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ABSTRACT

The subject of this research is the use of artificial vision techniques to
optimize the placement of hot air sources depending on the location of certain
equipment in industrial halls operating at low temperatures. Low temperature
industrial halls require optimization of the location of hot air sources to achieve
low consumption and efficient heating, taking into account the fact that workplace
safety standards require the halls are high and at a certain area of windows (to
ensure a hall for this reason, it is necessary to optimize the location and hot air
sources flow to ensure the heating of these halls.

KEYWORDS: CFD, modeling, simulation, industrial hall

1. Introduction

Computational fluid dynamics (CFD) is a part of
the mechanics of having fluids different numerical
methods and computational algorithms used by
computers for determining the various problems
related to the flow of fluids in various fields [1-22].
Programs often used in industry that are based on
C.F.D. are: Ansys, OpenFoam, XFlow, Star-CCM +,
Flow-3D, FloWorks, Autodesk Simulation CFD,
Solidworks CFD  Simulation. The mentioned
programs present various calculation methods, each
having their advantages and disadvantages, the main
factors affecting the data obtained are based on
discretization and calculation methods integrated in
programs.

CFD modeling is based on the principles of fluid
mechanics, to solve problems that involve fluid flows
numerical methods and algorithms approach are used.
The basic idea in the finite element method is to find
the solution to a complicated problem by replacing it
with a simpler one. The finite element method has
emerged as a consequence of the need to calculate
complex strength structures for which analytical
calculation methods are not operable. The main idea
is that a structure is divided into several parts called
“finite elements” for each of them can be applied the
calculation theories corresponding to the scheme
adopted (bar theory, plate or solid). Dividing the
whole into smaller parts, an operation that bears the
well-known name of “discretization” will have the
effect of obtaining simple shapes for the finite
elements’ components of the structure.

In order to perform a CFD simulation, four
important steps are required: 1 - C.F.D. domain
analysis/fluid in which the virtual model will be
introduced, 2 - discretization of the fluid domain by
various methods to determine the pressure gradient at
different calculation points, 3 - setting flow
conditions, fluid parameters, turbulence patterns, and
another conditions to be able to start the aerodynamic
calculation, 4 - aerodynamic analysis of the result is
performed, as well as a change of the physical
conditions previously used in case of the virtual
model. The main programs based on dynamic fluid
calculation use the same calculation methods and
algorithms.

Low temperature industrial halls require hot air
optimization location of sources to achieve low
consumption and efficient heating, taking into
account the fact that workplace safety standards
require high halls and at a certain area of windows.
For this reason, it results that the windows have a
relatively poor insulation, it is necessary to optimize
the location and hot air flow to ensure the halls
heating. Using several CFD simulations, which allow
to calculate with a very good accuracy the way heat,
air currents circulate in the air, we want to train a
neural network that will allow intelligent control of
the heating system by estimating the optimal
positioning of air sources. This optimization is
necessary because some tools with considerable
volume in the hall are fixed but other components of
the industrial flow, such as temporary processing
machines or trucks (which can park for hours or days)
can influence the heating of the industrial hall
operating at low temperatures [23-28]. The neural
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network manages to estimate the location of the heat
source quite well. Further developments should also
include parameters such as the distance to objects
with high volume and the variability of these
volumes.

2. Experimental procedure

The aim of this research is the use of artificial
vision techniques in order to optimize the placement
heat sources considering: i) the location of equipment
in industrial halls operating at low temperatures, ii)
relative high height of industrial hall, iii) considerable
percent of glass because of safety standards
concerning explosion and fire. Consequently, low
temperature industrial halls require optimization of
the location of hot air sources to achieve low
consumption and efficient heating. For this reason, it
is necessary to optimize the location and hot air
sources flow to ensure the heating of these halls. The
simulations on an industrial la a hall was executed.
The simulations consider a heating system and a cold
air flow of from outside.

The purpose of this paper is to determines if the
location, as well as the heating system power allow
the heating of the hall in extremes temperature
conditions. The industrial hall is considered to be
made of steel without any additional thermal
insulation. The simulations with the following initial
conditions were done: outdoor temperature: -10

degrees, radiator temperature: 80 degrees, inlet flow
and outlet flow: 0.3 m¥s.

3. Results and discussions

As seen in Fig. 1 and Fig. 2 often happens in
real case scenarios when high volume in the hall such
as products or trucks change the way the air is
circulating in the hall. Following the experiments
performed using the Open Foam program, the
trajectories of the air currents have the trajectories
presented in Fig. 3 and Fig. 4. It is observed that there
is a movement of the air currents from the heat source
to the ceiling, where the air mass is colder. There is
also a disordered and non-optimized motion in 3D
space.

As seen in Fig. 5 and Fig. 6 in case of
unoptimized placement of heating source in respect to
the other objects, the heating distribution is not
efficient. There is a difference of even 10 degrees
between different areas of the industrial hall. A neural
network is trained using 30 simulations in order to
determine optimal placement of heating for an
industrial hall.

The neural network needs to output 2D
coordinates of heating source taking into account the
volumes in the hall, both temporary and permanent.
The trained network architecture consisted of 10
hidden layers. The results show good temperature
estimation, as the network was able to predict with a
precision of 91%.

heating soure (2)

temporary object high volume (1)

permanent industrial machines (5)

Fig. 1. Scenario of placement
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permanent industrial machines (5)

temporary volume (1)

heating source (1)

Fig. 2. One of the scenarios of placement

Fig. 3. Air circulation

Fig. 4. Air circulation
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Fig. 5. Heating variation of the fluid (air) in a horizontal plane placed at 2.5 meter above ceiling

Fig. 6. Heating variation of the fluid (air) in a horizontal plane placed at 0.5 meter above ceiling

4. Conclusions

The neural network manages to estimate the
location of the heat source quite well. Further
developments should also include parameters such as
the distance to objects with high volume and the
variability of these volumes.

The neuronal network will allow a better
approximation in case of training a larger number of
samples.
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