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Abstract:  
A bubbling fluidized bed gasifier model was developed to investigate the hydrodynamic behavior inside bed zone at an 

elevated temperature. Compared to the behavior under ambient temperature condition, the pressure drop across the bed 

resulted from the simulation at elevated temperature, i.e. 800°C, was lower and the bubbles formed rose to the bed 

surface faster. The main reasons were the decrease in air density and dynamic pressure with increasing temperature. 
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1. Introduction 

To successfully design and operate a gasification system, understanding of the system characteristics 

upon biomass gasification is essential. So far, both experimental studies of factors affecting biomass 

gasification in various reactor configurations model simulations to predict what happen inside the 

reactor in both macro and micro level have been carried out (e.g. Kaneko et al., 1999; Rhodes et al., 

2001; Kafui et al., 2002; Kuwagi and Hoiro, 2002; Limtrakul et al., 2003; Wang and Rhodes, 2003; 

Cooper and Coronella 2005; Huilin et al. 2007, Yu at el., 2007). Computational fluid dynamics 

(CFD) codes were developed to explain the thermodynamics and hydrodynamics behavior. In the 

cold flow (ambient temperature and non-reactive considered) study, the hydrodynamic behavior was 

mostly investigated using a two-dimensional model and the effect of heat transfer was not taken 

into consideration. In this study, a three-dimensional model of a bubbling fluidized bed gasifier 

(BFBG) was developed to investigate the hydrodynamic behavior inside bed zone at 800C, a 

typical temperature found in BFBG operation, with comparison to the simulation results obtained at 

ambient temperature condition. 

 

2. Methodology  

A three-dimensional model was created using a commercially available CFD code FLUENT and set 

up following the dimension of the BFBG which was previously developed in this laboratory 

(Kaewluan and Pipatmanomai, 2011). The BFBG has an internal diameter of 300 mm and a height 

of 2,500 mm from the air distributor level with a wall thickness of 150 mm for thermal insulation. 

The air distributor is the nozzle-type, which consists of 9 closed-end nozzles. Each of them has 42 

air distributing holes with 3 mm of diameter and 60 degree downward inclination as seen in Fig. 1. 

The simulation was carried out under both ambient temperature condition (30C) and elevated 

temperature condition (800C, a typical temperature found in BFBG operation). The ambient air (as 

gasification medium) was set as gas phase with a velocity inlet of 3.8137 m/s and silica sand (as bed 

material) was set as solid phase and was patched to have an initial height at 300 mm. The silica sand 

was patched with temperature of 800C and the model of “Energy” in Solution Setup step was 

turned on to allow heat transfer from solid phase to gas phase for the case of simulation under 

elevated temperature. Then, the hydrodynamic behavior inside bed zone resulted from the 

simulation under ambient and elevated temperature condition was compared. 
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Fig. 1 The symmetrical 3-D section of BFBG model and zoom in on the feeding pipe and air 

distributor part. 
 

3. Results and discussion 

There was found that the bubbles which occurred under elevated temperature condition moved up to 

the bed surface faster than that occurred under ambient temperature condition as presented in Fig. 2. 

This is because the density of any gas, including air, decrease as the temperature increase. With this 

less density, the molecules of air move further apart and easily move up toward the bed surface.  
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Fig. 2 Comparison the contour of solid volume fraction resulted from ambient temperature 

condition (top) and elevated temperature condition (below). 
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Furthermore, simulation under elevated temperature condition also shows the lower pressure drop 

across the bed when compared to that resulted from the simulation under ambient temperature 

condition as presented in Fig. 3. This is because the higher temperature decreases the gas density 

which in turn creates a lower dynamic pressure resulting in the lower pressure drop. Similar 

behavior was found in the study by Gimbun et al. (2005). 

 

        

Fig. 3 Comparison the contour of absolute pressure resulted from ambient temperature condition 

(left) and elevated temperature condition (right). 

 

4. Conclusion  

The hydrodynamic behavior inside the bed zone of a BFBG was investigated by CFD simulation 

based on a developed 3-D model. The results evidently show that the hydrodynamic behavior under 

elevated temperature was somewhat different from that at ambient temperature condition. Under the 

condition at 800C, the pressure drop across the bed was lower and the bubbles formed rose to the 

bed surface faster. The decrease in air density and dynamic pressure with increasing temperature 

plays the major effect and the extent of which must be taken into consideration for further BFBG 

study under reactive flow condition. 

 

5. References 

Cooper, S. and Coronella, C.J. 2005. CFD simulations of particle mixing in a binary fluidized bed. 

Powder Technology 151: 27-36. 

Gimbun, J., Chuah, T.G., Fakhru’l-Razi, A. and Thomas, S.Y. 2005. The influence of temperature 

and inlet velocity on cyclone pressure drop: A CFD study. Chemical Engineering and 

Processing 44: 7-12. 

Huilin, L., Yunhua, Z, Ding, J., Gidaspow, D. and Wei, L. 2007. Investigation of mixing/segregation 

of mixture particles in gas-solid fluidized beds, Chemical Engineering Science, 62: 301-317. 

Kaewluan, S. and Pipatmanomai, S. 2011. Potential of synthesis gas production from rubber wood 

chip gasification in a bubbling fluidised bed gasifier. Energy Conversion and Management 

52(1): 75-84. 

Kafui, K.D., Thornton, C. and Adams, M.J. 2002. Discrete particle-continuum fluid modelling of 

gas-solid fluidised beds. Chemical Engineering Science 57: 2395-2410. 

Kaneko, Y., Shiojima, T. and Horio, M. 1999, DEM simulation of fluidized beds for gas-phase 

olefin polymerization. Chemical Engineering Science 54: 5809-5821. 

Kuwagi, K. and Hoiro, M. 2002. A numerical study on agglomerate formation in a fluidized bed of 

ΔP ≈ 4,000 Pa ΔP ≈ 3,500 Pa 



5th International Conference on Sustainable Energy and Environment (SEE 2014): 
Science, Technology and Innovation for ASEAN Green Growth  

19-21 November 2014, Bangkok, Thailand 

 

 130 

fine cohesive particles. Chemical Engineering Science 57: 4737-4744. 

Limtrakul, S., Chalermwattanatai, A., Unggurawirote, K., Tsuji, Y., Kawaguchai, T. and 

Tanthapanichakoon, W. 2003. Discrete particle simulation of solids motion in a gas-solid 

fluidized bed. Chemical Engineering Science 58: 915-921. 

Rhodes, M.J., Wang, X.S., Nguyen, M., Stewart, P. and Liffman, K. 2001. Use of discrete element 

method simulation in studying fluidization characteristics: Influence of interparticle force. 

Chemical Engineering Science 56: 69-76. 

Wang, X.S. and Rhodes, M.J. 2003. Determination of particle residence time at the walls of gas 

fluidized beds by discrete element method simulation. Chemical Engineering Science 58: 

387-395. 

Yu, L., Lu, J., Zhang, X. and Zhang, S. 2007. Numerical simulation of the bubbling fluidized bed 

coal gasification by the kinetic theory of granular flow (KTGF). Fuel 86: 722-734. 

 


