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Abstract: Present work considering the heat and mass transfer on 3D (“Three Dimensional”) convective motion of “couple stress” (CS)
NFs (“nanofluid”) with “viscous dissipation and “joule heating” effects are examined. It has many benefits in heat transfer like, apparatus
chilling or vehicle thermal controlling, firewood cells, internal freezer and chiller, curative progressions etc. The flow generation has been
considered at linear stretching surface (SS). Magnetic field is applied normal to the liquid motion axis and convective conditions are also
encountered at the surface. The boundary layer nonlinear PDE’s into ODEs by help of appropriate similarity variables. The shooting
technique along with R-K-F 4™ scheme is employed to the statistical solutions of resultant equations. The solutions are discussed through
graphically on velocity, temperature and concentration for distinct physical parameters. Mainly finding on this work is the temperature
enhances with enlarge values of heat absorption while reverse trend follows chemical reaction parameter. Moreover, the heat transfer (HT)

reduction for higher values of heat absorption.

Key words: Convective Condition; Heat and Mass Transfer; MHD; Couple Stress; Nanofluid; Non-Linear Thermal Radiation.

Introduction

The “heat and mass transfer” (HMT) motion via SS in NFs
have succeeded due to their much more important
applications  (“compact heat transfers, polymer
technology, metallurgy, paper and glass fibre production,
extrusion process, manufacturing of plastic and rubber
sheets, power generators, design of nuclear reactor”). It is
well known in manufacturing industries need for higher
rate of HT. Present researchers concentrate the
development of more rate of HT for industrial
requirements. Senior researchers have reported that the
influence of solid liquid mixture for HT development.
Recently, HMT of Maxwell NFs motion via SS was
presented Bai et al. [1]. The Micropolar liquid motion and
HT in a permeable channel was explore Mirgolbabaee et
al. [2]. Khan et al. [3] developed the analysis of 3D motion
of Jeffrey NFs via bidirectional SS. The HMT properties
of 2D EC Maxwell liquid has explored Anil Kumar and
Dharmendar Reddy [4]. Khan and Azam [5] investigated
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the unsteady HMT mechanisms in a Marteau NFs motion
via permeable SS. Almakki et al. [6] examined the
unsteady 3D axisymmetric NFs via nonlinear SS.
Sheikholeslami et al. [7] demonstrate analysis of HT
behaviour of refrigerant NFs. Blood motion via a curved
permeable artery with variable viscosity and HMT was
explored by Kumawat et al. [8]. the non-Newtonian liquid
motion with magnetic field and TR effects was developed
[9-10].

The convection BL (boundary layer) motion via linear
sheet is inordinate interest topic to the upcoming
researchers. Because, in view of their much more
industrial and engineering applications (“drawing of
plastic films, metal and polymer extrusion, paper, metal
spinning etc.”). In (“additional, convective heat transfer
flow has established to flow regime, energy and
concentration fields around a heated stretching sheet”).
There are two convection motion types like forced and
free convection motion. Some of the examples include
(“like electronic equipment cooled by a fan, solar
receivers explored to wind current, water cooling by a
forced convection, heat transfers placed in low-speed
environment, water flows in the ocean and in atmosphere
and many more”) motion convections. The effect of
NLTR on 3D non-Newtonian NFs with convective
boundary was presented Mahanthesh et al. [11]. Wagas et
al. [12] illustration of strategies for the enhancement of
HT in NPs. Last few years, some of authors [13-18]
explored the various NN NFs via various channels.
Sheikholeslami et al. [19-20] developed various physical
models of forced convective HT on water-Fe;O4-ethylen
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glycol nanomaterial. The 3D convective boundary layer
NFs motion via ESS was presented Hayat et al. [21]. Diaz
et al. [22] explained the mixed convection on vertical
motion of finite length with a square cross section. Hayat
et al. [23] explored the mixed convection motion of Sisko
NFs via bidirectional SS. Ibrahim et al. [24] developed the
influence of forced convection in perforation shape or
geometry. Sivasankaran et al. [25] explored the mixed
convection SP motion in a porous medium. Sheikholeslam
and Rokni [26] explored the influence of melting free
convection HT motion of NFs. Recently, some of authors
[27-30] developed related and motivated work. The NPs
on HT of 3D MHD NFs was presented by Zubair et al.
[31].

The motivation of current study is to address the 3D
couple stress Casson (CSC) NFs motion generated via SS
under effects of viscous dissipation and joule heating. The
HMTR produces more in motion of CSC liquid with high
impact of CR via SS. The present work contributed
numerical values of HMTR and comparing current work
into various previous scientists’ articles. We have to get
good agreement.

Mathematical Formulation

The effect of NLTR on 3D MHD motion of CS NFs with
chemical reaction with convective condition. The present
work consideration as below:

> The SS are expressed by velocity components are
U =U,00)=a% andVy =V, (Y1) =BY; in the
directions X; and Y; .

> The liquid motion is created by a SSatZ; =0 .
> The normal magnetic field Bo applied on the
liquid direction of 21 and perpendicular to the surface

(i.e., X, Yi-plane). In the fluid flow occurs >0 as it
displays in Figure 1.

> The chemical reaction considering along motion
direction.
> Effects of electrically conductivity, heat

absorption and nonlinear thermal radiation are applied in
energy direction.

> The temperature TW is maintained on the
surface.

By above conventions, formulate the mathematical

equations of Cm, CM, CE and CC are shown below (see
ref. [3]):
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The velocity components U; , V; directions of X; and Y;

-respectively as shown below

U, () =ax V,(¥)=hy
(6)
The relevant B.Cs. for this model as shown below

« 0T, [ 0C
U =a,%,Vv; =hy,,w; =0,k a—zjzhl(Tfle),fD [571

u -0 v->0u—->0v,—>0T, >T,C —>C as 7z, >
(7
According to the RA (“Roseland’s Approximation”) [32]

]: h,(C,-C,) atz,=0

1

non-linear radiative heat flux U, as given by

g __40, 0T _ 160, 50T,
"3k oy k™ oy
®)

Differentiate above the heat flux equation, we get
09, _ 160" 0 (10T,

oz, 3k™ az, | ' oz
9)

Eq. (4) is transfer by utilizing above eq. (9), we have
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The suitable similarity variables for current analysis as

=ax f'(n), v,=ay,9(m), w=—Jau (f@m)+9(7)

e()— ¢<)—§ i ,n:(;iJ 2,
(11)

Using the above eq. (11), translate the expressions for eq.
(2)-(5) as

fr=K £ +(f) +Mf
(12)

—(f+g)

g"=Kg'+(g") +Mg'—g"(f +g)
(13)
Pr((f +9)0™~ 110+ N,0p'+ N, (6)°)+M (Ec, () +Ec, (9))
:He—(Ecx(f“) +Ec, (g )) (@+R, @+, 1)9))9)
(14)
~(LePr(f +9)¢'-(N,/N,)0"- )
(15)

The corresponding boundary conditions are given by

f=0, 9=0 f'=L ¢'=4 0'=T,1-0), ¢'=T,(1-9) a 77=0}

(16)

and

f'>0, g >0, f">0, g"—>0, 60, ¢p—0, as 17—}
(17

The skin friction coefficients, th (“Sherwood number”)
and Nusselt Number are follows

C, =(f"@-Kf"(O)Re”,

C, =(9"(0)-Kg"(0))Re,",

=(~@+R, 63)0'(0))Re}”,
=-¢'(0)Re,”

Sh
(18)

Results and Discussion

Figs. 2(a)-2(b) presents M on f'(7) and g'(z7) with

motion directions X; and Y respectively. It is noticed

that enlarge distinct values of M in reduction along both
motion directions axial and transverse velocity. Which is
applicable orthogonally to the motion direction gives a
resistive force is says that Lorentz force. It is very stronger
resists corresponding to larger magnetic field opposes the
motion of NFs useful energy is converted into heat.
Moreover, the “Skin friction coefficient” reduction via

X, (Re’*C, ,Re’*C
respectively illustrated in Figs. 2(c)-2(d).

and Y directions y)

The impact of on friction motion of NFs in both
Re/?C, . Re’ Cy, illustrates respectively in Figs.
3(a)-3(b). It is seen that; the “Skin friction coefficient” is

low in both X; and Y; directions. Physically, Kis

proportional to the viscosity, it makes that weaker viscous
of the NFs motion in velocity field enhances with high

values of K and consequently the temperature decreases.

The characteristics of 4 on f '(7), g'(7) and &(z7)

explored in Figs. 4(a)-4(c). It is perceived that, the
velocity BL (“Boundary Layer”) thickness on f '(7)

along with direction- X1 is reduction for higher statistical

values of A . While opposite trend behaviours g'(77)

along yl direction. Due to these figures the A is

inversely proportional to the stretching coefficient. So
that, it makes high time dependent parameter decreases
the stretching ratio and consequently velocity reduces at
the same time temperature increases as illustrated in Fig.
4(c).

Fig. 5(a) examined the H on O(r7) . It is perceived that

€(77) enhances with enlarge distinct values of H . The
&(77) (“Temperature Profile”) enhances in case of
H > O then it says that heat generation and related BL
thickness is thinner. While the reverse trend shows in case
of H < Othen it says that heat absorption. From Figs.

-1/
5(b)-5(c) illustrate that the H on R€,** NU, _ it is found

-1/2 .
that the Rex NUX reduces while reverse trend shows

“Mass Transfer Rate” with enlarge statistical values of H

. Because, the H (“Heat Generation Parameter”) is
inversely proportional to weaker liquid density.

The impact of » on ¢(77) as explained in Fig. 6(a). Itis
perceived that, the ¢(77) decreases for enlarge statistical
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values of  and related BL thickness is low. While

opposite behaviour predict HMT as predicts in Figs 6(b)-
6(c). Physically, the CR is proportional to the reaction
rate. Due to this it takes place without any disturbance to
molecular motion of NFs is much larger. So that the
concentration declines at the same time the HMT
enhances.

Figs. 7(a)-7(b) discussed Fl and Fz ong(77)
respectively. It can be analysed that ¢(77) and associated
BL thickness rises with enlarge distinct statistical values
of Fl, Fz respectively.  Physically, Fl , rz are

respectively inversely proportional to the TC and MD.
Due to this reason the low TC and MD on NPs liquid
motion at the stretching respectively enhances HMT rate.

The investigation of Rd on&(7). ¢(r7) as discussed
respectively, in Figs. 8(a)-8(b). It is clear that the &(77) ,
@(77) enhancement for large distinct statistical values of

Rd. Physically, the TR is inversely proportional to the
product of heat capacity and liquid density. So that, the
liquid NFs rise more heat from the SS for enlarge values
of Rd and related thermal BL thickness enhances,
consequently the concentration field also enhances.

Figs. 9(a)-9(b) predicts that the 0, on@(7). #(7)
respectively. It is noticed that (9W with enlarged statistical

values of @(r7) . Physically, the 9W is ratio between

convective surface temperature and uniform ambient
temperature. The motion NPs increase heat from the

surface for higher values of t9w. So that, the temperature

increases and consequently concentration is high and
associated BL thickness is thinner.

Fig. 10 illustrate that the characteristics of L& on ¢(77) .

It is clear that ¢(77) enhances with large values of Le
and related concentration BL thickness is thinner.
Physically, the Le(“Lewis Number”) is inversely

proportional to the Brownian diffusion coefficient. The
weaker Brownian diffusion coefficient for enlarge

statistical values of Le and it is creating more
concentration.

The influence of ECX, ECy on &(77) as demonstrates
in Figs. 11(a)-11(b). It is observed that, the &(77)

increases along with X{, Y -directions for distinct

statistical values of ECX1 , ECy1 respectively. It is fact that,

the reason is “Eckert number” has reaction between the
surface temperature and ambient temperature also viscous
dissipation effect on NFs particles. Moreover, the heat
capacity involved in this case because which is inversely
proportional to the “Eckert number”.

Table. 1 explore that, the numerical values of HTR in
various physical parameters for =0 and Table 2, Table
3 shown MTR in different physical parameters for =0,

r,=0=r,and rl :0.5:F2 respectively . The statistical results

of horizontal and normal velocity gradients of a CSC
liquid. The finding results are matched with those of
Wang [33], Ariel [34] and Ghosh et al. [35] for specific
cases (i.e., M =0, K =0)as predicted in Table. 4. It is
detected that the upshots are in very good agreement up to
six decimal places.

Conclusion

The current work as a statistical model for the convective
HMT in 3D MHD CS NFs (“nanofluid”) motion with
NLTR and chemical reaction. From this investigation, we
have mainly noticed unique results as below:

-112
> The Re " NU, decreases of heat

generation/absorption parameter while opposite trend
-1/2
follows ShReX profile with distinct choosing

values of H .

» The HMT field’s enhancement of chemical reaction
parameter.

» Nanoparticle concentration enhances of temperature
Biot number and concentration Biot number
respectively.

» The temperature and concentration profile increases of
TR parameter as well as temperature parameter
enhances.

» The temperature field increases of Brownian motion
parameter while reverse trend behaviour shows
thermophoresis parameter.

» The NPs concentration declines of thermophoresis
parameter.
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Fig 11(a): Impact of EC, on o(n)

2=0.001, 0w=0.5, 7=0.2, I‘1=0.2, I‘2=0.1, Ecx=0.1, H=0.2
K=0.1, M=0.1, Le=0.1, Nb=0.5, Nt=0.2, Pr=0.8, Rd=0.2
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= 0.16001776
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Fig 11(b): Impact of ECy on (77)

Table 1: Numerical values of Re;llz NU, with different parameters of K , Le,Pr, Ry, M
) Ntl Nb1 ewa Hl Fl! in }/1 ECX1 and ECyforlZO.

K Le

Pr Rk, M N, Ny, 6, H I}, I', » Ec, Ec,

Re;"* Nu,

0.2

0.4

0.6

0.8
0.1
0.2
0.3
0.4

0.1
0.2
0.3
0.4
0.2
0.4
0.6
0.8
0.2
0.4
0.6
0.8
0.1
0.2
0.3
0.4
0.2
0.4
0.6
0.8
0.1
0.2
0.3

-0.07246
-0.06952
-0.06825
-0.06751
-0.07156
-0.07241
-0.07235
-0.07227
-0.06447
-0.07246
-0.07809
-0.08204
-0.07146
-0.07111
-0.07064
-0.07011
-0.07867
-0.08429
-0.08984
-0.09532
-0.07123
-0.07146
-0.07164
-0.07167
-0.07209
-0.07146
-0.07072
-0.06998
-0.00753
-0.07251
-0.07249
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0.4 -0.07248
0.2 -0.07787
0.4 -0.09130
0.6 -0.10960
0.8 -0.13590

0.1 -0.07244
0.2 -0.15430
03 -0.23040
0.4 -0.29700
0.1 -0.07160

0.2 -0.07065

0.3 -0.07005

0.4 -0.06964

0.1 -0.07230

0.2 -0.07146

03 -0.07125

0.4 -0.07088

0.2 -0.83540

0.4 -0.10880

0.6 -0.13810

0.8 -0.17140

0.1 -0.07230

0.2 -0.09919

0.3 -0.12720

0.4 -0.15590

Table 2: Numerical values of Re;UzSh with different parameters of K, Pr Rd, M, (9W, H. Fl, I ECX,
and ECyfor/1=0.

K Pr RRk, M 6 H I, T, » Ec Ec Re;’? Sh

y
0.2 -0.14360
0.4 -0.15370
0.6 -0.16000
0.8 -0.16450
0.1 -0.18330
0.2 -0.21630
0.3 -0.28130
0.4 -0.40730
0.2 -0.21630
0.4 -0.21350
0.6 -0.21160
0.8 -0.21050
0.2 -0.13150
0.4 -0.12290
0.6 -0.11480
0.8 -0.10710
0.1 -0.21890
0.2 -0.21630
0.3 -0.21660
0.4 -0.21710
0.2 -0.05662
0.4 -0.04966
0.6 -0.04161
0.8 -0.03224
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0.1
0.2
0.3
0.4

0.1
0.2
0.3
0.4

0.2
0.4
0.6
0.8

0.2

0.4

0.6

0.8
0.1
0.2
0.3
0.4

-0.14360
-0.16260
-0.17650
-0.18720
-0.14360
-0.31320
-0.43390
-0.52040
-0.00035
-0.00017
-0.00018
-0.00014
-0.05372
-0.04241
-0.03217
-0.02309
-0.31450
-0.22660
-0.13540
-0.04279

Table 3: Numerical values of Re;mSh with different parameters of K, Pr. Ry, M, 6, H y, EC,, and ECy for

2=0

K Pr Rk M 6, H Ec Ec Re,”*Sh
[,=0=f,  T,=0.5=T,

0.2 -0.004583 -0.62410
0.4 -0.003899 -0.63660
0.6 -0.003763 -0.64450
0.8 -0.003520 -0.65010
0.1 -0.000188 -0.57410
0.2 -0.000712 -0.61500
0.3 -0.001507 -0.66420
0.4 -0.002517 -0.72230
0.2 -0.005096 -0.61500

0.4 -0.003605 -0.61080

0.6 -0.003899 -0.60740

0.8 -0.003064 -0.60450

0.2 -0.006046 -0.61000

04 -0.008054 -0.60060

0.6 -0.010190 -0.59170

0.8 -0.012450 -0.58340

0.1 -0.005096 -0.26490

0.2 -0.005454 -0.26500

0.3 -0.005411 -0.26520

0.4 -0.005367 -0.26530

0.2 -0.006056 -0.59670

04 -0.009140 -0.55460

0.6 -0.015870 -0.50300

0.8 -0.003723 -0.43770

0.1 -0.011890 -0.60230

0.2 -0.030940 -0.57720

0.3 -0.057920 -0.55250

0.4 -0.093500 -0.52820
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0.2
0.4
0.6

-0.001375
-0.002809
-0.004307

-0.39870
-0.33220
-0.26500

0.8

-0.007827

-0.19770

Table. 4 Comparison of —f"(0)and —g "(0) at the sheet in X; and Y directions of ordinary fluid in the absence of
1 1
(K=0andM =0).

A Wang Avriel Ghosh Present Wang [33] | Ariel Ghosh Present
[33] (Exact [35] study —g " (0) (Exact [35] study
—£"(0 solution) —£"(0 —£"(0 solution) —g"(0 —g"(0
(0) |1 (0) | ~17(0) ol 9°(0) | -9"(0)
~1(0) -4(0)
0.00 1.0000 1.0000 1.00000 0.0000 0.00000
0.10 1.02026 0.06684
0.20 1.0394 1.0395 1.03949 0.1487 1.14874 0.148737
0.25 1.0488 1.04881 0.1945 0.194564
0.30 1.05795 0.243361
0.40 1.0757 1.0757 1.07578 0.3492 1.34921 0.349210
0.50 1.0930 1.09309 0.4652 0.465206
0.60 1.1099 1.1099 1.10994 0.5905 1.59053 0.590530
0.70 1.12639 0.724533
0.75 1.1344 1.13448 0.7946 0.794627
0.80 1.1424 1.1424 1.14248 0.8666 0.86668 0.866684
0.90 1.15825 1.016539
1.00 1.1737 1.1737 1.1737 1.17372 1.1737 0.1737 1.17372 1.173721
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Nomenclature

.0 constants

TW Constant fluid Temperature of the wall

U;,V;, W, velocity components along X;, Y, 2

TO0 Fluid temperature far away from the surface

Cf Skin friction coefficient

UW Stretching velocity

CW Variable concentration

Greek symbols

Cw Uniform ambient concentration

H Dynamic viscosity

* kf

D Brownian diffusion o =— Thermal dlfoSlVlty
B (plcl)f

D;  Thermophoresis diffusion n Similarity variable

u2
Ec, = W Eckert number in the direction ) _ )

C,(T,-T, ¢ Dimensionless concentration

of X,

VZ
Ec, = ——*—— Eckert number in direction of b )

YC.(T,-T, A=— Ratio parameter
8
Y1
. . : h N

f Dimensionless stream function r,=-= 2 Concentration Biot number

D\y
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f'  Dimensionless velocity I, :ﬁ & Temperation Biot number
k\o
!
[y H . L
K= ai—z Couple Stress Parameter b =— Kinematic viscosity
v P
k™  Mean absorption coefficient 0, Boltzmann constant
a .
Le= D— Lewis number 0 Dimensionless temperature
B
O_lBg N ' . .
M =——- magnetic field parameter U =—— Couple stress viscosity
&, O¢ Ps

D, (p,C
N, = M (T,—T,) Thermophoresis
T.(pC);

(IOCp)f Heat capacity of the field

parameter
D.(pC,) . .
b= —S e (C,—C,) Brownian motion (,OCp)p Heat capacity of the nanoparticle
Y (plcl) f material
i
coefficient
Nu, Nusselt number s Fluid density

L,
Pr:( ij Prandtl number
a

P1  Fluid density

0, radiative heat flux

2
k  Thermal conductivity (M°/$)

3
R, = 1601T*00
3kK

radiation parameter

D Mass diffusivity

Re, Reynolds number

Subscripts

T1 Fluid Temperature

W wall mass transfer velocity

Abbreviations

CS Couple Stress ODE Ordinary Differential Equations
NFs  Nanofluids HT Heat Transfer

SS Stretching Sheet MHD  Magnetohydrodynamic

ESS  Exponential Stretching Sheet NLTR Nonlinear Thermal Radiation
PDE Partial Differential Equations HMT  Heat and Mass Transfer

NN  Nonnewtonian NPs Nanoparticles

CSE Couple Stress Casson MD Mass Diffusivity

TC  Thermal Conductivity TR  Thermal Radiation

CR  Chemical Reaction
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