
3. Data Acquisition and Correlations 
(Reporting CategorxC03) 

3.1 Reactor Modeling 

Introduction 

Modeling of the ~asification reactor serves two purposes. On the one 
hand, the reactor model provides a learning tool by which the reactor per- 
formance can be studied and comprehended. On the other hand, the model serves 
as a predictive tool to provide guidance in the operation of the pilot plant 
and the ~sign of a commercial unit. 

The work described in this section covers four areas: (1) prediction of 
gasifier f luid bed density; (2) use of bench scale and pilot plant data to 
improve the reactor model; (3) use of the reactor model to guide PDU opera- 
tions; and C4) validation of the model using demonstration run data. 

i 

Duringthe predeve)opment phase of research on the CCG process (DOE 
Contract E [49-18]-236g) a preliminary gasifier kinetics and contacting ~del 
was developed. This model was used as the starting point during the develop- 
ment phase of research. This article begins with a descriptionof this 
original, preliminarymodel. 

Original Gasifier Model 

The gasification reactor is a fluidized bed of complex hydrodynamics 
a~d chemical reactions. Fluidized beds consist of two phases: the emulsion 
phase ( i .e . ,  the dense phase) and the bubble phase. The emulsion phase is a 
suspension of particles and is the continuous phase. The bubble phase consists 
of relatively particle-free gas bubbles rising discretely through the emulsion 
phase. Since the bulk of the gas passes through the bed in the form of 
bubbles and the gasification and methanation reactions are catalyzed by the 
potassium loaded char particles, the interchange of gas between the bubble 
phase and the emulsion phase is an important aspect of f luid bed reactor 
modeling. Other important aspects in the modeling of the gasification reactor 
are the intrinsic reaction rates and the coal devolatilization yield. The 
important elements of the gasification reactor modeling are outlined in 
Figure 3.1-I. 

The model (1) is based on the two-phase theory for fluidized bed 
reactors. Gas flow at minimum fluidizing velocity percolates through the 
emulsion phase while the excess gas passes through the bed in the form of 
bubbles. Small bubbles are fo.-med at the bottom of the bed, and these bubbles 
coalesce and grow as they rise through the bed until they reach a maximum 
stable size. For computation, the reactor is segmented into compartments 
along the axial direction. Within each compartment, each phase is assumed to 
be well mixed, 'and mass transfer takes place between th¢,Rhases in accordance 
with the correlations proposed by Kunii and LevenspJel.£ tJ For the slugging 
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• FIGURE 3. 1-1 
.ELEMENTS OF CC'G GASIFIER MODELING. 
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regime ( i .e . ,  bubbles bigger than one-half the reactor diameter) mass transfer 
is prescribed by Hovmand and Davidson's{3) correlations. Figure 3.1-2 shows 
schematically the organization of the original reactor model. ]X~e bases 
for the major fluidization parameters employed in the model and the kinetic 
expressions, which have been derived from bench scale fixed bed reactors,(4) 
are summarized in Table 3.1-i. 

The original reactor model did a reasonable job of predicting perforvt- 
once of the 100 psig Fluid Bed Gasifier (FGB) operated during the predevelop- 
ment phase of research. Data from the PD~ gasifier and new bench scale data 
have indicated several areas where improv~ent could be made. These areas are 
discussed below. 

Bed Density 

B~ density measurements made in the PDU reveal that bed expansion 
is much greater ( i .e . ,  bed densities much lower) than can be reasonably 
predicted from the classical tworphase theor3. Figure 3.1-3 il lustrates 
this point. Assuming that the bubble di~eters within the PDU range from 
one-half inch to ten inches, i t  is seen that most PDU data points fa l l  
above the predicted bed expansion based on the twQ-phase theory. 

Though there can be more than one explanation for the observed behavior, 
one logical explanation found in the literature is that there is a considerable 
increase in the emulsion phase voidage be~o~d minimum fluidization. The char 
Rarti~les in the PDU t3pically have low bulk densities (approximately 30-60 
Ib / f t  ~) and contain significant a~ounts of small particles. By Geldart's 
classification,(5) this is a t3pe A particle which is known to give rise to 
homogenous expansion of the emulsion phase before bubbling begins. I t  is also 
known that the e~ulsion phase expansion wil l  i~crease with decreasing particle 
size. This is consistent with the obseFvation in the P~U that bed expansion 
increases with decreasing particle size as shown in Figure 3.1-4. Figure 
3.1-4 also suggests that as particle size increases beyond 250 ~m, bed expan- 
sion asymtotically approaches that predicted by the two-phase theory. 

The two-phase theory used in the present model is found to significantly 
overpredict the bed density when the particle sizes are small. For an average 
particle size of 250 =m or greater, the two-phase theory appears to provide a 
reasonable approximation. For particles smaller than 250 ~m the following 
modifications in the calculating bed densities can be made. 

From mass balance: 

( Uh~_,,, .161_~ ) ~ Pbed = U - Ue) + Ub, (3.z-z) 

where: Pbed'..PP = f luid bed and particle densities, respectively. 
uUbO=,e isolated bubble rise velocity 

total and emuls ion  ph~e superficial velocities 
respectively 

= emulsion phase voidage 

-164- 



FIGURE 3.1-2  
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• CONCEPTUAL REPRENSENTATION OF FLUID BED REACTOR MODEL 
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Table 3.1-1 

FLUIDIZATZON P ~  AND KI~-t~C ~D(PRF~ZOt~ 
USED IN THE PRESE~TMODEL 

Par~eteT Source or Expression 

Minim= P'luldlzln9 ¥eloc l ty  ( U ~ )  

~et height above d i s t r i b , t o r  

Ergun equation 

Mort a~  Wen correlat ion 

Bubble growth 

M a x t =  stable b~bble stze 

I,¢erphase ~I~s Transfer for  
Bubbles 

Slugging bed =ass tr~sfer 

G~ific~tlc~ R~e 

Reth~natton r~te 

D~olatilizationj~ield 

I 
I 
I ' 

J, 

I 
I 
! 

I 
I 
L 
I 
I 
I r M -  
I 
| 
I 

Geldart' ~ correlat ion 

~dlfl~d l)avidson-ila~Ison correlat ion 

I~ni-i ~ Levensptel's correlat ion 

llov~b~d and Davldson's correlat ion 

6.8 x 107 exp (-15.100"K/T)fgCk[PX2 D - PCOPH21 

PI~ 2 + 0.2Z PcoPH 2 + 0.0595 PH20 

z.s9 x 1 ~  exp (-Z4,ZgO'K/T)fMCk [PH2PCO " PC~P~2~Y~ ] 
1 + 7.95 PH2 

6ib~n-~k~ co.elation for un:atalyzed c~al 
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FIGURE 3.1-3 

.PDU BED EXPANSION,,.,,.EX. C.EEDS THAT PREDICTED, 
BY THE CLASSICAL TWO-PHASE THEORY 
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FI GURE 3.1-4 

BED EXPANSION STRONGLY DEPENDENT ON PARTICLE SIZE.j 
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The bubble rise velocity is related to the estimate of bubble size which is 
discussed later in this section of the report. The unknown quantitiesc e and 
Ue can be estimated from the following correlations: 

From Geldart and Abrahamson (6) 

Umb 4.1 x 104 uo.g pO.1 
= ( # p  - p) gap (3.1-2) 

Assuming the emulsion gas velocity, U e, and the minimum bubbling velocity, 
Umb, are approximately equal then: 

Ue ~ ~ b  

and applying the Richardson-Zaki correlation (7) for voidage: 

(3.1-3) 

~ - = ¢4 .7  ( 3 . 1 - 4 )  

The following relationship can he derived: 

Ue =[_ce~ 4-7 
(3.1-s) 

.Combining equations (3.1-5) and (3.1-2) to give: 

te  4 .1  x 104 uO.g . 0 . 1  
¢--~ = (,p - p) gap (3.1-6) 

Equations 3.1-6 and 3.1-5 can be used to estimate te and U e respectively, 
and bed density can be estimated by Equation 3.1-1. This w i l l  resul t  
in better estimation of bed density since i t  allows for the increase in the 
emulsion phase voidage. In so doing, i t  also allows for a greater amount 
of gas flowing through the emulsion phase ( i . e . ,  U e > Umf) and th is  marks 
another departure from the present mode]. 

Bubble Size 

The importance of bubble size and mass transfer between the bubble and 
the emulsion phases is il lustrated in Figure 3.1-5. Figure 3.1-5 shows the 
calculated relative reactor volume as a function of bubble size using the 
original model. Conversely, for a given reactor size, increasing bubble size 
wil l  result in lower carbon conversion, as shown in Figure 3.1-6. Bubbles 
undergo coalescence as they rise in the bed, resulting in bigger bubbles. 
In principle, bubbles can keep coalescing and growing until limited by vessel 
size or the total amount of gas fed into the system. For fine particles, 
however, an equilibrium size is often reached, beyond'which, the incidence of 
bubble splitt ing limits the bubble growth. 
l 
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Figure 3.1-5 
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FIGURE 3.1-6 

.EFFECT OF BUBBLE SIZE ON .,.FEED 
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The original model used Geldart's(8) correlation for bubble growth 
as a function of bed height. Advances in recent years indicate that th~ 
more conservative growth rates proposed by Rowe(9}and Darton, et al(lO) 
may be more realist ic. Figure 3.1-7 shows the comparison of the three 
correlations of bubble size. The close agreement between Rowe's X-ray based 
correlation and that of Darton, et al. ,  which is theoretically derived, "~ends 
support to their correlations. 

The equilibrium bubble size, or the maximum bubble size, is d i f f i cu l t  
to estimate. The Narrison-Davidson-DeKock maximum stable bubble hypothesis(11) 
postulates that when the gas velocity inside a bubble exceeds the terminal 
velocity of the particle, the bubble wi l l  be destroyed by particles carried 
into the void by gas. By analogy to gas bubbles in a liquid medium, they 
assu~d that the gas velocity within a bubble in a fluidized bed is appro×i- 
mateIy equal to the rising velocity of the bubble. Thus, the bubble wi l l  be 
obl iterated i f :  

Ub=U t 

Since: Ub = 0.71 V ~  

/ " t V  1 then: (db) o ) i 

An alternative approach to the question of bubble stabi l i ty  is to 
examine the Taylor instabi l i ty of the bubble roof as done by Cl i f f ,  et al(12). 
Their analyses indicate that bubble instBbil i ty is primarily a function of the 
effective kinematic viscosity of the emulsion phase. Unfortunately, there is 
at present no universally accepted way of estimating the maximum bubble size. 
Bubble size determination is an area where further experimental data are 
needed. 

Reaction Kinetics from Bench Scale Data 

The kinetics of the steam-carbon reaction were studied extensively 
in bench scale reactors to elucid~-~ce a number of issues. The experimental 
set-up and other details are given in Section 4.1 of this report. 
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Figure 3.1-7 8 1 B - ~ - ~ 4  

BUBBLE GROWTH WITH BED HEIGHT : COMPARISON OF CORRELATIONS 
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I t  was found that an activation energy of 50 kcal/g mole ~K gives 
much better f i t  to the mini-gasifier data than the 30 kcal/g mole tK number 
used in the original model. This is shown in Figure 3.1-8. Another improve- 
ment can be made in the area of catalyst loading. The gasification rate 
increases linearly with the water soluble K to C atom ratio up to about 0.2 
and remains constant with further increase in K/C ratio. The coefficient f$ 
in the gasification rate expression can be modified to reflect this behavior. 
This is shown in Figure 3.1-9. An additional area of modification lies in 
the inhibition terms. Regression of fixed bed data at various pressures 
indicated that the data could be estimated by the following gasification rate 
expression: 

k G exp(-BO, OOO/RT) fG CK [PH20 - PH2Pco/KG -a] 

rG = (PH2 + 0.18 PH20) 

"Al l  the modifications described above Were combined into the new CCG 
model version. Table 3.1-2 compares th~ experimentally measured gasification 
rates with those calculated by both the original and the modified models. With 
the exception of one group of data, the comparison shows that the modified 
model provides a better f i t  to the experimental rates. Attempts were then 
made to further refine the model and d~onstrate i ts applicability to the FBG 
and PDU data. 

Incorporation of Pilot Plant Data 

Re methanation rate expression used in the original model had the 
following form: 

2 x 106 exp(-28,200/RT) CK[P3H2 Pco'PcH4 PH20/KM] 

~M = ........ ( I  + B rH2)- 

While this expression appeared to f i t  the FB6 data, i t  consistently 
over-predicts methane production for the PDU runs at 265 psia and 500 psia 
pressure levels. This over-prediction is attributed to the fact that in this 
expression, the rate of methane formation is overly dependent on the total 
pressure of the system. 

Expressions with a lesser dependence on total pressure were therefore 
sought, l~e following methanation expression was found to give good f i t  to 
al l  these pressure levels ( i .e . ,  100, 265~ 500 psi)= 
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FIGURE 3.1-8 
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.FI GURE. 3. !-9 
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Table 3.1-2 

SZlq,q.ATXOH OF I, IZNZ-B~D RUNS 

Exp'l Itame Ortg~nal lqod4ql =~-- 
Se,-4es** ~ .~. ~ ,o~el , ~ e l  

A 1 5.3 4.1 5.0 
2 4.2 2.7 3.4 
3 3.6 2.2. 2.9 
4 3.3 1.5 2.O 
5 2.4 1.0 1.4 
6 1.7 0.9 1.2 

B 1 5.1 4.2 5.0 
Z 3.9 3.1 3.9 
3 2.9 2.2 2.9 
4 2.2 1.5 2.0 
5 . 2.0 1.0 1.3 
6 1.8 0.7 0.9 

C I 1.6 1.3 1.3 
Z 2,6 2.0 2.3 
3 3.1 2.7 3.2 
4 3.6 3,2 3.7 
5 4.6 4.2 5.0 
6 6.7 6.1 7.6 

D 1 , 0.13 ~ 0.73, 0.44 
2 0,56 1.50 1..~7 
3 2.04 2.64 2.60 
4 4.74 4.1 4.90 
5 9.3 5.7. 7,.5 

E I 0.08 0.22 0.09 
Z 0.49 0.62 0.50 
3 2.2Z 1.50 2.0 
4 4.80 2.80 4 . ~  

F 1 3.3 3.5 4.0 
2 2.4 2.8 3.1 
3 3.0 3.0 3.4 
4 5.1 4.1 4.9 
5 5.1 5.8 6.6 
6 6.2 8.2 9.2 
7 S.2 5.2 6.2 
8 4.9 4.1 5.0 
9 5.7 5.4 6.2 

10 6.2 6.5 7.7 

G 3. 1.4 1.2 1.4 
2 0.6 0.9 1.0 
3 1.2 1.1 1.2 
4 2.2 1.S 2.0 
5 2.7 2.1 2.5 
6 2.7 2.5 2.7 
7 2.1 1.8 2.4 
8 2.4 1.6 2.2 
9 2.S 2.0 Z.4 

10 2.1 2.0 2.6 

'*~ocJtftcat.ton o f  o~g~nal 14o~1 as fo l loes :  

(~) ~S - 2.0 f o r  r./C<._O.z 
% • O.2/-~ f o r  rJc,  O.2 

( t t )  E, - 50 k cal/g =ole 

k - 2 x 10-12 

"*r-~,~es A and S - Vm-i,rLIons of  H2OIH 2 r,tl:to 

5m-ies C - Yin-lad:lons of  H20/C raltto 

Series D 4rid E - T~pera~n'e vau-Ja~ton. H20 or.;.,, and HzO/H 2 edxture 

Set-le5 F and S - Y r l ~ t o ~ s  of  ~ ra~.~ vi~ H20 oel.y ,trod H20 ~i=:~m-~ 
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3.5 x 106 exp(-28,200/RT) CK [P3H2Pco-PcPI4PH20/KM] 

r .  = (Z * lO z) 

This new rate expression was used along with the modified gasification 
expression to simulate selected 3Held periods from the FBG and PDU data se~. 
Only data points representing 80~ or higher carbon conversion and 10 Ib/ f t  
or higher bed density were colored with the model predictions. Figure 3.1-i0 
shows the comparison o f  calculated and experimental carbon and steam conversions 
over this set of data. Figure 3.1-11 shows the comparison of methane yield 
for the same set of data. The agreement appears to be satisfactory. 

Table 3.1-3 summarizes the major changes made to the CC6 Gasifier Reactor 
Model during the period of research covered by this report. 

Pilot Plant Guidance 

A systenatic set of computer,simulaC.ions were completed to predict 
the performance of the PDU gasifier at 500 psia. The gasifier temperature 
profile assumed was similar to that measured in PDt) Yield Period Number 8 
(with an average temperature of 1275"F). In all runs, . i t  was assumed that 
I l l ino is  Xo. 6 coal impregnated with 12.5% KOH wil l  be used as the feed solid. 
Carbon conversion was gD~ and sy~gas was balanced ( i .e. ,  the amount of H 2 and 
CO going into and coming out of the ~asifier were equal). Bed density was 
assumed to be approximately 1_5 Ib / f t  . Three .levels of solids feed rates were 
used: 80, 100, and 120 Ibs (coal and catalyst) per hour. For each solids 
feed rate, three levels of steam feed rate were used, corresponding to H20/C 
molar feed ratios of 1.25, 1.50, and 1.80. Thus, a total of nine cases were 
studied. 

Three key variables were monitored as the output of the computation. 
These were: steam conversion, ~ CH 4 in dry product gas, and the required 
bed height. Figure 3.1-12 shows that steam conversion is a function of the 
H20/C molar ratio in the feed and it decreases steadily ~th increasing 
H~O/C ratio. Figure 3.1-13 shows that % CH 4 in the dry product gas 
decreases line~rly ~th increasing H20/C ratio. Since it is desirable to 
have high C~ formation rate as well as high st6am conversion, results 
in Figures 3.1-12 and 3.I-13 point to the direction of reducing the H~/C 
ratio in the PDU feed to accomplish these objectives. Figure 3.I-14, however~ 
points out the penalty in moving in this direction. Figure 3.1-14 indic~es 
that for any given solids feed rate, the required bed height to accomplish 90)~ 
carbon conversion increases ~th decreasing ratio of {H20/C). Furthermore, 
the shape of the curves indicate that as H20/C ratio is decreased below 1.5, 
gasifier size is increased dramatically. 
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FIGURE 3.1-10 _ 
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FIGURE 3.1-11 

MODEL SIMULATION OF PDUIFBG RUNS: 
PERCENT CH4 IN DRY PRODUCT GAS 
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Area of" I~dtftcat4on 

Table 3.1-3 

..S~R~y OF MOOIFICATIO~; MADE TO T ~  603IFIER m n ~  

Or'igtnal rode1 ~14odel 

3e~. penetration dtst.tm=e Hor'l-l~.n corTela~ton Bubble fonna'.ton at 
Gr4d plate assumed 

6ubble GroUch v~th Bed Hetght 

Max'im~. Bubble Size 

Beldam' s correlat ion 

Harri son-Oavtdson t~q)e 
cor~el,~cton 

Han-i son-Davtdson type 
comela~.ton 

F|uld Bed Denslty C1asslcal ¢~-phase ~ Bauls~on phase voldage 
allowed to ~ncTease 

J~t4vatton ener£y fo r  30 kcal/g aole 50 kcal/g sole 
Gasif ication rea~-t.ton " '" 

Gastftcal:loa Ktnettc constant 6.8 x 107 2.0 x 1012 

Gastffcatton Inh ib i t i on  tens PH 2 ÷ 0.21 PCOPH2 + 0.0595 PH20 PH 2 + 0.18 PH20 

K/C ef fect  on Gastf'icatton Rate -0.22 
< e . z  > 0.2 

Me~ana~ton 1nhtb~.tlon Ten= 1 ~ 8 PH2 1 + 10 P2HZ 

Hethanatton rate constant 2 x 106 3.5 x 1(: 6 

~ C  effL~'~ Orl I ~ a t ~ o n  r ~  f l  " 1.0 F1 " fG 
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FIGURE 3.1-12 

STEAM CONVERSION DEPENDS ON FEED RATIO 
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FIGURE 3.1-13 

METHANE PRODUCED DEPENDS ON FEED 
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FIGURE 3.1-14 

BED HEIGHT REOUI REMENTS 
MODEL SIMULATION OF PDU 

818-4-95 

60 

E 
i.1.1 
I.r . .  

1 - -  
" 1 -  
(m 
m 

n -  

la . I  

50 

40 

SOLIDS FEED RATE 

LB/HR 

1~ LBIHR 

30 

80 LBIHR 

1.0 1.5 
SIEANt / CARBON, FEED 

(MOUMOL) 
RATIO 

2.O 

184 



The ra t io  of the synthesis gas to be recycled to the CH4 produced 
increases l i nea r l y  with the H20/C ra t io  under syngas balanced condit ions 
as shown in Figure 3.1- I5.  Of the to ta l  synthesis gas to be recycled, the molar 
ra t io  of H2/CO required under the syngas balanced conditions increases 
with an increasing H20/C ra t io  as shown in Figure 3.1-16. Thus, at higher 
H20/C molar feed ratTos, the refined syngas would be increasingly H 2 r i ch .  

In a separate study, the effect of system pressure on CH 4 production 
was examined. Comparing two cases at 500 and 265 psia, with all other 
parameters remaining constant, the higher pressure was found to favor higher 
methane formation as shown in Figure 3.1-17. 

This series of computations demonstrated that the model is useful 
in providing insight and guidance to pilot plant operations. 

Demonstration Run Guidance 

The CCG reactor model was used to assist in the sett ing of the PDU 
operating conditions fo r  the demonstratioh run. I t  was decided that. the 
PDO performance should sa t is fy  the fol lowing target conditions: 

Carbon conversion : 85% 
Steam conversion: 35% 
CH 4 in dry product gas: 25% 
S.yngas balance: 80% 

" On the basis of 85% carbon conversion and 100% syngas balance, the 
performance of the gas i f ie r  as predicted by the model is shown in Figures 
3.1-18 to 3.1-20. Figure 3.1-18 shows that both the steam conversion and the 
CH 4 concentration in dry product gas w i l l  decrease as the molar ra t io  of 
steam-to-carbcn in feed increases. At a H20/C ra t io  of 1.5, fo r  example, 
steam conversion is at about 40% and CH4 concentration at 28%. Figure 
3.1-19 shows that  under syngas balanced condit ions, the to ta l  moles of  
recycle syngas increase with the H20/C ra t i o .  Also the H2-to-CO ra t io  in 
the recycled gas increases with the H20/C ra t i o .  Again, at a H20/C of  
1.5, the H2-to-CO ra t io  is about 4 an~ the syngas to CH 4 ra t io  ~s about 
1.7. Figure 3.1-20 shows ~hat the required solids nominal residence time 
decreases with increasing H20/C ra t io .  About 10 hours of sol ids nominal 
residence time w i l l  be nee,,ed~,; at a H20/C of  1.5. 

The PDU coal feed systm uses syngas to transport coal into the 
gas i f ie r .  The amount of syngas required increases with increasing coal feed 
rate. This requirement causes d i f f i c u l t y  in achieving the targeted 80% 
syngas balance. The model was used to provide some insight i,qto th is  area. 
Figure 3.1-21 shows that at a proposed HzO/C ra t io  of 1.43, the amount of  
syngas required fo r  I00~. syngas balance is about 1800 SO=H. A syngas f low 
rate of 2800 SCF, u, w i l l  give 80% syngas balance. I f  higher syngas f low rates 
must be used fo r  coal feeding purposes, Figure 3.1-22 shows that the H20/C 
ra t io  should be increased to enhance syngas balance for  any given syngas f low 
rate. These higher H20/C rat ios resul t  in decreased methane content o f  
the product gas. 
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FIGURE 3.1-15 
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FIGURE 3.1-16__ 
i 

COMPOSITION OF SYN GAS CHANGES WITH FEED RATIO 
,MODEL SIMULATION OF PDU. 
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FIGURE 3.1-17 

EFFECT OF PRESSURE ON CH4 FORMATION 
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FIGURE ,3,.,1-18_ 

,STEAM CONVERSION AND CH4 CONCENTRATION 
,AT 85% ,CARBON CONVERSION. 
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SYN GAS RECYCLE AT 85%, 
CARBON CONVERSI ON 

81B-5-47 

5 

4 

o 

:E 

2 

1 

| 

D 

01 
1.0 1.5 

(Hz01 C) MOLAR ~.'[IO OF FEED 
2.0 

lgD 



8 IB-5-48 

FIGURE 3.1-20 

SOLIDS. RESIDENCE TIME FOR 
.85% CARBON CONVERSION 
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FIGURE 3.1-21 

SYN GAS BALANCE AS A FUNCTION OF FLOW RATE 
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FIGURE 3.1- 22 

SYN GAS BALANCE,,&,.S A FUNCTION OF H2OIC PATIO 
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Model Validation 

Validation of the gasifier model is an ongoing task. The most convin:ing 
test to date has been to compare the 14 material balance periods from the 
demonstration run with the model predictions. For this set of model runs, the 
actual feed flow rates and the actual carbon conversion were used as inputs to the 
model. The ~odel was then used to predict the bed height required to achieve 
the observed carbon conversion. 

Table 3.1-4 and Figures 3.1-23 and 3.1-24 contain the predicted and 
observed bed heights and methane yields for the 14 demonstration run material 
balance periods. For com.pleteness, they also contain 17 FB6 3rield periods 
from the predevelopment contract work and the 7 other PDU yield periods. In 
most cases, the pre{licted and observed bed height agree within +10%. The low 
density (<10 Ibs/ft ~) runs are notable exceptions. In these c~es, the 
model predicts that a very ta l l  bed would b~ required to achieve the observed 
carbon conversion; whereas, in the pilot unit a very ta l l  bed was not necessary. 
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FBG 

100 psig 

PDU 

265 psia 

PDU 

500 psia 

Table 3.1-4 

SIMULATION OF PILOT PLANT OPERATIONS 

Gasifier Bed Height 
,. ,(feet) 

Methane, ~; of  Dry, N2 - 
Free Product Gas 

Run 
Kumber Ac~cua] Predicted Predicted Actua] 

YP-202 31.5 23.7 5.3 10.1 
YP-203 35.2 32.3 ft.5 11.6 
YP-204 29.7 34.3 10.8 11.8 
YP-205 29.1 40.4 8.3 10.9 
YP-206 34.9 38.7 7.4 11.0 
YP-207 34.2 34.1 8.2 11.2 
YP-208 32.1 54.0 10.9 11.4 
YP-209 34.7 39.8 5.7 7.8 
YP-210 31.2 31.2 5.4 7.4 
YP-211 31.8 , 27.0 t0 .3  12.5 
YP-212 38.8 40.3 9.2 13.0 
YP-213 36.6 34.0 10.2 11.5 
YP-214 30.7 28.2 9.2 9.7 
YP-215 36.6 35.4 9.2 8.9 
YP-216 32.5 27.1 6.7 7.8 
YP-218 35.2 28.3 7.3 9.5 
YP-219 29.9 33.2 7.5 8.2 

YP-1 46.5 43.8 i6.6 22.2 
YP-2 56.0 48.7 16.5 18.5 
YP-3 57.8 72.4 13.9 18.6 
YP-4 54.8 88.2 17.0 14.1 
YP-5 59.1 73.8 17.0 18.8 
YP-6 64.4 79.2 17.9 18.6 
YP-7 52.2 70.7 17.2 19.5 

YP-8 55.0 49.9 27.4 26.9 
YP-9 47.1 41.9 25.4 25.0 
MB-54 51.2 5 1 . 5 : 1 9 . 4  19.9 
MB-55 48.7 48.3 21.4 19.9 
MB -56 48.7 50.2  21 .9  18.1 
M8-57 55. ? 54.. 6 o.4.4 22.7 
MB-58 49.7 55 .5  25 .8  25.0  
MB-59 52 . 9 52 ,,, 7 25 . 8 22.2  
MB-60 57.2 48.1 22.7 21.3 
MB--61 58.5 53.6 22.6 20.5 
HB-62 57.2 62.1 23.8 19.9 
MB163 57.2 54.9 21.8 19.4 
MB-64 58.5 59.6 22.9 19.2 
MB-65 55.2 81.7  22 .2  17.9  
MF~-66 48.7 60.8 17.4 15.2 
HB-67 58.5 69.3 23.9 20.6 
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FIGURE B . ]  - 23 
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FIGURE 3.1 - 24 

PARITY PLOT OF MODEL WITH PILOT PLANT DATA 
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3.2 On-Line Data Acquisition and Off-Line Data_Reduction and Reconciliation 

On-Line Data Acquisition 
# 

The purpose of the on-line data acquisition and reduction system is to 
monitor the PDD pi lot  plant operation and to provide evaluation of operating 
data. Design of the system is shown schematically in Figures 3.2-I and 3.2-2. 
Analog signals from sensors on the unit, such as pressure transmitters, weigh 
cells, and thermocouples are converted to digital form in the analog/digital 
converter. This data is transferred to the memory of a mini-computer. The 
memory contains software necessar~for alarming, logging, and operator inter- 
face functions for the Process Development Unit (PDU). Data are stored on 
disc for future display on cathode ray tubes (CRT) or printers, and for long 
term storage on tapes. 

Routine Data Processin~ and Acquistion 

Routine data processing includes scanning of all digital and analog 
process data variables at intervals ranging from 20 seconds to one hour and 
conversion of digital and analog data to engineering unitso The types and 
approximate number of process variables are tabulated below. 

Type of Measurement 
Number of 

Measurement Points 

Temperatures 400 
Flows 30 
Pressures 60 
Gas Analyses 100 
Weights 1 0  
TOTAL 600 

During unit operations, values of all process variables are instantly 
available to operators in the form of a digital readout accessed by a keyboard 
in the control room. The computer has been programmed to provide process 
operation profiles displayed on the operator request CRT screens. 

A!arm..Processing and Checking 

The system can determine i f  process variables go above or below the i r  
maximum or minimum allowed values. Variable alarms resul t  in a printed 
message displayed on alarm CRT's and pr inters.  For most variable alarms, the 
system also updates the variable's status. The displaLys on alarm CRT's are 
updated once a minute with current alarm infomat ion.  

Data Logging 

Three d i f ferent  log formats are available. An hourly log consists of a l l  
the values for  a sh i f t  through the last hour for  each variable. A period 
log consists of averages for  a specified period for  each variable. A demand 
log consists of the current value and previous hour average, maximum, and 
minimum for  each variable. Both the demand and period average logs can be 
requested as desired. 
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On-line Data Evaluation 

On-lin~ data evaluation is accomplished bY a material balance program 
stored in the memory of the computer. This program input consists of 44 
~easurements such as temperatures, pressures, and flows. Four material 
balances {overall, hydrogen, oxygen, and slmgas) as well as average 
unit conditions are computed and printed. This program not only provides 
guidance on conditions required to achieve a desired conversion but also aids 
in locating operating problems. 

Off-line Data Reduction ~ d  Reconciliation 

The purpose of off- l ine data reduction and reconciliation is to provide 
consistent and reliable data for use in correlations, commercial plant study 
designs, and kinetic model development. Plant operations data have inaccura- 
cies due to random instrumentation errors and inabi l i ty to measure some 
quantities. Furthermore, some data may be in error as a result of faulty or 
incorrectly calibrated meters. As a result, raw operations data may not 
exactly satisfy material balance constraints. Use of these inconsistent and 
erroneous data for feasibi l i ty studies and decision making may lead to incor- 
rect conclusions. To resolve the inconsistencies in the pi lot plant data, a 
data reconciliation technique is used. Data reconciliation consists of 
adjusting the measured operations data based on estimated tolerances assigned 
to each variable; that is, the most reliable data wi l l  be changed least and 
the least reliable data the most in order to satisfy the material balance 
constraints. In this way, random instrumentation errors are corrected~ 
unmeasured quantities are determined, and faulty measurements are isolated and 
flagged for correction. 

Th..e mathenatical formulation of the data reconciliation problem consists 
of: 

z (Mi - Ri) 2 
~inimize: f(R) = i oiZ i = 1, . . . ,  NVAR 

j = I ,  . . . ,  NC~N 

subject to: Ej(R) = 0 

where: Mi = 
Ri = 
a i = 
Ej = 

N V / ~  = 

NC~N = 

MeasL~red value of variable i 
Reconciled value of  i 
Standard deviation of the ith measurement 
Set of nonlinear equations representing the 
physical relationship among the variables 
Number of variables 
Number of constraints 

Standard deviation is defined in terms of re l iab i l i t y  for each measured 
variable as follows: 

o i = M i - reli/200 
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Reliabil ity (rel i )  is an estimate of the quality of individual data 
points based upon the user's experience. For example, a re l iab i l i ty  of 10% 
implies that i f  a measuring device is functioning properly, i t  wil l  measure to 
within +__10% of the true valug 95% of the time ( i .e . ,  two-standard deviations). 
Thus, a small numerical value for re l iab i l i t y  indicates the measured value is 
of high quality. 

The objective function used in reconciliation represents the sum of the 
deviations of the reconciled variables from the measure values. These devia- 
tions are weighted by the user's estimate of the re l iabi l i ty  of the measurements. 
During the iterative minimization of the objective function, the algorithm 
attempts to keep reconciled values for reliable measur~ents close to measured 
values. The constraints which describe physical relationships of process 
variables (such as material balances) must be satisfied during minimization of 
the objective function. The algorithm is shown schematically ~n Figure 3.2-3. 

Two versions of the reconciliation program are used. The f i rs t ,  referred 
to as intermediate reconciliation, appropriate temperatures, pressures, and 
flow rates as well as carbon, hydrogen, pota~ssi~ and ash values for feed coal 
plus catalyst (FC), gasifier mid char (~C), gasifier bottom char (6B) and 
entrained char captured in the gasifier product gas f i l ters  (GF). Results 
from this data work-up are summarized ",or all 67 material balance ps_riods 
defined between December 1979 and April 1981 (Tabl.e 3.2-I). The second 
version, referred to as fu l l  reconciliation and. used for Yield Period~, " 
requires all of the data input for the immediate reconciliation as well as 
additional temperatures, pressures,., elemental analyses, and particle size" 
analysis. Multiple samples are chosen for analysis and eight ash elements are 
analyzed and balanced. Results from this work-up for nine Yield Periods 
defined between May 1980 and November 1980 are given in the Appendix. Also 
given in the Appendix are intermediate reconciliation data for four additional 
Yield Periods for which fu l l  reconciliation is not yet available. Included 
for each material balance period summarized in Table 3.2-1 are feed and output 
rates, conversions, fluid-bed properties, syngas balances and selected kinetic 

• parameters. These periods cover a broad range of operating conditions, 
including the following: 

Gasifier Coal Feed Rate 
6asifier Pressure 
6asifier Temperature 
Fluid Bed Density 
Carbon Conversion 
Steam Conversion 

52-132 lbs/hr 
115-500 psia 

1213-1297"F 
5-32 l bs / f t  3 

30-95~ 
17-44% 
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FIGURE 3.2- 3 
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Material Balance Periods I-5 and 10-12 were at 500 psia, but bed density 
and ste~n and carbon conversions were un.acceptably low. For these reasons a 
l o~ r  pressure regime was investigated (MB 6-8 and 13-37). Although bed 
density and conversions generally" remained relatively low during this period, 
operability of the pilot plant was d~onstrated; a continuous run of thirty-three 
days was achieved in May and June Ig80. During this period, bed densities as 
high as 17 Ibs/ft 3 were achieved and steam and carbon conversions of near 
35~ and 90% respectively were achieved (MB-20). 

Beginning in August 1980, gasifier pressure was raised to 500 psia which 
led to numerous operating dif f icult ies. In January !g81, a continuous run of 
nine days was carried out (MB 45-48}. This period was characterized by a 
dramatically increasing bed density, from 14 to over 30 Ibs/ft , and high 
carbon conversion, ore; 95% at the end of the run. 

During March and April 1981 a continuous demonstration run of twenty-three 
days was carried out under base case conditions. 
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3.3 Cold bode1 Studies 

A cold model of the PDU was constructed to assist in troubleshooting 
solids flow problems as they arise in PDU operations. Throughout the startup 
and in i t ia l  operation of the PDU, the transparent cold model proved valuable 
in providing visual understanding of many of the solids flow problem areas. A 
diagram of the cold model is shown in Figure 3.3-1. The unit consists of a 
fluidized bed reactor, a cyclone, an entrained char return system, and solids 
feeding equipment. 

Most dimensions of the cold model are the same as the PDU except that the 
model gasifier is 14 feet in height versus the 83 feet of the PDU. This 
height difference should not affect the solids transfer studies. The inside 
diameter of the model reactor is 9-I/2 inches compared to 9-7/8 inches 
for the unit reactor. The inside diameter of the model dipleg is 2-5/8 inches 
which is identical to that of the PDU. 

Polypropylene powder is the particulate soli~ used in the model. The 
particle density of the polypropylene is 44 Ib/ f t  ~ (0.70 g/cc) and the 
surface volume mean particle diameter is about 230 microns. These properties, 
as well as the shape factor for polypropylene, are similar to those of the 
gasified char produced in the small f luid bed gasifier (FBG). In addition, 
the negligible attr i t ion of the polypropylene makes i t  a particularly good 
solid substitute for char for use over a period of time. 

The areas requiring detailed experimentation were identified during 
preliminary operations. These included: 

• Performane evaluation of solids feeding system 

m 2ntrained char return system studies 

Solids Feeding System Studies 

In the PDU, coal i l  fed to.the reactor in a cyclic manner from a lockpot 
with a volume of 0.1 f t  °. First the !ockpot is f i l led from above. The 
contents of the lockpot then flow through a vertical line it, to a 45" feed line 
and f inal ly into the reactor. The coal feed r~te is controlled by the 
frequency of the feed cycle. Figure 3.3-2 is a diagram of the feed system of 
the cold model. Dimensions of the model feed system are similar to those of 
the PDU except that the length of the 3/4 inch feed line is much longer in the 
PDU. 

Successful sol ids feeding depends on proper valve sequencing, gas .nurge 
rate to the system, and purge location. Performance of the equipment was 
evaluated with respect to these operating variables and to reactor conditions 
including bed height and superf ic ia l  gas ve loc i ty .  
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FIGURE 3 .3 -1  
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FIGURE 3.3-2 

SOLIDS FEED SYSTEM FOR COLD MODEL 
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Feed Line Operation 

The f i r s t  experiments conducted were to determine whether solids from the 
reactor could be kept from backing up into the feed line. The effects of bed 
height above the feed point, superficial gas velocity in the reactor and gas 
Purge rate to the feed line ere  ex~ined. 

The distance that the solids backed up from the reactor into the feed 
line was measured for reactor bed heights of 2, 3-1/2, 5, 6-I/2, and 8 feet 
above the feed point. The superficial gas velocity in the reactor was 0.45 
ft/sec for each case. Higher bed heights forced solids farthcr up the feed 
line when there was no gas purge; howe~er, a low flow of gas purged to the 
feed line from a tap located at the upper end of the 45" section of the line 
effectively eliminated the problem for all the bed height studies. Figure 
~.3-3 s,~ws the distance the solids backed up from the reactor as a function 
of bed height above the feed point and purge rate to the feed line. 

A second set of experiments was carried out with a decrease in the 
reactor superficial velocity from 0.45 ft/sec to 0.11 ft/sec. The decreased 
superficial velocity reduced the solids backup in the feed line. The problem 
could be controlled in these cases by maintaining a low gas purge rate to the 
feed line as before. Figure 3.3-4 shows the results of experiments for two 
reactor superficial gas velocities with a bed height above the feed point of 8 
feet. 

The results of these experiments indicate that the problem of solids 
moving from the reactor into the feed line can be controlled by maintaining a 
gas purge so that the superficial gas velocity through the 3/4 inch line is at 
least 0.2-0.3 ft/sec. 

Lockpot Operation 

As mentioned earlier, solids feed rate is controlled by the frequency of 
the feed cycle. A catalyzed coal feed rate of 115 Ibs/hr {the PDU design 
basis) would require one complete feed cycle every 140 seconds i f  the Iockpot 
f i l led  and emptied completely during the cycle. Experiments were carried out 
to determine how to operate the feed system in order to achieve the necessary 
cycle time. In i t ia l  experiments w~re designed to determine the length of time 
to empty the lockpot under different operating conditions. 

The lockpot would not empty_when the bottom valve was opened unless there 
was a gas purge directly to the lockpot of about 8 ACFH. At this low purge 
rate the lockpot drained erratically and occasionally would not empty com- 
pletely. When the I~urge rate to the lockpot was increased above 8 ACFH, not 
only did the time required to empty the lockpot decrease but also the re- 
producibility of duplicate runs improved because the lockpot drained more 
smoothly. Purge location was very important in these experiments. A gas 
purge to the feed line below the lockpot was not as effective as a direct 
purge to the lockpot. Figure 3.3-5 shows how an increase in gas purge results 
in a decrease in the time required to empty the lockpot. 

t 

-212- 



FIGURE 3.3-3 
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FIGURE 3.3-4 
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FIGURE 3.3-5 
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As shown in 
through the feed 
vertical with an 
bend and in to  an 
inside diameter. 

Figure 3.3-2, a~ter the solids leave the lockpot, they travel 
line and into the reactor. The f i r s t  part of the lin~ is 
inside diameter of 2-5/8 inches. I t  then goes through a 45 ° 
eccentric reducer where the line is reduced to 3/4 inches 

Experiments ~ere conducted in the cold model to determine how fast the 
solids woud move through the feed line and into an actively fluidized bed. 
The feed line on the cold model is six feet long, which is considerably 
shorter than that of the PDU. The longer feed line in the PDU should not have 
a significantly higher resistance to solids flow than the feed line in the 
model because most of the resistance to solids flow results from bends and 
constrictions in the line and the resistance of solids flow into the fluidized 
bed. These effects are present in both the cold model and the PDU. 

I t  has already been shown that solids wil l  back up frem the fluidized bed 
into the feed line unless a small gas purge is mair, tained. When feeding 
solids into the reactor, a higher purge rate of at least 12 ACFH was needed. 
This is more than the minimum purge required to empty the lockpot. I f  the 
purge rate was below 12 ACFH, the solids did not move into the reactor from 
the 3/4 inch section of the feed line as fast as they drained from the Iockpot 
and so the level of solids in the feed line rose. Frequently this resulted in 
compacting and bridging of solids which caused the feed line to plug. 

At purge rates in the range of 12 to !B ACFH, the solids moved through 
the feed line and into the reactor in spurts. Above 18 ACFH there was enough 
gas moving with the solids to keep the material from compacting and maintain 
smooth solids flow. Figure 3.3-5 shows the time required to empty the lockpot 
and to clear the feed line for a range of gas purge rates from 10 to 70 ACFH. 
Higher purge rates gave greBter solids mass flow rates into the reactor. 

Recommendations for PDU Operation 

The results from the cold model indicated that i t  is possible to achieve 
smoottl operations and the required coal feed rates to the PDU by suppIjing gas 
purges to the feed system. When the lockpot is being f i l led  or the bottom 
lockpot valve is closed, purge gas must enter directly into the feed line 
below the lockpot at a rate of at least 2.5 ACFH (0.25 ft/sec) to keep solids 
from moving from the reactor up into the feed line. When the bottom Iockpot 
valve is opened to feed solids, a gas purge directly into the lockpot in the 
range of 20-60 ACFH is needed to drain solids from the pot. Once the solids 
are out of the lockpot, a gas purge is required to feed the solids into the 
fluidized bed. This gas can be supplied through the Iockpot purge i f  the 
bottom lockpot valve remains open. 
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Entrained Char Return System Studies 

As demonstrated by past operations of f luid bed catalytic coal gasifica- 
tion pi lot plants, solid particles are entrained in the gas stream leaving the 
reactor. Some of these particles are less than 50 microns in diameter and 
have a higher carbon content than char in the fluidized bed. The difference 
in the carbon content of the two types of char can be attributed to relatively 
low residence times for the smaller particles which leave the reect.~or more 
quickly than larger particles. The fine char carried overhead in the gas 
stream comes fro~., two sources. Part of i t  is char from fine feed coal par- 
t icles, while the rest is the product of attri~.ion of larger particles in ~he 
fluidized bed. This fine, high carbon char should be returned to the reactor 
for further gasification in order to achieve a higher overall carbon conver- 
sion and higher process efficiency. 

On the PDU, the system to return the entrained char to the reactor 
consists of a cyclone, dipleg, intersection block and a transfer line as shown 
in Figure 3.3-1. The cyclone and dipleg are not inside the reactor due to its 
relatively small diameter. The fact that the cyclone and dipleg are external 
to the reactor results in a special design for the dipleg return which is 
characteristic of smaller fluidized bed units. At the bottom of the dipleg is 
an intersection block from which a transfer line leads back to the reactor. 
The transfer line begins at an angle 50" from the horizontal, goes through a 
15" b~d and enters the reactor at 45" from the horizontal. 

The design of the solids return system is such that the rate of char 
return to the bed should be controlled by pressure balance. I f  the solids in 
the dipleg, intersection block, transfer line, ¢~d reactor are properly 
fluidized, the system should behave like a manometer. As char fal ls into 
the dipleg from the cyclone, the level of solids rises in the dipleg, causing 
an increase in static pressure at the bottom of the dipleg. I f  this pressure 
is greater than that at the point at which the transfer line enters the 
reactor, then the solids should move from the dip!eg into the reactor. 

The cold model is equipped with a return system like the one previously 
described. Internal dimensions of the model are nearly identical to those of 
the PDU except that the length of the dipleg is approximately 14 feet co~ared 
to the 70 foot dipleg on the PDU. In i t ia l  experiments on the model were 
designed to investigate solids flow behavior in the dipleg and transfer 
Iine. 

Oi?leq Operation 

The char in the dipleg should be fluidized slightly above minimam 
fluidization i f  they are to flow smoothly through the intersection block and 
into the transfer line. Too l i t t l e  purge gas in the cold model resulted in 
solids slumping, compacting, and bridging in the dipleg, causing solids flow 
to stop. Once this occurred, i t  was d i f f icu l t  to reestablish a fluidized 
state in the dipleg. Sudden increases in gas flow caused plugs of solids to 
move up the dipleg like a piston. This behavior was accompanied by an increase 
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in pressure drop which was characteristic of flow through a packed bed. The 
most successful procedure for refluidizing compacted solids was to slowly 
increase and decrease the gas flow to the dipleg. This resulted in a smooth 
transition from a packed to a fluidized bed. Excess gas flowing up the 
dipleg led to slugging in the bed of dipleg. 

The gas flowing through the dipleg must pass through the base of the 
cyclone and out the top with the gas from the reactor. The original cyclone 
design called for a throat di~eter of 13/i6 inch, as shown in Figure 3.3-6. 
This would mean that the superficial gas velocity of the dipleg purge g~s 
would be ten times greater through the cyclone throat than through the 2-5/@ 
inch ID dipleg. Experiments were carried out to determine whether cyclone 
performance was affected by the dipleg purge gas passing through the cyclone. 

Dipleg purge rates above 3 ACFH resulted in cyclone plugging. Beginning 
at the throat of the cyclone, the polypropylene powder clung to the walls of 
the cyclone cone and accumulated there until i t  plugged completely. The 
cyclone did not plug when the dipleg purge rate was below about 3 ACFH. These 
results indicate that gas flowing up through the cyclone does affect cyclone 
performance. The total purge gas rate to the dipleg should be kept to a 
minimum during operation of the PDU to avoid high superficial gas velocities 
at the cyclone throatwhich would interfere with cyclone performance. 

A change was made in the cyclone design for the PDU based on these 
experiments. The throat diameter was increased from 13/16 inches to 1-1/8 
inches, reducing the gas superficial velocity by nearly one-half in the throat 
of the cyclone. This should reduce the frequency of cyclone plugging. 

Transfer Line Operatign 

Solids must travel up the inclined transfer line to return to the reactor 
from the dipleg. Gas must be fed into the transfer line to keep the pa~ticles 
moving in order that they will flow back into the reactor. Gas was supplied 
to the transfer line at various rates and the behavior of the solids in the 
inclined tube was observed. 

Gas superficial velocities below about 0.20 ft/sec in the transfer line 
resulted in stagnant solids along the entire length of the line. As the 
superficial gas velocity was increased, solids activity increased along the 
top of the transfer line while solids in the bottom of the line re~ained 
stationary. Solids in the top half of the 60 ° section of the line began to 
slug at a superficial gas velocity of about 0.3 ft/sec. Slugs broke up at the 
angle between the 60 ° and 45 sections and solids in the 45 section ~ere 
motionless. Gas velocities of about 1-2 ft/sec, were required to el~mnate 
zones of stagnapt solids along the bottom of the transfer line. At thes~ gas 
velocities, the solids slugged up the line and then flowed back down the 
bottom of the line. Generally, the solids activity in the 60" part of the 
transfer line was greater than that in the 45 ° part of the line. 

-218- 



FIGURE 3.3-6 
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Intersection Block Studies 

Subsequent experiments on the cold model were designed to determine how 
to control dipleg and transfer line fluidization simultaneously by varying 
purge gas rates and locations. The purge; gas can enter the system at any of 
five locations in the intersection block. A diagram of the intersection block 
with the purge locations numbered I through 5 is shown in Figure 3.3-7. Based 
on the experiments described above, most of the gas entering the fines return 
system at the intersection block should travel up the transfer line. High gas 
flow rates are required in the sloping line to eliminate zones of stagnant 
solids. Purge gas flow traveling up the vertical dipleg should be kept to a 
low value to avoid interference with cyclone performance but should be enough 
to keep the solids in the dipleg fluidized. 

Each of the intersection block purges is equipped with a sliding tube 
that can be moved into the intersection block as indicated in Figure 3.3-7. 
Sliding the tube into the intersection block to different positions results in 
different gas flow patterns. 

Purge location #3 gave the best control of flow up either the dipleg or 
the transfer line but not to both simultaneously. When the tube was extended 
beyond the entrance to the dipleg, most of the gas went into the tranfer line 
and there was l i t t l e  solids motion in the dipleg. When the tube was retracted 
to the wall (as shown in Figure 3.3-7), most of the purge gas flowed up the 
dipleg. Purge location #2 produced gas flow patterns similar to location #3 
but control was not as good. Most of the purge gas flowed up the transfer 
line in the most extended tube position, but there was intermittent slugging 
in the dipleg which did not occur when purge location #3 was used. Purges #I 
and #4 supplied purge gas only to the vertical dipleg at all tube extensions. 
Purge #5 gave l i t t l e  control of flow up the transfer line. Most of the purge 
gas flowed up the dipleg when the tube was extended to greater than I/3 of the 
maximum extension into the intersection block. 

These results indicate that purge location is important in controlling 
fluidization of the fines return system. A purge directly into the base of 
the transfer line is r~quired to supply high gas flow rates to the transfer 
line while allowing negligib~.e amounts of ga~: into the dipleg. Required flow 
to the dipleg can be supplied from other purge locations in the intersection 
block. 
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FIGURE 3.3-7 
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