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Abstract

The manual removal of bottom ash from the boiler is a hazardous
activity due to the extremely high temperatures involved, ranging
from 700 to 800°C. The objective of this research is to develop a
cooling device to facilitate the bottom ash removal process for
workers at PT. BEST Tanjung Enim and to measure the reduction
in ash temperature achieved by cooling device. The design was
created using computer aided design software and Computational
Fluid Dynamics (CFD) simulations. Subsequently, a hypothesis is
proposed, defining the bottom ash material as Silicon Dioxide
(Si0:2) and equalizing the density of the bottom ash. To ascertain
the temperature drop, variations in the screw conveyor’s rotation
speed were tested at 40, 33, and 12 rpm, paired with cooling
water velocities of 0.5, 0.75, and 1 m/s respectively. The findings
of study indicated that a screw conveyor speed of 12 rpm
combined with a cooling water velocity of 0.5 m/s yielded the
lowest bottom ash temperature, reaching 402°C, thus significantly
reducing the need for manual handling when the ash temperature
remains at 800°C. Further study should explore the application of
Discrete Element Method (DEM) simulations for modelling bulk
material behaviour and the integration of additional cooling media
to enhance system performance.
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1 Introduction

A Circulating Fluidized Bed (CFB) boiler is a specific type of
boiler that employs a bed material as a medium for heat transfer to
coal, thereby exhibiting distinctive characteristics [1]. This
technology is well known in the power generation industry both in
terms of economics and the resulting exhaust emissions [2]. The
CFB boiler uses coal as the main feed in the combustion system.
This coal combustion process produces waste as bottom ash and
fly ash. Bottom ash is ash formed from the combustion process in
the furnace in the form of solids that are not carried away by flue
gas and settle at the bottom of the boiler [3]. The CFB boiler's
operation and production of bottom ash result in increased
pressure within the wind box, which in turn affects the efficiency
and safety of operators in regulating steam pressure and draining
bottom ash. The latter process at PT Bukit Energi Servis Terpadu
(BEST), the operator, is still conducted manually.

Based on the data obtained from field observations, the bottom
ash there has a temperature of about 700 - 800°C and based on the
bottom ash temperature reference of 850°C [4], with the high
temperature, the worker carries the bottom ash manually, directly
carrying the bottom ash to the storage. Therefore, a tool is needed
to help workers carry out bottom ash drain activities. The function
of the tool is to reduce the temperature and produce dry bottom
ash. In this research, testing is being carried out using
Computational Fluid Dynamics (CFD) simulation.

CFD is the study of how to predict fluid flow, heat transfer,
and chemical reactions by solving the numerical equations of fluid
dynamics [5],[6]. A collection of numerical modeling methods
called CFD is used to simulate and test the behavior of single-
phase and multi-phase fluid flows coupled with mass transfer, heat
transfer, and chemical processes [7]. Many studies have used CFD
to determine heat transfer [8],[9],[10]. In the heat transfer
procedures, the outcomes of numerical calculations are employed
to determine the best results [11],[12],[13]. Therefore, researchers
used computational fluid dynamics to determine the temperature
drop of bottom ash. However, due to the inability of computer
devices to simulate bulk material, the objective of this study is to
replace bottom ash material with SiO, as a solid material, with a
density value similar to that of bottom ash [14]. The study aims to
use CFD ANSYS simulation as a first step of pre-design for a
bottom ash cooling device. Furthermore, the objective of this
research is to ascertain the bottom ash temperature as a dependent
variable toward the screw conveyor rotation speed and cooling
water speed such as the independent variables.

2 Research Methods

This study used Autodesk Inventor to design the cooling
device and Ansys Fluent to simulate the screw speed and water
cooling. The screw conveyor rotation speed is 40, 33, and 12
Rpm, and then at each screw conveyor rotation speed, there is a
variation in cooling water speed of 0.5, 0.75, and 1 m/s. The
mixing of Silicon Dioxide (SiO,) in natural latex, specifically
focusing on a high silica content regime [15] found that the
scaling criterion was consistently applied to the mixing of high
silica natural latex, with no deviation exceeding 10%. Therefore,
the study replaced the bottom ash material with SiO, as a non-
Newtonian fluid and equalized the density of the bottom ash. CFD
simulation using SiO, as the majority chemical composition which
is around 50% of bottom ash is illustrated in Table 1.

Fluent software is used in the simulation to solve partial
differential equations governing several types of flow. Control
volumes are used, where each node corresponds to a
computational domain so that the partial differential equations are
integrated into each limited volume [16]. This simulation uses the
energy and k-omega models, a form of Reynolds-Averaged
Navier-Stokes (RANS) model that is frequently utilized in CFD is
the k-omega model [17], uses materials in Table 2, and uses
boundary conditions based on the variations previously described.

The CFD simulation process is generally divided into three
steps: pre-processing, processing, and post-processing [18]. The
study had four steps of the research work. In the first stage, we
first model the form of the tool and the fluid flow that will exist in
solid form. The next step is meshing the geometry that has been
made. The second stage is to determine the simulation model that
will be carried out or determine what phenomena will exist in the
simulation. The third stage is to determine the material to be used,
both the material of the tool and the fluid used, and determine the
conditions or parameters of each part of the geometry, such as the
inlet and outlet. The last stage is to perform the simulation stage or
generated simulation. Then, the fifth stage is to determine whether
the results have achieved what is desired. If the results are correct,
a visual representation can be captured; otherwise, the process
must return to stages 1 to 4 to identify the parts requiring
modification or improvement.
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Table 1. Compositions of bottom ash [14]

Power Plant Station/ Spanish Power Plant Guru Hargobind Thermal = TNB Electric Power Plant Seocheon Coal-Fired Thermal
Chemical Composition (%) panish rower ria Power Plant Bathinda, India Perak, Malaysia Power Plant, South Korea

Si0O, 52.30 56.44 54.80 44.2
ALO; 25.14 29.24 28.50 31.5
Fe,0; 9.23 8.44 8.49 8.9

CaO 2.37 0.75 4.20 2.0

MgO 1.84 0.40 0.35 2.6

Na,O 0.66 0.09 0.08 -

K,O 3.72 1.29 0.45 -

TiO, 1.45 3.36 2.71 24

P,05 0.25 - 0.28 -

SO; 0.03 0.24 - -

LOI 1.07 0.89 2.46 -

Fig. 1 is the mesh used in the geometry, and polyhedral mesh
is used in geometry. The polyhedral mesh type creates good
meshing (time and model quality of computation) for simulations
running inside the chamber [19]. In the CFD modeling of
industrial processes, polyhedral meshes have previously been used

(e.g. air convective heat transfer around cylindrical objects), and
have shown better performance (cost of computation and
simulation precision) [20]. With a total number of cells of 428734,
an average skewness value of 0.035, and a maximum of 0.59, it is
already in the good category.

0y
(R
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Fig. 1. The result of polyhedral meshing used.

The screw conveyor length, diameter, and screw pitch are
15240 mm, 508 mm, and 508 mm, respectively in Fig. 2 within a
two and three-dimensional design of the bottom ash cooler. This
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Fig. 2. Bottom ash cooling device design.
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2.1 Tool and Materials

The tools employed for designing and simulating the cooling
device consist of a laptop, which serves as a platform for
conducting tests, and two software applications, namely Autodesk
Inventor and Ansys. Additionally, the materials utilized in this
cooling device's design are outlined in Table 2.

Table 2. Material properties

Materials Parameter Range
Bottom ash Temperature (°C) 700-800
Quantity (Ton/ hour) +20
Silicon dioxide Density (kg/m3) 2648
Spesific heat (J/Kg.K) 680
Thermal conductivities (W/m.K) 1.3
Water Density (kg/m?3) 998.2
Spesific heat (J/Kg.K) 4182
Thermal conductivities (W/m.K) 0.6
304 stainless Density (kg/m?3) 8000
steel Spesific heat (J/Kg.K) 500
Thermal conductivities (W/m.K) 16.2
2.2 Mathematical Model
The governing equation is Eq. 1 [21] for a momentum

equation.

avi
oxj

avi
J an

1 dp [i]
= - — — 4 —
p 0x; ax;

[(v + vi) (1

Description:

p = Density

v; = Velocity component in the x; coordinate direction
v = Kinematic viscosi

3 Results and Discussion

This tool is simulated with the help of Ansys Fluent software
by varying the screw conveyor rotation speed and water speed,
which we will know from the color difference in the simulation
results display. In this simulation, the tool's geometry is divided
into the symmetry assumption to economize the mesh generated
due to mesh limitations such as viscous k-omega, turbulent
intensity of only 5%, and diameter hydraulic of 350 mm. Some
studies use the symmetry assumption [22], [23], [24].

Fig. 3 is the graphical result of the screw rotation speed of 12
Rpm and 33 Rpm respectively for water velocity is 0.5 m/s, which
shows that at the 126" iteration, the line is straight and then
converges at the 400" iteration. The results were confirmed
completely, the fact that the graph line is even or straight indicates
that the temperature distribution is in an equilibrium state. Based
on the results of the three screw speeds, it is known that the 12
Rpm speed produces the lowest ash temperature of 402°C and
water temperature cooling with natural is to 6.5°C.

Temperature Temperature
Ash Water
800.000 0.000

l 758.947 29.474

~717.895 8.947

- 676.842 28.421 -

- 635.789 27.895
594.737 27.368
553.684 6.842
512.632 6.316
471.579 25.789

{ 430.526 25.263
389.474 24.737

- 348.421 24.211

- 307.368 3.6

- 266.316 23.158

- 225.263 22.632
184.211 22.105
143.158 21.579
102.105 21.053
61.053 20.526
20.000 20.000

[C] [C]
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Fig. 3. CFD simulation for bottom ash temperature results.

According to Fig. 4 of the simulation findings, the screw
conveyor’s 40 Rpm rotation speed and cooling water velocity for
0.5m/s and 0.75 m/s produces the lowest bottom ash outlet of
450°C. The screw conveyor’s 33 Rpm rotation speed and cooling
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water velocity 0.5 m/s produce the lowest bottom ash outlet of
450°C. The screw conveyor’s 12 Rpm rotation speed and velocity
of cooling water 0.5 m/s produce the lowest bottom ash outlet of
402°C.
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Fig. 4. Graph of simulation results that have been carried out.

4 Conclusion

This study simulated the temperature reduction of bottom ash
using water cooling in Ansys Fluent. The results indicate that the
maximum temperature drop achieved was 402°C, obtained with a
screw conveyor rotation speed of 12 rpm and a cooling water
velocity of 0.5 m/s. Among the three cooling water velocities
tested, 0.5 m/s proved to be the most effective. Based on this
study, the reduction in bottom ash temperature to 402°C allows PT
BEST operators to handle bottom ash without the risk of exposure
to its initial high temperature of 800°C during transportation to
temporary storage. However, the temperature reduction cannot yet
be considered optimal, as the simulation was conducted with an
assumption that approximates the bottom ash material as silicon
dioxide. Further studies should incorporate Discrete Element
Method (DEM) simulations to model the behaviour of bulk
materials more accurately and explore its integration with Ansys
Fluent. Additionally, other cooling media could be introduced to
achieve faster cooling and lower bottom ash temperatures,
improving the efficiency of the cooling process.
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