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Figure 13

APPLICATIONS SOFTWARE CONFIGURATION

COMPLETE ZERD
GAMMA RAY SCANS

FOR MEDILM
PROGRAM ZER

>

INITIALIZE TEST
VARIABLES

PROGRAM BEG

.

| @CAN EVERY MINUTE;
KEEP 5 MIN. AVERAGE:

START GAMMA RAY SCAN
PROGRAM A77

COMPLETE TRAVELLING

<—> GAMMA RAY SCAN

PROGRAM TSC

COMPUTE RUNNING
TEST AVERAGES

PROGRAM R77

CALCULATE TEST
RESULTS FROM DATA

NTREP(RT F§9VE

RUN OFFLINE PLOTS
AND CALCULATIONS
FROM SAVED RESULTS
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METHODS FOR DETERMINING THE RICHARDSON-ZAKI INDEX

‘ Spherical Particles:
n = 4,65 + 20 d4/D

n = (4.4 + 18 d/DYRe; 0%
n = (b + 18 d/D)Ret™0
n = 4.4 Re, Ot
n = 2.4

Cylinders/Plates: -
n o= 2.7R0°16 .
K = m/6 dg®/d5°

0.2 <Re; <1.0

1 <Rey <200

"200 < Rep <500

Reg > 500 ~

Rep > 500
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Figure 23
BED‘VOIDAGE VS. SUPERFICIAL LIQUID VELOCITY:
RUNS 100, 101, 102, 201
= =—=——= ¢ Run 100
' A Run 101
= @ Run 102
:"—-' T 1 ; i T "“‘ -‘ :['l o Run 201 o i
_::; £§§§§ e
1.0 | = i L
K

0.1
Liquid Veloeity, Uy, Ft/Sec
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Figure 24

BED VOIDAGE VS. Uy/U., RUN 100
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Figure 25

BED VOIDAGE VS. Uy/U., RUN 101
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Figure 26

BED VOIDAGE VS. U1/U:, RUN 102
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Figure 29

DRIFT FLUX VS, GAS HOLDUP, RUN 100
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Figuze 30

DRIFT FLUX VS. GAS HOLDUP, RUN 101
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-96 Figure 31
DRIFT FLUX VS, GAS HOLDUP: RUN 102
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APPENDIX B

EXAMPLES OF COMPUTER OUTPUT
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AU-77H END' OF TEST REPORT FOR TEST $#201-25

START OF TEST 15:45
ENDI' OF TEST 14614

TEST AVERAGES

$ep 08 19M

F77-01 2,144 FSIG
F77-02 27.195 PSIG
F77-03 0,302 FSIG
F77-01 5.996 GPM
F77-02 -39.447 LB/M
F77-03 ?.806 CUFT
L77-01 ?.472 INH2
FU77-01 69,146 INH2
FD77-02 92,896 INH2
FD77-03 ~24,741 INH2
FO77-04 -25,012 INH2
FIO77-05 ~100,054 INH2
FD77-064 -100,027 INH2
FU77-07 =100.004 INHZ2
F077-08 =100.045 INH2
P077-09 3,704 INH2
T77-01 . 70,809 DEGF
T77-02 61.110 DEGF
T77-03 62.821 DEGF
T77-04 : 61.9205 DEGF
T77-05 61.458 DEGF
T77-06 70,150 DEGF
T77-07 ~ 87,279 DEGF
T77-08 55952 DEGF
T77-09 76.178 DEGF
T77-10 ~17.307 LEGF ' ‘ Y
X77-01 0.000 2 0 1 2 5

*XXXXAVERAGE FLOW RATES

RECYCLE GAS FLOUW ?.806 CU.FT./HR
23.977 STD.CU.FT./HR
0.014 FT/SEC

SEP 08197

SLURRY FEED FLOW 9996 GAL/MIN
‘ 30.591 GPM/FT2
0.068 FT/SEC

SLURRY RECYCLE FLOW 0.000 LB/MIN
. 0.000 GPM
0.000 GPM/FT2
‘ 0.000 FT/SEC
TOTAL LIQUID FLOW 0.068 FT/SEC




L $-5 PRZS8URE NIFFERENCES
REACTOR at” 72,289 IN.H20
DFCL) &9.146 IN.H20

“DEley | _52.894 INJH20

S DR (3) -24,741 INJH20
DP(4) -25,012 IN.H20
F¢(s) -100.054 IN.H20
OF (&) -100.027 IN.H20
LF¢7) ~100.004 IN.H20
DF(8) -100.045 INJH20

XXX XAVERAGE GAMMA RAY SCANS
% DF SCANS= 1 STEF SIZE= 5.00
EQUIL, TIME= 5 SEC. DELAY TIME= 20 SEC.
FOSITIONCIN.) COUNTS/SEC
0,00 140,9339
5,00 251,.8132
10.00 2464.9777
15.00 266.9802
20,00 2463.,4194
25,00 255.8751
30,00 260,0995
35.00 243.1788
40,00 266.1185
45,00 262.5809
50.00 259.4412
55,00 245,46403
£0.00 4,0359
65,00 242,7504
70,00 2546 ,3029
75.00 253.44628
80.00 359.8405
85.00 258,94364
90,00 - B63.3282
95.00 354,8081
100.00 357.4489
105.00 354.9077
110,00 355.5555
115,00 343,3483
126,00 335.5256
125,00 306.9756
130,00 339.34622
135.00 3346.0737
140,00 339.8105
145,00 239.7109
150,00 338.2142
155.00 282,7504
160.00 342,8002
165.00 341.1061
170.00 240.,408%
175,00 342.0527
180.00 354,7085
185.00 1.0443
"190.00 231.4897
195,00 271.,7488
- 200,00 239,0959
REACTOR TOF 238,3309

SLURRY RECYCLE

45644524

M79-26
- =113

201 25
8EP 0 81578



M79~

XXkkXXTHREE FHASE SYSTEM-VOLUMETRIC FRACTIONS

26/~114

VOLUME FRACTION CATALYST= 0,2290

FOSITION Vol ung VOLUME VOLUME VOL.UME VOL Uk
FRACT, FRACT ., FRACT ., FRACT, FRACT.
(IN,) LIQUID LIauIn FINES FINES GAS
DELTA P GAMMA RAYDELTA F GAMMA RAYDELTA F
S.00 0,939 0.743 0,000 0,000 -0,168
10.00 0,939 0,731 0.000 0.000 -0.,168
13,00 0.939 0.717 | 0,000 0.000 ~0.168
20.00 0.939 0,717 0.000 0,000 -0.168
25,00 Q.939 0.743 0.000 0.000 ~0.168
30.00 0.939 0.722 0.000 0.000 ~0,168
33.00 0.939 0.712 0.000 0.000 ~0.148
40,00 0.939 0.697 0.000 0,000 ~-0.168
45,00 0.939 0.706 0.000 0.000 ~0,168
50.00 0.239 0.709 0.000 0,000 ~0.168
55.00 0+239 0.702 0.000 0.000 ~0,.168
60.00 0,597 0.273 0.000 0.000 0.174
65,00 0.597 0.724 ¢.000 0,000 0.174
70,00 0,397 0.731 0.000 0.000 0.174
75.00 0.597 " 0.738 0.000 0,000 0.174
80.00 0.597 0,370 0.000 0,000 0.174
85.00 0.597 0.364 0,000 0,000 0.174
70,00 0.597 0.848 0.000 0.000 0.174
95,00 0.597 0.898 0.000 0.000 0.174
100.00 0.597 0.892 0,000 0.000 0.174
105.00 0.597 0,903 0,000 0.000 0,174
110.00 0.597 0,903 0,000 0.000 0.174
115.00 0.997 0.892 0.000 0.000 0.174
120,00 -0.522 ~0,081 0.000 0,000 1,522
125.00 -0.522 0.814 0.000 0.000 1.522
130,00 -0.522 0.896 0.000 0.000 1.522
135.00 -0:522 .7 0.906 0.000 0.000 1.522
140.00 ~-0,522 0,899 0.000 0.000 1,522
145.00 ~0.522 0.893 0.000 0.000 1.522
150,00 -0.522 0,896 0.000 0.000 1.522
155.00 -0,522 0.881 0.000 0,000 1,522
150.00 ~0.522 0.883 0.000 0.000 1.522
165,00 -0.322 ~ 0,890 0.000 0.000 1.522
176,00 ~0.522 0.890 0.000 0.000 1.522
175.00 -0.522 0.8864 0.000 0.000 1.522
180.00 ~-0.527 0.814 0.000 -0.000 1.527
185,00 =0.527 5.091 0.000 0.000 1.527
190,00 -0.527 0.736 0.000 0.000 1.527
195.00 -0.527 0.831 0.000 0.000 1.527
200,00 -0,327 1.548 0.000 0.000 1,527
REAC TOF -0.527 1.222 0.000 0.000 1.527
SLURRY RECYCLE= 456,4524 COUNTS/SEC
DRIFT FLUX= 34.7474 MM/SEC
CONSTANTS USED FOR CALCULATIONS FOR TEST #201-25
DIAa= ‘0.500 UL= 0.038 UC= 0.03%UF=
FL= 49.300 PC=. 111.700 FF= 0.000
-WT Z FINES= 0.000 HEIGHT BETWEEN DFS= 60.000
BEDl HEIGHT= 82,500 CATALYST MABS= 34.470

vuULUME
FRACT.
GAS

GAMMA RAY

0.189
0.026
0.040
0.054
0.054
0.028
0.049
0.059
0.074
0065
0.062
0.069
0.498
0.047
0.040
0.033
0.401
0,407
0,132
0,102
0.108
0.097
0.097
0.108
1.081
0.186
0.104
0:.094
0,101
0.107
0.104
0.119
0.117
0.110
0.110
0.114
0,186
-4,091
0.064
04169
~0.548

-0,222

0.039

9
&
it
L\
ot
%
4
+
©
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L SPN

REAU{'UF. &

U S )

PRISSURE

T

IR (2.

F(3)
DF(4)
LEes)
P s
DFEC7)
F(8)

DIFFERENCES

72.289
69,146
.G2.89%94
~-25.,012
~-100,054
~100.027
-100.004
-100.045

IN+H20
IN.H20
IN.H20
IN.H20
INJH20
IN.H20
INJH20
INLH20
INJH20

XXKXXAVERAGE GAMMA RAY SCANS

¥ OF SCANS= 1

EQUIL.

STEF
TIME= 5 SEC.
FOSITIONCIN,)
0.00
5,00
10,00
15.00
20,00
25,00
30,00
35,00
40,00
45,00
50,00
55,00
60,00
65,00
70,00
75400
80,00
85,00
$0.00
95,00
100,00
105,00
110,00
115.00
120,00
125,00
130,00
135,00
140,00
145,00
150,00
155,00
160,00
165,00
170,00
175,00
180,00
185,00
190,00
195,00
200,00
REACTOR TOF
SLURRY RECYCLE

SIZE= 5.00
DELAY TIME= 20 SEC,
COUNTS/SEC
140,9339
251,8132
264,9777
266.9802
263.4194
255.8751
260.0995
263.1788
266.1185
262.5809
259.6412
245,46403
4.0359
242,7504
286.3029
253.4628
359 .8405
358.9436
363.3282
354.8081
357 4489
354.92077
355.5555
343,3483
335.5256
306.9756
339.,3622
336.0737
339.8105
3397109
338.2162
342.,7504
342.8002
341.1061
340.4086
342,062
354.7085
1.0463
331.4897
271.7488
23%2.0959
238,3309
456.4524

201 ox
-SEP 0 81579
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 wEkx¥THREE PHASE SYSTEM-VOLUMETRIC FRACTIONS 0
| VOLUME FRACTION CATALYST= 0.,2290

FOSITION VolLunss VDL UHE VOLUME VDL UME VoL Unk vul UME
FRACT . FRACT, FRACT. FRACT. FRACT . FRACT .
(IN.) LIGUID LIQUID FINES FINES GAS GAS . .
LELTA F GAMMA RAYDELTA F GaMMA RAYDELTA F . GAMMA RAY

- 0.00 0.939 0.582 0.000 0.000 -0,148  ©.189

5,00 0.939 0.745 0,000 0.000 -0,168. 0,026 3@
10,00 0.939 0.731L 6.000 0.000  -0.168 . 0,040
15.00 0937 04s757 0.000 0.000 -0.168 0.054
20.00 . 0.939 0.717 0,000 0,000 ~—0,148 0.054 =t

. 25,00 0.939 0.743 0.600 0,000 -0.148 0.028 ,
20,00 . 0.93% 0,722 0,000 0.000 —0.168 0,049 G
35,00 0.939 0.712. 0,000 0.000 -0,168 0,059 ~
40,00 0,239 0.697 - 0,000 0,000 -0.148 0.074 R

! 45,00 0,539 0706 0.000 0,200  —0,14E 0,065
50 .00 0,939 0.70¢% 0,000 0,000 —0,168 0,062 %ga
55,00 0,939 0.702 0.000 0,000 —0.168 0.069 @
60,60 0,597 C.273 0,000 0.000 0.174 0,498 Vi
65,00 0.597 0.724 0,000 0,000 0.174 0,047 fe
7C .00 0.597 0.731 0.900 0.000 0.174 0.040 .
75,00 0.597 0.738 0.000  ©.000 0,174 0.033 =
8¢.00 - 0,597 0.370 0.000 0.000 0,174 0.401

Z.00 0. 597 0.364 2.000 0,000 0.174 6.407
96,00 0:597 C.E48 0,000 0,000  0.174 0,132
95,00 0.597 0.898 0.000 0.000 0,173 0.102

100.00 0,557 0.892 0,000 0,000 0.174 0.108

105,00 0.597 0,903 0.000 0,000 0.174  0.097

119,00 0.5%7 0.903 ¢.000 0.000 0.1746 ° 0,097

115,00 0.597  0.8%2 G.060 0,000 0,174 3.108

120,00 -0.522 -6.081 0.000 0.00% 1.522 1.08%

125,60 ~0,522 0.514 0,000 0000 1,522 0.184

130.00 -0.522 0.898 0,000 0.000 1.522 0,104

135,00 -G 522 0.90& 0.000 - 0,000 1.522 0.09%

140,00 —0.522 0,879 0.0C0 0,000 1.522 0,101

145,00 -0,522 0.893 0.00¢  0.000 1,522 ~ 0.107

150,00 —-0.522 0.8%& 6,000 0.000 1,522 6.104

155,00 -0.,522 c.881 - 0,090 ©.+000 1.522 0.119

160,09 ~0.522 0,883  0.000 0.000 1,522 0.117

165,00 ~0.522 ~ 0.350 ©.000 0,000,  1.522 0,110

170,00 -0.522 0.890 0,000  0.000 i.522 0.110

175,00 -0,522 0.886  0.000 0.000 1.3522 0,114
80,60 -0.527 = 0.814 0,000  0.000 1,527 0.186

185.00 -0.527 5.091 0,000 0.000 1.527 -4.091

190,00 ~0,527 0.935 . 0,000 0,000 1,527 0,064

195.00 ~0.527 0.E31 0,000 0.000 1,527 0,169

2060.00 0,527 1.548 0,000 0.000 1.527 -0.548

REAC TOF = —0.527 1,222 0,000 0,000 .1.527. -0.222

SLURRY RECYCLE= 454.4524 COUNTS/SEC
IRIFT FLUX= 34.7474 MM/SED

CONSTANTS USED FOR CALCULATIONS FOR TEST $201-25

Dia= 0,506 UL= 0,038 - UC= 0.039UF= 0.029
PL= 49,300 PC= - 111.700 FPFF= 5,000
» WT % FINES= 0.0C0 HEIBNT BETWEEM DFS= 60,000

BED HEIGHT= B2.,500 CATALYST MASS= 34,470
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APPENDIX C

CALCULATION OF GAS/LIQUID/FINE/CATALYST
VOLUME FRACTIONS IN THE REACTOR
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APPENDIX C

CALCULATION OF GAS/LIQUID/FINE/CATALYST
VOLUME FRACTIONS IN THE REACTOR

The volume fraction of catalyst is calculated from measurement of the
bed height and mass of catalyst in the reactor:

€, = M
C pCAH
where: M = mass of dry catalyst added to the reactor.
Pc = density of a dry catalyst particle.
A = cross~sectional area of the reactor.
H = catalyst bed height

The volume fraction of liquid can then be calculated using either gamma-
ray scan or pressure drop measurements.

For liquid/catalyst tests, the following equations should be used:
For gamma-ray scan data:
1nIl
m
ad = BePe *oHIPY

wEPL (LEPE = HePc)
p£(L00 - wg)

€l =
B1PL - HePe *+

For pressure drop measurements:

AP _
HD

. piOF b
PL = Pc *+ i-.¢
100 - "wg ( Ps

pC
[ =

When three phases are in the reactor, gas/liquid/catalyst, these equations
should be used:

Gamma-ray:

T MHcPeSe *H1PL

HeWePy
Bipp F L L
TS
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Pressure drop:

AP _
D Pcéc
€ =
WEpl

P1 + 100 - wg

In either case:

ef €1p1wg
€g = i- €] = €. = &f

In the dilute phase above the catalyst bed, e; is set to 0.0 and the
same equations are solved,

HD = height between pressure taps

I{ = gamma-ray intensity through liquid
I, = sgamma-ray intensity at test conditions
AP = pressure drop

€c = volume fraction catalyst

ef = volume fraction fines

eg = volume fraction gas

€ = volume fraction liquid

pc = catalyst density

pg = fines demsity

p1 = Lliquid demsity

e = catalyst mass absorption coefficient
pf = fines mass absorption coefficient

p1 = liquid mass absorption coefficient

wt% fines

€
rh
1
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THE LITERATURE SEARCH--SCOPE AND .METHODOLOGY




APPENDIX D

THE LITERATURE SEARCH--SCOPL AND METHODOLOGY

The subject matter covered by this search was rather narrowly defined as
"the fundamental hydrodynamics of fluidized-bed technology." Within this
definition, two aspects of the subject were pursued: 1) Experimental

"data on 2 and 3-phase system behavior, and the theory and mathematical
analysis of same; 2) The experimental and analytical techniques applicable
to the study of such systems. The time period covered was 1950 to present.

A sequential plan was used in conducting the search. First, the presumed
applicable literature files were searched, by interactive computer means
where possible, and through manual indices for earlier years. The output
from this, primarily abstracts, was then sifted and sorted to reduce it
to the truly pertinent materials. Quantitatively, these two steps pro-
duced about 125 documents from a total of 454 citations. The reference
lists from these documents were then utilized to "zero-in'" on additional
papers, of which another 87 were retrieved. The complete document output
of the search was thus 212 items which was narrowed down to 200 in the
final analysis. Seven additional references were supplied by H-Coal
participants.

The indexed literature files searched were: Chemical Abstracts, American
Petroleum Institute, Engineering Index, and the U. S. Energy R&D Adminis-
tration's RECON file. Of the papers ending up in the final bibliographyv,

the journal Chemical Engineering Science was the largest single contributor,
with 36, while AIChE publications (papers, journals, and symposia) were
second with 24. Foreign publications (non-Canadian) accounted for 53 of

the utilized papers.

While the earliest literature reference to fluidization technology was

that of Agricola in "De re Metallica" in 1556, and the first patent using
it was issued in 1910 to Phillips and Bulteel, it started gaining wide-
spread attention and basic scientific study in the early 1940's when it

was applied to the catalytic cracking of vaporized petroleum fractions.

The studies of the 40's and 50's provided a solid theoretical foundation
for describing and analyzing fluidized “systems, then the more sophisticated
and system-specific work of the 60's and 70's has built from that. This
literature review concentrates on the latter period but includes several
basic works from the former. The 200 references included in this bibliography
show the following time distribution:

No. of Papers

pre~1960 - 15
1960-1970 - 89

1971-1977 - 96
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The complete bibliography for this search is divided into ‘5 tables,
according to subject matter, with Table I having 4 subdivisions. The
organization is as follows: :

Table

Table
Table
Table
Table

D~1

D-IT
D-ITT
D-IV
D-v

Fundamental Hydrodynamics of Fluidization:

A. Liquid-Solid systems
B. Vertical Gas-Solid systems

. €. Gas-Liquid-Solid systems .

D. Gas-Solid systems

.Experimental and Analytiecal Teéﬁniques and Equipment

Properties of Coal-0il Mixtures
General Literature Related to Fluidization
Literature Provided by H~-Coal Participants

Each table gives a very brief indication of the systemé or techniques
covered and the significance of the paper relative to this study.

TAV:md
2/15/78
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