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Abstract
An investigation has been made for the effect of chemical reaction of an unsteady boundary layer flow
of a nanofluid over a heated stretching sheet with heat source/sink, magnetic and porosity parameter.
The unsteadiness in the flow field is caused by the time-dependence of the stretching velocity, free
stream velocity and the surface temperature. The unsteady boundary layer equations are transformed
to a system of non-linear ordinary differential equations and solved numerically using a shooting
method together with Runge—Kutta 4" order scheme. For supporting the results and discussion part

some graphs are included.

Keywords: Nanofluid, Heat and mass transfer, Stretching sheet, Chemical reaction, Magnetic and
Porosity parameter.

1. Introduction:

Nanofluid is a fluid suspension containing metallic or non-metallic nanoparticles with a typical size of
(1- 100 nm) dispersed into the base fluid. The concept of nanofluids was first introduced by Choi, [1]
where he proposed the suspension of nanoparticles in a base fluid such as water, oil, and ethylene
glycol. Nano fluid is an environmental friendly and also provides better efficiency than the fluids
using currently. Nano fluid is a colloidal mixture of nano sized particles in a base fluid to enhance the
heat transfer characteristics suited for practical application. However, existence of solid particles leads
to interesting characteristics in the fundamental thermo-physical properties nanofluids. Thermal
conductivity, viscosity, density and stability have been investigated throughout the recent years by
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Nomenclature

u,v  velocity along x-,y-axis X,y  horizontal and vertical axis

t time U, ambient velocity along y-axis

Vv, kinematic viscosity of the base fluid o) electrical conductivity

B, applied magnetic field o3 density of the base fluid

k; porosity parameter T temperature of the fluid

a thermal diffusivity of the base fluid D,  Brownian diffusion coefficient
C nanoparticle volume fraction D,  thermophoretic diffusion coeff.
T, free stream value of temperature q, radiative heat flux in the y —axis

(oc,); specific heat parameters of the base fluid g, heat source parameter

k. chemical reaction parameter ratio of heat capacities

N

(oc,), specific heat parameters of the nanoparticle o>  Stefan-Boltzmann constant
k*  mean absorption coefficient U, stretching velocity

T, temperature of the sheet C, nhanoparticle volume fraction

a stretching rate b strength of the stagnation flow
A buoyancy force n similarity variable

7 stream function f non-dimensional velocity

0 non-dimensional temperature ¢ non-dimensional concentration
S unsteadiness parameter )i stretching parameter

M magnetic parameter K,  porosity parameter

P Prandtl number N,  thermal radiation parameter
N,  Brownian motion number N,  thermophoresis number

H heat source parameter L, Lewis number

K. non-dimensional chemical reaction parameter x thermal conductivity

C;  skin friction coefficient N, local Nusselt number

S, local Sherwood number C,  reduced skin friction coefficient
N,  reduced Nusselt number Subscripts

S,,  reduced Sherwood number w condition at wall

Re, local Reynolds number oo condition at free stream

many researchers. Density of fluid is an important thermo-physical property. Like viscosity, density of
any fluid also has direct impact over pressure drop and pumping power and it also affects on Reynolds
number, Nusselt number, thermal diffusivity as well as heat transfer coefficient of a heat transfer fluid.
However, only a limited number of studies have been conducted on density of nanofluids [2,3].

Buongiorno [4] attempted to explain the increase in the thermal conductivity of such fluids and
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developed a model that took into account the particle Brownian motion and thermophoresis. It is a new
class of heat transfer fluids due to its attractive enhancements on thermo-physical properties and heat
transfer. For heating and cooling process, cooling is an essential part of multitudinous industrial and
civil application such as power generation, chemical process, microelectronics, transportation, air
condition and microsized application etc. [5,6]. Makinde [7] has investigated the Sakiadis flow of nano
fluids with viscous dissipation and Newtonian heating. Motsumi and Makinde [8] studied the effects
of thermal radiation and viscous dissipation on boundary layer flow of nanofluids over a permeable
moving flat plate. Nadeem et.al. [9] investigated the Non-orthogonal stagnation point flow of a nano
non-Newtonian fluid towards a stretching surface with heat transfer. Das[10] investigated the Lie
group analysis of stagnation-point flow of a nanofluid. Das[11] also investigated the Nanofluid flow
over a shrinking sheet with surface slip. Nadeem et al.[12] studied the heat transfer analysis of water-
based nanofluid over an exponentially stretching sheet. Kunetsov and Neild [13] revised a model to
investigate the natural convective boundary layer flow of a nano fluid past a vertical plate. Nadeem et
al. [14] studied the MHD three-dimensional boundary layer flow of casson nano fluid past a linearly
stretching sheet with convective boundary condition. Pattnaik and Biswal [15, 16] have studied the
MHD free convective boundary layer flow over a vertical surface through porous media. Mishra et. al
[17] studied the analysis of heat and mass transfer with MHD and chemical reaction effects on
viscoelastic fluid over a stretching sheet. Mishra et. al [18] investigated the effect of heat source and

double stratification on MHD free convection in a micropolar fluid.

Moreover, the present study is an extension of the work of Das et. al [19] including Magnetic
parameter, porosity parameter, heat source and chemical reaction parameter, which they have not

considered.
2. Mathematical formulation

The study of two-dimensional unsteady boundary layer flow of a nanofluid over a heated stretching
sheet with chemical reaction in presence of magnetic and porosity parameter and heat source/sink has
been considered. The coordinate system under consideration is such that x measures the distance

along the sheet and y measures the distance normally into the fluid (Fig. 1). The flow is assumed to
be confined toy > 0. Two equal and opposite forces are impulsively applied along the x —axis so that

the sheet is stretched keeping to fixed origin. Let us consider that for time t <QOthe fluid and heat
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flows are steady. The unsteady fluid and heat flows start at t =0, the sheet being stretched with the

velocity U, (x, t) along the x-axis. It is also assumed that the ambient fluid is moved with a velocity
U, (x, t) in the y—direction toward the stagnation point on the plate. The temperature of the sheet
T, (x t) and the value of nanoparticle volume fraction C,(x, t)at the surface vary both with the
distance x along the sheet and time t and higher than the ambient temperature T, and concentration
C_, respectively. In view of thermal equilibrium, there is no slip between the base fluid and suspended
nanoparticles. Since the velocity of the nanofluid is low (laminar flow), the viscous dissipative heat is

assumed to be negligible here. An external variable magnetic field B, is applied along the positive y-

direction. Magnetic field is sufficiently weak to ignore magnetic induction effects. The physical

properties of the fluid are assumed to be uniform, isotropic, and constant.

y

Co
Teo
Ue (x.0)
» T, (.) T ™ >
U, U,

Fig.(1) Physical Model

The governing equations of the flow in two dimensions are as follows:

R ()
oX oy

2 2 v
6_u+u8_u+va_u:aue +U, v, +V, ¢ l:—[GBO +—i}(u—ue) (2
ot ox oy ot OX oy Pk,
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QJFUQ vaT 82T +7| Dy — oc ot (DTJ ﬂ} 1 8qr+ % (T-T,) )
ot OX oy Gy 6‘y ay T, )| oy (pcp)f oy (pcp)f
§+u§+V§:DB azf{D—jﬂ—k (C-C)) 4)
ot ox oy oy T, Joy’
B (PC,)s
o= =—
(pC,); (pC,);

Using the Rosseland approximation, the radiative heat flux is given by (Brewster [20])

4o* oT*

0 =——=—% (5)
3k* oy

where T* =4T°T 3T, (6)

So from equation (5),

o9, _ 16T)0* 0T @
oy 3k* oy*

Putting equation (7) in equation (3) we have,

6—T+ua_T+va—T:a(l+l6Tja*jazz Dg §8l (—T] a—T] +L(T—Tw) (8)
a  ox oy 3k*x )oy oyoy \T,)| oy (pC,);

The boundary conditions for the problem are as follows:

u=U,(xt), v=0,T =T,(x1t),C=C,(X1) at y=0 ©)
u—->U,(x,t), T ->T,,C—>C, as y >
Here the stretching and free stream velocities are of the form:
ax
u =—_ 10
Y1-at (10)
bx
=— 11
© 1At (11)
where a,b, A(>0) constants having dimension (time)* with (1t <1, 1 >0).
The wall temperature and nanoparticle volume fraction are given by,
2
T, (x, t) =T +T, {ﬁ} (1-Aat)7 (12)
2V,
aXZ
C,(x t)=C,+C, Ev (1-At)? (13)
Vf

Volume 8, Issue 8, 2018 146 https://pramanaresearch.org/



Pramana Research Journal ISSN NO: 2249-2976

where T, and C,are positive reference temperature and nanoparticle volume fraction respectively
such that 0<T, <T, and 0<C, <C,.Note that the above expressions are valid for time t < A",

3. Non-dimensionalization

Introducing the following similarity variable and dimensionless functions:

) Ve 77’ (14)
ax® ax?
e N e kG

where the stream function () is defined as:

_oy a4

and v=-— )
OX

u

Putting the above values in equation (1), we get,

u=( x jf’(n), v=—[ adl ]zf'(n) (15)
(1— A1) (1 1t)

Now substituting Eq. (14) into Egs. (2), (4) and (8), the following ordinary differential equations are

obtained as follows:

74 f”(f —%773)— f'(f’+S)+,82+,BS—(M +Ki](f'—ﬂ):0 (16)
p

%(n Nr)e"—5(29+%779')+ £6'— (2" +H)O+ N0 + N6 =0 (17)

L s@pr i)t tg @ 4K ) —N g =0 (18)

PL 2" 7PN,

The boundary conditions (9) take the form
f'(0)=1 f(0)=0, 6(0) =1,¢(0) =1,

f'(0) > B, O(0) >0, ¢(x)—>0 (19)

3 * _ _ |
S:i, :E’Pr:_f' r:16TLG,N'J:TDB(CW Coo)’Nt:TDT(rW Too)
a a o, 3k*x v, v,T,
where ) - -
- - a _
Le:ﬂ,H:qo(l /tt),MZGBo(l ﬂt),Kp: : K, = “@-At)
Dg a(pc,); ap v(l-At) a |
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4. Physical quantities

The skin friction coefficient, local Nusselt number and local Sherwood number are respectively

defined as:

“i= plcJ2 [%U] )
N o X [ [aT) _4o*aT’ 21)
"k, -TD| ey ), 3k oy ),

5,=—* % (22)
" (TW_Too) ay y=0

Substituting equation (14) into equations (20)-(22), we get, the reduced skin friction coefficient,

reduced Nusselt number and reduced Sherwood number as:

Cfr = \/ Refo = f"(O) (23)

Nur = I:eex Nu = _(1+ Nr)Q'(O) (24)

S =+/Re, S, =—¢'(0) (25)
U,X.

where Re, =—"—is the local Reynolds number.

Vi

5. Method of solution

The set of non-linear coupled differential Eqgs. (16)—(18) with appropriate boundary conditions given
in Eqg. (19) constitute a two-point boundary value problem. The equations are highly non-linear and so,
cannot be solved analytically. Therefore, these equations are solved numerically by using Runge—

Kutta fourth order with shooting technique. The asymptotic boundary conditions in (19) at 7 — oo are

replaced by those at r =7, as is usually the standard practice in the boundary layer analysis. The inner

iteration is counted until the nonlinear solution converges with a convergence criterion of 10~ in all

Cases.
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6. Results and discussion

In this paper, the effects of chemical reaction on an unsteady boundary layer flow of a nanofluid over a
heated stretching sheet with heat source/sink, magnetic and porosity parameter have been investigated.
Numerical computations for velocity, temperature and concentration are obtained by using Runge—
Kutta fourth order with shooting technique. In order to analyze the results, numerical computation has

been carried out (using the method described in the previous section), for various values of the

unsteadiness (S) ,magnetic (M) ,porosity (K ) ,thermophoretic (N,) , Brownian motion (N,) ,heat

source (H) and chemical reaction (K_) parameter with Prandtl number (P,)and Lewis number (Le) .In
the  simulation the  default values of the parameters are considered as
$=04,N,=0LN,=0.1 P =071, N,=02,4=05M=LK =05H=1 and K =2 unless
otherwise specified. For the shake of validity, fig.2 is represented. It is clear that velocity profile

increases for increasing values of stretching parameter () .Fig.3 represents the variations of velocity
profiles due to magnetic parameter (M) in presence (K, =0.5) /absence (K, =100) of porosity

parameter. It is marked that velocity profile decreases with an increment of magnetic parameter both
presence/absence of porosity parameter. It is observed that presence of magnetic field produces
Lorentz force which resists the motion of the fluid both in absence/presence of porous matrix. Figs. (4-
6) represent the variations of velocity, temperature and concentration profiles due to unsteady

parameter (S) both in presence (K | =0.5) /absence (K, =100) of porosity parameter. It is marked that

all the profiles decrease with an increment of (S)both in presence/absence of porosity parameter.

Velocity profile decreases due to the presence of buoyancy force acting on velocity profile. It is
noteworthy that both temperature and nanoparticle volume fraction (concentration) profiles satisfy the
far field boundary conditions asymptotically, thus supporting the validity of the numerical results
obtained. It is noticed that by escalating S, both temperature and concentration boundary layer
thickness decreases with increase in the values of S near the boundary layer region in the presence of
thermal radiation and satisfies the far field boundary conditions asymptotically. Fig.(7,8) represents
the variation in both temperature and concentration profiles due to increasing values of thermal

radiation parameter (N,) for the case of steady flow (S =0)and unsteady flow (S=0.5). It is

observed that the fluid temperature increases as N, increases due to the fact that the conduction effect
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of the nanofluid increases in the presence of thermal radiation. Therefore higher values of radiation
parameter imply higher surface heat flux and so, increase the temperature within the boundary layer
region. It is also observed that thermal boundary layer thickness increases with increasing the values
of N, for both steady and unsteady cases. The impact of thermal radiation parameter N, on the
nanoparticles volume fraction profiles is presented in Fig. 8. It can easily be seen from figure that the
nanoparticle volume fraction decreases near the boundary surface. It should be noted that the effect is
prominent for unsteady flow than that of steady flow. Figs. (9, 10) represent the variations in both
temperature and concentration profile for increased values of Brownian motion parameter (N,) both
for the case of steady and unsteady cases. It is clear that the fluid temperature is found to increase with
the increasing values of N, for both (S =0) and (S =0.5). This is due to the fact that the increased

Brownian motion increases the thickness of thermal boundary layer, which ultimately enhances the
temperature. The nanoparticle volume fraction distribution is presented in Fig. 10 for various values of

Brownian motion parameter (N,) when for steady flow (S =0)and for unsteady flow (S =0.5). The
curves show that the nanoparticle volume fraction decreases with increasing N, near the boundary

layer region for both steady and unsteady flows. Figs. (11, 12) represents the variation of fluid
temperature and nanoparticle volume fraction (concentration) profiles for different values of

thermophoretic parameter (N,) both in steady and unsteady cases. It has been observed that fluid
temperature increases on increasing values of N, in the boundary layer region and, as a consequence,

thickness of the thermal boundary layer increases. This enhancement is due to the nanoparticle of high
thermal conductivity being driven away from the hot sheet to the quiescent nanofluid. It is seen from
Fig. 12 that the thermophoretic parameter N, produces an increase in the nanoparticle volume fraction
for both the steady and unsteady cases. It is interesting to note from the figure that distinctive peaks in
the profiles occur in region adjacent to the wall for higher values of thermophoretic parameter N, . This
means that the nanoparticle volume fraction near the sheet is higher than the nanoparticle volume
fraction at the sheet and consequently, and nanoparticles are expected to transfer to the sheet due to the
thermophoretic effect. Figs. (13, 14) represents the variation of fluid temperature and nanoparticle

volume fraction (concentration) profiles for different values of Prandtl number (P.)both in steady

(S =0) and unsteady (S =0.5) cases. High Prandtl number causes low thermal diffusivity. As a result,

the temperature profile becomes thinner and thinner at thermal boundary layer for both steady and
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unsteady cases. It is interesting to note that temperature profile also gets thinner near the boundary
layer when value of unsteady parameter increases. But the reverse effect has been observed in the
variation of nanoparticle volume fraction and it gets accelerated in absence of unsteady parameter
(S=0). It is interesting to note that concentration profile jumps to its maximum peak near the
boundary for steady case. This has been clearly observed in fig. 14. Figs. (15, 16) represents the
variation of fluid temperature and nanoparticle volume fraction (concentration) profiles for different
values of heat source (H) both in steady (S =0) and unsteady (S =0.5) cases. Temperature profile
gets decelerated for increasing values of heat source parameter H for both in steady and unsteady
cases. But it attains its maximum value in steady state case. It has also been observed that for an
increment of unsteady parameter, temperature profile gets decelerated. But the reverse effect has been
observed for nanoparticle volume fraction for both steady and unsteady cases. Fig. 17 exhibits the

nanoparticle volume fraction profiles for several values of Lewis number L, for both steady and
unsteady flows. It is seen that the nanoparticle volume fraction decreases with increasing values of L,

and this implies an accompanying reduction in the thickness of the concentration boundary layer
thickness. Also the nanoparticle volume fraction profiles decrease asymptotically to zero at the edge of
the boundary layer. Fig. 18 exhibits the effect of chemical reaction parameter (K_)on nanoparticle
volume fraction profiles for both steady and unsteady flows. Chemical reaction parameter shows a

retarding effect on concentration distribution as the reaction proceeds with increased values of K. .
Fig. 19 exhibits the effect of magnetic parameter (M)on temperature profiles for both steady and

unsteady flows. It has been observed that temperature gets enhanced for increment of magnetic
parameter both in presence/absence of porous matrix. This is due to the resistive force, Lorentz force,
which retards the velocity profiles and action temperature gets accelerated. Fig. 20 exhibits the effect

of stretching parameter (S)on temperature profiles for both steady and unsteady flows. It has been

observed that temperature gets decelerated for increment of stretching parameter both in steady and

unsteady flows.
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7. Conclusions

_ Magnetic parameter decreases the fluid velocity both in presence/absence of porous matrix whereas
reverse effect occurred in temperature cases.

_ Stretching parameter increases the fluid velocity both in steady and unsteady cases whereas reverse
effect occurred in temperature cases.

_ Heat source decreases the fluid temperature but enhances nanoparticle volume fraction both in
presence/absence of porous matrix.

_ Chemical reaction decreases the nanoparticle volume fraction both in presence/absence of porous
matrix.

_ Increasing the Brownian motion parameter, Lewis number and unsteadiness parameter lead to
reduce the nanoparticle volume fraction near the boundary layer region but the effect is reverse for the
thermophoretic parameter.

_ The fluid temperature and the thermal boundary layer thickness increase for increasing thermal
radiation, Brownian motion and thermophoresis whereas the effect is opposite for unsteadiness
parameter.

_ It is seen that the reduced Skin Friction coefficient increases for increasing values of stretching
parameter for both steady and unsteady cases where as for magnetic parameter in presence/absence of
porosity parameter, reverse trend is observed.

_ It is seen that the reduced Nusselt number increases as the Brownian motion parameter, Lewis
number, Prandtl number, heat source parameter, unsteadiness parameter and thermal radiation
parameter increase whereas the opposite trend is noticed in the case of thermophoretic parameter,
magnetic and porosity parameter.

_ It is seen that the reduced Sherwood number decreases as the Brownian motion parameter, Lewis
number, Prandtl number, heat source parameter, unsteadiness parameter, thermal radiation parameter

thermophoretic parameter, magnetic and porosity parameter increase.

Volume 8, Issue 8, 2018 152 https://pramanaresearch.org/



Pramana Research Journal

25 T T T T T T T T T

1.5

0.5

$=0,0.5,1,1.5,2

O 1 1 | 1 | 1 1 s —

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5

Fig.2 Velocity profile for various values of 3

1 T T T T T T T T T

ISSN NO: 2249-2976

b Kp=100 |
- - - Kp=0.5
0 0.5 1 1.5 2 25 3 35 4 4.5 5
n
Fig. 3 Velocity profiles for various values of M and Kp
Volume 8, Issue 8, 2018 153

https://pramanaresearch.org/



Pramana Research Journal ISSN NO: 2249-2976

0.9

0.8

0.7

0.6

Kp=100

0.5

- == K=05 ]

$=1,5,10
0.4

03

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

Fig. 4 Velocity profiles for various values of S and Kp

T T T T T T T T T

0.9

0.8

0.7

0.6

Kp=100

- == =K =05
p

0-4 $=1,5,10

0.2

01F

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

n
Fig. 5 Temperature profile for various values of S and K 0

Volume 8, Issue 8, 2018 154 https://pramanaresearch.org/



Pramana Research Journal ISSN NO: 2249-2976

0.9

0.8

0.7

0.6

K =100
0.5 P

- - ==K =05
0.4 P

S$=1,5,10
03

0.2

01 r

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

0.9

0.8

0.7

0.6

— S—O

-====5=05
04

03[

0.2

01 r

Fig. 7 Temperature profiles for various values of N ; and S

Volume 8, Issue 8, 2018 155 https://pramanaresearch.org/



Pramana Research Journal ISSN NO: 2249-2976

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

)  ——
- - = = =505
04 :

03 J
0.2 i

0.1 N,=0.1,0.3,0.5 i

O Il | | 1 | - IM
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
n

Fig. 9 Temperature profiles for various values of N b and S

Volume 8, Issue 8, 2018 156 https://pramanaresearch.org/



Pramana Research Journal

0.9

0.8

0.7

0.6

<05

0.4

0.3

0.2

0.1

Nb=0.1,0.3,0.5

Fig. 10 Concentration profiles for various values of N, and S

2.5

— S = ()

- = === 505

3.5 4 4.5

0.1

T T T

N,=0.1,0.3,0.5

1 1 1

T

T

T T T

0.5 1 1.5

Volume 8, Issue 8, 2018

157

Fig. 11 Temperature profiles for various values of N ¢ and S

1

ISSN NO: 2249-2976

https://pramanaresearch.org/



Pramana Research Journal ISSN NO: 2249-2976

1.2 T T T T T T T T T

0.8

S 0.6

0.4

0.2

0.8

0.7

0.6

(72}
I}
o
1

- === 35205
P =0.71,1,7

04 r

03

0 0.5 1 1.5 2 25 3 3.5 4 4.5 5

Fig.13 Temperature profiles for various values of P and S

Volume 8, Issue 8, 2018 158 https://pramanaresearch.org/



Pramana Research Journal ISSN NO: 2249-2976

12 T T T T T T T T T

- == =505

_0.2 1 | Il | | Il | 1 |
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
n

Fig.14 Concentration profiles for various values of P_and S

12 T T T T T T T T T

0.8

S=0

< 0.6 == = = =53=0.5

0.4

0.2

Fig. 15 Temperature profiles for various values of H and S

Volume 8, Issue 8, 2018 159 https://pramanaresearch.org/



Pramana Research Journal ISSN NO: 2249-2976

1 T T T T T T T T T
0.8 i
0.6 [ i

S=0

< 04 r a

\ - = ==5=05

\§
\
0.2 A J
S
~
~ ~
H=-1,0,1 e
O [ = = a3
-0.2 1 1 1 | 1 1 | 1 |

0.8

0.7

0.6

<05

0.4

0.3

0.2

0.1

Fig. 17 Concentration profiles for various values of L _and S

Volume 8, Issue 8, 2018 160 https://pramanaresearch.org/



Pramana Research Journal ISSN NO: 2249-2976

0 0.5 1 1.5 2 25 3 3.5 4 4.5 5

Fig.19 Temperature profile for various values of M and K 0

Volume 8, Issue 8, 2018 161 https://pramanaresearch.org/



Pramana Research Journal ISSN NO: 2249-2976

——— S=0

- wm - -S=O.5

- = = =8=05

Fig. 21 Reduced skin friction coefficient for various values of 3

Volume 8, Issue 8, 2018 162 https://pramanaresearch.org/



Pramana Research Journal ISSN NO: 2249-2976

§ Kp=100
b - = ==K =05
p
-1.5 7
-2 -
_2-5 | | 1 | |
0 1 2 3 4 5 6
n
Fig. 22 Reduced skin friction coefficient for various values of M and Kp
Fig. 23 Reduced Nusselt Number Nur
2 2
1.5
1 1
0.5
0 —— 0
0 2 4 6 0 2 4 6
Np N,
2 I 6
1.5 A
1 4
2
0.5 1 ¢
0 0 — —
0 2 4 6 0 2 4 6
N P

Volume 8, Issue 8, 2018 163 https://pramanaresearch.org/



Pramana Research Journal ISSN NO: 2249-2976

Fig. 24 Reduced Nusselt Number Nur
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Fig. 26 Reduced Sherwood Number S,
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