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Abstract — Solid waste generation is a major concern in
today’s vast population as a result of economic development,
rapid urbanisation and industrialisation. There are too much
solid waste generated to the extent that the landfill sites is not
practical anymore so an alternative disposal method should be
taken which is waste to energy technology (WTE) and focusing
on incineration method. The study is conducted mainly because
of one part of air nozzle which is air duct cannot handle heat
stress due to high operating temperature of incinerator. In
order to overcome the problem, cooling media which is air is
added between insulator and nozzle. The objectives of the
study are to study the air distribution pattern in the
incinerator and to improve the heat removal through
simulation of air distribution unit with parallel fin using air
using Computational Fluid Dynamics (CFD) simulation. The
study have some limitation to achieve the desired outcome such
as using ANSYS 15.0, use common air nozzle design, use rotary
kiln incinerator and many more. Studies on the past
researcher’s research is done based on the major aspect which
are solid waste, waste to energy technologies (WTE) and
computational fluid dynamics (CFD). The simulation is
conducted through four main steps started with specify and
modelling the design, undergoing meshing process, conducting
solving process and last but not least analysing the obtained
result to determine the desired outcome. Results from the
simulation shows that presence of cooling media, fin and
changes in surface area greatly affect the temperature and
turbulence intensity distribution in the air nozzle.

Keywords — ANSYS 15.0, Air nozzle, Waste, Turbulence
Intensity, Temperature.

I. INTRODUCTION

Malaysia is a developed country that currently grows in
populations which also resulted to the growing of solid waste
generation [1]. It is not practical to rely only on the landfill
sites to handle the solid waste [2]. Many methods can be used
to dispose the increasing number of waste and one of them is waste
to energy technology (WTE) that can convert the waste into
electrical energy and heat energy [3]. Thermal treatment
technologies is among the famous technology that yield energy in
the form of heat and electricity which include pyrolysis,
gasification and incineration [4].

Conventional incinerator commonly involve organic
matter of waste as feedstock to be reacted with oxygen
under aerobic combustion process in a furnace under high
pressure and adequate temperature [3]. In Malaysia, rotary kiln

type incinerator is used and there have been a few rotary kiln
incinerator although in a small scale located at Labuan, Langkawi,
Pangkor and Tioman since 1996 [5]. One drawback of using the
incinerator is that its efficiency rapidly decreases over time. This is
because of one part of air nozzle which is air duct cannot handle
heat stress due to high operating temperature of incinerator. So, a
software is introduced to analyse the process involving fluid flow,
heat transfer and associated phenomena such as chemical reactions
by using computer based simulation known as Computational Fluid
Dynamics (CFD) [6].

CFD conduct numerical simulation of fluid flow which has
proved to be a very good help for specific industry such as helping
the chemical engineers to maximize yield from the equipment [7].
In the CFD, there is one major equation being used for the
calculation which is Navier Stoke Equation that involve
mathematical model of the motion of a fluid [8]. Through
CFD, effect of air as cooling media and used of parallel fin as
mixer and heat distributor can be determined in details.

II. METHODOLOGY

A. Specify and Modelling Design

ANSYS 15.0 software is installed and Workbench program is
used to run the simulation. The fluid domain can be drawn based
on three plane (X, Y and Z plane). The drawing of simulated air
nozzle is constructed based on the existing standard design of the
air nozzle in the rotary kiln incinerator in the industry. For the
alternative way, the drawing also can be drawn in AUTOCAD
software before being converted into fluid domain and then can be
exported into the Workbench 15.0 for next simulation.

B.  Meshing Process

Click on “mesh” command at the outline and click on the
surface of the drawing to identify the inlet, outlet and the wall of
fluid domain as to differentiate from one boundary to another
boundary. The sizing of the meshing is set from course size into
fine sizing so that detail simulation can be conducted. Apply the
“selected geometry” command so that the mesh can be generated.
If no boundary has been assigned, the geometry will automatically
set as wall.

C. Solver / Setup

Solver or setup is a step to run the simulation of the simulated
air nozzle by inputting several parameters to achieve the desired
result. Once the “Setup” command is clicked, there is “Solution
Setup” section where the parameters can be inserted. Energy and
viscous which consist of Energy Equation and k-Epsilon Models
respectively are important that need to be used in the simulation.
Inlet temperature of 300 K and velocity of 1 m/s were set at the
inlet while temperature of the heat transfer wall is set at 500 K. the
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iteration was then run until the calculation become converged.
Results in term of temperature and turbulence intensity can be
viewed for further discussions.

III. RESULTS AND DISCUSSION

A. Temperature
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media which prevent direct heat stress into the inner wall by
absorbing the remaining heat.

Parallel fin are installed at every side of the nozzle. As the
air travel throughout the nozzle, instead of going in one
direction, the air and the heat are distributed evenly
throughout the wall for a better surface area for the heat
exchanger process to take place. This is proven by
comparing the temperature gradient at all the three cutting
plane where a uniform temperature distribution can be seen
at the side that have more fin compared to the side with less
fin.

Air travel from the inlet and exit at the outlet of air nozzle
and during that time, the temperature of the wall keep
building up and increases along the nozzle. This is because
as the air continuously being supplied, the combustion
process became more and more vigorous and the heat stress
formed from the process keep increasing and affect the
overall temperature of the air nozzle’s wall. Even though the
temperature increases, the efficiency of the air nozzle is still
at its best because the air nozzle still can withstand the
temperature with the help of cooling media.

B. Turbulence Intensity
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Fig. 1: Temperature distribution at (a) inlet, (b) middle and (c) outlet
section.

Air and parallel fin plays an important role in determining
the temperature distribution at the wall of air nozzle. The
inner wall temperature of the air nozzle only experienced a
slight increase in temperature and still can be maintained at
low temperature because of the presence of air as cooling
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Fig. 2: Turbulence intensity at (a) inlet, (b) middle and (c) outlet
section.

Based on the figures above, it can be seen that turbulence
intensity is mainly affected by surface area and number of parallel
fin in the air nozzle. Generally, air nozzle has three stages of
design which are drying (first 3 metre), combustion (2 metre) and
cooling section (last 5 metre).

From the drying section to the combustion and even to the
cooling section, there is an increase of area which also resulted to
the changes in the turbulence intensity to become more intense. In
the small area, the air flow is limited as there is not enough space
for the turbulence to be occur but at the transition point where
small area go to the large area, the air suddenly gain larger space
for the turbulence of air to be occur more vigorously and intensely
before started to flow uniformly.

It is proven from the figure that the turbulence intensity
increases especially at the transition point. Other than the surface
area, the number of parallel fin also affect the turbulence intensity.

Parallel fin is functioned to help for better air and heat
distribution. Due to the fin, the air is distributed evenly and mixed
well with each other which is one of the main reason that affect the
turbulence intensity at the nozzle.

IV. CONCLUSION

The simulation is conducted to to study the air distribution
pattern in the incinerator and to improve the heat removal through
simulation of air distribution unit with parallel fin using air using
Computational Fluid Dynamics (CFD) simulation. Result from the
simulation shows that presence of cooling media and fin greatly
affect the temperature and turbulence intensity distribution in the
air nozzle. It can be seen that with an addition of air as cooling
media, the temperature of the nozzle especially wall can be lower
so that the efficiency of the nozzle can be maintained as the
cooling media absorb the excess heat stress from the surrounding
that can cause the nozzle to be bend. Parallel fin is the fin used and
based on the simulation, the fin really help to mix and distribute the
air and heat evenly throughout the nozzle wich resulted to a better
turbulence intensity. In a nut shell, the simulation conducted is a
success based on the parameters that being discussed and some
suggestion can be done to improve the results of the simulation.

V. RECOMMENDATIONS

Some suggestions or recommendations can be done to improve
the results of the simulation. Instead of using air as the cooling
media, water also can be used as alternative because water is a
better heat absorber compared to air. Next, fin play a major part
that contribute to a better air and heat distibution. Spiral fin provide
a better air distribution compared to parallel fin because the spiral
fin cover the whole air nozzle for a large surface area for the air to
be mixed and flow.
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