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TABLE V
BHATIA-EPSTEIN MODEL
——__———_—______

Equations

1) Tabulation of e/ eg" vs, ¢g (Letan and Kehat*).

e el = ek(l - xk) + e]."f(l - eg - €k + Xkek)

4) U, = Vgeg
5) 9"1 = U'j, - Vgek(l - Xk) l/n
£ UL ="eg - o)
(‘J) Vg = ul + Ug + €1"f(1 - eg - €k)Vg1“.
1 - ec
Vg1 = relative velocity between bubble phase and liquid
in particulate phase

7 _ €o € L 3

) € = geg" (1L~ ec)

8) Vgl'” = Uta + 2 Ug

*Letan, R., and E. Kehat, AIChE J, 14, 396, 1969.



PHYSICAL

Temperature, °C
Viscosity, cp

Surface Tension, Dynes/cm

Density, gm/cc

45~

TABLE VI

PROPERTIES OF KEROSENE

24
1.39

28.6
0.79

38

1l.15

0.78

635
0.80

24,6
0.77
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TABLE VII

CUMULATIVE SIZE DISTRIBUTION OF COAL CHAR
CUMULATIVE NUMBER AND NUMBER %

GREATER THAN STATED SI1ZE

Cumulative

2916
2635
1921
1396
922
529
212
115
64
24
13

8

Cumulative
Number %

100

90.
65.
47.
31.
18,

O OC O N W

ubmmwwr—aa\_wob
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TABLE VIII

COMPARISON OF COAL CHAR WITH H-COAL REACTOR FINES
“M_

Particle Density, g/cc

Bensity Distribution

Particle Size

Source of Information:

Coal Char

1.7

90% 0.8-2,2
g/cc. Even
distribution.

70%--325 Mesh,

Recycle
0il solids
(Pyridene

Insolubles)

2.3

85% 1.,2-2.8
g/ce. Even
distribution.

90%--325 Mesh.

Bernard, R, F., "Cold Flow Model Study of

Reactor Fluid Dynamics--Topical Report, Task III," DOE Contract
EX-77-C-01-2547, HRI Report No. FE-2547-15, March, 1978.
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TABLE VIII

COMPARISON OF COAL CHAR WITH H-COAL REACTOR FINES
“m—

Particle Density, g/cc

Density Distribution

Particle Size

Source of Information:

Coal Char

1.7

90% 0.8-2.2
g/ce. Even
distribution.

707%--325 Mesh,

Recycle
0il Solids

(Pyridene
Insclubles)

2.3

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

90%--325 Mesh.

Bernard, R. F., "Cold Flow Model Study of

Reactor Fluid Dynamics--Topical Report, Task III," DOE Contract
EX-77-C-01-2547, HRI Report No. FE-2547-15, March, 1978.
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TABLE XI

PARTICLE SIZE DISTRIBUTION OF REACTOR COAL CHAR SAMPLES

Slurry Concentration = 15 Vol%
Liquid Velocity, Om/Sec = 0.10
Gas Velocity, cm/Sec = 4.6

CUMULATIVE NUMBER AND CUMULATIVE NUMBER PERCENT
GREATER THAN STATED SIZE

Reactor Bottom 457 cm Level
Sample AU77-11 Sample AU77-1&
Cumulative Cumulative Cumulative Cumulative
Size, um Number Number 2% Number Number Z
0 4409 100 4142 100
i.1 3588 81.4 3220 77.17
2.7 2485 56.4 2109 50.9
3.8 1971 44.7 1632 39.4
5.4 1472 33.4 1148 27.1
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
531.3 | 32 3.7 ] . 0.2
T8.2 5 3.1 A AL
9:.8 2 0.05 2 0.05
Max. Size, —-—=cme- B ) Bt ——mm—m== 118,53 emmmme-

Avg Size, pm ~=eweuee 3,5 sueceusas  mase=as - 2.8 —meunce-



Run

No.

201
203
204
205
205
T06
206
208
209

VARIATION IN RICHARDSON-2AKI INDEX

TABLE XII

Fines,
Vol?%

i}

1

3

10
11.5
15.0
16,5
16.5
16.5

Index

wwbuwwuym l:’
. -
My I

L] » [ ]



1)

3)

4)

5)

7)

8)
9)
10)

11)

~52a

TABLE XIII

SOLUTION OF THE BHATIA-EPSTEIN MODEL
M

Select inirial values of €c, €1 Gge
Compute; Vglnli = IJta + 2 Ug.
Compute; ek"/eg" - values given by letan and Kehat,
ek'l
- = —_— - 3
Compute; € e eg" (1 ec)
Compute: vy = Ua/eg

Compute: AL from Richardson-zaki relationship

U, +_Eg + en. (1 - &g = ek)vglli'

Compute: v = £
P 8 l-ec_

Compute; € & (1 - X)) + elf't(l - e - g + xkek)
Compute new eg: eg, = Ug/Vg

Average: eg, + eg.. egavg

Compute new ¢ from egavg and €1.,

Iterate until Aeg Aey are small.
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Figure 1
H-Coal PDU reactor

—— Unconverted
coal, ash,
oil out

Liquid interface
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Catalyst interface

——— Catalyst

Distributor &
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Figure 3

Drift flux vs. gas holdup: Darton and Harrison (5)
(Gas/liquid/solid fluidization)

(Data of Michaelson

140 and Ostergaard)
_ \ Uy dp
130 Churn - Turbulent / 0\ {mm/sec) (mm)
120 regime ¢ \ O 100 P
140 [
10 ,y ¢ \\ 9 200 6
® ® 66 3
< 100 X A\ m 10 3
- P \ ¥ 60 3
& \ A 30 1
g 8 Transition region VX 8 1
- 70 i ¢ Kim,etal. (11)
8 _
> s ! O
! -
50| p /
40 /ﬁ gy
AN ideal bubbly regime
30 - Ve =180 €,
x O
20 / ® va 7 0
10 vl’ ir. S
0 | 0.1 0.2 0.3
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Figure 4
Schematic diagram of the fluid dynamics unit

Spiil Tank
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Reactor design

Figure 6






