-60

Run

218
221
222
223
224

TABLE 1

~ SUMMARY OF COLD-FLOW EXPERIMENTAL RUNS

Catalyst
HDS-23
HDS-2A
HDS~2A
HDS-2A
Amocat~-1A

Gas

Nitrogen
Nitrogen
Nitrogen
Nitrogen

Nitrogen

Liquid Velocity Range, Ft/Sec

218
221
222
223
224

0.072-0.212
0.052-0.210
0.048-0.195
0.051-0.207
0.046-0.173

Liguid

Kerosene
Kerosene
Kerosene
Kerosene

Kerosene

Fines,
volg (Wt$)
0.6 (0.0)
4.0 (7.11)
9.8 (16.7)

20.7 (32.4)
15.4 (25.2)

Temperature,
oF
76
72-83
70-72
65-81
68-69

Gas Velocity Range, Ft/Sec

0-0.223
0-0.136
0-0.224
0-0.213
0-0.152




Run No.

Fines, wts
Fines, Volg
viscosity, cp
Catalyst

Soaked Particle Density, Lb/Ft3

Length, Inches
Diameter, Inches
Uy, Ft/Sec

n

TABLE 1I

RICHARDSON-2AKI CORRELATION PARAMETERS

28 21 222 223
6.0 7.11 16.7 32.44
0.0 4.0 9.8 20.7
1.39 3.8 4.2 4.9
mmemeeeeccaHDS~-2A

107.9
——————————— 0.247
- 0.062
0.43 0.355 0.412 0.326
2.60 2.07 2.88 3.11

224

25.2

15.4

4.5
Amocat~-1A
86.89
0.274
0.062
0.350
3.06



TABLE III

COLD-FLOW ZERO SCAN DATA

{REACTOR FILLED WITH KEROSENE ONLY)

Average Standard Radial
Scan Deviation Position
{cps) feps) {Ri/Ro)
378.17 3.72 -0.75
213.43 7.95 -0.50
288.67 7.10 ~0.25
276.20 3.82 0
281.80 5.75 0.25
245.50 6.28 0.50

163.67 6.09 0.75




TABLE

-63

v

H-COAL FLUIDIZATION RADIAL SCAN DATA

RUN490-3 FINES=25 WTX OAS VEL.=0.1 FT/S8 LI1G. VEL.=0.1 FT/8

ELEVATION

(IN)

110
110
110
110
110
110
110

AVERACGE SCAN

(CPS)

319.
186.
217.
207.

PONANLC CRNODEOOCr DNNONNO MOCOCNDGOC CDNOCRLD®

-t
NEsrrsAN PUDDWNWO WUAWLEIN UDPIUEMN NOSANND

STANDARD DEV  RADIAL POSITION

(CP8) RI/RO
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TABLE IV

H-COAL FLUIDIZATION RADIAL S8CAN DATA
-2-

RUN4S0-& FINES=25 WT%Z OAS VEL.= 08 FT/6 LIQ VEL.= 125 FT/8

ELEVATION AVERAGE SCAN STANDARD DEV  RADIAL POSITION

(IN) (CP8) (CPS) RI/RO
30 327. 2 5.4 -0.75
30 201.2 3.7 -0. 50
30 230. 6 3.5 -0. 25
30 225. 2 5.3 0.0
30 225. &6 &3 0. 25
30 216.8 4.3 0. 50
30 169.0 1.9 0.75
50 324.0 3.0 ~-0. 7%
50 183. 8 d.6 -0. 50
50 226.6 3.6 -0. 25
S0 222. 6 2.9 0.0
S0 220. & 5.1 0. 25
30 215. 4 3.0 0. 50
90 151.8 3.3 0.75
70 331.8 4.1 -0.79
70 175. 4 3.8 -0. 50
70 234.0 4.4 -0. 25
70 215. 6 3.2 0.0
70 2135. 6 3.6 0. 25
70 195. 4 4.7 0. 50
70 140. 4 3.0 0.75
90 349. 6 2.4 =0. 7%
90 206.8 2.2 -0. 50
90 B4, 2 2.8 -0. 25
90 209. 2 146. & 0.0
90 238.0 4.3 0. 25
90 179.8 7.1 0. 90
90 150.8 6.9 0.75

110 358. & 4.2 -0.75
110 249.8 S. 4 -0. 50
110 289. 6 3.4 -0. a5
110 277. 4 89 0.0

110 285. 6 5.0 0.25
110 193. 2 3.1 0. 50
110 216.2 1.6 0.7%




TABLE IV
H-COAL FLUIDIZATION RADIAL S8CAN DATA
-3-

RUN490-7 FINEB=25 WTX OAS VEL.=. 08 FT/8 LIQ. VEL. =0.1 FT/8

ELEVATION AVERAGE SCAN STANDARD DEV RADIAL POSITION

C(IN) (CPB) (CPS) RI/RO
30 311. 6 S. 1 -0.73
30 190. 6 1.8 -=0. 30
30 222. 2 S. 1 -0. 25
30 209. &6 3.8 0.0
30 210.8 3.6 0. 2%
30 203. 0 4.3 0. 50
30 163. 2 4.6 0.75
S0 318.2 3.5 -0.7%
s0 171. 4 2.4 -0. 50
50 221. 2 2.4 -0. 25
50 210. 0 6.2 0.0
50 209. 6 é. 1 0.25
S0 209. 2 6.0 0. 50
>0 144. 8 4.8 0.75
70 22. 2 4.3 -0.75
70 168. 2 5.6 -0. 50
70 226. 6 2.1 -0. 25
70 214. & 3.0 0.0
70 207.8 . 4.7 0.25
70 190. 2 1.9 0. 50
70 141. 4 3.4 0.73
90 3465. 8 6.7 -0.75
90 226. &6 4.3 -0. 30
90 289.0 4.9 -0. 2%
90 277.0 4.7 0.0
90 277.2 4.1 0. 2%
90 186. 4 7.1 0. 80
90 269.0 22 0.75

110 353.0 5.4 -0. 7%
110 220. 4 3.8 -0. 50
110 284. 6 S.9 -0. 25
110 277. 4 4.3 0.0

110 276.0 8.2 0.2%
110 190. & 3.1 0. 30
110 212.8 4.1 0.78



TABLE 1V

H-COAL FLUIDIZATION RADIAL SCAN DATA
-4~

RUNA70-8 FINES=25 WTZ OAS VEL.=0.1 FT/8 LIG. VEL.= 125 FT/8

ELEVATION AVERACE SCAN STANDARD DEV  RADIAL POSITION

(IN) (CPS) (CPS) RI/RO
a0 328. 8 0.8 -0.75
30 206. 6 4.8 =0. 50
30 236.8 S.8 -0. 25
30 223. 2 7.9 0.0
30 226. 8 2 3 0. 25
30 223. 6 4.6 0. 30
30 163.0 3.2 0.75
S50 324. 4 4.9 -0.75
50 173.0 1.9 -0. 50
50 240.0 6.7 =0. 25
50 218. 4 3.3 0.0
50 217.8 3.4 0. 25
50 2095. 4 3.8 0. 50
S0 138. 2 2.8 0.75
70 341.0 4.4 -0.75
70 174.0 2.7 -~0. 50
70 233. 4 .0 -0. 23
70 219.0 S.2 0.0
70 216.2 9.4 0. 25
70 177. 2 4.9 0. 50
70 13%9. 8 5.0 0.75
90 342.0 3.3 =0.75
90 212. 6 1.9 =0. 50
90 2%53. 4 S.2 -0. 25
90 234. 8 9.0 0.0
90 239.0 2.3 0.25
90 180.0 1.6 0. 30
90 204. 4 1.3 0.75

110 360.0 3.3 -0.75
110 244. 8 3.1 -0. 50
110 263. 8 2.6 -0. @5
110 2082. 2 2.2 0.0

110 201. 4 4.4 0. 23
110 196. 8 3.3 0. 50
110 222.0 3.4 0.73




TABLE Vv -67

RADIAL PHASE HOLDUPS FDR RUNG9DL-S

BED HEIGHT=7C IN. GAS FLOW RATE=0. 10 FT/S5 LIG. FLOW RATE=C. 10 FT/8

VOLUME FRACTION

AT (T — RADIAL POSITION
INCH CATAL YST SLURRY GAS RI/RO
30 0. 331 0. 570 0. 100 -0. 75
30 0. 331 0. 563 0,107 -0. 50
30 0. 331 0. 572 0. 097 -0. 25
20 . 331 0.572 0. 098 0.0
0 0. 331 0. 572 0. 098 0. 25
ao 0. 331 0. 559 G.o1id 0. 50
30 O 371 0. 54d 0,101 0. 7%
50 0. 221 0. 571 0. 098 -0. 75 ‘
50 0 231 G. 564 C. 108 -0. 50 N
50 0 237 G. 570 oa® -0. 25 POMRA
50 0 233 0. 572 0. 057 0.0 g —
50 . 333 0. 574 C. 0%y 0.25 (_°
50 0. 331 0. 574 C. 09t 0. 50
50 0. 231 0. 586 0. 107 0.75
70 0. 231 0. 55 0. 162 -0.75
70 0. 231 O S&t G108 -0. 50
70 0. 331 0. 570 G. 05¢ -0. 25
70 0. 331 0. 570 0. 099 0.0
70 0. 331 0. 573 C. 09¢ 0.25
70 ¢. 331 0. 575 C. 09 0. 50
70 0. 3m1 0. 58 G107 0.75
50 6.0 0. BE 0. 119 -0.75
90 0.0 0. B8 0. 132 -0. 50
50 C. 0 0. 876 0. 124 -0. 25
90 0.0 0. 8676 0. 124 0.0
90 0.0 0. 877 0. 122 0.25
90 0 0 0. 654 0. 10¢ 0.50
90 0 0 0. 823 C. 177 0.75
110 6.0 O. 885 0. 115 -0. 7%
110 0.0 0. 872 0. 128 -0. 50
110 0. ¢ 0. 876 0. 124 -0. &5
110 0.« 0. 874 0. 124 0.0
110 0.0 0. 877 oo1En 0.2%
110 0.6 0. 894 0. 104 0. 50
110 0.0 0. 830 0 170 0.7



-68 TABLE V
RADIAL PHASE HOLDUPS FQOR RUNMGT1-&
~2-

BED HEIGHT=74 IN. &AS FLOW RATE=D. 08 F7T/8 LIG. FLUW RATE=O 125FT/8

VOLUME FRACTION

ELEVATION oo e e e e e e e RADIAL POSITION

INCH CATALYGT SLURRY GAS RI/RO
30 0. 313 0. 585 0. 102 -0.75
30 0. 3123 0. 574 G. 112 ~0. 50
30 0. 313 0. 586 . 102 -0. 25
a0 0. 3i 0. 584 0. 103 0.0

20 0. 3173 0. 584 oo10o 0.25
30 0. 313 0 57% 0. 108 0. 50
30 0. 313 0. Sbd L1Ri 0.75
50 0. 313 0. SEé C. 161 -0. 75
50 0. 313 0. 522 0. 10& -0. 50
50 0. 313 0. 587 C. 100 -0. 95
50 0. 313 0. 585 0. 100 00

50 0. 313 0. 587 0,100 0. 25
50 0.313 0. 580 o107 0. 5C
50 0. 313 0. 577 C.o11b 0.7%
70 0. 313 Q. 5a48 0,104 -0. 7%
70 0 313 0. 5EY & 10T -0. 50
70 0. 31 ¢, 8585 G.o1G0 -0, 25
70 0. 313 0. 587 0,100 00

70 0. 313 0. 589 Q. 0% 0. 55
70 0.513 0. 538 C. OB 0. 5¢
70 0.313 0. 5R& 0. 102 0.75
90 0.0 O, BHE O 113 -0. 75
%0 0.0 0. 879 0. 121 -0. 50
0 0.0 0. 886 C 114 -0. 25
90 0.0 0. 887 0. 113 0.0

90 0.0 0. 8R9 Q. 111 0. 25
%0 0.0 0. 902 0. 058 0. 50
%0 0.0 0. 855 0. 11" 0.75
110 0.0 0. BE2 0. {1E -0.75
110 0.0 0. 8ad 0. 134 -0. 50
110 0.0 0. 877 0. 1253 -0. 25
110 0.0 0. 876 0.124 0.0

110 0.0 0. 876 0. 174 0.25
110 0.C 0. 896 C. 104 0. S0
110 0.0 ©. Ba7 0. 153 0.75




BED HEIGHT=70 IN. GAS FLOW RATE=0.08 FT/8

ELEVATION
INCH

30
30
30
20
30
30
30

20
50
50
3G
S50
%0
S0

70
70
70
70
70
70
70

20
20
20
20
90
90
90

110
110
110
110
110
110
110

RADIAL PHASE HOLDURS FOR

2000000 ©0ODD
sReRoReRoNoN el DOCQQOOO

cooooocC

. 331
. 331
. 331
. 331
. 231
. 331
.33t

. 331
. 331
. 331
. 331
. 331
. 331
. 331

s

v st J.
. 331
NECICH
. 231
L 331
La3e
. 331

TABLE V

-3

VOLUME FRACTION

CATALYST SLURRY

OCO000OCD OOQCO0O00O0

©COO0OC0C 0000000 0000000

. 972
. 961
. 571
. D71
. 973
. 967

952

570
57
57
571

. 973
. 5465

5&5

569

371

. 569
. 870
. 5748
. 572

567

880
872
877
877
876
89
824

884
874
878
B7&
878
a7
849

Sonoo0D

©00000C ©OOO0ON

Do0000D0

coop~2o0

RUNEGL -7

116
126
. 122
. 124
.12z
. 103
. 151

RADIAL POSITION

RI/RO

-0.
-0.
-0.
0.
0.
0.
0.

7%
50
25
0

25
50
75

.75
.50
.29
.0

. a5
. 90
.79

.75
. 50

. &5

o]

.25
. 50
.75

.75
. 950
.29
.0

.25
. 50
.75

.75
. 50
. a5
.0

.85

S0
75

LIQ. FLOW RATE=0.10 FT/S



TABLE V
RADIAL PHASE HOLDUPS FOR RUNA4ATI-8
-4~

BED HEIGHT=74 IN. GAS FLOW RATE=C. 10 FT/8 LIG. FiLOW RATE=QO. 125FT/8

VOLUME FRACTIOR

ELEVATION e e e v e e e e RADIAL POSITION

INCH CATALYST SLURRY GAS RI/RO
30 0. 313 0. 584 0. 106G -0.7%
30 0.313 0. 572 0. 115 ~0. 50
30 0. 313 0. 584 0.103 -0. 25
30 0. 313 0. 584 0. 103 0.0

30 0. 313 0. 58L 0. 12 -0. 25
30 0. 313 Q. 577 G.11% 0. 50
30 0. 313 0. 57 G117 0.75
50 0. 313 0. 58é 0. 102 -0.75
50 0. 313 0. 586 G 103 -0. 50
50 0. 313 0. 583 0.104 ~0. 25
50 0. 313 0. 5Bea 0.101 0.0

50 0. 313 0. 588 o 0%y _ 0. 2%
50 0. 313 0. SB4 0. 142 0. 50
50 0. 313 0. 587 Q. 100 0.75
70 0. 313 0. 8BO 0. 107 -0.75
70 0. 313 0. %38 0,103 ~0. 50
70 0. 213 0. 585 G 1GE =0. 20
70 0. 313 0. &6 ¢. 10 0.0

70 0.313 0. 589 ¢, 09y 0. 85
70 0. 313 0. 596 C. 091 0. 50
70 0. 313 0. &Bs o108 0.75
90 6.0 0. 887 C. 118 -0.75
g0 - 0.0 0.877 G. 123 ~0. 50
20 0.0 0. 884 0.114 =0. 25
90 0.0 0. 885 0. 112 0.0

F0 0.0 0. 88% 0. 111 0. 2%
20 0.0 0. 902 Q. owE 0. 50
20 0.0 0. 818 0. 182 0.75
110 0.0 0. 862 0.118 -0.75
110 0.0 0. 866 C. 134 -0. 50
110 0.0 0. 878 0. 1z2 =0. 25
110 0.0 0.875 ¢.125 0.0

110 0.0 0. 877 C. 123 0. 25
110 0.0 0. 895 0. 10% 0. 50
110 0.0 0. 840 0.153 0.7%
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TABLE VIII

LEAST SQUARES EVALUATION
OF SLURRY DISPERSION CORRELATIONS

Coefficient Estimate SE of Estimate T-Value

Correlation 1: Pe = A + [B + D(U) - 0.1) + E(R)] exp(-C Ug)"

A 5.01 1.24 4.0

B 40.1 8.12 4.9

c 35.9 9.63 3.7

D 12.5 575 0.0

E 0.00368 11.5 0.0
Residual Root Mean Sguare = 0,32, 4f = 13,

Correlation 2: Pe = A + [B + D(Uy - 0.1)] exp(-C Ug)

A 3.11 3.17 1.0

B 26.25 7.68 3.4

C 21.28 10.9 2,0

D 427.46 67.7 0.6
Residual Root Mean Square = 0,53, df = 14.

Correlation 3: Pe = A + B * exp(-C Ug)

a 5.05 1.11 4.5

B : 42,91 6.50 6.6

o 35.48 7.65 4.6
Residual Root Mean Square = 0,27, 4f = 13,

Correlation 4: Pe = A * exp(-B Ug)

A 40.26 6.61 6.1

B 17.83 1.91 9.3

Residual Root Mean Square = 0.35, df = 14.

tUy and U are in ft/sec.

*R = radial position index = Rj/Ry, where Rj = sampling point radius and Ry =
ID of column.
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TABLE IX

SLURRY-PHASE DISPERSION MODEL STATISTICS

In(Pe) = 1ln (a + b e€ Ug)

n
Min I (ln Pej - 1n Pe)2
C=1
Standard 95%
Coef- Error of Confidence
Model ficient Estimate Estimate Interval
4 b 40.26 6.61 26.1 > 54.4
c -17.83 1.91 =13.7 + =21.9
Residual Root Mean Square Error = 0.356, df = 14.
3 a 5.05 1.11 2,65+ 7.45
b 42.91 6.50 28.9 + 56.9
c -35.48 7.65 -19.0 + =52.0

Residual Root Mean Square Error = 0.272, df = 13.

Ug in ft/sec.




TABLE X

LACK-OF-FIT TEST RESULTS
FOR SLURRY-PHASE DISPERSION MODELS

1) Error Estimate from Uy = 0 Tests (Assumes Effect of Uy & Ri{/R,
are Negligible)

U Test Pe in (Pe)
2.96 490-8 54.0 3.9890
2.95 490-14 40.9 3.7111
3.05 490-15 57.3 4.0483
2.96 490-16 44.2 3.7887

x.  3.8843

S = 0.1602, 3 df

SSE = 3 (0.1602)2 = 0.07698

2) Model 4 Lack-of-Fit Test

ss af Ms E (MS)
Regression SSR 1.78004 14 2
Error SSE: 0.07698 _3 0.02566 0o
Difference 1.70306 11 0.15482 ooz +GL1.~2

Fl! - 0.15482

3 0.0256¢ = 6-03  0.05 <a< 0.10

a = Significance level.
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TABLE X

LACK-OF-FIT TEST RESULTS
FOR SLURRY~-PHASE DISPERSION MODELS
-2

3) Model 3 Lack-of-Fit Test

ss ar Ms E _(M5)
Regression SSR 0.96131 13
Error SSE 0.07698 3 | 0.02566 002
Difference 0.88433 10 | 0.088433 g2 + opp?
10 _ 0.08843
F3' ® 5.02566 - 344

0.10< a <

0.30




CHEMICAL

Dipropylene
Glycol
Monomethyl
Ether

Diphenyl
Ether

Mixture

(1) 20°c.
(2) 25°cC.
{3) 30°c.

DENSITY
om/aud)

0.95 (1)

1.07 (3)

0.99 (1)

TABLE XI

FLUID PROPERTIES

SURFACE
VISCOSITY TENSION

(CP) DYNES /CM
3.3 (2) 28.8 (2)
3.9 (2) 42.0 (3)
3.2 (1) 29.0 (1)

~77

REFRACTIVE $ IN
INDEX MIXTURE

1.419 (1) 66
1.579 (2) 34
1.474 (2)
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Particles
2 x 5 mm Cylinders
1 mm Spheres
2 mm Spheres
3 mm Spheres

5 mm Spheres

Densit
{Gm/Cm-)

2.24
2.49
2.49
2.49

2.49

TABLE XII

PARTICLE PROPERTIES

Average
Dimensions (mm)

Diameter 2.1, length 5.7
1.19 % 0.10
2.04 £ 0.07
2,99 £ 0.07

4.96 % 0.06

Type of
Glass

Pyrex

Soda Lime
Soda Lime
Soda Lime

Soda Lime




Particles
San Spheres
3ma Spheres
2xn Spheres
Cylinders
6mz Spheres

Sphere Density

TABLE XIII

DATA FOR BUBBLE SI2E CORRELATION

Cylinder Density = 2.24 ga/ca®

Solvent Mixture Properties:

=79

Fluid  Ssuter Mesn Dian. /4y /(s ‘§ 8)
Solvents  0.133 cn 1 0.266 0.0789
Solvents  0.144 en 0.480 0.219
Solvents  0.181 ca } 0.905 0.493
Solvents 0.161 cn 0.4812 0.211
Water 0.2t ca? 0.400 0.132

= 2,49 gnfem?
Density = 0.99 en/ca
Surface Tension = 29. dynes/ca
Density = 1,00 gn/cn

Water Properties:

Surface Tension = 70. dynes/cm

lBased upon data at gas fluxes below 0.5 ca/sec and bed expansions
greater than 20%.

zBased upon a volume equivalent diameter of 0.335 ea.

2Rased upon a mean bubble size of 0.2t cm in a water fluidized bed
of 0.6 cn diameter glass particles. (Lee, 1965.)



TABLE XIV

PDU TEST SCHEDULE SUMMARY

Date Slurry Feed Slurry Recycle Makeup Hy Recycle Gas
(1980) pPeriod  Rate, Lb/Hr* Rate, GPM/Ft2 SCFH SCFH
7/30 04A 822 47.1 3280 4178
8/05 10A 809 "~ 16.5 3485 4171
9/04 27A 606 35.9 2949 4330
9/11 342 621 18.5 2935 4389
9/19A +1B 699 41.5 2850 4550
9/19P 42A 644 29.5 2900 4470
9/20A 428 636 19.1 2860 4500
9/20P 43A 637 18.8 3610 6010
9/21A 43B 628 19.1 2830 2200
9/21p 44A 639 30.5 3940 6360
9/22A 44B 641 30.5 2790 2350
9/22P 45A 660 37.1 3690 6390
9/23A . 4%B 623 41.2 2850 2100
9/23p 46A 696 41.2 2820 4340

*Dry coal basis.

DNR/ml
12/31/80




TABLE XV

PDU VISCOSITY SAMPLE SCHEDULE

12/31/80

Period Sample

Sample ID ¥as Taken Date
Amoco-1 130-53-04A 7/30/80

-2 130-93-04A 7/30/80

-3 130-93-10A 8/05/80

-4 130-93-20A 8/28/80

-5 ORNL-1 130-93-27A 9/04/80

-6 ORNL-2 130-93-34A 9/11/80

-7 130-93-41B 9/19/80 MM

-8 139-93-42A 9/19/80 PM

~9  ORNL-3 130-93-42A 9/19/80 PM

-10 130-93-42B 9/20/80 aM

-1l ORNL-4 130-93-43A 9/20/80 PM

-12 130-93-438 9/21/80 aAM

-13 130-93-44a 9/21/80 PM

~14 130-93-44B 9/22/80 AM

=15 130-93-45A 9/22/80 PM

~16 130-93-45B 9/23/80 AM
DNR/m1



TABLE XVI

SLURRY MIX TANK SAMPLE CHARACTERIZATION

Solid
Insoluble

8Specific Liguid Ash Oxide
Sample Gravity, L] ] wts of % WP
Date __9/cc 0il (1) Coal (2) THF Insolubles  Soluble
8/05/80 1.2244 40 48 13.1 12
9/04/80 1.2094 33 - 14.4 -
9/11/80 1.2374 38 41 15.2 18
9/19 AM 1.174 56 32 12.7 10
9/19 PM 1.1761 LY 34 13.6 9
9/20 AM ' 1.1943 60 32 14.9 ' ?
9/20 PM 1.1800 53 40 10.3 2
9/21 MM 1.1981 50 40 12,9 8
9/21 PM 1,1925 54 39 13.6 4
9/22 MM 1.2427 Sl 40 16.1 5
9/22 MM 1.2460 43 43 15.1 8
9/23 AM 1.2504 25 47 18.1 19
9/23 PM 1.2853 48 44 20.6 4
Water 1.00 0,

Note: 1) o oil determined from millipore filtration.
2) Defined to be THF insoluble,

DNR/ml: 2/19/81
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10
11
12
13
14
15
16

1)
(2)
(3)
(4)

Assumed.

Table IV in Reference 54.
Table 12 in Reference 2.

TABLE XVIII

PDU-10 CATALYST PARTICLE DENSITY HISTORY

Date
7/30/80
8/3/80
8/5/80
9/4/80
9/11/80
9/19/80 AM
9/19/80 PM
9/20/80 AM
9/20/80 PM
9/21/80 AM
9/21/80 PM
9/22/80 AM
9/22/80 P
9/23/80 AM
9/23/80 PN
9/24/80 AM
9/24/80 PM

HRI
Period

10

27

34

41B
424
428
43A
43E
44A
44B
45A
458
46A
&6B

47

Soaked
Particle
Density

g/cc (4)
1,552

1.552
1.552 -
1.616
1.643
1.669
1.673
1.673
1.677
1.677
1.681
1.681
1.684
1.684
1.688
1.688
1.692

Remarks
(1
(2)

(3

All values are interpolated except for the 8/3/80 sample and the
9/24/80 Sample 1l6.
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TABLE XXI

RESPONSE OF CATALYST BED EXPANSION
TO PROCESS VARIABLES

Test 4 6 14
Period 348 42a 46a
Plastic Viscosity, cp 2.69 2.50 2.60
Liquid velocity, Pt/Sec 0.046 0.073 0.098
Gas Velocity, Ft/Sec 0.065 0.064 0.065

$ Catalyst Bed Expansion 59 66 96

-~87

13
458

2.74
0.096
0.042

73
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Elev,
Ft.

VOO IINOAONUVULIE DWW

=t b b pd b b et
P LVLUNMNNNHEE=SOO

.12
.62
.13
.52
.06
.59
.09
.61
.13
.66
.16
.68
.96
.49
.01
.53
.03
.55
.07
.59
.09
.73
.14
.70

TABLE XXTII

PDU Fluid Dynamics Data

Date: 9/24/80

HRI Period:

Slurry Feed, Lb/Hr
Recycle, GPM/Ft2
H2 Feed Gas, SCFH
Recycle Gas, SCFH
Bed Height, Feet

I-Zero I-Flow
CPS CPS
(1)

2497.1 448.0
2492.5 445.6
1206.1 327.9
2496.2 408.8
2195.1 545.3
2360.5 522.5
2540.7  556.1

2074.1  505.6
2527.8  676.7
2543.7  682.4
2439.9  682.8
2402.5  663.5
2705.5  660.3
2409.2  661.0
2476.2  686.3
2432.0 674.8
2384.9  656.4
2482.2  664.0
2533.7  690.7
2453.5  660.8
2453.0  653.9
2453.0  677.5
2453.0  672.5
2453.0  664.5

7:52 PM
47A

1710

0.1794
0.1788 T
0.2719

0.1638 Catalyst
0.2484 Bed
0.2213
0.2189
0.2438
0.2677
0.2683
0.2799
0.2762
0.2441
0.2744
0.2772
0.2775 Liquid Only
0.2752
0.2675
0.2726
0.2693
0.2666
0.2762
0.2742
0.2709 v

Note: (1). Values of I0 were interpolated
from original zero scan data.
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TABLE XXIV

CALCULATION OF OIL MASS ABSORPTION COEFFICIENT

Average Liquid
Amoco Liquid Density, L, My
Test ID Temp, °F g/cc (1) In. /1o Ft2/1bm_(2)
924PM 203 1.080 8.5 0.2743 (3) 0.0271

(1) See Figure 76 for variation of density with temperature.
(2) Calculated from Equation 21, correcting for proper units.

(3) Average between 9.49' and 11.55' elevation. See Table XXIII.




TABLE XXV

CALCULATION OF CATALYST MASS ABSORPTION COEFFICIENT

Variable Value Reference
/1o 0.2249 Table XXIII, 9/24/80 PM, 4,13-
6.09' Elevation
L 8.5" -
€ 0.6019 *
€ 0.3981 (3 -ee)
My 0.0271 Ft2/1b Table XXIV
PL 67.5 Lb/Ft3 Table XXIV
Pe 105.75 Lb/Ft3 Table XVIII
Yo 0.0217 Ft2/1b Equation 20

*Calculated using pp = 1.186 g/cc, Pp = 0.714 g/cc (Reference 63).

Various densities reported in Table 28, Reference 2, bracketed this
value.
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TABLE XXVI

MISCELLANEOUS DATA

Steel linear expansion coefficient
2X thickness of PDU steel wall at 77°F
Steel density

Temperature difference between ambient
and process conditions

Gas mase absorption coefficient
Slurry mass absorption coefficient
Catalyst mass absorption coefficient

Steel mass absorption coefficient

value Used
6.7 ¢ 1076 in,/in.OF
2,75"
490 1b/ft3

740°F

0.0542 £t2/1bm
0.0271 ft2/1bm
0.0217 ft2/1bm

0.0271 £t2/1bm
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TABLE XXVII

CALCULATED HRI PDU HOLDUPS, DENSE PHASE

Catalyst Amocat-lA
Gas Hydrogen
Liquid Coal/0il

Temperature 8150F

Liquid Gas
Amoco Flow Flow
Test HRI Rate, Rate, Ve
Number Period Ft/Sec Ft/Sec _Ec_ _€g _€g_ mm/Sec
HRI-01 04B 0.119 0.070 0.346 0.786 -0.132 0.0
-02 loa 0.045 0.071 0.378 0.675 -0.053 0.0
-03 27B 0.085 0.065 0.378 0.467 0.155 9.4
-04 348 0.046 0.065 0.378 0.430 0.191 11.0
-05 41B 0.102 0.066 0.295 0.333 0.372 -9.1-
~06 42a 0.073 0.064 0.363 0.438 0.199 7.5
-07 42B 0.051 0.065 0.405 0.310 0.285 4.0
-08 43A 0.050 0.086 0.363 0.566 0.070 22.5
-09 43B 0.050 0.043 0.405 0.347 0.247 1.7
-10 442 0.076 0.09] 0.283 0.650 0.027 26.2
-11 44B 0.075 0.045 0.387 0.456 0.158 4.9
-12 45A 0.088 0.0%0 0.275 0.553 0.172 15.8
-13 45B 0.096 0.042 0.348 0.520 0.132 4.7
-14 46n 0.098 0.065 0.308 0.495 0.198 6.3
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CALCULATED HRI PDU HOLDUPS, DILUTE PHASE

TABLE XXVIIIX

Catalyst

Gas

Liquid

Temperature

Liquid

Amoco Flow
Test HRI Rate,
Number Per iod Ft/Sec
=01 048 0.119
=02 10a 0.045
-03 27B 0.085
-04 34B 0.046
-05 41B 0.102
-06 42 0.073
=07 42B 0.051
-08 43a 0.050
-09 43B 0.050
=10 44n 6.076
-11 44B 0.075
=12 45A 0.088
-13 45B 0.096
-14 462 0.098

Amocat-1A
Hydrogen
Coal/o0il
815°F

Gas
Flow
Rate,

Ft/Sec

0.070
0.071
0.065
0.065
0.066
0.064
0.065
0.086
0.043
0.091
0.045
0.090
0.042
0.065

€1

0.823
0.763
0.776
0.756
0.571
0.659
0.496
0.810
0.575
0.927
0.630
0.778
0.727
0.768

~Eg_

0.177
0.237
0.224
0.244
0.429
0.341
0.504
0.190
0.425
0.073
0.370
0.222
0.273
0.232
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TERMINAL VELOCITY OF ISOLATED BUBBLES IN LIQUIDS

Terminal
Region Velocity, Ug

1 , 2re2(py - °g)8

9)11'

0.76 P10 52 1.28
2 0.33g%- 76 up) 0+ 52r,

C \1/2

3 1.35(52)
4 1.18(89)0-25

Py

Range of
Applicability

Rep, < 2 where Rep bubble
Reynolds number =
2010:1‘9

W1

2 <Rep < 4.Q2M0-214

where M Morton Number =
N

8“1

Py @

4,02M7021% <pey <3,10M71/%

or
16.32M01%4 <G <5,75
where
G = & Ye'Up'ny3
03

3.10 G<Re

5.75<G ©

Reference: Peebles, F. N., and Garber, H. J., "Studies on the
Motion of Gas Bubbles in Liquids," Chemical Engineering

Progress, 49, 2 (1953).
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TABLE XXXXI

EFFECTIVE WAKE VOLUME RATIOS FOR BHATIA-EPSTEIN MODEL:
HRI PDU-10 TESTS

Wake Volume

to Bubble
Gas Wake Volume
Volume Ratio Ratio,
Test Fraction 2-Phase, K, exp
Number €g Ko (=5.08 eg)
3 0.15 3.504 1.64
4 0.19 4.273 1.63
6 0.20 4.204 1.52
7 0.29 3.233 0.74
8 0.07 4,312 3.02
9 0.25 4.130 1.16
10 0.03 9.994 8.58
11 0.16 ‘ 3.741 1.66
12 0.17 2.257 0.95
13 0.13 5.981 3.09

14 0.20 5.055 1.83




TABLE XXXXII

EFFECTIVE WAKE VOLUME RATIOS

FOR BHATIA-EPSTEIN MODEL:
COLD-FLOW RUN 224 TESTS

Holdup

.076
.064
.053
.055
.056
.033
.097
.082
.082
.092
.065
.092
.092
.108
.118
.126
.101
.086
.084
.072
.078
.103
A1
.119
.151
.167
.139
.121
.101
062

TDTODOO0OVDD DO O0OCTTOOLOCTTCOCOCODODOOTOCO

Egas

Gas

Tt et b NN N P e et et et et pt et et et et et e et et s et () et prw s (D) e

450
.972
.002
.551
.901
.749
.596
.592
.131
.313
.398
.530
.731
.389
.659
.516
430
.353
.658
456
.663
.303
.916
.118
.636
.636
.605
.371
451
.048

€w/Egas

Wake

Volume
Ratio

COOOO M It e O e =~ O O QOO OO QO OOMMMEMOOO

.986
.702
.765
.173
.430
.633
.975
.050
746
.823
.005
.959
.085
. 802
.911
.799
.856
.874
.082
.010
.119
.772
-090
157
.224
.129
.792
. 741
.869
.765
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TABLE XXXXI

EFFECTIVE WAKE VOLUME RATIOS FOR BHATIA-EPSTEIN MODEL:
HRI PDU-10 TESTS

Wake Volume

' to Bubble
Gas Wake Volume
Volume Ratio, - Ratio,
Test Fraction 2-Phase, Ko, exp
Number ~€g_ Ko (-5.98 €q)
3 0.15 3.504 1.64
4 0.19 4.273 1.63
6 0.20 4,204 1.52
7 0.29 3.233 0.74
8 0.07 4.312 3.02
9 0.25 4.130 1.16
10 0.03 9.994 8.58
11 0.16 3.741 1.66
12 0.17 2.257 0.95
13 0.13 5.981 3.09

14 0.20 5.055 1.83




EFFECTIVE WAKE VOLUME RATIOS

TABLE XXXXII

FOR BHATIA-EPSTEIN MODEL:

COLD-FLOW RUN 224 TESTS

€gas
Ggs 2

Holdup

COO000000000000000000000000000

. 076
. 064
. 053

055

. 056

033
097
ogz2
082
o092
065

. 092
. 092
. 108
.118
. 126
.10}

086
084
072
078
103
111
119
151
167
139
121
101
062

F

o-sr-n-_n-nNluMunu»hwwwuo—-ﬂuwwnﬂo»uo‘Ou

. 450
. 972
. 002

951

. 901
. 749
. 996
. 992
. 131
. 313
. 398
. 930
. 731
. 389
. 659
. 916
. 430
. 353
. 658
. 456
. 663
. 303
. 916
. 118
. 636
. 636

. 371
. 451
. 048

Cw/e as,

wWake
Volume
Ratio

COOOMMMNOMLHOOOOOROROO0O00~»000

. 986

702
765
173
430
633

. 975
. 050
. 746
. 823
. 005
. 959

085
eo2
911

. 799

856
874

. 082
. 010

119

. 772
. 090

157
224
129

. 792
. 741
. 869
. 765
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