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increase accuracy. In this work, the CFD code are developed by using high resolution
scheme (ROE scheme and TVD scheme) for flow past through airfoil NACA 0012.
Experimental result of wind tunnel is obtained from literature which are from Gregory
and O’Reilly at Mach number M = 0.13 for different values of angle of attack at a= 0°
and a = 10°. Another wind tunnel result from Haris at Mach number = 0.8 for different
angles of attack a= 0° and a= 3.86°. Comparison results from the both codes indicate
Keywords: that developed CFD code by using TVD scheme able to give the closest result for both
CFD; Euler equation experimental.

1. Introduction

In CFD, mathematical modelling is used to represent the flow problem. Navier-Stokes equation is
the highest hierarchy of governing equation that able to represent all flow phenomena.
Unfortunately, to solve directly the equation is very difficult. Therefore, simplification of equation is
doing according the flow condition [1].

For the inviscid flow governed by Euler equations. This equation is simply obtained from the
Navier-Stokes equation through eliminating the viscous term. The Euler equation is representing as
non-linear partial differential equation (PDE) [2]. For the case of supersonic speed, Euler equation
can be a classified as hyperbolic PDE. Meanwhile, for the case of transonic flow, it can be classified
as an elliptic-hyperbolic.

For many practical aerodynamic applications, Euler equation is relatively accurate for
representing the flow field which includes both rotational and discontinuous (shock) phenomena in
the flow and providing an excellent approximation for lift induced drag and wave drag. Furthermore,
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a robust Euler solver is an essential part of any Navier-Stokes solver. In addition to this, Euler
equations promised to provide more accurate solutions of transonic flows [3].

Numerical scheme is one of the factors that contribute the accuracy of the CFD code. Higher
resolution scheme such TVD scheme that designed to produce monotonic condition to prevent
oscillatory behavior able to give high accuracy of result [4, 5]. The CFD code which developed based
on TVD criteria had been widely used as CFD code for aircraft aerodynamics analysis such ENSOLV,
EURANUS, ZEN, EDGE, and others [3]. Others application in fluid dynamics also used TVD such for 1D
nozzle problem [6, 7], 2D symmetrical model [8] and many others.

Therefore, the papers present the comparison result of CFD code with wind tunnel result from
literature. The CFD codes was developed to solve the compressible Euler equation for the flow over
around NACA 0012. The first computer code is the code developed based on FDM according to Davis-
Yee TVD scheme, while the second computer code was developed by the use of FVM according to

Roe scheme.
2. Methodology

In CFD there are involves three processes namely pre-processing, solver and post processing.

2.1 Pre-Processing

Pre-processing involves the process meshing the flow domain. This paper implementation of C-
topology in defining the flow domain as shown Figure 1.
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Fig. 1. Flow domain

2.2 Solver

Solver is the part where the CFD code was developed. The code was developed to solve the flow
problem governed by compressible Euler equation. Therefore, unsteady, 2D compressible inviscid
flows make the Euler equations in differential and in conservative form and vector notation can be
written as [9, 10]
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In above equation Q is a state vector of dependent variables while E and F are the flux vector in
x and y direction respectively. These three vectors are defined as
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The primitive variables are the density p, the velocity components u and v, and the pressure p.
The total energy per unit of mass e as below

Numerical scheme that used are TVD scheme and Roe scheme. TVD scheme is not as specific as
a scheme but more as properties. Therefore, TVD scheme contains a variety of scheme. That means,
TVD scheme can be summarized to have the following physical characteristics [9, 11]

i. Entropy condition — A decrease of entropy associated with expansion shocks must not be
admitted.

ii. Monotonic condition — This condition must be enforced to prevent oscillatory behavior in the
numerical scheme.

iii. Total Variation Diminishing (TVD) — The total variation of any physically admissible solution
must not be allowed to increase time. Basically, can be defined as follow

ou
OX

TV:J' dx

A numerical scheme is said to be the total variation diminishing (TVD) if,
TV(u"*l)sTV(u”)

Meanwhile, for Roe scheme is based on a characteristic decomposition of the flux differences.
The Roe scheme used flux formula at the interface of a control volume that is equal to the average
fluxes of left and right states minus a differencing term which splits the difference of the fluxes on
both sides of the control volume. The basic equation is expressed as below [12, 13].

(ﬁc)R - (ﬁc)L = (I‘IROE)Hl/Z(aR - @)

where Agoe is Roe matrix and L and R the left and right state respectively.
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2.3 Post-Processing

In the purpose of presenting the result which describes the flow past through object internally or
as the case of external flow problems use a TECPLOT software. Hence the output of flow variables
has to be arranged in such a way readable by TECPLOT software.

3. Results

The experimental result will be from the wind tunnel over NACA 0012 in terms of pressure
coefficient distribution provided by Gregory and O’Reilly [14]. The wind tunnel test is carried out at
the flow Mach number of 0.13 for different values of angle of attack, at a = 0° and a = 10°. Figure 2
shows the comparison result between two developed computer codes (TVD FDM and Roe FVM) at
a= 0° which give a very good agreement to each other.
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Fig. 2. Comparison of pressure coefficient distribution at a= 0° and M =0.13

Figure 3 below shows the comparison result between TVD FDM, Roe FVM and the wind tunnel
experimental result at a = 10°. The developed computer codes give their result close to each other,
where both codes produced pressure coefficient curve with the same trend as provided by the
experiment but a little bit shifted up.

Another experiment that related to airfoil has been carried out by Harris [15]. If the experimental
work by Gregory and O’Reilly are carried out at a low Mach number. Haris did the experimental at
high subsonic Mach number at M = 0.8. At this speed, the shock wave may exist in the flow field.
Harris set the experiment at the angles of attack a= 0° and a= 3.86°. Based on these two angles of
attack, the comparison results between the two developed computer codes and Harris, in terms of
the pressure coefficient distribution is shown in Figure 4 and Figure 5 respectively. At a= 0°, The Roe
FVM code provides result that shows the shock position is close to the experimental result. When
TVD FDM is slightly placed the shock wave will move further downstream. When the angle of attack
increases to a= 3.86°, the experiment found that the shock located will move more upstream
compared to the location of shock at zero angle of attack. It is necessary to be noted that, both
computer codes are able to produce the pressure coefficient in a good agreement with experiment
in the region relatively away from the shock point.
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Fig. 3. Comparison of pressure coefficient distribution at a= 10° and M =0.13
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Fig. 4. Comparison of pressure coefficient distribution at a=0°

and M =0.8
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Fig. 5. Comparison of pressure coefficient distribution for at
o=3.86°and M =0.8

4. Conclusions

The compared result for the case of flow past through a symmetrical airfoil NACA 0012 indicates
that the developed computer code based on the Modified Fourth Order Runge-Kutta with Davis-Yee
TVD scheme represents the computer code which are able to produce the result close to the
experimental result compared to the result provided by ANSYS-FLUENT software or the CFD code
based Roe finite volume method.
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