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The exhaust thermoelectric generator (TEG) can generate electric power from
a car engine’s waste heat. It is important to maintain a sufficient temperature
difference across the thermoelectric modules. The radiator is connected to the
cooling units of the thermoelectric modules and used to take away the heat
from the TEG system. This paper focuses on the research for the integration of
a TEG radiator and the flow field of the car chassis, aiming to cool the radiator
by the high speed flow around the chassis. What is more, the TEG radiator is
designed as a spoiler to optimize the flow field around the car chassis and even
reduce the aerodynamic drag. Concentrating on the flow pressure of the
radiator and the aerodynamic drag force, a sedan model with eight different
schemes of radiator configurations are studied by computational fluid
dynamics simulation. Finally, the simulation results indicate that a reason-
able radiator configuration can not only generate high flow pressure to im-
prove the cooling performance, which provides a better support for the TEG
system, but also acts as a spoiler to reduce the aerodynamic drag force.
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INTRODUCTION

For the internal combustion engine vehicle, a
thermoelectric generator (TEG) is a potential device
to recover exhaust heat. The TEG tests on SUV and
truck illustrated that it has the advantage of no
moving parts and direct heat to electrical conver-
sion,1 but the efficiency is insufficient for practical
use.2 To improve the efficiency of the TEG on cars,
the main challenges are the performance of the
thermoelectric modules, the design of the heat
exchangers and the cold source and maintaining
sufficient temperature difference across the ther-
moelectric modules under different engine
conditions.3

The basic research of TEG is the type, connection
and configuration of the thermoelectric modules,
such as the transverse and circular configuration.4

A temperature-controlled TEG during the driving

cycle is used to maintain the efficiency of the
modules.5 The heat exchanger in an exhaust duct
is an important part in TEG, and the optimization of
its internal structures and thicknesses can improve
the interface temperature and thermal uniformity.6

The cold source in TEG is quite important as it
contains several cooling units, which absorb the
heat in thermoelectric modules, and most of the cold
source research focuses on the configuration and
inner structure of the cooling units to increase
cooling performance.7

However, the cooling units need the cooling device
to work continuously. There are two technical
routes for a cooling device. The first one is that
the cooling units are connected to the engine cooling
system as shown in Fig. 1. There is a long distance
between TEG and engine cooling system, entailing
additional water pump power, which may affect the
heat balance of the engine.8 Figure 2 illustrates the
other technical route in which the cooling units are
connected to an independent radiator with a fan,(Received May 29, 2016; accepted October 7, 2016;

published online November 15, 2016)

Journal of ELECTRONIC MATERIALS, Vol. 46, No. 5, 2017

DOI: 10.1007/s11664-016-5040-1
� 2016 The Minerals, Metals & Materials Society

2921

http://crossmark.crossref.org/dialog/?doi=10.1007/s11664-016-5040-1&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s11664-016-5040-1&amp;domain=pdf


which needs more power to work continuously to
take away the heat.

This paper proposes a technical route for a cooling
device, in which the high speed underbody flow is
used to take away the heat of the radiator and the
cooling units, as shown in Fig. 3. What is more, a
rational position and design of the radiator can
increase the wind pressure and flow speed on the
radiator surface, thus taking away more heat of the
radiator.

The TEG radiator installed on a car chassis can
also act as a spoiler to reduce aerodynamic drag
force of the car. For example, as shown in Fig. 4,
several spoilers installed near the exhaust duct in
an Audi A6 are used to optimize the flow field
around the chassis,9 without considering the cooling
purpose.

In a word, this paper proposes a practical method
to cool the TEG radiator. Afterwards, the wind
pressure on the radiator surface and the aerody-
namic drag force are compared between eight
different schemes of radiator configurations by the
Computer Fluid Dynamics (CFD) method.

The rest of the sections of this paper are organized
in the following order: The CFD preparation and
simulation result are introduced in Sect. 2. Sec-
tion 3 illustrates the radiator schemes research.
Finally, Sect. 4 shows the conclusions.

GEOMETRY AND SIMULATION

Geometric Model

Though cars are different in size and structure,
the integration research method of TEG and the
flow field is nearly the same. A sedan model with the
length of 5018 mm, width 1890 mm, height
1490 mm and wheelbase 2950 mm is created for
the simulation. As the key simulation area is near
the exhaust duct,it is necessary to simplify the
sedan model, which is shown in Fig. 5.

The heat exchanger in the TEG device is installed
on the exhaust duct, in front of the muffler. The hot
and cold sides of the thermoelectric modules are in
contact with the heat exchanger and cooling units,
respectively. It is noted that the cooling units
contain several groups of water tanks, which are
fixed together by clamping tools. The heat exchan-
ger, thermoelectric modules and cooling units are
considered as an integrated geometry in simulation,
and the remaining part of the TEG is the radiator
consisting of thin metal plates with U-shaped pipes

inside. As it shows in Fig. 6, the radiator is con-
nected with the cooling units by flexible pipes.

As the attention is paid to the TEG radiator
configuration around the chassis, the details and
gaps in heat exchanger and radiator are eliminated
for the purpose of improving mesh quality and
saving computational resources in CFD simulation.
Therefore, the indispensable TEG device, exhaust
duct, fuel tank, spare tire slot and muffler are in
detail created for the sedan model, as shown in
Fig. 7.

Computational Model

In this simulation the flow is considered to be
incompressible and steady. There are several types
of Reynolds Averaged Navier–Stokes Equa-
tions (RANS), which are used to predict massively
separated flows. One of the RANS is a realizable
k � e turbulence model, which has the highest
accuracy according to the experimental results.10

Therefore, a realizable k � e turbulence model is
employed in this paper, and its governing equations
are written as follows,11
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where xi is the position vector and q is the fluid
density. ui is the velocity vector and k is the
turbulent kinetic energy and e is the turbulence
dissipation. Gk and Gb represent the generation of

Fig. 1. Cooling by engine cooling system.

Fig. 2. Cooling by static radiator and fan.

Fig. 3. Cooling by radiator and airflow in car chassis.
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the turbulence kinetic energy due to the mean
velocity gradients and buoyancy, respectively. Ym is
the contribution of the fluctuating dilatation in
compressible turbulence to the overall dissipation
rate. l is the viscosity and lt is the turbulent
viscosity. C2 = 1.9, C1e = 1.44. re = 1.2 and rk = 1.0
are the turbulent Prandtl number for k and e,
C1 = max [0.43, g

gþ5], g ¼ S k
e, S ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2SijSij

p
, Sij is the

rate-of-strain tensor.

Mesh Generation

A computational domain, which is ten times the
length, four times the width and height of the car is
created around the car. The domain length behind
the car is six times in magnitude to capture the
essential flow features,12 as shown in Fig. 8.

The meshes are generated by the ANSYS ICEM,
which is a commercial pre-processing program in
CFD analysis. The space near the exhaust duct is
meshed with fine elements. After generating the
volume mesh, the boundary layer effect is evaluated
by 3.64 mm constructed boundary prism layers
from the car surface. The number of unstructured
tetrahedral hybrid elements is 5.21 million, as
shown in Fig. 9.

Boundary Conditions

The boundary conditions applied by the mesh
model by ANSYS FLUENT are listed in Table I.

RESULTS

After mesh generation without TEG radiator, the
computation results are as follows:

The aerodynamic drag coefficient of the car is
0.3074. The projection area of the car in the flow
direction is 2.223 m2, and the drag force is 376.7 N,
when the speed is 30 m/s. The static pressure
distribution around the chassis is plotted in
Fig. 10, which illustrates the exhaust duct, fuel
tank, heat exchanger, rear wheel, muffler and rear
end experiencing high pressure, and the flow gets
stagnated at the above mentioned places. The flow
remains attached to the middle and side of the
chassis with low pressure. It is necessary to analyze
and improve the aerodynamics performance when
installing a TEG on the car.

Fig. 4. Spoilers on car chassis near exhaust duct.

Fig. 5. CAD model of the car.

Fig. 6. The heat exchanger and the radiator.
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SCHEMES RESEARCH

Schemes Configurations

The radiator has a shape that may be rectangle or
ladder-shaped and should meet the standards of the
spoiler and is constrained by ground clearance of
the car and chassis structure. Eight schemes are
designed and simulated with the same boundary
conditions.

Scheme 1: Higher radiator in front of the fuel
tank. Static pressure distribution is shown in

Fig. 7. Chassis CAD model for CFD simulation.

Fig. 8. Computational domain for car model.

Fig. 9. Mesh generation in the chassis.

Table I. Boundary conditions

Boundary Boundary conditions and value

Inlet Constant velocity = 30 m/s,
Turbulent intensity = 0.5%

Outlet Pressure outlet, Gauge
Pressure = 0 pa

Turbulent intensity = 5%
Ground Moving wall = 30 m/s, no slip
Domain top and side wall Stationary wall, no slip
Car Stationary wall, no slip

Fig. 10. Static pressure distribution.
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Fig. 11, where the legend of the pressure contour is
also used in Figs. 12, 13, 14, 15, 16, 17 and 18.

Scheme 2: Radiator in front of the fuel tank,
shown in Fig. 12.

Scheme 3: Radiator in front of the heat exchan-
ger, shown in Fig. 13.

Scheme 4: Radiator between two rear wheels,
shown in Fig. 14.

Scheme 5: Radiator on spare tire slot, shown in
Fig. 15.

Scheme 6: Radiator at the end of the chassis,
shown in Fig. 16.

Scheme 7: Radiator in front of the rear wheels,
shown in Fig. 17.

Scheme 8: Radiator behind the rear wheels,
shown in Fig. 18.

Schemes Analysis

The important parameters calculated in every
scheme are listed in Table II. The projection area of

Fig. 11. Model and pressure distribution in Scheme 1.

Fig. 12. Model and pressure distribution in Scheme 2.

Fig. 13. Model and pressure distribution in Scheme 3.
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the TEG and average flow pressure on the radiator
surface in flow direction are important to the
radiator’s cooling performance, which are repre-
sented by radiator area and radiator pressure,
respectively. The aerodynamic drag coefficient,
which is crucial for the car fuel efficiency, is denoted
as CD. A is the projection area of the car in the flow
direction. In addition, as the radiator may
increase the projection area of the car, the value
of CD*A is added to evaluate the drag force. It is

noted as positive and negative values of CD*A
mean increase and decrease of drag force,
respectively.

As the schemes 3, 4, and 5 are illustrated, a TEG
radiator acting as a spoiler can reduce the aerody-
namic drag force and obtain certain flow pressure
for the improvement of cooling performance, which
is demonstrated by Table II as well. Therefore, in a
practical situation, a reasonable optimization
design of the radiator is urgently needed to decrease

Fig. 14. Model and pressure distribution in Scheme 4.

Fig. 15. Model and pressure distribution in Scheme 5.

Fig. 16. Model and pressure distribution in Scheme 6.
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the drag force and obtain the higher flow pressure
for the enhancement of cooling performance as well.

Because of the departure angle in a car body design,
the radiators in most schemes do not influence the
value A except in scheme 1, in which a larger radiator
causes the increase of the projection area. Hence,
except for the drag coefficient CD, the projection area
A should be considered simultaneously.

The TEG radiator is connected to the cooling units
by flexible water pipes, thus the position of the
radiator is not restricted by the exhaust duct.
Therefore, it is possible to optimize the design and

position of the radiator according to different chas-
sis structures, as shown in Fig. 19.

CONCLUSIONS

This paper focuses on the research integration of
an exhaust TEG and flow field of a car chassis.
Concentrating on the drag force, the projection area,
and flow pressure around the radiator, a simulation
with a sedan model is conducted by the CFD
method. The conclusions are as follows:

Fig. 17. Model and pressure distribution in Scheme 7.

Fig. 18. Model and pressure distribution in Scheme 8.

Table II. Radiator schemes result

Radiator area (cm2) Radiator pressure (Pa) CD A (m2) CD*A (m2) CD*A change

Base model / / 0.3074 2.223 0.6834 /
Scheme 1 335 153 0.3138 2.237 0.7019 +2.7%
Scheme 2 270 116 0.3082 2.223 0.6851 +0.3%
Scheme 3 270 104 0.3067 2.223 0.6818 �0.2%
Scheme 4 320 30 0.3065 2.223 0.6813 �0.3%
Scheme 5 245 139 0.3061 2.223 0.6805 �0.4%
Scheme 6 292 190 0.3141 2.223 0.6982 +2.2%
Scheme 7 224 85 0.3092 2.223 0.6874 +0.6%
Scheme 8 144 86 0.3082 2.223 0.6851 +0.3%
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1. The air flow below the car chassis can be used
as a cooling source to cool the TEG radiator.
What is more, a good radiator configura-
tion can improve the cooling performance,
thus providing a better support for the TEG
system.

2. The TEG radiator can act as a spoiler to reduce
the aerodynamic drag force, hence, reducing the
fuel consumption.

3. When designing the configuration of the radia-
tor, both the drag coefficient and projection area
of the car should be considered. In addition, a
feasible radiator configuration can be realized
according to the specific chassis structure.
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