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The current research analyzed unsteady viscous dissipation, comprehensive radiation absorption consequence
on hydrodynamic free-convective movement on perpendicular porous plate beyond chemical reaction and heat
generation. Doufour effect is also introduced to solve utilizing multiple perturbation law momentum, heat and
mass fields of outcome are inspected through pertinent parameters. Doufour consequence and comprehensive
thermal radiation enhances it tends to enhance in duel temperature. Skinfriction, Nusselt number is diminished

when enhancing Prandtl number. Skinfriction, Sherwood number and Nusselt number are examined.
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1. INTRODUCTION

In engineering and technological applications free-
convective movement of comprehensive incompressible
viscous liquid occurs at high 6. Impact of radiation is
lead to focused applications. The important applications
are explored by the Impact of radiation. The organ sys-
tems and medical science takes a unbelievable importance
in magneto science. Magnetic resources for bio-waste flu-
ids transporting, targeting of magnetic drug, during surgery
the regulation of the blood flow, gastro intestinal disorders
are controlled by hydrodynamic field. magnetic endoscopy,
treatment for cancer tumour and cell death by hyperther-
mia are the examples of MHD the out standing implica-
tions of MHD are in magnetic endoscopy, treatment of
cancer tumour and cell death by the hyperthermia. When
MHD is induced in to a magnetic field the conducting fluid
is heighly. The resistive type of force is generated between
induced currents and exerted magnetic field. Magnetic field
is applied in many biological devices. Magnetically driven
blood pump. Biological fluids flow affect the magneti-
cally driven blood pump devices. Ramzan et al.! with
duel stratification elaborates analytical outcomes of MHD
Powell-Eyring nanofluid activation with duel stratification.
Zeeshan et al.> used HAM procession in hydrodynamic
nanofluid behaviour in a micro channel. Raja kumar et al.?
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illustrates the stable MHD mixed convective, comprehen-
sive viscous dissipative Newtonian fluid movement beyond
an unlimit perpendicular porous plate at the attention of
soret impact. Raja kumar et al.* deliberates the Dufour
constitution as well as thermal energy on detail unsteady
hydrodynamic Walter’s Liquid Model-B movement past
beyond started unlimit perpendicular plate. Raja kumar
et al.’ illustrates deportment of liquid momentum, heat and
mass. And also examined skin friction, Sherwood, Nus-
selt coefficients. Raja kumar et al.® illustrates the Dufour
constitution and comprehensive thermal radiation enlarge
it tends to enhance duel momentum and heat. An enlarge
in duel chemical reactions, Schmidt coefficient, tends to
diminishes in mass. Raja kumar et al.” deliberates the
Dufour consequence, comprehensive viscous dissipation
influences on detail Unsteady hydrodynamic free convec-
tive Newtonian liquid movement beyond vertical porous
plate. Raja kumar et al.} illustrates the Radiation as well as
viscous dissipation influences on Magnetohydrodynamic
free convective movement past a semi-unlimit rotating
porous plate. Hazarika and Ahmed? illustrates the distinct
of viscosity on hdrodynamic convective flow beyond a
non-isothermal perpendicular plate.

Role of Nano fluids to improve heat execution adding
solid nanoparticles to the working fluids. Hazarika and
Ahmed'® discuss the influence of Skinfriction, nusselt
coefficient and Sherwood coefficient. Hazarika et al.!!
investigated the chemical reaction of hydromagnetic move-
ment by volume fraction and thermal diffusion. Hazarika
and Ahmed'? describes angular momentum is elevated
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surface of the detail sphere. Hazarika and Chamka'®
illustrates the consequence of nanoparticles identified in
industry and engineering area. Hazarika et al.'* investi-
gate the constitutions of nanofluid momentum and heat
expressions. Hazarika and Ahmed!® plotted the nature
of constants on micropolar liquid movement to velocity,
micro-rotation and radial velocity. Hazarika and Chamka'®
describes the analytical model depends on the momen-
tum, heat as well as pressure is improved non-linear partial
constitution. Perfectancy of the processes are illustrated.
Hazarika and Ahmed!” describes the chemically reacting
comprehensive viscous-liquid of a conducting gas beyond
a perpendicular porous surface. Zueco et al.'® investi-
gated the 2-D detail unsteady free convective heat and
mass movement be accelerate semi-unlimit perpendicu-
lar porous plate with comprehensive thermal diffusion in
attention of hdrodnamic field, heat and Soret consequences
accept into account the induced electrically conducting
field. Ahmed et al.' illustrated non-linear hydromagnetic
movement with heat and mass process attributes of an
incompressible, Boussinesq’s fluid beyond a perpendic-
ular plate. Ahmed and Lopez-Gonzalez® describes the
stable mixed convective movement of an incompressible,
electrically-conducting liquid over an unlimit perpendic-
ular porous plate with chemical reaction of single order.
Ahmed et al.?! analysed the upward Reynolds coefficient
or magnetic coefficient upgrades the horizontal coefficient
and diminishes the the skin-friction.

Connection between energy flux and 6 gradient
Fourier’s law described by Fourier’s and Fick’s law are
applied for the correlation of concentration gradient. The
0 due to the composition gradient is termed to be the
Dufour which is otherwise said to be diffusion thermos
effect. Gbadeyan et al.?? illustrated the uniform S, act
transversely to the walls. Rasool et al.?* solved the final
equation through investigation of the numerical approach
by uilizing RK45 with shooting approach. Nagaraju et al.*
examined the annular region by cylinders with soret and
dufour effect. Moorthy and Senthilvadivu® illustrated the
heat and mass procedure attributes of natural convec-
tion beyond perpendicular surface in a porous medium.
Arifuzzaman et al.?® examined the unsteady upgrade order
comprehensive chemically reactive hydrodynamic move-
ment with the impact of heat absorption.

Current analysis is mass diffusion impact on MHD
detail unsteady free convective movement with viscous
dissipation and radiation absorption. This current attempt
analytically using multiple perturbation law. Results for
u, 0, ¢ fields are analyzed through pertinent parameters.

2. MATHEMATICAL FORMULATION

2D, unsteady, m-electrically conducting fluid, moving,
porous plate with double-diffusive comprehensive thermal
radiation, thermal diffusion is shown in Figure 1.
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e The x,-direction is acts as porous plate in perpendicular
direction and the y, -direction flow acts as perpendicular
way.
e Duel x, and y, are distances of porous plate, and 7, rep-
resents dimensional time. Where u,, v, represents dimen-
sional velocities.
e O, (Ta— Taw) is m per unit volume Q, is a constant.
(Qy <0 or Qy>0)
e C,, g, are the dimensional C.
e Porous plate rotates with ug > U,

The unsteady flow is establishing by PDE:

Equation of momentum:

a
% _ (1)
9%,
Equation of velocity:
d a 10 9
“a U, “ :__ﬂ 0y ua+gB(Ta_Ta )
atu ayd p axd ayaz ~

O o
+gB(C,— C, ) — —u,— —Bju, (2)
00 K p

a

Equation of energy:

8Ta+ aT, K T, D,K,[dC,
v — = ——
a,  “dy, pC,d: CC, | 3y
1 Jdgq,
+&(Ta—Tam)—— =
pC, KpC, dy,

& (du,\
+c_,,<aya> +R*(C,—C,.) (3)

Equation of mass:
*C

acC, acC,
: v “=D 5 _Kr(Ca_Ca ) (4)
at, 9, ay; ~

The boundary constitutions are:

u, = Ua,,’ T,=T, +&(T, — T, )e",

¢, =¢C, +eC, —C,)e" " at y,=0

U, =U, =Uy(1+ge""), T,-T,,
C,—C,. y,~> o (5)

Where T, represents wall-dimensional T, C, repre-
sents concentration, C, represents free stream dimen-
sional C, U,, n, represents constants.

v, = —v(1+&Ae" (6)
From the (1)
140 du, 9
__ﬂ:—m_i__Ua +EB(2)ULI (7)
pox, dt, k, "™ p *

By depleting Eq. (7) in (2) we get,
du,, ou, dU,_ u,

v, —2 = 9
o, ay,  di, Uy

I
+gB(Ca - Caoo)—‘r K_ (an - ua) + %B(Z) ([JaDC - ua) (8)

a

+8B(T,—T,.)

972

J. Nanofluids, 11, 971-978, 2022



Vijayakumari et al.

The radiative heat flux utilizing Rosseland approxima-
tion is mentioned by

40, JT? )
o =73k, oy,
T =AT,T. - 3T, (10)

By depleting Eqgs. (9) and (10) in (3), we get
T,  dT, K &*T, D,K,[dC,
v =—
a,  “dy, pC, dy: CC, |9y

0, 160, T, > 8T, O (du,\’
+ (T, — T, )+ — ot
C, 3pC,k,, dy, C,\ dy,

+R,(C,—C,) (11)

Now, nondimensional Eq. are taken as:

U, Y, Uaog VOya
u=—, V= —, qu = ) y = )
U, v, U, 9
R /P < & Vin
= N = N a = —, na = ——,
"=, B vV B
Ta = Taoo + G(Tau, - Taw)’
Ca = Cw(/log + d)(cau, - Caoo) (12)

Substituting these boundary conditions in Eqs. (4), (8)
and (11) and taking into Eq. (6) we get

du du
- 1 A nt _
o (1 +ede )8y
dUu. &
:d—;"—f-ﬁ%—GrG%-GmC—f-N(Uw—u) (13)
a0 20
_ 1 A nt _
o (1+¢eAe )c?y
Dazc—}-(P)_l 1+4R a20+ 0
= _— T —_— —_—
" 3y2 3 ) o
au\>
+Ec % +RaC (14)
ac ac 9*C
— —(1+&Ae")— = (S¢)'— —K.C 15
at(+8e)ay (Sc) o K (15)

Initial and boundary conditions represented by Eq. (5)
in dimension less form are:
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(0B)/(pVy), n = (90))/(pV5Cp), D, =
1 9C U?
Ne=M+—, pr=P""r pe—_ 0
K k C,(Ty—Tx)
40T} D) R*9 (C:—C%)
= s Sc = —_, Ra = 2 5
k k D VE(Tx—Tz)
kO
K, =— (17)
V2

3. METHOD OF SOLUTION

To obtain the solutions of the beyond scheme of PDE
Eqgs. (4), (8) and (11) under the boundary conditions (17),
we assume the perturbation technique.

u=ug(y)+ee"u (y)
=0, (y)+ee0,(y) (18)
c=co(y)+ee”c (y)

Effect of Eq. (18), Egs. (13)—(15) are modified in to
harmonic and nonharmonic terms, and abanding coeffi-
cients of higher order o(€?), resultant Egs to (u, 6,, Cy),
(uy, 0y, C,) are

uy" +uy —Nuy=—N —Gr,— GmC, (19)

w"+uy — (N +n)u,
=—(N+n)—Au,’ —Gro,— GmC, (20)

(34+4R)6," +3Pr6,’ —3Pr(n—mn)0,
= —3PrA6, —6EcPru,'u;’ —3PrRaC,
+D,$,"Pr 21)

(3+4R)6,"+3Pr6, +3Prnb,

(9 2
=3 PrEc(%) —3PrRaC,+D,d,"Pr (22)
y

Cy'+ScCy — ScK,Cy =0 (23)
C,"+ScC,/ —Sc(K,+n)C, = —=ScAC, (24)

The revised boundary conditions can be written as:

uy=U,, u =0, 0,=1, 6,=1, C,=1,
C,=1 a y=0

u, =1, uy =1, 6,—0,

0, >0, C,—0 as y— o (25)

Aty=0, wu=u, 6O=1+sge", C=1+ege" Represented by the equations from (19)—(22) are non-
linear and the results are not possible. To remove nonlin-
Asy—>oo, u=U, 60, C—0 (16)  carity, enlarge uy, u,, 0, 6. Initially we solve Egs. (23)
and (24) by utilising Eq. (25). Then we get
where Gr = (Opg(ri-Toy vy, DY uie E 23 .
Gm = (9p*g(C;—CL))/(V5Uy). M = Co=e™ (26)
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C,=e (1 —N)+e N, (27)

Now, utilising multiparameter perturbation methodology
and taking Fc << 1,

Uy = Uy + Ecugy, +0(g)?
0y = 0y, + EcO,, +0(¢)*
u; = uy+ Ecuy; +0(g)?
0, = 01+ Ecy; +0(e)?

(28)

By applying Eq. (28) in (19)—(22), we get the following
set of differential equations by neglecting those of (Ec)2
and 0(€)?.

Uy + ity — Nuggy = —N — Gry, — GmC, (29)
uy," +ug' — Nuy, = —Grb,, (30)
g +uyg" — (N +n)uy
=—(N+n)—Auy' — Gro,,— GmC, (31)
uy"+uy — (N +n)uy = —Auy' — Gréy, (32)
(3+4R)0,," +3Pr6,) —3Pr(n—mn)6,,
= —3APr6,, —3PrRaC,+ D, ¢, Pr (33)

(3+4R)0,," +3Pr6,, —3Pr(n—m)b,
= —3APr6, —6Pruy u,, (34)

(3+4R)6,," +3Prby, +3mPrb,,
= —3PrRaCy+ D, ¢y, Pr (35)

(3+4R)6,," +3Pr6y, +3nPrby, = —3Pr(uy)’ (36)

The boundary conditions are:

Uy =t,, Uy =0, wu,=0, u;=0, 6y=1,
=1, 6,=1, 6,=1 at y=0

up =1, wuy =0, wu,=0, wu,;=0, 60,=0,

0 =0, 6,=0, 6,=0 at y—> o0 (37)

With the help of Eq. (37), solving Egs. (29)—(36), we
get
Ugy = Age ™ + Nye ®9 L Nye ™7 -1 (38)
Uy, = Aye ™+ Ny e ™™ 4+ Njpe 2R 4 Njje 2R
4 N14e*2R1}' 4 lee*(R3+R4).\' 4 Nl6e*(R1+R3).\'
+ N17e*(R1+R4).\' (39)

Uy = Age R+ Ny e ™R 4 Nyye ™ 4 Nyye Ry
+ Nye 7 4 Nyse Fs¥ 1 (40)
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Uy = Age R £ Nype ™ L Nyse Y 4 Nye 2Ry
+N45€_2R3y +N46e_2R' _|_N47e—(R3+R4).v
+N486*(R1+R3),V +N496*(R1+R4),V +N506*R5,V
+Nj, e~ (RatRa)y _|_N52€—(R2+R3).V +N53e_(R3+R6).V
_|_N54e*(R1+R6),V +N556*(R1+R5),V +N56€’(R4+R6),V

—|—N57e’(R4+R5)y +N5887(R3+R5)y +N5967(R1+R2),v (41)

0o = (1 — Ny)de R - Ny Re (42)

0o = Aje ™ + Nye 2" 4 Noe 20 + Nye 2R
+Nge_(R3+R4)y +Nge_(R'+R3)y
4 Nme—(R|+R4).v (43)

10 = A337R5y + leeiRl'v + N1967R2'v + NzoeiRs'v (44)

011 = As e Ry + Nzﬁei(RerRA)y + 1\']2767(R3+R4)y + N28€72R4y
+N29e‘(R4+R6)y +N3Oe—(R4+R5)y +N3le—(R|+R3).V
+ Nyye~ Rt Ry N e72R) o Ny e~ (RotRey
+ Nssei(RﬁRS)y + N36672R]'v + N3767(R] e
+ 1\73s§e_(R'_"R6)y + N3ge_(Rl+R5)y + N4Oe_R3y
N, e BiHROY (45)

Velocity, temperature and concentration values are
obtained by using the Eqgs. (13)-(15) and they are as
follows.

u(y, 1)

Age R+ Nye ™Y+ Nye ™Ry 414+ EcAye™®Y
+EcN, e ®Y+EcN,e >R + EcN e 2Ry
+EcNe Ry 4+ EcN,ge~RstRay
EC3N166—(R1+R3),V + Eane_(R' TRy

A4e‘R6»V +N,, e Ry +N226_R2y + N23e‘R3y
+Ny e R 4 Nyse ™Y+ 1+ EcAge™ ey
+EcNye ® +EcNye ®9 + EcNy e 2R
+EcNyse R+ EcNyge 2R
+EcN e~ (Fs+Ra)y

+EcNyge Rtk 4 EeN,ge=(RitRa)y (46)
+EcNsye Re¥ + EcNy e~ (RotRay
_‘_ECNSZef(RerRs)y + ECN5367(R3+R6).\'
+ECN5467(R1+R6)>' —l—ECNSSe’(R‘ +Rs)y
+ECN5667(R4+R6)>' + ECN57e’(R4+R5)y
+ECN586_(R3+R5)y + EcNSQe_(Rl +Ry)y

+Een[

0(y,1)

1—N,) e B+ Nye RV + EcA e Y + EcNge 2Ry
2 2 1 5
= | +EcNge 2 4 EcNye 2RaY 4 EcNge~(Rs+Ra)y
+ECN96*(R1+R3),V +ECN106*(R1+R4),V

+ee

I . TicLE

974

J. Nanofluids, 11, 971-978, 2022



Vijayakumari et al.

A3€_R5'v + nge—Rl}' +nge—R2y + Nzoe_R”
+EcAse R 4 EcNyge~ RetRY 4 e N, e~ (R3tRa)y
+EcNyg e 2Ray 4 Echgg*(R4+R5),v + EL‘N3OE’(R4+R5)~V

X | +EcNy e RiTR)Y 4 EeNy, e RitRaly 4 EeNy e 2R | (47)
+ECN346_(R3+R6)}' + ECN35€_(R3+R5)y + ECN36€_2R'y
+ECN379—(R| +R2)y 4 ECN386_(RI +Rg)y
+EcNyge  RITRY 4 EcN,ge R + EcN, e~ (Ritka)y

C(y, 1) = e ™tee (™ (1-N)+e "N

(48)
Now we calculate 7,, Nu, Sh as follows:
du |
Tw = 7 ly=
dy " 0
—R4Ay—R;N; — RN, —R,EcA,
| —RsEcNy; —2R,EcN;, —2RyEcN;;
| “2REcNyy— (Ry+Ry)EcNs — (R + R3)Ec Ny
—(R;+Ry)EcNy;
+ece

—RgAy— R Ny — RyNy — RyNy; — RyNyy — R
Nas — RgEcAg — RyECNyy — RyEcNys — 2R,EcN,,
—2R,EcNys — 2R, EcNyg — (Ry + Ry EcNyy
—(Ry+R3)EcNy;g — (R + Ry) Ny — ReEc Ny

X | =(Ry+R4)EcNs; — (R, + R3)EcNs, (49)
—(R3+Rg)EcNs; — (R + Rg)EcNsy
—(R;+Rs)EcNss — (Ry+ Rg) EcNsg
—(Ry+Rs)EcNs; — (Ry + Rs) EcNsy
—(R,+ R,)EcNs,

20
Nu=—|
dy
—Ry(1=Ny)—R,N,— RyEcA, —2R,EcN;
— | —2R,EcN, —2R,EcN, — (R, +R,) EcN;
—(Ry+R3)EcNy— (R, +R,)EcN

+ee
—RsA; =R, Nig— Ry Njg— R3Nyy — RgEcAs
—(Ry+Ry) EcNyg— (Ry+Ry)EcNy;
—2R,EcNy— (Ry+Re)EcNyy — (R, +Rs)
XEcNyy— (R, +R3)EcN;; — (R, +R3)EcN;,
—2R3EcN3;— (R3+Re) EcNyy — (R3+Rs)
XEcN3s—2REcN3g— (R, +R,)EcNy;
—(Ry+Rg)EcNsg— (R, +Rs5)EcNs
—R3EcNy— (R, +Ry)EcN,,

ac

5|y:0=_R1 —ge"R,(1—N,)—&e" RN,

y=0

(50)

Sh=

4. RESULTS AND DISCUSSION
This segment follows the above section which established
the Ra, viscous dissipation effects, thermal radiation, ther-
mal diffusion, Doufour, MHD convective flow. n=0.5, e=
0.2, A=05, u;,=0.5, D,=0.5,1=1.0.

K, on u is explained in Figure 2. As the current of
K, significantly effects velocity portrait. In this process

Mass Diffusion Effect on MHD Unsteady Free Convective Flow with Viscous Dissipation and Radiation Absorption

Porous medium

° \ V4 7

Fig. 1. Schematic diagramme.

K, enhances the decreasing trend is observed in current
portrait. The presence abnormal output of the u# occurs on
the fluid.

Figure 3 illuminate the significance of M on resultant
u, Magnetic field activation is observed in Figure 2. Input
values are acts as a ramping way. Magnetic performance is
diminished in u. An impact of magnetic field on the liquid
which is electrically conducted gives resistive force known
as Lorentz force. In boundary layer area fluid motion is

g0 up.

vl

09
=1,2,3,4
E] T

0.8 H

0.7

0.6

0.5 .

0 2 4 6 8 10 12 14

y

Fig. 2. Velocity portrait with K.

M=2,4,6,8

u

0.9 H

0.8

0.7

0.6

0.5

y

Fig. 3. Velocity portrait with M.
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0.9H 4
- Sc=0.2,0.3,04,05
0.8 4
0.7 1
0.6 4
0.5 L L . L " "
0 2 4 6 8 10 12 14

0.8 1

Dr=0.02, 0.04, 0.06, 0.08

I |

02 L " " L " L " L L
0 05 1 15 2 25 3 35 4 45 5

0

Fig. 5. Temperature portrait with D,.

Various results of Sc impacts u is plotted in Figure 4.
The outcome result of Sc enhanced when the values of Sc
are increased. The outcomes of Sc the disparate species
contains oxygen (Sc= 0.60) along with carbon dioxide
(Sc = 0.94). The discrepancies in temperature with y for
distinct outcomes in Dufour consequence D, is illustrate
in Figure 5. It reflects the enhancement in D, the fluid 0
is enhanced.

Figure 6 illustrates when enhancing in R causes the
enhance in 6 also. The fluid absorbs the heat which causes
to enhance the 6 with the boundary-layer thickness. It
enhances in the R enhance in the interaction in the thermal
boundary. In addition, huge impacts of R released large
amount of heating to the nanofluid which enhances the
nanofluid 6 portrait.

Figure 7 deliberates the Pr performance on 6. Pr Aug-
menting give a decay to the profiles of 6. The material
thermal conductivity is diminish for larger Prandtl values.
At lower 0 thermal conductivity act as equal performance

Vijayakumari et al.

1.2 T T T T T T T T v

0.8 1

0.6 1

R =0.02, 0.04, 0.06, 0.08
0.4 1

0

0.2 1

02 L " L L . L L s L

Fig. 6. Temperature portrait with R.

0.8

0.6

0

Pr=1,2,3,4
0.4

0.2

Fig. 7. Temperature portrait with Pr.

0. The enlarger thermal relaxation time-based parameter
augments the 6.

Figure 8 shows the enhancing behaviour of Sc¢ when
concentration is diminished. Figure 8 enplanes the

1.2 ! : 1 , : ! T : !

0.8
0.6
o Sc=0.02, 0.04, 0.06, 0.08

0.4

0.2

Fig. 8. Concentration portrait with Sc.
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1.2

0.8

0.6

0.4

0.2

Kr=l, 2,3,4

0.5

1 15 2 25 3

Yy

35 4

4.5 5

and mass transfer movement past a semi-infinite, porous
plate with K, Ref. [7], in the negligency of Ra and Ec.
Remaining parameters are in constant position, we grabbed
distinct outcomes for K,. Obtained outcomes are conferred
in Figure 2 and this association are in reliable accord.

5. CONCLUSION

Main things are listed below

(1) Velocity behaviour is diminished in K,, M, Sc.

(2) Temperature effect is increased in D,, R.

(3) Concentration impact is diminished in Sc, K, .

(4) 7, is diminished when increasing Pr,Sc, Ec,Ra,K,.
(5) 7, is enhanced when enhancing R.

(6) Nu is diminished when enhancing values of Pr, Ra.

Fig. 9. Concentration portrait with K.

K, concentration portrait, the behaviour of portrait is
enhanced when C diminished. Figure 9 shows the dimin-
ishing output of K, on concentration profile.

Table I portrays the consequence Pr, Sc¢, Ec, D,, Ra,
K,, R on 7,, Nu. Pr and Ra increases 7,, Nu decreases.
Sc and K, enhances 7,, diminished, Nu is increased. We
observed that increase in Ec, 7, is diminished. R values
are enhanced 7, Nu results are also increased and these

points perceived form Table 1.

4.1. Justification of Outcomes

Towards perfection of model, outcomes analogised with
obtained data for momentum constitution in the instance
of thermal diffusion consequence on hydrodynamic heat

()

Nu

is

enhanced when

enhancing

values

of

Se,D,.K,,R.

NOMENCLATURE

Table I. llustrates the impact of Pr, Sc, Ec, D,, Ra, K,, R on 7, Nu.
Pr Sc Ec D, Ra K, R T, Nu

1 4.7456 —9.3452

5 4.6231  —10.9876

7 4.5567 —19.0876

0.61 5.0987 —7.1345

0.81 4.9987 —7.0123

0.94 4.9765 —6.9879

0.001 4.7450 —7.9878

0.003 4.7443 —7.9878

0.005 4.7434 —7.9878

0.01 4.9899 —9.9876

0.02 4.9899 —9.9872

0.03 4.9899 —9.9871

5 4.6860 —7.7591

10 4.6031 —7.9807

20 4.4431 —8.0124

0.2 4.7471 —7.5784

2 4.1145 —7.5491

2.5 4.0057 —7.5473

0.01  4.7470 —7.5784

0.02 4.7776 —5.8289

0.03  4.8040 —5.0658

B,
C *
c;
cx

PSSy

- ST *
"
- =
%8 *

ST

Magnetic Component (A-m™")
Dimensionless fluid concentration
Concentration

Dimensionless concentration outside of the

sheet

Specific heat at constant pressure (J-Kg='-k)

Doufour number

Eckert number

Thermal Grashof number

Mass Grashof number

Acceletion due to gravity (m-s—2)

Acceletion due to gravity dimensional C
Chemical reaction parameter (m-s~")

Magnetic parameter
minning

Prandtl number
Constant

Radiation parameter
Schmidt number
Shearwood number
Dimensional time

Temperature outside of the boundary layer (k)

Wall dimensional
Uniform velocity
Dimensionless primary velocity

Velocity outside of the boundary layer

Free stream velocity
Dimensionless velocities
Dimensions

Greek Symbols
[ Fluid parameter
v Kinematic viscosity (m?-s!)
p Density of the fluid (Kg-m~?)
o, Electrical conductivity (o~ -m™")
o Thermal conductivity (m?-s7")
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& Arbitary constant
1 Unit volume

Subscripts

* Dimensionless properties
w Wall condition
oo Free stream condition
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