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Abstract

In the present study, we have perceived the impact of nonlinear thermal radiation on heat transfer analysis of Carreau nanofluid
flow through wedge by considering slip conditions into account. The extremely nonlinear partial differential equations are trans-
formed into nonlinear ordinary differential equations by using suitable similarity variables, and these equations together with
boundary conditions are solved by using the most extensively validated finite element method. The impact of various pertinent
parameters, such as Weissenberg number, wedge angle parameter, radiation parameter, temperature ratio parameter, Prandtl num-
ber, thermophoresis parameter, Brownian motion parameter, constant velocity ratio parameter, suction parameter, temperature slip
parameter, Lewis number, power law index parameter, concentration slip parameter, chemical reaction parameter and magnetic
parameter, on velocity, temperature and concentration profiles is calculated and is revealed through graphs. The values of Nusselt
number, Sherwood number and skin friction coefficient are also calculated and shown in tables. It is noticed that there is a remark-
able intensification in the values of Nusselt number, Sherwood number and skin friction coefficient as the values of Weissenberg
number rise. The temperature and concentration distributions both intensify with rising values of temperature slip parameter (£).
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List of symbols T, Shear stress
Cs Skin friction coefficient We Local Weissenberg number
kg Thermal conductivity of basefluid D, Diffusion coefficient
Re,  Local Reynolds number t Time
T, Wall constant temperature (x,y) Direction along and perpendicular to the wedge
T Fluid temperature Vo Suction parameter
0, Temperature ratio parameter C, Specific heat at constant pressure
Gy Wall heat flux Nu,  Nusselt number
f Dimensionless stream function Ug, Velocity of mainstream
u, Velocity of the far flow T, Ambient temperature
K* Mean absorption coefficient C Fluid concentration
Sh, Sherwood number n Power law index
(u,v) Velocity components in x- and y-axes Jy Wall mass flux
Uy, Velocity of the wall
k Thermal conductivity (W/m K)
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Greek symbols

Thermal diffusivity of base fluid
Fluid viscosity

Stream function

Dimensionless nanoparticle volume fraction
Dimensionless temperature
Electrical conductivity

Thermal slip parameter
Material parameter

Kinematic viscosity
Nanoparticle mass density
Eigen value

Similarity variable

Velocity slip parameter

Wedge angle

Concentration slip parameter
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Subscripts

00 Condition far away from cone surface
f Base fluid

nf Nanofluid

Superscript
! Differentiation with respect to 5

1 Introduction

In many manufacturing and industrial processes such as paper
fabrication, generation of power, chemical practices, glass
fiber and polymer extrusion processes, higher heat transfer
proficiency is a core requisite. The better heat transfer effi-
ciency may be accomplished by suspending the nanoscale
solid particles in common heat transfer fluids which change
the thermophysical properties of these fluids and enhanced
the heat transfer rate remarkably. Several authors [1-6] have
perceived significant natural convection heat transfer enhance-
ment in their experimental and numerical studies over differ-
ent geometries by taking various nanoparticals like, copper,
single- and multi-walled carbon nanotubes, etc., into account.

Most of the fluids applied in manufacturing industries
are non-Newtonian in nature. There is nonlinear asso-
ciation between shear rate and shear stress in such flu-
ids. Tooth paste, molten polymers, animal blood, pulps,
etc., are the examples of these types of fluids. The cor-
rected equation of this type of Carreau fluid which
is associated with momentum equation is given by

UG = He + (Mo — #eo) (14 T2(7)%) 7, where p,, is the
infinite shear stress viscosity, y is the zero shear stress
viscosity and n and I” are the material parameters. Hashim
et al. [7] perceived the sway of zero mass flux condition on
Buongiorno’s model Carreau nanofluid flow over a stretch-

ing sheet and noticed deterioration in the rate of heat transfer
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with enhancing values of thermophoretic parameter. Hayat
et al. [8] presented homotopy analysis method to discover
the impact of Biot number on three-dimensional Carreau
nanofluid flows over stretchable linear surface and identified
depreciation in the temperature and concentration of the Car-
reau nanofluid with rising values of Weissenberg number.
Khan et al. [9] deliberated a comparison between numerical
solutions of homotopy analysis method and bvp4c on MHD
three-dimensional Carreau nanofluids over a stretching sheet
with the impact of nanoparticle mass flux condition on the
surface of the wall. Irfan et al. [10] identified a nominal
impact on the rate of heat transfer with higher values of
Brownian motion parameter, in their study on three-dimen-
sional Carreau nanofluid flow over bidirectional stretching
sheet with variable viscosity, heat source/sink and zero mass
flux condition. The heat and mass transfer characteristics of
Carreau nanofluid over stretching surface with the impact
of magnetic field, zero mass flux condition on the surface
of the wall and thermal radiation are discussed by [11-14].

In recent times, nanofluid flows past wedge-shaped geom-
etries have gained much consideration because of its exten-
sive range of applications in engineering and science, such as
magnetohydrodynamics, crude oil extraction, heat exchangers,
aerodynamics and geothermal systems. Virtually, these types of
nanofiuid flows happen in ground water pollution, aerodynam-
ics, retrieval of oil, packed bed reactors, geothermal industries,
etc. Motivating from the above applications, Singh et al. [15]
studied the impact of suction/injection on unsteady boundary
layer, heat and mass transfer flow over a vertical wedge. In
this study, finite difference technique is implemented to find
the numerical solution of the resulting nonlinear ordinary dif-
ferential equations. Chamkha et al. [16] observed elevation in
the values of Sherwood number as the values of wedge angle
parameter rise in their numerical study on Buongiorno’s model
nanofluid flow over a vertical wedge by taking thermophore-
sis and Brownian motion parameter into account. Khan et al.
[17] perceived the influence of thermophoresis and Brownian
motion on nanofluid flow over a stretching/shrinking wedge and
noticed significant improvement in non-dimensional heat and
mass transfer rate with intensified values of both thermopho-
resis and Brownian motion. Ganapathi Rao et al. [18] studied
unsteady flow over a vertical plate by taking heat generation or
absorption and chemical reaction into account and recognized
in the rates of heat and mass transfer with up surging values of
non-uniform slot suction; however, reverse trend is detected in
the case of slot injection. Srinivasacharya et al. [19] deliber-
ated Au—water and Ag—water nanofluid flow over a wedge and
concluded enhancement in the temperature and concentration
of the both nanofluids with growing values of nanoparticle vol-
ume fraction parameter. Ellahi et al. [20] analyzed the effect of
aggregation on heat transfer flow over a porous wedge filled
with Al,O5-based nanofluid and implemented homotopy analy-
sis method to solve the resulting equations. Ahmad et al. [21]
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detected significant deterioration in the surface temperature
with improving values of magnetic parameter in their study
on Carreau nanofluid flow over a wedge with Newtonian heat-
ing. Kasmani et al. [22] studied heat and mass transfer flow
over a moving wedge by taking Soret and Dufour effects into
consideration and perceived notable enhancement in the rate of
heat transfer with enhancing values of Soret number. Roy et al.
[23] discussed the effect of radiation and heat generation or
absorption on unsteady micropolar fluid flow over a wedge and
identified marginal enhancement in the Nusselt number with
improving values of magnetic parameter. Liu et al. [24] noticed
intensification in the velocity and temperature of nanofluid with
rising values of both suction/injection parameter and thermo-
phoresis parameter. El-Dawy et al. [25] presented unsteady
CuO-water-based nanofluid flow over shrinking/stretching
wedge saturated by porous media with solar radiation. Shan-
mugapriya et al. [26] discussed Cu—water nanofluid flow over
a moving wedge and perceived deterioration in temperature
distributions with higher values of radiation parameter. Jiang
et al. [27] studied the impact of dual Doppler effect on wedge-
type photonic crystal which is investigated in this analysis and
used finite difference algorithm to solve the proposed model.
Abdul Gaffar et al. [28] perceived Buongiorno’s model nano-
fluid flow over a wedge with magnetic field and pressure gradi-
ent. Khan et al. [29] presented the nanofluid flow over a wedge
with chemical reaction and slip effects and noticed deteriora-
tion in the nanofluid temperature and rate of heat transfer with
heightening values of temperature slip parameter. Ali et al. [30]
observed intensification in Nusselt number values with higher
values of velocity ratio parameter in their study over wedge
geometry. Das et al. [31] studied the sway of variable viscosity
and temperature on Buongiorno’s model nanofluid flow over
wedge and detected that as the values of above parameters
rise, the fluid temperature elevates significantly. Hassan et al.
[32] noticed substantial enhancement in the heat transfer rate
of the base fluid as the size of the added nanoparticle dimin-
ishes. Hashim et al. [33] analyzed Carreau nanofluid flow over
a wedge and noticed that the rate of heat transfer of the fluid
elevates with elevating values of temperature ratio parameter.
Tlili et al. [34] deliberated MHD boundary layer flow, heat and
mass transfer characteristics of Buongiorno’s model nanofluid
flow over a wedge with Navier slip and Biot number. Sheremet
et al. [35] presented Buongiorno’s model nanofluid flow over
right-angled trapezoidal porous cavity. Eid et al. [36] deliber-
ated the impact of chemical reaction and heat generation on
two-phase nanofluid flow over a stretching sheet. Sheremet
et al. [37] deliberated the impact of Brownian diffusion and
thermophoresis on free convection in a partially heated wavy
porous cavity. Bondareva et al. [38] perceived heat line visuali-
zation of natural convection in a thick-walled open cavity filled
with a nanofluid. Khan et al. [39] presented impact of nonlinear
thermal radiation and gyrotactic microorganisms on the Mag-
neto-Burgers nanofluid. Eid et al. [40—45] discussed the heat

transfer analysis of non-Newtonian nanofluid flow over stretch-
ing sheet by considering different effects into consideration.
Irfan et al. [46] perceived thermal and solutal stratifications in
flow of Oldroyd-B nanofluid with variable conductivity. Taseer
et al. [47] presented significance of Darcy—Forchheimer nano-
fluid flow through porous medium filled with carbon nanotubes.
Wakif et al. [48] discussed unsteady MHD couette Cu—water-
based nanofluid flow in the presence of thermal radiation
using single- and two-phase models. Al-Hossainy et al. [49]
presented structural, DFT, optical dispersion characteristics
of novel [DPPA-Zn-MR(C1)(H,0)] nanostructured thin films.
Irfan et al. [50, 51] deliberated heat transfer characteristics of
Carreau/Oldroyd-B nanofluid flow by taking heat sink/source
and nonlinear radiative heat flux into account.

After careful observation of the literature, we found that
no studies have been reported yet to discuss Buongiorno’s
model nanofluid heat and mass transfer characteristics over
a wedge by taking slip effects into consideration. Hence,
we made an attempt to discuss the above problem in this
paper. The problem is modeled by taking thermophoresis
and Brownian motion into account.

2 Mathematical analysis of the problem

We contemplate a steady, incompressible, MHD laminar
boundary layer, two-dimensional flow of viscous nanofluid of
density p,; with moving velocity u,, and free stream velocity U
over a wedge with inclined angle £2 = y I1. Choose the positive
x-coordinate which is measured along the surface of the wedge
while y-axis is perpendicular to the surface of the wedge plot-
ted in Fig. 1. In this problem, we considered the boundary
layer flow under the velocity, temperature and concentration
slip conditions. A fluid magnetic field of strength B, is applied
along the y-direction with B, constant. It is predicated that with
constant temperature and nanoparticle volume fraction taken
as T, and C,, on the wedge surface ambient temperature and
nanoparticle volume fraction are T and C,. The governing
partial equations for continuity, momentum, thermal energy
and solutal of nanoparticles can be exemplified as follows [7]:

u  ov
—+—=0
dx 0y @)
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The related boundary conditions are:
= % =v,, w=0, T:Tw+k1£,
ady 0z
&)

u—u,=bx", T-T, C-C, ay—o0o (6

The stream function y can be demarcated as follows:

0 0
u=t v=-2£ ™
dy ox

The subsequent similarity transformations are presented to
streamline the mathematical study of the problem:

2vh \'? i [b(m + 1) n1
w=< . > x2 f(n), n= %xw,

m+1
c ®)

oo L= Te oo C=Co
(n)—TW_Too, (n)—CW_Coo

By using Rosseland approximation for radiation, the radia-
tive heat flux g, is defined as:

4c* OT* _ 160°T3 9T

“ T30 3K % ©)
The non-dimensional temperature 0(7) = TT__TT“ can be sim-

plified as:

T=T,(1+(6,—-1)0) (10)
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T, :
where 6, = —* is the temperature parameter.
TOO

fl// [1 + We2f//2] nz;S (] + nWe2f’/2) (1 1)
+f" +r[1=f-M(f-1)=0

4
3R
+211+0(0, - 1) (0, - 1) =0

R w w ?

0" + Prft/ + PrN8™ + PIN0'¢ + —[1+6(6, —1)] 0"

(12)
4 ! Nt 2
ST+ LefS+ —0"-C,S=0 (13)
N
The associate transformed conditions are:
fO) =V, f(0)=4"(0), 6(0)=1+&6'(0), (14)
S(0) =1+ 45(0)
fl(e0) =1, 6(0) >0, S(c0) =0 (15)

The associated non-dimensional parameters are defined as:

Her N = pchT(Tw - Too)

Pr = —, ¢ =
k T voy
PerDp(Cy, — Cy T,
szm, 0, =2, Le = -,
72 T, Dy
vk, oB; 1672 o*
Cl=——""""——, M= , = ,
Dgb(m + 1)xm=! 20, ps 3Kk,
om W bSFZ(m+ 1)x3m—1 1/2
= —, e =
4 m+1 2v

(16)

The another object of this problem is to calculate skin fric-
tion coefficient (Cy,), Nusselt number (Nu,) and Sherwood
number (Sh,) given as:

x = ’ U =—/——m4m"> = T L
' pug/Z k(Tw_Too) Dm(Cw_Coo)
where
NG
du > ou ’
=py—| 1+ — s
TGy ( <0y> )
y=0 17

oT aC
qwz_k<_> + qr).—o> Jw=_Dm<_>
ay =0 ( )y—O ay =0
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Using the similarity variables, the above equations take the
form:

2

Re™2C, = —Z—f"(O)[1 + W 0)?] T
V2-F
Re™V2Nu, = ——2—0/(0) [1 £ 1+ (0, - 1)@
\/m 3Ng
ReV2Sh, = ——2—5(0),

V27
where Re = % is the Reynolds number.

3 Numerical method of solution
3.1 The finite element method

The finite element method (FEM) is such a powerful method
for solving ordinary differential equations and partial differ-
ential equations. The basic idea of this method is dividing
the whole domain into smaller elements of finite dimensions
called finite elements. This method is such a good numeri-
cal method in modern engineering analysis, and it can be
applied for solving integral equations including heat transfer,
fluid mechanics, chemical processing, electrical systems and
many other fields. The steps involved in the finite element
method [52-55] are as follows:

(i) Finite element discretization

The whole domain is divided into a finite number of sub-
domains, which is called the discretization of the domain.
Each subdomain is called an element. The collection of ele-
ments is called the finite element mesh.

(ii) Generation of the element equations

a. From the mesh, a typical element is isolated and the
variational formulation of the given problem over
the typical element is constructed.

b. An approximate solution of the variational problem
is assumed, and the element equations are made by
substituting this solution in the above system.

c. The element matrix, which is called stiffness matrix,
is constructed by using the element interpolation
functions.

(iii)) Assembly of element equations

The algebraic equations so obtained are assembled by
imposing the inter element continuity conditions. This yields

a large number of algebraic equations known as the global
finite element model, which governs the whole domain.

(iv) Imposition of boundary conditions

The essential and natural boundary conditions are
imposed on the assembled equations.

(v) Solution of assembled equations

The assembled equations so obtained can be solved by
any of the numerical techniques, namely the Gauss elimi-
nation method, LU decomposition method, etc. An impor-
tant consideration is that of the shape functions which are
employed to approximate actual functions.

For the solution of system of nonlinear ordinary differ-
ential Egs. (11)—(13) together with boundary conditions
(14)—(15), first we assume that:

df
A
dn (18)
Equations (11)—(13) then reduce to:
n=3
R'[L+ We* ('] = (1 +nWe(h')?) 19)

+fH +y[l -1 +MA—-h)=0

4
3R
4 _1\1%9” _ ” _
+R[1+9(9W 1)]°¢"(6, - 1)6” =0

0" + Prf0’ + PrN6” + PrN,0'd + — [1 +6(6, — 1)]’6”

(20
1" / Nb "
¢" + Lefop +ﬁ0 -Ci¢p=0 20
t
The boundary conditions take the form:

n=0, f=V, h=2 0=1+&0, ¢=1+pd
(22)

n—oo, h=1 6=0, ¢=0. (23)

3.2 Variational formulation

The variational form associated with Eqgs. (18)—(21) over a
typical linear element (7,7, ) is given by:

Net1 df >
— —h|dp=0
'/” wi <d11 n 24)

e

/ B <h” [1+ W] T (1+nWe(')?)
n, (25)
+ i +y[1 = K|+ M1 —h))dn =0
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et " ’ Nb "
wsl @ + Lef¢p + —0
" N,

t

e

where w,, w,, and w; are arbitrary test functions and may be
viewed as the variations in f, i, 6, and ¢, respectively.

3.3 Finite element formulation

The finite element model may be obtained from the above
equations by substituting finite element approximations of
the form:

2 2 2 2
F=Yrtw. h=Yhy, 0= 0y, 6= du,
j=1 j=1 j=1 J=1

27
with

Wl - W2 - W3 lljp (i = 15 2’ 3)1

where y; are the shape functions for a typical element
(M¢» M1 ) and are defined as:

e = (Mesr + 1 = 20) (141 — 1) e 4(n=n,) (M — 1)
: (ne+l - ’73)2 ’ 2 (}18+1 — rle)z
e (’7+1 +7 —2’1)('1—'7 )
V= (n:H — 11, TSNS e
(28)

The finite element model of the equations thus formed is
given by:

Kll K12 K13 K14 f {7‘1 }
K21 K22 K23 K24 h r2

31 (k321 1k33] (k34 o |~ }rs {
[K41 ] K42 K43 [K44] d) { r4 }

where [K™"] and [r""] (m, n=1, 2, 3, 4) are defined as:

11 Tt Y 12 et 13 _ pl4

e

21 _
K2 =0,

n=3
Ne+1 aw 2 au/ aw oy, _ Me+1 ady;

K?2=/ 1+We< ’) 1+nWe( l> —’—jdr]+f/ W, —dy
i, l on on on on e "oy

e

_ He+1 au/j 1 _ He+1 1 _ Het1 He+1
+ /2 / A% a—dn - Eyhl / vy ydn — Eyhz / v dn — M / wiy;dn.
e n e e e

K§3 =0, K%“ =0, K;I =0, K;Z =0,
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oy; 0Y;
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3%%(1
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e n n n . n
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4 Results and discussion

Carreau nanofluid flow, heat and mass transfer charac-
teristics past a moving wedge by considering magnetic
field, slip conditions and nonlinear thermal radiation are
analyzed numerically in this analysis. The results are
displayed graphically and in the tabulated form. Graphs
represent the physical significance of the problem for the
velocity, temperature and concentration profiles for vari-
ous parameters and are represented in Figs. 2, 3,4, 5,6, 7,
8,9,10, 11, 12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24, 25 and 26. In the estimation of results, in Table 1, we
made a comparison and found excellent agreement with
the existing work.

The impact of magnetic parameter (M) on velocity, tem-
perature and concentration profiles is illustrated in Figs. 2,
3 and 4. With the higher values of (M), the velocity distribu-
tions of the Carreau nanofluid intensify in the fluid region
and are shown in Fig. 2. From Figs. 3 and 4, we witnessed
that the thickness of thermal boundary layer as well as
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Table 1 Comparison of Nu; with Kuo [56] for various values of m

Parameter Kuo [56] Present results
m (=0'00)) (=0'0))

0.0 0.8673 0.8675

1.0 1.1147 1.1144

with a higher value of M. This is because of the Lorentz
force produced by the magnetic field in the fluid region.

It can see from Fig. 5 that higher values of Weissenberg
number (We) cause enhancement in the velocity profiles of
Carreau nanofluid. A significant reduction in the concentra-
tion boundary layer thickness is noticed in Fig. 6 with the
boosting values of Lewis number (Le). The disparity of tem-
perature profiles for diverse higher values of Prandtl number
(Pr) is represented in Fig. 7 and perceived debasing nature

in the temperature of the fluid along the wedge. The concen-
tration boundary layer thickness upsurges with heightening
values of (Pr) as shown in Fig. 8.

Figures 9 and 10 illustrate the temperature and concen-
tration profiles of the Carreau nanofluid for varying values
of temperature ratio parameter 6. The temperature profiles
escalate as the values of 6, rise; however, concentration
boundary layer thickness deteriorated with the rising values
of 6,,. The influence of Brownian motion parameter (V) on
concentration boundary layer thickness is shown in Fig. 11.
With rising values of (V,), the concentration profiles of the
Carreau nanofluid diminish in the fluid region. Figure 12
indicates the sway of thermophoresis parameter (N,) on
concentration distributions and noticed intensification in
the thickness of solutal boundary layer.

Figures 13, 14 and 15 signify the impact of power law
index parameter (n) on hydrodynamic, thermal and solutal
boundary layers of the Carreau nanofluid. With the strength-
ening values of power law index (n), the velocity profiles
change its behavior and go on decreasing (Fig. 13). Never-
theless, the thickness of thermal and concentration bound-
ary layers enlarges with the augmenting values of (n) as
shown in Figs. 14 and 15. As the values of concentration
slip parameter (f) rise, the Carreau nanofluid concentration
deteriorates in the boundary layer region (Fig. 16). Further-
more, concentration boundary layer thickness also deceler-
ates as the values of chemical reaction parameter C| rise and
is depicted in Fig. 17.

Figures 18 and 19 elucidate the temperature and con-
centration profiles for diverse values of radiation parameter
(R). It is clear from Fig. 18 that with higher values of (R),
temperature distributions of the Carreau nanofluid diminish;
however, concentration profiles heighten with higher values
of (R) in the fluid region and are depicted in Fig. 19. It is
perceived from Fig. 20 that the velocity profiles elevate as
the values of Wedge angle parameter (y) rise.

The temperature and concentration distributions both
intensify with rising values of temperature slip parameter
(&). This is because of the fact that as the values of (&) rise,
the thickness of both thermal and solutal boundary layers
amplifies and is shown in Figs. 21 and 22. It is noticed from
Fig. 23 that the velocity profiles of the Carreau nanofluid
heighten with the enlarging values of velocity slip param-
eter (4). The reason for this behavior is that with the greater
values of (4) the stretching velocity is conveyed to the fluid,
which causes the elevation in the velocity profiles.

We observe that the suction parameter (V) has an altera-
tion for the velocity, temperature and concentration profiles,
respectively. Velocity profiles have a greater change for
increasing values of suction parameter (V,,), and temperature
and concentration boundary layer thickness profiles abate
for better values of suction parameter (V,) is depicted in
Figs. 24, 25 and 26.
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Table 2 Numerical values of

skin friction coefficient, Nusselt Parameter Cr Nty Shy

number, Sherwood number for M We Y Vo A &

various values of parameters
0.1 2.0 0.5 0.1 0.5 0.3 1.04380 1.02944 0.81342
0.6 2.0 0.5 0.1 0.5 0.3 1.12276 1.04589 0.82474
1.0 2.0 0.5 0.1 0.5 0.3 1.16919 1.05518 0.83118
1.5 2.0 0.5 0.1 0.5 0.3 1.21474 1.06396 0.83732
0.5 0.1 0.5 0.1 0.5 0.3 1.04511 1.02534 0.81021
0.5 0.6 0.5 0.1 0.5 0.3 1.06007 1.02799 0.81210
0.5 1.2 0.5 0.1 0.5 0.3 1.09536 1.03425 0.81654
0.5 1.8 0.5 0.1 0.5 0.3 1.13318 1.04103 0.82135
0.5 2.0 0.05 0.1 0.5 0.3 0.97243 1.01222 0.80192
0.5 2.0 0.2 0.1 0.5 0.3 1.02705 1.02495 0.81048
0.5 2.0 0.35 0.1 0.5 0.3 1.07173 1.03498 0.81728
0.5 2.0 0.5 0.1 0.5 0.3 1.10922 1.04312 0.82283
0.5 2.0 0.5 0.1 0.5 0.3 1.18479 1.04721 0.83850
0.5 2.0 0.5 04 0.5 0.3 1.19875 1.17718 0.94524
0.5 2.0 0.5 0.7 0.5 0.3 1.24103 1.31091 1.05892
0.5 2.0 0.5 1.0 0.5 0.3 1.29607 1.44361 1.16325
0.5 2.0 0.5 0.1 0.5 0.3 1.10220 1.04167 0.82453
0.5 2.0 0.5 0.1 0.6 0.3 1.03959 1.04982 0.82794
0.5 2.0 0.5 0.1 0.7 0.3 0.97885 1.05548 0.83224
0.5 2.0 0.5 0.1 0.8 0.3 0.92528 1.06034 0.83592
0.5 2.0 0.5 0.1 0.5 0.01 1.10820 1.17023 0.81062
0.5 2.0 0.5 0.1 0.5 0.6 1.10770 0.93733 0.83330
0.5 2.0 0.5 0.1 0.5 1.2 1.10731 0.77865 0.84955
0.5 2.0 0.5 0.1 0.5 2.0 1.10692 0.63474 0.86486

Table 2 reveals the values of skin friction coefficient,
Nusselt number and Sherwood number for different vari-
ations in M, We, y, V,;,, 1 and &. The values of skin fric-
tion coefficient at wedge intensify with rising values of
(M); furthermore, the values of Nusselt number as well
as Sherwood number also heighten with the improving
values of (M). As the values of (We) elevate, the values of
skin friction coefficient escalate at wedge; furthermore, it
elevates the values of both Nusselt number and Sherwood
number in the Carreau nanofluids. The non-dimensional
rate of change of velocity upsurges as (y) values rise.
With the elevating values of (y), the Nusselt number val-
ues escalate and Sherwood number values also heighten.
We have noticed that as the values of suction parameter
(V) rise, the values of skin friction coefficient, Nusselt
number and Sherwood number augment in the Carreau
nanofluid. Deterioration in the values of non-dimensional
rates of velocity, nevertheless, elevation in the values of
non-dimensional rates of temperature and concentration
is perceived at wedge with rising values of (1). We have
identified deterioration in the values of both C; and Nu,;
nevertheless, the values of Sk, intensify with higher values
of temperature slip parameter (&).

@ Springer

The values of skin friction coefficient, Nusselt and Sher-
wood number in Carreau nanofluid over the wedge for dif-
ferent variations in R, 6,,, N, N,, # are shown in Table 3.
The values of non-dimensional rates of velocity upsurge
in Carreau nanofluids as the values of (R) rise. The Nus-
selt number values at wedge intensify; however, Sherwood
number values worsen in the fluid region with the improving
values of (R). As the values of 6, rise, the values of C; and
Nu, diminish in the fluid region. Nevertheless, the values
of Sherwood number upsurge as the values of ,, rise. We
have detected from this table that with amplifying values
of (V) the non-dimensional rates of velocity and tempera-
ture diminish; nevertheless, the values of Sherwood number
intensify with cumulative values of (V,). An intensification
in the rates velocity (Cy) is perceived; however, deterioration
in the rate of temperature (Nu,) and rates of concentration
(Sh,) is detected as the values of (V) rise. With rising values
of C}, the non-dimensional rates’ velocity diminishes; how-
ever, heat and mass transfer rates elevate in fluid region. The
values of C; and Nu, heighten, whereas Sh, values diminish
with higher values of concentration slip parameter ().
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Table 3 Numerical values of

skin friction coefficient, Nusselt Parameter G N She

number, Sherwood number for R 0, Ny N, C, p

various values of parameters
0.2 1.1 0.1 0.1 0.1 0.5 1.10593 1.36719 0.88440
0.3 1.1 0.1 0.1 0.1 0.5 1.10638 1.56893 0.86447
0.5 1.1 0.1 0.1 0.1 0.5 1.10710 1.80490 0.83902
0.7 1.1 0.1 0.1 0.1 0.5 1.10760 1.92463 0.82522
2.0 1.1 0.1 0.1 0.1 0.5 1.10479 20.7415 0.82283
2.0 2.1 0.1 0.1 0.1 0.5 1.10459 19.1484 0.84775
2.0 3.1 0.1 0.1 0.1 0.5 1.10458 17.5667 0.86865
2.0 4.1 0.1 0.1 0.1 0.5 1.10455 16.2312 0.88354
2.0 1.1 0.15 0.1 0.1 0.5 1.10700 1.03707 0.86315
2.0 1.1 0.25 0.1 0.1 0.5 1.10623 1.02509 0.89539
2.0 1.1 0.35 0.1 0.1 0.5 1.10589 1.01319 0.90920
2.0 1.1 0.45 0.1 0.1 0.5 1.10563 1.00138 0.91686
2.0 1.1 0.1 0.05 0.1 0.5 1.10654 1.04820 0.88062
2.0 1.1 0.1 0.1 0.1 0.5 1.10793 1.04312 0.82283
2.0 1.1 0.1 0.15 0.1 0.5 1.10924 1.03808 0.76648
2.0 1.1 0.1 0.2 0.1 0.5 1.10972 1.03306 0.71155
2.0 1.1 0.1 0.1 0.1 0.5 1.10793 1.04312 0.82283
2.0 1.1 0.1 0.1 0.3 0.5 1.10775 1.04325 0.93015
2.0 1.1 0.1 0.1 0.5 0.5 1.10738 1.04337 1.01944
2.0 1.1 0.1 0.1 0.7 0.5 1.10700 1.04349 1.09541
2.0 1.1 0.1 0.1 0.1 0.05 1.96397 1.80033 1.92615
2.0 1.1 0.5 0.1 0.1 0.5 1.97149 1.80674 1.42520
2.0 1.1 1.0 0.1 0.1 1.0 1.97358 1.81084 1.10568
2.0 1.1 1.5 0.1 0.1 1.5 1.97589 1.81344 0.90318

5 Conclusion

The impact of slip effects on heat and mass transfer char-
acteristics of Buongiorno’s mathematical chemically react-
ing Carreau nanofluid flow over a wedge is analyzed in this
analysis. Finite element method is adopted to solve the
reduced nonlinear ordinary differential equations which
represent momentum, temperature and concentration of
the Carreau nanofluid. The significant outcomes of the
present analysis are summarized as follows:

1. The Carreau nanofluid hydrodynamic boundary layer
thickness is elevated with higher values of wedge angle
parameter (y).

2. Temperature of the Carreau nanofluid intensifies as the
values of (&) rise.

3. With the improving values of (1), the velocity scatterings
of the nanofluid escalate in the fluid region.

4. The values of non-dimensional rates of concentration
upsurge as (V) values amplify.

5. Nusselt number values deteriorate significantly as the

values of nonlinear thermal radiation parameter (6,,)
rise.
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