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FOR MHD COMBUSTOR SYSTEMS

Kenneth 0, Smith

NASA Lewis Research Center
Cleveland, OH 44135

Abstract

The performance of a two-stage, coal combustor concept for MHD
systems was investigated analytically. The two-stage MHD combustor
comprises an entrained flow, slagging gasifier as the first stage
and 2 gas phase reactor as the second stage. The first stage was
modeled by assuming instantaneous coal devolatilization and volatiles
combustion and char gasification by 002 and H20 in plug flow.
Heterogeneous surface reaction rates were determined from experimental

data in the literature., , Gasifier heat loss was treated

' parametrically. Slag effects were not considered, The second-stage

g

combustor was modeled assuming adiahatic instantaneous gas phas
reactions. Of primary interest was the dependence of char gasification
efficiency on first-stage particle residence.tfme. The influence of
first-stage stoichiometry, heat loss, coal moisture, coa} size
distribution; and degree of coal devolatilization on gasifier
performanbe and second-stage exhaust temperature was determined.
Performance predictions indicate that particle fesidence times on the
order of 500 msec.would be required to achieve gasification

efficiencies in the range of 90 to 95%. The use of a finer coal size

dfstribdtion significantly reduces the required gasifier residence time

for acceptahle levels of fuel-use efficiency. Residence time
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requirements are also decrsased by increased levels of coal
devolatilization. Combustor design efforts should maximize
devolatilization by minimizing mixing timss associated with coal
injection.
Intreduction

The U.S. Department of Znergy is currently directing a program to
demonstrate the feasibility of a coal-fired, open-cycle
magnetohydrodynamic (MHD) system for electric power generation. An MHD

system operating as a topping cycle above a conventional steam cycle

~has the potential to significantly increase overall system

1. One component of the MHD éystem requiring considerable

efficiency
developmental work is the coal comhustor. This report is concerned
with the performance characteristics of a particular two-stage
combustor concept being considered for use in MHD systems 2’3. This
two-stage combustor is comprised of a slagging gasifier first stége |
followed by a gas-phase combustor. ' '

The fundamental requirement of any MHD combustor will be to
generate a high-temperature exhaust flow, Exit temperatures must be
sufficiently high so that seeding of the exhaust f]ow produces a plasma
with an acceptable electrical conductivity. A minimum acceptable
exhaust temperature will bhe on the order of 2800°%K. Two-stage |
combustor concepts are proposed for MHD systems because bf the probable
need to limit the amount of coal ash exhausted from the combustdr.
Components downstream of the combustor will dictate permissible levels

of ash carryover. The first stage of a two-stage combustor produces a

gaseous fuel from coal and serves to separate coal ash or slag from the

ETPTER, ..
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fuel gas. The relatively ash-free fuel gas is subseguently burned in
the second stage to generate a high-iemperature exhaust flow.

The slagging gasifier, two-stage combustor concept requires
fuel-rich operation of the first stage. Preheated air and pulverized
coal feed rates maintain the First-stage equjVaIence ratio between 2,(
and 2,5. Air preheat temperatures as high as 1920K may be necessary to
achieve the desired second-stage exhaust temperature. The first stage

stoichiometry is used to control the gasifier temperature so that the

“coal ash liquefies but does not vaporize. Most commonly, liquid slag

entrained in the gasifier fTow is separated from the CO-rich fuel gas
by means of a swirling flow pattern in the first stage. The swir) acts
to centrifuge slag droplets to the walls, Gravity drives the wall slag
layer to a tap for slag remcval from the combustor. The fuel gas

produced in the gasifier is burned in the second-stage combustor with

" sufficient preheated air to bring the overall system equivalence ratio

close to unity.

Although the slagging gasifier, two-staée combustbr is an _
attractive concept for MHD systems because of its slag separétion
capabilities, its viability will be determined by the maximum
attainable exhaust temperature. The first-stage heat Joss will be a

dominant influence on the exhaust temperature. Heterogeneous reactijons

in the first stage will be relatively slow because of Tow oxygen

concentrations, and, consequently, long particle residence times will

‘be necessary to insure efficient fuel utilization. However, long

residence times are associated with Targe combustors and large wall

e
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heat Josses. The success of the two-stage concept depends upon
providing sufficient first-stage residence time for efficient fuel
utilization and slag separation while maintaining tolerable heat losses.
To aid in the development and assessment of sltagging gasifier
two-stage combustor designs, the present study was conducted primarily
to examine the dependence of first-stage coal gasification efficiency
on particle residence time. The influence of gasifier performance on
the second-stage exhaust temperature was also considered. The goal of
this stiudy was not to develop or assess a specific combustor design,
but to determine the sensitivity of gasifier performance to system
operating parameters. A plug-flow reactor model incorporating a simple
coal particle gasification mode] was used for the first stage. The
combustor heat 10%5 was treated parametrically. Slag effects were

neglected, Experimental data from the literature were used to deduce

.surface reaction rate expressions for char reactions with 002 and

H,0 at elevated temperatures4'5.

The effects of coal moisture,
coa) size distribution, heat loss, equivalence ratio, and degree of
coal devolatiiization on gasifier performance were investigated to

determine where significant gain in performance can be achieved.

Nomenclature

Cp o épécific heat

D diffusion coefficient

D, - diffusion coefficient at T, and P,

d characteristic particle diameter
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enthalpy of formation at Tr

total enthalpy of inlet coal and air mixture
equitibrium constant

molecular weight

number of particles

Nusselt number i
reference pressure for diffusion coefficient ﬂo

Prandtl number

char mass gasified in particle size range j in time t
cpecific char gasification rate (per unit sﬁrface area)
total char mass gasified in time t

Reynolds number

gas temperature

characteristic gas temperature in particle boundary layer
time step magnitude

reference temperature for diffusion coefficient s
reference temperature for enthalpy -

particle surface temperature

equilibrium gas phase wide Fraction

nonegquitibrium gas phase wide fracfion.

gas phase mass fraction

surface reaction rate

char gasification efficiency

devolatilization parameter (egn. 1)

characteristic gas density in particle boundéry Tayer
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T first-stage combustor particle residence times

¢y first-stage fuel equivalence ratio

¥,y equilibrium conversion parameters (egns. 8 and 10)
subscripts.

i species indey

h] particle size range index

First Stage_Combustor Model

The first-stage gasifier was modeled as a plug flow reactor, The
gasifier mode} assumed:

| 1} Complete mixing of the 1n1e£ air and coal ét the gasifier inlet
plane, _
2) Instantaneous coal devo1ati]ization.and volatiles combustioﬁ.
3) Heterogeneou; char gasification subsequent to volatiles
combustion, |
4) Local gas phase equilibrium throughout the gasifier.
5) No effects of coal slag on the firsf-stage perFormance.

1) Devolatilization

Coal devolatilization was assumed to produce 02, H2, Ny, and

c through thermally neutral reactions. The degfee of coal

devolatilization was specified by defining a devolatilization
parameter'

= mass of DAF coal volatiles
mass of DAF proximate analysis volatiles (1)

Experimental studies have established that rapid heating of coal

_ particles ( ~10% ®k/sec).produces more volatiles than are indicated

e e e e 8 T T AR L e I W U R P BB sy e 5 e 37 1 BI04 g e s i .
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by the coal proximate analysis®. Values of this devolatilization

parameter as large as 1.5 may be attainable at the conditions of the
first-stage gasifier7.

Characteristic coal devolatilization times associated with rapid
particle heating are on the order of 10 to 20 msec’. Since char
gasification times will be shown to be at least an order of magnitude
larger, instantaneous devolatilization was assumed. The specified
intet coal size distribution was unchanged by the devolatilization
process. Solid-phase mass loss during devolatilization resulted only
in a decrease in the coal density.

The ‘assumption of instantaneous devolatilization and volatiles
combustion allowed gas phase properties subsequent to these processes
to be determined by equi]ibriﬁm calculations. Specified values of the
gasifier equivalence ratio and the devolatilization parameter
determined the reactants associated with volatiles combustion.
First-stage equivalence ratio established the coal to air mass ratio.

The devolatilization parameter determined the mass of coal converted to

~volatiles. Volatiles were assumed to be the Hg, 02’ and N2

content of the coal with C comprising the remaining volatiles mass.

Coal moisture was alse released during devolatilization. The products
\ _

of volatiles combustion were determined using the computer program

described in ref. 8.
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i1} Reactor Model

Computer calculations of char gasification were conducted uging the
gas phase properties subsequent to volatiles combustion as initial
conditions. The initial mass of char to be gasified was that fraction
of the inlet coal still in the solid phase foilowing develatilization,
Char gasification was modeled as if occurring in a plug flow reactor.
Combustor heét Tosses were not modeled directly. Rather, heat loss
effects on combustor performance were included by assigning an®
artificial char enthalpy consistent with the specified heat Toss and
the coal heating value.

The ptug flow reactor program calvulated the level of char
gasification as a function of particle residence time in the
first-stage gasifer.‘ A Euler computational technique was adopted.
Char gasification rates calculated at a time t, for each of the
particle size ranges employed, were assumed constant for a small time
increment. This time increment, At, varied from 1 msec early in the
Qasification process, when conversion rates were high to 25 msen when
gasification had slowed significantly., The specific partic]e
gasification model used to determine gasification rates will be
described subsequently. |

Char gasification was assumed to proceed through two reactions:

C + C0, + 2C0 |

2

C+ HEO + C0 + H2
The char gasified in the Jth particle size range during the time

interval At was:

- 2 4 '
q; = npj T dj qj At _ (4)

g e s e i ok SR



The tatal char gasified in At was:
U LY (5)
At the end of each time step the follgwing sequence of calculations was
performed:
1) The mass of char in each size range was adjusted to reflect the
mass Yoss by gasification,
2) A new characteristic particle diameter was calculated for each
size range. Gasificatfon was assumed to proceed at constant char
density and decreasing particle size.
3) Bas phase species concentrations were'adjusted to reflect the
generation of €O and H2 and the depletion of €0, and HZS
through gasification,
4) The new gas phase mixture was assumed to equilibrate through the
water-gas reaction:
CO + W0 % €O, + H, (6)
A new gas temperature was determined simultaneously with the gas
phas2 equilibrium species concentrations.
An iterative technigue was adopted to determine the gas temperature
and equilibrium composition for each time step. This tectnique found
simultaneous solutions for the'equi]#hrium and energy conservation

reTationships through the following series of caleculations:
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1)} Gas phase equilibrium concentrations were calculated assﬁ%%ﬂa A
gas temperature equal to the tempe: Sture at the end of the previous
time step, Equilibrium calculations were conducted by assuming the

gas phase equilibrated hy the forward reaction:

Hao + 00~ 002-+ Hz. By definina a degree of conversion .
parameter ¢
0 g
X = X 174
y o2l HPO
x?
H20

the equilibrium relation was written:

e e 0 0 0 ]
X X (x Foxpg ad (X0 ¥xy )
€0, *H, ) co, Hy0 AH, H,0

e {8)

e 0 6 0 0
Xy o X (% 4 = ¥ Xy o) Xeo = Y44 o)
H20 co HZO H20 €0 H20
This was arranged in a quadratic form and easily solved for v . If
a root existed for 0 £ ¥ <) then the essumed reaction direction
was correct and equilibrium species concentrations could fﬁﬁ
determined, If no such value fer ¥ existed, the reverse reaction
occurred, A similar method of salution was followed hy using a
parameter ¥':
| XP. - X, | e
y'o= 2 T2 e
: 0
X
H B
A root of the equilibrium relatinn then existed for 0 £ ¥' < 1, .

Equilibrium constants for the water-gas reaction were ohtained from

.ref. 9.
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Ho0 and €0,,  The comhustion reaciion:
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2) With the caleutated species concentrations, a gas Reimareduis
ves celeulated from the energy Felation:

{10

Constant species specifit fieats were assumen,

3] If the assumed and ealevtsted Yemmeratures Aifferel by less Fhni

5°K, the two relatdions weee assumed Satisfied, For Ydkgor

differences, Se stquence was reperted usina@he calculated gag
temperature 2s ¢he noy initial assumed gas tomperature.

Since channes in ths species ennrcontratione and temperatufe werc
small For the small time steps used, twica® 4, ualy a feu iterakichs:
were necessary to satisfy Yhea tun constraints,

§11) Chap Geaification Model

Instantaneous char gasification rates were caleulated For pach Timh
step using a quasi-steady oarticle gasificatinn modal hased on the
comhustion modeY discussed by Field et 315. A fundamental assumpbion
of the gasification model wes.thnt*the combystion of & larpe mass npfy L
voletiles in the fuat.vich first stage acter fo depiete the oXvgen
aveitsble for heterngeneous reactions. Therefore, the onlv .
heterogeneous reactions considered signifieant were char reactions hﬁfﬁ?{‘

2C # 02 + 2C0 11
was neglected. A cquerison nf the nyeral] char removal rates of thesgy

three reactions far species concentrations snd trmperatures typical of

I

e s
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the slagaing gasifier tended to support this assumption. The comhfnqﬂ
gasification rate due to 002 and HRO reactions was approximatelv
four times areater than the char combusticn rate by 02. The
exclusion of the char/0, reaction as a thar removal mechanism was
deemed consistent with the lavel of madeling emploved,

The particle gasification mode) assumes that spherical particles
react at their surface with C0, and H,0. Reaction attributahle to
the porous char structures is neglected, Therefore, particles gasifv
with a decreasina diameter and constant densitv, The averall particle
gasification rate due to a sinale pas phase reactant can he written as:

(%); Y, 12

Ho- 1
%

d,
i I

CE
S

P and Tﬂare commonly taken as average values-in the particle Loundary
Yaver. For the oasification calculations in this study, the gas phase
~and particle surface temperatures were assumad equel., In additfon, no
relative velocity between the Oartic]e and gas phase was assumed to
gxist, and, therefore, Nu = Eﬁ. The terms djfzni and 1 /oy
fepresent, respectively, diffusion and surface reaction rosistance
terms to particie gasification._ Asa i deZDi determines the
overall veactfon rate. Conversely, when-a, << 20./d,, the |

gasification is surface-reactinn controiled.

T T P, VP U VO Sy 1 OT P F|
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Instantaneous char gasification rates for the char/C0, and
char/Hao reactions were calculated using the particle gasification
mode] described above. The total char gasified in a single time step
was taken as the sum of the char masses gasified through the two
redstion mechanisms which were assumed independent. This
simplification neglects the coupling between the diffusion rates of the
two reactants to the particle surface. In addition, it does not
address tie possibility of altered reaction mechanisms or surface
reaction rates aiae to the presence of two reéactants ét the particle

surface. With regard to this latler consideration, only limited data

~are available regarding C02 and H20 reactions with carbon at the

elevated temperatures characteristic of MHD combustorz. Apparently
even less work has dealt with the combined effects of the reactants,
With regard to the decoupled reactant diffusion rates assumed for this
study, subsequent calculations indicate that the assumption is
consistent with the overall technical level of thz modeling effort. As
will be shown, char gasification at the conditions considered is very
nearly a surface-reaction controiled process. Reactant diffusion rates

are sufficiently rapid so as to represent only a minor resistance to

~gasification. ~Any variation in the reactant diffusion rate resulting

from a more realistic treatment of the diffusion process should have

only minor effects on the calculated char gasification rate.

e
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Second Stage Combustor Model

The second-stage combustry is a high temperature, gas phase
reactor, Rapid reaction rates at these high temperatures suggest that
second-stage processes will be mixing-1imited., However, characteristic
mixing times.shou1d be small relative to first-stage particle residence
times. Therefore, second-stage processes were assumed to be
instantaneous and adiabatic, Equilibrium calculations were conducted
to predict the.second-stage combustor performancea, Combustor
exhaust temperatures and mass flow rates were calculated assuming
sufficient preheated air was injected in the second stage to burn the
first-stage exhaust at stoichiometric conditions. No char or slag
particle carryover from the first stage was considered in the
second-stage combugior.caTcu]ations.

Surface Reaction Rate Data

There is a 1imited amount of experimental data in the literature
concerning carbon gesification reactions at elevated temperatures. For
this study, overa?i-reaction rafé data presented in refs. 4 and 5 were
used to determine surface reaction rate expressions.for the reactions
of char with co, and.HZO.' Overall reaction rates were determined
in refs. 4 and 5 by examining the rate of weight loss of inductively
heated carbon spheres as a function of gas phase reactant concentration
and particle surface temperatufe. Measurements were conducted in a”
forced convected configuration using gas phase reactants at Tow

temperature and atmospheric pressure.

S TV,

o e
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Surface reaction rates were calculaten using eq. 12 to mordel tho
nacirici “ion procass. q"v. Yi' di‘ and Tq wizrg available
6° ™., as experimental data from refs, 4 and 5, f-was taken as the
averange particle boundary laver temperature. 0 was calculated using T.
Hu was calenlated fromﬁ: _

Mi =2 + 0,60 prl/3 gpl/? (13}
Initially, diffusion coefficients were calculated from the
expressinnsﬁz
Den = Donn {T/T0V17% (Po/P) and  (14)
co, ro, |
By ~ = Doy o (T/T0} 75 (pasp 118
H?O H20
with Dosg = 0.154 and Doy o = 0,253 when Ta and Po are 300
ey 2 _
and lxlO5 Pa, respectively. These expressions were emploved far the
plug flow gasifier calculations. However, their use to determine
surface reaction rates resulted in a phvsicallyv meaningless situation,
Diffusion coefficients were too Tow tn predict cafhnn aasification
rates comparable to the measured rates even for Aiffusinn-contrnlled
gasification {infinite surface reaction rdto). Therefore, ah alternate
means of estahlishing the values of Do and Do was
o, L0

atopted. This alternate method assumed that the experimental vatues of
q"i measired at the highest temperaturrs { 3200K) resulted from

diffusion-controlled gasificatinn, as sugaaster by the authors,

| N/ g N\ NS
Do, = 95 f%) {2 (16}
¥ B YN AT L

Therefore,:
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Values of Do and Do calculated in this manner were,
L0 H?O

raspectively, ﬁO% and 90% laraer than the valurs presented in ref, €.

This discrepancy in diffusion coefficients mav ha attributahble at least ’
partially to the simplified treatment of houndary laver mass transfer

in the gasification model. For the exnerimental conditions of a forced

convection process with large temperatuve variations through the

boundary laver { T as large as 2900K), the difficultv in estahlishing

characteristic boundary layer properties is considerahle, The values

of Do and Dp calculated from the pxperimental raesults
0o Ho0

represeit effectfve valuas which, perhaps, shoitld nnt he expectéﬁ to
have values very similar to true diffusion coefficients, For the
situation where gagification nccurs with insianificant convective
effects and no boundarv laver temperature gradient, the use o€
astahlished diffusion coefficient data was approoriate.

The surface reaction rates of cher with H,0 and CO, determined
~ from refs. 4 and 5 are_shnwn in fia. 1. The points presentad do not
nécessarily repreéent experimental data paipts bhnt points taken from

smooth curves deawn by the authors throughk their data. Surface

reaction expressinns ravelnped from fig, 1 are:

£/C0, o= 37(cn/s) 2460 2 T_ > 1673% 17
Y- -44317 ) 0 :
a = 2,51x10° exp Y 3270 2. T, > 2260% (18) .
C/H,0 = 4905 exp "%15 2505 > T, 2 1673% (10 -

. I- 3 .
3.70010"% exp FE s070 2 7 22805k 020)

R A L L . o K . . . .
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It should be stressed that these expressions were developed from a

1imited base of experimental data. Their general validity has not been

assessed, As it is shown that char gasification {s essentially surface

feactién controlled, the importance of reliable high temperature

gas1ficafioﬁ data for gasifier performance predictions is clear.

Cohbustar Operating Parameters

The following operating conditions were considéred in determining

the two-stage combustor performante:

1.
2'
3.

10,
11,

inlet air preheat temperature: 1922K
Inlet air humidity: 0% '

Combustor bréssuré:' 6x105 Pa

'

" First stage:equiva1ehce ratio: 2.50, 2.25

‘Second stags equivalence ratio: 1.0

First stage heat Toss: 0, 5, 10% of coal HHV

Second stage heat Joss: 0%

Coal type: Montana Rosebud

CHp)o.401 (%)0.081 (Nodo.o14

- Heating value = 7035 cal/gm

Coal moisture: 5,'10, 15%‘0f coal mass |

Level of deQb]ati}izafion (): 1;50, 1.25 |

C0a1 size di;tributfon: 70% minus EQD”ﬁesh, seven partic]é
size ranges ' |
1002 minus 200 mesh,-fourrpartﬁcie

gize ranges

Mass distributions are presented in Table 1.

T T T o T e e e e e R A R A R AN T T T
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Results

i) Base Case Calculations

Typical gasifier temperature and species concentrations are
presented in Fig. 2 as functions of the char particle residence times,

These data correspond to a base case from which parametric
variations were made. This base case of 10% heat loss and 10% moisture
(with ¢; = 2.5, g= 1.5, and 70%-200 mesh coal) represents a
reasonable estimate of gasifier operating parameters. It should be
noted that a coal moisture content of 5% is commonly specified fof
Montana Rosebud coal for MHD systemslo, However, for the
calculations presented, no inlet air moisture was specified.
Therefore, the 10% moisture level represents the combined moisture
content of the coal and air. Since for the fuel-rich gasifier
conditions the coa]‘and air moisture contents can be comparable, tke
10% moisture level may be viewed as representative of an actual coal

moisture of 5% and an equal mass of inlet air moisture.

As a consequence of the instantaneous volatiles generation and

combustion, the gasifier temperature and species concentrations undergo-

step changes in magnitude at zero time. This is illustrated in fig. 2
where the inlet gas temperature and carbon mGTe fraction are 5hown on
the ordinates. A high level of devo]ati]ization raduces the mass of
char that must react'heterogeneously. For the base case conditions,
approximately 1/3 of the coal carbon content reméins as a solid

following devolatilization.

PR M |+
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Subsequent to volatiles combustion, the endothermic gasification
reactions generate a CO-rich fuel gas while decreasing the gas
temperature, COZ’ and H20 levels. The char reaction with H20 is
responsible for more char removal than the char/CO2 reaction because
of 1ts higher reaction rate. Decreases in temperature and reactant
concentrations with time act to decrease the overall gasification
rate. 1In addition, gasification proceeds more slowly as time increases
because of the depletion of the smaller coal particle population. The
small particles provide a Targe surface area for reaction., After
approximéte1y 800 msec gasification is extremely slow, Carbon
utilization efficiencies near 100% may not be attainable in the
gasifier for reasonable particle residence times. Even for a residence
time of 1 second, the gasification efficiency is only 96%. Clearly, as
residence time increases, so too will the combustor heat loss. A
successful slagging gasifier design must optimize the tradeoff between
combustor heat loss and gasification efficiency.

As discussed previousiy, the_gasification rate of a char particle
is determined by both surface reaction rates and reactant diffusion
rates. Calculations for the base case conditions were conducted to
determine the importance of these two mechanisms. Figure 3 presents
carbon gasification histories for the cases of diffusion~c0ntro1]ed
reaction (infinite surface reaction rates) and surface-reaction-
controT]ed gasification (infinite diffusion rates), Also presented is

the base case gasifier performance for finite diffusion and surface

" reaction rates. Clearly, the'diffusionncontro11ed case represents the
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most. rapid gasification attainable for the specified operating
conditions, Gasjfication is consideérably slower under surface-reaction
control. A comparision of the base case gasifier parformance and the
reaction-controlled case indicates that gasification rates are largely
determined by the slow surface reactions, Reactant diffusfon rates are
relatively fast, The success of efforts to accurately predict gasifier
performance will be strongly dependent on the accuracy of available
kinetic data at elevated temperatures and pressures.
i1) Influenre of First-Stage Equivalence Ratio and Degree of

Devolatilization

The influence of first-stage equivalence ratio and degree of coal
devolatilization on char gasification is presented in fig. 4., A
decrease in equivalence ratio from 2.50 to 2.25 produces higher
gasifier temperature because of a higher 02 content during Qo1ati?es
combustion. The volatiles burn at a more nearly stoichiometric
condition. Somewhat more rapid gasification relative to the base case
is indicated by the model at the leaner condition. Actual char removal
rates would be expected to be even larger than predicﬁed since no char
removal by 02 was considered. Although the more rapid char removal
at decreased equivalence ratio suggests that a sma11ef gasifier éou]d
be used, any associated heat loss savings would tend to be diminished
by the higher gas temperatures. In addition, the higher temperatures
are associated with a larger potential for slag vaporizatijon within the
gasifer. Adopting the temperature of 2250K as the level helow which

vaporization s negligible, the decrease in equivalence ratio increases
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by 80% the time during which slag droplets might undergo vaporization.
Of course, realistic gasifier designs act to minimize slag exposure to
high gas temperatures by incorporating a mechanism to drive slag
droplets to the cooled combustor walls.

Although the influence of smal) changes in equivalence ratio or
gasification rates may be relatively sm§;§, Figure 4 demonstrates the
significant influence of the level of de;o1atilization. A decrease in
the devolatilization parameter from 1.50 to 1.25 results in a
significant decrease in char gasification efficiency for reasonable
residence times. While instantaneous gasification rates are not
markedly changed by a decrease in the devoTati]izﬁt1on parameter to
1.25, the mass of char remaining following devolatilization fncreases
significantly. The highest levels of develatilization are associated
with the most rapid coal'particle heating. Therefcre, the injtial
mixing of the coal and preheated air represents a critical process in
gasifier performance. Coal injection systems should be opt1miied to
minimize mixing times and thus maximize coal particle heating.
ii1) Effect of First-Stage Residence Time on Second-Stage Combustor

Performance | | |

Although the fuel-use eff1'c1'en¢j!" of the ﬁ'r‘st-stagé gésifier
directly impacts the MHD. system efficiency, the combustion system
parameter of overwhelming importance to system performance is the
second-stage exhaust temperature. Figufe 5 presents the attainable
exhaust temperature as a function of first;stage residence time for the

base case conditions. Exhaust temperature was calculated assuming
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stoichiometric combustion of the gasifier exhaust flow, Unreacted char
in the gasifier is assumed lost through the first-stage slag tap.
Figure 5 demonstrates that larger values of residenée time are

associated with higher final temperatures because of higher coal
conversion levels, It should be noted, of course, that heat Tass is
specified parametrically in figure 5. In fea!ity, for a specific
combustor desian, the assumed heat loss is correct for only one value
of residence time. However, figure 5 dqqs indicate that little benefit
in terms of final temperature is achievgdffor carbon'efficienc1es
greater than 90 to 95% (T from 300 to 800 msec). This would be
ilustrated more dramatically in figure § if heat 1655 was permitted to
increase with résidence time, ”

A combustor performance parameter of second-order effect on system
performance is the secondéétage combustor mass flow rate. Figure 5
demonstrates the gain in Second¥stage mass f]ow accompanying increases
in first-stage residehce time. C1ear1y,'h19her levels of gasification
permit a larger total flow. Beyond approximately 500 mseﬁ, however,
this increase in mass flow becomes 1ess:significant.

iv) Effect of Combustor Heat Loss and Coal Moisture

‘The influences of combustor heat Toss and coal moisture level on

gasifier performance is indicated in figures 6 and 7. While heat loss
affects the gasifier temperature significantly, 1ittle effect on the
fraction of coal gasified is observed. Moisture content influences
-gasifier performance in two opposing ways. On one hand, 1ncreased:
moisture acts as a diluent and, therefore, lowers temperatures.
Conversely, the increase in moisture represents a reactant

concentration increase which augments char gasification.
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Figure B presents the effects of coal moisture level and comhustor
heat loss on second-stage exhaust temperature. Although exhaust
temperatures were calculated assuming a gasifier residerce time of 1
sec, the small variations in gasifier performance beyond 500 msec
suggest that figure 8 is representative for r > 500 msec. Obyiously,
increased heat loss is detrimental to combustor performance,
Apparently, the drop in gasifier temperature associated with increased
roisture 1s too large to be compensated for by the 1ncreased char
conversion efficiency. Therefore, increased moisture acts to decrease
exhaust temperature. _

It should fgﬁgtressed that the exh§9§t tempernture predictions
presented in figure 8 are higher than temperatures that would be
attatned in actual operation. Slag vaporization, ¢'ag rejection, and
seed vaporization would all act to lower the exhaust temperature. In
additicn, the assumed air preheat temperature (1920K) represents an

optimistic figurr, A more realistic preheat temperature could be as

‘much as 150K lower if the air preheaters are constrained to

state-of-the-art capabilities. With a minimum acceptab1e exhaust
temperature on the order of 2820K, it is ev1dent that the viability of
this two-stage combustor concept will be dependent largely on the
development of a low heat loss gasifier.
v) Effect of Coal Size Distribution

The previous ga51f1er performance characteristics were investigéted
assuming a standard pulvérized coa1 size distribution of 70% minus 200

mesh. To determine the advantage if gasifier performance associated
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with a finer coal grind, calculations were dore for a 100% minus 200
mesh distribution where.particle diameters were all smaller than about
80 m., Figure 9 illustrates that the finer coal grind allows a
specified level of char gasification to be attained in significantly
reduced residence times. The time required to achieve a fuel
utilization of 95% is reduced from BOD msec to approximately 450 msec.
This improvement in gasifier performance with the finer coal
distribution is associated with an increase in the surface area
avaiiable for reaction. Large particles that require long times to
gasify have been excluded from the feedstock. At large residence
times, these larger particles represent the majority of the remaining
char, This is illustrated in Figures 10a and b. These figures show
the changes in the two coal size distiributions with gésifier residence
time, The persistence of larger particles is evident. Conceptually,
increasingly finer coal size distributions result in shorter required
residence times. However, from a practical point of view, finer coal
grinds are more difficult to handle. In addition, more auxiliary power
is required to pulverize coal more finely. Thus, the coal size
distribution used can only be determined by overall system
considerations.

ngure 9 indicates that a significant improvement in gasifier
performance is achieved with a finer coal grind. This advantage
results solily from the shorter reaction time of smaller particles.
However, an additional factor not reflected in figure 9 could act to
further increase the advantage of a finer coal grind. Since the level
of coal devolatilization is dependent on the particle heating rate, a

finer coal grind may produce a larger mass of volatiles and reduce the
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mass of char that must be gasified hetervgeneously. Gasifier Posidince
time requirements could be reduced, This effect has not been

sonsidered in this study. et

Sumnary and Coticlusions

The char gasification calcylations of this study are summarized in
figure 11, Reguired first-stage gasifier particle residence Eine is
prasented as a function of fuel-use efficiency (n), gasifier heat loss,
and coal mojsture level., At low levels of conversioh efficiency,
(n <90%), the required residence time is dependent primarily oh n.,
assuning a figed coal size distribution and devo1ati1izafioﬁ level, A®
higher levels of conversion efficiency, moisture level effects are Fore
significent, Increased moisture acts to decrease particle residahce
time reguirements. 'However, potential heat loss savings associafed
with smaller residence times are probahly offset by exhaust gas
temperature decreases with increased moisture. The added moisture acts 7

as a diluent, In general, gasifier heat loss affects oh residence tipa

are relatively small, Of course, heat loss remains the parameter of

overwhelming importance in attempting to maximize exhaust
temperatures. Figure 11 also dem. strates that sighificant reductions
in gasifier residence time can be achieved by using a finer coal size
dfstributibn. In addition, the behefits associated with maximiging

coal devolatilization are indicated ih %his Fiqure,
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Tha results »f this study indicate that:
1. First-stage gasifier coal conversion efficiencies will vary
from 90 to 95% in the range of input paraméters in this study are
used,
2, Gasifier particle residence times will have to be on the order
of 500 msec to achijeve the above efficiencies.
3, There is little conversion efficiency gain for residence times
larger than 500 msec because of extremely low gasification rates,
Increased heat losses with larger residence times will offset any
performance gain,
4, The employed coal sizz distribution should be as fine as
practicable, Overall zystem considerations, such as tradeoffs
hetween gasifier efficiency and coal handling and auxiliary power
requirements will determine the actual size distribution used:
5. Gasifier designs should optimize injector configurations to
maximize devolatilization. This would be accomplished hy
maximizirg particlie heating rates.
6.. The gasifier should he operated as close to stoichiometric as
‘possible while still maintaining slag vapori.ition at acceptable
levels.,
7. The accuracy of gasifier performance predictions is largely .
dependent oh the accuracy of surface reaction rate data. A
reliable data base for'_char/C_O2 and_char/HEO_reactions‘at high

temperatures and pressures does not exist.
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Appendix A - Char Gas{fication Lalculations

Char gasifica on calculations were conducterd for a hase case
condition defined as:
10% heat loss
10% coal moisture
$4 = 2.50
E = 1,50
1922% air preheat
The reactants in the gasifier'prior tn devnlatilization can be
represented as:
2.519 C | { }
2.5k /) 2,236C + | 0.067 Np + 0.464 H20 + 25,33 10,2102 + 0,792
0.388 02 : ‘
1.905 Hz
Devolatilization and volatiles combustion were modeled by assuming the
coal componants in the square brackets reacted instantanepusly with the
preheated air. The remaining coal carhon content remained unreactive.
Equilibrium calculations gave the relative mole fractions of the
volatiles combustion products as well as the mixture temperature.
Minor products were neqlected and the Nz mole fraction was adiusted
to insure that the sum of the qas phasa species mole fractions equalied

unity. These relative mole fractions an? a carbon balance were then

used to establish. the numher of moles of qas phase constituents

following volatiles comhustion. The absolute species mole fractions
can then be calcutated by including the unreacted solid char. These

data represent the initial conditions for the char gasification process.
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A 1isting of the computer program used for cher gasification
calculations is presented below. Typical portions of the program
output are included to {llustrate the presentation of the initial
conditions and gasification characteristics at a specific particle
residence time,

ﬂﬁta statements are used to tnput the following information:

cp(i) - specific heat of species i (cal/gmK)

ho(i) - species § enthalpy of formation at 298°K {(cal/am)

MW(i) - species i molecular weight (gm/mole) |

WTPCT (i) - mass fraction of char in.partic]e size range i

d(1) - characteristic particle diameter for particle size range i

(em) - |
The char enthalpy of formation, o(6), was adjusted to reflect
specified levels of.gasifier heat Toss as a perbentage of the coal
heating value, | |

Additional input data must be proQided on computer cards:

P ~ gasifier prassure (dynes/cmz)

RHOP - char density (gm/cm®) o

NTOT - total number of moles of.a11 specfes following volatiles

combustion

- MC - mass of unreacted char following volatiles combustion (gms)

T - gas temperature following volatiles cambustion (OK)

X - mole fractions of species'éubsequenf to volatiles combustion _

XP - relative mole fractions of gas phase species following

~volatiles combustion

e
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NTSTEP - number of time steps performed hy program
NESTEP - maximum number of iterations performec to establish
’ equilibrium concentrations for each time step |
For the current calculations, NESfEP was set at 10. Ten iterations
were never required tp establish equilibrium conditions for any %ime
step,
_ The initisl gasifier conditions specified are presented in the
i : first five lines of the program output. Following these data are:
Particle number distribution - number of char particles fn aach
size range B
~ Carbon mass distribution - mass of char'in‘each size range
Average molecular weight of mixture {gm/mnle)
- Initial enthalpy of mixture {cal/am)

For each time step the following data are presented:

Elapsed time _ (sec)
Mass of char remaining : fqms)..
; Char gasified in the last time step { qms)
g Char gasified by CO, in the last time step  {ams}
j Char gasified by H,0 in the Tast time step {qms)
; Specific gasification rates for 0, and Hy0 o (gmfcmg-seci

calculated for last time step for largest

particles
Particie diameters {em}
- Char mass distribution : ' ~Iams)

T
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Nopeguilibrium mole fractions - mole fractions

prior to equilibration

Equilibrium mole fractions

Temperature (")

Iterations - the number of 1terafions requirad

to estab]ish equilibrium conditions.

Equilibrium parameter - the parameters ¥ or ¥!

defined in the text | |

Equilibrium direction - 2 value 6f +] 1nd1catés

the forward reaction of Hy0 + co_zﬂtnz *+ H.

A value of -1 1ndicatés the revefse reactioh.

| Fbr ca]cq]ations conduched assuminj a cbaT siza distribytion of

100%-200 mesh, WTPET(5) through WTPCT(7) were set to zero. To pravent
divisioh by'zero dufiné the calculations, the loop inﬁtiafed at

Statement #93 was performed only four times.

bt § it FLT L
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CHAR GASIFICATION CALCULATIONS

SPECIES= 1-H20, 2~CO, 3-CO2, #4-H2, 5-N2, 6-C
CP AND HO ARE IN CAL/GN/K AND CAL/GM |
FORKARD RKTN I5 DEFINED AS  H20 + CO = HZ + €02

1 ATH = 1.012606 DYNE/JCH-CHM

INTEGER RKTN

REAL MU MWAV MWAVPHCyMTOT oMCO yHCGAS JKP 4 NPART (KTOT
REAL MCGASY, MCGAS2

DIMENSION Xt63, XPUS)y, FACIUOLY, FACZLS)

DINENSION MWi6), HOt6), CP(B)

DIMENSION Di7), WYPCT(7)ys PHCLT)

DIMENRSION NPART(T}

DATA (CPUYD oISl o0)/abB) gu309ys320 8 c1Dypal3NT 40352

OATA IHO(I).1:1.6!/-321l.,-9#3.43.—2]37-5,0..0..—!778.8/
DATAINBLTIY 1= ,6)0/18.0 328 e Naglen2BaylZal

DATAIWTPCT LYY o197 0/ 20165 40l 8lye2b6399420289ak120,4069T7,.081/
DA'A(D|I)|1:I'7,,-0005'10017'-0036'cDUﬁB,-0093'00125'QDITBI

READ5,7000) P, RHOP, NTOY

READ(5,1003) MC, T

READ(S,10023 X

READ(5,10032 Xp

READIS 10041 NTSIEP, NESTEP

FORNAY {3£10.3) -,
FORKATI2E10.3) S -
FORMAT(6F1043)

FORMAT (5F10.3)

FORMAT(215)

KFUELZD ORIGINAL pAGE |
MCOSHC - .

2112 048 MCO OF POOR QUALITY
23z .01 * MCO S o
Z12=1./3.

TIME=D.

MWAVZSD.

H=0.

DO 10 YZ1,7

PMCU]) = MCOsWTPCTIT)
NPART(I) PMCUTIIR6. IlRHOP*3.l4*Ul]ltD(IltD(lll
DG lgo Iz=1.,6
MWAVZ MWAVY + (MW (T)aX(I)])
MYOT=MUAY * KTOT
N0 105 T=1,%
FACICI)SHOUCI ) oMW (L /MMNAY
FACZ2(T)= CPUIY = MUWCI)/MNAY
HZH e (X (THHFACIET DD+ 44T -298 X LII*FACZLT )

WRITE(6,2999)
"WRITEt&43000) D
BKRITE(E,3001) KTPCT
WRITE(G,3002) P, RHOF, NI1OT
KRITEt6,2003) Ty MC
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HRIT[I(:.S{][]IH x
KRITE(G,3005) NPARY
WRITL(G,3006) PMC
LRITE46,3018) MkAYV
WRITLt6,3007} K

START VIME STEP ITERATIONS

Do 9060 II=1,NISIEP
GTIME= 001

IF (11 .67, 20) OVYIME=.Q1D

IF ¢1] .6Va 23) DYIMEZ.02S

TIMESTIME +DTIME

MCGAS=0e

MCGASL=D.

MCEASZ=0.

MNAVP=EMTOT-NC)I/ZINTOT~{NC/12.))

BIFFIZ (24293 .012%0) 0o %%6 o 2/P )9 1T/ 1500, )%31,.75)
DIFF2=(8e25%1 401280 0Uat96 0 }/P)2¢{T/15006)9%1.75)
ALF 33=27. '

IF ¢7 +LE. 2460.2 GO TO 110

ALFALI=2. 511‘|1e.¢¢9 )IEXP(BBGIB.I!T#I 986))
CONTINUE

ALFA2-4905 /EXP(16315./711%]1.986))

IF (T LE. 2646.) GO TO 111

ALFAZ2=3. e9na¢xn.-alz.nlcxp|1237qu.,trt1 9860 )
LONTINUE

RHOAVPZPAMUAVP®] . 205/ TH{10.%%E.))

YCOZP=- (84 awX{3}) /UHNAVPH 1Y . ~-XEg)})
YHZOPTH1B83X11)) /Z¢MWAVP# 1 .=X (6))) -

DO 115 1=1,7

Z1=(D41274DIFF 382,01} + () /7ALFAY)
Z2°4DCTIVZCDIFF2%24)) + 11 «/ALFA2)
QDPPI=12.0YCOZP*RHOAVP/Z (4§ .921)
QOPP2=12.#YHZOP*RHOAVP/ (18.322)

PMCES] =3.148DLI)*DIIY*DTTIMESNPARTIII*QDPPI
PHCGSZ =3,14%0t1 19D (1)*DTIMEMNPARTETII*QDPP2
PHCEAS=PKCES] + PMCES2

- IF IPMCGAS oLEe« PMC(I!) GO YO 113

PMCGAS=PHCII)

PMCGES)I =05 » PRCGAS
PMCGS2=PMCGS]

CONY INUE

HMCEAST MLGAS + PHCGAS

MCGAS] MCGAS]1 + PMCGSj
MLGAS?2 MCGASZ + PMCES2
PMCE{1)= PMC{I}-PMCGAS '

Dtl )=t6. #PHC(I)/13.14#RHOP#NPAR?(IIthtllz
MGC=MC-MCGA S

IF t me «LEs. 23 ) uFuEL*l
Xiﬁl‘x!6]—CHCGASIIIZ.4NTOTII'
X)X I8) S {MCGASZ/€12.20NT0T))

"Hn

CXEIIZXEII-IHCBASLI/ZC1IZ2.%NT0T )

XE2)=X 020+ MCGAS2/ 12 *NTOT ) UHCGASI/ZLE*NTOT))
XE1)=X (X} ~CHCBAS2/(12.%NTOT)) '
Zh=le~X161}
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KRITEt6,3008) VIME, ML, MCEAS
WRITEL6+3015) MCEASY, MCEAS2

WRITEU6,3014) QDPP1, QDPP2 o
RRITE (653009) D 0 ’GINAL
WRITEt6,3p10) PMC FP(_,-QR PAG;,
MRITE(6,3011) X Ou,u_mf
D0 130 171,5

XPCIIZXC1)/ZM

STYTART EQUILIBRIUM ITERATIONS

00 300 JJTI1,NESIEP
KPCI1D.%%79

ASSUME FORWARD REACTION

YA:]-"KP

YESCIXPUIDOXPCN 3 )/XP (1)) ¢ (KPA{L.0tXP(2)/XPI1))))
YCSHUXPIZISXPULE)/ZUNPLL1)RXPL]))) -~ (XKPOXPLZ2I/XP (1))
YO (YESYE}~{4. %Y AXY )

IF  ¢YD 4LY. 0.) GO 10 21
PSITZIYB-SQRTIYD I/ {-2 an¥ A )

IF (PSTY 6T, 1. OR. PS1}Y 1T O} GO 70O 201
PSI=PSI1 : .

60 710 z0O5 '

PSIZ=UYR+SARTIYDII /(-2 .9V R)

Ir ‘PS].Z .GT. 1a +20R o PS]2 .LT- nu' &0 "0 2]0
PSIZPSI2

XPEZII=XPLII+LPSINXPLID)

XP(y)=XPi{s)+(PSI*AP(])))

XP(2)=XP{2)~{PSIsXP(}))

XPULL1ITXP(1)-(PSTsXPLl})

RKTN=) '

GO TO 215

CAMLCULATIONS FOR BACKWARD REACTION

YES=1a—UXPLI}/XP (U ) Y~(KPs ((XPU2)/XPLA) I+ (XPLL1DY/XP(N})))
YCSUXPAID/XPIAY)—(KPRXP LY I XPLZI/ {XPIN)oXPIN )T}
YD=(YB3YE)—{4y.4YA*YC)

IF (YD LT« O} GO YO 214
PSII={YE-~SQRT(YD)IVZ/(~2anYA)

IF (PS11 4GT+ la aORe PSI1 LT 0.3 GO 7O 211
PSI=PSI1 '

60 TO 213

PSI2=C(YB+SQRTIYD D/ (-2 w¥YA) :

IF ( PSI2 oGTe 1+ oORe PSTIZ ot 1. Ou) GO 710 214
PSI-PS12 :

XPE1D=XPL1) + (PSI*XPIN}])

XPE2I=XP(2) + (pSI*XpLa))’

XPE3I)=XP{3] ~ (PSI*XPlad) .

APLA)=XPL4) - (PSI*XP{x}) &

RKTN=-1

60 TO 218
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215

240

250

3co

3s0

%00
950

2000
2001
2002
2999
3000
3001}
3002
3003
Joos

3005
3006
21007
3po8s

3co09
3010
KYIFR
3012
3013

301y
301%
3Inie
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RRITE (6,2000)
LO TO 950

CONT1NUF

GO 240 121,84
X11P=xPU1) a2y

2520,

26=0.

00 250 1=1,6
25R25+{XIYIRFACLE(T))
26264 IX(IISEAC2UI )
TREw=tH-25) 226

TNEW= TINEW + 298.
ZTZABSIT-TNREN)

IF {27 .LE. 5.) GO YO 350
T=TNEW :

IF ¢JJ L0. NESTEP) WRITE(e,2001)
CONTINUE

CONTINUE

RRITE(L,3012) X

WRITE¢¢& 3013 T, JJ, PS1,y RKTN
IFULKFUEL +ECe 1) GO 10 95D

TFUIY «EQe NTSTEF } WRITE (E,27202)

CANTINUE !
CONTINUE

FORMATS ® NEGATIVE vALUL INSIDE SQUARE ROOT )

FORMATIL * COMPLETED EQUIL STEPS™)

FORKATYL * COMPLETED TIMg STEPS *)

FORMATU///77,5%, "INITIAL CONDITIONS*}

FORMATI///735x%y *INITIAL PARTICLE DIAMS. (CM) %y /5% 7E 104}
FORMAT(Z7/7 45Xy "INITIAL WY. FRACTION DISTRIEUTION®,/ ,SX,TE1G.4Y
FORMAT (//7," PRESEURES® yF 103 05Xy *DENST? yEI0 0 Zy5X o " MOLESS"3E10L2)
FORMAT (///,° TEMP=®,£10.4,5X,°GHS CARBONZ=*,E10.4)

FORMATL///4* INITIAL MOLE FRACTIONS (H20 ,C0,C0Z2,H2,N2,C) ./,
16F10.2) _

FORMAT(///," PARTICLE NUMEBER DISTRIE.%,7,7C10.4)

FORMAT (///," CARBON MASS NI1STRIB."9/,7E10.4)

FORMATC//7* INTTIAL ENTHALPY (CAL/GM)Z=® E10.0,/2717711)
FORMAY N2/ 777777 +® TIBECSECIZ 4L 103,503 MASS CARBONCT " E10e3,5X,
J*CARBON GASIFIED=",E1p.3) '

FORMATL///," PARTICLE DIAMS*,/ ,TE70.4)

FORKATI///," CARBON MASS DISTRIBUTION®y/TE10 )

FORMAT(/// 4% NONEGUIL. MOLE FRACTIONS Y3/ 6F10.4)

FORMATUL//74® EQUILe MOLE FRACTIONS® ¢/+bEL1D.4)

FORMAT (//74°% TEMP=Y JE D8 oSXy *TTERATIONS =*4 75 ,5X, YEQUTL PARAMZ=®,
1€10.4,5%s "EOUIL DIRECTIOK®*,15) :

FORMATU//74* GASIFs RATE BY COZ AND H20 (BM/CM=CM~SEC)®,/»2E)10al}
FORMAT(///4® GASIF. BY CO2 (GP)IZ®E10.445X,*GASIF. RY H20Z°,E10.5)
FORMAT U//74° AVG MOLECULAR WTZE1D.N)

CALL EXIT '

END



INITIAL. CONDITIONS

IKTTIAL PARTICLE LIAMS, (CM)

«SNLD-03  L1700-02 L46LO-G?  L6300-02

TRITIAL WTe FRACTION UDISTRYBUTION

.(,EUL‘-D?

£1750-01 +1780-0]

#1500 JI19UI400 LZ6IVHC0 W 202P400  L212040C  L6970-D1  L4100-01

PRESSURET  L607407 DENSS L 1uD+0

TEMPZ  LPT22404 E¥% CAFBONT 6706402

INITIAL MOLE FRACTIONS (HZ204CULL024H?,N2,C)

«122 «100 1 «028

PARTICLE NUMPLR DISTRIE.
.F‘333’11 5351701[} .5179'LQ' « TUZ2E(E

CARBON HMAUS DISTRIE.

«TEIH+gl 1302402 L1770+027 3260402

FVG MOLECULAR WT= 2476422

INITIAL ENTHALPY (CAL/GMIT  G4EZ2+02

MOLES=

537 o146
« 1275408
«TE13401 467540]

$382402

1267407 JHUSE+0B
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CGASIF. RATE By €C0Z AND .HZ0
«1652-02

36

TIME{SEC) Jdon-62 HAES CARBON: LH02002 CARBOy GASIFILDE « 28061001
kS
FASTFS LY CG2 qGM)T W6} 1H LD LASIF, BY H20=  ,224%e0)
CAstFe KATE By LOZ2 AND H20 (GH/CM=CM-SFC)
«1%70-L2 J6TEE-02
FARIICLE DTAMS
SHE36-0Y L16EG-02 ,3574~02 L6278-02 LS282-D02 LJ24E~01 .1775-p1
CARBON MASS DISTRIEUTION
6237401 21233402 L1TIZ407  L1346407 JTH69ODT  LHLSEADY  L27444013
NONCQUIL« MOLL FRACTIONS
«1171400  LJIOTLACE  .6366-01 L329G-01 ,LE390eG0 .] 295400
FOUIL. HOLL FRACTIONS '
12004006 1105400 L6074-C1  .2998-01 «53904C0C 1398400
TEMPZ  .2bBl+04 ITERATIGN = 2 ECUTL FARAMS LZEDO-Q2 FCUIL DIRECTIGN
TIMEISEC )=z L2un-02 MASS CAREONE «62340D2 CARBON GASIFILD: « 191401
GASIF. BY CLZ (GY)= 4215400 . GASIF. BY H2L= .149140]

(GM/LH=CH~5EC)
«5785-02

SUPRTN, e e
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Fraction of unburned DAF coal
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Figure 3. - Effects <! surface reaction rates and diffusion rates on gasifier performance. 70 percent -200 mesh;
@) = 2.50; € = 1.50; 10 percent heat loss; 10 percent moisture.
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Figure 4 - Effect of equivalence ratio and degree of devolatilization on gasifier performance. 70 percent -200 mesh;
10 percent heat loss; 10 percent moisture.
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Figure 5. - Effect of gasifier residence time on second-stage perfor-
mance. = 2.50; € = 1.50; 70 percent -200 mesh; 10 percent
heat loss; 10 percent moisture.
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Figure 6. - Effect of combustor heat loss on gasifier performance. 70 percent -200 mesh; " 25 €150
moisture « 5 percent.
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Figure 7. - Effect of coal moisture on gasifier performance. 70 percent -200 mesh; @) = 2.50; € = 1.50; 5 percent

heat loss.
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Figure 8. - Effect of combustor heat loss and
coal moisture on second-stage combustor
exit temperature. 1> 500 msec; 70 percent
-0 mesh; @) = 2.5 €+ 15
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Figure 9. - Effect of coal size distribution on gasifier performance. @, - 2.50; £ * | 50. 10 percent heat loss;
10 percent moisture.



. SRR A -

Coal mass distribution
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Fiqure 10. - Variation of coal mass distribution with residence time. LR
€ = 1.50; 10 percent heat loss; 10 percent moisture.
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Figure 11. - Summary of gasifier performance predictions. @,
2.50; € = 1,50, 70 percent -200 mesh,



	GeneralDisclaimer.pdf
	0001A02.pdf
	0001A03.pdf
	0001A03_.pdf
	0001A04.pdf
	0001A04_.pdf
	0001A05.pdf
	0001A06.pdf
	0001A07.pdf
	0001A08.pdf
	0001A09.pdf
	0001A10.pdf
	0001A11.pdf
	0001A12.pdf
	0001A13.pdf
	0001A14.pdf
	0001B01.pdf
	0001B02.pdf
	0001B03.pdf
	0001B04.pdf
	0001B05.pdf
	0001B06.pdf
	0001B07.pdf
	0001B08.pdf
	0001B09.pdf
	0001B10.pdf
	0001B11.pdf
	0001B12.pdf
	0001B13.pdf
	0001B14.pdf
	0001C01.pdf
	0001C02.pdf
	0001C03.pdf
	0001C04.pdf
	0001C05.pdf
	0001C06.pdf
	0001C07.pdf
	0001C08.pdf
	0001C09.pdf
	0001C10.pdf
	0001C11.pdf
	0001C11_.pdf
	0001C12.pdf
	0001C12_.pdf
	0001C13.pdf
	0001C14.pdf
	0001D01.pdf
	0001D02.pdf
	0001D03.pdf
	0001D04.pdf
	0001D05.pdf
	0001D06.pdf
	0001D07.pdf



