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Abstract 
With the aim to perform incompressible flow computations on (simplified) car bodies, the 

capability and performances of OpenFOAM have been investigated, with particular reference to the 
implementation of the k-ω turbulence model. 

The k-ω model, in one of its different flavours (e.g. Wilcox’s 1988, Menter’s SST [1] or Wilcox’s 
1998 [2]), is often considered superior to the one-equation model of Spalart-Allmaras and to most 
variants of the k-ε model for the simulation of flows with separation; therefore it was chosen a 
priori for the current work.  

An additional advantage of the k-ω model is that, even in its so-called high-Re form and 
differently to the k-ε model, it allows to integrate model’s equation up to the wall without resorting 
to additional complexities in the formulation. This peculiar behaviour offers the possibility to 
develop and apply so-called adaptive wall-functions, which automatically and smoothly transition 
from integration to the wall, for small enough height of the first layer of cells (y+ < 1), to a 
conventional wall-function approach for larger cell size. Thus, adaptive wall-functions always try to 
make best profit of the available mesh resolution. A standard wall-function approach, on the 
contrary, incurs in significant extra errors if the value of y+ is not large enough to locate the first cell 
centre in the logarithmic region (y+ > ∼30). Such unfortunate situation is very likely to happen in 
the presence of separation and when using typical extruded boundary layer meshes, having 
approximately constant height on the whole body surface; this is really disappointing, since 
simulation’s results will be worse despite mesh resolution being actually higher than necessary. 

On the other side, one point which is often reported against the k-ω turbulence model is the 
difficulty to apply a suitable wall boundary condition for ω, since ω tends to infinity at the wall; 
consequently, solutions often show a significant dependence on the resolution of the mesh close to 
the wall. While different remedies have been suggested to overcome this problem, the re-

formulation of the ω equation in terms of the new variables τ = 1/ω or g = τ was considered 
particularly appealing. 

When it comes to the k-ω turbulence model, the current release of OpenFOAM (1.4) only includes 
Menter’s SST k-ω and only offers the choice of using a standard wall-function. 

This work will report the implementation of Wilcox’s 1998 (high-Re) k-ω turbulence model, using 
ω or τ or g formulation, as well as the implementation of a simple adaptive wall function approach 
available to both Wilcox’s 1998 and Menter’s SST models. 

Applications to the computation of a classical flat plate turbulent boundary layer show the 
significant improvement in terms of grid-independence of the results which is achieved combining 
the alternative formulations of the ω equation and the adaptive wall-function (Fig. 1). 

Following this validation phase, computations of the well-known “Ahmed body” [3] automotive 
test case are carried out, at both 25° and 35° rear slant angle (Fig. 2 and 3). These computations and 
the following ones have been performed on a cluster of PCs using OpenFOAM 1.4 port to Cygwin. 

Finally, computations will be presented for a novel test case of a simplified high-downforce car-
like body in ground effect (Fig. 4), for which experimental data are available to the authors from 
measurements taken in FondTech’s own moving-belt equipped wind-tunnel facility. 
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Figure 1. Flat-plate turbulent boundary layer skin friction coefficient. Computations done using 
Wilcox’s 1998 k-ω  model, g formulation and adaptive wall-function on a set of meshes with 
varying first cell’s height. 
Continuous line: present computation, markers: Wieghardt’s experiment [4]. 
 

 
Figure 2. Velocity profiles in the symmetry plane for the Ahmed body with 35° slant angle. 
Computations done using Wilcox’s 1998 k-ω  model. Grid size ~0.5M cells. 
Continuous line: present computation, markers: experiment (ERCOFTAC Case 82). 

 



 
Figure 3. Boundary layer profiles in the symmetry plane on the rear slant for the Ahmed body with 
35° slant angle. Computations done using Wilcox’s 1998 k-ω  model. Grid size ~0.5M cells.  
Continuous line: present computation, markers: experiment (ERCOFTAC Case 82). 
 

 
 
Figure 4. Computational grid for “Odoacre”, a simplified high-downforce car-like body, including 
moving belt simulation on the floor. 
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