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Research 

⚫ Design and built an experimental setup of supercritical water fluidized bed 

(T=450℃ , P=55 MPa , a new reactor for biomass or coal gasification in 

supercritical water, and measure the bed pressure drop and expansion 

characteristics. It was found that Ergun’s equation is still suitable for predicating 

the fixed bed drop in supercritical water region. The empirical correlations of the 

minimum fluidization velocity, bed expansion rate and minimum bubbling velocity 

were obtained at temperature from ambient to supercritical. Three flow patterns of 

fixed bed, homogeneous bed expansion and bubbling were observed in the 



supercritical water fluidized bed. The obtaining of the correlations complete the 

theory of design and operation of the SCW fluidized bed. (Fig. 1, Powder Technology, 

2016, 304: 89-100; International Journal of Multiphase Flow. 2013, 49:78-82). 

 

Fig. 1 Experimental setup of supercritical water fluidized bed 

⚫ To achieve effective CFD numerical simulation method of gas-solid multiphase 

flow, important drag models were developed: 1) non-spherical gas-solid drag 

model (Chem. Eng. Res. Des., 2015,104:164-173); 2) cohesive particle-particle drag 

model (Fig. 2(a), Journal of Engineering Thermophysics, 2018, 39(2):1-4); 3) EMMS gas-

solid drag model for binary particle flow (Fig. 1(b), 23rd International Conference on FBC 

2018-5-13, Seoul, Korea). These models can be used as alternative drag models of 

CFD-DEM/KTGF modeling framework for simulating the special issues. 

 
Fig. 2 Important drag model development: (a) cohesive particle-particle drag model, (b) EMMS 

gas-solid drag model for binary particle flow 

⚫ To better describe the bubbling dynamics of diverged fluid-solid system, a new 

concept of bubble dynamics wave velocity was presented and validated.(Fig. 3, 

Chem. Eng. Sci., 2016, 147: 21-29; Chem. Eng. Res. Des., 2017,126: 255-264)  
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Fig. 3 Bubble dynamics wave velocity: (a) effect of diverged fluid-solid bubbling system, (b) 

validation in gas-solid bubbling fluidized bed 

⚫ Optimization design of feeding pipe of a supercritical fluidized bed reactor for 

hydrogen production based on Euler two-fluid model. (Fig. 4, Int. J. Hydrogen Energy, 

2013, 38 (29): 13117-13124, Chem. Eng. Res. Des., 2015,104:164-173) 
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Fig. 4 Simulation of water-solid fluidized bed reactor:(a) Effect of operation temperate and 

pressure, (b) Optimization design of feeding method. 

⚫ Optimization design of structure parameter of a cyclone separator for 

purifying natural gas based on CFD-DEM model (Fig. 5, Investigation on structural 

optimization of three-phase separator of high sulfur natural gas, a report, 2016ZX05017-006-

HZ01). 
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Fig. 5 Optimization design of a cyclone separator: (a) pressure distribution and particle trajectory, 

(b) effect of cyclone diameter on the separation efficiency 
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