Journal of Engineering Research and Applied Science
Available at www journaleras.com
Volume 3(1) June 2014, pp 206-216

ISSN 2147-3471 © 2014

Finite element analysis of MSW pyrolysis reactor
F. Polat'®, E. Toklu', M.Kilingel', M. Gur', A. Coskun Avci'
"Duzce University, Mechanical Engineering, Duzce, Turkey.

Accepted 5 Apr 2014

Abstract

The aim of this study was to observe the temperature distribution at the inlet of the pyrolysis reactor at different flow
rates. The pyrolysis process; used in the iron and steel industry or the chemical industry and conducted in a furnace
having a durable structure for high temperature and corrosive gases such as chloride and siilfite. A prototype of the
pyrolysis reactor was designed in 3D CAD program (Inventor). The designed model was converted to finite element
program aided by reverse engineering methodology. The finite element analyses (CFX) were performed with respect to
different flow rates (50 kg/s, 55 kg/s and 60 kg/s ) at the inlet.In the first part of the work, the importance of the study,
describes the purpose and scope. The second section describes issues related to solid waste and made comparable with
each other. Then recycling municipal solid waste disposal methods, landfill, thermal conversion technologies and
biological conversion technologies are described, respectively. Thermodynamic analysis of pyrolysis which is one of the
thermal disposal methods was performed. In the last section the results are evaluated and recommendations made.
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1. Introduction

As a result of industrialization in recent years,
running out of natural resources with the effect of
population growth occurred due to the amount of
solid waste and the environment is growing rapidly
polluted. But nevertheless the idea of converting the
waste is also adopted as an input to economic every
day and are trying to implement waste management

systems worldwide. There are several methods to
convert waste into energy. Some of these are
landfills, thermal decomposition (incineration,
gasification, and pyrolysis) and anaerobic
digestion[4.6]. There are differences in the reaction
conditions of the thermal decomposition methods as
can be seen in Table 1.[1-5]

Table 1. The reaction conditions of the thermal degradation method[5]

Incineration pyrolysis gasification,
Reaction temperature (°C) 800 — 1450 250 - 700 500 — 1600
Combustion chamber pressure (bar) 1 1 1-45
Ambient Air inert - nitrogen 0, ,H,O
Stoichiometric air ratio > 1 0 <1
Gaseous products CO; , H,O, Oy, N, H,, CO, H,0, N, H,, CO, CO,, CHy4 ,
H,0, N»
State products ash, slag ash, coal ash, slag
Liquid products pyrolysis oil, water

The amount of solid waste produced per person
in consequence of the change in consumption
habits is increasing every day. This challenge is
increasing concern about being economical and
environmentally friendly technologies used in the
disposal of waste and researches on the issue are
increasing. All over the world context of
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sustainable development, waste management
strategies aimed at converting an input is adopted
for the economy [6,7]. Integrated solid waste
management is a process which includes waste
reduction at source, reuse, recycling and
recovery, starting with applications, consisting of
waste collection and ending with final disposal.
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Landfill waste is stored according to the
principles of engineering. The resulting gas is
used for energy production warehouse. In
combustion technology, waste, incinerates by
providing heat recovery and power generation is
performed using steam turbines. Gasification
technology at the first stage provides pyrolysis
then followed by up to high temperature reactions
and low molecular weight gases are produced.
The generated gas is evaluated for power
generation using internal combustion engines or
boilers. This study was conducted a detailed

review of the literature on energy production
technologies from municipal solid waste.
Pyrolysis is the thermal decomposition process
took place in an inert atmosphere[8-11]. The
pyrolysis process usually takes place between
400-850 oC. As pyrolysis product gas
components, volatiles, carbon and ash revealed.
The resulting carbon black can be used in tire
production and the resulting ash is used as
construction material. Mini pyrolysis reactor
showed in figure 1.
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Figure 1. Perspective view of a pyrolysis reactor

2. Material and Methods

According to the literature, it’s seen that
pyrolysis of many materials such as hazelnut,
birch, pine wood, cellulose, lignin and
polyethylene is conducted, but there is hardly any
place in the pyrolysis of urban waste[11-15].
Because solid waste content area varies
according to country and even from even the
province. In this study, thermodynamic analysis
of the pyrolysis reactor for the grinding of raw
solid waste, drying and pyrolysis process will be

made. 3-dimensional drawn pyrolysis reactor,
after being transferred to the ANSYS-CFX
software, system identification was performed.
As an entry requirement, 50, 55 and 60 kg / h
flow rate and temperature of 25 ° C were
introduced. The reactor is heated by an external
heater and a surface temperature of 500 ° C is
also kept constant. The output of the reactor was
assumed to 5 atm pressure. These values analyzes
were carried out after introduction into the

207

Volume 3(1), June 2014, pp 206-216



Journal of Engineering Research and Applied Science Volume 3(1), June 2014, pp 206-216

system.

Figure 2 Mini pyrolysis reactor
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Figure 3. Pyrolysis reactor modeling

208



Journal of Engineering Research and Applied Science

Volume 3(1), June 2014, pp 206-216

0,400 ()
]

0,100

0,300

Figure 4 Mesh modeling of reactor

3. Results

This study has investigated the processing of
municipal solid waste by pyrolysis method,
system identification are performed energy
analysis and fluid analysis performed at various
temperatures of the pyrolysis reactor, which was
built in ANSYS-FLUENT 3D drawing program.
Disposal of municipal solid waste by pyrolysis

method, an issue that has recently focused on the
international scientific community and users.
Pyrolysis of urban solid waste according to the
speed at the inlet of the reactor, pressure,
temperature and viscosity distribution are shown
in latest figures. Figures from 5 to 8 show the
values of 50 kg/s flow rate.
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Figure 5. Speed-dependent pressure
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Figure 6. Speed-dependent temperature
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Figure 7. Speed-dependent dynamic viscosity
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Figure 8. 3D Temperature distribution of the pyrolysis reactor

Figures from 9 to 12 show the values of 55 kg/s observed that a more uniform linear structure.
flow rate. When figures analyzed, compared to But looking at the red area, it is seen that the
the other distributions in this flow has been increase in flow is more critical.
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Figure 9. Speed-dependent pressure
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Figure 10. Speed-dependent temperature
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Figure 11. Speed-dependent dynamic viscosity
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Figure 12. 3D Temperature distribution of the pyrolysis reactor

Figures from 13 to 16 show the values of 60 kg/s result of this analysis, it can be say that
flow rate. When analyzing the figiire 16, increasing the flow rate of municipal solid waste
compared to the other distributions, amount of is not very logical.

red area is more bigger than the others. As a
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Figure 13. Speed-dependent pressure
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Figure 14. Speed-dependent temperature
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Figure 15. Speed-dependent dynamic viskosity
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Figure 16. 3D Temperature distribution of the pyrolysis reactor

4. Conclusion and outlook

In this study, the processing of municipal solid
waste by pyrolysis method has investigated,
system identification are performed, energy
analysis and fluid analysis of the pyrolysis
reactor at various temperatures performed with
ANSYS-FLUENT program. Municipal solid
waste is no longer seen as a source of problem
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