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ABSTRACT

This inquiry examines the steady-state chemical reaction, thermal radiation, and MHD Casson nanofluid
(Blood /silver (Ag)) buoyancy-driven mixed convection slips flow over a porous inclined plate. Using the
similarity technique, PDEs are transformed into nonlinear ODEs. Using Maple software, the Runge-Kutta
fourth-order method is used to numerically solve these equations. The impacts of different effects of the
magnetic field, porosity, buoyancy force parameter, velocity, temperature, concentration slips, thermal
radiation, chemical reaction parameter, thermophoresis, and Schmidt number on temperature, velocity, and
concentration profiles have been examined. Nusselt number, Skin friction Sherwood no are also included. The
calculated results are shown graphically and in a table. The velocity profile decreases for suction and injection
over inclined plates while the Casson fluid and magnetic field parameters increase. As the values of the
magnetic field, thermal radiation, and volume friction increase, the temperature increases in cases of suction
and injection. As the chemical reaction parameters rise, inclined plate concentration profiles increase for
suction and injection. As the Sherwood number and Nusselt number across an inclined plate increase, the
impression of Eckert number, thermal radiation, and magnetic field values seems to be growing. It has many
applications, such as including die-extruded polymer sheets, continuous casting, and biomedical.

KEYWORDS Joule heating, MHD, linear thermal radiation, chemical reaction, thermophoresis.

from glass blowing, etc. Khan et al. [1] explored
MHD hybrid nanofluids over a vertical plate. The

1. Introduction

The main goal of boundary layer analysis is to
precisely anticipate the intricate flow properties of
the boundary layer. This is a topic that many
scientists who study boundary layers and heat
transmission have thought about looking into.
While some studies on the subject suggested using
a vertical plate, others suggested using a flat plate
that was either horizontal or inclined. studying
boundary layers, heat, mass transmission,
extruding plastic sheets, including die-extruded
polymer sheets, continuous casting, spinning fibers

effect of heat radiation and porous media on a
vertical plateis shown by Badruddin et al. [2].
Khan et al. [3] explored MHD nanofluids over a
curved Sheet with partial slip. The impact of dusty
slip flows through an SCNT-MCNT over an
endlessly inclined plate was studied by [4]. several
researchers addressed the inclined and flat
plates[5]-[7].

A nanofluid is a diluted suspension of sub-
nanometer-sized solid particles in a base fluid like
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water, oil, or ethylene glycol (Cu, Al, Ag, etc.) It is
possible to create new Kinds of stable suspensions
by using the enhanced thermal conductivity and
stability = provided by nanofluids. Many
researchers' efforts have resulted in the
development of convective transport models for
nanofluids. Numerous researchers have examined
a non-homogeneous model using nanofluids for
studying convective transport processes and
seven-slip  mechanisms.  Nanofluids  have
properties that make them potentially useful in a
broad variety of heat transfer applications,
including fuel cells, microelectronics,
pharmaceutical procedures, car cooling, hybrid-
powered engines, heat exchangers, and so on. Many
researchers have been interested in nanofluid in
recent years because it has higher thermal
conductivity than base fluids, which are vital for
heat transfer. Nanofluids, a stable suspension of a
base liquid and nanoparticles, were initially
described by Choi [8]. Najma Ahmed et al. [9]
explored the transient MHD convective flow of
fractional nanofluid across vertical plates.

The issues with magnetohydrodynamic (MHD)
natural convective flow have received considerable
attention from researchers in various branches of
technology and science, including nuclear
engineering. pumps, accelerators, generators,
plasma jet engines, industrial processes in material
processing, and industrial processes in metallurgy.
Raghunath [10] has investigated how an MHD
hybrid nanofluid flow transports heat over a
stretched sheet. Sudarsana Reddy et al [11]
investigate the influence of magnetic fields, and
heat generation on the flow of a nanofluid across an
inclined plate with a porous medium. Goyal et
al.[12] examined the MHD flow of a nanofluid over
an inclined plate. Mustafa [13] discussed the
Buongiorno model, MHD nanofluid flow along a
converging or diverging channel. several
researchers addressed the MHD.[14]-[19].

Thermal radiation explains the
characteristics of the electromagnetic energy
produced by a material as a function of its heat, and
temperature affects these characteristics. The
release of heat is made possible through thermal
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radiation, which raises thermal diffusivity.
Thermal radiation is often used in industrial and
high-temperature applications, solar panels,
and nuclear power plants, as well as in the
production of food, energy, missiles, gas turbines,
aerospace engineering, and pharmaceuticals. The
influence of radiation and MHD on blood as a base
fluid and gold as nanofluids over a curved surface
were discussed by Khan et al.[20]. Shafiq etal. [21]
examined the influence of thermal radiation and
MHD micropolar fluid flow on the inclined sheet.
Gulle et al. [22] discussed the effects of thermal
radiation and MHD Jeffrey fluid flow on the inclined
porous plate. Maghsoudi et al. [23] investigated the
effect of non-Newtonian fluid on thermal radiation
flow through an infinity of vertical flat plates.[24]-
[28]

A porous substance or material is porous if it
is present. Since they are formed of natural
materials, biological tissues, rocks, the earth, sand,
and wooden buildings all have porous media. The
porosity of this material is frequently used for
modifications. For example, porous media have
many uses in thermal insulation, including
geothermal systems, such as tissue replacement
and biomedical applications, which has aroused
the interest of researchers and academics to carry
out more research. Barik et al. [29] studied the
MHD flows of a Hybrid nanofluid over a porous
Plate. Hydromagnetic free convection flows via an
infinite plate in a porous media are studied by Bang
Sarma et al. [30]. Many researchers are discussed
by Puros Medium.[28], [31], [32].

This study of MHD Casson nanofluid buoyancy-
driven mixed convection slips flows over a porous
inclined plate. We employed Blood as the basis
fluid and Silver (Ag) in this model and coupled
nonlinear PDEs into ODEs by using self-similarity
are used to solve the Numerical Method (RK 4th
order Method) in Maple software. The impacts of
so many effects of the porosity, magnetic field,
buoyancy parameter, slip conditions parameters,
thermal radiation, Schmidt number, and
thermophoresis parameters on temperature,
velocity, and concentration profiles have been
examined. Nusselt number, Skin friction, and
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Sherwood number are also included. The
computed results are shown explicitly and in a
table. It has many applications, such as including
die-extruded polymer sheets, glass-blowing-spun
fibers, continuous casting, and biomedical uses in
antimicrobial agents, diagnostic, and drug delivery.

2. Formulation in mathematics

Consider an incompressible, steady, 2D
modal, and Magnetohydrodynamic MHD Casson
nanofluid flow which includes the significance over
aninclined permeable plate. We employed Blood as
the basis fluid and Silver (4g) nanoparticle. A
magnetic field of uniform intensity Bo is provided
in the y-direction, which is usual to the flow
direction, with the x-axis measured along the plate.

External flow has a constant velocity U_ and

occurs in a direction parallel to the slanted plate.
The plate is maintained at a constant temperature

T, whereas the ambient temperature T where

T,>T,

The plate and ambient species

concentrations as C, and C_ are considered.

T=Ty+ufy

Equivalently

P
[,uB +\/ij2eij when 7z > =z,

Ty =
[,uB 4Py jZeij when 7z < 7,

2,

c
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Fig 1. vertical and inclined plates Nanofluid flows

diagram.

Figure 1 shows the flow diagram of the modal. The
effects of MHD, radiation, Joule heating, porous
media, and slips condition are all being examined.
Thermophoresis is considered to get a precise look
at the mass deposit on the plate's surface. The
following governing equations describe continuity,
momentum, or energy as flows:[33]-[35]. Casson
fluid rheological model equation satisfies Das et al.
[15] and Krishnart al. [36].

(1)

Here 7, ™, M , T, , and are shear stress, shear rate, dynamic viscosity, and Casson yield stress, and T = ejjejj

and eij is the (i,j)t a factor affecting the rate of deformation,  is the non-Newtonian fluid-based product, m. is
this product's essential value, the fluid's non-Newtonian non-plastic dynamic viscosity is ps and py yield stress
of the fluid. Casson fluid basic rheological equations are as follows:

541



Journal of Harbin Engineering University Vol 44 No. 8

ISSN: 1006-7043 August 2023
— 1 1 2 2
Tij = Hg +E Eij (2)
N2 - : . : .
Wheres f = yy ——, When [ — o0 the fluid is non-Newtonian behavior disappears and it functions

y
much like a Newtonian fluid.

ou ov
—+—=0 (3)
oxX oy
ou  ou 1)\é% 2
) o) el 1o 1]
* * u
+C0505|:g(,0:31 )nf (C_Coo)+g(pﬂ2 )nf (C_Cm)z}_o_m Bozu_/-‘nf K
1
2 2
ug+v§: K (QJ_ 1 6qr+ Ho (a_uj_i_ Oyt B, U (5)
ox ay (pcp)nf ay (pcp)nf 8y (pcp)nf 8y (pcp)nf
2
u@w@:D(@f}—aVTC—Kr(C—cw)” (6)
ox oy oy oy

Boundary conditions

v==V,(x), u=U0+L28—u, T=TW+L1Q, C=CW+L3§=O as y -0
oy oy oy (7)
u=0, T=T,, C=C, as y —oo.

Thermophysical nanofluid models are as follows:

u o=—t _ ke M
A (1—¢1)2.5’ " (pcp)nf o Pri
P =(1=0) p; + 8)

(PC,)w =(1—9)(pc,); +d(pC,),
(LB =(1=0)(pB) ¢ +P(pPB),

3["5—1j¢
O ., o k, +2k, —2¢(k, —ks)}kf

— and k=
O-f {O-S+2]_(O-'5_1J¢ ! ) |: ks +2kf +¢(kf _ks)

O O
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Considerations include the following similarity transmutations:

/Uo T-T c-C
= -~ 0 = © ) == 2 XU f ) =
n=y X (n) T T w =2vxU, (1), (77) c.c.
Steam functions are as flows

oy oy
=—.andV=——"— 10
u o (10)

ande—,/VZUXO(f—nf') (11)

Substituting Equations (9) and (11) into Equations (4) - (7) gives

A1[1+%j f "+ Aff + Ay COSa(0+5192 - N(¢+51¢2))— AK f'-AM f'=0
(A, +Rd)0 +APr{g + APr Ec(1+%j f 24+ APrECM (f') =0
¢ +Scf ¢ —Scef ¢ —Scrgd —Scy, 4" =0 (14)

Boundary condition

f'(0)=1+D,f (0), f(0)=S, 6(0)=1+D, 6 (0), ¢(0)=1+D2¢'(0)}
f(0)=0, 6(x)=0, ¢(w)=0.

In the preceding equations, we consider

_/unf _pnf _(pcp)nf =O-nf =k_
/Llf,Az P ’As_(pCp)f A O 4 K (pﬂ)f

A
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9)

u=U,f (n)

(12)

(13)

(15)

Here the radiation heat flux ¢, , With higher orders disregarded, T * represents the temperature as a linear

Taylor series T function. T* = 4T °T —3T *

Analytical definitions of these parameters include the following:
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—Ac" OT* B,%2x T 3 C T,-T
L VL= N SR P p,5129,6’2( w=T.)
3k™ oy U,p; 3k, Kk k B,
“(c,—-C 2
52=9ﬁz ( w °°),Rex=U°2X,K=2XV,Ec= U, ’yZer’ (16)
yaA 14 Uk, c,(T,—T,) Re,
T, —T.)(2x)’ o
er:gﬁl( = 200)( ) ’S:_Vw 2X 180:1’71:2XKr(CW_Coo) '
v v, D U,

It can be done to determine the thermophoretic velocity V; via surface mass fluxing.

v
"oy T,

One expression for the thermophoretic coefficient k is

G
2C, [/19 +CK, J[(H K, )(C1 +Ce 7, H
lp
k

= (18)

{(u 3CmKn)(1+ 2:11% 2CtKnﬂ

p

Here C, C,,C,,C, and C are the constants.

The thermophoretic coefficient, denoted by k, may take on values between (0.2 <k <1.2) .

We may express the thermophoretic parameter as

k(| =T )
=W o/ 19
T T (19)

r
3. Engineering quantities

3.1. A measure of skin friction coefficient

r
It is written in the following manner: Cfx =—>— The following is a definition of shear stress:

Prs (Uo)2

1) ou
w = M I+— = (20)
i Iu ( +ﬂ)(ayjy0

Finally, we have

Cf Re, V= 2A1[1+%] £"(0)

(21)
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3.2. Nusselt number

The heat transfer, which is denoted as the fundamental physical quantities, is

Xq
Nu = w
ST (T-T) -

Where (, is the surface heat flow in the x-direction, which is determined.

( 160-T®3J{8T}
Oy =—| Ky +— || =—
3k E

we have

Nu, Re, 2 =—(A, +Rd)#'(0) (23)

3.3. Sherwood number

The rate of Sherwood no, which is represented as the fundamental physical quantities, is Sh= >

u,C

o0

(24)

Where Js is the surface mass fluxing perceived as

J, = _D(ﬁj than
Y )y

we have
Sh, Re, 2 =—¢/(0) (25)

4. Numerical Approach

The governing equations are transformed into an initial value issue by letting
f) =9, ') =09, F')=0s F"()=0," 0m)=09,, O'()=0s, 0"(n)=0s", ¢(1) =g,
#'(n)=9,, ¢"(n)=0,". then there are reduced to

—(A T+ Ay cos a (0+05,6° + N(p+54°)) - AK =AM f')

£
1
1+ =
“(+ﬂj
(26)
(A4 Prfo +APr Ec(1+;j f "2+ A, PrEcM ( f ')ZJ
0 =—

(A, +Rd) (27)
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¢ =—(Scf¢ —Scrd'¢ —Scrgd —Scy,4") (28)

Boundary conditions are

(29)

f(0)=S, f'0)=1+D,f'(0), 6(0)=1+D,6(0), ¢(o)=1+D2¢‘(0)}
f0)=0, O(0)=0, ¢(o0)=0.

The equations (26)-(29) can be expressed as

[ 9, ]
9;
70,7 | ~(A0:0s+ Ay cos & (9, + 8,0, + N(g +6,95)) - AK g, - AM g,
g, 1
' Al(1+J
9s p

9, |= 9s (30)

35, [A4 Prglgs+A1PrEc[1+;](g3)z+A3PrEcM(gz)zj
6
9] (A +Rd)
g,
i _(chlg7 ~Scrg,9; —Scrg,9; _SC7195H) J

Boundary condition is

9,=S, 0,=1+Dg; g, =1+D,g,, ¥, =1+Dyg,, at 77=0} 1)

Y,=0, y,=0,y,=0 at n=o0

Equation (30) above uses the MAPLE program and R-K4th order together with the shooting technique shown
in Figure 2. As a result, the leading equations are solved in equations (31), lengthwise with their boundaries.
Limiting asymptotic conditions in Equation (31) 77 — oowas revived by an imperfect set of efforts 77 , says

77 a state when there is no discernible change in temperature, velocity, concentration profile, and all effects

parameters. This performance is generally regarded as satisfactory in the domain of boundary layer
investigation. When attempting to solve an issue, step scope with Az =0.01. It's better to be realistic

about the inward converging condition 10~® under all circumstances.
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If boundary residual is
less than tolerance

Vol 44 No. 8
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Figure 2. RK-4 Method flow chart

6. Confirmation of Results

This study of the heat transfer and mass
transfer thermal radiation and mixed convection
slip flow over a porous inclined plate with
thermophoresis.  The governing nonlinear duo
Partial Differential Equations are translated into
ordinary differential equations via similarity
transmutations and then solved through the Maple
software solver by using the Numerical Method
(RK-4th Order). Dimensionless parameters values

are constant in the following Rd = 0.1, ¥ =1,

$=002  N=057=1 x - os
D,=03D,=03D,=03, m = 10
5,=2,6,=0.4, Pr=21,Ec=0.1,5=05, ; =1
, S¢=0.5, p = is non-Newtonian fluid,

L =25 is a Newtonian fluid, & =90 is the

vertical plate and & = 30° is the inclined plate is
considered. Table 1 displays the thermo-physical
characteristics of nanoparticles. The influence of
active variables, including the magnetic parameter
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(M), (S>0) suction, (S <0 ) injection, porosity
(K), a angle of inclination, buoyancy force ( ¥ ),
thermal radiation (Rd), (Pr) Prandtl number, (N) is
the buoyancy ratio parameter, Sc is Schmidt
number, ( T ) thermophoresis parameter, (Ec)
Eckert number on discussed velocity profiles

f (1) , Temperature profiles #(77), concentration
profiles ¢(77) , skin-friction, Nusselt number, and

Sherwood number for comparison of suction and
injection. These parameters are represented
through graphs.

6.1 Velocity profile

Figures 3-9 show the effects of the magnetic field
(M), porosity (K), buoyancy force ( ¥ ), @ angles

vertical plate, ¢1 volume friction, ( f# ) Casson

fluid, (N) is the buoyancy ratio parameters, on
velocity f (i) for inclined vertical plates. Fig. 3
demonstrates the influence of the magnetic field on
the velocity f () for comparison of suction and
injection over an inclined vertical plate. As the
magnetic field strength rises, the f'(;7) decreases
across inclined vertical plates. The magnetic force
and Lorentz force they generate are together
referred to as a resistive force because they
decrease velocity in the physical universe. Fig. 4

protests the consequence of the Casson fluid £ on

o
™
AN
\\ —— Suction
o8 \\\\ ———— Injection
o W\ M=1.0,2030

Fig. 3 The consequence of M on the
f (1)
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the velocity f (57) for comparison of suction and
injection over an inclined vertical plate. As the
Casson fluid ( /) rises, the f'(7) decreases across
inclined vertical plates. Figure 5 demonstrates the
result of buoyancy force () on the velocity f (;7)
over an inclined plate. As the buoyancy increases,
the velocity profile rises across inclined plates for
suction and injection. Fig. 6 shows the consequence
of porosity (K) on the velocity f'() for
comparison of suction and injection over an
inclined vertical plate. As the porosity (K)
increases, the velocity decreases across inclined
plates. As the porosity variable (K) rises, so does
the friction force between nanoparticles. Figure 7
illustrates the consequence of angle ( @ ) on the

velocity f'(n7) for comparison of suction and

injection over an inclined vertical plate. As the &
increases, the velocity profile decreases through
inclined plates. Figure 8 proves the consequence of
the buoyancy ratio parameter (N) on the velocity
f'(17) overaninclined plate. As the N increases, the

velocity profile f'(;7) increase for comparison of

suction and injection over inclined vertical plates.
Figure 9 demonstrates the result of ¢1 volume
friction on the velocity f'(;) over an inclined

plate. As the ¢1 increases, the velocity profile rises

across inclined plates.

1.2 / = \
| — Suction
. ———— Injection
os X
. ™
L '\ B=0.5,1.0,1.5

Fig. 4 The consequence of g on the

f ()
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7 S
1.2 5/— \ \
o NN Suction
1 R ———- Injection

0 1 2 3 4 s

Fig. 5 The consequenck of 7 onthe f ()

L~
=\ \ &
, W\ A\ Suction
\\\\\\ ———- Injection
AUX \\\§
e W\ «=0°,30",45"
AN

Suction
———- Injection

¢, =0.02, 0.04, 0.06

0.2

Fig. 9. The consequence of ¢, on the 9(n) .
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AN
1 \\\ .
ANXN Suction
08 \\\\ ———- Injection
N
T ANXY K= 0.1, 0.3, 0.5

02

AN
/ -

N \\\ Suction

1 \\\Q ———~ Injection

= AN
= N\
— N N= 1.0, 2.0, 3.0
e N\

Suction

———— Injection

¢| =0.02, 0.04, 0.06

0.2

Fig. 10 The consequence of 4, on the (7).
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Wl 7 \\\ 0,9'§§§
12 i e N Suction :j X ——— Suction
_ . \———- Injection i ———— Injection
T, W%
=os \\\ \\\\ M= 1.0, 2.0, 3.0 E”’ \\\ Rd =0.5,1.0, 1.5
= \ S s
0.6 \ \
NN
04 RN o e
™~ \Q% -
' i §\ . R, 8
o “ 0.5 1 L5 2 ¢ 1‘1 - ?
Fig. 11 The consequence of M on the (7).
Fig. 12The consequence of Rd on the 6(r)
R )
0.9 %\ \
08 \ N . \\\ .
: \\\ Suction \\\ Suction
0 A\ s o \ o PFyis
\\\ Injection \\\\ Injection
0.6 \\\
= \
E \\\ Ec=0.1,0.2,0.3

Fig. 15 The consequence of Sc on the ¢(z)

Suction
———~ Injection

3

Suction
———~ Injection

Fig. 16 The consequence ot z on the ¢(n)
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Suction
———-— Injection

Fig. 17 The consequence of y, on the
$(n) -
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Suction

————- Injectiorn
Rd = 1.0, 2.0, 3.0

Fig. 18 The consequence of Rd and M on the
Cf Re ¥?

e Suction
L2 ———-Injection
IR Ec = 0.1, 0.3, 0.5
1.4 — —-:_::-—'-:E
//:_,/" 7/”‘—‘—‘
1.5 _~ /// ST
-
1.6 /

12 Suction
7& = ~———-Injection
s —

——c

Fig. 19 The consequence of Rd and Ec on
the Cf, Rexj/2

Suction

———-Injection

N~

Nu Re
X X

Fig. 21 The consequence of Rd and Ec on
the Nu, Rex’%.

Fig. 20 The consequence of Rd and M on
the Cf, Rexj/2

0.765 | s s s w— — — — —

Suction

———-Injection

NN

Sh Re 0.755
x X

Ec=0.1, 0.3, 0.5

0.750

0.745

Fig. 22 The consequence of Rd and Ec on
the Sh, Rex%
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———- Injection

sh Re_ ? Rd = 1.0, 2.0, 3.0

Fig. 23 The consequence of Rd and M on the
sh_Re,?

Fig. 25 The consequence of Rd and M on the
Sh, Rex% for 3D

6.2 Temperature profiles

In Figures 10-14, the inclined plates on the
Temperature profile &(r7) are shown for several

influence parameters such as M, Rd, Ec, ¢1, and ,3 .

Figures 10 show the consequences of the (¢1)

temperature &(77) for comparison of suction and

injection over inclined vertical plates. As the ¢1

rises, the temperature profile increases for suction
and injection cases. Figures 11 demonstrate the
consequences of the M on the temperature 6(7)

Vol 44 No. 8
August 2023

Fig. 24 The consequence of Rd and M on the
Nu, Re, 2 for 3D

Fig. 26 The consequence of Rd and M on the
Sh, Rex% for 3D

for comparison of suction and injection over an
inclined vertical plate. As the magnetic field
strength grows, it also increases the temperature
across the inclined plates. Physically, Due to the
Lorentz force. Figure 12 shows the impression of
Rd on temperature €(7) over an inclined plate.

The temperature profile rises as the Rd rises for the
comparison of suction and injection over an
inclined vertical plate. Physically, the fact that the
thermal radiation flux rises as the flow progresses
the 6(n7) so enhances the flow development.

Figure 13 shows the inspiration of the Casson fluid
parameters ( f) on the temperature profile 6(7)
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for comparison of suction and injection. As the
Casson fluid (g Jrises, the 6(77) decreases through

inclined plates. Figure 14 shows the inspiration of
the Eckert number on the temperature profile
O(n) for comparison of suction and injection over

inclined vertical plates. As the Ec rises, the 6(7)

increases through inclined plates.
6.2 Concentration profiles

Figures 15-17 show the consequence of
the y, chemical reactions, Sc which is the Schmidt
number, and ( 7 ) thermophoresis parameter on
concentration profiles ¢(7) for comparison of

suction and injection cases of inclined vertical
plates. Figure 17 protests the effect of Sc the ¢(7)

comparison of suction and injection cases on an
inclined plate. As the Sc Schmidt number
increases, the ¢(77) profile decreases across

inclined plates. Figure 16 illustrates the outcome of
T the  thermophoresis  parameter on
concentration profiles ¢(77) over an inclined plate.
As the T thermophoresis increases, the ¢(7)

profile decreases in both cases of suction and
injection across inclined plates. Since the
thermophoresis effect reduces the thermal
boundary layer, this also means that the
concentration boundary layer thickens as the rate
of the effect rises. Figure 17 displays the

consequence of J; chemical reactions on the
concentration profiles ¢(r7) of suction and
injection across inclined plates. As the ; chemical

reactions increase, the ¢(;7) increase across

inclined plates.

The impression of Rd and M on skin

- Y :
friction Cf, Re, Casson nanofluid over an

Vol 44 No. 8
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inclined plate is seen in Figure 18. Observing the
effect of the Cf, Re[ll2 many values of radiation
Rd, and Magnetic field (M) is haggard. It has been
observed that this Cf, Re{”2 is an increase in
suction and injection. The effect of Rd and Ec on
skin friction Cf, Rex_ll2 Casson nanofluid over an
inclined plate is seen in Figure 19. Observing the
effect of the Cf, Re)fl/2 many values of radiation
Rd, and Ec is haggard. It has been observed that this
Cf, Rex_ll2 is a decrease in suction and injection.
The impression of Ec, Rd, and M on the Nusselt
number Nu, Rex’ll2 for Casson nanofluid over an
inclined plate is seen in Figures 20 and 21.
Observing the effect of the Nu, Rex_ll2 many

values of radiation Rd, Ec and Magnetic field (M) is
haggard. It has been observed that this

Nu, Rex_”2 is a growing function with Rd, Ec, and
M increasing for inclined plates. The impression of
Ec, Rd, and M on Sherwood number Sh, Rex’l/2 for

Casson nanofluid over an inclined plate is seen in
Figures 22 and 23. Observing the effect of the
Sh, Rex’]/2 many values of radiation Rd, Ec, and
Magnetic field M is haggard. It has been observed
that this Sh Re 2 for suction and injection is a
growing function with Rd, E¢, and M increasing for
inclined plates. The impression of Rd and M on skin
friction Cf, Re,_™* Nu,_Re “?and Sh Re,*
Casson nanofluid over an inclined plate for 3D
diagrams is seen in Figures 24-26. As the Rd and M
increase, the Cf Re > , Nu Re " ,

Nu, Rex_ll2 increase across inclined plates. We

find excellent agreement when Table 2 compares
the assessment with previously published results
for the following researchers: Mills et al. [38], Tsai
[39] and Alam et al. [40], and Jha and Samaila [33].
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Table 1 Thermophysical properties of nanoparticles: Dolui et al. [37].
p (kg / ms) 1063 10,500
c, (J / kgK) 3594 235
k (W / mk) 0.492 385
o(s/m) 0.667 6.3x10’
LB =<107° (K—l) 1.8 18.7
Pr 21 -
Table.2 A comparison of Stanton numbers in some literature such consider the values
Sc=1000,M =Ec=5,=6,=0and a=90".
T S Mills et al. | Tsai[39] Alam et al. | Jhaand Present
[38] [40] Samaila [33] results
1 1 0.8619 0.9134 0.8691 0.8693 0.86830
1 0.5 0.5346 0.5598 0.5359 0.5368 0.53582
1 0.0 0.2095 0.2063 0.2076 0.2081 0.20714
1 -0.004 0.2068 0.2034 0.2070 0.2089 0.20853
1 -0.005 0.2062 0.2027 0.2065 0.2073 0.20716
1 -0.25 0.0344 0.0295 0.0349 0.0359 0.03529

7. Conclusions

This study employs heat transfer and mass
transfer analysis of MHD Casson nanofluid
buoyancy-driven mixed convection slips flow over
a porous inclined plate with chemical reactions and
The
governing nonlinear coupled partial differential
equations are converted into ordinary differential
equations via similarity transformations. The NM is
used in the MAPLE software to compute the
graphical results of the flow parameters. The
effects of temperature, velocity, concentration,
heat transfer, skin friction -coefficients, and
Sherwood number on physical parameters like a
magnetic field, porosity, buoyancy force and

also compares to suction and injection.

buoyancy ratio parameter, thermal radiation,
chemical reactions, Schmidt number, and
thermophoresis are discussed through graphs. It
has many applications, such as aerodynamic
extrusion of plastic sheets, including die-extruded
polymer sheets,

casting,

glass-blowing-spun fibers,
and biomedical uses in
antimicrobial agents, diagnostic, and drug delivery.
The research's most important results are

discussed here,

continuous

B3

% The velocity profile decreases for suction
and injection over inclined plates while
the Casson fluid and magnetic field
parameters increase.
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As the values of the thermal radiation,
magnetic field, and volume friction
increase, the temperature increases in
cases of suction and injection.

As the chemical reaction parameters rise,
inclined plate concentration profiles
increase for suction and injection.

As the Schmidt
thermophoresis parameters rise, inclined

number and

Vol 44 No. 8
August 2023

plate concentration profiles decrease for
of suction and injection.

As skin friction across an inclined plate is
reduced, the impression of Ec, Rd, and M
values rises.

The impression of Ec, Rd, and M values
grows as the
Sherwood number over an inclined plate
for suction and injection rise.

Nusselt number and

NOMENCLATURE
A Constant Greek
symbols
Bo Magnetic field induction T The temperature at the surface
D, Velocity slip parameter Tw Surface Temperature
D, Temperature slip parameter Tw Ambient Fluid temperature
D, Mass slip parameter v, Transpiration velocity
Cf Re Y2 | Coefficient of skin friction Xy Axis in the direction along and
X X
normal to the plate
Cp Specific heat r Fluid density
C,C,C, Constants Y23 Casson fluid parameter
Ec Eckert number s Fluid dynamic viscosity
Gr, Local Grashof number a, Temperature ratio parameter
g Acceleration due to gravity o, concentration ratio parameter
k Thermal conductivity ﬁl , ﬂz Thermal expansion coefficient
for temperature
K P : " " . —
orosity parameter ,31 ’ ﬂz Thermal expar.151on coefficient
for concentration
N Buoyancy ratio parameter | 4 Kinetic viscosity
M Magnetic parameter (o} Electrical conductivity
Nu Re Y2 | Nusselt number 124 The dimensionless Temperature
X X
of a fluid
Pr Prandtl number 774 Steam function
qr Radiative heat flux T Wall shear stress
w
0 Surface heat flux n Similarity variable
Re, Local Reynolds number o Stefan-Boltzmann constant
Rd Thermal Radiation parameter 4 Local buoyancy parameter
S Suction / Injection parameter Heat generation parameter
Sc Schmidt number K Mean absorption coefficient
Y53 Casson fluid parameter 7 Chemical reaction parameters.
1
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