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ABSTRACT

Current research explores the intricate dynamics of Darcy—
Forchheimer flow in a magnetized tangent hyperbolic hybrid
nanofluid.(Si0,: Al,05/H,0), incorporating the effects of heat and mass
transfer, thermal radiation, and a porous medium. Hybrid nanofluids,
renowned for their enhanced thermal conductivity and modified
rheological behavior, have emerged as transformative materials in
energy and industrial applications. The governing nonlinear partial
differential equations (PDEs) are reformulated into ordinary
differential equations (ODEs) using similarity transformations and
solved numerically via a three-stage Lobatto scheme with the help of
MATLAB, ensuring computational precision. The study provides a
comprehensive analysis of the influence of the Forchheimer number,
porosity parameter, magnetic field intensity, and nanoparticle shape
factor on flow behavior. Results reveal that increasing the shape factor
significantly enhances thermal conductivity, while the Forchheimer
effect and porous resistance govern the velocity distribution. A notable
observation is that higher values of the Weissenberg number (We),
magnetic parameter (M), rotational parameter (A), and Forchheimer
number (Fr) lead to a reduction in velocity boundary layer thickness,
whereas the temperature profile exhibits a pronounced increase.
Furthermore, the presence of thermal radiation introduces substantial
modifications to heat transfer characteristics, optimizing energy
transport mechanisms. The findings demonstrate strong alignment
with existing literature, reinforcing the robustness of the proposed
model. This study offers valuable insights into the complex interplay
between magnetohydrodynamics (MHD), porous media, and hybrid
nanofluid dynamics, highlighting their potential for next-generation
applications in cooling technologies, biomedical systems, and

sustainable energy solutions.
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1 | INTRODUCTION

In 1995, [1] introduced the term "Nanofluid." Nanoparticles are suspended in regular base fluids
to create the enhanced thermal fluids known as nanofluids. The suspension of different metals, metal
oxides, and carbon-based fluids with base liquids such as ethylene glycol, water, oils, etc. Because of
their exceptional thermal characteristics, nanoparticles find new uses in a variety of industries. To
increase energy efficiency, nanofluids are used in HVAC systems, heat exchangers, and cooling
applications in the industrial sector. Nanofluid improves the efficiency of geothermal and solar
collector systems in the renewable thermal domain. The MHD flow through the boundary layer of
the nanofluid across a stretched sheet was examined by [2]. [3] suggested 3D flow attributed to the
stretching surface. [4] Conducted an amazing investigation of the heat transportation mechanism in
a nanofluid flow created by an exponentially extending sheet. The numerical results of
magnetohydrodynamic flow of nanofluid in the presence of chemical reaction were reported by [5]
and [6]. A stretchable geometry's ferromagnetic nano-liquid stream was examined by [7]. [8]
described the effects of a magnetic field on the Al203-water nano-liquid flow and provided an
example of the Lorentz force effect on the involved distributions. Magnetohydrodynamics tangent
hyperbolic nanofluid flow across an exponentially stretched sheet was investigated numerically by
[9].

Two or more distinct nanoparticles are present in the hybrid nanofluid combination, which is
distributed within the same base fluid. As a working fluid in convection devices, hybrid nanofluid
has recently emerged as the preferred option because of its higher thermal conductivity [10], [11],
[12], [13] compared to nanofluid. The thin-film flow of the hybrid nanofluid based on H20O-based
carbon nanotubes was examined by [14]. The MHD flow of the Cu-Fe304 / H20 hybrid nanofluid
was studied by [15]. The enhanced thermal efficiency of a hybrid nanofluid made of graphene oxide
and silver/kerosene oil over a stretched sheet was investigated by [16]. The impacts of tangent
hyperbolic hybrid nanofluid on a porous medium, convective slip-boundary constraints, and slip-
resistant dissipation on the heat source are comprehensively investigated by [17]. [18] performed heat
transfer enhancement in a tangent hyperbolic fluid towards a stretchy surface under the influence of
an inclined magnetic field. Similarly, [19] conducted a numerical study on time-dependent tangent
hyperbolic hybrid nanofluid flow over a progressively stretching surface. [20] examined stagnation
point flow of hyperbolic hybrid nanofluid over a stretching sheet. Under velocity and thermal slip
conditions with different base fluids, the proposed work investigates the 2D tangent hyperbolic
hybrid nanofluid flow towards a porous stretching sheet with an inclined uniform magnetic field.
Solid nanoparticles of copper and aluminum oxide are utilized. At the same time, as base fluids are

water and (50% water) + (50% EG mixture) are utilized [21], [22].
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Magnetohydrodynamics is used in boundary layer flow to control fluid flow by connecting the
magnetic field with fluid flow. Magnetohydrodynamic flow has been widely studied in the past. The
study of the magnetic characteristics and behavior of electro-conductive fluids in a magnetic field is
known as magnetohydrodynamic flow. Variable viscosity influences on time-dependent MHD
nanofluid flow across a stretched surface have been investigated by [23]. [24] examined the effects of
boundary layer flow and heat transfer of nanofluid in the presence of a heat source. [25] discussed
about time-dependent MHD Casson nanofluid flow with a heat source and radiation. The theoretical
studies about the tangent hyperbolic hybrid nanofluid MHD radiative flow with convective
conditions across the stretching sheet were analyzed by [26]. The comparative study of MHD tangent
hyperbolic hybrid nanofluid flow over a porous stretched sheet with various base fluids was
investigated by [27].

The author observed no investigation on the three-dimensional magnetized Darcy-Forchheimer
rotating tangent hyperbolic hybrid nanofluid flow over a porous stretching sheet with the effect of
thermal radiation. The flow problem consists of system PDEs. These PDEs are changed into system
ODEs with the help of a transformation variable. The numerically solved ODEs via the bvp4c package
are built in MATLAB software. Our research novelties are: (i) MHD tangent hyperbolic hybrid
nanofluid.(Si0,: Al,05/H,0) (ii) Darcy-Forchheimer flow, (iii) how radiation parameter, shape factor
of nanoparticles and mass flux parameter effect on the rate of transfer (iv) how Brownian motion and
thermophoresis parameter impact on rate of mass transfer and motile microorganism number on flow
of fluid (v) hybrid nanofluid(Si0,: Al,05/H,0) flow and nanofluid(Si0,/H,0) flow outcomes are
compared.

1.1 | Mathematical Formulation.

Let us consider an incompressible magnetized Darcy-Forchheimer rotating tangent hyperbolic hybrid
nanofluid flow across the three-dimensional stretching sheet containing SiO2and Al20s nanoparticles
and microorganism. A chosen in such a way stretching along x — axis with fluid velocity. U,, = a.x
in a cartesian coordinate system(x,y,z). A uniform strength of a magnetic field (B,)is applied
perpendicular to the direction of fluid flow shown in Fig. 1. The thermophoresis and Brownian
phenomenon in the concentration equation. The temperature, temperature of the wall, and
temperature of the free stream are denoted as T, T,, and T.. respectively. Also, the concentration of the
wall, the concentration, and the free stream concentration are described asC,, C and C... Similarly,
N.., Ny, and N are defined as free stream motile micro-organism, motile micro-organism of wall, and
motile micro-organism respectively. Joule heating effect, velocity slip, or thermal jump, and viscous
dissipation are not considered. The leading equations are considered based on the above assumptions

and Tiwari and Das [28], [29], [30], [31], [32].
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Figure 1. Schematic diagram of the flow problem, working fluid.

Equation of Continuity:

u v ow
EiL 5 =0 (1)

Equation of Momentum in x-direction:
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Equation of Momentum in y-direction:
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Equation of Energy:
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Concentration Equation:

oc oc. o _, 62C+D362T
Y ox ”ay Wz~ "B .2 T, 022
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Motile Microorganism Equation:

92N

oN dN dN bW, a, 0C.]_
G| =Pn gz

uaﬁ-vaﬁ'WEﬁ'm 2z

With boundary [33]:

u=U,L ,v=0w=0, C=C,, N=N,,T =T, atz=0
u—-0v->0w-0T—>TyC—>Cs,N—> Ny, atz — oo

Table 2. Thermophysical properties of nano and hybrid nanoparticles [34].

66

Thermophysical Nanofluids(Si0,/H,0) Hybrid Nanofluids (Zn-TiO2: H20)
characteristics

Densi , = +{(1 - + 1

kg/mSty (p) Puf = Baps + (1 — ¢2)ps Phnf = P2Ps2 E(qbz) $1)ps+ P1Ps1}(

Heat capacity (pcp)hnf = ¢2(pcp)52 +@1

(Gy), J/K (PCpns = P2(pCp)s + (PCp)e (1 — ¢2) — $2){1(pCy)

+(PCp)r(1 = ¢1)
Viscosity ((1)),

N-s/m?

pnt = pe(1 — )75 tnne = He(1 — 1) 725 (1 — )72
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kpe

ke

ks + (= Dke— (n = 1) (kr — ks1)P1
Thermal fene kg + (= Dk + (kg — ks
conductivity (kg),| ks
W/mK _ kst ki(n — 1) — ¢ (n — 1) Cer — ks)lknns

ks + ke(n — 1) + (ke — ks)dpo | kpr
_ ks, — po(n — 1) (kpe — ksz) + kpe(n — 1)
ks, + (n — Dkpr + (kpe — ks2) P2

The appropriate scaling variables are:
u=axf'tm), v=axgn), w=—Javef(n),

C—Ceo
n= (%)O-SZ’ q)(n) - Cw—Coxo

T-Tew N—Ne

00D == v = X0 (8)

Using the similarity approach, the non-dimensional form of Egs. (2-6) are as follows:

(1 —n) +nWef") f"" + By By(ff" = f'* +21g) — BMf' = ByFrf™* =P,f' =0,  (9)

((1—-n)+nWeg') g" + By By(fg' — f'g — 2Af") — ByMg — B,Frg* — P,g =0, (10)

1 4 17 ’

?S(B4+§Rd)9 +Prfo’ =0, (11)
" " Nt ! —

" + 0"+ ®'Le =0, (12)

x"+Lbfy — ¥ ®'+(x + 6,)P"]Pe =0, (13)

Subject to boundary constraints are:

f(0)y=s, fO=L x0)=1 6(0)=1e0)=1 g(0)=0, (14)
6(m) -0, ®(0)->0, gm -0, f'(M—->0x(0)—>0 atn-oo

Dimensionless quantities are as follows:

Name of Parameter Notations Values
vZ2alax
Weissenberg number We We 77
v
f
. oB§
Magnetic parameter M =—
Clpf
Pr For
Prandtl number Pr -
Uf (pcp)f
i N
Rotational parameter 1 1=
a
Cp
Inertia Coefficient Fr Fr = 1
prk*2
. L. 46T3
Radiation parameter Rd Rd = —
k be
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v
Porosity parameter Po Po=—L "
ak
U, X
Local Reynolds number Re, Rey =——
D5 (C Co
Brownian motion Nb 5( : )
f
. ™ T (Tw - Too}
Thermophoresis parameter Nt —
TOOVf
Vi
Lewis number Le —-—
Dp
bW,
Peclet number Pe
Dy,
Microorganism concentration| 5 No,
difference parameter 1 N,, — Ny,
v
Bioconvection Lewis number Lb D—f
m
Also,

By = (1-¢1)%*(1 - ¢,)*?,
B, ={(1= ¢+ 9.2 (1= ¢,) + 229,

(Pcp)sl (pCp)SZ

B3 = {(1 — (;bl) + (;bl (Pcp)f} (1 - ¢2) + ¢2 (PCp)f'

— Fnnt
4 kpg

Skin friction coefficient (Crx) and (Cf,) , motile number(Nn,), Sherwood number (Sh,)and

Nusselt number (Nu,) respectively. These quantities are described are follows:
C .uhnf((l Tl)+\/_r )az>|z 0

ov
ny = Hnnf 5, |z=0,

Xknn
Nu, = — r (T, h_;w) [( )z 0 — Qrlz=0l-
Sh, = _ _XKknny 0C o)

kf(CW—Coo) dz
(15)
— __ Xknnp
Nn, = K f(Ny—Noo) Dm az |Z 0

Using equations (8) and (15), we get
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ReYSCf, = (1= n+2Wef"(0)) (0,
1
Re25Cf, = i<1 —n+ EWeg'(O)) g'(0),
By 2
—-0.5 _ 4 ’

Rex"*Nu, = — (B, +2Rd) 6 (0), (16)

Re;%5Sh, = —d'(0),

Re;%>Nn, = —x'(0).

In which Re, = uva represents the local Reynolds number.

f

31 METHODS AND SOLUTIONS

The non-linear ordinary differential equations (9-13) for velocity profile, temperature field,
concentration distribution, and motile microbes, along with boundary relation (14), are solved by
utilizing MATLAB computational software process can be seen in Fig.2. For this procedure, we

change first convert them into first-order reduction of the above DEs, which are as follows:
I — n o __ "o __ — r n o __ J—
f - ZZ'f - Zl'f - ZS'f =221, = 24,9 = 25,9 = ZZZJB = Ze,
! n ! n o __ — r __ n o __
0" =27,0" =223, =25, ¢" = 29," = 224, X = 210, X =211, X = ZZs,

-1
2z, = (m)(& By(z123 — 2% + 24z4) — BiMz, — B;Frz,% — Poz,),

-1
77, = B, B,(z,2c — 7,24 — 2A2,) — ByMz, — B;Frz,* — Poz,),
2 <((1—n)+nWezS)>( 1 B2(2125 — 224 2) — B{Mz, — B{Frz, 4)

zz3 = —B.B3(—1/(Bsy + (4/3)Rd))z1 27,

E
zzy = Le(zyzg + oexp (— 1+¢Zs)(1 +Yzg)zg,

ZZ5 = [(51 + ZlO)ZZ4— + 29Z11]Pe - Lb Z1Z11,

Subjected to boundary conditions:
Z2:L 'Zl :S,Z4=0,Z6:1,Z8:1,Zlo= 1(151):0,

Zzg=0,24 =0,2, =0,z =0,z =0 asn — oo. (17)
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Declaration of variable | g

Initialization
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domain

Call bvp4dc

U
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D
Guess
function

System of 1% —
order ODEs

— e
e

Solution evaluation
using Deval function

Numerical
results

Figure 2. Algorithm of numerical scheme

4 | RESULTS AND DISCUSSION

In this section, numerical outcomes for the three-dimensional magnetized hyperbolic tangent
hybrid nanofluid Darcy-Forchheimer flow over the stretching sheet are presented. For motile micro-
organism concentration, velocity, and Temperature profiles. The influence dimensionless parameters
like as magnetic parameter(M), Wissenberg number(We), porosity parameter(Po), rotational
parameter(4), mass flux parameter(S), Darcy-Forchheimer number (Fr), thermophoretic
parameter(Nt), Brownian motion parameter(Nb), Lewis number(Le), biconvection Lewis
number(Lb) and Plect number (Pe)has been investigated. The non-linear system of differential
equations is solved via bvp4c is built in MATLAB, to get numerical outcomes of the converted system
of differential equations. In Table 3, we described the outcomes for f'(0) and g(0) for the various
values of Pr while the other values of parameters are fixed. These outcomes are reliable, as compared
to the outcomes with previous published studies [34],[35].

Figures 2(a-n) present the effect ofn, We, M, A, P,, Fr and S on the velocity of fluid components
f'(mand g(n). Figs. 2(a-b) indicate that n illustrates the condensed behavior of the fluid velocity. The
n is directly proportional to the resistance of the fluid rate under discussion. It is observed that fluid
resistance rises as boostnthe f'(n) butg(n) upgrade. Table 4 shows the friction factor for HNF.
(Si0,: Al,05/H,0)and NF(Si0,/H,0) along (Re2>Cf,)isreducing and(Reg'Sny) rise with high
values of n.Weis defined as the ratio between the scale of fluid flow time relaxation time. From Figs.

2(c-d) it is seen that when Werises the f'(n)fall down and g(n)is increasing because the fluid flow for
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further time required. Table 4 signifies the friction factor of HNF.(Si0,: Al,05/H,0)and NF
(5i0,/H,0) along (Re%>Cf,)and(Re2>Cf,)are reducing with high values of We.The influence of Mon
f'(m) and g(n)are displayed in Figs. 2(e-f). Higher M, f'(n)decreases and g(7) Increases (see in Figs.
2(e-f) ). The physical points of view decrease the fluid velocity due to the resistive force known as the
Lorentz force. When M rises, the Lorentz force boost, therefore,f’ () decrease and g(n) Increase. Table
4 examined the friction factor of HNEF(SiO,:Al,03/H,0)and NF(SiO,/H,0) along
(Re%>Cf,)isreducing and(Re%>Cf ) rise with high values of M.

The effect on the f'(n) and g(n) of Aare recorded in Figs. 2(g-h). When variation in 4, then
f'(n) Show negative behavior and g(n) Show positive behavior. Table 4 illustrates the friction factor
of HNF(Si0,: Al,03/H,0) and NF(Si0,/H,0) along (Reg'sCfx)and(Reg'Sny)reduces for higher
values of A. From the viewpoint of physically, the reason is that the involved Goriolis forces are (-
2Af") and (21g) in equations (9& 10). When grow the values of A the rise, the Goriolis forces in the
boundary layer rise. Reducing the fluid velocity due to the 4 results in heat transfer being low near
the surface, causing to increase in the local temperature. The decrease the convection and mixing near
to surface leads to greater gradients of concentration near the sheet. Figures 2 (i-j) show the influence
of P, on f'(n) and g(7n). Greater values ofP,, the f'(n)fall down and g (1) boost (see in Figures 2 (i-j)).
Table 4 reveals the friction factor of HNF(SiO,:Al,03/H,0)and NEF(Si0,/H,0) along
(Red>Cf,)isreducing and (ReSCf y) rise with high values of Po. Physically, the porosity parameter
values are larger than the velocity, and the thickness boundary layer of momentum are both
decreased. The contact surface of liquid and the surface of solid effects the properties of flow, and the
increase in this is due to the presence of a porous medium. Influence of Fr on the f'(n) and g(n)are
shown in Fig 2(k-1). Physically, the reason is that fluid motion due to the resistance of the primary
profile of velocity distributions has declined proportionally to the Darcy-Forchheimer number.

Table 4 indicates the friction factor of HNF (Si0,: Al,05/H,0) and NF (Si0,/H,0) along
(Red>Cf,)isreducing and(Re%>C fy) rise with high values of Fr. The higher values of Fr than the
curves of f'(n) Reducing and curves of g(n) rise see in fig 2 (k-1). Figs. 2(m-n) shows the impact of Son
f'(mand g(n) As the values of s boost, they reduce. f'(n)and upgrade g(n)Physically, the mass flux
parameter removes the fluid from the boundary layer, thinner boundary layer. This increases the
gradient of fluid velocity near the surface, boosts the shear stress, and decreases the x —component
of fluid velocity and grows the x —component of fluid velocity. Table 4 states that the friction factor
of HNF(Si0,: Al,03/H,0)and NF(Si0,/H,0) along (Re}*Cf,)isreducing and(Re?*Cf,) rise with
high values of S.Figs. 3(a-g) illustrate the influence on 6(n) of n,We, M,A,Fr, S,Rd, and q. As n
increases, then 6(n) grow as shown in Fig. 3(a). Table 5 signifies that Nusselt number (Re;%>Nu,)for

HNF(Si0,: Al,05/H,0)and NF(Si0,/H,0)reduce with high values of n. The effect of We on 8(7) is
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shown in Fig. 3(b). As the result greater the values of We, the 8(n)Increase. From Table 5, seen that
the Nusselt number (Re;z®Nu,)for hybrid nanofluid(SiO,: Al,0;/H,0)and nanofluid(Si0,/
H,0)reduce with large values of We.We is defined as the ratio between the scale of fluid flow time
relaxation time. The influence of values of M, impact on 6(n)illustrate in Fig. 3(c). The rises values of
M, impact on 8 (1) boost (See in Fig. 3(c)).From Table 5, seen that the Nusselt number (Rex%>Nu,)for
hybrid nanofluid(Si0,: Al,05/H,0) and nanofluid(Si0,/H,0)reduce with large values of M. The
physical points of view that reduce the thickness of the boundary layer due to the resistive force
Lorentz force. Fig. 3(d) displays the impact on 8(n) of A. The boost values of4, 8 () upgrade smoothly.

The heat transfer rate is faster in the hybrid nanofluid.(Si0,: Al,05/H,0)as compared to
nanofluid(Si0,/H,0). Table 5 shows that the Nusselt number (Rey®>Nu,)for HNF(Si0,: Al,05/
H,0) and NF(Si0,/H,0)reduce with large values of A. Fig. 3(e) epitomizes the effect on 8(n) of Fr.The
boost values ofFr, 6(n) rise smoothly. The heat transfer rate is faster in the hybrid
nanofluid.(Si0,: Al,03/H,0) as compared to nanofluid(Si0,/H,0). Table 5 illustrates that Nusselt
number (Rey®°Nu,)for hybrid nanofluid(SiO,: Al,03/H,0)and nanofluid(Si0,/H,0)reduce with
large values of Fr. Fig. 3(f) illustrates the effect on 6(n) of S. The boost values ofS, 8(n) rise smoothly.
The rate of heat transfer is faster in HNF(Si0,: Al,05/H,0) as associated with NF(Si0,/H,0). From
Table 5, seen that the Nusselt number (Rey®°Nu,)for hybrid nanofluid(Si0,: Al,05/H,0) and
nanofluid(Si0,/H,0) grow with large values of S. Figure 3(g) display the impact on 6(17) of Rd. The
boost values of Rd, 6(n) upgrade smoothly. The heat transfer rate is faster in the hybrid
nanofluid.(Si0,: Al,03/H,0) as compared to nanofluid(Si0,/H,0). From Table 5, seen that the
Nusselt number (Re; %> Nu,)for hybrid nanofluid(Si0,: Al,03/H,0)and nanofluid(Si0,/H,0)reduce
with high values of Rd.

The radiation parameter illustrates how thermal radiation contributes to heat transport in
terms of physics. Therefore, the temperature of the boundary layer increases as the radiation
parameter increases. Fig. 3(h) shows how the shape factor (n) affects the hybrid nanofluid's heat
transfer rate performance. (Si0,: Al,05/H,0). When nanoparticles are shaped like blades, the rate of
heat transmission is highest; when they are shaped like spheres, the rate of heat transfer is lowest.
From a physical perspective, Blade's thermal conductivity is higher than that of platelets, which are
spherical and cylindrical in form. Consequently, the rate of transfer is higher than that of platelets,
spherical, and cylindrical nanoparticles. Consequently, the rate of transfer is higher than that of
platelets, spherical, and cylindrical nanoparticles. Table 5 shows that for both hybrid
nanofluids(Si0,: Al,05/H,0) and nanofluids (Si0,/H,0), the Nusselt number (Re;%°Nu,) increases

with increasing values of q.
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The influence on¢(n) against various physical parameters are including Nt,Nband Lb
displayed in Figures 4(a-c). The consequences of Nt and Nbon the ¢(n)as shown in Figs. 4(a-b). The
enhancement in Ntboost the ¢(n) curves (See in Fig 4(a)). The enhancement in Nbreduce the ¢(n)
curves (see in Figure 4(b)). Nt Changes the concentration profile by causing particles to migrate
towards regions with higher or lower temperature gradients, depending on their properties. In
regions with a strong temperature gradient, particles undergoing positive Nt tend to migrate towards

colder regions, increasing particle concentrations in those areas. The distribution of concentration
may become non-uniform as a result of the combined impacts of Nt and additional transport
mechanisms, such as diffusion, advection, and sedimentation. Fig 4(c) illustrates the effect of Lb
ong(n). It is observed that rise the variation in Lb, the influence continuously boosts (see in Fig 4(c)).
Physical point of view, the Lewis number is the heat transfer constraint for nanofluid and hybrid

nanofluid. Greater Lewis number values have less of an effect on the volume fraction of nanoparticles

Le has an inverse relationship with the boundary's thickness.
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Figure 4(a-h). Effect of n, We, M, A, Fr,S,Rd, and q on 6(
Table 1. Thermo-physical characteristics [31].
PhYSical Attribute Hzo Alz 03 (¢2) SlOZ(¢1)
k(W.m Lk 0.613 40.0 1.40
p(kg.m™3.) 997.1 3970 2200
Cp (J.kg™t.k™) 4179 765 703

Table 2. Computed values of the friction factorsf (0) and g'(0).

1 ) Nazar et al. [35/] “Farooq et al. [3§] ”Current result,s
f(0) g(0) f(0) g(0) f(0) g (0
0.0 -1.0000 0.0000 -1.0000 0.0000 -1.0004 0.0000
0.5 -1.1384 -0.5128 -1.1384 -0.5128 -1.1374 -0.5151
1.0 -1.3250 -0.8371 -1.3250 -0.8371 -1.3255 -0.8368
2.0 -1.6523 -1.2873 -1.6523 -1.2873 -1.6523 -1.2873
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Table 4. Calculated values of friction factors along the coordinate axis for both (Si0; / H,0) and
(SiOZAlzog/Hzo)

Re%5cf,Sio, Red5Cf, RedScf, ReSCf,
y) We| n | Fr | S | Po|/H0 §i0,:Al,03/H,0 | Si0, / H,0 |Si0,:Al,05/H,0
05/1.0] 02 |01 ]020| 01|01 -1.4134 -1.1844 -0.3178 -0.2440
1.0 -1.5111 -1.2561 -0.5878 -0.4564
1.5 -1.6247 -1.3424 -0.8114 -0.6350
2.0 -1.6696 -1.4222 -0.2593 -0.1957
2.5 -1.7875 -1.5304 -0.2396 -0.1800
3.0 -1.8995 -1.6328 -0.2236 -0.1674
0.1 -1.3586 -1.1359 -0.3130 -0.2405
0.2 -1.3763 -1.1516 -0.3146 -0.2417
0.3 -1.3946 -1.1677 -0.3162 -0.2428
0.2 -1.2564 -1.0532 -0.2798 -0.2148
0.4 -1.2125 -1.0195 -0.2615 -0.2006
0.6 -1.2435 -1.0858 -0.2175 -0.1656
0.5 -1.4100 -1.1833 -0.3102 -0.2380
1.0 -1.4920 -1.2586 -0.3059 -0.2342
1.5 -1.5700 -1.3299 -0.3020 -0.2308
0.2 -1.4146 -1.1830 -0.3117 -0.2395
0.4 -1.5328 -1.2825 -0.3075 -0.2362
0.6 -1.6593 -0.2315 -0.3013 -0.2315
0.1 -1.4938 -1.2363 -0.3853 -0.30397
0.3 -1.5437 -1.2729 -0.36947 -0.2929
0.5 -1.5930 -1.3091 -0.3552 -0.2827
Table 5. Calculated values of heat transfer rate (Rex*°Nu, ) for both (Si0, / H,0) and
(8i0,:Al,05/H,0).
~05 ~05
A M | We | m | Rd| S q | Fr 553’; /11\?:3 SiOI;:e;lch(IJ\?/l];-IZO
0.50 1.0 0.20 | 0.10 | 0.30 | 0.1 3.0 | 0.20 1.8636 2.1664
1.00 1.8026 2.0915
1.50 1.7332 2.0054
2.00 1.7902 2.0590
2.50 1.7571 2.0123
3.00 1.7265 1.9698
0.10 1.8704 2.1760
0.20 1.8682 2.1728
0.30 1.8659 2.1697
0.20 1.7987 2.0810
0.40 1.7486 2.0156
0.60 1.5833 1.8028
0.40 1.8379 2.0814
0.80 1.8084 1.9687
1.20 1.8053 1.9142
0.20 2.2594 2.6298
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0.40 3.0877 3.5931
0.60 3.9655 4.6111
3.00 1.8704 2.1760

3.70 1.8730 2.2833

4.90 1.8760 2.4607

0.50 1.8594 2.1603

1.00 1.8421 2.1361

1.50 1.8260 2.1137

7 | CONCLUSION
This study aims to investigate the enhancement in heat transfer and mass transfer rates of
magnetized rotating tangent hyperbolic hybrid nanofluid over a three-dimensional stretching sheet
with motile micro-organisms. The flow phenomena have been stated in the PDEs form. Utilizing the
similarity variable to convert PDEs into ODEs. These ODEs are numerically solved via the shooting
method bvp4c with the MATLAB package. Some important key points that are found are described
below.
» [t is seen that the distribution of fluid velocity along x — componentare is reducing, but
the profile of fluid velocity along y — componentare is boosting versus the greater values
of M,A,We,n, Po,Fr and S.
* Temperature distribution is upgraded when M, 4, Rd, q, and Svalues are increased.
* The distribution of concentration is boosted with varying values of Nt.
* Concentration distribution is reducing when boosting the values of Nb and Le.
* Motile micro-organism distribution shows a negative change against the large values
of Nb, Le, Lb, and Pe.
* Distribution of motile micro-organisms increases while boosting the values of Nt.
*  When boosting the values of M,A,We,n,Po,Fr and Sthen skin fraction coefficient
(Reg'sC f x)are reduced (see Table 4).
= The decrease in the Nusselt number (Re;o'sN u,) when high values of

A, M,We,n, Fr and Rdand grow when high values of S and g(see in Table 5).
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