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ABSTRACT 

The present work presents the implementation of the Fourth Order RungeKutta and Davis Yee TVD scheme [1, 2] 

applied to case of flow past through an inlet model. The flow problem treated as unsteady flow problem and solves by use 
of time marching approach goes to steady state solution. At each time step, the governing equation of fluid motions are 
solved by Fourth order RungeKutta scheme, then their result updated through the use of Davis – Yee TVD scheme. The 
flow domains discretized by use of algebraic grid generation. Two inlet models are investigated.  The first inlet model 
represents compression - expansion wave phenomena. The second inlet model describes an inlet model generates the 
presence of shock wave interaction in the flow domain. These two cases are compared with the result provided by fluent 
software. It had been found that The Fourth Order Fourth Order RungeKutta- Davis Yee TVD scheme represented a 
numerical scheme which able to produce results as given by fluent software.  
 
Keywords: fourth order RungeKutta scheme, Davis-Yee TVD scheme, euler solver, CFD. 
 
INTRODUCTION 

In numerical methods, total variation diminishing 
(TVD) is a property of certain discretization schemes used 
to solve hyperbolic partial differential equations. The 
concept of TVD was firstly introduced by Ami Harten.[4] 
The dependent variable u at  two successive time step  t = 
tn and t = tn+1are denoted as un and un+1, so A numerical 
method is said to be total variation diminishing (TVD)  if 
the following relationship is fulfilled.  
 

   n+1 nTV u   TV u
                    (1) 

 
Above requirements will make: 

 No new local extreme can be created within the 
solution spatial domain, 

 The value of a local minimum is non-decreasing, and 
the value of a local maximum is non-increasing. 

 
 Initially Harten-Yee introduces a numerical 
which only fulfil above criteria, then they combined with 
the Fourth order RungeKutta scheme. At every time step, 
the calculation is carried out with the RungeKutta Scheme, 
the obtained values of flow variables are updated by the 
TVD scheme.  
 
Governing equation of inviscid two dimensional 
compressible flow 

The governing equation of motion for the two-
dimensional inviscid flow in conservative form and vector 
notation can be written as [1]: 
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In above equation Q is the vector of conserved 

variables, while E and F are the flux vector in x and y 
direction respectively. The variable   is air density, u and 
v are the component velocity in x and y directions, while p 
and et are the pressure and the total internal energy. The 
relationship between pressure p, the total internal energy 
and the velocity can for a perfect gas can be written as:  
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In curvilinear coordinates, which can be obtained 

trough transformation coordinates defined as: 
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One can define Equation.2.1 becomes: 
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The J is a matrix Jacobian defined as: 
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The fourth order RungeKutta scheme   

In view of Fourth order RungeKutta Scheme, at 
the time step nth, for the flow variables at the control point 
ith and jth, Equation. 1 can be written as[4,5] : 
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Where: 
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The Davis - Yee TVD schemes 

Basically solving the governing equation 
numerically by using the Fourth order RungeKutta 
Scheme as given by Equation. (2-9) is sufficient; however 
one can improve the solution, by adding with the 

additional calculation by updating the solution   Q 1n
j,i


with the following numerical approach in the form: 
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In above equation the term  n
2

1
j,i  and 

 n
2

1
j,i    are the limiter terms. There are various form of 

limiter function had been introduced.  Detail formulation 
of various terms which appear in the right hand side of 
Equation. (11) one can refer to Hoffman [1] 
 
Aerodynamic analysis for past through an inlet model 

The first inlet model combined with the mesh 
system as shown in the Figure-1 below: 
 

 
 

Figure-1. A simple inlet model compression / 
expansion wave. 

 
This inlet model consist two surfaces, the bottom 

surface represent a wedge ABC and PQ. The ABC surface 
has a wedge angle  = 100, while the surface PQ is just 
surface. The distance AP is 2 and CQ is 1.647 unit 
lengths..  The flow conditions at entry station are set to 
have a flight Mach number M = 2.0, the ambient pressure, 
p∞ = 101325 Pa and temperature, T∞ = 300o respectively. 
A comparison result between the present method the 
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Fluent software [3] in term of the Mach number 
distribution over the flow field as shown in the Figure-2. 
 

 
 

Figure-2. A comparison result of mach distribution 
between the developed computer code and fluent 

for a simple inlet with expansion wave. 
 

Considering above figure, it clearly indicates that 
the present method is in a good agreement with fluent 
software. It is necessary to be noted, the present work use 
Tecplot while the Fluent software use Gambit software, so 
the little  difference in color is merely due to difference in 
the post processing software.  

The comparison results in term of density and 
temperature T along the bottom surfaces are shown in the 
Figure-3 and Figure-4. These two figures are clearly 
indicated the present methods are able to produce the same 
result as given by the fluent software.  
 

 
 

 
 

Figure-3. Comparison density  along the bottom 
surface of Inlet model - 1. 

 

 

 
 

Figure-4. Comparison of temperature T along the bottom 
surface of Inlet model - 1. 

 
The second inlet model consist two surfaces, the 

bottom surface represent a wedge ABC and DEF. Both 
wedges have the same wedge angle, but in opposite 
direction each to other. The wedge angle 1 =2=100. The 
flow condition is similar with the previous one.  

The mesh flow domain generated by use of 
algebraic generator [5, 6] as shown in the Figure-5. 
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Figure-5. The mesh flow domain of the inlet model - 2. 
 

 
 

Figure-6. The mach distribution over the flow field. 
 

In term of Mach number distribution, the result of 
as shown in the Figure-6. While in term of, density and 
temperature and Mach number along the bottom surfaces 
are shown in the Figures 7-9. Considering the Mach 
number distribution along the bottoms surface, as depicted 
in Figure-7, no indication at any points which Mach 
number is less than 1. It is means that the flows in the 
whole flow domain are still in supersonic flows.   
 

 
 

Figure-7. The Mach number distribution along 
bottom surface. 

 
 

Figure-8. The temperature distribution along 
bottom surface. 

 

 
 

Figure-9. The density number distribution along 
bottom surface. 

 
CONCLUSION AND FUTURE WORK 

Considering the comparison result with Fluent as 
shown in the previous subchapter, it can be concluded that 
the present method works well. This method is able to 
provide the solution as obtained by fluent software. In 
addition to this the present method is also able to describe 
the presence of shock wave interaction. It is seem that the 
present method may have a capability for solving a flow 
problem with more a complex flow domain. For solving 
such problem, numerical grid generation need to be 
developed. This is the suggestion for the future work  
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