
DOE/PC/91297-X g 

Quarterly Technical Progress Report 

(September 1,1994 to November 30,1994) 

A COMPUTATIONAL MODEL FOR 

COAL TRANSPORT AND COMBUSTION 

Grant Number: DE-FG22-91PC91297 

Goodarz Ahmadi 

Department of Mechanical and Aeronautical Engineering 

Clarkson University 

Submitted to 

U.S. Department of Energy 

Pittsburgh Energy Technology Center 

Attention: 

Dr. Mehrdad Massoudi 

Project Officer 

TE 



DISCLAIMER 

Portions of this document may be illegible 
in electronic image products. Images are 
produced from the best available original 
document. 



A COMPUTATIONAL MODEL FOR 

COAL TRANSPORT AND COMBUSTION 

Grant Number: DE-FG22-9 1PC9 1297 

Project Period: September 1,1991 to March 12,1995 

Contract Recipient: Clarkson University 

Project Principal Investigator: Goodarz Ahmadi 

DOE Project Officer: Dr. Mehrdad Massoudi 

SUMMARY 

In the period of September 1, 1994 to November 30, 1994, further progress was 

made in the analysis of granular materials in ducts and passages with bumpy walls. The 

analysis of gravity chute flows was completed. 

Additional results on flows of gas-solid mixtures in vertical ducts were obtained. 

The results were compared with the experimental data of Tsuji an co-worker and Miller 

and Gidaspow and good agreement was obtained. The computational model was used to 

study two-phase flows in a horizontal duct. 

Significant progress was made in the formulation of chemically active two-phase 

solid-fluid flows. The experimental study of mono-granular layer simple shear flow device 

was completed. Preparation of the final report was initiated. 
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PROGRESS REPORT 

GENERAL 

The research works of the project are successfully completed. Since the final 

report is being currently preparation, a short quarterly report is submitted. 

OBJECTIVES 

The objective of this project is to develop an accurate model describing turbulent 

flows of coal slurries, rapid flows of granular coal-air mixtures, and turbulent coal 

combustion processes. The other main objective is to develop a computer code 

incorporating the new model. Experimental verification of the foundation of the model is 

also included in the study. 

SIGNIFICANCE TO FOSSIL ENERGY PROGRAM 

A completely satisfactory theory describing the bulk coal transport including the 

interstitial fluid effects does not exist. This is particularly the case for turbulent flows of 

dense coal particle-liquid mixtures and chemically active coal combustor flows. Coal slurry 

and bulk transports, and operation of coal combustors accounts for a substantial portion of 

the cost of coal energy conversion systems. The major increase in cost arises from the need 

to over-design these facilities to guarantee reliability. Understanding the flow behavior of 

relatively dense coal slurries and bulk solids in various geometries including coal 

combustors, are indispensable to economical design of the needed equipment. This project 

aims to develop a sound practical model for coal transport and combustion. In addition, a 
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computational predictive capability for analyzing rapid flows of granular coal particles, and 

reacting and non-reacting turbulent flows of dense or dilute multiphase coal mixtures will 

be provided. 

HIGHLIGHT OF THE EARLIER ACCOMPLISHMENTS 

An experimental setup for generating simple shear flows of a mono-granular layer was 

A complete set of Experimental data for mean velocity, fluctuation designed and fabricated. 

energy and solid volume fraction for shearing of 12 mm multi-color glass particles were obtained. 

Thermodynamically admissible expressions for the phasic stress tensors, heat and 

fluctuation energy flux vectors for turbulent multiphase flows were derived. The material 

parameters of the model were evaluated from the limiting conditions of rapid flows of dry 

spherical granular particles, and single-phase turbulent fluid flow. The case of simple shear flows 

of glass beads-water mixtures was studied. 

A thermodynamically consistent model for rapid flow of granular materials in a rotating 

frame of reference, along with a transport equation for the granular kinetic stress tensor were 

developed. The model parameters for the special case of spherical nearly elastic particles were 

evaluated. The results for the granular stresses and the normal stress differences were compared 

with the available simulation data and good agreement was observed. 

Effects of frictional loss of energy on rapid granular shear flows were studied. The 

previously developed kinetic based model was used and the mean velocity, the fluctuation kinetic 

energy and the solid volume fraction profiles were evaluated under a variety of conditions and 

different friction coefficients. 

A computational model for analyzing rapid granular in complex geometries was 
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developed. The discrete element scheme was used and the granular flow down a chute was 

analyzed. The results were compared with the experimental data model prediction of Savage, 

and the existing simulation results, and good agreements were observed. The model was used to 

analyze granular flows in a duct with an obstructing block. 

A computational model for analyzing turbulent two-phase flows with various loadings 

was developed. The special case of gas-solid flows in a vertical duct was analyzed and the model 

predictions were favorable compared with the available experimental data. Extension of the 

computational model to horizontal duct is also considered. 

COMPUTATIONAL MODEL DEVELOPMENT 

The goal of this phase of the study is to develop an appropriate computational scheme 

for solving granular and two-phase flows. 

Granular Flows with Bumpy Boundary 

The boundary condition is known to significantly affect flow and transport of granular 

materials. Here the effect of bumpy walls with roughnesses comparable to the size of the particle 

is studied. The kinetic model of granular materials including frictional losses is also used in the 

analysis. The presence of bumpy boundary conditions leads to a strongly coupled system of 

governing equations which has to be solved numerically even for the simple case of a Couette 

flow. As noted in the earlier report, a special discretization scheme for evaluating the granular 

flow field was developed. The computational model was used and the mean velocity, the 

fluctuation kinetic energy and the solid volume fraction profiles for granular flows between two 

parallel walls were evaluated. The results for different values of friction coefficients were 

presented in the previous report and were compared favorably with the molecular dynamics (MD) 



I Granular Gravity Flows 

Granular gravity flows over an inclined bumpy chute is an important flow and is often 

used as a bench mark for test of various theories. The earlier developed kinetic-based model for 

rapid flows of granular materials which includes the frictional losses of energy during 

particle-particle and/or particle-wall collisions is used for analyzing granular chute flows. The 

predicted mean velocity, fluctuation energy, and solid volume fraction profiles are evaluated and 

the results are compared with existing experimental data. A manuscript is prepared and is 

submitted to the Journal of Fluid Mechanics for publication. 

TWO-PHASE FLOWS 

As was noted in the previous report, a computational model for solving dense and dilute 

two-phase flows was developed. In this section, the computational model predictions for mean 

gas velocity, mean particle velocity, and phasic turbulence intensities for 0.5 and 1 mm particles 

are presented and compared with the experimental results of Tsuji et al. (1984) and Miller and 

Gidaspow (1992). In addition, the variations of phasic shear and normal stresses, as well as the 

phasic fluctuation energy production and dissipation are also evaluated. A manuscript is prepared 

and is submitted to the International Journal of Multiphase flows for publication. 

The computational model was also applied to two-phase flows in a horizontal duct and 

The results shows interesting the model predictions was compared with data of Tsuji et al. 

features of the solid-gas flows in horizontal channel. 

EXPERIMENTAL STUDY 

As was reported in the earlier report, a mono-granular simple shear flow setup was 
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constructed and was used for the experimental study. A collection of multi-colored spherical glass 

balls which are 12 mm in diameter were used as granular particles. A video camera is used to 

record the motions of particles. For different shear rates, the position of the balls in consecutive 

frames taken 1/30th of a second apart were measured. Using this technique, the velocity vector 

of each particle was calculated. Averaging procedures are used to provide the experimental 

velocity and concentration profiles. The experimental data for the mean velocity, RMS fluctuating 

velocities and the slip velocity variation are obtained. Preparation of the report for the 

experimental study is initiated. 

CHEMICALLY ACTIVE TWO-PHASE FLOWS 

Considerable progress is made in the formulation of a thermodynamically consistent 

model for chemically active two-phase flows. The equations governing the phasic conservation 

mass and energy, as well as the balance of momentum and fluctuation energy are derived. The 

appropriate form of the mean entropy inequality is obtained and is used for formulating 

thermodynamically consistent constitutive equations for chemically active multi-phase mixtures in 

a turbulent state of motion. 
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