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Abstract

In this article, von Karman MHD viscoelastic fluid flow with second-grade model through a heated permeable disk on
electric field is examined thoroughly. The effects of viscous dissipation and elasticity on fluid motion around the disk,
temperature and space-dependent heat source/sink are also examined. Governing partial differential equations are trans-
mitted into ordinary differential equations with similarity functions. Later, nonlinear system of ordinary differential equa-
tions was solved with the help of Galerkin finite element method. Accuracy and validity of the method were noticed by
comparing our results with the previous literature. Simulations are performed in order to capture the dynamics of the
physical situations against the variation of the pertinent parameters. Nature of heat flux and stresses of the physical
parameters are discussed. Physical influence of heat flux, heat transfer is exhibited graphically at the surface of disk
and increases when the values of Prandtl number are increased, whereas there is a decreasing trend in the rate of
heat transfer when the value of Eckert number is increased.
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Introduction

The stability of magnetic and electric fields supplied for
inconceivable influence of implementation in sciences,
engineering, and medicine. Disparate industrial devices
from pumps, bearings, MHD generators along with the
boundary layer control impact on communication among
the electrical conduction fluid and the magnetic field.
Daniel et al.' inspected the role of electric field and the
impact of error mechanism about the unstable flow of elec-
trical nanofluid over a stretched sheet. They found to vel-
ocity had a blunt adverse communication of electric and
magnetic fields. Mardani et al.? investigated numerically
the droplet coalescence of salt water in crude oil by extrane-
ous magnetic field. Sun et al.’ established the heat transfer
model by electrochromatograply into transverse electric
field. Khazayinejad and Nourazar® presented dimensional
constituent heat transfer for MHD boundary layer flow of
hybrid nanofluid with Fourier’s law of heat direction
working optimal collocation method. Urgorri et al.” ana-
lyzed the MHD boundary layers of tritium concentration
to PbLi flows. They examined mass transport through
MHD boundary layers is increased by the magnetic field
up to an asymptotic value. Zhang et al.® considered the con-
sequence of second-harmonic propagation covered by
external magnetic field and electric field about parabolic
quantum dots. Yan et al.” discussed the efficiency spectrum

of busmuthene quantum dots to the existence of in-plane
electric and transfer fields by the tight-binding method.
Zakaria et al.® scrutinized the instability analysis by the
viscous liquid sheet covered by the consequence of a tan-
gential electric field. The irreversibility analysis by MHD
boundary layer flow of Maxwell nanofluid past the reducing
surface was studied by Siddiqui et al.” The two-dimensional
aligned MHD incompressible movement of nanoliquids
close to absorptive stretched sheet that the existence of
Joule heating was scrutinized by Riaz Khan et al.'® Korei
et al.'' inspected by MHD mixed convection boundary
layer flow of hybrid nanofluids in a moderately heated lid-
driven cavity.

In previous literature, researchers used non-Newtonian
fluid mechanics to data the differing components and
presences of such fluids. Even subsequent Navier—
Stokes equations are the complications are recorded as
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the existence of nonlinear restricted terms. Although vis-
cosity was variable entrenched in enforced effort or
stress, it might be restricted by non-Newtonian fluid.
The frequent every day examples are maize starch deterio-
rated in water. Newtonian fluid behaviors similarly water
could be supposed entirely as pressure or temperature.
However, the non-Newtonian fluids physical behavior cal-
culates in the force this conduct on it from time to time. A
number of non-Newtonian fluids had generated the con-
fusing rheology of common liquids. Non-Newtonian
fluids had newly seized tremendous importance in indus-
trial, mechanical and commercial applications. These
liquids are worked in material handling, food processing,
oil storage, chemical processes, and many others.
Products such as ketchup, blood, oils, and mud than and
dense liquids are restricted by non-Newtonian fluids. A
subdivision of non-Newtonian liquids combines liquids
holding memory effects that are labeled by viscoelastic
fluids. In similar fluids, fluid motion is not only averred
as the current stress state but also by the strain history of
volume element. The second-grade model had last gener-
ally studied to evaluate viscoelastic effects in numerous
boundary layer problems. Burhan Jafeer and Mustafa'?
considered the von-Karman flow of viscoelastic fluid by
the heated permeable disk. The problem of magnetized
flow about an Oldroyd-B fluid by a rotating disk had con-
sidered as Hafeez et al.'® A mixed convection of viscoelas-
tic fluids in a lid-driven cavity was investigated by Gupta
et al.'"* Hernandez'” studied the thermo-diffusive effect on
electro osmotic flow of a viscoelastic fluid in the slash
microchannel. Even torque and thrust of propellers in
viscoelastic fluids were studied by Cao et al..'® Finally,
numerous researchers had do their work in viscoelastic
fluid as taking distant physical effects those are displayed
by Refs.!”?°

Heat transfer of magneto hydrodynamic flow is
extremely concerned with the heat dissipation phenom-
enon (heated dissipated being friction forces) and
Ohmic dissipation (heat dissipated as Joule heating).
Numerous modules had been assisted and applicable to
the literature. In case, Nazir et al.?® discussed the time-
dependent Casson fluid flow exposure for magnetic field
and variable time and space-dependent temperature.
Singh et al.?” explored the consequences of nonuniform
surface heating to the common delegation that the
Casson fluid past the vertical cone with viscous dissipa-
tion. Mburu et al.?® performed an entropy analysis for
three-dimensional MHD Oldroyd-B fluid flow for the
effects of a mixed chemical reaction and viscous dissipa-
tion. Gangadhar et al.*® explored the stagnation point slip
flow of a hybrid nanofluid with convective condition and
viscous dissipation. The problem of boundary layer flow
of nanofluid over an exponentially stretched surface
with variable suction was scrutinized by Rao et al.*°
Even destruction minimization in MHD flow of a
Williamson nanofluid flow past the flexible surface with
viscous heating is considered as Gangadhar et al.'
Hamid et al.*? discussed the ferrofluid transport previous
the enterable nonisothermal emotional surface to the

viscous dissipation effect. Ajibade and Umar>® presented
the influence of wall condition and viscous dissipation to
calculate common delegation Couette flow in a vertical
channel to a few density to the detention slabs. Under
the influence of Joule heating and viscous dissipation
for embellished thermal efficiency for copper—aluminum
oxide nanoparticles was considered as Abbasi et al.**
Salawu et al.*® calculated the viscous dissipation effect
on magneto-Oldroyd-8 constant material with a double
exothermic reaction.

Mathematical illustration in a rotating disk complica-
tion was essential over the wide range in science, engin-
eering, and product design appositeness. MHD flow
near a rotating disk is presented as Ariel.*® Even magneto-
hydrodynamic rotating disk flow by the non-Newtonian
Reiner—Rivlin authority of fluid with ion slip effect
has been conducted by Attia.’” Guha and Sengupta®®
studied the von Karman flow of the rotating disk from
Bingham fluids. Kumar et al.*® discussed for swirling
flow about the nanoliquid through the radially flexible
rotating disk among the deliberation of Arrhenius chem-
ical reaction. The existence of diffusivity of gases and
liquids nearby rotating disk for temperature-dependent
viscosity was performed by Khan et al.*” Mabood
et al.*' considered Stefan blowing influence on incom-
pressible hydromagnetic flow of Maxwell nanofluid by
variable thermal conductivity.

By the motivation of previous researchers, we had
depicted the hydrothermal variations of second-grade
fluid above a revolving disk in the electric field. Joule
heating and viscous dissipation are combined to analyze
the hydrothermal principle at the flow. As well as, even
variable surface temperature acceptance was just popular-
ized in that paper. Later complete literature, the physical
position was averred and modeled. Establishing exotic
flow fields (temperature and velocity) is determined
through corrective shaped nonlinear mathematical pro-
blems for finite element method (FEM). Finite element
method was a capable technique for had been strongly
furnished to CFD problems.*** Since numerical simula-
tion code was approved and documented to study with
earlier broadcasted benchmark. The abundance of engin-
eering activity namely increasing Nusselt number and
wall share is examined by differing choices of regulating
parameters. The perfect examination is shortly averred at
the end of this article.

Problem formulation

Considered a steady laminar electrical MHD viscoelastic
fluid flow rotating around the large disk of radius R
with the consistent angular speed w. Let (ui, vi, wi)
remain the extension of velocity vector as azimuthal,
radial, and axial axes, appropriately, to cylindrical coord-
inate system (7, ¢, z1). Fluid flow was proposed when
the homogeneous rotation about the almost large disk
around axial coordinate z;. Now modesty, we expect
that disk was regular to the plane z; = 0 during fluid
was supplied to semi-infinite region z; > 0 (look at
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Figure 1. Physical figure about the problem.

Figure 1). Axial symmetry of the complication permits
one to avoid innovation of velocity that azimuthal direc-
tions. In homogenous magnetic field if flux density By
and electric field of flux density E, are applied perpen-
dicular through every flow order. The convinced magnetic
field included by the assumptions about the small mag-
netic Reynolds number.

Under a boundary layer approximations could be
costly in the consecutive terms (look at Ariel et al.*
being derivation about stress tensor components):
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Here, ¢ displays fluid electrical conductivity, p, is
labeled just as density, v grandstands as coefficient of
kinematic viscosity, and @; > 0 remain a material constant
that arrears about viscoelasticity based on the fluid.

Therefore, every surface does absorptive and perform-
ance no error, from Burhan Jafeer and Mustafa'?:

zZ1 = 0: u = 0, Vi =rw, wp = —Wwo, (4)

The oblique velocities evaporate above the disk, one
could explicit

z; — oco:u; — 0, vi = 0. (5)
We explicit the velocities (11, v, wy) as:

uy =roFy (), vi = rnoGi(@),
w = =2/ wv F(n),

where n = z;+/w / v do every dimensionless essential dis-
tance, although the details /@ /v and /wv are unique
velocity and length scales about a problem.

Representation of certain variables popularized current
Equation (6) satisfy Equation (1) although Equations (2)
and (3) modification toward the following ODEs:

(6)

F" 4+ G? +2F\F") —F}

—}—K(ZF/I F///l +F//21 + G/12 _ ZFIF////I) (7)
+M(E1 _F/l) = 0’

G| —2F, G, +2F,G,

+ K(=2F,G""y +2F,G"}) (®)
+M(E — Gi) =0,

And every boundary conditions remain converted:

Fi(0)=S, F}(0)=0, Gi(0) = I, 9)

Fi, -0, F) -0, G — 0asn— oo, (10)

Here, S = wy / 2/wv do the surface consumption param-
eter, K = ayw / u was labeled viscoelastic fluid parameter,
M = 6B}/ pyw denotes the magnetic interaction param-
eter, and E; = Ey / Byu,, is the electric field parameter.

Every parameter S regulates the magnitude by consump-
tion velocity prescribed on the exterior. They could then
consider values by the range of 0 < § < o0. The case S <
0 describes the dose aspect. The parameter M measures
the energy about Lorentz force and it could take several
value mod the range of M > 0. Furthermore, parameter
E; represents the energy on electric field and it could
chose several value with the range £ > 0.

Heat transfer analysis

Burhan Jafeer and Mustafa,'? heating development about
the disk is described through the equilateral temperature
distribution 7, = T, + b1} here b do the stable for
dimension {®L72} and T, indicate ambient fluid

by
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temperature. According to the viscous dissipation, heat
generation, and Joule heating effects, the energy equation
is disposed as:

oT oT T
Cyl uy — ) == By — Ey)
Po p<u1 67‘1 + w 621) K 62% +6((u1 0 0)

"

+(1By — E0))+ @ +q",
(1)

Boundary conditions
T=T,atz; =0andT — T, asz; — oo, (12)

Here, x perform a thermal conductivity, C, signify heat
capacity based on fluid by @ is the viscous dissipation
phrase, constant pressure, and ¢” is the variable heat
source or sink which are defined as:

Ouy u owq

® =1, <6_r1> + g0, (Z) + 72z <6_21
8\11 Vi 6v1
+ Trg, P + T,z oo

8u1 8w1
ma\ o T ) 13
+Tll<azl+arl> ( )

Stress tensor appeases the second-grade exemplary.
The fourth term in the right-hand side of Equation (11),
heat source or sink, and it is given by

N KUy,

[A(Tw - Too)F/l +B(T - Too)]’ (14)

rio

Equation (11) along with boundary layer approximations

i T 0T & ZT  p [fau)*
Yo lﬁzl_pOCp o2 poC, | \ 0z

aq { 6u1 82u1 8u1 821,{1
+
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+E[A(Tw - Too)F 1 +B(T_ TOO)]s
1

Defining the nondimensional temperature as 6,(n) =
(T — Tw)/ (T, — Ty), Equation (14) takes the form

1
ﬁe”l —2F'\ 0, +2F 0| + Ec{(F"* + G?)

+MI(Fy = ErY + (G — E))*1}
+ KEc{F\ (F, + G}) = 2F\(F{F" +G'1G"1)}
1
+—(4F'y +B60,) =0,
Pr
(16)

m
821

ouy S on Fn o
oz oron oz o2 | M azmonoz | oz o2

And the boundary conditions are changed as:
6,(0)=1and8; — Oasy — oo, 17

where Pr = uC, / k represents every Prandtl number and
Ec = @* | C,b grants the Eckert number. Indication such
individual present elect about rectangular surface tem-
perature output the constant Eckert number by corres-
pondingly self-related equation (15). Consequently note
this only the narrowly identical result longing available
to prevent by constant wall temperature.

Arrangement of (8)—(10), (16) and (17) collapses toward
a Newtonian fluid case at K = 0 since the case Ec =0
compare via a solution the heat dissipation effects remain
vanished and 4 = 0 = B represents through every direction
the heat generation effects remain vanished. Moreover,
every case based on hydrodynamic flow, nonelectric field
and impassable exterior obtain found at M =0, £, =0
and S =0, subsequently. Every explanation by Pr and
Ec definitely recommend this the particular could take
exclusive confident values.

Physical quantities

Flow capacity and the significance of resisting torque, drag

coefficient, volumetric flow rate and wall heat transfer rate.

Therefore, the above is the maximum essential appliance

against engineering way of thinking. The skin friction coef-

ficient in the radial direction was detailed come from:
Tziry |z] =0

Chp=—=10, 18
s ,00’”12(”2 (18)

2
) } + L((ulBO — Eo)* + (" By — Ey)?)
Pocp

ov1 v } (15)

where radial stress 7.,,, is given by:

61,41
Tz :”5721
62141 821,41 aulaul 6M18W1 6\/1 8v1 Vi
‘o —— W —F+ -+ .
6}"1621 62% 6r1 621 621 621 621 al"l ry
(19)

Over the effecting need of Equation (6), we show up as
VReCj=F"| (0)—2K F1(0)F'] (0), (20)

Here, Re=r?w/v represent as local Reynolds number.
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After illustrious quantities were moment coefficient Mest
. . - 37 .
detailed as displace (look at Attia’’): / wi[G — qldn = 0, (29)
T, .
Conr = ——. Q1) "
Po@7T]
Here, the torque necessary 7, is calculated as result: Mt
; / wilp + G2+ 2Fyp — B+ KQhp +p* + ¢
T, = / 10,1, _o2m ridr, (22) e
0 —2Fp") + M(Ey — )] dn = 0,
In which 7,4, is azimuthal stress which is obtained as: (30)

6v1
Tz0, =ﬂa
v T, T mon v
" a6z, ! 0z r oz 0z 0 )
(23)

Conjure revolution (6), we appear by the subsequent
VR =5 (GO = 2KF0)G" (0).  (24)
Significant every Nusselt number is
Nu = —LK(?—T>ZIZO/(TW ~To)® with L = Vol is

0z

the unique length scale, they collect the ensuing

Nu = —6, (0). (25)

Therefore, the disk drag fluid of the vertical direction by
the rate of w(co), pumping efficiency on finite disk
among radius R could be determined against the
obvious essential:

R
0= / —w(co)2nridr) = 2/vw F(c0)mR*.  (26)
0

The set of Equations (20)—(26) definitely recommend a
certain single had toward intently inspect the variation
by F|(0), Gj(0), 6,(0) and F;(co) into determine the
substantial appearance by the investigated problem.

Finite element formulation

Whenever F| = h, ' = p and G| = ¢, when entire com-
ponent model by the residuals for binary nonlinear system
based on boundary value problem (7)-(10), (16) and (17)
over the typical element (1., 17, ) is

Net1

/ wilF'y — hldn =0, @7)
He

Net1

/ wall — pldy = 0, 28)

Net1

/ W5[6]/ —2hG, +2F16]+K(—2F1q/,+2hq/)+M(E1 —Gy)]

G

@', —2PrhO, +2PrF,6',
Meg 1 +PrEc{(p* +4%)
/W6 +M[(h—E ) +(Gi—E ]} |dn=0, (32)
e +PrECK {h(p* +4¢°)

—2F1(pp’+q4")} +A4h+B0O,

where wi(i=1,2,3,4,5,6), the weight action into reduces
the fragment is approximate for F, 4, p, Gi,q and 6,
remain relative separately coming Galerkin finite develop-
ment.

2 2 2 2
Fl = ZF}\P]‘, h= Zhj\P,p: ij\Pj, G1 = Z qu}‘,
Jj=1 Jj=1 Jj=1 Jj=1

q:

M

2
qjqjj’ 91 = ZH}P», ]= 1, 2
J=1

(33)

where Fj, h;, p;, G;, q; and 6; is the exotic nodal values
and '¥; is linear shape functions which are detailed as

N+
g =~y T ) (34)
Nj—1 1

The system of equations is

Kijl'l Kyl'z Kijl'3 Kfle Kfjlﬁ Ki}6_ mE _bl_

K3\ KP KP KR KPP K || h »?

K'Y KP KPP K KY KE || p _|» 35)
K'Y KPP KPP KPP KP KE | G |

Kl K? KP K KY K || g b

kit kg ok kg ke Lol Lo
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where

Net1 le Met1
Kl = / ‘P,-d—’dn, KiP=— f P Y,dn,
n
He Ne
K =0,K;*=0, K;>=0, K}°=0,b; =0,
Net1 le Met1
22 i 23 21
Me e
K'=0, K> =0, K;°*=0,b; =0,
Net le MNet1
K= f fd K = f WWdn, K;' =0,
Me Me
K =0,K7>=0, K}’=0,b] =
Het1 Ne+1
k= [ v -aeyan ki = [ (Gewan
Me e
Het1
k= [ wavwan
He
o aw dw d,d¥
43 J T 7 J - r i J 41 _
K"f“/("dn AR i dnd—n)d”’K"f‘O’
’73
_ dp Net1
K;° =0, b;‘=2KF1<‘Pl«—>
d He
Net1 He1
—ME, f Widn, K;' =0, K;” = / QGY¥)dn, K> =0, K;* =0,
He Ne
! M aw d¥; dV, d¥,
K§4:/ —M‘Pi‘Pa’,Kf‘?:/ i—L 4 2F Y, 4 2F 4 oKhY,—L ) dy,
He He
d Host Ne+1 Het1
b =2KF, (qfid—q> —ME, / Wdn, KS' =0, KS = / (PrEcMh —2Pr EcME + A)¥¥;dn,
n

He1

63 __
Ki/' -

n
¢ e e

d¥;
/ |:(PrEcp+PrEcth)‘{‘ Y — —2PrEcKF p¥; 7 ]dﬂ,
n

Ne
Net1 Net1
64 7 6 o\ 2

K = / (PrEcM h—2Pr EcME)Y,¥,dn, b = —<lpi6h7> —2M E}PrEc / W,dn,
e e e
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The nonlinear system about algebraic equations was trans-
formed within linear system by algebraic equations along
with applying Picard’s linearization that recommends by
the ensuing

(36)

where F;, h;, q;, P, and G; remain the exotic nodal
values and computed by the earlier iteration.

Validation of results

Graphical investigation during the applicable parameters was
absolutely essential through justify our estimated result. In
Table 1, we had related our explanation along with such
based on Ariel*® and Burhan Jafeer and Mustafa'? for differ-
ent values of M is the attached case being skin friction values
and Table 2, we compared our solutions with Burhan Jafeer
and Mustafa'? for rate by heat transfer values as various
values about K and Pr. In both tables, could be certain
visual to ensuing performance by the suggested reaching
was also precise and follow acceptable arrangement for
every convenient impact to the article.

Results and discussion

This section addresses the effect of the dynamic parameters
of viscoelastic fluid through tables and graphs. Numeric
productivity had heat transport and frictional factor was
determined and abstracted through regression analysis.
They studied as parametric values by K =0.5, M =
0.5, Pr =0.71, Ec=0.5, S§=0.5, E; =0.01, 4=
0.1 and B = 0.1 unless otherwise stated.

Figlures 2—4 displays the results of change of magnetic
communication parameters with both electric field and elec-
tric field absence. Physically, electric field increase in
Lorentz force when behaves by the accelerating force and
reduces the fluid friction that causes to change of integra-
tion further the permeable disk. It is found that the velocity
curve behaves opposite for electric and magnetic fields.
Inferior magnetic field, boundary layer was considerably
blended compared to the case of the not magnetic field.
The pair of circular and radial flows show decreases
when the existence by Lorentz force. Downtrend of appro-
priated flow caused by Lorentz force decreases the amount
of cold fluid absorb into the disk. Temperature in Figure 4
exhibits the linear communication for M. Every viscous
hindrance stemming when M produces friction among
fluid surface and molecules, which translates frictional
energy within thermal energy. Furthermore, from these
graphs, this is supported to velocity other than the thickness
of boundary layer decreased to enhancement on suction
parameter (S > 0). The role of suction was the being the
fluid conclusion thus drops and surface the radial and circu-
lar velocities, whereas reverse direction was esteemed
being injection parameter (S < 0), by injection benefit the

flow of full extra into fluid stream. Temperature rises
from injection and suction. Fair improvement is exhibited
in Figure 4. From injection, thermal improvement was
extra clear-cut in that as suction. Essentially, injection
grants extra fluid for full central the place, time to consump-
tion fluid leaves the locality. Hence, the existence of extra
insignificant metallic particles at the time of injection aids
the systems that consume extra temperature.

Figures 5 and 6 show the transformation to velocity
components with viscoelastic fluid parameter K upto 2.0
for both hydrodynamic and hydromagnetic flow situations.
Figure 5 shows the radial velocity proportional to F7,
increase upon developing K for suction. This phenomenon
is opposite for injection. That means this radially noticeable
flow produces as disk outward development stimulates in
raising values of K. Surrounding motion was fully deco-
rated when the inclusion of elasticity effects. That result
is away from surprise for elastic forces act by tensile stres-
ses that influence for open up the fluid flow. Figures 5 and 6
clear up this the boundary layer thickness increases
extremely as raising K values and break the continual
value was K tend to infinity (K — o).

Importance to viscous dissipation of the flow figure, we
measure temperature curves on different values of Eckert
number Ec and of Prandtl number Pr and is exhibited in
Figure 7. It is noticed that the gain to Prandtl number Pr
causes devaluation to the temperature sketch. Even the
reason for this downturn as the lesser values of Prandtl
number Pr was equivalent to greater thermal conductivity.
Therefore, the thermal conductivity is higher, the tempera-
ture was greater. A high Prandtl number coincides into
small thermal conductivity and reduces temperature flow.
Further, the greater values to the Eckert number Ec, the
temperature distribution increases and the thermal bound-
ary layer become delicate. Eckert number Ec was the
ratio for the kinetic energy about fluid and enthalpy.
Since expanding values of the kinetic energy increases,
Eckert number Ec that causes an improvement of fluid tem-
perature for both suction and injection. By the injection in
Figure 7, they identify extra district summary of tempera-
ture by related that consumption being to injection extra
fluid arrive surround the boundary layer region. Hence,
the thermal achievement develops into extra clear-cut.

Variation the temperature sketch toward capacity and
temperature-vulnerable heat generation/absorption parameters
were investigated in Supplemental Figure 8 for both suction
and injection. That predictable, the developing values by
heat source (4 > 0) intensify of fluid temperature raised the
disk, although as the case from A < 0 energy was involved,
subsequent to the temperature to fall. Further, this plot demon-
strates of energy was forwarded during B rises, that appreciate
the temperature, although energy was involved as overcast the
values of B < 0 causing important temperature drop near the
boundary layer. Furthermore, the volume of appropriated
fluid is approximated to rise on the continuation of digestion.
When that reason, one predicts temperature sketch for
growing expansive whenever S as incremented.

Nature of M and E with radial skin friction coefficient is
plotted through Supplemental Figure 9 for suction case and
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Table I. Comparison of FEM results with those obtained by Ariel,3¢ Burhan Jafeer and Mustafa'? since various values as M at
§=0.0, E=0.0, #=0.0, and Ec = 0.0.

Ariel*® Burhan Jafeer and Mustafa'? Present results

M Fi(0) G, (0) Fi(0) G, (0) Fi(0) G (0)

0.2 0.453141 0.708795 0.453129 0.708793 0.4531409 0.7087953
0.4 0.405576 0.802376 0.405576 0.802376 0.4055757 0.8023764
0.6 0.366698 0.894476 0.366698 0.894476 0.3666980 0.8944758
0.8 0.335092 0.983607 0.335090 0.983607 0.3350897 0.9836071
1.0 0.309258 1.069053 0.309258 1.069053 0.3092580 1.0690534
1.2 0.287915 1.150635 0.287915 1.150635 0.2879154 1.1506349
1.4 0.270049 1.228466 0.270049 1.228466 0.2700490 1.2284662
1.6 0.254892 1.302793 0.254892 1.302793 0.2548924 1.3027934
20 0.230559 1.442094 0.230559 1.442094 0.2305591 1.4420940

' ' ‘ ' Table 2. Comparison of FEM results with those obtained by
M=0.1,0.5, 1.0, 1.5 Blue line: E; = 0.0 Burhan Jafeer and Mustafa'? since various values of K and Pr at
Red line : E| = 0.0 §$=0.5, E=0.00 M=0.5 $=0.0,and Ec =0.5.
SIIEEE , 6,0
= Solid line : Suction K Pr Burhan Jafeer and Mustafa'>  Present results
- Dashed line: Injection
= 0 .25  0.82472 0.826216
M= 0105, 10, 15 ] 0.4 0.77491 0.774819
0.8 0.74014 0.742699
1.5 0.73779 0.699987
05 05 024414 0.243847
w . 0.8 0.36261 0.362397
. s 10 125 0.52650 0.526497
1.75 0.70029 0.699851
Figure 2. Velocity F| versus M for E; = 0.0 and E; # 0.0.
1 T T
Supplemental Figure 10 for injection. Consideration certi- Blue line: E, = 0.0
fied to accession in values of both magnetic and electric 0.8 h Red line : E| = 0.0 —
fields extended of radial skin friction at the rates 0.0317 l'. Solid line : Suction
and 0.689887 for suction, and 2.274723 and 2.701589 061y Dashed fine: Injection 1
for injection. The essential cause was to magnetic field = o4 "_ |
attack by flow of viscoelastic fluid completed disk e '= M =01, 05. 10, 1.5
surface when outstanding magnetic effects than intensity 02f % 1
Cj-. Hence, the character of the disk surface would be ‘.'\‘{‘: 4
extra drag concerned from injection. o W N e
Nature of skin friction coefficient against M and E| is oal ‘:::t____:—i—;:f—':‘ - |
displayed in Supplemental Figure 11 for digestion and Dl ‘ ‘
Supplemental Figure 12 from injection, respectively. It 0 2 4 . 6 8 10
is observed that circular skin friction coefficient increases

in case of electric force, whereas it decreases for the case
of magnetic field. The continuous relapse slope acknow-
ledge of accession in electric field was suction by the
rate 0.309222, although it was decreased in magnetic

Figure 3. Velocity G| versus M for E; = 0.0 and E; # 0.0.

Impacts of M and E; on heat transfer rate are disclosed

field at the rate —0.33909 in suction case. The circular
drag force increases for both electric and magnetic fields
in case of injection. Slope analysis determines the incre-
ment by the rate 1.009222 as electric field, while it was
0.662136 for magnetic field. This result shows higher cir-
cular skin friction from injection by correlated with
suction. Therefore, the surface would be limited drag con-
cerned about suction.

in Supplemental Figure 13 for suction and Supplemental
Figure 14 is shown for injection case. It was fair to the
rate of heat transfer reduces as both magnetic and electric
forces in suction, while it increased for injection. Heat
transport in Supplemental Figure 13 decreased at the
rate —1.28792 for electric force and —0.14515 for mag-
netic force. Electric field interprets the accession by the
rate 0.199594 for injection, although magnetic field
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Blue line: E = 0.0
Red line : E =00

Solid line : Suction
Dashed line: Injection

Figure 4. Temperature 0, versus M for E; = 0.0 and
E, #0.0.

K=0.5,1.0,1.5,2.0

0.05 - Blue line: M = 0.0

Red line : M = 0.0

Solid line : Suction
Dashed line: Injection |

n

Figure 5. Velocity F| versus K about M = 0.0 and M # 0.0.

0.9
Blue line: M = 0.0
0.8 Red line : M = 0.0
0.7 fin Solid line : Suction

1w Dashed line: Injection
0.6 ("

0.5

G, )

04 F 1w\ K=0.5,1.0,15,2.0
0.3+

02F v W\

Figure 6. Velocity G| versus Kat M = 0.0 and M # 0.0.

contributes 0.415269. Injection provides a higher heat
transfer rate as compared to suction. Hence, the surface
will be a greater heat transfer rate affected for injection.
Table 3 includes the computational impact on skin fric-
tion coefficients and Nusselt number. Every result pre-
dicts that radial drag force elevates, while circular drag

Blue line: Pr=0.71
Red line : Pr=7.0

Solid line : Suction
Dashed line: Injection

n

Figure 7. Temperature 0, versus Ec for Pr = 0.71 and
Pr+17.0.

force decelerates due to the inclusion of elasticity
effects. More, heat transfer rate resolved as Nusselt
number decelerates as K turnout broad. Table 3 shows
higher skin friction for injection related to digestion.
The rate of accession of digestion is 0.419481 and it
was 0.546785 from injection. The linear regression
slope in Table 3 substantiates for heat transfer rate pro-
vides —0.02821 for suction, while injection provides
only —0.17884. Heat transport reduces on this table by
the rate —0.74433 from increasing Ec values being diges-
tion, while it increases 0.680277 for injection for the case
of air. For the case of Pr = 7.0 (water), it will be
—6.86083 being digestion and 1.301476 from injection.
Outside rate of heat transfer was considered for injection.

Conclusions

This article investigates the heat transfer characteristics in
von Karman flow (of infinite disk) with second-grade
fluid. The disk is assumed permeable with a prescribed
(quadratic) temperature circulation T7,,(r). Electric and
magnetic fields are included to have more realistic
results. Additionally, space and temperature-dependent
heat source/sink are also included. Governing equations
through a similarity approach are solved using an innova-
tive FEM. From this analysis, some of the key observa-
tions are as follows:

1. Viscoelastic fluid flow accelerated with elastic param-
eter yet decelerated from magnetic parameter. Suction
shows high velocities by related to injection. Electric
and magnetic fields have opposite behavior in velocity
distributions.

2. Skin friction coefficients are raised with couple of elec-
tric and magnetic fields. Approximately more effect is
contributed by injection.

3. Temperature is reduced with heat sink parameter and
Prandtl number, while rest of the parameters explores
the opposite effect. Injection exhibits increasing
thermal outcome as compared to suction. Thus in
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Table 3. The skin friction coefficients and Nusselt number values being various physical parameters.

Suction Injection
Pr K Ec Re'2C %Re”ZCmJ Nu Re'2C %Re”ZCm,, Nu
0.71 0.1 0.5 0.40768393 —1.14786155 0.36292882 042921114 3.11184700 0.49524948
0.5 0.66796206 —1.21282689 0.34835838 0.79869882 2.9486655 | 0.29767795
1.0 0.89356820 —1.26414188 0.33408360 1.08493290 2.81994709 0.20840297
1.5 1.07033565 —1.30104949 0.32101475 1.30751956 2.72162533 0.15951412
2.0 1.21906382 —1.33007419 0.30870889 1.49619043 2.64367660 0.12780575
Slope 0.419481 —0.09358 —0.02821 0.546785 —0.24065 —0.17884
0.5 0.0 0.72052246 —0.04246041
0.5 0.34835838 0.29767795
1.0 —0.02380570 0.63781631
1.5 —0.39596978 0.97795467
20 —0.76813385 1.31809303
Slope —0.74433 0.680277
7.0 0.1 0.5 3.96360962 1.70384806
0.5 3.63878107 0.64547597
1.0 3.36980592 0.40350087
1.5 3.16565339 0.30004944
20 2.99762200 0.24097934
Slope —0.49779 —0.66338
0.5 0.0 7.06919855 —0.00526195
0.5 3.63878107 0.64547597
1.0 0.20836362 1.29621389
1.5 —3.22205383 1.94695181
2.0 —6.65247128 2.59768973
Slope —6.86083 1.301476
this situation, suction becomes effective for cooling Funding

procedure.

4. Suction contributes to the reduction in temperature, but
the injection produces the growth for the same.

5. Eckert number and viscoelastic fluid parameter
provide the reduction in heat transfer, whereas
Prandtl numbers provide the enhancement. Injection
provides a higher heat transfer rate.

6. The rate of heat transfer decreases by 36.41% for
suction and 49.67% for injection with variation in
viscoelastic parameter.

Based on the present analysis, it can be assumed proposed
method can serve as an inspiration for further models of
viscoelastic fluid flow. As a variation in temperature
causes fluctuations in a flow configuration with
temperature-dependent heat source and suction or injec-
tion is more accurate and reliable. Hence, this research
can be used in various environmental and engineering
processes such as heat transfer (cooling and heating), bio-
medicine, energy savers, and nuclear reactors. In further,
the study can be extended to viscoelastic nanoparticles.
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