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Abstract

In this study, mixed convection Magnetohydrodynamics stagnation poinl flow of Carrean fimd is considered. Flow
15 two-dimensional and passes through m porous mediom. The effects of different physical parameter like, non-lmear
radiation, chemical reaction and heat penerations i1s studied. The governing cquations are irans{er m to a sysiem of ODE’s
using the similarty transformation. The suitable HAM 15 apphicd for solution of dimensionless momentom, energy and
conceniration cquations. For better understanding of the problems, the numerncal valuces of skin friction, Nusselt number
and Sherwood number is obtamed and presented in table. From the graphical resulis, it is concluded that the motion of
fimd improves with mercasing the values of mapnetic ficlds, mixed convection parameter and pormeability of porous
medium parameler. Motion of fluid reduces with nising value of local Weissenberg number. Mass transler process tends to
slow with increasing valucs of chemical reaction. It is also concluded that the heat transfer process mercascs with

increasing the valucs of thermal ratio parameter, thermal radiation and heat gencration parametcr.
Keywords:- MHD; HAM:; Mixed Convection; Carrean fluid; Stagnation point flow

1. Imtroduction

Recently flows of non-Newtonian flud  flow
problems with magnetic ficlds have important rolc m a
varous industnial and engineenng practices. Carreau flund
one ol the gencralized Newtonian fluids where viscosity is
depended on shear rale. Effect of Camreau flid flow
arpund around a stretchable cylinder was studied by Jiann
cl al. (2024). Vaidya cL al. (2024} discussed the Carrean
Yasuda (CY) flud model. Rehman et al. (2024) provide
analysis based on newral network of heal transfer in MHD
thermally slip. Numerical solution of characteristics of
Carrcan flmd with cross-diffusion effects was discuss by
Salahuddin (2024). Ming eL al (2023} snalyses heal
transfer cffects on Carrcin fwd. Many rescarchers arc
discussed the cffects of different physwal parameter on
Carmrean fluid flow problems (Kodenatti et al., 2023;
Almancera, 2024; Salshuddin ct al., 2022a; Khan ¢l al.,
2021; Salahuddin ct al., 2022h).

Stapnation pomnt flow mems the NBHD of
stagnation linc where stagnation line means the veloerty s
vanishes in the mviscid spproximation. This type of
cifcels 1s imporiance in many situations of cngmeenng
problems. Li ct al. (2024) develop the model of transfer of
heat over rolating disk in MHD siapnation pomi Aow.

Algahtami el al. (2023) compute heal transler near with
non-linear thermal radiation over non-aligned stagnation
poinl. Mittal ¢i al. (2024) identifies chemical reaction on
Casson fluid fow. Mittal and Kon (2024) cvaluate mmpact
of Dufour-Sorct diffusion over viscous sheet. Patel et al
(2024a; 2024b; 2022) studied different physical condilions
on nano fAwds. Alrchili (2024) discoss  dissipative
stapnation point Aow. Swamn ot al. (2024) analyses the
cffeets of heal sink m stagnation point flow which s
passcs through porous mediom whereas, Rafique el al
{2023) studicd radisbion cffects m fAmd Aow problems.
Analysis of Buoyancy [catures analysis on MHD
stagnation point flow was discuss by Zahcer et. al. {2024)
and Baig ct al. {2023). Comparison of analytic and
numerical solution for mixed convection stagnation point
flow donme by Siddigi ct al. (2023). Wagas cbL al. (2021)
wlcntifics the numencal soluiion of  bicconvection
transport of micropolar nanofluid with thermal radiation.
Mittal ct al. (2019) studicd mixed convection fermofiuid
flow with hcating. Jalili ot al. (2021) analysecs effect of
magnctic and boundary parameter of micropolar fluid with
thermal radiation. Patel et al. (20019) discuss MHD over a
stretching/shrinking  sheet  considering  radmtion.  The
mmpact of diffcrent physical parameter as well as different
physical conditions cffcets on Carrcan fluid of MHD flow
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arc discussed many rescarchers in your works (Kausar,
2022; Khader, 2019; Patcl & Singh, 2019; Patcl ot al.,
2022: Simon & Notsw, 2022; Wahid, 2022; Han, 2019).

The aim of the present study 1s to address the
cifects of non-lincar thermal radiation on stagnation point
MHD Carrean flund flow m porous medium. Additionally,
thc flow is confincd with porous mediom and heat

Nomenclature:

gencration cffects also considered. The Scmi analytic
HAM 15 applicd for siaid problems and obiamed results of
Momentum, energy and Concentration cquations. velocity,
temperature  @nd  concentration  profilcs. For  beller
understanding of the problems, the velocity, temperature
and concentration gradicnt 15 obtamed and presented
tmbular form.

By Magnetie feld

W, local Weissenberg number.

uw, v velocity component

P pressure

N Thermal Radiation

A ratio of velocities

& Temperaiure profiles

oy rale of free stream veloeity,

C Concentration profiles

g Porosity of the porous medium

a stretching rate

I' material time constant

D Mass diffusion coefficient

v Kinematic viscosity coefficient

K thermal diffusion ratio

R, local Reynolds number

Pr Prandtl number

Er Chemical reaction parameter

M Magnetic parameter

H Heat generation Parameter

So Schmidt number

[ dimensionless siream [unction

k; Chemieal reaction

ks Thermal conductivity

ke Permeability parameter

u,, stretching velocity

N buoyancy force parameter

7 similarity variable

By, temperature ratio parameter

A Mixed convection parameier

Mg VISCOSHY Ab Zero

{}; Heat absorption/generation coetficient

t shear stress

T identity tensor

1 power law exponent

2. Formulation:

Here it is considered rwo-dimensional flow which is represented in Fig. | where, fluid temperature Ta and concentration

(e - We assume that velovity w, (%) = ax, temperature T, and concentration €, . The flow is considered iny > 0. The

external magnetic field applied in y-direction,

Toni Con

|
1.
o
T Oy
Yy
i

Figure 1: Physical Sketch
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The Carreau fuid model s given by the following expression

T = —pl + ol + (P21 7 . Ay (1)
When. n =10 I' = 0 then it 15 considered as a Newtonian case,

Under all assumptions, the cquations are as,

e ﬂ_1. =0 )

e day
ey =)
i d i M il 2
uft o=y Be gyl [1+ﬂt *[1},}] +vln—1)4,"" ﬂjﬁg =) “1+.11 (—‘:)] — 0B (U, —u) -

‘,‘f (e = ) + pgBr(T — o) + P (C — Cun) (3)
Ty y—%i—f—ﬁp%+%w—rﬂ} 4)

o (R (3)

U=y =a% ¥=0,T=T, C=C, atyv=10 (&)

U=, =0T =Ty L4 a5 y—=om M

Using Rosscland approximation {1931), radiation heat Bux ftyr = flsraric + Karownian = {1_'“;},.; "E";‘;“Frr #f g, can he

wrilten as

R @

Differentiate (8) w.rt y, we get

i e s d ©

Input equation (9} in (5),

B g8 o M BT 1 180T g 80T g &
S [T ST Har e"’]+ (1~ 7o) (10)

The dimensionless variables are introduce,

o o
P =+ve R ?y'”zﬁj?"—"?;

Therefore, the governing equations dimensionless form are:

e 2 peel Z gk ()E} z 1

Frlrenw 2oL+ wl e 2l = + A8+ NC) + (M=+ ;){1 - ) +4% = {11)
8" + Nr[(1 + (8, — 1)8)%6" + 3(8, — 1)82(1 + (8, — 1)8)] + L06/f + Prig = 0 (12)
C"+Scf C"=8ScKrC =10 (13)
subject to

F=0,f'=1,=18=1atn=20 (14)
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fr=’1fﬂ'=ﬂ‘llﬂ=l]ﬂt1?—hm

where
2T 3 :

O B 4 G _GFr _ @Pfr(Tw=Tw) 3 .
W= A= A= N =gt =T 0
16" T 1 r 1 w
Lk DR P SO l{r_ 2 =t
3k* ks Pr poy ok feq L=

3. HAM Solution:

To solve cquations (11-13) simultancously with conditions (14-15), the HAM suppesied by Liao (2003) is cmployed.

Initinl guess is given hy:

folm) =nA+ (1 —ANL— e 0aln) =™ Golln) =77

with suxiliary linear operators;

_ By _ar _ B _ A
Lf_ﬂnﬂ 7 ! Lg—az HLE_;I? C
satisfying

Lftcl + Cie" +Ce™") =0, Lg(Coe + Coe™) =0, Lo(Cae"+Ce™) =0,

where £;, €3, ..., Ly are constants.

The zero™ order deformation problems are constructed as follows:
(1 = pMe|FOn: 2 = o) = pheNe[F (o ), 80m p). COns )],
(1= p)Lg[8(n: p) — Bo()] = pholNe|F(m: p), B(mi 1), Clms p)],
(1 —p)Le[€0n: B) — Com)] = pheNe[FOn 2. 8(n; p). €0 )]

Subject o the boundary conditions:
fo;p) =0, FOipl=1
oo p) = 4;

B0;p) =1, @(co; p)=0;
C;p)=1, Cloo;p)=0

The nonlinear operator are defined as
N [FCmi .80 p), Cm; 2)]

-(2—52+1{§+Nf]+(mj+£)(1-§; + A2,

3Pr fﬂ@

Ng[ftn; 2).8(m: ). Cm; p)] = M, + Pri@

EIB'E'

+Nr [(1 + (8, - D)’ 22

N [F o 22, 80m: 23, C0ms 9] = 5 + Scf X Sckrl
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auxiliary parameters and Np, Mg and Ng are the nonlinear operators,

Also p € (0, 1) is an embedding parameter. Forp = 0 and p = 1 we have

FOm 00 = folmd, £(n; 1) = Fm), (29)
B0y 0) = 8,(n), 80y 1) = 8(n), (30)
Clm 0) = Cplm), €0 1) = Cln), (31)

In other words, when variation of p is taken from 0 to | then f(n; p), 8(5; p) and €{n; p) vary from f{m), 85 (x). and

Calnl to F(n), 8(n), and C(n). Taylor's series expansion of these functions yields the following:

Fanp) =) +Zasy  fulmp™, (32)

On; p) = o) + Zm=t O lmp™, (33)

Com p) = Cln) + ;s Crlmlp™. (34)

Where

aln) == [ ;,f‘;;*"]] (35)
Bpln) =2 [aﬂ'ﬂmw] (36)

um =3[ @)

It should be noted that the convergence in the above series strongly depends upon Ry, fig and fe. Assuming that these

nenzero auxiliary parameters are chosen so that Egs.{32)-(34) converges at p = 1. Henece one can obtain the following:

fh?} fﬂin} + zm =1 fm{ﬁ}l (18]
B(m = 0y(m) + Zm-r  Emln), (39)
C(n) = Co(m) + ez Conlop), (40)

Differentiating the zera™ order deformation (19) ~ (21) and (22) —(25) m times with respect to p and substituting p =0,

and finally dividing by 1 . we obtain the m®® order deformation (m=1):

Lelfm(n) = 2mfin-1 ()] = ReRpm(n). (41
Lgl8u(n) = ¥mBm-1(0)] = hgRgm(n). (42)
Lelm(m) — xmCm-y ()] = RigRem(n), (43)
Subject to the boundary conditions

fn(0) =0, (44)
fa(0) = fr(e0) =10, (45)
0:0(0) = 05 (20) =0, (46)
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Cn(0) = Cplem) =0, (4N
with
n-g
Rf,m[n} Jrr [1 +7 w Em"l JT?E][]- 4 w Em*!. ﬁZ][ ] } +E}Fl.=—nl Jf}fm—l-*j
“ERE R Ay A NG ) + (M 42) (1= fir) 4 A2 (48)

i IPr = i i
Rﬂ.ml:n'} =fp-1+ TE?;{II fjﬂm—l—_r + Pri6y,

+N7[(1 4 (8 — 185, ) EJ5g" 8" +308, — DET 8701 + (A — Doy )] (49)
Remm) = Cpy +Se X7 filpmoay —ScKr Gy (30)
Wilhl’m ={ﬂfm£11,m21 i fsn

Solving the corresponding m®-order deformation equations,

finlm) = () + €y + Cae™ + Cie™ (52)
B.(n) =85 (n) + Coe" + Cea™" (53)
Cnln) = Coln) + Ce™ + Cre™ {54)

Here f , 65, and €3, are given by are particular solutions of the corresponding m™-order equations and the constanis

G i=12 ..7) are to be determined by the boundary conditions,

4. Skin friction, Nusselt Number and Sherwood Number:

L n-y
RotCre = [14+ WP @7 o), (55)
R. 2Nu = —(1 + R6,)6'(0) and (56)
R, M*Sh=—C'(0) (57)

5. Cuonvergence:
The HAM solutions depending the values of kg, hg and k. For this purpose, h-curves are plotted which is represented in

Fig. 2- 4 respectively, These Geures elearly advise suitable ranges for the auxiliary limits,
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Figure 2: h-curve for f"(0)
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Figure 3: h-curve for 8'(0)
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Figure 4: h=curve for £'(0)
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6. Discussion of Results:

For this sludy, il is oblained velocity, lemperature and concentration profiles for the case Non -Newtonian Carreau fluid
{n = 3) which is represented in Fig. 5 to 14, Fig. § shows the effeets of different values of A on velocity profiles. From
the ligures, il is seen that the velocity behaviour is different for 4 = 1 and 4 < 1 and there i no boundary laver for the
values of A = 1. It is also concluded that the velocity profiles increases when mtio of velocity parameter is increase. Fig.
6 show the effect of M on velocity profiles. 1t is observed that the velocity improves with M. The physical resson behind
this is because fluids with larger magneiic properfics have stronger Lorentz forees, which make it harder for the fluid to
move or, pul another way, the Qow slows down because the drag foree s greater. The momentum and therma| layer
thickness are also decreases for higher value of M. The effects of k on velocity profiles which is represented in Fig, 7.
Physically, the fluid motion improves with increasing the values of k. So, this resull is agreed with real situation, So, it is
depicted that motion of the flow improve with &. Fig. ¥ considered as the effects of We on velocity profiles. From the fig.,
it is seen that the motion of the fluid is slow down. Physically when increase the values of We, fluid become thick, due o
this the flow motion delayed. Fig, 9 and Fig. 10 show the effeets of 4 and W on velovity profiles. Form both figures it is
depicted that the motion of the luid improves with both parameter values improve, Fig, 11 1013 show the effects of Nr,
8y and H on temperature profiles, Form all figures, it is concluded that the heat transler process is increase with increases
Nr, 8, and H, Physically, when we raise the values of Nror H, fluid become thin due to this reason the porosity will
increase and hence heal transfer process improve, Fig, 14 show the effects of Kr on concentealion parameter, From the

figure it is concluded that the K tends reduced mass transfer process.

— Aa

Figure 5: f'(n) for 4
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Figure 6: f'(7) for M

- k=011
—_— ka2

— 13

Figure 7: () for k

Figure 8: () for W,
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Figure 9; f'(7) for 4

Figure 10: () for N

Figure 11: 8(n) for Nr
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Figure 12: 0(n) for 6,

Figure 13: 60y for

Figure 14: C(n) for Kr
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Table 1: Skin friction variationat A = 0.5, n=35c =022, Kr=211 =1,
B, = 1.2 and Pr = 0.5,

~1
M k N A Wg Rgiluﬂf: — ]:1 4 Wsz.‘rrl(ﬂ)z](ﬂT}f:r{ﬂ]

0.5 0.5 0.5 0.1 1.2 —0.3410154419552631
0.6 —0.33962490919 28987
0.7 —0.339602089134368
0.6 —0.3516693841805077
0.7 —0.364257354004312
0.6 —0.337330897337092467
0.7 —0.33367304381176893
02 ~0.2682959929199615
03 —0.19985309707142015
1.3 -0.3583129522300399
1.4 —0.39575808018451986

Table 2; Nusselt numberat 4 =05 n=38c =022 Kr=2M =05k = 0.5

N=051=0.1,and W, = 1.2

H Nr B Pr R, Y Nu = —(1+ R8,*)8"(D)

1 0.1 12 0.5 —0.3822349948202121
1.1 =0.5313278140033504
1.2 —0.6982515781078514
0.2 —0.34035128456534236

0.3 —0.3397559491341102
1.3 —0.38202051998804726

14 —0.3817556335182837

0.6 =0.5226596029294244

0.7 —0.66556838B7931871

Table 3: Sherwood number variation at 4 = 0.5, n=3, M =05,k = 05N = 0.5,

A=01,H=1Nr=01Fr=0508,=12and W, = 1.2.

Sc Kr R,~25h = —C'(0)
0.2 2 0.72089585612932
03 0.84229051956253
0.4 0.97303001557467
21 0.73592662849936
2.2 0.75066331411672
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Table 4: Comparison of the present results for Skin friction variation at

A=0,n=1LM=0Nr=0,Pr=08,=0and W, = 0.

i Mahapatra & Nandy (2012) Present Study
0.0 1.23258% 1232588
1 1. 146560 I 146500
02 1.051131 1.031130
0.5 (.713296 0.713294

1 1 1
The deviation of the R 2, R 2Nu and R 25h is shown in Table 1 to 3. Table [ show the effects of different values of M,

k. A, N and We on varation of Rcifﬁ.. From Table 1, it is depicted that the intensity of the velovity gradient improves
with k and We whereas, reduced with M, 4 and N, Table 2 mdicate the values of temperature gradient for different values
of Nv, H and 8,,. From this table, it is seen that H and Pr tends to improve the magnitude of temperature gradient whereas,
Ny and 8, have opposite elfect on it Table 3 shows Kr and Sc effects on concentration gradient. From this table. it is
concloded that the rate of mass transfer increase with Kr oand Se. To check the validation of present studies, Numerical
values of local skin friction 15 compared with previous published works in a special case which is presented in Table 4.

Form this table, it 18 concluded that the present results are strongly agree with published works Mahapatra & Nandy (2012)

7. Conelusion:
The main conelusion points are as follows

®  The various values of velocity ratio parameter effects on velocity profiles have different behaviour,

& Magnetic field and permeahility of porous medium parameter tends o improve the fluid motion whereas, local
Weissenberg number have reverse effect on it

& The motion of fluid has increase when the values of mixed convection parameter as well as buoyaney foree
parameter increased,

e Heat transfer process increase with thermal radiation, thermal ratio parameter and heat generation parameter,

®  The growing values of chemical reaction parameter tends to restrict the mass transfier process,

®  The magnitude of the skin friction improves with porosity and local Weissenberg number whereas, reduced with
magnetic field. buoyancy force and mixed convection parameter.

®  Heat generation parameter tends to improve the magnitude of Nusselt Mumber whereas, thermal radiation
parameter and temperature ratio parameter have reverse effect on it

®  The rale of mass Iransfer increase with chemical reaction purameter.
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