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In this work, we inspect and analyze a two dimensional, unsteady mixed convectional hybrid nanofluid hydromagnetic flow
(A1,05-Cu/H,0) over a convectional heated an extending/contracting surface with the influence of thermal radiation. Hybrid
nanofluid (Al,0;-Cu/H,0) flows with magnetohydrodynamic and heat source or sink. Brownian motion and thermophoresis
were incorporated using the Buongiorno model. Hybrid nanofluid with vol. fraction range limited to 1.5% and within the
higher temperature range of 50°C to 70°C is considered for thermal conductivity and viscosity analysis. The proposed model is
then converted into ODEs through similarity transformation with the help of homotopy analysis. The effect of embedded input
factors on the temperature, velocity, and concentration profiles is visually demonstrated and explained. The magnetic field has
inverse impact on velocity and temperature profiles. Velocity profile increases for both mixed convection and buoyancy ratio
parameters. It has been noticed that the temperature profile increases with thermal radiation. For increasing values of Lewis
number, the concentration of hybrid nanoparticles is considerably lowered. Moreover, we observed an increase in the
concentration of hybrid nanoparticles through a destructive chemical reaction, whereas a generative chemical reaction has the
reverse effect. It has been proved that skin friction is increasing function of &, Mand decreasing function of A;, N,. On the
other hand, Nusselt number increased with the increase of R, Q, N, N, while Sherwood number is decreased, with the increase
of N, N,, Le.

dics, and naval constructions. Nanofluid flow, in particular,
is long familiar for its high heat conveyance when equated
to regular fluid. The hybrid nanofluid is applied to raise it

It is eminent that many studies have been carried out on two
cases of nanoparticles floating in a base fluid known as
“Hybrid Nanofluid” the forefront nanofluid. The key impor-
tance of the hybrid nanofluid is that by selecting the right
mix of nanoparticles, favorable characteristics may be
enhanced, and drawbacks can be mitigated owing to their
interactive influence. It is reported that these hybrid nano-
fluids are new and have a number of application acoustics,
defense, manufacturing, transportation, medical, microflui-

even further. Jamshed and Aziz [1] studied the Cattaneo-
Christov heat flux impact and discovered that spherical
shaped nanoparticles transmit heat at the fastest rate when
compared to hexagon, platelet type nanoparticles. The
authors in [2] examined squeezing flow in a hybrid base
fluid with nanoparticles suspended in it. The hybrid nano-
fluid stagnation point flow past an extending sheet was
investigated by the researchers [3]. The influence on flow
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between two riga-plates was investigated by Ahmed et al. [4].
The authors in [5] studied the impact of changing viscosity
on a stretched sheet containing hybrid nanoparticles using
the Runge-Kutta fourth order technique. The researchers
in [6] interrogated the synthesis of hybrid nanofluid while
in [7] examined the effects of a hybrid nanofluid of
(Al,0;-Cu/H,0) on heat transmission.

There are numerous numerical methods in the literature to
inspect the boundary layer flow and heat transport of a hybrid
nanofluid. These concepts were further explored by the
researchers in their research [9] to conceptualize the main
idea. The problem was then expanded to a three-dimensional
flow capable to the Newtonian heating consideration by the
authors [10]. In both the above studies, they obtained key
results about the heat transfer. The difficulty of a hybrid nano-
fluid consisting of a rotating flow was described by Hayat and
Nadeem [11]. Zainal et al. [12] inspected the unsteady stagna-
tion point flow of a hybrid nanofluid past a convectional
heated an extending/contracting surface while accounting for
velocity slip’s influence on heat transfer. Using the Buongiorno
model, Daniel et al. [13] investigated an unstable blended con-
vectional electrical magnetohydrodynamic (MHD) flow and
heat conveyance generated by nanofluid across a permeable
stretched surface. The friction coefficient and wear volume
were studied by Xie et al. [14] to determine the tribological
properties of hybrid nanoparticles. Devi and Anjali [10] inves-
tigated the three-dimensional flow of (Cu-Al,O,/water) cop-
per alumina/water hybrid nanofluid using the RK-Fehlberg
integration technique.

Thermal radiation’s effect on MHD blood flow and heat
conveyance in a permeable capillary in extending motion
was inspected. It has been examined that at high tempera-
tures, heat transfer and thermal radiation are recognized to
have a significant influence on numerous physiological pro-
cesses, technological, and engineering industry equipment.
Solar collector performance, plume dynamics, rocket pro-
pulsion, high-dose cancer therapy, fire propagation, material
processing, and combustion systems are just a few examples.
With the advancement of analytical and computational tech-
niques, thermal convection flows with high radiative flux
have received more attention recently. The effect of heat
radiation on peristaltic transport of ionic nanoliquids in bio-
microfluid channels had analyzed by Prakash et al. [15]. In
context from melting heat transfer and thermal radiation,
the researcher [16] proposed the dynamics of stagnation
point flow of carbon nanotubes. To get series solution, the
optimal homotopy technique was used. Muhammad et al.
[17] make another notable attempt to address the key
aspects of heat radiation and viscous dissipation impacts in
a viscous nanofluid. Mixed convectional and slide impacts
in viscous nanofluid across an extended sheet were described
by Hsiao [18]. The solution was numerically defined using
the convective boundary conditions [19]. The reader can
further study about heat transfer through nanofluid flow in
refs. [20-27]. The relevant study has been seen in [28-31].

The main aim of this research is to see how magnetic
fields, thermal radiation, and heat generation/absorption
affect unstable hybrid nanofluid hydromagnetic flow
(Al,05-Cu/H,0) across a convectional heated an extend-
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ing/contracting surface. The thermophoresis and Brownian
motion characteristics were included in the Buongiorno
model. To minimize the autonomous variables in gover-
nance equations resulting from mathematical modelling, a
suitable collection of dimensionless variables is employed.
By implementing the homotopy approach, an analytical
solution has been calculated. Comparison between HAM
and ND solve has been shown in Table 1.

2. Mathematical Formulation

Assume the unsteady hybrid nanofluid hydromagnetic flow
(AL,O5-Cu/H,0) past a convectional heated an extending/
contracting surface in the bearing of the magnetic field, chem-
ical reaction, heat generation/absorption, and thermal radia-
tion. The flow problem plot is depicted in Figure 1, where
u,(x,t) =bx/(1 —ct), the extending/contracting is surface
velocity, b indicates a constant that agree to extending (b > 0
) and contracting(b < 0) instances, and ¢ denotes the problem
of unsteadiness. The velocity of the free stream is notified by
u,(x,t) = ax/(1 — ct), where a > 0 is the strength of the stagna-
tion flow. T, and T, are used to represent the ambient and ref-
erence temperature separately. Then, we consider that the
bottom of the surface is heated by convectional from a hot
fluid at a particular temperature T((x,t) =T, - T, (ax*/2v)
(1—ct)™ and coefficient of heat transfer has noted by hy
while the mass transfer coefficient is indicated by h,. The gov-
erning boundary layer equations may be recognized as [12, 13]
based on all of the assumptions mentioned.

ou Ou

= 1
8x+8y 0. (1)

au+uau+vau_aue+ aue+.‘4hnfazu
ot ox 0y ot He x p,mfa_y2

(1= Coo) (T = T)

+
Phnf
2
Ghnfﬂo
~(p,-p;)(C-C L Ly
(pp pf)( m)}wphnf(l_ct)u

(2)

UtV et | 5
ot = ox 0y (pey)y, W (PG)y, \OY
o |p. (2CATY\ Dy (0T :
\ayay) T, \oy
+ 2 (T-Tg)
(PCP)hnf

(3)

Applying concept of Rosseland approximation g, is as fol-
lows:

4o, 0T*
Ty

(4)
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TaBLE 1: Comparison of HAM with ND solve solution ¢, =0.25,¢,=0.25,6=0.3,N,=1.0,4, =0.2,Q=0.5,Pr=6.5,M=0.5,R=0.5,

Sc=1.0,N,=0.2,N,=0.1.

" ) ')
HAM ND solve HAM ND solve HAM ND solve HAM ND solve

0 0 0 0.02453760 0.02452978 0.487 0.487 0.55 0.55

0.5 0.03469568 0.03468659 0.04076865 0.04056421 0.50874001 0.50873986 0.61285007 0.61284999
1.0 0.06034958 0.06033885 0.20425912 0.20425742 0.51243432 0.51242415 0.55162402 0.55162416
1.5 0.12373158 0.12373098 0.21768635 0.21767085 0.52785902 0.52785899 0.84572417 0.84572406
2.0 0.11524238 0.11519427 0.22753476 0.22753087 0.53762042 0.53761997 0.85465107 0.85465099
2.5 0.28505217 0.28505214 0.10843705 0.10843604 0.54702062 0.54701015 1.04640087 1.04640015
3.0 0.37086918 0.37086908 0.10784304 0.10784291 0.49093352 0.49093295 1.04465601 1.04465592
3.5 0.39292487 0.39292467 0.02030697 0.02030691 0.47529652 0.47529605 1.03547618 1.03547608
4.0 0.40946208 0.40946179 0.02363014 0.02363001 0.48842752 0.48842702 1.03840447 1.03840396
4.5 0.41575308 0.41575305 0.04157226 0.04155423 0.49605602 0.49605595 1.03905327 1.03915306
5.0 0.42407258 0.42407239 0.04216302 0.04216271 0.39754262 0.39754187 1.05743307 1.05743298
5.5 0.44812538 0.44810615 0.04341604 0.04341581 0.35504732 0.35504711 1.05816737 1.05816706
6.0 0.45242414 0.45242409 0.04539012 0.04538997 0.34648862 0.34648795 1.00908797 1.00908706
6.5 0.47365747 0.47365729 0.04683201 0.04683192 0.35742472 0.35703415 0.94253457 0.94253406
7.0 0.49502798 0.49502796 0.04765024 0.04764981 0.37508582 0.37508565 0.92718608 0.92718594
7.5 0.50392098 0.50391896 0.04852079 0.04851972 0.38710902 0.38710875 0.85842701 0.85842689

where the parameters o, and k™ are explained in nomencla-
ture

T*=4T,T - 3T,. (5)

Further simplification leads us to the following:

160,13
(4),=— 0Ly ©

Here, we rewrite Equation (3) as follows:

8T+uaT+VaT_ Kinf 82T+ 1 (aq, .
o “ox 3y (pg),, W (PG),,
9CoT\ Dy (3T\*
D, —— = 7
o B(ay ay) T, <ay) } 7
+ &(T— Ty)s
(pCP)hnf
oC aC oC *C (D;
E+ua+v5=DBa—y2+(K)Tw, (8)

where u denotes the factor of velocity in x-axis, v is the velocity
factor in y-axis, y,, ¢ is the ALO;-Cu/H,0O dynamic viscosity,
and D, and D, are the Brownian thermophoretic diffusion
terms while p,, - is the density of ALO;-Cu/H,0, T is the
AL O;-Cu/H,0 temperature, kj,,( is the thermal/heat conduc-
tivity of Al,0,-Cu/H,0, and (pcp)hn y is the Al,0,;-Cu/H,0

heat capacity. The boundary conditions, as well as the velocity
partial slip, are set to

ou
oy
= hf(Tf - T),Dbcy = hS(Cf — C) aty: 0)

U=y (1) + Hio=—,v=0,-k, T,

u—u,(x,1), T — Ty,C— Cyaty—o0, (9)

where H, = H(1 — ct)""? is the velocity slip term, in which
H stands for the starting merit of the velocity slip term. Table 2
lists the thermophysical characteristics of copper (Cu), as well
as aluminium oxide (Al,O;) and water (H,O) nanoparticles.
The thermophysical characteristics of hybrid nanofluid are
shown in Table 3. The solid volume fraction of nanoparticles
is described as ¢, where p, denotes the density, p, is the den-
sity of the hybrid nanoparticle, ¢, is the constant pressure of
heat capacity, k; represents the thermal conductivity of H,0,
and k, is the thermal conductivity of the hybrid nanoparticle.

The follower similarity transformations are provided in
order to represent the governed Equations (1), (2), (7), and
(8) concerning the BCs (9) in a much easy way [12].

av \12 T-Tg
V/:(l_ct> xf(n),@(r[)= Tf—T >

a 1/2
@(n) = Cf_c°;n= (v(l _Ct)> b2 (10)
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FIGURE 1: Schematic diagram of the 2D flow past a stretching/shrinking sheet.

TaBLE 2: Cu thermophysical properties along with Al,O5 and H,O
[12].

Thermophysical properties Cu AL O, H,0
k(W/mK) 400 40 0.613
p(kg/m?) 8933 3970 9971
¢, (J7kgK) 385 765 4179
Bx 10°(1/K) 1.67 0.85 21

where y is the stream function that can be specified as u =
0y/0y and v = —0y/0x and # is the similarity variable. Thus,
we attain

ax
u=
1—ct

fov=-(2) s

1—ct

Equations (2), (7), and (8) are converted into the follow-
ing set of nonlinear similarity ODEs by using the similarity
variables (10) and (11) in light of the aforementioned rela-
tionships.

/ n
Auhnf Mff +2ff//_f12+l_€<f/_ %Tlf”—l)

Pung!Pf
—/\ﬁh”f [6— i ¢]+

Ghnf/anfl -0

>

B ﬁhnf/ﬁ Phnf!Ps
(12)
rr (khf + 4R> 0" +f0' —2f'60
Pr (pcp)hnf/(pCP)f ke 3
Q(pc
+ £ (119' + 39) + [N,,G'(D' +Nt6'2] + (p p)f0=0,
2 (pcp)hn_f
(13)
@" +Scfd' - et (;1(15' +3q>) + Negr_o, (14)
2 N

b

Now the starting and final constraints (9) are also chan-
ged into the following:

£(0)=0,f'(0) =A+yf"(0),

_ Koy 6'(0) = Bi[1 - 6(0)],
ky

@' (0) = —Ny(1 - D(0)),
f'(11) — 1,0(n) — 0, D(n) — 0, whiley — oo, (15)

where & M,R,Pr,N,,Bi,Re,,A,Q,A;,S¢c, N,,andN, are
unsteadiness parameter, magnetic parameter, thermal radia-
tion parameter, Prandtl number, buoyancy ratio parameter,
Biot number, local Reynolds number in x-axis, ratio of
velocity parameter, heat source/sink parameter, mixed con-
vection parameter, Lewis number, thermophoretic parame-
ter, and Brownian motion parameter.

2
&= E)M: 0_/3()’);:H(av)1/2,
a pra
Biv by Jo(1 —ct),
ky a
Re 2 X p_ 40*T?,
* v 3k*kf
Q= QO(]' _Ct)z)Pr: B’
ax (24
(pp pf)AC
" P B(I- Co)AT’
b G
A: —> Al = 4 P
a (Re,)
SC: L,Nt — TDT(TS B TO)’
Dy v¢T,
D _
sz T B(Cw Coo). (16)
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2.1. Physical Quantities of Interest. For above model local
Nusselt number (Nu,), the skin friction coefficient (cy)

and Sherwood number are clear as follows:

Ty xqy, X4
¢ =——>,Nu,= —_— _Shy=—
prit; ke (T~ Too) Dy(Cy ~ Co)
(17)
where
. <6u>
w=HU nf\ 3., >
hnf ay 10
oT
9w = _khn <_ - qr) >
1f dy 0
4, = —Db(Cy)y:0~ (18)
In dimensional form, we have from above as
n"lhn
[Re,J"Cy = ~£"(0),
f
k 4
[Re,| " Nu, = - (1 + _R>6’(0),
[Re,] 2Sh=~¢'(0). (19)

2.2. Idea of HAM for the Model. Here, we used HAM to solve
Equations (12)-(14) using boundary conditions (15). The
Mathematica software is utilized for this, and the proposed
model can be solved using HAM in the following manner:

L(F)=f -7 15(8) =0" 8,1, () =0" -0,
(20)

where operators are specified as L} and L ; moreover, we

have

Lo(ri+ppe +y5¢") =0, Ly (y,e™ +yse’)
(21)

=0, Lg(yée*" +7y,e)=0.
We also define the operators, such that

N, [£(130),00:0), @(n50)]

_ Mgy -7 7 2 1~
_phnf/pf ot 2f foy =yt 1-e fn_iﬂfﬂﬂ_l
> N, ~| oploy  ~
_ Aﬁhnf 0 — " ol + hnf foﬂ)
B .Bhnf/ﬁ Phng! Ps
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Fins o) 8] = L 1 ks 42\ 5
Né[f(n’Z)’e("’C)}_})r%/(,)%)J‘(kf +3R)9m1

+f6,7—2j?}75+ ;(;15,1+35)

T —~ o~ ~2
+ [Nbe'cl)’ +N,0’ ]
T

N (D(n;(),f(n;f),e(n;f)]
~ e~ o~ e, N5
=@, +Scf B, ~ Scf - Sc (17(15,7+3(D) 0

(22)

For Equations (12)-(14), the Oth-order system is shown
as follows:

(=L [ F(138) = Folm)] =ph, N5 [ £ (130)],

(=015 [00758) = Oo(m)] =phN; 0130, £ (1:0)-

(1=0) Ly [@(130) = @y(n)| = phpN [@(130), £ (1), 0(130)]

(23)
with the BCs are
~ Af (¢ (3¢
Fonsn| =0 any IO -0,
n=0 n=0
ky20(:0)| a0 2201:8)
b | Bz(l (0)), o |,
= —Nd(l - cf)(o))
of (1:¢) . >
o W_Oo_u,e(q,c)‘n_ ﬁo,@(q,c)‘nzm%o
(24)

While the embedding constraint is { € [0, 1], to regulate
for the solution convergence h}, hg, and h&) are used. At spe-

cific values { = 0and { = 1, the following is obtained:

Fi1)=F(n).0(n31)=0(n), B(ns 1) =D(y).  (25)
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Expand the 7‘(11;(), 5(;7;(:), and (?3(11 ;{) through Tay-
lor’s series for { =0

—~ —~

F(n:8)=foln)

+
Mg
)
X
S
I~
v:
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0(n:0)=6o(n) + Y 6, (n¢"
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(1) =Do(n) + Y. @, ()",
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~ o 19f(n30)
fn(n) ' 817 ) >
p=0
S 100(5:0)
0,(n) _ET >
p=0
- 1 00(11;)
n(m) =5 o (26)
p=0
While BCs are
F(0)=0,f"(0)=A+yf"(0),
ing 6'(0) = —Bi(l - 5(0)), D' (0) = —Nd<1 —@(0)),
ky
£ (1) =0, 8(1) — 0,B(1) —> O—co.
/ _m w-1 — ~2
f _ Mhnf [’lf 2 " !
phnf/pf fn—l P fw—l—] j n—1
~ 1 7 /
+1-¢( fl - =nf._ 1) Il S Mf!
<f 1 2’7f 1 phn_f/pf 1

7
. T w-1l —~ ~2
(;19”_1+39n_1) + (T/UJ)‘f N, ) 0, @ +N8
=
. Q(Pcp)fg 1
n— b
(Pcp)hnj
RO -0 15 ST DS T D
(}7)_ n-1 1 szwlj j ¢ fw—l—]]
=0 J= (27)
N £/ ~ ~
+ F; 0] + Se5 (q(D;_l + 3(Dn_1)
While
0, ifn<l, (28)
Xn=
1, ififn>1.

3. Outcomes with Discussion

In the following discussion section, the outcomes of various
parametric quantity on velocity, concentration profiles, and
temperature are shown graphically and discussed. These
parameters are unsteadiness parameter, buoyancy ratio
parameter, magnetic parameter, thermal radiation parame-
ter, Lewis number, mixed convection parameter, Prandtl
number and thermophorotic parameter, and Brownian
motion parameter. The geometry of the problem is shown
in Figure 1. It can be seen that when the magnetic parameter
M assigns maximum values, the velocity distribution retains
its declining tendency as shown in Figure 2. There is a peri-
odic oscillation velocity with diminishing amplitude while
the magnetic force produces a resistive nature force known
as the Lorentz force which controls the flow of fluid parti-
cles. As a result, to demonstrate the value of reducing the
velocity of moving particles, the effect of the unsteadiness
parameter on ¢ the nanofluid velocity profile has seen in
Figure 3. Because of the acceleration situation, (¢ > 0) brings
down rate of fluid flow and a narrower momentum bound-
ary barrier thickness; the behavior occurs. The velocity pro-
file reduces for the higher acceleration.

Figure 4 illustrates the influence of the buoyancy ratio
parameter on velocity drawings and also increasing levels
of N,; there is a noticeable increase in velocity. This increase
in velocity drawings is more noticeable in stable condition
than in the unsteadness situation. Figure 5 shows the effect
of A, on f'(1). From Figure 5, it can be expected that f'(x
) has greater values of A,. Physically, this is because of the
larger values of buoyancy force. The impact of heat genera-
tion/absorption on the temperature is plotted in Figure 6.
The temperature of the fluid and the thickness of the ther-
mal boundary level are both increased when a heat source
(Q>0) is used. The heat sink (Q<0), on the other hand,
lowers the fluid’s temperature and thins the thermal bound-
ary level thickness.
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FIGURE 3: Representation of the effect of & on f'(#).
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FIGURE 7: Representation of the effect of R on 6(y).
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Figure 9: Illustration of the effect of N, on 6(%) .

To denote (Q = 0), the lack of heat generation or absorp-
tion, the increase in thermal radiation raises the temperature
but lowers the concentration profiles, as seen in Figure 7.
This is because an increase in thermal radiation gives to a
greater extent heat to the hybrid nanofluid, resulting in a rise
in temperature and the thickness of the thermal boundary
layer. Physically, radiative aspect creates the Brownian
motion of minute ingredients faster than normal; thus, ran-
dom migrated particles strike with one another, and the
caused frictional energy transforms it to thermal energy.

The effect from the Prandtl number along the temperature
profile has seen in Figure 8. By increasing the Prandtl num-
ber, the fluid’s thermal conductivity decreases. This fact is
due to inverse relation of Pr with thermal diffusivity, and it
is well-known fact that the fluid with higher values of Pr
has weaker thermal diffusion so that the temperature
declines. Figures 9 and 10 demonstrate the consequence of
the thermophoresis parametric quantity (N,) along the ther-
mal profile. When the thermophoresis parametric quantity
is increased which enhance the behavior of the system,
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FiGURE 11: Representation of the effect of N, on @(y).

thermophoresis effect is associated with movement of nano-
particles from a hot wall to a cold wall, and since it is gener-
ated by temperature gradients, it creates a fast flow away
from the moving plate; thus, more fluid is heated away from
the surface, and this leads to an increase in the temperature
within the thermal boundary layer. Figure 10 demonstrates
the consequence of the Brownian diffusion parameter (N,,)
on the thermal profile. Physically, the imperfect nature of
the Brownian motion parametric quantity enables heating
the physical setup. This heating causes nanoparticles to be

transferred from the cooler stretched sheet area to the quies-
cent fluid zone. Because the particles migrate from a high up
to a low concentration part, an increase in the Brownian
motion parameter N, and ®@(5) leads decrease in the fluid
concentration gradient, as seen in Figure 11.

The Brownian motion is the movement of fluid particles
from higher to lower concentration so increases in the ther-
mophoresis parameter (N,) produce a huge rise in the con-
centration dispersion of the fluid flow @(#), which meet to
zero at the boundary level, as shown in Figure 12. A minor
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TaBLE 4: Representation of the influence of different physical
factors on skin friction [Rex]me = (/,lhnf/yf)f”(o).
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TaBLE 6: lllustration of the influence of different physical factors
over Sherwood number Re s™2Sh_=—¢'(0)..
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TaBLE 5: Hllustration of the influence of different physical factors
over Nusselt number [Re, | *Nu, = —(pnplky) (1 + (4/3)R)6' (0).
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change in the thermophoresis parameter causes the fluid
particles to move quickly, releasing surplus heat energy
and causing a huge rise in the concentration dispersion. As
a result, with an increase in the value of (N,), Figure 12 indi-
cates a considerable rise in the concentration dispersion.
Figure 13 also shows the influence of the Schmidt number
on the concentration dispersion. It is noticed that for larger
values of Sc, the fluid concentration decreases. This fact is
quite similar with that of Prandtl number impact on temper-
ature. Actually, Sc has inverse relation with mass diffusivity;
therefore, larger values of Sc correspond thinner concentra-
tion boundary layer.

4. Discussion on Tabulated Results

Table 4 shows that C is increased when the values of &, M
are increased. The C; is decreased, when the values of A,
N, are increased. Table 5 shows that Nu, is increased when
the values of R,Q,N,,N, are increased. The Nu, is
decreased, when the values of Pr are increased. Table 6
shows that Sh is decreased, when the values of N, N,, Le
are increased. Table 1 shows the very excellent agreement
of the HAM and ND solve solution by computer-based
package Mathematica 11.1.0.

5. Conclusions

In this research work, the uniform mixed convectional with
the combined consequences of thermal radiation and heat
generation/absorption along the magnetohydrodynamic
(MHD) flow of hybrid nanofluid via a convectional heated
the stretching/shrinking surface is studied. Brownian motion
and thermophoresis were incorporated using the Buon-
giorno model. We came at the following key conclusions
based on our findings with various factors in this study:

(i) Increasing the combined convection and buoyancy
ratio parameters improved nanofluid flow properties

(ii) It is well established that an increase in the
unsteadiness and magnetic parameters result in a
decrease in the velocity profile

(iii) Consequently, a rise in the thermophorotic param-
eter, radiation parameter, or Brownian motion
parameter means an increase in the temperature
profile

(iv) It is noticed that the increase of the Prandtl num-
ber decreases the temperature profile

(v) Increases in the values of the thermophoretic
parameter and Brownian motion parameter have
an inverse influence on the concentration profile

(vi) The @(y) displays lessening tendency for rising
values of Le
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(vii) Skin friction is augmented when the values of &, M
are improved. When the values of A,N, is
enlarged, C; is reduced

(viii) Nusselt number is improved when the values R,

(ix) Sherwood number is declined, when the values of
N, N,, Le are enlarged

Q, Ny, N, are increased. The Nu,, is reduced, when
the values of Pr are augmented

Nomenclature

u and v: Components of velocity along x- and y-axes (m/s)

Uyt Stretching/shrinking velocity (m/s)

Ty Ambient temperature (K)

hy: Heat transfer coefficient

Hins (kgm™'s™") Viscosity of hybrid nanofluid

Re,: Reynolds number

0: Dimensionless temperature

py The density of the nanoparticle (kgm™)

kg Nanoparticle thermal conductivity (Wm™K™)

v Stream function

M: Magnetic parameter

Hi: Velocity slip factor

A: Ratio of velocity parameter and heat

Nu,: Local Nusselt number

f' Dimensionless velocity

v Kinematic viscosity (m?s™)

A Wall mass flux

q,: Rosseland approximation

¢: Nanoparticle solid volume fraction

k™ Coefficient of mean absorption

Cp: Plate concentration

Cy: Concentration of ambient

hg: Mass transfer coefficient

Ny: Brownian motion parameter

X, y: Cartesian coordinate axis

u,: Strength of the stagnation flow

Ty Reference temperature (K)

Phns Hybrid nanofluid density (kgm )

(pc,) nf’ g—lyl?rid nanofluid volumetric heat capacity (m’s
K™)

H: Initial value of the velocity slip factor

Cpt Constant pressure of heat capacity

Py Base fluid density (kgm™)

kf: Base fluid thermal conductivity (Wm™'K™?)

& Unsteadiness parameter

OF Dimensionless concentration

Pr: Prandtl number

Q: Source/sink parameter

¢ Skin friction coefficient

T: Temperature of fluid (K)

fy Dynamic viscosity (kgm™'s™)

Tyt Wall shear stress

4y Transportation of heat

o*: Stefan-Boltzmann constant

Porosity parameter

15
R: Thermal radiation parameter
Cy,: Wall concentration
Bi: Biot number
N Thermophoretic parameter.
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