparticles
k Porous parameter
S Heat generation coefficient

although final product quality inspections tend to indicate that
viscous fluids are not the best option. [3] examined a two-
dimensional constant flow of a water-based hybrid Nano fluid
over an irregularly contracting/expanding permeable surface in
porous medium. [4] pointed out that the water-based hybrid
Nano liquid shown enhanced Nano fluid temperature and
velocity when compared to Nano fluid made from engine oil.
[2] wusing a water-based alumina-magnetite hybrid
nanomaterial to study the effects on the magneto
hydrodynamic (MHD) flow between two parallel plates. They
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discovered that the volume proportion of alumina and
magnetite nanoparticles caused the heat transfer rate to
decrease. [5] observed a rise in the temperature of the Nano
liquid for increasing the volume proportion of magnetite and
single-wall carbon nanotubes nanoparticles. Additional
research on hybrid Nano liquids can be found in [2, 6, 7]. A
common process brought on by the erratically moving of
microorganisms is bio convection. Applications for bio
convective nanomaterial flow in bio microsystems,
biotechnology, and biomedicine are extensive. were among the
first to study how stable a suspension of microbes and tiny
particles was. [8] analysed numerically the effects of
temperature and hydrodynamic slip limitations on the water-
based bio-nanomaterial containing microorganisms using the
Runge-Kutta-Fehlberg and ND Solve (Mathematica) method.
They noticed that increasing the bio convection Peclet number
tended to increase the quantity of motile microorganisms.
Alshomrani investigated the result of repeated slip on
bioconvective flow. [9, 10] With the use of the successive
local linearization method, it was examined how activation
energy affected the suspension of nanoparticles and microbes
in a magnetic fluid. Additional research on bioconvective
fluxes is available in [11-14]. A process known as stratification
begins when there are variations in the profiles of mass, heat,
and motile density or when separate fluids are present. Alsaedi
looked into the impact of stratification on hydro magnetic
mixed convective Nano liquid flow. [15] the homotopy
analysis method (HAM) is used. They noticed that increasing
the thermal stratification parameter caused the Nano liquid
temperature to fall. [16] observed a (CNT) drop in the Nano
fluid temperature and volume fraction with regard to thermal
and solutal stratification parameters, respectively, while
considering the impact of double stratification on carbon
nanotube Nano fluid flow. [16] studied the effect of the
thermal stratification parameter on the flow of a Nano liquid
made of ethylene glycol. Several works that deal with the
implications of stratification are discussed in [17,18].
Magnetohydrodynamics (MHD) is a subject of fluid dynamics
that studies the effects of magnetic fields on electrically
conducting fluids, such as plasma. [19]. Abbas et al. applied
the finite difference method to study the effects of temperature
variations on living tissues by using bioheat models with
experimental study [20, 21].

The research community is increasingly turning to statistical
techniques including sensitivity analysis, regression analysis,
and response surface methodology. A statistical procedure
called response surface methodology (RSM) examines how
individualistic variables (factor variables/parameters) affect
physical quantities (reliant variables/response). [22]
investigated how the heat transfer rate was affected by the
Hartmann number, thermal radiation, and thermal slip
parameter. using RSM and sensitivity analysis. They
concluded that smaller Hartmann number values correspond to
the highest heat transmission rate. [21] The current study is
being conducted to examine the impacts of stratification over
a linearly scale on the bioconvective EMHD hybrid
nanomaterial flow a stretched sheet as a result of the
aforementioned studies. The current research has applications
in the treatment of cancer, the administration of therapeutic
drugs, and biomedical imaging [23-25]. The governing model
is reduced to a set of ordinary (similarity) differential
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equations and then, numerically computed using the
efficient bvp4c solver in the MATLAB software.
The primary goals of this work are:

1-  Analyse the effects of important variables on the flow
profiles.

2- Comparatively analyse the hybrid Nano liquid flow
employing SWCNT and MWCNT nanoparticles that
contain Fe;o,..

3- Make an estimation of the interacting impacts of the
important factors pertaining to the drag coefficient
using a five-level, four-factor RSM methodology.

Y

_Microorganisms

.

u-0T-T,,
€ Ce NN,

0
u,=cx,v=06=¢C, N=N,,, T=T,

Figl(a): physical model.
2. Mathematical Model

Imagine a two-dimensional bioconvective steady flow past a
sheet that is stretched linearly and has a velocity (U, (x) =
cx) positioned on the x-axis, the area is occupied by a
Nanofluid of water —based carbon nanotubes that contains
microorganisms. E,, B, are delivered perpendicular to the fluid
flow, producing the strength of the external electric field( E,)
and a magnetic field outside that is both strong and external
(By ) isy > 0. Due on the presumption of an extremely low
Reynolds number for magnetism, anything which is induced
magnetically was untended. Also included are the effects of
stratification, viscosity dissipation, and chemical reactivity.
Tiwari — Das nano liquid model usage.[26] The governing
equations are represented by:[15, 27-29]

u,+v,=0 ¢))
3] 0 92 o
u L, (Hh”f>—bzl + 2L (BB, — B2w)
0x dy Phnf oy Phnf 2)
9
~Fut g(Br(T = T) + B (€ — C))
1
aT  aT 2T  fpny (OW\
— 4 yp—= _— (_
u Ox v ay (ahnf) dy? (pcp)hnf dy
0 (3)
+—— (T~ Ty)
(pcp)hnf
6C+ BC_(D)GZC K.(C—-C 4)
u ax v ay - B ayz T( OO)
N 4 N 4 bw, d (N 6C>
u—+v—+——|—|\N+—
a dy  (cw —c)\dy\ 0y
. (5)
d0°N
= (Dm)a—y2
Depending on the boundary restriction:
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u =
c=¢C,

U,(x)=cx,v=0,T =T, =Ty + §;x, 6)
= CO +€1x,N = NW = NO +§1x atyzo

u-0,T=T,=Ty+8xC-Cs,=Cy+
&x,N = N, = Ny +&,x asy— oo

Q)

In order to solve the current issue, hybrid nanofluid models are
(see[30-32])

Viscosity dynamic effect:

Whns _ 1 _1
Kr 1-0)%50-0,)% A

Density effect:

phnf Ps1 Ps2
1-0)[1-0,+0 +0,(==)=4
rma-oot-oeo ()] +ou(52) -

Specific heat effect:

(pcp)hnf Cpsl pCpSZ
Lo (1-9,) |18, +0 +0,(—22) =4
(pCp)f ( 2) 1 1 pCpf 2 ,Dcpf 3

Thermal conductivity effect:

khnf
=A,,
ks *
where
_ ks2 k52+knf
khnf 1 ®2 + 2®2 (k _knf) ln( anf )

k‘nf 1 - @2 + 2®2 <k —k f) ln (ksz+knf>

2knf

ks + 2k — 20, (kf — ks1)
D1 (kp — k1)

Kny _
ke ko + 2k, —

Electrical conductivity effect:

. 3(‘”“‘;;?"2—(@ +®z)>
14 =45
i ¢1U1—¢252) _ [ 9101020,
2+ <(®1+®z)ﬂf ar (@1 +02)

Similarity transformations take as follow:[15, 27]

u=cxf'(m),v=—_[cOf(m),n= ﬁi y,
f
_ (T - Too) _ (C - Coo) (8)
o) = (Tw — To) ) = (cw —co)’
X(m) = N——I\Z

The regulating formulas and the boundary circumstances
change when these comparable factors and the hybrid
nanofluid constants are given as:
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f’” + AlAsz” - (AIAZF, + AlAsM)F, + (9)
AyASME — A AKf' + A1A,40 + A, ANy = 0

A49” + A3prf9 + A csz + Sprg =0 (10)
Y+l fY — ke lep =0 (11)
X"+ (Ibf —peyp)X' — pXY" ' QpyY" =0 (12)

Currently, initial conditions and boundary conditions can be
described by:

f(0=0 ,f'(0)=1,0000=1-5; ,¥(0)
=1-5,,X(0)=1-S5,

0(0) =0, P(o) -0,
X(®) > 0asn - o

(13)

f'() =0, a

Such that M (Hartmann number) = ijBg ,E(electric field
£

parameter) = —2 | p,

)
number) =
BoUy,

ur
af
-

(Prandtl

K (Porous parameter ) = L, 1 (Thermal buoyancy) =5

N, (Solutal buoyancy parameter) =— S (Heat generatlon

coefficient) = Kr (chemical reactlon parameter) = —

( p)f

E.. (Eckert number) = (cx)?

(Cp)f(TW_TO)

. . . 0 . .
(bloconvectlon Lewis number): —f , e (bioconvection Peclet

, I, (Lewis number)= D—f Ly
B

number)— ¢ and Q(mlcroorganlsm concentration difference

parameter): (NN are the dimensionless quantities.

—No)
Physical quantities:

include the local Sherwood number, skin friction
coefficients, local motile density number and local Nusselt
number, which measure the mass transfer rate, surface drag,
heat transfer rate and microbe density number, respectively
[33, 34].

skin friction coefficients,

Hhns (3—5) _

- 2 f"(0) 15
Cfy = =0 — ReZ(f, = 1%
¥ (7 A s
Nusselt number,
aT
XKpns (@)y_o 1
N = = — Re 2N
e K¢ (T,, — To) Gx N (16)
= —A,0'(0)
Sherwood number,
ac
xD
Shy = 0 (ay)y " Rejish, = /@) 17
Dg(Cy — Co) x
Microorganism density number,
XDm(g_JI\:) 0 _1 (18)
— y= 2 — _y!
Nnx - Dm(Nw—NO) = Rex Nnx - X (0)
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Uwx

5
3. Numerical Procedure and Validation:

where Re,

Since equations (9) to (12) are greatly nonlinear, it is very hard
to find a closed-form or an exact solution. Hence an
approximate solution is computed numerically by employing
the bvpdc algorithm (a finite difference based built-in
numerical procedure) in MATLAB. To this purpose, let
=2z, =2f" =23 f" =23 0 =2,0" =25,0"
zi, W=2zg W' =2z, 0" =25, X =25, X' =20, X" =z,

The transmuted system of first-order ODESs are given as:
z] = 27,
Zy = 73
zi = —A1A;2,75 + (A1AzZ; + AjA M)z, — A;AcME
+ A;A,Kz, — AjAAz, — Ay A N,z

Zy =25
4 = _A1A3Pr2125 + A1prEcZ§ + A1 Sprz, i
5 ALA,
Z¢ = 2,
727 = =122, + 1,7
2y = (28t 27— (lpZ1 — PeZ7)Zo

with
21(0) = 0,2,(0) = 1,2,(0) = 1 = 5;,2,(0) = 1 = S5, 25(0)

=1-8,
25(00) = 0,24(0) = 0,26(c0) = 0,zg(0) = 0

The bvp4c algorithm uses a three-stage Lobatto Illa formula
built on an association polynomial that returns a -continuous
solution which is uniformly accurate to the fourth- C1 order.
The veracity of the code and the validation of the current
problem have been adjudged through a restrictive comparison
with the already published work of Khan & Pop [44] (see Table
1).

Tablel: Thermophysical properties (see [30, 35, 36])

Physical properties K o p Cp
Pure water 0.613 | 0.05 |997.1 4179
SWCNT 6600 | 10° | 2600 425
MWCNT 3000 | 107 | 1600 796
Feso, 9.7 | 25000 | 5180 670

1
Table 2: Comparison of Re, > Nu, for differing p, values
whenM =E=k, =E. =l,=l,=p.=Q=1=85=
K=N,=8§=5=5=0

1
Dr Re;ENux 5
[37] Current study

0.7 0.4539 0.4540
2 0.9113 0.91273

7 1.8954 1.934
20 3.3539 3.3538

70 6.4621 6.4755
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Fig 4: variation inf’(n)with N,
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4. Discussion:

The set of ordinary differential equations that are nonlinear (9)-
(12) according to the boundary restrictions (13,14)
MATLAB's bvp4c function is used to solve numerically and
NDsolve inside MATHMATICA The pre- organized data for a
finite-difference function is the built-in bvp4c function.
algorithm called Lobatto Illa a formula in three steps using
fourth-order precision. The outcomes demonstrate how the
thermal buoyancy parameter A has an impact, porous factor K,
the heat generation coefficient S, the solutal buoyancy
parameter N, , thermal stratification s; as well as zonal
stratification s, characteristics related to the concentration,
temperature, velocity profiles, the skin friction coefficient and
the local Nusselt as well as Sherwood numerals. The
stretching/shrinking sheet in a porous media saturated with a
viscous fluid is represented by K #0 for the porous parameter.

Figs.1(b)-20 show the effects of different physical quantities'
characteristics, microbial concentration profile (X(n)) ,
temperature profile of the nanofluid (8(n)), velocity profile
(f'()) ,and nanofluid concentration profile ((n))are all
taken into consideration regarding SWCNT — Fezo,. and
MWCNT — Fejo,. hybrid nanofluids.

The Prandtl number, the Lewis numbers, the Lewis numbers
for bioconvection, and Infinity are all set at 0.72,2 ,1.2, and 5
correspondingly. Table 2 also lists the fluid used as the base
and the nanoparticles thermophysical characteristics. For
example, result of colliding with the fluid motion and reducing
velocity, the resistive force created when a magnetic field
function is present, the Lorentz force be a resistive force. In
Fig. 1(b) the velocity profile speeds up with increasing values
of M This is because the electric field dominates the magnetic
field in a physical sense. Fig. 3 The buoyancy effect, A, causes
the fluid rate to accelerate. Convective transport thus takes
over and becomes more fluid as it enters the wake zone. As
same Figs. 2, 4, 5 show that velocity profile speeds up at
different values of K, S,N,. Fig. 6 demonstrate how the fluid's
temperature decreases as thermal buoyancy A increases. It is
observed that the thermal resistance created through the fluid
particles' impact causes the temperature that of nanoliquids to
increase.

Figs. 7-10 show how (6(n)) improves with increasing values
of K,S,N,, M, correspondingly. On a physical level, it is
related to the enhancement of the nanofluid's heat conductivity
that occurs as a result of the greater occupancy of nanoparticles
Additionally, A greater temperature of the nanofluid is seen
regarding liquid-based hybrid SWCNT—Fe5o0,. Fig14,15 show
the effects of the heat and spatial factors of stratification on the
concentration profile, respectively. The concentration's initial
and secondary solutions profile decrease upon improving the
stratification parameters, but it's crucial to regulate the thermal
stratification parameter's value S. Fig11-13 Applying thermal
buoyancy causes a drop in fluid concentration., the heat
generation coefficient S and the solutal buoyancy parameterN,
and magnetic parameters M.

The thickness of concertation eventually decreases as the
thermal conductivity of nanofluid increases and permeates
deeper into the nanoparticles. border stratum. Therefore, a
decrease in concentration characteristics correlates to an
increase in the thermophoresis parameter.
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Fig. 16-20 illustrates the decreasing nature of y(n) with
Hartmann number M, the thermal buoyancy parameter A,
porous parameter K, The coefficient of heat generation S and
the solutal buoyancy parameterN, values. Figs. 21-28 Show
how the thermal buoyancy parameter A is affected by the skin
friction coefficient, local Nusselt, microorganism density
number, and Sherwood numbers using specific values of S and
N,.The simultaneous effects of efficient factors affecting the
rate of heat transfer and surface drag are explored in Figs. 21
through 28. Figs. 21,22,25 and 26 show that the drag
coefficient increases and decreases with N, 4, S . Additionally,
it is noted the heat transmission rate decreases and increasing
for principles N,, 4, S, K see Figs. 23,24 ,27and 28. The water-
based SWCNT Fe304 hybrid nanofluid is also found to have
the lowest surface drag and the fastest rate of heat transfer.
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