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Abstract. Cyclone gasifier is used as the energy conversion system for the biomass. The
design and material selection for the cyclone gasifier is important, which affect the strength of
the gasifier during the operation. This research aims to investigate the effect of the various
materials to the mechanical aspects (i.e., stress, strain and displacement) of the cyclone
gasifier. The mechanical aspects analysis is carried out by using the finite element (FE) based
software. The stress, strain and displacement of the cyclone gasifier’s structure was analyzed
for various stainless steel materials (i.e., ferritic (FSS), AISI 316, 1023 CSS, 201 ASS and
AISI 4130). The finite element analysis revealed the use of 201 ASS experienced highest stress
(221 MPa). Lowest strain and displacement were found on 201 ASS and 1023 CSS,
respectively. These research findings are expected to be used as the reference for the engineer
in the material selection process for the design and fabrication of cyclone gasifier.

1. Introduction

The gasification system is an alternative way to convert the biomass or organic matter to the
renewable energy. At the same time, it’s also beneficial to the environment sustainable. In the energy
conversion process, the gasifier may experience high temperature, mechanical and thermal stress on
the gasifier’s structure. Prior to the fabrication of the cyclone gasifier, the design and material
selection are crucial to ensure the safety and functionality during the operation. A conventional trial-
and error method is costly and time consuming in the design analysis process. Thus, simulation
technique is an alternative way to tackle these problems. In the simulation modelling, various
techniques like computational fluid dynamics [1,2], finite element analysis [3,4] and coupling of both
finite element and finite volume method [5] can be applied to various engineering problems.

Recent years, the simulation techniques are widely applied in solving various engineering
problems such as conventional and molded underfill process [6,7], integrated circuit (IC)
encapsulation process [8], reflow soldering process [9,10], airflow analysis in the reflow oven [11] and
fluid-structure interaction problems [12,13]. Besides, the simulation analysis also applicable to predict
the structural problems in of the cyclone gasifier [14]. During the gasification process, the pressurized
airflow enters the compartment and the structure may impose with a specific pressure. Cyclone
gasifier is classified as the entrained-flow bed gasifier, which could produce low CH4 syngas and free
of tar [15]. The unburned particles are separated from the syngas when passing through the cyclone
gasifier. Thus, the cyclone gasifier saves the operating cost for the cleaning of the syngas. Moreover,
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the air flow characteristics in the gasifier were investigated via computational fluid dynamics on
various types of gasifier [16-18].

The understanding of the mechanical aspect is crucial in the design process of the cyclone gasifier
before the fabrication process. Many factors such as material selection, operating condition and
physical design [14] may influence the reliability and functionality of the cyclone gasifier. Besides, the
cyclone geometry is one of the significant factors to affect the internal airflow performance [19]. In
the design process, the engineer needs the preliminary information as the input to design the cyclone
gasifier. The preliminary information of the cyclone gasifier provides the reference to the engineer to
select the most suitable material for the structure of cyclone gasifier. The current study is the extension
of our previous work [14]. The finite element based [20-22] simulation is applied to explore the
mechanical aspects [23] of the structure of cyclone gasifier when using different materials for its
structure. The mechanical aspects which are stress, strain and displacement of each material are
compared.

2. Methodology
This study was focused on the study of different materials towards the mechanical aspects of the
cyclone gasifier. A similar cyclone gasifier model and finite element method were adapted from our
previous work [14]. The 3D cyclone gasifier model was simulated in the finite element based software
to study the stress, strain and displacement of the structure when different materials are applied. The
cyclone’s dimension and design are depicted in Figure 1.
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Figure 1. Dimension of the cyclone gasifier [19].

Five different materials were considered for the analysis, which are ferritic stainless steel (FSS),
AISI 316 stainless steel (AISI 316), 1023 carbon stainless steel (CSS 1023), 201 annealed stainless
steel (ASS 201) and AISI 4130 stainless steel (AISI 4130). The materials are applied to the structure
of the cyclone gasifier as shown in Figure 1. During the simulation, the internal pressure was applied
on the compartment of the cyclone (Figure2), which mimic the internal pressure during the operation.
The stress, strain and displacement will be analyzed on the critical location for five different materials.

Figure 2. Pressure distribution in the cyclone gasifier [14].
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3. Results and Discussion

Figures 3-5 depict the results from the mechanical aspects, which are maximum stress, strain and
displacement of the cyclone’s structure using various materials. The results demonstrate the variation
of the mechanical aspects when different materials were applied to the cyclone structure. The use of
CSS 1023 and AISI 4130 yields lowest stress that imposed to the cyclone, with only 217 MPa
compared to other materials. However, 201 annealed stainless steel shows the highest stress (221
MPa) amongst the five types of material. In terms of strain, ASS201 has the lowest value of strain and
AISI 4130 shows the highest strain during the operation. Moreover, the results revealed CSS1023
yields the lowest displacement, which means the cyclone’s structure has better rigidity and resist to the
deformation compared with AISI4130.

From the results, CSS1023 demonstrates the good mechanical aspects amongst the materials with
lower stress and displacement. In addition, CSS1023 has the excellent machinability with reasonable
strength. CSS1023 is easy to form and it is cheaper compared to the other steels. Thus, it is suitable for
the fabrication of the cyclone gasifier. From the consideration of the mechanical aspects, CSS1023 is
recommended for the fabrication of the cyclone gasifier. On the other hand, other approaches such as
Analytical Hierarchy Process (AHP) [24, 25] and ELETRE methods can be also applied to select the
material and process for the fabrication of the gasifier.
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Figure 3. Maximum stress versus different materials.
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Figure 4. Maximum strain versus different materials.
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Figure 5. Maximum displacement versus different materials.

4. Conclusion

The study of mechanical aspects of cyclone gasifier with different materials has been carried out in a
FE based simulation. The results indicated that the selection of material significantly affects the
mechanical aspects of the cyclone gasifier. Improper material selection will result in the higher stress
concentration, strain and deformation, which lead to the safety issue when the gasifier operates. The
top of the cyclone was a critical region and it can be minimized by increasing the physical design
parameter of the cyclone. The simulation results revealed the use of CSS1023 resulted in low stress
(217 MPa) and displacement (0.483 mm) and it is also machinability. With these characteristics,
CSS1023 is suitable for the fabrication process of cyclone gasifier. The current results are expected to
be used as the reference for the material selection and design of cyclone gasifier. Moreover, the
application of simulation modelling technique provides better understanding of fundamental
knowledge and also effectively reduces the time to market and cost in the fabrication process.
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