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FOREWORD

The 1% Young Scientist International Conference of Water Resources Development
and Environmental Protection 2015 (ICWRDEP 2015) Water Resources Engineering
Department, Faculty of Engineering, University of Brawijaya was conducted on 5 - 7 June
2015. The Conference was organized by Faculty of Engineering and collaborated with
International University of Malaya (UM), Universiti Sains Malaysia (USM) and Universiti
Tun Hussein Onn Malaysia (UTHM).

The participants of the Conference are about 60 participants come from more than 20
higher institutions, such as; Sepuluh Nopember Institute Of Technology, Surabaya (ITS),
Bandung Institute of Technology (ITB), Bogor Agricultural University (IPB), The University
of Lampung, Sriwijaya University, University of Muhammadiyah Malang (UMM),
University of Brawijaya (UB), Padjajaran University, State University of Malang (UM),
National Institute of Technology (ITENAS), Tidar university, State Polytechnic of Malang
(Politeknik Negeri Malang), Mulawarman University, State Polytechnic of Padang
(Politeknik Negeri Padang), Malang National Technology Institute (Institut Teknologi
Nasional Malang), BBWS Mesuji Sekampung, Bengkulu University, Diponegoro University
(UNDIP), Nusa Cendana University, Khairun University, Bantara University, University of
Jember, State Polytechnic of Samarinda (Politeknik Negeri Samarinda), UM (University of
Malaya), Universiti Sains Malaysia (USM) and Universiti Tun Hussein Onn Malaysia
(UTHM), and others, which reflect the importance water resources engineering development

and environmental protection.

The topics of conference are Environmental Engineering & Water Technology,
Integrated Water System & Governance and Water Science & Engineering. The conference
provide platform for researchers, engineers and academician to meet and share ideas,
achievement as well as experiences through the presentation of papers and discussion. These
events are important to promote and encourage the application of new concept of water
resources development and techniques to practitioners as well as enhancing the knowledge of
environmental protection with the current requirements of analysis, design and construction

of any engineering concept.



As Head of Water Resources Engineering Department, we would like to express our
deepest gratitude to the Rector University of Brawijaya, Keynote Speakers (Prof Satoru Oishi
& Prof Tsuyoshi Imai from Japan, Assoc. Prof Faridah Othman and Prof Amir Hamzah from
Malaysia), International Advisory Board members, organizing committee and also to all
participants.

We would like to express our deepest gratitude to the Faculty of Engineering
conducted such conference. This is the first International conference for the Department and

we expect that this is will become 2" annual activity for our Department.

Malang, 5 June 2015

Ir. Mohammad Sholichin, MT., Ph.D

Head of Water Resources Engineering Department

Faculty of Engineering University of Brawijaya
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Incompressible And Steady Mixed Convection Flow Past Over A
Sphere

Mohammad GHANIY, Basuki WIDODO?, Chairul IMRON?

!Department of Mathematics, Sepuluh Nopember Institute of Technology, 60111 Surabaya,
Indonesia

*Corresponding autior’s e-mail : mohghani08@yahoo.co.id, b_widodo@matematika.its.ac.id,
imron-its@matematika.its.ac.id

ABSTRACT

Mixed convection flow is the combination between free convection flow and forced convection flow.
In this research, the pressure and buoyancy forces are significant. The governing equations are taken
from Navier-Stokes equation that includes continuity, momentum, and energy equations. These
equations are obtained from Boussinesq and boundary layer approximations. These non-dimensional
equations are then transformed into non-dimensional equations to make easy in numerical processes.
Further, these non-dimensional equations are transformed into non-similar equations and solved
numerically using the finite difference method. The numerical results are analyzed the effect of
Prandtl parameter (B.) and visco-elastic parameter (K) to velocity profile (f") and temperature profile
(8). The temperature profile decreases and the velocity profile decreases when the prandtl parameter
increases. Meanwhile, the temperature profile increases and the velocity profile decreases when the
visco-elastic parameter increases.

KEYWORDS
Navier-Stokes, Mixed Convection Flow, Visco-elastic Fluid, Boundary Layer Theory

INTRODUCTION

The boundary layer problems of mixed convection flow past over a sphere are fundamental theory and
have been applied widely in engineering applications. Many researchers have investigated these
problems in different geometries such as flat plate, cone, and cylinder with type of fluids Newtonian or
non-Newtonian. Boundary layer on fluid is a layer near surface of medium so the effect of viscosity
and velocity profile to be significant because of shear stress at the wall (Sleigh and Andrew, 2001). In
this research, the mixed convection flow that is the combination between free convection flow and
forced convection flow is analyzed (Kreith and Frank, 1994). The researches of mixed convection past
over a sphere have been studied by several researchers such as Amin et al (2002) studied mixed
convection flow past over a surface of sphere in steady state and incompressible with the constant
temperature. Further, the numerical solutions were solved by the Box-Keller method. Nazar et al
(2010) studied mixed convection flow past over a sphere with Newtonian heating. Heat transfer of
Newtonian heating was proportional to local surface temperature. Salleh and Ibrahim (2002) studied
mixed convection flow past over a sphere at lower stagnation point with Newtonian heating.
Temperature profile and velocity profile were analyzed based on mixed convection parameter and
Prandtl number. Kasim (2014) studied mixed convection flow of viscoelastic fluid past over a sphere
in steady-state and incompressible that was solved numerically by the Box-Keller method. Based on
the previous researches, this research is studied mixed convection flow of visco-elastic fluid past over
a surface of sphere with the effect of maghnetohydrodynamics in steady state and incompressible.
These non-similar equations are solved numerically using the finite difference method with iterative
method to solve non-linear ordinary differential equations. In this research, it is only investigated
laminar flow of visco-elastic fluid past over a sphere surface. This means that the velocity of fluid is

C-78
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small because of the visco-elastic effect that is shown by the Reynolds number B, = 500 (Widodo,
2012).

MATHEMATICAL MODELLING

Consider steady-state two-dimensional mixed convection flow of visco-elastic incompressible fluid
past over a sphere with the effect of maghnetohydrodynamic (MHD) where a is radius of sphere. The
physical model of this research is illustrated as follows.

4 /// \\\\,
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Figure 1. Physical Model of Free Convection of Visco-elastic Fluid Past Over a Sphere

Figure 1 gives illustration of the physical model and coordinate system on mixed convection flow of
visco-elastic fluid past over a sphere surface. It assumed that g,,, is heat flux of sphere surface and T..
is temperature of visco-elastic fluid. Based on the Boussinesq and boundary layer approximations,
then obtained the following basic equations of continuity, momentum, and energy equations that have
been studied by Widodo (2013) and Kasim (2014).

a%(fﬁ} + %(’FE} —0 o
LI Y. I AN Ty R T

8t dy °ax azz| p | \afdyl 873 A%\ a8yl o |8y \ayax

_ a1 .
gB(T — T,.)sin (E) —;G(H —u_)By (2)

8T _aT 8T

u%+ 5 ﬂf) = aﬂfz (3
with the following boundary conditions.
- aT Grar _ _ .. du _
U=7T= ﬂ,a—?= % at ¥y =0and it = uﬂ(x},a—f= 0,T=T.aty —co (4)

where u_{x) is velocity of local free flow at the outside of boundary layer that is defined by
ugl(x) = %U.x sin (E) Further, the non-dimensional variables are introduced as follows.

1
_ 1 ,— — — i, = z TT
x SV (%) u s/ v R;(T_ T.. )k i, (%)
X =EJ}-‘ = RZ (E)JT(X} = TJH = UDCJ‘?? =R; (UM)JE = %—_QJHE(X} = —Hm (5)

By substituting Equation (5) into Equations (1) to (3), then obtained the following non-dimensional
equations.

i i
35 "0+ 5, () =0 (6)
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where K and A are non-dimensional parameters of visco-elastic and mixed convection respectively

that are defined as K =%(z—f) and ,1=% respectively with the following boundary

+ Afsin(x) — K ['r:-'

R
conditions.
3 du
u=v=0,6"=—-1aty =0andu, =551n(x},a—= 0,6 =0aty —co (9
v

Further, according to Equation (9), then Equations (6) to (8) are solved using the following stream
function

= xr(x)f (x,7),6 = 8(x,7) (10)
where 1 is defined as

4
u_rﬂ}-' and v = e (11)

Based on Equation (11), then Equations (6) to (8) are written as the following non-similar equations.

a3f cos(x)\ _@%F jaf\° 9 sin(x) af a3f
(ﬁ)*(“xsinfx}jfaf‘(a_y) it ‘”"[a_yﬁb

cos(x) a*f [8*f ? af a*f ad*faf 8f 3 sinx
K (1 X sin(x) ) (fﬂ}-"‘ * (ﬂ}-‘z = gydxdy ay?ox M dy * 2 M x *
af 8° a*fa a’f a® ar a*
Kx }; f - }:—f—x Jf f,.+—f fa (12)
dy?dxdy Gy ox dy<dxdys gy dxdy
afag afag 198 aa
x(—f———f—) =— 1+ xm — (13)
dydx adxady) B ay sin(x) )’ @y
with the following boundary conditions.
CIEUE 0,8’ 1lat 0 daf 3_sinx o°f 0,8—=0at (14)
=— = = — L e ==0,8—= T 0o
! By =3 an gy 2 x 'ay? =
At the lower stagnation point (x # 0), then Equations (12) to (13) are written as
. 9 " 3
J.Ic'n'n'n' + fo” _ J.lm" +E+-’1€ + EH(}C}EHH _ J.Ic'n'}m'h'_l_ fl’l’;}_ M (J.Im' _E) =0 (15:}
1
5 6" +2f8'=0 (16)
-
with the following boundary conditions.
3
fFlO)=f(0)=08(0)=—-1aty=0andf' —>§,f” =0, —=0aty =0 (17)

NUMERICAL SOLUTION
Equations (15) and (16) are discretized using the finite difference method, then obtained

fi = sqre[(=1) = (5y(fisz — 2fis1 + 2fimq — fimz) + tafifien + tafificy + tafiay + tafily +
9
tsfiz1fi-1 + 2 + A6 + U fifisz T tefifica T tofisifisa Yt fisafiz T tiaficafisn +
t12fi-1fi-2)/t2] (18)

1
5q = §g=——,5s=—,5t = — ,5, = —,ty = 5, — 8K5,— 8K>s
2T Ay T3 T aaym TR T e TR T gape T T pper 1 T 2 * &

-
&

where 51 =

Zay®’
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I—’: = _232 + 12H54 + SH.SE.,I-'E =&z — SHS.q_ - SH.S'E.,

I-'q_ = —&g + 4‘H55+ EKSE.,I-'E = 253 - SHSE + 4‘HSE.JI-'E‘ = —&g + 4‘H55 + EHSEIJI-'? = EHS‘;J ts =
2}{34_,3-’9 = _EHSE_, tll} = 2}{55_,3-’11 = 2}(.5'5_,

tl: = _EH.S'E
r +rf)0a +(ny —nf)o_
HE- — [[ i 4)2.] i+1 ( 1 ;f] 1] (1,9)
2n
where r; = 1 -and r, = =
Fray = Ay

RESULTS AND DISCUSSION
The numerical results of this research are the effect of Prandtl number and visco-elastic parameter to
temperature profile (&) and velocity profile (f").

Temperature Profile

0 0.2 0.4 0.6 0.8 1

Figure 2. Prandtl number variation (E.) for Temperature Profile (&) with the boundary layer
thickness of v
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Figure 3. Prandtl number variation (B.) for Velocity Profile (f') with the boundary layer
thickness of v
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Figure 4. Visco-elastic parameter variation () for Temperature Profile (&) with the boundary
layer thickness of ¥
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Figure 5. Visco-elastic parameter variation (K) for Velocity Profile (&) with the boundary
layer thickness of ¥

Figure 2 shows the effect of Prandtl number to temperature profile (). In this case, Prandtl number is
related to heat distribution, so that when Prandtl number increases then heat distribution increases. It
causes temperature profile decreases because of the increased heat distribution. The result in Figure 3
is caused by the increased heat distribution, so that the decreased temperature profile () causes
density of visco-elastic fluid more increased. In this case, fluid flow is downward because of
gravitation, so that the velocity profile is more decreased. Figure 4 shows the effect of visco-elastic
parameter to temperature profile (#). This indicates that temperature profile is more increased when
the visco-elastic parameter is more increased. This is caused, the more increased visco-elastic
parameter causes the friction between fluid and the sphere surface more increased, so that the
temperature on sphere surface is more increased because of the more increased friction. Meanwhile,
Figure 5 shows the effect of visco-elastic parameter to velocity profile (f'). The velocity profile is
more decreased when visco-elastic parameter is more increased. This is caused by the more increased
friction between viscoelastic fluid and sphere surface, so that the velocity profile is more decreased.

CONCLUSIONS

In this research, the problem of mixed convection flow on visco-elastic fluid past over a sphere surface

with the effect of maghnetohydrodynamic (MHD) has been studied. The non-similar equations of

momentum and energy are solved numerically using the finite difference method with the iterative

method. The effect of Prantdl number and visco-elastic parameter to the characteristic of temperature

profile () and velocity profile (') have been obtained and discussed. Then, the conclusions of this

research can be written as follows.

1. The temperature profile decreases and the velocity profile decreases when Prandtl number variation
is more increased.

2. The temperature profile increases and the velocity profile decreases when visco-elastic parameter
variation is more increased.
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