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Abstract

This research communication deliberates the Darcy-Forchheimer flow of chemically reacting
fluids in rotating frame with magnetic field, activation energy and velocity slip condition.
The energy expression is framed by nonlinear radiation and convective heating condition.
The governing mathematical models are re-framed with the help of suitable variables and
these resulting models are numerically computed by bvp4c algorithm in MATLAB. The
physical interpretation of flow factors on velocities, temperature, concentration, skin friction
coefficient, local Nusselt number and local Sherwood number are discussed through tables and
diagrams. It is noted that the x direction velocity decays and y direction velocity improves
when developing the magnetic field parameter. The Biot number and temperature ratio
parameter develops the fluid temperature. The magnetic field and porosity parameter decays
the skin friction coefficient. The thermal Biot number and radiation parameter improves the
heat transfer rate. The mass Biot number and Schmidt number leads to strengthening the
mass transfer rate.
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over a stretched surface has attracted many
researchers due to its vast application in
manufacturing processes in the industry. It
finds importance in copper wire drawing,
polymer extrusion, metallic plate rolling,
paper production, cloth, glass fibre, plastic
films where continuous stretching is
required. The 3D unsteady flow of
elastico-viscous fluid past a SS was
investigated by Hayat et al. [1]. They
clearly proved that x— direction velocity
improves and y— direction velocity decays
when escalating the values of stretching
ratio parameter. Wang [2] examined the
3D flow through SS. The heat transmission
analysis through SS was by Surma Devi
et al. [3]. Hayat et al. [4] addressed the
viscoelastic fluid flow through 3D SS.
They proved that the SFC develops when
improving the stretching ratio parameter.
The 3D flow of viscous fluid with
suction/injection was scrutinized by
Lakshmisha et al. [5]. Bhuvaneswari et al.
[6] developed the analytical and numerical
solution of second-grade liquid flow past a
SS with convective heating condition.
They noted that the stretching ratio
parameter decays the heat transfer
gradient. The 3D radiative viscoelastic
NF flow past a SS with Newtonian
heating was inspected by Eswaramoorthi
et al. [7]. They found that the NPVF
decays on enriching stretching ratio
parameter.

Many scientific and  engineering
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endeavors rely heavily on the significance of
flow via porous dispersion. In order to
characterize the flow regime in a porous
zone, it is common practice to use a
dimensionless number (the Reynolds
number). Darcy’s law is useful to describe
flow in
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porous space at low flow rates. This law is
inadequate when the Reynolds number
exceeds one. Forchheimer [8] overcomes
this restriction by incorporating a square
component for velocity intothe momentum
equation. The momentousness of Darcy-
Forchheimer flow of nanofluid past aSS
with convective heating was addressed by
Muhammad et al. [9]. They uncovered that
the Forchheimer number leads to weaken
the fluid wvelocity. Bakar et al. [10]
deliberated the forced convective DFF
flow over a shrinking sheet. They
confirmed that the fluid velocity decays as
improving the inertia-coefficient parameter
in first solution and the opposite behavior
attains in second solution. The heat
transfer variations of DFF of nanofluids
was numerically addressedby Umavathi et
al. [11]. They undeniably proved that the
Darcy number leads to improve the fluid
temperature. Rasool et al. [12] evaluated
the DFF of Jeffrey nanofluid past a SS
with magnetic impact. They corroborated
that the porosity factor expands the SBL.
The 2D MHDDFF of Casson NF past an
exponential sheet with stability analysis
was examined by Lund et al. [13].

The effect of a magnetic field is
especially helpful when making industrial
equipment like pumps, MHD generators,
metal casting, crystal growth, and so on.
The 3D MHD DFF of Casson fluid in a
rotating frame with CCHF theory was
deliberated by Khan et al. [14]. They
noticed that the larger quantity of
magnetic field parameter intensifies the
SFC for both directions. Veera Krishna et
al. [15] deliberated the MHD time
dependent flow of viscous fluid past a
porous surface with magnetic impact. They
noted that the fluid speed decays when
improving the quantity of magnetic field
parameter. Krishna and Chamkha [16]
debriefed the MHD rotating flow past a
porous medium. They detected that the
magnetic field opposes the motion of the
fluid and thinner the corresponding
boundary layer. The MHD flow of viscous
fluid past a vertical plate with Hall
current was discussed by Sarma and
Pandit [17]. Veera Krishna et al. [18]
inspected the MHD radiative Casson
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hybrid nanofluid flow through a porous
surface. They proved that the Ag nanofluid
have lesser Shear stress when compared to
the Ag — TiO, HNF when changing the
magnetic field parameter. The heat
transmission analysis of MHD viscous
rotating fluid past a SS was presented by
Rashad et al. [19]. He proved that the
higher SFC occur in x-direction,
whereas in the y-direction, the SFC to
be lower. Nayaket al. [20] inspected the
consequences of 3D MHD flow of
micropolar Casson Cross NF. The
magnetic field impact nanofluid flow past
a rotating stretchable disk with convective
boundary type constraints was studied by
Mushtaq and Mustafa [21]. They noticed
that the nanoparticle concentration
improves when enriching the magnetic
field parameter.

In many disciplines, including
geothermal engineering, chemical
engineering, oil emulsion, culinary arts,
thermal insulation, food processing, mass
commutation procedure attached by
activation energy with chemical reaction is
significant. Instead of experimental results,
the theoretical results are needed to
determine the flow effects of activation
energy. Nevertheless, activation energy
complicates the mass transport-chemical
reaction relationship, therefore theoretical
work on this area is scarce. The 3D
rotating DFF of nanofluid past a SS with
chemical  reaction  with  Arrhenius
activation energy was studied by Shafiq et
al. [22]. They validated that the Arrhenius
activation energy develops the heat flux.
Rashid et al. [23] addressed the 3D DFF
on a SS with AE. They authenticated that
the fluid concentration is a suppressing
function of reaction rate. The 3D rotating
flow of NF past a sheet with AE was
illustrated by Tayyab et al. [24]. They
corroborated that the AE parameter
develops the fluid concentration.

Based on the aforementioned studies, it
has not yet been addressed how the
magnetic field affects the rotation of the
flow of thermally radiative viscous fluid
past a heated surface with velocity slip.
The primary purpose of this inquiry is to
look at the impact that the phenomenon of
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MHD rotative and DFF flow of numerically computed by implementing
thermally radiative viscous fluid with the MATLAB bvp4c scheme.

activation energy and binary chemical

reaction. The governing mathematical

models are re-framed into ODE models

with the help of suitable conversions.

These resultant ODE models are

2 Mathematical
Formulation

Here we addressed the steady, 3D
Darcy-Forchheimer flow in rotating
frame subject to velocity slip. The energy
model is framed through radiation. The
consequences of activation energy and
binary chemical reaction are added in
our investigation. The flow that is
induced by a stretched level surface
corresponds with the plane that has z > 0.
The fluid that is close to the wall has
the velocity, temperature and
concentration are (uw, Tw, Cw) and larger
than the free stream temperature and
concentration are (T, C.) respectively.
The magnetic fieldof strength Bo applied
to the normal of sheet and the induced
magnetic field is neglected due to small
Reynolds number. The bottom of the sheet
is heated through hot fluid with
temperature T; and this makes a heat
transfer coefficient hc.. Under the above
assumptions, the governing flow models
are expressed as follows:

Eur. Chem. Bull. 2023, 12 (), 00 - 00 4
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o "’aiy+ 2 =0 (1)
ui—z+ viiy+ W%— 29v=v227l;—kllu—Fu2—aTBgu (2)
ug—z+ v%+ W%+291¢=U%—%U—FVZ—%SU (3)
ull 4 v%+ WZLZ=D(;27§—k$(TT:)ne%(C—COO) (5)

Here (u, v, w)-velocity factors along the (X, y, z) directions, Q-angular velocity, v-kinematic
viscosity, ki-porous medium permeability, o-electrical conductivity of the fluid, Bo-applied
magnetic field, p-density of the fluid, a-thermal diffusivity, c, is the specific heat, kr -thermal
conductivity, k2-chemical reaction rate constant, n-exponent fitted rate, oStefan-Boltzmann
constant. The corresponding boundary conditions:

a oT ac
u:ax+L£, v=0,w=0-ko= hp (T, ~T), =D = hc(C, —C),whenz=0

u—->0v-0T->T, C—-> C,as z > (6)

Define

w=axf' (), v=ag(), w=-vavfm, n=zJ§.

o) = —= , () = ~—= )

Tyw— Too Cw— Coo’

Applying equation (7) in equations (2-5), we have

F'm+ ' m— af' )+ 28 — A+ E)f () —Mf'(n) =0 (8)
g'm+ fgm —f e —28f () — 2g(m) — Fg(mgm) — Mg(n) =0 9)

) N 1)°{362(m)6"(m) + 636" ()} +
(52) 6°Go) + FO'GD + 3R | (8, — 1)2{66(B"(n) +362(MO" (M} + | =0 (10)
(6w — D{36"2(n) + 366" (M} + 6" (n)

$'(n) + Scf()¢'(m) = Sc o [1+ SO exp |~ rrg505] & =0 (11)
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Here J-porosity parameter, S-rotational parameter, Fr-Forchheimer number, M -magnetic field
parameter, Pr-Prandtl number, Sc-Schmidt number, d-slip parameter, E-activation energy
parameter, J-temperature difference parameter, O,-temperature ratio parameter, Rd-radiation
parameter, o**-reaction rate, Bir & Bic-temperature and mass Biot number.

The appropriate boundary conditions (6) are remodeled as follows,

f(0) =0, f'(0) = 1+4df"(0), g(0) =0, 6= —Bir(1-6), ¢'=—-Bic(1-¢)
f'(@) = 0,g () = 0,6(0) = 0,¢(®) > 0asn =0 (12)

The unit-less form of skin friction coefficient, local Nusselt and Sherwood numbers are
expressed as follows:

Crav/Rex = £7(0); jR_= |[1+3R{+ (6, — DO 6"(0); j,’;—= —¢'(0),

where Rey is the local Reynolds number.

2.1 Numerical Solutions

The reduced ODE models 8-11 are solved numerically by applying the MATLAB
bvp4c algorithm. In this regard, initially we convert the higher order equations to first order
equations. Let us take f = Hy, f = Hp, f" = Hs, g = Hs, g = Hs, & = Hg, 8 = Hy, ¢ = Hs,
9= Ho

The first order system of equations are

H, = H,
H, = Hj,
H,=—H H;+ A+ M)H, —2BH, + (1 + Fr)H?2
H"l- - H5
Hi=—H,Hs +H,H, + ( A+ M)H,+ 2BH, + FrH?%
. Dy
H, =—
D
Hg = Hg
i E
Hg == —SCHng -+ SCO'[]_ -+ 6H6]nEXp [—m] HS
where
1 4
D, =—H,H, —Eng[3(A — 1)3HZ2HZ +6(A— 1)2H HZ +~ 3(A — 1)H?Z]
D, = i—i—iiRd[(A— 1D*HE +3(A—1)?HZ +3(A— 1)He + 1]
2= Pr  Pr3 6 e e

With the corresponding conditions

Hl(O) = 0, Hz(O) = 1+dH3(O), H2(OO) — 0,

H4(0) = 0, Ha(c0) — 0,

H- =—BiT(1—H6), HG(OO) — O,

Ho =-Bic(1-Hsg), Hsg(oo) — O 3)
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3 Result and Discussion

This section seeks to examine the impacts
of different physical elements on the velocity
profile

f (), transverse velocity profile g(n),
temperature profile 6(») and concentration
profile ¢(n). Table 1 elucidates the

comparison of f (0) and g'(0) for different
extent of G with Najwa Magsood et al. [25].
It is noted that there is an outstanding
achievement with the earlier publication. The
values of f (0) and g’ (0) for different
extent of M, A, Fr and G with d=0.0and
d=0.6 are shown in Table 2. From this table
it is invented that the velocity profile slows
when enhancing the extent of M, 4, Frand G
whereas the transverse velocity profile
enhances when heightening the values of M,
A, Fr and it declines when enhancing the

extent of G. Table 3 provides the extent of

Nu Sh .
N and T for disparate extent of M, A, Fr,

G, Rd and Bir with 6y = 1 and 6, = 1.3. It
is observed that the Nusselt number and
Shearwood number declines when raising
the extent of M, A, Fr and G, whereas it
raises when raising the values of Rd and

. Sh .
Bir. The extent of N for different extent

of o, n, E, 0 and Bicwith d=0.0 and d=0.6
are described in Table 4. It is seen that the
Shearwood number enhances for enhancing
the extent of o, n, 6 and Bic whereas it
declines when enhancing the extent of E.

Figure 1(a-d) reveals the influence of
velocity profile against M, A, Fr and G
with d=0.0 and d=0.6. It is found that the
velocity profile decays as the extent of M,
J, Frand G increases. The influence of
transverse velocity profile against M, A, Fr
and G with d=0.0 and d=0.6 are examined
in Figure 2(a-d). It is seen that the
transverse velocity profile enlarges when
enlarging the quantity of M, A and Fr
and it decays when enhancing the
guantity of G. Physically, the velocity
profile is devalued while the temperature
profile is elevated when the magneticfield
parameter increases. This is because an
increase in the value of the parameter
characterising the magnetic field generates

Eur. Chem. Bull. 2023, 12 (), 00 - 00
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an opposing force to the flow, known as
the Lorentz force. This force has tendency
to lessen the velocity boundary layer and
heightens the thermal boundary layer
thickness. Figure 3(a-d) exposed the
influence of temperature profile against
Rd, 6w, Bit and G with d=0.0 and d=0.6. It
is intensified that the temperature profile
strengthens when elevating the extent of
Rd, 6w, Bit and G. Physically, the higher
the Biot number, the greater the heat
transfer coefficient, which in turn raises
the fluid temperature and expands the
thermalboundary layer.

The effectuates of &, E, n, 6 on the
concentration profile are delineated in
Figure 4(a-d). It has been noted that the
concentration  profile  decays when
strengthening the extent of o, 6 and n and
it enhances when heightening the value
of E. Figure 5(a-b) portrays the
concentrationprofile against G and Bic. It
is observed that the concentration profile
upsurges when upsurging the extent of G
and Bic. Physically, a more accurate
estimation of the variation in the chemical
reaction leads to a thickening of the solutal
layer. Hence, the concentration profile
gradually decreases. The changes of SFC
for disparate extent of M, 4 and G with
d=0.0 and d=0.6 are shown in Figure 6(a-
b). It is seen that the surface drag force
slumps when declining the values of M and
G. Physically, Lorentz force theory
suggests that a drag type force plays a
significant part in maintaining the fluid’s
velocity. Hence, the SFC decreases as
the magnetic field parameteris increased.
Figure 7(a-b) displays that the LNN for
different extent of Rd, Bit and 6, with
d=0.0 and d=0.6. It is noted that the
LNN grows as the Rd, Bir and 6w
increases. Physically, by augmenting the
rate of energy transfer to the fluid,
augmenting the radiation parameter
enhances the LNN and expands the
surface velocity. The LSN for various
extent of E, Sc and Bic are displayed in
Figure 8(a-b). It is found that the LSN
decays when enhancing the value of E

7
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and Bic and the opposite trend is
obtained for Sc and Bic. Physically,
improve in values of activation energy
lower the Sherwood number.

3 Conclusions

This study report covers topics such
as the Darcy-Forchheimer flow of
chemically reacting fluids in a rotating
frame with magnetic field, activation
energy, and velocity slip condition. Asa
framework for the depiction of energy, the
condition of nonlinear radiation and
convective heating acts as a necessary
prerequisite. The mathematical models that
are used to manage the situation are re-
framed with the help of variables that are
suitable, and the bvp4c technique in
MATLAB is used to execute numerical
calculations on the re-framed models.

The investigation’s results back up the

Section A-Research paper

hypotheses given below.

The both velocity fields are decayed in
opposition to higher rotational
parameter.

The radiation parameter and Biot
makes a considerable contribution
to the fluid temperatures
improvement.

The activation energy and
temperature difference parameters
contributes to develop thefluid
concentration.

The heat transfer gradient is high in
non-linear radiation cases than the
linear radiationcases

The mass Biot number and
temperature difference parameter
develops the mass transfergradient.

Table 1: The comparison of f'(0) and g'(0) for different values of G with Najwa Magsood et al.

[25].
f(0) g(0)

G | Present Result | Ref. [25] | Present Result | Ref. [25]
0 —1.00000 —1.000000 0.000000 0.000000
0.2 | —1.03310 —1.033105 | —0.238546 —0.238456
0.4 | —1.10091 —1.100905 | —0.430962 —0.430962
0.5 | —1.13838 —1.138381 | —0.512760 —0.512760
0.6 | —1.17636 —1.176365 | —0.587418 —0.587418
0.8 | —1.25178 —1.251776 | —0.720361 —0.720361
1.0 | —1.32503 —1.325029 | —0.837099 —0.837098
1.2 | —1.39560 —1.395596 | —0.941998 —0.941998
1.4 | —1.46345 —1.463452 | —1.037842 —1.037841
1.6 | —1.52874 —1.528736 | —1.126507 —1.126507
1.8 | —1.59164 —1.591637 | —1.209321 —1.209321
2 —1.65235 —1.652352 | —1.287259 —1.287258
3 —1.92893 —1.928932 | —1.624735 —1.624735
4 —2.17159 —2.171594 | —1.905393 —1.905391
5 —2.39014 —2.390142 | —2.150526 —2.150523

Eur. Chem. Bull. 2023, 12 (), 00 - 00
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Table 2: The value of f'(0) and g¢'(0) for different values of M, A, Fr and G with d=0.0 and

d=0.6.

d=0 d=0.6

M |4 |Fr|G {0 g(0) '(0) g(0)
0 |02]04]05| -1.30551 | —0.470412 | —0.66904 | —0.313160
0.5 ~1.46022 | —0.398967 | —0.72134 | —0.248264
1 ~1.60987 | —0.350088 | —0.76815 | —0.204474
15 ~1.75115 | —0.314872 | —0.80870 | —0.173851
5 ~1.88404 | —0.288209 | —0.84377 | —0.151424
05|0 | 04|05 -1.39854 | —0.424187 | —0.70092 | —0.271164
0.4 ~1.52100 | —0.377309 | —0.74083 | —0.228726
0.8 ~1.63882 | —0.342159 | —0.77675 | —0.197495
1.2 ~1.75115 | —0.314872 | —0.80870 | —0.173851
16 ~1.85810 | —0.293018 | —0.83715 | —0.155412
05]02|0 |05 136967 | —0.404177 | —0.70354 | —0.254741
0.6 ~1.50364 | —0.396567 | —0.72956 | —0.245289
1.2 ~1.62750 | —0.390068 | —0.75202 | —0.237237
18 ~1.74320 | —0.384466 | —0.77176 | —0.230255
54 ~1.85211 | —0.379613 | —0.78935 | —0.224117
05|02]04 |0 |-1.40001 | 0.000000 | —0.69684 | 0.000000
1 | —1.58272 | —0.716053 | —0.76437 | —0.415302
2 | —1.84687 | —1.180799 | —0.84114 | —0.611989
3 | —2.09137 | ~1.531140 | —0.89993 | —0.728969
4 | —2.31390 | —1.821265 | —0.94609 | —0.809651

Eur. Chem. Bull. 2023, 12 (), 00 - 00
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Table 3: The value of% and % for different values of M, 4, Fr, G, Rd and Bir with 6w =1
and 6w = 1.3.

Ow=1 6w =1.3

M | 2 Fr | G | Rd| Bir Nu Sh Nu Sh
VRe VRe VRe VRe
0 02]04|05|06 |04 | 035114 | 0.256798 | 0.39890 | 0.257359
0.5 0.33816 | 0.255364 | 0.38425 | 0.255968
1 0.32206 | 0.254047 | 0.36548 | 0.254706
15 0.30579 | 0.252953 | 0.34625 | 0.253663
2 0.29043 | 0.252066 | 0.32796 | 0.252818
05]0 0410506 |04 | 0.34400 | 0.255939 | 0.39095 | 0.256522
0.4 0.33186 | 0.254813 | 0.37696 | 0.255439
0.8 0.31877 | 0.253810 | 0.36161 | 0.25448
12 0.30579 | 0.252953 | 0.34625 | 0.253663
1.6 0.29341 | 0.252229 | 0.33151 | 0.252973
0 05|06 |04 |0.34331 | 0.255824 | 0.39023 | 0.256410
05]02|06 0.33572 | 0.255154 | 0.38141 | 0.255767
1.2 0.32888 | 0.254589 | 0.37342 | 0.255226
1.8 0.32262 | 0.254104 | 0.36608 | 0.254762
2.4 0.31687 | 0.253681 | 0.35930 | 0.254357
05|02]|04 0.6 | 0.4 | 0.35884 | 0.256650 | 0.40903 | 0.257166
0.30120 | 0.253522 | 0.33940 | 0.254259
0.24172 | 0.251101 | 0.26827 | 0.251942
0.20490 | 0.249694 | 0.22624 | 0.250515
0.18125 | 0.248765 | 0.20035 | 0.249535
0.4 | 0.23351 | 0.253916 | 0.23351 | 0.253916
0.48044 | 0.257146 | 0.57023 | 0.258172
0.61062 | 0.258185 | 0.73828 | 0.259097
0.72643 | 0.258642 | 0.90602 | 0.259414
0.84096 | 0.258890 | 1.07918 | 0.259566
0 0.250602 | O 0.250602
0.54169 | 0.257804 | 0.59613 | 0.258468
0.58576 | 0.258298 | 0.63480 | 0.258896
0.60209 | 0.258478 | 0.64845 | 0.259045
0.61060 | 0.258571 | 0.65541 | 0.259120

ol wNEFE O

05|02]|04

Ol o ~rN O

05|102|04]|05

oo A~ADNO
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for different values of o, n, E, 6 and Bic with d=0 and d=0.6.

E |s ) Sh

o n Bic \/m
d=0 d=0.6
0 0503|0504 |0.21867 | 0.17925
1 0.29189 | 0.28810
2 0.31271 | 0.31128
3 0.32426 | 0.32363
4 0.33196 | 0.33170
04 |0 03|05|04 |0.26329 | 0.25245
2 0.27203 | 0.26713
4 0.28203 | 0.28310
6 0.29309 | 0.29957
8 0.30487 | 0.31565
04 |05|0 05]04 |0.27238 | 0.26442
0.5 0.26088 | 0.25041
1 0.25066 | 0.23697
15 0.24206 | 0.22458
2 0.23523 | 0.21367
04 105|030 0.4 | 0.26219 | 0.25060
2 0.27250 | 0.26689
4 0.27903 | 0.27581
6 0.28377 | 0.28185
8 0.28749 | 0.28638

04 |05(03|05]|0 0 0
0.5 | 0.30594 | 0.29354
1 0.44080 | 0.41550
15 | 051673 | 0.48230
2 0.56542 | 0.52446

Eur. Chem. Bull. 2023, 12 (), 00 - 00
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Figure 1: The velocity profile against M(a), A(b), Fr(c) and G(d) with d=0 and d=0.6.
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