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The present study explores the slip flow and heat transfer induced by a radially surface with MHD Carreau
nanofluid. In addition, the effects of temperature jump, non-linear radiation and the dependent zero mass flux
also taken into account. This study also considers the cross-diffusion effect on temperature and concentration
governing profiles. Appropriate transformations are engaged in order to acquire nonlinear differential equations
(ODEs) from the partial differential system, their solutions are obtained by Runge-Kutta 4th order with shoot-
ing scheme in MATLAB. The impact of pertinent flow parameters such as first and second order velocity slip
parameter, temperature jump, magnetic parameter, heat source, radiation parameter, melting surface param-
eter, temperature ratio parameter on dimensionless velocity, temperature and concentration profiles achieved
graphically as well as local skin friction, Nusselt number and Sherwood number are demonstrated in the form
of Table. first order velocity slip parameter (slip1) on f ′, � and � profile fields. With an increment in the velocity
slip first order parameter (slip1) we have perceived a fall in the momentum boundary layer and concentration
profiles and a growth in the fluid temperature field.

KEYWORDS: Radially Surface, Carreau Nanofluid, MHD, Second Order Slip, Non-Linear Radiation, Zero Mass Flux.

1. INTRODUCTION
For MHD, the issue of boundary layer flow Carreau nano-
fluid for heat and mass transfer to calculate the combined
effect of second order velocity slip with zero mass flux
over a malting radially surface plays a significant role in
the construction of many durable machinery in the indus-
trial industries. Many researchers are interested in studying
melting surfaces because of their uses in engineering and
domains like extrusion, hot rolling melt-spinning, glass-
fiber processing, wire drawing, bath cooling of a large
metallic layer, production of plastic and rubber mats, and
so on.
Khan et al.1 computational analysis of the unsteady

Falkner-Skan flow of Carreau nanofluid with heat gen-
eration/absorption and melting phenomenon, taking into
consideration the above applications. Azam et al.2 studied
the unsteady flow of Carreau nanofluid over an expand-
ing/contracting cylinder within the presence of MHD.
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Khan et al.3–4 investigated the unsteady MHD heat and
mass flow processes caused by an absorbent stretching
surface within the presence of Carreau nanofluid flow.
The unsteady MHD flow of Carreau nanofluid past a
radially extending layer was studied by Khan et al.5

The results of MHD Carreau fluid on the incidence
of Newtonian heating and slip flow were studied by
Hayat et al.6–7 Furthermore, some interesting investiga-
tions on nanofluids can be found such as Waqas et al.,8

Sulochana et al.9 Ramzan et al.,10–12 Rahman et al.,13–14

Upreti et al.,15 Turkyilmazoglu,16 Goyal and Bhargava,17

Khan et al.,18 Jain et al.,19–21 Rahman22 Megahed,23

Gorla et al.,24 Makinde et al.,25 Azam et al.26 and
Ramzan et al.27

No doubt, heat transportation with non-linear radiation
is prominent explicitly for the nanofluids in spite of ade-
quate velocities. It converts energy (kinetic to internal) i.e.,
fluid warming due to viscosity and accordingly intensifi-
cations the liquid movement. The concept of nanofluids
has fascinated the continual thoughtfulness of academics.
It’s due to the circumstance that an emergent mixture
which contains of solid particles scattered in conservative
heat transfer base fluids. Base fluids (such as water, oil
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and ethanediol, etc.) are poor conductors of warmth and
thus they need great role on the speed of warmth transfer
among the medium and surface of warmth transfer. Con-
sequently, considerable methods are trusted on enrich the
thermal conductivity of those fluids by swinging nanoparti-
cles in fluids. within the industries, Nanotechnology could
also be utilized because of its numerous applications and
features. The Physical and chemical characteristics of its
materials in terms of the dimensions of nanometer make
the technology more adaptable. the primary analysis of
nanofluids was given by Choi.28

Taking into consideration to the present point, numer-
ous researchers like Muhammad et al.29 investigated the
mathematical modeling and analysis of non-linear radia-
tive MHD Carreau nanofluid flow within the presence of
warmth generation. Irfan et al.30 studied the impacts of
Arrhenius energy of activation in nonlinear mixed convec-
tion subject to chemically reactive radiative 3D Carreau
nanofluid flow. A numerical analysis of chemically reac-
tive nanofluid Carreau flow past a convectively nonlinear
stretching surface was studied by Eid et al.31

Several Researchers32–62 investigation of Various non-
Newtonian and Newtonian fluid flow over various physical
parameter effect on various boundary conditions and vari-
ous surfaces.

The above mentioned researches observed that Carreau
nanofluids liquids aren’t yet scrutinized through nonlinear
radiation with temperature jump and zero mass flux aspect.
Therefore, our foremost attention here is to endeavor fur-
ther during this regime by considering MHD Carreau
nano-fluid mathematical model particularizes shear (thin-
ning, thickening) properties. The Buongiorno model for
nanofluids is measured for modeling.

2. MATHEMATICAL FORMULATION
Consider the 2D incompressible nano-Carreau fluid for
momentum, temperature and mass transfer of ax symmet-
ric. An identical field of force that encompasses a strength
B0 is executed in z-direction subject to absence of an
induced field. The surface is extended radially with stretch-
ing velocity uw�r� = ar , in where r is that the distance
from the origin and a could be a non-negative constant.

The surface that corresponds with the plane z = 0 and
fluid is limited to z ≥ 0. The structure of cylindrical polar
coordinate (r, �, z) is chosen for numerical analysis (see
Fig. 1). In fact, the zero-mass flux state is also introduced
at the surface. The undeviating temperature at the surface
is Tw and far away from the surface is T� such that Tw >
T�. At the surface of sheet, the nanoparticles concentra-
tion is restricted by

DB

�C

�z
+ DT

T�

�T

�z
= 0

and far from the surface i.e., the ambient concentration
is taken to be C� which is constant. Where u and w

Fig. 1. Schematic diagram of the problem.

represent the velocities of r and z directions, T ; temper-
ature distribution, C; nanoparticles volume fraction, DB

and DT are the “Brownian motion and thermophoresis”
diffusion coefficients, individually. Moreover, Q; heat gen-
eration/absorption coefficient, kn; rate of chemical reaction
and qr ; Rosseland’s radiation flux.
The basic equations for an incompressible fluid repre-

senting mass, linear momentum, energy and concentration
without body forces are given as below:
The continuity, momentum, energy and mass governing

equations.
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Subject to boundary conditions23�24

u= uw�r�+L1

�u

�z
+L2

�2u

�z2
�

w = k

	 
�+ cs�Tm−T0��

�T

�z
�

T = Tw+L3

�T

�y
� DB

�C

�z
+ DT

T�

�T

�z
= 0� at z= 0

u→ 0� T → T�� C → C� at z→� (5)

Following Rosseland approximation qr , the radiation heat
flux is given (see Gorla et al. [24]).

qr =−
(
4�

3k∗

)
�T 4

�y
=−

(
16�

3k∗

)
T 3 �T

�y

3. SOLUTION
The similarity solutions of Eqs. (1)–(4), are obtained using
the given similarity transformations

u= ar f ′���� w =−2
√
avf ���� � = z

√
a

v
�

���� = T −T�
Tw −T�

and �= C−C�
C�

(6)

Equations (2)–(5) and using Eq. (6) thus reduces to the
following non-dimensional form

{
1+nWe2 �f ′′�2

}{
1+We2 �f ′′�2

}�n−3�/2
f ′′′ − f ′2

+2f ′′f −M f ′ = 0 (7)

�′′
(
1+ 4

3
R���w −1��+1�3

)
+4R��w−1��′2���w −1�

×�+1�2+Pr
(
2f�′ +Nb�

′�′ +Nt�
′2+��

)= 0 (8)

�′′ −Sc �Kn�− f�′�+ Nt

Nb

�′′ = 0 (9)

Boundary conditions Eq. (11) reduces to:

� = 0� f ′ ��� = 1+Slip1f
′′ ���+Slip2f

′′′ ��� �

Prf ���+Me�′ ��� = 0�

� ��� = 1+SlipT �
′ ��� �

Nb�
′ ���+Nt�

′ ��� = 0

�→�� f ′ ���→ 0� � ���→ 0� � ���→ 0

(10)

Where, We = �� 2a3r2�/�; Weissenberg number, Slip1 =
L1

√
a/�; first order slip velocity Slip2 = L2�a/��; sec-

ond order slip parameter SlipT = L3

√
�a/��, temperature

slip parameter, R= �4�T 3
��/�k�k∗�; Radiation parameter,

k∗; thermal radiation parameter, M = ��B2
0�/�a	�: Mag-

netic field parameter, Kn = �kn/a��Cw −C��n−1: chem-
ical reaction parameter, � = Q/�a �	c�f �; � < 0 refers
to heat generation and � < 0 represents heat absorption
parameters, �w = Tw/T�: temperature difference parame-
ter, Nt = ��	c�p DT �TW −T���/�vT� �	c�f ): thermophore-
sis parameter Nb = ��	c�p DBC��/�v �	c�f �; Brownian
motion parameter, Sc = �/DB: Schmidt number of mass.

The skin friction coefficient Cf , local Nusselt number Nux,
local Sherwood number Sh and local density number of
the motile microorganisms Nnx are defined as

Cf =
�w
	U 2

w

� Nur =
rqw
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�

and Sh= rJw
DB�Cw −C��

(11)
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(13)

NuRe−1/2 = −
(
1+ 4R

3
�1+ ��w−1���0��3

)
×�′�0� (14)

Sh/
√
Re =−�′�0� (15)

Re = �ruw�/�: local Reynolds number.

4. RESULTS AND DISCUSSION
To conduct this study, we have set default values for the
following parameters as suggested by several researchers
such as n = 0�5�We = 0�5�M = 0�5�Nt = 0�5, Nb =
0�5�R= 1�0� Sc= 2�0� Pr = 2�5� �w = 1�1, Q= 0�03�Kn=
0�5�Me= 1�0, slip1 = 0�5, slipt = 0�5� slip2 = 0�2;
Keeping the view of the above values, we described the

variation of pertinent parameters for various values, which
are discussed graphically and in tabular form.
Figures 2–4 illustrate the f ′, � and � profiles for var-

ious values of the magnetic parameter M . Therefore, the
effect of M is seen to decrease the f ′ and � boundary
layer while the � is increased with the rise of the mag-
netic parameter. the speed curves show that the speed of
transport decreases with the increasing distance (�) nor-
mal to the sheet. Altogether cases the speed vanishes at
some large distance from the sheet (�). Figures 5–7, show
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Fig. 2. Impact of M on velocity profile.

Fig. 3. Impact of M on temperature profile.

Fig. 4. Impact of M on mass profile.

Fig. 5. Impact of We on velocity profile.

Fig. 6. Impact of We on temperature profile.
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Fig. 7. Impact of We on mass profile.
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Fig. 8. Impact of slip1 on velocity profile.

the effect of the Weissenberg number We on the evolution
of fluid motion and behind the distribution of warmth and
mass across the sheet as time evolves. Reduce in f ′ and
� boundary layer whereas the � boundary layers increase
when the Weissenberg number we effects intensify.

Fig. 9. Impact of slip1 on temperature profile.

Fig. 10. Impact of slip1 on mass profile.

Fig. 11. Impact of slip2 on velocity profile.

Figures 8–10 elucidate the effect of strength of first
order velocity slip parameter (slip1) on f ′, � and � pro-
file fields. With an increment within the velocity slip first
order parameter (slip1) we’ve got perceived a fall within
the momentum physical phenomenon and concentration
profiles and a growth within the fluid temperature field.
Figures 11–13 illustrate the effect of strength of velocity

Fig. 12. Impact of slip1 on temperature profile.

Fig. 13. Impact of slip2 on mass profile.

122 J. Nanofluids, 10, 118–127, 2021
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Fig. 14. Impact of Pr on temperature profile.

slip second order parameter (slip2) on f ′, � and � profiles
field. With an increment within the velocity slip second
order parameter (slip2) we’ve got perceived a lift within
the momentum physical phenomenon and concentration
profiles and a fall within the fluid temperature field profile.

Fig. 15. Impact of Pr on mass profile.

Fig. 16. Impact of �w on temperature profile.

Fig. 17. Impact of �w on mass profile.

Fig. 18. Impact of � on temperature profile.

Fig. 19. Impact of � on mass profile.
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Fig. 20. Impact of slipt on temperature profile.

Figures 14–15 depict the effect of Pr on the fluid � and
� profile fields. It’s evident that for higher values of
Pr number we noticed fall within the fluid temperature.
An opposite result is observed in � field. Figures 16–17

Fig. 21. Impact of slipt on mass profile.

Fig. 22. Impact of Nb on mass profile.

Fig. 23. Impact of Nt on mass profile.

Fig. 24. Impact of R on temperature profile.

illustrate the temperature and concentration profiles for
various values of temperature ratio parameter �w. It’s evi-
dent that for higher values of �w parameter we noticed
boosted within the fluid temperature and mass flux.

Fig. 25. Impact of R on mass profile.
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Table I. The skin friction coefficient Cf , local Nusselt number Nux and local Sherwood number Sh are following physically parameter with melting
surface.

Melting With out melting Melting With out melting Melting With out melting

M We Nb slip1 slipt slip2 −CfRex
1/2 −CfRex

1/2 −NuRex
−1/2 −NuRex

−1/2 ShRe−1/2 ShRe−1/2

1 0�8920 0�9907 1�0022 1�3122 0�3731 0�4937
2 1�1287 1�2358 0�9048 1�2377 0�3357 0�4645
3 1�3646 1�4942 0�8539 1�2082 0�3163 0�4529

0 0�7885 0�8962 1�0740 1�3692 0�4008 0�5161
3 0�5258 0�5878 1�0588 1�3627 0�3949 0�5136
6 0�4103 0�4876 1�0315 1�3567 0�3844 0�5112

0�3 0�7925 0�9036 1�0735 1�3691 0�6677 0�8602
0�4 0�7925 0�9036 1�0735 1�3691 0�5008 0�6451
0�5 0�7925 0�9036 1�0735 1�3691 0�4006 0�5161

0�2 1�0784 1�3273 1�2362 1�5833 0�4639 0�6013
0�5 0�7641 0�8626 1�0735 1�3691 0�4006 0�5161
1�0 0�5294 0�5707 0�9096 1�1735 0�3376 0�4394

0�0 0�7485 0�8626 1�3071 1�9198 0�4710 0�6919
0�2 0�7551 0�8626 1�2051 1�6552 0�4410 0�6093
0�5 0�7641 0�8626 1�0735 1�3691 0�4006 0�5161

0�0 0�7751 0�9036 1�3071 1�9198 0�4710 0�6919
0�2 0�7825 0�9036 1�2051 1�6552 0�4410 0�6093
0�4 0�7925 0�9036 1�0735 1�3691 0�4006 0�5161

Table II. The skin friction coefficient Cf , local Nusselt number Nux and local Sherwood number Sh are following physically parameter with melting
surface.

Melting With out melting Melting With out melting Melting With out melting

� Pr Kn Tw −CfRex
1/2 −CfRex

1/2 −NuRex
−1/2 −NuRex

−1/2 ShRe−1/2 ShRe−1/2

−0.1 0�7508 0�8626 1�2272 1�51517 0�4604 0�57407
0.0 0�7607 0�8626 1�1128 1�4064 0�4158 0�5308
0.1 0�7732 0�8626 0�9690 1�2702 0�3603 0�4772

2�0 0�7583 0�8626 0�9192 1�1879 0�3412 0�4450
2�5 0�7641 0�8626 1�0735 1�3691 0�4006 0�5161
3�0 0�7689 0�8626 1�2145 1�5290 0�4554 0�5796

0�0 0�7625 0�8626 1�0922 1�3757 0�4079 0�5187
0�2 0�7632 0�8626 1�0840 1�3743 0�4047 0�5181
0�5 0�7641 0�8626 1�0735 1�3691 0�4006 0�5161

1�0 0�7577 0�8626 1�0014 1�3081 0�4292 0�5606
1�1 0�7641 0�8626 1�0735 1�3691 0�4006 0�5161
1�2 0�7707 0�8626 1�1505 1�4341 0�4712 0�3715

Figures 18–19 illustrate the � and � profiles for vari-
ous values of warmth source parameter �. It’s evident that
for higher values of � parameter we noticed boosted within
the fluid temperature and mass flux. Figures 20–21 illus-
trate the effect of strength of temperature slip parameter
(slipt) on � and � field. With an increment within the
(slipt) parameter we’ve got perceived a fall within the fluid
� and � profile fields. The effect of Nb and Nt on the �

profile is shown in Figures 22–23. From the sooner graph-
ical results, we’ve got noticed that the thickness of the
concentration boundary layers reduces with the rise within
the rate of Nb and Nt. Figures 24–25 show the impact of
R parameters on profile. From these graphs, it’s clear that
the surface temperature increases with increases within
the value of the R parameter. Generally, increasing values
of R, the mean coefficient decreases, and this end in rise to

the divergence of radiative heat flux. Hence, the speed of
radiative heat transferred to the fluid increase, so the fluid
temperature increases.
Tables I and II shows the effect of skin friction coef-

ficient, Nusselt Number, and native Sherwood number
for the subsequent physical parameters. Tables III and IV

Table III. Comparison of f ′′�0� for different values M in the absence
of the parameters n= 0�5, We = slip1 = slip2 =Me = 0.

M Makinde et al.25 Azam et al.26 Ramzan et al.27 Present study

0.0 −1�17372 −1�17372 −1�173720 −1�173723741
0.5 −1�36581 −1�36581 −1�365814 −1�365812821
1 −1�53571 −1�53571 −1�535709 −1�535706485
2 −1�83049 −1�83049 −1�830490 −1�830479953
3 −2�08484 −2�08485 −2�084846 −2�084830040

J. Nanofluids, 10, 118–127, 2021 125
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Table IV. Comparison of −f ′′�0� for different values M�We and n in
the absence of the parameters S = R = slip1 = slip2 = slipt = � = 0�0;
�w = 1, Pr = 2�5.

M We n Ramzan et al.27 Present study

0.5 0�05 0�5 1�3653398 1�365998701
1 1�5350602 1�535975266
1.5 1�6884948 1�689691502
2 1�8294374 1�830942819
0.5 0�05 1 1�3653398 1�365324607

2�0 1�0492851 1�049276808
4�0 0�85467461 0�854673610
6�0 0�75112133 0�751120290

0.5 0�05 0�5 1�3653398 1�364410274
1 1�3658144 1�365812557
1�5 1�3662882 1�366843336
2 1�3667611 1�367501566

compression present results with existing literature for var-
ious parameters.

5. CONCLUSION
In this article we’ve investigated is pagination to explore
the numerical solution of physical phenomenon flow for
MHD Carreau nano-fluid, heat and mass transport to delib-
erate the combine impact of second order velocity slip
with zero mass flux over a malting radial surface with.
The impact of non-liner thermal radiation, heat source and
temperature jump effects also are taken under considera-
tion. And also consider the cross-diffusion effect on tem-
perature and mass equations. The impact of pertinent flow
parameters like, first and second order velocity slip param-
eter, temperature jump, magnetic parameter, heat source,
radiation parameter, melting surface parameter, tempera-
ture ratio parameter on dimensionless velocity, temperature
and concentration profiles are displayed graphically while
local skin friction, Nusselt number and Sherwood number
are demonstrated within the sort of Tables. The obtained
results confirm that a wonderful agreement is achieved
with those available in open literature. It’s found that skin
friction increases within the presence of first and second
order slip parameter whereas opposite behavior in noted
for Nusselt number.

• For different values of the magnetic parameter M .
Therefore, the effect of M is seen to decrease the f ′ and
� boundary layer while the � is increased with the rise of
the magnetic parameter.
• Weissenberg number We on the evolution of fluid

motion and succeeding the distribution of warmth and
mass across the sheet as time evolves. Reduction in f ′ and
� boundary layer, whereas the � boundary layers increase
when the Weissenberg number We effects intensify.
• Velocity slip first order parameter (slip1) on f ′, � and

� profile fields. With an increment within the velocity slip
first order parameter (slip1) we’ve perceived a fall within

the momentum physical phenomenon and concentration
profiles and a growth within the fluid temperature field.
• Velocity slip second order parameter (slip2) on f ′, �

and � profiles field. With an increment within the veloc-
ity slip second order parameter (slip2) we’ve perceived a
lift within the momentum physical phenomenon and con-
centration profiles and a fall within the fluid temperature
field profile.
• The effect of Pr on the fluid � and � profile fields.

It’s evident that for higher values of Pr number we
noticed fall within the fluid temperature. An opposite
result are observed for � field.
• It is clear that for higher values of �w parameter we

noticed boosted within the fluid temperature and mass flux.
• It is obvious that for higher values of � parameter

we noticed boosted within the fluid temperature and mass
flux.
• The effect of strength of temperature slip parame-

ter (slipt) on temperature and con-centration field. With
an increment within the temperature slip parameter
(slipt) we’ve got perceived a fall within the fluid tempera-
ture and concentration profile fields.
• The thickness of the concentration boundary layers

reduces with the rise within the rate of Nb and Nt.
• It is obvious that the surface temperature increases

with increases within the value of the R parameter.
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