


TECHNOLOGIES 

 
How Simulation and Experimentation 
Go Hand in Hand 
Digital Prediction Improves Infrared Heat Treatment for Paint Curing 

 
Infrared heaters are gaining 
popularity as a replacement 
for or supplement to 
conventional convection ovens. 
New experiments in Germany 
and Sweden are currently 
validating simulation data with 
experiments to better un-
derstand this technology. 
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Model workpiece 

of the substrate is taken into ac-
count, although the initial imple-
mentation focuses solely on the 
peak wavelength. The simulation 
program allows for the virtual 
addition of reflectors that dif-
fusely reflect the incident radia-
tion. The diffuse radiation emit-
ted by the workpiece is also ac-
counted for in the simulation 
model. Furthermore, the simula-
tion model allows for the combi-
nation of infrared and convective 
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In collaboration with the 
Fraunhofer-Chalmers Research 
Center for Industrial 
Mathematics in Gothenburg, 
Sweden, the Fraunhofer IPA in-
vestigated IR radiation heating 
using the case study of an electri- 

Fig. 1: Experimental setup for measuring temperature profiles on a model workpiece above an IR 
emitter using a radiation pyrometer and four thermocouples. 

Photos and graphics: Fraunhofer IPA 
 

Model workpiece 
 

Measurements at four defined 
points (each offset by 65 mm 
from the emitter) reveal a signifi- 

heat sources, with natural con- 
vection being accounted for by a 
heat transfer coefficient. The sim-
ulation results show excellent 
agreement with the data experi-
mentally determined in the labo-
ratory, thereby confirming the va-
lidity of the developed model 
(Fig. 3). 
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cally powered, medium-wave 
emitter array with regard to 
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cant temperature gradient. At 
100% emitter power, the mea- 
surement point on the workpiece 

Dr. Tomas Johnson, 
Tel.: +46 731 450 225, 

heat input into a model sub- 
strate. The experimentally deter-
mined temperature data serve as 
a reference for validating the 
“IPS Virtual Paint – Oven 
Simulation” model. This results 
in a prediction tool that leads to 
a better understanding and 
greater efficiency of IR processes. 

 
Experimental Setup and 
Parameters 

Previous studies have shown 
that medium-wave emitter 
types, in particular, are well-
suited for the thermal treatment 
of paint coatings. This is because, 
on the one hand, high power 
densities can be achieved with 
the appropriate design, and on 
the other hand, the color tone is 

Fig. 2: Simulation model of the experimental setup with an IR 
emitter (gray) embedded in reflectors (blue) and the model 
workpiece (red) 
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Fig. 3: Steady-state temperature profile across the width of a model 
workpiece at maximum radiator power and when the maximum 
temperature has been reached. The figure shows the simulated 
temperature curve (blue line) compared to the thermocouple 
measurements (circles). 

directly above the emitter 
reaches a temperature of ΔT = 
177.7 °C, while the fourth mea-
surement point (195 mm from 
the emitter center) reaches a 
temperature of only ΔT = 9.5 °C. 
Even with a closer measurement 
arrangement on the workpiece, 
where the four measurement 
probes are each 10 mm from the 
center of the emitter, a tempera-
ture drop is observable, showing 
a temperature decrease of ap-
proximately 10 K per 10 mm of 
distance. This clearly highlights 
the need for a future zone-con-
trolled arrangement of multiple 
emitters or adapted reflectors to 
achieve homogeneous tempera-
ture treatment. 
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not yet as relevant as it is with 
short-wave emitters. A heating 
module from IBT GmbH (model: 
STIR drying oven for 
ThermoLine-Dry) serves as the 
basis for the investigations. The 
basic characterization was per-

formed using a single emitter 
from the emitter array, which 
features a parabolic-shaped re-

flector with a maximum power 
of 808 W. The emitter’s power 
was varied in steps between 10% 
and 100% using the pulse width 
control implemented by IBT. A 
cathodic dip-coated steel sheet 
measuring 200 x 500 x 1 mm 
served as the model workpiece; 
it was positioned at a constant 
distance of 56 mm above 
the emitter. 
Radiation pyrometers were used 
to measure temperature, moni-
toring the emitter surface as 
well as the top and bottom 

surfaces of the test specimens. 
Additionally, thermocouples 
were attached to the specimen at 
various intervals to record the 
temperature distribution and 
heating behavior (Fig. 1). 

 
Heating Behavior and 
Radiator Power 

Based on the set power of the 
emitter, the Stefan-Boltzmann 
equation was solved for tempera-

ture to calculate the emitter tem-

perature and correlate it with 
the measured values. Starting at 
an emitter temperature of ap-

proximately 500 °C and an emit-
ter power of approximately 60%, 
the emitter begins to glow red. 
At maximum emitter power 
(100% setpoint), it produces a 
surface temperature of approxi-
mately 643 °C. According to 
Wien’s displacement law, this re-

sults in a maximum emission 

wavelength of approximately 
λmax= 3.2 µm. The measured tem-

perature curves show a rapid 
rise in temperature within the 
first few seconds before the tem-

perature asymptotically ap-

proaches a saturation value. 
Temperature measurements 
taken on the model workpiece di-
rectly above the emitter show a 
temperature increase of ΔT = 
177.7 °C. 

 
Temperature Rise and 
Homogeneity 

One aspect of the investigation is 
the temperature distribution 
across the surface of the 
model. 

 

 

Simulation Results 

The “IPS Oven Simulation” tool 
from the Fraunhofer-Chalmers 
Centre currently supports only 
convective oven techniques and 
captures only the substrate, not 
the applied coating itself. In coop-
eration with Fraunhofer IPA, the 
simulation module is being ex-
panded to include infrared heat 
treatment. The infrared source is 
modeled as a stationary object 
with a fixed radiance derived 
from the input power (a method 
for calculating the distribution of 
radiation within a virtual model) 
(Fig. 2). The wavelength is 
determined, and the wavelength-
dependent emissivity 
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