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ABSTRACT 

During the previous contract (DE-AC21-81MC16518) a major task was to 
identify, collect and publish detailed experimental data for evaluation of 
comprehensive gasification/combustion codes. A review of the literature was 
completed and prospective data were identified for inclusion in this data book 
fn five categories of increasing complexity: 1) non-reacting, gaseous flows 
(5$ cases); 2) non-reacting, particle-laden flows (43 cases); 3) gaseous 
combustion (34 cases); 4) pulverized coal combustion (57 cases); 5) entrained 
coal gasification (6 cases). Selection of these data was based on a set of 
criteria which included data completeness, availability of detailed, digital 
profiles for several properties (e.g., species concentrations, velocity, 
temperature) and data accuracy. From these 198 cases, which were referenced 
in the final report (Vol. III), the data base was reduced to a total of 35 
sets of data from 8 laboratories, with at lenst 3 cases in each cat~gory 
abov~. for these 35 cases. the measur~rl r:lata, together with geometr·ical 

·dimensions and test conditions were documented in a uniform tabular format. 
These data were also stored on a magnetic tape for distribution. 

During this fall ow-on contract ( DE-AC21-85MC22059), the accuracy of the 
data was checked and several additional corrections were made. The format for 
reporting the data (Appendix B) was simplified. Also, a review of additional 
data sets available from the Combustion Laboratory and other sources was 
completed. These included gasification profiles for four coal types at high 
pressure and with various injectors, and coal-water mixture profiles for high
rank and low-rank coals. From these additional data sets, two were added to 
the data book: One for gasification of Utah bituminous coal and high pressure 
and one for combustion of high-rank coal-water mixtures. Also recently 
reported data from Imperia 1 Co 11 ege were received and an addition a 1 case was 
added to the ctc'ltc'l booL In a 1 1, 213 cases fron1 52 investigators at 18 
laboratories were considered and 37 cases nrP included in this datQ book from 
22 ditferent investigations at 8 indepencJpnt laboratories. 
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FOREWORD 

This report (Volume III) is the "Revised Data Book" which includes the 
several sets of data which were used to validate the two-dimensional code. 
Volume I of this three volume seri~s of final reports provides a summary of 
technical accomplishments made during this twenty-six month study conducted 
for the Morgantown Energy Technology Center (METC) of the United States 
Department of Energy (DOE) under Contract No. DE-AC21-85MC22059. Volume II is 
a revised user•s manual for the two-dimensional code (PCGC-2). The work 
period was from March 1, 1985 to Apri 1 30, 1987. Work was accomp 1 i shed under 
the direction of Dr. L. Douglas Smoot, project director, Dr. Paul 0. Hedman, 
principal investigator, and Drs. Angus U. Blackham and Philip J. Smith, senior 
investigators. Mr. Gary Friggens was the DOE technical project officer until 
the summer of 1986 when Mr. Le 1 and E. Pau 1 son became the tech ni ca 1 project 
officer for DOE. 

Graduate and undergraduate students who have contributed to the progress 
reported herein include Larry Baxter, Kevin Boyack, Blaine Brown, Bret Butler, 
Richard Cope, Jeffrey Lindsay, Kenneth Nichols, Michael Smith, and William 
Sowa. Michael R. King, Lynda Richmond, Marlyn Kyle, Shane Olsen, and Linda 
Ward have provided technician, typing, and drafting services. The National 
Science Foundation is a 1 so acknowledged for supporting a research assistant 
through a Graduate Fellowship. 

PREFACE 

The data published in this data book were selected after careful 
consideration .of many sets of data. In many instances, tabulated data were 
not yet available. For data taken from figures, extreme care was employed to 
ensure data accuracy. A computer tape containing tabulated data for the data 
cases in this data book is available upon request. 

Errors in thP data are discussed in this document. Neither Brigham Young 
University nor the U.S. Department of Energy claim responsibility for the 
accuracy of the data contained herein. 

DISCLAIMER 

We were required to extract much of the enclosed data manually from 
literature so11rr.Ps. While reasonable care has been exerted, it is not likely 
that all of the data cases are free of error. We have continued to identify 
and correct such errors as we have made use of these data. We recommend that 
users of the data spot-check for general consistency against original sources, 
and more thoroughly compare to original sources where inconsistencies 111ay 
appear to exist.· We also invite users to forward confirmed errors to us in 
writing. 
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I. INTRODUCTION 

A. BACKGROUND 

Si nee the shortages of the mid-70's, coa 1 has been making a steadily 
increasing contribution to the world's energy needs. Today, the uses of coal 
include power generation, production of industrial heat and steam, and conver
sion to various gas and liquid products. Research on coal gasification, 
combustion and related fields has also increased dramatically in the last ten 
years. This interest is expected to be maintained, if not increased, through 
the next decade. 

One aspect of coal-related research is the development, evaluation, and 
implementation of coal combustion and gasification computer models. With the 
recent increases _in the capabilities of digital computers, solutions to 
complex problems (such as turbulent flows, multi-phase fluid mechanics, and 
coal reaction kinetics) are now possible. Models for pulverized coal reactors 
are still in the developmental stages (1). However, computer models have the 
potential to become valuable aids in optimizing and designing coal reactors. 
Also, our understanding of the controlling combustion and gasification 
processes can be increased through application of computer models. Before a 
model can be used with confidence, however, it must be evaluated through 
comparison with detailed data, as well as by other methods. 

B. OBJECTIVES 

The purpose of this revised data book is to provide a single reference 
containing detailed experimental data for use in model evaluations. This book 
is not meant to be an exhaustive review of all data relating to coal 'combus
tion and gasification. Rather, it is a collection of selected data sets in 
each of several categories relating to coal combustion and gasification. An 
effort has been made to provide all of the information for each data set 
required to evaluate predictive models. Each data set included provides com
pete measurements of such properties as velocity, temperature, gas and solid 
concentrations, together with inlet conditions and geometrical specifica
tions. An effort has been made to select data from several different 
laboratories. Extensive use of these data sets has been made by the BYU 
Combustion Laboratory in evaluating a generalized coal combustion and 
gasification code (PCGC-2). Use of the data by other investigators is also 
made possible through this publication. 

C. APPROACH 

This document is a revised data book, based on an earlier data book 
publication (2). Various types of data that relate to coal gasification and 
combustion research were identified. Criteria were then established for data 
selection. Potential data sets were identified for possible inclusion in each 
data category. From the available data sets, selections were made according 
to the predetermined criteria. The selected data were then organized into 
tables in a uniform format and stored on magnetic computer tapes for distribu-
tion and application. The first data book (2) was reviewed in detail and 
errors were corrected. The format for data presentation was also evaluated. 
Twelve sets of new profiles obtained at this laboratory were reviewed and two 
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(one for high pressure gasification and one for combustion of a high rank 
coal-water slurry were added to the revised data book. Also, one 
subbituminous coal combustion profile from Imperial College was added. 
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II. DATA CLASSIFICATION 

A. CATEGORY IDENTIFICATION 

The data included in this book were selected because of their direct 
applicability to pulverized coal combustion and gasification modeling. The 
data were chosen for six categories of increasing complexity as shown in 
Figure 1, allowing independent analysis of different model components (eg. gas 
fluid mechanics, coal reaction processes). 

The least complex category chosen is gaseous, non-reacting flow. This 
allows evaluation of the turbulent gas-phase fluid mechanics predictions. 
Next in complexity is the non-reacting, particle-laden, flow category, which 
provides a basis for evaluation of the turbulent dispersion of particles in 
the absence of chemica 1 reactions. The third category gaseous combustion, 
adds complexities encountered with turbulent chemical reaction of gaseous 
species interacting with the gaseous fluid mechanics. Finally, the three most 
complex categories, coal combustion, coal gasification, and slurry combustion 
combine each of the previous categories with pulverized coal reactions. 

Data on combustion of less complex liquid sprays may provide a useful 
addition for evaluation of codes developed for slurries. Such data would 
include problems concerned with liquid atomization and combustion. However, 
liquid fuel combustion data have not been included in this data book. 

Recently, most of the emphasis in coal combustion has been in swirling 
flows. The use of swirling flow helps in stabilizing the flame and leads to 
higher coal burnout. For computer models, treatment of swirling flows adds 
another step in complexity. Data for both swirling and non-swirling flows in 
all categories except gasification have been included. Sloan, et al. (3) 
provided an extensive comparison and interpretation of measurements and model 
predictions for swirling flows. 

Another important aspect of co a 1 combustion and gas ifi cation is the 
formation of nitrogen and sulfur po 11 utants. Many codes currently under 
development, including the BYU Combustion Laboratory code (PCGC-2), contain 
subroutines for pollutant predictions (4). Pollutant concentration data are 
included for evaluation of those codes. 

B. SELECTION CRITERIA 

The criteria that have been chosen for selecting data for code evaluation 
have been divided into two groups. The first group of criteria is concerned 
with the required and desired characteristics of each individual data set. 
The second group of criteria deals with the requirements necessary to 
sufficiently complete each category. Table 1 summarizes the selection 
criteria. 

1. Data Sets 

Two firm requirements have been established for all data sets selected. 
Fir~~. e<tch set must correspond to c55cntially axisymetric, two-.dimensional 
geometry. Second, the data must provide comp1ete profile maps for selected 
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1. Gaseous 
Flow 

2. Particle-Laden 
Flow 

3. Gaseous 
Combustion 

Complexity 

6. Coal-Slurry 
Combustion 

4. Coal 
Combustion 

5. Coal 
Gasification 

Figure 1. Relationships among the categories selected for combusti,Jn model evaluation. 



TABLE 1 

SELECTION CRITERIA 

I. Data Sets 
A. Required 

1. Axi a 1 Axi symet ric Geometry 
2. Detailed Profile Data or Systematic Data* . 

B. Desired 
1. Initial and Boundary· Conditions 
2. Several Measured Variables 
3. Data Completeness 
4. Data Accuracy 
5. Tabular Form 

II. Data Categories 
A. Various Facilities 
B. Various Test Conditions 
C. Multi -Category Studies 
D. 4-5 Sets for each Category 

*Data where a key variable such as swirl number is systematically 
· varied. 
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properties throughout the chamber. Several additional data characteristics 
have also been identified which are desirable~ First, detailed initial and 
boundary conditions were sought, including initial turbulence conditions. 
Second, for a given test, measurements of several properties (eg. temperature, 
species concentrations, and char elemental composition). were desired. 
Finally, the most complete and accurate data available were sought. Data 
consistency, material balances, use by other investigators and reproducibility 
were among the criteria used in estimating accuracy. 

A preference was also be given to those data sets in which the data were 
available in tabular form from the origil')al investigator. This helps to 
insure that the data presented are consistent with the original 
measurements. It has been necessary to use some data which were only 
available in graphical form. Tn these cases. care was taken to pr'ovide 
accurate extraction and interpolation. 

2. l.ategori lil5 

For' ~dt:h data r.i'lt.Pgory. an attempt wa~ made to identify four' ur rIve sets 
of data. Data sets were selected from different investigators and different 
facilities where possible. A range of test parameter values was sought in 
each category. Data sets that have been frequently used in the past for code 
evaluation were of particular interest. Also, data sets that are a part of a 
multi -category study were thought to be particularly useful. From these 
guidelines, a total of 35-45 different data sets among all five categories 
(for both swirling non-swirling flow) were sought. Such a data base was 
thought to be sufficient for comprehensive evaluation of a computer model. 



III. ·MEASUREMENT TECHNIQUES 

Many techniques are available for use in combustion diagnostics. They 
can vary widely in complexity and accuracy. A brief discription of some of 
the more popular techniques follows. Measurements in Flames (5} and Progress 
in Astronautics and Aeronautics (6,7} provide a more comprehensive review of 
experimental diagnostics for combusting systems. 

A. 1NTRUSIVE PROBES 

Historically, the most common technique used for making local composi
tion, temperature, velocity, and turbulence measurements in combusting flows 
has been with intrusive probes (8). Probes have been used, and will continue 
to be used, because of their simplicity and relatively low cost. However, 
probes have some inherent disadvantages which must also be considered. 

1. Sampling with Probes 

Isokinetic probes are commonly used for withdrawing samples from inside 
the reactor. Figure 2 illustrates an example of a water-quenched, isokinetic 
probe (9}. This type of probe allows the direct quenching of the combustion 
products by water injected through small holes near the tip. Other types of 
quenching commonly used are sonic expansion and conductive cooling. A vacuum 
pump is attatched at the end of the sampling system to help draw the 
combusting flow into the probe. The most important procedure in isokinetic 
probe sampling is to balance the pressure inside the probe with the local 
reactor pressure. The gas, liquid, and solid phases are separated external to 
the probe, as shown schematically in Figure 3 (10}. The solid sample is 
filtered from the liquid, dried, and prepared for elemental analysis. The gas 
sample is analyzed through the use of gas chromatographs, chemiluminescent NOx 
analyzers, infra-red COx analyzers, paramagnetic o2 analyzers, and other 
similar instruments. 

2. Temperature Measurement 

Several methods are available for measuring temperature (e.g., 11,12). 
Principal concerns for temperature measurements are the conductive and 
radiative heat losses from the probe to the cooler walls. The two most common 
probe techniques are fine-wire thermocouples and suction pyrometers. The 
advantages of fine-wire .thermocouples are: 1) the flame disturbances can be 
minimized, and 2} the technique is simple and inexpensive. However, the 
fragility of thermocouple probes in turbulent particle-laden flames limits 
practical use. 

Suction pyrometers partially resolve the radiation loss problems by 
shielding the thermocouple from its surroundings. A high suction velocity 
draws the gas over the protected thermocoup\e, insuring that the heat transfer 
is predominantly convective. However, the suction increases the flow field 
disturbance. 
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Figure 2. Water quenched isokinetic probe (9). 
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3. Gas Ve 1 oci ty 

Local gas velocity is one of the important parameters which describes a 
flame. Because of its simplicity and reliability, the Pitot tube is widely 
used for measuring fluid velocity. Velocity is calculated from measured 
pressure differential and the density of the gas. At low velocities, the 
performance of Pitot tubes is questionable. In highly turbulent flows, poor 
frequency response and spatial resolution severly limit the usefulness of 
Pitot tubes. Particulates further complicate the use of this type of probe. 

Hot wire anemometers were developed to measure velocity components in 
multi-dimensional flows. Velocities are calculated by measuring the heat loss 
from the wire to the qas stream. However, some characteristics of the hot 
wire anemometer render it useless in particle-laden and combustinq flows; it 
is extremely fragile and cannot tolerate particle impact. It is also 
susceptible to damage from chemically active mediums or extreme temperatures 
common in combustion systems. 

B. EFFECT OF PROBES ON FLOW SYSTEM 

A principal concern with probe use is the disturbance caused in both the 
flow field and in the chemical and thermal properties of the sampled fluid. 
The interference with the flow fteld can be significant, especially in 
recirculation zones and swirling flows (8). Probes can also change the 
composition of the flow by acting as a fuel distributor, flame holder, or as a 
heat sink. These chemical and thermal . disturbances will affect the 
homogeneous and heterogeneous rate processes, especially in the reacting zones 
of a flame (13). The disturbances caused by probes can be minimized in 
downstream regions of parallel injection flows, but cannot be ignored. 

In turbulent flow systems where larqe velocity, concentration, and 
temperature gradients occur, significant experimental errors can occur due to 
spatial averaging (14). Wide probe openings yield insufficient resolution in 
such regions. The method of sampling can also affect the temporal averaging 
( 8). 

With such questions concerning intrusive probes, accuracy of the measure
ments must be considered when comparisons are made with model predictions. 
The experimental technique, thus has an important impact on how comparisions 
between experimental data and computer predictions are interpreted. 

C. OPTICAL AND LASER MEASUREMENTS 

Many optical techniques can be used in combustion diagnostics. However, 
this data book is only concerned with those techniques which can be used to 
make detailed local measurements. Current laser technology applied to combus
tion can provide these local measurements in some of the simpler flow fields. 

The major advantage of laser techniques is that they do not significantly 
interfere with the flow field. Because laser beams can be focused down to very 
small diameters (0.05 mm or less), they also provide a high degree of spatial 
resolution. Pulsed lasers provide excellent temporal resolution as well, 
which is important in turbulent flows. However, laser techniques are rela
tively expensive and require a high degree of operator skill. Optical access 

10 



to the desired control volume is also essential. Further, application to 
highly loaded particle-laden flows is presently very limited due to light 
scattering. 

Several laser spectroscopic methods have been used to provide 
measurements of concentration and temperature of particular species (15). The 
three most common techniques are: (1) spontaneous Raman scattering (SRS), (2) 
coherent anti -Stokes Raman scattering (CARS), and ( 3) 1 aser-i nduced fl oure
scence (LIF). Each technique is based on the scattering, emittence, and/or 
absorbtion of a characteristic frequency of light by a particular molecule. 
The intensity of the scattered, emitted, or absorbed light can be related to 
the species concentration or temperature. Two-color optical pyrometry has 
also been used as a means of making local temperature measurements (16). The 
spatial and temporal resolution of this technique is presently poor. 

Laser doppler anemometry (LOA or LDV) has recently become a pop-ular 
technique for measuring velocity components in two-phase turbulent flows. 
Chigier (17) states that this technique has become the most accurate means of 
measuring velocity of fluids and particles. LOA also has the capability to 
measure negative velocities found in recirculation zones, and can be used in 
many various flow systems. However~ use of this method in particle-laden 
flows is not well developed. 

D. SWIRL 

Swirling flow is usually imparted to a stream of fluid by one of three 
general methods (16); tangential entry, vanes, and moving blocks. These swirl 
generators allow variation in the degree of swirl induced to the flow. 

' 
The degree of swirl in a flow is often characterized by a non-dimensional 

swirl number, 

s = *- ( 1) 
X 

where G is the axial flux of the angular momentum, G is the axial flux of the 
axial momentum, and R is the radius of the orifice. This equation is derived 
from approximations made to the turbulent boundary layer equations (19). The 
equations which describe G~ and Gx can be written as: 

r2 2 
G~ = fr

1
r pwu dr and 

G = 
X 

r2 f [rpuu + r(p-p
0

)] dr 
r1 

However, approximations are often made to the Gx term in the form: 

r2 
G = J ( r pu u - r pww I 2) d r x r 1 

or 

11 

( 2) 

( 3) 

( 4) 



( 5) 

Swirl numbers may be experimentally determined by use of a calibrator 
apparatus or may be ca 1 cul ated either from the swirl generator geometry or 
experimental velocity profiles via equations (1) through (5). Because the 
swirl number is an integrated or averaged value, the swirl number cannot be 
regarded, by itself, as sufficient to be representative of the inlet flow 
field. A particular swirl number may represent widely varying velocity 
profiles among the different swirl generators. While the swirl number may 
provide a relative measure of the degree of swirl for a particular swirl 
generator, it is most useful when coupled with a reliable velocity profile 
(20). ' 

Whenever possible, the experimentally calibrated swirl number will be 
reported first. If the swirl number is calculated from the available 
experimental velocity and pressure profiles, a nu111erical subscript w1ll be 
included to designate the appropriate equation used. Swirl numbers calculated 
theoretically on the basis of geometry will be enclosed in parenttlesis. 
Additional information related to swirl generator type and geometry is 
included in Appendix A. 

It should be noted that in many of the investigations included in this 
Data Book, comparisons ('were made between 'swirling' and 'non-swirling' 
flows • .In the 'non-swirling' cases, the inlet gases were passed through the 
swirl generators with their vane angles set to zero. While not introducing 
swirl, these swirl generators may still have an effect, as will almost any 
inlet geometry, on the inlet flow patterns. These 'non-c;wirl' r:o'lc;es hnve been · 
listed alongside their 'swirl' counterparts in Appendix A. 
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IV. DATA REVIEW 

A. SOURCES OF DATA 

A principal source of data for this project has been the Combustion 
Laboratory at Brigham Young University. One of the major purposes of the 
experimental program at BYU has been to provide detailed profile data for 
model evaluation. The BYU Combustion Laboratory has been involved in 
obtaining data in each of the data categories (21). All of the data obtained 
by the Combustion Laboratory have been available for use in this project. 

Extensive use of data from the International Flame Research Foundation 
has also been made. The IFRF has been heavily involved in many types of flame 
research for several years. The data sets obtained from the IFRF are very 
complete, and the measurements are thought to be reliable. However, the IFRF 
furnaces are not axisymetric, but are large, and can possibly be approximated 
as axisymetric (particularly near the burner) by using the hydraulic diameter 
as the chamber diameter. This assumption has proven to be reasonably accurate 
for model predictions at this laboratory (4,22). 

An effort has also been made to include data from other research 
facilities. Investigators throughout the world are studying the various 
aspects of coal combustion and gasification. It would be impractical to 
obtain data from every investigator. Many of the data cases that do. not 
originate from the BYU Combustion Laboratory had been previously acquired by 
the Combustion Laboratory for other research purposes. Additional cases were· 
obtained for those categories which were thought to be deficient. 

Journals were extensively used as resources for new data sets (Combustion 
and Flame, AIAA Journal, and Journal of the Institute of Fuel, were some of 
the more commonly used journals). Also, papers presented at various symposia 
(e.g. International Symposia on Combustion, and International Symposium on 
Applications of Laser-Doppler Anemometry to Fluid Mechanics) were utilized. 
Tabulated data was requested for many of these non-BYU cases. Unfortunately, 
not all of the tabulated data requested were supplied. 

B, DATA SETS CONSIDERED 

Table 2 summarizes the number of data sets that were considered for 
inclusion in this data book. A total of 213 data sets, from 52 investigators 
and 18 different laboratories, were considered. Table 3 lists the important 
parameters for each data set conside~ed. 

All of the 213 cases were rated as to completeness, and availability of 
the tabulated data. Completeness was rated on a scale of 1 to 3, with 1 being 
most complete. For those cases where tabulated data from the original 
investigator was acquired, completeness was a relative measurement of the 
extensiveness of the included data. A rating of 1 or 2 was acceptable. For 
the cases where it was impossible to obtain the data in tabular form from the 
investigator, only cases with a rating of 1 were accepted. This rating 
indicated that the graphical data reported in the publication was extensive, 
and that it was suitable for accurate extraction and interpolation from the 
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TABLE 2 

SUMMARY OF DATA SETS CONSIDERED 

Number of Number of Number of 
Category Data Sets Investigations Laboratories 

A. Non-Reacting Gaseous Flow 

1. Without Swirl 23 15 7 
2. With Swirl · 34 15 9 

B. Non-Reacting Particle-Laden Flow 

1. Without Swirl ~R 6 2 
2. With Swirl 5 1 1 

c. Gaseous Combustion 

1. Without Swirl 14 10 7 
2. With Swirl 20 11 8 

D. Coal Combustion 

1. Without Swirl 37 7 2 
2. With Swirl 24 7 3 

[. Coal Gasification 

1. Without Swirl 15 7 1 
2. With Swirl 1 1 1 

F. Coal Slurry Combustion 

2. With Swirl 2 2 1 

TOTAL ?13 52 18 
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TABLE 3 

DATA SETS CONSIDERED 

A.l Non-Reacting Gaseous Flow '1#/0 Swirl 

Invest. Chern. System Number Test Measured 
/Ref. (pri ./sec.) of Sets Variables Properties Completeness Comments 

1. Baker et al. air/air 1 u,v,w 3 1- LDV measurements 
(23) [1mperial 2- no tabulated data 
College] 3- see data sets.C.1.1, C.2.2, 

\ A.2.2 

2. Habib and Whitelaw air/air 2 sec. jet \ 2 1- LDV measurements 
(24) [Imperial velocity 

-~,v,w 

2- unknown geometry 
College] 3- no tabulated data 

4- see data sets A.2.5 

3. Jones ( 25) air/air 1 u,u'u' 1 1- LDV measurements 
[BYU] 2- inlet turb. intens. 

3- quest meas. tech. 
4- see data sets A.2.8 

4. Leavitt ( 26: Ar/air 1 [Ar], u 3 1- only 3 axial loc. 
........ (BYU] 2- vel. measured with. probe 
(J1 3- see data sets A.2.9, 8~1.1, 

8.2.1 

5. Memmott ( 27) Ar/air 2 sec. inject. [Ar ], u 2. 1- non-parallel inject 
[8YU] angle 2- changing geometry 

3- vel. measured with probe 
4- see data sets 8.1.2 

6. Modarress et a 1. air/air 1 u, u 'u', 3 1- LDV measurements 
(28) [Spect ron v'v', u'v' 2- no tabulated data 
Devel~. Lab.] 3- see data sets 8.1.3 

7. Owen (29) air/air 1 u, u'u', 1 1- LDV measurements 
[United Ai"rcraft v, v'v' 2- recirculating jet 
Research Lab.] 3- no tabulated data 

8. Pai et a 1. ( 30) H2tair 3 chem geom. u, T, [H2] 2 1- square chamber 
[IFRF~ 2- vel. mesured with probe 

3- no tabulated data 

9. Sharp ( 31) Ar/air 2 sec. inject. [Ar ], u 2 1- non-parallel inject 
[8YU] angles 2- changing geometry 

3- vel. measured with probe 
4- see data sets 8.1.5 



Invest. 
/Ref. 

10. Smith and Gi~l 
(32) [ARO, 
Inc.] 

11. Takagi et al. 
( 33) [Osaka 
Univ.] 

12. Takagi et al. 
( 34) [Osaka 
Univ.] 

13. lice (35) 
[BYl!] 

14. Toral (36) 
[Imperial 
College] 

15. Webb (37) 
[BYU] 

Invest. 
/Ref. 

1. Abou-Arab 
et al. (38) 
[Uni v. Stutt.] 

2. Baker et al. 
( 23) [Imperial 
College] 

Ct:em. System 
(Jri. /sec.) 

H2/ai r 

Ar/air 

air/air 

.air/air 

Chern. 5¥stem 
( pri • /5 ec • ) 

air/c.ir 

air/air 

TABLE 3 (Continuej) 

A.1 Non-Reacting Gaseous Flow w/o Swirl (continued) 

Humber 
of Sets 

1 

2 

2 

2 

1 

1 

Test 
Variables 

pri. jet vel. 

pri. jet vel. 

sec. jet 
velocity 

Measured 
Properties 

u, u'u •, 
v, V1 V1 

u, u 'u •, 
v 1 v 1 , [gas] 

u, u 'u', 
v 'v 1 • [gas] 

[Ar], u 

u, v, w 

u, U1 U 1 

A.2 Nor;-R:!acting Gaseous Flow w1th Swirl 

rtJmber 
of Sets 

1 

Test 
1/ari ables 

;;wirl no. 
11ass flow 

rates 

Measured 
Properties 

u, u•u•, 
. v, 11

1
V

1 

u, v, w 

Co11pleteness Comments 

1 

2 

1 

2 

2 

1 

1- LDV measurements 
2- No tab~lar data 
3- fuel in sec. 
4- see data sets C.1.7 

1- LDV measurements 
2- no tabulated data 
3- only 3 axial loc. 
4- see data sets c.1.g 

1- LDV measurements 
2- no tabulated data 
3- onl_y 3 axial loc. 
4- see data sets C.1. 10 

1- changing geometry 
2- vel. measured wit~ probe 
3- see data sets B.l.6 

1- vel. measured witr probe 
2- complete geometry 
3- no tabulated data 

1- LDV measurements 
2- inlet turb. intens. 
3- no freq. shift 
4- see data sets A.2.14 

CJmpleteness Comments 

1 1- LDV measurements 

3 

2- negative mass flow rates 
[integrated] 

1- LDV measurements 
2- no tabulated data 
3- see data sets A.l.l, C.l.l, 

c .1.2 



TABLE 3 {Continued) 

A.2 Non-Reacting Gaseous Flow with Swirl {continued) 

Invest. Chern. System Number Test Measured 
/Ref. ~~ri • /sec.) of Sets Va ri ab 1 es Pro~ert i es Com~leteness Comments 

3. Fujii et al. air/air 3 swirl no. u, v, w, u'u', 2 1- LDV measurements 
(39) [National v'v', w.'w' 2- no tabulated data 
.~eros pace Lab., 3- see data sets C.2.4 
.Japan] 

4. Gou 1 di n et a 1 • air/air 2 co-swirl/ u, u'u', 1 1- LDV measurements 
{40) [Cornell counter w, w'w' 2- frequently used data 
Uni v.] swirl 3- see data sets F.5 

5. Habib and Whitelaw air/air 1 u, v, w 2 1- LDV measurements 
{24) [Imperial 2- unknown geometry 
College] 3- no tabulated data 

4- see data sets A.1.2 

6. HutchinsJn et al. air/air 2 swirl no. u, v, w, u'u', 2 1- LDV measurements 
{ 41) [ lm:>eri a 1 v'v', w'w' 2- no tabulated data 
College 3- see data sets C.2.7 

....... 7 • Jones anj propane/air 2 cham. u, v, w, u'u', 2 1- LDV measurements 
-....! Wilhelmi {42) geometry v'v', w'w' 2- complex geometry 

[ Imperi a.l Co 1·.ege] 3- no tabulated data 

8. Jones (25) air/air 1 u, u'u' 1 1- LDV measurements 
[BYU] 2- inlet turb. intens. 

3- quest. meas. tech. 
4- see data sets A.1.3, 0.2.1 

9. Leavitt (26) Ar/air 1 [Ar], u 2 1- vel. measured with probe 
[BYU] 2- see data sets A.1.4, 6.1.1, 

6.2.1 

10. Mathur and air/air 8 swirl no. u, v 3 1- square chamber 
Mac Callum ( 43) 2- vel. measured with probe 
[Univ.· of Jodhpur] 3- no tabulated data 

11. Ramos ('4) air/air 2 co-swirl/ u, u'u •, 2 1- LDV measurements 
[Carnegie Mellon counter swirl v, v 'v' 2- no tabulated data 
Uni v.] 

12. Samuelsen and Brum co2;air 1 u, u'u •, 1 1- LDV measurements 
(45) [UCI] w, w'w' 2- see data sets C.2.11 

13. Vu and Gauldin (46) air/air 2 co-swirl/ u, u 'u •, 1 1- pitot tube measured 
[Corne 1 · Univ.] counter swirl w, w'w' 



Invest. 
/Ref. 

14. Webb (37) 
[BYU] 

Chern. ~ystem 
(pri .j;ec.) 

15. Weske and 5turov air/air 
( 47) [HydNdynami cs 
Institute, IUSSR] 

In•1est. 
/Ref. 

1. Leavitt 
(26) (BYU] 

Chern. S1stem 
(pri ./s.ec.) 

coal (Ar)/air 

2. Memmott Si beads (Ar)/ 
(27) (BYU] .3ir 

3. Modarress ec:: a·l. Si be~s/ 
( 28) [Spect ron air 
Development Lab.] 

4 •. Modarres et al. Si beads/ 
(48) [Spectron air 
Development Lab.] 

5. Sharp (31) 
(BYU] 

6. Tice (35) 
[BYU] 

Si beads (Ar) I 
air· 

Si beacs (Ar)/ 
air 

TABLE 3 (Continued) 

A.2 Non-Reacting Gaseous Flow with Swirl {contirued) 

Number 
of Sets 

l 

3 

Test 
Vari ab 1 es 

swirl no. 

Measured 
Properties 

u, v, w 

C·)rnpleteness Comments 

2 

1- LDV measurements 
2- inlet turb. intens. 
3- no freq. shift 
4- see data sets A.1.16 

1- vel. measured with probe 
2- no tabulated dat! 

8.1 ttm-Re:cting Particle-Laden Flow w;o S~oirl 

N~:mber 

of Sets 

2 

8 

3 

2 

12 

ll 

Test 
Variables 

cham. 
geometry 

particle size 
sec. inject 

angle 

particle size 
s:>l/gas ratio 

'S.)l/gas ratio 

p!rticle size 
ctam. geometry 

!>ec. inject angle 

p.a rt i c 1 e size 
cllam. georretry 
seo:. jet ve 1 oc. 

Measured 
Properties 

[Ar ], f. u 

[Ar ], f, J 

u(p), u,U 1U1
, 

V
1

V
1

, U
1

V
1 

u (p ) • u • u I I I • 

V 1 V 1
, U

1 v' 

(Ar], f, 1 

[Ar], f, u 

Completeness Comments 

2 

2-3 

1 

2 

2-3 

2-~ 

1- vel. measured wi~h probe 
2- see data sets A.!.4, A.2.9, 

8.2.1 

1- vel. measured with probe 
2- non-parallel inject. 
3- see data sets A.:.5 

1- LDV measurements 
2- no tabular data 
3- see data sets A.i.6 

1- LDV measurements 
2- no tabular data 

1- vel. measured wi~ probe 
2- non-parallel inject. 
3- see data sets A.].9 

1- vel. mesured witn probe 
2- screens in pri rna ry 
3- see data sets A.l.14 



TABLE 3 (Continued) 

6.2 Non-Reacting Particle-Laden Flow with Swirl 

Inve~t. Chern. System Number Test Measured 
/Ref. ( ~ ri ./sec. ) of Sets Variables Pro~ert i es Com~leteness Comments 

1. Leavitt ( 26) coal (Ar).'air 5 swirl no. (Ar], p, u- 2 1- vel. measured with probe 
[BYU] cham. geometry 2- see data sets A.1.4, A.2.9, 

B .1.1 

C.1 Gaseous Cmbustion w/o Swirl 

Invest. Chern. System Number Test Measured 
/Ref. {eri./sec.~ of Sets Variables Proeert i es Com~leteness Comments 

l. Baker et al. CH4/air 1 u, v, w 3 1- LDV measurements 
(23) [Imperial 2- no tabulated data 
Colle-ge] 3- see data sets A.1.1, 

C.2.2 
A.2.3, 

2. Hassan et :tl. CH4/ai rr 2 fuel/oxide ratio T. [gas] 1 1- no tabulated data 
(49) [Imperial 2- see data sets C.2.6 
College] ._. 

1.0 3. Lewis, M. (50) CH 4/airr 1 [gas] 2 1- vel. measured with probe 
[BYUj 

4. -Mi ch e 1 f e 1 de r CH4/air 2 fuel oxide ratio [gas], T 1 1- vel. measured with probe 
and Lowes (51) cham. geometry u, v, w 2- square chamber 
[IFRF] 3- cooled walls 

4- see data sets C.1.5, C.2.8, 
C.2.9 

5. Michelfelder propane/air 1 [gas], T 1 1- vel. measured with probe 
and Lowes (51) u, v, w 2- square chamber 
[IFRF] 3- cooled walls 

4- see data sets C.1.4, C.2.B, 
C.2.9 

6. Rambach et a 1 • H2/ai r 1 u, u 'u', T 1 1- LDV measurements 
{52) [Sand:a] 2- Raleigh T measurements 

3- square chamber 
4- no tabulated data 

~ Smith and Giel H2tair 1 u, u'u'. v, 1 1- LDV measurements j • 

(·32) i[ARO, Inc.] v'v', T 2- Raman T measurements 
3- no tabular data 
4- fuel in sec. 
5- see data sets A.1.l0 



TABLE 3 (Continued} 

C.l! Gaseous Combustion w/o Swirl (continued) 

Invest. Chern. System Number Test Heasured 
/Ref. (~ri./sec.} of Sets Vari ab 1 es Pro~erties C·lm~ 1 eteness Comments 

8. Stevensen et propane/ 1 u 3 1- LDV mesurements 
al. (53} air 2- no tabulated data 
[Purdue Uni v •. ] 3- see data sets A.l.ll 

9. Takagi et al. H2/air ;: sec. jet u, u'u', 2 1- LDV measurements 
( 33} [Osaka veloc. v 'v •·, 2- no tabulated data 
Uni v.] T, [gas] 3- only 3 axial loc. 

4- see data sets A.l.l2 

10. Takagi et a 1. H2/ai r 2 sec. jet u, u 'u', 1 1- LDV measurements 
( 34} [Osaka veloc. v' v •·. 2- no tabulated data 
Univ.] T, [gas] 3- see data sets A.l.l3 

C.2 Gaseous Combustion with Swirl 

Invest. Ch~m. System Number Test Measured 
N 

/Ref. (fri ./sec.) of Sets Variables Pro~erties Completeness Corranents 
0 

1. Baker et al. CH4/ai r 1 u, v, w 3 1- LDV measurements 
(23} [lmperial 2- no tabulated data -
College] 3- see data sets A.l..l, A.2.3, 

c .1.1 

2. Barlow (54} ·CH4/ai r l u, u 'u', 2 1- LDV measurements 
[She 11 Resear:-:h \'. v'v' 2- no tabulated data 
Ltd., u.x.] 

3. Cernansky and pr<ipane/a i ~ 1 T, [gas] 2 1- no tabulated data 
Sawyer (55} ['Jni '· 2- vel. measured with probe 
Ca 1 if. • Berke: I ey ] 

4. Fuji i et a 1 • - propane/a i .- l u,v,w.u'u'. . 2 1- LDV measurements 
:39} [National v'v'. w'w' 2- no tabulated data 
Aerospace Lat, 3- see data sets A.1.2 
Japan] 

5. Gou l din et a]. CH4/air 2: co-swirl I u, u 'u'. 1 1- LDV measurements 
:40} [Cornell! counter swirl ., . w'w' 2- see data sets A.2.~ • 
IJni v .] 

6. Hassan et al. CH4/air 1 T, [gas] 1 1- no tabulated data 
[49) [Imperial 2- vel. measured with probe 
College] 3- see data sets C.I.~ 



N ..... 

Invest. 
/Ref. 

7. Hutchinson et al. 
(41) [Imperia"i 
College) 

8. · Michelfelder 
and Lowes (511 
[IFRF] 

9. Michelfelder 
and Lowes (51) 
[IFRF] 

10. Samuelsen and 
Brum ( 45) [Un, v. 
Calif., Irvine] 

11. Takagi and 
Okamoto (56) 
[Osaka Univ.] 

Invest. 
/Ref. 

1. Be~r (57) 
[IfRF] 

2. Be~r an.j 
Chi gi e r (58) 
[IFRF] 

3. Harding (59) 
[BYU] 

4. Hei n and 
Leuckel (60) 
(IFRF] 

Chern. System 
(pri ./sec.) 

CH4/air 

propane/air 

propane/air 

propane/air 

Chern. Syste11 
(pri ./sec.) 

anthracite/ 
air 

anthracite/ 
air 

bituminous/ 
air 

anthracite/ 
air 

TABLE 3 (Continued) 

C.2 Gaseous Combustion with Swirl (continued) 

Number 
of Sets 

2 

5 

1 

3 

2 

Number 
of Sets 

13 

s 

1 

6 

Test 
Variables 

swirl no. 

cham. geometry 
fuel/oxlde rat1o 

swirl no. 

fuel/oxide ratio 

fuel/oxide ratio 

Measured 
Prripert i es 

u, v, w,. u'u', 
v'v •, w'w' 

[gas), T, 
u, v, w 

[gas], T 
u, v, w 

u, u 'u', 
w, w'w' 

T, [gas] 

0.1 Coal Combustion w/o Swirl 

Test 
Variables 

particle size 
cham. geometry 

cham. geometry 

cham. geometry 
stoic. ratio 

Measured 
Properties 

[gas], u, 
char anal. 

[gas], u, 
[solid] 

[gas], NOx• 
char anal. 

[gas], u, v, w, 
[solid], T 
char anal. 

Completeness 

2 

1 

1 

1 

1 

Comments 

1- LOV measurements 
2- no tabulated data 
3- see data sets A.2.6 

1- vel. measured with probe 
2- square chamber 
3- cooled walls 
4- see data sets C.1.4, C.1.5, 

C.2.9 

1- vel. measured with probe 
2- square chamber 
3- cooled walls 
4- see data sets C.1.4, C.1.5, 

C.2.8 

1- LOV measurements 
2 ... see data sets A.2.12 

1- complex geometry 
2- no tabulated data 

Completeness Comments 

2 1- vel. measured with probe 
2- square chamber 

3 1- no tabulated data 
2- square chamber 

3 

. 1 

3- vel. measured with probe 
4~ see data sets 0.2.3, 0.2.4 

1- see data sets 0.2.5 

1- square chamber 
2- cooled walls 
3- vel. measured with probe 
4- see data sets 0.2.6 



TABLE 3 (Continued) 

0.1 Coal CJmbustion w/o Swirl (continued) 

Invest. Chern. System Numb:!r Test Measured 
/Ref. (~ri ./S:!C.) of Sets '.ari ables Pro~ert i es Co11~leteness Comments 

5. Hi che l and Pa.yne bituminou;f 6 cham. geometry [gas], u, v, w, 1- square chamber 
(61) [IFRF] air stoic. ratio [solid], T, 2- cooled walls 

NOx, char ana 1. 3- vel. measured with probe 

6. Rees ( 62) bituminou!;/ 2 ;toic. ratio [gas], NOT', .. .. 
[BYU] air char ana • 

7. Thurgood (9) bituminou~./ 4 particle s i ze [gas] .... .. 
(BYU] air sec. jet veloc. char anal • 

sec. inject. angle 

10.2 C!Dal Combustion with Swirl 

Invest. Chern. S)ste1111 Numbe<r Test Measured 
.'Ref. (~ri./sec.) of Sets Variables Pr~erties Con~ let:eness Comments 

1. Asay (63) subbitu11i rooL~s.' 1 [gas], NOT', 1 1- see data sets 0 •. 2 .2, A.2.8 
N [BYU] air char ana • 
N 

2. Asay (63) bi tumi no•Js' 1 [gas], NOT', 1 1- see data sets 0.2.1 
[BYU] air char ana • 

3. Beer and anthrache.t 5 ch:~m. geometry [gas], u, 3 1- square chamber 
Chi gi er (58) air [solid] 2- vel. measured with probe 
[JFRF] 3- no tabulated data 

4- see data sets 0.1.2, 0.2.4 

4. Beer and bituminQUSi 2 cham. geometry [gas], u, 3 1- square chamber 
Choi gi e r (58) air [solid] 2- vel. measured with p~obe 
[IFRF] 3- no tabulated data . 

4- see data sets 0.1.2, 0.2.3 

5. Godoy et al. bituminous/ 4 swirl no., [gas], T 1 1- cooled walls 
( 64) [Imperia 1 air stoic. ratio 2- no tabulated data 
College] 

6. Harding bi tumi nou:s/ 2 ;wi rl no. [gas], NOf' 2 1- 1 set; exit only 
(5~) [BYU] air char ana • 2- see data sets 0.1.3 

7. Hein and a nth raci te/ 9 cham. geometry [gas], u, v, w, l L- square chamber 
Leuckel (60) air stoi :. ratio [solid], T 2- cooled walls 
[IFRF] swirl no. char ana 1. 3- vel. measured with probe 

4- see data sets 0.1.4 



TABLE 3 (Continued) 

. E.l Coal Gasification w/o Swirl 

Invest. Chern. System Number Test Measured 
/Ref. {eri./sec.) of Sets Variables . Proeert i es Comeleteness Comments 

1. Azuhata, et al. bituminous/ 1 [gas), NOX, SOX, 2 1- high pressure (4.1 atm) 
(65) [BYU] 02 char anal. 

2. Brown (66) various coa·.s; 3 coal type [gas], NOx, SOx, 1 
[BYU) 02 char anal. · 

3. Cope ( 67) various coals/ 6 coal type, [gas), NOX, SOX, 3 1- only 3 axial stations 
[BYU) 02 pressure, char ana 1. 2- high pressure (5.5-10 atm) 

flow rates 

4. Lewis. G. .bituminous 1 [gas], 2 1- exit data on.ly 
( 68) [BYU] 02 char ana 1. 

5. Skinner bituminous/ 1 [gas], 3 1- sparse data 
( 6g) [BYU] 02 char ana 1. 

6. Soelberg bituminous/ 1 [gas), NOX, SOX, 1 
(70) [BYU] 02 char anal. 

1'\.) 7. Sowa (71) bituminous I 2 1 nject or type [gas), NOX, SOX, 2 1- only 3 axial stations w [BYU] 02 chr anal. 2- high pressure (5.5 atm) 
3- special injector types 

-

E.2. Coal Gasification with SwiTl 

Invest. Chern. System Number Test Measured 
/Ref. {eri./sec.} of Sets Variables Proeerties Comeleteness Comments 

1. Sowa (71) bituminous/ 1 [gas], NOx, SOx, 3 1- only 3 axial stations 
[BYU] 02 char anal. 2- primary swirl 

F. Coal Slurry Combustion with Swirl 

Invest. Chern. System Number Test Measured 
/Ref. {eri ./sec.) of Sets · Variables Proeert i es Comeleteness Comments 

1. Rawlins (72) various coals/ 2 coal [gas], NOx, SOx, 1 1- one case has test errors 
[BYU] 02 char ana 1. 



available graphs. Lack of tabulated data was noted in the comments for that 
particular data set (see Table 3). 

For all data sets, the particular technique used to measure velocities is 
noted. Un 1 ess otherwise noted, a 11 temperature measurements were made with 
thermocouples. Cross references are listed for those cases which were part of 
a multi-category study. Symbol definitions are shown in the nomenclature. 
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V. DATA SETS SELECTED 

A total of 37 data sets have been selected, of which 17 cases were from 
the BYU Combustion Laboratory. Seven data sets have also been included from 
the International Flame Research Foundation (IFRF). In the remaining 14 data 
sets, a total of 6 different laboratories are represented. Table 4 summarizes 
selected test conditions while the text that follows indicates measured 
properties. Detailed test parameters for model computations are summarized in 
Table 5. 

A. NON-REACTING GASEOUS FLOW 

1. Without Swirl 

Owen (29}: LDV measurements of mean.axial velocity and rms axial 
velocity in a recirculating flow field. No tabulated data available, but used 
because of emphasis on recirculating flow. 

Takagi et al (34): LDV measurements of mean axial velocity and rms axial 
ve 1 ocity. Gas concentration measurements made with a stain 1 ess stee 1 water· 
cooled probe. No tabulated data available, but used because of the chemical 
system (H2/air). 

Webb (37): LDV measurements of mean axial velocity and rms axial 
velocity. Inlet turbulence intensities were also measured. Part of the same 
study as the Webb data set in category A.2 (non-reacting gaseous flow with 
swirl). It should be noted that measurements were obtained without the use of 
frequency shifting. 

2. With Swirl 

Samuelsen and Brum 45}: LDV measurements of mean axial and tangential 
veloc1t1es an rms ax1a and tangential velocities. The flow consists of a 
primary fuel ·stream, a swirling air secondary stream, and a dilution air 
stream (surrounding the secondary). The mass flow rates of the secondary and 
dilution streams are combined in the data tables. The mass flow ri'lt.P.s of 
these two streams were equa 1. Part of the same study as the Samue 1 sen dat.a 
set in category C.2 (gaseous combustion with swirl). 

Webb (37}: LDV measurements of mean axial velocity and rms axial 
velocity Inlet turbulence intensities were also measured. Part of the same 
study as the Webb data set in category A.l (non-reacting gaseous flow without 
swirl). It should be noted that measurements were obtained without the use of 
frequency shiftin~. 

Gouldin et al. (40~: LDV measurements of Favre-mean axial and tangential 
velocities, and rms ax1al and tangential velocities. Swirl is imparted to 
both the primary and secondary streams. Part of the same study as the Gouldin 
data sets in category C.2 (gaseous combustion with swirl). 
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TABLE 4 

SUMMARY OF DATA !:>I:IS SI:LI::CTED 

Number of Number of Number of 
Category Data Sets Investi9ations Laboratories 

A. Non-reacting Gaseous Flow 

1. Without Swirl 3 3 3 
2. With Swirl 4 3 3 

B. Non-reacting Particle-Laden Flow 

1. Wit hnu t. Swi r 1 3 3 2 
2. With Swirl 3 1 1 

c. Gaseous Combustion 

1. Without Swirl 4 3 3 
2. With Swirl 4 3 3 

D. Coal Combustion 

1. Without Swirl 5 5 2 
2. With Swirl 5 4 3 

E. Coal Gas 1f1 cation 

l. Without Swirl 5 3 J 

F. Coal Slurry Combustion 

2. With Swirl 1 1 1 

TOTAL 37 22 0 
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TABLE 5 

DATA SETS SELECTED 

A.1 Non-Reacting ·Gaseous Flow w/o Swirl 

Diameters (m) Mass Flow Rates (k!j/S) 
Invest. Cham. Stoic. Swirl 
/Ref. Chern. Slstem Pri. Sec. Cham. Len 9th (m) Pri. Sec. Solid Ratio Number 

1. Owen (29) air/air 0.0635 0.0889 0.127 1.219 0.0017 0.0891 
[ARO, Inc.] 

2. Takagi et a 1. Hz/air 0.0049 1.04 1.04 2.5 0.000274 0.0508 
(34) [Osaka Uni¥.] 

3. Webb ( 37) air/air 0.025 0.130 0.206 0.914 0.016 0.51 
[BYU] 

A.2. Non-Reacting Gaseous Flow with Swirl 

1. Samuelsen and co2/air 0.001 0.057 0.08 0.50 0.00121 0.936 0.3[0.8] 
N Brum (45) (U. "'-J 

Ca 1 if. , Irvine] 

2. Webb ( 37) air/air 0.025 0.130 0.206 0.914 0.016 0.51 ' ----- 0.49 
[BYU] 

3. Gouldi n et al. air/air. 0.0495 0.102 0.105 0.610 0.0718 0.164 Si=0.50 
( 40) [Corne 11 So=0.56 
Uni v.] 

4. Gou 1 di n et a 1 • air/air 0.0495 0.102 0.105 0.610 0.0718 0.164 Si=0.50 
(40) [Cornell So=-.56 
Uni v.] 



TABLE 5 (Continued) 

8.1 Non-Reactirg Particle-Laden flow w/o Swirl 

Di cmeters ~m l Mass Flo~ ~ates {k9/s) 
Invest. Cham. Stoic. Swi.rl 
/Ref. Chern. Slstem Pri. Sec. •:ham. Leng!h {11) Pri. Sec. Solid Ratio Nuntber 

1. Leavitt coal/air 0.0255 0.127 0.343 0.926 0.0218 ).534 0.0133 
{26) (SYU] ( 43 1111} 

2. Sharp (31) Si beads/air 0.0255 0.127 0.260 0.926 0.0223 1).520 0.0149 
[BYU] (46 j.illl} 

3. Modarress et al. Si beads/air 0.02 0.6 0.6 2.0 0.005 1).0~4 0.0032 
{28) [Spectron , ( 200 Iii!) 
Deve 1 opment Lab!.] 

8.2 Non-R~acting Particle-Laden Flow with Swirl 
' 

N 1. Leavitt ( 26) coal/air 0.0254 0.127 0.206 0.91 0.0182 o.s2o 0.0014 (0 •. 4) 
():) [BYU] ( 43 JJil) 

2. Leavitt {26) coal/air 0.0254 0.127 0.206 0.91 0.0182 0.520 0.0014 (0.~) 
(BYU] ( 43 lllll) 

3. Leavitt {26) coal/air 0.0254 0.1~7 (•.206 0.91 0.0182 0.520 0.0014 {0.:1) 
(SYU] {43 IJI!l) 



TABLE 5 (Continued) 

c .1 Gaseous Combustion w/o Swirl 

Diameters (m} Mass Flow Rates (k9/s} 
Invest. Cham. Stoic. Swirl 
/Ref. Chern. Slstem Pri. .Sec. Cham. Len 9th (m) Pri. Sec. Solid Ratio Number 

1. Mi che lfel der c3H8/ir 0.0189 0.176 2.00 6.25 0.0636 0.832 1.15 
and Lowes ( 5 I:t 
[IFRF] 

2. Mi che lfe l der CH4/ai r 0.0326 o. 176 . 2.00 6.25 0.0778 0.868 1.15 
and Lowes (51) 
[IFRF] 

3. Takagi et a l. H2/air 0.0049 1.04 1.04 2.5 0.00274 0.0508 0.96 
(34) [Osaka 
Uni v.] 

4. Hassan et al. CH4/air 0.056 0.104 0.600 3.0 0.00256 0.051 0.77 
(49) [Inperial 
College] 

N 
1.0 

C.2. Gaseous Combustion with Swirl 

1. Michelfelder CH4/air 0.0326 0.176 2.00 6.25 0.0783 0.870 1.15 (0.5) 
and Lowes (51) [IFRF] 

2. Samuelson and prop./air 0.001 0.057 0.08 0.50 0.00122 0.0936 4.93 0.3(0.8) 
and Brum (45) [U. 
Calif., Irvine] 

3~ Gouldi n et al. CH4/air 0.0495 0.102 0.105 0.610 0.0696 0.164 1.19 Si =0.50 
(40) [Cornell So=0.56 
Uni v.] 

4. Gouldi r. et al. CH.i/air 0.0495 0.102 0.105 0.610 0.0696 0.164 1.19 Si=0.50 
( 40) [Corne 11 So=-.56 
Uni v.] 



TABLE 5 (Continued) 

D.l. Coal Combustion w/o Swirl 

o· an-eters In) .>1ass Flow Rc:tes (kg/s) 
Invest. Cham. Stoic. Swirl 
/Ref. Ct"em. Sistem Pri. Sec. Cham. Length (m) Pri. Se·c. Solid Ratio Number 

1. Beer (57) anthrd./air 0.054 0.15 1.5 9.1 0.040 0.34 0.029 1.15 
[IFRF] (50 IJll) 

2. Hein and Le1.ckel allthra.{a-"r 0.057i 0.161 2.0 6.25 0.0542 0.465 0.0414 1.15 
(60) [IFRF] (50 l.lll) 

3. Thurgood (9)· biturr ./air 0.016 0.0:4 0.203 1. 52 0.0056 0.036 0.0038 1.15 
[BYU] (50 IJIIl) 

4. Mi che 1 and f>cyne bi tum. /ai :- 0.0703 0.250 1.900 6.25 0.(708 0.573 0.0589 1.12 
(61) [IFRF] (50 e411) 

5. Rees (62) t>·tum./air 0.016 0.0)4 0.203 1.52 0. 0056 O.o)20 0.0038 0.70 
w [BYU] (48 IJIIl) 
0 

D.~ ::oa 1 Combustion with Swirl 

1. .~ei n and Leucke 1 an:hra .. /ai • 0.0577 0.210 2.0 6.25 0.0542 0 .t.:65 0.0414 1.15 I },0) 
(60) [IFRF] (50 1111) 

2. Hein and Leuc:l:el a nth ra ./a h· 0.0577 o). 1E: 2.0 6.25 O.J542 0.465 0.0414 1.15 Ql.4) 
•: 60) [ IFRF] o:5o iJll) 

3. Harding (59) bitum./air 0.016 0.08L2 0.203 1.52 0.1)061 0.03 0.0038 1.00 (1.4} 
[BYU] 150 IJflll 

4. Asay (62) subbit./air 0.022 0.0842 0.203 1.52 O.OC61 0.019 0.0038 1.06 (:J.O) 
[BYU] (45 :f.ll) 

5. Godoy et al. bitum.jai r 0.056 0.10¢. 0.600 3.0 0.0076 0.0287 0.4456 1.15 (0.78) 
(64) [Imperial (45 IJ"Tl) 

College) 



TABLE 5 (Continued) 

E. Coal Gasification 

Diameters ~ml Mass Flow Rates (k2/S) 
Invest. Cham. Stoic. Swirl 
/Ref. Chern. Slstem Pri. Sec. Cham. Len2th (m) Pri. Sec. Solid Ratio. Number 

1. Soe l berg (70) bitum./02 0.0131 0.0287 0.200 1.19 0.0073 . 0.0018 0.0066 0.50 0.0 
[BYU] ( 41 iJll) 

2. Brown (66) subbit :to2 0.0131 0.0287 0.200 2.00 0.0059 0.0000 0.0078 0.58 0.0 
[BYU] ( 37 iJll) 

3. Brown (66) lignite/02 0.0131 0.0287 0.200 2.00 0.0059 0.0000 0.0096 0.58 0.0 
(BYU] (51 )llll) 

4. Brown (66) bitum./02 0.0131 0.0287 0.200 2.00 0.0086 0.00067 0.0088 0.49 0.0 
[BYU]. (63 iJll) 

5. Azuhata1 et al. bitum./02 0.0131 0.0287 0.200 2.00 0.0108 0.00417 0.0091" 0.40 0.0 
(55) [BYU] (50 lllll 

w ...... 
F. Coal Slurry Combustio('l 

1. Rawlins2 ( 72) bitum./02 0.0032 0.1450 0.3500 2.10 0.0067 0.4~1 0.052 1.28 1.1 

[BYU] (50 iJll) 3 

1Reactor pressure = 4.1 atm 
2slurry injector configuration is contained in Appendix A 
30ry, coal mean size 
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. B. NON-REACTING PARTICLE-LADEN FLOW 

1. Without Swirl 

Leavitt (26}: Argon concentration and particle-flux measurements made 
with a collection probe. Mean axial velocity data were not included due to 
unreliable measurement techniques. Part of the same study as the Leavitt data 
sets in category 8.2 (non-reacting particle-laden flow with swirl). 

Sharp (31}: Argon concentration and particle~flux measurements made with 
a collection probe. Mean axial velocity data were not included due to 
unreliable measurement techniques. 

Modarress et al. ~8_L: LDV measurements of mean axial particle velocity, 
mean ax a an ra 1aT gas vPlncities, and rm~ axial and rddial gas 
velocities. No tabulated data was available, but selected because this is the 
only source of reliable velocity data in this category • 

. 2. With Swirl 

Leavitt (26}: Argon concentration and particle-flux measurements made 
with a collection probe. Mean axial velocity data were not included due to 
unreliable measurement techniques. Part of the same study as the Leavitt data 
set in category 8.1 (non-reacting particle-laden flow without swirl). 

C. GASEOUS COMBUSTION 

1. Without Swirl 

Michelfelder and Lowes (51): Gas samples collected with a water-cooled 
gas sampling probe. Gas temperat11re measurements made with a suction 
pyrometer. Mean ve 1 ocity data were not used si nee the measurement techniques 
were unreliable. The hydraulic diameter was calculated to be 2.0 m. Water
cooled walls removed 45-50% of the thermal input. Part of the same study as 
the Michelfelder data set in category C.2 (gaseous combustion with swirl). 

Takagi et al. (34.): LDV measurements of mP.:tn axial velocity o.nd rms 
dX i al vel oc1ty. Gas con cent ration measurements made with a thermocouple 
corrected for radiation losses. No tabulated data available, but used because 
of a 1 ack of complete data in this category. Part of the same study as the 
Takagi data set in category A.1 (non-reacting gaseous flow without sw1rl). 

Hassan et al. (49): G_as samples collected with a water-cooled probe. 
Gas temperature measurements made with a thermocouple. No tabulated data 
available, but used because of a lack of complete data cases in this category. 

2. With Swirl 

Michelfelder and Lowes (51): Gas samples collected with a water-cooled 
gas sampling probe. Gas temperature measurements made with a suction 
pyrometer •. Mean velocity data were not used since the measurement techniques 
were unreliable. The hydraulic diameter was calcuated to be 2.0 m. Water
cooled walls removed 45-50% of the thermal input. Part of the same study as 
the Michelfelder data sets in category C.1 (gaseous combustion without swirl). 
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Samuelsen and Brum (45): LDV measurements of mean axial and tangential 
velocities and rms axial and tangential velocities. The flow consisted of a 
primary fuel stream, a swirling secondary air stream, and a dilution air 
stream (surrounding the secondary). The mass flow rates of the secondary and 
dilution streams were combined in the data tables. The mass flow rates of 
these two streams were equal. Part of the same study as the Samuel sen data 
set in category A.2 (non-reacting gaseous flow with swirl). 

Gouldin et al. (40): LDV measurements of Favre-mean axial and tangential 
velcities and rms axial and tangential velocities. Swirl is imparted to both 
primary and secondary streams. Primary stream is premixed methane/air. Part 
of the same study as the Gouldin data sets in category A.2 (non-reacting 
gaseous flow with swirl). 

D. COAL COMBUSTION 

1. Without Swirl 

Beer (57): Gas and solid samples collected with a suction probe. Gas 
temperature measurements made with a suet ion pyrometer. Mean velocity data 
were not used since the measurement techniques were unreliable. No wall 
cooling in this data set. The hydraulic diameter was calculated to be 1.5 m. 

Hein and Lencke.l (60): Gas and solid samples collected with a water-
cooled sample probe. Gas temperature measurements mad~ with a suction 
pyrometer. Mean velocity data were not used since the measurement techniques 
were unreliable. Water-cooled walls removed 30-35% of the thermal input. The 
hydraulic diameter was calculated to be 2.0 m. Part of the same study as the 
Hein data sets in category 0.2 (coal combustion with swirl). 

Thurgood (9): 
isokinetic proSe. 

Gas and solid samples collected with a water-quenched 

Michel and Payne (61): Gas and solid samples collected with a water-
cooled probe. Gas temperatue measurements made with a suction pyrometer. 
Mean velocity data were not used since the measurement technique~ were 
unreliable. Water-cooled walls removed 31-36% of the thermal input. The 
hydraulic r~dius was calculated to be 1.90 m. 

Rees (62): Gas and solid samples collected with a water-quenched 
probe. Gas· temperature measurements made with a suction pyrometer. 

2. With Swirl 

Asa~ (63): G~s and solid samples collected with a water-quenched 
isokinet1c probe. The Jones data set in category A.2 (non-reacting gaseous 
flow with swirl) simulated this data set (velocity measurements). 

Hein and Leuckel (60): Gas and solid samples collected with a water-
cooled probe. Gas temperature rreasurements made with a suction pyrometer. 
Mean velocity data were not used since the measurement techniques were 
unreliable. Water-cooled walls removed 30-35% of the thermal input. The 
hydraulic radius was calculated to be 2.0 m. Part of the same study as the 
llein data set in category 0.1 (coal combustion without swirl). 
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Harding (59): 
probe. 

Gas and solid samples collected with a water-quenched 

Godoy et al. (64): Gas samples collected with water-cooled probe. Gas 
temperature measurements made with a thermocouple. No tabulated data 
available, but used because of very detailed measurements. Same reactor used 
in Hassan data set in category C.l. 

E. COAL GASIFICATION 

Soelberg (70): Gas and solid samples collected with a water-quenched 
probe. 

Brown (66): Gas and solid samples, for three data sets, collected with a 
water-quenched probe. 

Gas and solid samples, single data set, collected 

F. COAL SLURRY COMBUSTION 

Rawlins (72): Gas and solid samples, wall temperatures; single data set; 
collected with water-quenched probe. 
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VI. DETAILED DATA PRESENTATION FORMAT 

Table 6 is an example of the Asay data set (63) in the format that has 
been selected for direct computer application. The first section gives the 
input data necessary for the code to solve the system. Following the input 
section are the experimental measurements that will be compared against the 
model predictions. Each type of measurement (e.g. Ar gas mole fraction) is 
prese·nted as a group. The variable name and number of axial locations are 
supplied first. Then, for each axial location, the radial locations and 
variable measurements are given. All of the data presented are format free, 
except for the logical and alphanumeric input. Sl units (kg, m, s) are used 
exclusively, except for quarl angle where degrees are used. Coal analysis is 
expressed as mass. fractions. Gas species measurements are in mole fractions 
or in parts per million. Table 7 lists all of the various measurements 
reported in this study. Abreviations and units are also listed. 

Table 8 is an example of the same data set in tabular form. The first 
section provides the input data. In each successive section, all of the data 
for a particular axial location is then presented. It should be noted that, 
because of the limitations of this type of table and for effective utilization 
of space, not every datum point of the data cases are included in these 
tables. Indeed, in some cases there may be a significant portion of the data 
that has been excluded (for example, detailed measurements near the inlets). 
For this reason, as well as for convenience, it is recommended that anyone 
wishing to use these data sets extensively obtain the complete data on 
magnetic tape from Brigham Young University. 
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TABLE 6 

EXAMPLE OF OAT~. FO~MAT FOR DIRECT COMPUTER APPLICATION 

The following data weoe ollected froon• a coal combustion test (wi:1 s<irl). 
The test was run by >.:.ay H BYU in 1932. The chemical system con;ist~d of 
45 urn subbituminous coal 1nd air. Ga; and solid sarrples were gat.1~rej with 
a water-quencned isok·net c pr·Jte. Th~ Jones data set ir. categor; A.2 (non
reacting gaseJuS flo• wit 1 swirl) simulated this data set (ve·loci:! rreasure
ments). 

DATA SET 0.2.4 
ASAY (61) 
2.230E-02, 
0.152E+OI, 
35.00 • 
6.100E-03, 

8.420E-02, 
3. 200E-03, 
4.000E-02, 
310.0 
590,0 • 
O. OOOE +00, 
2.000 
86000. 

1. 942E -02. 
0. 384E tOO, 
O.OOOE+OO, 
86000. 
D 
3 
02 
2.012E-Ol, 
N2 
7. 506E-OI, 
AR 
4.810E-02, 
T 
6.620E-OI, 
9.700E-o::, 
2. 7!!4E-01, 
3.464E-Ol, 
2.976E+07, 
3.500E-OS, 
F 
16 

2.094E.(I, 

7.!!12E.(1 

9.400E-:3 

4. 720E-:2, 
5.200E-::J, 
3.291E-:1, 
4.970E-l2, 

!.340E+l3, 

2 .03·JE-O 1, 

2. 27 :E -01, 
5.050E-02, 

!DATABOOK REF. 
! INVEST:GATOR J;.EF. 
!PRI., SEC., ANC C~MBER DI~METERS 
!CHAM. LENGTH, THIC< OF 'RI. WALLS 
!QUARL HALF ANGLE, JUARL LE~GTH 
!MASS FLOW RATE PRI., PR:. rEMP 
!MASS FLOW RATE SEC., SEC. rEMP. 
! SOLI OS LOADING PR!. , SEC. 
!PR!. SWIRL NO., SE:. SII:RL NO. 
!PRI. PRESSURE, SEC. PRE~SU~E 
!INLET GAS MEASURED ON A OR' BASIS 
!NUMBER OF INPUT GA3 SPE(IE; 
!SPECIES 
! PR I. , SEC. 
!SPECIES 
! PRI., SEC. 
!SPECIES 
!PRI., SEC. 
!COAL IN FEED 
!ULTIMATE: CARBJN, HYDF:CGEn, O:<YGEN 
!ULTIMATE: N!TRDGE~. SLILFUF ASH 
!PROXIMATE: MOISTUeE, \'CLA:ILE MATTER 
!PROXIMATE: FIXED CARBOP, ~SH 
!HEATING VALUE (DAF· 
! PARTICLE SIZE, PAR-ICLE DEPSIT"f 
!FALSE EQUALS NJ,~-SLURRY TE~T CASE 
! NUMBER OF MEASJRED VALLES 

**. * *. * ••• * •• ***. * * ••.••• **** * * •• .., •• ••*• * * .... * 
AR 
10 

0.1 

0.0 0.03 0.05 0 .:J7 0.1 

0.0560, 0.0337, 0.0188, 0.)147. 0.0144, 

0.18 

0.0 • 0.03 0.05 0.)7 (• .I 

0.0503, 0.0314, 0.014~. 0.)126, (.0124, 

0.41 

0.0 0.03 0.05 0. )7 (.1 

0.0363, 0.0?95, 0.021S. 0.)147, (.0125, 

0.48 

0.0 0.03 0.05 0. )7 C .I 

0.0234, 0.0284, 0.024i 0.)160, (.0124, 

0. 71 

0.0 0.03 0.05 . O.tl7 , C.1 

! VAR !ABLE IF) 
!NO. Of AX:AL LOCATIONS 

Z I, NO. OF RADIAL LOCAT fiN~ 

RAJIAL LOCATIONS 

f(X,Z) MOLE FRAC. 

0.0248, 0.0246, 0.0230, 0.01%, 0.0150, 

0. 79 

0.0 0.03 0.05 o:o7 0.1 

0.0253, 0.0250, 0.0236, 0.02:.7. 0. c 17 3, 

1.02 • 5 

0.0 0.03 0.05 0..07 • o. 1 

0.0235, 0.0228, 0.0194, O.lll:4, 0.0155, 

1.09 

0.0 0.03 0.05 • 0.)7 0.1 

0.0226, 0.0223, 0.0201, O.JIE7, 0.)145, 

1.32 • 5 

0.0 0.03 0.05 • D.)7 0.1 

0.0205, 0.0192, 0.0178, D.J111, 0.0171, 

I. 40 ~-

0.0 G.03 0.05 , 0. )7 , D. l , ! 

D.0206, 0.0187, 0.0172, 0. )163, 0.0161, 
*** ................... * .......... 'It*.,.. ...... . 
H2 
10 

0.1 • 5 

! VAR IABL·o (F) 
!NO. OF AXIAL LOCATIONS 

Z1, NO. OF RADIAL LOCATIONS 

0.0 • 0.03 • 0.05 o.e; 0.1 , RADIAL LOCATIONS 

0.0 0.0154, 0.0 0.1 0.0 F(X,Z) MOLE FRAC. 

0.18 

1.0 • 0.03 . 0.05 • Q,Qi" . 0.! 

0.0 • 0.0087, 0.0 0.(' •J.Co 

0.41 5 

0.0 • 0.03 • 0.05 . 0.(7 1).1 

0.0216, 0.0190, 0.0066, 0. ( 0.0 

0.48 

0.0 D.03 • 0.05 . O.C7 • 0.1 

0. 0294, J.027i, 0.0152, o.c • 0.0 

0. 71 

0.0 0.03 0.05 0.0 G.l 

0.0314, 0.0319, 0.0281, O.C"14~. 0.0026, 

fl. 70 



0.0 0.03 0.05 0.07 • 0.1 

0.02B2, 0.0269 0.0255. 0.0169, 0.003\ 

1.02 

0.0 0.03 0.05 0.07 0.1 

0.0259, 0.0244. 0.0087. 0.0060, 0.0 

1.09 

0.0 0.03 0.05 • 0.07 0.1 

0.0227, 0.0212. 0:0109, 0.0025, 0.0 

1.32 

0.0 0.03 0.05 0.07 . 0.1 

0.0269, 0.0214, 0.0087, 0.0066, 0.007&, 

1.40 

0.0 0.03 0.05 • 0.07 • 0.1 

0.0247, 0.0200, 0.0101, 0.0046, 0.0024, 
·······~·····························~··· 
02 

w 10 -...J 

0.1 5 

0.0 O.U3 • 0.05 J.07 0.1 

0.1666, 0.238 , 0.0929, 0.1369. 0.146:3, 

0.18 

0.0 • 0.03 , 0.05 0.07 0.1 

0.1496. 0.052J;, O.I337. 0.1450, 0.1455, 

0.41 

0.0 0.03 • 0.05 0.07 0.1 

0.0443, 0.018L, 0.0509, 0.1329, 0.133~. 

0.48 5 

0.0 0.03 0.05 • 0.07 0.1 

0.0218, 0.0060, 0.0165, 0.1128, 0.169), 

0. 71 

0.0 0.03 0.05 0.07 0.1 

0.0063, 0.005::, 0.0062, 0.0384, 0.1001, 

0. 79 

0.0 0.03 O.U5 • 0.07 • 0.1 

TABLE 6 (Continued) 

!VARIABLE (') 
!NO. OF I.XI~L LOCATIONS 

Z1, NO. OF RADIAL LOCATIONS 

RADIAL LOC~T!CNS 

F(X,Z) MOLE FRAC. 

0.0015, 0.0023, 0.0072, 0.0210, 0.0607, 

1. 02 

0.0 0.03 0.05 , O.Oi 0.1 

0.0008, 0.0039, 0.0320, 0.0540, 0.0834, 

1.09 

0.0 • 0.03 • 0.05 , 0.07 • 0.1 • ! 

0.0006, 0.0021, 0.0173, 0.0658, 0.0933, 

1. 32 

0.0 0.03 0.05 , O.Ol , O.I 

0.0019, 0.0037. 0.0095, 0.0<43, 0.0143, 

1.40 

0.0 0.03 0.05 • 0.0! • 0.1 • ! 

0.0030, 0.0016, 0.0072, 0.0231, 0.0256, 
* ** ***** •••• ******** ................. **** 
N2 
10 

0.1 

0.0 

0.7733, 

0.18 

0.0 

0.03 

0.7419, 

0.03 

0. 7753, 0. 7773, 

0.41 

0.0 0.03 

0.7204, 0.7359, 

0.48 

0.0 0.03 

0. 7082, 0. 7176, 

o. 71 

0.0 0.03 

o. 7083, 0. 7093, 

0. 79 

0.0 0.03 

0. 7244 • 0. 7256, 

!. 02 

0.05 • 0.07 • 0.1 

0. 7758, 0. 7742, 0. 7721, 

0.05 0.07 0.1 

0.8057. 0.8088, 0.8087. 

0.05 . 0.07 0.1 . 
0. 7651, 0. 7750, 0.8092, 

0.05 0.07 0.1 

0.745£, 0. 7745, 0. 7721, 

0.05 0.07 0.1 

0. 7165·, 0. 7508, 0. 7685, 

0.05 0.07 0.1 . 
o.12n, 0.7664, 0. 7710, 

!VARIABLE (F) 
!NO. OF AXIAL LOCATIONS 

!Z1, NO. OF RADIAL LOCATIONS 

!RADIAL LOCATIONS 

!F(X,Z) MOLE FRAC. 

! 

! 



Abbreviation 

AR 
ASH 
c 
co 

. C02. 

cos 
r.:s2 

H 

H2 

HCN 
H20 
H2S 

N 

N2 

NH3 
NO 

0 
0 . 

2 
PURMS 
PUVEL 
PFLX 
. s 

so2 
TEMP 
VRMS 
UVEL 

V-W 
VVEL 

WRMS 
WVEL 

TABLE 7 

LISTING OF VARIABLE ABBREVIATIONS FOUND 
IN DATA SETS 

Variable 
' 

argon gas concentration 
uJtimate analysis ash 

ultimate analysis carbon 
carbo~ monoxide gas concentration 

carbon-dioxide gas concentration 
carbon~sulfide gas concentration 

carbon di~ulfidc ga3 eoncentratio~ 

ult.imate analysis hydrogen 

hydrogen gas concentration 

hydrogen cyanide gas concentration 

steam gas concentration 

hydrogen sulfide gas concentration 

ultimate analysis nitrogen 
nitrogen gas concentration 

ammonia gas concentration 

NOx gas concentration 
1.1l.timate analysis oxygen 
oxygen gas concentration 

RMS axial particle velocity 

mean axial particle velocity 

mean axial particle flux 

, ultimate analysis sulfur 
' 
·.··~.ulfu;' diuxide yas concentrat1on 

m~an temperature 

RM~ itxial .!J~S velocity 

mean axial gas velocity 

reynolds shear .stress 

mean radial gas velocity 

RMS tangential gas velocity 

mean tangential gas velocity 

38 

......... 

Units 

mole fraction 
mass fraction 
mass fraction 
mole fraction 
mole fraction 

ppm 

ppm 

'"ass fract·iun 

mole fraction 

ppm 
mole fraction 

ppm 

mass fraction 
mole fraction 

pprn 

ppm 

mass fr'act i vn 
mole fraction 

m/s 

m/s 

kg m2/s 

mass fraction 
ppm 

K 

m/s 

m/s 

m/s 
m/s 

m/s 
m/s 



TABLE 8 

EXAMPLE DATA SET IN TABULAR FORM 

DATA ~F:T 0.2.4 
ASAY (61) 

<~t::OKf.TRY (Ill) MI\..SS fli)W RATES ( kg/5) 

Primary lube ID 0. 07.?.3 
se~·,ndary tn:>e ID 0.0042 
Chamber ID 0. 20JO 
Chamber lE>ngth 1. 5200 
Pri. wall tl1ick 0. 0032 
Quarl half angle 0.0000 

Primary <Jas 
Primary :>ol ids 
Secondary gas 
Secondary solids 

(de<Jn~es) 
Quild lcn<]l.h 0. 0400 

GAS PROPERTIES 

Temper11ture •( K) 
Pressure (kPa) 
S""it·l number 

Primary 

310.0 
86.0 
0.0 

Second"ry 

590.•) 
86.0 

2 .•) 

GAS COMPOSITION (mole fraction - dry basis) 

Species 

02 
N2 
AR 

O)AL O)MPUSI'ri::>N 

Prin·ary 

0.2012 
0. 7506 
0.0481 

Secondary 

0. 2094 
0.7812 
0.0094 

Ultim11le AnaJ.ysis 
(milss tra~., dry) 

Proximate Analysis 
(mass frac., as reed.) 

c 0.66/.0 
H 0.0472 
:) 0.2211 
N 0.0097 
s 0.0052 

Ash 0.0505 

Moisture 
Volatile mattoO>r 
Fixed Carbon 
Ash 

tleiltinq Value (J/I:q. daf) 
Meiln Particl~ Size (m) 

2.976)E+07 
3.500)E-05 
1.340)8+03 Bulk Particle ~nsity (kg/m3) 

0.2784 
0. 3291 
0.3464 
0.0497 

o·. oo6to 
0. 003l10 
0.01')42 
o.ooooo 

AXIIIL 
POSITION 

(m) 

0.100. 
0.180 
0.410 
0.480 
0. 710 
0. 790 
1.020 
1.090 
1.320 
1.400 

AXIAL 
POSITION 

(m) 

0.100 
0.180 
0.410 
0.400 
0.710 
0. 790 
1.020 
1.090 
1.320 
1.400 

AXIAL 
POSITION 

(m) 

0.100· 
0.180 
0.410 
0.400 
0. 710 
0.790 
1.0/.0 
1.090 
1. 320 
1.400 

DATA SF:T 0.2.4 
ASAY (63) 

0.000 

0.0560 
0.0503 
0.0363 
0.0324 
0.0248 
0.0253 
0.0235 
0.0226 
0.0205 
0.0206 

0.000 

0.0000 
0.0000 
0.0216 
0.0294 
0. 0314 
0.0202 
0.0259 
0.0227 
0.0269 
0.0247 

0.000 

0.1666 
0.1496 
0.0443 
0.0218 
0.0063 
0.0015 
0.0008 
0.0006 
0. 001') 
0.0030 

AR 

0.030 

0.0337 
0.0314 
0.0295 
0.0284 
0.0246 
0.0250 
0.0228 
0.0223 
0.0192 
0.0187 

(mole frac.) 

RADIAL POSITION (m) 

0.050 

0. 0188 
0.0143 
0.0219 
0.0247 
0.0230 

·o. 0236 
0.0194 
0.0201 
0.0178 
0.0172 

0.070 0.100 

0.0147 0.0144 
0.0126 0.0124 
0.0147 0.0125 
0.0160 0.0124 
0.0196 0.0150 
0.0217 0.0173 
0.0174 0.0155 
0.0167 0.0145 
0.0171 0.0171 
0.0163 0.0161 

H2 (mole frac.) 

0.030 

0.0154 
.0.0087 
0.0190 
0.0271 
0.0319 
.o. 0269 
0.0244 
0.0212 
0.0214 
0.0200 

02 

0.030 

0.0238 
0.0523 
0.0181 
0.0060 
0.0053 
0.00/.3 
0.0039 
0.0021 
0.0017 
0.0016 

RADIAL POSITION (m) 

0.050 

0.0000 
0.0000 
0.0066 
0.0152 
0.0281 
0.0255 
0.0087 
0.0109 
0.0087 
0. 0101 

0.070 0.100 

0.0000 0.0000 
0.0000 0.0000 
0.0000 0.0000 
0.0000 0.0000 
0.0143 0.0026 
0.0169 0.0039 
0.0060 0.0000 
0.0025 0.0000 
0.0066 0.0078 
0.0046 0.0024 

(mole frac.) 

RADIAL POSITION (m) 

0.050 

0.0929 
0.1337 
0.0509 
0.0165 
0.0062 
0. 0072 
0.0320 
0.0173 
0.0095 
0.0072 

0.070 

0.1369 
. 0.1450 

0.1329 
0.1120 
0.0304 
0.0210 
0.0540 
0.065R 
0.0143 
0. 02)1 

o. roo 

0.1468 
0.1455 
0.1334 
0.1690 
0.1001 
0.0607 
0. ORH 
0.0'))1 
0. 014 J 
0. o;.c,6 



TABLE 8 (Continued) 

[>,\'I'll :·>t·:T ->.?.. D/\T/1 s~~T n. 2.1 
1\S/I.Y (63) !11W2 !1:31\Y ( 63) ! INVE 

t\?. C02 

/\XJ,\1, 1\111:>1111. I'•)SITION /lXI IlL HI\I)J.~I. POSITION 
I'(>S IT ION POSITION 

0.000 0.0]1) 0.050 0.070 0.100 0.000 O.OJO O.OSO 0.070 O.I!JO 

0.100 0. 7'111 0 711'1 0.'/750 ·J. nn 0 .7'//.1 0.100 (.00]6 0 . .11/.R 0.10GfJ 0.0731 0.06·'>11 
0. 1110 Co.'/'151 0 '/'/'/1 O.IIO'i'/ •).l.iO:'Ill 0.110117 0.100 (.0107 0.1/.57 0. 01 ')6 O.OlH 0. OJ:] I 
0.110 G. '1/.CH 0 ., ))'I 0. '1651 o. n·;o 0.110')). 0.'110 (.UOJ 0. 1.161 0.1WJ 0.0'/JI 0.01JII 
0.100 c:. 7011?. 0 7l'l~ 0. 715/. c), 7'/~5 0. 77/.1 0.400 (. 1317 0 .11')) 0. 154/. 0. O'JI5 0. 01511 
0. '110 C.701Jl 0 70'J:; 0. 7165 0.751)1) 0. 7(,11') 0.710 (.11')7 0.1510 0.1560 0.1JIJ5 0. IO.l~ 
0. '/')0 0. 7 ~11 0. '/25e. 0.7/.76 (t, 76b1 0.7'110 0. 7')0 (. 151 J 0.156') 0.154') 0 . .I 511 0. I J 15 
1. 0/.0 o.nfl·l 0.7317 0.'/60') 0.'16~3 0.7'11/. 1.0/.0 (. 1505 0.1 'i70 0. I 'iJO 0.1 Jll-1 il.11·1'1 
I. 0')0 o.n',l.r o.n'l~ 0. 'J')IJ). (•.'17~'/ 0.'1'/111.1 1.0')0 c. ).6').) 0. 1(, ll 0 . .I G/.11 0. I JO). 0. I J:l•) 
1. 1/.0 0. 7').'/1 0.'131.1'.' 0. 7&10 (•. T/rJI 0. '16')). 1. no c. 15117 0. 16J5 0. Ll:H O.UO'i 0.1'/J1 
I .100 0.73]3 0.711~ 0. '/6r>2 Cl.77U 0.'/'/IJG 1.100 c. 1567 0.166?. 0. J'/1') 0. IG5J 0. 16j0 

·CII1 11/.0 

/\XIIII. RIIDI/II, I'!)SlTJON ''XI/II, HM.>I/II. I'OS 1'1' J(J;~ 
POSIT ION I'OSl'riON 

0.000 (.0)( •). 050 0.0~0 0.100 0.000 0.030 <). 050 0. 0'/0 0. 1 )0 

0.100 0.0000 0.{)0'/C 0.0000 (•. ooco 0.0000 0.100 0.0000 0./.010 0.011).'/ 0.0';10 0. 01·!') 
~ 0. !flO 0.0001 o .ooo;: 0.0000 (•. ooco 0.0000 0.100 0 .. 0')[1'; 0.117'). 0. 011?. 0.0/.111 0. 0?.·1') 0 0.110 O.QOJ7 0.00?.1 0. OOO~i t·. 00(0 0.0000 0.110 0_1.!106 O.U'i1 0. ].(}'l'i 0. or;tj:;, 0. 0 13?. 

0.1UO 0. 0051 0.0031 0.0012 (. 00(0 0.0000 0.1(10 0 .. 3•J/.B 0.1115 0. I 3111 0.06')7 O.OHS 
0.710 0. 0061 o.oo5•.: 0.0010 C.OOJ'J 0.0003 0. 710 ()_1)1)3 0./.062 0. 1517 0.110'/ 0. 011·)1) 
0.790 0.0030 0.00?.•.: 0.00?.7 c. 00)6 0.000) 0. 790 (lo_J.HO 0. 1.21') 0. 1/.')1 0. 1/.30 0. 10•)6 
I .0/.0 0.00/.2 O.OO?.l 0.0006 c. 00(1 0.0001 1.0~0 Q<_lJ12 0.1/.75 0. 1160 0.105'/ O.O'J.S 
1. 0')0 0.00).). 0.00').1 0.00011 (. 00(). 0.0000 1..0')0 C•- J.150 0. I?.'JO 0.1?.;•) 0. O'JGS 0.011 I 
I. l/.0 0. 00 ll 0.00?.; 0.000'/ C. OOC'> 0. 000'> 1. )').0 (lo_I'J.'/7 0. I /.'JG 0.1?.'11 0. 1).'36 0. 1?.~1:1 
1.100 0.00)6 0.00).] 0.0000 C. OOCJ 0.0002 1.1·~0 0<.1291 0.1J01 0.121:rl 0. 13'10 0. J'J.rJO 

::.:o IICN 

/\XI IlL HADJI\L I"::.SITION I\ X 1.\1. H/IL)JI\.L POSITION 
POSITION POSITION 

0.000 0.030 0.050 •).070 0.100 ).000 0.030 0.050 0.070 0.100 

0. 100 0.0005 0. )1l'f O.-DOS7 ).0011 0.0000 0.100 55.0 /.7.0 )..0 0.0 1.0 
0.1ff0 O.OOGO 0.)?.11 0.0001.1 J. 0002 0.000) 0.100 67.0 12.0 2.0 1.0 0.0 
0.110 0 oc;·H o. :wn 0.0/.00 ).00~ 0.0011 0.410 !1/..0 2?.3. 0 11.0 11.0 n.o 
0.1110 O.O'ill 0.)611?.: 0.•)1'10 ). 005/. 0.0007 0.·1110 ~75.0 2')7.0 ')J. 0 ?.'i.O 21.0 
0. 7l 0 0. 0'} JJ 0. )7] 9• o. or.s1 •). 0J(i.5 0.0100 0. '110 .97.0 15fl. 0 126.0 S/..0 1.0 
0. '/')0 o.ou•J 0.)601 O.O'JIH ··). 0410 0.0111 c-. 7')0 _GJ. G 16/..0 l Jl. 0 1.13. 0 /.'J.O 
1. 0?.0 O.OC:O'/ O.Y>III 0. 02cc1 •). otc;.s 0. OOlll 1.020 0::!.0 61.0 ').0.0 17.0 15.0 
l. O'JO 0. OC,.)II 0.)515- 0 .0/.'J'J •). 00')11 0. 00/.S l..O'lO n.o ')0.0 31.0 /.6.0 n .. o 
l. )?.0 0. OGH 0. )'j 11. 0.0/.GJ •). 0').10 0. 0/.0') l. l/.0 _09.0 63.0 'J.O 10.0 16 .. 0 
I .·100 0.0~117. 0. J1(,'). 0 .0').'/1 •). 011/. 0.0109 I. 400 . )} . 0 S/..0 11.0 5.0 5.•0 



TABLE 8 (Continued) 

l.ll\'.'1\ SI·:T 1>./.. D/\T/1 SI·:T I)./.. 1 
1\S,\Y (6:3) ! INVt·: 1\.''i/\Y (63) ! JNVE 

NJI) c 

/\X II\ I. HI\L>II\L PO.SlTION /\XII\ I, HI\DII\L POSITION 
!'OS I 'l'l<JI'I I'OSl'I'ION 

0.000 0.030 0.050 0. 0'10 0.100 0.000 0.030 0.050 0.070 0.100 

0.100 51!. 0• II'). 0 39.0 30.0 ?.6.0 0.100 0.6400 0.6010 0. )650 0./.J./.0 0./.640 
0. IHO 15.0 ?.'). 0 /.?.. 0 ?.'>. 0 36.0 0.1110 o. G~;oo 0.5')30 0. /./.')0 (). l'll 0 0. ).1 ]0 
0.410 )1'j, 0 1).'). 0 1'). 0 31l. 0 15.0 0.1LO 0. '/~j<JO 0. (,0]0 0.4'/00 0.).0).0 0.1·1')0 
0.4ll0 7.'))..0 ?.'J4. 0 I 'I'J. 0 ')?.. 0 1S. 0 0.4l10 0. 6 )')0 O.(d'JO 0. ~i).40 O.J.G40 (),).).40 
0.'/10 '101. 0 JlO.O ).1)0.0 11'). 0 GO.O 0. 710 O.fi'i:JO 0. GIIGO 0. fi.J•JO 0.5:>.40 0. J:>.JO 
0. '1')0 ?.56.0 ?.73.0 ?.:>.4.0 170.0 HG.O 0. 'I'JO 0.5140 O.'il'/0 0.411JO 0.14'>0 0. ]0'/0 
I. 0).0 ?.00.0 ?.·17 .0 lJ')_ 0 106.0 '/1. 0 l.O?.O 0. 1 J JO 0. J'/GO 0. )'/).0 0. Jll?.O 0. )')60 
I. O'JO /.05.0 ?.10.0 115.0 1/.?.. 0 1)/.. 0 1.090 0. 4000 0. )11')0 O.Jl'JO 0./.1!).0 0.:>.4')0 
I . 3?.0 34 s. (l )0?..0 1)).0 ')9. 0 117.0 1.3?.0 0 .40')0 0.1')70 0. ?.7?.0 0. ).0).0 0. 'll10 
l.40C· J14.t: ?.45.0 130.0 6').0 5/..0 1.400 0.5000 0.1100 0.1030 0. 3600 0. )100 

NO II 

1\XIt\1. H/\IJI/\1, POSITION 1\XI/\1, 1!1\Dl/\1, !'OSITION 
!'OS IT !ON POS I'l' ION 

0.000 0.030 0.050 0.070 0.100 0.000 0.030 0.050 0.070 0.100 

0.100 ~). 0 ~i'iO. 0 )6t'. 0 ?.Y>.O ?.10.0 0.100 0.0410 0.0).)0. 0.01'>0 0. 01110 0.0200 
~ 0. 1110 65.0 1)50.0 170.0 115.0 105.0 0.100 0.0450 0. 0)).0 0.0240 0.0:.!30 0. 0/.40 
~ 

0.410 ?.?.0.0 ).')0. 0 ]00.0 100.0 110.0 0.410 0. 0)10 0.0210 0.0130 0.0100 0.0110 
0.4110 ).00.0 240.0 ).ItO. 0 ?.1.0.0 l/.5.0 0.400 0.04?.0 0.0260 0:01'>0 0.0150 0 .01')0 
0. '11 t) ?.10.0 /.10.0 ?.40.0 /.')0.0 ?.GS.O 0.'/10 0.0290 0.0230 O.OlliO O.OlGO 0.0110 
0. "/')!) :>.·10. <) 2·10. 0 ).(>0.0 ).')0. 0 3:?.0.0 0. 790 0.0240 0.0510 0.0110 0.01.00 0. 00')0 
1. 0?.0 ).\0.•) DO. 0 /.7(1, 0 ?.'JO. 0 JOO.O 1.0?.0 0.0190 0.0160 0.01.60 0. OJ:lO 0.0110 
I . Q•J:l ;no. 1 :?.10.0 :?.40.0 /.S5.0 ).(,0. 0 1.090 o.M1o 0.01110 0.0110 o.ouo 0. 00')0 
l. 1?.0 190.) :?.05.0 ?.65.0 270.0 /.40.0 1. 320 0.0160 O.OllO 0. 0120 0.0100 0. Oll 0 
1.400 195.) ?.10.0 250.0 290.0 295.0 1.400 0.0100 0.0140 0. 0130 0.01?.0 0.0140 

N O·.s 

1\XI/\1, H/\Dli\L POSITIOM 1\XIAL HI\DIAL POSITION 
POSITION POSITION 

0.000 0.0)0 0.050 0.070 0.100 0.000 0.030 0.050 0.070 0.100 

0.100 0.0100 0.0100 0. 0•)00 0.0060 0.0090 0.100 0.?.600 0.7.fl(i0 0. ?.540 0. /.7:?.0 0. ').']70 
0 .. 1fl0 0. 00')() 0. OOftO 0.0040 0.0070 0.0050 0.100 0. 24LO 0. ?.1).0 0. 3140 0.3)00 0. J1 )0 

0.410 0.0!1-0 0. 00')0 0.00')0 0.0110 0.0100 0.410 O.O'HO 0. 1540 0.14'/0 0.?.1160 0. 2')')0 

0.41'0 0.0110 0.00110 0. 0040 0.0120 0. 00'/0 0.4110 0.?.400 O.ISOO 0.2000 0. ).040 o. 2c,oo 

0.710 O.OOEO 0.00')0 0.0070 0.0060 0. 0010 0. 710 0. I 630 0. l'/')0 0. JS10 0.1%0 0. )1')0 

0. 7':0 o.oo·;o 0.00'/0 0.0070 O.OOGO o. oo·;o 0. '/')0 0.1'/10 0. 2•1(,0 0. 1400 0. l'.liO 0. ).110 

1. o;;:o 0.00~0 0.0010 0.0010 0.00).0 0.0010 I .020 0.).)).0 0.:?.660 0 . .l'JOO 0.2:?.40 0. !1100 
I. 0')0 0. OIC•O 0.0100 0.0[).0 0.0150 0.0050 J .0~0 0.1/.'/0 0.).0).0 0.?.:150 0. 2410 0. 2?.110 

1.no o. oo~.o 0.0010 0.00)0 O.OO:JO 0.0040 l. )).0 0.1'/70 0.1740 O.?.JIJO 0. HOO 0.2130 

1.400 0.001,0 0.00?.0 0.0010 0.0030 0. 0010 1.400 o·.uoo 0.1500 0.1'/10 0. 11100 0. ).300 



TABLE 8 (Continued') 

DIITII SET D 2 
1\SIIY (o53) 

I'SII 

1\XIJIL, ll!IDIIII, !'OSITION 
POSITIO~I 

0.000 0.(130 0.050 ).070 0.100 

0.100 o.o1:.o o.oroo 0.)~1!0 0.4010 0.4710 
0.1130 O.O'.i10 0.1 ':]0 o .. 1/.•Jo 0.16')0 0.1110 
() .11 () 0. 10/.0 0./.1/.0 0. )0,1.0 0.1~10 0.5310 
0.11.10 0.0610 0.19GO 0. 25"/0 0 5050 0.5000 
o. no 0. 11 GO 0 .1•.)10 0 .1t1GO 0.2500 0. 3130 
0. l'JO 0.257.0 (). 2~10 0. 3590 0.3100 0.1150 
1.0/.0 0.}0.,0 O.HJO 0.1210 0. 3790 0. 457.0 
I. 0~0 0. ]11][) 0. :Jii~O 0. 1.:170 •).1490 0. 5130 
I . J/.0 0. 3~Jo) 0.1 i.10 0.1750 0.1.,50 0.15"/0 
I .100 0.]5~0 0 .Ju:;o 0.1li')0 0.1110 0.11/.0 



REFERENCES 

2. Smoot, L.D. and K.R. Christensen, 11 Data Book: For Evaluation of 
Pulverized Coal Reaction Models, 11 Final Report Vol. III prepared for U.S. 
DOE, Contract No. DE-AC21-81MC16518 (1985). 

3. Sloan, D.G., Smith, P.J. and Smoot, L.D., 11 Modeling of Swirl in Turbulent 
Flow Systems, 11 Prog. Energy Combust. Sci.,~' 163-250 (1986). 

4. Hill, S.C., 11 Modeling of Nitrogen Pollutants in Turbulent P\.Jlverized Coal 
Systems, 11 Ph.D. Dissertation, Brigham Young University (1983). 

5. Chedaille, J. and Y. Braud, Industrial Flames-Vol. 1: Measurements in 
Flames, Crane, Russak and Company, Inc., New York ( 1972). 

6. Zinn, B.T. (editor), 11 Experimental Diagnostics in Gas Phase Combustion 
Systems, 11 Progress in Astronautics and Aeronautics,~ (1977). 

7. Boggs, T.L. and B.T. 
Combustion of Solids, 11 

(1978). 

Zi nn (e.ditors), 11 Experimental Diagnostics 
Progress in Astronautics and Aeronautics, 

in 
63 

8. Bilger, R.W., 11 Probe Measurements in Turbulent Combustion, 11 Progress in 
Astronautics and Aeronautics, ~' 49-69 (1977). 

9. Thurgood, J.R., 11 Mixing and Combustion of Pulverized Coal, 11 Ph.D. 
Dissertation, Brigham Young University (1979). 

10. Blackham, 11 Analysis of 
Combustion EffluentS, 11 

in Combustion Gases, 

11. Gaydon, A.G., and H.G. Wolfhard, Flames: Their Structure, Radiation, and 
Temperature, MacMillan Company, New York (1960). 

12. Bockris, White and MacKenzie, Physilochemical Measurements at High 
Temperatures, Butterworths Scientific Publications, London (1959). 

13. Smith, O.I., 11 Probe-Induced-Distortions in the Sampling of One
Diulensional Flames, 11 Combustion and Flame,~, 187-199 (1981). 

14. Lewis, M.H. and L.D. Smoot, 11 Turbulent Gaseous Combustion Part I: Local 
Species Concentration Measurements, 11 Combustion and Fl arne, ~' 183-196 
(1981). 

15. Crosley, D.R., 11 Lasers, Chemistry and Combustion,~~ Laser Prohes for 
Combustion Chemistry, R.D. Crosley (editor), American Chemical Society, 
Washington D.C. (1980). 

43 



16. Lafollette, R.M., "In-Situ Measurements of Coal Particle Temperature in a 
Laboratory-Scale Coal Combustor," MS Thesis, Brigham Young University, 
Provo, UT ( 1983). 

17. Chigier, N., Energy, Combustion, and Environment, McGraw-Hill Book 
Company, New York (1981). 

18. Beer, J.M. and N.A. Chigier, Combustion Aerodynamics, Applied Science 
Publishers Ltd., London (1972). 

19. Chigier, N.A. and A.. Chervinsky, "Experimental Investigation of Swirling 
Vortex Motion in Jets," Transactions of the ASME Journal of Applied 
Mechanics,~. 443-451 (1967). 

20. Sloan, D.G., "Modeling of Swirl 
l'urbu I ent Combust i ng Systems, 
University, Provo, UT (1984). 

and Heterogeneous Char Combustion in 
Ph .U. Ui ssertat ion, l3ri gham Young 

21. Smoot, L.D., P.O. Hedman and P.J. Smith, "Pulverized-coal Combustion 
Research at Brigham Young University," .f!.:_o~. Energy Combustion Sci., }_2_, 
359-441 (1984). 

22. Fletcher, T.H., "A Two-Dimensional Model for Coal Gasification and 
Combustion," Ph.D. Dissertation, Chemical Engineering Department, Brigham 
Young University, Provo, UT (1983). 

23. Baker, R.J., P. Hutchinson, E.E. Khalil and J.H. Whitelaw, "Measurements 
of Three Velocity Components in a Model Furnalce With and Without 
Combustion," 15th Sym osium (International) on Combustion, The Combustion 
Insititue, Pittsburg, P , 553-559 97. 

24. Habib, M.A. and J.H. Whitelaw, "Velocity Characteristics of Confined 
Coaxial Jets With and Without Swirl," Journal of Fluids Engineering, 
102( 1)' 47-53 ( 1980). 

25. Jones, P.G., "Fluid Dynamic Measurements in a Simulated Entrained Coal 
Gasification," MS Thesis, Brigham Young University, Provo, UT {1983). 

26. Leavitt, D.R., "Effects of Coal Dust and Secondary Swirl on Gas and 
Particle Mixing Rates in Confined Coaxial Jets," MS Thesis, Brigham Young 
University, Provo, UT (1980). 

27. Memmott, V.J., "Rates of Mixing of Particles and Gases in Confined Jets," 
~1S Thesis, Brlyhdm Yuuny University, Pruvu, UT (1977). 

28. Modarress, D., J. Wuerer and S. Elghobashi, "An Experimental Study of a 
Turbulent Round Two-Phase Jet," AIAA Paper No. AIAA-82-0964 (1982). 

29. Owen, F.K., "Laser 'velocimeter Measurements in Free and Confined Coaxial 
Jets with Recirculation," AIAA Paper No. AIAA-75-120 (1975). 

30. Pai, B.R., W. Richter and T.M. Lowes, "Flow and Mixing in Confined Axial 
Flows." Journal of the Institute of Fuel, ~(397), 185-197 (1975). 

44 



31. Sharp, J.L., 11 Particle.and Gas Mixing in Confined, Recirculating Coaxial 
Jets with Angular Injection, .. MS Thesis, Brigham Young University, Provo, 
UT (1981). 

32. Smith, G.D. and T.V. Giel, 11 An Experimental Investigation of Reactive, 
Turbulent, Recirculating Jet Mixing, .. Final Report, Arnold Engineering 
Development Center, Contract No. P0-79-00002, ARO Inc. (1980). 

33. Takagi, T., H. Shin and A. Ishio, 11 Local Laminarization in Turbulent 
Diffusion Flames, .. Combustion and Flame, I!_, 163-170 (1980). 

34. Takagi, T., H. Shin and A. Ishio, 11 Properties of Turbulent Diffusion 
Flarnes, 11 Combustion and Flame, iQ_ 121-140 (1981). 

35. Tice, C.L., 11 Particle and Gas Mixing Rates in .Confined, Coaxial Jets with 
Recirculation, .. MS Thesis, Brigham Young University, Provo, UT (1979). 

36. Toral, H., 11 Measurements of Mean Velocity and Tracer Concentration in the 
Isothermal Air Flow in a Sector of a Combustor, .. Imperial College 
Department of Mechanical Engineering Report FS/79/22 (1979). 

37. Webb, B.W., 11 Laser Velocimeter Measurements in a Simulated Entrained Flow 
Coal Reactor, .. MS Thesis, Brigham Young University, Provo, UT (1982). 

38. Abou-Arab, T.W., W. Richter and M. Seeger, .. Experimental Study of the 
Mean and Fluctuating Flow Properties in a Small Furnace Model, .. 
International S m osium on A lications of Laser-Do ler Anemometry to 
Fluid Mechanics, Lisbon, Portugal, 1982. 

39. Fujii, S., K. Eguchi and M. Gomi, 11 Swirling Jets With and Without 
Combustion, .. AIAA Journal, ~(11), 1438-1442 (1981). 

40. Gouldin, F.C., J.S. Depsky and S.L. Lee, 11 Velocity Field Characteristics 
of a Swirling Flow Combustor, .. AIAA Paper No. AIAA-83-0314 (1983). 

41. Hutchinson, P., E.E. Khalil and J.H. Whitelaw,- 11 Measurement and 
Calculation of Furnace-Flow Properties, .. Progress in Astronautics and 
Aeronautics, 58(1), Turbulent Combustion, 211-228 (1978). 

42. Jones, W.P. and J. Wilhelmi, 11 Isothermal Measurements in a Confined Swirl 
Driven Recirculation Flow, .. International Sym osium on Applictions of 
Laser-Doppler Anemometry to Fluid ec an cs, isbon, Portugal, 982. 

43. Mathur, M.L. and N.R.L. MacCallum, 11 Swirling Air Jets Issuing from Vane 
Swirlers. Part 2: Enclosed Jets, .. Journal of the Inst1tute of Fuel, 
iQ.(316), 238-2~5 (1967). 

44. Ramos, J.I., 11 Exhaust Gas Emissions from a Swirl Stabilized Combustor, .. 
Report C0/81/3, Dept. of Mechanical Engineering, Carnegie-Mellon 
University, Pittsburgh, PA (1981). 

45. Samuelsen G.S. and R.D. Brum, .. Two-Component Laser Anemornetry 
Measurements in a Non-Reacting and Reacting Complex Flow Model 
Combustor, .. 1982 Fall Meeting of the Western States Section ot the 

45 



Combustion Insititute, Sandia National Laboratories, Livermore, CA 
(1982). 

46. Vu, B.T. and F.C. Gauldin, "Flow Measurements in a Model Swirl 
Combustor.," AIAA Journal, 20(5), 642-651 (1982). 

47. Weske, D.R. and G.YE. Stur.ov, "Experimental Study of Turbulent Swirled 
Flows in a Cylindrical Tube," Soviet Research, 1.(1), 77-82 (1974). 

48. Modarress, 0., H. Tan and S. Elghobashi, "Two-Component LOA Measurement 
in a Two-Phase Turbulent Jet," AIAA Paper No. AIAA-83-0052 (1983). 

49. Hassan, M.M., F.C. Lockwood and H.A. Moneib, "Measurements in a Gas-Fired 
-Cylindrical Furnace," Combustion and Flame_,_?.}__, 249-261 (1983). 

50. Lewis, M.H., "Local Measurements in Turbulent Natural Gas Combustion.~· MS 
Thesis, Briqham Young University. Provo, UT (1979). 

51. Michelfelder, S. and T.M. Lowes, "Report on the M-2 Tri~ls" IFRF Document 
F 36/a/4, IJmuiden, The Netherlands {1974). 

52. Rambach, G.D., R.W. Dibble, and R.E. Hollenbach, "Velocity and 
Temperature Measurements in Turbulent Diffusion Flames," 1979 Fall 
Meeting of the Western States Section of the Combustiorr Institute, 
Lawrence Berkeley Laboratory, CA (1979). 

53. 

54. 

55. 

56. 

57. 

58. 

59. 

Stevenson, R.D. H.D. Thompson and R.R. Craig, "Laser 
Flow with Combustion," 

of Laser-Do 1 er Anemomet r to 

Barlow, S.M., "Laser Doppler Anemometry Measureme.nts in a Large Gas-FirPrl 
Furnace, 11 Int~_fJl~_t:Jonal s m:osiurn 011 A· lil..dLiun::, ur LCISP.r-Dnl lP.r 
Anemollle.tf'tto F uid Mechanics, isbon, Portugal 

Chernansky N.P. and R.F. Saw_yer "NO and N02 Formation in a Turbulent 
Hydrocarbon/Air Diffusion Frame'," 15th Symposium (International) on 
Combustion, The Combustion Institute, P1ttsburg~ PA, 1039-1050 (1974). 

Takag1, I. and I. Okamoto, "Characteri'stics of Combustion and Pollutant 
Formation in Swirling Flames," Combustion and Flame,~ 69-79 (1981). 

Beer, J.M., "International Flame Research Foundation: The Effect of 
Fineness and Recirculation on the Combustion of Low-Volatile Coal," 
Jou rna 1 of The lnst i tute ·of Fue 1, E._, 286-313 ( 1964). · 

Be~r, J.M. and N.A. Chigier, "Stability and Combustion Intensity of 
Pulverized-Coal Flames--Effect of Swirl and lmpingment," Journal of the 
Institute of Fuel, ~(135), 443-450 (1969). 

Harding, N.S., "Effects of Secondary Swirl and Other Burner Parameters on 
Nitrogen Pollution Formation in a Pulverized Coal Combustor," Ph.D. 
Dissertation, Brigham Young University, Provo, UT (1980). 

46 



60. Hein, K. and W. Leuckel, .. Results of Detailed Measurements Carried Out in 
Swirling Pulverized Anthracite Flames During the Series of Trials C-13, .. 
IFRF Document Number F 32/a/39, IJmuiden, The Netherlands (1970). 

61. Michel, J.B. and R. Payne, .. Detailed Measurement of Long Pulverized Coal 
Flames for the Characterization of Pollutant Formation, .. IFRF Document 
Number F 09/a/23, IJmuiden, The Netherlands (1980). 

62. Rees, D.P., .. Pollutant Formation During Pulverized Coal Combustion, .. 
Ph.D. Dissertation, Brigham Young University, Provo, UT (1980). 

63. Asay, B.W., 11 Effects of Coal Type and Moisture Content on Burnout and 
Nitrogenous Pollutant Formation, .. Ph.D.· Dissertation, Brigham Young 
University, Provo, UT (1982). 

64. Godoy, S., Hirji, K.A. and Lockwood, F.C., .. Combustion Measurements in a 
Pulverized Coal-Fired Furnace,•• submitted for publication to Combustion 
Science and Technology (1987). 

65. Azuhata, S., Hedman, P.O., Smoot, L.D. and Sowa, W.A., 11 Effects of Flame 
Type and Pressure on Entrained Coal Gasification, .. Fuel, 65, 1511-1515 
(1986). -- -

66. Brown, B.W. 11 Effect of Coal Type on Entrained Flow Gasification, .. Ph.D. 
Dissertation, Brigham Young University, Provo, UT (1984)~ 

67. Cope, R.F., 11 The Effects of Coal Rank on Pressurized Entrained Coal 
Gasification, .. M.S. Thesis, Dept. of Chemical Engineering, Brigham Young 
University, Provo, UT, in process (1987). 

68. Lewis, G.H., 11 Carbon Conversion in an Entrained Coal Gasifier, .. MS 
Thesis, Brigham Young University, Provo, UT {1981). 

69. Skinner, F.D., 11 Mixing and Gasification of Pulverized Coal, .. Ph.D. 
Dissertation, Brigham Young University, Provo, UT (1980). 

70. Soelberg, N.R., 11 Local Measurements in an Entained Coal Gasifier, .. MS 
Thesis, Brigham Young University, Provo, UT (1983). 

71. Sowa, W.A., 11 The Effects of Injector Design on the Performance of the BYU 
Gasifier, .. Ph.D. Dissertation, Dept. of Chemical .Engineering, Brigham 
Young University, Provo, UT (1987). 

72. Rawlins, D.C., 11 Coal Burnout and Nitroqen Pollutant Formation Processes 
During Lignite Slurry Combustion, .. Ph.D. Dissertation, Dept. of Chemical 
Engineering, Brigham Young University, Provo, UT in process (1987). 

73. Martin, D., .. Stability Limits of a Methane-Fueled Sw.irl Combustor, .. MS 
Thesis, Cornell University, New York, NY (1.975). 

74. Rawlins, D.C.., 11 Nitrogen and Sulfur Pollutant Formation During Coal-Water 
Mixture Combustion, .. M.S. Thesis, Dept. of Chemical Engineering, Brigham 
Young University, Provo, UT (1984). 

47 



75. Ananud, M.S., and F.C. Gouldin ... Combustion Efficiency of a Premixed 
Continuous Flow Combustion, .. 1982 Fall Meeting of the Western States 
Section of the Combustion InstitutP., Si!nrlin Ni!t.innnl l(lhoratories, 
Livermore, CA (1982). 

, 
76. Gupta, A.K., J.M. Beer, J.F. Louis, A.A. Busnaina, and D.G. Lilley, 11 Flow 

Aerodynamics Modeling of an MHO Swirl Combustor: Calculations and 
Experimental Verification, .. Transactions of the ASME, Journal of Fluids 
Engineering, 104, 385-392 (1982). 

77. Highsmith, J.R., .. Fate of Fuel Nitrogen and Sulfur During Coal 
Gasification: Detailed Local Pollutant Measurements in an Entrained Coal 
Gasifier, .. MS Thesis, Brigham Young University, Provo, UT (1982). 

78. Owen, F.K., .. Measurements and Observations of Turbulent Recirculating Jet 
Flows, .. AIA~ Journal, l£,(11}, 1556-1562 (1976). 

79. Price, T.D., .. Pollutant Formation in an Entrained Coal Gasifier, .. MS 
Thesis, Brigham Young University, Provo, UT (1980). 

80. Hedman, P.O., Smoot, L.D., Fletcher, T.H.; Smith, P.J. and Blackham. 
A.U., 11 Prediction and Measurement of Entrained Flow Coal Gasification 
Processes, .. Final Report Volume I prepared for U.S. DOE, Contract No. DE
AC21-81MC16518 (1985). 

81. Rawlins, D.C., 11 Low-Rank Coal~Water Fuel Combustion in a Laboratory-Scale 
Furnace, .. submitted for publication to Combustion and Flame, 1987. 

48 



APPENDIX A 

SWIRL GENERATOR AND SPRAY INJECTOR SPECIFICATIONS 
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APPENDIX A 

SWIRL SPECIFICATIONS 

DATA SETS A.2.3, A.2.4, C.2.3, C.2.4 (40) 

Primary Swirl: Centered inside the 6" diameter furnace pipe is a 

2" diameter stainless steel tube (wall thickness = 1/16"), concentric 

inside a 3" diameter stainless steel tube. The annulus between the 2" 

and 3" tubes is filled with an aluminum based epoxy. The 6" pipe 

SeCtion 1s approximately 6' in length. The concentric tubing section is 

apJJr·uximately 3' 1n length. ~our slots, 1/8" x 5 1/2", are milled into 

the tubing section tangent to the inner wa 11 of the 2" tube. These 

tangential slots provide the swirling component of flow. The magnitude 

of swirl is controlled by a butterfly valve. in the 2" tube as shown in 

Figure 4. The valve controls the division of the inner flow into either 

tangential injection or axial injection. 

Secondary Swirl: The secondary swirl qenerator consists of (I 

ser1es of 3b vanes on a 22" diameter. The vanes were inrlividually 

molded from an aluminum based epoxy, and are of 2 3/16" width and 2 1/4" 

1 ength with a 1/ 4" radius at the 1 eadi ng edge. Each vane is attached to 

a 3/lb;; diameter stainless steel_ground shaft. The shafts are supported 

in bronze bushings; these, in turn, are press-fitted into a 1/2" 

aluminum· plate of 26"diameter, which is mounted in 1/2" rlywnorl. 

Backing up the vanes is-·a 1/4" aluminum plate of 26"·diameter. Vane 

control is gained through a chain and sprocket for chain of 0.1475" 

pitch. Chain tension is gained through a spring-bar tensioning 

device. The entire mechanism allow~ ±75 degree vane angle by turning 

one control shaft. 
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Experimental swirl numbers are rnade by measuring ::~ld integrating 

the velocity profiles in the inlet region. 

DATA SETS A.2.1, C.2.2 (45) 

Secondary Swirl: A set of swirl vanes (57 mm O.D.) is 

concentrically located within the tube around a 19 mm O.D. centrally 

positioned fuel delivery tube, Figure 5. The dilution air is introduced 

through flow straighteners in the outer annulus. The swirl nir flnc:;c:;es 

through a set of swirl vanes which impart an angle of turn to the flow, 

60 degrees in the present case. For a swirl to dilution ratio of unity, 

the value used in the present study, the swirl number obtained by 

integrating across the swirl vanes is 0.8~ that obtained by integrating 

the total inlet mass flux is 0.3. 

DATA SETS A.1.3, A.2.2, B.l.l, B.1.2, B.2.1, B.2.2, B.2.3, C.l.l, C.1.2, 
c.2.1. D.1.1, D.1.2, D.1.3, D.1.4, D.1.5, D.2.1, D.2.2, D.2.3, 
D.2.4 

Secondary Swirl: The swirl generator that is used for these data 
~ 

sets is of the type developed by Beer and Chigier for the IFRF reactors 

(18). The swirl generator consists of two sets of triangular blocks, 

one set fixed in position, the other set attached to a moveable plate 

resting on the fixed blocks. Since all air must pass through the 

channels made by the two sets of blocks, a non-swirl condition is 

created when the channels are directed toward the primary tube. This is 

shown in Figure 6 with the moveable blocks in the solid line 

positions. A maximum swirl is obtained when all air channels are 

directed . toward a tangent to the circumference ot · the secondary 

annulus. This is shown by the dashed lined position in Figure 6. An 

intermediate positioning of the blocks allows only part of the air to 

receive a tangential motion and thus an intermediate swirl condition is 
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Figure 5. Swirl generator used in data sets A.2.1, C.2.2 (45). 
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Figure 6. 
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Swirl generator desi~~ used in data sets A.1.3, A.2.2, 8.1.1, 8.1.2, 8.2.1, 8.2.2, 8.2.3, C.1.1, 
C.1.2, C.2.1, 0.1.1, 0.1.2, 0.1.3, C.l.4, 0.1.5, 0.2.1, 0.2.2, 0.2.3, 0.2.4 (26). For exact 
specificatiDns for e3ch data set, see references from Table 5. 



established. An exploded view of the swirl generator assembly is shown 

in Figure 7. 

Theoretical Swirl numbers are determined using the angles of the 

channels. For data sets A.l.3 and A.2.2 experimental swirl numbers are 

determined by integrating the inlet velocity profiles. These profiles 

are included in the data sets to be of help in modeling. swirling 

flows. For the other data sets that report an experimental swirl number 

(BYU), it has been determined through the use of a honeycomb device 

designed and used by Leavitt (26). It is shown schematically in Figure 

8. The torque on the honeycomb caused by the swirling flow was balanced 

by a leaf spring made of shimstock steel and the angle of deflection was 

measured. In calibrating the leaf spring, a known force was attached to 

the shimstock and the angle of deflection was measured; therefore, the 

angle of deflection of the flow during calibration was related to a 

known force. Using the angular momentum and the axial momentum, a 

secondary swirl number was calculated. 

DATA SET F.l (72) 

Figure 9 pro vi des a schematic diagram of the burner nozzle and 

swirl block generator used for Data Set F.l. Fur·tl1t!t~ details are 

provided by Rawlins (72). 
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Figure 7. Exploded view of moveable block sw1rl generator assembly used 
in data sets A.1.3, A.2.2, 8.1.1, 8.1.2, 8.2.1, 8.2.2, 8.2.3, 
0.1.3, 0.1.5, 0.2.3, 0.2.4 {26). 
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Figure 9a. CWM nozzle used in combustion tests (79). 
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Figure 9b. Quarl section showing hydrogen air-spark ignition and methane injector (79). 
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Figure 9c. Schematic of CWM burner showing CWM atomizing nozzle, nozzle water jacket, 
swirl generator and quarl section (72). 
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[>A1'A SC:T A.1.l 
OWEN ( <9) 

GEOME'rRY (Ill) f1ASS FL)W RATES ( kgjs) 

Primary tube W 
SecnmJ;ory lube H> 
C.:haudJer ID 
Chamber length 
Pri. wall thick 
Quarl loa1( an91e 

( de<.Jrees) 
Quarl length 

t~AS PIK>PERT u;s 

1'emperatu.re (K) 
Pressure ( k?a ;. 
Swirl number 

0.0635 
0.000) 
0.127) 

. 1 220) 
0 0005 
0 000) 

0. 000•) 

298_0 
.:OLO 

Q_•O 

Pr-ima"-y g;~s 
Pri.ma:-y s,·Jlids 
Secon.Jar-y gas 
Secondary solids 

Secc·ndacy 

2S8. 0 
1(1. 0 

·0.0 

GAS COMPOSITION (mole traotion - drJ basis) 

Species 

N2 
02 

Primari 

0. 790:· 
o.:no: 

SOLID PROPERTIES 

Mean Particle size (n) 

Secondaa:y 

0.7900 
0.210:> 

Bulk Particle densit~ (1;-:~/m)) 

0 _ 0 JOOE:l-00 
0_0)0081-00 

0.007:'0 
0. C·OOC•O 
0.08910 
0. 000(•0 

AXIAL 
POSITION 

(m) 0.020 

1. 250 -3.29 
3.000 -7.69 
5.000 -2.65 
7.000 5. 52 
9.000 ••*'*•• 

!\XIAL 
P03ITION 

(Ill) 0.015 

l. 250 0.94 
5.000 -1.66 
9.000 .... .,..*** 

D!\1'A SET A .1. 1 
CYr>EN (29) 

_lNEL (m/s) 

RADIAL POSITION (Ill) 

0.025 0.030 •). 035 0.040 0. 045 0.050 0.055 ........ 8.53 19.20 22.40 21.20 G. 73 ·····~ .***'t"** -G-.74 1t:tr1t11** 10.40 15.50 17.80 if). 00 
***:tr** 6. 20 12.00 15.20 16.20 14.BO ').8: 

7.79 9.81 11.00 1:2.00 12. 50 11.30 6.57 
8.80 9.81 10.10 10.20 ........ 9.01 5.62 

VVEL (m/s) 

RADIAL POSITION (m) 

).020 0. 025 0.030 0.035 0.0•-C 0.045 0.050 

:tr ...... 2.15 2.14 ....... ** ..... * ).')5 4. 4] 

*""**** -2.02 -2.64 -2.93 -2.::2 -1.45 -1.32 
-1.69 -1.82 -1.65 •***** -1. ~9 ...... -0.53 



DAl'A.SE'I A.l. 2 DATA SET A.l.2 
TAKAGI ET AL. (34) TAKAGI ET AL. ( 34) 

GEOMETRY (m) MASS FIDW RAT::S (kg/s) H2 (mole frac.) 

Primary tube ![I 0.0049 Primary gas 0.00052 
Secondary tube lD 0.1040 Primary solids 0 .. 00000 AXIAL RADIAL POSITION (m) 
Chamber lD 0.:040 Secondary gas 0.05180 POSITION 
Chamber length 0.2500 Secondary solids 0.00000 (m) 0.012 0. 013 0.014 0.016 0.018 0.019 0.022 0.025 
Pri. wall thid: 0.0005 
Quarl half ang~e 0.0000 O.OJO ...... ...... . ...... ....... 

··~··· *****'* **•*** 
(degrees) O.OE-0 0.0000 ****** 0.0000 0.0000 ...... ***"~~~'** •••••* •**•** 

Quarl length 0. •)000 0.0'10 0.0131 . .,. .... 0.0014 0.0000 0.0000 . ..... . ..... *****1r 
0.160 ...... 0.0255 ****** 0. 0145 ***•** 0.0055 0.0000 0.0000 

G/\S PIIOPERTII::!S 
N2 (mole frac.) 

Primary Secondary 

Tempe~:at•Jie (K) 293.0 293.0 AXIAL RADIAL POSITION (m) 
Pressure (kPa) 101.0 101.0 POSITION 
Swirl iumd>er 0.0 0.0 (m) 0.012 0.013 0.014 0.016 0.018 0.019 . 0.022 0.025 

0.030 ****** *""**** ****** ...... ...... .......... ••*•** . ..... 
GI\S COMPOSITION (mole fraction - dry basis) 0.050 0. 7820 •..• 111:. 0. 7790 0.7820 . ..... ...... .. ...... ****** 

0.090 0.7740 *****111 0. 7790 0. 7790 0. 7790 ****** ***••• ***11'*11' 
Species Primary Secondary 0.160 0. 7790 ...... 0.7860 . ...... 0.7900 0.7930 0. 7')00 

N2 0.5950 0. 7800 
0"1 02 0.0000 0.2100 02 (mole frac.) 
1-' H2 0. 4050 0.0000 

AR 0.0000 0.0095 
AXIAL RADIAL POSITION (m) 

POSITION 
SOLI[) PltOPERTl ES (m) 0.012 0.013 0.014 0.016 0.018 0.019 0.022 0.025 

Mean Particle size tm) O.OOOOE+OO 0.030 *****111 ****** ****•111 *****"" '~~~*•••• 

Bulk Particle densi-:.y (kg/m3) O.OOOOE+OO 0.060 0. 2070 ****** 0.2070 0.2070 ...... ****** ****** . ..... 
0. 090 0.2060 "'***** 0. 2060 0.2080 0.2080 ****** ...... . ..... 
0.160 ****** 0.1990 **••** 0. 2040 **•*•*. 0.2080 0.2080 0.2080 



DATA SE'.:' A .. !.2 DATA SET A.l.2 
T!\KAGI E:r A:.... (34; TAKAGI ET AL. ( 34) 

UVE:. -m/s) WRMS (m/S) 

I'.XlAL RADIAL P05:TIOrJ (m) AXIAL· RADIAL POSITION (m) 
POSITION POSITION 

(Ill) 0.012 0. 013 O.C:.4 0. 016 0.018 0.019 0.0~0· C.02: (m) 0.006 0.008 0.010 0.012 0. 013 O.OH 0.016 0.019 

0.030 5.59 5 .(-6 5.66 ~-- 73 ****** ***tr•* ........ 0.030 0.79 llr*:R*** 0.47 0.45 ****** ****** •*•••"~~~ ...... 
0.060 5.31 ........ 5.~1 5.31 = .31 *****• 1r1r1rz:11111r ...... :'11 0.060 1. 20 0. 71 0.48 0.44 ****** 0.44 *****• ****•lit' 
0.090 -····· •• * ~ •• 5.12 5.31 ::.38 ****** 5.415 *****= 0.090 1. 08 -·'!:'··· ........ 0. 48 ****** 0.41 0.41 -····--0.160 *••••• 6.05 ····-· 6.•)5 .. -·· .. 5.36 . ..... .-:. 4,.95 0.160 0.76 0.71 0.65 ...... 0.62 *****.-: 0.47 0. 47 

URM3 (.11/S) 

A:HAL ~ADIAL P05:1'ION. (m) 
POSITION 

(m) 0.006 0.008 0.0:.) 0.012 0.•)13 0.014 o.o1.; 0.019 

0.030 0.62 0.46 o.u 0.47 ...... :'11 •• ...... ...... :: • * '1::: * .. 
0.060 1.12 0. ~3 0.49 1r:tl''llll1r. 0.46 ····-= ..... r.•• 
0.090 1.0] 0.83 ......... ...... ••• 11: •• 0.47 0. ~:- :\W11111r1r-

0. 160 0.76 0.73 0.10 • • * •• * C.61 ...... (•.52 

0\ VRMS (n!/S) 
!"\) 

AXIAL Rll\DIAL ?OS I"[! ON (m) 
POSITION 

(Gl) 0.012 0.013 o.ou J.016 0.-)18 0.019 0. 0~2: O.·JQS 

0.030 0.47 ***••• 0. 4•5 0.43 0 48 ........ ........ ........ 
0.060 0.47 **•*"'* 0.4o> 0.43 0 43 *****• '****•* ***:fr"* 
0.090 ****** 0.47 0.46 0.43 ···•:~•• ...... ****** •••:tit• 
0. :.60 ****** O.E-9 ..... , ...... •••r.•• 0.61 0.62 0.o)2 



DATI'. SET 1..1.3 DATA SET A.l. 3 
WE: BE· (37) WEBB (37) 

·G::OME:TR Y (m) MASS FI.OW . RATES (kg/s) UVE:L (m/s) 

Primary tube H> 0.0250 Primary gas 0.01600 
Secondary t.ube ID 0.1300 Prim3ry solids 0.00000 AXIAL RADIAL POSITION (m) 
Chamber ID 0.2060 Secondary gas 0.51000 POSITION 
Chamber length 0.7620 Secondary solids 0.00000 (m) 0.065 0.070 0.075 0.080 0.085 0.090 0.095 0.100 
Pri. wall thick o.oo:.3 
Quarl half angle 0.0000 0.000 ****** ****** ****** ****** ****** ****** ****** ...... 

(d~rees) 0.076 17.61 6.65 2.05 -4.10 -7.08 -9.11 ······· -8.92 
·;:)uarl length 0.0000 0.152 17.43 13.36 10.89 0. 70 -1.46 -5.61 -7.79 -7.83 

0.305 ****** 14.66 13.53 12.37 11.09 10.18 9. 56 11.72 
0.381 15.99 15.12 13.50 12.42 11.82 11.38 10.75 9.39 

G!'.S PROPERTIES 0.457 15.35 14.66 14.65 13.92 14.94 13.48 14.18 13.63 
0.533 14.74 14.30 13.15 12.40 11.76 10.82 8.50 12.16 

Prinary Secondary 0.610 14.28 13.81 13.45 13.15 12.82 12.00 10.85 7.68 
0.686 14.81 14.26 14.10 14.23 13.92 13.06' 11.62 7.00 

Temperature (K) 295.0 285.0 
Pressure ·(kPa) 8~.2 89.2 
Swirl number 0.0 0.0 URMS (m/S) 

GI\S COMPOSITJON (mole fraction - dry basis) AXIAL RADIAL POSITION (m) 
POSITION 

Sl:,ecies Primat·y Secondary (m) 0.065 0.070 0.075 0.080 0.085 0.090 0.095 0.100 

N2 0.7900 0.7900 0.000 ****** ***"'** ****** ****** ****** •***** ...... *fif***• 
0"1 02 0.2100 0.2100 0.076 13.57 11.74 9.02 7.45 6.58 6.10 ...... 6.65 
w 0.152 12.43 12.02 11.70 9.71 8. 72 7.87 6.66 6.64 

0.305 ****** 9.08 7.09 7. 73 6.33 5.92 4'. 93 5.71 
5aLID PROPERTIES 0.381 9.61 7.81 8.87 7.37 6.87 8.27 6.77 4.82 

0.457 7.62 8.70 7.35 7.14 7.53 8.05 7.76 6.U 
Mean Particle size (Ill) O.OOOOE+OC 0.533 6.70 6.39 6.28 6.16 5.95 5.97 4.63 6. 36 . 
Bulk Particle demsity ;kgjm3) O.OOOOE+OC 0.610 8.18 8.43 8.09 8.15 11.22 5.49 6.23 3.85 

0.686 9. 32 6.96 9.28 8.57 6.24 6.3.3 7. 34 3.28 



DATA SET A.2 .1 [lATA SET A.2 .l 
SAMUELSEN -~ 3RUM t45) SAMUELSEN AND BRUM (45) 

GEOMETRY (m) -!ASS FID\\ RATES (kg/s) WEL (m/s) 

Primary tube ID -0.001-} Priruary gas 0.00121 
Secondary tube ID 0.057-) Priruary solids 0.00000 AXIAL RADIAL POSITION (Ill) 
Chamber ID 0. 080•) Secc•ndary gas 0.09360 POSITION 
Chamber length 0. ~·00•) Secc•ndary solids 0.00000 (m) 0.008 0 012 0.016 0. 020 0.024 0.028 0.032 0.036 
Pri. wall thick 0.009•) 
Quad half angle 0. 000•) 0.010 -4.60 1·1.~0 23.70 19.60 18.50 13.00 15.)0 15.20 

(degrees) 0.020 -5.86 -s. ~2 12.10 20.80 22.20 18.20 16.20 16.20 
Quarl length 0. 000•) 0.040 .-1. 91 :! . ~9 7.98 14.90 19.40 19.60 20.40 1~.20 

0.070 -1.48 :!.E6 7.94 12.70 17.10 19.40 20.20 18.60 
0.100 -2.23 s. 16 9.11 13.30 15.90 18.50 19.90 18.60 

GAS PROPERTIES 0.140 7.47 8. ~-6 11.70 13.50 16.00 17.40 18.30 17.20 
0. 240 11.10 1:!.10 14.00 14.70 15.60 16.30 16.30 15.20 

Primary Secondary 

Temperature ( K) 292 ) 293.0 WVEL (111/S) 
Pressure (kPa) 101 ) 101.0 
Swirl munber 0 ) 0.8 

AXIAL RADIAL POSITION (Ill) 
POSITION 

GAS COMPOSITION (mole frac:ioD - dry basis) (m) 0.008 0 012 0.016 0.020 0.024 0.028 0.032 0.036 

Species Primary Seccmdary 0.010 5.55 5.E8 16.80 24.20 24.40 14.20 -0.16 -0.80 
0.020 7.80 ";".EO 8.17. 14.00 20.40 15.70 4.28 -0.64 

C02 1.0000 0.0000 0.040 8.97 1::.40 15.00 15.80 16.80 13.40 8.39 1.55 
o:n N2 0.•:>000 0. 7'900 0.070 6.85 lC•. 40 12.80 13.70 12.90 10.50 7. !39 5.83 
~ 02, O.•JOOO 0.2100 0.100 7.23 ~·.16 11.00 10.70 10.60 9.85 8.15 7.63 

0.140 6.17 e.25 9.00 9.49 9.22 8.85 8. 78 8.62 
0.240 5.68 :. 62 8.82 9.35 8.94 8. 72 8. 96 8.84 

SOLID PROPERTIES 

Mean Particle size (m) O.OOoJOE+OO -URMS (m/s) 
Bulk Pal·ticle density ( ~~q;m;) O.OOoJOE+OO 

AXIAL RADIAL POSITION (m) 
POSITION 

(m) 0.008 0.012 0.016 0.020 0.024 0.028 0.032 0.036 

0.010 6.53 1(.60 6.26 3.17 3. 31 5.18 3. OE 2. 77 
0.020 5.41 E. 55 9.18 6.79 4.05 4.68 4.11 2.84 
0.040 6.14 E.So2 6.89 6.39 5.44 5.19 4. 9~· 4.49 
0.070 5.32 ~. S5 6.05 6.02 5.32 5.10 4.50 4. 95 
0.100 5.49 ~. S5 6.04 5.90 5.67 4.93 4. 52 4.89 
0.140 5.11 4.70 4.94 5.30 5.00 4. 40 4.23 4.49 
0.240 3.46 ::.23 3.46 3.09 3.04 2.94 2.85 2.86 



DATA s::T A. 2. 1 
SAMUELSEN AND BRUM (45) 

W:U'!S (01/S) 

MIAL RADIAL POSITION (m) 
POSITION 

(1\l) C·.•)08 0. 012· 0.016 0. 020 0.02<, 0.028 0. 032 0.036 

o.cho 5.07 7.L2 6.93 4.44 3.1:. 5.76 2.89 2.01 
0. (•20 4.38 5.38 6.47 6.39 3.5) 5.20 5.17 2.30 
0. (•40 4.65 4.99 5.35 5.78 5.0-:' 5.78 6.22 4.48 
0. C•i'O 4.70 5. )1 4.70 5. 33 4.99 5.32 5.15 4.83 
O.JOO 4.52 4.95 4.97 4.87 4.98 4.37 4.52 4.70 
0.140 4.75 4.26 4.40 4.33 4.2<, 4.13 3.92 . 3. 57 
o.;4o 3.43 3. '24 2.86 2.84 2.68 2.53 2.63 2.83 

u-w (m/s). 

M1AL RADIAL POSITION (m) 
POSl'liON 

(CaJ 0.•)08 0.0:1.2 0.016 0.020 \).02<, 0.028 0.032 0.036 

0. (•10 -1.04 12.30 -2.42 0.86 0.99 -1.16 -1.44 0.29 
0. (•20 2.62 7.27 2.10 8.04 -0.02 3.67 -3.24 0.19 
0. (o/;0 5.10 0.71 0.79 5.67 4.08 1.40 -3.21 -0.97 

0'1 0.(•70 1. 89 3.09 2.23 4.67 10.60 -0.53 3.99 0.22 
<J1 0.100 4.80 3.52 2.58 -0.25 -2.8) 0.04 -0.22 1. 28 

0.140 4.88 1. 51 l. 35 0.27 -2.41 -0.13 0.22 0. 77 
0.240 2.74 1. 79 0. 63 -0.50 -0.2:' -0.22 0.50 0.97 



DATA SE:f A. 2. 2 l!A'lA SET A.2.2 
WEBB (3/) 'WEEB (37) 

GEOME'rR'l (m) MASS FWW RI''I'ES (kg/S) UVEL (m/s) 

Primary t.ul>e 10 0. :250 P:rimary gas 0.01600 
Secondary Lube ID o.uoo Prin1a!'y sc.lids 0. OC•OOO AXIAL RADIAL POSITION (m) 
Chamber ID 0.2060 SEcondary gas 0. 51000 POSITION 
Chamber length 0. )140 Secondary solids 0.0(•000 (m) 0.065 0.070 0.075 0.080 0.085 •:l.090 0.095 0.100 
Pri. wall thick 0. )013 
Quarl h"'lf angle 0. :1000 0.000 **11 *'** ........... ****** ****** ****** * * ** 1lr.:lr ··---*** ....... 

(deg1·ees) 0.076 1~.58 14.52 15.58 16.16 17.03 17.03 17.16 12.93 
Quarl length 5. ·)()OO 0.152 1:;:. 93 13.52 14.18 14.65 15.28 15.41 14.82 .ll. 51 

0.229 1:;:.05 11.93 11.64 11.67 11.65 11. 6-:l 11.02 11.12 
0.305 1::.60 13.71 13.84 13.57 13.33 13.6-:J 12.00 9. 75 

GAS PHOPERTIES 0.381 !:;:. 56 11.96 11.75 11.43 11.26 11.38 10.81 10.96 
0. 457 lC. 86 JO. 73 10.52 10.52 10.40 10. 6-:J 10.68 11.19 

P:"imary Secondary 0.533 l.C. 79 JO. 57 10.81 10.82 10.53 10.6J 10.55 10.76 
0.610 !C. 2E ]0.21 10.17 10.06 10.57 10. 4J 10. B6 10.78 

Temperatm·e (K) 235.0 285.0 
Pressur-e (kPa) <19.2 89.2 
Swirl n.unber O.oJ ·o. 5 l/RMS (m/s) 

C,\S COMPO.> IT ION (n.:ole ft·act.ion - dry nasi.>) AXIAL RADIAL POSITION (m) 
POSITION 

Species PrillkU'Y Se•:onda1y (m) 0.065 G.070 0.075 0.080 0.085 0.09) 0.095 0.100 

N2 0.7900 ·ol. 7900 0.000 •••=-** .,.-:-··~· ****•* ****** ****** ....... •:tr-••- .... '11:*** 
0\ 02 0.2100 o. 2lGO 0.076 6-.92 7. 32 7.33 7.29 7.06 7. 3•) 7. 3'1 4.57 
0\ 0.152 4.55 4. 57 4.67 4.75 4.88 4. 9•) 4.79 3.89 

0.229 3.61 3.58 3.18 3.01 2.82 2.7.- 2.58 2. ~-6 
SO!. I!) PHOPERTIES 0.305 3.66 3.69 3.83 3.66 3.67 3. 7-, 3.97 3. 3'1 

0.381 3.57 3. 51 3.42 3. 27 . 3.13 3.01l 2.79 2.65 
Mean Particle size (rtl O.OOOOE-00 0. 457 2.69 2.12 2.73 2.55 2.54 2. s.,. 2. 57 2.58 
Bulk Particle density (kg/m3) O.OOOOE-00 0.533 2.83 2:73 2.63 2.51 2.49 2. 4S 2.48 2.56 

0.610 2.45 2.~6 2.57 2.46 2.47 2.6'i 2. 55 2.55 

WVEL (m/s) 

AXIAL RADIAL POSITION (Ill) 
POSITION 

(m) 0.030 0.035 0.040 0. 045 0.050 0.05: 0.060 0.065 

0.000 29 02 29.48 29 .l7 27.79 26.23 24.7E :a .5e W.27 

/ 



DA'I'A s::-r A.2.2 
WEBB ()7) 

WU1S (lll/S) 

1'1:< I t.L RADIAL POSITION (Ill) 
I'OSl'l"iON 

:n•) 0.1))0 0.035 0 .. 040 0.045 0. 05(• 0.055 0.060 0.065 

o.:oo 7."/2 7. 51 7.75 8.17 8. Ot· 8.94 9.70 9. 32 



DATA SET A.2.3 DATA SET 1\.2.3 
OOULDIN ET 'IL. (40) GOULD IN ET AL. (40) 

GI::OME1'RY (Ill) MASS f'U)W RATES (kgjs) UVEL (m/s) 

Primary tube I(l 0.0495 Primary gas 0.07180 
Secondat·y tube ID 0.:020 Primary solids 0.00000 AXIAL RADIAL POSITION (Ill) 
Chan~>er ID 0._050 Second:u-y 9as 0.1€400 POSIT IOK 
Chambe1· lenqth 0.6100 Second :try solids 0.00000 (m) 0.010 (.015 0.020 0.025 0.030 0.036 0.040 0. 04] 
Pri. wall t.i.ick 0.0016 
Quarl. half angle 0.0000 ('.018 16.68 ::1.32 38.62 35.22 29.04 27.81 "2.7.50 27.19 

(degn.'!es) C•. 028 12. 3E ::5.64 38.31 39.55 32.13 30.20 2':). 04 29.66 
Quarl length O.O:lOO C·. 049 6.49 ::1.63 34.91 40.47 36.77 33.06 )'l. 06 29.35 

C.100 17.61 ::3.:.7 32.13 39.24 38.93 36.15 35.22 32.:3 
(.554 51.91 :2.83 52.22 50.05 43.26 41.40 39.55 37.69 

GI\S PHOP8H'rH;S 

Prima:-y Se::o:~dary ~s (m/s). 

1\:!tnpera Llu·t! (K) ;;93. (J 293.0 
Pressure (kPa) J Ol. CJ lO.L. 0 AXIAL RADIAL POSITION ("l) 
Swirl munber 0. ~. •). 6 POSITION 

(m) 0.010 0.015 0.020 0.025 0.030 0.035 0.041 0.042 

G.\S C<.JMI'OS I'I'ION :mole fraca.ion - dry basis) 0.018 8.51 5. 59 3.53 4.56 2.49 2.74 4.26 4.80 
0.028 9.18 7.42 3.95 3.89 2.55 2.19 4. 3:3 4.38 

Species PrimaL?. Se•JOndary 0.049 3.94 8.:27 5.59 3.28 3.34 3.59 3.16 7. 11 
0.100 5. 47 6. 56 6.75 4. 3.2 4.86 4.26 6.08 9.79 

N2 0. 791C 0.7810 0.554 5.96 6.20 5.17 5.71 7.36 3. 77 4.92 7.05 
0'\ 02 0.210( 0.210() 
co AH 0. O:l93 0.009) 

VVEL (m/s) 

S(>J, [[.> PW>P~:R·r n;s 
AXIAL RADIAL POSITION (Ill) 

Meetn Particle ~;iz.e (II') O.OOOOE+OO POSITION 
Hulk Pnrticle density ( k<;/mJ) 0. OC•OOE+OO (Ill) 0.025 0.030 0.028 0.034 0.036 C·. 041 0.042 0.046 

0.018 18.51 25.19 19.12 •*"'*** 24.89 21.85 ...... 11L82 
0.028 19.42 2L. 24 **'**•• **•*** 23.69 21.85 20.03 ,..****• 
0.049 16.39 17.91 ****** 21.24 21.85 21.85 18.tr2 
0.100 13.66 15.78 ****":* ··-·** 19.42 /.1.55 l'f. 'J I 
0. 554 15./8 15.48 **~~'*** *****• 15.78 16.69 16.69 ~*****' 



1\XlAL 
PCJS!'J'IC)N 

(Ill) 0.025 

0.018 2.96 
G.028 4.)0 
0.049 4.11 
0.100 3. 99 
C.554 3.51 

[>A'I'A SE:'I' A. 2. 3 
<X>UI,L•fN 1::'1' Al. (40) 

VltMS (m/s) 

RADIAL 

0.028 0.030 0.033 

].15 2.18 ***"'?'* 
5.J8 ...... 
4. 54 5.14 
3.99 5.81 
3. 21 

POSI'riON (Ill) 

0. C35 0.040 0.042 0.045 

l. 51 1.88 2.06 
3. 75 3.10 3. 93 
5.99 3. 33 ****"":It' 3.-03 
4.36 3.21 ****ilr• 0.04 
4.60 3.39 3.51 **•*** 



DATA 3ET '\.2.4 DATA SET A.2.4 
GOCLD!N Er AL. ~40) GOULDIN Er AL. (40) 

G80METRt (Ill) 1".'\S~ F':DW ~ATES (kg/s) UVEL (m/s;. 

P1·iona"y tube l[J 0. 0495 Prin.iry 9as 0.07]80 
Secondary tul>e ID 0.1030 Prit~·'lry solids O.OOCOO AXIAL RADIAL POSITION (m) 
Chanll>er II} 0.10§0 secondar1 gas 0.16400 POSITION 
Chanll>er length 0.6100 Secondary solids O.:JOCOO (Ill) 0. 02~ 0.024 0.027 0.030 0.035 0.•)40 0.042 0.419 
Pri. "all t.hlck o.oo:.6 
Ouarl half angle (o. OODO 0.016 37 .lS ::.J. 37 26.21 25.30 25.91 ···=·· •••:t•• 26.E2 

(de;Jt·ees) 0.028 :t*•••• 3:.36 ****** 30.48 24.99 ···=-·· 21.95 **'It 'It 'It: lit" 

Quad len9th c OOC•O 0.049 :11''\:'ltlt'lt111 32.31 ...... 31.70 29.57 ***'** 30.18 
0.100 ***•*• 28.04 ****** 29.57 24.99 ***"~ ** 20.93 ****** 
0.554 ....... 

It ••·•** . ..... 45.10 ****** 41.90 40.40 . ..... 
,;As PROPEHTI.SS 

Prin:.ary Sec on day UR.MS (01/S) 

Temperature (K) 29:!.0 :<93. (• 
Presst.1·e (kPa) lOl.O . 1-01. c AXIAL RADI.'\L POSITION (m) 
Swirl number 0.5 -0.6 POSITION 

(m) 0.020 0.•023 0.025 0.027 0.030 O.C35 0.010 0 .•J42 

,~,'\S COMP:'>S T'l' 101\ (mole f ra:.:tion - dr; basis) 0.016 5.)6 5.12 7.07 6.83 6.04 4.39 ·~·1r** 4.39 
0.028 5.79 ~*--1r*1r 5.18 ****** 6.46 7.25 '7.07 

SJ..•l.'t~ if~; I'J'ima:y S2con•lary . 0. 049 10.73 lll'lt1r:t'lt:t 8.47 *"':**""* 7.62 7. 38 '*'***** 6.58 
0.100 10.73 "*"'*•* 10.55 ****** 9.81 12.58 9.lll 

!'<'l. 0. -/(1.0 0. 7:311.0 0.554 3.41 ••**** ...... . ...... 3.47 *****:t 3.23 3. 78 

" ()/. 0 ./.Jon 0.2:.)0 
0 ,\ll 0. oo·n 0.0033 

VVEL (mjs) 

SOL W PIWPERTI E:S 
AXIAL RADIAL POSITION (m) 

Mean r .. rticle size (11) 0.0000£+00 POSITION 
Bulk Po~~rticle dens it:' (lg;m:;:) o).OOOOE+OO (m). 0.010 0.015 0.020 0.025 0.030 0.015 0.040 0.042 

' 0.018 -6.04 -16 .·3c -19.62 -11.47 21.92 2a.::s 25.36 23.85 
0. 028 -2.42 -9.66 -16.'30 .-15.10 5.13 25. ()6 24.76 23.25 
{). 049 -4.53 -5.43 -11.17 -10.87 -2.42 17. ~·1 23. tl5 23.55 
0.100 -6.04 -5.74 -5.43 -3.02 4.83 l3.f:9. 19.32 19.9'3 
0.554 0.00 1.21 3.02 5.74 9.66 13.~8 15.70 15.10 

/ 



l•ATA SET A. 2 . 4 
OOULDIN ET AL. (40) 

VRMS (111/S) 

,\X!AL RADIAL POSI'HON (m) 
POSITION 

.(m) 0.010 0.015 0.020 0. 024 O.C30 0.035 0.040 0.042 

C.018 6.92 6.68 -4.13 '7 .47 7.89 2.91 2.91 3.04 
C.020 7.35 7 .35 5.22 5.59 11.60 5.89 3.28 3.46 
C.049 6.56 7 . 04 6.56 6.68 10.81 9.84 4.25 3.70 
C.lOO 7.':J6 ... . 41 7.29 8.14 10 .. 08 8.81 7.65 7.11 
G.554 ~.62 5.10 5.10 5.59 6 .. 68 6.13 5. 59 4.37 

-



DA'I A SST 3. 1. 1 
LEAVI':T ( 36) 

GEOMETRY (m) MASS F-J)W RATES (kg/s) 

Pr.Lmaty tube lD 0. 02'55 
Secondary tube ID"0.12"'0 
Chamber ID 0. 3430 
Chamber length 0.92h0 
Pri. Willl thick 0. 00~0 
(>llil r:l ha.l f anqle Q. 0000 

( de<J ree~:) 
·Vllitd Jen~t·t. 0. 00!10 

GAS PROPERTIES 

T<·,llper,1t.llce ·:Kl 
Press11re (kPa) 
Swirl mmd>er 

Prinat·y 

").(J(•. 0 
8~.0 

C.O 

Prim.ny gas 
Prim.uy solids 
Se~ondal"'! gas 
Se~onda1y solids 

Sec:ondary 

~:OG. 0 
89.0 

0.0 

\,1\S COMPOSI'J'JON (rllo:>l,; f:r<:ction - dr~· basis) 

Species Prilll(lry Seconcary 

0?. 0.0"}~4 0 2(90 
N2 O."J.GC-0 0. 7El0 
Ar 0. 66.;;:0 O.OC94 

SOLH• PROPERTIES 

Mean Pa{ticle size (m) 
Ou l k Par t:i •: le dens i.t.y ( iky/mJ ) 

4 .. 300CE-05 
1.340CE+03 

o.o2:;;oo 
0.01::31 
0.53400 
O.OOCOO 

AXIAL 
POSITION 

(m) O.OOt: 

0.172 0. 248t: 
0.240 0 .121C• 
0. 324 0.076: 
0.392 0.037( 

AXIAL 
POSITION 

(m) O.OOE 

0.172 14.52( 
0.240 9.14( 
0. 3"24 6. 91C 
0.391 2.49C 

. DATA SET 8.1.1 
LEAVITT (26) 

AR (mole frac.) 

RADIAL POSITION (Ill) 

0.011 0.024 0.041 0.082 0 .• 2J 0.125 0.161 

0.1548 0.0573 0.0122 0. 0115 0.0~24 0.0130 0.0132 
0.0978 0.0634 0.0209 0.0120 O.Ot31 0.0120 0. 0132 
0.0700 0.0493 0.0317 0.0153 0.0:46 0. 0136 0.0149 
0. 0362 0.0334 0.0321 0.0217 0.0300 0. 0172 0.01U6 

PFLX (kg nr m/s) 

RADIAL POSITION (m) 

O.Oll 0.024 0. 041 0.082 0. :..23 0.125 0.161 

6.940 1.200 0. 230 . 0.010 0.000 0.000 0.000 
5.400 1.120 0.390 0.030 O.llOO 0.000 0.010 
4.940 l. 990 0.860 0.030 0.1110 0.070 0.000 
1.920 1.260 l. 070 0.020 0.1!110 0.000 0.000 



Di\'l'A SET B o l. 2 
SHARP (31) 

GEOME'fRol (Ill) MASS FLOW RATES (kg/s) 

P rin.a ty ::ube 1:• 
Secondart tube ID 
Ch;uubeLO ID 
Ch;unber length 
Pri 0 -,.,all t.i.ic" 
Quarl half angle 

(d<"'.jroees) 
Quarl length 

GAS PROPERTIES' 

Temperature (I<) 
Pressure (kPa) 
Swirl number 

0.0255 
Oo 1270 
0.2600 
0.9260 
0.0050 

·o.oooo 

0.0000 

Frimary 

283.0 
8900 

OoO 

Primary gas 
Primary so::.ids 
Secondary gas 
Secondary solids 

Second art 

283.0 
8900 

OoO 

GAS C<:J!":POSITION (mole fraction - dry basis) 

Species Primary Secondary 

02 000630 0.2090 
N2 002350 0.7810 
Ar 0. 7020 0 0 0094 

SOLID PROPERTIES 

Mean Particle size (Ill) 

Bulk Particle density ( kg/m3) 
4 o6000E-05 
2o3300E+03 

0002230 
0.01493 
Oo52COO 
OoOOC-00 

AXIAL . 
POSITION 

(m) OoOll 

0.130 0 01833 
0.600 0.0739 
0.800 000392 

AXIAL 
POSITION 

(m) 0.011 

0.150 11. 371 
0.600 6.116 
0.800 2.674 

DATA SET 8 o l. 2 
SHARP ( 31) 

AR (lnole frac 0 ) 

RADIAL POSITION (m) 

0. 013 0.024 Oo 042 0.055 0.089 0.124 0.125 

0.1667 0.0647 0 0 0128 0.0047 0.005fl 0.0069 0.0069 
0.0641 Oo0489 0. 034 3 000201 0.0115 Oo 0126 0.0000 
0.0392 0.0371 0 0 0344 0.0317 0 0 0231 0.0231 0 0 0210 

PFLX (kg m m/S) 

RADIAL POSITION (m) 

0.013 00024 0.042 0.055 0.089 0.124 0.125 

9 0450 l. 364 0.246 0.192 0.008 0.002 00000 
40745 10982 Oo496 0.172 0.009 0.003 0.002 
20271 1.173 00905 Oo 454 0 0.012 0.000 0.000 



DATA SET B.:_.) DATA SET 8.1.3 
MODARHES:5 E.~ AL. 28) MODARRESS E.~ AL. (28) 

GEOMETRY •Ill) I'.I'.SS FLJ:.W RA':'ES (kg/s) lNEL (111/S) 

Pr·imary tube ID ·:l. C:lOO Primal"~7 gas 0 00500 
Secondary tube ID ·:>. EOOO PrimaL)" so:_ids 0•. 00320 !\XIAL RADIAL POSITION (Ill) 
Ch<unber ID 0. EOOO Secondc.ry gas 0.03400 POSITION 
Chamber length 2.COOO Second~ry solids 0.00000 (m) 0.059 0.078 0.110 0.150 0.190 c. 23(• 0.260 0.290 
Pri. wall thick O.C005 
Quarl h~lf angle O.GOOO 0.060 ****** 1:2. 20 11.60 11.40 10.80 lO.lC• 9.28 7.68 

(degrees) 6.000 ****** :a-••••• ****** ****** ****** **"***• ...... --·••*• 
Quarl le-ngth ll.OCtOO 12.000 0.75 * * .. * ** ...... ****** *****• . ....... ...... 

18.000 ****** ........ . ..... ****** ****** ** ....... ....... :t••••• 

GAS PROPEPTIES 
URMS (lll/S) 

Primary' Seco:xlary 

Temperatw·e· 1 K) 2~8.() 29:3.0 AXIAL RADIAL POSITION (Ill) 
Pr·essur·e (kPa) 1)1. 0· 101.0 POSITION 
swirl m<~~>er 0.0· 1). 0 (Ill) 0.045 0.050 0.078 0.110 0.150 0.190 0.230 0.260 

0.060 ****** ............ 0.64 0.74 0.79 0.85 0.97 l. 01 
GI\S COMPOS I 'I' ION (mole f3ction - jry oosis) 12·. 000 0.23 (•. 22 ****'~~* ***•** ****** ....... **'**** ··-··--

sru!.c:ies Pt·imary SeC·)ndar,r 
VRMS (nt/S) 

N2 •). 7900 0.7900 
........ 02 0.2100 0 2100 
~ AXIAL RADIAL POSITION em:• 

POSITION 
SOLIU PH_QPE:RTII::S (m) 0.015 0.020 0.025 0.030 0.035 0.040 0.045 0.050· 

!1ean Particle size (Ill) 2.0CIDOE-04 12.000 0.25 0.24 0.23 0.22 0.20 0.18 0.16 0. 14 
Bulk Particle density :kg;m3) 2.9900E+03 



DATA SET B .. 1. 3 
M:)[IARR£SS ET AL. (28) 

PlNEL (111/S) 

AXIAL RADIAL POSITIOI~ (m) 
I'OSI.f:ON 

(.11) 0.075 0.110 0.150 0.190 o.;no 0.270 0.290 0.300 

0.000 ...... ****** •***** 
0.060 9.49 9. 38 9.31 9.20 9.02 8.88 B. 77 8.63 
6.000 ...... ****** ****** ***'1:*111 *'***** 

12.000 ****** ....... ****** ....... 
18.000. ·····~ *****• ****** ****** ****** ****** *"***** 

Pl!RMS (tn/S) 

AlUAL RADIAL POSITION (m) 
POSII:ON 

('11:• 0.000 0.036 0.'078 6.110 0.150 0.190 0.230 0.260 

0.060 0. 70 0. "12 0.74 0.75 0.76 0. 77 0.79 0.81 



DATA SET B.:;:.l 
LEAVI·rr ( 26: 

GEOMETRY \Ill) MASS FLOW RATES ( kg/s) 

Primary tul>e ID 0.(255 
Secondary tube ID 0.1270 
Chamber ID •0. :<060 
Chamber length O.SlOO" 
Pri. wall thick O.COSO 
Quarl half angle 0. COOO 

tdegrees) 
.Quarl length 0. COOO 

Gl\S PROPERTIES 

Temperature (K) 
Pressure (kPa) 
Swirl number 

PrimaLy 

2€0.0 
E9.0 
0.0 

Primary gas 
Primary solids 
Second.:ry gas 
Secondary solids 

Secondary 

280.0 
89.0 

0.4 

GAS COMPOSITION (mole fraction - di"}" basis) 

Species 

02 
"N2 
Ar 

SOLID PROPERTIES 

Primary· 

0.0846 
0.3160 
0.6000 

Mean Particle size (1111 

Secondary 

0. 2090 
0.7610 
0.0094 

Bulk Pa1ticle density ( kg.~m3) 
5. 60·)0E-06 
7 .O&)OE+Dl 

0. 01320 
O.OHOl 
0. 52 )00 
0.00)00 

AXIAL 
POSITION 

(m) 

0.172 
0.240 
0.324 
0.391 

AXIAL 
POSITION 

(m) 

0.17:< 
0.240 
0.324 
0.391 

DATi\ SE'I B. 2 . 1 
LEA"ITT (26) 

AR (mole frac.) 

RADIAL POSITION (Ill) 

0.000 0.013 0.025 0.051 o.oa., 

•0.0461 0.0448 0.0388 0.0262 0.014.: 
(L ::!367 0.0342 0. 0313 0. 0259 0. 019~ 
(). :•260 0.0254 0.0244 0.0227 0.021CJ 
(). J236 0.0239 0.0234 0.0237 0.0231!. 

PFLX (kg m m/s) 

RADIAL POSITION (m) 

0. OC() 0.013 0.025 0.051 0. 08~ 

0.410 2.550 1.700 0.280 0.22( 
0.960 0.820 1. 240 0.380 0.18( 
0.820 0.640 1.050 0.170 0.68( 
0.670 0.360 1.160 0.240 0.23( 



DATA SET 8.2.2 
L.P.I\V I'IT ( 26) 

G~:OMF:':'RY ( m) MASS I"WW FATES ( kg/s) 

Primilry tube H> 
Seeonclary tube ID 
Chau~:>er !0 
Chau~>er lenq•:h 
Pri. wall Li·,ick 
l)lw~·l lta.l.f an<Jle 

(deqt·ees) 
Qua;·l j_enqth 

GI\S PHOPERTIES 

Teanpera tw·e r K) 
P resi;ure ( kPa) 
Swi.cl munber 

). 0255 
).1270 
).2060 

·).9100 
).0050 
).0000 

5.9000 

Primary 

280.0 
09.0 
. 0.0 

Primary c;as 
Primary ~olids 
Secondary gas 
Secondary solids 

Seconclc.ty 

280. (• 
8.9. (1 

0. ~ 

GAS COMPOSI'l'IO:'>I (mole fraction - dry basis) 

Spedes 

02 
N2 
1\t• 

SOLID PROPERTES 

Primary 

0. 0046 
0.3160 
0.6000 

Mean Partlcle size (m) 

Secondary 

0. 2090 
0. 7810 
0.0094 

Bulk Particle density ( kg/m3) 
5.600()E:-06 
7.080()8+01 

0.0182J 
0.01401 
0. 5200:) 
0. 000.00 

AXIAL 
POSITION 

(m) 

0.222 
0.290 
0.374 
0.441 

AXIAL 
POSITION 

(m) 

0.222 
0.290 
0.374 
0.441 

DA'rA SET B. 2 . 2 
LEAVITT (26) 

AR (mole frac.) 

RADIAL POSIT !ON (II\) 

0.000 0. 013 0. 025 0.051 0.084 

0.0346 0.0-332 0.0309 0.0248 0.0160 
0.0297 0.0286 0.0268 0.0242 0.0206 
0.0258 0.0260 0.0252 0.0241 0.0229 
0.0244 0.0251 0.0247 0.0244 0. 0250 

PI"LX (kg m m/s) 

RADIAL POSITION (Ill) 

0.000 0.013 0.025 0.051 0.084 

1.870 0.880 1.170 0.240 0.130 
1.690 1. 270 1. 400 0.220 0.280 
0.000 0.130 0.530 0. 390 0.410 
0.480 0.170 0.480 0.150 0.430 



DIITII SET E. 2 . 3 
LE:AYITr ( 26) 

Gf:OMETHY (Ill) MIISS FWW RATES ( kgjs) 

Primary tube I[> 
Secondary tube 10 
Chand>er H> 
Chamber length 
Pri. w:tll thick 
Quarl :talf angle 

(dec;rees) 
Quarl i.ength 

GAS PROPERTIES 

Temper-ature ( K) 
Pressure (kPa) 
Swirl munber 

0.0253 
0. 127J 
0. 206J 
0.9100 
0.005) 
0 000) 

5 :100) 

P::-im<o.ry 

280.0 
89.0 
0.0 

Priuary gas 
Primny solids 
Seco:tdary gas 
Secondary solids 

Secondary 

~80.0 
89.0 
0.4 

GAS COMPC•SITION (mole ·fraction - dry basis) 

SpecieE Primary Seconcary 

02 0.084!: 0. 20:10 
N2 0.316: 0.78l0 
Ar o.Goo: 0. C0"34 

Meiln Particle siz.e (ol) 

Bulk Pm·ticle densit:r ( k·3/mJ) 
5.6000E-06 
7.08008~01 

0. (•1820 
O.C140l 
0. ~2000 
o.coooo 

.U:IAL 
POSJTION 

(m) 

0.222 
0.290 
0.374 
0.441 

F.XII\L 
PO!:I'i'ION 

{m:• 

0.222 
0.:290 
0. 374 
0.-141 

DJITA SE'r 6.2. 3 
LEAVITT (26) 

AR (mole frac.) 

RADIAL POSITION (Ill) 

0 000· 0.013 0.025 0.051 0. O:l4 

.GI297 0.0294 0.0278 0.{)257 0.02;0 

.0266 0.0268 0.0262 0.0242 o.o2;2 

. 0259 0.0254 0.0250 0.0244 0.0232 

. (•258 0. 0252 0.0250 0.0250 o.o2n 

PFLX (kg m m/s) 

RADIAL POSITION (m) 

J.COO 0.013 0. 025 0.051 0.084 

).120 0.010 0.160 0.120 0.4C•O 
).140 0.050 0. 060 0.050 . 0.2:-o 
•).020 0.020 0.030 0.030 0.5~0 
•). C-60 0.040 0.060 0.070 0.1~0 



DATA SE:'I' C .1. 1 . DATA SET ·c. 1. 1 
MICHELFEL[Jt:;R AND WWES (51) MICHELFELDER AND WWES (51) 

<;EOMETRY (on). MASS FlOW R.WES (kg/S) :02 (mole frac.) 

Primary tube ID C•. 0189 Primary <J·3S 0. 06J60 
secondary tube ID (•.1760 Primary solids 0.00000 AXIAL RADIAL POSITION (m) 
Clumd>er ID <.0000 Secondary gas 0. 8320(1 POSITION 
Ch<m:ber length E·. 2500 Secondary solids 0.0000(1 (m) 0. 300 0.350 b.400 0.500 0.600 0.700 .0. 750 0.800 
Pn .. wall thick (•. 0206 
Quarl half angle (•. 0000 0.370 0.0530 '****** 0 .·2080 0.0550 0.2090 0.0540 ...... 0.2090 

(degrees) 0.740 0.0510 0.0(\20 Q.0630 ...... 0.0640 
Quad length 0.0000 1.110 0.0740 '****** 0.2090 0.0630 0.2030 ....... ****** ****** 

1.400 0.1100 ........ . ..... 0.0700 ...... **'**** ...... . ..... 
1.850 0.1140 ........ *****'* 0.0820 ****** . ... .,. .. ****** ...... 

GAS PROPERTIES 2.000 0.1100 ...... 0.0920 ****** 0.0830 *"'**** ****** 
2.750 0.0640 ****** 0. 2090 0. 0820 0.2090 0.0740 0.2090 0.2090 

Primary Secondaty 3.500 0.0260 ****** 0.0290 0.0390 0.0450 ****** ****** *•***• 
4.250 0.0130 0.2090 ****** 0.0200 0.0240 ****** ....... ****** 

Te!IIF~ra tm·e (K) '299.0 308.0 5.000 0.0170 ****** 0-.2090 0.0230 0.2090 ****** ****** ****** 
Pressure (kPa) 101.3 101.3 5.750 0.0190 ••••• .,,r 0.0200 0.0100 0.2090 0.2090 ****** ****** 
swi.r:l UlUitl..>t!C 0.0 0.0 

N2 (mole frac.) 
GAS COMPOSITIO~· (mole fraction - dLy basis) 

Spec:.ie$ Primary Secondary AXIAL RADIAL POSITION (m) 
POSITION 

c·:H8 1.0000 0.0000 (m) 0.300 0.350 0.400 0.500 0.600 0. 700 0.750 0.800 
...... N/. 0.0000 0. 7900 
•.o ()'- 0.0000 0.2100 0.370 0.8090 ...... 0.7910 0.7980 0. 7910 ****** ······· 0.7910 

0.740 0:8100 * * ** *'* 0.8050 0.8100 ****** 0.8100 ***••• 
1.110 0.8070 ****•* .0. 7910 ·o. 8130 0.7910 0.8100 ****•• ...... 

SUL ll> I'HOPEil·r 1 ES 1. 400 0.7950 ***•** ****** 0. 7920 ****** ****** ****** ...... 
1.850 0.7930 ...... ....... 0.7850 ...... . ..... . ..... 

Me.:t•• Parti c.l.e !:;ize (Ill) O.OOOOE+OO 2.000 0. 7950 ****** ...... 0. 7890 ...... ...... . ..... 
lllrlk Particle dens~t.y (ky/m3) 0. OOOOE!·OO 2.750 0. 7920 ...... 0.7910 0.7920 0. 7910 0.8020 0.7910 0.7'.l.10 

.3.500 0.7800 ****** 0.7970 0.8100. ...... **"'*** ...... 
4.250 0.8500 0. 7910 0.7910 0.8500 0.8550 ...... 
5.000 0.8500 ****** 0. 7910 0.8500 0.7910 ...... 
5. 750 0.8400 ***•** 0.8400 0.8400 0.7910 0. 7910 ...... 

C02 (mole frac.) 

AXIAL RADIAL POSITION (Ill) 
POSITION 

(m) 0.175 0.200 0.250 0.300 0. 400 0.500 0.600 0.700 

0.370 0.1020 0.1030 **'***'* 0.1260 ***'*'*'* 0.1260 0.1260 
0.740 0.0660 0.0970 0.1120 0.1200 0. 1200 0. 1200 0.1200 
1.110 ........ 0.0650 *****• 0. 1030 ...... 0. 1200 . ..... O.ll"JO 
L400 ...... 0.0800 0.0910 ...... 0.1120 
1.850 0.0860 0.0840 0.0840 0.1040 
2.000 ****** 0.0950 ...... 0.0050 0.09)0 0. LOOO 
2.750 ****** 0,1190 *•**** 0.1120 ****** 0.1060 ...... 0. 1220 
3.500 ••••*• 0.1280 ...... 0.1300 0.1340 0.1340 0. l2fl0 0. 124 0 
4.250 ..... .,. 0.1390 ...... 0 .1J70 ...... 0. 14 30 0.11"30 ...... 
5.000 0.1450 0.1430 0.1470 0.1450 .,. ..... 
5.750 ...... 0. 1400 0.1480 0. 14!10 



DATA s::r C.l.l 
MICHE:L?ELIER AND LCWES (51) 

co (mole frac.) 

AXIAL RADIAL POSITION (m) 
POSITION 

(Ill) 0.100 c. us 0 lSO 0.200 0. 250 0.300 0. 4(•0 ). 450 

0.370 Ill* Ill. Ill. * ••• 111111 • Ill ... Ill* ...... •••••:t ****** *•=*••• ••**=** 
0. 740 *.• •• * * ..... ,. * * •• *,.. ...... •*···~ '****** **'** .. * ······· 1.110 0.0040 ....... * *., • * * ****** *1r**** ****** ... ,. .. 
I. 400 0. 0770 ····--· 0. (·~20 0.0070 ...... ,.. . ..... ****'A:I* 
l. 850 0. 0490 0.0430 0. (•_40 ···-·· *:t***• ****** ••••** .,.=··-· 
2.000 0.0430 0.0210 0. coo 0.0120 ****** ****** ··-•** .,.=···· 
2. 750 0.0430 ...... O.CJlO 0.0130 0.0070 . ..... ** ... r.a -~··-· 
'). 500 0.0260 ****•* **•=•• 0.0140 ****** 0. 0150 0. )1~ 
4.?.'>0 0.0130 ...... 0. CCI90 0.0060 ..... ., 0.0150 ** •**:111 (•. 0090 
·). 000 0.0040 ,.. ..... O.CCI30 0.0040 *****• **•'*•* **I'* *:It 

II~ ( n~)le fL·ac.) 

•\X !IlL HA[olt\L I·<)SlTICN (Ill) 
I~J . .; l 'I' l<>:>i 

(Ill) 0. 0'/'i 0. ICO 0.1.?.5 0.150 0. 2·:>0 0. 300 0.40•) C.40:.0 

co •J. no ....... ...... . ...... -····· lll:tl**"• ...... *:tr11ltlt:'l 

0 IJ.'/40 
I. II 0 O.OISO 0. 01'/0 * •• , .• * ...... ··••:t• ****** •••*•= • *:Jr *. * 
l. 41JO 0.0000 0.0020 * * * ·=-. 0.0350 0.0050 ...... *****1: *****• 

.13'50 ****** 0.0480 0.0310 0.0060 ....... ***"*** ****frr. * •• * lt:1t 

2.000 0. 0400 0.0300 0.0_50 0. 0070. 0.0090 ...... * * *'*. y· 
/.. 7~)0 ...... 0.0300 ... , .. 0.0200 0.0080 0.0050 **1b1t •• *. -· lt:* 
'!. 500 *""*"'* O.C180 ***::r*• *"'***" 0.0090 0.0090 0.0070 
f •• 250 "•**** 0.007-J •••::•• 0.0050 0.0010 0.0090 .......... 111 0. )050 
5.000 ...... 0.0040 •••r.-· ****** 0. 'J030 ...... •••:tr•._ fr:tlt*** 

'1'1';~:1' 'K) 

''X! M~ R/llo[/IL POSITION (m) 
I'<.JS I 'l'l ON 

(lit) 0. JOO 0. 'JSO 0.4100 0.500 0.600 0.700 0. '150 (•. 00•) 

0. J'/0 903. ...... • * * Jr:• * 898. 1:19'J. OfJB. •••·or•• f.:(l) 

0.';55 ...... . ..... 80:. 883. 883. 873. . ........ • ...... ':1' 

0. 740 873. ···--·· 07.:. 063. ...... ........ ***:T*fr .. *•••= 
0.9/.'i 033. ... , .. * *. *:111 * '****** ••**** ****"* **•=•* * .. ,..,.1: 

I. 110 793. ···~·· f.l)::. 033. 833. 833. ***r•• **'lllfrfrT 

I . /.•)'i liOJ. Jrfrlll':11** 111111aa:fll111 =-****• Ill.**.* ····--· ···y··· 
I. (,6S 111 J. -··':11** ...... =*•**** **II;*•* ••••:t• ...... ....... 
I. !.l'iO U'/0. ....... . ....... 1373. ··--=··· ....... . ..... * * ~· * 11 

/..000 'J'J'l. ***•** ****1111* 903. ··~··· 903. . ....... * **"* • .,. 
/.. '/'iO ...... *"***" 111J. 10:JJ. 1021. 1012. 10(]. ~3. 

I. 'iOO !4(1 J. ....... 1.')4). 1233. ...... ...... ***1111** 

~. :l.'iO 144 J. l411J. * ..... ---· 1313. L!'/3. ****** ···-·· 
'l. 000 114 '). •• *. * * 140.t. l'J81. lJ41L *"*""'* ••••• 'It ••**** 
.,. '/'ii) 14/.H. • .. .. • *. 14 1 J: . I l'JO. 12'11:1. l273. 



l•!ITA SI::T C. 1. 2 DATA SET C. l. 2 
I'.ICHELFELDER AND LOWES (51> MICHELFE~OER AND LOWES (51) 

GEOMI::TRY (fil) MASS FLOW kt. rf::S (kg/s) 02 (mole frac.) 

Primary tu.be J[J 0.0326 Prlmary gas 0.07780 
Seccn:dary tube- ID 0.1760 Primary solids 0.00000 AXIAL RADIAL POSITION (m) 
c1tru1d:oer II) 2.0000 Secondary ~a:; 0.86800 POSITION 
Clwmber lengtl". 6. 2500 Secondary 5olids 0.00000 (m) 0.175 0.200 0.250 0.300 0.400 0.500 0.600 0. "/00 
Pri ~ wall Lhick 0. 01]7 
Quat·! half CtrK.le 0.0000 0. 370 **:It*** 0.0660 0. 0570 0.2090 

(de9recs) 0. 740 0.1150 0.0650 0.2090 0. 0720 0. 20')0 0.2090 
Quad length 0.0000 1.110 0.1190 0.1050 *****11 0.0510 0.0530 0. 2090 

1.480 0. 2090 0.1230 0.1230 0. 2090 0.0670 0.2090 0.2090 
1.850 0. 2090 0. 0770 0. 0980 0. 2090 0.0820 0. 0710 0.2090 0.0650 

GAS P;{OPEE'ri ES 2.035 0. 2090 0.0730 0. 2090 0.0970 0. 2090 0.0000 0.2090 0.0730 
2. 750 0.0490 0. 2090 0.0630 0.2090 0.0650 0.2090 0.0710 

Primary Secondary 3. 500 0.0130 ....... 0.0310 0. 2090 0.0530 0.2090 0.0570 
4.250 ....... 0.0150 ....... 0.0260 0.2090 0.0"320 0.2090 0. 0440 

Tem;:>erature ( ~:) 283.0 299.0 5.000 ••**'** 0.2090 *•'**•* 0.0170 0.2090 0.0190 0. 2090 0.2090 
Pressure (kPa) 101.3 101.3 5. 750 0.0090 0.0150 0. 2090 0.0170 0. 2090 0. 0200 
Swir1 number 0.0 0.0 

N2 (mole frac.) 
GAS COMPOSITION (mole fraction - dry basis) 

Spec.ies Primary Secondary AXIAL RADIAL POSITION (Ill) 
POSITION 

CH~ 1.0000 0.0000 (Ill) 0.175 0.200 0.250 0.300 0. 400 0.500 0. 600 0.700 
CX> N2 0.0000 0.7900 ...... 02 0.0000 0.2100 0.370 0.7910 0.8290 0.7910 0. 8290 0.7910 

0.740 0.8140 **'~~'*** 0.8360 0.7910 0.8360 0.7910 0.7910 
1.110 0.7910 0.8120 0.8050 0.8240 0.8330 0.8300 0.7910 0. 8330 

SOLID PROPERTIES 1.480 0.7910 0.8000 0. 7830 0.7910 •***** 0. 8130 0. 7910 0.7910 
1. 850 0.7910 0.8370 0.8180 0.7910 0.8300 0. ll370 0.7910 0.8370 

Mean Particle size •:m) 0 .OOOOE:+OO 2.035 0. 7910 0.7910 0.8060 0.7910 •***** 
Bulk Particle density (kg/m)) 0. OOOOE:+OO 2.750 0.8250 0. 7910 0.8210 0.7910 0.8250 0.7910 0.8250 

).500 •***** 0.8230 '****** 0.8420 0.7910 0.8360 0.7910 0.8420 
4.250 0.8420 0.8470 0.7910 0. 8420 0.7910 0. H420 
5.000 0.7910 0.8430 0.7910 0.8390 0.7910 0.7910 
5.750 ****** 0.8460 ...... 0.8430 0.7910 0. 8430 0.7910 0. 8430 

0)2 {II~) I.e frac.) 

AXIA.L RADIAL POSI'riON (Ill)· 
POSITION 

(m) 0.100 0.150 0.200 0.250 0.300 0. 400 0.500 0. "/00 

0. 370 0.0350 0.09?.0 0. 1000 ****** 
0.740 0. 0720 •****"' 
1.110 0.0550 *****• 0.0640 ...... 0. 0920 0. 1110 0. 1070 O.l.lOO 
l. 400 0.0750 0.0770 0.0710 0.0830 O.Oll50 
1. E-50 0.0840 O.Otl50 0.0940 0.0830 0.0810 0. 0920 0.0980 o. o·wo 
2.035 0.0540 0.0920 0.09:30 *****• 
2. 750 0.1010 0.1010 0.1000 •**'*** 0. 1000 ........ 0. 10'50 0.0980 
J. ~-00 0.1120 0.1100 0.1150 0. J 070 0. Hl"/0 
4. 250 0.1210" ***'*** 0.1220 ****** 0.1220 0.1200 0. ll40 
5. C•OO •****'* 0. 1260 **•*** 0.1270 
').'ISO 0. 1270 0 .D20 0. l300 O.l2HO 0. 1).')0 



DA1'1\ SE'f C. l. 2 
MICIIE:r.FE:L[>E:R AND £...1WES: (51) 

co ( 1K>1e f l·ac. } 

1\XII\L ~ADlAI, I'OS l1'10N (m) 
POSITION 

(Ill) o·.o2s 0.050 o.ots 0.100 0.125 0.150 0.~00 0.30( 

0. 740 0.0060 O.OllO 0.0050 ) . 0040 **"':It"** ...... ·--***"* llit"*llrlt*., 

0. 925 0.0200 0.0170 0.0170 ).0050 0.0:>60 ........ ... * **'* 
1.ri.O 0.0140 0.0210 0. 02>0 ·). 0150 ··=··· ....... •••**:It 
1.400 0.0320 0.0350 0.0420 •). 0380 ··'C··· 0.0080 ... **'•* **:t'"*llt': 
1.850 0.0140 0.0480 0.0490 0.0470 ••r.••• 0.0220 0. 006:> •• !It ..... 

2.035 0.0520 0.0550 ····~~· 0.0510 .... , .. 0.0340 0.0080 
.. 750 0. 060.0 O.OGJO .... 1:. 11.0540 • * 1/1 .. ·- 0.0460 0. 020•) ) . 0020 
J. 500 ...... 

·····~~~ **** .. It 18.0340 •••• * • ....... 0.023•) •). 01)0()o 
4.250 ****** 0.0150 * * ....... 0.0160 *""•-r•• . ..... 0.0100 •). 0070· 

H2 (n>ole f.rac. ) 

1\Xll\!. FA(J!I\L POSITION (Ill) 
I'<:>SITIC:>I\' 

(Ill) 0.025 0.050 0.07~ 0.100 0.125 0.150 (•. 200 0. ::oo 

0. 140 0.0050 0.0030 0. 0050 c.oooo .... -~ * * 
00 0.9/.5 0.0100 0.0150 0.01}(> C.0030 0.()(00 ...... .,. •. :'1'. ., ..... 
N 1.110 0.0150 0.0210 0.022(• G. 0110 .. -~ .. . ...... ••••:r• -·*•*• 

1.480 0.0330 0.0390 0.041(· 0.0340 ****** 0.0050 ··-·=· •••*•• 
1.11')0 0.0150 0.0470 0.04UC 0.0410 ........ 0.0170 O.OOJO 11111 111"Jitla • 

2. clJS 0.051!0 0.0590 •••** ... 0.052{) •••*** 0. 0320 0.007C "'*11t*** 
). . 7')0 0.0610 0.0650 ........ 0 .. 052•J **•-=•• 0.0430 0.·01HC C.0030 
3.500 ****** ****•* ...... 0. 0290 •*•.-:•• ...... 0 .<l2' 0 G. 0060 
4.250 ...... 0.0120 '~~~*'*11'111* 0•.0130 ***lr.** . ....... O.<l090 0.0050 

TI::Ml' (KO 

t\X lAL R.\l>II\L POSJ':'lON (Ill) 

1-'0S l"l' lON 
(m) 0.175 0.200 0. 251) •). 300 o. ~:>o 0.500 0.600 :>. 7·)0 

0.:170 1)03. 903". 90"3 903. 90). 
0.555 •***** fJ68. ·····= 883. !j~r). fJf.lO. ... Ill; .... 078. 
0.740 ...... 83li. -··••.: 898. !J'.:• J. 87:3. <.:61~. B6:1. 
0.925 798. 800. 000. •::•••• 8-;"L 868. 368:. .., *"= :r * 
1.110 828. 873. 803. 843. 8E3. 860. 858:. 8~!!. 
1. 295 998. 983. 028. 833. 8~.3. 868. ""*:or*** ., • .,.!': .. 

l. t,80 ll4H. 1000. 903. 903. .. ._.,....:. 060. 1!48. 838. 
1. 665 1153. 1196. ')/.). 893. I)(J. 003. 8fl3. 8~·ll. 

1..1.1'i0 1./.4!). .l2Hll. 1008 . 1038. 9(5. 91.1. ~·oa_ 86t::. 
")..O"J':i 1420. 1363. .l06L 975. 9:!3. 920. <:t4 3. 92t:. 
}../';0 ,. ..... .l41:i3. 1503. I 348. 11 ':J. 1003. 106 3. 106:. 
J. :.uo • • * •• * 16l"l. ...... 1493 . 13'::1. 1250. 1228. ll9t·. 
·1. ~'>0 1111 •• Ill*. 1511.3. . ...... 1513. l4t:··· 142"3. 1:,60. 132".:. 
·). C·OO Ill* ••• 1ft 1543. •*··-· ! 510. 14 7~:. 14 33. L98 I 35::. 
'). 750 ,II' •• * ... 14 "/1"1. 111****• ~461. 1.14:.•. 14/.:J. 101 118".:. 



DA l'A SET C . 1 . 3 DATA SE'l' C .1. 3 
TAKAGI I::T 1\L. (34) TAKA~I ET AL. ( 34) 

GEOMETRY (m) MASS FWW RATES (kg/s) H20 (mole frac.) 

Primary tube I[: 0. (·049 Primary gas 0.00027 
Secondary tube ID 1. (•400 Primary solids 0.00000 AXIAL RADIAL POSITION (Ill) 
Chamber ID "1. (•400 Secondary g:ts 0.05080 POSITION 
Chamber length 2. :.ooo Secondary S·:>lids 0.00000 (m) 0.008 0.010 0.012 0.013 0.014 0.016 0.019 0.022 
Pri. wall thick 0. 0011 
Quarl half angle 0.0000 0.030 0.0000 0.0000 0.0000 ****** *****• ...... •••••* **1111:1t'Jrr 

(degrees) 0.060 0.0330 0.0021 0.0000 ...... 0.0000 • •••• 'Ill *****• ***'**"' 
Quarl length 0.0000 0.090 0.0985 0.0326 0.0044 ****** 0.0000 0.0000 *****'* 

0.160 0.1390 0.0959 * ** * ... 0.0503 *****• 0.0014 0.0000 0.0000 

GAS PROPERTIES 
H2 (mole frac.) 

P:·imary Secondary 

Temperature (K:o 293.0 293.0 AXIAL RADIAL POSITION (Ill) 
Pressure (kPa) LOl.O 101.0 POSITION 
SWirl nun~:>er 0.0 0.0 (m) 0.008 0.010 0.012 0.013 0.014 0.016 0.019 0.022 

0.030 ........ 0.0000 0.0000 ...... ••• 11" •• ••***• ... •••• 111' 

GAS CCt\POSITION :mole fraction - dry basis) 0.060 0.0007 0.0000 0.0000 ****** 0.0000 **"'•*• *****'llf :•**•** 
0.090 0.0037 0.0000 0.0000 ****** 0.0000 0.0000 ····-· **•*** 

Species ?rimary Secondary 0.160 0.0076 0.0034 ••*•• .. 0.0000 •***** 0.0000 0.0000 0.0000 

N2 0. 5950 0. 7800 
co 02 0.0000 0.2100 02 (mole frac.) 
w 112 0. 4050 0.0000 

AR 0.0000 0. 0095 
AXIAL RADIAL POSITIOI\ (Ill) 

POSITION 
SOLID PROPERTIES (m) 0.013 0.014 0.016 0.018 0.019 0.020 0.022 0.02') 

Mean Particle .size (m) O.OOOOE+OO 0.030 ****** *"'**** ...... •***** *****• ****•• •****• *•*-·• 
Bulk Particle density (kg/m3) O.OOOOE~OO 0.060 ...... 0.2110 . ..... 0.2120 •••*** *"***Jt 

0.090 ****** 0.2100 0. 2090 ...... ****** 0.2160 
0.160 0.1630 ****** 0. 2070 ****** 0.2080 '**•••• 0.2120 0.2100 

! 



DATA SET C .1. 3 DAT?. SET C .1 . 3 
TAKAGI E':' AL. ( 34;- TAK?.GI ET AL. ( 34) 

N2 (mole I rae.) URMS (m/s) 

AXIAL RADIAl POSITIO~' . (m) AXIAL RADIAL POSITION (Ill) 
POSITION POSITION 

(Ill) 0.013 0. 014 0. OJ6 O.OlE o_ 019 0. 020 0.022 0.02~· (m) 0.008 D 010 0.012 0. 013 0. 014 O.OlE O.Jl8 0.025 

0.030 ****::1* ........ ****** '*··-·· * a1t:111' *.., 0.030 0. 48 •llrr'llt'aa 0.50 ••••a• 0.51 
0.060 ****** 0.7640 ...... 0.7630 aaltlt*"* ****** ........ 

··~·- 0.060 0.52 0.42 0.43 ...... 0.50 J.4E 0.40 
0_090 ...... 0.7910 0.7930 ...... r. ........... 0.7960 ···-·· 0.090 1. 84 0.83 0.50 . ..... •). 65 . ........ 
0. 160 'o. 7820 ••••• 'It 0.7630 ••••:t•· 0. 7890 ****** 0. 7S20 0. 732C 0.160 3.07 ~:.54 ..... '1:. 1. 49 *•*'*** •). 7l *'***** 0.56 

TEMP (K) VRMS (m/s) 

AXIAL RADIAL POSITION (m) AXIAL RADIAL POSITION (Ill) 
POS:TION POSrriON 

I Ill) 0.012 0. 013 0.0.!.~ 0.016 •)_019 0.020 0.002 0 •)2:. (m) 0.005 0.006 0.008 0.010 0.012 0.013 0. 014 0.016 

O.O.JO 305. •••••* 0.030 0.63 -··:lit'·· -::*111*** 0.44 0. 45· ··#;··-
0.060 346. ...... 31(". ...... •:t•••• **'**'*'* . ..... 0.060 ****** 0.87 =-····· 0.41 0.37 1t1:jl*** 0.37 ****** 
0.090 435. ...... 36S 332. -~···· 299. ····- .. "II 111 1":: 'llr a 0.090 . ..... 1. 26 0.93 0.53 ****111* 1t ...... **2*** 0. 46 
0.160 040. 552. 397. 34L. 3::4. 0.160 ...... 1.. 36 1.32 1.24 . ..... 1. 01 0.6'J 

o:> LIVEL 
~ 

(m/s) WRMS (111/S) 

AXIAL ~:AIJII\L POSITION (Ill) AXlAL RADIAL POSI'rlON (Ill) 
POSITION POSITIO!\ 

(m) 0.012 0.013 O.OH 0. 016 0.018 0.020 0.022 0.(25 (m) 0.006 ).008 •0. 010 0.012 0. 013 0.014 0.016 0.01'J 

0.030 0.52 ••••:t• 0. 5( ****** 0_53 *•***:t ••••r.• 0.030 0. 60 * ... *:r•• 0.40 0.41 1t11"**** •***** :111: *X lit •* 
0.060 0.55 ****~* 0.5: 0.55 0_53 *****~ ****··· ""**""*=** 0.060 1.42 *lr*::** 0.41 0. 38 0.36 
0.090 0.53 ****** 0.5:: 0.56 **ltlr** 0.57 ****"~* ••*r..-* 0.090 1. 55 l. 01 0.50 0.38 ***11r** 0.36 0. 313 
0.160 ...... 0.65 *****• 0.56 ···-·· ........ 0. ~-4 0.52 0.160 1. 48 1. 45 1.14 0.76 0. 40 0. 43 



l.>r.'I'A SE:'l' C. l. 4 rwrA SET C .1. 4 
HP.SSAN I::T AL. (49) HASSAN E1' AL. (49) 

GEOi1F:T:l\' {Ill) MASS FlOW RATES (kCJ/S) co (n•)le ft·ac.) 

PrinHry tube IL> 0.0560 Primary \)itS O.OD256 
Secondary tube {[> 0.~040 Pt·imcny so !.ids 0. 0·)000 AXIAL RADIAL POS!1'10N (Ill) 

Chamber ID 0. 6000 Secondary gas 0.0'5100 POSITION 
Chamber length 3.0000 Secondacy solids O.OOODO {Ill) 0.100 0.200 0.220 0.240 0.260 0.280 0. :JOO l. 200 
Pri. wall thick 0.0000 
Quarl half an9.:..e 0. •)000 0.117 1t1t1t11'ft1t •***** 1t1r11"**• *-*•*• •••••* ····-· ...... *••**• 

(degrees) 0.617 0.0000 *·-··· ***••• ***••• **"11:** **"'*•• *****'* 
Quar.l. length 0. LOOO 1.117 ...... •**fl:fll1t •••*•• 1rllt'l-1flft:J[ ••••** *****• 

1. 617 *•*•**· ........ ••*•'*• •• ,.*** 0.0010 
4.117 0.0960 0' 0950 0.0950 0.0940 0.0940 0. 09:30 o.ono ****"'* 

GAS Pk'OPt::RTlES 

P.-imary Secondaq,- 02 (nDle frac.) 

Tempet·ature (K) 293.0 293.0 
Pre~:.s.tre (kPa) ]01. 0 101.0 AXIAL RM>IAL POSITION (mj 
Swirl lllllllber 0.0 0.0 POSITWN 

{Ill) 0.160 0.180 0.200 0.220 0.240 0.260 0.280 O.:JOO 

t~AS COMPOS I 'I' LON < n~)1e f rcu;t.i.on - dry baSi$) 0.117 0.0120 0. 0110 0.0100 0. 0110 0.0110 0.0100 0.0100 0.0100 
0.617 0.0340 0.0330 O.O'JOO 0.0270 0.0250 0. 0240 0.02:30 •*••** 

SfJ(~(~ i L::~ Pri111.1ry Secondary 1.117 0.0210 0.0230 0.0240 0.0240 0.0240 0.0250 0.0240 0.0240 
1. 617 0.0230 0.0230 0.0240 0.0250 0.0260 0.0260 0.0260 *•**** 

<"11·1 0. ') iLO 0.0000 2.ll7 0.0240 0. 0230 0.0230 0.0230 0.0230 0.0230 0.02.10 0.02:JO 
00 c:mr, O.Ol2'i 0.0000 4.117 0.0220 0.0220 0.0220 0.0220 0.0220 0.0220 0.0220 0. 0210 
U1 Cllll.l 0. 00'10 0.0000 

C111l 0. oo:n 0.0000 
CO:?. 0. 0013 0.0000 C02 (nDle frac.) 
o:~ 0.00(0 0.2100 
N2 0.01/(l 0.7900 

AXI!\L RADIAL POSITION {Ill) 

POSITION 
SOLID FROPEH'rlt::~ {Ill) 0.160 0.180 0.200 0.220 0.240 0.260 0.280 0. 300 

Mean Particle size Clll) O.OOOOE+OO 0.117 0.1140 0.1140 0.1170 0.1170 0.1170 O . .ll.40 0. 11)0 0. ll20 
Bulk Particle densily ( kg/m3) 0. 0000~~··00 0.617 0.0910 0.0910 0.0930 0.0960 0. 0970 0.0980 0.0980 11'11:11111111'111 

1.117 0.1060 0.1050 0.1040 0.1030 0.1030 0.1030 0.1040 0.1050 
1.617 0.1090 0.1100 0.1080 0.1080 0.1070 0.1070 0.1080 **•••• 
2.117 0.1070 0.1070 0.1070 0.1070 0. 1070 0.1070 0.1070 0. 1070 
4.117 0.1100 0.1100 0.1100 0.1100 0.1100 0. 1090 0.1090 O.l.lOO 



DATA SET C .1. 4 
HASSAN E:J' AL. (49) 

TE:M~ (!<) 

IHI/\L ~ADI/\L PCS!"PION (Ill) 

P(>S I 'I'H.li\0 
:rn) 0.160. 0.180 0. 2•Xl 0.220 0 240 0.260 0.28) 0. 300 

0 1ll 1639. 1634. 16L. 1635. 16)5. 1601. 1576. 15~5. 
0.250 1685. 1665. 1641). 1609. 16)3. 1599. 1587. 15J5. 
(). )!.!J 1767. .l7C7. IG6£o . 1627. H-14 _ •*•*""* .•• * ·~ .. **&'=** 
0.750 1910. 1873. uu::. 1792. l-;'')4- 1713. 1687 1655. 
1.250 1')33. 1099. Hrt~- 1833. 11':3. 1712. 1703 16~4. 

l. 750 1795. 1781. 178::. 1774. lili6. 1754. 1693. 15~9. 
2. 25'0 1721. 17'20. l71E 1699. 1E~5. 1679. 1657. 15E:2. 



L•lll'l\ sf:T c. 2 . 1 [tM'A SET C. 2. 1 
MlCHELFF t.DER AND LOWES (51) MICHEJ,FEI,DER AN[I LJ)WES (51) 

GEOMETRY (Ill) MASS FIJ)W RATES (kgjs) 02 (mole frac:.) 

Pr·imary tube w 0. (•326 Primary qns 0.07630 
Secondary tube ID 0.1760 Primary s.:•l ids 0.00000 AXIAL RADIAL POSI1'ION (Ill) 
Chamber ID 2.0000 secondary g~s 0.87000 POSITION 
Chamber lenqth 6. ~:500 Sec:ondar.y solids 0.00000 (Ill) 0.250 0. :JOO 0. 400 0. 500 0.600 0. 6~)0 0.700 0.800 
f'l"i. ~o·a.l.l thick 0. (•117 
Quad hnl.f angle 0. C•OOO 0.170 0. 2690 0. 2090 0.0420 •••*•• ****** 0.0420 ***!It** 

(de<Jrces) 0.555 0.0910 0.0690 0.0640 **•"'** 
Quild length 0. C•OOO 0.740 0.1170 0. 1070 0. 2090 0.0550 ***'~~~•• ':k1t1t1t"1t* 

0.925 ...... 0.1050 0.0760 0.0610 0.0530 0.0'>40 0.2090 
l.llO ........ 0. •)ll50 0. 2090 0.0750 0. 2090 *****• ****1tA- 0.2090 

~,\S l'IK>PER'Pl ES 1. 480 ...... 0.•)6ll0 0. 2090 0. 2890 0.0690 . ...... 0. 21390 0.0770 
1.850 0.2690 O.J420 0.0540 0.0550 0.0520 ****•• 0.0550 0.2090 

Primary Secondary 2.750 •••*** 0.0240 0.0280 0.0290 ...... 0.0300 0.2090 0. 02110 
3.500 ••••*11 0.0100 0.0210 0.0120 ···-·'* 0.0210 0.2090 0. 0120 

Tempera tlu·e (K) 279.0 303.0 4.250 0.0070 0.0110 0. 0110 0.2090 0.0100 
Pressure (kPa) 101.3 101.3 5.000 ...... 0.0100 0.2090 0.0070 0.0070 *****• 0. OllO *****• 
Swi 1"1 mmibcr 0.0 0.5 5. 750 "***** 0.0120 0. 2090 0.0110 0. 0130 ...... 0. OlJO 0.2090 

(;AS COMPOSITION (mole f <·action - dry basis:) N2 (mole frac.) 

s""''cies Primat"':' Secondary 
AXIAL .RADIAL POSITION (Ill) 

Cll4 1.0000 0.0000 POSITION 
00 N2 0.0000 0.7900 (m) 0.250 0. 300 0. 400 0.500 0.600 0.650 0.700 0.800 ....... 02 0.0000 0.2100 

0.370 0. 7910 ****1r* 0.7910 0.0500 1t#t'1r1r1t• ...... 0.0500 -····· 0.555 0.8100 0.0100 ...... . ..... *••··· 
SOLH1 PROPEH'PI ES 0.740 ...... 0.6130 0. 7910 ***••• ...... ••***'* 

0.925 ****** 0.7090 0.0070 0.3160 '***'*** ...... 0.0150 0. 7910 
Mean Partide size (I\) O.OOOOE+OO 1.110 .,.. ..... 0.8100 0.7910 0. 8130 0. 7910 ...... ****11* 0.7':)10 
Bulk Particle <lens it"( (kg/tn3) O.OOOOE+OO 1. 480 •••*** 0.8390 0.7910 0.7910 0.8420 0. 7910 0.8350 

1. 850 0.7910 0.6210 0.8340 0. 6340 0.6400 ...... 0.13370 0.7910 
2.750 •••*** 0.8470 0.8340 0.8370 ****•• 0.8400 0.7910 0. 84 70 
3.500 ...... 0.8500 0.0420 0.8500 ***••• 0.8370 0.791.0 0.8500 
4. 250 "'***** 0.6500 0.8500 0.0500 •••••* 0. 7'Jl0 0.0580 
5.000 '****** 0.0580 0. 7'.ll0 0.8500 0.0660 ...... 11 0.6640 1t1t Ill**" 
5.750 ...... 0.6500 0. 7910 0. 6520 0.0460 ...... 0. 8460 0. "/')10 

C02 (n•)1e frac:.) 

AXIAL RADIAl, POSITION (Ill) 

POSITION 
(m) 0.250 0.300 0. 400 0.500 0.600 0.650 0. 700 O.ftOO 

0. 370 ****'** 0.1200 0.1170 ***••• *'***** 0. 1160 
0.555 0.0090 0.1810 0.1040 *** ... ** ...... •***•• . ..... 
0. 740 ·····~~ 0. 1160 
0.925 ****** 0.0610 0.0990 0.1060 0. 1060 ••**** 0. lOBO ........ 
1.110 ........ ****•* "'***** 0.1030 •*•*'ill* •••••* *••••• 
l. 460 *••*** 0.0960 0.10"30 .... "' .. 0. 1040 0. O'J"/0 
l. 650 ...... 0. 1110 0.1090 0.1090 0.1110 ****** 0. 1090 ...... 
2.750 ****** 0.1220 0.1230 0.1:240 *****• 0.1:260 o. 1/.uo 
3.500 ****** 0.1300 0.1260 0. 1330 ****•* 0. 1290 ····-· o. n~o 
4.250 ****** 0.1"360 0.1350 0.1350 '*'***** .11.111:1t111 '**'*•*111 0. 101"/U 



5.000 ****** 0.1270 ....... lit' 10.1280 0.1300 ...... 0.1320 
5. 750 ****** 0.1230 0.128•) 0.1190 0.1230 ****** 0.1230 :t ....... 

DI'.TA SET C. 2. 1 
MICHE!LF'ELDER liND LOWES (51) 

co (mole frac.) 

1\X£1\L RADIAL POSITION (Ill) 
POSITIOI\ 

(m) o.o::s 0. (50 0.075 0.100 0.125 0.150 0.200 0. 'JOO 

0.370 o.oo:.:o 0. 0(30 ****•"" *'***•* ...... 
0.555 o. ooe.o 0.0(50 0.0060 **•••:It ••**'*" 
0.740 0.01<0 0.0]5) 0.0150 0.0110 0.0050 ***11*" ****** 
0.925 0.01<:-0 0. OJ!7·) *"*11' * *,.. 0.0140 ****** *"'***llr O.CO'JO 
1.~10 0 .02(•0 0. J~1·J ~~~:-•···· 0.0230 **•*** ****** O.ClGO 0 '00')0 
1.480 **1t*11* 0. oJ:;.(;o) *--•* 'It 'Ill' 0.0300 ****'llf* 0.0'220 ·J. 0140 0.0040 
1.850 ···-=11* O.oJ«JO •). 0370 0.0330 a:tt1la111'* 0. 0'270 0. 02·JO 0.0100 
2.750 ..... ,.. *~~~" ll'11:"11'1r -~· * •• 0.0200 **11"**• ****** ·)' 0120 0.0050 
3.500 ***1r.,.. * lir ll11:'*1r -tx••** 0.0060 **:tl:*** ***•** 0.00§0 0.0040 

·12 (mole frac.) 

AXIAL RADJ Alo POS lTlON (Ill) 
POSITION 

(m) 0.025 0.050 ).075 0.100 0.125 0.150 0. 200 C. 'JOO 

0. 370 O.OOS<l 0 .. 0120 .... ***• ****** ****•* ***•*lit •***1r• 
00 0.~55 0.0260 0.0150 0.0050 ...... . ..... **11"•** "'***"1t ·--·11"•• 
00 0.740 0.0100 0.0170 0.015C 0.0100 0.0000 *•*•*Jt **1rllr7.:'Jii: ***•** 

0.925 0.0210 O.OBO t:·•••** 0. 0190 *****• ****** 0. 0•)40 
l.llO 0. 0270 0.0250 _.,.*** 0.0220 **"*** ****** O.OLOO 0.0000 
1.480 *•*•*=* 0.0310 .,.., ....... 0. 0330 . ..... 0.0190 O.Ol20 0.0040 
1.850 '*****::t 0.0330 0 0350 0.0320 ...... 0.0260 0.0100 0.0080 
2.750 ••***'* **••·• *:t**** 0.0150 'lt111**** ***'~"** 0.0090 0.00)0 
3. 500 *****'* ...... .,. *2**** 0.0050 ***111*111' *'**~'** 0.0040 0.0030 

':'EMP (K) 

AXIAL RADIAL POSIT ION (Ill) 
POSITION 

(m) 0.25) 0.3110 (1. 400 0.500 0.600 0.650 0.700 o.noo 

0. 370 1008. .. * .... ,.. 1058. 1023. ****** ****** 1033 . 
0.555 913 99 *11111111111:1t *111**** *****111 *111***• ... .,. .. **11:*** 

0. 7-10 898 94 1025. 1038. 
l.lLO ***111*-. ll7 ]071. ****** **'**** *'***** ****** **;It 'It** 

l. 295 ...... , llO 1098. 1088. 1090. *•**** lOf<J. lOII:l. 
1' 480 '****.,.= 127 1261. 1143' 1l31L ...... ll/.IJ' l i). J. 
l. 665 ***••= 135 1243. ll03. ll5tJ. lll'lt:1t**• 11411. 11413. 
1.850 1478 144 **'***'* 1243. 1203' '*'***** llliJ. 1.1 (>J' 

2.035 '**111'*11":" 145 1348' 135)' 1233' *'*lll*** 1 ).OIJ. *lll1:lll*' 

2.750 * * * *.,. :· 155 1443' l423' ****'** l'l53. ll';]' I JUfl. 
3.500 ***111'111"1 154 l4G3. 1463. *****• l.J'):1. l'lllfl' l';llf!. 
4.250 .... .,. .. 14':l * *"='* * * * **""111** .......... ****lr* J'JG J. I ;jll. 
5.000 *****• 142 1423' 1393' U73. ****lr* ll4fi 
5.750 Jtlll***,. 137 nn. l'J4f.l' lJ )']' **JIIIII .. 'It: :II~*"'*• 



DATA St:T C.2.2 DA'f'A SET C.2.2 
SAMUElSEN AND BHUM (45) SAMUElSEN AND BHUM (45) 

Ct:ONt::'IHY (Ill') MASS FI.I.>W H!ITI::S (kg/S) lJVEJ, (m/s) 

P1·i1nary tube lD 0.0010 Primary 93S 0.00122 
Secondary tube ID 0.0570 Primary s:>lids 0.00000 AXIAL RADIAL POSITION (Ill) 
<.:loam!Jer w O.Ol!OO Secondary- gas 0.09360 POSITION 
Chamber length 0.5000 Secondary· solids 0.00000 (m) 0.022 0.024 0.026 0.028 0.030 0.032 0.0'34 0.036 
Pri. wall thick 0.0090 
Quarl hal[ ar.gle 0.0000 0.005 20.50 16.70 15.00 17.40 12.70 14.60 15.60 

(deqn:<'.s) 0.010 ........ 19.10 1t***** 15.90 '****•• 15.00 16.90 
Quart lenqth 0.0000 0.020 1t1t1t11"1t:lt 24.90 'lr1t1t11'1t1t 21.70 1.9. 40 If!. 10 

0.040 Jl'jlr:fl'll:1t1t 17.23 26.!)0 28.60 25.00 
0.070 21.00 25.00 •***** 25.80 ...... 26.00 

GAS PI·:OPI'HTJ ~:S 0 .. 100 **•**'* 22.10 23.60 ......... 24.60 24.70 
0.140 24.30 25.70 26.40 24.60 

Primary Secondar.y 0.240 27.70 •••••* 27.70 •***'~~* 27.40 1t"11"Jt1t1t''fir 26.20 

Temr.t?.ra tu.n:! ( K) 2')2. 0 293.0 
Pressure (kPc.) 101.0 101.0 WVEL (m/S) 
Swirl munber 0.0 O.B 

AXIAL RADIAL POSITION (111) 
GI\S COMPOSITION (noole fraction - dty basis) POS!l'ION 

(Ill) 0.020 0.022 0.024 0.026 0.028 0.030 0.032 0.036 
Species Primat·y Secondary 

0.010 27.30 28.50 26.70 24.90 10.30 -0.58 -0.46 -0.31 
C3118 1.0000 0.0000 0.010 19.60 23.60 ****** 18.60 2.11 -O.li7 

co N ... ' ,, 0.0000 0.7900 0.020 6.81 13.90 •••*** 18.30 **"'•** 6.94 -0.34 
1..0 02 0.0000 0.2100 0.040 6.24 ....... 6.43 ****** 11.00 **'*'*** 11.80 5.02 

0.070 12.00 X'llt1t1t:.t"1t 12.10 ....... 11.90 •***** 8. 42 4.60 
0.100 12.30 1t11t11'1r1"1t 11.10 ****** 9.12 ****'~~~.,.. 7. '32 5.52 

SOL [[I I'ROPt::H'f'l E:S 0.140 11.00 9.29 ****** 7.88 ...... 7.17 6. 98 
0.240 9.18 :*1t1t1111"1t 8.31 ****'** 7.43 *****"' 7. 2fJ 7.71 

Mea11 P<~ t·ticl<e size (Ill) 0.0000£+00 
lluH: Pet t·ticl<:.: dens;.l:y (k9/lll]) O.OOOOE+OO 

URMS (lli/S) 

AXIAL RADIAL POS11'ION (Ill) 
POSI1'ION 

(Ill) 0.022 0.024 0.026 0.028 0.0'30 0. 0:32 0. 0'31 0.036 

0.005 2.65 2.90 4.05 4.47 4.29 2.tll 2.75 ......... 
0.010 ••**** .) . 4 7 *•**11"'* 4.44 4.74 ).2) 

0.020 •••**11" 4.65 ***'**'* 3.75 5.21 'l. 41 
0.040 6.49 5. 11 **•*** 5.10 4. 77 
0.070 5.15 1. 9f.l *:tilt'**** 1.67 4.6H 
0.100 4.04 ........ 4.29 1.5fl 4.51:! 
0.140 3.78 "***** '3.38 'J. :J7 l. 60 
0.240 11111"1111'*• 3.64 ••**** 2.tl6 2.6'3 :J. j 7 



D!\TI\ s~:':' C.:l.2 
S.'IMI.It::J.Sf: ~ AND BP.Ul-: ( 4~.: 

WR/-}:-i >111/S) 

··PoX I AI, RADIAl PO!"ITIOtl (m) 
I'O!;TJ'ION 

(Ill) 0.020 0.022 0.(24 0.026 G.028 0.030 0. •)32 C.036 

c. 010 3.15 2.77 2.19 2.85 "3.13 3.21 3 54 **'~~**: 

0.010 4.00 '****** 3.-&4 ****** 41.90 ****** 5 02 :;; . O·> 
0. 020 5.96 **•**~' 4 .~1 J. 84 5 95 ;;:.si 
0.040 s. 37 5 .<;4 4.80 ····-· 1 94 =.HI 
0. 0'/0 5.03 4 .(•9 ....... 3.75 *****'* 4. 72 4.7; 
0.100 3.5tJ 3.~2 '****** 4. 41 ****'l"* ~.26 J. 9~· 
0.140 3.79 ***'i"'* .. 3.::6 =****** 3=. 28 ****** 3.44 J.4f 
0.240 2.72 2.:07 2:.61 ****** 2.66 7. 4~ 

u-w (10/S) 

,Uit\1. ~1\DII\L POSiTION (Ill) 
!'()SITTON 

~Ill) 0.001.1 0.01/. C.OJ6 0.0;.!0 0 •)24 0.028 J. G32 0. )36 

0.010 'J. I u I?..'U 6.61 0 76 o.cJ -7.95 -O.lC• 
0. ()').0 111.00 . (;. J6 'i. Bl ). .. 11 & )] l. 01 -2.68 -1.97 

1.0 O.ll·1U 1..1.1 ).,')'> 3. ~:.) .. )..) J ~ 20 8.48 2.13 2 42 
0 0.0'!0 1.·1/. ).,).·, (, .,. 

.~J 1. l!J '6 '17 l. 54 3.36 45 
0. tOO . l. 34 . J .·ll .. '). I j -1.50 -(•. 46 1.11 0.35 -0 90 
0. lAO ·3. S4 .. (). [,). .. J . f: I -O.'H (•. 85 -0.06 0.71 1 38 
0.240 -l. O'l 6.12 ). . (.9 1.72 (•. 7g -0.24 0.31 0 31 



[IJ\1'A SET C. 2 . 3 DATA SET C.2.3 
<X>ULDIN ET AL. (40) GOULDIN ET AL. (40) 

Glo.'OMETRY (m) MASS f'LOW RATES (kg/s) UVEL (lll/S) 

Primary tube ID 0.0495 Primary g:as 0.06580 
Secondary tul.oe ID 0.1020 Prima1-y s::>lids 0.00000 AXIAL RADIAL POSI1'ION (Ill) 
Chand..er· Ill 0. 1050 Second a r·y <Ja,; 0.06800 POSITION 
Chaml>e1· length 0.6100 Secondary sol ids 0.00000 (Ill) 0.010 0.015 0.020 0.025 0.030 0.035 0.040 0.045 
Pri. wall thick 0.0016 
Quarl halt angle 0.0000 0.016 35.33 36.30 35.16 26.61 29.HJ 27.51 2"/.44 27.00 

(degrees) 0.033 36.32 36.47 34.76 32.12 30.25 28.67 27.88 27.54 
Quar1 1en9th 0.0000 0.050 32.10 34.51 34.97 30.14 29.00 29.11 28.35 27.05 

0.083 32.19 34.85 35.12 33.75 31.01 29.50 /.H. Of! 28.23 
0.139 28.99 33.44 34.03 33.11 30.71 28.23 28.57 213.73 

GAS PHOPERTIES 0.246 33.54 34.09 13.63 31.72 29.91 29.35 28.50 28.61 
0.443 34.60 34.37 33.25 31.74 30.47 29.43 29.10 29.12 

Primal")' Secondary 

Tenperatu.re IK) 293.0 293.0 URMS (111/S) 

Pressure (kPa) 101.0 101.0 
Swirl nwnber 0.5 0.6 

AXIAL RADIAL POSITION (m) 
POSITION 

GAS COMPOSITIOI< (mole fraction - dry basis) (m) 0.010 0.015 0.020 0.025 0.030 0.035 0.040 0.045 

Species Primary Seconda1-y 0.016 8.22 5.70 5.38 5.80 ~.20 2.81 2. 72 2.76 
0.033 5.61 4.72 6.16 4.59 4.08 3.60 3.35 3.82 

CH4 0.0738 0.0000 0.050 9.79 5.45 5.67 4.30 4.03 3.27 2.81 2. 9ll 
~ C2H6 0."0031 0.0000 0.083 5.60 5. 77 3.39 4.20 4.02 3.59 3.21 3 .'SO ...... C3118 0.0008 0.0000 0.139 5.29 5.82 4.55 4.90 3.24 3.02 2.98 2.80 

N2 0. 7200 0.7810 0.246 5.68 4.79 4.16 3.09 3.23 3.37 2.23 2.00 
02 0.1940 0.2100 0.443 3.37 3.20 2.47 3.45 3.53 3.65 3.28 2.31 
AR 0.0086 0. 0093 

WEL (m/s) 
SOLID PROPERTIES 

Mea'1 Pat·tic1e size (m) 0. OOOC•E+OO AXIAL RADIAL POSITION (Ill) 

Bulk Particle density ( kg/m3) 0. OOOC•E+OO POSITION 
(m) 0.010 0.015 0.020 0.025 0.030 0.034 0. 039 0.044 

0.016 33.69 34.58 30.50 22.25 32.88 3l. 75 25. 61. 19.60 
0.033 34.23 35.35 31.65 26.01 32.18 30.77 25.61 21.24 
0.050 31.24 35.31 30.98 27.94 31.56 29.55 24.41 19.04 
0.08~ 33.11 33.34 29.39 28.75 30.08 29.08 24.72 19.68 
0.139 28.72 28.94 26.53 28.00 27.04 25:88 25.03 23.51 
0.246 28.72 30.29 29.28 28.65 27.38 26."18 25.91 24.35 
0. 443 27.34 29.70 213.80 27.36 26.31 25.20 23.74 22. "/9 



L>A'I'A SC1' C: 2.3 
OOULDHJ ET AL. (~0) 

Vf~1S (m/s) 

AXII\L RADli'.L ?<X>ITION (m;. 
POSI'l'ION 

(m) 0.010 0.015 0. )20 o. o;;5 •). 030 0.034 0•.039 1). 044 

0.016 3.13 3.42 ).96 -~-3 4.16 4. 74 5 25 2.)7 
0. 0]] 3. 95 3. 51 ::.83 .E2 3.69 3.46 2 =a 2.26 
0.050 6.59 5 .'22 -=.09 .E5 3.27 2.48 2 66 4. :n 
0.083 6.23 4. 91 ?.07 -~8 5.24 2.81 ~ 34 4.35 
0.139 5.80 5.00 f .. 00 -~5 6.25 6.01 ; 17 3.37 
0.246 4.81 4.09 ,, . 78 .:01 3.40 3.55 2 69 3.:20 
0·. 413 5.03 3.23 ~~. 79 .::9 4.01 3.20 3 36 4.25 



01\'PA SE:T C 2.4 DATA SET C:.2.4 
GOUI.Dltl E'P AL. (40) GOULD IN ET AL. (40) 

Gt::<:>Mt::l'I-!Y (Ill) !':ASS FWW R.i'TE:S (K9/S) liV8L (111/S) 

Prinl<l:·y tube ~[I 0.0495 Primary 9as 0.06580 
Secondary tube ID 0.1020 Pr·imary s<: lids O.OOJOO AXIAL RADII\L POSITION (Ill) 
Chamber J[J 0.1050 Secondary 9as 0.06::100 POSI'!'lON 
Chamber length 0.6100 Secondary solids 0.00000 (Ill) 0.010 0.015 0.020 0.025 0.030 0.03') 0.040 0.045 
Pr.i. wall thick 0.0016 
Quarl half anqle 0.0000 0.014 25.00 651.00 32.50 36.00 28.95 27.90 27.28 28.11 

•:degrees) 0.032 7.56 26.58 34.12 JJ. tJ6 30.05 29.39 29.09 213.85 
Quarl length o_oooo 0.052 3.34 19.97 30.78 32.15 30.76 30.89 30.88 30.130 

0.075 10.23 19.97 27.02 30.20 31.65 31 .. 39 31.90 "31. 00 
0.100 15.74 22.05 26.53 31.98 31.92 31.93 32.)2 31.07 

GAS PROPERTIES 0.140 22.12 24.30 27.97 28.72 30.00 29.9(! '30. 24 30.30 
0.245 28.22 28.52 29.06 29. 2.) 29.23 29.35 29.39 29.08 

Primary Secondary 0. 443 31.30 30.91 30.47 30.58 30.30 30.08 29.98 2'J .11 

'Pempe~·at~·e (K) 293.0 293.0 
Pressure (kPa) 101.0 101.0 URMS (111/5) 
Swirl number 0.5 -0.6 

AXIAL RADIAL POSITION (m) 
GAS C:CX'1POSITION (mole fraction - dry bas~s) POSITION 

(Ill) 0.010 0.015 0.020 0.025 0.030 0.035 0.040 0.045 
Species Primary Secondary 

0. 014 11.99 9. 87 8.29 7.21 3.81 3.03 3. OJ 3.5] 
C.:H4 0. 0738 0.0000 0.032 l3. 67 10.40 6.21 5.88 5.89 3.62 3.15 3.55 

1.0 C2li6 0. 0()1 0.0000 0.052 3.34 19.97 30.78 32.15 30.76 30.89 30.88 30.80 
w C3E8 0. OC•OO 0.0000 0. •)75 10.23 19.97 27.02 30.28 31.65 31.39 :31.90 :Jl. 00 

N2 0.7~00 0. 7810 0.100 15.74 22.05 26.53 31.98 31.92 31.93 32.32 :31.07 
0?. 0.1~40 0.2100 0.140 22.12 24.30 27.97 28.72 30.00 29.98 30.24 30.30 
,\l't 0. 0(•86 0. 0093 0.245 28.22 28.52 29.06 29.23 29.23 29.35 29.39 29.013 

0. 443 31.30 30.91 30.47 30.58 30.30 30.08 29.98 29.]1 

SI.JLI [o PROJ>f:]('l'li>S 
WEL (lll/5) 

Mer''' Pc:1 rti.cl<: size (Ill) O.OOOOE+OO 
Bulk Pa r·t.icle dens::.t.y ( kg/m3) 0.0000£+00 

AXIAL RADiAL POSITION (Ill) 
POSITION 

(m) 0.010 0.015 0.020 0. 025 0.030 0.034 0.039 0.044 

0.014 -20.05 -29.21 -29.42 -17.12 20.29 31.38 29.57 28.78 
0.032 -11.95 -20. ?7 -25.26 -17.135 3.14 22.93 20.00 26. t:l 
0.052 -14.32 -20.35 -20.20 -u .on -4.63 7.59 23.'/2 25.34 
0.075 -13.03 -14.07 -12.00 -7.12 -2.26 13.55 22.11 22.SO 
0.100 -7.93 -0. 37 -7.89 -1.84 4.57 12.66 19.20 16 .1? 
0.1.40 -4.74 -5.12 -2.28 0.54 7.11 11.21 lU. 79 17.00 
0.245 0. 38 2.29 8.54 9.98 11.19 14.97 18.65 18. 6l 
0.44) 3. 13 5.44 7.99 10.01 13.03 15. ?.5 16.41 16.66 



DAWi S:'T C. 2. 4 
OOULDI>; ET AL. (40) 

VH..'!S (m/s) 

AX TAl, RADIAL P03ITION (Ill) 
POS I 'PI ON 

(Ill) 0. 01•) C.Ol5 o·. J2o 0.025 •). 030 0.034 0.039 0.044 

0.014 7. 2•) 4. 94 ::.00 10.27 6.45 5.05 LOl 3.70 
o.on 10.21) 7. Sl =·. 63 7. 49 :.2.90 9.97 5 4.S 5.37 
0. OS?.· 9.9~ 10.65 (: 30 &.::6 0.62 12.50 3. OJ 4.58 
0. 0'/5 10.41 10.25 lC 43 10.00 .co.'o6 12.06 7. 72 5.~9 
0.100 11.10 10.40 1C 68 11.29 11.81 11.27 6.89 5.~9 
0. 140 9.87' 8. 89 9.70 10.12 ] 0. 48 10.66 8.83 6.L4 
0. 245 5.76 5.92 6.85 7.50 6.81 6. 72 5.8) 5. 55 
0. 443 3.39 ) . 57 3. 73 3.97 4.19 4.54 ~.82 5.20 





DATA SET 0.1.1 
aEER (57) 

TEMP (K) 

AXIAL RADIAL POSITION (m) 
POSITION 

(m) 0.000 0.100 0.15) 0.200 0.300 0.550 
0.500 ••••• tr: .......... 1484-
l. 200 880. If ...... ****•·a· • ••••• **"*~·· 1481. 
2.000 1058. 1133. ........ ****** ****•* ... ..... 
2.?00 1333. ........ 1393 ****** 143 3. *****• 
3.JOO 1603. :lr***** 1588 ****** 162.3. ****** 
4.050 1694. ****** 1669. ....... . 1-587. ****** 
5.500 1713. ****** ..... ,. 1703. ..... 2. ****** 
7.000 1668. ****** ...... ...... ...... R. ****** 

' 



0!'.1'1\ SEr ..... D.l. 2 DATA SET 0.1.2 
HE: IN 1\Nll l.EUCKEL (60) HEIN 1\N[l LEUC:KE!, (60) 

Gt:OME'l'RY (Ill) MP.SS FWW RI\'11ES (kg/s) 02 (mole trac.) 

Primary tul>e l[.J 0.0577 Primary gas 0.05420 
Se-:;c)ndary tube l [> 0.1610 Pr·imary sulids 0.04139 AXIP.L RADIAL POSI'riON (Ill) 
Ci><ul~)er lD 2.0000 Secondary <;as 0.465::>0 POSI'riON 
Chanber· .length 6.2500 Secondary ;:olids 0.000::>0 (m) 0.050 0.100 0.150 0.200 0.250 0.]00 0. 400 0.600 
Pt·i.. 1.1all ti>i.ct 0. •)132 
Quarl h<tlf ang~e 0. ·)000 0. 400 1r***** 0.1080 0.0650 0.0550 1r1r***'* 0.0530 0.0520 

(degrees) 0.600 0.1320 0.0810 0.0620 0.0'>10 0.0500 
Quod .length 0.3100 0.800 0.1540 0. 1340 0.0970 0.0670 0.0500 0.0520 0.0510 

1.10.0 1r1t1r1t1r1r 0. 1]10 0.0980 0.0790 0.0550 0.0470 0. 0450 
l. 600 0.1360 0.1280 0.1180 0.1060 0.0020 0.0650 0. 0520 

Gt\S PKOPER1'lES l. 950 'llr111*•*'* 0.1320 0.0810 *****• 0.0910 0.0700 0.0580 
2.750 0.0990 0.0910 •••••w 0.0880 0.0740 0.0580 

P<·lmary Secondarz 3.500 0.0890 1r1t1r1r'Jit'11f *1r***• 0.0840 0.0860 0.0640 
4.250 0.0750 ....... **••** 0.0890 0.0720 

Tcmpernt.ut·e ( Kl 353.0 573.0 
Pressure (kPa) 101.3 101.3 
Swirl lllUnber 0.0 0.0 N2 (mole frac.) 

Lii\S COM!OS IT ION (mole Jraction - dry basis) 1\XIAL RADIAL POSITION (Ill) 
POSI'l'ION 

Species ?rimary Secondary (Ill) 0.050 0.100 0.150 0.200 0.250 0.300 0.400 0.600 

N/: 0.7900 0.7900 0. 400 1f1r1r1t1t* 0.7940 0. 7960 0.7960 0. 7920 0.79!10 •••*11'* 
1..0 <)/.: 0.2100 0.2100 0.600 0.7940 0.8000 0.7960 0. 7980 0. 7980 ...... 
'-.1 0.800 0.7850 0.7890 0. 7890 0.7940 1t1t**** 0.7940 0. 7960 0.7940 

1.150 0.7920 0. 7910 0. 7920 •***'** 0.7960 0.7940 0.79!10 
C<.>l\1, C0'1POSl'l'lON l. 600 •***** 0.7920 0.7940 0.7920 0.7960 0.7980 0. 79ll0 

l. 950 .,.. ...... 0.7940 0.8000 •••*** 0.7940 0. 7960 0.'/920 
lilt imi&te 1\llill ys i,~ Proximate l\naly$iS 2.750 0.7940 0. 7920 0. 7890 0.7960 0. 7960 
(lllClSS lrac., dry) (ma$s frac., as reed.) 3.500 ••***1t 0. 7920 0.7940 0.7920 0.7940 

4.250 **•11** 0. 7940 1r1r11"1t':fll1r ....... 0. 7940 0.7940 **•••• 
c 0.0400 Moist...ure 0.0500 
ll 0.037H Volatile matter 0.0999 
0 0.0'325 Fixed Carbon 0. 76tl0 C02 (mole frac.) 
N 0.0063 1\sh O.OH20 
s o.oo·to 

Ash 0.0820 AXI,\L RADIAL POSITlON (Ill) 
POSI'l'ION 

tleat.Lng Value (Jjkg, daf) 3.5930E+07 (m) 0.050 0.100 0.150 . 0. 200 0.250 0.300 0. 400 0.600 
M(~c:tn Partide Size (!Ill) 5.00008-05 
Bull; Particle lDensity ( kg/m3) 1.3000E+OJ 0.400 ••**•• o.ono 0. 1280 0.1380 •*•*** 0.1390 0. 1410 

0.600 •***•• 0. 0710 0.1130 0.1330 *••*** 0. 1420 0. 1400 
0.800 0.0490 0.0670 0.1010 0.1250 **•••• 0. 1460 0.1420 0.1400 
1.150 ••*•** 0.0700 0. 1000 0 .lLJO **"'•** 0. l'J60 0.1400 0. 1440 
1.600 ..... "' 0.0810 0. Ol!JO 0.0930 •*•••• 0.1140 0.1290 0. 1400 
l. ')~0 ••*••• 0.0710 0. llOO 0. 1050 0.1240 0.1.!40 
2.750 "'***•• 0.0970 0.1040 **••*• 0. 1040 *••*•* 0.1200 0.1'!10 
3.5-:JO **••*• 0.1040 ...... ······ 0. 1080 0. LO')O O.LWO 
4.250 *•**** 0. 1170 0. 1070 *•*••* 0. 1200 



l>A1'A Sl::1' .0.1.2 
HEIN AND· .LEU·:KEL (60) 

TEM~ (.'<) 

t\XlAL I{ADIAL POSn'ION {Ill) 

POSI'l'ION 
•:Ill) 0.050 0.100 0.150 0.200 0.250 0.300 0.4'0J 0. 50(• 

0 400 970. 119.3. 1232. 1230. ldlL ··--tr•• 
0. 600 935. 1123. 1218. *"' 2. * .. 1235. 1238. ••*•*• 
0.000 778. 873. 1083. 1163. 1228. 1238. 1238. 
1.150 943. 1038. l.lOJ. 1198. 1223. 12!8. 
l. GOO 1013. 1038 .. 1103. ...... 111'. 1188. 1203. 1228. 
1. ')50 1028. 1061. 11;!8. . ..... 1218. 12-13. 
2.750 1138. 115:.. a:••••• 1198. . ..... 1233. 1288. 
).500 12013. *. * * ..... 1228. ****** 1263. 1JIJ5. 
4.250 1283. ....... 1293. ****** 130-5. .... ::.11': 



[•ATA SET 0.1. 3 DATA SET 0.1. 3 
WURGOC)O (9) 'll-IURG<X>O (9) 

<ii·:OI"iETilY (Ill) MASS f'IJ)W RAfES (kg/s) C02 (mole frac.) 

Primary tube ID 0.0160 Primary gas 0.00560 
Secor:dary tube 10 0.0540 Primary solids 0.00380 AXIAL RADIAL POSl'riON (Ill) 
Chamber ID 0.2030 Secondary =JaS 0.03610 POSITION 
Chaml.oer length 1.5200 Secondary solids 0.00000 (m) 0.000 0. 019 0.045 0.054 0.076 0.01)9 
f'l"i. wall thick 0.0005 0.178 0.0027 0.0070 0.0830 ****•• 0.0599 ****** 
Quad half anole 0.0000 0. 330 0.0687 0.0141 0.0249 0.0298 ·o. 0362 

c de<J t·ees > 0. 483 0.0104 0.0098 0.0195 ****** 0.0319 
Quar) length 0.0000 0.787 0.0339 0.0395 0.0391 ...... 0.0343 

1.092 0.0678 0.0733 0.0569 ........ 0.0616 ****•* 
1. 397 0.1284 0.1282 0.1094 0.1205 0. 1250 

GAS PROPERTIES 

f'rima1y Seconda1y (.'() (mole frac.) 

Te111pe1·a ture (K) 356.0 589.0 
Pr-essure (kPa) 101.0 101.0 AXIAL RADIAL POSITION (m) 
Swirl munber 0.0 0.0 POSITION 

(Ill) 0.000 0. Ol':i 0.045 0.054 0.076 0.089 
0.178 ••**** **•*'~~~* 0.0095 

GAS COMPOSITION (mole ft·action - dry basis) 0.330 ****** ****** 0.0022 0.0028 ****** 0.0038 
0.483 ...... **1t*** ••*11** •***'*'* 0.0020 ****•• 

Species Primary Secondary 0.787 0.0069 0.0065 0.0019 ****'*'* 1r111f1r11* 

1.092 0.0120 0.0101 0.0032 ...... 0.0010 
N2 0. 7390 0. 7830 1. 397 0.0025 0.0021 0.0004 0.0009 ...... ****'** 

<.0 02 0.2020 0.2080 
<.0 AR 0. 0593 0.0093 

H2 (mole froc.) 

COAL C:OMPOSITIOtl 
AXIAL RADIAL POSITION (m) 

Ultimate Anal::-sis Prox:iJnate Analysis POSITION 
(mass ft·ac., dly) (mass· frac., as reed.) (trt) 0.000 0.019 0.045 0.054 0.076 0.009 

0.178 ...... ···1t** 0.0066 ••**** 
c 0. 7020 Moisture 0.0240 0. 787 0.0015 0. 0014 0. 0014 ****"* 
H 0.0566 Volatile matter 0.4540 1.092 0.0033 0.0027 0.0009 ****** 0.0004 
9 0.1340 Fixed Carbon 0.4370 1.397 0.0007 0.0007 0.0003 0.0004 ****** 0.0001 
N 0.0140 Ash 0.0860 
s 0.0050 

Ash 0.0006 

Heating Value (J/kg. daf) 2.9400E+04 
Meon Particle Size :m) 4.8000E-05 
Bulk Pal·ticle Densi::y (kg/m3) 3.4000E+03 



DATI\ SI::T [>.1. J DIIW. SET D.l. 3 
'lliURGCOD (9) ''THUrGOOD (9) 

02 <:mole trac.) c (mass frac.) 

AXIAL RADIIU. POSITION (m) AXIAL RADIAL POSITION (Ill) 
POSITION POSITION 

(Ill) 0.000 0.019 0.045 0.054 0. 076 0.089 (m) 0.000 ·J. 019 0.045 0.054 0.076 0. ow: 
0.178 0.2039 0.2001 0. 09·:2 =-····· 0.1044 ...... 0.178 0.7271 ), 7008 ....... ...... 0.4117 **•*•• 
0. 330 0.1990 0.1971 0.1817 0.177] •••••• 0.1667 0. 330 0. 7250 ). 7238 0.63?1 0.6306 • ••••• 0. 49741 
0. 483 0.1918 0.1929 0 .18~3 ....... 0.1623 ****** 0.483 0.6E83 ·).(;')58 0.5565 0.4398 ••*••~ 

0.787 0.1505 0.1416 0.14':8 ·····-= 0.1559 ****** 0.787 0.7027 .......... 0.6730 ****** 0. 5457 ••••• 11: 

1. 092 0.0845 0.0859 0.1022 •••••r. 0.1081 1.092 0.6769 •). (.571 0.6657 0.5756 *****'It: 
l. '397 0. 068'j 0.0600 0.0764 ).0710 0.071) 1. 397 G.6012 •). (.•J37 ll. 4874 0. 5293 ...... 0. 4916 

N2 (1001e frac.) H (mass frac.) 

AXIAL ~ADIAL. POSiriON (Ill) AXIAL RADIAL POSITION .(Ill) 
I'OS!TJON POSITION 

(m) 0.000 0.019 0.015 0.054 0.076 0.089 (Ill) O.OOoJ 0.019 0.045 0.054 0.076 0.009 
0. 1711 0. 7520 0.7760 O.BOJ) ., ..... *' 0. 7776 0.178 0.0554 C•. C533 --····· •w••-• 0.0047 *****111: 
o. no 0.7670 0. T/40 0. 778) o. rr;o ·····~ 0.7799 0.330 0.0467 C•. C414 •). 02lJ 0. 0214 *****'* 0.0201 
0. 4fll 0. 77'16 0. 7E09 0. '/1)4 J 0.7391 0.483 0.0505 ( .. 0500 •). 0310 **llr*** 0.0277 ...... 
0.7117 0. 7919 0. 795/. 0. 7967 =-····· 0. 7955 0. 787 0.0510 (. 0495 0.0427 0.0295 lt11i:flr1t1t11r 

L. 0'J/. 0. Hl t;:; U. Ill .I I 0. II).() l 0. 8125 • * 1r * •.• 1.092 0.0'382 C. OJ07 1). 0268 •***1r* 0.0173 **•*'** 
I . J')'/ 0. '/ii'J'/ 0. '/(14 5 0. 'f~l'i I 0.7909 0. 7872 1.397 0.0175 ( .0139 0.0114 0.0115 ****** 0. 0114 

...... 
0 
0 AH (!:~.Ill, t.:ac.) C) (mass frac.) 

t\X lAL FADJ.~L POSITICN (Ill) AXIAL HADIIIL POSITION (Ill) 

POSITION POSI1'ION 
(m) 0.000 O.O.l'J 0.045 0. 054 0.076 0.089 ( nl) 0.000 0. J1'J 0.045 0.054 0.076 0. Of39 

0.178 0.0405 0.0161 0.0140 11*·--· 0.0115 ***••:~~~ 0. 178 0.1240 0.1:85 ,. **. * :t ****•• 0.1204 ****•* 
0. '330 0.0?.53 0. 0118 0.012"' c. 0131 0. 0134 0. 330 0.1022 0.0381 C•. 07H4 0.0600 •***** 0.0725 
0.-lf)l O.<J'202 0.0154 O.OlY 0.014'). 0. 403 0.1612 O.HJJ c .130~ **'~~'**• 0. 1026 **K1r1r1t 

0. '/trt 0.015) 0.015(1 0. 015j .... ._.. 0.0144 ...... 0.787 0.1269 *11r *--)If* c .1144 ****** 0.0869 ****lHI: 
1.092 0.0169 0.0169 0.016E· "'**1r:t11t 0.0164 ••**•* 1.092 0.100:! O .. B95 (.0692 *****• 0.0569 **•**11! 
I. ]'J? 0.0162 0.0165 0.016~· C.0162 0.0164 I. 397 O.OSJE O .. OH7 C.07J7 0.0404 0. 0532 



D'l'l'A SC::I' D.l. 3 
'l'·IURG<X>D (9) 

s (mass frac.) 

/\XJAL RADIAL POSI'!'IOr~ (m) 
POSIT' :ON 

(1111 0 000 U. OJ.9 0. 045 0. ·)54 0.076 0.089 
0 . .1"1:'1 O.OOGl 0. OO'jJ 0.0037 
0.]30 0.0069 0.0065 O.C060 0.0057 0.0033 
0. 4:)] 0.0053 0.00~5 0.(038 ···"·* 0.0035 
0. ·,) 7 0.0052 0.00~1 0. (049 0.0044 *'***** 
1.on O.OC49 0.0017 0. (046 •••'**'* 0.0046 **'*••* 
1. J·n O.OC54 0. 0044 0. (029 . 0. 0032 •••*** 0.0036 

N (mass frac.) 

1\U!\L RADIAL POSI'J'l():IJ (Ill) 
P(JSl'l--:1 :)N 

(PI) 0.000 0. 019 0.045 0.054 0.076 0.009 
0.: /II 0.0146 0.01'.1 0.0093 ....... 
0. JJO 0.014') 0.01'-5 0. 0136 0. 0135 ....... 0.0114 
0 1>1) 0. OJ J•J 0. 01,,0 0.012!) 0.0097 
0 7ft7 0.0142 0. Q[r, l 0.0139 0.0117 
l l1)2 0.01'37 0. 0115 0. 0128 0.0106 

I-' 1 ~)7 O.O~lJ O.OLO 0.0108 0. C•10~ ...... 0. 0111 
0 
I-' 

!ISH (lll<"'S (rae.) 

A:<IAL RAl>IAL POSI'l'IC·N (Ill) 
P(>Sl'I ION 

:n>) 0.000 0.019 0. 045 0.054 0.07E 0.089 
0. Ji'8 0.0695 0.1H5 0. 450; 
0.:: JO 0.1·)47 0. ll57 0. 24 ]6 ·0.26813 0.3953 
0. '.OJ 0.0950 0. 1051 0.2651 0.416~ 

o.~•n 0.1121 0.1111 0.15ll. 0.3211:: 
l.O'.l?. 0.1540 0.20J5 0 . .2209 0. 3350 *'**"'** 
t. ::n 0. 3101) 0. 3253 0. 4138 0.3971 ••• .,. * ... 0. 4291 



t:>Nl'/1 SET [1. l. 1 :J!\TI\. SET D. 1 . 4 
MICHEL 1\Nl"• I'IIYNE (61) tuc;;EL AND PAYNE (61) 

C.;E<">MI·;'l'HY (Ill) M,\SS F'W<i W\'[t::S (kg/S) (.Y) (11~)1e frac.) 

l' r.inkll.y t.ul>~~ f[l 0.0·}03 P rinw.ry ~~'s 0.07000 
SecondaLy t.u.be lLJ 0.:2EOO Primary s;:,.lids 0.05887 AXIAL RADIAL POSI'l'ION (Ill) 

Chamber H• 1.9COO secorxh ry CJ<I s · 0. 57::00 POSITION 
Chru•~>er lenCJ th 6.2500 secondO>Ly solids 0.00000 (m) 0. EOO 0.8SJ 0.875 0.900 0.950 l. 000• t..:oo I .:200 
Pr:i. wall. thick 0.0181 
Qua.rl hal.l angle 0.0~00 0.500 **••'*• 0. C•OI!l3 •••••* 0.0019 ***••• 0.0014 0. 0009 ***'**11 

(d~,grees) 0.750 **•"'** -z1r:tll1r::ll' "*•*•llr 0.0015 0 .. 0050 0.0500 ***•** 11::Jt ** * .. 
.Quad .length o.o:oo 1.000 0.0(05 Cl. i!O;.:•) 0.0330 0.0450 0.0900 0.1000 -·*·•• 

1.100 0.0(05 ,;tll1t::ll' --···11· O.QJ60 ****'** 0. 0960 ...... \l.llt"ll" *. 
1.:200 0.0(22 ll .•CO'ioJ --*· .. ··· 0.0540 •***•• 0.0900 '**•••• 

GI\S PROPER'!'! ES 1.500 O.OC24 ';'11t#11r-:-:• 1r***•• 0.0600 ****"* 0.0700 
1. 900 0. OC15 !l)_()t>o) --····· 0. 0420 0.0480 0.0480 0.0390 0.0015 

Pri.mart Secoudaty ).500 O.OC14 ::11r lill1rr• -:t•**JIII* ...... . ..... 0.0020 11"*•••• ***•*• 

'Tem~ra t.tu·e ( K) 353.0 773.0 
I' r·e,;sun~. ( kPa) 101.0 10:1..0 C.02 (mole frac.) 
Swirl rHLnber 0.0 a>.O 

AXIAL RADIAL POSITION (Ill) 

GI\S COMPOSITION p1ole f;::~ctlon - dry b3si.s) POSITION 
(m) 0. 850 0.8~5 0. 900 0.950 1.000 1.100 1..150 1.200 

Species Pt'imary SecondEir{ 
0.100 0.1400 O.l.lCO 0.0750 •**"*** 1r****llr *****• ****•• ·····~ 

1-' N2 0.7900 0.7900 0. 300 0.1)20 •• W'JI' 1111 0. 0130 0. 00:25 0.0025 **"'*** ***••• ......... 
0 02 0. 2100 0.2100 0.500 0. 0:3::20 ----*•• 0.0300 *11r***• 0.0150 0.0025 *'**•** *****"' N 0.750 o.c-1oo .......... 0.0260 0.06:25 0.0750 0.0660 0.0665 *"'* ... •• 

1.000 0. C820 O.OOEO 0.0940 0.1050 0:0950 ·--··· 
C.D~L CDMPOSITICN 1.100 11tJl'11tllr:frJI' .,. ··~'11111 0.1025 ****** 0.0950 ...... **,, ... *)It *****• 

1.200 0.0935 fl *•=*•* 0.1075 ****** 0. 1040 ...... . ..... ••••** 
:Jlt.i.mate Analysis ProxjJuate rlr:al"!"s~s 1.500 .. .,..._ .. •••=*•* 0.1140 •••••* 0.1115 . ..... •••*•* ••••• It 

(IIWSS fritc. I dry) (mass frac. ,. a; :·ecd.) 1. 900 0.1250· ••*=* •* 0.1.200 0.1200 0.1200 0. 1200 ••• 'Jir'II:Jl' 0.1170 
3.500 *****• ••*=*"'* "*'**** ****** 0.1460 **"'*** *"~~~•*** *** .. ** 

c 0.7470 Mo,isture 0.0200 
H 0.0470 Yvlatile matter 0.3200 

-o 0.1110 F'i.xed carbo.: 0. 5840 02 (n~le frac.) 
N 0 011:2 Ash 0.0760 
s 0.0005 

Ash 0.0"/60 AXIAL llADIAL POSITION (Ill) 
POSrTION 

fle11t..i.ng Value (.1/kCJ, daf) 3.:CCOOE+07 (m) 0.9)(1 0. 9B:• 1.000 1. 020 1.0)0 1.100 1.150 1.200 
Mea11 P~rtiqle Size (In) 7.5000E-05 
l3u.l k Par·t.ic1e [lensi"Y •: kg/m3) l.3000E+03 0.000 ........ 0. 210J ·0. 2100 0.2100 0.:2100 ***•** ........ ****** 

0.100 0.2100 ***'~~'** ·0. 2100 :fll:****• ***••• •••••* 111rr'JIIJI'1r* *:t***111 

0.300 0.:2000 .. * *"" * .. 0.2000 ***111** 111*'**** 

0.500 **11-~:w- ***""*-- 0.1900 ... 11t.11"Jr1it ••**** 0.1850 ***••• ••**** 
0.750 O.l31l0 •••-.::•-- 0.1150 •*•*** •***** 0. 14 50 0.11"30 *•*•** 
1.000 O.OlSC 1r**-.:1tllt 0.0100 111fl:fl11tfl1il fl:flfl:fl11t11t fl11t111:1t"lll"1r 

1.100 ***ill=*= ***:-r:flllt 0.0300 11"111:11t"ll!"ll!:fl ***••• ****.*111 

1.200 ***"=* ••*:.-*It 0. 0220 •••*•* ••111*** 11111111":11t ... 11t "Ill" .... tUt 111#""111"11"*11: 

1.500 **11tillr"lrr **•=·- 0.0:290 ***•** 111111"11'*** ••••** ...... *111111 

1. 'JOO 0.0~00 **"'=*" O.O"JSO ***11-*11" ........ 11" .. 0.05')0 "***~~"* 0.01!')0 
3.500 ***ill r fr fl111:1lt::"lll"lt 0.0310 11"11"****" **•*•* **111*"111"111 



[•A'l'A S8T [>. 1.1 
~lCIII::l. ANl> PAYNe (61) 

II; (nK>1e trac.) 

AXIAL RA[>IAL POSIT!(>~ (Ill) 
P<"lSIT!ON 

(mo 0.700 0.750 0 .. 800 0.850 0.900 0.950 1.000 1.100 

0. 7 5D 0.0056 O.C035 0.0031 0.0059 
1. (oo)o) 0. 007.0 O.C016 0.0082 
1. 200 0. oou 0. C021 O.OoJJO 0.0090 
l. 500 0.0018 O.G022 0.00.39 0.0224 '11:11**11"'11 

l. 900 ...... 0.0041 0.0075 0.0080 0.0082 0.0080 

'l'El'!P (K) 

AXIaL RADlAL POSITIOr< (m) 
POsrr:oN 

(Ill: 0.850 0.875 0.900 0.925 0.950 1.000 1.100 1.200 

0. 100 142.3. 1080. B83. 8·18. 85.3. 623. ••••• 111: 

0. "300 1300. 101.3. 1073. 823. ••••*• **••*• 
0.500 1198. 1033. ****•• 1073. 1033. ****** 
0. 750 1203. 1173. 1600. 1313. 1623. *""**** ....... .1.000 1573. 1633 . 1643. 1613. 1508. 

C> 1.500 1763. 1673. w 
l. 'JOO 1653. 1713. 1733. 1743. 1673. 1453. 
'). 500 ***·~· ,.. • 111111 * * 1593. ••*••• 

~) (ppml 

(IX!lolo RADIAL POSITIOI'l (Ill) 
l'<.lS!1'JON 

(m; 0.875 0. 90J 0.325 0.950 1.000 1.100 1.150 1.200 

O.H•O 0.0 O.J 0.0 0.0 0.0 .... 111 •• 

0.3(10 ***•** 23.) ....... 15.0 •***** ... **** 
0.500 55.) 50.0 110.0 *•*••• 
o. -,~.o 70.•) 235.0 140.0 215.0 110.0 
l. 0(•0 320.0 rt5.·J 490.0 350.0 ·····* l.H•O ****** 150.•) 420.0 '11•••*'* 
1. 2(•0 390.•) 440.0 ··••** 
1. 5C•O ...... 370.•) 460.0 
l. 9(•0 310.•) 360.0 390.0 310.0 240.0 
1. 9l'0 ****** 420.•) 440.0 420.0 310.0 240.0 
1. 5(•0 *•**** 300.0 *. * *•. 11111t11** 



DATA SE'I D.l. 5 DATA SET D.l. 5 
REES (62: REES (62) 

GEOMETRY fill) M.\5~, FWI' RATES (kg/s) 02 (mole frac.) 

Primary tul.>e lD 0.0:.60 P:·imary gas 0 .·:J0595 
Secondary tube H> 0. 0540 P:imat·y solids 0 .•:Jl013 AXIAL. RADIAL POSITION (Ill) 
Chambet· ID 0.2030 Se::ondary gas 0.02000 POSITION 
.Chan~>er length 1. 5200 Se::ondary solids o.oowoo (m) 0.000 0.020 0.050 0.070 0.09': 
Pri. waJl thid: o. acno 
Quarl he lf angle 0.0000 0.330 ).~010 0.1980 0.1390 0.2080 0.030( 

(degrees) 0. 480 ) . 1920 0.1790 0.1290 0.1120 0.075( 
Quarl length 0.()<.00 0.640 ). 1600 0.1740 0.1130 0.0860 0.062( 

0. 790 ). 1170 **'**** 0. 0690 0.0950 0.074( 
0.940 ) . (240 0.1230 0.0310 0. 0400 0.028( 

GltS PROPEI''TI ES 1.090 ).040 0.0560 0.0250 0.0290 0.036( 
1. 250 ) . (233 0.0800 0.0190 0.0830 0.021( 

Primary Set.."'n.:laty 1.400 J.C09:J 0.0060 0.1430 0.0290 0 .172( 

Temperat:;w·e iK) 3::6.0 589 .. 0 
Pt·es.sure (kPa) ::6.0 86.0 C02 (mole frac.) 
Swirl 11unlber 0.0 0.0 

AXIAL RADIAL POSI'riON (Ill) 
GAS COMPOSITION (mole fcaction - dry .1>3.sis) POSITION 

(Ill) 0.()00 0.020 0.050 0.070 0.095 
Species Primary Secondar{ 

0. 330 ). C<l90 0.0170 0.0450 0.0050 0. 104C 
...... N2 0.7610 (•. 7900 0.480 •). 0090 0.0210 0.0460 0.0650 0. 1130 
0 02 0.2030 (· 210:J 0.640 •). 0340 0.0230 0.0800 0.1030 0. 1200 
+=- AR 0.0370 C.OOO:J 0. 790 •). C760 0.0712 0.1090 0.0030 0. 1230 

0.940 •). C960 0.0510 0.1350 0.1750 0. 1980 
1. 090 •).1570 0.1250 0.1910 0.1810 0. 1550 

O~AL COMPQiiTION 1.250 •l.D30 0.0680 0.1590 0.1020 0. 1660 
1.400 •).1490 0.1550 0.1230 0.1170 0.1340 

Ultimate Analysis P::-oximcote An~lvsis 
(mass fntc., dty) (.11ass frac. , as t•ecd.) 

co (mole frac.) 
c 0. 7230 M·:>.istu.re 0.0280 
H 0. 0560 v;:>latille mac:er 0.4480 
0 0.1150 Fixed Carbon 0. 4310 AXIAL RADIAL POSITION (Ill) 
N 0. 0140 A5h 0. 0930 POSITION 
s 0. 0040 (m) 0.::>00 0.020 0.050 0.070 0. 095-

Ash 0· .. 0080 
0.330 0.0::>0•) 0.0000 0. O•J40 0.0000 0.0020 

Heating value (J/kg, daf) 2. 9J·JOE+J4 0.480 II. ()::)0•) 0.0000 0.0000 0.0000 0.000(} 
Mean Par:icle Size (lOt 4. 90•)08-05 0.640 (I_ ())00 0.0000 0.0000 0.0000 0.000(} 
Bulk Par:.i<'le [>e.nsit.y .(kg:"m3) .l. 34•)0E+·J3 0. 790 l:l. 0100 0.0010 0.0023 0.0000 0.000(} 

0.940 0. (}790 0.0090 0.0300 0.0040 0. 0060• 
1.090 C.l. 0•250 0.0140 0.0050 0.0030 0.0000 
1.250 0.0!1.40 0.0140 0.0100 0.0030 0.0050 
1.400 O.Ol50 0.0150 0.0290 0.0080 0.0000 



,_. 
C> 
Ul 

1\XlAL 
POSI'l'ION 

(In) 

0. ::30 
0.400 
O.E-40 
0./90 
o. ''40 
l.C90 
1.250 
1.400 

[>1\'l'/\ 
l{t:I;S 

0.(100 

0. 0(•01 
0. 0(•00 
0. 0(·04 
0.0(40 
0.0160 
0. 0120 
0.0060 
0.0070 

s~:rl' [>.1.5 
(6J.) 

II/. (n•:•le f r:a·~.) 

RADIAL POSI'I'DN (Ill) 

0.020 0.050 0.070 0. 095 

0.0001 0.0005 0.000:> 0.0074 
0.0000 0.0000 O.OOOJ 0.0002 
0.0002 0.0005 0.0002 0.0002 
0.0007 0.0008 0.0005 0.0002 
O.OJ.JO 0.0000 0.0007 0.0001) 
0.0080 0. 0020 0.002) 0.0005 
0.0030 O.J030 O.OOB 0.0010 
0.0070 0.0050 0. 004•) 0.0040 



DATI\ SET D.2.1 
HEIN I'.ND LEU•:KEL (50) 

G80M8TRY ( 11) MASS FLOW· RAT~S (kg/s) 

Prillk"lry tube ID 
Secondary t.ui.Je TD 
Cl aall~>er 1 D 
Cha11d>er 1 enq th 
P ri . wa 11 tiaick 
Qawrl hal ( angle 

c.. 0577 
C.2"00 
2.0000 
6. 2500 
0.0_32 
0. 0000 

Primary gas 
Primary solids 
Se:;on::lar·y g3.s 
Se:;ondary s:>lids 

( ::legrees) 
Quad le:1gth 

GAS PnOP8R'riES 

0.5_00 

Pr:..uar:' ' >econdary 

remper· a t.rre ( K) 
Pressure (kPa) 
Swirl mwaber 

353.0 
lOil.O 

).0 

573.0 
101.0 

1.0 

GAS COMPOSlTIOI\ (mole fnct:.on - .:try b-~sis) 

Species 

N2 
02 

C:O!\L COMPOSITICN 

Primary 

0.7900 
•). ?.100 

Secvndar! 

0 7900 
0 2100 

Ultimate Analysis 
(mass fr·.)c., dry) 

P::-oxirua-::e .~r:.,l}·s.is 
(Detss f_·ac., as .:-ecd.) 

c O.!HOO 
II 0.0"378 
0 0.0325 
N 0.0063 
s 0.0078 

Moisture 
Volatile mat-::er 
F:.xed C•rbon 
Ash 

ASh 0.081 

lle,ttlng '/alu ./ (J/k<.J, d-~[) 
Mean Par:.icl Si.~e (m: 

3. 59008+•)7 
5. OC•)OH-•)5 
J . 30001;+ •) 3 Hulk l'ar· kl l">cn,;aty ;kg;anJ) 

0.0500 
0.0999 
0.7680 
0.0820 

0.05420 
0.04139 
0.04650 
0.00000 

I 
I 

I 

AXIAL 
POSITION 

(m) 

0.400 
0.600 
0.800 
1.150 
l. 600 
1. 950 
2.750 
3.500 
4.250 

AXIAL 
POSITION 

(m) 

0.400 
0.600 
0.800 
1.150 
1. 600 
1.950 
2.750 
3.500 
4.250 

AXIAL 
POSITION 

(Ill) 

0.400 
0.600 
0.800 
1.150 
1.600 
1. 950 
2.750 
3.500 
4.250 

0.050 

0.1540 
0.1400 
0.1370 

0.1120 
*****"'" 
•••••* ...... ...... 

0.050 

0.7900 
0. 7900 
0. 7920 

0. 7950 
****** ...... 
·····~ ...... 

0.050 

0.0500 
0.0590 
0.0640 

0.0870 

DATA SET D.2.1 
HEIN AND LEUCKEL (60) 

0 .. 100 

(•.1490 
(• .1400 
(• .1330 
(•.1130 
(•.1130 
(• .1040 
"~***** 

'***** 
•*-=··· 

0.100 

( . 7'920 
(. 7'900 
(. 7900 
( . 7'900 
(. 7'990 
(. 7950 

0.100 

(. 0540 
c. 0620 
c. 0680 
(. 01340 
(.0860 
c. 0930 

02 

0.150 

•) .1390 
0.1210 
•) .1230 

··••*** 
··••*** 
.... ***** 

N2 

0.150 

0. 7950 
0. 7900 
0 . .7920 
:.-***Yr* 

C02 

0.150 

01.0630 
01.0790 
0.0660 

(mole frac.) 

RADIAL POSITION (m; 

0.200 

0.1230 
0.1230 
0.1280 
0.1080 
0.1130 

0.250 0.300 

...... 0.0900 
•••••• 0.1060 
•••••• 0.1120 
•••••• 0.1020 

"'***** ****** 
0.1010 
0.1000 •••••• 
0.1100 •••••• 
0.0740 •••••• 

(mole frac.) 

RAD:AL POSITION (m; 

0. 200. 

0.7970 ...... 
0. 7950 
0.7950 
0. 7970 

0.250 0. 300 

••**** 0.7990 
****** 0.';920 
•••••• 0.7950 
****** 0.7950 ....... . ..... 
0.7970 
0.7920 •••••• 
0. 7920 
0.7950 •••••• 

(mole frac.) 

RADIAL POSITION (m) 

0.200 

0.0700 
0.0760 
0.0700 
0.0900 
0.0860 

0.250 0.300 

0.1060 
•••••• 0.0720 

0.0860 
0. 0960 

0.0960 .•••••• 
0.0960 •••••• 
0.0800 
0. ll80 

0.400 

0.0740 
0.0930 
0.0900 
0.0910 
0. L040 
0.1020 
0.1030 
0.0970 
0.0730 

0. 400 

0.7970 
0.7S70 
0.7S70 
0.7S70 
0.7S90 
0. 7S50 
0. 7S50 
0. 7S50 
0.7.,70 

0.400 

0.~200 

O.lC40 
0.0900 
0.1050 
0.097.0 
0. 0')60 
0. 0')40 
0.0990 
0. 1190 

0.600 

0.0790 
0.0840 
0.0880 

0.1080 
0.0880 

0.600 

0. 7990 
0.7970 
0.8020 

0. 7930 
0. 799C 

0.60C 

0.1/.00 
0.1100 
0. lOtiO 

0. O'JLO 
0. 1060 



I)A'\'1\ Sl:'l' D. 2. 1 
liE IN i\N[> LEUCKEL (60) 

'l'EMP (K) 

i\Xli\L HADIAL POSITION (Ill) 
POSL'rlQN 

(ill) 0.050 0.100 ).150 0.200 0.2~0 0. 300 0. 40;) 0.600 

•), 400 :313. 848. 923. 1028. ****-· 1198. 1218. *•**** 
•). 600 :385. 903. 945. 1005. 1146. 1208. 
). 800 913 .. 933. 9133. 1023. ****"~~• 1123. 1183. 1213. 
l.150 1053. 1008. ****•• 1138. 1183. 1223. 
L. GOO 1113. 1123. •:~r•••• 1153. *"*••• •*•*** 1193. 1223. 
11..950 1176. *:ft**** ****•* 1191':. 1203. ...... 
2.750 •***** '111:11'*•** * •• •*. 1238. 1233. 1218. 
3.500 ...... 1318. 1303. 1298 . 
4.250 ... *. * * •••*•• 1365. 1351. *••••• 



l>l\'l'll s::•r [:.2.2 DATA Sf:1' 0.2.2 
HE:Hl A.\D l.EUCKEL (60) HEIN AND LEUCKEL (60) 

,·;EOMF;'l'HY (m) Mf..SS FLOW RA'l'ES ( kgjs) 02 (mole frac'-) 

Prink11J' tube I( I 0 0577 Primary gi!S O.C54~0 
Secondary tube ID 0 161) Pr·ima.r:y s~>lids 0.041::9 AXIAL RADIAL POSITION (Ill) 
Chamber l[J 2 000) Secondary gas 0.465(0 K·SITION 
Chamber· length 6 250) Secondary solids 0. oooco (Ill) 0.050 •0.100 0.150 0.200 0.250 0. 300 0.00 0.600 
Pri. wall thi::k O.Jl32 
Quarl half angle 0. )00·) 0. 400 0. 1600 0.1580 ***"•** 0.14?.0 ...... 0.1090 0.09)0 

(degrees) 0.600 0.1510 0.1540 0.14 )0 ****llr* ****** 0. 12':10 0. 10')0 
Quad length 0.5100 0.800 0. 1380 0.1410 0.1380 0.1390 0.1330 0. 1060 0.0%0 

1.150 *1r1r•*• 0·.127C ...... 0.1300 •***** 0.1270 0. 1200 0. IC'/C 
1.600 * 't":t * •• 0.127C **:tl:111** 0. 1300 0.1270 0. 121)0 0. IC7C 

t;AS PROPERTIES 1. 950 1r:\':;lr1t1t1t" 0.0630 • '* * 1t'lr * 0.0800 0. 01.11)0 0. Oli4C 
2..750 :t:t:t~•* ***""**" 11111'*'*** *1t**** 0.0650 ****111*' 0. 0'/00 0.0'/60 

Fr.imc.ry SecondaJy 3.500 ;ft •• ., •• ·-···· • •• * .. * ··-··* 0.0630 lt**•*lt 0.0670 0.0600 
~.250 0. OE-20 0.0630 0. 07?0 

Temperatm·e (K) ~:53 .0 573.0 5.000 ...... 1tllr1t:tJ111t. ·····- **•*•1r ~'A:···* 
Pressure (kPa; ]01.3 101.3 5.750 ****•"' •. ,.. * *. * 

1r *'* * *. •***** •*'***11' *'****11 '****** *•*11*11 
Swirl muuber 0.0 1.4 

N2 (mole frac.) 
GIIS COMPOSITION (mole fraction - dry basis) 

Species Primar,; Seeondary AXIAL RADIAL POSITION (II\) 

POSITION 
N2 0. 790•) 0.7900 (m) c.oso 0. :•JO 0.150 0.200 0.250 0. JOJ 0. 400 0.600 

...... 02 0. 210•) 0.2100 
0 0.400 0.7870 0.7870 'lt'1r1r'lt'lr1r 0.7900 1r'***** 0.7920 0.7920 1t11:1t*;1r* 
CX> 0.600 0. 7920 0.7850 0.7950 ****11''* ****'*'* 0.7920 0.?920 'lt'1t''Jit''A::Ir1f 

COAL COMPOSITION 0.800 0.7900 0.7920 0. 7920 0.7920 ***••• 0. 7900 0. 7950 0. '/970 
1.150 •****- 0.7950 ***••• 0.7950 0. 7950 0. 7950 0. '/950 

Ultimate Analysis ProxiJrate Analysis l. 950 •****• 0.7950 ***'~~~** **•*** 0. 7950 0.7920 0. '/9~'0 
(mass f1·ac., dty) :mass frac .. as reed.) 2.750 ***'**Ill: *** .... *••••• ****•* 0.7970 0. 7')70 0.79UO 

3.500 *•**'** *lie* '111111:11' *"**•* **'**** 0.7980 1t'tr1t1r11'1f O.I97J 
c 0.8100 MoistLn·e 0.0500 4.250 **** .. * **"'"~:'.:· •••;rr;r1r 0.7970 "'**•• .. 0. 797•) ***111#1t" 

1-1 0.0378 volatile matter 0.0999 5.000 ****:\'* _. .... ~. ••**'•* •***** *~·*•• 
0 0.0325 Fixed :arbon 0.7680 
N 0.0063 .!o.sh 0.0020 
s 0.0078 C.'02 (mole frac.) 

Ash 0.0020 

lleat.ing Value (J/k'), -da f; 3.5930E-07 l\XIAL RADIAL POSI'riON (111) 

Mean Particle Size (lr. S.OOOOE-05 P03ITION 
Bulk Particle L>ensity (kc:/m3) 1. 3C•OOE-03 (111) 0. 300 0. 400 0.5JO 0.600 0.868 0.870 0. 872 O.fl73 

"). 400 0.08€0 J . .LO':O "'****• 
•). 600 0.0730 J. o)ll90 **••--* **•*** 
o). 800 0.0690 ).0910 •••*""* 0.1010 ••*•*11' **•*•11: 1tlt:1f:Jl"1t* **••** 
-.150 0. (•740 llr1it":Z*._.* 0.0790 0.0910 *****• ••11'*** **•*•* 
- 600 0.0740 ).079J 0.0910 
:.950 '****** ). :U)) 1r1it"1r1t'Jf1t 0.1120 •***** * "'"'~* 1r 1it" 

1t1t11:-..1t1r 

:!. 750 ) . :.231) 0.1100 
).500 •***•- ••**•* *"'**** 0.1320 0.1300 O.UUO 0.1?./0 
<,.250 •). 1180 
:;_ 000 11.***** ·r 11',. 1t • :t II** 'A :f". 1r ****** ****** **:\"*** "'***•** 
=·- 750 ****** -::t~1l1"11' **•*** **~•** "'***•""* 



DATA st;'l' [1.2.2 
llt::lN ANl> J.t::UCKt::L. (60) 

TEMP (K) 

.\~ 11\L RADli\L PO!:'ITTON (II\) 

P().=;lTION 
(m) 0.050 0. LOO 0.150 0.200 0. 2~·0 0.100 0.400 0.600 

). 400 783. 733. 791. 853. 1038. 1113. 
:>.GOO 863. U55. 873. )l[lll1r*r* 993. 1101. *111:***• 
).1:!00 :J6 3. •BtL 95.1. 955. ..... -;::. 1003. 1083. 1153. 
1 . ~ 'jO JOi.l l. 1093. ····=· 1081. 1093. 1163. 
l GUO 1200. 1/.0tJ. 1223. ...... 1208. 1198. 
I. 950 273. ···-·· 1273 .. 11*1t11:fll* 1271. 1233. 
). "/50 136:3. 1371. 1363. 
"l 500 1383. 1383. 1398. 
4 250 1343. "'*"''~~~*• 134 3. ..... 111 •• 1353. 



[11\'J',\ :'ET [·.).. 3 Di'TA SET D.2.3 
HIIRDI !\<; ( '~9) Hi'.RDING (59) 

Gt::OME:1'RY (Ill) MI\SS F'l()W ~ATES (kg/s) AR (mole frac.) 

Priu~<uy tube ID 0. 0159 Prim3.ly gas 0. C•06:.C 
Secondary t.ul:e ID 0.0842 Prim"-.. <'Y &)lids 0. COJBC ~-HAL RADIAL POSI'riON -:mJ 
Chamber ID 0.203) Seco:-dary gas 0. C2'3~o0 PO~ IT ION 
Chcunber length 1. 520·) Secondary solids 0. CO::>OO [m) 0.-JOO 0.030 0.051 0.081 O.Dl 
Pri. W3ll thick 0 0063 
Quad :wlf angle 0 000) C.102 G.0084 0.0093 0.0087 0.0000 0.00'31 

(degrees) C.178 O.C<O'.li' 0.001)7 0. ooss 0.0096 0.00'91 
Quarl. Length 0 )40•) C.254 0. C251 0.0197 0. 0115 0. 0098 0. 00'9~1 

0.330 0.0210 0.0210 0.0097 0.0100 0.00~2 
0.~83 0.0103 0.0120 0.0089 0.0091 o. oo-s 

t~AS PROPER1'18S 0 .. 5J5 0·. 0168 0.0133 0.0102 0.0091 c-. 02~·1 
0 .. 711 0 .. 0083 0. 014 7 0. 0094 0.0106 0. OlC•6 

F;:imay Seccndary 1..237 0. 0139 0. 0131 0.0133 0.0109 O.OU6 
l..H8 0.0101 0.0000 0.0126 0.0000 0.01~6 

Temper<:.tw:e (K) ::56 .. 0 5'.:0.0 
Pressure (kPa) 87 .·0 0.0 
Sw.i J'l r·uml>er 0.0 2.2 H2 (mole ft·ac.) 

t":/\S C:OI•H><.:..<;; l 'I' rON {ln(de f:rac1·.ion ... dty :cno.;is) A:1AL RADIAL POSITION (m) 
Pos:·rrc>N 

Spl!Ci(•:; p,· i m.~tl"{ SC>cond.:t_ry IIU.) C•. 000 0.030 0.051 0.081 0.101 

(J/. 0. ;.o/.•) 0.20'30 0 .. 102 O .. OODO 0.0000 0.0000 0.0000 0.000) 
....... '1!/. 0. '/')Jo} 0.78_0 0 .. 17.3 0. 00•)8 0.0000 0.0000 0.0000 0.000) ....... 
0 J\J' 0. 01 'j l 0.009~ 0.254 0. 0057 0.0140 0.0002 0. 0002 0.000) 

0.330 0 .·02)8 0.0056 0.0014 0.0005 0.000) 
0.483 0.0001 0.0254 0.0000 0.0000 0. 000·) 

CO)Al. COMPOSJ'J'ION 0.635 0.0158 0. 0154 o.oooc: 0.0001 0 .. 0001) 
O.J'U o.oo:::o 0.0084 0.0087 0.0057 0.00011 

Ultimate Ana.lysis E·rox.iJnat.e l'.r:aly:::is 1.237 ·c-. oo:-8 0.0018 0. 0043 0.0046 0. 003:. 
(ma~;s f ··a,:. , tll:y) lfllil.SS frac .. as l'CCd.) l. ~ l8 <l. JOG7 0.0000 0.0051 0.0000 0.001EI 

(' 0.7080 1'-oi.sture 0. 027G 
II 0.0560 \.ola t.ile matter 0.454J 02 (mole frac.) 
C) 0.129-J 1-ixed Carbcr· 0.4270 
N (•. 0140 l'sh 0.0920 
s (.0060 AX~AL RADIAL P0Sf'r10N (Ill) 

Ash C.0950 POSI-::'10N 
(n; •J. OQoJ 0.030 0.051 0.081 0.101 

Heating Value (J/kg, jaf) 3. 3 5-)01':+07 
Mean Particle Size (Ill) 4 . 3 )1)01':-() 5 c-.JC2 •) .17?5 ::>.1388 0.1763 0.1844 0.1603 
l:<ulk Particle [JeiiSity (kg.tm3) 1.3100£+03 o. Jr8 0.1813 ).1021 0.1713 0.1716 0 .. l790 

0.~~4 11,(4h ) . 034 0 0.1540 0. 1750 0.1739 
0. ~JO 0.(836 ) . 0383 0. 1162 0.1670 0. L692 
0.483 C•. C336 ·). 0574 0.0809 0.1658 0.1727 
0.635 (". 0144 o). 0358 0. 053l 0. 13713 0 .l344 
0.711 c .. 0267 0. 0357 0.0662 0. 1282 0.1400 
l. 2J7 c. 0474 0.0546 0.0'/94 0.0790 0. (<'))1.1 
1.443 c. oooc- 0.0000 0.0000 0.0000 0. Oll6 



[11\1'11 SET D. 2. 3 DATA SET D.2.:3 
111\IWING (59) HARDING (59) 

N?. (mole frac.) C02 (mole frac.) 

II>: J !\L RADIAL POSITION (Ill) AXIAL RM1IAL POSIT lON (Ill) 
I'<"ISJ"I'lOil: POSITION 

(Ill) O.OJO 0.030 0.051 o.oa: 0.101 (m) 0.000 0.030 0.051 0.081 0. LOJ 

0. 102 0. 7D.?. 0.761J4 0.7991 O.IJ15o, 0.7902 0.102 0.0256 0.0427 0.0108 0.0000 0. 0275 
0.178 0. "/6."/7 0. 7195 0. 7910 0.791~ 0.7905 0.1713 0.0217 0.0694 0.0191 0.0185 0. 0115 
0. 2'11 0. 7010 0.7254 0.7066 0. 79 3~ 0.7906 0.254 0. 0859 0.1026 0.0322 0.0140 0. Ol7'j 
0. 3.}0 0. 7405 0. 7318 0."7795 0. 792 J 0.7939 0.330 0.0628 0.0895 0.0585 0.0211 0.0180 
0.403 0. 7114 0. 7160 0. 7613 0. 798"~ 0.7996 0.483 0.1065 0.0933 0. 01340 0.0181 0.0134 
0.635 0. 7302 0 .. 7318 0. 7363 0. 7837 0.7888 0.635 0.1110 0.1046 0. 1084 0.0426 0.0333 
0. 711 0. 7359 0.7385 0. 7525 0.7802 0. 7867 0. 711 •J .1152 0.1044 0.0926 0.0501 0.0400 
1.237 0.7=96 0. 7544 0.7617 0. 7695 0. 7409 1.237 0. 1037 0.1026 0.0866 0.0845 0. 0956 
1.440 0.7::46 0.0000 0.7462 0.000:) 0.7589 1.448 0. 1338 0.0000 0.1408 0.0000 0. 1379 

CH4 (mole frac.) H20 (mole frac.) 

AXIAL RJIDIAL POSI'riON (Ill) AXIAL RA[IIAL POSI1'ION (Ill) 
P<)SJTION POSITION 

(Ill) o.coo •). 030 0.051 O.Ot:l 0.101 (Ill) 0.000 0.030 0.051 0.081 0.101 

0.102 0.0001 0.0005 0.0000 0.00(0 0.0000 0.102 0. 0132 0.0259 0.0051 0.0000 0. 0128 
I-' 0.178 0.0005 0.0023 0.0000 0. OOC·O 0.0000 0.178 0. 0117 0.0420 0.0091 0.0088 0.0069 
I-' 0.254 0. 0•)90 0.0028 0.0000 0. OOC•O 0.0000 0.254 0.0556 0. 0528 0.0151 0.0068 0.0082 I-' 

C.J30 0. 0•)77 0.0060 0.0002 0.0000 0.0001 0.330 0.0149 0.0524 0.0284 0.0092 0.0087 
0. ·103 0.0)93 0.0118 0.0010 0.0000 0.0000 0.483 0.0619 0.0266 0.0459 0.0085 0.0063 
(•. 635 0.0)78 0. 0045 0.0021 0.0002 0.0001 0.635 0.0488 0.0475 0. 0595 0.0215 0.0162 
0. 711 0.0::!52 .0.0041 0.0018 O.OOC.Il 0.0000 0. 711 0.0616 0.0520 0.0426 0. 0195 0.0187 
I .237 0. O:llJ 0.0015 0. 0011 0.0009 0.0007 1. 237 0.0503 0.0537 0.0413 0.0397 0.0456 
1. 418 0.0000 0.0000 0.0000 o.ooco 0.0000 1. 448 0.0706 0.0000 0.0679 0.0000 0.0639 

G) (n•.)1e frac.) HCN (ppm) 

''XTAL RADIAL POSITroN (m) AXIAL RADIAL POSITION (m) 
POSITION POSITION 

(Ill) 0.000 0.030 0.051 0. O:."ll 0.101 (m) 0.000 0.030 0. 051 0.081 0.101 

0.102 0 .l•030 0. 0141 0.0000 o.oouo 0.0000 0.102 48.0 19.0 37.0 9.0 20.0 
0.178 0. (•062 0.0260 0.0000 0. 0000 0.0000 0.178 696.0 1480.0 848.0 237.0 170.0 
0.254 O.Co745 0.0489 0.0004 0.0000 0.0000 0.254 2480.0 1440.0 710.0 394.0 737.0 
0. 330 o. 01 5n C.0554 0.0062 0. 0000 0.0002 0.330 4900.0 4 770.0 ll50. 0 504.0 127.0 
0. 403 0.0639 0.0576 0. OHJO 0.0002 0.0002 0. 483 552.0 429.0 351.0 160.0 129.0 
0.635 0. 0551 0.0470 0.0295 0.0050 0.0021 0.635 2580.0 2600.0 1280.0 148.0 96.0 
0.711 0.0443 o). 0422 0.0262 0.0056 0. 0031 0. 711 855.0 688.0 680.0 111.0 124.0 
1.237 0.0179 •). 0183 0.0123 0.0109 0.0086 1. 237 2344.0 2200.0 829.0 412.0 933.0 
1. 448 0.0442 •). 0000 0.0273 o.ocoo 0. 0132 1. 448 851.0 0.0 490.0 0.0 507.0 



DATA S::T D.2. 3 . DATA SET D.2.3 
HARDHr; ( )9) HARDING (59) 

tniJ (ppmo c (mass frac.) 

AXfAI. RAD:AL POSITION (Ill) A:<IAL ~:ADIAL POSITION (Ill) 
J>C)SITI<.>N POSITio)f\. 

(m) 0.000 c OJC O.C.51 0.081 0.101 •:m> 0.000 0.030 0.051 0. Otll o. :c1 

0.10~ 435.0 495. c 35<:. 0 121.0 256.0 0.102 r .-5800 0.70"35 C.6644 0. 6643 0. 6': 64 
0.17E 502.0 502 .C 311.0 95.0 161.0 0.171J [. 7108 0.1035 0.5752 0.5653 0.6(67 
0.254 2420.0 4&1.C 77~. 0 553.0 557.0 0.254 [.7314 0.6962 0. 5011 0.557.1 0. 5C6'J 
0.33( 2660.0 55-:0.C 1050:.0 963.0 287.0 LJ30 (.7076 0. 7035 0.6237 0. 5138 0.5;).4 
0.48::! 751.0 6E5. 0 601.0 463.0 605.0 0.483 c. 7105 0. 7114 0.72&4 0.6999 0.61:45 
0.63:: 1110.0 9:!3. 0 749.0 365.0 309.0 0.635 c. 748ii 0.7606 0. 73•)4 0. 6775 0. 6:<·96 
0. 711 l.i. 7C. 0 3:6.0 3H.O .303.0 233.0 0. 711 :::.6874 0.6254 0.6278 0.5143 0.5J.J7 
1.237 1105.0 9]1. () 350.0 228.0 1023.0 1.237 C.5996 0.6585 0.6148 0.5520 0.5351. 
l.44t) t;67.0 0.0 30LO 0.0 433. •) 1.448 0. 6508 0.0000 0.5736 0.0000 J.6<!29 

1\0 (ppm) H (mass frac.) 

AXIAL, RADIAL POSITION (m) AXIAL RADIAL POSITION (m) 
I'OSlTIO . .J POSITION 

(Ill) 0. 0·)0 0.)30 O.OS1 oj. OB1 0.101 (m) ). 000 0.030 0.051 O.OB.l 0.1)] 

........ 0. 10?. 20.0 )I; •j. 0 ss 0 9: .. 0 105.0 0. L02 c 0':·29 0.0473 0.0362 0.0480 (I. 04_i' 

........ 0. 170 lWi.O S40. 0 125 0 lOC. 0 65.0 0.17tl c 0537 0.0463 0.0422 0.036?. 0. 04·< 
N 0. 254 150.0 5:<5. 0 lJO 0 50.0 40.0 0.25.4 c 0564 0.0362 0.0207 0.0400 C•. 04::E 

o. no JIO.O 4iS.O 340.0 :10.0 100. (• 0. 3JO c 0528 0.0415 0.0215 0.0250 0. OJ:.? 
0.4U'l 300.0 2"/5.0 420.0 100.0 75.0 0.403 c. 0485 0.0420 0.0150 0.0269 C.G0'-5 
0.6'35 365.0 3f:O. 0 4:1.5.0 245.0 215.C 0.635 0.0405 0.0240 0.0363 0.0060 O.OL6 
0.'/ll :Jn.o 34: •. 0 410.0 275.0 ?.95.3 0. 711 0.0-124 0.0307 0.0115 0.0103 0.01.~9 
1. 237 4•)5.0 '30:·. 0 355.0 ~95.0 265. •J 1.237 0.0254 0.0234 0.0099 0.0093 o. oo•;t~ 
1. 440 '372 .0 (•. 0 4?.5 .. 0 O.G 41B. •) 1.448 (1_0()69 0.0000 0. 0064 0.0000 o.oo.;o 

N (mas.s fl"i'C.) o-s (mass frac.) 

AX I IlL RAD!l;L FOS.ITJON (Ill) AXIAL RA:>li\L POSl'l'fON (m) 
P<)SIT!ON PC::Si:TION 

(Ill) 0.000 o.•no o. osa O.OU! (). 101 I Ill) lt• •. (lo)O O.OJO O.O':il O.Ofll 0.101 

0.102 0.0122 G.O_JJ o.o~u 0. )122 0. 0131 0.102 0 L1:JfJ 0.1414 0 . .1.595 0. 1520 0. Uf.l.l 
0. 17fl O.Ol'lJ o.o:Jo 0. OlC2 0. )107 0.0101 0.178 0. L4tJ9 0.134'3 0.1628 0.1637 0.14'/'/ 
0.2)4 0. OlJ5 o.o:Jo 0.008) 0. )103 0. 011) 0.254 0.1356 0. l:JJO 0. ·~l104 0.1742 0. 1.491 
o. no O.GLJ5 o.o:~& 0.0]03 0. •)007 0. 0110 0. 330 0-.386 0.1244 0.~2Hl 0. 1615 0. 1620 
0. 41JJ 0.012'/ O.Oi27 0.011•) J.•H20 0.01.19 0.4:33 (o_ .:JCJ O.l3Hi 0.0862 O.l.lB2 0.14) l 
0.635 0. 01 ]lj 0. 012'/ 0.0[2;j ).0100 0.0105 J.635 (o_ .2::1 O.Ofttl9 0.114') 0. 07JfJ 0. Ot.l2H 
0. 71 l 0.0121 0. 0(•98 0.006'1 •). (•0E8 0.0088 0. 7ll •C .. 3t:J 0.1207 0.1121 0.1392 0. 1 J"l~· 
I . ?.:rl 0.00tJ5 o. oc :n 0.00711 •). ~073 0.0064 l.23i c. _296 0.1230 0. lOGO 0. 1220 0. 1331:: 
l. 44R 0.0066 0.0(1)0 O.OC6':' o.coco 0. 0001 1.440 o. :..:ocn 0.0000 0. 1514 0.0000 0. 0'/'J(• 



[>f.'l'A SE::' D.?.. 
liE.HL>lNG "< 5')) 

AS II (moss frac.) 

AX!Ai, RADIAL POSI'riOi' (Ill) 
POSI'flON 

(lli) 0. 00•) 0. :>30 0.051 0.081 0.101 

0. 10"2 0. 09(i! 0. 0345 0.1280 0.1235 0.1307 
0. 17:3 0.0"/JJ 0.1031 0. 2096 0.2241 0.1909 
0.254 0.0631 0. 1216 0. 2893 0.2184 0.2291 
0. "lJO 0. Ofl7'; o.nao 0.2164 0.2910 0.2189 
o.~u3 0. 09l:l 0.1021 0.1606 0.1430 0.1097 
0.6:35 0.074;). O.l.UO 0. 1062 0.2327 0.2635 
0. ?ll 0. 1 I •Jfi 0.:>.1.34 0. 2-117 0.3294 0.3267 
.I.). J7 (). /.)(>;) 0 . .l(lGO 0. 16").3 0. 3000 0.9400 
l.44U 0.1354 o.cooo 0.2517 0.0000 0. 3060 



DATA SE':' 0.2.4 DATA SET 0.2.4 
ASAY (6:l) ASH ( 6 3) 

<~EOMETRY (Ill) MAES FL:,W RI'.TES (xg/sJ AR (mole frac.) 

Primary tube 1[> 0.:223 Frimary =:~as 0.0061<) 
Second<>ry tube ID 0.:842 Primaty sc:lids 0. 0(•}81) A:<rAL RADIAL POSITION (Ill) 
Cl,mnber ID 0. ~030 S"ecc-nda"rt gas 0.0194:.l POSI'I ION 
Chan~>er length l. )200 s:cond•art solids o.ocooo (ru) (•. 000 0.030 0.050 0.070 0.10) 
Pri. wall thick 0.•)())2 
Quarl h:tlf c.ngle 0. 1)()00 0.100 0.0560 0.03.37 0.0188 0. 0147 o. Ol4a 

(degrees) 0.18•) 0.050"3 0.0314 0.0143 0.0126 0.0121 
Ouarl 18ngth O.ID~OO O.HI) 0.0363 0.0295 0.0219 0.0147 0. 012:; 

0. 460 0.0324 0.0284 0.0247 0.0160 0. 012-l 
0. 710 0.0248 0.0246 0.02:JC 0.0196 0.015•) 

G.~s PROPER'J;'IES O.BO 0. 0253 0.0250 0.0236 0.0217 0.017:1 
l. 020 ·0.0235 0.0228 0.0194 0.0174 0.015S 

Prlmary Seceol:ldc.~ 1.0~0 >C'. :J226 0.0223 0.0201 0.0167 0.0145 
1.3~0 0. J205 O.OB2 0. 0178 0.0171 0. 017: 

Temperature (K) ~:.o.c 590. ( l. 4")0 0. J206 0.0197 0.0172 0.0163 0.016! 
Pressure (kPa) 86.C Gf:. C 
Swirl number 0.0 ::;-. ( 

H2 (mole frac.) 

GAS COMPOSITION (mole fit" action - dry tasi:=) 
AXI~L RADIAL POSITION (m) 

Species Primary Se=ndar:-j' I?OSITJON 
(rr.) 0.000 0.030 0. 050 0.070 0.100 

....... 02 0.2012 0 .. 209-1 

....... N2 0. 7~506 ()_ 7812 0 .1CO 0. (•000 J. 0154 O.OoJOO 0.0000 0. 0000• 
+::> AR 0.0481 0•. 009-l O.lEO e.cooo ).0087 0.0000 0.0000 0.0000 

0.410 0.(216 ).0190 0.0066 0.0000 0.0000 
0.400 C•. C294 •).02"11 0.0152 ·o. oooo 0.0000 

COAL COMP0.3ITION o. no (•- 0314 0.0319 0.0281 0. 0143 0.0026 
0. 79{) (- 0282 0.0269 0.0255 0.0169 0.0039 

Ultin1ate Analysis Pl·oxima-::e Ar,c.l 9 sis l.C2J (. 0259 10.0244 0.0087 0.0060 0.0000 
(mass frac., dry) (roass f:::-ac., as :-ecd.) 1.09) . (.0227 ().0212 0.0109 0. 0025 0.0000 

1.32) c. 0'269 0.0214 0.0087 0.0066 0. (•078 
c 0.6620 Mc·isture 0.2784 l. 40) C.0247 (•. 0200 0. 0101 0.0046 0.0024 
H 0.04 72 Vclatile matt:et· 0.3291 
() 0././.71 Fixed C;:rbon 0.3464 
N 0.0097 Ash 0.0497 02 (mule fr3.c.) 
s 0.0052 

Ash 0.0505 
AXIAL RIIDIAL POSITION (Ill) 

lleat.ing Value (J/kg, d?.f) 2. 9750t:+C7 POSITIC•N 
!"'.ean Porti:cle Si?.e (Ill) J. SOJ,)E:-CS (Ill) ). 000 0.030 0.050 0.070 0. LOO 
Bulk Part.icle ['ens it y ( kg/m3) 1. 34 :))E:.I03 

0 .10( 0 H66 0.0230 0.0929 0. 1 l69 0. 1468 
O.HfC 0 1496 0.052:: 0.1337 0.14 50 0.1455 
0.41C 0 0443 0.0181 0.0509 0. 1329 0.1334 
0. 480 o. o:.a8 O.OOGG 0.016') 0.1120 0. 1690 
0. 710 O.OC63 0 OOSJ 0.0062 0.0384 0.100] 
0. 7Si) 0.0015 0 002J 0.00i2 0.0210 O.OE07 
l. 02•) 0.0008 (I 00]9 0.0320 0.0540 o. ot:::J4 
l. 090· 0.0006 (o 0021 0.011"3 0.0658 0. O'.J"JJ 
1.320 0.00-19 c. 0037 0. OOS'S 0.014] 0. 014 3 
1. 400 o·.-co:Jo 0.0016 o.oon 0.02.11 0. 02')6 



DA'l'/1 St:T D. 2. 4 DATA SET D.2.4 
!>.SAY (63) 1\SAY (63) 

N';; (mole frac.) 0.)2 (mole frac.) 

AXIAL RADIAL POSITICN (m) AXIAL RADIAL POSITION (Ill) 
POSITION POSITION 

{Ill) 0.000 0 030 0.050 0.070 0.100 (Ill) 0.000 0.030 0.050 0.070 0.100 

0.100 0. 77)3 0. '419 0. 7758 0. 7742 0. 7721 0.100 0. 0036 0.1428 0.1068 0.0731 0.0658 
0.180 0.7753 0. 7773 0.8057 0.808E- 0.8087 0.180 G.0187 0.1257 0.0456 0.0334 0.0331 
0.4!0 0. 7204 0.7359 0.7651 0. 775(; 0. 8092 0. 410 G.1203 0.1461 0.1349 0.0731 0. 04 38 
0.480 0.701:12 0.7176 0.7452 0. 174'5 0. 7721 0.480 0.1317 0.1493 0.1542 0.0915 0. 0458 
0. 710 0.7083 0. 7093 0.7165 0. 750E 0.7685 0. 710 0. 1497 0.1510 0.1560 0. 1385 0. 1034 
0.790 0.7244 0. 7256 0. 7276 0.7664 0. 7710 0.790 0.1547 0.1569 0.1549 0. 1514 0.1335 
1.020 0. 7284 0.1317 0.7609 o.76n 0.7742 1.020 0.1585 0.1570 0.1530 0.1384 0.1187 
l. 090 0. 7358 0. 7373 0. 7582 0.774i 0. 7788 l. 090 0.1623 0.1633 0.1628 0.1302 0.1109 
1. 320 0. 7274 0. 7389 0.7648 0. 7701 0. 7692 1.320 0.1587 0.1635 0.1721 0.1705 0.1704 
1.400 0.7333 0. 7446 0.7652 0.7761 0.7786 1.400 0.1567 0.1662 0.1719 0.1653 0.1660 

c;4 (mole frac.) H20 (mole frac.) 

A>:I!\1, RADIAL POSITION (m) AXIAL RADIAL POSITION (m) 
POSITION POSITION 

(m) O.O:JO 0.030 0.050 0.070 0.100 (m) 0.000 0.030 0.050 0.070 0.100 
....... 
....... 0. 100 0.0000 0.0070 0.0000 0.0000 0.0000 0.100 0. 0000 0.2040 0.0827 0.0540 0.0489 
<.n 0.180 0.0001 0.0002 0.0000 0.0000 0.0000 0.180 0.0985 0.1172 0.0342 0.0248 0.0249 

0. 4.10 0.003"/ 0.0024 0.0005 0.0000 0.0000 0.410 0.1806 0.1354 0. 1075 0.0552 0.0332 
0. 4HO 0.0054 0 .00)4 0.0012 0.0000 0.0000 0. 480 0. 3028 0.1445 0.1338 0.0697 0.0345 
0. 710 0.0064 o .. oo59 0.0048 0.0019 0.0003 0.710 0.1583 0.2062 0.1537 0.1187 0.0808 
0. 790 0.0030 0.0029 0.0027 0.001t) 0.0003 0. 790 0 .l:J40 0.1249 0.1291 0.1230 0.1006 
1.020 0.0022 0.0021 0.0006 0.000~ 0.0001 1.020 0. 1312 0.1275 0.1168 0.1057 0. 0915 
1. 090 0. 0022 0 .. 0021 0.0008 0.0002 0.0000 1.090 0.14:0 0.1290 0.1229 0.0965 0. 0811 
1.320 0.0031 0.0023 0.0007 0.0005 0.0005 1.320 0.1277 0.1296 0.1271 0.1236 0.1248 
1.400 0.0036 0.0023 0.0008 0.0003 0.0002 1.400 0.1291 0.1304 0.1287 0.1378 0. 1200 

co (mole frac.) HCN (ppm) 

AXIAL RADIAL POSITDN (Ill) AXIAL RADIAL POSITION _(Ill) 
POSITION POSITION 

(m) 0.000 e.030 0.050 0.070 0.100 (m) 0.000 0.030 0.050 0.070 0.100 

0.100 .0.0005 0 0417 0.0057 O.OOll 0.0008 0.100 55.0 27.0 2.0 0.0 4.0 
0.180 0.0060 0 0244 0.0008 0.0002 0.0003 0.180 67.0 12.0 2.0 4.0 0.0 
0.410 0. 0534 0 0492 0.0200 0.0024 0. 0011 0.410 342.0 223.0 14.0 11.0 13.0 
0.480 0.0711 0.0682 0.0430 0.0052 0.0007 0.480 475.0 297.0 93.0 25.0 24.0 
0. 710 0.0731 0.0719 0.0654 0.0365 0.0100 0.710 197.0 158.0 126.0 52.0 4.0 
0.790 0.0629 0.0604 0.0584 0.0410 0.0134 0. 790 163.0 162.0 131.0 83.0 29.0 
1.020 0.0607 0.0581 0.0254 0.0165 0.0081 1.020 82.0 64.0 20.0 17.0 15.0 
1. 090 0.0538 0.0515 0.0299 0.0098 0. 0025 1.090 77.0 90.0 31.0 26.0 2?..0 
1.320 0.0614 0.0511 0.0263 0.0210 0.0209 l. 320 109.0 63.0 9.0 10.0 16.0 
l. 400 0.0582 0.0465 0.0274 0. 0142 0.0109 1.400 1.17. 0 52.0 8.0 5.0 5.0 



DATA SE'I 0.2.4 DATA SET D.2.4 
ASliY (63) ·ASAi (63) 

NHJ ;ppm) c (mass frac.) 

AXIAL RADIAL POSlTI0.-1 (m) AXIAL RADIAL POSI'riON (n) 
POSITION POSITION 

(m) 0.000 0.0)0 0.050 (•.070 0.100 (Ill) 0.000 0.030 0.050 0.070 0. 10) 

0.100 58.0 8<:o.O 39.3 :!0.0 26.0 0.100 0.6400 0.6010 O.J65C 0.2220 0. 2&4•) 
0.180 45.0 2S.O 22.0 :!5.0 36.0 0.180 •0. 6500 0.5930 0.2290 0.1710 0.2130 
0. 410 145.0 12S .0 49.0 18.0 15.0 0.410 <:. 7590 0.6030 0.4700 0.2020 0.1490 
0. 400 292.0 294 0 179.0 '.'2. 0 45.0 0.480 (). 5390 0.6190 0.5240 0.2640 0. '2.2411 
0. 710 301.0 )1( 0 280.0 ll9.0 60.0 0.710 0. 5530 0.6860 0. 6390 0.5240 b. 3230 
0.790 256.0 273.0 224.0 GO.O 86.0 0.790 0. 5440 0.5170 0.4830 0. 4450 0. 307C• 
1.020 28). 0 247.0 11~.0 1(•6. 0 71.0 1. 020 ::>.-3330 0. 3760 0. 3720 0. 3820 0. 356(• 
1. 090 205.0 210.0 115.0 ~2.0 82.0 1. 090 J. fOOO 0.3890 0. 3130 0.2820 0. 245( 
1.320 145.0 302.0 131.0 ~9.0 137.0 1. 32G J. f090 0. 3970 0. 2720 0. 2020 0."314( 
l. 400 344.0 245.0 130.0 :09.0 52.0 1.400 ).5080 0. 4400 0.4030 0. 3600 O.J10C 

m (?pill) H (mass h·ac.) 

AXIAL ~AL>It\L POS ::riON (Ill) AX~AL RADIAL POSITION (Ill) 
POSITION !=OSITION 

(Ill) 0.000 C.030 0.050 0 :J70 0.100 (m) 0.000 0.030 0 .•)50 0.070 0.100 
,_. ,_. 0.100 ~-- 0 5')0 J "JGO.O DS.O 210.0 0.100 Ct.C440 0.0".2";0 0.0150 0.0180 0.0200 
0"1 0 .1HO 6~.0 lfjl) ) 170.0 1:3.0 1.05.0 0.180 C•. C450 0.0320 0.0240 0. 02"30 0.0240 

0. 410 22G.O 290.) 300.0 11:1).0 110.0 0. 410 C•. GJ40 0.02.10 O.OUO 0.0100 0.0110 
0.4UO 200.0 240.) 280.0 2jo). 0 125.0 0.430 (. 0420 0.0260 0.0150 0.0150 0.01.90 
0. 710 210.0 210.) 240.0 2C,•). 0 265.0 0. 713 ( .0090 0.0230 o.o:eo 0.0160 0.0.140 
0. 790 240.0 240.•) 260.0 2SO.O 320.0 0.790 c. 0"240 0.0510 0.0110 0.0100 0.00~0 

1. 0).0 ).10.0 2l.O .•) 270.0 2SC1 • 0 "300.0 1. 020 c. 0190 0.01.60 0.0160 0. Ot:JO 0. 0110 
1. 090 /.10.0 ).] 0. 0 240.0 2:~-. C· 260.0 l. 090 C.0-140 0.0180 0. 0130 0.0130 0. 0090 
1.320 190.0 ).-)5.0 265.0 ·nc.c 240.0 1. 320 C.Ol60 0.0110 0.0120 0.0100 0. 0110 
1.400 195.0 210.0 250.0 290.0 295.0 1.400 C.01!!0 (•. 01.40 O.Ot:JO 0.01.20 0.0.1.40 

N ( lt.aSS frac.) o··s (mass !'rae.) 

AXIAL RADIAL POSIIIO:-J (m) AXgL HN."IfAL POST'!' ION (Ill) 

POSITION P;)SIT[(IJ\ 
(Ill) 0.000 O.OJ: 0. 05·:> o.:7o 0.100 (Ill) ).000 0.030 0. 050 0.070 0.100 

0.100 0.0100 o. o1o·: 0 .. 0080 0. 0).50 0.0090 O.HO 0.2600 •). 2060 0. 2540 0. 2720 0.2l70 
0.180 0.0090 0.008) 0•. 0040 0. OY/0 0.0050 0.18C 0 2qo 0.2120 0.3140 0.3300 0. '3·130 
0.410 0. 0110 0. 009·) 0·. 0090 o.ouo 0.0100 0. 410 0 0'.'40 0.1540 0.14 70 0.2860 0.;1.990 
0. 480 ::>. 0110 0. GOO•) 0.0040 0.0120 0.0070 0.480 0 2Hl0 0.1500 0./.000 0. 2040 0.2100 
0. 710 J.0080 0. G09•) 0.0070 O.Ou60 0.0040 0. 710 0 1Cl0 0.1'/90 0.1.510 0.1960 0. '3450 
0. 790 ).0090 0. 0071) 0.0070 0.0050 :>.0050 0. 790 0 1110 0.2460 0. 1400 0. 1910 0./.!'JO 
l. 020 J.OO'.?O 0.0010 0.0010 O.Oil~O :>.0010 1.020 0 2::20 0.2660 0.1900 0. '2240 0. 11JOO 
] . 090 ).0100 0.0100 0 0120 0.0:.50 ).0050 1. 090 0 4;!70 0.202C 0.2350 0.2410 0./.).1.!0 
1. '320 ) . oo:.o 0.0040 0 0030 0.0010 ) . 0040 1. 320 0.1770 0 1740 0.2380 0. 3100 0./.UO 
1.400 ).0040 0.002() 0 0040 0.:>030 ) . 004C 1.400 0. HOO 0.1580 0.1710 0.1800 o. :,noo 



1--' 
1--' 
....... 

fl:~ 1/11. 
P(>SJT!Oi\ 

(m) 

0. 100 
0. 1!10 
0. '• lO 
0 480 
0.710 
0. -1')0 
I. 0/.0 
l. El'JO 
1. no 
l .400 

Dl\'1'1\ ~ET !>. 2 4 
1\SI\Y (GJ) 

t.SII (mct:::>s frac.) 

ltflr•li\L POSl'l'l >N (Ill) 

0. (•00 O.OJO 0.050 0. 0'10 0.100 

0.0,50 0 01100 0. 3500 0. 4810 0. 4 710 
0. 0':.·10 0 l SJO 0.42')0 0.46'){) 0.4140 
0.1.0).0 0./.l/.0 0. 3610 0. 49l<l 0.5310 
0.0&10 0.1960 0.2570 0.5050 0.5000 
0. 1.~60 0.1040 0 .1HGO 0.2580 0. 3130 
0.25/.0 0.2140 0. 35')0 0.34f:O 0. 4450 
0. }0'/0 O . .JHO 0.4210 0. 37']0 0. 4520 
O.l.HHl 0. 'l!.l20 0.4270 0.44SO 0. 5ll0 
0·. '39 JO 0.4110 0. 47'i0 0. 4 7':0 0. 4'i70 
0. l':i90 0. Jf.!':iO 0. 4fs90 0.4440 0.4420 



f>Nfll SE:'f [>. 2 . 5 
O)IX>Y ET i\L ( 61) 

Mi\SS Fllh llNPP.S ( kq/s) 

Prill>ar.y tul>e 11: o.o~:u 
Si!t:<.•llditry tulle II"> 0. O:}GO 
c:l>illl~><'t" II> C>. 6 )00 
CiliiiHber le11qtl> •. O·XJO 
l'ri. wall t.i>ick c.0,41) 

Pr.illletCI' '.Ji'S 
P rilll(ll..:l' :;(·ll i.cJD 
SU .. !!.>Ild:>~Y <j3S 
Se;t',nd.,r·y ~:;·)1 i.ds 

!J11<t r.l l><t tr ilnCJI.''' C. 0000 
(·.lt".JI't',;'"') 

-~>Uill'l le l\1 li> 0. 04 )). 

lAS PROI'I::HTJES 

'l'crllpen>tw·e (K) 
PreDsure (kPa) 
Swirl nwuber 

JCO.O 
lC.O 

0.0 

.SecorCacy 

50( 0 
101.0 

C.8 

<:i\S U>MJ>OS!'I'ION (ltiO]e I t·.:c:ti<:>n - cry IJi·sis) 

Spec i.e!; 1-'rirllilry Se:;•:ndae;, 

U2 C.2100 :J. :uc-o 
N2 0.780~; •). 7BCS 
{\){ 0. 0095 0.0095 

(})1\L 0 JMI·'OS:.L'I' tc JN 

l!.ll ima te !\11<d ys.i.s 
(milS:-; fr:a..;., dry) 

Pr:>xiwat.: .1\n;Alysis 
(nnss fr:tc. , as .n~cd.) 

c 0. 
II 0. 
n 0. 
N 0. 
!~ 0. 

. ~::h 0 . 

llfll 
Y>l'> 
131!'1 
•J J ·1 '> 
OISS 
04/.0 

Mo_:o:ture 
V1"1_;,t- i IE:: llliltl.er 
1-'.i :.eel c;r. :·Jx:>:> 
t\:;b 

lldll i11q V;oJII<' (.J/l:<.J. d;- ~) 

:-it.~clll l'it!'t:..clt.~ Sjzc {Ill) 

. OO':C•f:tO'I 
' . ~j()(Ct·: -05 

·1-1 cc;1" ~o l Hulk l'ill'll<:)" l<!n:;i I'{ (l:<J/Iol) 

O.OG:iO 
0. 351'0 
o. sr:o 
o.ono 

-J. OO'i6J 
•). oo: 32 
0.0/.C/2 
O.OOCOJ 

1>.>:1 i\L 
POSITION 

(Ill) 0.220 

0.217 
0. 775 0.0740 
1.331 0.0830 
1.889 
2. 446 0.0680 
3.003 0.0420 

AXIAL 
POSITION 

:mJ 0.220 

0 217 
0.'175 0.1170 
l. 111 0.1060 
1. 8ll9 
2.446 0.1220 
3.003 0.1450 

AXIAL 
rosrrroN 

(rr.) 0.220 

0.217 *11*••* 
0. TIS O.:JOOO 
i. 1'31 0. •)000 
l .llU9 1tlitllt1t1t* 

2. 446 0.0000 
3.003 0.0000 

DA'l'A SE'l' [>. 2. 5 
GO LOY E:'l' i\L (61) 

02 (mol-2 frac~. ) 

Ri\l>IAL PCJS I 'I'ION (Ill) 

o.no 0.2'10 0.?.50 0.2GO 0. X/0 0. ~~110 o. ).')0 

C•. C700 0. 06'.)0 0.0690 0. 0&90 
() .07(l0 O.OIJ'iO 0.0(110 0. iJIJtlO O.O•JOO 

~ # .... 11: * 0.01)1)0 0.0'.)00 0.0940 ....... * o .o•!irO 
c. 0760 0.0790 0.0800 *""**** 0.0!.110 0. 0!::40 0. 01140 
-··'11"** =*11**'* 0.0600 **'~~~*** 0 . 06')0 

=•***• 0.0440 0.04')0 0 . 0450 

C02 (mole f1:ac.) 

RADIAl. POSI'l'lON (Ill) 

J.:no 0.240 0.2'50 0.260 0./.70 o.:wo 0.290 

0.1220 0.1230 0.1/.10 0. L>. JO 
0.1130 0.101)0 0.1100 ).1070 0.1050 
0.1010 0. 1020 0. 0970 •).0')·10 

0.1:60 0. 1130 0. ll20 1t11ft1itlft11" 0. l•JHO •). 10')0 0. 10'JO ... -.... 1t"****• 0. 1300 ***"'** 0. U':iO 
1t:ft"111t1it't: 0.1440 0.1390 "*71;11:\:11 0. 14/.0 

:.x.> (II•) I" tcac.) 

]{1\1)1 t\1, POSITION (Ill) 

( .230 •). 240 0.250 0.260 o.no 0. :<f:O 0. /.')0 

0 .00.1 0 0.00.10 **1ft** ll; 0.00.10 O.UOlO 
0 0000 0.0000 c.ooco 0. :JOOO 

*•;frllit:llllt 0.0000 0.0000 C.OOOO 
0 .. GO;:JO 0. OOC•O 11: * )lt;ft· 1t * o.ocoo 0. •)()()() 

0.0000 0. •.lllOU 
O.OOCO 0.0000 (). o)()()() 



.\~II\ I. 
I 1Cl.;l'I'ION 

(Ill) 0.020 

J. ~:17 
J. ·,'75 
l.DI 

LJ/1'1'1\ Sf~'l' n. 2. s 
<;<)l•.lY 1::'1' 1\1. ( 61) 

<:111 (m(d"' l'n<c.) 

Ht.C>l/\1. POS I rp lON 

0. •) lO 3.040 0.050 0.0(0 

11:""1r:llllll:*11' 

····•** '****•* 

(Ill) 

0.070 O.OIJJ 0.120 

'**~*** 

***•'*"* ***•*it 

AXIAL 
POSI1'ION 

(Ill) 

0. 230 
0.379 
0.527 
0.936 
1. 493 

0. 220 

1352. 

Di\'l'A SI::'l' [>. 2. 5 
<.;OOOY E'l' /\[, ( 64) 

'l'EMP (K) 

RADIAl. POS ITI•)N (Ill) 

0.230 0.240 0.250 0.260 0.2/0 0. 2!.10 0.2~0 

•••*** 1369. 1351. 1J4G. 1346. 
13ll2. •***** 1373. I "364. I JG:J. I "l1tl. 

****:ft* l.JIH. ***•** U66. .l"l:J.'/. 129(1. 
1406. *'Jir;1t11'1t* U90. 111t1t1rk.* 1371. lJ~J. 1ll1J. 
140:1. 1395. 137B. "'*'**** 1290. 



,_. 
N 
0 

t"lNT'/1 SF'P F:. 1 . l 
.'i(>f:t,B~:FG (~0) 

MASS FL::>W RA1'ES ikg/s) 

Primary tube I.D 
Secondary tube ID 
Chambe~- ID 
Chamber ler:gth 
Pri. wall thick 
Quarl. ha.l f an9le 

(degrees) 
Quarl length 

GAS l'il<)l't::ll'T'!ES 

•rernperatLu·e ( K) 
Pressure (kPa; 
swirl rHHttl>er 

0.0131. 
0.0281 
0 160) 
1 350) 
0 JOO•l 
0 )00•) 

0.)5111 

t=rinlc t·y 

::67 .·0 
87 _() 

0.() 

Si••'•'i":; l'r'ilu.:tr·..-

()). 0. H') [•) 

II•' 0. CcJO•) 
i\1 li. I O•JoJ< 
11/.<J 0.0000 

O>i\1., O>MP<">SI'PIOi\ 

Pri.ma~y g~s 
Primary solids 
Secon·Ja~y gas 
Secondaty solids 

Secx•ndary 

4=0.0 
E7.0 
0.0 

sec:' >nd.:u·y 

0.000) 
o. oon 
O.OOOJ 
0. 9')"1) 

U L t illttt t: ... ~ t\tl<tl y.s i.::; 
(lll<t$~ true., <...lry) 

IToxi.nwt.e 1\"a l.y:o.i.,~ 
amass f1·ctc. _ as reed.) 

c 
II 
0 
N 
s 

Ash 

0. 7080 
0. 0560 
0.1290 
0. 014·:! 
0. 006•) 
0.0950 

r-.oi.sture 
\.o1atile uatter 
Fixed Carlx>r 
l':sh 

tteat.in<J Value (J/kg, ::af) 
Mc'an Pitt"tic1e Size (m) 

3. 3&00.::+07 

0. 027C 
0.450 
0.4?.7·) 
0.0920 

HuH. i'iHticle [:cnsit·.y (kg/m3) 
4. 3000E-05 
1. 3400E+03 

:>.co1:o 
J.G00:6 
:l.OOUO· 
}.000(0 

AXIAL 
POSITION 

(m) 

0.130 
0.200 
0.279 
0.339 
0.514 
0.810 
1.119 

AXIAL 
POSITION 

(Ill) 

0.130 
0.200 
0. 279. 
0. 339 
0.514 
0.810 
1.119 

AXIAL 
POSITION 

(m) 

0. lJO 
0.200 
0.279 
0.)39 

mrA sr.T F:. 1 . 1 
SC>.=:LBEH<; (70) 

Ali (lll()1e frac.) 

RADlJI.L POSITION (Ill) 

0.000 0.020 0.040 0.060 o. o~:. 

0•. 1030 0.0823 0.0583 0.0572 0.05!17 
0•. 0843 0.0963 0.0598 0. 0546 c.o5:J 
0.0578 0.0699 0.0646 0.0596 0. 05t:4 
***~** 0.0728 0.0696 0.0631 0. OGC•l 
0. 0532 0.0577 0. 0575 0.0602 0.05D 
0. 0=·16 0.0)29 0. 0545 0.0545 0.05':8 
o. o:-16 0.0)11 0.0531 0.0540 o.o5::7 

112 (mole frac.) 

RADIAL POSITION (m) 

0.000 0.020 0. 040 0.060 0.0"/5 

0.0346 0.1490 0.2240 0.2440 0.258) 
0_1BO 0.0767 0. 2150 0.2540 0. 242) 
0 .. 2330 0 .li JO 0.1760 0.19.30 0.200) 

0 .1~·40 0.1730 0.1870 0.200) 
0.2410 0.2C80 0.2120 0. 2040 0. 214) 
0.2360 0.2)10 0.:2390 0.2360 0. 229·) 
0.25':>0 0. 2540 0. 2520 0.2440 0.242•) 

02 (mole frac.) 

RI\PIAL POSI'l'ION (Ill) 

o. oc-o 0.020 0.040 0.060 0.07': 

).6310 0.0141 0.0050 0.0050 ().OO'iC 
).:677 0.0032 
).0212 O.OOH6 0.001.0 

0.0076 *** .. '** 



fiA1'A ~E:'l' E:.1. l r:A'l'A SF:'!' 1':.1.1 
SOELBE;lG ("/0) SOELBERG (70) 

~72 (mole frac.) C02 (mole f1·ac.) 

AXIAL RADIAL POSITDN (m) AXIAL RI\OIAL POSITI9N (Ill) 
POSlTIO!\ POSITION 

(10) 0. (•00 cn.o2o 0.040 0.060 0. 075 (m) 0.000 0.020 0.040 0.060 0. 07:; 

0. JJO 0. 0:.::70 0 0272 0.0205 0. 0230 0.0019 0.130 0.1400 0. 4070 0. 2560 0.2260 0.218::> 
0.200 o.oqo 0 0580 0.0303 0.032'5 0.0339 0.200 0.3340 0.5170 0.2640 0.2490 0.2260 
0. 279 0.0264 0 0275 0.0265 0.02/2 0.0244 0.279 0.1':160 0. 3380 0.2970 0. 2710 0.2700 
0. )39 1tlit1rr.lit1l 0. 0317 0.0281 0. 0274 0.0244 0.339 '*'***•* 0. 3180 0.3100 0. 3020 0.2850 
0.514 0.0~0(1 0.0152 0. 0146 0.0220 0.0400 0.514 0.2070 0.2460 0.2440 0.2640 0.2440 
0.810 0.0~75 0.0205 0.0179 0.0179 0.0180 0.810 0.2200 0.2310 0.2350 0.2420 0.2580 
1.119 0.0~13 0.0132 0.0120 0.0112 0.0135 1.119 0.2310 0.2300 0. 2370 0.2430 0.2470 

·::H4 (mole frac.) HCN (ppm) 

t'.XlAL RADIAL, POSITION (Ill) AXIAL RADIAL POSITION (Ill) 
I'OST'l'ION POSITION 

(:n) O.JOO 0.020 0.040 0.060 0.075 (m) 0.000 0.020 0.040 0.060 0.075 

(1. no 0. 0010 0.0010 0.0015 0.00~0 0.00/.4 0.130 92.0 lll. 0 272.0 334.0 304.0 
0.200 0.0049 0.0016 0.00_7 0.0012 0.200 1572.0 141.0 306.0 472.0 429.0 

...... 0.279 0. 0151 C.0016 0.0007 0. 0011 0.0017 0.279 5014.0 314.0 131.0 327.0 374.0 
N 0. 339 •*•••• C.0019 0.0005 0.001)9 0.0015 0. 339 0.0 713.0 144.0 224.0 366.0 ...... 0. 514 0.0110 (.0039 0.0035 0.00)3 0. 0041 0.514 1190.0 829.0 594.0 550.0 lil5. 0 

0.810 0. 0072 (.0066 0.0067 0.0059 0.0068 0. 810" 985.0 798.0 952.0 991.0 945.0 
1.119 0.0082 (•. 0082 0.0090 0.0096 0.0102 1.119 1537.0 1725.0 1455.0 1716.0 1460.0 

co (mole frac.) NH3 (ppm) 

!\XIAL RADIAL POSITION (Ill) AXIAL· RADIAL POSITION (Ill) 

I'<.>SJTIC•N POSITION 
till) 0.000 0.020 .0. 040 0.060 0.075 (m) 0.000 0.020 0.040 0.060 0.075 

0 I Jll 0.0')06 0.30)0 C.4310 0.4l90 0. 4530 0.130 61.0 97.0 692.0 924.0 977.0 
0.200 0. 2Ht0 •). 16"/0 0. 4/.l.tO 0.4270 0.4450 0.200 125).0 215.0 596.0 797.0 780.0 
0./.79 0. ~ 510 •). 3530 0. 4020 0. 4/.20 0. 4210 0.279 631.0 371.0 167.0 754.0 800.0 
0. 3J') •). 39~;o 0.3950 0. 3S90 0. 4090 0. 339 0.0 429.0 329.0 5"10. 0 905.0 
6:514 0.4760 J. 46110 0.4680 0.4430 0.4400 0.514 592.0 666.0 842.0 773.0 1066.0 
O.tilO 0. 46UO ).45(10 0.4480 0.4410 0. 4330 0.810 1039.0 1214.0 1178.0 1164.0 1190.0 
1. 11.9 0. 44 )0 :J. 4440 0.4300 0.4"00 0. 4 340 1.119 1329.0 1339.0 1528.0 14 30. 0 1.520.0 



1.>1\Ti\ SF:'J' 1':.1.1 D."II'A SP.1' P.. I. l 
SOELBE~G (70) SI.J~LBE:RG ( 70) 

J\1~. (ppm) S02 (ppm) 

1\XI/\L RAI>I,\L P<)Sl'I'ION (m;. AXIAL RADIAL P<)SITION till) 
P0$11'10:-1 P<)SITION 

(Ill} 0.000 0 o:>.o 0 040 J. 06•) 0.075 (m) ·0.000 0.020 0.040 0.060 0.0'5 

0. 1"30 195.0 ~6~5.0 341.0 251.0 203.0 0.130 12%.0 1214.0 350.0 351.0 450 0 
0.200 2375.0 27KJ. 0 545.0 265.0 200.0 0.200 J-192.0 1658.0 601.0 636.0 509 0 
0. "2.79 1675.0 23:;:5. 0 1175.0 603.0 450.0 0.279 167·0. G 1503.0 712.0 577.0 413 0 
0.339 0.0 •). 0 1275.0 7 75.0 510.0 0. 339 <J.O 1342.0 1093.0 701.0 ~98.0 
0. 514 760.0 BE•). 0 646.0 586.0 385.0 0. 514 52.1.0 604.0 453.0 445.0 503.0 
0.010 400.0 1SS. 0 423.0 -,95. 0 480.0 0.810 25-9.0 261.0 263.0 195.0 194 .0 
1.119 465.0 415.0 335.0 ::90.0 240.0 1.119 :21~:.0 203.0" 232.0 181.0 205.0 

cc-...s (ppm) H2S (ppm) 

1\XJ/\J., HI\J)llll, l'<Y.:'lTlCN (Ill) 1\XII\l, HI\[> filL POSITION (m) 
POSIT101\ P<)SITION 

(Ill) O.OCO 0.:20 O.oJ4J 3.060 0. 075 (Ill) 0.000 0.020 0. 040 0.060 0.07"5 

0.1:30 7.0 69.0 133. ·) 124.0 122.0 0.130 100.0 41.0 975.0 917.0 031. J 
0.200 ] 3. 0 B.O 127. •) 135.0 141.0 0.200 :.;oo.o 43.0 813.0 960.0 1109.) 

........ 0. 279 60.0 69'. 0 93.0 i32 .0 127.0 0.279 :<50.0 113.0 340.0 1130.0 1253.) 
N 0. 339 0.0 Sol. 0 70.0 ~25.0 ·129.0 0. 339 (• .0 39.0 105.0 829.0 1008.) 
N 0.514 ll H. 0 1?.2. 0 137. (J) ~35.0 145.0 0.514 73S.O 925.0 1117.0 1096.0 1105.) 

0.010 139. J :J:.o 131.0 ::20.0 12S.O 0.810 12""/] .0 1290.0 1370.0 1337.0 1438. •) 
1.119 136.0 1311.0 129. (1 129.0 12~.0 1.119 149£.0 1439.0 1400.C 1578.0 1344. •J 

cs~ (ppm) N (mass frae.) 

1\XII\L, RADIIIL PO:OjTJON (Ill) AXIAL RAI>IAL POSITION (111) 
P<)S IT JON POSITION 

(Ill) O.:JOO 0. c::o 0. 040 0.060 0.075 (Ill) o.o:o 0.020 0. 040 0.060 0.07':: 

0. l"JO (,,(1 ').0 10.0 .1':3.0 24.0 0.130 ). 0123 Q.0062 0. 0045 0.0054 0.005E 
0.200 6.0 6.0 9.0 8.0 7.0 0.200 ).0125 0 .00?4 •**1r*1t" 0. 0028 0.0061 
0. 2"79 Ci'J. C• 10 .. 0 6.0 0.0 7.0 0.279 ). 012:3 0. 0.090 0:0055 0.0058 0. •J059 
0. 3 J') o.c 7.0 6.0 0.0 -,_ 0 0. )"39 0.006') 0.0012 0. 004 3 0.0041 
(). ">.l1 /"!. 0 ·1 LO 2LL 0 23. ;J .19.0 0. ')14 •l. C•l "l.l J.006fl 0. OO'.ll 0.0016 0. 00"/() 
0.810 70.0 n.o :37.0 32.0 36.0 0.810 0. (0~•:5 ).0083 0.0055 0.0049 0.0052 
1.. U'J 50.0 'i4.Q 4)..0 36.0 "31. 0 1.119 • .':o:·2 ).00t)0 0. OOtll 0.00'74 0.0070 



1>/\'1'.'1 SI·:T 1,.1.1 
SOEI.B::RG (70) 

c (mit~;::; r 1·c,c. > 

l'X li\L H,\L>l/IL I'OSl'l' .ON (Ill) 
POSTTlON 

(Ill) 0.000 0.0/.0 0.010 0.0~0 0.075 

O.lJO 0.6•)")0 C. -J'/G':i 0. 560'J 0. 62•)). 0. 6432 
0.200 0. 70tf). c. 7054 0.4631 0.5904 
0.279 0.6516 c. 6172 0.5900 0.56o)8 0.5927 
0.339 c. 6670 0. 55)0 0. 5426 0.5822 
0.514 0.6:823 (.6907 0.6485 0. 63 59 0.6667 
O.lllO 0.7342 (.7052 0.7009 0.7026 0.6058 
l. .119 0. 7·054 (.7251 0.7115 o. 69o1B 0.7287 

H (llJ;'ISS f1·ac.) 

AXIAL RADIAL POSITWN (m) 
POSITION 

(Ill) 0.000 0.020 0.040 0.050 0.075 

O.JJO 0. (~16 (1. 00(11 0. 002'/ 0.0057 0.0029 
0.200 0. ()43 0.0180 ...... 0.0020 0.0088 

._. 0.279 0. (331 0.015] 0.0045 0.0016 0.0031 
~.) 0. )J') 0.0191 0.0049 0.0017 0.0021 
w 0. 514 0. (·196 0.0083 0.0057 0. 00·:33 0. 003:3 

•). IJIO 0. (•100 0.0070 o.oon 0. 0027 0.0027 
1 .11') 0. (•0)9 O.OO'JL -o. oo:n o. oo;n 0. 0051 

1\SH (mass frac.) 

AXII\L HADIAL POSI'TION (Ill) 
POSI'l'ION 

1,111) 0. 000 0.0/.0 0.040 0.060 0.075 

0.130 0. ))3 I)_ 3200 c-. '37.26 0.25'93 0. 2718 
0.?.00 0. 'iGS 0. ?.ll4 ...... 0.2?15 0. 3077 
0.279 0. 748 0.2424 Co. 4000 0. 4C59 0. )'/l4 
0. 1'3') •). 25UO Co. 4530 0. 4182 0. 339(1 
0.514 0. 190 •).2255 Co. 3273 0.3173 0.2740 
0.810 0. uo •). 2JIJ5 (>. 2347 0.2:19 0.2300 
1.119 0. )2) •). 23)0 0. 2451 0.2E71 0.2446 



DATA SET E .1. 2 DATA SET E. 1 . 2 
BROWN :66 • ·BROWN ( 66) 

<XOMETRY (m) Ml.SS f:.Dw RA'l'F:S (kg/s) AR (1nole [r.,1c.) 

Primary tube U• 0 0.\::.1 Prin.at·~- gas 0. )058•) 
Secondary tube IL> 0 02H7 Pr.inalj solids 0.·)01$4!! AXIAL P.M>TAL POSl'l'fON (Ill) 

Chamber ID 0 2000 Seccndcr:- gas O.olOOOCl ?OSITION 
Chawber .len9th 2 0000 Seccndc r~ solids 0. OC•OOID ( m) 0. OlC 0. 02C 0. OJO 0. 04 0 0. 050 0. Cobll 0. Oh'> 0. OtlO 

. P ri. "'all th1ck 0 OOC•1 
Quarl half an9le O.OOC•O 0.210 0.0382 •••••• O.:J306 •••••• 0.0:341 •••••• •••••• 0.027H 

(de•Jrees) 0.360 •••***' ·:0.0405 •••••• 0.037ti •••••• O.O"J49 •••••• 0.01&0 
Quarl length 0.0510 0.510 •••*** •:·.0391 •••••• ****** 0.0366 ****** 0.0"316 O.OJ/.9 

. 0.670 **•*"*" 11 *'***;r * 1P'""*1r 0.0268 111 **""** • 11 ***~ 'lt**•Jt'~~ 0.0/.()l 
0.820 •••••• (.0313 •••••••••••• 0.0300 •••••• 0.0101 0.0114 

GAS PROFER'riES 1.120 •••••• (.0294 •••••• ****** 0.0291 •••••• O.OJ."/'.l 0.026"/ 
1.730 •••••• 0:.0267 •••••• •••••• 0.0274 •••••• 0.0/.'iO 0.0233 

Friw.ary Se=orrlary 

Tetnpet·.at.tu·e (K) 367.0 \)O.C liE (l!Dle frac.) 
Pressure (kPa) 101.0 L()l..G 
Swirl munber 0. 0 Qo. 0 

AXIAL RADIAl. POSITION (Ill) 
POSITION 

GAS COMP::>SITJON (mole fra:::tion - dr·:r lnsis) (m) 0.010 0.020 0.030 0.040 0.050 0.05•) 0.065 O.•)!JJ 

Species Primary Secondar~ 0. 210 0. 0000 "* • • •• 0. 0000 • • ••• • 0. 0000 • • • *" • • • • •• 0. 0000 
0.360 •••••• 0.0000 •••••• 0.0000 •••••• 0.0000 •••••• 0.0000 

,_. o2 o.<JlO:J o.oo)O o.510 •••••• C• .. oooo •••••• •••••• o.oooo ...... o.oooo o.oooo 
N AR 0. 082J 0. OOJO 0. 670 •••*** 111111 **** *1tfll11"** 0. 0000 lli:***lli:* ~***"':'! *•*•'Ill:* 0. 0000 
~ 1120 o.oooJ l.OClJO 0.020 •••••• o_oooo •••••• ...... o.oooo •••••· o.oooo o.oooo 

1.120 •••••• 0.0000 •••••••••••• 0.0000 •••••• ).0000 0.0000 
1.730 •••••• c.oooo •••••••••••• 0.0000 •••••• ~.0000 0.0000 

·:.:OAL C.'OMPO!:ilnON 

IJltima:.e Analysis Prcximate ;.nalJsis CC (mole ft·ac.) 
(mass :rae., c:lry) (mass frac, as reed.) 

C 0. 6510 Moisture 0.1500 AXIAL RADI.".l, POSITION (Ill) 
II 0.0450 Volatile ILiltt.e: 0. 3820 POSITION 
0 0.2360 Fixed Cat"t<m 0.4040 (on) 0.010 ll.020 0.030 0.040 0.050 0.060 C.06') 0.0!!0 
N 0.0110 Ash 0. 0410 
s 0.0050 :J.210 0.3402 ·~···· 0.3174 •••••• 0.3351 •••••••••••• 0.37!)0 

Ash 0.0520 0.360 ****** 0 3152 ****** 0.:3290 ****** 0.J.l~2 *"'*" 0.2li3J 
0.510 •••••• 0 3383 •••••• •••••• 0.3921 •••••• 0.374& O.JJI4 

lleating Value (J/k9, daf) 2. 7C0~:+07 0.670 •••••• •••••• •••••• 0.4374 •••••• •••••" "***'* 0.401S 
Mean P<:.o:ti<.:lc Size (:a) 4. 0(01':-05 0.820 *****' 0.4722 •••••• •••••• 0.4540 *'**"" 0.41H.I 0.1'i40 
Bulk Pcrticle Densit~· (l:-g/m3) 1. 4(01':+03 1.120 •••••• 0.4331 •••••• •••••• 0.431"3 *'**"* 0.4.175 0.14~>.1 

1.730 ........ 0.4537 *••••• ***** ... 0.4650 'lr'lr'lr'Jii:tr1l 0.411;). 0.4'1')). 



1>1\'l'fl Sl-:'1' 1':.1 .?. l)fl'l'fl Sf:'l' 1':. 1.:?. 
]U{I)\-ii' (Gu) 1.\W>WN (66) 

OJ/. (n•ule { l"; II.~ . ) (>2 (1uul e I 1"1\C.) 

,\;( L fit. l'.fii.Jiflt. I'IJS L 'L I <.>N (Ill) ~.Xlfll, l<fll)l fit. I'<.JS l 'l' LON (Ill) 
pr,:.: I'J'Jc>N P<>SI1,10N 

(Ill) 0.0.10 0 0/.0 0. O"lO 0.040 O.C'>O 0.060 J.06S 0. O(lO (Ill) 0.010 0.0/.0 0.030 0.040 o.oso 0.06U U.OV) 0.0!!0 

-~./.I 0 0.446/. J. 4 170 ~ """ 1t"'"" 0. ·1CHH 0. ll06 C•. /.10 0.009') 0.0017 'llr11*1t1111 0. 014'j 0. Ol'iO 
: .. j(,O 0. "j !-1/ 0. 'i040 0.4H% 0. 5152 0. 360 O.OD2S 0.0010 0.002.3 0. 010/. .. 510 0. ~4 'i4 ~ • ""* •• 0.4ClH 0. 40)?. 0. 4115 0. 510 O.ODOO ****•• 0.0000 0.0000 0. ooou 

.670 ll. 2'!05 0. 215') 0. G"/0 0.0000 0 . 0000 
.. . 1.!20 0. :~H'l4 't:lll1tlll*1t 0.2t02 0."2.Hl7 0.?.')1') 0. (!/.0 0. O•JOO ***"'** 0. 0000 0. 0000 0. 0000 
l. 120 0. 2%0 1:11"'*1111 0.3(·)2 0./.'JJ'i 0./.WJO I . 1./.0 0. O•JOO 0. 0000 0. 0000 0. 0000 
.L IJO 0. 2')413 t:ll*'llr1t1t 0.2~')2 0./.'JH 0./.64S l. no 0. 0·)00 ""**••• 0. 0000 0. 0000 0. 0000 

C:ll4 (mole frac.) N2 (n10.l e I L"<IC.) 

r.u fiL I(Al)IAL. POSITION (Ill) 1\Xlfll.. RAt:>IAL I'I.>S l'l' I C)N (Ill) 

I ••J:--. ·1 T I ON POS I 'I' I ON 

(Ill) ).010 o.o:w O.OJO 0. 040 0.050 0.060 0.065 0.080 (Ill) 0.010 0.020 0.0)0 0.040 0.050 0.060 0.065 0.01.!0 

i•. /.I 0 0.001/. (). 000•) 111 * * *."" 0.0022 0.012') 0.210 0.0144 0.01).2 1t11'11r1t1t1t O.OJH6 0. Oh/ 
(•. 160 O.JOOI 0.0001 0.0007 0.0001 0.160 **•*1111 0.0116 1t1t1t1t1111 0. 00')0 111111"11*11' O.OliJJ O.OlOG 

........ (•. ·,] Q O.:Jl)").(! 0.0007 0. 0012 0.0015 0.510 0. 0072 * 1t1t * 11::111: 11'11:1111111* 0.0064 0. Ol'.iB 0.0060 
N {•. (,/(} 0.00/.0 0.00/.0 0.670 0.0064 0. 0060 
()1 (1. 1!/.0 0. :JOX/ 0.00).) G.002J 0.0025 0. (!20 0.002:?. 1t11:1t1t1t'llr 0.0214 0.0262 0. OO"J:i 

~ . 1/.0 0. :JO/.'J 11;"Jit:tltJII'It 0.002/. C.OOH! 0.0021. 1. 120 0. 044H llt1tllt111:11rlil 0.0418 0.0507 0. O"J'J l 
/lO 0. JOJ(, ;flojlr'Jt.:tltlltlt 0.00")] c. 003:3 0.00:35 l.?:JO 0.01213 1t"11t1r1tlltllt 0.0170 0.0/.20 0. O'i"lO 

II/. (n~t>le frac.) 1\(J (ppm) 

.-\:<Lfll. RAl>lfiL POSI':'LON (Ill) AXIAL RADIAL POSIT LON (Ill) 

l"':.::~ 1.(1' I ()N POSITION 
:m) 0.010 0.0/.0 0.0:30 0. 040 0. •)50 0.060 0.065 0.080 (Ill) 0.010 0.020 0.030 0.040 0.050 0.060 0.065 0.01!0 

•J. til 0 0. 149') 0.16).4 0. 16G4 0.21';}9 0.210 3400.0 1250.0 *"''***"' "/10. 0 no.o 
•). ")60 0. -Q') '.i'i ·). 1104 0.14?.0 0.12411 0. 360 1730.0 1475.0 1175.0 1100.0 
•). 'il 0 0. 1GUO ;llllfllllt*Jt* 0. LiO"J 0.1716 0.1767 0.510 1425.0 •**1t** 1125.0 910.0 l.l"JO.O 
·l. 6/0 :J .l'JOI 0.20')6 D.670 •***"'* 420.0 xn.o 
0 ). (!20 o.-;.u:l.l 0. 2)41 0.20S6 0.2147 D. 820 470.0 ""**••• 370.0 lGO. 0 ·wo. 0 
1.120 0.191(, 0. U'J1 0. 191.5 0.1')76 1.120 220.0 •***** ··*-** 201). 0 16H. 0 I 'j(). 0 
1."130 0. ?.0115 ,.. ..... 0. ?.J7J 0. ?.114 0.2065 l. 730 85.0 ••***'~~~ 65.0 1)1. 0 ':i/.. () 



........ 
['..) 
::J) 

1\XIAL 
P<JSITrON 

(Ill) 

0.210 
0. 160 
0.510 
0.670 
0.020 
1.120 
l.. 730 

1\X [1\L 
pc:•SI'l'I.C)N 

(Ill) 

0 /.10 
0. 'J&O 
0.510 
0. 6"/0 
0.1!/.0 
I. 120 
1.730 

!\XlAL 
pc l:-i I 'I' I c )i\~ 

(Ill) 

0.210 
0.]60 
0.510 
0.670 
0.1!20 
.. l/.0 
:.JJO 

0.010 

134.2 

••••• ;Ill ........ 

0.010 

?.50. r. 

****Ill:• 

0.010 

402.2 

[11\Tt\ SJ::T E . 1 . 2 
BRCMN eGG) 

0. 0/.0 

!ir#1l*** 

7')- 2 
242.5 

=·80. 3 
:99.3 
476.6 

0.020 

23.7 
424- <J 

Jll)-:; 
J •)/. .1 
lliLS 

0.020 

••**•* 
no. H 
314.3 

170/..4 
2057.0 
/.9G6.U 

IICi'! 

0.010 

2?.4- 3 

•*:r~~~"*• 

**=lit** 

Nlt3 

0 .. 030 

lf:~.6 

:11: • •. ,. 1'1: * 

112~ 

0. :·JO 

699.3 

(ppm; 

H!DL~L PO::•Sl'I'ION lm) 
J. 0~0 

Jtlll':t11:~· 

71! 5 
·--:t•:r* 
290 3 

*:11:•*11:* 

(ppm) 

0.050 0. 06J 

837.1 
178.:3 

313.8 "'**··-
•• ,. •• =': 

557.3 ··-jrr·~ 
565.3 •••••:~~: 
422.7 

Rl'o.DL•.L POSIT ION ( m) 

(o. 0-~0 

11.2 

LOl 4 

*•***:* 

(["•p.ll) 

o.cso 

500.4 

203. I 
lt"lt * •• -

184 .1 
69.E 

JOO.C 

0.060 

****** 
41.2 

HAD!r.:, 1'0.5LTLON (Ill) 

0. •)4•J 

273.0 

104':1.4 

,.,..* .. 

·). 050 

ll85. 6 

649.2 

2556-4 
2496.3 
3011.0 

0. 060 

555. ~: 

(•_ 065 

.,.,. ..... ..... ,. 
318.5 
*~· •. * 
519.6 
772.1 
514 .. 7 

·J. 0(}5 

·--·*::ft 
170.1 

;~I)!).~ 

Hf,. :1 
::u.:J 

O.OGS 

~-···r. 

9116. ~;· 

~9l:7. E 
242l!.] 
dHltO. ( 

O.C80 

54ll. 6. 
20C.8 
H5.4 
323.2 
:t85. o 
56(1_ 9 
:ntt. 9 

El.O~O 

<-33 .8 
45.7 

j46 2 
00 J 
;. 39 l 

55 4 
194 6 

0.0!.0 

12:77.0 
·65.7 
.-r57. o 

6·136 .4 
4H0.3 
2tJ)J .6 
4 7 )2. 0 

1\XIAL 
POSITION 

(m) 

0.210 
0.360 
0.510 
0.670 
0.820 
1.120 
1.730 

AXIAL 
P:::1SIT:ON 

(Ill) 

0.210 
0.360 
0.510 
J. 610 
J.ll20 
1.120 
t. 7:;o 

AXIAL 
I'CJSI'l'I()N 

(Ill) 

0.210 
U.JGO 
0.~10 

0.&70 
O.B2J 
1.120 
1.730 

Ci'!'I'A SET E . 1. 2 
(·HOWN :66) 

cos 

0.010 0.•)2) 0.030 

38.0 •• ,..,... 68.0 
3:2.) **"~~~*** 

litllt"'t"'liffll:fl' T:J.) 1it"111lilllt1t'll 

****** -··~·· ****** 
****•* 65.~ ****** 
****** 8~ .•) ****•* 
**11"*** 8').•) 

0.010 

17.0 

•*1t"litllt II: 

0.010 

1670.0 

"'**••* 

0. :•2(• 

•• *-=*• 
!. c 

.H.C 
*~~t:*:-lltll 

20:0.l 
l ~·- c 

C•. C 

(I_ <:2.0 

2t:=n <J 
1~')2. 7 

:<ti&. 4 
20.0 

0 .. 0 

CS2 

0.030 

4.0 

***jlr'** 
****** 

*•*""'* 

so2 

0.030 

1'397. 6 

(ppm) 

RADIAL I'OSL'l'lON (111) 

•J. 040 

*lit***• 
.51. 0 

*111111tlt11" 

157.0 
**•••• 
*lt**"'* 

(ppm) 

0.050 o.o.:;o 

08.0 ****Ill" 
'j4_ 0 

88.0 
1t~d!*** **"*llr"' 
169.0 ****It" 
175.0 *1t**•* 
165.0 11:***•11: 

RADIAL POSITION (Ill) 

0.040 

*•**** 
1.0 

*••**• 
17.6 

*:It"**** 

(ppm) 

0.050 O.OE-C 

6.0 **** 1 * 
~.0 

.11 . 0 
*'~~~***"' ****"* 

17.0 
8.0 
0.0 ••**11* 

[{ADlAi, POSI1'l0N (Ill) 

0.041) 

1245.11 

26H./. 

**:t**" 

o.oso 

5Gl. G 

1~0/.. 0 

0.0 
0.0 
0.0 

J.OGO 

I:~·)~. _.t 

0. OG~; 

'Jl.l. 0 
**#!"** 

.1 66.0 
I :J'j. 0 
165.0 

O.Ob5 

,. ..... 
10.0 

12-4 
5.0 
0.0 

0. 06'i 

1t11';t)ll1t1t 

I /.O'J. 6 

0.0 
0.0 
ll. :J 

o.ono 

':J'i.O 
1)~1. 0 
64.0 

1'2.4- 0 
14S.O 
IGILO 
IL.;:.O 

0.01:10 

U.O 
0.0 

10.0 
10.0 
~~. 0 
'>. 0 
0.0 

0. !):10 

0.0 
1 JHO. /. 
10/.0.1! 

I!) .. ' 

0.0 
0.0 
0.0 



L>I\TA 3ET F..l.~ f>ATI\ Sl':'l' E.l. 2 
UI{OWN (GG) BROWN (66) 

- (llli\SS (rile.) N (lllitS!oi (r·ac.) 

\~ 11\L HN.>IAI. POSITION (lll) A>: I A!.. HI\DIAI. PC)SJ'l'lt IN (Ill) 
J><.>.:il'r[()N POSI'l'ION 

(Ill) 0.010 0.)/.0 0.0"30 0.010 o. o~.o 0.060 0.06'5 0.080 (Ill) 0.010 0.020 0.0'30 0. 010 0.050 o.or.o u. 06'i 0.0!.!0 

). ;: 10 0. G65') 0. 1 lll·1 0. 2'J'o7 0.6001 0.210 0' 0130 *****• 0.0061 0.0061 U.<JO•J•i 
J. :;Go 0.111(! 0. 1224 0.1652 0. 1170 0.360 0.0221 0.0066 0.0011 I). 00'/ I. 
).S10 0.6~05 0. 42~S 0. 3261 0.2161 0.510 0.0108 0. OO'J~i 0. ll0·1'J 0 . OO"JU 
). 670 0.646') • -··*1ft* 0. 4261 0.670 ****** 0.0071 0. OObl 
J. 820 0.4~95 *:*lit* 1ft. 0.40J3 ***'**• 0.2604 0.3261 0.820 **11'*11:* 0.0106 0.002~i **'~~**• 0. OO"l). 0. OOHJ 
1.120 0.13')3 *111:**"'* 0 .. 3065 •***•• 0.3141 0.2022 1.120 0.0076 0.0070 '~~*•**" 0. OOG'.i 0. 00).') 
1. ·no 0.070 0.155') 0.5207 0.5749 l. 730 0.0032 0.0032 0. OO:l1 0. 00')1 

H (mass frac.) s (llli\SS ( r·ac.) 

/\:::cAL Ri\DIAL, POSIT:ON (Ill) AX l1\L HAI)JI\L, POS I 'I' ION (Ill) 
l'OS.~Tl.ON POS I'I'ION 

tnl) 0.0.10 0.020 ·0. 030 0.040 0.050 0.060 0.065 0.080 (Ill) 0.010 0.020 0.030 0. 010 0.050 0.060 o.oG:-, 0. 0130 

0 ?.10 0.0226 0.0092 0.0065 ****** 0.0181 0.210 0.0047 "'*'***• 0.0060 0. 0132 11:***** 0. Ol..lO 
(1 360 o. 01 ·n 0.0060 0.0051 0.0040 0.360 0.0071 0.00313 0.0012 0. 0016 

....... () 510 0. 021(! 0. 009') 0.00(!0 0. 0284 0.510 0. 0054 0.0062 ::It".***** 0.0063 0. Oli'/0 
N G.670 0. 0135 0.0137 0.670 ...... 0.0003 0. OJ Gil 
-....J <: A20 0. 0084 ...... ****** 0.0101 ****** 0.0069 0.0057 0. 820 0.0106 •***** 0.0157 ****** 0.0200 0. 007) 

l. 120 0.0127 o.oo:n 0.0091 0.0042 1.120 0.00913 0.0103 ...... 0.0155 0. 00'/ll 
l. 730 O.OOH3 0. 00:39 ...... 0.0002 0.0083 l. 730 0.0234 0.0247 0.0/.15 0. 0'31 °J 

·0 (mass frac.) ASH (mass (rae.) 

f•~lAL H!\DIAL POSI'l'lON (Ill) AXIAL HAI)LAL POSl'PlON (Ill) 
PC ·SI1'!0i'\ POSl'l'ION 

( m) C.010 0.020 0.0)0 0.010 0.0)0 0.060 0.065 0.080 (Ill) 0.010 O.C20 0.030 0. 010 0.050 0.060 O.OGS O.OilO 

0 .. 210 0.1530 (1 .1530 0.03~:) 0.063') 0.210 0.1412 •***** 0.1071 0. 61J.L •***** 0 . ?.')11, 
O.J60 0. Cfl23 0. '3713 0.0764 0.3240 0. 160 ...... 0. 4304 0 .1fi65 0.7140 0. 11ih 
0. 'il 0 0 .Hi2fi 0.01.61 0. 04''') 0.0')6') 0.510 0.1 ':81 0.15')5 •1111:1tJr1t" 0. GO! £1 0. '/1)')4 
0. ()/0 0.09'H 0.1UJ:J 0.670 0.221C> 0. ·1/.//. 
O.iCW 0. C/07 ...... O.OfJ:iO O.l'J42 0.0686 0.020 0. 4"101 11lil**** 0. 11J2'i *•*•** 0. ':>I')'> 0. '>ll·11 
l. 120 0. (•630 0.0357 0.05E:3 0.1885 1.120 •••*•• 0. 4CI7 **•*** 0.6304 **11*** 0. 'i'JG'l 0. ·;·1·1) 
l.'/30 0. C•7fll 0. 18)6 0.01.13 0.0310 l. 730 o. 4I::oo 0. '3271 0. •I 0 I 'J 0. !'[ll!l 



DA'l'A SE'!' t:: .l . 3 
BROW)~ (66) 

Gt':C)METRY (Ill) 

I' ri n•u·y tu.be : t> 
Secondary l.Lihc 1 D 
Cllan~xer I[> 

Chrunl>e r I. eng th 
t>ri. w,lll tllid; 
Qua .-1 ha 1 t anqJ.e 

(degrees) 
Quarl lenglh 

t.;AS f-'ROPt::HTIE:S 

'l'emperattu·e (K) 
Pressure (kPa) 
swi r:l nounl>e ,. 

O.OLJl 
0.020> 
0. ;!QOC 
2.GOOC 
0.000] 
O.<•OOC 

0.(•51C 

l'~imru:y 

)67.) 
tOl. J 

0. )_ 

,V,/ISS Flt.:W Rt~TES (kg/s) 

r il!ltt r·y qa.s 
ciu<.u·y .soll<.ls 
econc-ary <Jf':ls 
ecooK.ary :;ol ids 

Seo::nda1.y 

450.0 
Dl.O 

0.0 

0' 0·):.94 
O.OUSJ 
0' 00(·0) 
0.00(0) 

GAS COMI'OSITION (»K>1e :·rac:ion -dry basis) 

Species Prima1-:• Se-::ondar:y 

02 0. (t690 ).000) 
AH 0.1310 ) . OOOJ 
1120 0.0000 L. 000) 

(.Y.)AL COMPOSITION 

Ultimate Analysis 
(mass fr<~c., d.ry) 

E·rox.iJtt .. te Analy.;i:; 
•mass :roc .. as reed.) 

c 
II 
() 

N 
s 

i\~;t, 

Q_·j760 
0.047.0 
0.2910 
0.0100 
0.0120 
O.OG90 

~.oistu.. ·e 
\"c)lati~e nli',tt.er 
E"ixe::: cartxoc 
f. sit 

licit I ittq Vot l.ue t.Jfkq, ·ditf) 
:-;<~itll l'i11"l i~:l·.· Siz~~ {II. 

J . ·1 ~·oot,: o7 
1 !(tOOt·: OS 
l 'J~OOt;-OJ Bulk Particle• l'"'"ity_ (ks/ttd) 

0.1900 
0' 33(!0 
0.31330 
0. 0')')(1 

DAr:' A SET E .1. J 
BROWN (66) 

AR (mole frac.) 

AXIAl. RI'.DIAL POSITlON (Ill) 
POS:C'ION 

(0) ).000 0. 020 0. 040 0.060 0 .0~:0 

0.210 0. UJ4 0. 1-)56 0.0770 0.0700 0.06:0 
0 . .lEO 0.0775 0.0707 0.06(l') 0. 07~ 6 
0.510 *'• * * *• 0. 061)) 0. 07Jl 0.0707 0. O'l~b 
0.670 0 0504 0.0634 0. 0611 0.0632 O.O:iU 
0.!120 0 0610 0' 0595 0.0626 0.0644 0' 06~2 
1.120 0 0525 0' 0520 0.0515 0.0524 0.05.16 
1. 730 0 0405 0. 05ll 0.0501 0.0524 0.05(0 

HE (mole teac.) 

A:(]AL RAL>IA;:. POSITION (Ill) 
POS I 'I I-::JN 

(II:.) (•. 000 0.020 0.040 0.060 O.Ol'!() 

0.210 0.0000 0.0000 0.0000 0.0000 0.0000 
0.360 *"'**111• 0.0000 O.JOOO 0.0000 0.0000 
0.:010 •••*** 0.0000 0. •)000 0.0000 0. OOOJ 
0.67'J o:oooo 0.0000 0. •)000 0.0000 0. OOOJ 
0.82•) 0.0000 0.0000 0.0000 0.0000 O.OOOoJ 
1.12•) 0.0000 0.0000 0.0000 0.0000 0. 000•) 
l. 73•) 0.0000 0.0000 0.0000 0.0000 0.000) 

OJ (mole frac.) 

1\XI!\L RADIAl. POS l't'ION (Ill) 
I'OSlTION 

(m) 0.000 0.020 0.04C 0.060 O.OIH 

0.2LO oC. 113 'll 0.?.221) O.:J6'J6 0 . .1794 0. ')l.!lh 
0 . .1:;0 0.447'3 0. 4li.S?. 0. ')1)')0 0. 4/.'L 
0.51.0 "1c"Jirlll*** 0. '3977 0. :3t:ll5 0. '3910 0' J75~ 
0.6'70 0. ~2?.6 0.4D4 0.4lt.:l 0. 431 ') 0. J•)?.:.: 
O.H:~O 0. 1066 0.41 'i(i 0' 40/.0 0' Jf!% O.JGllr. 
l.l20 0. L!92 0.43113 0.430'> 0. 4100 0.406: 
I. 7l0 0. J9R6 0.3945 0. :;979 0. '31185 0' Jilt r. 



l">i\'1'/1 Sl·~'l' 1::. l. 'l 1'>11'1'11 SF:'!' E. l..l 
I~I<OWN ( GG) BI<OWN (Gf>) 

0.>/. (mole (noc.) 02 (mole f l.'il<.:. ) 

1\XJ/\L 1<1\.[>J Ill. POS!TJ~lN (lll) AXIAL HIIDIAL POSJ'I'JON (Ill) 
Pc)S-1 ':'T('>N POSlTION 

( rt) 0.000 0.020 C.040 0.060 0.000 (Ill) 0.000 0.020 0.040 0.060 0.0110 

o. no 0. 'J:<Sl 0.36'17 0. 4023 0. 3665 0.3412 0.210 0.2533 0.1735 0. 0046 0.0021 0.002/. 
0.360 0 .ltl32 0.2460 0. 324;5 0. 2'321 0. 360 **:ll:lll'tlll: 0.0150 0. 00')(1 0.0044 0. OO~i4 
0. "i.lO 0. 1400 0. 3!359 0.3594 0.3492 0.510 ****"11' 0.0000 0.0000 0.0000 0.0000 
0. 6'/0 0. Lf.IJ 0.2771 0. '1164 0.26!;1;! 0. 2695 0.670 0.0000 0.0000 0.0000 0.0000 0.0000 
0.1320 0. 330') 0.30513 0.3]41 0. 34 E7 0.3667 0.820 0.0000 0.0000 0.0000 0.0000 0.0000 
1. 1?.0 0. 27 17 0.?.6')9 0. 2620 0.29:;2 0.3002 1.120 0.0000 0.0000 0.0000 0.0000 0.0000 
1. no 0.2577 0.2767 0.2633 0.28:::7 0.2970 l. 730 0.0000 0.0000 0.0000 0.0000 0.0000 

Cll4 (mole frac.) N2 (mole trac.) 

I\ X 1 Ill. RAI.li/IL POSl'PlON (Ill) AXIAL RAf>JAL POSITION (Ill) 
PO:~ 1"1' I ON POSIT JON 

(111) 0.)00 I). u:w 0. 040 0. Q(.O 0.0(10 (Ill) 0.000 o.o:w 0.040 0.060 o. m:to 

l•. .no 0. OJ/./. 0 003 I 0 0000 0.0004 0.0012 0.210 0.03?.1 0. 0276 0.0201 0.010(1 0.0107 
(•. ]60 0 001'/ 0. 0014 0.00~4 0.0014 0. 360 0.0281 0.0229 0. 0154 0. 01 ]') 

....... 1•. ·il 0 0 00/.') 0 . 0010 0.0005 0. 0017 0.510 0.0296 0. 014(! O.Ol7f! 0.0/.90 
~ 0. f)/0 o. o:J-1(, 0. ()()1') 0. 00)1 0. 00:!') 0.00/.'J 0. 670 0.00/.2 0.0000 0.00f!2 0.0000 0.0000 
1..0 (o. !!20 O.OJJt! 0 OO'iO 0.00/.') 0.00~). 0. 00).). 0.820 0. 0120 0. 01110 0.0104 0.0083 0.0146 

I. 1/.0 0. 0:>74 0 00 /') 0. 006'/ 0.006?. 0.0057 I .1 ?.0 0.0050 O.OOH6 0.0040 0.0040 0.004') 
1.'/JO 0. OO'fl 0. 006') 0.0071 O.OOb'/ 0.0061 l. 730 0.036ll 0.0392 0.0347 0.0340 0.03'30 

II/. (1nnle [ l'i:\C.) [\<) (ppm) 

AXIAL lUll> I IlL. POSITION (Ill) AXIAl. RADIAL POS I 1' l ON (Ill) 
POSITION POSI'l'ION 

(Ill) 0.000 0.020 D.040 0.0">0 0.000 (Ill) 0.000 0.020 0.040 0.060 0.000 

0.210 0.070(1 0.0998 0. 1264 0.169') 0.1934 0.210 16.0 43.0 320.0 101. a 60.0 
0. JGO ****** 0.2464 0.2310 0.2024 0.2459 0.360 **:II*** 160.0 U2.0 250.0 ]4. 0 
0. 510 0.1615 0.1436 0.16)') 0.1646 0.510 170.0 520.0 250.0 14'/. 0 
0.670 0. 193'3 0./.15(1 0. 19913 0. 23~'3 0.2769 0.670 55C.O 570.0 510.0 no.o 113.0 
O.B20 0. lU'j7 O.l'JGl 0.11381. O.HJ38 0. 1856 O.fl20 GOC.O 6'/5. 0 495.0 340.0 270.0 
1.120 0.<342 0. 2277 0.2433 0. 2335 0.231.5 1.120 19~.0 175.0 140.0 112.0 92.0 
I. 730 o. ;:sn 0.2307 0.2468 0.233(! 0.2325 1. 730 41.0 54.0 49.0 56.0 76.0 



l>ATA ::;.:_.;rr ~.1.) IJA'l'A 58'1' E.l. ) 
BHOWN { 66 .I HROWN (66) 

H•~N (Pf'llll C:)S (ppm) 

AXIAL 1{1\[1. AL FOSI:T:ON (Ill) AXIAL ~.AJ)IAL. POS !1'l<.JN (Ill) 
P<JS J 'P J CJN POS I'l'IOI\. 

(Ill) 0.000 ( 02(· 0.040 0.0&0 o.oeo (Ill) 0.0(( 0.0/.0 0. 040 O.OGO 0. (HO 

0.').1(1 ).H7. ·1 ·r~9. •; 6C•. G 15.6 26.8 0.210 :>2.:: 77.tl :>.05. 9 "J~jG. 2 27B. I 
0. 16(• H~i6. 3 119(.4 552.] 9(10. 5 0. 360 l1l. 8 161.4 1'32. 0 ')''. 2 
0. 51(• 16 .I! (J~.4 51.5 2).0 0.510 '****111'* 15"3.5 1"/13. 7 2"/4.8 1 ~--. •; 
0. 6'/( JG7.H <KG. 1. 9::.5 314.5 616.2 0.670 2:ol4.0 243. t3 262.3 233.5 111 .. J 
O.fi2C .1 65.9 2U.J 131.7 9LG 76.) 0.820 2:>4 .5 295.8 2135.9 :>.6"3.5 22t;. r; 
1. 12C 4.7 2.~0.) liJ::. 9 11). 0 134 . .3 1 .1.20 324.:, )24.9 307.2 "JO'l.H /.4'/. :.! 
l. 7:30 .lS•J. 5 I ~13. 'i ]57.1 257.0 22'/. 7 l. 730 1:);3 .] 106.2 149.4 175.8 176i. l 

1\113 (ppm) C:S2 (ppm) 

o\X'I AI .. IU\I'IJ=\1. j)():\ 1':'1 JN (Ill) AXIAL RAJ)IAL POS!'l'JON (Ill) 
I'<JS IT I()\ POS('J'ION 

(Ill) C.OOO 0 :J/.0 0.030 ).06) o.oeo (Ill) 0 .1)0•) 0.020 0. 040 0.060 0.030 

0. '1.1 () ·:JI •. -~ I 0: l. u G~! l 6 :i%.) ')0.0 0.210 9.~ lO.tl 0.1 0.1 0 1 
0. !()() ~ /.~: I.') ](it;(, II ·~ 11. ~ IJC'J.G 0. JGO "'J.7 5.7 0.1 I) ,,) 

,_. 0. ·)In '; ]. 6 3'!6 '/ <;')I. l ~l 5. 1 0.510 - * .... :· 1.1 7.6 6.2 4 
w 0. (;/() S/·1. I! 11~·~.0 :;l)lj ll )_ 31.:1 1flG9. 3 0. 670 1 i.: '3'1. 1 89.3 9.1 fl •; 
0 (.1_ 1!/.0 :;·)J. (,l- . ~j f>/.0 II t'JE. ·) 9B4. 2 O.tl/.0 J.tj ?.5.5 12.11 7.?. 0 1 

I. l/.0 li'JII. G 1.1!.1). ~ '/GI.I •) f: ~j·~. b 11%.'i 1.1?.0 JG.r. 32.5 31. G 27. I. 2.1 ] 

I . ilO I I ·1~ -~ I/.~ l . -, I X/6 ) .1.~35.~ 2052 . 1. 7'30 26. t 'JO. l J0.4 '20.4 25.6 

ll'i.S (f'f'lll) S02 (ppm) 

I\ X I ,\I. HAf.>fJ!L !'<.~ !'I'I(·N (Ill) AXIAL HADIAL POSI1'lON (:n) 

i'OSJ'I'IOf\ POSIT ION 
(Ill) 0.000 o.c;w 0.04XJ :.05( 0.080 (Ill) ). ))0 0.0/.0 0.010 0. 060 J. Of:O 

0. ').10 sn.~ 7J. 6 116 5. ') ). :>LJ.. 4! /.066.6 0.210 •). 0· 0.0 0.0 0.0 O.::J 
0 . .360 :d~/J.IJ ?."/1';).-/ /.-1.15.1 :>.UJ7. 7 0. 360 0.0 0.0 0.0 O.J 
0.510 3011.3 14 I J. :J 1:}-!l.l 2665.0 0.510 :\It :tit :r :\ * /.0.3 0.0 0.0 O.J 
0.670 1_0'.4. 0 110-J. 0 /.69.1.) I SiJ7. -~ 171]3.1 0.670 0.0 0.0 0.0 0.0 0.) 
0. (l/.0 21.16'>.). 3/.'H. 1 2(l'Jl. J 2sn.'> 2583. (I 0.820 0.0 C•. 0 0.0 0.0 0.) 
I. 1/.0 JIO'J.7 :JI%.3 241'!.7 ')231. J 2B06 .l l. 120 0.0 0.0 0.0 0.0 0.) 
I. 'IJO 1~·:-1.6 /./.1,17.0 ?.51J4. 5 "2'2n. J )000.;< l. 730 0.0 C.O 0.0 0.0 0.) 



[WI' A SE'I' E.l. 3 DATA SE'I' E:.1.3 
IIHOWN ( 66)' BROWN (66) 

::: (mass frac.} N (mass frac.} 

/IX I IlL H,\1)1/IL POS I 'r: ON (Ill) /IXIAL HN)l/11. POS I ,.p ION (111) 
POSITION POSITION 

(m} 0.000 0.020 0. 040 0.060 0.080 (Ill} 0.000 0.020 0. 040 0.060 0.01.10 

0./.10 o.u:J66 0. 60')0 0. ll19U O.Of.C) 0. 166(1 0.210 0.001.12 O.OOliO 0. 001') 0.0009 0.0010 
0. '360 0.5226 0.4552 0. 3012 0.3370 0. 360 ****** 0. 0093 0.0057 0.0010 0.006). 
0.510 0.6470 0.5717 O.'i306 0.5667 0.510 ***111** 0. 0120 0.00137 0.0072 O.OOUJ 
0. (,'/0 0.6l"l:l 0.5467 0.502'i 0.5296 0. 5094 0.670 0. OOIH 0.0066 0.0055 0.00"/7 o. oo·JL 
O.li20 0.6473 0.6182 0. 601J6 0. 5593 0. 5499 0.820 0.0089 0.0089 0.0076 0.0082 0.0.106 
1.120 0.59'/2 0.6150 0. 4545 0. 4130 0.5753 1.120 0.0082 O.OOIJ:J 0.0052 0.0066 0.0066 
l.T30 0.5650 0.5353 0. 41347 0. 5211 0.4999 1. 730 0.0079 0.0059 0.0048 0.0050 0.0050 

II (lllilSS [ t'iiC.) s (mass f t'iiC.} 

AXIAL RM.>IAL POSIT: ON (m} AXTIIL RADIAl, POSfTION (Ill} 
!•(>S!TlO;'\ POSI'l'ION 

(Ill} 0.000 ·0. 020 0.040 O.OiiO 0.080 (m} 0.000 0.020 0. 040 0.060 O.OiiO 

0.210 0.0355 0.0336 0.0000 O.OOiil 0.0060 0.210 o.oon 0.0071.1 0. 0136 0.0326 0.001!1 
0.360 C.O?.I'fl 0.0162 O.OL4 0.017/. 0. '360 0. 0125 0.01?.5 0.0125 0. 012'i - 0.510 c. 01')) 0. 0272 0.01'92 0.0.131 0.510 *••••• o.oono 0.01.21) O.OJOtl 0. Ol.IJS 

w 0.670 0. 0296 c. 0173 0. 011)(1 0.0270 0.0346 0.670 0.0101 0.01HI 0. 0171 0. 0276 0.026/. - 0.820 0. 0"240 C.0314 0.0207 0.01.35 0.0156 0.820 -0.0121 0.0100 0. 0124 0.0207 0.02% 
1.1?.0 0. 0"248 c. 02:37 0.0163 0.0172 0.0101! 1.120 0.0120 0.0156 0. 0191) 0.0/.'J:J 0. o·llo 
l. 730 0. OWl c. 0121 0.0094 0. OlJ 1 0.0101 l. 730 0. 0324 0.0247 0.0302 0.031/. 0.0301 

<) (mass frac.} ASH (mass fnte.} 

AXIAL RM>IAJ. POSITION (m} AXIAL RADIAl, POSI'riON (Ill} 
~~·>s [TION POSITION 

(Ill) 0.000 0.020 0. 040 O.O.JO 0.0130 (m) 0.000 0.020 0.040 0.060 0.01'10 

0.210 O./.l'J4 C./.376 0. 267U 0.0393 0.0443 0.210 0.1004 0.111'/ 0. 5319 0. 8'/23 0. 71H'J 
0.360 C .Utl8 0. 1615 0.2053 0. 1946 0.360 0.3006 0. 3614 0. 4 771 0. 44 50 
0.510 c. 1f.ifl4 0.2033 0.20H 0.2174 0.510 0.1125 0.1892 0. 218') 0. 1775 
0.670 0. 1019 C·. 15'J6 O.D26 0.?.656 0.2660 0.670 0.1631 0. 2691! 0.3406 0. 11)5'4 0. 185'/ 
O.U20 0. 1756 (•. 2163 0.2141 0.1.532 0.2259 O.tl20 0.1321 0.1252 0. 1525 0. 2650 0.2040 
1.120 0.2441 (·.1531 0.3496 0.2570 0.1559 1.120 0.1265 O.liJ40 0.1813 0.3107 0.2579 
l. 710 O.C021J C•.H'i'J 0. 1122 0. 11)9 0.1635 1. 730 0. 29'38 0. 3042 0. '3922 0.3552 0. ')).17 



...... 
w 
N 

DATA SO:T E.l.4 
BROWN (66) 

GEOM E'l'R Y ( m) MASS fi.;)W RATES (kg/s) 

Pdmary tube I[• 
secorl<11at·y t·lrl;e 1[1 
Chamber Ill 
chand>er len<) t.h 
Pri. W';:l!l t.itlck 
Quad half angle 

O.OlJl 
0.•02tt7 
0.200J 
2. OOOJ 
0.·00()1 
0. ()0()) 

Primary qas 
?t·i.m<.t•.:.y· :::.olids 
5econdaty gas 
SeG91Daty solids 

(deqre.,s) 
Qu<H'l lenqUt 

<;/Is PROP ~R'fl ES 

Temper.:tt.m·e ( K) 
P ressu"·e ( kPa) 
swirl mmtber 

0.05[) 

Pt·im.uy 

367 0 
iOl 0 

0 0 

~50 0 
l•H 0 

0 0 

GAS COMPoS IT ION ( n~)le E t'act ic~·, - dry bas is) 

Species. 

02 
AR 
H20 

COAL COM~SITION 

Primar! 

0.89"1) 
O.lO#t) 
0.00(0 

Secondar;-

0. OOC•O 
0. OOC•O 
l.OCCO 

Ultimate Analysis 
(mass lrac., dty) 

Prc'~~ate hnclosis 
(mass frac., a; reed.) 

c 0.6670 
II 0.0470 
0 0.1150 
N 0.0140 
s 0.0430 

/Ish 0.1120 

:MoislLre 
Vol<tU le m<.tt.er 
fixed Carb:on 
.Ash 

lleatinc Value (J/k9, da[) 
Mean P~rt.icle Size (:It) 

2. 4 (•01':+07 
4. OOOE-05 
I. 400c<·OJ Hul.k P<ll:l" ic le [•ens i ty_ ( ~J/ml) 

0.0670 
0.3940 
0.4350 
0. 1040 

0. (0863 
0.(1013 
0.(0067 
o.coooo 

AXIAL 
POSITION 

(Ill) 

0.210 
0.350 
0. 51(· 
0.67C 
0.820 
1.120 
1.730 

AXIt\L 
POSITION 

(m) 

0.2~0 
0.360 
0.510 
0.670 
0.820 
1.120 
l. 730 

AXIAl~ 

POSiTION 
1111) 

o.:no 
0. JEO 
0.510 
0.670 
O.t120 
1 .. 120 
l. 730 

['!\.l'A SET E. l. 4 
B!DWN ( 66) 

0. J()) 

0.0493 
0.065L 
0.0513 
o.osn 
0.0581 
0.0595 
o.osn 

•). (lOll 

0.0C•U: 
0. CC•OD 
0. COl< 
0. CC2:: 
0. CCOC• 
0 OOOC• 
0 OOOC• 

0. C<OC 

O.J75] 
0.'344= 
0.4441 
0. 431E 
0. 4442 
0.4JH 
0.41)': 

0.020 

0.0512 
0.060(1 
0.0501 
0.0574 
O.C58l 
O.C55l 
0.0549 

HE 

(m.:>le frac.) 

RADIAL. POSI'l'J(>N ~m) 

0.040 

0. 0677 
0.0760 
0. 06~3 
0.06)3 
0. 0617 
0. 0625 
0. 0553 

0.060 

0.06:34 
0.0714 
0.0641 
0.0640 
0.0609 
0. 060') 
0.0560 

(mole f eac. ) 

0.0,..!0 

O.OGHI 
0. 07JB 
O.OG:P 
o.o&n 
0.06):. 
0. 053'! 
o.o5o':i 

I{ AI) LAL POS !~'ION (lit) 

0.020 0.040 O.OGO 

0.0042 
0.00/.7 
O.OOH! 
0.0044 
0.0000 
0.0000 
0.0000 

0. 0:~(1 

0.0050 
0.0000 
0. 0013 
0.0020 
0.0000 
0.0000 
0.0000 

co 

0. 2020 
0.4264 
0.4427 
0. 4 Jill 
0. 4454 
0.40JJ. 
0. 4214 

0.0030 
0.0000 
0.0013 
0.0000 
0.0000 
0.0000 
0.0000 

(mc•.le fr·a •. :.) 

o.oo~o 
o.oo:::s 
0.00:.8 
0.00::/. 
O.OODC 
O.OODC 
c.oooc 

RI'J>l.II.L POS!'l'rc>N (m) 

C.040 

O.:J90H 
O.J4Jl 
0. 455(1 
0.4415 
0.445J 
O.HLJ 
0. 4191 

0.060 

0. 3952 
0.3742 
0. 4 lSG 
0. 4:JH9 
0.4419 
0. 42YI) 
0. 42.06 

0.01:0 

0.40':''3 
0. 4lll 
0. 4 J:4 
0.44H 
0.41~'4 
0. 43'/). 
0.4l'r6 



I'NP1\ !:if:1' E. 1.. 4 I)NPA SE:'P E. 1..4 
BltOWN (66) BROWN (66) 

CO?. (mole frac.) 02 (mole f cac.) 

AXnL RADIAL POSl'l'JC>N (Ill) AXIAL RN)IAI, I'OS I 'I' I CN (Ill) 
PO!:il'I'ION POSITION 

(Ill) O.OJO 0.020 0.040 0.060 0.080 (Ill) 0. 00•) 0.020 0.040 0.060 O.Ot!O 

0.210 0.2939 0. 5962 0.3855 0. 3591 0.3452 0.210 0.0009 0.0363 0. 0025 0.00?.4 0.0024 
0.360 0. 3874 0. 2859 0.4335 0. 4031 0. 3393 0.360 0.0074 0.0035 0.0031 0.00?.;;. 0.0000 
0. 510 0.2516 0.3031 0.3331 0. 3420 0.3382 0.510 0.0000 0.0000 0.0000 0.0000 0.0000 
0. 670 0.2878 0.2789 0. 3080 0.3086 0. 3090 0. 670 0.0000 0.0000 0.0000 0.0000 0.0000 
0. 8:20 0. 21380 0.2869 0. 3031 0.306~ 0. 3123 0.820 0.0000 0.0000 0.0000 0.0000 0.0000 
1.120 0.2793 0.2618 0.2861 0.2809 0.2743 1.120 0. 0000 0.0000 0.0000 0.0000 0.0000 
1. 730 0.27:87 0. 261J3 0.2858 0.280t 0.2885 1.730 0. 0000 0.0000 0.0000 0.0000 0.0000 

CH4 (mole frac.) N2 (mole frac.) 

A:< l1\L HADlAI, POSlTl•)N (Ill) AXIAl, HM>IAL POSI'l'ION (Ill) 
POSL'rlON POSI'I'lON 

(Ill) 0. coo 0.020 0.040 0.06J 0.080 (Ill) 0.000 0.0?.0 0.040 0.060 o.ono 

o.;;:tu 0. 0(•'/~ 0 0000 0.0000 0.000:) 0.0000 0.210 :J. 03~.1_l 0.0202 0.0150 0.0151 0. 0134 
0.:::60 0. 0(•45 0 007'3 0.0012 0.0000 0.0000 0. 360 0.0241 0.0.101 0. 0131) 0.0149 0.01?.0 

........ 0. :oJ 0 0. OHIO 0 0031 0.0000 0. 0000 0.0000 0.510 0.0057 0. 0054 0.0072 0. 0072 0.0102 
w 0.6'10 0.0051 0 0065 0.0022 0. 0007 0.0006 0.670 0.0092 0.0089 0.0103 0. OOI:kl 0. 0077 
w O.B?.O 0.004(l 0 00'11 0.0037 0. 00l7 0.0019 0.820 0.0101 0.001i7 0.0056 0.0095 0.00(16 

l. l20 0. OCD72 0 0072 0.0071 0.0061 0.0064 1.120 .0.0118 0.0103 0. 00)] 0.0121 O.OOilll 
1. ~·lo 0.0066 0 00'/1. 0.0067 0. 0069 0. 00'11 L. 7l0 0.0276 0. o:ws O.O'llfi 0.0327 O.OJJ'i 

II?. (mole [rae.) NO (ppm) 

AXIAL Rfo[lJAL, I'OST1'I(>N (Ill) AXfAL RA[>I AL POSJ'I'JON (Ill) 

I'<.>S I 'I' lOt' POS 1'1' f ON 
(Ol) 0. •)00 0.020 0.040 O.OEO O.OI:lO (Ill) 0.000 0.020 0. 040 0.060 0.0110 

0. '.110 0. ).').')4 0. 061.10 0 . .1356 0. l6l•5 O.l67fl 0.210 0.0 /."llS.O 460.0 160.0 1.4'>.0 
0.360 0. 1j'/O 0. 205'J 0.121l4 0. l'Jl2 0 .15?.9 0.360 Jl'JO. 0 29') l. 0 ?.195.0 1200.0 610.0 
O.S10 o.n·14 0. lfl62 O.lJIJl 0.14'?3 0. l4'lfl 0.510 11 ')0. 0 1125.0 1100.0 760.0 4.1S.O 
0.670 0. 2)62 0.201\l 0.1746 0. 1'/LG 0.176'/ 0.6'/0 940.0 llOO. 0 91JO. 0 GIJO.O ') lO. 0 
0. t:t?.O 0. i.:l44 0. 19'3'/ 0. 11)0') 0. 1799 0. 11Jl7 0.820 590.0 640.0 SJO.O ~iOO. 0 ':>00.0 
I .120 0.2109 0.2625 0.2000 0.2101 0. 2137 1.120 1')0.0 495.0 4H~l: 0 ';oo. o 510.0 
1. 730 0. 2209 0.21')(! 0.2014 0. 20:!7 0. 1981) 1.7'30 1 ~)8. 0 165.0 1.70. 0 175.0 1 ')'). 0 



DATA SE'r E .1. 4 D!\1'A SET E.l. 4 
BROWN ( 66) BR.:lWN (66) 

H:.N ([)fAll) ms ([)[)Ill) 

AXIAL RADIAL P.::SITION (Ill) AXIAL RADIAL POSITION (Ill) 
POSITION POSI'riON 

(Ill) 0.000 0.020 O.C40 0.060 0.080 (11\) 0.000 0.020 0.040 0.060 0. o:w 
0.210 1127.8 217.5 1274 1 21.38. 2 4341.2 0.210 2~3.0 246.0 809.0 1004.0 1038 0 
0.360 .L57.9 1065.2 250.6 41.6 242.6 0. 360 3c:.::.o 402.0 198.0 316.0 ')22 (I 
0. 510 2708.8 851.8 496.4 349.5 1410.4 0.510 SCO.O 515.0 364.0 519.0 .1066 0 
0.670 1CJ4.9 76J. 0 697.9 ~378. 3 1610.9 0.670 JC.O 375.0 235.0 418.0 621 (o 
0.820 1762.2 2057.1 3326.4 ~916.7 863.1 0.820 63~.0 675.0 702.0 786.0 (!2ll (o 

1.120 7373.3 587 5. 2 9144-6 5693.9 6093.5 1.120 30-l:. a 896.0 858.0 919.0 910 c 
l. 730 534.6 42::5.8 4189.4 ::858. 9 2322.7 1. 730 36~ .0 634.0 842.0 839.0 076 0 

NJ· 3 (pf>~n) CS2 (ppm) 

AXIAL RACIAL PC.SITION (m) AXIAL RADIAL POSI1'ION (!tl) 
POSITIOii POSI'riON 

(Ill) 0.000 0.(•20 0. 040 0.060 0. jfJo) (m) 0.)00 0.020 0. 04•) 0.060 0. Of-"l 

0. 210 0.0 12?.0:·. 8 217.7 273.5 27:3.9 0.210 222.0 0.0 31.0 45.0 44.0 
0.]60 328.9 25·'. 6 953.5 106.0 256.0 0. 360 80).0 1862.0 246.0 15.0 0.0 

....... 0.510 74 '). 0 27'1. 0 34 7. ) 226.0 293.l 0.510 2::80.0 1100.0 856.0 HO.O 57. J 
w 0.670 504.6 39~.2 705.2 H5.5 497.3 0.670 l:;H.O 1877.0 665.0 453.0 400.J 
~ O.fJ?.O 406 .I) 41 j. 5 6?.G. 'i ~53.'). 4?.6.4 0.020 l%9.0 1750.0 1111.0 ')70. 0 877. J 

I. 1?.0 5'1·1. 6 4G~. 5 C)'J•J. ) 53'). 3 005. t, 1.120 2~56 .0 085. 0 1916.0 18'i9.0 1716.) 
I.. 730 :?.76.4 7G 5. 'J '/I) 3. ~ 554.7 439.8 l. 710 149'.' .0 956 .0 1.404. 0 1'357 .0 l40!!.) 

II/.:~ :ppm) S02 (ppm) 

AXIAL RADIAL POSITION ( rn) AXIAL HADIAL POSI1'10N (Ill) 
I'OSIT!ON POSITION 

(Ill) 0. 00•) 0.0?.0 0. (11(< C•. 060 o.oeo (Ill) 0. CC•O 0.020 0. 040 0.060 (• .OI)CI 

0.210 Gl'/4. 0 IT/~. ·1 0.210 ]4/3.6 6504.0 1552.4 360.9 0. (• 
0.360 36.36.2 459F.:. 5 1Jl7. c J::28.1 ••**** 0.360 7175.4 66'14.7 .......... 4130:3.'3 '2684. ( 
O.'i10 943~ 6 '32613. c 9~67.6 0.510 4 521.2 4918. 'J 6520.6 2181. 4 1469 .I: 
0.670 ?.U77.1 3'/GC 0 3539.5 41U9. l 6670.?. 0.670 5411.3 'lU6'i. 2 'll47. l LG%.U JH39.( 
O.ll20 . 6770.4 69-ri 9 7480.1 7c93.4 7581.2 0.020 28.)1. 7 Hl35. 2 /.9U6. 4 1281.0 /.642.] 
I .120 •*•'**'* ...... ** *" •*•••• 1.120 11 81 .. 1 11/.5. 5 1224 .li 1026.7 2007.~ 

I. 730 6412 3 **•*** .L. 730 7:l8. 6 52S'/. 4 :Jll36.2 l'/53.l! 1400 .I' 



DATA SET E.l. 4 DATA SI::T 1::. 1 . 4 
BROWN (<66) BROWN (GG) 

c (mass frac.) N (mass frac.) 

AXIAL RADIAL POSITION (m) AXIAL RADIAL POS 1'1' ION (Ill) 

POSITION POSITION 
(Ill) 0. 000 0.0:20 0. 040 0.060 0.080 (m) 0.000 0. 0:20 0.040 0.060 O.OllO 

0.:210 0.6965 0.41130 0.2203 0.2979 0.3061 0.210 0. 0112 0.0062 0.0055 0.0034 0.0041 
0.360 0.617'3 O.E437 0.5371 0.2829 0.2352 0. 360 0.0065 0.0085 0.0041 0. 0011 0.0013 
0.510 0.6536 0.:906 0. 4338 0.2942 0. 2826 0.510 0. 0115 0.0107 0.0057 0. 0011 0.0010 
0.670 0. 6039 O.E343 0.5489 0. 4527 0.4276 0.670 0.0146 0.0126 0.0084 0.0059 0.0037 
0.820 0. 5829 0.:876 0. 5791 0.5041 0.5470 0.820 0.0104 0.0107 0.0086 0.0052 0.0015 
1.120 0.6296 0.:762 0. 5440 0.5917 0.5084 1.120 0.0160 0.0127 0.0069 0.0074 0.0061 
1.730 0.5163 0.:11:2 0.5514 0.5651 0.5737 l. 730 0.0076 0.0076 0.0069 0.0091 0.0070 

H (mass frac.) s (mass frac.) 

1\X!JI.!. RADIAL POSITIO~ (on) AXIAL RADIAL POS11'lON (Ill) 
!'OSITION POSITION 

(Ill) O.OCO 0.020 0.040 0.060 0.080 (Ill) D.OOG 0.0:20 0. 040 0.060 0.000 

U./.10 0. OJl·C• 0 (• 11 l 0.0032 0.00?.4 0.0029 0.210 0. 0357 0.017:2 0.0357 0.0307 0.0339 
0. H:O 0. 0/.'111 0 (•).()'/ o. ons O.OO'i2 0.0055 0.360 0. 034(• 0.0'384 0.02'!5 0. 0:215 0.0511 

...... 0. ·,to 0 . 0 J;7 0 (o] ')1.1 (). 0119 0. 00'37 0.003?. 0.510 0. 040< 0.0330 0.0203 0.04).3 0. 0531 
w 0. (,'j() 0. ()).f:<> 0 l•'ll4 O.OIT/ 0.0102 0.0053 0.670 ··o. o4oo 0.0372 0. 0372 0.0409 0.0604 
(.Tl 0. :l;:o 0. O:i.'.·l 0 l•/.5/. 0. 0175 0.0064 0.0050 0.020 0.0483 0.0407 0.0305 0.043tl 0.0541 

l.UO 0. 02::J 0. (f).O'/ 0.0136' 0. 0133 0.0080 1.120 0.0410 0.0421 0.0385 0.0426 0. 04.1.3 
1. no O.OJ.l2 0.0110 0.0106 0.0104 0. 0096 l. 730 O.OJH3 0.0371 0.0377 0.0330 0.0351 

C) (mass ft·ac.) ASH (mass frac.) 

1\XIAL RADIAL POSITICN (Ill) AXIAL RA[J!I\L POSITION (II'.) 
POSITION POSITION 

(II(• 0.000 0 020 0.040 0.060 0.080 (Ill) 0.000 0.0:20 0. 040 0.060 0.080 

0.2~0 0.0747 0.0220 0. C•064 0.0000 0.0000 0.210 0. 1870 0. 527?. 0. 728'} 0.6765 0.6561 
0. 360 0. 0864 0.0642 0.0935 0.128C 0.0170 0.360 0.:2:273 0.:2185 0. 3133 0.56'34 0.6U97 
0.5~0 0.0267 0.0405 0.0720 0.04:29 0.0000 0.510 0.19')0 0.3047• 0.4484 0. 5735 0.6746 
0.670 0.0788 0.0841 0.0420 0.039C 0. 0361 0.670 0.2342 0.2005 0.3458 0. 4513 0.4670 
0. 820 0.0573 0.•)742 0.0424 0.0271 0.0348 0.820 0.2764 0.2616 0. 3139 0. 41.32 0.3555 
1.120 0.0000 0 .1)063 0.0458 0.024E 0.0081 1.120 0. 3146 0. 3419 0.3513 0. :320:2 0. 421.11 
l. 710 0.0193 0. ·)124 0. Oll5 o.oooc 0.0000 l. 730 0. 4073 0. 4:208 0. 1703 0. 39?.:2 0.42l.l 



[>A'l'A SET E:.l. 5 DATA SE'r E. l. 5 
AZUHATA E:':' AL. (65) AZliHATA E:T AL. (65) 

<;EOMETRY (Ill) MASS f'[LYil ~A":'ES (kg/s) AR (mole frac. J 

Primary tube l[l O.OlH. Primary •Ja~ 0.01075 
Secondaty tube E> 0.02tl7 Primary :;o~ids 0.00013 1\XII\L RADIAL POSI'P!ON (Ill) 

Chamber H.> 0. 20(1) second.~r: Qas 0.00417 POSiriON 
Chamber length 1.73(1) Secondar:: solids 0.0000) (:n) 0.000 c. 010 0.020 0. 040 0.060 0.080 
Pt·i. wall thick o. oo::2 0.060 0.0419 0 .. 0647 0.06'22 0.0480 0. 0545 O.OE48 
Quarl half angle 0. OO(oo) 0. /.10 0.0487 0.0498 0.0521 0.058:1 

(degrees) 0.370 ***1r*1r *••••• 0.0589 0.0487 0.0486 0.0:50 
Quarl len<]th 0.05S2 0.">20 0. 0543 0.0549 0. 0548 0.0511 0. 0~43 

0. 520 0.0420 1111: 1it:"11rlil: •• 0.0475 0.0509 0.0361 0.0240 
0.:320 0.0469 Itt:* It 11'11' 0.0504 0. 0490 0.0503 0.0495 

GAS PROPERTIES l. 730 0.0394 --~--· 0.0472 0.0567 0.0521 0.0557 

Prima:ry Second!c.I)o 
H2 (mole ft·ac.) 

Temperature (K) 367.0 450.( 
Pressure (kPa) 413.7 413./ 
SWirl number 0·.0 (I • AXIAL RADIAL POSI'l'ION (m) 

POSIT:i:ON 
(m) 0.000 O.J~O 0.020 0. 040 0.060 0.080 

GAS COMPOS IT ION (mole fra:tioo - d:ry baais) 0.060 0.1191 0. U<o3 0.1678 0.1731 0.1561 0.2334 
0.210 ··'*··· 0.1.793 0.1744 0.1737 0.1712 

Species Primary Secondaty 0.370 0. L375 0.154il 0.1588 0.17•)8 
0. 520 0.1936 ""' .... 111 * 0.1931 0.1885 0. 1929 0.1954 

....... 02 0. 7770 0.0000 0.5:<:0 0.1701 0.1848 0. 1876 0.2180 0. 2130 
w IIR 0.2001 0.0000 0.820 0.1674 -·-=··· 0.1828. 0.1822 0.1792 0.1837 
0'1 H20 0. 0295 0.0000 l. 7~0 0.2235 111:1r:'lll•1r 0.2115 0.1998 0.2074 0.2096 

N2 0.0000 1.0000 

02 (mole :rae.) 
COlli, COMPOSITION 

1Jltin1ate Analysis _) ro::.imate Anal:,.s:.s AXIAL RADIAl, POSITION (Ill) 

(lll~SS frac., dty) :mass frac., c..s ::-ecd. POSITION 
(m) 0.000 0.010 0.020 0.040 0.060 0.080 

c 0.6679 .~oisture 0.0597 0.060 0.0000 0. cooo 0.0000 0.0000 0.0000 0.0000 
H 0.0524 Vol;:tile matte: 0. 3836 0.210 ....... **'lll1111tllt 0.0000 0.0000 c.oooo 0.0000 
0 0.0986 Fixe-d C3.rbon 0.4053 0.370 ....... •••*•• 0.0000 0.0000 0.0000 0.0000 
N 0.0142 i<lsh 0.1514 0.520 0.0000 o.cooo 0.0000 0.0000 O.OOCO 
s 0.0049 0. 520 0.0000 • lt'A::Tiltllt" 0.0000 0.0000 0.0000 0.0000 

Ash 0 .lE-20 0.82J 0.0000 ··~-- 0.0000 0. OOOC• 0.0000 0.0000 
l. 7)o) 0.0000 • It*"'* It lir 0.0000 o.oooc 0.0000 0.0000 

Heating Value (.J/~:g' daf': 2. 7800E+C7 
Mean Particle Size (m) 5.0000f:-C5 
Bulk Particle Density (lg/m~) 1. 3400E+C3 



DATA SE'r E.l. 5 DATA SE'l' E. 1.5 
1\/.liiii\TA E'l' IlL (65) 1\WIIA'I'II r,'l' AL. (6S) 

N?. (IIIOle fr·ac.) C02 (mole ft'i\C.) 

!1::.:11!. Ro\DIA!, I'OSIT:oN (Ill) 11:\lAL RADIAL POS I 'I' TON (Ill) 
Pc,>S_'!'ION POSl'riON 

•In) 0.000 0.010 ·0. 020 0.040 O.ObO 0.080 :m> 0.000 0.010 0. 020 0.040 0.060 o. ot:o 
0 060 0.4003 0.0375 c. on 3 0. 0225 0.0136 0.0252 0.060 0. 1058 0. 1865 0. 09:32 0. lOOO 0.10'35 D. 011: J 
() :no c. 0491) 0. 0396 0.021)3 0.0160 0.210 1t:11"1t:11:1t:* llr**•** 0.0067 0. 0'.)69 0.0892 0. 08t:6 
c 370 C.0/.05 0.0208 0. 02:~5 0. 0072 0. 370 ....... 0 . .1 068 0. 1103 0.1142 •:J. l L:S 
{ 520 0. 0052 c. 0077 0.0097 0.00% 0.0110 0.520 0.0987 0.0961 0.0927 0.0916 •). 0'JC•6 
C· ')20 0. 0219 (.0225 0. 0215 0.0235 0.0236 0.520 0.1109 0.1215 0.1365 0.1410 :J. n:.ll 
(•. [120 0. 0104 (.0014 0.0198 O.OB1 0. 020(! 0.820 0. 0903 *11:***• 0. 10?.1 0.094ll 0. 1050 :J.09:.:1 
1 no 0. 0154 C.OJOO 0.02'!0 0. 01 j4 0.0?.59 1. 730 0. lOll 0.1015 0. 1001 0. 1032 0. 10: S 

Cll1 (m::>le fcac.) 1120 (IIK)1e fr:ac.) 

f,G/\L RADIAL POSITION (Ill) AXiAL RADL/\L, POSITION (Ill) 
P<.SI'I'lON POSl1'ION 

(Ill) (•. 000 0.010 0. 0').0 0. 040 0.050 0.0!30 (Ill) 0.000 0.010 0.020 0. 040 0.060 o. o·:10 
0.060 o). 014/. 0 .LOOO (•. 0000 0.0000 O.OO:.JO 0.0000 0.060 0.0500 0.2160 0.17lll 0.17'33 0.1918 0. 1 ~j!] 
0./.10 0.0006 0.0000 o.oono 0.0000 0.?.10 0. 1746 0. 18')] 0. lliOJ 0. 111)7 
0 .. JlO (1. 0000 0.0000 0. 0000 0.0000 0.370 0.2066 0. 2012 0. 189?. 0. 1')j J 
0. 'j).Q 0.004) 0.0016 0.0006 0. 0003 0.0003 0. 520 0.1406 0.1572 0.14')6 0.1479 0. 143?. 

....... 0 . 'i/.0 ·J. OO'o?. o.oo:n 0. 0013 0. 00.12 0.0001 0. 520 0.2407 0. 1.909 O.l'/56 0.1500 0 . .15.-J 
w 0 .ll/.0 :J. 001 J u. 00.14 0.0010 0. 0007 0.0005 0.!320 0. 2051:1 0. 17 JO 0. UlOO 0. 17')4 0. l'//9 
'-J · .. no ::>.00,6 0.0019 0.0019 0. 00.16 0.0015 l. 730 0.1171 0. 111!2 0. 127!3 0.1107 0. .LUIJ 

co (mole fr·ac.) IICN (ppm) 

,\X JilL ~1\DI/\L POSIT LON (Ill) 1\XLAL RADIAL POSITION (Ill) 
Pl):-::.11' LON POS l 'I' CON 

(Ill) 0.000 0 010 0.020 0. 040 O.C60 O.OliO (Ill) 0.000 0.010 0.020 0.040 0.060 0.0.-:10 
0:.060 0.2482 0. 3762 •). 4826 0. 4831 0. 4f:06 0.4687 0.060 49.0 331.0 194.0 158.0 204.0 
c. 210 •. ;ft 111 'fl.* •).4603 0. 4500 0. 4 E4 3 0. 4852 C.210 491.0 313.0 218.0 22'5.0 
=. 370 ·).4696 0.4650 0. 4E07 0. 4592 c-. :370 **111**• •**1t1t1t 124.0 94.0 135.0 175 .. 0 
:.520 0. 5033 ) . 4 09 3 0.5040 0.5C56 0.5051 G. 520 1155. 0 ***1l** 848.0 432.0 310.0 :3'36. 0 
C.520 0.3975 ••"'*** ) . 4 304 0.4265 0.4~93 0.4689 G. 520 112.0 160.0 408.0 431.0 lHfl.O 
C.H20 0. 469H 11111111*** ) . 4888 0. 4733 0.4E61 0. 4 755 0.820 497.0 1t111:'fl<ft1:11: 450.0 434.0 359.0 373.0 
] . 730 0. 490') ).4867 Cl. 4845 0.4E96 0. 4850 1.730 814.0 'fl'fir ..... 93.5. 0 984.0 860.0 722:.0 



DATA ~ET E.l. 5 D!\TA SET E.l. 5 
AZUHAl'A ET AL. w:., AZUHATA ET AL. (65) 

'\IH3 (?p!l') CS2 (?pm) 

AXIAL RM"...:AL P::>SI'fiON (m) AXIAL RADIAL POSITION (Ill) 
POS.l T ION POSITION 

(Ill) 0.000 0.010 ).020 0. )40 0.060' 0.080 (m) O.COII (1, 010 0.020 0. 040 0.060 0. JI:lO 
0.060 397.0 1 )()O. 0 52::'.0 653.0 807.0 0.060 G.D 0.0 0.0 0.0 0.0 ).0 
0.7.10 .llB5. 0 l46J. 0 i122.0 1165.0 0.210 'llt1t'llt**1 .... ~ .... 0.0 0.0 0.0 ).0 
o. 'J'/0 •*"'**• ~'SO.O 51;.0 619.0 77-c 0 0.370 •*'* **" 1t'11'=**• 6.0 0.0 0.0 ").0 
0. 520 849.0 9J6.0 69). 0 690 .. 0 674.0 0.520 65. (• 1r11~1t'JI:'J: 26.0 23.0 5.0 -.0 
0. 520 413.0 629.J 1445.0 L045_Q 1Sl2.0 0.520 71. ( .•• ~· #'J: 26.0 5.0 0.0 •LO 
0 .l.l7.0 1054.0 ~l)'/. •) 93::.0 800_0 t69.0 0.820 13. ( 'llt'lil'lllt*r. 15.0 8.0 0.0 0.0 
l. no 1365.0 1<iG.•J lit 'jJ 1ft"'** L244. 0 1179.0 1. 730 0. 0· ......... ~ 0.0 0.0 ll.O 

~) (ppm• H2S (ppm) 

1\Xll\i:.. 1<./IJJ:AL !=OSIT:ON (m) AXIAL RADIAL POSITION (Ill) 
f<')Sl'I'lON POSITION 

{Ill) 0.000 0.010 c 020 0. 040 0.060 O.OEO {on) O.OJC Q_OlC 0.020 0.040 0.060 0. (80 
0.060 37.26. 0 1152.0 ~13.0 <. 2 2 8 2.0 0.060 66.C 786.C 2080.0 :.<147.0 1637.0 201=.0 
0.210 "'***'~~• *•••** :6.5 t:. 8 1.7 0.2 0.210 •••*•-= lt*~*•'llt 1333.0 1570.0 .1478.0 122S.O 
0.370 Hl.O 2:.o 13.0 10.0 0.'370 * *'*. lfll: 'It: 21'31.0 2518.0 2574.0 247'~ .0 
0. 5'20 40_0 :::6.0 1:.o 8.0 4.0 0.520 2020.0 2228.0 2121. 0 2138.0 237:.0 

...... 0.5).0 7). .. 0 *lr**** :.5. 0 3(.0 13.0 8.0 0.:-20 1844.0 --··*** 1856.0 '2415.0 2010.0 2074.0 
w O.UJ.O 9.0 G.O '..0 3.7 3.1 O.E20 1605.0 "*****" 1730.0 1905.0 1854.0 179].0 
00 !.730 2.) ........ * 2.4 ";:.5 2_6 2.8 1.7'30 2219.0 .... *lit 'lit *11' 21-19.0 .. ***** 14 75.0 151::.0 

C~·S {ppm) S02 {ppm) 

1\XlAL R!\D.G\L P•::SITION (m) AXIAL RADIAL POSITION (Ill) 

Pc)S l 'r lON POSI'PlON 
(Ill) 0.000 0.010 0_020 J. ()'10 I) .1)60 0.08-J (Ill) 0.000 0 010 0.020 0.040 0.060 0. ();JO 

0.06C 25.0 137.0 177.0 l76. 0 157 .•0 155.0 0.060 ***•11'* ])42 .0 461.0 119_0 121 .0 1 50 .. 0 
0. J.l() J.L2.0 [lrf, 0 193.0 128.0 0.210 •*=;\*:t '304. 0 572.0 0.0 l')]_() 

o. 370 J.•)'2. 0 200-0 201.0 197 _o) 0.370 *••*•* ~11":-::.t*::t Ul.O 70.0 0.0 10')_ 0 
0.520 J.%.0 2!.1 .. 0 210-0 206.0 2JJ_I) 0.520 162.0 'i8. 0 L09.0 II .0 ')6_0 
O.'i:i.O 16G.Q l"J. 0 178:.. 0 167.0 180.0 0. 520 400.0 2:;2.0 331.0 89.0 LL 0 
O.B7.0 I ')6. J 186.0 207_0 :68.0 163.0 0.820 0.0 0.0 87.0 'JS.O 8)._0 
l.'llO wn. :> 151"). 0 L59.0 160.0 l. 710 2:30.0 1J8. 0 .75_0 258.0 21.4. 0 



DATA SET E.1.5 I)ATA SET E. 1. 5 
AZUHA'PA E'l' AL. (65) I•ZUIIATA ET AL. (o5> 

c (mass frac.) s (mass fntc.) 

f,XJAL RADlAL POSJTI~)N (m) AXIAL RADlAL POS ll'ION (Ill) 
POS:TION POSITION 

(ill) 0.000 0.010 0.020 0.040 0.060 0.080 (Ill) 0.000 0.010 0.020 0.040 0.060 O.Ol!O 
0.060 **•*** O.E24 0.4078 0. 4249 0.45~7 0.5558 0.060 0.0082 0.0070 0. 0073 0.0072 (•. 0071 
0.210 0. 4825 0.5092 0.56E8 0.5206 0.210 0.0069 0.0067 0.0080 (•. 0058 
0.370 ··"··· 0.5664 0.4949 0.524i8 0.3800 0.370 • 1t11' *''"" 0. 0071 0. 0072 0.0076 (•. 0082 
0. 520 0. 5125 0.5945 0. 5343 0.52E8 0.5206 0. 520 0.0039 0. 0057 0.0064 0.0075 0.0065 
0. 520 0.6810 ...... 0.6126 0.5722 0.55E7 0.5610 0. 520 0.0045 0.0075 0.0066 0.0093 0. 0096 
O.E20 0.6047 ...... 0.4238 0. 5425 0.5310 0.5630 0.820 0.0094 11'···"· 0.0128 0.0124 0.0125 0.0124 
L 730 0. 5249 0. 4968 0. 4 720 0.47E2 0. 4925 l. 730 0.0049 0.0056 0.0060 0.0050 0.0056 

H (mass frac.) ASH (mass ft·ac.) 

-~>:J AL RADIAL POSITJON (m) AXIAL RADIAL POSIT ON (Ill) 
P0.31T!ON POSITION 

(ill) 0.000 0 .•)10 0.020 0. 040 0. OE-0 0.080 (m) 0.000 0.010 0.020 0.040 0.060 .0.080 
).060 0.0)30 0.0021 O.OOJ5 0.00:;:9 0. 0042 0.060 0.5280 0.5560 0.5550 0.5230 0.4210 
)_ ;:10 *•***• ...... 0.0049 0.0064 o. oo:.8 0. 0046 0.210 ****** 0.4338 0.4278 0.3396 0.3527 
)_·no 0.0036 0.0032 0. 00~:2 0.0031 0. 370 ****** ***'*** 0. 4120 0. 5020 0. 4590 0. 5'.J70 
). 520 0.0354 •*•'*** 0.0317 0.0351 0.0300 0.0318 0. 520 0. 3405 ****** 0. 3265 0.:3681 0. 4380 0. 4056 

..... ). S?.O 0.0096 0.0064 0.0045 O.OOG2 0.0056 0.520 0.2180 0. 3260 0.3980 0. 3770 0. 44 30 
w ::J.~20 0.0065 0.0054 0.0048 0.00~0 0. 0048 0.820 0.3660 0. 4080 0.38130 0.4240 0.1120 
0.0 1. 730 0.0295 0.0313 0.0270 0.0210 0.0281 l. 730 0.4470 0. 4500 0. 4700 0.4620 0.4670 

N (mass frac.) 

JI.:<IAL RADIAL POSIT;ON (Ill) 
P<.:.!O-!'I'IO;>; 

:m> 0.000 0 .'010 0. 0?.0 0.040 o.o.;o 0.080 
0.060 0. 0071 c. 004li 0. 0020 0.00)2 0.0083 
0.210 C•. 0066 0. 0077 0. OOJ4 O.OOfll 
0. )70 (•. 0079 0.0059 0.0051 0.00114 
0. ':>20 0.0051 (•. 00:39 0. 00'38 0. 0031 0. 0048 
0. '520 0. 0137 (•. 0061 0.0300 0.00113 0.0085 
O.tl20 0. 0110 (1. 0069 0.0089 0.0052 0. 0332 
1. 7 JO 0.0032 (1. 0021 0.0051 0.0011 0.0047 



DA'i'A 3ET F.l.l DATA SE'f F .1. 1 
~AWL: >IS 72) RAWLINS (72) 

GEOMETHY (m) !'-.ASS ?LOW RATES (kg,'S) AR (lnole frac.) 

Pr:ink"lry tulle I[> •). OC•32 Pl·inary gas 0.00669 
Secondary tube lD •).lo50 Po·inary solids 0.02375 AXIAL RADIAL POSITION (Ill• 

Chamber ID •>.3:.oo Sec~ndacy gas 0.04608 POSITIO\' 
Chamber length 2.1C·.OO Secc·ndary solids oJ. (10000 (m) I 0. Q(1Q 0.035 0.070 0.105 0 140 
Pri. wall tlaick ll. 0~28 
Quarl half angle ll.OCOO 0.1:30 ····--· ****•* 0.0183 0.0148 O.D151 

(degrees) 0.230 0. OlE'S 0.0186 0.0182 0.0187 O.c1195 
Quarl length D.l::90 0. 380 0.02]3 0.0202 0.0199 0.0191 0. (•199 

0.480 0.02(2 0.0200 0.0199 0.0191 0. (•199 
0. 580 0.02(5 0.0202 0.0203 0.0204 0. (204 

GAS PHOPERTIES 0.680 0. 02C9 0.0201 0.0203 0.0203 0. C206 
0.880• ; 0.01% 0.0197 0.0197 0.0198 0. Cl96 

Pri'llary s:co:1cary 1.480 O.OH6 0.0198 0.0194 0.0195 0.096 
2.080 '0. 0200 0.0199 0. 0198 0.0198 0. C200 

TemperatLu·e (K) 29<4. 0 700.0 
Pre!;.sure 1kPa) 85.5 85.5 
Swirl number ).0 1.5 02 (mole frac.) 

~AS COM?OS I 'f ION (11101•:! fr:.ction - d~-y basis) AXIAL RADIAL POSITION (Ill) 
POSIT lOLl 

Spec.ies Pr:im.uy Secon:la1y (m) I 0.00) 0.035 0.070 0.105 0' il.40 

...... N2 0.7_30 o. ~:no O.leO ~·····- 0.1929 0.1894 0.1342 

..:::=. 02 O.ULO 0. 0)21 0.280 0.1423 0.1294 0.1533 0.1508 0.1350 
0 Ar 0.0~30 0. 0)90 0. 380 0.123'5 0.1157 0.1163 0.1327 0.1328 

0.480 0. 096:3 0.1169 0. 1034 0.1096 o.ono 
0.580 0.0751) 0.0866 0.0955 0.0890 0. 1)53 

COAL COMPOSITION cOAL 1-iF.TER SLUR~Y 0. 680 0.0761l 0.0929 0.1025 0. l 04 5 O.B65 
0.880 0.0702 0.0704 0. OE-96 0.0744 0.0"52 

Ultimate Analysis Pr::•xirna::e Analysis 1.480 0.0600 0.0624 0. OEll 0.0607 0.0.22 
(mass frac., dl'Y) (mas!: f~·cc., <IS reed.) 2.080 0.05/5 0.0555 0.0646 0.059.3 O.OS/1 

c 0.8240 Moistoure 0. 3000 
H 0.0520 Volatile roatter 0.220G N2 (mole frac.) 
0 0.0406 Fixed Cail:on 0. 4370 
N 0.0138 Ash 0.043:;: 
s O.OJ76 AXIAL RADIAL POSITION (Ill) 

Ash 0. 0517 POSITION 
(m) 0. ooc 0.035 0.070 0.105 0. 140 

Heating Value (J/kg, daf) 3 .J68C•E+04 
Mean Droplet Size C•> O.OOOC•E+OO 0.180 0.7642 0.7690 0.7E8U 
Sulk Croplet Censi t)o_ ( lg/m3) O .. OOOCE+OO 0.280 J.77H 0. 7810 0. 7771 0. 7773 0.7,62 

0. 380 ).7817 0.7048 0. 704 7 0. 782"/ 0.7E:30 
0' 480 ).7819 0. 7807 0.7836 0. 7826 0. 7t52 
0.580 ).7847 0.7834 0. 7825 0. 7836 :J. 7F.Jl 
0. 680 ).782S. 0.7829 0. 71l.ll 0.7tH5 ·). 7t.iOG 
0 .. 080 ) . 7851 0.7851 0. 71356 0.7857 •).7~(, 

1.480 ).7862 0. 7871 0.7854 0.7(170 1), 7~4 

2.080 •). 7862 0.>871 0.7054 0.7870 o. 7ll':o4 



L>l\'l'f.. SE'I' F .l. DA'l'A SF.:1' F.J .1 
RAWLINS (72) RAWLINS (72) 

<:()/. (.IK>1e f rae.) S02 (ppm) 

~.X I1\L f{A[II,\L POSil'ION (Ill) AX TAL RADIAL POSJ'l'lON (Ill) 
P()SJT!ON POSITION 

(Ill) (.000 O.O"l'i 0. 070 0.105 0.140 (Ill) 0.000 0.0:35 0.070 0.105 0.140 

C•. 1130 0.0200 O.On1 0.0239 0.180 *****• 07.0 25.0 
(•. 200 0 .. 0573 0.0600 0.041)2 0.0495 0.0452 0.280 29.0 101.0 4 3. 0 2'/. 0 7.0 
Co.3UO 0.0697 0.0766 0. 0774 0.0534 0.0614 0.380 96.0 91.0 201.0 26.0 0.0 
Co. 400 0.0997 0.0003 0. 0922 0.0078 0. 0972 0. 400 161.0 73.0 150.0 134.0 104.0 
0.500 0.1109 0.10H9 0.1007 0.1064 0.0923 0.500 325.0 283.0 263.0 244.0 . 21':). 0 
0.680 0.1193 0.1034 0.0952 0.0328 0. 0913 0. 680 382.0 3.13. 0 304.0 284.0 239.0 
0. (lBO 0.1252 0.1249 0.1251 0.1200 0.1186 0.800 295.0 295.0 287.0 340.0 366.0 
1. 480 0.134 7 0.1327 0.1333 0.1.333 0.1319 l. 480 381.0 361.0 381.0 390.0 371.0 
2.080 0.1363 0. 1376 0.1302 0.1.340 0.1366 2.080 381.0 411.0 442.0 462.0 452.0 

co (mole frac.) c (mass frac.) 

I\XlAI. HADIAL POSITION (Ill) AXIAL RADIAL POSl'riON (Ill) 

P•)S I 'I' l ON POSI'I'ION 
(Ill) 0.000 0.0:35 0. 070 0.105 0.140 (Ill) 0.000 0.035 0.070 0.105 0.140 

........ 0. JIJO 0.0045 O.GOJ8 0.0080 0.180 *11111*** *'~~'***'* 0.7468 0. 7259 
-+:> 0.200 0. 0034 0.0023 0.0033 O.C037 0.0041 0.280 0.7121 0.8052 0.7908 0.7519 0. 7399 
........ 0. 300 0 00'19 0.00/.8 0. OOJ.fl .O.C022 0.0030 0. 380 0.7301 0.7920 0.7687 0.7459 0. 7251 

0. 4ll0 0 0014 0.0021 0.0010 O.C008 0.0007 0.480 0.7579 0. 7752 0.7535 0.7118 0. 7194 
0.5130 0 0010 0.0008 0.0010 O.C006 0.0010 0.580 0. 7411 0. 7381 0. 7150 0.6782 0. 6071 
0.6ll0 0 000·1 0.0007 0.0009 O.C009 0. 0011 0.680 0.7220 0.7393 0.7145 0. 6893 0. 6821 
0. fli.IO 0 0000 0.0000 0.0000 O.COOO 0.0000 0.880 0. 5252 0. 4 510 0.5017 0.5003 0. 5463 
1.4f!O 0 0000 0.0000 0.0000 o.cooo 0.0000 1.400 0.3849 0. 3720 0.3744 0.3395 0.4350 
:?. ouo 0 0000 0.0000 0.0000 o.cooo 0.0000 2.080 0. 2371 0.2425 0.2747 0. 2904 0. 3177 

rv (ppm) H (mass frac.) 

AXIAL RADIAL P0S]1'10N (Ill) AXIAL RADIAL POST'!' ION (m) 

POSITION POSITIOI\ 
(Ill) •). 000 0.035 0.070 0.105 0.140 (m) 0.000 0.035 0.070 0.105 0.140 

•J. 1 no *. * * 1t * E4.0 62.0 0 .1IJO ***•** 0.0308 0.0266 
D. 2(!0 lfJO.O 235.0 160.0 lEO. 0 160.0 0.280 0.0432 0.0476 0.0425 0.030:3 0. 0271 
J. JUO '285. 0 325.0 285.0 2~·o. o 190.0 0. 380 0.0427 0.0435 0.0402 0. 0321 0. 0270 
·). 4ll0 300.0 200.0 290.0 2~0.0 250.0 0. 480 0.0361 0.0364 0.0312 0. 027B 0.0258 
-:J.5BO l85.0 495.0 465.0 4~:0. 0 395.0 0.580 0.0308 0. 0235 0.0177 0. 0130 0.0129 
:J.GliO HS.O 440.0 365.0 3E-5: 0 345.0 0. 680 0. 02'12 0.0273 0.0204 0.0149 0.0153 

•:J.I.!!!O 1SO.O 465.0 41JO.O 4::o. o 4 75.0 0.800 O.Ol'J7 0.0006 O.OlLl 0.0080 0.00')6 
1. 4UO ">20.0 S15.0 550.0 5~ 5. 0 555.0 1.480 0.0095 0.0087 0.0066 O.OOS2 0.0064 
·2. ono :j<JO.O 5lJ5. 0 595.0 585.0 585.0 2.000 0.0041 0.0035 0. 0041 0.0035 0.0042 



DATI\ ;;E'l' F. l. CATA SET F .1.1 
HAI.;LUJS (72) RAWLINS (72) 

rJ (;nass frcoc.) ASH (mass frac.) 

1\Xli'L I{ADli\L l'(ISlTJON (Ill) I'.XlAL RADJI\L POSITI<JN (Ill) 
POSJ1'[0N P•:·SITIO . .J 

(Ill) 0.000 (.OJ') O.J70 0 .105' 0.140 (Ill) 0.00-J O.OJS 0.070 0.105 0.140 

0. 100 0.•)149 0.004S 0.100 *=:tl:*:\* ***"'** 0.1307 0.1561 
0. 290 0. Cl3S 0.016:2 •). OD S6 0. •)lSS 0.0~51 (•. 280 0 14~2 0.0666 •). OtlSO 0.1248 0.1386 
0. 330 0.0142 0. OlS..'l •J. OLS2 0.01SO 0. 0:..42 C.J80 0 129) O.OHSO •) .106'1 0. 1330 O.Ei32 
0. 4fl() 0.01SO 0. OlS.l O.OLSO O.OU9 0. 0136 c. 480 0.12H 0.1191 0.16;!0 0.1890 0.1740 
0. ')fl() 0.0121 0.·0121 O.c-L17 0. 0106 0.0107 C.S80 0.1585 0.1596 I). ?.041 0.2370 0.23:..6 
0. GHO 0. OlJ4 0.{)135 O.c-LJS 0. 0123 0.0129 C.G80 0.1782 0. 1SS4 0.1964 0. 2064 O.Dtl9 
0.880 0.00')3 0.008:) 0. C•J91 0. 0090 0.0093 c. !380 O.H67 O.S043 I) .4440 0.4711 0.33?3 
l. 480 0.0073 O.OOS:J 0. C•JS9 0. 0053 0.007S l.4EO 0. )7?'3 0. S9ll I). 5997 . 0.6424 0.5~0tl 
2.080 0.0042 0.0047 E). 0•)46 J. 0045 O.OOS9 2.•JEO 0. ?213 0. 7135 0.7004 0.6812 0.62~r1 

c) (mass fra:::.) 

1\XJAJ, RAD:/11. P•)SJT10N (Ill) 
PC)Sl'l'le.'>N 

(Ill) 0.000 0.03) 0.070 ·o.us c-.140 

f-' 0. [IJ) ). 07J2 0.0707 
+::- 0. :.Hf•) 0. O:JOO 0 )')73 o. o:.n7 ). 07J8 0. 0730 
N 0. 'J!.i•) u.onu 0 )")/•) 0. OC-J?. ) . 06 79 0.06',5 

0. 4!.!o) 0.06?.5 0 )4!L o.o:2S •). OS20 0.0630 
I} 0. ·i!JI) 0. O·il2 0.)61:: 0.0~66 •). c-s.;6 0. 0532 
c 0. 6ti0 0. O:i'IG 0. •)S•J:: o. o:.o1 1). ('721 0.0862 

"' 0. fl!)O 0.0)011 0. •J?.4!1 c-. o·:os o. c•o:;:>. 0. 0341 

" l. 4UO o.otn 0. •).19~ 0.0109 0. C·OS4 o. oo·;4 0 
< ?. . OIJO 0.0?.95 0.0]4C• Co.ONG 0. CliJG 0. 04(•7 m 
::tJ z 
;;:: 
m z 

~ (ll'ril'~'' fr<H!.) -< ., 
::tJ z 
-< z 1\Xl/\L J(l\l>I'AI. FOSIT:ON (ill) 

" !'OS I TJON 
0 0.000 C OJ: 0. G70 0 .lC•S 0.·1-10 'n (Ill) 
'n n 
~ 0. HIC• C·. OOE7 0. J0~9 ,_. 
"' 0. 2!.!(• 0. 00'10 0 .(•07:: 0.0075 C. OOC/ O.J063 
"" "" 0. 3!.!(• 0. 0062 0 .(•OGE 0. Oc.JO C. OOEO 0.0061 I 

"' 0. 1HC 0. 0071 0.(•06:< 0. ocno c. oo:G 0. •)056 
"' "" 0. sue 0.0061 0. C•OS~ 0. 0051 c. 0017 O.OO~S I ,_. 

0. GOC 0. OOS7 o .cos;: 0.0018 c.oo::o 0. 004S N 
N 

0. H!lC 0.0041 0.(0341 0. OO·JG c.oo::4 0.0034 .... 
"' I. . 4!JC 0.00/.'1 0. C02/ 0.00?.5 c.oJ;:2 O.OW9 0 
0 

o. 1 eoo o.:ou.: 0. OOD.7 :. O·Jl9 0.00!9 N /. .O!.!C .... 


