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OBJECTIVES AND SCOPE OF WORK 

The overall objective Of this project is to improve the control of the 
H-Coal reactor through a better understanding of the hydrodynamics of 
ebullated beds. The project is divided into three main;tasks: 

I) Review of prior work in three-phase fluidization. 

2) Construction of a cold flow unit and collection of data. 

3) Development of a mathematical model to describe the behavior 
of gas/liquid fluidized beds. The model will be based on 
information available in the literature and on data generated 
in the cold flow unit. 

Progress on Part 1 has already beenreported in previous reports. 
Progress made on Parts 2and 3 during this quarter is presented in this 
quarterly status report. 

SUMMARY OF PROGRESS TO DATE 

Unit Modification 

Experiments with kerosene/coal char slurries at concentrations up to 
10 vol% continued this period. At coal char concentrations over 5 vol~, 
continuous operation of the fresh feed and recycle centrifugal pumps 
was desirable to avoid settling and plugging of the lines and valves. ~ 
For these reasons, larger motors were installed to avoid pump over- 
heating. In spite of these changes, the pumps did not operate satis- 
factorily at high gas velocities because they became vapor-locked. A 
new rotary positive displacement pump was ordered to allow smoother 
operation at high gas rates. 

Data Collection 

Completed several important experiments with kerosene, nitrogen, and 
HDS-2A catalyst (3/16" in length, 1/16" in diameter) with coal char 
concentrations of 0, 1~ 5, and 10 vol~. In each case the bed expansion 
is defined by scanning the entire reactor length with a computer-operated 
gamma,ray elevator. Data obtained at different operating conditions 
were correlated using correlations identified during the literature 
search. The liquid/slurry catalyst expansion data were correlated using 
the Richardson-Zaki es~ation. This defines the volume fraction occupied 
~by the liquid as an n ~u power function of the ratio of the liquid super- 
flcial velocity tothe partlcle terminal velocity. ~t was found that 
the power n increases with the concentration of the coal char particles. 

The gas/slurry/catalyst data were correlated using the drift flux 



• cOrr iation.de e!oped by D rto   r ison. ' z t   as: ou d that 
' kerosene.slurrles .the gas is distributed £n uniform, bubbles at. cqel . .. 
Cha~ COncentrations up'to i0 vol% • and low-gas and liqui~.ve!ocities. 

At higher .¢e!ocities and =oa! char concen~rations~" the ggs~bBbbles 
coalesce into bigger bubbies~ resu!tingin anunsta51e bed operat!on~ 
• Additiona! d~ta were also obtained this quarter by using Argonr4!. .. 

• radioactive tracer .to:find out the  gas.reSidencetimein the rea=tor~ 
R~Sd!ts from .thes@ e~periments are discussed .in this £epo~t. 

COSTS . . . . .  - ~ " " : . . . .  :~"~:" " :. " " ":" < :~'~ ' 
• ' • . .. . ~"i' • "" - " . .': - ~ " :.' • ' " : '. ' .": . - 

BY the .endof. the. th i r~  qu~r~er~ about $489~000 was committedto..th~ ':' 
pro~ct. F~re pro~ections"indicate tha~ no cost oyerru~s are aniSeS-.. 

• • • • ., 

pared at th~s time. .. :: . . :, ...,: ' .,.,:.." 

• c0 s uc  o oF. COLD  D  A'COL C iO  :'' 
..,' . _ . • : . '. ,- • .: . , • . " . . ,  ~. ' ~.. ".'. . . 

Unit Mo c~ti~ " " .... 

Severat l tes tswere conduoted.~rlth kerosene en~ coai char slurries at 
• concentra~io~s.ofl~5an~ !0 vo1%. At cO,t-.char concentrat•i0ns:~0ver ' 
5 vo!%~ continuous .operation Of the fresh fe~d ~nd recyc~'centrifus~ 
pumps was desirable to avoid set~lin~ and p!ugging of the lines end", " 
valves. For this reason~ new 1.5 H~ motors: ~ere installed on t~e ~eed 
end recycle pumpso ~0ntiDuous pump .operat.ion with coal~s!urries had 
caused theexisting 0.75 I~ motors to overheat. .~mprove~. operation has " 
been observed with+the new motors. It has also been foun~ that pluggin~ 
problems a~e not as severe with kerosenelcoa! char es it"was ea~!ier 
in ~he progrcmwith water/coal char slurries. This may ~!so be "a factor 
inpreve~ting pump0verheating With • the !arger motors en~"ke~0Sen~:. 
slurries~ • . . . . . . .  ..,. ,,..... 

. - • ., :, ~ :. ... • ; • .. . ' . • '.- '.. ; . 

steel W~shers• ~th ceramic •w~sh~rs'.:•:!-S~hfh~ess'" st&e!-.~eSh~r~ in the • 
pumps werewearing.very rapidl.y; .Althou~ h it hes"been foound, that :'• 
ceramicwashers do notwear,.they"tend 'to fracture; Foe•this rea~on'~ 
tungsten carbide VSshers were Ordered.: .. ' . . 

~e modified centrifugal p,umps are performln~ we!!,p~ovi~ed thai'the. 
amount of gas entrained in the recycle line'~s not e~ce@sive..i+'~t"wa:s 
fquDd ~hat under cer~ai~ conditions the centrifugal pump becomes vap~r- 
!ocked.. A Tu~hill rotary positive ~ispiacement pump was ordered to " 
~ep~ce the e~istin~ recycle pump. ~his wil! handle a ~hh hi~her con- 
centration Of•entrained gas. -.. 

~th~r' unit modific~tionlnvolved the' measurement 0£ th~"dif~erentia!. 
pressures a~ong the reactor, Currently~ four, gas-purge~ imPulSe"lin~s 
shier ~he reactor through ~he Spool pieces, locate~about five fee~ a~art, 
¢6ntiDuous g~s .purgin~ reduces th e problems"of line.pl~ggin+:at the " 
high co~l char ~oncentrationso " " ..... - • 

. . , ,, ~. . . ~.. , , , . . . .  ~ .' ... 

' . .. ", ' . L - , , ;" .. • . . : ' ." . 
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Data Collection 
. j  . . . . .  ,u , 

Viscoslty Measurement.--A capillary tube viscometer described in a 
previous report was used to measure the viscosity of a I volZ coal char/ 
kerosene slurry. The viscosity was determined to be 1.36 cp at 74°F; 
the viscosity of kerosene is 1.39 at 70°F. 

Use of higher concentration kerosene slurries and mineral oli slurries 
caused the capillary tube to plug. A new capillary tube vlscometer was 
constructed which has a 0.356 cm XD compared with a 0.155 cm ID of the 
p~evious viscometer. Viscosity measurements were continued with the 
larger viscometer. 

A 5 vol% coal char/keroseneslurry was tested. However, with the larger 
~iameterviscometer, the flow was turbulent, so the results could not 
be used~ A I0 vol% coal char/kerosene slurry will be tested. With the 
higher viscosity, the flow may revert to laminar and the Hagen-Poiseuille 
equation will be applicable. 

~asurem~nt of the Physical Properties of H-CoalL!quids.--No samples 
were obtained from the PDU for viscosity measurement. Other higher 
priprity PDU work necessitated the postponement of these sampl@s to a 
later date. For this reasons, the contract with Battelle was extended 
six months. 

Unit Data.--Experlments were conducted with HDS-2A catalyst 3/16" in 
length and 1/16" in diameter. The catalyst was fluidlzed with liquid 
kerosene slurries Up to 10 vol% coal char. Nitrogen gas was also used 
in most of the runs. Experimental test conditions for the runs carried 
out ~his quarter are shown in Table I. A summary is reported below: 

Liquid Gas 
Run Fines, Test Flow Eate, Flow Rate~ 
No__. Vol~ "No_._u - • GPM/Ft 2 Ft/Sec 

201 0 9-44 22-89 0-0.25 
203 1 1-11 22-89 0-0.20 
204 5 1-28 31-82 0-0.15 
205 I0 9-34 38-90 0-0.25 

For each teet, a gamma-ray scan was used to determine the catalyst bed 
height. As reported in previous reports, a Cs-137 source is used in 
conjunction with a Nal crystal scintillatlon cdunter. This counter 
monitors the amount of ~-rays not absorbed by the reactor liquid slurry 
or liquld/catalyst mixture. The bed interface is detected by the sharp 
difference in the number of counts which exists in most of the cases 
between thebed and the dilute phase above it. 

The bed height thus determined and the number of counts per second 
(cps) below and above the bed for all tests carried out this quarter 
are reported in Tables II, Ill, IV, and V' From the bed height at each 
condition and the settled bed height (no flow), the per cent bed expan- 
sion was calculated and shown in Tables VI to IX. Plots of per cent bed 
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expansion Vs. gas veio=ity (Ug)with liquid velocity (UI)jas-a-parameter 
are ~h@wn in Figures! ~o~ ~or Runs 201, 203~ 204, and 205, respectively. 
To ca!culata'bed expansion, the Zero. bed" height is remeasu~d~ior tO 
each new test, Due to catalyst attrition and carryover, the bed level 
changes wi~htime. The zero height reported in the tables_was_theinitia! 

but catalyst: losses and addition of  mall amounts of 
cata!yst~ thi$zer6cannotbeused tb calcuiate per cent bed expansion. 
For example~ large errors would result from using the reported initial 
bed height tO calculate bed expansion for Run20!. This results because 
of'several changes in bed height over the time in which these tests were 
r u n ,  : ,. .. . . 

For 2o! at. u1 = thebedexpa sion initial!y decreases 
with the addition of gas. This anoma!y:mayresult because the liquid 
flo~rateis below the minimum f!uidization vel~city. For Runs 203 and 
204~ percent bed expansionalwaYsincreased ~ith an increase in gas 
velocity. With thai0 vo%% coal char/kerosene slurry, Run 205~ at iiquid 
velocities o~ 0.085 and 0.!0 ft/sec, the bed expansion decreased when the 
gas ve!ocityincreased over 0.i0 ft/sec. The bed expansion continued to 
decrease up tO a ga~ velocity of 0.25 ft/sec. " ~ 

The bed contraction has been documented by. numerous investigators as 
reviewed in the Amoeo literature search. Bed contractiQntDccuT-s-because 
liquid entrained in gas bubble wakes passes through the bed at a greater 
velocity than the rest of the liquid, depleting'the bed o~-~iquig.. The 
loss of liquid causes the catalyst bed to contract. 

Bed expansion increased as coal char was added tO the kerosene. At the 
liquid superficial velocity of 0.20 ft/sec, the bed expansion increased 
from about 76% to 116% for kerosene when i0 vol% coal char was added, 
These are much greater bed expansions than those found in th@ PDU. 

Pha~e holdups-ca!culated from2-gamma-ray scan ~d bed heig~--~e--~-urements 'L 
are given Sn Tables X through XIV. Plots of ¢C Vs. Ug wi~h U I as a 
parameter are shown in ~igures 5, 6~ and 7 for Runs 201, 204, and 205. 
Bed contraction with the addition of gas can also be seen withthese 

p!ot~. ,. 

~or Runs 20! and 204~ ¢c generally decreased With increasz~n~--g ~i~u~d and -- 
gas flow rat~So However, for Run 205 with I0 vol~ coal char added to.the 
kerosene, co increased for two liquid velocities when Ug increased over 
0,10f£/sec. ~ain~this indicates thai fo!lowing initzal bed expansion~ 
the "catalyst bed can decrease with an increase ' in gas flow. 

Liquid/~atalyst holdup data were analyzed with the Richardson-Zaki 
correlation. This correlation relates liquid holdup to liqui d ve!ocity: 

' n 

¢I = Ul/Ut " 

A plo~ of 91 vs. Ui/U t for Run 201 is shown in ~igure 8. The additional 
• tests performed this.quarter are shown with data previously obtained. 
The Richardson-Zaki index, n~'determined from the slope of the line is 
2.9. 
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plots of ~I vs. U I for i, 5~ and I0 vol% coal slurries are shown in 
Figures 9-11. The plots of ¢1 vs. U1/U t for these runs are given in 
Figures 12-14. The Eichardson-Zakl indices for all runs are given in 
Table XV. 

As expecte¢, n increases with the addition of coal char. Coal char 
increases the effective viscosity of the slurry and the Richardson-Zaki 
index is inversely related to the Reynolds number. The addition of 
! vo1% coal char should have minimal effect on slurry properties; there- 
fore, the dlfference between the indices found for Runs 201 and 203 is 
a~ indication of th~ error in determining the index. 

Gas/llqui~/catalyst data were analyzed with the Darton-Harrlson drift 
flux m~thod. The drift flux, Vcu, 

u l(l - Og) og 
vcD = ug(l- ¢~)- , ,, 

e I 

is plotted vs. gas holdup. Flow transitions can be identified on these 
p~ots. Figures 15, 16, and 17 show these plots for Runs 201, 203, 204, 
and 205. Lines showing the uniform-bubbly and churn-turbulent flow 
regimes for water are given for comparison. The slope of the line 
defining ideal or uDiform-bub~ly flow for kerosene has a smaller slope 
than the line defining bubbly flow for water. This indicates the slope 
of the iine may be related to the particle Reynolds number, which is 
lower for kerosene than for water. 

The transition from uniform-bubbly to churn-turbulent flow did not occur 
for kerose=e or kerosene withup to 5 vol% coal char systems. When 
10 vol% coal char was added to the kerosene, the flow regime made a 
transition from bubbly to churn-turbulent. This indicates an increase 
in viscosity favors bubble coalescence, creating larger bubbles causing 
the flow transition ~o churn-turbulent. The effect of increasing vis- 
cosity favoring ~ubble coalescence has already been noted for gas/liquid 
systems. 

For the water System, transition from uniform-bubbly to churn-turbulent 
occurred for allwater and water/coal char slurry systems. For kerosene 
th%transiff6n occurred only when i0 vol% coal char was added, The ...... ' 
lower surface tension of kerosene enhances bubble breakup. Therefore, 
kerosene systems will tend to remain in the ideal-bubbly flow regime 
until Viscosity effects due to the addition of coal char, becomedominant. 
Uniform-bubbly flow is the preferred flow regime for the H-Coal reactor 
because of the greater flow stability. 

To determine the coal char distribution in the reactor, samples were 
taken, The results from these samples are shown in Table XVI for Runs 
204 and 205. In both cases there is an indication that the coal char 
concentration increases toward the top of the reactor. Particle size 
analysis of the coal char samples is also being performed to determine 
if the coal is segregating according to size. The viscosity of the 
filtrate kerosene was determined to be 1.217 at IO0°F. 



Radi0actlv e gas tra~er tests ware conducted this quarter. Argon-41, 
a radioactive gamma-ray emit~er~ was injected, into.;he bottomspool 
piece ofthe FD~o Its progress through the readtor was monitored.using' 
dxterna!ly mbuntedNa!scintiilation crystal d~tectors. The location 
of the detectors on. the :unit i@ shown in Figure 18. Sixteen injections 
of'tracer were' made intQ the Co!umn~ each injection contained about 
i.5 mi!!~curies of A-¢I. The system conditions for each injectionare 
given in TaBle..~!i. ".' .' 

A sample recorder 0itput for •Test 9 is shown in Figure 19. The results 
from D~tector 1 could Bot be used. • This detector was nextto the 
• inject$on assembly and saw high levels of radiation at all times. This 
..detector• reqBires more extensive lead shielding to obtain meaningful 
data at ~he injection point. " 

Data from the radioactive .tracer tests are reported in Table XViii. 
Many of the tests were replicates= and results from only one of the 
r~p!~ca~es are given. 

~e first and second moments were determined:~rom the tracer Concen- 
tratipn-age curves. The first, moment corresponds to the mean residence 
.time~ and the second moment qorresponds to the. varianceo However~ith 
trai!~ng time distributions as in this case s large errors in the Second 
moment can oceuro Therefore= m(~) probably.is "not a good estimate of 
theva~ianceo ." 

Using the mean residence time at each detector~ the linear velocity~Ug~ 
of the tracer at.different points in the re~ctgr can be determined. 
Using. the linear velocity and gas superficial ~elocity= the gas holdup 
c am be calculated: .• 

The internal age distribution 
for each of the tracer tests. 
g~ven belo~: 

and intensity function ware also eva!uated 
The definition of these functions is 

US .- 

These ca!culated gas holdups are reported in Table X!X. Gas holdups in 
the catalyst bed and above the Catalyst bed are given. For comparison, 
~e~ults from gamma-ray scans for identical tes~ conditions are also 
shown, 

In g~neral~ the~e ~s fair!@'good ~ asreementlbetween ' tracer results and 
gamma-ray scan results~except for Test 4, in all cases~ the gas holdup 
determZnad from the radioactive tracer tests was greater than the gamma- 
ra~ scan result~ This may result from an effect due to the injection 
velocity of the tracer. These results indicate the traCe£ was injected 
at a lower velocity than the rest of the gas. To avoid this prob!sm~ 
during the next.trace~ test the radioactive tracer will b e  injected before 
~he distributor so it will be better mixed with the gas'in the reactor. 
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(+) -- 1/t:..zCt) 

w h e r e :  I ( ÷ )  = i n t e r n a l  age d i s t r i b u t i o n .  
_ / l . ( + )  = intensity function. 

• t = mean residence time. 
E ( t )  = external age distribution ( t r a c e r c o n c e n t r a t i o n )  

Plots of these functions can be used to determine existence of bypassing 
or dead space in the reactor, Several sample plots for these tests are 
shown in Figures 20-23. 

The internal age distrlbutlon plot should be smooths without any humps, 
if reactor bypassing is not occurring. In all cases, the plots of 
internal age distribution indicate there is nobypasslng. Theintenslty 
function will be monotonically increasing with respect to t if the 
rea~tor is free ofdead space. However, none of the plots of intensity 
function is monotonically increasing. This indicates that at a variety 
of flow conditlons, part of the reactor is stagnant. A better test of 
reactor dead space willbe made when the tracer is added through the dis- 
tributor into the reactor. These plots may be due to poor mlxing of 
tracer in the gas flow rather than dead space in the reactor. 

FU~'P~ PLANS 

i) Complete experiments with kerosene/coal char slurries at room 
temperature. Tests with 15 vo1% coal char with N2 and Freon-12 
will be completed. 

2) Start experiments with kerosene slurries heated to reduce the 
viscosity. " 

3) Perform next radioactive gas tracer test ~th kerosene. 

4) Continue measurement of kerosene/coal slurry viscosity with 
• capillary tube visccmeter. 
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Run 
No. 
m 

201 

203 

204 

205 

Cata lys t  

HDS-2~ 
L = 3/16" 
D = 1/16" 

Ltqu£d. 

Kerosene 

Flnes, 
Vo1% 

.J,. _ , ,  

0.0 

1.0 

5.0 

lO,0 

Tes~ 
/No.~ 

-09 
-10 
-11 
-45 
-01 
-02 
-03 
-04 
-05 
-06 
-07 
-08 
-09 

• -10 
-11 
-01 
-02 
-03 
-04 

• - 0 5  

-06 
-07 

• - . 0 8  

• - 0 9  
:-10 

• , 1 1  

-12 • 
-14 
-15 
-16 
-17 

--18 

-19 
420 
-121 
-22 
-23 
-24 

• , -25 
• -26 
~27 

• -28 
-01 
;02 
-03 
-04 

• -05 
-06 

Liqu£d 
Flow Eate, 

83 .03  
89.76 

100.5 
44.88 

• 22 .44  
44.88 
,67.32 
89.76 
22.44 
22.44 
44.88 
44.88 
67.32 
67.32 
89.76 
31.42 
44.88 
60.59 
67.32 
76.30 
89.76 
31.42 
31.42 
31.42 
31.42 
31.42 
31.42 
44.88 
44.88 
44.88 
44.88 
67.32 
67.32 
67,32 
67°32 
81.68 
81.68 
81.68 
31.421 
31.42 
44,88 
67.32 
38,15 
44.88 
51.61 
6 0 . 5 9  

~ 6 • 30 
7'32 

Gas F$ow 
~ t e ,  

, F t l s e c  

0.0 
0.0 
0.0 
0.25 
0.0 
0.0 
0.0 
0.0 
0.05 
0.20 
0.05 
0.15 
0.05 
0.10 
0.05 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.05 
0,026 
0.035 
0,044 
0.10 
0.15 
0.035 
0:.044 
0,05 
0 ,10 
0~.026 
0.035 
0,044 
0.05 
0.026 
0.035 

0 . 0 4 4  
0.10 
0.026 
0.10 
0 . 0 2 6  
0.0 

0 . 0  
0.0 

• 0 . 0  
0.0 

:'0.0 



-1,5 

Run 

201 
I1 

I !  

I1 

| |  

I1 

| !  

IT 

I !  

I1 

I |  

11 

!1 

I I  "- 

I1 

II  -" 

t~ 

I !  

205 
| i  

I I  

II1 

f l  

HDS-2A 
L = 3/16" 
D = ~/16': 

J~ 

I! 

II 

I! 

I! 

I~ - - 

I! 

Ig 

"1! 

I I  

I t °  

.1! 

I I  

!1 

I I  

I !  
° ~  

I !  

I1 

I !  

I !  

I1 

TABLE Z 

- 2 "  

I !  

I I  

I !  

I I  

• I I  

I I  

!1 

I !  

I I  

I |  

I t  

n 

n 

I |  

i i  

| lr 

I !  

I I  

| I  

I I  

! !  

| t  

I I  

| |  

I I  

I I  

I I  

I I  

I !  

t f  

I |  

I I  

I !  

I !  

I1 

! !  

I |  • 

vol.__X_% 

0 
! !  

I I  

| |  

I !  

I I  

I !  

I |  

| t  

I !  

I I  

I !  

I !  

I !  

! !  

I I  

I !  

! !  

13 

|1  

I I  

I !  

I !  

! !  

I I  

I i  

! !  

I !  

I I  

I !  

I I  

I I  

10 
I !  

! !  

I !  

t l  

| I  

TegZ 

No,,__ 

-12 
-!3 
-14 
-1-5 
-16 
-17 
-18 
-19 
-20 
:2% 
-22 
-23 

-24 
-25 
-26 
-27 

-28 
-29 
-30 
-31 
-32 
-33 
J3# 
-35 
;36 
-37 
-38 
&39 
440 
-4! 
-42 
-43 
-44 
-09 
-10 
-11 
-12 
-13 
-14 
-15 

Liquid 
Flow 

22.4 
22.4 
22.4 
22.4 
22.4 
22.4 
22.4 
22.4 
22.4 
31.4 
31.4 
31.4 " 
3!.4 
31.4 
31.4 
31.4 
31.4 
31.4 
44.8 
44.8 
44.8 
44.8  
44,,8 
4t+.8 
44 .8  
44 .8  
76.3 
76.3 
76.3 
76.3 

76.3 

67.3 

67.3 
38.1 
38.1 
38 .1  
38.1 
38.1  
38 .1  
38.1 

C~s Flow 
l ~ e  

F=/Sec 

0.05 
0.028 
0.035 
O.OZ~, 
0.077 
0.10 
0.15 
0.20 
0.25 
0.028 
0.035 
O.04k. 
0.05 
0.077 
0.!0 
0.15 
0.20 
0.25 
0.026 
0.03.5 
O.OZ~# 
0.05 
0.077 
0.10 
0.15 . 
0.20 
0.026 
0.035 
0.0~:  
0.05 
0.077 
0.i0 
0.15 
0.026 
0.035 
O.OZ~ 
0.05 
0.077 
0 . !0  
0.15 



: +  

Xun 
No.._u- 

205 
,i 
FF 

II 

F! 

sl 

FF 

FF 

|! 

F! 

|F 

FI 

IF 

FI , 

FI 

I !  

FF 

f |  

Cat:,,lyst: 

HDS'2A, 
L " 3116" 
D " 1/16" • 

I |  

| ! .  

I I  

I !  

p l  

I |  

I I  

• i !  

• • " H .  

I !  

n 

• " H 

I !  

I |  

FI 

~ m s i d  

III , 

I I  

lit 

• 411 "" 

; I t  

H .  

I !  

| l  

• | 1 '  

' .  . .  t !  " 

I !  

" t !  

t !  

I !  

I I  

" ' +  , I I  

FLne s p 

10 
I I  

n 

I !  

• ' ' 1 !  

I !  ' 

I I  " 

I !  

I f  

J !  

• I !  

I I  

• e l  - 2  

I f  

11 

S! 

I I  

Temt ]q.mr ~ 

-18 ~ . ~ )  B,021 

-20 ~ . 9  0 , 0 ~  
-21 44.9 0.05 
-22 ~.~J +. 0,,01'). 
-23 ~ . 9  O.10~ 
-24 44.9 0.iS 
-25  44.9 0 . 2 0  
-26 44.9 0.25 , = 
-27 67.3  0 .026  
-28 67,3 0,03~ 
-29 67.3 . O , 0 4 1 &  " " 

-30 67.3 O.OS 
-31 67.3 0,077 
-32 89.8 0p035 
-33 89.8 0 .04~ 
-34 89.8 0 .05 

Xt,m/ml 
12120178 

i 
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& I 

,Test 

 01-12 
-!3 

-15 
-16 
-17 
-18 
-19 
-20 
-21 

• -22 
-23 
-24 
-25 
-26 
-27 
-28 
-29 
-30 
-31 
-32 
-33 
-34 
-35 
-36 
-37 
-38 
-39 
-40 
-41 
-42 
-~3 
-44 

Zero (Initial) 
201-09 

-!0 ., 
-II 
~45 

Din/m! 
12/2o/7s 

, TABLE ZZ 

IEZPZR~TTAL DATA F~OM RI~ 201 

Catalyst Bed 
Height 

7 3 . 5  
7 2 . 0  
7 8 . 0  
7 5 . 0  
7 2 . 6  
7 2 . 7  
7 2 . 8  
7 2 . 9  
7 3 . 0  
7 2 . 4  
72.4 
7 8 . 5  
7 9 . 0  
82.5 
86.0 
91.0 
91.0 
92.0 
92.0 
87.0 
88°0 
89.0 
93.0 
95.5 
98.0 

109,5 
117,0: 
119.5 
122.3 
122.5 
124.5 
127.5 
123.0 

7 0 . 0  
108.5 
!23.6 
1 3 3 . 2  
102.0 

Gamm~-Pmy 
in Bed 
(¢PS) 

249 
238 
252 
25O 
26O 
265 
270 
283 
286 
229 
231 
240 
241 
250 
275 
285 
295 
299 
236 

:. 242 
246 
250 
260 
277 
301 . 

.. " 317 
258 
264 
270 
273 
291 
307 
3 2 6  

24~ • 
248 
257 
3 1 4 .  

Gamma-E_=y 
A~ow 

• Catalyst Leval 

315 
33O 
3 ! 7  
330 
34~ 

• 355 
367 
385 
392 
317 
325 
337 
337 
355 
376 
40O 
4OO 
405 
33O 
-335 
335 
:342 
358 
"-375 

• : '400. 
:425 
:.330 
• •335 
• " 3 4 5  

35O 
•372 

• •405 
446 

. O  m 

298 '... 
301 
3OO 
408 
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TABLE 1'ZZ 

EXI=EEIMENTAL DATA FROM P~UN 203 

Test 

Zero (Znitial) 
203-01 

-02 
-03 
-04 
-05 
-06 
-07 
-08 
-09 
-10 
-11 

Cata lys t  
Be~ Height 

69.0 
69.0 
79.0 

101,0 
115.5 
77.5 
82.0 
83.5 

97.75 
~06~5 
!19.0 

124.0 

Gamma-Ray 
in Bed 

(cps) 

m m  

209.4 
220.4 
238.0 
250.0 
238.0 
278.0 
243.0 
296.0 
264.9 
302.0 
275.0 

Gsmma-Eay 
A~ ov e 

Catalyst Level 
Cops) 

m m  

298.7 
297.6 
298.2 
295.4 
321.6 
381.5 
325.2 
395.5 
:3.35 • 3 
  9o.o 
"335.0 



Te~1: 

z,:~o (m~.~:i~].).. 
204-01 . 

-02 
-03 

-95 
-g6 

-07 

-09 
-!0 
-!1 

• -!2 
-14 
-15 
-16 
-17 
-i8 
-19 
-20 
-21 
-22 
-23 
-24 
'~25 
-25 
-27 
-28 

TABLE i"V 

c~t&lysZ s~d 

65 o0 
75.5 
8 6 . 3  

101.25 

106.5 
ng.s 
!33.0 
77.5 
73.1 
74°0 
75.25 
88,0 

8 7 . 5  
• 98o0 

105.0 
113.0 
123o5 
i25.0 
126.0 
128.25 
138.0 
140.25 
136.75 
• - 8 3 . 5  
76;5 
95.9 

113.0 

.. 214 
227 
235 
238 
245 
252 
234 
217 
226 
237 
252 
273 
248 
250 
255 
295 
255 
258 
269 
274 
262 
270 
270 
258 
227 
274 
248 

-19 

~ - R a y  
A~,~va C~ta!y~: 

m 

293 
289 
292 
292 
29i 
291 
315 
3{)3 
3O5 
310 
335 
355 
3i5 
320 
325 
375 
302 
3!5 
322 
33O 
30~ 
315 
328 
342 
300 
364 
3O8 

111917~ 



TABLE V 

EXPEEIME, NTAL DATA FROM RUN 205 

-20 

Test 

Zero (Initlal) 
205-01 

-02 
-03 
-04 
-05 
-06 
-07 
-08 

Zero 
205-09 

-10 
-11 
-12 
-13 
-14 
-15 
-16 
-17 
-18 
-19 
-20 
-21 
-22 
-23 
-24 
-2-5 
-26 
-27 
-28 
-29 
-30 
-31 
-32 
-33 
-34 

Gamma-Ray 
CataLyst Bed Ganmm-Ray Above Catalyst 
Height (In.) An Bed (cps) ...Level (cps) 

68.0 - - 
79.0 215 285 
86,75 227 283 
93,25 225 282 

107,5 233 283 
130 ,5  240 280 
106.0 245 282 
138.0 249 284 
147.0 253 283 
67.0 - - 
80,0 228 298 
82,0 230 302 
83,0 235 304 
86,0 245 310 
83,O 250 325 
86,0 263 334 
85.0 263 343 
85,0 259 349 
83,0 256 3~6 
89,0 228 289 
90,0 236 300 
87,0 239 301 
89,0 240 305 
91,0 252 320 
95,0 263 334 
94,0 276 338 
90,0 2.59. 336 
85,0 264 356 

114.0 241 287 
118,0 245 295 
119,0 255 304 
120,0 256 310 
124,0 278 340 
152,0 261 300 
153,0 264 305 . 
154.0 271 318 

EMB/ml 
12/20/78 



D 

~0° " 

Z e : ~ o  . 

20!-12 
-13 
-14 
-15 
=!6 
,17 
-18 
-19 

• -20 
-21 
-22, 
-23 
-24 
-25 
-26 
-27 
-28 
-29 
r30 
-3! 
-32 
"33 
-34 
-35 
-3E 
-37 
-38 
-3% 
-40 
-41 
-42 
-43 

TABLE vz 

B~D E~A~TSZO~ FO~ R~  2 0 1 :  

L i q u i d  
~lov Rate: 

G1=l-l/Fte 

• IIm 

22,4 
!1 

f !  

!@ 

| !  

I 1 '  

I I  

I I  

I I  

3t .4 
I ]  

I I  

I !  

I t  

• ! !  

I !  

I !  

I !  

~4°8 
I !  

U 

I !  

I !  

I !  

h 

76.3 
IJ_ 

I !  

I t  

I I  

67.3 
I t  

g~s ~lov 
R~te= 

Yt/Sec 

m m  

0.05 
0.026 
00035 
0 . 0 4 4  - 

0.077 - 
0.10 
O. 15 
0,20 
0.25 
0.026 
0.035 
0.044 
0.05 
00077 
0o10 
0.15 
0.20 
0.25 
0.026 
0.035 
0.044 
0.05 
0 °077 
0.10 
0.15 
0.20 
0.026 
0.035 
0.044 
0.05 
0.077 

- 0.10 
O. 15 

Oatalys~ 
Bad H~igh= = 

ii ] 

70.O 
73.5 
72.0 
78.0 
75.0 
72.6 
72.7 
72.8 
72.9 
73.0 
72.4 
72.4 
7805 

': 79.0 
82.5 
88.0 
91.0 
91.0 
92.0 
92.0 
87.0 
8 8 . 0  

89.0 
93.0 
95.5 
98.0 

109.5 ~ 
117.0 
1!9.5 
122.3 
12205 
124=5 
12705 
123.0 

-21 

• , . 

. °  

~?ans±on 

m m  

24.0 
21,0 
22.o 
17,0 
14.0 
14.0 
1400 
14.0 
14.0 
14o0 
13.0 
2300 
24.0 
29.0- 
34.0 
42.0 
42.0 
44.0 
44.0 
35.0 
38.0 
39.0 
45.0 
49.0 
53.0 
71.0 
67.1 
70; 7 
74.7 
75.0 
7708 :" 
82.1 
75.7 ~ 

"12120178 
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RUlI: NO. j l i, 

Z e r o  

203-01 
i , -02  

-03 
-04 
-0,5 
-06 
-07 
-08 
-09 
-10 
-11 

TABLE v'r I  

• BED EXPANSION FOE RUN 203: 
LIQUID KEROSENE~ I% FINES 

Flow Eate, 

22,44 
44.88 
67.33 
89,76 
22.44 
22.44 
44,88 
44.88 
67.32 
67.32 
89.76 

Gas Flow 
Rate, 

,,Ft/Sec 

w ~  

0 
, 

0 
0 
0.05 
0.20 
0;05 
0.15 
0.05 
0.10 
0.05 

Cata lys t  
Bed Height, 

,: nches 

69.0 
69.0 
79.0 
101.0 
115.5 
77.5 
82.0 

-83 ,~ 5 
• 97.75 
106.5 
119.0 
124.0 

7o Bed 
Expansion 

0 
0 

13 
44 
65 
11 
17 
32 
45 
58 
77 
85 

IAV/ml 
12/2o/;78 
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vzzz 

R~= NOo 

Zero 
20~-0! 

-02 
-03 
-04 
-05 
-06 
-07 
-08 
-09 
- !0  
-11 
-12 
-14 
- !5  
- !6  
-17 
-18 
- !9  
-20 
-21 
=22 
-23 
-24 
-25 
-26 
-27 
-28 

Liquid Gas Flow Catalyst:" 
"Flow Rates Rate~ " Bad Helght~ % Bad 
,. GP~I/Ft 2 Ft/Sac - " Inches Expansion 

~680 
31.42 0 73.5 .. 9 
45o 88 0 - 86.3 28 

: 60.59 0 101.25 51 
67.32 0 ~ 106.5 58 
i6.30 0 119.5 78 
89.76 0 133.0 98 
31.42 0.05 77.5 15 

" --0.026- - 73 • 1 . -----9-- 
" 0.035 74.0 10 
" "0.044 75.25 12 
" 0.10 -88.0- 31 
" 0.15 87.5 30 

44°88 0.035 96.0 43 
" O. 044 98.0 46 
" 0.05 105.0 56 
" 0.10 113.0 68 

67.32 0.026 123.5 84 
" 0.035 125.0 85 
" 0.044 126.0 87 
" 0.05 128.25 =" 91 

81.68 0.026 138.0 105 
" 0.035 140.25 109 
,I 0.044 138.75 103 

31.42 0.I0 83.5 - 2/+ 
|I 01026 --76.5---- 15 

44~88 0"i0 95"9 ~3 
67"32 0.026 113.0 68 

zAvfm~. 
12/20/78 



Run N._.._~o. 

ZeTo 

205-01 
-02 
-03 
-04 
-05 
-06 
-07 
-08 
-09 
-10 
-71 
-12 
-13 
-14 
-15 
-16 
-17 
-18 
-19 
-20 
-21 
-22 
-23 
-24 
-25 
-26 
-27 
-28 
-29 
-30 
-31 
1-32 
-33 
-34 

TABLE IX 

BED EXPANSION FOR RUN 205: 
LIQUID KEROSENE= 10Z FINES 

• ' Liqu .d 

Flow RaCe, 
G~/Ft ~ 

Gas Flow 
Eate, 

Ft/Sec 

Catalyst 
Bed He igh t ,  

!nches 

mm 

38.15 
44.88 
51.61 
60,59 
76.30 
67.32 
83.03 
89,,76 
38.1 

It 

I! 

II 

II 

II 

II 

II 

II 

44.9 
I t  

I !  

' f i  

fT 

i t  

: I !  

T! 

T! 

67.3 
I !  

I I  

IT 

l !  

89.8 
IT 

! !  

m m  

0 
0 
0 
0 
0 
0 
0 
0 
0.026 
0.035 
0.044 
0.05 
0.077 
0.10 
0.15 
0.20 
0.25 
0.026 
0.035 
0.044 
0.05 
0.077 
0.i0 
0.15 
0,20 
0.25 
0.026 
0.035 
0.044 
0.05 
0.077 
0.035 
0.044 
0".050 

67.0 
79.0 
86.75 
93.25 

107.5 
130.5 
106.0 
138.0 
147.0 
80.0 
82.0 
83.0 
86.0 
83.0 
86.0 
85.0 
85.0 
83.0 
89.0 
90.0 
87.0 
89;0 
91.0 
95.0 
94.0 
90.0 
85.0 
114.0 
118.0 
119.0 
120.0 
124.0 
152.0 
153.0 
154.0 
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% Bed 
Expansion 

0 
16 
28 
37 
58 
92 
56 

103 
116 

19 
22 
24" 
28 
24, 
28 
27 
27 
24 
33 
34 
30 
33 
36 
42 
40 

• 34 
27 
70 
76 
78 
79 
85 

127 
128 
130 

IAV/ml 
12/20/78 
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TABLE X 

CALCLr/~TED HOLDUPS IN CATALYST DENSE PHASE 
FOKTHREE-PHASE TESTS~ RUN20i 

Test 
No, 

201-!2 
-13 
-14 
-15 
-16 
-17 
-18 
-19 
-20 
-21 
m22 
-23 
-24 
-25 
-26 
-27 
-28 
-29 
-30 
-31 
-32 
-33 
• -34 
-35 
-36 
-37 
-38 
-39 
-40 
-41 
-42 
-43 

_ecs_ ~B- ~Z~_ 

0.40 0.46 
0.4O 0.49 
0.40 0.43 
0.42 0.40 
0.43 0.33 
0.43 0.32 
O,Z{-.3 0,30 
0.43 0.28 
0.4.3 0.24 
0.43 0.47 
0.43 0.46 
0 . 4 0  0 . 4 9  

0.40 0.49 
0 . 3 8  0.44 
0 .36  0.42 
0.34 0.42 
0.34 0.39 
0.34 0.38 
0.34 0.63 
0.36 0.56 
0.36 0.55 
0.35 0.55 
o. 34 0.54 
0.33 0.49 
0.32 0.42 
0.29 0.43 
0-.29- 0,64 
0.29 0.63 

-0,28- O. 62 
0.28 0.60 
O.28 0.55 
0.34 0.35 
0.28 0.42 

0.15 
0.II 
0.17 
0.18 
0.23 
0.25 
0.27 
0.32 
0.33 
0.i0 
0.I! 

• 0.I! 
0.12 
0.18 
0.22 
0.23 
0.27 
0.28 
0,03 
0.08 
0,09 

_0 • !0 ._ 

0.19 
0.27 
0.28 
0:07 
0.09 
0.10 
0.12 
0.18 
0.31 
0.30 

• Vc~ 
.(,'~l.sec) 

8.8 
4.0 
4.0 
5.6 
9.8 

13,,7 
23.3 
29.8 
37.0 

3,0 
4.9 
7.6 
9.0 

12,4 
15.2 
25.1 
33.7 
43.5 
6.3 
5.9 
7.6 

_ 8 . 7  
14.1 
15.4 
19.4 
29.6 
'2;3" 
"3.1 
4 . 2  
4 .7  

-5.4 

8 .9 

to/6/78 
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TA~L~ XZ 

• c ~ . c u ~ z z D  HOLVUPS ~N CAm~YSZ I~E~SE P ~ S ~ .  
_ . F0S SU~ 201 

• Tes_~ • 

2ol-o9 
- 1 0  
- 1 1  

• . - ~ % B - -  

0 . 3 1 6  
0 . 2 7 6  
0 . 2 5 8  
0 . 3 3 6  

0.697 - -- 

0.712 -- 

0 . 7 4 . 5  - -  

0 . 3 3 3  0 . 3 3 i ~  

VcD 

m a n m  

~ m  

~ D  

31.32 

EMB/ml . 
1~1917s 

s "  . 



-27 

TABL~ Xli 

C A r D  HOLDUPS ~N CATALYST DENSE PHASE 
FOR RUN203 

Tes~ 

203-01 
'-02 

-03 
-04 
-05 
-06 
-07 
-08 
-09 
-!0 
-11 

VcD 

0.50  0 .57  0 . 0  - -  
0.¢3 0.62 0.0 -- 
0 .34  0 .68  0 . 0  - -  
0 .30  0 .74  0 , 0  - -  
0.4/.:. 0.40 0.16 7.8 
0 .42  O. 29 0 .29  32 .3  
0.37 0.51 0.12 7.1 
0.34 0.39 0.27 23.1 
0.31 0.57 0.13 4.8 
0.28 0.51 0.22 10.2 
0,27 0.62 0.11 4 . 0  

Dm/ml 
1119/78 



TABLE XIll 

CAL LA I) HOLDUPS IN-CATALYST DENSE PHASE 
. . . . . .  ~OR RUN 204 .... 

-.28 

Test; NO. 
u. . . . . .  

204-01 
-02 
-03 
-04 
-05 
-06 
-07 
-08 
.,09 
-10 
-11 
-12 
-14 
-15 
-16 
-17 
-18 
-19 
-20 
-21 
-.22 
-23 
-24 
-25 
-26 
-27 
-28 

0.45 
0.38 
0.33 
0.31 
0.28 
0.25 
0.42 
0.45 
0.45 
0.44 
0.37 
0.38 
0.34 
0.34 
0,31 
0.29 
0*27 
0,26 
0,26 
0,26 
0,24 
0.23 
0,24 
0.39 
0.43 
0,34 
0.29 

0.58 
0 .63  
0.66 
0.67 
0.71 
0.73 
0.43 
0.44 
0.42 
0.40 
0.45 
0.38 
0.53 
0.54 
0.56 
0.47 
0.66 
0.64 
0.62 
0.61 
0.69 
0.67 
0.65 
0.40 
0.46 
0~44 
0.63 

0.0 
0,0 
0.0 
0.0 
0.0 
0.0 
0.14 
0.12 
0.13 
0.16 
0.17 
0.24 
0.13 
O, 12 
0.13 
0.24 
0.07 
0.09 
0.12 
0.14 
0.08 
O.10 
0.ii 
0.20 
0.11 
D~22 
0.08 

VcD 
(m/see) 

~m* 

~ m  

~ m  

immm~ 

7.73 
2.52 
4.15 
4.58 
18.90 
24.90 
4.40 
6.90 
7.86 

13.90 
-' 3.80 

6.45 
5,75 
6.90 
3,98 
4.68 
7.5 

12.78 
3.42 

13.13 
4.50 

EM3,/ml 
1119178 

~t 



Run ~o. 

205-0 !  
~02 

" - 0 4  . 
- 05  
- 06  
,-07 
- 08  

• -09 
- 1 0  

i' . . . 1 !  

.:.!2 
;:':-!3 
•-!4 
•: -•15 
;:',-16 

: -17 

• :-!8 
~;-!9 . . . .  
,:,-20: 
, '-21 
-22 
-23 
.... 24 
L -25 

..... -26 
,-27 

':, "28 

: ' - 2 9  

- -301 
: - 3 1  

- 3 2  
- 3 3 - -  

• - 3 4  

%. 

zm/m! . 
i2/20/78 . 

z~u~ x z v  
- .  

CA~CUZ~ZED ~o~i~s :z~/cAz~Sz D~,~B~. 
FOR RUN 205: 

.. . . . . ,  

, . • ,  " : ' :  

0.42 
0 . 3 8  

0 . 3 5  

0.31 
0.25. 
0 . 2 8  
0 . 2 4  
0; 22 ~ 
0.39 
0;;39~ 
0.38 
0.38 

0 . 4 0  
0 . 3 5  " 
0.:38.. 
0 , 3 8  
0 . 4 0 .  
0;37 
0."36 
0 ;38 
O ; 3 6  
0.37 
0 . 3 4  
0 . 3 ~  . • . . .. 

0 . 3 T  

0.39 
m O'  m2,9 . 

0 . 2 8  

0.28 . 
0 , 2 8  
0~;27 
0 . 2 2  

.... 0 . 2 2 -  
0.21 

_¢i~s_ 

0 . 5 6  
Qo59 
0.60 : •  

0'. 61~ " 
0 . 6 6  
0,64 
0.69 
0,71 
0.483 

:0 .484  
; 0 . 4 7 5  
,0.4~8 
0,388 
0 . 4 2 9  
0 . 3 7 3  

0 . 3 7 3  
0 . 3 5 3  
0.5'21 
0 ; 4 9 7  
0 . 4 5 5  • 

0,481 
0 ~ 4 3 0  
0 , 4 4 4  : . .  

0.415 .. 

0.4i0 . : 

0 . 3 5 1  " • . 

:05556 
O . 6 i 0  
o.583 
0 . 5 7 4  . 
0.5-25 
0 . 6 7 2  

- ; -0 .661 • " 
0.641 

• . , 

U = =  

N 

*, . , t  

m 

• :~ . i _  

t" : "  

0;:070 
' 0 , ; 0 9 0  

: 0 . , i 2 0  
• ' 0 i 6 7  
: :o.fz71 
o~204 
• 0 ;~o4 
: 0,~ 206 

0 . 0 4 8 5  
0.085 

:" 0~,112 
• , 0.I03 
0o!50 
.- 0;164 
: O.197. 
: 0 ; ! 7 2  
• o.2i8 

~' O. 089_ 
b :039 

i 0,~069 
" 0 . '079 ' 
0.%44 
0 . 0 3 0  
0 . 0 4 2  
0 . 0 7 5  

" *$  

- 2 9  
T.'- 

: / 

% 

iEcD_  

L- 
m m  

.,° • 

° , - t  u 

• i m  

" m m  

m ~  

5.52 
7.85 
9.68 
9.18 
!2.3 
18 .7 
2 7 . 1  
3 8 . 9  
50,~ 

7 . 4 2  
7 . 5  
7 . 6 8  

!0,0 " 
1 2 . 7  
18.1 

2 7 . 5  
41.6 
47.9 
4.72 

: 1 1 . 5  
• 1 2 . 9  

1 3 . 0  
" 1 4 . 2  
1 2 .  
• !4.i 
1 2 . 6  

.; 

: : : ~  . 

i 

• " ° 

" . : . .  

. ' . .  

L :  F • 
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z~z=  xv 

~cH/g~soa-z~xz I ~ x  
FOR RUleS 2031 ;20/.f= AND 205 

Ru....~n 

26i 
n 

m 

2;9 

203 3 . 2  

204 

2o5 

3.4 

3.5 

~ / m l  
1119178 
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TABLE XVi 

DISTRIBUTION OF COAL CHAR 
iN REACTOR RUNS 204 AND 205 

Reactor 
Position 
-- ., ,,,,, , 

Base 

62" 

124" 

186" 

Run 204, 
Vo~ 

4.94 

5.02 

4.~ 

7.96 

Vo!% 

~ 9.65 

9.78 

10.95 

11o16 

Average 5 • 6 !0.4 

Nominal Concentration 5.0 

iAV/ i 
.... 1 2 / 2 0 / 7 8  

• io.o 
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TABLE XVII 

TEST CONDITIONS FOR A-41 RADIOTRACER TESTS 

Test 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

i5 

14 

15 

I6 

U1 u 1 
Feed Recycle Ug 

(Ft/Sec) (Ft/Sec) ,(Ft/Sec) 

0.015 0.085 0.035 

0.015 0.085 0.035 

0.015 0.085 0.035 

0.10 0.0 0.2 

0.10 0.0 0.15 

0.10 0.0 0.10 

0.028 0.172 0.10 

0.028 0.172 0.10 

0.028 0.142 0.05 

0.033 0.167 0.05 

0.033 0.167 0.10 

0.033 0.167 O. 13 

0.033 O. 167 O. 13 

0.029 0.189 0.05 

0.029 0.189 0.05 

0.029 0.189 0.25 

EMBIml 
lO1617s 



.... .... • 

' Test 
No. 

3 

4 
$ 

• • - L 5  

6 

8 

-I0 -- 

ii 

13 

15 

m(!) 
m(2) 

TABLE XV!ii 

RADIOACTIVE GAS TRACER TEST DATA 

Dete:ctor 
NO. 

• ." ' •  :i • • • : ., : • . 

2 
3 
4 
5 
2 

- :  3 '  • 

4 
5 
2 
3 
4 
5 
2 .  

3" 
4 
5 
2 
3 
4- 
5 
2 
3 
4 
5 
2 
3 
4 
5 " "  

2 
3 
4 
5 
2 
3 
4 
5 
2 

3 
4 
5 

28.7 
6&..l 

1!2.6 

16.3 
44°8 
86.7 
119.7 
12.1 
27.3 
62.6 
8~.I 
14.4 
32.6 
61.5 
96 °0 
13.2 
27.9 
47.9 ~ 
69.3 

! 6 . 0  
35.2 
60.7 
88.O 

- &3~-3 ........... 
30.1 

50.4 
• 73.8 
~ 10.6 
24.9 
40 .3 
57.3 
12.7 
27.9 
40.3 
55.5 
16.5 
28.0 
47.4 
63.7 

= first moment= a¢erage residence time. 
= second momenta varianceo 

;L-33 

257 
1097 
3218 
--'~ ~ic~ 

587 
20!9~ 
6552 

40 
83 
868 ~: 

!702 

205 
•685 
2132 

25 
64 
174 
566 
84 
182 
412 

1116 
............. 41- 

lO0 
230 
649 
14 
71 

103 
327 
36 

144 
120 
267 
97 
68 

176 
324 

~CB /ml 



Test 
No~ 

3 

4 

5 

6 

8 

9 

10 

11 

13 

15 

TABLE XIX 

CALCULATED GAS HOLDUPS FROM GAS 
, RADIOACTIVE TRACER TESTS 

Dense Phase 
tg 

0.17 (0.08) 

0.55 (0.28) 

0.30 (0.27) 

0.24 (0.19) 

0.22 

0.13 (0.12) 

0.11 

0.18 

0.28 

0.14 

-34 

Dilute Phase 

o.315 (0.06) 

0.60 (0.30) 

0.54 (0.20) 

0.37 

0.24 (0.09) 

0.19 

0.28 

0.30 

0.18 

( ) values calculated from gamma-ray scans. 

mm/mZ 
12120/78 
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