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ABSTRACT

The design and MATLAB simulation of the operating parameter of Onyeama coal in an updraft
gasifier was investigated. The operating parameters considered are: power rating, air required,
fuel consumption, hopper volume, time, reactor diameter and height. These results show that
there exist a linear relationship of all the operating parameter with the power rating. It can be
deduced that the sizing of the updraft (diameter and height) increased commensurately to
increase in the power rating requirement and the operational time respectively. The lower values
of the power rating obtained for the reactors diameter is a function of the coals heating value as
well as the power rating requirement. The power rating should not be more than 700KW to
obtain the optimal fuel consumption requirement. It can be established that onyeama coal proved
to be more conservative in terms of the amount of coal that would be required for a particular

rating.
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1.0 INTRODUCTION

Energy and good healthy condition has been
reported to be the most significant aspect of
life necessary for the societies (Vikrant and
Argawal, 2019). The global need of energy
sources such as crude oil, coal and natural
gas with 33.28%, 28.11% and 24.13% in
ranking has been reported in 2016 as the
highest energy sources consumed globally,
(Shakorfow, 2016) (Chukwu et al., 2016).
Among the three sources of energy, coal is
the cheapest and least expensive as
compared with crude oil and natural gas that
power generation. The design of any gasifier
is usually accomplished with many
assumptions in operating parameter, kinetic
and thermodynamic effect that affect the
gasification of the coal (Akanksha et al,
2018). These factors vary from one coal
source to another. Another factor mentioned

are depleting (Shakorfow, 2016). It is clear
that research into coal as a fuel is not only
timely but important at this period in the
world energy sources (Shakorfow, 2016) (
Akanksha et al., 2018). However the use of
coal as an energy source is always
accompanied with higher emission of carbon
monoxide and carbon dioxide (Vikrant and
Argawal, 2019). The design of gasifier is
one of the greater factors in the development
of a gasifier for the gasification of coal for

is the operating parameter and has been
reported as the most significant factor that
affects the successful operation of coal
gasification (Akanksha et al., 2018). In this
present work, the design and simulation of
the operating parameter of an updraft
gasifier for Onyeama coal is studied.
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2.0 MATERIALS AND METHOD

The power requirement of a gasifier is
determined by the fuel consumption rate
which is empirically the amount of fuel
(coal) that must be burnt per specific time in
order to achieve the required amount of
power of the gasifier. The size of the reactor
is a function of the diameter of the cross-
section of the cylinder where the fuel is
being burnt. This is generally a function of
the amount of the fuel consumed per unit
time (FCR) to the specific gasification rate
(SGR) of the fuel. The height of the gasifier
which plays an important role in the
performance of the gasifier is the total
distance from the top and the bottom end of
the reactor. This determines how long the
gasifier would be operated in one loading of
fuel. Basically, it is a function of a number

Table 1: Composition of Onyeama coal

of variables such as the required time to
operate the gasifier (t), the specific

gasification rate (SGR), and the density of
the fuel.

2.1 Model Formulation Concept

The updraft coal gasifier was designed using
relevant design equations and criteria as
shown in Table 2. MATLAB software is
used in determining the operating parameter
using Onyeama coal with composition
displayed in Table 1. The model equations
were adopted from the work of Hong et al
(2009). The core essence of the simulation
was to see the trend in the design sizing of
the system if the power requirements,
reaction times as well as the inherent coal
were not constant. Hence the simulation
graphs will give an outline for knowing what
the system sizing will be if any parameter is
selected within the range of the three design
factors as (i.e. power requirements, reaction
times as well as the inherent coals).

Proximate analysis

Ultimate analysis

Moisture % 5.87 H% 3.8
Volatile matter 29.61 C% 86.55
Fixed carbon 63.61 N% 152
Ash 1.25 S% 0.6
Calorific value 33.33 ASH 1125

(Source: Chukwu et al., 2016)

2.2 Design Requirements

Table 2 Design Parameters and their deductions

Design Parameters

Symbols Formula

Values Units

Fuel Consumption Rate m; e Power Required  108.36 Kg/hr
LCV X Mipermal
Diameter of Reactor D, 4 X m; 9.5 630 Mm
il
Height of Reactor H, g (’SGR X t) 1460 Mm
P
Power Required P P=m;x LCV X B ] 5 kW
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Figure 1: Assembly Drawing of the Gasifier
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4.0 CONCLUSIONS

The design and MATLAB simulation of
the operating parameter of Onyeama coal
in updraft gasifier was investigated. The
design operating parameters considered in
the work are: power rating, air required,
fuel consumption, hopper volume, time,
reactor diameter and heights. These results
show that there exist linear relationship of
all the operating parameter with the power
rating. It can be deduced that the sizing of
the updraft gasifier (diameter and height)
increased commensurately to increase in
the power rating requirement and the
operational time respectively.
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