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Radiation-Absorbing Chemically Reactive Nanofluid Flow with Heat Generation over a
Porous Moving Vertical Plate under MHD and Buoyancy Effects

Akhil A. M., Sreegowrav K. R.*

ABSTRACT: Radiation-Absorbing chemically reactive nanofluid flow with heat generation over a porous
moving vertical plate under MHD and buoyancy effects is studied. In this study, a nanofluid (Cu — H20)
and a pure fluid (water) are compared across a moving vertical plate with a porous surface surrounding it.
Aligned magnetic force (Bp) effect is applied to the direction of the nanofluid flow. We assume that both
the temperature and the concentration remain constant while the plate moves with a constant velocity ug.
In order to solve the governing equations, the Perturbation Technique is employed. This study uses graphs
and tables to examine and assess the impacts of several physical parameters, such as the radiation absorption
parameter and the heat generation/absorption parameter. Notably, the radiation absorption parameter raises
the temperatures, velocities, and shear stresses. Research and discussions have focused on shearing stress,
Nusselt number, and Sherwood number.
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1. Introduction

Engineered colloidal suspensions of nanoparticles in a base fluid typically water or oil are known as
nanofluids. These nanoparticles are uniformly distributed throughout the base fluid and usually have
diameters of less than 100 nanometers. The basic fluid’s thermophysical characteristics, such as its vis-
cosity, thermal conductivity, and heat transfer coefficients, are changed by the addition of nanoparticles.
Because of their special qualities, such as increased thermal conductivity, nanofluids are attractive op-
tions for a number of uses, such as heat transfer in electrical devices, cooling systems, and solar energy
systems. To increase the performance and range of uses of nanofluids, researchers are investigating strate-
gies to enhance their compositions and fabrication techniques. For broad use, nevertheless, issues like the
stability of nanoparticles, economic viability, and possible environmental effects must be resolved.

A study comparing nanofluid (Cu— H30) and pure fluid (water) was conducted by Arulmozhi et al. [1]
over a moving vertical plate encircled by a porous surface. In order to get a higher thermal conductivity of
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nanofluid than pure fluid, the study’s uniqueness lies in its inclusion of the unstable laminar MHD natural
transmission flow of an incompressible fluid. In their study, Prasad et al. [2] examined how a semi-infinite
flat plate confined a nanofluid and how radiation absorption, chemical reactions, and diffusion thermal
affected the mass transfer flow and MHD free convective heat. Using heat generation/absorption, thermal
radiation, and MHD flow of boundary layer, Reddy, P. Y. [3] examined the mass and heat transmission
of nanofluids across an inclining vertical plate filled with permeable material. A partially infinite vertical
plate in motion was subjected to radiation, hydromagnetism, and temperature oscillations effects in the
study by Rajesh et al. [4], which examined the effects of transient free convection flow as well as heat
transfer on electrically conducting, viscous, and incompressible nanofluid. Using analytical approaches,
Rajesh et al. [5] investigated a hybrid nanofluid motion problem involving heat transfer across an endless
flat vertical plate with an escalating temperature gradient with regard to time. In their study, Kumaresan
et al. [6] sought to find a precise solution to the following problem: a silver nanofluid is flowing via a
porous medium at an abruptly accelerating rate via a vertical plate that is being moved at a longitudinal
magnetic field, in the presence of thermal radiation, a transversely applied magnetic field, radiation
absorption, and chemical reactions that generate or absorb heat. The MHD-induced convective flow of a
nanofluid via a continuous smooth plate surrounded by a porous substance is studied by Pavar et al. [7]
in relation to the implications of diffusion-thermo and radiation-absorption. The hydro electromagnetic
boundary layer flows through nanofluids when a moving vertical plate is subjected to heat radiation and
an evenly distributed longitudinal magnetic field, as shown by Das and Jana [8]. Casson nanofluid free
convective flow as well as heat transfer on a plate that is vertical were investigated by Sobamowo [9] in
relation to the effects on heat radiation as well as nanoparticles. Considering the impacts of radiation
absorption and heat generation, Arifuzzaman et al. [10] conducted a numerical investigation of MHD
transitory natural convection and greater-order chemically reacting Maxwell fluid moving through a
vertical porous plate containing nanoparticles. When a chemical reaction was present, Prakash et al. [11]
investigated how a transversely applied magnetic field affected the inconsistent hydro-magnetic transfer of
heat and mass flow of a dense, dusty, incompressible and electrically conducting fluid across two porous,
parallel plates that were heated vertically. The fluid was also characterised by its incompressibility. The
computational study by Nayan et al. [12] aims to clarify the orientated MHD flow of a hybrid nanofluid
across a vertical plate in a porous medium. The researchers Krishna et al. [13] looked into how a constant
longitudinal magnetic field as well as heat radiation absorption affected the unstable MHD flow through
the boundary layer over a moving vertical permeable surface with nanofluids. When a constant heat flux
and an unstable MHD natural convection flow of a viscous fluid subjected to radiation were considered,
Haq et al. [14] examined the heat transmission that took place in the scenario of an infinitely vertical
plate attached to a porous material. The effect of rotation as well as heat radiation on the chaotic multi-
layer stratified convection that occurs via a continuously rotating vertical absorbing plate was studied by
Krishna et al. [15]. Researchers Anwar et al. [16] examined a time-varying convection-free water-based
flow of nanofluid that carries Cu and TiO5 particles through a sliding permeable vertical plate. The flow
is driven by both electrical and thermal forces. By taking into consideration several sorts of parameters,
Rosaidi et al. [17] studied the behaviour of magnetic nanofluids in multi-homogeneous free convection
flow on an oscillating vertical plate under convective boundary circumstances. A study conducted by
Zukri et al. [18] examined the effects of different nanoparticle geometries on MHD, heat transfer across
an oscillating vertical plate under the convective boundary circumstance, and Casson hybrid nanofluid
flow. Using a longitudinal magnetic field as well as the thermal soret implications, Raghunath [19]
studied the mass and heat exchange of a water-soluble nanofluid (Cuand TiO2) operating in an unsteady
MHD incompressible way across a stretching sheet. A study conducted by Nadeem et al. [20] examined
the laminar, two-dimensional flow through the boundary layer of MHD Maxwell nanofluid across a flat
porous plate that was moving vertically. A non-Newtonian nanofluid flows over a partially infinitely
sliding vertical plate subjected to an externally constant magnetic field, as studied by El-Dabe et al.
[21] in their investigation of heat and mass transfer through porous media. In their analysis, Rahman
and Uddin [22] considered a nanofluid’s incompressible flow through the boundary layer over an endless
vertical sheet in the presence of radiation, a changing chemical reaction, and viscosity that depends on
temperature. Nanofluid movement and transfer of heat from an endless vertical sheet in the presence of
magnetic field, viscous dissipation, and thermal radiation was studied by Kumar et al. [23]
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Based on the above facts, in the current study, we conducted numerical and analytical computations on
naturally occurring convective, transient, MHD nanofluid flow across an infinite moveable vertical plate
under the conditions of uniform suction, chemical reaction, and nonlinear thermal condition. Additionally,
a comparative analysis of the velocity, temperature and concentration profiles heat transfer enhancement
level brought about by the suspension of Cu—water nanofluid (¢ # 0) and base fluid (¢ = 0) is described
using graphs and tables. The conclusions that can be evaluated are those that are most in line with the
numerical solutions that correspond to the experimental results.

Table 1: Thermophysical attributes of nanofluids (Arulmozhi[1])

Suction as = —vg
Density pnf = (1= P)ps + ¢ps
Heat capacity (pcp)yy = (1= @) (pep) p + Plpcp)

Thermal expansion (Fluid) (pﬂ)nf =(1- ¢)(p5)f + ¢(pB)
Thermal expansion (Solid) (pB) s = (L= @) (pB)} + 0(pB)3

Viscosity Hnp = (1*7%
Thermal diffusivity Qnf = (:c(:)f
nf
Thermal conductivity Knf =Ky (I;Si?;;;;igi;:gs;)

Table 2: Thermophysical properties of water and other nanoparticles (Kumaresan [6], Das [8])

Physical properties | H2O (water) | Cu (copper)
o (kg/m3) 997.1 8933
cp (J/kgK) 4179 385
K (W/mK) 0.613 401
B x107° (1/K) 21 1.67
7 0 0.05

2. Physical model and solution of the problem

In this formulation, an unsteady and incompressible nanofluid moves through a porous medium past
an infinitely long vertical surface. The surface itself is in motion, and the nanofluid flows parallel to the
direction of the plate’s movement. A magnetic field By aligned with the vertical plate is imposed, acting
perpendicular to the direction of the fluid flow. Assumptions about the present issue are as follows.

a) In this case, the influence of the pressure gradient is disregarded.
b) The plate is subjected to radiative heat transfer acting in the direction normal to its surface.
¢) The base fluid and the dispersed nanoparticles are assumed to be in thermal equilibrium.

d) The density is treated as a linear function of temperature, and the buoyancy effects are incorporated
into the momentum equations accordingly.
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Figure 1: Flow model.

Governing equations
Based on the assumptions mentioned before (Das and Jana [8]), the following can be stated as the
momentum, concentration and energy equations for a moving vertical plate subjected to a magnetic field
as well as heat radiation: The flow model’s portrayal of the flow equation is as follows:

g_zg 0, (2.1)

s (Gt a5t ) = W% - (08),p9(b1 — broo) + (9B a1 — 100) .
— JBgsin26’a1 — %al '

(o) o b By Gl B

(% + agg—;) = Ds% =k (e1 = c1c0) (24)

In the present mathematical model, the subsequent boundary conditions are associated (Arulmozhi[l]):
when ¢t <0,at gy’ =0

ai <y/,t/) =0,

b (v's1) = biee,

€1 (ylyt/) = Cloo

when t/ >0, at ¢y’ =0 ay (y/,t,> = o,
by (Z//at,) = b1w + (brw — bis) € €™,

o (y',t,) = C1w + (Cluw — Cloo) € etwt
when ¢’ > 0, at ¥y, = oo

a1 (y/7t/) =0,
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b (y'ot) = bie,

c1 (y/,t') = Cleo

The Rosseland diffusion approximation Hossain [29] and follows Das [8] is applied to get the total radiation
heat flux g,

—40’1 6b‘11
r = 7 2.5
"= 3K oy (2.5)
bi ~ 4b3_ by — 3b] (2.6)

If we plug both (2.5) and (2.6) into (2.3), we obtain,

8qr _ 160’11){00 82171

oy 3k, oy’

2.7)

When transforming governing equations into ordinary differential equations (ODEs), dimensionalless
variables are as/follows: ,

2 !
— a1, — Moy 5 _ Ugt _ pw — bi-bi _ Cf1—Cl
- ug 7y - vy at - v ,’LU - u% 7T - b1w—b1oo ﬂﬁ - Clw—Cloo ’
1601 b3 (PB) sv5(brw—bico)g v v v Klvy
N, = loo .= f P.:—f = Y ,:71 K. = rZf
T 3k?fke aG7 Pfug ) T afaS uo’S‘/ Dp’ ug 9
G = (Pﬂ)}”f(clru‘x—cloc)g K = K prud M = oBZvy Q _ QVJ% R = R(Clw_cloc)’/?
m pfug ’ 2 ’ pfug ) h kfug ra u%(blu,—bloo)kf :

The governing equations have been transformed into, by substituting the aforementioned non-dimensional
variables into (2.2) to (2.4),

oU  _oU 02U a1
orT or 1 0T
o "oy PA [ Yo7 QnT + Rai/f} (2.9)
W g _ 10% _

The following are the non-dimensional boundary conditions:

t<0;U=0,T=0,9=0Vy>0
t>0;U=1,T=1+€e™ =1+ e y=0 (2.11)
t>0;U=0T=0,9=0,y =00

2.1. Perturbation analysis

By changing the mean steady flow from an unstable one into an ordinary differential equation (ODE),
we can solve the non-linear mathematical equations 2.8-2.10.

Uly,t) = uo+ € uye™™? (2.12)
T(y,t) = To+ € Tye™* (2.13)
P(y,t) = Yo+ € Pre™’ (2.14)
Equations 2.8-2.10 are shorted to
1" ’ 1
EQUO + AlSuo — <MSiH29 + K) Ug = *EgGrTO — E4Gm1/)0 (215)

1" ’ 1
E2U1 + A15u1 — <Mbln29 + E + A12w> Uy = —E3G7-T1 — E4G»m¢1 (216)
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E\T, + P.AST) — QnTo = —Rat (2.17)

E\Ty + P,AST| — [P, A(iw) + Qu] Ty = —Ratn (2.18)
Yy + SeSthy — KrSetpo = 0 (2.19)

Uy + SeSY) — (iw+ K,) Sty =0 (2.20)

The boundary conditions of equation (2.11) have been transformed into

u0:17u1 :O,T(): 1,T1 = 1,’(/10:17’(/J1 =1 atyzO,

(2.21)
Ug = O,Ul = O,TQ = O,Tl = O,”(/J() = O,wl =0at Yy — 00,
Solving (2.15)-(2.20) then utilising (2.21), we have
Uly,t) = [(1 = By — By — Bs) e ™ + Bye™™*¥ + (By + Bs)e™™Y]
+c |:<_B6 _ B7 _ Bg) e—(ss-'riss)y + Bﬁe—(sa-i-iszx)y + (B7 + BS)e—(Sl-‘risz)y} eiwt7 (222)
T(y,t) = (1 — Br)e” ™Y + Bye” ™Y+ € [(1 — By)e~(satisy 4. 326_(Sl+i82)y:| et (2.23)
Y (y,t) = e MY4 g e (SrFs2)y it (2.24)
The following equation provides Sherwood number:
9] ,
Sh = —(;) = mi+ € (s1 +is2) e, (2.25)
Y/ y=0
The following equation provides Nusselt number:
oT . . iwt
Nu = — o =m3 (1 —By1)+miBi+ € [(1 — Bs) (s3 +84) + B2 (81 + is2)] ™. (2.26)
y=0
The following equation provides the shearing stress at the plate:
ou
T = - = [—m5 (1—Bg—B4—B5)—m333—m1 (B4+B5)]
Y ) o (2.27)

+ € [— (55 + ’L'SG) (—Bg — B — Bg) — (83 + i84) Bg — (81 + iSQ) <B7 + Bg)] et

3. Discussions on the results

In the present work, both analytical and numerical analyses are carried out for transient, natural
convection MHD nanofluid flow past an infinitely long, moving vertical plate. The flow is examined
under the influences of uniform suction, chemical reaction, and a nonlinear thermal boundary condi-
tion. The governing equations are solved using the perturbation method. The impact of several physical
parameters—such as the heat generation/absorption parameter and radiation absorption parameter—is ex-
plored and demonstrated through graphs and tables for validation. A set of commonly used dimensionless
parameters is employed in the formulation. Since equations (2.22), (2.23), and (2.24) yield complex so-
lutions, they are separated into their real and imaginary components, and corresponding graphs are
generated for each part. The graphical results are presented in Figures 2 to 19, where subplots (a) and
(b) represent the primary and secondary velocity profiles, respectively. The graphs are plotted by as-
suming parameters as Qh = 0.5; Ra = 1.5;S = 0.5; Pr = 7;¢0 = 0.05; Nr = 1.5; M = 1.5;G, = 2;G,,, =
2K, =0.6;5. = 0.6;w = §; K = 2;¢ = 0.05.
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3.1. Parameter effects on velocity profiles

Figures 2(a) and 2(b) show velocity profiles of the Cu — H20O nanofluid for different ¢ . The non-
dimensional velocity tends to decrease as ¢ on the Cu—nanoparticles rises. Additionally, this figure
demonstrates how the velocity steadily drops as y rises. The velocity profiles of the C'u—water nanofluid
with respect to Qh are shown in Figure 3(a) and 3(b). The velocity profile drops as heat absorption
increases and the velocity in the outer layer rises as heat generation increases. When the fluid’s velocity
is increased due to heat creation, which supplements the fluid’s thermal state, the thermal buoyant force
is increased. The velocity profiles for various values of Ra are illustrated in Figures 4(a) and 4(b). It
shows that when Ra gets larger, the non-dimensional velocity also tends to grow. For one thing, as
heat is absorbed, the flow speeds up due to the buoyancy effect. As Ra increases, the buoyancy and
temperature and momentum boundary layer thickness also increase, suggesting that conduction is more
important than radiation absorption. Figures 5(a) and 5(b) illustrates enhanced surface cooling, as the
values of G, and G, rises, the non-dimensional velocity also grows. Figures 6(a) and 6(b) show that the
velocity of both nanofluids and pure fluids decreases as M increases. A Lorentz force is generated when
an electrical conducting material is subjected to a cross-sectional magnetic field. Figures 7(a) and 7(b)
show that increasing values of S result in decreasing velocities of both the nanofluid and the pure fluid.
Figures 8(a) and 8(b) explains that higher the chemical reaction parameter (K, ), lesser is the velocity
profile. The velocity profile rises with increasing N, as seen in Figures 9(a) and 9(b), before falling along
y to achieve the free stream velocity.
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Figure 2: (a) and (b) velocity distributions in Cu—water for different ¢
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3.2. Parameter effects on temperature profiles

Figures 10(a) and 10(b) show the temperature distribution of Cu—water nanofluid plotted against
the influence of ¢. It explains how the temperature drops rapidly as ¢ increases. The temperature profile
is enhanced by the rising solid volume fraction because the inclusion of nanoparticles improves thermal
conductivity. Figures 11(a) and 11(b) illustrates the temperature profiles of Cu—water nanofluid with
various values of Qh. Increased heat absorption results in a lower temperature, whereas increased heat
generation raises the temperature in the boundary layer. Figures 12(a) and 12(b) show the temperature
distributions for various Ra values. As Ra levels grow, it becomes clear that the temperature is rising.
This occurs because the absorption of heat causes the effect of buoyancy to speed up the flow. The
temperature profiles of the nanofluid and pure fluid decrease as the levels of S increase, as shown in
Figure 13(a) and 13(b). The temperature distribution drops as K, rises, as seen in Figures 14(a) and
14(b). Figures 15(a) and 15(b) show that as N, increases, the temperature distribution goes up. This
is because a higher radiation level results in a larger heat flux, which in turn makes the boundary layer
hotter. Once it hits the temperature of the free stream, the temperature drops continuously.
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Figure 10: (a) and (b) temperature distributions in Cu—water for different ¢
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3.3. Parameter effects on concentration profiles

The effect of S on the concentration distribution of the Cu—water nanofluid is shown in Figures 16(a)
and 16(b), which are plotted. As the concentration of the suction parameter increases, the solubility limit
layer’s thickness decreases. Figures 17(a) and 17(b) reveal that the higher the value of K., the lower its
concentration.

The numerical values of the Sherwood number, the Nusselt number, and the shearing stress for several
types of nanofluids are presented in Tables 3, 4, and 5. The Sherwood number increases as the values
of S and K, increase, as shown in table 3. Table 4 shows that as S, K,, and QQh increase, the Nusselt
number increases, but as Ra and N, decrease, the Nusselt number decreases. According to table 5, when
the values of S, K,, Qh, and M increase, the shear stress decreases, but the shear stress increases for
G, Gy, Ra and N,.
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Table 3: The Sherwood number and its numerical values
S | K, | Sherwood number (Cu — H20)
1 0.6 1.0524
2 0.6 1.5711
3 0.6 2.1505
4 0.6 2.7593
0.5 1 1.0175
0.5 2 1.3617
0.5 3 1.6274
0.5 4 1.8520

Table 4: Variation of Nusselt number with different parameters for Cu — HyO nanofluid

S K, | N, Qh Ra | Nu (Cu — H30)
0.5 0.6 1.5 0.5 1.5 6.5946
1 0.6 | 15| 0.5 1.5 21.8860
1 0.6 1.5 0.5 1.5 36.2892
2 0.6 | 15| 0.5 1.5 50.3713
0.5 0 1.5 0.5 1.5 2.1364
05 10.25 | 1.5 0.5 1.5 5.6629
0.5 ] 0.75 | 1.5 0.5 1.5 6.7341
05 | 1.25 | 1.5 0.5 1.5 6.7453
0.5 | 0.6 1 0.5 1.5 6.0415
0.5 0.6 2 0.5 1.5 6.6381
0.5 0.6 3 0.5 1.5 4.0712
0.5 0.6 1.5 -0.75 | 1.5 0.0414
0.5 0.6 1.5 | -0.5 1.5 1.9104
0.5 0.6 1.5 0 1.5 4.6320
0.5 0.6 1.5 1 1.5 8.1299
0.5 0.6 1.5 2 1.5 10.4778
051] 06 |15 05 1 9.0984
0.5 0.6 1.5 0.5 2 4.0908
05 1] 06 |15 05 3 -0.9168
0.5 0.6 1.5 0.5 4 -5.9243
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Table 5: The shearing stress and its numerical values

S | K, | M| N, |G, |MassG, | Qh | Ra| 7 (Cu— H50)
05|06 |15 ] 1.5 2 2 0.5 1.5 0.5313

1 0.6 | 1.5 | 1.5 2 2 0.5 1.5 -0.4559
1.5 | 06 | 1.5 | 1.5 2 2 0.5 1.5 -1.2996
2 0.6 | 1.5 | 1.5 2 2 0.5 1.5 -2.1782
0.5 0 1.5 |15 2 2 0.5 1.5 2.8917
05 102|155 |15 2 2 0.5 1.5 6.5405
0510715 |15 2 2 0.5 1.5 0.5116
05 | 1.2 |15 (1.5 2 2 0.5 1.5 0.3835
0.5 | 0.6 0 1.5 2 2 0.5 1.5 1.1618
0.5 | 0.6 1 1.5 2 2 0.5 1.5 0.7247
0.5 | 0.6 2 |15 2 2 0.5 1.5 0.3430
0.5 | 0.6 3 | 15| 2 2 0.5 1.5 -0.0607
05 1] 06 | 1.5 1 2 2 0.5 1.5 0.5034
05106 |15] 2 2 2 0.5 1.5 0.5770
05 1] 06 | 1.5 3 2 2 0.5 1.5 0.7820
05106 |15 |15]| 2 2 0.5 1.5 0.5313
05106 |15]15]| 5 5 0.5 1.5 3.1838
05106 |15 15| 7 7 0.5 1.5 4.9522
05106 |15 (15| 11 11 0.5 1.5 8.4889
051]06 |15 |15 2 2 -0.75 | 1.5 1.1006
05106 |15 |15 2 2 -0.5 | 1.5 0.9190
051]06 |15 |15 2 2 0 1.5 0.6805
05106 |15 |15 2 2 1 1.5 0.4299
05 1] 06 | 15|15 2 2 2 1.5 0.3023
05106 |15 (1.5 2 2 0.5 1 0.3365
051]06 | 15|15 2 2 0.5 2 0.7261
05106 |15 |15 2 2 0.5 3 1.1157
0506 | 15|15 2 2 0.5 4 1.5053

4. Validation

Table 6: The current study’s Sherwood number is compared to that of Reddy and Raju [30].

Se K, | Sherwood number (Reddy and Raju) | Sherwood number(Present study)
0.60 | 0.04 0.6376 0.6376

0.22 | 0.04 0.2546 0.2546

0.22 | 0.00 0.22 0.22

0.78 | 0.04 0.8181 0.8181

0.22 | 0.02 0.2385 0.2385

Table 6 shows how the Sherwood number from our study compares to what Reddy and Raju found
[30]. In this study, the Sherwood numbers for S = 1 and are well correlated with those of Reddy and
Raju [30].

5. Conclusion

In this work, analytical and numerical investigations are carried out for transient, natural convec-
tion MHD nanofluid flow over an infinitely long, moving vertical plate. The analysis considers uniform
suction, chemical reaction, and a nonlinear thermal boundary condition. The governing equations are
solved using the perturbation method. The influence of various physical parameters — such as the heat
generation/absorption parameter and the radiation absorption parameter — is examined and validated
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through graphical and tabulated results. Based on the findings of this study, the following conclusions
are drawn.

e The non-dimensional velocity drops with increasing values of solid volume fraction (¢), heat gener-
ation/absorption parameter (Qh), Magnetic parameter (M), suction parameter (S), and chemical
reaction parameter (K,) while the non-dimensional velocity rises with increasing values of radia-
tion absorption parameter (Ra), Grashof number (G, ), mass Grashof number (G,,), and thermal
radiation (N;.).

e The temperature drops with increasing values of solid volume fraction (¢), heat generation/
absorption parameter (Qh), suction parameter (S), and chemical reaction parameter (Kr) while
the temperature rises with increasing values of radiation absorption parameter (Ra), and thermal
radiation (NT).

e As the values of the chemical reaction parameter (Kr) and the suction parameter (S) get higher,
the concentration decreases.

o As the values of the chemical reaction parameter (Kr) and the suction parameter (S) improve, the
Sherwood number also climbs.

e As the values of sucction (5), chemical reaction (K.), and heat generation/absorption (Qh) param-
eters elevate, the Nusselt number increases; as the levels of radiation absorption (Ra) and thermal
radiation (V,) elevate, the Nusselt number declines.

e The shear stress decreases as the suction parameter (5), chemical reaction parameter (K,.), heat
generation/absorption parameter (Qh), and magnetic parameter (M) increase. In contrast, shear
stress rises with higher values of the Grashof number (G, ), the modified Grashof number (G,,), the
radiation absorption parameter (Ra), and the thermal radiation parameter (N,).
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6. Nomenclature

R Radiation absorption N, Thermal radiation

cl Invariant species concentration Cw Surface species concentration
Coo Ambient species concentration G Thermal Grashof number
K, Chemical reaction parameter cp Specific heat capacitance

g Gravitational acceleration Gm Mass Grashof number

K Permeability parameter M Magnetic parameter

Bo Transverse magnetic effects boo Ambient temperature

Se Schmidt number a Velocity along the x-direction
buw Surface temperature a2 y axis component velocity
b1 Fluid temperature 17 Non-dimensional time

S Suction parameter N Uniform suction

P, Prandtl number uQ Uniform velocity

Q Heat generation/Heat absorption

6.1. Greek symbols

p Density
w Angular oscilation

e Thermal diffusivity

~ Kinematic viscosity

¢  Solid particle volume fraction
a Stefan-Boltzmann constant
€ emissivity parameter

[ Thermal expansion coefficient
I Dynamic viscosity



RADIATION-ABSORBING CHEMICALLY REACTIVE NANOFLUID FLOW ... 17

7. Appendix

(Pr AS+/(Pr AS)Z+4E; (Pr Aiw+Qy,))

my = By = — Ra
4 2E; » P2 Eq(s1+is2)2—Pr AS(syt+isa)—(Pr AiwtQp)’
. AE . 4E5 12 .
(ScS++/(8c8) Fa(w Kr)5e) \/§A15‘+\/(AIS)2+4E2Msm26+TQ+\/[(A1$)2+4E2M511129+T2] +16(E2 A w)?
mo = 5 ) 85 = 2V2E> ’
(Al S+\/(A1S)2+4E2(Msin29+%)> (Ses+/(5¢5)?+45cKr) Ra
ms = 2F, ;M1 = 2 ) 1 7_E1m127PrASm17Qh7
(Pr AS++/ (PrAS)2+4E1Qh) B E3Gr(1—B1) (Als+\/(AlS)2+4E2(1V15i“29+%+Aiw)>
ms = 2E; P73 T T Boma?—A; Sma—(Msin26+ &)’ me = 2E; ’
By =— E3GrB; By — _ E3GrBa
EgmlzfAlSmlf(]Wsit@BJr%)7 7 Eg(sl+i52)27A1S(31+isg)7(Msin26+%+A1iw)’
Br = — EsGm
5 EgmlzfAlsmlf(]\/[sin29+%)’
VZPr AS+\/(PrAS)2+4E1Qh+\/[(Pr AS)2+4E1 Q]2 +16(E; Pr Aw)? EaGm
s3 = 2v2E, P8 T T (s1+is2)2 — A1 S(s1+is2)— (Msin20+ =+ A iw)’
o ﬁ5cs+\/(55c)2+45ckr+\/[(55c)2+45cm}2+16502w2 B E3Gr(1—Ba)
L= 22 © 06 T T Bo(satisa)?— A1 S(sztisa)—(Msin20+ &+ A iw)’
S9 = V2Scw ;
\/(SSC)2+43cKr+\/[(SSC)2+45cKr]2+163c2w2
s = V2A1w ,
2
\/(Als)2+4E2Msin2e+%+\/[(Als)2+4E2Msin2e+%] +16(B2 A w)?
sS4 = V2 Pr Aw .
2 2 2 2
\/(PrAS) 4B Qp+/[(Pr AS)2 448, Q|2 +16(1; Pr Aw)
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