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1. Introduction 

 

Computational fluid dynamics has become an 

important tool in the engineering design. For 

example, the prediction of lift and drag play an 

important role in the engineering design. There are a 

lot of CFD codes developed so far. However, the 

performances are quite different due to their 

different implementations. For example, as reported 

in Schwoppe and Diskin (2013), the difference of the 

drag prediction by the cell-centered version and the 

cell-vertex version may be bigger than 30 drag 

counts. Hence, it is important to evaluate the 

performance of a CFD code.  

The present in-house code (called Polysim) is a 

cell-centred finite volume solver based on hybrid 

mesh. It is developed based on the unstructured grid 

data architecture for flexibilities of handling complex 

geometries. Unlike finite difference, the finite volume 

formulation discretises the integral governing 

equations on arbitrary shaped control volumes. In 

this code, the control volume can be any one type of 

tetrahedron, hexahedron, pyramid and prism. Instead 

of the simple average method for the gradients of 

variables at each face, the volume average is applied. 

What is more, an improved Green Gauss method for 

the calculation of the gradient at the cell centroid is 

also developed. These two techniques for the 

discretization of the viscous flux terms will improve 

both the accuracy and robustness of the code. The 

aerodynamic performance of this in-house cell 

centered code is examined by several widely-used 

bench-mark test cases. 
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2.1. Governing equations 

The compressible flows are solved by the Farve-

averaged Navier–Stokes equations 
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where U is the state vector, and F is flux vector, 
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Here,  is the density, u is the velocity,  is the 

modified viscosity, E is the total energy, P is the 

pressure, and   is the stress tensor, 
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2.2. Numerical discretization 

The present in-house code (called Polysim) is a 

cell-centred finite volume solver based on hybrid 

mesh. The discretization of the inviscid flux terms is 

quite trival. Hence, in this section, the attention is 

paid to the discretization of the viscous flux terms. 

To calculate the viscous flux, one also needs to 

calculate the flow variables and their gradients on 

faces. Since we are using the cell-centred method 

and all flow variables are stored at the cell centers, 

the estimation of the variables on faces has to be 

constructed as accurate as possible. The integrals on 

the faces require the best estimation of all the flow 

variables on these faces. Usually, a simple average 

technique is applied. 
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In the present code, a volume weighted average of 

the adjacent cell gradients is employed 
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What is more, the gradient in the cell center is 

calculated by Green-Gauss method  
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The face state in this calculation employs a new 

inverse distance weighted average rather than 

simple average (Eq. (4)), 

Rf L Lf R

f

Lf Rf

U U
U

 


 
. (8) 

These new technique helps to improve the accuracy 

of the method as well as the improvement of the 

robustness of the code. 

  

 

3. Numerical Cases 

In order to evaluate the aerodynamic performance 

of this in-house cell centered code, several widely-

used bench-mark test cases are examined. 

3.1. Flat plate  

The first case is the turbulent boundary layer flows

 over a flat plate at Ma number as 4.5. It has been ex

tensively investigated experimentally by Coles (1953

). The mesh used in this study is shown in Fig. 2. It c

onsists of 12,808 cells with 7200 brick (hex) cells an

d 5608 prim cells. The grid was clustered in the stre

am wise direction at x=0 (the beginning of the flat pl

ate) to resolve flow gradients near the leading edge 

of the plate and normal to the plate to resolve the bo

undary layer. The grid points upstream of the leading

 edge of the flat plate were treated as an in-

viscid wall to provide a uniform profile at the leading

 edge location while the plate itself was modeled usin

g a viscous wall. The symmetric boundary condition i

s applied to the sidewalls. 
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Fig. 1Mesh 

 

The velocity and skin friction profile are plotted in 

Fig. 2. From the Fig. 2(a), it could be easily observed 

that the results produced by the present method (Eqs. 

6-8) agree well with the experiment ones by Coles 

(1953). Besides, it is clearly that the present results 

are better than those of the simple average method 

(Eqs. 4-5). Since the current code did not employ 

any transition model, it can be only used to predict 

the fully turbulent solution. Hence, results by both 

methods do not match the experimental skin friction 

data. However, the trends of both methods are 

closed to the experiment ones.  

  

(a) 

 

(b) 

Fig. 2 Profiles of stream wise (u-) velocity and skin 

friction 

3.2. Transonic flow over RAE2822 airfoil  

The transonic flow over a RAE 2822 has been used 

as a benchmark test by many codes. There are 

several experimental results (Cook et al., 1979) to 

be compared. The RAE 2822 airfoil is a supercritical 

airfoil.  The main feature of this flow is that a shock 

wave is developed on the suction side of the aerofoil. 

The flow conditions for the numerical simulation are 

M∞ = 0.74, α = 2.79
◦
 and Re∞ = 6.5 ∙ 10

6
, based on 

the chord length. Under this condition, the flow 

separation is not expected. The simulation is carried 

without considering of any transition.  

 

Fig. 3 shows the distribution of the pressure coeffici

ent and of the friction coefficient on the airfoil surfac

e, respectively. Both results agree well with the exp

erimental data (Cook et al., 1979). 
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Fig. 3 Profiles of the pressure coefficient and skin 

friction 

 

The aerodynamic lift coefficient and the drag coeffici

ent are listed in Table 1. It is clearly that they are pr

edicted very accurately, compared with the experime

ntal data. The lift is slightly under  

predicted, while the drag is slightly over  

underestimated. 

 

Table 1The aerodynamic coefficients 

 CL CD  

Present  0.79331  0.01754  

Experiment  0.803  0.168  

 

4. Conclusions 

 

The evaluation of the aerodynamic performance of 

a hybrid mesh based finite volume compressible flow 

code is conducted. The two cases, flows over flat 

plate and the transonic flow over RAE 2822, are 

examined. The numerical results agree well with the 

experimental data. Besides, it sho w s  that the 

improved Green Gauss method for the gradient 

calculations and the volume average gradient for the 

viscous flux helps to improve the accuracy of the 

results. 
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