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FORWARD 

This report summarizes technical progress during the fourteenth quarter (December 15, 1994 to 
March 14, 1995) of a three-year study conducted for the Department of Energy (DOE) under contract 
number DE-FG22-91 PC91308. The principal investigators for this work are Dr. Mardson Queiroz and Dr. 
Brent W. Webb; Dr. Clifford Smith is the technical representative for DOE. 
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ABSTRACT 

During the fourteenth quarter progress has been made in the area of particle dispersion modeling. 
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1. OBJECTIVES AND SCOPE 

1.1 BACKGROUND 
Improved understanding of the fundamental processes involved in pulverized-coal combustion is 

needed to make the energy extraction more efficient and the combustion byproducts environmentally 
safe. While the characterization of the local particulate behavior (concentration, size, and velocity) is im- 
portant to the understanding of virtually all processes in a pulverized coal-fired furnace, it influences in a 
more direct way the turbulent particle dispersion and thermal radiation heat transfer. Yet the local particu- 
late dynamics have gone relatively unaddressed, primarily because of lack of adequate instrumentation to 
carry out such a study. With recent advances in optical techniques such an effort is now possible. This 
proposal seeks to characterize the local particulate concentration, velocity, and size distribution in a well- 
controlled, parametrically-varied laboratory-scale reactor using a new laser diagnostic technique. This 
newly-developed technique is the only one currently available for the investigation of aspherical particles. 
The particulate data will be collected simultaneously with local gas temperature and wall radiant heat flux 
distributions. 

1.2 OBJECTIVES 
This report describes recent progress in a fundamental, three-year investigation of the coupled 

problem of turbulent particle dispersion and thermal radiation transport. The project's objective is to make 
measurements of particle size, velocity, number density, temperature and wall radiant heat flux in a 
parametrically-controlled reactor presently existent at Brigham Young University (BYU). Although the 
study proposed here is primarily designed to provide experimental data not currently available for the 
evaluation of turbulent particle dispersion and radiation models, comparisons of analytical predictions and 
the experimental data obtained will be performed, using appropriate submodels integral to 
comprehensive pulverized-coal combustion codes existent at BYU. 

1.3 TECHNICAL APPROACH 

. 

. 

To accomplish the above objectives, the project is divided in the following tasks: 
Design and fabrication of a modified section for the BYU controlled-profile reactor, which will allow ac- 
cess of several probes to be used in the proposed study. 
Design and fabrication of a two-color pyrometer and cooled probe for local particulate temperature 
measure me nt . 
Characterization of the non-reacting turbulent flow field in the reactor using the PCSV-P probe, which 
will serve as an input during the turbulent particle dispersion submodel validation. 
Literature review dealing with particle dispersion and radiation transport in support of the model valida- 
tion effort. 
Perform the parametrically-controlled measurements in the controlled-profile reactor. 
Experimental data analysis. 
A comprehensive comparison of experimental data and model predictions. 
Final report. 
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2. SUMMARY OF TECHNICAL PROGRESS 

2.1 PARTICLE DISPERSION MODELLING 
The Deterministic Separated Flow model used in PCGC-2 accounts for turbulent dispersion by 

estimating the dispersive component of the particle velocity (uLtp).  The particle velocity used in 
constructing the trajectory is given by: 

u;;p = + UkP d 

The convective component of the particle velocity ( ut:p) is got by replacing the instantaneous gas velocity 
in particle momentum equation by the time-averaged gas velocity. The dispersive particle velocity needed 
in the above equation is got from a gradient diffusion approximation (Jurewicz and Stock, 1976; Faeth, 
1983). The expression of u:p used in PCGC-2 is of the form (Smoot eta/., 1988): 

where rp is the turbulent particle diffusivity and E, is the average particle number density. In order to 
determine the normalized particle number density gradient appearing in the above equation, Smoot et a/. 
(1988) solved the transport equation for the average particle number density along with the Eulerian gas- 
phase calculations. Thus, the normalized gradient is made available at the time of particle calculation. 

Baxter (1989) illustrated that even if all the empirical parameters, such as the turbulent particle 
diffusivity in Eq. (2), associated with the particle dispersion model in PCGC-2 are accurately known, it lacks 
a unifying fundamental foundation. He showed that the conceptual interpretation of Eq. (2), which defines 
the dispersive component of particle velocity for a given particle size originating from a particular starting 
location, indicates that the particles diffuse down a gradient in their total number density field, regardless 
of their initial starting location. The dispersive velocity ( utp)  appearing in Eq. (2) corresponds to that of a 
particular particle trajectory, i.e., a particular particle size originating from a particular starting location. 
Whereas the normalized gradient on the right hand side of Eq. (2) is computed for the total number 
density for that size irrespective of the starting location. 

Furthermore, the assumptions involved in calculating the Eulerian particle number densities and 
the diffusion coefficients does not guarantee the accurate determination of the total number density 
gradients for a given particle size. In order to illustrate this a well-behaved experimental data of Bonin 
(1992) is used to determine the normalized total particle density grcdients for a particular size at an axial 
location in the CPR. Figure 1 gives the number density plot at an axial location of 0.546 meters for a 
particle size of 30 pm for the reacting case Hcase3. This data is considered well-behaved as it can be easily 
represented by a second order fit as illustrated in the figure. The normalized total number density 
gradients calculated for the size 30 pm using this second order curve fit is compared against the 
normalized gradients' of total particle densities for two different sizes used in simulating Hcase3. The result 
of this comparison is depicted in Figure 2. Since the simulation did not use 30 pm as one of its initial 
particle size, two different sizes 27.4 pm and 32.4 pm were used for comparisons. It should be noted that 
the experimental values of the normalized gradient were divided by i o 2  in order to study the trends within 
the same plot. It can be seen from these plots that although the general trends match there is about a two 
order of magnitude difference between the predicted and experimental normalized gradients. Thus, it is 
quite evident from the above two discussions that the formulation of the dispersive component of the 
particle velocity is fundamentally very weak. 
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Figure 1. Number dens*v for 30 pm particle at Port 2a (x=0.546 m) for a reacting case (Hcase3). 
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Figure 2. Normalized number density gradient comparison between prediction and experiment for a 
reacting case (Hcase3). 
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