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Abstract 

 

A cyclone combustor was designed for syngas combustion induce in this paper. The syngas from biomass gasification is burned 

in cyclone combustor as a fuel. The objective of this research is to investigate the effects of various dimension of cyclone 

chamber including different diameters and different lengths of cyclone combustion chamber. The tangential velocity and 

exhaust gas quality are compared in various dimension of cyclone chamber. The result shows that the small diameter and long 

chamber of combustor cause high burning efficiency; the combustor can produce high CO2, low O2 and high exhaust gas 

temperature. To produce strongly cyclonic flow, the combustor should have large diameter and short length. 
 
Keywords: Cyclone combustor, Raw producer gas, Numerical simulation 

 

 
1. Introduction 

 

Gasification technology is an important combustion 

process converting biomass based on carbonaceous 

compound into hydrogen, carbon monoxide and carbon 

dioxide [1-3]. Low heating value gas derived from biomass 

gasification requires a high resident time in combustion 

process. Cyclone combustor is presented as a combustor to 

burn biomass gaseous fuel with respect to increase resident 

time [4-5]. The advantages of cyclone concept enhance flame 

stability because rapidly mixing of air and fuel, resident time 

and suitable with low calorific value fuel gas [6-7]. In 

addition, cyclone combustor is applied to burn gas from 

gasification process to reduce a cooling and cleaning 

procedure (such as gas cooler, scrubber, chiller, fabric filter, 

water treatment and so on). 

The main objective of this research is to investigate the 

effects of the dimension of combustion chamber (by 

changing diameter and length of combustion chamber) by 

using Computation Fluid Dynamics (CFD) simulation. 

 

2. Numerical modelling 

 

2.1 Condition and considered cyclone combustor dimensions 

 

 The reference case is compared with experimental data 

obtained by S. Dattarajan et al. [8]. The dimensions are 391 

mm chamber diameter (D), 591 mm chamber length (L), air 

and fuel inlet 60 x 100 mm square pipes. Fuel and air inlet 

are set in Table 1 and typical raw producer gas from gasifier 

as a fuel (12 % H2, 21% CO, 1.5% CH4, 10% CO2, 4% H2O 

and 47.5% N2 by volume). Number of elements for this case 

are 0.13, 0.4, 0.7 and 1 million cells and 0.7 million cells are 

chosen for the optimum size. 

 

 
Figure 1 Schematic diagram of the cyclone combustor. 

Dimensions shown are in mm. 

 

Table 1 Inlet conditions  

 

Fuel 

(kg/hr) 

Air 

(kg/hr) 

Temp fuel 

(๐C) 

Temp air 

(๐C) 
Equivalent ratio 

(λ) 

52.2 75.4 302 304 1.21 

 

 The combustor is designed to create the cyclonic flow. In 

this research, aim to investigate the effect of geometries with 

various chamber diameters (D) and lengths (L). The 

following twelve design geometries (Table 2) are 

investigated. Diameters and lengths are decreased and 

increased from reference case (M6 in Table 2). 

 

2.2 Simulation approaches 

 

Numerical simulation of cyclone gaseous combustion 

has been performed using ANSYS Fluent 14.5. In this 

research,  Reynolds  Stress  Model  (RSM) has been used for  
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Table 2 Designed chamber dimensions (D and L are dimensions of combustor, see in Figure 1) 

 

Model M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11 M12 

D (mm) 250 250 250 250 391 391 391 391 600 600 600 600 

L (mm) 300 591 900 1200 300 591 900 1200 300 591 900 1200 

 

turbulence modelling to solve flow field for RANS 

(Reynolds-averaged Navier-Strokes equations) simulation. 

The steady state governing equations for continuity and 

momentum can be written in Cartesian coordinates as [9-10]: 
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Where 𝜌 is the density, 𝑢𝑖/𝑗 is the velocity vector 

components, p is pressure.  Reynolds stresses are related to 

the average velocity gradients using the Boussinesq 

hypothesis: 
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𝜇𝑡  represents the turbulent dynamic viscosity and k is the 

turbulence kinetic energy. 

The turbulence chemistry interaction has been modeled 

using non-premixed combustion model based on the 

probability density function (PDF) [11-12]. The 

instantaneous thermochemical state of the fluid for non-

premixed modeling is related to a conserved scalar quantity 

that is the mixture fraction  f . The mixture fraction can be 

written in terms of the atomic mass fraction as 
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Where 𝑌𝑖  is the mass fraction for element i.  The subscript 

ox  is the value at the oxidizer stream inlet and the subscript 

fuel is the value at the fuel stream inlet. In the PDF model, 

species equations solved for each species is reduced to a 

single equation for mixture fraction f that under the 

assumption of equal diffusivities. The Favre mean (density-

averaged) mixture fraction equation is 
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To solving a conservation equation the mixture fraction 

variance 𝑓′2̅̅ ̅̅  is also required. 
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Where 𝑓′ = 𝑓 − 𝑓̅ . The constant values 𝜎𝑡 ,𝐶g and 𝐶𝑑 are 

0.85, 2.86 and 2.0 respectively. The energy equation is 

solved for non-adiabatic non-premixed combustion model as 

[13]: 
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Where 𝑘𝑡 is the turbulent thermal conductivity and 𝑆ℎis heat 

of chemical reaction. The modeling of turbulence-chemistry 

interaction using PDF donates as 𝑝(𝑓) computed for density-

weighted mean species mass fractions and temperature: 
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Where ∅(𝑓, 𝐻)  is the instantaneous value of the thermo-

chemical scalars (species, density and temperature). 

According to description above, these computational 

procedure can be found in standard texts on turbulence 

combustion [14] and Ansys fluent theory guide [15].  

 Boundary conditions at the fuel and air inlets for all 

models are set to fixed values list in Table 1. The combustor 

walls are treated as adiabatic. The mesh size is set at the same 

size of reference case. A computer with Xeon CPU and 56 

GB of RAM is used to perform these computations. 

 

3. Results and discussion  

 

3.1 Reference case 

 

 As displays in Figure 2 shows current numerical 

simulation of cyclone combustor are compared with 

experimental and numerical results obtained by S. Dattarajan 

et al. that agreement between experimental and numerical 

data of temperature is less along the combustor centerline 

and improves as one moves closer the wall. The current CFD 

and experimental data obtained by S. Dattarajan et al. fairly 

close for temperature in combustor. As shows in Figure 3 is 

observed that the temperature at center axis is rather 

difference because the high tangential velocity cause 

difficult to measure. 

 

3.2 Tangential velocity 
 

In Figure 3, shows the tangential velocity profile at three 

different axial locations in the combustors. The tangential 

velocity increases from minimum at the center of combustor 

and reaches to maximum at the 1/4 radius away from the 

center of combustor. The vortex structure due to tangential 

velocity reaches fully developed configuration by large 

diameter and small length of combustor that can be seen in 

model M5 and M9. Other models are not reached to fully 

vortex structure because the inlet pipes are asymmetry. 
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(a) (b) 

 

Figure 2 Comparison of CFD with experiment, the temperature at (a) center axis and (b) 1/3 radius from wall of chamber. 

 

 
 

Figure 3 Predicted tangential velocity profiles at different axial distances with difference dimensions (Z is distance from mid-

plane of inlet pipe and L is length of combustion chamber) 

 

3.3 Temperature 

 

 Contour of temperature with different size of combustion 

chambers are shown in Figure 4. In the figure shows that the 

increase of diameter and length, the high temperature area is 

increased as well because of more mixing area. Lower 

temperature area can be seen at center combustor axis and 

walls and extends to the walls of outlet pipes at D = 250 and 

391 mm. It shows that the model is not effective for fuel-air 

mixing to complete combustion but at D=250 mm with 

maximum length, the contour shows good mixing more than 

other models that are mentioned. At D=600 in the other hand, 

is observed that there is no low temperature area at center 

combustor axis which means that the maximum diameter has 

a good air-fuel mixing more than small combustor diameter 

except the maximum combustor size because low tangential 

velocity, air-fuel mixing is not effective. The good mixing is 

observed at the end of combustor for maximum size because 

they are very different size between combustor diameter and 

outlet pipe diameter. 
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Figure 4 Temperature contour of models (M1-M12) follow Table 2 

 

 
(a)                                                              (b)                                                              (c) 

 

Figure 5 Result from numerical simulation (a) Temperature, (b) The mole fraction of O2, (c) The mole fraction of CO2 at 200 

mm away from outlet of combustion chamber 

 

3.4 Exhaust gas analysis 

 

3.4.1 Temperature of exhaust gas 

 

It should be noted that high temperature of exhaust gas 

is desired to maximize thermal energy. According to Figure 

5 (a), the exhaust gas temperature increases when diameter 

and length of combustor are increased because resident time 

for chemical reaction is increased. But at D=391 and L= 

1200 mm (M8) has resulted lower exhaust temperature 

comparing with other models at the same length, it results 

from pour mixing at the wall of combustor (Figure 3). 

Beside, all models at maximum diameter generate high 

exhaust gas temperature. 

 

3.4.2 CO2 and O2 concentration 

 

 Figure 5 (b) and (c) show percentage of O2 and CO2 in 

exhaust gas at outlet respectively. The high percentage of 

CO2 and low percentage of O2 suggest that the combustion 

process have low burning efficiency. As it can be seen in the 

Figure 5 (c) CO2 is directly proportional to the exhaust gas 

temperature (see Figure 5 (a)); in other word, the decrease of 

O2, CO2 is increased. It shows that high exhaust gas 

temperature is resulted from high burning efficiency due to 

high exhaust gas temperature resulting in high CO2 and low 

O2. 

 

3.5 Comparison of exhaust gas temperature and volume of 

combustor 

 

 The effect of changing D and L of combustor causes the 

volume to change. Since the volume increases, increasing 

resident time in combustor (air-fuel mixing time is increased) 

causes high exhaust gas temperature. In the Figure 6 is 

obviously observed when the size of D is increased at the 

minimum L, the temperature at outlet is significantly 

increased due to the increasing of volume of combustor and 

the stronger flowing of cyclone. Similarly, when L is 

increased at the minimum D, the exhaust gas temperature is 

significantly increased because the fuel-air is mixed rapidly. 
Then the M4 model which has the smallest D and the longest 

L is the best one for minimizing the combustor volume and 

maximizing the exhaust gas temperature. 
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(a)                                                                                        (b) 

 

Figure 6 (a) Combustor volume of each model. (b) The exhaust gas temperature at outlet 

 

4. Conclusions 
 

This study numerically investigated the effects of 

chamber dimensions to burn raw producer gas from gasifier. 

According to the result, it can be summarized in 2 cases as 

follows: the first is the increasing of burning efficiency; the 

combustor must have small volume but provides high outlet 

temperature. In this case, the model M4 is the most suitable. 

(D is small and L is long). The second case is inducing the 

strong vortex flow. The cyclonic flow in cyclone combustor 

can reduce the quantity of dust by centrifugal force; 

therefore, the combustor that has large D and short causes 

strong cyclonic flow. 
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