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Rezumat. Această lucrare prezintă modelarea prin metoda elementelor finite a încălzirii incintelor cu volum 
mare folosind tuburi radiante. Este analizată influenţa înălţimii de montaj asupra distribuţiei de temperatură 
obţinută pe pardoseală. Pentru validarea modelului, rezultatele obţinute sunt comparate cu valorile reale ale 
distribuţiei de temperatură măsurată prin termoviziune. 
Cuvinte cheie: modelare, metoda elementului finit, încălzire prin radiaţie, termoviziune 

Abstract.This paper presents the finite element modelling of large volume rooms heated by radiant tubes. It 
analyses the influence of the height at which the tube is installed onto the floor temperature distribution. In order 
to validate the model, the results are compared to the actual values of the temperature distribution measured 
through thermal vision. 
Keywords: modelling, finite element method, radiation heating, thermal vision. 

1. INTRODUCTION 

For large volume spaces, heating with generated 
warm air was preferred for a long time and it was 
accompanied by another type of heating with warm 
bodies displayed throughout the room. [1] Studies 
have shown that radiation heating for high volume 
rooms has numerous advantages versus traditional 
heating, such as: concentrating the thermal energy at 
work zone level, a lower than 0.2°C/m temperature 
gradient, inexistent air currents, reduced energetic 
billing thanks to indoor air decreased temperature, 
and lower heat losses trough walls and roof. [2] 

Radiant tubes are a category of heating 
installations by radiation of mean temperature. The 
working principle of radiant tubes consists in heating 
a steel tube at temperatures between 500 - 550°C so 
that this becomes an infrared radiation emitter. The 
tube’s heating is done by hot gases obtained by 
burning natural gas or liquefied petrol gas.  

2. FINITE ELEMENT MODELLING 

The required stages for solving a modeling 
problem using finite element method are [3]: 

- Defining the type of analysis for which the 
modeling is made: linear, non-linear, static, 
dynamic, etc. 

- Building the model of the system to be 
analyzed; 

- Defining the properties of the materials used 
to create the system; with respect to the modeling 

domain these properties can be thermal, electrical, 
magnetic, mechanic, acoustic, etc; 

- Choosing the digitizing mode for the objects 
that form the system; this step presumes building a 
FEM mesh of every object in the system into finite 
elements which allows the equation numerical 
solving; 

- Applying loads onto the knots, lines and 
surfaces; 

- Obtaining the solution; 
- Analyzing the solution. 
The created system is formed by a room (hall) 

inside which the heating is obtained by the thermal 
radiation from a radiant tube (Figure 1). The origin 
of the X, Y, and Z coordinate system is in the axis 
of the radiant tube. After the meshing operation 
and performing the analysis, the floor temperature 
distribution heated by the radiant tube is obtained.  
 

 
 

Fig. 1. System geometry. 
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The model applied loads after digitizing are: 
the temperature inside the tube, the outer tube 
surface emissivity, the outer boundary deflector 
temperature, the deflector inside surface emissivity 
(towards the radiant tube), ground temperature and 
the floor material emissivity (Figure 2). 
 

 
 

Fig. 2. Digitizing and applying loads. 
 

 
 

Fig. 3. Longitudinal variation of the exterior surface 
temperature radiation tube. 

 
The entry data for modeling (temperature and 

emissivity) are obtained from measurements with 
an infrared camera.  

Infrared thermal vision measurements on the 
radiant tube surface revealed an exponential 
variation law for the temperature measured along 
the tube. In order to run the program, four real 
temperature values were employed from every two 
meters along the tube, as presented in figure 3.  

3. ADJUSTEMENT HEIGHT INFLUENCE 

Choosing the radiant tube adjustment height is 
made according to the tube’s caloric power, to the 
real room height, to the existing bonds of the 
conveyer belts, to the illuminating lamps, to the 
piping, so that an optimum comfort temperature is 
obtained in the working zones. 

In real life, the greater the adjustment height the 
more radiant tubes with higher caloric power are 
employed. The modeling was made in order to 
study the adjustment height influence on the floor 
temperature distribution for when the tube’s caloric 
power is constant. For the model a caloric power of 
23.5 kW was considered.  

The first program run was attempted for an 
adjustment height of 4m and the obtained results 
for the transversal and longitudinal floor temperature 
distribution are presented in figure 4 and 5.  

In figure 4 the temperature distribution in the 
transversal sections of the radiant tube is shown, as 
follows: 

- The first transversal section considered to be 
next to the burner is characterized by a radiant tube 
temperature of  438°C; 

- The second transversal section considered to 
be at 2m from the burner is characterized by a 
radiant tube temperature of  326°C; 

- The third transversal section considered to be 
at 4m from the burner is characterized by a radiant 
tube temperature of  240°C; 

- The last transversal section considered to be at 
6 m from the burner is characterized by a radiant 
tube temperature of 200°C; this value also 
corresponds to the blower’s section temperature. 

In the transversal section the temperature drop 
along the projection axis of the tube is explainable 
by the fact that the heat exchange is inversely 
proportional to the square of the distance between 
the surfaces in thermal contact (Figure 4).  

In order to determine the temperature distribution 
in each transversal section, the floor’s mesh was 
split into 17 elements: one central, corresponding 
to the tube axis, and eight elements along the left 
and right of the axis.  

 

 
 

Fig. 4. Floor temperature distribution along the transversal 
section for the tube installed at 4m above the floor. 

 
In figure 5 the floor temperature variation law 

along the radiant tube in three longitudinal sections 
is presented; the sections are located as follows: on 
the longitudinal symmetry axis of the floor (were 
maximum temperatures are reached), at 2.5 m and 
5 m from the axis.  
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Fig. 5. Floor temperature distribution along the radiant 
tube installed at 4m above the floor. 

 
The floor temperature drop along the 

longitudinal sections starting from the burner to the 
blower is explained by the tube outer surface 
temperature variation (Figure 3). 

For the tube installed at 4m the temperatures 
measured on the floor in front of the burner are 
greater and exceed the maximum comfort tempera-
ture at soles’ level of 29°C according to ASHRAE 
(American Society of Heating, Refrigerating and 
Air-Conditioning Engineers). [4] 

The adjustement height influence study continued 
with running the program and increasing the distance 
to the floor from meter to meter, untill 8m were 
reached.  
 

 
 

Fig. 6. Floor temperature distribution along the transversal 
section of the tube installed at 6m above the floor. 

 
At 6 m from floor the transversal temperature 

had an even distribution (Figure 6) and the difference 
between the minimum and maximum temperature 
onto the floor drooped considerably (Figure 7). 

So, at 6m from the floor, the temperature dropped 
at 36°C in front of the burner compared to 46°C, in 
case of installing the tube at 4m from the floor.  

 
 

Fig. 7. Floor temperature distribution along the longitudinal 
section of the tube installed at 6m above the floor.  

 
In conclusion, installing the tube at 6m from the 

floor is best for having a temperature distribution 
which satisfies the comfort conditions for 90% of 
the floor, compared to only 80% for installing the 
tube at 4m. 

Low caloric power radiant tubes installed at a 
height of over 8m can ensure comfort temperatures 
for only maximum 25% of the floor (Figure 8).  
 

 
 

Fig. 8. The temperature distribution along the  transversal 
section of the tube installed at 8 m above the floor. 

4. VALIDATING THE MODEL 

Based on the finite element modeling of the 
radiation heat transfer from the radiant tube which 
results were partially presented in this article 
(Figure 4 to 8), combining floor temperature 
distributions in both transversal and longitudinal 
sections, the floor 3D temperature distribution can 
be obtained. In figure 9 the 3D floor temperature 
variation law for running the program with a 
23.5kW radiant tube installed at 4 m. [5] 
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In order to validate finite element modeling of 
heating with radiant tube, the theoretical results 
presented in this article the 3D floor temperature 
distribution graph (figure 9) are copared with the 
real 3D temperature distribution measured through 
thermal vision – thermograme (figure 10).  

The thermograme resulted after measurements 
from an infrared camera on a radiant tube heated 
floor of 23.5kW installed at a height of 4m. 
 

 
 

Fig. 9. Temperature distribution after modeling. 
 

 
 

Fig. 10. The real temperature distribution measured through 
thermal vision. 

 
It results that the curvature in the thermograme is similar to 
the isothermals obtained though modeling the 
temperature distribution.  

The smaller temperature values achieved from 
experimental measurements to the theoretical ones 
are due to environment conditions. 

The measurements were taken inside an auto 
repair hall where dust particles, and exhaust gasses, 
were present in the air and they negatively influenced 
the radiation transmission from the studied floor to 
the thermo vision camera. And therefore, the 
measured temperatures are smaller than the modeling 
achieved temperatures where the air is clean without 
any type of particles.  

5. CONCLUSIONS 

This article presents the finite element 
modeling method for radiant tube heated rooms.  

Employment of radiant tube heating became 
more and more frequent due to the advantages in 
high volume spaces present in radiation heating.  

Because the radiation heat exchange is inversely 
proportional to the square distance between the 
surfaces in thermal contact, the adjustment height 
of radiant tube is an influencing factor in the work 
zone temperature distribution.  

The modeling was designed to study the 
influence of the adjustment height on the floor 
temperature distribution when the tube caloric 
power is maintained constant.  

The modeling results showed that if the radiant 
tube is installed at 4m above the surface, the floor 
temperatures are higher in front of the burner and 
exceed 40°C and the maximum optimal comfort 
temperature at the soles’ level.  

Likewise, for a person that is engaged in a static 
activity situated under the radiant tube right above 
the burner, the temperature of the head (at 
approximately +1.6m from the floor) is even grater; 
this can damage the person’s health in case of long 
exposure to a high thermal flux.  

Running the modeling program with the tube 
installed at 6m above the floor showed that an almost 
uniform temperature value distribution that satisfies 
the comfort conditions for 90% of the floor.  

The study can be improved by finding a 
technical solution for which a given caloric power 
radiant tube could assure the radiant thermal flow 
enhancement received by the floor so that comfort 
temperatures could be achieved also in the blower 
heat receiving area.  
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