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Available online 12 April 2023

thermal radiative heat flux was considered based on the Rosseland approximation
because the fluid is optically thin. The flow equations were represented using partial
differential equations (PDEs). These sets of PDEs were transformed into ordinary
differential equations by utilizing suitable similarity variables. The transformed flow
equations were numerically solved by employing the spectral collocation method. The
outcomes show that enhancement in the velocity and temperature are observed due to
an increase in Eckert number, thermal radiation and heat generation parameters. An

Keywords: increase in the relaxation heat and mass flux is noticed to have effects on the
Riga plate; Casson fluid; Buoyancy concentration and temperature gradient due to the presence of Soret-Dufour
force; chemical reaction; Dufour and mechanisms. The present outcomes were compared with previously published works and
Soret number are found to be in good agreement.

1. Introduction

When analyzing the thermo-physical fluid properties, a magnetic field is a crucial factor. Until a
substance from outside the body is utilized to improve heat transfer, fluids like plasma, liquid metals,
and electrolytes do not have high conduction of electricity. When the fluid is extremely conductive,
electromagnetic force can be used to monitor fluid flow. The Riga plate is a magnetic bar that has
permanent magnets and alternating electrodes. When it comes to boosting fluid electricity, the Riga
plate might act as an external limitation. To reduce the hydrodynamic resistance of an electrolyte,
this form of the plate was addressed by Gailitis [1]. Igbal et al., [2] used the Keller Box scheme to
determine the impact of stagnation point flow via a Riga plate, and the results verified that melting
heat transfer decreases temperature distribution while the radiation parameter increases it. Rasool
and Zhang [3] researched second-grade nanofluidic flow past a convectively heated vertical Riga
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plate. The focus of Loganathan and Deepa's [4] investigation was on the electromagnetic and
radiative migration of a Casson fluid past a passable Riga plate. Rehman et al., [5] studied symmetry
analysis on a thermally magnetized fluid flow regime with a heat source/sink. Heat transfer in the
presence of nano-sized particles suspended in a magnetized rotatory flow field was examined by
Rehman et al., [6]. Rehman et al., [7] investigated the finite element technique for the analysis of a
buoyantly convective multiply connected domain as a trapezium enclosure with a heated circular
obstacle. The horizontal Riga plate, which is parallel to the x-axis and the y-axis is normal to it, was
taken into consideration by Nasrin et al, [8] in laminar, incompressible Casson fluid flows.
Loganathan and Deepa [9] investigated the Casson fluid's motion past a Riga plate using changing
linear stratification and chemical reaction. The impact of heated triangular ribs on hydrodynamic
forces in a rectangular domain with a heated elliptic cylinder was studied by Rehman et al., [10].
Finite element examination of hydrodynamic forces in a grooved channel having two partially heated
circular cylinders was investigated by Rehman et al., [11]. The viscoelastic nanofluid flow through a
porous Riga plate has been studied using a 3D heat transfer analysis by Loganathan et al., [12].
According to the research, concentration profiles drop for both homogeneous and heterogeneous
reactions that involve more melting heat parameters. Alam et al., [13] used a computational
approach to address transient MHD radiative fluid flow via an inclined passable plate. Eswaramoorthi
et al., [14] published a numerical and analytical investigation that addressed the Darcy-Forchheimer
motion of Williamson fluid over a Riga plate. Akaje et al., [15] used a spectral collocation approach
to investigate the impact of a non-uniform heat source and melting heat on a Casson nanofluid across
a Riga plate.

Due to the wide range of engineering applications, thermal radiation and viscous dissipation have
attracted the attention of many researchers. Processes of heat transfer benefit greatly from thermal
radiation. It is highly helpful in building sophisticated energy conversion functions at high
temperatures. The study by Siegel and Howell [16] discusses thermal radiation that occurs in a system
because of the working fluid and emission of hot walls. As a function of viscosity, viscous dissipation
entails the conversion of kinetic energy to internal energy. On generalized Burgers fluids, Khan et al.,
[17] investigated nonlinear radiative heat flux and melting heat transfer processes. The investigation
of hydromagnetic Casson nanofluid motion that radiates and chemically reacts was the focus of
research by Mondal et al.,, [18]. The influence of convective boundary conditions and thermal
radiation parameters on heat and mass transfer on Walter's B fluid over a vertical stretching sheet
was presented by Akinbo and Olajuwon [19]. Abdelmalek et al., [20] examined the effect of radiation,
heat source/sink, Newtonian heating, Arrhenius activation energy and binary chemical reaction for
heat and mass transfer analysis. Tong et al, [21] studied nonlinear thermal radiation on
bioconvection slip motion of Oldroyd-B nanofluid with Cattaneo-Christov theories. Al-Khaled et al,,
[22] researched the significance of nonlinear thermal radiation on the bioconvective motion of
tangent hyperbolic nanofluid with gyrotactic microorganisms. Research on time-dependent bio-
nanofluid with the significance of viscous dissipation and thermal radiation while varying thermos-
physical properties was addressed by Irfan et al., [23]. Lavanya and Ratnam [24] examined the
significance of thermal radiation alongside viscous dissipation on the motion of MHD micropolar fluid
in a non-Darcian porous medium. MHD convective-radiative oscillatory motion of micropolar fluid
chemically reacting was examined by Pal and Biswas [25] in a passable medium. Srinivasacharya and
Kumar [26] studied the significance of thermal radiation on mixed convection of a nanofluid through
a non-Darcy porous medium. Radiative heat transfer of inclined magnetic field on chemically reacting
fluid by varying viscosity and thermal radiation has been researched by Salawu and Dada [27].

MHD-free convection mass and heat transfer motion over an accelerated vertical plate with hall
current rotation and Soret-Dufour mechanism have been addressed by Sarma and Pandit [28]. Babu
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et al., [29] examined MHD free convection Cattaneo-Christov motion past three distinct geometries
with Brownian motion and thermophoresis. Karimi et al., [30] studied MHD nano boundary layer
flows over stretchable surfaces in a porous medium by employing the approximate solution called
the Legendre collocation method. The study of Animasaun and Pop [31] researched non-Newtonian
Carreau fluid flow driven by Catalytic surface reactions with buoyancy and stretching at the ambient
environment. Mondal et al., [32] addressed MHD mixed convection mass transfer through an inclined
plate with a non-uniform heat source or sink. Gireesha et al., [33] explored heat and mass transfer of
Oldroyd-B nanofluid past a stretching sheet with nonlinear convective and uniform heat source/sink.

Most of the aforementioned previous works concentrated on the free convective flow of linear
buoyancy force. None of the fluid considered the fluid flow in a stretching porous Riga plate with
Cattaneo-Christov theories. Hence, to the very best of our knowledge, no studies have reported
double-diffusive nonlinear buoyancy force effects on free convective chemically reacting fluids flow
past a porous vertical plate in a Riga surface. Keeping this in mind, this study elucidates the double-
diffusive flow of chemically reacting fluid with the significance of thermophysical properties. This
study on double-diffusive flow in the presence of thermal radiation, and viscous dissipation in a Riga
surface finds applications in thermal engineering, industrial engineering and most industries that
produce a polymer. Due to these engineering applications, the present analysis becomes very useful
to scientists and engineers.

2. Mathematical Analysis

A two-dimensional, laminar, incompressible boundary layer flow of a chemically fluid flow
through a Riga plate is considered in this study with the presence of thermophoresis and Cattaneo-
Christov heat flux. The temperature (T,,) and concentration (C,,) at the wall are kept constant. Soret-
Dufour mechanisms are considered because level of species concentration is assumed to be large.
Figure 1 presents the physical diagram of the fluid problem. The Boussinesq and boundary layer
approximation is valid. The rheological equation for the needed fluid model Akaje and Olajuwon [34]:

P
T;j = 2e;j (,ub + \/%) when m > 1, (1)
P
T;j = 2e;j <ub + \/Z—an) when m <, (2)
where

T = e;j,€;;: (i,j) — component of deformation rate
m: product based on the non — Newtonian fluid

m.: critical value of this product
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Stretching Riga plate —
0=T- Tur (TH/ = Tm + bx)

Fig. 1. Flow Geometry

The heat flux on the fluid motion is based on the utilization of Rosseland approximation as
explored in Akaje and Olajuwon [34]

405 OT*
3ke 0y

qr = (3)

Where Stefan-Boltzman constant=0,, mean absorption coefficient=k,. It is summarized that the
differences between temperature in the fluid motion are small and T* could be written in a linear
function by simplifying T* about T,, by employing Taylor series and forgone terms of higher order to
give

T* = AT3T — 3T (4)
substituting (3) into (4), the heat flux term in the energy equation becomes

0qr _ 160sTS 0°T
dy 3k, 0y>2

(5)

Based on the exploration of Idowu and Falodun [35], V- in concentration equation is given as

VTz_kva_T (6)

Vi =—kv
T Tref Tref 0y

where k denotes the thermophoretic coefficient given as

_C3
1+Kn<Cl+CZe Kn )]

Ag
(1+3CmKn)(1+2E+zctKn)

A
ch(i+ct1(n)

k= (7)
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C1, Gy, C3, Gy, Cs, Cy are constants, A5 and A, denote fluid thermal conductivities and diffused
particles, K,, denote the Knudsen number.

Based on all the assumptions above, the equations that govern the present model are:
du v

wte=0 (8)

p(ugst va—§) = 1w (1+3) 55 + 9PIBT = To) + BT = T)?] + gpIBs (€ = Co) + (€ -

7T]o 0 _r

Co)’]+ 75— - €Xp ( roy) (9)

or L, 0r Dkr 9°C L% @ p_py_p [0

6x+v0 16yz+cc dy? pcp( )( ) pcpay+pcp(T °°) '85[ axax+

wOT | WOT 97T | ouor o1 w2 2] o\ | br (9T
vayay+uaxax+v ay2+ ay 8x+2 Vayox R ax DB (ay)+T°o(6y) (10)

oc | 9 _ Dr 9T | Dir 0°T _ 0r0)
u6x+v6y_D +T PR K'(C—Cy) — p» (11)
Subject to:
u=U,(x)=Bx ,v=-v(x) ,T=T, ,C=C, ,at y=0 (12)
u->0 ,T-T, ,C—>Cyp ,as y— o0 (13)

. P o _, . .
u and v represents the relations u = ™ andv = — I This definition of u and v, the free stream

is Y(x,y). It automatically satisfies the continuity equation. The following variables are utilized on
the model Akinbo and Olajuwon [19]:

1

n= (%)Eyﬂ/) = WBYaxf(n), 6(n) = (T = To) (T — To) ™" , (1) = (C = Cor) (Co — Coo)™? (14)

The wall temperature (T,,) and concentration (C,) and ambient temperature T, and
concentration Cy, is given as follows:

T, =Ty +myx, C,, = Cy +mzx, To, =Ty +myx, Cop, = Cy +myx (15)

Employing the above similarity variables on the equations of motion (8) to (11) subject to (12)
and (13) to obtain the following coupled ODE:

(1 + %) FUH = (F7 + 2402 + A, 9% + Gro + Gmg + Mexp(—en) = 0 (16)

(1+3R) 0"+ Prfo’ + PrDog” + PrEc(f")? + Nb@'6' + Nt(6)? + PrHed — ay (ff'0" +
ffo")y=0 (17)

ScNt

¢" + Scf¢' — ScCre + 0" + 7[p6" + 0'¢'] = 0 (18)
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subject to

ffm =1, f() =Sy 0 =(=St+1), p(n) = (=St +1), at n=0 (19)

o(m) - 0,f'(m) >0, ¢(m) >0, as n—-> o (20)

1 = 9BTwTw)® o gBa(Cw=Ce)® (n _ 9P1(TwTe) (n _ B2(Cw=Co0) 0 oMo p _ KpB
a B2x » ©'b B2x ! B2x '’ BZx ! 8pjxa?’ w'’

pr=Y p=2l po= Phrlute) po__ B0 oy, 0 oY o=t gp=

a Ke '’ vesCp(Tw—Too)’ cp(Tw—Teo) pcpB’ D’ B '’
Dkt (Tw—Too) _ K _ TD(Cw—Cw) _ ™O7(Tw—Tw) _
VT (Cw—Co0) ' Tref Nb = v , Nt = TeoV , @1 = fsB

where the flow parameters as defined are nonlinear thermal Grashof number (4,), nonlinear mass
Grashof number (4;), linear convective parameter for temperature (Gr), linear convective parameter
for concentration (Gm), modified Hartman number (M), permeability term (Po), Prandtl number
(Pr), radiation term (R) , Dufour number (Do), Eckert number (Ec), heat generation term (He),
Schmidt number (Sc), chemical reaction term (Cr), Soret number (So), Modified nanofluids
thermophoresis parameter (t), Brownian motion parameter (Nb), thermophoresis parameter (Nt),
and thermal relaxation time (a;).

The practical curiosity of engineering is local skin friction coefficient (Cr), Sherwood number (Sh)
and Nusselt number (Nu). They are given in this study as follows

Cr = pxz where T, = [(uB + \/%)]Z_;h’:o

Nu=g—2—=0'0) where q,=K(5) =2(T,-T.)6'0)

%(Tw_Too) a y=0
my — — G_C _Db — !
Sh = Lt $'(0) where m, =D( ay)y=0 =2(Cy — C)'(0)

3. Method of Solving the Flow Equations

To find a computational solution for the current system, the Chebyshev spectra-collocation
approach is used to the differential Eq. (16) to Eq. (18) with the boundary condition (19) and (20).
Among its numerous advantages over other methods is that it has high accuracy, efficiency and ability
to solve both nonlinear and linear ODEs/ PDEs systems of equations. Ehrenstein and Peyret [36]
described the Chebyshev nth-order polynomial defined by T (¢); n>0 as

T,(Q) = cos (ncos™'Q); —1<n<1 (21)

The recursive formula is written as T,,,; = 2xT,,(x) — T,_1(x);n = 1 the range of the flow

[0, ) is approximately taken as [0, L] in other to introduce CSCM. The far domain of the boundary is
L and the value of L defines the far stream convergence of the solution. Therefore, the range [0, L] is
converted to the range [-1, 1] using the following algebraic definition
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‘= ZT” 1 Ce[-1+1] (22)

Let assume that f (#7), 8(7) and¢(r7) are the unknown basis function T, (£). to be approximated.

f(m) = Zaka ()

o7 =3 b7, (1) 23)

4 =3 T, (0)

Using the basis function in Eq. (20) where a,,b, and ¢, are unknown coefficients to be obtained,

in order to compute the residue, substituting (23) into the governing Eq. (16) to Eq. (18) the non-zero
residue is determined. To minimizing error, residues are equated to zero at Nth collocation points.
Chebyshev collocation points used is expressed according to Ehrenstein and Peyret [36].

7 :cos(ﬂ—Jj, j=0,..,N. (24)

This produces a 3N + 3 set of algebraic equations along with the 3N + 3 coefficient expansion
a,,b, andc, were determined. An iterative Newton's technique is employed on the resulting

residues N =25. The constants a,,b, and c, are determined using MATHEMATICA software and
substituted into Eq. (22) to obtain the computational results for the flow distributions.

4. Result and Discussion

The coupled nonlinear ordinary differential Eq. (16) to Eq. (18) subject to the boundary conditions
(19) and (20) have been solved in this research by employing spectral collocation. In the numerical
analysis a confirmation was made to observe the smoothness constraints within the boundary layer.

Figure 2 portrays the significance of the thermal relaxation parameter (a;) on the velocity and
temperature distributions. An increment in the value of a; is noticed to enhance the velocity and
temperature profiles. Also, an enhancement in the hydrodynamic and thermal boundary layer is
noticeable in Table 1 due to increase in a;. This outcome is correct because an increase in &; means
that the particles of the material need more time to transfer heat to the neighbouring particles. It is
worth noting that the Cattaneo-Christov model is transformed into the Fourier’s law of heat
conduction when a; = 0.
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Fig. 2. Effect of thermal relaxation term on the velocity and temperature profiles
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‘

Table 1
Computational values of flow parameters on skin friction, Nusselt number and Sherwood number
Aa A, M Sc Pr R Ec o Cr T Do So G Nh Sh
0.0 0.0670 0.6935 0.8633
0.5 0.4084 0.6935 0.8633
1.0 0.7499 0.6935 0.8633
0.0 0.2285 0.8299 0.3517
0.5 0.5296 0.8299 0.3517
1.0 0.8306 0.8299 0.3517
1.0 1.7682 0.3582 0.3351
2.0 1.4328 0.3582 0.3351
3.0 0.6530 0.3582 0.3351
0.22 1.8171 0.8101 0.6223
0.38 1.6072 0.8101 0.7169
1.0 1.4265 0.8101 0.8701
0.71 1.4328 0.6935 0.4551
3.0 0.9461 1.5919 0.4551
7.0 0.7373 3.1771 0.4551
0.0 1.4814 0.5530 0.8831
0.5 1.7955 1.5543 0.8831
1.0 2.0319 2.6617 0.8831
0.2 1.8285 0.1793 0.6331
0.5 2.2243 0.3350 0.6331
0.7 2.6202 0.8494 0.6331
0.5 1.8747 1.5473 0.7120
1.0 2.0687 1.5582 0.7120
1.5 2.1748 1.5830 0.7120
0.0 1.2533 1.6935 1.0904
0.5 0.8668 1.6935 1.5121
1.0 0.6173 1.6935 1.6939
1.0 2.4558 0.6920 0.4484
2.0 3.4789 0.6920 1.7602
3.0 4.5019 0.6920 3.0721
2.0 1.9145 0.1430 0.8333
3.0 2.3962 0.4075 0.8333
4.0 2.8779 0.9580 0.8333
2.0 1.6885 0.8299 0.1205
3.0 1.9443 0.8299 0.2074
4.0 2.2000 0.8299 0.5353
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Figure 3 shows the impact of chemical reaction on the velocity and concentration profiles. An
increase in the velocity and concentration profiles is noticeable for an increase in chemical reaction
parameter. Physically, increasing chemical parameter means more chemical reactants are consumed
and strength of homogenous reactions is enhanced which causes the concentration distribution to
decrease. In Table 1, an increase in chemical reaction parameter is observed to decrease the skin
friction coefficient but speed up the rate of mass transfer. No chemical change on the Nusselt number
as chemical reaction parameter increases.

) . : . 15
Cr
= . —0.1
& & 0.2
*~ S AN [ 03
8 6 8

Fig. 3. Effect of chemical reaction parameter on the velocity and concentration
profiles

Figure 4 illustrates the effects of Schmidt number (Sc) on the velocity and concentration profiles.
A larger Schmidt number (Sc) is observed to declines the velocity and the concentration profiles. The
Schmidt number (Sc) depicts the ratio of rate of viscous diffusion to the rate of molecular diffusion.
Physically, or a fixed rate of molecular diffusion is to enhance the Schmidt number and the rate of
viscous diffusion which leads to reduction in the fluid velocity.

1.6

1.5

14

#(n)

Fig. 4. Effect of Schmidt number on the velocity and concentration profiles

Figure 5 depicts the significance of Soret number (Sr) on the velocity and concentration profiles.
The Soret parameter explains the temperature gradient when varying concentration. From Figure 5,
an increment in the velocity and concentration is observed due to increase in Sr. Hence, a drastic
increase in the hydrodynamic and thermal boundary layer is noticed on the Riga surface due to the
presence of electromagnetic force.
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#(n)

Fig. 5. Effect of Soret number on the velocity and concentration profiles

Figure 6 depicts the effects of Dufour parameter (Do) on the velocity and temperature profiles.
The Dufour parameter means the significance of concentration gradients on temperature as
illustrated in Figure 6. Physically, the Dufour parameter helps the fluid flow by increasing the thermal
energy within the boundary layer. An increase in Table 1 (Do) is noticed to enhance the skin friction
and the rate of heat transfer within the boundary layer.

2 ‘ . 15

)

8

Fig. 6. Effect of Dufour number on the velocity and temperature profiles

Figure 7 depicts the impact of thermophoresis parameter on the velocity and concentration
profiles. Physically, temperature gradient generates the thermophoresis between the hot and cold
fluids. Hence, the fluid particles migrate from the hot region to the cold region during thermophoresis
phenomenon within the boundary layer. An increase in themophoresis parameter (7)is observed to
enhance the velocity and specie boundary layer.

3 - r T 25

Fig. 7. Effect of thermophoresis parameter on the velocity and concentration
profiles
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Figure 8 depicts the Eckert number (Ec) on the velocity and temperature profiles. The outcomes
in Figure 8 show that increase in Ec enhances the velocity and temperature distributions. Physically,
the Eckert number is the relationship between the kinetic energy as well as the enthalpy in the flow.
However kinetic energy is converted into internal energy due to work done in alternate to viscous
fluid stresses. Therefore, greater dissipative heat leads to rise in fluid temperature and velocity.

2 : : : 15
Ec _::
—04 1
-==08 s
--------- 0.12 &
=Y
05f
0
6 8 8

Fig. 8. Effect of Eckert number on the velocity and temperature profiles

Figure 9 shows the significance of Prandtl number (Pr) on the velocity and temperature profiles.
In Figure 9, decrease in velocity and temperature is noticeable due to increase in Pr. The outcome is
correct because fluids possessing higher Pr possess greater viscosities which lead to decrease in the
temperature and velocity owing to this fact, the thickness of the hydrodynamic and thermal
boundary layer decreases.

1.5 T T T 2
1.5¢
: By
5 g 1 _---0.71
S = 3
""""" 7
051 &
05>
2h. 8
0 0 ""’"}Nmmm-n.-_
8 0 2 4 6 8

7
Fig. 9. Effect of Prandtl number on the velocity and temperature profiles

Figure 10 illustrates the effects of thermal radiation parameter (R) on the velocity and
temperature profiles. Physically, thermal radiation parameter (R) brings enhancement to corrective
flow [29]. An increment in thermal radiation parameter (R) leads to enhancement in velocity profile
and the hydrodynamic layer. Physically, increase in thermal radiation parameter (R) leads to
enhancement in the thermal condition of the fluid.
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Fig. 10. Effect of thermal radiation on the velocity and temperature profiles

Figure 11 shows the effect of the nonlinear thermal Grashof number (1,) on the velocity profile.
An increase in nonlinear thermal Grashof number (4,) is noticed to increase both velocity and the
hydrodynamic boundary layer. The nonlinear thermal Grashof number (1,) creates a great buoyancy
and viscous force within the boundary layer. Due to this force, more strength is imposed as nonlinear

thermal Grashof number (4,) increases which leads to increase in fluid velocity.

1.5

Fig. 11. Effect of nonlinear thermal Grashof number

on the velocity profile

6

Figure 12 illustrates the effects of nonlinear mass Grashof number (4,). Increase in nonlinear
mass Grashof number (4,) is observed to increase the fluid velocity. Increase in nonlinear mass
Grashof number (1) produces greater mass buoyancy which intensifies the velocity of the fluid. The
impact of the modified Hartman number (Mq) in Table 1 shows decrease in the skin friction and the
hydrodynamic boundary layer. Lorentz force is generated by the Riga plate parallel to the surface
leads to a greater tension. It is this tension that drags the fluids within the hydrodynamic layer. Table
2 shows the comparison of the present result with that of Falodun and Omowaye [37].
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1.5

1)

6 8

Fig. 12. Effect of nonlinear mass Grashof number on
the velocity profile

Table 2
The comparison of the present result with the study of Falodun and Omowaye [37] when 4, = 4, =
M=f=a;=Do=Sr=He=Iln=171=Nb=Nt=0

R Present study Falodun and Omowaye

—1'(0) —6'(0) —¢'(0) —1'(0) —6'(0) —¢'(0)
0.5 0.33964676 0.61784821 1.78997668 0.33964678 0.61784823 1.78997670
1.0 0.34478444 0.62036542 1.90435546 0.34478446 0.62036544 1.90435548
1.5 0.34637964 0.62117872 2.02977907 0.34637963 0.62117871 2.02977905
2.0 0.35520227 0.62152515 2.15166865 0.35520227 0.62152513 2.15166863
3.0 0.37272860 0.62176435 2.37895292 0.37272858 0.62176433 2.37895290

Figure 13 shows the effect of Casson parameter () on the velocity profile. An increase in £ is
noticed to decrease the velocity profile. The Casson fluid is a yield exhibiting type of fluid which
possesses a plastic dynamic viscosity which gives resistance to fluid flow.

Fig. 13. Effect of Casson parameter on the velocity
profile

Figure 14 shows the impact of the Brownian motion parameter (Nb) on the velocity and

temperature profiles. The Brownian movement of the nanoparticles allows all particles to move in a
constant motion. The movement of the nanofluids remains null over time. This shows that kinetic
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energies possessed by molecular Brownian motions along with molecular vibrations sum up to obtain
internal energy. Hence, increase in Brownian motion parameter (Nb) increases velocity and
temperature distributions.

Fig. 14. Effect of Brownian motion parameter on the velocity and temperature profiles

In Figure 15, increase in the Riga surface term was found to elevate the fluid velocity.

1.5

1(n)

6 8

Fig. 15. Effect of Riga surface term on the velocity
profile

5. Conclusion

This research explored the analysis of the model of double-diffusive free convective flow of
chemically reacting fluids with nonlinear buoyancy force effects in a Riga plate. A parametric study
was conducted to examine the significance of prominent parameters encountered in the problem.
The radiative heat flux was described using the Rosseland approximation. In the research, a spectral
based numerical approach is utilized to solve the coupled nonlinear ordinary differential equations.
The following remarks are drawn from the research

i.  The modified Hartman number (Mq) produces Lorentz forces which brings tension to the
parallel Riga plate to decrease the local skin friction;
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ii. An increase in the thermal radiation term (R) is noticed to enhance the velocity,
temperature and the thermal condition of the fluid;

iii.  Alarger Schmidt number (Sc) is observed to decline the fluid velocity and concentration;

iv.  Alarger Prandtl number (Pr) is noticed to decrease the fluid velocity and temperature;

v. A higher value of Eckert number (Ec) and Dufour parameter (Do) is observed to enhance
the fluid velocity and temperature.
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