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SECTION III. TASK 3. COMPREHENSIVE MODEL DEVELOPMENT AND EVALUATION

Objectives

The objective of this task is to integrate advanced chemistry and physic:
submodels into a comprehensive two-dimensional model of entrained-flow reactor:
(PCGC-2) and to evaluate the model by comparing with data from well-documented
experiments. Approaches for the comprehensive modeling of fixed-bed reactors
will also be reviewed and evaluated and an initial framework for a comprehensive

fixed-bed code will be employed after submission of a detailed test plan (Subtask
3.b).

Task_Qutline

This task will be performed in three subtasks. Tha first covering thz Full
60 months of the program will be devoted to the development of the entraired-
bed code. The second subtask for fixed-bad reactors will be divided into two
parts. The first part of 12 months will be devoted to reviewing the state-of-
the-art in fixed-bed reactors. This will lead to the development of the reszezarch
plan for fixed-bad reactors. After zpproval of the research plan, the code
development would occupy the remaining 45 months of the program. The third
subtask to generalize the entrained-bed code to fuels other than dry pulvarizad
coal would be performed during the last 24 months of the program.



III.A. SUBTASK 3.A. - INTEGRATION OF ADVANCED SUBMODELS
INTO ENTRAINED-FLOW CODE., WITH EVALUATION AND DOCUMENTATION

Senior Investigetors - B. Scoit Brewster and L. Douglas Smoot
Brigham Young University
Prove, UT 84602
(801) 378-6240 and 4326

Research Assistants - Susana K. Berrondo and Gregg Shipp

The objectives of this subtask are 1) to improve an existing 2-D code
(FCGC-2) Tor entrained cogl combustion and gasification to be more generally
anpiicebie to veriation in coal rank and operating conditions by incorporating
advanced coal chemisiry submodels, advanced numerical methods, and an advanced
poliutant submodel for both sulfur and nitrogen species, and 2) tc vzlidate
ihe improved code. The improved code should be user-friendly and operate witn
reasongbie run-times on a desk-top, engineering workstation.

Appreach

The gpproach being fullowed is to 1) incorporate and evaluate advanced,
cozl-generel and pollutant submodels being developed under Task 2 into PCGC-2,
2} 1imprgve code robustness and user-friendliness, and 3) implement the
improved code on & workstation with a granshical user dinterface.
Accomplishments during the lest quarter are describec below.

Accomplishments
Work continued on the integration and evaluation of the FG-DVC submodel
in PCGC-2 and on improving cocde robustness. Work was also initiated on

developing & graphical user interface.

Integration and Evaluation of the FG-DVC Submodel

Iy

4 systematic approac* was outlined in the 10th Quarterly Report (Solomon
et gl., 1589} for improving the FG-DVC submodel integration. This approach
czlls Tor investicating the reiagtive effects of varizbility in ofiges
cempesition and enthilpy 'n order to deiermine the need for muliiple solids
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Figure 111.A-1,
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TABLEY IT).A-)

TERMS RCSULTING FROM CXPANSION OF CQUATION ITE.A-3

Inrm Neacripion Fouation. no.

1, ,$(0,0,h,.) Lddics of pure secondary gas (T171.A-4)

N i fddies with secondary and coal (I11.A-5)
%Iﬁ(ﬂ.ﬂ-'\r)P(‘l)dﬂ of fgas but no primary 9as

00

o P(f. 1) fddies of pure coal offgas (L1, A-6)

o0, (1,0, ) Eddies of pure primary 9ds (I11.A-7)

1 A Cddies with primary and coal (111.A-8)
%Iﬁ(h'\-‘\»)*‘(n)dﬂ offgas but no secondary gas

ul'

1 _ Eddies with primary and secondary (I11.A-9)
uljj](f'o')\‘)p(f)df put no coal offgas

00

1 [8(f.mb (st coal offgas

o' 00

- i fddies with primary, secondary and (111.A-100
[ }P(ﬂ)dn
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IIT.B. SUBTASK 3.8. - COMPREHENSIVE FIXED-BED MODELIX
REVIEW, DEVELOPMENT, EVALUATION, AND IMPLEMENTATION

drag T. Radulovic snd L. Douglas Smoot
Young University

ve, Utah 84602

(8Cl) 378-3087 and (801) 378-4326

Graduate Research Assistant - Michael L. Hobbds

Objectives

The objectives of this subtask are: 1) to provide & fremework 7or &n
gCvencesd fixed-bed! mode’ fTor dincorporating the advanced submodels being
devalopes uncer Tesk 2. pervicularly the large-particle submodel (Subtask
2.e.), zn¢ 27 to provide a basis for evaiuating the advanced model.
Davelorzment of the besic framework of the mogel and initial integraztion o7 the
advinces submedels was complieted during Phase 1. During Phase II, the model

ce!

1
s will be improved, extended, ana zpplied under Task 4 TC Systems
nte

Accomplishments

Durinc the Jest cqiarter, work continued on reviewing numericail
technicues used in comprehensive fixed-bed models. obtaining validation dats
H grzture, and coding the chemical submodels. Three equilibrium-
. moving-bed chemicel submocdels were written, debugged, and partielly

The three codes ars beasaed on totzl equilibrium, 1l-z2one partial

iarfum, anc Z-zone partial equilibrium. The partial-equilibrium models

he functignel group (FG) submode? to predict uitimate volatiles

compesition (irciuding tar} and either the 2-step model or FG model to predict
H T

-~

The equitibrium modeis predi¢t rezsonebie = f?uent

oronsgrties and will be use., =0 provide an initial guess 7or the 1-D moving-hed
mogel The csveiopment of the equiliprium-based, Tixed-bad mogeis nes
crovigdes familiarizy with .he chemical submodeis tc be used in the 1-D mgving-

ad has a27s0 pr.vigsd insight inzto the moving-bed co:l gssff:~ aticn

ic in commor usege
" eng “meving begd” 2
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WUMERICAL SOLUTION

TECHNIQUES FOR SELECTED

TABLE III.B-1

1-D MOVING-BED MODELS

Model Year Type* Order~ [ntecration Method
up 1a78 1-D, B-T 5th order Runge-Kutta (Fibonacci
homgsenaous, sgarch to match boundary conditions)
steady
s 157¢ i-D, T7-8 5th order Runge-Kutita-Felberg
heterogenesus, variable st<p aigorithm
stesdy
WU 1881 1-D, 3-7 4th order Runge-Kutts (Wegs:tein
haterogenegus, search to match boundary conditions)
stesdy
WY o 1882 1-D, B-T ¢th order Runge-Kutta (Secant method
homcc2neous, t0 match boundary conditions)
steady
As  1¢84 1-D, B-T Tame as UD Model
hCMoGEnEoUS,
. egdy
LLiges 1-D, N/A LSODE solver
nsterogensous,
iransient
THomogenecus refers to equal perticulate and gss phase temperatures.
0rder refers to the c2lculétion order from top To bottom (T-B) or
20TI0m TC tep {B-T).
TABLE III.B-2
TYPICAL VALUZS FOR CONVECTIVE HEAT TRANSFER COEFFICIENTS?
Convective Mechenism U, res
m K
freg (onvection z
ﬂr_ Convection 5-25
Forczo Convetion (Gases) 25-250
Forced Convection (Liguids) 50-20.000
Convection with Phase Charnge

2,500-100,000

'el] j Temperecur . \ nAL

well Mixed Temperature 800 K. 500 K, 1000 K. 1500K

5= Tor bturgi Mark 17 154, 115, 53, 47
{Sze Figure III.8-1)

*Typical wzluss are from Incropera and DeWitt (1981). Lurgi values are

calculated assuming & jacket stezm mess flow raze of 0.9 kg s-1, heat

trensfer grez of 35 m2, and water wall temperature of 495 K.
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Consult

Lawrence Livermore National Leborztory. Hindmarsh, 1983) zo so'v
-vziuz problem.

suggestes to

ation on Numerical Methods - Dr. Dov 3ai &t Utan State University

was censuited with respect to sclution technigques. Multierid methods wers
treet steep temperature and concsntration gradients. Or. Bz

2 being used in inz E-D

z15C suggaste
Qulverizac code being developad 2t BYU. ATter

integration r

L
ihe source 2

n
ming an analytical solution to the a2t of @

é practwcai gebugging techniques whicn 2
&
outines zre coded. the integrator zi

-

C
rms &ng boundary conditions to satisTy t

Tvaluatinr Datz

Maving-

o

;rcvide & criticel measure
detaziled reac n

cis tempersturs, pressure, gas composition, &nd particle composition in the
2 T

Detsiled oparationg] data on four American cozls gasifiec
r

11 rezectors

- . —
i974;. 1hg
2
2

iven in Elgi
97%; ¥an et
cuilibrium m

1 .
Westfield data alsc include flere gzs analysis and gas o7rv-tehe

0
merican coal tests. The I1iincis Nec. 6 czst
¢ to validate ssverel fixed-peg models (e.g. Voo

Sed Oata - Exoerimental dsta are nzeded for model evaluation that
ot the model s capedility in predicting Zh:

tor pariormanze. Dsztaiied profiles dzta of particle tempersiiur:,

R, <

n literature. ere arz no publishec deta avail

gnd solids temperatures or ges compasition in the bed. ETvluznt
ons &nd temperatdres 33 well &s 1imited tempergtur
may De u3ed as & partial basis for model evaluation.

W

d. Un ortunate1V. only iimited detsilea date exis

in Westfieida, Scotland are zvailable (Elgin and

Thez Tour coals are I1%inois No. § (areatest ressrve for Zastern
. I1lincois Ho. & {eguivalent to Henfucky No. 9), Pi
ro cozl with g very high swelling index), and Rosebud
s cozl from South-fastern Montana).
I:T.B-1 g¢ives operatioral data Trom the Il1linois ho. ©
g z
n et al., 1978h: Cho eas
Kim znd Joseph, 1983: Wen et al.. 1882). he Rosszbud czse (Cats
n gng Perks, 1974) has also Deen used fo

lidation (Stillmen,
al., 1982). Date from Eigin and Perks wa ed g3 input Tor ir:
cdeis di ed bed

-1

w3
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ILLINGIS #6
. | ¢—— - :
cc‘"" (As 'r:“’“’“’k"“'" WESTHELD COAL TEST Raw Gas
onip. ] 1 ¥ Y .
< mp. :72; 3027_, HMLJ&B comp. { Msell E semvmin | waot val. %} diy vol % mn.'hs ke | %
u 036 ; ooaf 540 N v €Oz | 124.1 § 5050 } 1240 Sve | 706 ! 170 |27.9%
?s*l 008 § o2 | 128 — ~e Co 688 3 3247 607 172 1 249! 063 | 984
o 'O.if.l E 0.05 gs; 112 1556 1 73.44 15.54 a9 0.40 ' 0.10 1.60
o 3?3 H %TE 9?0 Coal Lock Cia I 474§ 1765 | am 94 1 077; 019 | 304
b & ] . 3 H H
Ol | 134 ¢ pog | 17.19 Sire Dt {wi. %) czlel aby 192 020 R SRR By
5601 187 00 1.5°-05° (30-13 mm) 906 HZS' 44 : 208 0.44 1.1 0.19 : 005 | 0.75
SRR NG T o . 0.57-0.25" (13-6min) 5.7 hors} 481 227 | 04p 121 025006 ) 059
Proximate Analysla  wt.% 0.25°-0.126" (6 Amm) 0.7 120 1 6 2040 1 6027 = L 14.00.5 354 155 45
bolow 0,125 (< 3mm) 3.0 Tolal | 1001.3 ; 472,61 100 100 12530 ; 6.0 | 100
Noisiue 1023 y
Ash a9.10 1
Volalile Matlor 34.70 2 8 4
Fixod Caibon 45.97 o i3 Hydrocarhon Liqulds kg/s : torvh
Tolal 100 2 5 Bonzu), Dusl, Flash & Lock
5 o Gas, H28, O/, Tar and Losses 0.15
s {tmataniad halarce oirar), Also, ) 0.58
§5 gallonc of 121 15 recyclod.
Drying & 200-1300°F N
Dovelatiilzatlon (366978 K) C->C+V
+I00-100°F C +CO02--5> 2CO
Gaclilcatlon (975-1000 Ky C+HD->CO+ H2
C +2H2 --> CH4
Combustion. _ _ 2000°F {1366 K)_ _| s |-AC 102220 G0) ¢ e
I 2
daﬂoo 2000, 2000 Rolntivo
[}
Tomp., *F Conc, Vol. % o
Com " ! ke Dl % Source | Mscbh & ecnvmin | vol. % tonh thgls  Twil. %
02 2,09} 0.75 |99.44 Supply | 686.02 | 266.60 | 974 | 13.141331 |7002
At 024 005 | 658 Jackel 15,18 218 26 353,069 Ip1,48
Torm 3207 081 | 100] Total | 50020 1 27382 | 100 | 1667; 42 | 100
Y Mise, Dala EnglishUnlis : S! Unite
Qvetall Malerlal Balance | ton ¢ kg/'s . :
As Rucaivad Conl 6.635 i 1672 Compulalional dimensians 10'x 128 § 3.05m x 3.66 m
Oxygoen 2986 3 0753 Prassuro 350 psia 2413 kPa
Argon 0212 ¢ 0053 E— Blast Gas Temparaluio 00°F 3 644 K
16.656 ¢ 4200 Coallnlot Tomparatura 207°F 370 K
o %6400 1 6,678 Ash Conl (dly)llllllll‘)l 12,770 8T 20.7 kg
; Lock Gas (dry) 290 BTUscl ¢ 10,803 kdiscm
Dy Gas :;;g; i 283 Huating valuo of coal 151.8 MMBTUAh 5 44,5 MM walls
Undoentopused §laam ) v 3365 Healing valuo ol gas 116.3MMBTUM ¢ 33.8 MMwalls
Stoam ‘rom Cod 0.679 5 0.171 - Elficloncy ol gos preduction 8% 76 %
Tar 0583 § 0147 Lurgl IV rominal gas capacity 2 Mol 15,7 scrve
|_Ash 0619 ¢ 0156 Aon Lurgl IV nomino! coal food 650tons/d ¢ 6.8 kg/s
Tolal 26,500 ¢+ 6,670 5 . . . dry gas capacily (this run) 0.4 MMsdth ¢ 3.15 scvs
.%QE‘EMHL lop/h s kqimin mé qg:' coalloed (this run) 160 lonsrd § 1.68 kg/s
arhon 002 ¢ 030 <
Ash 0.60 9.07 08.77
Total 0.62 9.97 100

Figure I1T1.B-1,

Information data sheet for [1linois No. 6, at Wesifield Scotland (data taken primarily from

Elgin

and Perks, 1974).



Eguilibrium Chemicsl Subm

(AR
—
i1t

An important submodel in the 1-D Tixed-bed mode! 1is the rhsmizzl
A signiiizant efiort hes bBasn initiated auring thz piast cusroer
3
H

s

toward devsiopment 07 this submode Thz initial thrust Gas b=2en on tne
LR&ss Component.  Thres different eQUi1ﬁ’ rium options hzve besn investigeoizc
d

gw. Wnile tnese submad

[qs]

s n
inciusicn in the 1-D 7Tixed-bed model. they also cin be used as cverzll models
vor the entire Tixed-bed gprocess. Thus. the anslyses shown Deiow &aply thas:

chemical submocdels to various fixed-ped processezs,

Tetal Eauilihrium Supmode?

gekeround - Prett and Wormeck (1278) haive develop2d a cocde (LR

ol Tibrium Ter Elements) Tor compl L

ccmputétions. CRED nas Deer used at 3YL Tor tha 1, 2, and 3-gimenzianz’
0

pulverizac-ceal combustion codes. CREE is basec on minimizaticon of Gfoos frez
gnergy to dererming equilibrium ies gl prescribed tfemperatures g
aressurss.  detail on multicomponent equi ibrium calculations can pe found in
Pratt (167G},

fquilibrium terminoingy cen itz misleading when referring to ciffzran:

(34
Lei
It
3
o
~h
N

guilibrium assumgiions.  Various equilibrium zssumprions will
13CuSS arity. Frectional equilibrium dnvelves multipiying ths
ecuilibrium constants by “approach faciors® to maich measured compesiticns.
tng choice oF ths gpproach Factcrs is not baseg on any ohysi‘cal rzasonino.

ium refers to the models by Gumz (1652), Woodmansess (1

uitibrium refers to letting certain reactions or species go 5o
g ec

gguitiiriuvm whi calcuisting other species by other mezns such as kinstics or
Sy assumirg no Turthar reacticn. Tn ¢ther words, partial souilibrium oz
szsumed ¥ eany soscies is considered toc be our oF equitibrium. Thz
non-eduiiifrium sp2cizs c¢oncentrations mey be found by using hetsrogsnecy:
wineiics aevolatili i a

zatior, gasitication, cr oxidation) or homeosenszous ©
ost moving-ped medels in the literzturs have assumad inh:
and Hx0) to be in gouilibrium Ly usinac
0

§-shiTT resction.  Anginer appr
¢



netsrggenenus kinatics. Homegenesus kinetic medeiing of CO out of ecuiliorium
i equilibrium hzs been demoastiratec by Coison (

he concentraticen of the nen-egui ?brium species 15 <tnen

determined by the kinetic esquaticns. The concentration interface 15 not so

cieariy defined The presence of the non-equilibrium species cean shifi the
A N . . )

‘non-eguiiisrium species concentrationy 1s smeil. Th gefiect T
non-gquitiorium species concentration is simulated by the non-reacting species
ich hz: 2 similsar parti1&l pressure as the reacting srtecies but is not

otel egquilipbrium refers to all species bz2ing in equilibrium. I the
‘thalpy. pressurz and atomic composition are known, the
ezuiiiorium compcsit1on can be decermined. This is the assumption used in the

Model Assumptions - Figure I11.8-Za shows the control volume used for
ne tots? eguitibrium chenistry submodel. The ash temperature, well-mixed
rescier iempergiure [or zero-dimensional temperature), and exit raw gas

p are gssumad tc bhe ths sazme. The d&f coal is a1so assumed to
cempleteiy react. Complete reaction of the daf cogi is €

the def 2ozl reacts complately either by devo1ati?ization, gasification or
b

oxidatien. There is no differentiation in this submodel regarding the
mechanism Tor these chemical processes.

ne Teec coal and blast ge&s composition, mass flow rzie and temperature

-

2 input parameters. Rezctor geometry is also spescified by the user. The
-
L

T lcszs is determined by either specifying en overall hezi traznsfer
coetiicient or by specifying the jacket steam Tlcw rate. The wall temperaturs
is &ssumed to be egual to the sgturated steam temperature at the razctor

Spereving pressure. The hesting vilue of the coal is either specified in the
c i imate analysis using Dulong's formula (Reig et
gi.. 18723).
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1

cyletet by doing an overall znergy and ma*eriazl balance
1.8-22 &nd sssuming total equilibrium.

volume in Figure III.B-Za is

n;zcizc-l_mbghbg—mahc_r';z;hg—Q:O (IIZ.B'].)

where m arc h refer to mess Tiow rate (kg/s) and total enthaipy (J/kgy,
v. The subscripts ¢, bg., a &nd g rever to raw ccal, blast gas

noend raw gas streams. respectively. The total enthaipy
crmztion enthalpy &nd the sensible enthalpy &s shown

h=h+k (i11.8-2)

whare the superscricis o and s refer to the standard temperature (298.135 K)

(DU

5 py from the reference temperature o the stream
temperature. Ecuation I11.B-1 can bs scived for the total or static enthzipy
he ., i7 the exit temperaiure is known. The sciution techniqus is

i Guess the exit itemprrature. T,.
2. Calculate quantities that dznend on T,, (2.q. kg H. 8nd 3).
2, Caiculste 7,, by material balance and equiliprium assumption.

ERN

Remegt 1-3 until guessed 7T, 2quals calculated T..

The solution technique described above requires the heat of formation of

the daf coal. The heat of formetionm of coal, A7 . is based on the folicwing
egction as given Oy the GPSA destabock (1987):

-

CHOSN, +{n+2-4+))0, = nCO+5H,0+5N,+ SO, (117 3-3)

The hegt of Termation of the cozl cén be obtained by noting that the heat of
combustion. AH?, is the negative of the nigher heating value of the coal,
HHY, which is an 1input parameter. The heat of tombustion is determined as a
ivTerence of the heat of formation of the products and the neat of formatio:
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where + veuresgnts the stcichiometric coeffici:

—
A
1)
ot
e
<
3

the it preduct givan in
fgquaticn I;;.B-e ind i=1-4 ~zpresents the formation of COz. K0013, Nz, &nd 50;
respectively. The primery di
alcuigting the nes

c
compuiing
s .

[+})

s
fits of the JANAF thermochemical tabdd

{3tull and Propnet. 1971). Tre sensibie enthalpisas Tor the Fesd zozl, K5, can

ation (1883) to calzulsztis
gnce temperaturz is stEndara.

1 = (2)[330¢,(38)+ 36002 (S2)] (4) SN

wuhere
1
8.C) =y (117 3-7)
anC R = the gas Zorstent (8314.2 J kmot -l K1), T = soiig temperature (X}, 330
ang 1860 are charsact
a

eristic Einstein temperaturss (¥). The mesn &tomic
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#hgre ug; reoressats Tne 3tomic weighis 07 Cirpen, hydregen. oxygen, nitrogen
2na Suighur, and ¥ s the u'zimate engiysis of the coal. roitowing the

—_— QL T J “reo
Cp,=754+0.856 T (Fx). where T(°C) (i1:1.3-63
Tne Tie3 term to cdefine in fzugtijon 1i1.8-24 935 tne heat lgss through
N2 reslIfr Wil 1 K

Q=UA(T,~T,) ( 111.8-10)

wher2 A is the water wal  surface area (m?), T, anc T, represent the well-

or exit temperature ancd witer well temperature, respectively. Typical
s for U &re shown in Taoi 11.B-2. Values for the overalil heat

[
@ L

ia 1
2 i

~

er go=2s

[f2]
-1

ficient, U. range irom 50-200 watts m-2 K'1. As shown in Tible

1

én

b
M

-
-

s

L the overall hezt transisr is in the furced convection range.

Tot3l Eguilibrium Submodel Results - The simple, total ecguilibrium
submodel was written to test the eguilibrium routines. Agreement between
sevarel equiiibrium codes has been achieved wizh CREE, NASACEC (Gordon and
McBride, 1976), and EDWARDS (Selpn, 1965). The total eguilibrium model has
teen eveluated using data obteined Trom the American coal tests done at
w2stiield, Scotiand in 3 dry-ash Lurgi Mark II. Adequate compositions and
temperatures have been predicted. The effect of steam flowrate on temperature
end H20/C0 molar ratio has also been investigated. As expected, the

temperelure cecreased witt increasing -,0/0, ratio. Also. the Hp/CO ratio
increased with increasing Hp0/0p;. The largest discrepancy is low carbon
mengxide concentration in the product gas. The results of the total
gquilibrium mode? will be discussed in more detail following the description
07 the 1- and 2-zone partiz:l ecuilibrium model.
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- 2%y’ k,

), = ="

Qg T K, {Ii1.8-13}

- oY .o !':’k.
o7, =(1-x )+ 35 (111.8-1£)
WhRTe .. ®i. 208 @i 2re the uitimete weight Fractions of char, tar and
TigRT 43393 Tnat COmMPCSe the ik functional group, raspectively. QOcher
cuantizi il w2 ch

g3 ia Egustions II1.2-12 cnrouch 14 gare xo, yo, k;. and k, whi
2 tTir forming Traction. the initial frecticn ¢F tThe i*

“unctionzt groud, distrizuied Arrhenius rate constant for the ik functicnal

grouDn, &nc cistributagd Ar-henius rate constant fer the ter, respsctively. Th
S

ur fTuncticngl croups, raspectiveiy. The ultimate ve
d 5y the FG mege! is 2 function of tampersture history.
5 ware determinad Sy 2 seven-peint Gaussien
nd Stegun, 1972). Frequency Tectors, mean
iveticn enerciss, and standard davistions of activation energies were
{

th the FG mede’ to predict volatiies

-

ne 2-S mocel can be comiined w
1io

[1 = Gia=tats)
_— ]

X0=1+ (4 4 -
(.«"MeOH'*'};vC*'ySom) (iIT1.B-15)

Lilibrium model has been programmed to use the 2-S model
he FG mode? is used to predict volatiles composition
1 and the FG model.

Solution Technique - Figure I:ilI.B-2b shows the control volume used for

the 1-zore partiel-equilibrium model. The ash temperature, well-mixed reactor
amperziure {or zero-dimersional temperature)., and exit raw geés temperatures
sumed to be the same. Similar to the total equilibrium model, the daf

&1 is 2lso assumed to compleifsiy react. Complete reaction of the daf coal
valent to eassuming that the daf coal rezcts completely either by
atilization, gasification or oxidetion. The total equilibrium rodel does

ct
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£0/C0; ratic increases with increasing tempergiure. leading to better

2-Z¢ne Partial Feuilibrium Mgdel

Fquations and Solution Technigue - Figure 1II.3-2c S

um@ ussG Tor the 2-zone partizl equilibrium model. he p

zWe2n the 1-zcne partiel eguilibrium wodel gnd the Z-zgne pértiad
ievsigtilizazion &nd drying ére S

T.. which is different than the eguiiibdrium

Gazsification and combustion &re assumed 10 Taxke Dlic2

he energy balances ércourd The TwC zZones are

¢+ halances.

Taz s2tuticn tschricue For the 2-zone, partistl-eguilisrium mocdel s as

37 iCws

i Gugis t9s exit tamperztu-s, T..

Z. Cz"culzze Guarzizie: tnz:t ceosnd on T, (e. ¢. velefile yisld anc
comzesizicn, entieToy oF char, anc enthelpy of tne tar).

3. Gugss tre souilicriua zone temperature, T,..

2. felcuTaze gquentities that cepend on Ty (e.C. AL Q. end A).

5. Czlculzte T, oy meteriel Dalance and equilibrium zssumption.

z. Rezezt 3-5 wuntil gue-sec T, equals calculated T.,.

7. Cz7cu"ete T, with energy bSe&lance eround drying/devolatilization zone by
using Tne sacant method.

Z. Rgceat 1-7 uniil guessed T, squals calculated T..

¢ for crying 2nd sensible enthalpy of the feed coal are supplies

on zone. The wall heat Toss 2s well gs tne

seznsinis enthalipy loss in the ash is zttributed to th: eguilibrium zons. In

o pariitioned between the two zones. Thne

;@ describagd .- » requires two iteration lcops. Convercence
-

sclution technigu g
for the Z-zone partial ecu 1iorium model is on the order of saconds on & Sun-
3881 worxstation compuze

A
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a) illinois #6 at Westfield Nlinols #5 at Westtield

60 50
2-step model for yleld (Kebayashl kinetics) 2-slep (Todel for yield {Kobayashi kinellcs)
50-  FG model for volatile composition a0 FG model for volallle composition 3o, ¢
_ ] Text, K| ] B Eigh & Perks 908
o M Elgin & Perks 864 ] ]
w40 - 28 o Tolal Equil. 963
8 | Yoon et al. @ 30- B 1-Zone 068
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Component Component
c) Pittsburgh #8 at Westfield d) Montana Rosebud at Westfield
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J 2-step model for yield (Kobayashi kinetics) g 2-step modet for yl_eld (Kobay'ashl kinelics)
50 FG model for volatile composition 60 FG model lor volalile composition T oxit, K
- . 7 W En & Pork T ot 7 50 B Eigin & Perks 664
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Figure 111.B-3, Westfield American Coal test predictions a) Il1linois No. 6, b) I1linois
No. 5, CO Pittsburg #8, and d) Montana Rosebud.
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Temperature, K

H2/C0, [molos/molas)

H2/C0, [molasimoloal

Temperature sensitivity to steam/

oxygen ratio (lllinois #6 at Westficld)
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Temperature and composition sensitivity tc steam/oxygen relic.



cuiiibrium mode s seam to predict the correct trend. The 2-zone model seems
o give better absolute velues for the H,/CO ratio.

m

ot

Eif £ Pr r n_Raw mposition - Figure II1.B-5 shows the
affect o7 gasification pressure on the composition of the raw exit gas. The
influence of pressure is most noticeable for the total equilibrium modei. The

aadition of devolatilization tends to dampen out the influence of pressure.
This can be explained by the fact that the FG model was developed primarily
For smell particles. There are no particle size or pressure effects in the
model. Lzrge-particle submodels being developed under Subtask 2.e should
provide pzrticie size znd pressure effects for the eguilibrium codes.

Equilibrium

The enuilibrium chenical submodel options have provided additionz]
irsicht into the moving-oed process. Justification for development of
gccurate large-particle submodels that predict the efrects of pressure ang
particle size has been demonstrated. Accurate effluent predictions can be
maede by providing additional spatial resolution. All equilibrium models
predict adequzte raw gas compositions with best results from the Z2-zcne,
nartial-equilibrium model The 2-zone model will be used to provide an
accurate exit temperature and concentration guess for the 1-D model.

Plans

Heterogeneous gasiticetion and oxidation kinetics will be coded into the
2-zone, partial-equilibrium model. The dinterface between kinetics eénd
gquilibrium will be 1investigated further. Differences between global
gquilibrium and local equilibrium will be expiored. A simplified version of
the FG-DVC model for large particles provided by AFR will be coded into the 2-
zong, partial-equilibrium model. After obtaining sufficient experience with
the chemicel submodels to be used in the moving-bed code, development c¥ the 1
D, moving-bed code will be initiated. The 1-D code will include the FG model,
2-S model and simplified version of the large-particle, FG-DVC medel, a
simplified cher oxidation/gasification submodel based on the shell-progressive
or ash-segregation submecdels, and a gas-phase chemistry submodel based on
partigl equilibrium.
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Crude gas composition predicted by total
. equilibrium of lllinois #6 at Westfield
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Crude gas composition predicted by 1-zone
partial equilibrium model (lifinois #6 at Westfield)
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Crude gas composition predicted by 2-zone
pagtoial equilibrium model (illinois #6 at Westfield)

L <)
= 50 Ha
Z |
g
§ - co2
o 304
B J
£ 204
g 4 co
% 10
o
2 1 CH4
0 A A S A } i [ 4 i ]

.
0 2 4 6 8 10 12 14 1% 18 20 g2
Gasification Pressura Amasphatas (ahs.)

Ffgure IIi.E-5 Et7ect of pressure on raw ges composition with &)
1-zong total equilibrium model §) l-zone partizl
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egquilibrium model.



