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Summary:

For a better understanding of the temperature behaviour of vehicle tyres, measurements have been
carried out on a specially developed test bench. Various measuring instruments have been used to
determine the surface temperature. Different influences such as the external radiation effects have
been investigated. Furthermore, the heat transport in the tyre samples and the exchange with the sur-
rounding environment has been estimated by means of numerical simulations.
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Introduction

With the increasing performance of vehicles
and a more compact vehicle package, the ex-
ternal influences on the temperature of vehicle
tyres are sometimes increasing. Too high tem-
peratures can damage the tyre [1] - [3]. There-
fore, the temperature behaviour under different
environmental conditions has been investigated
on a test bench using tyre samples. In addition,
the heat transport in the test stand was numeri-
cally calculated. In this way, the different power
ratios of the heat flows could be broken down.
Furthermore, measured surface temperatures
were compared with the simulations.

It is usually assumed that the temperature of
the measuring object (solid body) is different
from that of the surrounding fluid. Consequent-
ly, the surface temperature of a measurement
object is located at a point of discontinuity in the
temperature profile. Hence, measuring the sur-
face temperature is a difficult task. In this lec-
ture, the determination of the surface tempera-
ture without using a contacting thermometer will
be addressed. The reason for these investiga-
tions are the changes in heat flux density result-
ing from the contact measurement. The differ-
ence between the undisturbed and disturbed
heat flux density makes it difficult to draw con-
clusions about the correct surface temperature,
see Fig. 1 [4].

In addition, previous investigations have shown
that the reproducible installation of thermome-
ters on the surface cannot always be guaran-
teed [5]. Furthermore, it is not always possible

to contact the surface directly in every measur-
ing situation (e.g. rotating components).
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Fig. 1. Comparison of undisturbed and disturbed
heat flux density [4]

Measurement and calculation methods

Due to the conditions mentioned above, the
challenge arises to measure the surface tem-
perature without contact or to determine it by
calculation using suitable methods. In the sub-
mitted lecture, three different strategies are
presented. In the first approach, the surface
temperature is measured by means of radiation
thermometers. For the second and third ap-
proach, the surface temperature is calculated.
In the second approach, the surface tempera-
ture is determined by extrapolation from several
temperature measuring points in the test object.

In the third approach, the calculation is based
on numerical FEM methods of the heat
transport and the fluid dynamics. All three
methods have different advantages and disad-
vantages. For the radiation temperature meas-
urement the correct emission coefficient of the
surface is of particular importance. [4]
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To calculate the surface temperature and the
heat flow, the thermal conductivity and other
important parameters of the system compo-
nents (tyre sample, adhesive, intermediate lay-
ers, etc.) must be known [4], [6]. Further influ-
encing variables and their uncertainty contribu-
tions are shown in the full article.

The metrological investigations were carried out
on a specially developed test bench (see Fig.
2). This test bench is able to reproduce the
fundamental types of heat transfer (heat con-
duction, convection, and heat radiation). Re-
producible measuring conditions have already
been proven in earlier studies [5], [7]. The
measurement objects are from different tyres.
The emission coefficient and thermal conductiv-
ity of these samples have been determined in
experimental investigations. The respective
methods and results are also presented in the
article [8].
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Fig. 2. Test bench for measuring the surface temper-
ature

Results

The results for different test parameters on the
test bench are presented in the submitted pa-
per. The measured and calculated surface tem-
peratures are compared with each other. Sur-
face temperatures, which deviate from each
other, are discussed and analysed.

It is shown that an additional external radiation
source increases the differences between the
extrapolated temperature and the temperature
measured by radiation thermometers. These
differences probably result from reflected radia-
tion components in the radiation temperature
measurement. For extrapolation based on sev-
eral temperatures, the positioning of the indi-
vidual thermocouples and the resulting differ-
ence is not reliable. The influences of an exter-
nal radiation source and the temperature profile
in the samples have been further investigated
with FEM calculations [9]. By calculating the
view factors, the proportions of emitted and
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reflected radiation components could be deter-
mined.

Both the test bench investigations and the nu-
merical calculations have contributed to a better
understanding of measuring surface tempera-
tures. With the help of the investigations differ-
ent influencing factors could be shown, which
will be considered in future measurements.

Future prospect

In further investigations, which are part of the
future prospect, an additional strategy for the
contactless determination of the surface tem-
perature is presented. Specially developed heat
flow sensors could be used for this purpose.
The thermal conductivity of actual heat flow
sensors does not correspond to the required
thermal conductivity. The different thermal con-
ductivities result in different thermal resistanc-
es, which strongly influence an accurate meas-
urement of the heat flow. The development of
new heat flow sensors should compensate this
disadvantage. The surface temperature is then
determined from the measured heat flow and a
known temperature within the measured object.
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