
 



FOREWORD 

 

The 1st 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 2nd annual activity for our Department. 
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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 ( ) and visco-elastic parameter ( ) to velocity profile ( ) and temperature profile 

( ). 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 

mailto:2b_widodo@matematika.its.ac.id
mailto:imron-its@matematika.its.ac.id
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small because of the visco-elastic effect that is shown by the Reynolds number  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  is radius of sphere. The 

physical model of this research is illustrated as follows.  
 

 
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  is heat flux of sphere surface and  

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).   

 

 

 

 
with the following boundary conditions. 

 

where  is velocity of local free flow at the outside of boundary layer that is defined by 

. Further, the non-dimensional variables are introduced as follows. 

 

By substituting Equation (5) into Equations (1) to (3), then obtained the following non-dimensional 
equations. 
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where  and  are non-dimensional parameters of visco-elastic and mixed convection respectively 

that are defined as  and  respectively with the following boundary 

conditions.  

 

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

function 

 
where  is defined as 

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

 

 

 

 
with the following boundary conditions. 

 
At the lower stagnation point ( ), then Equations (12) to (13) are written as   

 

 
with the following boundary conditions. 

 

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

 

 

 

where  
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, ,

 

 

 

where  and . 

  

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 ( ).  

 

 
Figure 2. Prandtl number variation ( ) for Temperature Profile ( ) with the boundary layer 

thickness of  
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Figure 3. Prandtl number variation ( ) for Velocity Profile ( ) with the boundary layer 

thickness of  

 
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 ( ) 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 ( ). 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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