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ABSTRACT

The current study provides a comprehensive analysis of MHD hybrid nanofluids and stagnation point flow toward a
porous stretched cylinder in the presence of thermal radiation. Here, alumina (Al,05) and copper (Cu) are considered the
hybrid nanoparticles, while water (H,0) is the base fluid. To begin, the required similarity transformations are applied to
transform the nonlinear coupled PDEs into nonlinear coupled ODEs. The obtained highly nonlinear sets of ODEs are then
solved analytically by using the HAM procedure. The calculations of the thermal radiation term in the energy equation
are done based on the Roseland approximation. The result of various embedded variables on temperature and velocity
profiles is drawn and explained briefly. Aside from that, the numerical solution of well-known physical quantities, like
skin frictions and the Nusselt number, is computed by means of tables for the modification of the relevant parameter. The
analysis shows that the magnetic field has opposite behavior on 8(n) and f'(n) profiles. It is seen that more magnetic
factor M decline f'(n) and upsurge 6(n). Moreover, the behavior of skin friction and the Nusselt number are same for
the magnetic parameter M. Meanwhile, a higher Reynolds number R, declines temperature profile and skin friction while
upsurge the local Nusselt number. There are many applications of this study that are not limited to engineering and
manufacturing, such as polymer industry, crystal growth, tumor therapy, plasma, fusing metal in electric heaters, nuclear
reactors, asthma treatment, gastric medication, cooling of atomic systems, electrolytic biomedicine, helical coil heat
exchangers, axial fan design, polymer industry, plane counter jets, and solar collectors.
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1. Introduction and motivation

Many scientists and researchers have long been interested in the
work of heat transfer improvement due to boundary layer flow and its
impact on thermal conductivities, heat capacities, and other physical
characteristics. Nanofluid have drawn significant interest from
scientists owing to their ability to motivate heat transfer in a variety of
engineering and manufacturing applications. Water, motor oils, and
ethylene glycol are examples of traditional working fluids with a low
thermal conductivity that limits their usage in modern cooling
applications. Nanofluid are made up of nanoparticles, including metal
oxide, carbon nanotubes, copper, alumina, and carbides, that enhance
the thermal capacity of the base fluid. These nanofluids are utilized in
contemporary cooling and heating systems, solar panels, cancer
therapy, and drug delivery systems. First, in 1995, Choi and Eastman(*!
developed the nanofluid term and discovered that nanofluids have
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greater thermal conductivity than base fluid. Sheikholeslami et al.?! explore the behavior of hydrothermal
nanofluid with an electric field effect toward a complicated geometry. Hamad et al.®! investigated the free
convective flow of a nanofluid through vertical semi-infinite flat plates with the impact of magnetic fields.
MHD is the study of the magnetic impact of an electrically conducted incompressible fluid; it has received
attention because of its major applications in different areas, such as X-ray radiation, crystal growth, asthma
treatment, tumor therapy, plasma, fusing metal in electric heaters, nuclear reactors, gastric medication, and
electrolytic biomedicine. MHD fluid can also be used to manage cooling rates in certain industrial processes.
Khan et al.”! discussed the analysis of steady 2D boundary layer MHD nanofluid flow toward a thin needle.
After the Huminic® study, hybrid nanofluid, which contain very small particles with a size of less than 100
nm, have emerged as a new class of working fluid and are useful in applications such as air conditioner units,
micro channels, drug reduction, helical coil heat exchangers, cooling of the atomic system, mini channel heat
sinks, and cooling of the transformer. The literature contains a wealth of information on hybrid nanofluid. For
example, Gabli et al.[¥ investigate the influence of Fe;0, nanoparticles in non-Newtonian fluid to improve
heat transmission. Sundar et al.[? examine the higher temperature conversion and friction characteristics of the
hybrid nano liquid. The different features of convective hybrid nano liquids for laminar flow in a tending
cylinder are analytically studied by Momin®!. Later on, many researcherst®¢l discussed the impact of various
nanoparticles on different models of fluid.

Stagnation point flow is an essential and important aspect of fluid mechanics. The stagnation point
generally occurs in both engineering and science flow field. The stagnation point region offers the highest
mass deposition, pressure, and heat transfer rates. A stagnation point in a flow stream is a position in which
the velocity of the fluid is zero while the pressure gradients are large. As a result, it has a variety of applications,
including cooling electronic devices, nuclear reactor cooling, polymer extrusion, axial fan design, the polymer
industry, plane counter jets, and plastic sheet drawing. Oztop and Abu-Nadal*”! was the first researcher to
suggest the concept of stagnation flow, where they simplified the Navier-Stokes equation into nonlinear ODEs
by using the similarity transformation. After that, in 1936, Homann[*®l found the exact solutions of
axisymmetric stagnation point flow. The Homann problem toward incompressible viscous fluids approaching
the rigid surface for a non-axisymmetric flow is generalized by Weidman®®. Jawad et al.?° examined the
analysis of hybrid nanofluid and stagnation point flow across a stretching sheet along with melting heat transfer.
The Darcy-Forchheimer laminar thin film flow with heat transfer and MHD flow toward an unsteady stretching
surface has been analyzed by Khan et al.?Yl, The effect of buoyancy on 3D stagnation point flow has been
deliberated by Borrelli et al.??. According to them, buoyancy forces favor an opposing flow. The numerical
solution of nonlinear coupled ODEs using the Runge Kutta 4" order (RK4) method for a steady viscous fluid
toward a stagnation point is investigated by Grosan et al.!?®l. Wang[?*-2¢1 examines the 3D stagnation point flow
in the presence of MHD and nanofluid toward a flat plate, rotating, and shrinking disk. Ahmad et al.[”) study
the radiation heat transfer influence of copper and alumina nanoparticles toward a stagnation region. The result
of homo-heterogeneous reactions and magnetic field toward a stagnation point MHD flow past a shrinking or
stretching sheet is considered by Anuar et al.?®l, They observed that two solutions are visible for shrinking
sheets in which one of them is stable from the analysis of stability. Sreekala et al.?°! explore the numerical
solution of steady 2D MHD nanofluids and viscous flow toward a stretched surface in the presence of partial
slip and thermal radiation. Jawad et al.*®! have reported a 3D electrically incompressible, unsteady rotating
single-wall carbon nanotube with thermal radiation. They also examine the numerical results of MHD Darcy-
Forchheimer laminar flow toward a permeable surface in the presence of short and Dufour impacts®!. Many
researcherst2-38 performs research on MHD stagnation point flow for different fluids modeled.

Many engineering functions of convection flow in a porous medium have been deliberated in the last few
years, including building construction, temperature exchangers, solar collectors, ventilation, and heat removal
from nuclear reactors. The heat transfer rate of radiation and buoyancy effect on free convection boundary
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layer MHD flow toward a porous stretching sheet have been studied by Srivastava et al.**l. The continuous
flow of fluids across a stretched cylinder as an outer surface was predicted by Wang“%. Butt et al.! studied
the combined impact of entropy-generating flow across a stretched cylinder in the continuations of a porous
medium; they found that the rise in permeability and magnetic parameters diminishes the thickness of
momentum boundary layers. More recently, the researchers®? discussed the solution of hydrodynamic force
in a grooved channel with two partially heated circular cylinders. Many researchers have investigated the
deformable cylinder, either shrinking or stretching, because of its extensive application in the engineering area.
Abbas et al.”® calculated the heat transmission rate of viscous fluid in an unstable shrinking/stretching cylinder.
Abaszadeh et al.*4*°l analyzed the radiative heat transfer rate in 2-dimensional irregular geometries by
applying the direct forcing immersed boundary lattice Boltzmann method. Atashafrooz et al.[s! simulated the
combined convective radiative heat transfer for MHD hybrid nanofluid flow. Al Sakkaf et al.*"! developed a
computational approach for solving nonlinear BVPs involving fluid flow across a shrinking, porous,
unbounded cylinder. The impact of rotation and transpiration on stagnation flow toward a circular cylinder has
been examined in the work of Cunning et al.*®l. Wan Zaimi et al.[*] examined an unsteady flow toward a
shrinking cylinder and discovered that two solutions exist for a particular range of unsteadiness and suction
parameters.

The objective of the current study is motivated by the above-mentioned inquiry as well as the wide range
of industrial and engineering applications. It has been discovered that heat transfer studies in the past have
been done toward a stretching porous cylinder. However, no attempt has yet been made for the stretching
porous cylinder with hybrid nanoparticles and thermal radiation for MHD and stagnation point flow. Therefore,
in this study, we have investigated a steady 2D MHD and stagnation point flow toward a stretched porous
cylinder with hybrid nanoparticles and thermal radiation. The governing PDEs have been obtained and then
transformed into an arrangement of nonlinear coupled ODEs by using an appropriate similarity transformation.
The corresponding ODEs are then solved through HAM in Mathematica software. Results are graphically
demonstrated and enlisted in tabular form to report the influence of involved parameters on the flow field and
heat transfer rate. The originality of the model is pointed out as follows:

1) When compared to individual nanofluids, hybrid nanofluids have higher thermal conductivity,
mechanical resistance, chemical stability, and physical strength. Therefore, in this study, the (Al,05 +
Cu/H,0) hybrid nanofluids flow toward a stretching porous cylinder for the heat transfer is considered.

2) The study of magnetic fields has extensive applications in physics, chemistry, and engineering. Therefore,
in the current work, the magnetic fields are imposed on the flow pattern, while the previous work®! was
without the magnetic field.

3) Thermal radiation is an important characteristic in numerous engineering applications, like advanced
types of power plants for nuclear rockets, reentry vehicles, and higher-speed flight. Therefore, in this
study, the energy equation is extended with the radiation parameter.

4) Unlike any other analytic approach, the HAM allows us a suitable method to achieve the convergence of
the solution series, so we applied the HAM approach to the solutions of highly nonlinear equations.

5) By adding the above-mentioned properties, we have preserved the concept of Waini et al.>l,

2. Problem formulation

Consider a steady 2D boundary layer of MHD hybrid nanofluid and stagnation point flow toward a
stretched porous cylinder with a radius a as shown in Figure 1. The cylindrical polar coordinates (r, z) are
assigned in the radial and axial directions, respectively. About z = 0 plane, the flow of cylinder is considered
to be symmetric, and about z-axis it is axisymmetric with the stagnation point at r = a and z = 0. The
cylindrical surface velocity is given by w,(z) = 2xz where the static and stretched cylinders are represented
by x = 0 and x > 0 respectively. Moreover, the velocity of the free stream is chosen as w,(z) = 2yz, here
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y > 0. Further, the surface and ambient temperature T, and T,, are taken constant respectively, where T,, <
Ts.

T w@=2e

T, Nanofluid A4/,0,
\, il T w (z)=2xz
i Ir =a
gl [P . R R A —
—Z Stretched cvlinder
x=0 CYs0

Figure 1. Geometric representation of the physical model for stretching cylinder.

From the above-mentioned supposition, the governing PDEs are as follows:
a(ru) , a(rw)

ar oz =0 1)
aw ow _ dwe | Hhnf (1 w 02w) Ohnf __Bnny
u or tw az € dz Phnf \1 OT ar2 Phn f'BO phnfk*w’ (2)
oT aT Khng (10T | 0°T OhnfBEW? 1 0dqr
o (5 +5%) S ©
or (pCp)h nf ror = or (pCp)hnf (pCp)hnf or

The suitable boundary constraints are as follows:
u=0, w=w, T=T, at r=a @)
T—>Tyw, W-DW, as T — oo,

Here the velocity components u, w are represented along r and z-axes respectively. Further, the hybrid
nanofluid temperature and induced magnetic field are represented by T and ;.

For radiation, the Rosseland approximation is given by:
—9T* 40*
ar = or 3k* ©)
Here (k™) represents the heat absorption coefficient, and (o) is the Stefan-Boltzmann constant with the
numerical value 5.670 x 10~8Wm™2K*. The temperature difference is assumed within the flow is T# and
could be expanded through Taylor’s expansion around T, and neglecting higher order than we have T* ~
4TTS — 3T,

Hence, Equation (5) can be written as:
0q, —160*T3 0°T ©
—_ = —*__ 6
or 3(pCp)fk or?

In order to simplify the present work, we provide a similarity transformation as follows:

1 , T— Too
u=—xaf(m)/mz, w=2xzf'(n), n=u/a)? 0= T @)
S (00}
Utilizing the above similarity transformation, i.e., Equation (7) into Equations (2) and (3) with boundary
conditions, i.e., Equation (4) to get the following dimensionless higher order nonlinear ODEs:

Hn /M " " " [ lo.h /O' 1 ' luh
phn;/l);( SO RS ) Ephn;/#}):M oy 72 hn; af’ = ®)
n n n n
1 1/ks (khnf ) " knng/kfr ’ ’ onnf/(Ho)f 2 _
ZRd )n6 ——9 R, f0' + ———— ME
Pr(0Cy) /(0o TRy PT (PCp) i/ (PCPY T RSO (PCPInns/ (P*Cp) ¢ of ©)

The related dimensionless form of boundary constraints (BCs) can be defined as:

F) =0, ffM=¢ f'(0)=1 6(1)=1 6(c)=0. (10)
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Here prime (") denote differentiation in terms of n and the stretched parameter is represented by € = x/y
with 0 < e while the cylinder is static by e = 0. The important physical parameters that occur in Equations (8)
and (9) are M, Rd, k,, Pr,and R,:

2 3 2
o 40,TS :“f( ) xa
m=25 pa_ 0% py=—L pr= R, = —
The two most well-known physical quantities included, C; and Nu, which attract engineers because of
their numerous applications in thermodynamics, the dimensionless mathematical expression of these quantities

are given as:

o (11)

- 27, V(14 1604T3 aqs 1
T prwd’ “= 3k*ks ) kp(Ts — Too) (12)
Here g, and 7, are the surface heat flux and shear stress which is given as:
ow oT
Ts = Unnyr (;)rza y qs = _khnf (;)rza. (13)
Inserting Equations (7) and (13) into Equation (12) we get
Re| _ Hhnf cn — _oknnr 5 4
cf[a]_ WL, Nu=-252 9(1)(1+3Rd). (14)

3. Thermophysical properties of NF and HNF

The thermophysical properties of hybrid nanofluid and nanofluid are defined in Table 15252 while the
properties of nanoparticles Al,05, Cu and H, O are provided in Table 25251,

Here the volume fractions and their solid components are given by ¢4, ¢, and t,, t, respectively,
for Al,05, Cu. Moreover, the subscript f, nf and hnf are designated for fluid, nanofluid, and hybrid nano-
fluid.

Table 1. Physical property of Nano fluid and Hybrid nanofluid.

Thermophysical Nano fluid Hybrid nanofluid
characteristics
Density Pnr = (1=d1)ps+d1pe, Prnf = (1= [(A=d)ps+d1p:, 1+ P20,
Dynamic viscosity iy = (1—;# Wiy = m
Heat capacity (Cp)nr = (PCp)e, 1+ (PCp) r(1—¢1) PCpInnr =
[(A=¢1)(pCp) p+91(PCp) e, J(1=2)+(pCp)e, P2
Thermal conductivity Kng _ key+2kp=2¢ (kp—ke, ) Knny _ key+2kn—2¢5(kny—ke,)
kg ke +2kp+s(kp—key) knf  key+2knptdo(knp—ke,)
Table 2. Property of Al,05, Cu, and H,O0.

Properties p (kg/md) k (W/mK) B1 X 105(1/K) C, (J/kgK)

AL,0, 3970.0 40.0 0.85 765.0

Cu 8933.0 400.0 1.67 385.0

H,0 997.10 0.6130 21.0 4179.0

4. Solution procedure through HAM

Many phenomena in the applied science and engineering fields are governed by nonlinear BVPs. As a
consequence, BVPs have received a significant concentration from engineers, mathematicians, and physicists
for the sake of discovering and studying their solutions. In general, nonlinear ODEs and PDEs are significantly
more laborious to solve than linear ODEs and PDEs, particularly by using the analytical method. Therefore, in
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1992, Liao®™ proposed the Homotopy Analysis Method HAMP54% hased on homotopy in topology; this
approach is independent of any large or small physical variable. The HAM approach allows great versatility
in terms of changing and choosing the convergence area and estimating rates. The method has an advantage
over typical computational methodologies in that it avoids rounding off errors induced by the discretization
procedure. Therefore, the transformed nonlinear ODEs with the corresponding boundary conditions are solved
through HAM using Mathematica software. The Basic derivations of the model equations are presented in the
following way:

fotn) = e7(e™" +ne™ —ee +ee™),  By(n) = e, (15)
The linearity term is chosen as:
L(f)=/f" Lg(6)=0". (16)
The signified linear operator L¢, L are fallow as:
Li(es + exn +e3n®) = 0,Lz(eq + €sm) = 0, (17)
The consistent nonlinear operator Nz and N are selected as:
. n . . U 1 0pn, .
Nf"[f((;n)] =k ity (o + fon) + Re(ffom — £ +1) = _MM n
Phnf/Pf 2 pang/ks (18)
1 22 1.Uhnf kif
Prng 1 2puny U
1/ks <khnf ) ~ 1 knns/ks "
N 6 +=Rd |n0,, + — 0
GO~ e, Ui 5™ i e e, )
- nr/ (o) >
4R, FO, + — R g
16 (PCP)hnf/(PZCp)f s
The 0t-Order systems for Equations (8) and (9) is deliberated as:
Le[£(&Gm) = o] = 3) = pheNg[F (5 m)], (20)
L[6(5:m) — Bo(m](1 — §) = phaNa[f (&;m), 65 m)]. (21)
While BCs are
» 20((;m) A
; =0, =€ 0 =1,
f@ml,_, o |, e 0Gnl, ., @)
f@ml,_,=1 &l _, =
fop =7, 6@ =6(1mn), (23)
FGm =) fu @™+ fon, 8@ = 2 B (DT + Bo(), 24)
n=1
19f(¢m) 199(¢;m)
fu (D) = al an - b,(n) = ol oy - (25)
While BCs are
fW=o0, f'D=e 6W=1 fN-1 -0 asy- oo (26)
w-1
f Mhnf/l'lf 177 " hnf/o-f
R = LR + ) + Re wa e R ) B e L
j= (27)
1 A Tinng 2
- Fifp2,—= kifa_1,
phnf 1/n-1 thnf lfn 1



" 1 1/k k 4 ~ 1 k k ~
RI() = — s < an+—Rd>7797'{-1 MLV —
Pr (pcp)hnf/(pcp)f f 3 Pr (pCp)hnf/(pCp)f ( )
w-1 28
5 ~ Onng/(10) .
+RZf__--+ MEcfy 4,
CL T s/ (p7C,),
While

{1, if n>1
An =

=0 if n<1 (29)

5. Results and discussion

The influences of various physical parameters on velocity f'(n) and temperature 8(n) profiles are
highlighted in this section through graphical representation. These involved pertinent physical parameters are
magnetic parameter M, inertial parameter F;, porosity parameter k;, radiation parameter Rd, Reynolds number
R,, Prandtl number Pr and Eckert number Ec. To determine an approximate solution for the dimensionless
set of Equations (8) and (9) with boundary conditions as given in Equation (10), we will apply the HAM
technique in Mathematica software. The numerical results for physical quantities like skin friction Cr and
Nusselt number Nu is presented in tabular form. We took the fixed values of the governing parameters
throughout the study as up,s = 0.5, pf = 0.6, oppy = 0.5, o5 = 0.6, pppr = 0.4, pr = 0.3, kppr = 0.3,
kr =0.2, (Cp)pns = 0.7, (Cp)f = 0.4and € = 0.1.

5.1. Impact on velocity profile f'(n)

In this subsection the impacts of various embedded parameters on the velocity profile f'(n) have been
studied with the help of a graphical view, as elaborated in Figures 2—4. Figure 2 is plotted to see the behavior
of f'(n) for different values of magnetic parameter M when F; = 0.2, k; = 0.5 and R, = 0.7. It is seen from
this figure that an increase in the worth of M decreases f'(n). The purpose behind such an influence of M is
for the stimulation of a delaying body force, called the Lorentz force, due to the pressure of M in an electrically
conducting hybrid nanofluid layer. Since M suggests the ratio of hydro magnetic body force and viscous force,
a larger value of M specifies a stronger hydro magnetic body force, which has a tendency to slow the fluid
flow. Furthermore, the produced magnetic field upsurge boundary layer thickness with rise values of M.
Physically, it can be deduced that both the applied and induced magnetic fields are going in the same direction.
The comparison of a velocity gradient for different amounts of inertial parameter F; is visualized in Figure 3
when M = 0.4, k; = 1.2 and R, = 0.6. From the graph, a decline effect is noticed in f'(n) for the upsurge
values of inertia parameter. Physically inertia is the capacity of a mass to resist transitions, therefore F; raises
the resistance to precede more powerfully, thus f'(n) decreases. The estimations of porosity parameter k, for
velocity curves are shown in Figure 4 when M = 0.8, F; = 0.3 and R, = 0.1. Higher estimations of k, leads
to decline f'(n). Actually, the porosity parameter is inversely proportional to the Darcian drag force that
suggested the Darcy number decreases, and hence this is acting to increase the permeability of the fluid flow,
which shows to reduce f'(n). The improvement of permeability increases to the resistive forces within the
particle so that the velocity of the fluids will be diminished.

5.2. Impact on temperature profile 8(n)

In this subsection, the impacts of various embedded parameters on the temperature profile () have been
studied with the help of a graphical view, as shown in Figures 5-9. Figure 5 represents the influence of 6(7)
for different values of M when Rd = 1.2, Ec = 0.4, R, = 0.8 and Pr = 6.7. It is seen from this figure that the
temperature variation is increases when the magnetic parameter M values increased. Basically, the existence
of a transverse magnetic field creates a Lorentz force that attracts more nanoparticles toward the surface. This
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Lorentz force has the tendency to slow down the fluid motion and the resistance offered to the flow. Therefore,
it is possible for the increase in temperature; hence the thermal boundary layer thickness increases. Furthermore,
the influences of R, on 6(n) are display in Figure 6 when other parameters are selected as Rd = 1.2, Ec =
1.7, M = 0.4 and Pr = 6.7. As predicated, the greater values of R, decline the temperature field. Physically,
Reynolds number R, indicates the relative significance of the inertia effect compared to the viscous effect.
Figure 7 highlight the consequence of Pr on 6(n). From the graph it is observed that by developing Pr with
values 6.7, 6.8, 6.9 the thermal boundary layers and fluid temperature reduce. This is because Pr is the ratio
of momentum diffusivity to thermal diffusivity and the thermal diffusivity become smaller for higher values
of Pr which decay the temperature and associated boundary layers thickness. Physically, the radiation
parameter displays a major role in the progression of heat transmission. Therefore, the influence of Rd on the
non-dimensional temperature of the hybrid nanoparticles is demonstrated in Figure 8. It is obvious from the
graph that the rises values of Rd lead to a release of heat energy in the flow directions and thus the fluids
temperature is increases at any points. The measure of kinetic energy of the flow relative to the enthalpy
difference across the thermal boundary layers is known as Eckert number Ec and the role of Ec in the energy
equation is display in Figure 9. The upsurge values of Ec rises the temperature field.

5.3. Impact on skin friction Cy and Nusselt number Nu

1.2F
—— AlpOg3/Ha O =eeeee- AlaO3+Culll O
1.0t! -
AU.a' 1 ,:”’
S l|'l. “r
= 0.6f{ \ \.-77 M=01,05 10
04ff V=N /7 Fi=02 k=05,
\ R.=0.7
o2l \
-
2 4 6 8 10
n

Figure 2. Variation in f'(n) for various value of M when F; = 0.2, k; = 0.5and R, = 0.7.

The numerically calculated values have been obtained through a semi analytical method HAM in
Mathematica software and are tabulated in Tables 3 and 4. The influence of R, k;, M, and F; upon C; are
constructed in Table 3. The increase in the values of magnetic parameter rise C¢. This impact is due to rises
magnetic factor which upsurge the resistive force to the flow of hybrid nanofluids, known the Lorentz force.
The increasing values of k; and F; upsurge the skin friction. This is because k; (porosity parameter) disturb
the boundary layer flow of the stretching cylinder which enhanced the resistive force to the hybrid nanofluid.
The inertia parameter F; is directly proportional to the porosity parameterk,. The upsurge in porosity
parameter raises the inertia parameter as a result the opposing force to the hybrid nanofluid boosts up. More
Reynolds number decline C¢. The impact of Rd, M, Pr, Ec and R, upon Nu are shown in Table 4. It is seen
that an increases in the values of Rd, Ec, M, and R, upsurge the Nusselt number Nu, while more values of Pr
decline Nu.
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Figure 3. Variation in f'(n) for various value of F;, when M = 0.4, k; = 1.2 and R, = 0.6.
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Figure 4. Variation in f'(n) for various value of k; when M = 0.8, F; = 0.3 and R, = 0.1.
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Figure 7. Variation in 8 (n) for various value of Pr when Rd = 0.5, Ec = 2.7, R, = 1.5and M = 0.7.
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Table 3. Influence of various embedded parameters upon Cs.

R, k4 M F, (A

0.8 0.2 0.5 0.3 1.481045028
0.9 - - - 1.462384206
1.0 - - - 1.440279109
- 0.2 - - 1.340481045
- 0.3 - - 1.362275047
- 0.4 - - 1.382720426
- - 05 - 1.124810286
- - 0.8 - 1.144602709
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Table 3. (Continued).

R, ky M Fy s
1.0 - 1153860889

0.3 1.225860022

0.5 1230290129

0.7 1.250430518

Table 4. Influence of various embedded parameters upon Nu.

Rd M Pr Ec R, Nu

0.3 0.5 55 0.8 0.8 1.504237108
0.5 - - - - 1.501025234
0.7 - - - - 1.450345207
0.5 - - - 1.236410434

0.8 - - - 1.215302874

1.0 - - - 1.205485159

55 - - 1.440890179

5.6 - - 1.486860828

5.8 - - 1.507430387

0.8 - 1.321714801

1.1 - 1.310703405

1.3 - 1.254080658

0.8 1.382583605

0.9 1.350215207

1.0 1.324702164

6. Conclusion

This research work is concerned to emphasize the problem of MHD hybrid nanofluid and stagnation point

flow toward a porous stretched cylinder in the presence of thermal radiation, where the hybrid nanofluid flow
is considered the 2-dimensional and steady-state boundary layer. The nanofluid applied in this research work
is a mixture of hybrid Al,05; 4+ Cu nanoparticles and base fluid H,0. The results are obtained through a semi
analytical approach HAM in Mathematica software. The effect of various embedded parameters upon f'(n)
and 6 (n) is highlighted through graphs. The skin friction C; and Nusselt number Nu are evaluated through the

numerical values presented in tabulated form. The following outcomes can be drawn from this analysis:

For better estimation of the magnetic field, the distribution of the velocity profile declines while the
distribution of the temperature field upsurges.

More estimation of Reynolds number and Prandtl number reduces temperature 6(n) field.

The rises values of embedded parameters k; and F; decline f'(n).

An increase in temperature distributions is observed for a more accurate estimation of Eckert number and
radiation parameter.

Higher estimations of R, and Pr declines C.

An increases values M, k4, and F; upsurge Cy, while Nu increased when the value of M, Ec, Rd, and R,
are increases.

The results reveal that hybrid nanofluid is the best capable source to enhance heat transfer rates due to its
higher thermal conductivity, mechanical resistance, higher chemical stability and physical strength.
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Nomenclature
Tz Cylindrical polar coordinates p Density of fluid (kgm™3)
u Velocity component in term of r-axis ty Solid component of Al,04
w Velocity component in term of z-axis Cr Skin friction
W, Free stream velocity (ms™1) Dynamic viscosity of fluid (kgm~1s~1)
Wy Surface velocity (ms~1) ag* Stefan-Boltzmann constant
fm Dimensionless stream function pCy Heat capacity of fluid JKm~tm™2)
Cp Specific heat (Jkg71K™1) k* Heat absorption coefficient
k Thermal conductivity (Wm~1K~1) Bo Induced magnetic field
€ Stretching parameter T Shear stress
Pr Prandtl number qs Heat flux
R, Reynolds number b1 Volume fraction for Al, 05 nanoparticle
Nu Nusselt number b, Volume fraction for nanoparticle Cu
Ec Eckert number f Base fluid
M Magnetic parameter nf Nanofluid
Rd Radiation parameter hnf Hybrid nanofluid
kq Porosity parameter n Similarity variable
T Temperature of the fluid (K) t, Solid component of Cu
T Surface temperature (K) Too Ambient temperature (K)
PDEs Partial differential equations ') Velocity profile
ODEs Ordinary differential equations o) Temperature profile
BVPs Boundary value problems HAM Homotopy analysis method
a Radius of cylinder MHD Magnetohydrodynamic
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