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ABSTRACT 

Automotive companies are continuously trying to reduce the cost of production and improve the design 

aspects to ensure longevity of the products as well as customer satisfaction. The impact of splashing water 

on a car body as it moves through a water-soil puddle region or flooded areas is significant from several 

aspects. These aspects have been of interest to the automotive industry for several years, and they have 

primarily relied on experimental data to improve the design. Due to the multifold benefits of simulating this 

problem, recent years have seen an increase in usage of several numerical approaches to understand this 

better [1] [2]. A preliminary comprehension of fluid dynamics and the fluid-structure interaction in such 

scenarios can be helpful in estimating the impact under these conditions. 

Some relevant outcomes of 

simulating this problem is 

understanding the impact on 

underbody of the car, 

estimating water penetration 

in the engine compartment 

area, and visualizing the 

water splash distribution 

from the puddle or the 

flooded regions. The current 

research focuses on 

obtaining the fluid dynamics 

of the splashing phenomena 

as a first step towards 

simulating such problems 

with water-soil puddles 

through Computational 

Fluid Dynamic (CFD) solvers that adopt the Smoothed Particle Hydrodynamics (SPH) approach [3] [4]. As 

a mesh-free Lagrangian-based method, the SPH framework tracks particle behavior in the computational 

domain at each instant of dynamic simulations. In contrast to traditional grid-based methods, SPH is well 

suited for simulating fluid dynamic problems involving free-surfaces, multi-phase flows, and involving 

objects with high degree of deformations. The current study presents results and discusses the observations 

from simulating a car Body-In-White (BIW) fitted with four tires to function like a normal car, which moves 

through a water puddle. As an example of the results, figure 1 presents a rear view of the car in the direction 

of movement, showing water particle distribution in the domain colored by velocity magnitude. 

  

Figure 1: Splash distribution when car is moving through water puddle 
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The SENSE solver developed at ESS Engineering Software Steyr adopts the SPH framework and presents 

several formulations within this framework. The solvers are implemented on Graphics Processing Units 

(GPU) to enable its usage for applications in the automotive industry [5]. In addition, the SPH framework 

is easily parallelizable, allowing simulations to run on multiple GPU devices for problems involving higher 

number of particles. In addition to the ease of scaling simulations with the problem size, this feature also 

permits computations at higher particle resolutions as needed for specific physical constraints of a problem. 

The simulations discussed in the current study were performed using the Predictive-Corrective 

Incompressible (PCI-SPH) formulation in SPH, and implemented on multiple-GPU devices, with a particle 

discretization that allows to see the properties to the order of 5 mm. 
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