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TABLE 1

LIST OF PUBLICATIONS DURING THE PROGRAM

Vasalos, I. A., et
October, 1977.

Vasalos, I. A., et
November, 1977.

Vasalos, I. A., et
December, 1977.

Vasalos, I. A., et
January, 1978,

Vasalos, I. A., et
February, 1978,

Vasalos, I. A., et
March, 1978,

Vasalos, I. A., et
April, 1978.

Vasalos, I. A., et
May, 1978.

Vasalos, 1. A,, et
Literature Search,

Vasalos, I. A., et
June, 1978.

Vasalos, I. A., et
July, 1978,

Vasalos, I. A., et
August, 1978.

al., Monthly Progress Report No. 1, FE-2588-1,

al., Monthly Progress Report No. 2, FE-2588-2,

al., Quarterly Progress Report No. 1, FE-2588-3,

al., Monthly Progress Report No. 4, FE-~-2588-4,

al., Monthly Progress Report No. 5, FE-2588-5,

al., Quarterly Progress Report No. 2, FE-2588-7,

al., Monthly Progress Report No. 7, FE-2588-8,

al., Monthly Progress Report No. 8, FE-2588-9,

al., H-Coal Fluid Dynamics Topical Report Part I:

FE-2588~6, May, 1978.

al., Quarterly Progress Report No. 3, FE-2588-10,

al., Monthly Progress Report No. 10, FE-2588-11,

al., Monthly Progress Report No. 11, FE-2588-12,

Vasalos, 1. A., E. M, Bild, and D. F. Tatterson, "Modeling the Fluid
Dynamics of the H-Coal Reactor," 87th AIChE Meeting, Boston, August

19-22, 1979.

Vasalos, 1. A., et
Octoaber, 1978.

.al., Mounthly Progress Report No. 13, FE-2588-13,
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Vasalos, I. A., et zi., Monthly Progress Report No. 14, FE-2588-14,
November, 1978,

Vasalos, I. A., et al., Quarterly Progress Report No. 4, FE-2588-15,
Decembey, 1978.

Vasalos, I. A., et al., Monthly Progress Report No. 16, FE-2588-16,
January, 1979,

Vasalos, I. A., et al., Monthly Progress Report No. 17, FE-2588-17,
February, 1979,

Vasalos, I. A., et al., Annual Progress Report No. 1, FE-2588-18,
February, 1979,

Vasalos, I. A., et al., Quarterly Progress Report No. 5, FE~2588-19,
March, 1979.

Vasalos, I. A., et al., Monthly Progress Report No. 19, FE-2588-20,
April, 1979,

Vasalos, I. A., et al., Monthly Progress Report No. 21, FE-2588-21,
May, 1979,

Vasalos, I. A., et al., Quarterly Progress Report No. 6, FE-2588-22,
June, 1979,

Vasalos, I. A., et al., Monthly Progress Report No. 22, FE-2588-23,
July, 1979. '

Vasalos, I. A., et al., Monthly Progress Report No. 23, FE-2588-24,
August, 1979.

Vasalos, I. A., et al., Monthly Progress Report No. 25,
October, 1979.

Vasalos, I. A., et al., Monthly Progress Report No. 26,
November, 1979.

Vasalos, I. A., et al., Monthly Progress Report No. 27,
December, 1979

Vasalos, I. A., E. M. Bild, and D. N. Rundell, “Experimental Techniques
for Studying the Fluid Dynamics of the H-Coal Reactor," 72nd Annual
AIChE Meeting, San Francisco, November 25-29, 1979,
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BHATTIA-EPSTEIN MODEL
Equationg

1) Tabulation of ex''/eg" vs. ¢g (Letan and Kehatt),
2) g = el - XK) + el"f(l - ez - & + X.¢)
3 e + g te = 1

4) Hh = Vgeg

1/a
5) e = E’I'Y&Ml'&.ﬂ

Ut(l - €g = ¢€k)

6) Vg = uy + US + :lﬂf(l_ . T c!i)v 1ln
- ec

Vg1 = relative velocity between bubble phase and liquid
in particulate phase

7 og = E%-sﬂ:.;_'u-ec)a

8) Vg''"' = U, +2Ug

*utan. R.’ !-nd E. Kehﬂ.t, AIChE J’ L&’ 398’ 1969.
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TABLE VII
PHYSICAL PROPERTIES OF LIQUIDS USED IN COLD FLOW STUDIES
Viscosity (cp) 50°F 70°F 74°F 100°F 150°F 175°F
Water 1.0 1.0 1.0
Kerosene 1.39 1.15 0.8
Mineral 0il 22.4 14.6 6.08 4,2

Surface Tension (Dynes/cm)

Water 77.6 - 75.5 - 68.3
Kerosene 30.0 - 28.6 - 24.6
Mineral 0il 34.0 - 32.6 - 29.1

Density, g/cc

Water 0.99 0.99 0.98
Kerosene 0.79 0.78 0.77
Mineral 0il 0.85 0.84 0.82
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TABLE X

COMPARISON OF COAL CHAR WITH H-COAL REACTOR FINES

Particle Density, g/cc

Density Distribution

Particle Size

Coal Char

1.7

90% 0.8-2.2
g/cc. Even
distribution,

70%--325 Mesh.

source of Information: Reference 35.

Recycle
0il solids

(Pyridene
Insolubles)

2.3

85% 1.2-2.8
g/cc. Even
distribution.

90%~-325 Mesh.




TABLE XI

M80-21

CUMULATIVE SIZE DISTRIBUTION OF COAL CHAR

Smeits S22k DISTRIBUTION OF GOAL CHAR

CWI.-ATIVE NUMBER AND NUMBER %,
GREATER THAN STATED SIZE

Cumulative
—Number

2916
2635
1921
1396
922
529
212
115
64
24
13
8

Cumulative

Number %

100
90.4
65.9
47.9
1.6
18.1

7.3

3.9

2.2

0.8

0.4

0.3

=47
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TABLE XIIL

PROPERTIES OF HDS=2A CATALYST

Nominal Diameter: 1.6 mm
Nominal Lﬂnsth: 4.8 o

Particle Density, g/ce 1,0794

Pore Volume, cm/g 0.66
Surface Area, wt/g 296

Length Distribution (mm)

Below 3.8
3.8-4.0
4.0-4.2
ﬁ.2-4.4
,}'04.4- 6
616'4-8
618‘500
5.0-5.1
5&1‘5.3
5-3-5i5
565‘5.7
5.7-5.9
5-9"6. 1
6.1-6.3
over 6.3

MPWHROPONPPNROANO -

Average

L
L ]
[
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SUMMARY OF EXPERIMENTAL RUNS

Cat. Fines, Temp,

Date Run No._ Catalyst L/D Gag Liquid VolX oF

8/25/78 200 None - Nitrogen Kerosene 0 72
8/30 201 HDS-2A 3 " " 0 72
10/12 203 1 " n n 1 .O 68
10/20 204 " " " " 5.1 70
11/1 205 " " n " 10.4 67
12/13 206 " " " n 15.5 85
171779 207 " " Freon-12 » 15.5 81
1/23 208 " " Nitrogen " 15.2 148
2/2 209 " " " " 15.5 97
2/22 210 " " " " 11.9 71
2/16 211 " " " " 17.8 80
4/ 12 2 12 [1] ”" (1] " 0 7 1
4717 213 " " Helium " 0 70
5/17 214 " " Nitrogen " 15.5 150
5/30 215 " " " " 15.5 71
6/15 216 " " Helium » 15.5 73
6/14 217 " .om Nitrogen " 15.5 13
3/13/79 300 None - Nitrogen Kerosene 0 84
3/29 301 HDS-2A 6 " " ¥ 74
6/21 310 " 3 " " 0 72
6/26 311 " " Helium " 0 77
7/2 320 " 2 " " 0 75
7/11 321 " " Nitrogen " 0 77
7/24/79 400 None - Nitrogen Mineral 0il 0 100
7/25 401 " - " " 0 125
7/27 410 " - Helium " 0 125
8/1 420 HDS-2A 3 Ritrogen " 0 100
8/2 421 " " " " 0 125
8/3 422 " " " " 0 150
8/9 423 " 1] " [1] 0 175
8/13 424 " " Helium " 0 177
8/15 425 " " " " 0 150
8/22 426 " " Nitrogen " 0 154
8/2 7 42 7 ” " n A1) 0 99
8/28 428 " " " " 0 127
10/4 429 " " " n 0 176
10/9 430 None - " " 0 170
10/11 431 " - " " 90 149
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DATE
TIME
SAMPLE NO.
PDU RUN NO.

PDU PERIOD NO.

DATA

Catalyst Bed

FEED RATE

Coal

Liquid

Gas

Coal Type

TABLE XIV
DATA FOR PDU LIQUID SAMPLES

Expansion

Avg.
Instant

Avg.
Instant

Avg.
Instant

7/16/79 7/18/79 718/79 2118779
1530 1030 1100 1630
1 2 3 4
130-88 | 130-88 130-88 | 130-88 ,
ma | 13 1R 13
: g |
150% 1503 150% 150%
? i ;
! i
(321) (323) (323) (323)
342 #/Hr. 381 4/ 341 #/Hr 341 #/Hr.
(637) .  (655) = (655)  (655)
675 #/Hr. . !
(5820) : Avg. . Ava. " Avg.
5600 SCFH 6152 SCFH 6152 SCFH 6152 SCFH

' i

|
INlinois #6 Illinois #6 Il1linois #6 111inois i#6

Coal Concentration

Catalyst Type

Reactor Pressure

Toluene Extraction 92.8 92.5 ; 92.5 92.5
Conversion(DMF Filtration)  (89.7%) (88.9) i (88.9) (88.9)
i . t
HDS-1442A-vccumcnanens T — e P
Avg. 840 848 848 848
Reactor Temperaturdnstant 848°F B47°F ' 847°F 8480F
"Avg. 2600 2623 2623 2623
Instant 2600 PSI1G 2610 PSIG 2610 PSIG 2623
- ———— AmOCo BOmbS-~r--cmccm e maee - of

7/18/79
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PARTICLE SIZE DISTRIBUTION OF REACTOR COAL CHAR SAMPLES

Slurry Concentration = 17.8 vol%
Liquid Velocity, Om/See = 3.0
Gas Velocity, Cm/Sec = 4.6

CUMULATIVE NUMBER AND CUMULATIVE NUMBER PERCENT
GREATER THAN STATED SIZE

Reactor Bottom 457 cm Level
Sample AU77-13 Sample AU77-16
Cumulative Cumulative Cumulative Cumulative
Size, um Number _Number % Number Number Z
0 4409 100 4142 100
1.1 3588 81.4 3220 77.7
2.7 - 2485 56.4 2109 50.9
3.8 1971 44.7 1632 39.4
5.4 1472 33.4 1148 27.7
8.1 1017 23.1 714 17.2
13.5 542 12.3 316 7.6
18.9 291 6.6 164 4.0
29.7 113 2.6 61 1.5
51.3 32 0.7 8 0.2
70.2 5 J.1 4 3.1
91.8 2 0.05 2 0.05
‘lax, Size, ~——--e=- 108,0 seeccmcne ooaeee = 118,38 ~envoeu-

. |

AVE Size, P =emceeae 3,5 maveeacm  secmccon 2,8 ceace-ee
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TABLE XVIII
FIRST AND SECOND MOMENTS CALCULATED BY TWO METHODS

m (1) m (1) m (2) mn (2)

Test Detector Sec Sec Sec? Sec?
1‘ 1 - -

2 22.9 22.9 117 120

3 47.6 47.5 785 786

4 75.7 14.4 1170 1300

S 90,5 90.0 1502 1600

2a 1 19,6 19.5 - 850

2 25.2 25.1 1088 1100

3 48.6 48.4 2184 2160

4 78.4 77.4 3040 3048

5 95,2 95,0 3860 3900

2 24,2 24,2 394 380

3 53.8 53.4 2560 2520

A 69.6 69,0 2604 2608

5 73.2 72.6 2632 2636

m (1), m (2): Moments calculated using Equations C-2 and C-3.

mm (1), om (2): Moments calculated using the modified method.
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TABLE XIX
CALCULATED GAS LINEAR VELOCITIES
Kerosene, Nitrogen, American Cyanamid
HDS-2A Catalyst, 1 = 4.8 mm, d = 1.6 mm
Tracer Gamma-Ray
v Vg v Vg
Ui, Ug, Vol% in ged Above Bed in Eed Above Bed
Test cm/sec cm/sec Fines cm/sec cm/sec —cm/see cp/seg
la 3.0 3.0 0 13.6 5.6 15.8 12.5
1b 3.0 3.0 0 11.9 5.6 15.8 12.3
2a 3.0 3.0 15.5 14.1 6.2 21.4 25.0
2b 3.0 3.0 15.5 9.8 5.5 21.4 25.0
3a 3.0 4.6 15.5 14.8 10.0 35.3 30.7
3b 3.0 4.6 15.5 14.8 9.5 35.3 30.7
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TABLE XX
GAS HOLDUPS CALCULATED FROM GAS TRACER
AND -GAMMA~RAY TESTS
U, Ug, VolZ Tracer Gamma-Ray
Test cm/sec cm/sec Fines In Bed Above Bed In Bed Above Bed
la 3.0 3.0 0 0.22 0.54 0.19 0.24
2a 3.0 3.0 15,5 0.22 0.49 0.14 0.12
3a 3.0 4.6 15.5 0.31 Q.46 0.13 0.15




u,

em/sec

4.6
5.8

TABLE XXI

RESULTS OF GAMMA-RAY SCANS THROUGH CHORDS
OF_THE CROSS-SECTION

Position
Ug» - 2 -3
cm[aec g
6-1 0-19 0-18 -

3,0 0.11 0.11 0,18
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Test

la

2a

b

TABLE XXII

CALCULATION OF DISPERSION COEFFICIENT

Gas
Velocity,

Detectors cm/sec P,
1-2 13.6 5.1
3-4 5.6 3.4
1-2 14.1 0.78
3-4 6.2 2.39
1-2 14.8 1.40
3-4 9.5 1.65

*Eg in sec/cm?.




1)
2)
3)

4)

3)
6)

)

8)
2)
10)

11)

TABLE XXIII

SOLUTION OF THE BHATIA-EPSTEIN MODEL

Select initial values of €c, el. es.

Compute: v-81“' = UI:' + 2 08°
Compute: e ''/ €g'' - values given by Letan and Kehat.

ekl.

Compute: ¢ = ¢ 'e?'r Qa- ec)3

Compute: Vg = Ug/eg
Compute: epre £ from Richardson-Zaki relationship

1
Compute: Vv, = -1 Ug + ei"_’f S; - eg - & Ve,

Compute: €, = ep(l - X)) + elf"(l - eg = g + X )
Compute new €g: €z, = Ug/Vy
Average: g, + €go eBavg

Compute new e, from Eavg and ey,

Iterate until Acg Aej are small.
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