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In present manuscript, we have explored three dimensional non-Newtonian nanofluid flow with
radiation impact considering dissipation in a vertical cylinder. The flow analysis is made in the
existence of stagnation point. Radiative heat flux is estimated by Rosseland model.
Thermophoresis and Brownian motion are the glamorous features for the delineation of
nanofluids. Appropriate similarity transformations are applied to reduce the governing system of
(PDE’S) together with boundary conditions into dimensionless form by taking boundary layer
approximation. Arising coupled system of nonlinear (ODE’S) accompanied by boundary
conditions are set about by powerful bvp4c method in Matlab software. Graphs and tables are
drawn to present the influence of physical parameters. Skin friction and Nusselt number are
contemplated for several parameters. Mounting the Eyring-Powel fluid parameter M; quickens

the fluid velocity and enhance the temperature.

Keywords: dissipation effect, Rosseland model, vertical cylinder, eyring-powel fluid, bvp4c,
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1. Introduction

Fluids with nano-size particles are called nanofluids. Nano-
particles accumulated in base fluids like oil and water leads to
rise the heat transfer rate. Nanofluids play a significant role in
heat exchanging industries to magnify the heat transfer. For
the development of efficient heat transfer devices thermal
conductivity plays an important role, but the regular fluids are
poor heat transfer fluids like oil and water. To meet the
worldwide competition in industries fluids with higher ther-
mal conductivity are needed. Nanofluids have escalated
thermal conductivity of fluids examined by Choi [1]. Practi-
cally, nanofluids are widely used to enhance the heat transfer
rate in computer microchips, Bio medicine, nuclear reactor
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cooling and manufacturing [2—6]. Nadeem et al [7] analyzed a
new category of nanofluids and concluded nanoparticles may
be tabular or rod like. Nanoparticles of gold can be used as
therapy for cancer treatment rather than drugs discovered by
Jain et al [8]. Khan er al [9] examined stability of heat transfer
and fluid flow of nanoparticles over a curved surface by dual
nature solution. Many researchers have worked on nanufluids
[10—14]. Sheikholeslami et al [15] analyzed the Lorentz force
impact of heat transfer executing solidification in a porous
medium. Mixed convective flow of Eyring-Powel nanofluid
over a cone and plate is examined by Khan ef al [16]. The
movement of MHD micropolar nanfluid was numerically
examined by Sadiq et al [17].

Many researchers are working on stagnation point flow
now a days due to their vast applications in engineering and
industries. Nadeem et al [18] analyzed the flow of compact

© 2020 IOP Publishing Ltd  Printed in the UK
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surface moving in the fluid. Rehman et al [19] studied stag-
nation point flow of second grade fluid over exponentially
stretched sheet. Stagnation point flow by considering slip
conditions for an electric conducting fluid is presented by
Ramzan et al [20]. Malik et al [21] analyzed stagnation point
flow of nanofluids stressed in a porous medium. Pal et al [22]
presented the convective flow using heat generation and
absorption for nanofluid over a stretched or shrinking sheet
for a porous medium and concluded that the temperature of
copper-water increases for large values of heat generation and
absorption. Mehmood et al [23] examined radiating casson
fluid over a stretched surface. Naseem et al [24] investigated
third grade nanofluid by Cattaneo-Christove model over a riga
plate. Ghadikolai et al [25] studied that the stagnation point
flow occurs where the velocity of fluid is zero. MR Eid. [26]
analyzed water-NPs flow in a porous medium over a
stretching sheet considering stagnation-point with chemical
reaction.

Non-Newtonian fluids has gained immense interest of
researchers and engineers because of their extensive appli-
cations in industries and engineering. Blood, soaps, paints etc
are non-Newtonian fluids. Physiological fluids are specified
as non-Newtonian fluids with more difficulties on multiple
stages analyzed by Abdelsalam et al [27]. Blood occupies
many suspensions containing, electrolytes, gases, proteins,
nutrients and leukocytes etc. The linear constitutive relations
for shear stress and strain are not applicable to analyze non-
Newtonian fluids due to non-linear relation between stress
and strain. Several models have been developed to study these
fluids, like Casson fluid model, Maxwell fluid and Eyring-
Powel fluid. Many researchers analyzed mathematical mod-
eling of these fluids [28-40]. Eyring and Powel firstly
presented the Eyring-Powel fluid model in 1944. Eyring-
Powel fluid model plays a vital rule in chemical engineering,
controlling environmental pollution, formation and dispersion
of fog etc. Nadeem et al [41] analyzed the Eyring-Powel
nanofluid for stagnation point flow in the moving cylinder.
MHD flow of Eyring-Powel fluid analyzed by Akbar et al
[42] by applying implicit finite difference method and show
that for large values of intensity resistance increases to flow.

In recent years, analysis of boundary layer flow over a
cylinder has gained much interest of researchers due to vast
applications. Production of fiber glass, chimney stacks, wire
drawing are applications in this area [43]. Ellahi et al [44]
examined MHD boundary layer flow under slip condition in a
moving plate with entropy generation. Rizwan et al [45]
analyzed boundary layer flow of nanoparticles under thermo-
physical impact over a stretching surface. Recently Rehman
et al [46] investigated the boundary layer flow of an Eyring-
Powel fluid in a vertical cylinder considering the effect of heat
transfer. MR Eid. [47] studied boundary-layer flow of two-
phase model with heat generation and chemical reaction over
an exponentially stretching sheet.

Literature shows boundary layer flow of Eyring-Powel
nanofluid over a vertical cylinder considering variable prop-
erties is not studied yet. The aim of this study is to examine
the radiative effect on Eyring-Powel nanofluid in a vertical
cylinder considering boundary layer flow with heat transfer.
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Figure 1. Influence of Fluid parameter M; on F’(n).
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Figure 2. Influence of v on F’(n).

2. Mathematical formulation of problem

Consider stagnation point flow of an Eyring-Powel nanofluid
through vertical slender cylinder of small radius a, con-
sidering dissipation effects. The coordinates (x, r) are
such that x is taken along the surface and r is in the radial
direction. The velocity, temperature and concentration pro-
files are

Vix,r) = w(,r), 0, ux,r)),
T=Tx r), @=pkxr)
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Figure 4. Influence of Pr on F'(n).

Where (w, u) denotes the velocity components. Boundary
conditions corresponding to the given problem are

at r=a, u=20,

T=T,(x),
u=U(®),

=g, x. (@)

= 2
Where g, is the radiative flux over surface of cylinder and 7y
is the uniform ambient temperature. For the stimulated flow

T,, — T, > 0, also for the opposing flow T, — T, < 0. Stress
tensor for the Eyring-Powel fluid is

for r — oo, T— T,

A=—pl+T.
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Figure 5. Influence of 7p on F’'(n).
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Figure 6. Influence of Nr on F'(n).

Also shear stress component for Eyring-Powel fluid by [48] is

Tij = m% + %sinh‘l [l%}
uj & uj

Where p, describes the viscosity, 3 and c¢ are fluid
parameters.

By considering dissipation effect, radiative effect and
using boundary layer approximations momentum, energy and

3)
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Figure 7. Influence of Pr on 6(n).

concentration equations following [49] become
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Figure 8. Influence of v on (7).
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Figure 9. Influence of A\ on 0(n).

Where the radiative heat flux g, according to Rosseland

model is given by,

—407F
3kt

4y =

o
or

By Taylor series T# can be written as,

So 4y becomes,

T =4T2T

— 372,
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Figure 10. Influence of Nr on 6(n).
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Here the velocity components w and u are taken along the x
and z direction respectively, pressure is p, M used for Eyr-
ing-Powel parameter, p denotes density of fluid, p, and p;
denotes the density of nanofluid inside and at the boundary,
temperature is T, Concentration is ¢, curvature is 7, g is
gravitational acceleration, 0 & ¢ denote material parameters,
v represents kinematic viscosity, thermal expansion
coefficient is (5%, a denotes thermal diffusivity, ¢, and ¢
represent specific heat using constant pressure for the base
fluid and nanofluid respectively, o} presents the Electric
conductivity of fluid, k;* presents thermal conduction of fluid,
velocity at the surface is taken as U, free stream velocity is

defined as
U= Um(f).
l

3. Solution

By applying suitable similarity transformations [35]:

u="Yepi, w= *—“(%)F(n) ©)
) r [
T —T. r2—a? (U
0= X n= - 10
T, — Ty K 2a ( vl ) (10

Transformation (9) and (10) convert the partial differential
equations (4)—(7) into ordinary differential equation as
follows
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Figure 11. Influence of B, on (7).
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Where, v = (leaz) is curvature parameter, Buoyancy para-
3k 2
meter \ = & fo, Eckert number Ec = CUﬁ, K and M,
00 P

. 202
represent Eyring-Powel parameters K = 3

1
M =—,

U™ Bue
defines Buoyancy ratio, Brownian
p*c;Dp(¢) — ¢.)

pepa

of = p(D, — )
Ny = 070w 7ol
BTy — To) (1 = ¢)

parameter for motion Bp = , thermal parameter
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isTp = w, Lewis number is Le = -~ and Prandtl
pcp T Dy

number is Pr = .

«
Dimensionless boundary conditions are taken as

FWO)=1,F'(0)=0,F — 1, asn — oo, (14)
00)=1,606 —0,asn — oo, (15)
B(O0) = 1,9 — 0, asy — oo, (16)

Stress over the surface of cylinder is 7, heat flux is g, N, is
Nusselt number and C; is skin friction. These are fundamental
physical quantities to be analyzed.
D 00, 7 = (s = —k(a—T) . an
Re, 2 9 y=0
%Cf Re, > = (1 + M)F"(0) — %Ml)\F“(O). (18)

T,x 1S the component of stress in x-direction, Re, is the

Reynold number.
A powerful technique bvp4c is applied to find the solu-

tion of current problem and following assumptions are made

F() =y, F' =y, F" = y;, F" =3, (19)
0(m) =y, 0 =y, 0" =5, (20)
Y =y V' = y5. V" =y 21

In view of equations (18)—(20) the resulting equations from
(11) to (13) are as follow
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Figure 13. Influence of Rd on 6(n).
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Figure 15. Influence of Pr on ¢ ().

Numerical results for the solution are presented in the pro-
ceeding section.
4. Results and discussion

In current section, a short analysis of the influence of involved
parameters is to be presented.
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Figure 16. Influence of Bp on ¢ (n).

4.1. Velocity profile

Figures 1-6 show the influence of evolved parameters on
fluid flow. Figure 1 presents the impact of Eyring-Powel
parameter M; on the fluid velocity F'(n). Fluid velocity
increases as the Eyring-Powel parameter M; becomes higher.
It is also noticed that with increase in fluid parameter M; fluid
viscosity decreases, due to which the fluid velocity increases.
Figure 2 depicts that with increase in curvature the fluid
velocity becomes higher. With higher curvature, radius of
cylinder decreases, resulting a less resistance to the fluid flow
due to which F'(n) increases. From figure 3 it is perceived
that the increase in Buoyancy parameter A enhance the
nanoparticles mass density of the fluid and lessen the fluid
velocity. Figure 4 exhibits with increase in Prandtl number
boundary layer thickness decline, resulting the decrease in
fluid velocity. The impact of nanoparticles parameters like
thermophoresis and buoyancy ratio are presented in figures 5
and 6. It is noticeable that the fluid velocity shows decreasing
behavior for both thermophoresis parameter 7p and buoyancy
ratio Nr, which means velocity decreases with increase in
ratio of nanoparticles mass density to that of fluid density.

4.2. Temperature profile

Figures 7-13 present the influence of some parameters over
temperature field 6(n). Figure 7 depicts with increase in
Prandtl number, thermal boundary layer thickness decline and
temperature decreases. Increasing behavior of temperature
profile is depicted in figure 8, with increase in curvature.
Because increasing curvature minimize the rate of heat con-
duction due to which temperature rises. Temperature rises
with increase in Buoyancy parameter shown in figure 9.
Temperature escalates with increase in Nr presented in
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Table 2. Nusselt number for Ec, Pr, Rd.

Ec Pr Rd —-6(0)
01 7 04 5397
02 — — 5603
03 — — 5803
01 7 — 5803
— 75 —  6.004
— 8§ — 6182
— 7 04 5415
— — 05 5.6

— — 0.6 5.803

Table 3. Comparison of velocity profile with [49] for several values
of £(0) = b and ~, ignoring dissipation effect and radiative effect.

£"(0)
[49]  Present [49] Present [49] Present
b/~ 0.5 1.0 1.5
-1 0.9918 09918 1.1942 1.1942 1.3729 1.3729
0 1.4886 1.4886 1.7244 1.7244 1.7954 1.7954
1 2.0397 2.0397 2.1751 2.1751 2.2982 2.2982
2 27332 27332 2.8029 2.8029 2.8746 2.8746
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Figure 17. Influence of Le on (7).
Table 1. Skin friction for A, K, N,, v, M.

A K N v M F'0) Cr
01 01 01 01 01 —-06836 —0.75089
02 — — — — —=07419 -0.81328
03 — — — — —08001 —0.87498
01 02 — — — —06833 —0.75056
— 03 — — — —0.6834 —0.75067
— 04 — — — —0.6835 -0.75078
— 01 05 — — 07042 —0.77345
— — 06 — — -07094 -0.77914
— — 07 — — 07145 -0.78473
— — 01 08 — 02975 -0.32716
—- — — 09 — 03184 —-0.35013
— — — 10 — -0.3423 -0.37639
— — — 01 11 -0.137 —0.28760
— — — — 12 -0.1474 -0.32415
— — — — 13 -05221 —1.19466

figure 10. With increase in Brownian motion parameter,
nanoparticles collide with the base fluid molecules, which
enhance the kinetic energy and rise the temperature exhibits
in figure 11. In figure 12 variation of mophoresis parameter
Tp is indicated. Thermophoresis is a process in which nano-
particles moves from higher temperature to lower, resulting
the increase in temperature. Figure 13 indicates the impact of
variation in heat flux parameter Rd on temperature profile.
Practically, rise in the parameter Rd implies more heat is
passed on to the nanofluid and enhances the temperature.

4.3. Concentration profile

Figure 14 depicts the concentration of nanoparticles increases
with increase in Tp, because nanoparticles move away from

the hot surface resulting enhancement in the concentration.
Figure 15 concludes the Concentration profile decreases with
increase in Prandtl number. Figure 16 is a good evidence that
increase in Bp decreases the concentration. With increase in
Brownian motion parameter nanoparticles collisions and
random motion enhance, which decrease the concentration of
fluid. Figure 17 indicates by increasing the Lewis number
concentration decreases, because increasing Le mass diffu-
sivity declines and reduces the concentration.

Table 1 is formed to check the influence of several para-
meters on skin friction. It shows that with increase in these
parameters skin friction decreases. Table 2 is created to analyze
the effects of Pr, Rd and Ec on Nusselt number. Table 3
illustrates the comparison between present and past study.

5. Conclusion

Stagnation point flow of three dimensional non-Newtonian
fluid with variable temperature is examined. The following
results are worth citing.

» The velocity profile escalates by rising the curvature ~y
and fluid parameter M, while temperature shows
decreasing behavior.

* By enlarging the Prandtl number temperature profile
decreases but rise with Brownian motion.

* Concentration of nanoparticles present decreasing behavior
by increasing both the Brownian motion and Lewis number.

* Skin friction decreases by enhancing the fluid parameters
K and M, but the Nusselt number rises with rise in
Prandt]l number.
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