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INTRODUCTION

I accepted a one month appointment from the United Nations Industrial
Development Organization (UNIDO) to assist the Korea Institute of Energy
and Resources {(KIER), ministry of Energy and Resources, in the development
of a fluidized-bed combustion boiler for utilizing low grade Korean anthracite.

Specifically, my duties called for accomplishing the following tasks:

Evaluation of the fluidized-bed combustion (FBC) modelings

for high-ash anthracite

Investigation of the effect of coal particle size distributiom
on the performance of fluidized-bed coal combustors

Characterization of freeboard combustion in FBC's.

The work was to be accomplished in consultation with the Korean

authorities at the Institute.

Upon my arrival at the KIER on March 30, 1987, my job description
was somewhat modified. The new job description (Attachment 1) called for

my assistance in the following greas:

Evaluation of FBC model for high-ash anthracite coal as well
as for bituminous coal

Comments on the freeboard model for Korean high ash anthractie
coal in FBC

Heat transfer in FBC

Flow transition velocities in the circulating fluidized bed
Basic design of a fluidized-bed coal gasifier -- a versatile
laboratory-scale unit

Concepts of the iso-kinetic sampling probe for collection of
particulate samples and of a sensitive pressure transducer for
measuring the very low static pressure in the dilute phase above

a large fluidized-bed reactor.

The purpose of this preliminary report is to briefly outline the

accomplishments and provide a short summary on comments and recommenda-

A more detailed report, if requested, will be provided at a

later date.
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ACCOMPLISHMENTS

1. Evaluation of FBC model

Substantial effort has been made at KIER to develcp an FBC math model
and, as a resul:, progress has been made and some model elements have been
developed. Difficulties have been evperienced in developing model elements
for particle size distribution. This is a very important issue because, ix
a bed continuously fed with coal, a spectrum of particle sizes is present.
The combustion rate of a single particle is related to the particle diameter;
therefore, to obtain the overall reaction rate, the particle size distribu-

tion must be calcuiated.

The KIER model is basically derived for the investigation of the
governing combustion mechanism in fluidized beds. Therefore, the model
concentrates on the burning of individual carbon particles and no attention
is paid to other processes in an FBC such as sulfur capture. This is quite
uaderstandable since Korean coal has a very low sulfur content and 502
emission is of no concern. In developing thic model, other simplifying

assumptions have been made in order to make a model solution obtainable.

The XIER model was discussed in great detail with emphasis on‘the
assumptions made and the empirical relations proposed to predict various
parameters. KIER's model is patterned after an earlier work by T. P. Chen
and S. C. Saxena which was recently somewhat modified by B. W. Overturf
and G. V. Rekilis to include the influence of the grid region. In general

KIER's model is based on the following assumptions:

o Fluid Dynamics
- Davidson and Harrison two-phase model
-~ Particulate phase well mixed
-~ Bubble phase in plug flow regime

- No jet region effect

o Fuel Particles
- Spherically shaped coal particles
- Fuel particles do not change in density .

- Attrition of particles negligible

o Combustion Process
- All combustion reactions take place in the particulate phase

- Char combustion is governed by chemical kinetics




~ The reaction considered for char combustion is:

C + O2 —_— CO2

- Reaction rate a function of dp and unreacted core size

o Additional Assumptions
- Bed weight consists of both bed and freeboard material

- Uniform temperature within a particle

As stated earlier, population balance was an area of major concern
to KIER researchers, and, at their request, I concentrated on this subject.

In pursuing this, I performed the following:

o Outlined and elaborated on the solids population balance which
was originally developed by T. P. Chen and S. C. Saxena.
Attachment 2 is a summary of this effort.

o Summarized equations required and steps to be followed to achieve
a complete mass balance. In addition, identified functions which
need to be defined/specified in advance of obtaining a complete
mass balance. For each function, suggestions were made for the
required estimation procedures. The results are shown in
Actachment 3.

o Developed a more simpiified model element for particle size
distribution. The major simplifying assumption in this model
was the statement that elutriated particles have the same size
distribution as the bed material. Similar assumptions have been
commonly made in the past by others. This simplified model is

presented in Attachment 4.

2. Freeboard Model

KIER is in the process of developing a model to characterize free-
board combustion. All three fluidized-bed combustors at KIER are designed
for over-bed feeding. As a result, a high percentage of unburned carbon
particles are elutriated, and consequently freeboard combustion character-
istics are of great importance to their situation. Considerable effort 1is
currently being made at KIER in order to develop a freeboard model and

experimentally verify it.

The proposed model is at early stages of development, but a road map
has been established to accomplish this task. Currently, as a first step,
an entrainment mechanism for solid particles has been worked out and a

work scope has been developed to complete the model.




The entrainment model and the future work scope were reviewed and
evaluated. This was followed by extensive discussions of both theoretical
work and the proposed experimental work. Detailed comments and suggestions
were offered to the lead investigator. Also, freeboard model was the sub-

ject of a four-hour group discussion.

3. Heat Transfer in FBC

This subject was treated at a group discussion. At this session
experimental work at KIER involving both operations with and without
fly ash recycle was discussed in great detail. In addition, heat trans-
fer rates in general and bed-to-wall heat transfer coefficients in
particular, were covered. Comments and suggestions were made regarding
estimation of heat transfer coefficients, their reliabilities and values
commonly used. Also, ideas on how to improve efficiencies of FBC systems

at KIER were discussed, and some suggestions were made.

4. Circulating Fluidized Beds

A cold model circulating bed has been Jesigned and built at KIER.
Some preliminary experimental results have been obtained. However,
due to limitations on fan power and the limited recycle line capabilities,
full-range pressure profiles have not been obtained. Thus, no information

on transition velocities has been experimentally established.

Data obtained at KIER were reviewed and then discussed in a group
meeting. Techniques commonly practiced to obtain full-range pressure
profiles in circulating beds were reviewed. KIER's circulating bed and
its limitations were discussed at length, and possible solutions were

explored.

5. Fluid Bed Gasifier

At KIER's request this topic was not discussed. However, information
on references regarding various gasifier concepts includirg fluidized-bed

gasifiers, were provided.

G. Iso-Kinetic Sampling

Information on an iso-kinetic sampling probe and a very sensitive
pressure transducer which I designed and built sometime ago was provided

to KIER's staff members. The probe was designed to collect samples




iso-kinetically in the freeboard of fluidized beds and simultaneously

measure static pressure. The ultimate goal was to establish concentra-

tion and pressure profiles in order to determine the so called Transport
- Disengaging Height (TDH). The pressure transducer was capable of

detecting very small pressure changes in the freeboard.

In addition to the above topics, test planning procedures and metal

loss from heat exchanges in fluidized beds were also discussed in some

detail.




COMMENTS AND RECOMMENDATIONS

The available fluidized-bed models, at best, are capable of describing
the qualitative perfcrmance of fluidized-bed combustors. All models at .
present time are at an initial stage and, therefore, require substantial

improvements and refinements. In general:

o Most models are based on small particle size and low velocities.
Knowledge of flow regime in a large-particle fluidized bed is
insufficient.

o Most models consider only vertical solid circulation. Knowledge
of horizontal solid circulation is required for tube bundle
design in large FBC boilers.

o At present, no accurate method exists to obtain elutriation
rate constants. This parameter is quite essential for predicting
combustion efficiencies.

o The influence of distributor plate design on bed dynamics is an
area of uncertainty.

o Most models ignore the burning of volatiles. Since unburned CO
oxidizes in the freeboard, it is essential to predict the extent
of this reaction.

o Most flue gas emission models ignore calcination. Furthermore,

the effect of SO, diffusion into the solid product and also the

2
effect of impurities in the acceptor are not well understood.

o Knowledge of heat transfer mechanism is lacking. Most empirical
relations which are commonly used are svstem specific.

o Until recently little attention was paid to the freeboard
phenomena. Consideration of freeboard is quite important since

CO burnout and NUx reduction take place there. Most models

ignore chemical reactions in the freeboard.

The development of math models for accurate quantitative analysis
recuires a more rcinprehensive wnowledge of prcocesses and phenomena
occurring not only in the bed itself, but also in the freebourd. 4n
important area of model evolution is the verification >f the models ia .
terms of comparison between predicted and experimental data. 1In the
evaluation of a model, lacge devisa*ions can be caused by ianiccurate or .
incomplete experimental data. Therefore, the need Irr a data base cou-

taining suitable data is obvious.




In summary, I recommend the following:

o KIER is in an excellent position (with three different combustor
sizes) to develop an extensive data base comprehensive enough for
comparison of various model elements. This would be a great

contribution to the field of FBC technology.

o With some mcdifications to the existing equipment (including
additional instrumentation) KIER is in a very good position to

conduct basic studies in:

- Fiuid dyn2mics
- Elutriation

- Freeboard reactions

I am quite pleased to see that researchers at KIER are quite aware
of what is needed and work is already in progress in areas such as free-
board characterization and basic FBC modeling. In both areas the
researchers are cmphasizing experimental verification of their modeis
and as a result experimentation and theoretical analyses are moving

ahead at the same time.
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Job Description
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JOB DESCRIPTION OF DR. NAZEMI

-CU).Q l. Evaluation of FBC model for high ash anthracite coal as well as for
< bituminous coal{with Choi; Mar. 30 - Apr. 18)
. J ~ Review and discuss the solution of models
2. Comment on the freeboard model for korean high ash anthracite coal in FBC
(Group meetings with 2 parks, Bak and Choi: 2 days of Mar. 27 - Apr. 2)
- Evaluation of the freeboard combustion model
- Estimation of carbon hold-up in the freeboard including carbon
elutriation and attrition
- Fine coal combustion kinetics in the freeboard
- Estimation of the relative combustion proportions taking place in the
bed and freeboard
- Gas analysis in freeboard region (02, C0O2, CO)
- Selection of experimental parameters

v’ 3. Heat transfer in FBC
(Group meetings with 2 Parks and Bak; ! days of Apr. 3 - 9)
- Effect of fly ash recycle on the in-bed heat transfer coefficient
- What is the most relible correlation for the in-bed heat tranmsfer
coefficient in desig&baspect

V/ 4. Flow tramsition velocities in the circulating fluidized bed
(Group meeting with Lee and Choi; 1 days of Apr. 3 - 9)
- Measurement of FTV
- Determination of FTIV
- Prediction of FTV

5. Basic design of a fluidized bed coal gasifier-a versatile lab. scale unit
(Group meeting with 3ak and Choi; 2 days of Apr. 10 ~ 18)
- Consider the P & I diagram
- Determine the over-all configuration of gasifier
- Determine the basic design parameter of gasifier

6. Concepts of the iso-xinetic sampling probe for collection of particulate
samples and of a sensitive pressure transducer for measuring the very
low static pressure in the dilute phase above a larze fluidized bed
reactor( 2 Seminars for =ach topic; 2 davs of Mar. 30 - apr. 21)

* Pick-up time
Monday to Fridav:
9:20 AM (Hotel to Office)
- 17:30 PM (Office to Hotel)
Saturday:
9:20 AM (Hoctel to Office)
12:30 PM (Office to Hotel)
* Lunch(12:00): Inscitute Dining Room(Korean Food)
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ATTACHMENT 2

OQutline of and Elaboraticn>
on Solids Population Balance
by Chen, T.P. and S.C. Saxena
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ATTACHMENT 3

Equations and Steps Required for a Complete Mass Balance
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ATTACHMENT 4

Simplified Model Element for Particle Size Distribution
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