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Abstract. The present work focused on solving two dimensional compressible Euler equation 

based on cell-cantered finite volume discretization technique with the convective terms appear 

in the Euler equation were evaluated by using Roe scheme [4]. These methods used for solving 

the flow past through bump with different setting on their boundary conditions.  Six different 

setting of boundary conditions had been applied; three of them are able to provide a convergent 

solution, while three others tent to diverge.  It is clear the result shows that boundary condition 

plays an important role in determining the flow solution. 

1. Introduction 

The way how to solve the external flow problem can be done in various manners, since there are 

various form of governing equation of fluid motion such as the Navier Stokes equation, Time 

Averaged Navier Stokes Equation, Parabolized Navier Stokes, Thin Shear Layer equation, Euler 

Equation, Full Potential equations, Boundary layer equation etc. Each of governing equation has its 

own method in the way how to solve it.  If the flow problem in hand is showing that viscous effects 

can be ignored, may one can solve the flow problem by solving the Euler Equation, or Full Potential 

equation or Transonic Small Perturbation equation or by solving the governing equation of fluid 

motion in the form of Laplace Equation. The last equation represents the governing equation of fluid 

motion for the case of inviscid, irrotational and incompressible flow problem. It is the lowest of 

mathematical flow model, while the Navier Stokes equations represent the highest level of the 

governing equation of fluid motion. All physical flow phenomena may appear in the flow field 

surrounding the immersed body can be captured if one able to solve it. In line with the advancement of 

computer technology and the progress in numerical method had made all mentioned type of governing 

equation of fluid motion are now numerically solvable.  The Navier Stokes equations can be solved by 

Direct Numerical Simulation method (DNS) [1] or by Large Eddy simulation method (LES) [2]. The 

Time Averaged Navier Stokes Equation including its derivatives (Parabolized Navier Stoke equation 

or Thin Shear Layer Equation) can be solved by the method such as McCormack Scheme, Beam and 

Warming Scheme or TVD scheme [3]. These mentioned methods can also be used for solving the 

Euler equation. While for the lowest level of the governing equation of fluid motion described by the 

http://creativecommons.org/licenses/by/3.0
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Laplace equation including the compressibility effects can be solved by the numerical method called 

as Panel Method. In this respect, there are various Panel Methods had been developed such as Source 

Panel Method, Doublet Panel Method, Vortex Panel Method, the Combined Source-Vortex panel 

method [4] etc.   

The present work focused on solving two dimensional compressible Euler equation based on cell-

centered finite volume discretization technique with the convective terms appear in the Euler equation 

were evaluated by using Roe scheme [4]. These methods used for solving the flow past through bump 

with different setting their boundary conditions. Six different setting boundary conditions had been 

applied, the most of them are able to provide a convergent solution but the other three tent to diverge.  

It is clear the result shows that boundary condition plays an important role in determining the flow 

solution. 

2. Methodology 

2.1 Governing Equation of Fluid Motion 

The governing equation of compressible inviscid two dimensional flows can be written in the integral 

form for a given region Ω and boundary S as  

0    dsF   d Q  
t S





 

                                                      (1) 

 

where the vector of conserved variables Q and the vector convective fluxes F are: 

 





























e

v

u
   Q ;    































VH

pn  Vv

pn  Vu

Vu

   F
y

x ;                                               (2) 

 
Where; 
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In the above equations, u and v are the Cartesian components of the velocity vector  V in the x and 

y directions, respectively;  is density and p represents  the static pressure. e and H are the total energy 

and total enthalpy per unit of mass. The Notation  and S represent the volume and surface area 

respectively, while nx  and ny are the Cartesian components of the exterior surface unit normal vector   

on the boundary ds. In addition, that the air flow behaves as an ideal gas, one can define the 

relationship between pressure p and total energy e and H as: 
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where  is the ratio of specific heats.  
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2.2 Roe Scheme 

Equation (1) describes a relationship where the time rate of change of the state vector Q, within the 

domain Ω, is balanced by the net flux F across the boundary surface ∂S.  Discretization of the Euler 

equations in integral form is obtained by subdividing the computational domain Ω into separate 

quadrilateral cell ij, i =1,2,…,Ni, and j = 1,2,…, Nj, and by requiring the conservation laws for each 

finite volume separately. For particular cell i,j,  Eq. (1) can be written as [6]: 

 

                                              R SF
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In above equation the notation Ri,j is called as residual, ji,  is the area of cell i,j , while s is the 

length of segment of the mth face. In obtaining the residual term Rij, Roe [5] use an approximate 

Riemann solver, in which the convective flux Fm at the face of a control volume can be written as: 
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The Roe – averaged variables in above equation denoted by superscript double bar are computed by 

the following formula: 
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In view of cell centered finite volume method, where the flow properties at kth cell, the Eq. (5) can be 

integrated, by using a Fourth order Runge Kutta scheme in the form [5]: 
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The second term D(Qk) is called as dissipation term, the manner how to evaluate this term one can 

refer to the Ref. 5 for its detail derivation.  The calculation procedure as given by Eq. (9) is repeated 

from one-time step to other time step which finally ended to converge solution.  In this respect, one 

may use convergence criteria by measuring the difference of the density variable from two consecutive 

time steps follows the following a relationship as given below: 
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3. Results and Discussion 

The flow past bump model had been studied by various researchers such as  Uygun [6] and Chima [7].  

In implementing the Finite Volume method one firstly define the topology of the flow domain. For 

external flow problems, the grid topology of flow domain may in the form of  O-grid,  C-grid or H-

grid [8]]. However for the case of flow past through bump, one can simply introduce an appropriate 

grid topology is in rectangular form.  Figure 1 shows the meshing of the flow domain in structured 

grid with each cell has a quadrilateral shape.  The size of flow domain is 3 unit of length in x-direction 

and 1 unit in y – direction.  The line AB, BC, CD, DE, EF and FB represent the line where the 

boundary condition may be imposed.  Line BC represent the bump with the maximum bump thickness 

is 10 % of chord   
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Figure 1.  The Mesh Flow Domain in the flow past through a 

bump model. 

 

As external flow problem, the incoming velocity is set to have the Mach number of free stream M∞ 

= 0.7 and the flow properties defined according to standard atmospherics at sea level. First analysis 

carried out by considering the flow problem in has a bottom line AD considered as the wall while for 

other boundary lines [DE, EF and FA] act as far field. The implementation of cell centered Roe 

scheme finite volume to this flow problem for three different number of cells,  96 x 32,  1.5 x 96 x 32 

and 2 x 96 x 32,  give the result in term of the Mach number over the flow field as shown in Fig. 2.a  

While Figure 2.b shows the comparison result, if  the flow problem treated with different size of flow 

domain but having the same number of cells. Three size of flow domains under investigation are a 

rectangular 3 x 1 unit of length, 3 x 1.5 and 3 x 2 unit of length with number of cell is 96 x 32 cells. 
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(b) 

Figure 2. The Mach number flow pattern  for   a)  different number of grid , b) 

different size of flow domain 
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Considering result as shown in these two figures, one can identify the size of flow domain as well as 

the number of cells do not give a significant difference result.  Here one may conclude the setting of 

the size of flow domain 3 x 1 unit of length combined with 92 x 32 cells number are sufficient enough 

for solving this flow problem.  Using this setting, the effects boundary conditions are carried out.  

There various boundary condition can be applied in solving the external flows such as a wall 

boundary condition, a symmetrical boundary condition, cut off boundary condition or free stream (far 

field) boundary condition. Detail in manner how the boundary condition can be defined 

mathematically, one may refer to Blazek [9]. The result as shown in Fig. 2a in which the boundary 

conditions for the flow problem consist of wall (along line AD) and far field (along line DE, EF and 

FA) taken as references and called as the flow problem case – 1.  For other setting boundary condition 

as given in Table 1.  Hence there six cases of flow problem.    

 

Table 1. Different type of setting boundary conditions used in solving the flow past 

   through bump model. 

 Line 

Flow problem  AB BC CD DE EF FA 

Case - 1 Wall Wall Wall Far field  Far field  Far field  

Case - 2 Symmetrical  Wall Symmetrical Far field  Far field  Far field  

Case – 3 Far field  Wall  Far field  Far field  Far field  Far field  

Case – 4 Cut off  Wall Cut off Far field  Far field  Far field  

Case - 5 Symmetrical  Wall Symmetrical  Far field  Symmetrical  Far field  

Case - 6 Symmetrical  Wall Symmetrical  Far field  Wall   Far field  

 

Table 2 show the iteration number required for the converge solution. The required number of 

iteration 10000 means that the developed computer by using this Roe scheme for the corresponding 

flow problem not yet converges. The first three setting boundary conditions give a convergent solution 

while the other three produce diverge solutions.     
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Table 2. The required number of iteration for a convergent solution. 
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(e) 

 

 
(f) 

Figure 3.  Comparison Mach number pattern for different setting of boundary 

condition 

 

4. Conclusions 

The boundary condition plays an important role in solving flow problem. The Roe scheme had been 

recognized as a high accurate and good resolution for capturing shock wave. However, this scheme 

would not be able to produce a proper flow solution if the boundary conditions were not well defined.   
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