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Unique combination in simulation software offers ad equate solution for 

aquaplaning 

“Our customers can now make better choices” 

 

Recent research has shown that at least 16 per cent  of all car accidents are caused by the use of 

tyres that are unsuitable for rainy weather conditi ons. This means that safer tyres are absolutely 

essential for road safety.  

Previously, new tyres had to be produced first befo re they could be tested. In order to circumvent 

this expensive development phase, simulation softwa re was introduced to the market. 

Unfortunately, this type of software can produce ei ther linear or non-linear calculations, but not 

both. MSC.Software sought collaboration with Numeca  to develop a highly accurate simulation 

environment. “We can now even measure the loss of c ontact between a tyre and the road during 

rainfall”, says Arie Platschorre, Consulting Servic es Engineer at MSC.Software. 

 

The demand for better and safer tyres in Europe has boosted the demand for high tech research methods. 

The European Commission, for instance, issued a Call for Proposal for Land, Transport and Marine 

Technologies in 1999. From this initiative evolved the Trophy-project (Towards Prediction of Hydroplaning: 

Numerical Simulation and Experimental Validation). The project motivated Numeca and MSC.Software to 

join forces in building a unique simulation environment that would lead to better and safer tyres in the 

higher segment of the automobile industry. 

 

Combination of three applications 

Arie Platschorre describes the results of this cooperation: “The software we developed combines three 

applications. It consists of the Computational Fluid Dynamics (CFD) software FINE™/Hexa from Numeca, 

which simulates the flow around the tyre and inside the grooves, our own Finite Element Method (FEM), 

which simulates the contact between tyre and road, and the MpCCI (Mesh-based parallel Code Coupling 

Interface) by the Fraunhofer Institute, which takes care of the data exchange between the two 

programmes.” 

 

Best of both worlds 

Through this cooperation a simulation environment with unique possibilities was developed. But how does 

the application actually work? And what exactly do these two programmes simulate? Platschorre explains 

MCS.Software’s role: “By developing high-quality simulation software, we help our customers improve 

their product development substantially. With concrete results such as shorter time-to-market, higher 

quality and improved safety. The software specifically focuses on simulating processes, products or a 

combination of both. We make simulations for the development of parts for airplanes, cars, vessels, golf 
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clubs, biomedical equipment and machines. And also for car tyres, with the specific aim of eliminating 

aquaplaning up to high speeds. The MSC.Marc application within FEM measures the material 

characteristics of the tyre, the rolling of the tyre on the road and the exact tread of the tyre.” 

But aquaplaning involves more that the effect of the tyre on the road alone. The impact of water on the 

tyre also plays a crucial role. In order to include these factors, we sought collaboration with Numeca, 

specialists in CFD software. Numeca develops software for flow simulation of liquids and gasses. Possible 

uses range from forecasting water pollution or the aerodynamics of airplane wings to temperature control 

in computer units. Prof. Dr. Ir. Charles Hirsch, president at Numeca, sums up several factors playing a role 

in the CFD module for aquaplaning: “Firstly, the increase of speed generates a wedge of water that 

propagates in the leading edge and underneath the tyre footprint, increasing the lift force on the tyre and 

resulting in a reduction of the contact area. Secondly, free-stream friction in and around the tyre as well as 

free-stream turbulence play an important role. Turbulence affects the deformation of the tyre. Each stream 

becomes turbulent above a certain speed. Consequently, free stream no longer moves in smooth and 

regular layers, but in turbulent, irregular swirls. Finally multiphase flow aspects, as air entrainment, bubbly 

flow in the water flowing around the tire and detachment of liquid fragments and droplets from the liquid 

surface have a non-negligible impact on hydroplaning. The rate of air entrainment and the rate of liquid 

and bubble detachment determines the air content in the bow wave. In this project it is our job to simulate 

and predict these aspects.” 

 
 

Ongoing process 
 
But how can both simulation environments be 

effectively combined, when the data of one 

model directly influences the other model? 

Platschorre: “MSC.Marc transmits the 

calculated values and the deformed shape to 

CFD via MpCCI. On the basis of these data, 

CFD calculates the forces on the tyre, the 

friction and the turbulence. Subsequently, the 

pressure of the water on the tyre is transmitted 

from CFD to FEM as a precondition, again via 

MPCCI. This is an ongoing, iterative process. 

But MpCCI does more. As FEM and CFD have 

different ‘meshes’, the results are evaluated on 

different points. MpCCI ‘translates’ the results of both meshes, so that they become comparable.  
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Figure 1: Coupling scheme which indicates how the 
CFD and structural code work together. 
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Degree of complexity in calculations 

The unique new software will have a major impact on the development trajectory of tyres in the tyre 

industry. Platschorre: ”Previously, simulations included assumptions about the liquid or the tyre. These 

assumptions impaired the accuracy of the measurements, resulting in a simulation that only partly 

approximates reality. For the tyre industry this software is a real solution, as it makes the measurement of 

both linear and non-linear factors possible. In other words: not only the interaction between non-linear 

elements such as the tyre and the water, but also the influence of these on a linear element such as the 

road. Moreover, we can also accurately measure when a tyre loses contact with the road. Previously 

these measurements could not be done with this degree of accuracy. I’ll give you another example. A 

number of specific options in MSC.Marc now makes the calculation process with regard to rolling tyre 

simulation faster and easier. And when a simulated profile is not satisfactory, it is relatively easy to 

develop a new simulation. By experimenting with the values of a simulation, different profiles can be 

tested. Customers can thus make better choices, even before the tyre is actually produced. ”  

 

 

Wide network 

However promising this new simulation environment is, it is no guarantee for success. Arie Platschorre 

stresses the importance of a wide network of relations. “Our competitors also use MpCCI in comparable 

environments. But we have a real advantage, as we have a wide network of relations in the tyre industry. 

This enables us to acquire the information that is needed for a proper simulation.”  

 

 

Many opportunities 

The possibilities for producing better tyres are numerous. Platschorre envisions many opportunities, for 

instance in the area of cost savings. ”Certain expensive rubber types could be replaced by more 

economical types with the same characteristics.” About aquaplaning he says: “It would be great if in the 

Figure 2: Experimental results (l), structural results (m) and CFD results (r) of a longitudinal grooved 
tire. These calculations were a basis for more complex analyses on treaded tires. Courtesy by 
Numeca Int. 
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future aquaplaning would only occur at 100 kilometres per hour instead of 80 kilometres. This would 

greatly improve road safety.”  

 

 

Application areas in other branches 

Apart from modelling aquaplaning, other application areas are possible. In 

the near future, the combination of FEM and CFD software will undoubtedly 

enable significant improvements in many other areas. After all, in a large 

number of other industrial branches safety is dependent on the interaction 

between solid materials and gasses or liquids. An example is the wind 

engineering industry, where the aerodynamic stability of bridges and high 

buildings is tested. The use in this industry of advanced simulation of wind-

driven vibrations will result in substantial cost savings and improved safety. 

In the future, computer simulations will gradually replace tests in wind 

tunnels. This will enable faster and more flexible production. And products 

that are better and safer. 

 

For more information you can contact www.mscsoftware.com  and/or 

www.numeca.com.  

 

 

 
 

 

Figure 3 Change of the 
contact patch during a 
hydroplaning analysis. 
Courtesy by Numeca 
Int., Michelin and Pirelli. 

   

Figure 4: Initial state (l), structural result after 1 coupling (m) and structural result 
after 2 couplings (r). Courtesy by Numeca Int. Michelin and Pirelli. 


