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Experimental Test Results of a Fabric Based
Infrared Heating System on a Public Transport
Vehicle
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Abstract— From past up to today motor vehicles use engine
waste heat in order to warmup passenger compartment and to
provide thermal comfort for the passengers. However, waste
heat from the engine is sometimes not enough to provide
required heat to the vehicle heating system especially in cold
countries. In such cases, fuel burner heaters are very often
preferred and used. When the coolant temperature is too low,
then its temperature increased by burning fuel on the fuel
burner heater and heated coolant is then pump to heat
exchangers, located inside the passenger compartment, so that
heating comfort is achieved. However, this proses both
consumes extra fuel as well as increases exhaust emissions left
to the atmosphere. On the other hand, when full electric
vehicles are considered, which are increasing their shares in the
market at every other day, because there is no internal
combustion engine, there is no main heat source also. Hence,
required heat has to be provided form the vehicle main
batteries or from any other energy sources like ethanol or
diesel. In this study, a novel electrical heating system with
infrared capable fabric based heaters are assembled and tested
on a public transport vehicle and results are presented.

Keywords— Fabric heating, public transport vehicle
heating, innovative heating, novel heating, vehicle electrical
heating,

.  Introduction

From very early stages of motor vehicles, passenger
compartment heating is provided by heat exchangers which
uses the engine coolant. Coolant both used to cool down the
internal combustion engine (ICE), as well as to warm up
passenger compartment via heating coils [1]. System stars
with vehicle ICE, a basic schematic for a public transport
vehicle can be seen on Fig.1 [2].
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Figure 1. Vehicle heating system [2]

ICE waste heat, is transferred to coolant. Warmed up
coolant is then pumped to fuel burner heater if available in
the system. If the coolant temperature is below requested
limits, its temperature increased by burning extra fuel in the
fuel burner heater so that adequate heat is stored in the
coolant. Hot coolant is then transferred to heat exchangers
located in the passenger compartment via coolant lines. Hot
coolant passes thru heating coils in the cabin so that cabin
air is warmed up. After heat exchangers, coolant is then
pumped back to the vehicle ICE and the process repeats
[1,2]. However, especially during the initial warm-up period
or when the weather is too cold, where engine waste heat is
not enough to warm up passenger compartment, there has to
be fuel burner heaters used in order to provide adequate
heating to the coolant and to provide thermal comfort [3] for
the passengers. Which means, extra fuel has to be
consumed. Therefore, overall fuel consumption as well as
exhaust emissions will be increased.

Especially when zero emission vehicles are considered,
there is no internal combustion engine and hence no engine
waste heat available. In such cases, alternative energy source
has to be used like ethanol or diesel heaters or vehicle main
batteries could be an option. When the main batteries are
used, passenger compartment heating system could reduce
vehicle range by 50% or maybe even more depending on the
conditions (Fig.2, Fig. 3) [4, 5].

The reason for such major effect on energy consumption
with available heating system is its effectiveness [2].
Because current heating system on vehicles is based on
convective heating, it does include many steps and therefore
overall effectiveness of the system is reduced considerably.
Such that, in order to warmup passenger compartment,
coolant is warmed up first using electrical power, hot
coolant then pumped to heat exchangers inside the cabin.
Then cabin air is warmed up by using heat exchangers so
that, passenger’s thermal comfort is provided. Each step has
its own effectiveness and losses. Therefore overall system
effectiveness is considerably low.
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Because the system itself is an electrical system, an
auxiliary power source has been used to power the system
during tests.

O O I n. Results and Discussions

Performance tests has been conducted in a test chamber.
Vehicle has been soaked at -7 °C during 8 hours. After 8
hours soak, heater performance test has been conducted
) during 2 hours at -7 °C . During the test, all heating fabrics
has been set to max power, and no pre heating applied.
Auxiliary power system has been used to power the heating
C fabrics along the test. Thermal imaging results has been
provided from vehicle interior trim and can be seen on Fig.5.

Heat exchanger

Figure 2. Electric bus heating system . . L .
Beside thermal images, objective test data is also

AC & Heater OFF collected during maximum heater performance test and
}AC & Heater ON result are presented on Fig. 6. Temperatures are measured at
head level and foot level using thermocouples. According to
AC & Heater OFF | ) test results, both foot level and head level air temperatures
has been reached the radiation heating comfort zone [7]
C ON m_. around 60-65 minute at valid test conditions.
/4
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Figure 3. Passenger compartment heating system effect on electrical vehicle
batteries [4]

n. Experimental Study

In this study, radiant heating method [6,7], which heats
passengers and objects directly rather than heating the air
first and expecting the hot air to warm up the passengers [8],
is used on a public vehicle heating system and tested.

Heating system itself, is a fabric based heating system
(will be called heating fabric), which consists of modified

polyester fabric matrix and modified carbon fibres as Figure 5. Thermal images of heating fabrics at performance test
resistance [2]. Heating fabric is assembled on to interior .
surfaces of the vehicle like roof inner surface, floor, body Maximum Heater Performance Test

sides and seat surfaces as shown on Fig.4. w/ Heating Fabrics (-7 °C)

In order to reach the best interior thermal comfort,
different surface temperatures and hence different heating
power has been used on different parts. Heating fabrics has
been connected to each other either serially or parallel
depending on their voltage requirement to provide required
heating power and surface temperature.
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Figure 6. Maximum heater performance test with heating fabrics

iv. Conclusion

In this study, fabric based radiant heating system on
vehicles has been designed and successfully tested at -7 °C
ambient. It can be said that its worth studying more on
radiant heating in electrical vehicles since the results are

Figure 4. Heating surfaces applied in to test vehicle
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promising and can be an option on reducing energy
consumption on electrical vehicles.
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