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ABSTRACT

This paper considers the problem of magneto-hydrodynamics (MHD) Newtonian and non-Newtonian nano fluid
flow passing on a magnetic sphere with mixed convection effect. Nano Fluid is a combination of liquid fluid as a
base fluid with small solid nano particles. Water is chosen as Newtonian base fluid and oil is chosen as non-
Newtonian base fluid. Then, Alumina and Copper are chosen as solid particle in nano fluid. We further construct
governing equation by applying continuity equation, momentum equation, and energy equation to obtain
dimensional governing equations. The dimensional governing equations that have been obtained are converted
into non-dimensional governing equations by substituting non-dimensional variables. The non-dimensional
governing equations are further transformed into similarity equations using stream function and solved
numerically using Euler Implicit Finite Difference method. We further analyse the effect of magnetic parameter
towards velocity and temperature in MHD nano fluid flow. The results show that the increases of magnetic
parameter impacts to the decrease of velocity and temperature. Then, the velocity and temperature of Newtonian
nano fluid are higher than the velocity and temperature of non-Newtonian nano fluid. Also, the velocity and
temperature of copper-water are higher than the velocity and temperature of Alumina-water.

Keywords—Newtonian and non-Newtonian nano fluid; MHD; Sphere; Euler Implicit Finite Difference.

I. INTRODUCTION

Nano fluid is a combination of liquid fluid as a base fluid with small solid nano particles [1]. Nano fluid is
divided into two types, i.e. Newtonian nano fluid and non-Newtonian nano fluid. Newtonian nano fluid is
a base fluid in nano fluid which has a linear relationship between viscosity and shear stress. However,
non-Newtonian nano fluid is the opposite of Newtonian nano fluid. In this paper, water is chosen as
Newtonian base fluid and oil is chosen as non-Newtonian base fluid. Then, Alumina (A4l,0;) and
Copper (Cu) are chosen as solid particle in nano fluid. Alumina (Al,0;) contains metal oxide and
copper (Cu) contains metal. These types of fluids are used in industrial area that needs for heating and
cooling based on heat transfer [2].

Because of those, we conduct a research how to analyse MHD nano fluid flow problem using
numerical simulation based on mathematical modelling. Putra et al [3] have illustrated the natural
convection of nano-fluids. Their investigations stated that the thermal conductivity of solid nano
particles can be increased when mixed with base fluid. Wen and Ding [4] have discussed about
experimental investigation into convection heat transfer of nano fluids at the entrance region under
laminar flow conditions. Akbar et al [5] have investigated unsteady MHD nano fluid flow through a
channel with moving porous walls and medium by using Runge Kutta. The results show that the heat
transfer rate increases and mass transfer rate decreases with the increase of Reynolds number. Mahat
et al [6] also have observed mixed convection boundary layer flow past a horizontal circular cylinder in
visco-elastic nano fluid with constant wall temperature and solved numerically by using the Keller-Box
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method. The results indicate that the velocity and temperature are increased by increasing the values
of nano particles volume fraction and mixed convection parameter. Juliyanto et al [7] also have solved
the problem of the effect of heat generation on mixed convection in nano fluids over a horizontal
circular cylinder numerically by using Keller-Box method. The result of their investigations show that
the velocity increase and temperature decrease when mixed convection parameter increases. In the
present paper, we are interested to develop mathematical modelling of the problem of MHD newtonian
and non-newtonian nano fluid flow passing on a magnetic sphere with mixed convection effect. The
influence of magnetic parameter (M), mixed convection parameter (1), and volume fraction (y) towards
velocity and temperature in Newtonian and non-Newtonian nano fluid are investigated.

II. MATHEMATICAL FORMULATION

The unsteady MHD Newtonian and non-Newtonian nano fluid flow passing on a magnetic sphere with
mixed convection effect is considered. Fig. lillustrates the physical model of the problem and the
coordinate system used to develop the mathematical model. The fluid used is Newtonian nano fluid
and non-Newtonian nano fluid. The bluff body used is a magnetic sphere with radius a. The flow of
nano fluid is assumed laminar flow and incompressible. The magnetic Reynolds number is assumed to
be very small. Therefore, there is no electrical voltage which makes electric field. With potential theory,
where the velocity potential is perpendicular with stream function, so the 3D dimensional governing
equations can be transform into 2D dimensional governing equations.

Boundary \\\\X\\\\ sy

Layer

Stagnation
Point, x=0
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Mixed Convection

Fig. 1 Physical model and coordinate system

Based on the physical model and coordinate system, unsteady MHD Newtonian and non-Newtonian
nano fluid flow passing on a magnetic sphere is illustrated in Fig. 1. The 2D dimensional governing
equations are developed from the law of conservation mass, the second law of Newton, and the first
law of Thermodynamics. We further obtain continuity equation, momentum equation, and energy
equation, which can be written as follows:

Continuity Equation:

aru arv
2w T35 =0 (1)

Momentum Equation :

at x axis
o | _om , 0w\ _ 0P a%u | o%u 2= =
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aty axis
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Energy Equation :

aT ., _oT  _aT 92T 62T)
(BE tuzt vay) = Afn (0)?2 +ayz

dx2

With the initial and boundary condition as follows :

t=0:u=v=0,T =T, for everyx, y
t>0:u=v=0,T=T,fory=0
u=u(x),u=v=0,T=T,asy > o

o%m | 9%m = s
=~ 4y (55 +55) + 03— pra BT~ T)gy

3

4

wherepy, is density of nano fluid, us, is dynamic viscosity of nano fluid, gis the gravitational

acceleration, and ay, is thermal diffusivity of nano fluid.

7(X) = asin(x /a).

In addition, the value of ris defined as

Further, the 2D dimensional governing equations (1)-(4) are transformed into nhon-dimensional
equations by using both non-dimensional parameters and variables. In this problem, the non-

dimensional variables are given asin [7], i.e.:

wheregzand gyare defined as in [7]

gy = g cos (a

Boundary layer theory [8] is applied to non-dimensional governing equation. We obtain the following

results

Continuity Equation

a(ru) a(rv) _
dx + ay =0

Momentum Equation

atx axis
a a a ap | Vnf 82 .
Ztustv—=—L 4L Mu+ ATsin x
at ax dy ox vy 0y
aty axis

a
!

dy

Energy Equation
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where these nano fluid constants are defined as [9], i.e. :

Density of nanofluid :
P = 1= X)pr + xps
Dynamic viscosity :
1
Hnf = Ky (1—x)?°
Specific heat :

(pcp)nf =(1 _X)(pcp)f + X(pcp)s
Heat conductivity :

kg + 2k — 23 (kf — k)
M kg + 2k + x(kp— k)
The thermo-physical properties of nano particles and base fluid is given in Table 1 [10].

TABLE I. THERMO-PHYSICAL PROPERTIES
Properties Water Oil Cu Al,0,
density 997.1 884 8933 3970
;f:scsifliﬁe heat of constant 4179 1900 385 765
thermal conductivity 0.613 0.145 400 40

We substitute those nano fluid constants into (6) and (8). We obtain

Momentum Equation :

LY L ) 1 1 a%u ,
P il i ew v Nzt Mu + ATsin x (9)
A-x)+x E
And
Energy equation :
or o 0T o 0T _ 1 kst2ky—2x(ks—ky) 1 a1
(a: +u—- vay) T Pr kgt2kptx (ks—kp) (1_X)+X<((pcp))s)ayz (10)
pCp f

Further, by converting (9) and (10) into non-similarity equations using stream function, which is given
as follows [11]

19y

“=1%
19y
V=0

Where

W = tiu, COrGOf (. ©),
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T =s(x,n,t)

The equation (9) and (10) are modified by substituting stream function as follows:

Momentum Equation :

L Of L md¥f | oue (%)2 I B (LI _oroty_1orcobyy
(1_)()2.5[(1_)()+ p_s] an3 +2an2 kel R an +fan2 - tanat +tu, oy oxdn  ox an? —inf +

Mt( —Z—f)—litsmx (112)

Energy Equation :

kes+2k p—2x (ks—kf) 1 a2s
ks+2kf+){(k5—kf)

daf 0s daf 0s 1dr .0s

r] 65 Ju, Os 6_5 ________ ds
(0Cp)s an +Pr + Pr t f =Prt [an t U (an ox  Oxdp 1 ox fan)]
(A=) +x (Pcp)f

(12)With the initial and boundary condition are as follows :
t=0: f= ﬂ = s = Ountuksetiapx, n
t>0: f— L= ,s = lketikan = 0
5 =1,s= Oketlkan - ©
By substituting local free stream for sphere case [12],u, = %sinx into (11) and (12) respectively, we
obtain

Momentum Equation :

L LA L o ] 3 psing (L22L A2
25| 1 )+(p_5) an3 +3 20n2 t3 tcosx[l (an) + Zf ) 67]8t + 2 tsmx(a axon  ox on? )+
X X s
of 2
Mt (1 —a) —ngt (13)

Energy Equation :

keg+2k —2 (ks—k
f=2x(ks—ky) ! —+P ——+SCosxPrtf——Prt—+Prt sinx
s f sTKf p’s
kes+2k g+ (ks—kp) (1_)()+)(<(pc ) ) an?
(ﬂcp)f

(6f ds  Of 6s)
an ox dx dn

(14)

III. NUMERICAL PROCEDURES

MHD Newtonian and non-Newtonian nano fluid flow passing on a magnetic sphere with mixed
convection effect have been investigated numerically by using Euler Implicit Finite Difference method.
he set of similarity equation and boundary condition are discretized by a second order central
difference method and solved by a computer program which has been developed.

Momentum Equation :

: O nau t({1-@W?*+ —ta +Mt(1—u) /1t
- 05— +xD|o7 200 2 Wt )T e u)=32s
f
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by using Euler implicit finite difference method we obtain

1 il — 2ut+ 4wt +77 <3uf++11 4up*t +u?_+11>
=0 (A -0 +x7) Anz i 2 240

3 1
+Etn+1 (1_( n+1)2 +22A fl (3uln++11 4un+1 +un+1 )

1 2
= ¢ntl AT (3 n+1 4u +un 1)+Mtn+1(1 n+1)_§/1521tn+1
wherek;
1
Ki 2.5 Ps
A-20={=0+x,) An?
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3 n 2
+ Et"“ (1 — M)+ A]:ly Gul, —4ul + u{’_l)> — "M —-u) + 3 Astentl

and for

1n 3 [
A _tn+1 L
0~ 24y a2 An

1
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A]_ = + AO
An?

1
3+l (1—X)2'5((1—x)+)(§—5)l
Ay ==-—+2 L
2 At An?

— LM 4 37Ul + 44,

1
(A=-D25(A=+x5%)
Ay = L2434,
An?

Energy Equation :

(kg + 2kp) — 2 (ks —

ot xp(Cp)s
(ks + 2ks) + x(kp =k, ))((1 = ;() + S Coyr

ds
“—-FPT +3P1‘th

by using implicit finite difference method we get

1
Prt"“—ZAt (BsPtl —4s™ + s

(kg + 2ks) — 2x(kf — k)

B ((k + Zkf) +X(kf k(=) + (Xpié;z;;s>
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IV. RESULTS AND DISCUSSION
In this research, the effect of magnetic parameter (M) to velocity and temperature in Newtonian and
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non-Newtonian nano fluid are analyzed.
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Fig. 2 Velocity Profile of Cu-Oil and Cu-Water with Magnetic Influence

Water is chosen as Newtonian base fluid and oil is chosen as non-Newtonian base fluid.

Then, Alumina (Al,0;) and Copper (Cu) are chosen as solid particle in nano fluid. The numerical
results of the velocity and temperature with respect to the position in front of the lower stagnation at
P2Page
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the point x = 0°with value of magnetic parameters M = 1are depicted in Fig. 2 and Fig. 3
respectively.

1.2 — T T , = T
: ' : : D | ===y
Cu-Water

0.2 | | i 1 | |
0

Fig. 3 Temperature Profile of Cu-Oil and Cu-Water with Magnetic Influence

Fig. 2 shows the velocity profiles of the MHD Newtonian and non-Newtonian nano fluid flow
passing on a magnetic sphere with mixed convection effect. Cu-oil is used as non-Newtonian nano
fluid and Cu-water is used as Newtonian nao fluid. The results show that the velocity of Newtonian
nano fluid is higher than the velocity of non-Newtonian nano fluid. Also, Fig. 3 shows that the
temperature of Newtonian nano fluid is higher than the temperature of hon-Newtonian nano fluid.
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Fig. 4 Velocity Profile of Cu-Water and Al, 0;-Water with Magnetic Influence

Fig. 4 and Fig. 5 show the velocity profiles and temperature profiles of Cu-Water and Al,0;-
water respectively. Alumina (Al,0;) contains metal oxide and copper (Cu) contains metal. The results
show that the velocity of Cu-Water is higher than the velocity of Al,0;-water. Fig. 5 also shows that
the temperature of Cu-water is higher than the temperature of Al,0;-water.
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Fig. 5 Temperature Profile of Cu-Water and Al, 0;-Water with Magnetic Influence

The numerical results of the velocity and temperature in Newtonian nano fluid Cu-Water with
respect to the position in front of the lower stagnation at the point x = 0° with various value of
magnetic parameters M = 0, 1, 3, and 5are illustrated in Fig. 6 and Fig. 7 respectively.

Fig. 6 shows the velocity profiles of the MHD Newtonian nano fluid Cu-Water flow passing on
a magnetic sphere at various M when mixed convection parameter A = 1and volume fraction y = 0.1.
The results show that velocity and temperature of Newtonian nano fluid Cu-Water in Fig. 6 and Fig. 7
decrease when magnetic parameter increases. The magnetic parameter represents the presence of
Lorentz force in a magnetic sphere. Therefore, when magnetic parameter increases, then the Lorentz
force also increases. It impacts to decrease of the velocity and temperature in Newtonian nano fluid
Cu-Water.

afian

Fig. 6 Velocity Profile for various M of Cu-Water

The numerical results of the velocity and temperature in non-Newtonian nano fluid Cu-Oil with respect
to the position in front of the lower stagnation at the point y = 0.1with various value of magnetic
parameters M = 0,1, 3, and 5 are illustrated in Fig. 8 and Fig. 9 respectively.

Volume 2 Issue 6 November-December 2018 34Page



Basuki Widodo et al. “International Journal of Innovation Engineering and Science Research”

02k s T RETETRITRTRS: ......... el .3235 ; ; -
: : : 34 3401 3402 3403 3404

02 i i i i ; i
u]

14 T T T T T T

afian

Fig. 8 Velocity Profile for'various M of Cu-O

Fig. 8 shows the velocity of the MHD non Newtonian nano fluid Cu-Oil flow passing on a magnetic
sphere at various M when mixed convection parameter A =1 and volume fraction y = 0.1. Fig. 9
shows the temperature of the MHD non Newtonian nano fluid Cu-Oil flow passing on a magnetic
sphere at various M when mixed convection parameter A = 1and volume fraction y = 0.1.The results in
Fig. 8 and Fig. 9 show that velocity profiles and temperature profiles of non-Newtonian nano fluid Cu-
Oil decrease when magnetic parameter increases.
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Fig. 9 Temperature Profile for various M of Cu-Oil

V. CONCLUSIONS

MHD Newtonian and non-Newtonian nano fluid flow passing on a magnetic sphere with mixed
convection effect have been investigated numerically by using Euler Implicit Finite Difference method.
We have considered water as Newtonian base fluid and oil is chosen as non-Newtonian base fluid.
Further, Alumina (Al,0;) and Copper (Cu) are chosen as solid particle in nano fluid. We further obtain
numerical results that when effects of magnetic parameter, mixed convection parameter, and volume
fraction are included, the velocity and temperature profiles change. It is concluded that the velocity
and temperature of Newtonian nano fluid Cu-water are higher than the velocity and temperature of
non-Newtonian nanofluid Cu-Qil. The velocity and temperature of copper-water Cu-Water also are
higher than the velocity and temperature of Alumina-water Al,0;-Water. Further, the velocity profiles
and temperature profiles of Newtonian Cu-Water and non-Newtonian nano fluid Cu-Oil decrease
when magnetic parameter increases.
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