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Numerical modelling of detached flow around
a car body by using large eddy simulation method

Abstract. This paper presents a mathematical model of detached flow around a car body by using large
eddy simulation method, which is solved by the equations of Navier - Stokes for an incompressible fluid
based on the method of splitting by physical parameters that can be discretize by the control volume
method. In the first step it is assumed that the transfer of momentum carried out only by convection and
diffusion. Intermediate velocity field is solved by 5-step Runge - Kutta method. At the second stage, the
pressure field is solved based on the found intermediate velocity field. The algorithm is parallelized on
high-performance systems. The obtained numerical results of three-dimensional detached flow around a
car bodyreveals to approximate qualitatively and quantitatively the basic laws of hydrodynamics

processes occurring in acrodynamics.
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Introduction

As increasing the number of producing an
automotive becomes evident automotive industry
require more fuel efficiency as nowadays the problem is
important for ecology and the costs. Most fuel
efficiency depends on drag and to generate fuel efficient
vehicle one must pay attention to drag reduction. As it is
known the drag generally is made by pressure drag that
generates at rear end [2].

Ahmed benchmark model is the model that
predicts most importance characteristics of the flow
over a bluff body [1]. The Ahmed reference model
is a car-like bluff body, representing a highly
simplified % scale lower medium size hatchback
vehicle with a slant back. Besides relatively simple
geometry, the flow around Ahmed body retains
some main features of the flow around real cars. The
model’s major attributes are 1044mm x 389mm x
288mm. The flow regimes are fully turbulent as the
Reynolds number based on body length is usually
too high. The flow around ground vehicle contains
several separation regions.

Many experimental and numerical works have
made in these area upon Ahmed body model and
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real cars. Numerical research can predict some
aerodynamic characteristics and minimize costs of
experimental work. As experimental research
providing qualitative and quantitative understanding
numerical research is also important for interpreting
the experiments and to obtain more complete
understanding in flows around bluff body.

From Ahmed experimental measurements in a
wind tunnel [1] that most suitable for vehicle testing
it was revealed that 85 percent of drag comes from
pressure drag or form drag [1], generating at a rear
end and detailed analysis were made upon the time
averaged wake structure. The wake flow behind the
vehicle is the flow region which represents major
contribution to car’s drag. For Ahmed used model
based length Reynolds number was 4.29 million. It
was only slant angle of changed geometric
parameters. There are other experimental works with
use of Ahmed body reference model such as [3, 7-9].

Chenguang Lai et al. [4] were performed both
experimental and numerical investigation to analyze
the influence of the different rear diffuser angle on
aerodynamic drag and wake structure. Also
experimental and numerical investigation with use of
CFD models were made by Ivan Korkischko et al. [6]
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for better understanding and validation between
experiments and adequate numerical simulation.

Large eddy simulation was performed by
Prasanjit Das et al. [5] with a slant back angle of 25.
Some numerical investigation involve RANS based
models [10-15] and LES based models [16-20] to
predict main features of the flow around ground
vehicles.

Mathematical model

Therefore, flow around vehicle can be described
by the equations in the Boussinesq approximation.
For mathematical modeling of the system of
equations are considered, which including the
equations of motion and the continuity equation.
The development of three-dimensional turbulent
flow around vehicleis considered.  Three-
dimensional mathematical model is used for
modeling of flow around vehicle [23, 24]:
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where 7, =uu; —u,u, , g, — gravitational accele-
ration, [ —expansioncoefficient, u; — velocity
components.

Smagorinsky turbulence model is used to close
the system of equations (1) - (3) [21].

The finite volume method is used for the
numerical simulation. For this purpose let us
represent the Navier-Stokes equation and equation
for the temperature in the form of integral
conservation laws for arbitrary fixed volume € with

boundary d Q [23, 24]:
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where

equation (4) can be written in this form
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And we can write the equations (5) like
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Grid functions are defined at the cell center, and
fluxes across the border in divided cells. Cell
volume is denoted by the grid functions.

Now we perform a discretization of equation (6)
by the control volume (CV) and control surface
(CS)
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or we can write the equation (7) in this form:
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cv ()

Numerical algorithm

Splitting method by physical parameters is used
to solve the equation (1) — (2) [22, 23, 25].
Discretization in form of (8) is used for the
numerical implementation of the system (1) — (2). In
the first step it is assumed that the transfer of
momentum carried only by convection and
diffusion. The intermediate velocity field is solved
by 5-step Runge - Kutta method. In the second
stage, the pressure field is found based on the found
intermediate velocity field. Poisson equation for the
pressure field is solved by Jacobi method. The third
step it is assumed that only the transfer is carried out
by pressure gradient.The algorithm is parallelized
on high-performance systems. Simulations were
made on cluster systems URSA and Cluster of
Institute of Mathematics and Mechanics at the al-
Farabi Kazakh National University.
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Figure 1 - Flow visualization with velocity profiles and streamlines at time: (a) t=0; (b) t=0.5; (c) t=1
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Figure 2 - Flow visualization with velocity profiles and particles at time: (a) t=0; (b) t=0.5; (¢) t=1

Results of numerical simulation

Initial and boundary conditions were determined
to solve the problems. More than 800 000 grid
points were used in simulations. Further it’s
presented numerical results obtained for Mercedes
Gelandewagen car. Numerical results were obtained
with LES technique using Smagorinsky SGS model.
As it’s shown from figures 1 and 2 for this type of

car with the slant angle of 0 degree we can see a
small vortex in front of the car at low part of
windshield that was discussed in M. Minguez et al.
[19]. In this work it’s shown the flow separates and
then reattaches on the leading edge and at sharp
edge between the roof of Ahmed body and the slant
surface which slant was 25 degree at z=0 plane.
Also it was observed that the flow around Ahmed
body was turbulent and completely three
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dimensional with differences going from center to
sides of the given model. The results presented in
the given work are two dimensional with planes for
the future of three dimensional one. As observed in
experimental [3] and numerical works [19] the flow
separates at the beginning of the slant and then
reattaches in the middle of the slant. In M. Minguez
et al. [19] work the flow separates at the two edges
between the slant and the lateral surfaces of the
Ahmed body. In the present study with given 0
degree of the slant angle Figures 1 and 2 show that
the flow separates at the roof and the bottom of the
rear end that lead to two large counter-rotating
trailing vortices with time going by spreading father
in the wake.
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