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Abstract r )

The study investigates heat transfer and flow structure of (Cu — AloOs3/Poly-alpha-olefin oil) hybrid nanofluid
over a porous stretching cylinder considering variable viscosity (tspns(T)) and thermal conductivity (kspns(T))
with partial slip. We apply similarity transformations to reduce governing PDEs into nonlinear ODEs and solve
it using MATLAB’s BVP4C solver. The variation of several physical parameters on velocity, temperature, heat
transfer rate and skin friction are discussed through graphs and tables. The velocity and temperature profile
decreases with increment into partial slip and viscosity parameter. The heat transfer rate increases with increment
into partial slip, viscosity and thermal conductivity parameters. The heat transfer enhancement is 9.29% for
nanoparticles concentration (Cu : AloO3 - 2% : 1%) and 9.26% for nanoparticles concentration (Cu : Al2O3 -
1% : 2%) in hybrid nanofluid, and higher with increase concentration of C'u nanoparticles compared to Al2O3
nanoparticles into hybrid nanofluid. The novel part of this study is to investigates heat transfer of MHD hybrid
nanofluid (Cu— Al203/PAO oil) through a stretching cylinder with partial slip using variable viscosity and thermal
conductivity.
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1. INTRODUCTION

Hybrid nonofluid defined as mixture of two or more solid nanosize(100-200nm) particles into base fluid, it has
interesting field of research in modern time because of their industrial applications. These nanoparticles can be metal,
their oxide, carbides, and organic substances. The hybrid nanofluids are widely use in solar energy, heat exchanging
system, nuclear cooling system, transformer cooling, electronic cooling and biomedical. The first time, S.U.S. Choi
et al [5] introduced the concept of nanofluid, and studied about thermal conductivity of nanofluid. Since, then wide
research has been done on nanofluid exploring their properties such as heat transfer, thermal conductivity, diffusivity
and viscosity. R. Gupta et al [10, 11] investigated thermal radiation impact of MHD nanofluid considering marangoni
convection flow over a stretching surface. S. Saranya et al [28] investigated about unsteady hybrid ferrofluid over a
cylinder taking magnetic and cobalt ferrite ferroparticles using shifted Legendre collocation method. The investigation
about steady boundary layer flow of hybrid ferrofluid over a spinning vertical cone was studied by S. Saranya et al
[29] by iterative power series method. The impact of PST and PHF heating conditions for swirl flow of ternary hybrid
nanofluid over a rotating cone was illustrated by Y. Salah et al [25], using shifted Legendre collocation method. M.
Nazeer et al [22] demonstrated about thermal analysis of MHD two phase nanofluid over inclined channel using silver
and hafnium nanoparticles into transformer oil base fluid.

The Magnetohydrodynamics(MHD) fluid flow defined as flow of nanofluid which is electrically conducting and imposed
magnetic field has wide applications in cooling devices and medical industries. It is effective for controlling the heat
and mass transfer in hybrid nanofluid. The different shapes of hybrid nanoparticles play a vital role while study
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on heat transfer with MHD flow was discussed by Kh. Hossinzadeh et al [14] considering (MWCNT-Ag) hybrid
nanoparticles into vertical cylinder. R. Ali et al [2] also studied about MHD flow of silica nanofluid over stretching
cylinder with various shapes of nanoparticles and Joule heating effect. The influence of thermal radiation for different
types of MHD hybrid nanofluid was investigated by P. Agrawal et al [1] in porous stretching surface. The study about
MHD williamson nanofluid and thermal radiation through a stretching cylinder was discovered by M. Bilal et al [3],
considering variable thermal conductivity. K.U. Rehman et al [24] investigated heat transfer of MHD Jeffrey fluid
considering non linear thermal radiation effect in cylindrical surfaces. Many researcher have been done study on MHD
flow and heat transfer of different hybrid nanofluid taking different geometry and configuration in porous media. Refs
[4, 6, 7,9, 13, 16-19, 21, 26].

The study about heat transfer of Darcy hybrid nanofluid described by Z. Ullah et al [32] considering thermal
radiation effect for stretching tube surface. The influence of variable viscosity on MHD hybrid nanofluid for cylinder
surface considering Stefan blowing and partial slip effect was discovered by J. Kandasamy et al [15]. The influence
of variable viscosity on heat transfer and flow structure for nanolubricant(7iO3/PAO) into the microchannel was
examined by O.D. Makinde et al [20]. In view of variable viscosity, O.A. Famakinwa et al [8] investigated about
the impact of thermal radiation and viscous dissipation on (Al;O3 — CuQ)/water hybrid nanofluid into two parallel
plates. S. Saranya et al [30] studied about homogeneous-heterogeneous reactions for ternary hybrid nanofluid over a
surface of stationary/moving flat plate using Tiwari and Dass model. The study about nanofluid flow for a unsteady
contracting cylinder considering the impact of thermal, heat generation, homogeneous and heterogeneous reaction was
investigated by S. Saranya et al [31]. The investigation about three dimensional casson nanofluid flow with double
diffusion effect over a stretching sheet considering thermal radiation, chemical reaction, heat generation/absorption,
heat and mass transport impact was studied by M. Samiullah et al [27], using cattaneo-christov double diffusion model.
The investigation of MHD hybrid nanofluid flow over a unsteady stretching sheet considering variable viscosity and
thermal conductivity was studied by R. Gupta et al [12]. The study of williamson fluid flow through a stretching
sheet considering inclined magnetic field and thermal radiation was illustrated by P. Priyadharshini et al [23], using
numerical & artificial neural network model.

After comprehensive review of literature, we have observed that many studies has been done on hybrid nanofluid
considering various geometry and configuration. As we know external heat and internal friction both influence the
viscosity and thermal conductivity of hybrid nanofluid, and it depend on temperature. In previous published research
many researcher study on hybrid nanofluid considering constant viscosity and thermal conductivity for sheet and
cylinder surface. As far as literature review has been done by us, we didn’t find any study on how heat transfer
and flow structure of (Cu — Al2O3/PAO oil) hybrid nanofluid influence by variable viscosity & thermal conductivity
with partial slip. We found that these are all gaps in previous study which was not be accomplished. The novel part
of this work is to investigates heat transfer for MHD hybrid nanofluid (Cu — AloO3/PAO oil) through a stretching
cylinder with partial slip considering variable viscosity and thermal conductivity. To accomplished our work we for-
mulate fluid equations and solved it using MATLAB’s BVP4C solver. The outcomes are discussed through graphs and
tables. Also influence of non dimensional parameters such as prandtl number(P,), magnetic parameter(M), curva-
ture parameter (), external heat generation(Q)), unsteadiness parameter(S), slip parameter(N), thermal conductivity
parameter(e), viscous dissipation(E}), biot number(B;), porosity parameter(P), viscosity parameter(R;) and volume
fractions(d) on velocity and temperature, skin friction factor and nusselt number are investigated.

2. FORMULATION OF PROBLEM

Consider the unsteady stretching cylinder of radius R with two dimensional MHD hybrid nanofluid (Cu—Al;O3/PAO
Oil) flow with variable thermal conductivity(kspnr) and viscosity(pspnyp). In this stretching cylinder the surface ve-
locity along z- direction is Uw:(lf’ﬁ [15]. The characteristic length of stretching cylinder is L and cylindrical
coordinates (r,6,z) are considered. The hybrid nanofluid flow is consider in porous medium including partial slip
parameter. In this work viscosity and thermal conductivity of hybrid nanofluid are consider as function of temper-

ature. The temperature near the surface for MHD flow is Ts = Ts + TT(QI:/Z:L)(l - at)%S [2] and Ts — Too > 0 is

taken. A Magnetic field B = b [2] is applied on stretching cylinder on radial direction. The velocity of cylinder

vV (1—at)
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FIGURE 1. Physical representation of flow geometry into stretching cylinder.

is v(z,7) = (w(z,r),0,u(z,7)), where w(z,r), u(z,r) are longitude and transverse components of velocity across the
axial and radial direction.
From these considerations the governing PDEs are express as [1; 2]

ow u Ou

— 4+ —4+—=—=0 2.1
0z + T + or ’ (2.1)
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The boundary conditions are express as [2, 3]
ow oT
at r = R; wZUw—i—F@k, u =0, —kshnf(T)a—:ds(TS—T), r—oo; w—0, T—=Ty, (2.4)
r r
By reynold model the variable viscosity is given by [8]
frshn (1) = pshnyg exp(=R10(n)), (2.5)
Using maclaurin series, expanding Eq. (2.5) with omitting higher order terms, we get
R36?
ponns () = prang | 1= Rr6(n) + 722 @] (2.6)
The temperature dependent thermal conductivity is defined as [3]
kshng (T) = kshnyg (14 €0(n)), (2.7)

where € > 0 and R; > 0 are thermal conductivity and viscosity parameter, respectively.
Thermophysical characteristic of hybrid nanofluid(Cu — Al;O3/PAO oil) are given by [1, 8]

Pshnf = Pdy01 + pdy02 + py(1 — 01 — 02),

- 2
S T 1= 51)25(1 — 6,)25
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(1 . 3(5 — 1), ) (1 . 3(%2 — 1)8 )
Oshnf =0 T T X T ol ’
R N G-I Y LT D (Z2+2) - (Z2 - 1)b,
(pcp)shng = 01(pcp)1 + 02(pcp)2 + (1 — 01 — d2)(pcy) £

kshnf . kdl + Qkf + Q(kdl — kf)51 k(ig + Qkf + 2(kd2 — kf)(Sg

= X , 2.8
kf ka, + Qkf — (kdl — k‘f)51 ka, + Qkf — (kd2 — kf)52 ( )

where 01, 02 denotes C'u, AlyO3 nanoparticles volume fractions and fisanf, (PCp)shnfs Tshnf, Pshnfs kshny are dynamics
viscosity, heat capacity, electrical conductivity, density, and thermal conductivity of hybrid nanofluid, respectively. The
subscripts shnf, f, dy, da represents as hybrid nanofluid, base fluid, first nanoparticle (Cu), and second nanoparticle
(Al303), respectively.

Using suitable transformations and dimensionless variables as [2]

T-T
0(n) = N T
Tr(%)a —at)" ¢
v = 2RU. f(n)
VRe
- r? — R2 b
=R \Q-—atyL
Re = &, (2.9)
vf

where ¢ and Re denotes as stream function and reynold number, and 7 is independent variable.
The longitude(w) and transverse(u) components of velocity are express by [3]

1oy bz ,
Y=o T a—anp!
__ oy _ | _wb R
u = r Oz - (1fat)er(n)’ (210)

From Eq. (2.9) and (2.10) we reduced Eq.(2.2) and (2.3) into non linear ODEs, which are given by

D 202 202 D
142y = (1= RO+ il "+ (—R10' + R200" f" | +2v(1— R0+ i Ly
D4 n R292 D1
— MZEF "no_ oen ry /2_P 1— 0 1 =L 211
per i = s(pe ) - (- p(1-mo+ ) Pl =0, (2.11)
D D R26?
2 (1+2vynm) [6(9’)2 +(1+ 69)0":| + 71(1 + 2vm) (1 — R+ —L )Ek(f”)2
D5PT D5
Dy ’ S / / / Dy "2 Q
2v(1 - = -2 —M.E —0 = 2.12
+D5PT ¥(1+€b)0 2(36+n9) 10+ 1o +D5 k(f) +D59 0, (2.12)
The transformed boundary conditions are
B; (1-6(n))
=0, "M =@0Q+Nf" , 0y =L —— P at =0,
f(n) f'm) = ( fr(m), 0'(n) A (L e0(n)) U
f'(n) =0, 6(n)—0, as n— oco. (2.13)
The constants Dy, Ds, D3, D4y and D5 are defined as follows
Dl _ Hshnf 1)2 _ kshnf’ D3 _ pshnf’ D4 _ Ushnf’ D5 _ (pcp)shnf (214)

o kg Py of (pcp) s
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ot

The different dimensionless parameters are defined as follows : v = 4/ % refers to curvature parameter, S = %

refers to unsteadiness parameter, M = B*;L ‘;—; refers to magnetic parameter, P = % is porosity parame-
_ (pcp)gvy o 2ub . b . .
ter, P, = 7’;” refers to prandtl number, E, = Treriy/ (=D denotes eckert number, N = F, /7(170415)ny is slip
parameter, B; = 7 (1_04# refers to biot number, Q) = %O)‘?L is heat generation parameter.
The Skin friction coefﬁment(Cf) and Nusselt number(Nu) are represent by [2]
Tw 2w
c S CR— (2.15)
= U,% (T‘? - Too)kf
where coeflicient 7, = tsnny (T) (‘?)—’TU)T: r dw = —kshng(T) (%zj) denote as shear stress and heat flux over cylindrical
surface and Eq. (2.15) can be transformed into the following form
1—- Ry
202
1 Hshnf R 0 < ) 7
C Re? = —/—~L R 0 0) = 0 )
pret = 1520 (1 o+ 55500 = st O
— k«S n
NuRe= = ——"0 (1 4 ¢0)¢/ (0) = —Dy(1 + €0)0'(0), (2.16)

ky
In hybrid nanofluid, the heat transfer enhancement is defined as follow [26]

Hpy = NuRe= (hybridNanofluid) NuRe™= (Basefluzd) « 100, (2.17)
NuRe= (Basefluid)

3. SOLUTION PROCEDURE

The transformed non linear ODEs (2.11) and (2.12) together with boundary conditions (2.13) are solved using
BVP4C numerical technique in MATLAB. For that we transformed equations into first order ODEs and using following
substitutions:

f:y17
f/:y27
f//:yi?n
D D P R? 2
"= & |:.D13 (1—Rly4+ 1(2y4) ) 2+5< 3+y2)+(y2)2

Dy(1+ 2’777)(1 — Ryys + i (y4) )

R2 D MD
(y4) > 1y3+ 4

D
— Y1Y3 — 27(1 —Riys + Y2 — (1 + 2777)D—; < — Riyzys + Rfy3y4y5)] ,

2 D3 D
0 =y,
0 = Ys,
DsP, S €Do QYa
0" = T 3y)) — =2 (142 + 2y4ys — _xA
Do(1+ eya)(1 + 2v7) [2 (nys + 3ya) P.Ds ( ) (y5)? + 2yay2 — ysy1 Ds

D D R? 2 2vD
- DEMEB )~ DB+ 20 (1 Ragn + Y g2 - 2 2<1+ey4>y5],

and boundary conditions are defined as

Bi (1—y4(0))

y2(0> =1+ Ny3(0),y1(0) = O’y5(0) - _D2 (1 +€y4(3)

;ya(00) = (0),y2(c0) — (0).



6 R. GUPTA AND B. KUMAR

TABLE 1. Thermophysical values of hybrid nanoparticle(Cu — Al2O3) and base fluid(PAO Oil) [1, 20].

’ Physical Characters H Cu H AlyO3 H PAO oil ‘
Thermal Conductivity K (2% ) 401 40 0.143
Specific heat ¢, (2 7) 385 765 2303
Electrical Conductivity o(2) 5.96 x 107 35 x 106 1.0 x 1078
Density p(%4) 8933 3970 798
TABLE 2. Validation with previous finding for Slip parameter(NV).
| Slip parameter I 77 (0) I -0'(0) \
Ramzan Ali et al [2] Present Ramzan Ali et al [2] Present
0.5 0.801634 0.873638 2.946526 2.824328
1.0 0.565424 0.609644 2.708341 2.690365
1.5 0.439727 0.471471 2.531423 2.558808
2.0 0.360839 0.385535 2.397201 2.449058

4. RESULTS AND DISCUSSION

The prime focus is to analyze about heat transfer and flow structure of hybrid nanofluid (Cu — Al;O3/PAO Oil)
into a porous stretching cylinder using variable thermal conductivity and viscosity. We are considering various non
dimensional parameters such as volume fraction(d), curvature parameter(y), unsteadiness parameter(S), viscosity
parameter(R;), prandtl number(P,), eckert number(FE}), magnetic parameter(M ), heat generation parameter(Q), slip
parameter(N ), thermal conductivity parameter(e), porosity parameter(P) and biot number(B;). The outcomes are
discussed through graphs and tables, and the influence of Nusselt number and Skin friction are discussed through
table. In entire research we are taking N =05,y =1, M =1,5=04,Q =02, E;, =04, Ry =1,e =1, B; = 0.5,
P =1, P. =13, and §; = d = 0.02 and varying all parameters for velocity and temperature.

The thermophysical values of hybrid nanoparticle(Cu — Al2Os) and base fluid(PAO Oil) are reflected by Table 1.
Table 2 represents the comparison between current finding to earlier finding considering f”(0) and —6’(0) factor for
different values of slip parameter(N), when other parameters values are vy = 0.3, M = 0.5, 5§ =0.2, Q =0, E, = 0.5, Ry
=0,e=0,B;,=0, P=0, P. =6, and §; = d2 = 0.02 fixed, the present finding strongly agrees with previous results.
The influence of magnetic parameter on velocity, reflected by Figure 2. The magnetic parameter increases from 1 to 4,
then velocity profile decreased. Physically, it happened because of Lorentz force which act opposite to fluid flow and
decrease the velocity profile. For'quantitatively, the term —M f’ into momentum equation represent the Lorentz force
and it generate resistance in fluid flow which reduce velocity profile. The relation between unsteadiness parameter(.S)
with velocity, indicated by Figure 3. It shows that increment in unsteadiness parameter causes decrement into velocity
profile, this is because of stretching of the cylinder and it reduces the momentum boundary layer thickness.

The effect of slip parameter(N) on velocity disclosed by Figure 4. It indicates that velocity profile decreases with
rising into slip parameter. It happened because of surface irregularity in the presence of slip conditions, and velocity of
stretching cylinder is no more equal to velocity of hybrid nanofluid. The effect of curvature parameter(y) on velocity
demonstrated by Figure 5. It indicates that velocity profile decreases near stretching cylinder and increase away from
cylinder surface when we increase curvature parameter. The acceleration into curvature parameter decreases the radius
of cylinder and reduces number of particles on surface which decrease the resistance of fluid flow and increased velocity
away from stretching cylinder. The impact of eckert number(E)) on velocity disclosed by Figure 6. The outcome
shows that velocity decreased with rising into eckert number, because this parameter increase the thermal boundary
layer thickness and decrease the kinetic energy of hybrid nanofluid.

The relation between heat generation parameter(Q) and velocity illustrated by Figure 7. The increment in heat
generation coefficient decreases the velocity profile, because of decay in momentum boundary layer and impact on
velocity is almost negligible. The relation between viscosity parameter(R;) and velocity investigated by Figure 8. The
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FIGURE 2. Variation in velocity profile for different values of magnetic parameter(M).

FIGURE 3. Variation in velocity profile for different values of unsteadiness parameter(S).

FIGURE 4. Variation in velocity profile for different values of slip parameter(N).
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FIGURE 5. Variation in velocity profile for different values of curvature parameter(y).

FIGURE 6. Variation invelocity profile for different values of eckert number(Ey).

FIGURE 7. Variation in velocity profile for different values of heat generation parameter(Q).
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FIGURE 8. Variation in velocity profile for different values of viscosity parameter(Ry).

FIGURE 9. Variation in velocity profile for different values of porosity parameter(P).

FIGURE 10. Variation in velocity profile for different values of biot number(B;).
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F1GURE 11. Variation in velocity profile for different values of volume fractions d; and ds.

FIGURE 12. Variation in temperature profile for different values of magnetic parameter(M).

FIGURE 13. Variation in temperature profile for different values of unsteadiness parameter(S).
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FIGURE 14. Variation in temperature profile for different values of slip parameter(N).

FIGURE 15. Variation in temperature profile for different values of curvature parameter(y).

FIGURE 16. Variation in temperature profile for different values of eckert number(E}).

11
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FIGURE 17. Variation in temperature profile for different values of heat generation parameter(Q).

FIGURE 18. Variation in temperature profile for different values of viscosity parameter(Ry).

FIGURE 19. Variation in temperature profile for different values of thermal conductivity parameter(e).
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FIGURE 20. Variation in temperature profile for different values of porosity parameter(P).

FIGURE 21. Variation in temperature profile for different values of biot number(B;).

FIGURE 22. Variation in temperature profile for different values of volume fractions d; and ds.

13
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FIGURE 23. Variation in temperature profile for different values of prandtl number(P,).

FIGURE 24. Influence of slip parameter on heat transfer rate.

FIGURE 25. Influence of volume fractions on heat transfer rate.
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FIGURE 26. Influence of viscosity parameter on heat transfer rate.

FicUurE 27. Influence of thermal conductivity parameter on heat transfer rate.

FIGURE 28. Influence of volume fractions on heat transfer enhancement.

15
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TABLE 3. Numerically analysis of Skin friction and Nusselt number.

’ Parameters H -C’fRe% ‘NURS%I ‘
(M S N P o R Q Er € Bi P & s | I |
1 0.951644 0.372635
2 0.976622 0.357052
3 0.996079 0.345655
0.5 0.968004 0.379920
1.0 1.030653 0.404020
1.5 1.076447 0.418182
0.5 0.951644 0.372635
1.0 0.638604 0.402340
1.5 0.480160 0.412901
1 0.951644 0.372635
0.986171 0.368265
3 1.013164 0.364819
1 0.951644 0.372635
2 1.008474 0.369097
3 1.054887 0.367256
1 0.951644 0.372635
2 0.809618 0.380168
3 0.716363 0.385321
0.05 0.965033 0.380961
0.2 0.951644 0.372635
0.4 0.927953 0.357766
0.5 0.925750 0.355209
1.0 0.823008 0.277721
1.5 0.752220 0.211336
1 0.951644 0.372635
2 0.956443 0.376823
3 0.960441 0.380240
0.5 0.951644 0.372635
1.5 0.881709 0.955439
2.5 0.834459 1.390821
5 0.935571 0.364873
10 0.949222 0.371842
15 0.952440 0.372714
0.01 0.01 0.902615 0.373629
0.05 0.05 1.113767 0.369135
0.1 0.1 1.445959 0.361153

result shows that velocity decreases with acceleration into viscosity parameter, this phenomenon happened because it
opposed the fluid flow due to internal friction. The relation between velocity and porosity parameter(P) signifies by
Figure 9. The outcome reveals that velocity decreases with rising into porosity parameter, because porosity medium
resist the hybrid nanofluid flow in stretching cylinder. The influence of biot number(B;) on velocity depicted by Figure
10. The outcome shows that velocity drop down with acceleration into biot number, this phenomenon happened due
to loss in convective heat. Figure 11 illustrates the impact of solid volume fraction(d;, d2) on velocity. We noticed
that velocity profile decreases with increment into volume fraction, because increase value of volume fraction leads to
increase into viscosity of fluid and nanoparticles attract each other for long time and they resist the fluid flow.

The relation between magnetic parameter(M) and temperature display by Figure 12. The temperature profile
accelerate while increment in magnetic parameter due to Joule heating and Lorentz force, and the applied magnetic
field generate resisting in heat, which act as volumetric heat, and increase the temperature profile. Figure 13 signifies
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the relation between unsteadiness parameter and temperature profile. The consequence reveals that temperature
inversely related to unsteadiness parameter, this phenomenon arise due to loss in heat by stretching cylinder and less
heat transmits from stretching cylinder to hybrid nanofluid. The relation between slip parameter(N) and temperature
disclosed by Figure 14. The enhancement in slip parameter decay into the temperature, this happened because it rise
the heat transfer rate on cylinder surface, and it decrease the thermal boundary layer thickness. The relation between
curvature parameter(y) and temperature display by Figure 15. The consequence shows that temperature enhance
with upsurge into curvature parameter. The curvature parameter increase the thermal boundary layer thickness
which diminish the heat transfer rate and as a result temperature increased.

The relation between temperature and eckert number(F}) presented by Figure 16. The result reveals that temper-
ature upsurge with increment in eckert number. The reason behind that increment in eckert number rise the viscous
dissipation and kinetic energy which increase the temperature of hybrid nanofluid. The variation in temperature influ-
ence by internal heat generation parameter(Q), illustrated by Figure 17. We noticed that temperature profile increases
with increment into heat generation parameter, because increase value of @) indicate the temperature storage into the
fluid. The relation between viscosity parameter(R;) and temperature shown by Figure 18. This figure display that
temperature profile decreases with increase into viscosity parameter, this phenomenon occurs because of increment
in internal friction which slow the fluid motion and nanoparticles attract each other which reduce the temperature
profile. The relation between thermal conductivity parameter(e) and temperature display by Figure 19. It is noticed
that temperature decreases near stretching cylinder and rise when we move away from cylinder. This phenomenon
occurs because heat transfer rate is higher near stretching cylinder and lower away from cylinder.

Figure 20 demonstrates the relationship between porosity parameter(P) and temperature. The outcome shows that
temperature profile increase with rising into porosity parameter. It’s occurs because in porous medium heat transfer
is higher which leads to increase into temperature. The significance impression of Biot number(B;) on temperature
display by Figure 21. The temperature accelerate with increment in biot number, the reason behind that increase value
of biot number causes more convection in fluid. Figure 22 illustrates the variation of solid volume fraction(ds, d2) on
temperature. The increment in solid volume fraction increase the temperature profile, this phenomenon occurs because
increment into volume fraction upsurge the thermal conductivity and it rise into thermal boundary layer. Figure 23
highlight the relation between prandtl number(P,) and temperature profile. The increment in prandtl number diminish
into the temperature, this happened because prandtl number increase the fluid viscosity and decrease the thermal
boundary layer.

Figure 24 display the relation between slip parameter and heat transfer rate. The heat transfer rate enhance with
raising into slip parameter, this phenomenon occurs because slip parameter reduce the boundary layer thickness and
heat is transmits from cylinder to hybrid nanofluid rapidly. Figure 25 illustrate the impact of solid volume fractions
on heat transfer rate. This Figure shows that heat transfer rate decrease with accelerating into the volume fraction of
hybrid nanoparticles. Heat transfer rate is higher when concentration of Cu nanoparticle is higher compared to Al2O3
nanoparticle into the hybrid nanoparticles. Figure 26 and 27 demonstrate about viscosity parameter and thermal
conductivity parameter with heat transfer rate, respectively. The Heat transfer rate increase with rising into viscosity
parameter and thermal conductivity parameter, It occurs because increment in viscosity and thermal conductivity
enhance into convective heat and thermal transport in hybrid nanofluid. The relation between heat transfer enhance-
ment with volume fraction of hybrid nanoparticles display by Figure 28. The heat transfer enhancement increases with
raising into volume fraction of hybrid nanoparticle and no other physical parameters in our study influence the Heat
transfer enhancement. The heat transfer enhancement is 9.29% for nanoparticles concentration (Cu : AlxO3 - 2% :
1%) and 9.26% for nanoparticles concentration (Cu : AlsOs3 - 1% : 2%) in hybrid nanofluid, and higher with increase
concentration of Cu nanoparticles compared to AloO3 nanoparticles into hybrid nanofluid. Heat transfer enhancement
is comparatively higher, if we increase 1% volume fraction of Cu nanoparticle in place of AloO3 nanoparticle in hybrid
nanofluid. It shows that high volume fraction of Cu nanoparticles in hybrid nanofluid increase more heat transfer
enhancement in hybrid nanofluid.

The numerical observation of Skin friction and Nusselt number highlighted by Table 3. The result reveals that incre-
ment in magnetic parameter(M ), unsteadiness parameter(S), porosity parameter(P), thermal conductivity parameter(e),
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prandtl number(P,), volume fraction of nanoparticles(dy, d2), and curvature parameter(y) increases into skin fric-
tion, and opposite trend noticed with enhancement into slip parameter(N), viscosity parameter(R;), heat generation
parameter(Q), eckert number(F}) and biot number(B;). The outcome shows that heat transfer rate accelerate with
increment into S, N, Ry, B;, Py, €, and reverse trend noticed for rising into M, P, v, Q, Ej, 01, 02.

5. CONCLUSION

In this numerical study, we investigates heat transfer and flow properties of unsteady hybrid nanofluid(Cu —
Al;03/PAO oil) into a porous stretching cylinder utilizing variable thermal conductivity and viscosity. Using suitable
transformation we reduced governing PDEs into ODEs and solved it by BVP4C technique. The outcomes display by
graphs and tables. The following key findings are as listed below:

e As the unsteadiness, slip and viscosity parameters increases, the profile of velocity and temperature decreases.

e The velocity profile diminish, and temperature profile increases with raising into volume fraction of nanopar-
ticles, eckert number, biot number, magnetic, heat generation, porosity and thermal conductivity parameters.

e An increment in thermal conductivity parameter, the temperature profile decreases near stretching cylinder,
and increased move away from cylinder.

e The heat transfer rate increases with rising into slip, thermal conductivity and viscosity parameters, and
reverse trend noticed for rising into magnetic parameter and volume fractions of hybrid nanoparticles.

e The heat transfer enhancement increases with raising into volume fraction of hybrid nanoparticle, and no other
physical parameters in our study influence the heat transfer enhancement.

e The heat transfer enhancement is 9.29% for nanoparticles concentration (Cu : Al2O3 - 2% : 1%) and 9.26% for
nanoparticles concentration (Cu : AloO3 - 1% : 2%) in hybrid nanofluid, and higher with increase concentration
of C'u nanoparticles compared to AloOs nanoparticles into hybrid nanofluid.

FUTURE WORK

This present work can be further extend for three dimensional MHD flow of different types of fluids such as casson
fluid, ternary hybrid nanofluid and non newtonian viscous fluid taking variable viscosity, thermal conductivity and
electrical conductivity. Other surface geometry can be taken like cylindrical surface, double rotating disk, vertical plate
etc. Also, this study can be done by ANN(Artificial neural network) technique in Machine Learning with different
assumptions. We can also work on stability analysis taking same geometry over shrinking cylinder surface.

List of symbols

Reference temperature(K) ( 7, > 0 represent heated stretching cylinder and T, < 0 represent cooled stretching cylinder)
Velocity slip coefficient(-) (F = 0 represent no slip condition and F' > 0 represent partial slip occurs)

Surface heat transfer coefficient(W.m~2.K~') ( It measures how efficiently heat is transferred from the surface to the fluid)
Surface velocity(m.s™!)

Stretching rate(-) (It measure how fast cylinder stretched along z direction)

Surface temperature(K)

Time(s)

Ambient temperature(K)

Permeability of porous medium(-)

Thermal conductivity parameter(-)

Kinematic viscosity coefficient(m?.s™1)

Applied magnetic field strength(Kg.s72. A7)

Radius of cylinder(m)

BRSPS ST S Y

ﬁ Stretching rate(-)

Q" Coefficient of heat generation(-)
Cp Specific heat(m?.s72. K1)

Cy Skin friction factor(-)

a Constant(-)
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S

Nusselt number(-)

Unsteadiness parameter(-)
Thermal conductivity(W/m.K)
Slip parameter(-)

Dimensionless stream function(-)
Viscosity coefficient(kg.m™".s7")
Biot number(-)

Fluid density(kg.m™%)

Prandtl number(-)

Characteristic length(m)
Magnetic parameter(-)

Viscosity parameter(-)

Porosity parameter(-)

Electrical conductivity(S.m™")
Curvature parameter(-)

2Tz
S

ST EE

= Qg3
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