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ABSTRACT: The present paper studies effect of nanofluids on natural convection in an assumed non-  Review History:

Darcy, porous medium on vertical wall embedded with MHD field. The wall temperature and free stream ~ Received: 28 July 2015
Revised: 5 February 2016

Accepted: 11 April 2016
is assumed that the flow is laminar and in no slip and thermal equilibrium condition. Partial differential ~ Available Online: 10 November 2016

temperature are assumed constant. Base fluid is water that contains Al,O,, CuO and Cu nanoparticles. It

equations are transformed to ordinary differential equations that are solved by Differential Transform

Method (DTM). The current semi-analytic solution is compared with 4th order Runge-Kutta results and ~ Keywords:
Nanofluid

a good agreement is achieved. The obtained results show that adding nanoparticles to water, increases the
Natural convection

heat transfer amount that is also increased with nanoparticle concentration. On the other hand, increasing  p oo

the magnetic field decreases the heat transfer coefficient. Magnetohydrodynamic (MHD)

1- Introduction x
It is shown that adding solid nanoparticles to pure fluids
increases effective thermal conductivity of the mixture. Many
researchers have been attracted to study the nanofluid heat
transfer in different geometries. Rosca et al. [1] studied a non-
Darcy mixed convection from a horizontal plate embedded in

a nanofluid saturated porous media. L=l
In this paper, the porous medium is assumed to be isotropic,
homogeneous and non-Darcy flow and all thermodynamic
properties are considered to be constant. The effect of various
parameters such as volume fraction ¢, mass flux parameter f, g
Grashof number and magnetic parameters on the fluid flow ) 0 o ”
and heat transfer parameters are evaluated by investigating Figure 1. Schematic view of the present problem
the nondimensional velocity and temperature curves. Finally, 2 2
. ; ; o or  oT orT 0T
the Nusselt number is obtained for different conditions. U—+v—=a|l—5—+-— 3)
Ox dy ox~ Oy
2- Governing equations Boundary conditions include:
According to Fig. 1, wal.l surfac.e temperature .(T ) .is constant y=0:v=v, T=T, 4)
and the plate is located in the vicinity of a fluid with ambient
temperature (7). y—oo:u=0T=T_ (3)

The boundary layer equations near the flat vertical surface

according to Kishan et al. study [2] are as follows: Where in ¢ is the electrical conductivity, B, the coefficient of

magnetic field, u the fluid viscosity, v the dynamic viscosity of

% _|_@ -0 (1) the fluid, K the permeability, g the gravity acceleration, ¢ the
Ox Oy experimental constant, a the thermal diffusivity coefficient,
N and o = Ex'?in which E is the real constant.
cvK , K(0Op 0B K
u+ o T _[E+ pg|———u &Y 2- 1- Thermo-physical properties of nanofluids

Density, dynamic viscosity and heat capacity at constant
pressure for nanofluid are obtained as follows [3]:

Py =p,(1—0)+pep (6)
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_ K
Hoy = (1 _ (p>2.5 (7
(eC,), =(pC,), (1=0)+(pC, ) ¢ (8)

Finally, effective thermal conductivity is obtained by the
Patel et al. model [3]:

k

4 kA, + ck, Pe ©9)

kf k 4, kaf

in which

A, _ df P

A, d 1- (10
ud.

Pe=—— (11)
@

C is constant and equals to 25000 [3], d, is diameter of the
base fluid molecules which is considered 0.278 nm, d_ is
diameter of the nanoparticles, K, Boltzmann constant and
u, is Brownian motion velocity of nanoparticles which is
obtained as follows [3]:

_ 2kT
7Tp,fd2

(12)

s

2-2-Nondimensional equations
The following variables are used for converting the governing
equations into dimensionless forms [4]:

1
n:ZRaf u:gRaxf'(n)
X X
T-T
V= ——Ra 9 == — 13
o (f nf') (n) T T (13)
oBK
Ha® =1+-— (14)
pU
then the governing equations can be written as follows:
f”[l + Ha® (1- w)z's} 26" =
15)
8, 23 (
VF@ Blpl (1) 0
/ﬂ/
1- €
[¢J + M %
2 2psc,
0// + 4 / fg/ — 0 (16)
14— kA, +ck Pe A
kA, k A,
Where Gr is Grashof number [4]:
 JKKgp, (1,-T.) (17)
- 2
v
New boundary conditions are:
f(0)=r, 6(0)=1 (18)

f'(00)=0 0(c0)=0 (19)

/., mass flow rate parameter is obtained as follow [4]:

2E
JaKgp, (T, —T.)

Dimensionless heat transfer coefficient can be written as
follows:

fo=-

(20)

=—-—"6'(0) 1)
/
Ra!? k,

2- 2- Semi-analytical solution with DTM
The Taylor series expansion for function x(#) in the D interval
is as follows [5]:

- t—t
Z k!

k=0

dkx(t)
dt*

YteD (22)

t=t;

Now, nondimensional equations in the previous section will
be analyzed in the DTM. To do this:

f(n)=F (k) 0(n)—T(k) (23)
Boundary conditions are also considered to be as follows:
FO)=f,  F()=a o
T(0)=1 T(1)=3

3- Results and Discussion

Fig. 2 shows Nusselt number for Cu-water nanofluid at
different Ha and concentrations. According to the figure,
Nusselt number increases with concentration and decreases
with Ha due to volumetric Lorentz forces.

Fig. 3 depicts the Nusselt number with Ha for different
nanofluids. It can be seen that the maximum Nusselt
number belongs to the Cu-water nanofluid at the simulated
conditions. For Cu-water nanofluid, changing the Ha from 0
to 3, decreases the Nu.Ra®’ from 0.21 to 0.068.
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Figure 2. Nusselt number for Cu-water at different Ha and
concentrations
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Figure 3. Nusselt number versus Ha for different nanofluids

4- Conclusion

Comparing the present method (DTM) results with the fourth
order Runge-Kutta method shows that DTM is an efficient
method to solve the current problem. Using this method, heat
transfer and fluid flow characteristics of the nanofluid flow
for different Ha, concentration and mass flowrate parameters
are obtained and discussed.
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