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1. Scope 

Pressurized, entrained gasification is a promising new technology for the clean and 

efficient combustion of coal. Its principle is to operate a coal gasifier at a high inlet gas 

velocity to increase the inflow of reactants, and at an elevated pressure to raise the overall 

efficiency of the process. Unfortunately, because of the extraordinary difficulties involved 

in performing measurements in hot, pressurized, high-velocity pilot plants, its fluid 

dynamics are largely unknown. Thus the designer cannot predict with certainty crucial 

phenomena l i e  erosion, heat transfer and solid capture. 

In this context, we are conducting a study of the fluid dynamics of Pressurized 

Entrained Coal Gasifiers (PECGs). The idea is to simulate the flows in generic industrial 

PECGs using dimensional similitude. To this end, we employ a unique entrained gas-solid 

flow facility with the flexibility to recycle -rather than discard- gases other than air. By 
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matching five dimensionless parameters, suspensions in mixtures of helium, carbon 

dioxide and sulfur hexafluoride simulate the effects of pressure and scale-up on the fluid 

dynamics of PECGs. Because it operates under cold, atmospheric conditions, the 

laboratory facility is ideal for detailed measurements. 

These activities are conducted with Air Products & Chemicals, Inc., which is a 

member of a consortium that includes Foster Wheeler and Deutsche Babcock Energie- und 

Umwelttechnik AG. 

2. Progress 

In the eleventh quarter of this project, we completed a series of experiments with 

glass beads fluidized with pure sulfur hexafluoride to simulate pressurized entrained 

gasifiers of relatively large diameter. First, these data are compared with earlier 

experiments, where plastic grit fluidized in an co2/sF6 mixture simulates a pressurized 
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Fig. 1. Relative pressure profile (p - ptop)/psgH versus relative elevation z/H for 

dimensionless conditions Fr = 170, m 5 1.6 and mixture parameters R = 410, Ar = 550. 
The solid and open circles represent data with glass beads (relative riser diameter 

D/$d = 205 1) and plastic grit (D/$d = 205 1). 
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Upon preliminary inspection of the dimensionless data, we conclude that, unlike 

atmospheric suspensions, pressurized risers of smaller size have greater pressure losses, 

suggesting a greater role of wall stresses. 

In another comparison with earlier data, we confmed with risers of relatively large 

scale that the dimensionless pressure profile is independent of gas density in the upper 

region of the riser (Fig. 2), and thus that the flow lies in the viscous limit in the fully- 

developed region of the bed. 
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Fig.. 2. Effect of density on the vertical profile of average dimensionless pressure. The 
experiments have identical value of Fr = 170, m/R = 0.004 but different gas densities; 

the closed and open circles represent R = 4820 and 410, and Ar = 47 and 560, 
respectively. 

Despite these promising results, and because of the importance of our conclusions 

for designers of pressurized risers, we decided to repeat all  experiments under simulated 

pressurized conditions. For this objective, we have requested a no-cost extension of this 

project. 

Finally, in an attempt to substantiate turbulent closures frequently invoked in 

modeling riser flows (Sundaresan and Jackson), we have measured temporal correlations 
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differential pressure gauge and the solid volume fraction 9 5 ( 1-E) recorded at the wall 

using a capacitance probe. Typical data is shown in Fig. 3. 
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Fip. 3. Simultaneous measurements of solid volume fraction at the riser wall and 

dimensionless pressure gradient for the conditions Fr = 170, m = 0.68, Ar = 560, R = 410 
and D/4d = 2050. The data was sampled at 180Hz and the gradient was recorded over a 

vertical distance Az = 23cm. 

There, we find relatively little correlation between the fluctuations of pressure 

gradient and the corresponding fluctuations of solid volume fraction at the wall. For the 

conditions of Fig. 3, we obtain 
-I - 

a’$’ - 0.02 a cp -0.01 cp 2- 0.02 4’4’ . 

A chief reason for the relative lack of correlation is that gas pressure is propagated 

throughout the column at the speed of sound, while solid volume fraction is an inherently 

local variable. Our expectation is that our data will inform models of riser flows based on 

closures resembling those of turbulent flows. 
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