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ABSTRACT

Objectives: Boundary value issues occasionally offer a dual solution, one of which is really
trustworthy and stable while the other is unstable. The intention of the current research is to use
the Casson model to explain the double solutions of graphene/water nanofluid flow through a
stretching or compressing wedge and stagnation point. For a specific range of the
suction/injection parameter and the extending/contracting parameter, two solutions are found.
Methods: The fluid transport equations are then converted into ordinary differential equations by
applying the apt self-similarity variables and are computed using MATLAB's bvp4c. Graphs are
used to show how certain factors affect the flow field.

Findings: The results of the current research shows that the permeability constraint on velocity
and thermal variations obtained from the primary and secondary solutions are contrary in nature.
The suction/injection parameter and skin friction are directly related for the first solution,
whereas a contrary for other. The magnetic parameter reduces the temperature for the initial
solution in both cases. According to the stability analysis, the second option is reliable.

Novelty and applications: These types of research may be helpful in the detection of glucose
and cholesterol as well as in the development of Nano biosensors, targeted therapies, antifungal
activity, anticancer, and cancer cell detection technologies. Reduced carbon dioxide emissions
and energy consumption are two of the many benefits of using nanoparticles in thermal
transmission fluid in solar collectors. Nanoparticles may also be used in a variety of inserts for
solar energy systems, such as baffles, wire coils, generators, Wedge-shaped solar cookers, and
twisted tapes.

KEYWORDS: Nanofluid, Casson Model, Graphene nanoparticle, dual solution,

Stability test
INTRODUCTION:

Currently, the world's population raise and industrial advancements are increasing the
need for energy. The environment, the state of the economy, and respective living standards are
all directly impacted by the problems relating to energy generation. Generally, as social and

economic conditions improve and economic growth occurs, the energy consuming rises too. As a

9119
Eur. Chem. Bull. 2023,12(10), 9119-9147



Stability of Graphene/H20 Nanoliquid flow on a Stretching/Contracting Wedge and Stagnation Point: A
Solar Thermal Energy Application

Section A-Research paper
result, countries are looking for alternatives that are appropriate to their circumstances, like
population growth and societal type, as well as economic progress. Potentially useful
replacements for fossil fuels include renewable energy sources including wind, solar,
geothermal, and biomass. Some of them can be found easily, need little training, and provide
good value. Solar energy has been discovered as an enormous source of energy among
renewable energy sources. Solar energy harvesting has no negative effects on the environment.
Furthermore, this energy source is appropriate for village, industrial, and building systems. As a
result, this form of energy has recently received significant attention. One significant opportunity
for research in the topic is the harvesting of solar energy via a high-performance pathway.
Typically, systems being used storing or converting solar thermal energy have poor performance,
which poses a difficulty to system designers. As a result, numerous studies have been done to
optimize the capabilities of these systems.

However, magnetohydrodynamics (MHD) combines fluid dynamics and
electromagnetism to examine how magnetic fields interact with electrically conducting liquids.
Due to its significance in a wide variety of engineering and manufacturing applications, such as
the petrochemical sector, MHD power generators, plasma training, nuclear reactors, and
boundary layer control in aerodynamics, magnetic mixers, a lot of research has recently been
concentrated on the study of MHD flow. Here, a number of recent research that examined the
impact of MHD on flow and heat transfer issues are discussed. They typically considered liquid
metals, water combined with other industrial fluids in the presence of a magnetic force to find
the thermal conduction of a viscous and incompressible liquid passing over a variety of

geometries. !

Fluids with shear-dependent viscosity and shear-thinning/shear-thickening properties are
known as non-Newtonian fluids. Numerous industrial uses exist for these fluids, including those
related to the production of petroleum, chemical processing, polymers made by plastic, methods
to preserve food, cosmetic products, and the making of optical fibres. The flow characteristics of
non-Newtonian fluids cannot be explained by the Navier-Stokes equations because they have
complicated rheological characteristics. As a result, several researchers have proposed many
models such as Casson model, Maxwell fluid model, Williamson fluid model, Cross fluid model,
and Carreau fluid model. Several scholars explored into the transport properties of several non-

Newtonian fluid models ["°!. Casson fluid is one of the non-Newtonian fluid subclasses named
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after Casson ™. When the Casson fluid parameter is near zero, the model fluid is highly viscous,
whereas near infinity, the viscosity drops dramatically. Additionally, this model may represent
solid properties when shear stress is lower than yield stress and liquid qualities when shear stress
is higher than yield stress, which is how shear-thinning behaviour occurs in nature. Because of its
importance in defining the rheological behaviour of human being blood, ointment, honey, and
ketchup, the Casson fluid model has garnered considerable attention. Mythili and Sivaraj %
investigated unsteady Casson fluid flow across two distinct geometries using unequal energy
gain/loss and discovered that the fluid velocity grows with the Casson fluid parameter.

It has drawn a lot of interest to employ nanofluids instead of usual fluids like H,O,
acetone, oil, ethylene glycol to improve thermal dissipation. A common fluid is used to suspend
a solid phase that is nanoscale in a nanofluid. It is significant to note that one of the key
components of a nanofluid is thermal conductivity. Generally, normal fluids have low heat
conductivity characteristics, resulting in minimum transfer of heat to the thermal systems.
However, as nano-dimension solid components have a great thermal conductivity, nanofluids
have a larger potential to improve the thermal characteristics. The nanofluid is widely used in a
variety of industries, including solar energy, biomedicine, nuclear reactors, drug targeting,
electronic equipment cooling, cancer treatment, microelectronics, and radiator cooling for
engines. Researchers have proposed a variety of nanofluid models in ™" The fluid transport
features in the Buongiorno [18] model are examined using thermophoretic diffusivity and

Brownian motion. Further, nanofluids in different phases are explored in refs. [1*22],

Intense synchronous interest has been shown in the study of flow and heat transmission
via wedge-shaped structures in both the engineering and chemical industries over the past several
years. For instance, in the study of geothermal systems, thermal insulation, heat exchangers,
ground water contamination, aerodynamics, hydrodynamics, and other related topics. Enhanced
oil recovery, aircraft responses to atmospheric gusts, packed bed reactor geothermal enterprises,
ground water contamination, and other uses also typically include such flows. To put it simply, a
wedge is a movable inclined plane and one of the six triangular classical basic machines. It has
the ability to separate two things or sections of an object, lift something up, or hold something in
position. It transforms lateral force into transverse splitting force. Recently, some investigators

[23-26] investigated wedge-shaped geometries with varying fluid fluxes.
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Stagnation point flow, which occurs on all stationary objects that move in a fluid, is the
term used to describe the fluid movement close to the stagnation zone in the vicinity of the blunt-
nosed object. Heimanz " was the first to study the flow of a stagnation point in two dimensions.
Several researchers are now investigating the stagnation point flow in a wide range of contexts,
such as viscous and inviscid fluid flows 22% forward or backward, normal or oblique. These
fluxes are particularly important for cooling electronic equipment, metallurgical operations,
cooling nuclear reactors during emergency shutdowns, and paper manufacture. Numerous
academics %% have thought deeply about stagnation point flow and its futility.

A continuous solid phase with numerous voids or pores is referred to as a porous media.
Nowadays, it has great industrial applications in engineering, oil recovery, ground water
hydrology, medicine, coal ignition, misappropriation of dispersed stuff underground, etc. The
study and design of heat exchangers can benefit from consideration of heat transport and porous
media. Additionally, porous media is utilised to either heat or cool fluids and enhance thermal
conductivity. Later on, a number of researchers [33-36] looked into the porous flows using
various parameters.

The fundamental objective of this problem is to show that the flow of a nanofluid can be
stable despite the existence of viscous dispersion and heat generation/absorption, as predicted by
the Casson model. Permeability is also taken into consideration. To evaluate the worth of the Pr
for any fluid, the self-similarity quantities have been acquired. An exhaustive literature search
reveals that the dual nature and stability of the nanofluid spanning two different geometries in
the heat generation and absorption spectrum with the Casson model has not been investigated.

The present effort seeks to answer the very next research questions in light of the effects
of these kinds of issues:

I. When extending or contracting two shapes, how many solutions result?
I1. Which of the found solutions is stable and physically attainable?
I11. How does the rate of thermal transfer a Casson nanofluid flow vary between two various
geometries?
IV. How do heat generation/absorption, porosity, and viscous dissipation affect temperature

and velocity?
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The bvp4c collocation algorithm in MATLAB is used to numerically solve the system of fluid
motion equations. It is noted that there are two solutions for the stagnation point as well as the
expanding/contracting wedge. To confirm the stability of dual solutions, a stability test is
executed. Contour plots and 2-dimensional plots are used to demonstrate how the active

parameters affect the results.

2. MATHEMATICAL FORMULATION

A steady convective MHD flow of Graphene/H,O nanofluid over a permeable
extending/contracting stagnation point and wedge in two-dimensional with casson
model is taken into account, and is exhibited in Fig.1. The velocity outside the

boundary layer is u_=bx™, b is constant. The Hartree pressure gradient m:2L :

1

B,=0.5 for a wedge and B,=1.0 for stagnation point of a flat surface . A constant

temperature of the wall (T,,) which is larger than the ambient temperature (T,,). The
thermophysical properties of Graphene /H,O hybrid nanoliquid are revealed in
Table.1. The rheological equation of form for an isotropic and non-compressible
Casson fluid flow is assumed to be as follows (Mukhopadhyay B™ | Pramanik &):

Py
2| pg + \/ﬁe‘j’ > 7,

T = b
2[/18 +//g]e“, <,

where , is the dynamic viscosity of the non-Newtonian fluid, P, is the fluids yield
stress, z=e;e;,e;is the (i, j)" constituent of the deformation rate and =z, is the
critical value.
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Fig.1 Graphene —Water nanofluid
The governing equations are:
ou ov
—+—=0
oX oy )
2 BZ
u MMy %+ﬁ[1+1J(5_‘:J_ Vet (g, )= 2 ()
ox oy dx  py B\ oy K, Pt 2)

k 2 2
T T b O b (AT Qg
OX (

oy (pcp)nf o’ (pcp)nf B\ oy pcp)nf 3)
The Boundary conditions are
u=iy,u,, v=V,, T=T,6 at y=0,
u=u, T—>T, as y—oo 4)
Indicators of self-similarity that can be used are:
n:[ljx, fn) =YY G e Py
X o A
v:—(%jx [ f(n)(m+1)(0.5)+nf'(n)(m-1)(05) ] (5)
v, =—(°‘?jx (m+1)f,(0.5),T =(T,~T,)0(n)+T
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By implanting the equation (5), Equs. (2)-(3) are converted to

o102 s £ 1 (ms1)(03) {420 (1)

KA £ (P (e pr) )= 2 Mg pr 1 pr) ) =0

(r(zePr)” ))GfAZ(( )"~ (1+Pr)”) ©
ke 1 1 PrE.(f7) (, 1) Q6

”f —e"+(m—+j f6’+°—2n(1+—j+Q—(1+ Pr)" =0

ki A3 2 (1+Pr)" A4 B) A3 %

As a result of the altered border conditions

f(n)="f,, f'(n)=xy@+Pr)", 6(n)=1 atn=0,
f’(n):(l+Pr)2”, 6(n)—0, asm — oo, @®

Where
1

" ] | e-ori{ )

1-6)" ((1—¢>+¢[

f

_ (pcp)s _ 2.5 (pcp)s
A3 = (1_¢)+¢[(pcp)f 'A4_((1_¢) ) (1_¢)+¢ (Pcp)f (9)
GS
ke ko+2k, —20(k, —k,) 3[@ _1}5
ki ko+2k +o(k —k) "7 +l
AR
o, o, (10)
u; (Cp); K,bx™* o Bbx™" u? Q
pr=tt Pl SR - B Q=0
K Vi Vi Co(T,=T.) " bx"(oCy), (11)

Lin and Lin B¥ have launched a metric 5.=yRes that may be used to assess the value of any
fluid's worth , Re=U, xv™ is Reynolds number, 3=(1+Pr)" JPr,n=1/6 for wedge(p,=0.5 ) and
stagnation point plate g,=1.0

The heat transfer coefficient and dimensionless skin friction factor are stated as follows:
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C*Re2 — 2f"(0)Pr
f (1-¢)* V1+Pr

(12)
k
Nu'Re**s™" = ——-0'(0).

f

Table 1: Graphene nanoparticles and the base fluid's thermophysical characteristics are
tabulated below.

Physical Properties Graphene Water
plkgm™ 2250 997
c,/ Jkg~K™ 2100 4197
k/Wm™K™ 2500 0.613
c/Sm* 10’ 0.005

Stability Check: Following the results of Bachok et al. [40] and Makinde [41], we conduct a

stability test and find that the second set of solutions is robust whereas the first set is not. Thus
we have

2 B2
a_u+ua_u+va_u:uwd&+u_nf1+1 a_l:_vnf(u_uw)_cnfo(u_um)
ot ax oy “dx p, U By K

1 pnf
oT oT oT k
—4+U—+V—-= —

T A 1)(ou Q
1+ T-T)—=
ot ox ay (pC,), ay2+(pcp)nf[+6j(8yj H w)(PCp)m

(13)

(14)
New self-similarity variables are as follows:
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Ao
U bx™ af('f],‘l?*)
L+Pr)"| on |
Ve — Ot_* f( *)m+l+ 5f(nf)m—l+r*5f(n,f*)(m_)
X A on !
*zﬁt
(L+Pr)™" "

v, =_£%*Jx[fw(m+l)[0.5]:|,

T=(T,-T,)0(nt)+T.. (15)

By employing new similarity variables, Eqns. (13) — (14) can be written as

(1+3j Pr F”’A1+(m—+lJ( f,F "+ FfJ) = 2mfyF' +yF'— ALK, F'(1+Pr)"”" - Ont ﬂF'(h Pr)™ =0
k nwn N
(Tt e s s P L B ey o
k, A3 2 (1+Pr)" A4 A3 17)
appropriate boundary conditions:
f(0,77)=f,,f(0,7")=A; (1+Pr)" ,6(0,7") =latn =0,
f’(n,r*):(1+Pr)2n,O(n,r*)—>0, asmn — o (18)
by using the below perturbation expressions stability test is executed
with f = f;(n) and 6=86,(n).
f (n, r*) =fo(n)+ e F (m),
O(nt)=6,(n)+e " S (n). (19)
Along with the boundary conditions
F(n)=0,F'(n)=0,S(n)=0 atn=0,
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F'(n)=0,S(n)—0, asmn —» oo (20)

By numerically resolving the eigen value problem for particular values of Q = 0.01, Ec = 0.01,
Pr=6.2, Ka=0.01, fw=2.5 and Ma = 0.01 an infinite set (y, < vy, < y; < ........ ) of eigen

values can be determined. When vy is positive, the solution is steady; when vy is negative, the

solution is unsteady. According to Harris et al. [42], normalization of an appropriate boundary

condition on F (n) or S(n) is required to determine the eigen values. The condition F'(n)—0
as n— 0 is normalized in the current exemplar. and the new condition F” (0) = 1 is used to

elucidate the flow equations.

NUMERICAL EXPLANATION:

The bvp4c collocation formula in MATLAB is used to resolve the dimensionless set of nonlinear
equations (7) and (8) with the ensuing boundary conditions [Eq. (9)], with a degree of error
tolerance of 10-6. A MATLAB package called Bvp4c gives the answer using the finite
difference method and the three-stage Lobatto I11 a formula.

Table 2 compares the current results with Lin and Lin without ¢,K_,F ,and Ec for the second

al'’ r?

solution. As can be observed, the current results are fairly consistent with the comparison results.

TABLE 2: Comparison result of Nu* in the absences of ¢,K_,F ,and Ec with the results

ar'r

of Lin and Lin for second solution.

Wedge Stagnation Point
Pr Linand Present Linand Present
Lin [39] Results Lin [39] Results
0.01 0.61437 0.61025 0.76098 0.76002
0.1 0.55922 0.55871 0.70524 0.70762
1 0.49396 0.49453 0.64032 0.64193
10 0.47703 0.47003 0.63192 0.63234

RESULTS AND DISCUSSION:

This section illustrates and analyses the effects of different physical factors on  skin
friction (C*¢ ), Nusselt number (Nu*), velocity (f'), temperature (), and in stretching or
compressing wedge and stagnation point situations with porous media. Bvp4c has been used to
calculate the dimensionless equations of the flow field with appropriate border conditions. It is
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noteworthy to analyse the transit characteristics over a wedge (5= 0.5) and stagnation point
(1= 1.0).

With the stretching or compressing wedge and stationary point surfaces, twin solutions
are attained. Therefore, the main goal is to identify the critical points in the two solutions that
correlate to the emerging parameters. To determine which of the twin solutions is steady, a
stability check is carried out. Additionally, the first and second solutions are represented by the
dashed and solid lines, respectively.

The dual nature of the graphene/H,O nanofluid flow is illustrated in Figures 2—7 for
diverse values of the expanding/contracting surface constant (.,, ) over wedge and stagnation
point situations. The first and second solutions subsist for %,, >A_, there is only one solution for
Aw = A, and there are no solutions for A,, < A, , where lower script ‘c’ represents the critical
value.

Figures 2(a) and 2(b) depict variations in skin friction (C? ) for both geometries with A,
and suction/injection parameter ( f, ). As can be seen in the figure that there are triple solutions
for A, <A, <0 where the crucial values for the wedge cases are A, ~ -1.331, -1.408, and

-1.490 and for the stagnation point cases are A, ~-1.639, -1.735, and -1.835. Additionally, C;

and f, are directly proportional for the first solution but it deteriorate for the other solution

The effects of the Casson parameter () and the extending/contracting surface parameter
(X, ) on skin friction are shown in Figures 3(a) and 3(b). It can be seen that the critical values
for the wedge and stagnation point are A, ~ -1.331, -1.338, and -1.340, and A, ~-1.639, -1.644,
and -1.648 for rising values of B= 6.0, 7.0, and 8.0. Critical point value goes up with
higher numbers of B. Furthermore, for larger values of [, the nature of the primary and

secondary solutions is reversed on C; .

Figures 4(a) and 4(b) show how the rate of heat transmission (Nu™) varies with (1,,) as

Eckert number escalate. These figures show that there are two possibilities for a given value

ofx,, when A,, <A.. For increasing values of Ec = 0.01, 0.03, and 0.05, the critical values of
Ay are A, =~ 1.331, 1.338, and 1.340 over a wedge and A, ~1.639, 1.620, and 1.565 over a

stagnation point. Moreover, one finds that Nu™ of nanofluid for the two different geometries
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improves for rising A,, . However, for both solutions, a rise in EC limits the enhancement of
Nu” at the surface.

Changes in Nu'due to M, with X, are represented in Fig. 5(a, b). It is significant to
observe that these figures contain the critical points information for the values of M,,
L. ~-1.315, -1.321, -1.330 and A, =~ -1.639, -1.644, -1.650, for both situations. The solutions
appears that the first portrays a diminishing nature, whereas the second upsurge for Nu”at the
surface for strong M, .

Figures 6(a,b) discloses the surface parameter expansion/contraction effect (i,,)on Nu
with Heat source/sink (Q). It has been observed that Nu™ improves for rising A,, or both the
cases. However, a rise in Q limits the surface-level increases of Nu’ for both the solutions.

The favorable and unfavorable values of y, the primary and secondary approaches are

depicted in Figures 7(a) and 7(b). The second approach on the two cases are shown to be stable,

whereas the another approach is shown to be unstable.

The impact of A,, on skin friction (C;) against f for the twin solutions over the two
cases, is explored in Figures 8(a,b) and 9(a,b). It should be mentioned that the contour graphs are
plotted using 50 x 50 mesh points. These figures demonstrate that for greater values of A,, on

skin friction, both the solutions behave differently.

Figures 10(a, b) and 11(a, b) show the effect of A,, on Nusselt Number (Nu*) with
Ec for both the cases and noted that a high heat transfer rate for the two surfaces for reduced
eigen values.

Sketches of 12(a,b) and 13(a,b) are shown to illustrate the effects of suction or injection
(f,)on f" and 6. The performance of f, on f'is put on view in figure 12(a,b). A raise in
velocity of the Casson nanofluid is observed with injecting of the fluid into the surface. In
reality, when injection of the fluid increases the thickness of the boundary layer increases the
fluid movement close to the outer surface however the first solution is found to have the opposite

nature. The consequences of f, on temperature is represented in Fig. 13(a,b). It is spotted that

the temperature of the nanofluid increase by increasing f, for the stable case. Furthermore, it
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should be mentioned that injecting fluid at the surface results in a reduction in the thickness of

the thermal boundary layer. The temperature of the Casson nanofluid consequently drops.

The variations in f’and 6 are shown in Figs. 14(a,b) and 15(a,b) for larger values of the

Casson parameter (f) in both situations. The elevating values of £ are demonstrated in Figure
14(a,b). The Casson nanofluid's viscosity declines and exhibits a decreasing behaviour in
temperature profile can be seen from the figure 15 (a,b) under the impact of buoyancy force. The
thickness of the temperature boundary layer also decreases as the value of the Casson fluid
parameter rises. The thermal barrier layer, however, thins as elasticity stress variable increases. It
is evident that the lower thermal diffusivity values associated with the slimmer thermal boundary
layer correspond to a greater temperature gradient in the vicinity of the two geometries.

When examining the features of velocity and temperature, the porous permeability
parameter (Ka) is crucial. Figures 16(a) and 16(b) reveal that in the case of second solution, the
velocity shoot up for ascending Ka. The permeability of the porous medium rises with an
increase in Ka, results velocity go up. It is observed that the fluid's permeability and the Darcian
force are exhibiting opposite natures. As a result, in the first solution case, the flow in the
boundary layer is interrupted. Figures 17 (a) and 17 (b) show how Ka affects temperature for the
first and second solutions, respectively. This figure shows that, for the second solution, the
nanofluid temperature plumnets with a rise in Ka, whereas it climbs for the first solution.

Figures 18(a,b) and 19(a,b) show how the magnetic field () affects the velocity and
temperature curves. The relationship between the velocity and the rise in the magnetic field
parameter is shown to be negative in Fig. 18(a,b). Motion of a substance is affected by a
magnetic field. When an attracting field is introduced, fluid particles chain together and move in
that direction. When particles and liquids interact, a barrier is formed that restricts the movement
of the liquids.

As the viscosity rises, the fluid rate falls. Thus, a decrease in the velocity profile results
from a rise in the magnetic field. Figure 19(a,b) shows that M, and temperature distribution are
conversely related to one another. This is due to the fact that an increase in magnetic number

increases magnetic force and weakens the convective heat transfer mechanism by expanding the

magnetic field strength. Convection is less effective at higher magnetic field strengths. As a
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consequence, movement of the fluid decreases results in conduction as the foremost heat transfer
means.
The Ecker number (Ec) on temperature curve for both wedge and stagnation point flow is
illustrated in Figure 20(a,b). It can be concluded that for both cases, the temperature rises as Ec

increases. In practice, the temperature rises due to the small impact of the enthalpy difference,

2
because the Eckert number Ec =— = is defined as the fraction of kinetic energy flow

C,(T,-T,)
and the enthalpy difference within the boundary layer. This causes Kinetic energy to be
converted into internal energy by dissimilar fluid tension.

Figure 21(a,b) depicts the effect of the heat production or absorption parameter (Q) on
the temperature profile. The temperature field increases as Q increases in both situations, as
shown in Figure. In addition, as Q rises, so does the thickness of the thermal boundary layer.
More temperature usually comes out into the working fluid during the heat generation process.
As a result, as the heat generation parameter rises, so does the temperature profile. Furthermore,

the temperature field rises as a result of exothermic chemical processes.

SUMMARY AND CONCLUSIONS

The purpose of this research was to investigate the double natures and stable behavior of
graphene/H,O nanofluid flow across an expanding or contracting wedge and stagnation point
using the Casson model. At the border condition, the surface underwent suction/injection with
viscous dissipation. two solutions are observed in a particular region when the wedge and
stationary point surface are expanded/contracted. The most important closing remarks are given
below.

» The permeability causes the two solutions to behave differently with respect to velocity.

> For greater Casson parameter /8 both the solutions are contradictory on C;

> The Nu’ of the fluid at the two surfaces advances for raising A,, and decreases for Eckert

number
> As Q increases, the temperature field increases for both the cases.
» Physical intuition dictates that the second option is the more stable one.

» Uplifting values of p elevate velocity and decrement in temperature.
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NOMENCLATURE

b constant
C;  skin friction coefficient

C, specific heat capacity

Ec Eckert number
f fluid velocity
f

,  suction/injection parameter

K, dimensional porous permeability parameter
k,  fluid thermal conductivity
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K.  porous permeability parameter

a

M_ magnetic parameter

a

m Hartree pressure gradient

Nu rate of heat transfer

Pr Prandtl number

Q heat absorption/generation coefficient
Re  Reynolds number

T,  wall temperature
T,  ambient temperature

u,v  the velocity components along the x- and
y-directions

X,y Cartesian coordinates

Greek Symbols

o thermal diffusivity

B Casson fluid parameter
B, angle factor of the wedge

0 dimensionless temperature

iy dynamic viscosity
v, kinematic viscosity

p,  density of fluid
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