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Abstract

This paper's goal is to investigate the Eyring-Powell nano liquid past rotating disk. Thermal
radiation and chemical reaction have been used to study heat and mass transmission. Convective
characteristics, as well as heat and mass conditions, are studied. Through appropriate
transformations, highly non-linear partial differential equation systems are transformed into non-
linear ordinary differential equations. Implementing bvp4c uses the transmuted ordinary differential
equations. Through graphical representation, the effects of promising physical characteristics have
been investigated.
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1. Introduction
Realistic and essential significant of the flows in the engineering and industry applications are
encountered through non-Newtonian fluid. Such non-Newtonian applications are molten plastic,
paints, food, shampoos and many more. So, the non-Newtonian fluid contributes the important
part to develop the mathematical flow modeling [19,1,6]. There is no single constitutive model
of non-Newtonian fluids which envisage all sorts of fluid. Few attempts are prepared to study of
establishment of meaningful relationship amid the kinds of non-Newtonian fluids. To overcome
these challenge, one of the most simple and ease model namely Eyring-Powell fluid model [16]
was introduced by Eyring and Powell in 1944. Moreover, this model has certain benefit over
other non-Newtonian fluid models. Eyring-Powell model obtained kinetic theory of gases instead
of experimental relation.Khan et al. [11] described 3D flow of Eyring-Powell fluid withslip
effect and heat travel past a rotating disk. Ibrahim [7] have examined the 3D flow of Eyring-
Powell nanoliquid over a rotating disk with heat transferring models. Recently, Gholina et al.
[4]exploredthe Eyring-Powell rotating disk and MHD flow with physical effect.C.Srinivas
Reddy et al [25] examined MHD boundary layer flow with heat and mass transfer of Casson
nanofluid across a non-linear stretching sheet with viscous dissipation and radiation effect. MHD
free connective heat and mass transfer from a vertical surface embedded in a non-Darcy porous
medium with two stratifications was investigated by Kishan.N et al [26].The effect of magneto
hydrodynamic boundary layer flow and heat transfer of nanofluid over a permeable shrinking
sheet with wall mass suction and heat source sink is described in the paper of C.Srinivas Reddy
et al [27].

In a modern era, it has been anticipated to assorted nanoparticles with range < 100nm and
base fluid contains oil, water, ethylene glycol to form the fluid known as nanofluid. A significant
heat transfer phenomenon of nanofluid is more prominent than that of base fluidhave favorable in
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many industrial and engineering process. An application of nanofluid contains heat exchange,
treatment of cancer and thermal engineering. The term nanofluid coined by Choi [22]. Buongiorno
[8] evaluated the characteristics of nanofluid through the Brownian and thermophoretic diffusion.
The heat transport past a rotating disk is explored by  Bachok et al.[2]. Rashidi et
al. [21] conducted the MHD flow of entropy generation due to a rotating porous disk in a nanofluid.
The flow and heat transfer mechanism past a rotating disk has been studied by Turkyilmazoglu [23].
Ramzan et al. [20] numerically proposed the MHD flow of nanofluid past a rotating disk with slip
effect. Additional inquiry on nanoliquid has been explored ref. [24,10,12].

Fluid flow on Rotating disk plays a remarkablepart in various industries like thermal
engineering, electronic gadget and many more. So, lot of studies[17,5,13] has been done by
researchers regarding this field. MHD flow of Williamson fluid on rotating disk in the influence of
dissipative flow is carried out by Qayyum et al. [18]. Jyothi et al. [9] evaluated the MHD flow of
CNTs nanofluid past a rotating starched disk with thermal radiation. Pourmehran et al. [15]
performed the thermal analysis of nanofluid due to rotating disk using of Brownian movement.The
studyof MHD flow Power law nanofluid between infinite rotating disk expanded by EL-Dabe NT et
al. [3].

This article is committed to examine the chemical reaction on Eyring-Powell nanoliquid due to
rotating disk with activation energy. The PDE’s are rendered into highly non-linearly ODE. Further,
the influence of various physical emerging parameters on velocity, temperature and concentration
of nanoparticles,heat transfer rate has been noted and examined through graphical representation.

2. Problem Formulation

The present articles deal the Eyrimg-Powell nanoliquid due to a rotating disk with activation energy
and chemical reaction. The mathematical model of the disk is assisted with coordinates (r, ¢, z
)andQ2represents the rotation rate of disk. It is assumed thatT,,, T represent temperature at the
surface of rotation of disk and ambient fluid temperature.The nanoparticle of volume friction of
ambient fluid is denoted byC,.The graphic below depicts the flow configuration and coordinate
system.

Z A Teor Coo

Physical Diagram of the problem

The boundary layer approximation of the governing glow problem is
ou u ow
; + : + g =0 (1)
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Boundary conditions for the above problem are
aT oC DroT
u=ar,v=ﬂr,w=0,—k5=ﬁ(T -T), DBa +Taz Oat z=0
u=0 v=0w=0T=T, C=C, at z—> © (6)
Introducing the following similarity transformations
n = /%Z, u=7r0F,v=r0Gw=+VQuH,0(n) = TT__ZT ) (7)
By using above similarity transformations equations (1) -(7) reduces to
H'+2F =0 (8)
1+ K)F"— KK, Re(3F’2F”+ G2F" + 2F'G'G") —F>+G*>*—HF' —MF =0 9)
1+ K)G"— KK, Re(3G’2G”+ F?G"+ 2F'G'F") — 2FG — HG'— MG = 0(10)
6"(1+Rd) — PrHO'+ Pr(NbO'¢p'+ Nt6”?) = 0 (11)
" — ScH'+5-0" = Sc C4 (1 + 86)" exp (s ) ¢ = 0 (12)

The associate boundary conditions are
F(0)=5,6(0)=1,H(0) =0,0'(0) = —Bi(1 —6(0)),Nb¢p'(0) + Nt6'(0) =0
F-0G-060-0¢->0asn - w. (13)

2 2
Where (K; = W%C) and (K, = f—z) are fluid parameter, (Re =”VL) is Reynolds number, (Ma =

(Pr =3 )is Prandtl number,(Nt = Dy 1) )is Brownian motion
parameter,(Nb = sl )is thermophore3|s parameter, (Sc = —) is Schmidt number, (6 = (TWT—T“’))
is temperature difference, (E = - k ) is activation energy(Rd = 122; ) is radiation

woftl *
2
parameter,(Ch = 1%) is chemical reaction parameter and (s = %) is the slip parameter.
The physical quantity of interest Nu,. is defined as
_ qw
N = -1 14
160 *T;3
Where g, = — (<o + k)5 __, s)
And dimensionless expression is
Re™ 2 Nu, = —(1 + Rd)6'(0), (16)

Where Rel/? = r\[g is Reynoldsnumber.
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3. Results and Discussions

The numerous physical emerging parameters on the flow field, temperature and concentration fields
has been portrayed in Fig. 1-11. Table 1 displays that the existence of F’'(0), -G(0), -6(0)with
previous literature through [14] which shows an excellent agreement. The behaviors of velocity slip
parameters (s) on the different fields of F(n), G(n), H(n), 8(n) and ¢(n)are presented in Figs. 1-
2.1t is clear from Fig. 1 the velocity field and associated thermal boundary layer thickness enhances
for larger value of (s). Figs. 1-2 shows that the slowly decline in G(n), H(n), 6(n) and ¢(n) for
numerous value of (s). The influence of magnetic parameters on theF(n), G(n), and H(n)are
prescribed in Fig. 3. It is evaluated that as magnetic field increases with depreciated the velocity
field.Physically, imposition of the vertical magnetic force owing to this electrically producing fluid
generates a drag force known as Lortnez force. This force has tendency to steady the flow near the
disk. This shown by reducing in F(n), G(n), and H(n)as (Ma) enhances.

The influences of fluid parameter (K3) on theF (), G(n), and H(n)profiles are illustrated in Fig. 4.
From this figure profilesof F (1), G(n), enhances with an enhancedin (K;).It is the matter of the fact
that the velocity of fluid reduces with the steady enhances in (K;). Thus both profiles F (1), G(n),
are accelerated as shows in Fig. 4. While opposite trend is recorded in H(n) profile as consider in
Fig. 4. The influence of(K;)on F(n), G(n), and H(n)have been demonstrated in Fig. 5. Based on
Fig. 5shows that the depreciating in F (1), G(n)profiles with mounting value of (K;). In view of the
fact that augmenting (K,) improves the viscosity of fluid due to this both profiles
F(m), G(n)reduces. Whereas opposite effect has been examined for the profile ofH (n).Fig.6is
examined to view that the performance of (Rd)and (Bi) oné(n). It is noted that 8(n) and their
thermal layer thickness augmenting trends of (Rd). In fact, it is proved as the heat is obtained due
to radiation process in working fluid so (Rd) increases.And also Fig. 6 explained that the impact of
(Bi)onf(n). 6(n)is the enhancing function of (Bi). Eventually, it is the resistance of internal heat
to external heat that is the reason the fluid temperature increases. The influence of (Nt) on 8(n) and
¢(n)can be seen in Fig. 71t is supposed that both profiles are the leading function of (Nt). Thus,
growing estimation of (Nt), nanoparticles are accelerated near the colder to hotter surface results
enhanced in 6(n) and ¢(n).Fig.8are plotted to witness the variation in ¢(n) for various value of
(Ch) and (E). Dilapidated in (Ch) causes to ¢ (n)profile displayed a tendency to reduce. Actually,
destructive rate of chemical reaction uplifts for greater value of (Ch). This has used to dissolve
terminate the fluid more proficiently. Fig. 8 elucidated the escalating behavior of (E)on¢g(n). In

fact,endorses the chemical reaction which ultimately ¢ (n) rises.
-1
Impact of (K;) on Nusselt number via Magnetic parameter is sketched in figure-9. Here Re *> Nu is
-1
declines with higher values of (Ma) while reverse trend is seen via. (K;). The variations of Re > Nu

on various physical quantities(Rd), (Nt), (Ch)and (E)are discussed in figures 10-11. Higher values

-1

of (Rd) and (E) show RerTNu is an increasing trend while it is decreases with higher values
of (Nt), (Ch).

4. Concluding remarks

The current exploration emphases on Eyring-Powell nanoparticles past a rotating disk via thermal
radiation and activation energy has been numerically examined. The influence of various leading
parameters is scrutinized through graphic form. Some of the significant features have been given as

e F(n), G(n)Profiles have increased and decreased behavior with rising of s, K;, K, and Ma.
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e Temperature field 6(n) has amplified due to rising value of Rd, Nt and Bi.

e The concentration distribution has been increased with rising value of E and reduced with
rising value of Ch.

e Heat transfer rate in higher with higher values of E while, reverse behavior is noticed with

Ch.
2.5 - - - 0.5
s=1,1.5,2 A
2 - T T T T | 0.4p
2 ‘ s=1,15,2
\ ---------------- 7 5 - 1, 1.7,
\ / - 0.3 .
ool S ' Blue @)
. \ / |
\\// 0.2F vy
Y/ ' Green¢ ()
1Y Blue F@) | \\,
. 0.1}
Green G )
0.5 '{/ A 0 —
i N Red -H@)
0 - — -0.1 , . .
K 7
Figure-1.variations of F, G, —H vias Figure-2.Variations of 6, ¢via s
2
_____________ y eI
S\ === — = Ofr Y '/_/
1.5 i
4" K, =0,03,0.6
1 4 .
\ / Biue
: Blue F() / ue F@)
‘ Green G())
Green G() I N\
0.5f ] 05 N
N Red -H@)
Red -H@) Y
=
0 L i 0 L !$-i~—"t-—,-b~——
0 1 2 3 4 0 1 2 3 4
g n

Figure-3.Variations of F, G, —H via Ma Figure-4.Variations of F, G, —H via K;

992



Re'l/zNu

Turkish Journal of Computer and Mathematics Education Vol.11 No. 02(2020), 988-996
e Research Article

K,=0,1,2 o=
1.2} 2 Blue F) -
Green G@) )
1 Red -H@)
0.8} 1R
\\
0.6} \\
\\
0.4} \\
0.2}
O ! S = =~ _
0 1 2 3 4 ~ "‘3 T,
n

0.05}
Nt=0.51.0,1.5 0
Blue () | -
E=0.01.5,3
Greeno ()
> -0.05
.\"\&,—7~ ;
|
0.1 WL : : : 0.1 : : :
0 1 2 3 4 0 1 2 3 4
n n
Figure-7.Variations of 8, ¢ via Nt Figure-8.Variations of ¢ via E, Ch
0.61 05
0.605
0.45}
0.6} =]
Z
Q
o
L [}
0.595 2
0.4}
0.59}
Nt=1.5
0.585 : :
0.35 : : :
0 or 02 03 04 0. 0.1 0.2 0.3 0.4 0.5

Rd

-1
Figure-9.Variations of Re*Nu via

993



Turkish Journal of Computer and Mathematics Education Vol.11 No. 02(2020), 988-996

Research Article

-1

Nt,Ma  Figure-10.Variations ofRe 2 Nu via Rd, Nt

0.625
0.624
=]
Z 0.623
Q
e Figure-11.  Variations
~ 0.622 -1
ofRe,* Nu via E,and Ch
0.621
0.62 : : - .
0 02 04 06 08 1
Ch ) o
Table-1. Comparison table for limiting
case of Turkyilmazoglu[14]
Previous Results [14] Present Results
F'(0) —G'(0 —6'(0) F'(0) —G'(0) —6'(0)
-0.948313 1.486952 | 0.875662 -0.948565 | 1.487001 0.875872
-1.663452 2.0239449 | 0.742212 -1.663448 | 2.023943 0.742545
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