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SECTION IV. TASK 4. APPLICATION OF INTEGRATED CODES 

Obj ecti ve 

The objective of this task are to evaluate the integrated comprehensive 

codes for pulverized coal and fixed-bed reactors and to apply the codes to 

selected cases of interest to METC. 

Task 0utl ine 

This task will be accomplished in two subtasks, one for the entrained-bed 

lasting 45 months and one for the fixed-bed lasting 36 months. Each of these 

subtasks wil l  consists of three components: I) Simulation of demonstration cases 

on BYU computers; 2) Implementation on a work station at AFR; and 3} Simulation 

of demonstration cases on the workstation. 
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!V.A. SUBTASK ~.A. - APPLICATION OF GENERALIZED PULVERIZEg 

COAL COMPREHENSIVE CODE 

Senicr inveszigazors - B. Scozt Bre~ster and L. Douglas SmocZ 

Brigham Young Univer~izy 

Provo, UT 84602 

(80!) 378-6Z~0 and 4326 

Ob/i ect i veE 

The oDjeczives mf tn l s  SubZask are 1) %0 implemenZ Z~,e COmpreh~T',"~ 

inzeresz Zo METC. 

AccomD]ishmentE 

~c work was conducZec on th i s  subCask Gurin~ Zhe past c u r r i e r ,  

Nc work is p]anne¢ f c r  Zhis subZask during the next quarCer. 
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!V.B. SUBTASK 4.B. APPLICATION OF FIXED-BED CODE 

Senior invest igazors Predrag T. Radulovic and L. Douglas S~oo: 

Brigham Young Universizy 

Provo, Utah 84602 

(80! i  378-3097 and (801) 378-4326 

Graduate Research ASsistant - Michael L. Hobbs 

Obie~ives 

The objeczive of t h i s  subtask is to apply the advanced f ixed-bed l  code 

deve!oDed in Subtask 3.b.  zo simulate fixed-bed g a s i f i e r s  of in teresz to METC. 

During Phase i ,  two tes t  cases w i l l  be selected, data fo r  va l idat ion of these 

zes:  cases obtained, and i n i z i a l  tes t ing and v a l i d a t i o n  of the code w i l l  be 

Derformed. 

AccomDI i shments 

This subtask was iniziated during the past quarter. Fixed-bed 

zechnology ard data have been reviewed and reported under Sbbtask 3.b. Basem 

on this review, fixed-bed gasifiers of potential interest for simulation have 

been identif ied. 

Tne review was l im i t ed  to fixed-bed g a s i f i c a t i o n .  Stoker bo i le rs  were 

mot considered. Several conclusions have been drawn from the review. F i r s t ,  

f~xed-bed gas i f i ca t ion  is one of two leading technologies for  I )  product ion of 

fuel  gas from coal, 2) in tegra ted gas i f i ca t ion ,  combined-cycle e l e c t r i c  power 

gene ra t i on  (iGCC), 3) p roduct ion  of syn thes is  gas from coa l ,  and 4) 

r e z r o f i t z i n g  o i l - f i r e d  power plants and fue l  c e l l s .  Second, f i xed-bed 

gas i f i caz i o~  is an importanz commercial g a s i f i c a t i o n  process. E ighty -n ine 
percent of tme coal Zhaz is gasi f ied is by f ixed-bed (Lurg i ) ,  ten percenz by 
entrained-bed (Koppers-Totzek, others) ,  and only one percent by f l u id i zed -bed  

(Wink ler ) .  Lurg i 's  dry-as.- gas i f i ca t ion  process is the only commercial f i xed -  

bed gas i f i ca t i on  process. Mild gas i f i ca t ion  has been of increasing i n t e r e s t  

l a t e l y .  Fixed-bed g a s i f i e r s  may be convenient ly d iv ided in to commercial, 

de~onsZration, development, and laboratory un i ts ,  as shown in Table IV.B- ! .  

!"Fixed-bed" is  in c{:mmon usage although the bed is actual ly  slowly 
movim~. "Fixed-bed" and "moving-bed" w i l l  be used here interchangeab!y. 
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TABLE IV B- ) .  FIXED-BED REACTOR!; 

! 

, , . . . j  

! 

C 0l,!14 E RC I AI. 

I .  LURGI Dry Ash 
• Sasolburg and Secunda (SASGL), South Africa 
• Westfield. Scotland 
• Beulah (Great Plains). North DakoLa 

D El~IO N ST RAT l ON 

I .  BGCILLIRGI Slagging Ash - Westfield, Scotland 
2. KILnGAS Wood River Station, I l l i n o i s  (Allis-Cl}almers and I l l i n o i s  Povser Company) 

DEVELOPI,IENT 

I .  METC - l lorgantown, West Vi rg in ia  
2, UCC {4GU* Br i s to l ,  Vi rg in ia 
3, ~.}ELLI°IA{I.GALUSHA - 14irme~p~lis, IHm~esot,:~ 
4. GEGAS - Schenectady. New Yor~: 
5. GFETC - Gr,~nd Forks, ~Iorth Dakota 
6. RUHR I00 - Dorsten, {,lest Germany 
7. KGr~ -llueckelhoven, ],,vest Germany 

LABORATORY 

I .  I,lashington Universit2" St. Louis, I,lissouri 
2. Pennsylvania StaLe UniversiLy Universi ty ParI:. Pennsylvtlnia 
3. I,tETC-SI~RODR* ~,Iorgantown, ~,lest Virgin ia 

4. UCC* Fi~,istol, V i rg in ia  
5.  L LT~I- ~ I i v r_ , rmore ,  Co l  i f o r n i , : t  

1_1. f:~tl ; U p t o n ,  ~'le~' Y o r k  



~ co]~ec':om of f i  ' :~ ' "~(  

i ~ ' ! : ' ~  ~ Desicn zest r~za have been obzai ~ . . . .  

gas::ie~s s~cwn in Table "V.B-!. P~rzicu!ar attention has bee~ pa~c ~o ~ : c  

- . . . . .  n METC Ninth Annual Gasi=~cazion amc cG~f~c~io~ aasa re~crzec at ~n= ,e.e.z 

Gas Stream Cleanup Systems Contractors Review Meeting. Dezai!ed p ro f i l e  Caza 

of pa~zic~e temperature, gas temperature, pressure, gas composition, and 

~a~zic~e composition in the reactor bed are needed. Unforzunazeiy. omly 

l imited detailed da:a exist ,  az least in the open l i t e ra tu re ,  There are no 

~ubl ishe~ data a v a i l a b l e  f o r  seQ~raze gas and s o l i d s  temperatures and on!y one 

set cf eaza f o r  Gas composi t ion in the bed. E f f l u e n t  gas compos i t i ons  anG 

zemzerazures, as we l l  as a v a i l a b l e  temperature and pressure p r o f i l e  da~a. w i l l  

Oe used as a bas is  f o r  model eva lua t i on .  

The c o l l e c t i o n  o f  f i xed-bed  g a s i f i e r  design and t e s t  data w i l l  con t inue .  

in o rder  zo coza in  al~ zne da~a p o z e n z i a l ! y  a v a i l a b l e  f o r  t e s t i n g  and 

va~ icaz icn of  the advanced f i xed-bed  code. a q u e s t i o n n a i r e  has been prepared.  

This Cuesz ionna i re .  a copy of  which has been inc luded  in Appendix C, w i l l  be 

semz zo a number of  o r g a n i z a t i o n s  and i n d i v i d u a l s .  The scope and format  of  

the f i xed -bed  zes t  data h~ve been de f ined  and are presented in  Table iV .B-2 .  

copy G = Table iV .B-2  w i l l  be inc luded w i t h  each q u e s t i o n n a i r e .  

Plans 

The c o l l e c t i o n  o f  f i xed-bed  g a s i f i e r  design and zest  data w i l l  con t inue .  

T~e f i xed -bed  ; a s i f i c a z i o n  data q u e s t i o n n a i r e  w i l l  be mai led.  Two f i x e d - b e d  

z a s i f i e r s  of  i n t e r e s t  tc  M:J,. w i l l  he s e l e c t e d  f o r  s i m u l a t i o n .  Data fo r  

va i iCaz ion  of  these twe t e s t  cases w i l l  De ob ta ined ,  i f  not  a l ready  a v a i l a b l e .  

and i n i t i a l  t e s t i n g  and va ! idaz ion  of  the advanced f i xed -bed  code developed in 

Su~zask 3.b w i l l  be oer for~ed.  
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Sm-_'S:F:.'.AT:?.;,:S :j,R ::Y,---~/'-'OV::.~G-~:D T-'ST ,DATA FOK ,:~C_'::~ -'VAL:j.-'.-. :3 "; 

~,.~l i tv-, ~nd O~emationei :rccedure 

• Gas!ficazion :yszem 
• Keaczcr ~esign wizR ~:!s Dimensions (refr~czo~y or z~=er 

wal ls ,  ezc.) 
. Desig~ anc C;erazlon of :nlezs ~nc Ou%iezs 
• Desigm ant O~erazion of ~oai Diszr ibuter .  Sz i r re r  zmc ASh 

Graze 
. "Coclin: Syszem 
• Co~zrcl Sysz~m (f low concrol, pressure conzro:, e~;.)  
• Fluxing Syszem for  Slagging ASh G~sif i~rs 
- O~hers 

Measurement_System and Test Procedur~ 

- !nszrumenCS 
- Samm~im: Locazion. Mezhod amd FreeuenCy 
• Uncerzainzy in Measuremenzs 
- Tesz ~rocec~re 
• Ochers 

Test ResulZs: !nPu~$ 

• Coal 
Feec Raze and ,em~erazure 
Type (mine, seam. rank) 
~ui< anc Mazeriai Densi;y. Size Dis%ribuzion 
Proximate and Ulzima~e Analysis, Hea~ing V~lue, Free 
S~eli ing !n~e× 
Ash Mineral Analys is.  S i l i ca  RaCio. Base/Aci~ Re~iO 
Ash FuSion Tem~era;ure 

- Oxygen/Air 
- Flow Rate, Pressure. Temperature Composition 

- Sze~m 
Flow RaZe, Pressure, Tem~eraCure 

• Cooling Water 
Flow Raze, ~ressurm, TemperaZ~re 

~est Results: Ou~uT~E 

Gas 
Flow Raze. Pressure, Temperature, Composition 
Major Species (H 2 , CO, C02) 
Hycrocarbons (CH4, C2~4, ochers) 
Nizrogen Speci>s (~2. N~3, others) 
S~3phur S~cie~ (H~S, C~S, ochers) 
Ochers {02, ochers) 
Ccm~ensibles (Lar, o i l ,  wazer) 
P~rzicuia~es 
Ma~eria! Density. Nolec~lar ~!eigh~, ~nc He~zing Vai~e 
(wizh and wi~ou% conde~si~les ~nd p~rzicula~es) 
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TABLE 111.3-2 (conZinue~) 

Tar/Oil' . . . .  ~ ~ ~ ,  

Flow Raze, P-essure. Temperature, Composit ion. Heating 
Va~ue 

Recyc:e Ta- 
Flow Raze. Rressure. Temperature. Composit ion, Heating 
Va~ue 

Pa r t i cu la tes  
Fiow Raze. Size D i s t r i b u t i o n ,  Composition. Heating Value 

AshlS~ag 
Flow Rate. Bulk and Mater ia l  Densi ty.  Size D i s t r i b u t i o n .  
Temperature. Composition 

Cooling Water 
- Flow Raze. Pressure. Temperature 
Heat Loss 

Test Resul~s: Mater ia l  and Enermy Baiante~ 

Ya te r i a l  and emergy balances by main input  and output 
streams, and mater ia l  balance by elements. Errors in 
c losures.  

• es~ Results: Axial ~nd Radial Prof i i~ 

• Sol ids/Gas Fract ions 
Sol ids/Gas Bulk and Mater ia l  Dens i t ies .  and Composition 
Sol ids/Gas Ve loc i t i es  

- Sol ids/Gas Pressures/Stresses 
• Sol ids/Gas Temperatures 

Tess Resul ts:  Transients 

• Same as above fo r  steady s ta te  ~ests 

Test Results: Others 

• Reactor Wall Temperatures 
• Coal Bed Height 
• Ash Zone Thickness 
• Pressure Drops (overa l l  bed, coal bed zone. ash zone) 
• S t i r r e r  and Grate Speed and Torque 
- Weather Data (temperature. humid i ty ,  pressure. 

p r e c i p i t a t i o n )  
• Coal. Char. and Ash/Slag Flow Propert ies ( i n t e r n a l .  wa l l ,  

and e f f e c t i v e  f r i c t i o n  angles, minimum bulk dens i t y ,  
c o m ; r e s s i b i l i t y  f ac to r ,  unconfined y i e l d  s t reng th ,  
pe rmeab i l i t y ,  f ragmentat ion,  agglomeration, separa t ion .  
e l u z r i a z i o n ,  others)  

• Coal. Char, and ASh/Slag Bed Zanes Heat and Mass Transfer  Proper t ies 
(ax ia l  and raaia l  m i f f u s i v i t i e s ,  ax ia l  and rad ia l  c o n d u c z i v i t i e s ,  be~- 
zo-wa~l heat t r ans fe r  c o e f f i c i e n t s ,  others) 

• Coal an~ Char Reaction Rates (d ry ing .  d e v o l a t ~ l i z a t i o n .  
g a s i f i c a t i o n ,  combus=ion) 

• Others 

Comments 

I .  Please inc lude un i t s  wl th  a i i  q u a n t i t i e s .  
2. miease ind ica te  i f  s p e c i f i c  Caza are not ava i l ab l e .  
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