2.5 Three-Phase Fluidized-Bed Reacting Systems

J. M. Begovich

The study of three-phase (gas-liquid-solid) fluidized beds continued
during this report period. Various packings in 7.62- and 15.2-cm-ID
columns were used, and the minimum gas and 1liquid velocities necessary to
fluidize a bed were determined for two additional sizes of glass beads.

Dimensionless correlations were developed to predict the minimum
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Fig. 2.22. Preliminary results for deep-bed filtration in an electric
field.
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fluidization (MF) velocity and the five parameters which can be used to
completely describe the holdup profiles for the gas, liquid, and solid
phases in a column. 1In addition, overall gas and solid holdups were
combined with similar data from the literature to yield dimensional corre-
lations for each of the overall volume fractions.
Residence-time-distribution (RTID) and liquid-phase mass transfer
experiments were performed in the 7.62-cm-ID column using three sizes of
glass beads and one size of plexiglass beads. The amount of axial disper-
sion present in the liquid phase was very difficult to characterize.
Apparently, the meaéuring devices used did not have response times short
enough to measure the fast-moving tracer pulses. Since axial dispersion
coefficients were not available, the liquid-phase mass transfer data were
analyzed using both the plug-flow (PF) and continuously stirred tank
reactor (CSTR) models. The overall volumetric mass transfer coefficient
increased with both increasing gas and liquid velocities and increasing

particle size and density.

2.5.1 Experimental procedures

The experimental apparatus and procedures used to obtain MF velocities,
overall phase holdups, local phase holdups, and axial dispersion coeffi-

- 1,2
cients have been described previously.™’ .7

Mass transfer experiments
were performed by continuously measuring the dissolved oxygen content of
water entering the 7.62-cmID column and of water at various heights in
the bed after cocurrent contact with nitrogen.

Tables 2.3 and 2.4 presenf the physical characteristics of the solids

and the range of experimental conditions used in these experiments.

Experiments designed to measure MF velocities used each of the solids
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Table 2.3. Physical characteristics of solid beads
used in three-phase fluidization studies

Diameter Density
Solid (mm) (g/cm®)
a
Glass 3.2 2.24
Glass 4.6 2.24
a
Glass 6.2 2.20
Plexiglass 6.3 1.17
Alumina 6.2 1.99
Alumino-silicate® 1.9 1.72

aUsed only in MF experiments.

Table 2.4. Experimental conditions used in
three-phase fluidization studies

Superficial gas velocity (UG), cm/sec 0-17.3
Superficial liquid velocity (UL), cm/sec 0-12.0

Column diameter (D ), cm 7.62 and
¢ 15.2

Initial bed height (Ho), cm 22-45
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listed in Table 2.3 whereas the phase holdup experiments did not use
either the l.9-mm~diam alumino-silicate or the 6.2~ and 3.2-mm-diam glass
beads. The mass transfer experiments used only the nonporous glass and

plexiglass beads.

2.5.2 Results

Minimum fluidization. Figure 2.23 shows MF velocities for each of

the systems studied. As the gas velocity was increased, the minimum liquid
velocity required to achieve fluidization decreased in all of these
systems. The plexiglass beads, which have the same diameter as the alumina
beads and one set of the glass beads, also have a much smaller solid-liquid
density difference; thus, they fluidized at lower velocities. All three
sizes of glass beads have about the same density. As their diameters
increased, the MF velocity also increased.

Note the interaction of particle size and demsity. At zero gas
velocity, the curves of the 6.2-mm-diam glass beads and the alumina beads
start at essentially the same point (i.e., they fluidize at the same
liquid velocity). However, as the gas velocity is increased, the two
curves rapidly diverge. Furthermore, at gas velocities greater than
8 cm/sec, the 6.2-mm-diam alumina beads behave much like the 4.6-mm-diam
beads. As the gas velocity is increased, the nonporous beads yield MF
curves of similar shape, although the curves do not cross each other.

Liquid-phase axial dispersion. The amount of axial dispersion present

in the liquid phase was determined by analyzing the spread of a tracer
injected into the liquid phase.34 The tracer was monitored over the
column increment of electrode spacing. Three sizes of glass beads and

various mass loadings were tested in the 7.62-cm-ID column and yielded



47

*S9TITOOT9A JW U0 A1Tsuap pue 2zTs ayoriaed Jo 3023349

(99s/wa) On * ALIDOT3A SV9O

‘€7°C 811

8l 9l 1d r4 ol 8
Y T T T T | T T T T T
3 N e~ [ P PR -~
i T ——— /../.-/.: ....I.
I -/‘.
/..
o /l
- L1 €9°0 SSV19IX31d
221 61°0 31YOIS-ONINNTY
| 22 2€°0 SSV9
v 2 90 SSV19
66 | 29°0 YNIANTY
B 022 29°0 SSV19
(gwo/06) (w2) 3dAl
ALISN3Q Y¥3L3NVIQ
SGI10Ss

€HIGS-4L IMA-INYO

(998/wa) '
ALIDO0T3A NOILVZIGINTY aINDITT WNWINIW



48

the results presented in Tables 2.5—2.11.35 The holdups were determined

in two ways: from the RTD curve and from the pressure gradient.7
Monitoring the conductivity of the liquid in the column at two points

generates two curves of conductivity vs time each time a tracer pulse is

injected. The first moment of each curve is referred to as its mean and

is calculated as follows:

20

f ct dt Y c.t, At
J.1

0
= N
My o — I c, At ? (1
J
c dt
0
where
ui = mean of curve,
¢ = concentration,
t = time,

and subscript j refers to time j.
The difference in means of the two curves is equal to the mean resi-

dence time, T, of the liquid between the two measurement points:

T=1Y - W , (2)

where subscripts 1 and 2 refer to the first and second measurement prints
respectively.
The liquid holdup is the volume fraction of the bed made up of liquid

and is found from the following:

e = TUL/L s (3)




49

*abuae| A43an st qo

. 0> r”
‘Llews Aua2A S Aon_
"0>3d,
q e GL2°0 62€°0 79570 ETAN] 6" Ll 8'6l 5'0¢ T4
6°68 9L 9 290 vleo 95670 29170 6711 6°LL 5°02 174
ovlL £5°¢ 96v°0 aLLo 699°G LEL"0 6711 18°L 570 €2
SEl 6 L 9€6°0 7600~ 68570 86070 6°LL 20y §'0¢ a8
L*Gt 9°¥%e 859°0 §10°0- G€9°0 200°0- 6°LL 0 G502 le
0o¢ vl e 052°0 SlE'0 69%°0 w6170 0°0lL 3°51 09l 02
q e §90°0 66£°0 02570 9%L°0 0°0t 8"l 0°91 6l
0¢e 9l°9 8L 0 272 90] L9570 t0L"0 001 §8°L 0791 8l
09¢ ve-t 96%°0 L0L°0 L¥S°0 ¢80°0 0°0t 0% 09t Ll
€6l §°91 GE9°0 820° 0~ 685°0 €00°0~ 0ol 0 0'9L 9l
8vP 99570 80%°0 681°0 S5¥°0 69170 667 ¢ 6°Sl L¢l Gl
£Le 66670 §5%°0 29170 69%°0 pSl 0 66°L 67 LL el 14
G81 69870 2¢€9°0 600°0 vy o 9LL™0 667 L 98¢ L2l £l
q e 91570 0 6£5°0 €070~ 66°¢ 0 [arat Lt
2'es 88" 1L 050 G60°0 90%°0 6vL"0 96°§ 6°61 £°8 (]}
099 ¥8y°0 £8L°0 162°0 L6€°0 9€L0 96°G 6°L1L £°8 6
p e 2 £LE°0 29€°0 LEL°0 96° S 06°¢ £°'8 8
P e 2 96€°0 92¥°0 050°0 96°S €0’y £°8 L
q e £vE°0 06070 L1670 L0070~ 96°9 0 £°8 9
9'ty 19°¢ 02270 Lve 0 082°0 ¥leto 3Ly 6°6Gl €8 S
2'8L vl 92¢°0 §61°0 12’0 S8L’0 8L ¥ 6°LL £°8 ¥
058 vse"0 ¥5€°0 StL-o ¥5¢°0 SpLT0 8l ¥ 6L £'8 €
6l¢ 9 vy vS€°0 660°0 8LE°0 8010 L'y 6E° Y £°8 14
q e 8v€"0 §50°0 1272 380] £S0°0 8LV 0 £°'8 L
?mm\msuv . 1y 9, 1, 9, (93s/w2) (o9s/w) (w2) *ON
. g ooy ‘dnploy  ‘duproy  “dnproy  “dnploy L . I <Butbeds i
JU3LIL} 4900 pnbtl  sey pinbt seq A3L1o0|8A pLnbi| A315019A seb wuo{._uum:_
uotsaadstp 3AIND (1Y Juatpedb aanssaad LeLat443dng leLoLjaadng
|RLXY o 4

speaq sse|b weip-uw-9-p 40 O QG| Butsn sjuswaanseau g1y

¢ a|qey



‘abaey Auan sp g

50

p

"0 s ._gu

Clrews Auaa sy 4eg

0> waa
9ve 6v°¢ $29°0 Pl 0 LEG°0 261°0 6°L1L 86l 0°¢¢ 0s
oLyt v€6°0 062°0 Zie’o €€5°0 LLL°0 67 LL 67 L1 0°¢¢ 6b
147 261 69t°0 26L°0 §45°0 €€L°0 6°LL 8L 0°2¢ 8v
p 61070 $90°0 96€°0 809°0 #60°0 6°LL 20’y 07 ¢t 14
q e 28470 2€0°0 290 v00°0 6°LL 0 0°¢¢ el
el 66°9 9/£°0 tve o 9(v°0 981°0 001 86l 0°¢¢€ 417
¥0o€ 8€°¢ v’ 0 48L°0 6670 vSL°0 00l 8" Lt 0°2¢ 14
Siv 0e°2 9¢e°0 12270 0250 seL'o 0°0L 98" L 0¢e 157
q e ¥8¢°0 7te’0 659570 1960 001 20"y 0-2t 4]
q e §55°0 1070 185°0 100°0- 0°0L 0 0°¢¢€ 87
Q9¢ 00°1 £85°0 £00°0- 229°'0 €20°0- 66" L 8761 6°L¢ o
862 6" L 295°0 6L40°0 vev 0 0510 66" L 6"t 0°L¢ (1%
q e S£¢°0 6220 L¥°0 wLL°0 66°L 98" ¢ 042 8t
evl ¥9°¢ 14570 £10°0 £9%°0 v£0°0 66" L a0y 042 LE
Lol 0°9¢ 195°0 020°0- 0€5°0 €00°0~ 66°L ] 0 042 9¢
L6t ¢S 6vv°0 e0L0 8le"0 910 96" G 86l 5§22 GE
¥4 % Syl £82°0 86L°0 L8€°0 SyL°0 96°9 6" LL §'¢¢ be
6¢l 99°¢ ¢LE"0 S0L°0 €LE°0 SLL°0 96°§ (8" ¢ 522 £E
q e J 28¢°0 0’0 990°0 96° S 20"t 5722 et
80°¢ gcl L1670 v10°0- SEV°0 820°0 9675 0 §'¢e (k%
pet 8571 yLy 0 680°0 09€°0 (2] 8L’y 6°GlL 561 o€
cel 06°1 £¢e0 £vL0 89€°0 7eL o gL'y 6° L1 S'6l 62
L"6E 029 9¢e€°0 0eL o L0€°0 9eL’0 8LV 1871 561 . 8¢
8" 1e 1zl 60€°0 2010 0e€"0 160°0 gL'y 20y 56l Le
L0°L ¥°9¢ 9ev°0 v€0°0 062°0 SLL°0 gL'V 0 561 9¢
(09s/7w2) ad 1y 9, 1y 9, (08s/wd) (29s/wo) (w2) ‘ON
Tq 43U cgnpioy . “dnploy  ‘dnploy  “dnploy T &) < 6uLoed urd

‘ quaLoL44300 191934 pinbL sey pLnb1y sey “ A110013A pLnbyy “£3L00|3A seb wvuwwwmwu
uotsaadsip 9AIND Q1Y juatpedb aunssaud leLoL jaadng LeLotjJadng
Leixy Wod § wod4

speaq sse{b werp-um-g9-y 40 b pgzg buisn sjuawadnsesw QY -g-z I[qey




51

“Llews Ausa sy ._o

q
"0 > 3dpe
00§ 0s°¢2 174 86¢°0 00570 91270 6°LL LSl 0°8y SL
862 8E' Y L0570 610 9€s°0 SLLT0 6°1L 8 Il 0° 8y |74
vt L0°8 68770 9L1°0 €95°0 vEL 0 6°LL €871 0'8y €L
134 G6°G oLy o 202°0 56570 660°0 6°1LL 00"t 0°8f el
612 ¢ 0g 1890 920° 0~ 1y9°0 €00°0- 67LL 0 0°8p 1L
€51 289 Lev-0 022°0 747 20] 06L°0 0ot 61 0"ev 04
€l vl L 2°4°A0] 08170 20570 LvL°0 0" ot 8 Ll 0°¢ev 69
00S le-e 99¢°0 0le'0 90570 LEL70 0ot v8° L 0°¢v 89
0le L0l 66170 §/¢°0 £¢5°0 560°0 0°0L 00°v 0°¢ev £9
v¢'8 0°¢8 G19°0 22070~ 98570 500°0- 0ol 0 02y 99
¥9l 85 ¥ LLE"0 Lo o oly'o 280 667 ¢ 8’6l §°GE 99
61¢ 6£°¢ ¢LE0 89170 6Ly°0 42" 66°L 8'LL G'6E v9
28l A2 vSE°0 19170 Ll oLt o 66"/ v8° L §°6¢E £9
vS6 606°0 82€°0 S61°0 8Ly°0 £L07°0 667 ¢ ot G'GE 29
20°8 0°99 vvS 0 €100~ S1S°0 v00°0 66°L 0 §°G¢ 19
891 €671 8170 L0170 69€°0 aLLo 96°6 9°61L §5°9¢ 09
6.2 6¥° L 18e"0 ¥EL 0 ¢LE0 6EL"0 9°§ L1 G°9¢ 68
6.8 G180 ¥4 0020 §9¢°0 0ct o 96°5 SL°L 5792 85
6901 681 080°0 0620 9870 080°0 96§ 96°¢ §'9¢ LS
q e 98Y°0 €20°0- 850 £00°0- 96°§ 0 §'9¢ 95
20¢ €0°¢ 0£2°0 L8170 68¢°0 LL1°0 8Ly 8'6lL 592 49
8'06 16°€ 2Le0 8¥L 0 26270 6510 8Ly 8 1l 5'92 128
9°66 2y 09¢°0 29L°0 £€LE"0 EELT0 8Ly §8°¢L G'9¢ €9
L 9E 1576 GE€°0 680°0 €2€°0 §60°0 LY 10" §'9¢ a5
10°§ 0°LS £8€°0 ve€0°0- vLEO 820°0- 8L'v 0 §°9¢ LS
Aumm\msuv o ad 1, 9, 1, 9, (o9s/wo) (23s/wd) (w2) ON
, Tg rolomy  nPloy  ‘dnploy  “dnploy  “dnpjoy T I b Lbeds uny
JUBLIL 44900 pLnbi] seg pLnb1q Sey ‘A312018A pLnby( ‘A3L00(9A seb >
uoLsaadstep EYS TR T juaipedb aanssaud [etoLyaadng [eLoL4aadng 9p0432313
letxy W0 §

speaq sse|b weip-uw-9- 4o 6 0go¢ BuLsn sjuswaunsesu gLy

"L72 3|qey



52

“LLews AudA S1

q
0> mmm

891 £5°¢ L1570 vee 0 {v5°0 812 0 6°LL 6°Gl 0°9¢ 00t

Ley L6t 2Le°0 862°0 229°0 6S1°0 611 6°LL 0°9¢ 66

q e LELO 800 659°0 6LL°0 6711 06°L 0°92 86

q e L0%°0 £ye0 8£9°0 £60°0 6711 0¥ 0°92 L6

v5°¢ 6L1 189°0 220°0 20470 oLoo 6°L1L 0 0°9¢ 96

601 20°¢ £5€°0 1€2°0 £8Y°0 65170 66°¢L 676l St S6

912 JARN 86¥°0 GELTO €6v°0 SLL°0 66°L 6° L1 vl 76

2ve GeTl §%€°0 8810 €1S°0 00l°0 66°L 06°¢L Gyl €6

Pl 1§71 049°0 20070~ v25°0 6.0°0 66°L 708 Syl 26

§°/9 86°¢ 94570 620°0 81970 S00°0 66°L 0 S'plL 16

L1 6.5°0 15%°0 peLo 16€°0 L5170 96°§ 0°91 §°6 06

Lee 6e°1 s8L°0 LLe 0 ¥6€°0 ¥SL°0 9°§ 67 LL §°6 68

£ve ¥6€°0 2 FAVALY) 6Ly°0 L0170 96°§ 06°¢ S'6 88

€719 62°1L £68°0 991°0- 0st°0 090°0 96°G 'V G'6 L8

q e 66€°0 68070 82670 £10°0 96°G 0 §°6 98

A 62°1 059°0 L0070 L6€°0 16170 1 661 §°6 68

174 Ly 0 00€£°0 1Z1°0 L6E°0 9LL"o 8L'¥ 6°L1L G'6 v8

q e 85070 $0€°0 0Ly"0 60170 8L’y 6L 56 €8

£66 ¥2e'0 9810 1910 S6Y°0 LL0"°0 8L Y t0" v S'6 é8

¥9°¢ L°0€ 88%°0 L1070 8/€°0 8L0°0 8L'¥ 0 §°6 18

0°€8 61870 2€E°0 £8L°0 £2€°0 L8170 et 6°GlL 0°£ 08

q e §61L°0 §y¥2 0 06£°0 9eL"0 e 6Ll 0L 6L

L°0§ vert 6S€°0 - SEL'O 65€°0 SEL'O eee 16" L 0L 8L

621 29°0 28L°0 £02°0 €ee0 €eLo 2t v0'v 0°¢L LL

q e 66€°0 620°0 y9e°0 8%0°0 et 0 0L 9.

Aumm\wsuv ., o 1, 9, 1y 9, (oas/wd) (0as /wd) (wo) ON

1 49quinu . < ‘ ¢ 1 9 1 uny

. (4 131934 dnploy dnploy dnpjoy dnp oy . n ] n “6uyoeds
JUBLIL 4900 pLnbt] seq pinbLy seg A31003A pLnbiy £3100|3A seb 2p04393(3
uoLsaadsip 3A4Nd QLY juatpedb aanssaad LeLatyuadng Letotjaadng

Leixy wou 4 wod 4

speaq ssejf weip-uw-z-¢ 40 6 QoG Buisn sjuswsansesuw QLY

'8¢ alqel




53

1

‘lrews Auan syt nn
"0 > 3d,
26¢ ps'e €Lr°0 8€2°0 £86°0 SLL°0 6°LL 6°LL 0 LY el
98¢ 08°¢ 0sy 0 0€2°0 €90 6Z1°0 67 1L 98", 0Ly €t
q e vpe 0 89270 899°0 880°0 6711 €0y 0Ly 2%
L°62 AR S€L°0 800°0 91470 6L0°0 6°L1 1} 01y 121
20y 6E° 1L 1s€°0 0€2°0 ys¥'0 €170 66°L 876l 0°s¢ 748
060¢ 19570 0LL"0 L0€°0 l6v°0 6210 66°L 6° L1 0°6¢ 6LL
LLE 971 6LE°0 LLLo L0570 0oL o 66°L L8°L 0°52 8L1
29¢€ A LS€°0 93170 12570 ¢L0°0 66°L a0y 0°6¢ LLL
L8l £ee L6¥°0 580°0 69570 S90°0 66°L 0 07692 gLt
L'66 L1079 8¥2°0 w12 0 18€°0 (8- 2%0) 96°§ 8561 0°5¢ qtl
129 1071 [EC0 86170 28¢°0 8LL"0 96°G 6°LL 092 pil
q e 1£0°0 L2’ 0 v8e’0 860°0 96°9 (8L 0762 eLl
q e 0s0°0 16270 LSS0 590°0 96°9 0y 0752 ¢l
91°8 [ S 625970 600°0 S15°0 910°0 96°G 0 0°G¢ L
0621 12y 0 L o 25270 92¢°0 6vL0 8LY 6Ll 58l 601
9l 9" L £av°0 690°0 8¥€°0 82170 8l'¥ 6°GL S8l 801
0vee 6¢€°0 S0L°0 82¢°0 89€°0 28070 1 20" ¥ §°8l L0L
00€°0 0vs 9.y°0 #00°0- ¥6v°0 600°0 10 0 5 8L 90t
q e 220°0 0€E0 £6¢°0 66170 22'e 6°G1 58l SOL
9°9¢ £8°¢ AT 590°0 00€°0 6vL°0 gt 6871 '8l €0l
8" 0p 99°¢ oy 0 %2070 €1e’0 2elo ¢t [0 58l ¢0L
871 il 74 870 £06°0- €LE°0 $20°0 7283 0 §°8L L0t
Auwm\msuv . ad 15 9, 1, 9, (03s/wd) (09s/ud) (w2) *ON
g 1oioay  ‘dnploy  <dnploy  “dnploy  *dnploy I % BuLbeds uny
‘qUaLdL 44900 ptnbrq seg ptnbt] [3:0] ¢AILO0|8A pinbyL| ¢£3120|3A seb muo‘.zumm
uotsuaadsip 2AJAND (1Y juatpedb aunssaad {eLotguadng Let ot jua3dng
LeLXy Wod 4§
speaq sse|b weip-uw-2°¢ 40 b 0Gzz bursn sjuauwsunseaw gy '6°2 a|qel



*abae| Auda sL AQU

TlLiews Auaa sy J_oa

54

"0 > ady

601 0°¢l ¥95°0 65170 €15°0 L8170 6°LL 18°¢ 0°29 8rl

et £v°8 889°0 £40°0 229°0 oLL'o 6°LL 66°¢ 0°29 il

S've ey E€LL°0 81070 vEL 0 900°0 6°LL 0 029 vl

0°6L vret £2€°0 692°0 89%°0 68L°0 66" L 761 G 6t Syl

6°€2 L1y 12€°0 0€2°0 S57°0 L5170 661 811 G 6€ 241

9%¢ 8L°¢ L9%°0 LEL'0 06v'0 1et’o 66°L 28°L §°6¢ eyl

Lie 60°¢ v8b 0 €80°0 80570 690°0 66°L 66°¢ 576¢ Zrl

S0°¢ 26l §96°0 LE0°0 709°0 600°0 66°L 0 G'6L 328

19¢ 002 £9¢°0 S¥2 0 $9€°0 16170 96°9 761 0°ge ol

179l €75 9¢2¢°0 L¥e 0 £6£°0 6vL°0 96°§ 8Lt 0°te 6€l

q e £60°0 18270 60%°0 yLLO 96°§ 28°L 0°¢€ gel

9L°8 ey 0€5°0 ¢20°0 9EV°0 §.0°0 96°9 86°¢ 0°ee LEL

85t 2'9¢ §95°0 800°0- 62570 €10°0 %G 0 0°t€ 9e1

(3424 L6470 262°0 ¢leo L0€°0 ¥0¢°0 8l v : L6l 0°6¢ SEL

q e 220°0 Lye'0 2ee0 SL1°0 8l'v 3 Ll 0°6¢ ¥EL

081¢ 80v°0 18070 64270 2ve0 veEL’0 8Ly 28°L 0°6¢ eet

2 . #90°0 £€€0°0 vL2°0 £9€°0 680°0 8Ly 00y 0°42 eel

20¢€ JARI £22°0 (%20 t22-0 £€22°0 2c'¢e 84l 0°9¢ oetL

vL9 151 780] 09L°0 £€92°0 64270 6170 't 8Lt 0°6¢ 62l

151 t0°¢ 192°0 910 262°0 65170 PR 8 L 0°5¢ 82l

¢ oy v 9 €LE0 “9€LT0 e’ 0 61170 ¢g’E 00°t 0°6¢ 21

AR S0Y §8E°0 690 0- (870 9210~ 2c’e 0 0°s2 9L

Aumm\msuv 3d 15 9, 1, 9, (09s/wd) (2as/uwd) (wo) *ON

Y Jatway  ‘d0ploy  cdnploy  cdnproy  «dnploy T % « SuLseds uny

¢ 3UdLDL} 4302 pinbLq seg pinbL sey ¢A310013A pLnbyL| “£310019A seb wvopaum—m
uoLsaadsip 3AND Q1Y Juatpedb 8uanssaud teLotjuadng LeLotyuaadng

LeLxy woa 4 wou 4

speaq sse|b weip-uw-z2-¢ 40 6 QQOE Buisn sjuswaansesw gly "0l°Z 9lqeL




55

1

*abuae| AusA si on
0> od,

L"8¢ 00°¢ 9€5°0 8¢L°0 98°0 SSL°0 0°0L 6711 ¢t 88l
Ges 11670 £€51°0 AR 98Y°0 aeL’o 0ot 88°¢ S'et L8l
L0S 47201 9vL 0 98¢°0 LvS°0 2L0°0 0-ot €0y 521 981
8°8L 6V ¢ §5y°0 7900 8L5°0 €00°0- 0°0L 0 ¢l 581
0ve 181 02¢°0 y82°0 LLp"0 SLL°0 66°L 6761 Ll 78l
196 L0 £22°0 $4¢°0 901" 0 5170 66°L 6711 gLl €81
SV 167§ 612°0 8 7A0] 0y 0 9210 66°¢ 88°L Gl A
(074 06v°0 £62°0 ¢6L0 L8v'0 690°0 66°¢ 1N g1t 18l
2S¢ €e'8 E€LE0 SLL-0 ces'0 €00°0- 66 L 0 Sl 08l

q e 6cL0 lee o vse 0 60270 66°L 0 0°8 6L1

061 €98°0 62 0 90¢°0 09¢°0 69170 96§ 6°LL 0°8 8.1
089 8°/E 98L°0 0€¢°0 v9€°0 €EL'0 96°9 63°L 0°8 L
682 2¢6'0 64170 £€¢¢’0 YOy 0 oL o 96°S €0y 0°8 9zl
8729 76" L 16t 0 0Lto°o ¢Ev 0 ¢l0°0- 9°§ 0 0°8 GL1
6°8¢L 98" 1 99¢°0 80¢°0 [1E°0 0810 68°Y 676Gl 0'8 1743
0-2s €2'¢ ¥8¢°0 £02°0 65€°0 ¢9L'0 68°Y 671 0°8 gLl
1% 06°¢ 952°0 ¢9¢°0 65€°0 0ct o 681 88°L 0°8 el
Loy 0472 72€°0 90L°0 6vE°0 260°0 68" v €0y 0'8 e

8 L1l 6¢°L Loe0 15070 EPE"0 82070 68" Y 0 0°8 01
Cmm\msuv . °d 1, 9 1, 9, (2as/wd) (o9s/wd) (wo) *ON
Tq rolang  ‘dloy  “dnproy  tdnploy  “dmpjoy L o  BuLbeds uny

f3uaLdL 44900 PLnbe] sey pinbLy seg “A310019A pLnby <A31o0(9aA seb muok._ﬁm_u
uolsaadsyp 9AUND (LY juatpedb aanssaad [eLoLjaadng letatjaadng

LeLxy WO 4 wod 4

speaq sselb weip-um-z2°9 40 b ppgp buLsn S3uWaANS e aly  “glL-2 919el



56

where

Uy,

L

superficial liquid velocity,

length between measurement points.
The second moment about each mean, calculated from the following,

gives the variance, 02, of each curve:

oo

_ 2
i _/; cle -y~ de o e (e, - u)? At
0} T T = L T c. At (4)
./. ¢ dt 3
0 .

The difference between the variance of the two curves for an open

system is then related to the Peclet number, Pe, as follows:

Pe = (03 - od)/21% , (5)

where

Pe

ULL/DL s

U, = UL/EL = L/T = real liquid velocity.

Thus the liquid-phase axial dispersion coefficient, DL’ is found from

- 2
DL = L%/TPe . (6)

Figure 2.24 shows the effect of gas velocity on DL for the 4.6-mm~-diam
glass beads. While no clear differences exist for the gas velocities used,
the amount of axial dispersion present in the liquid phase was increased
by one to two orders of magnitude where gas was present in the bed (as
compared to a liquid-fluidized bed only). For the case of no gas flow,
the degree of axial dispersion increased slightly as the liquid velocity

was increased.
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Fig. 2.24. Effect of gas velocity on the liquid-phase axial dispersion

coefficient.
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For a constant gas velocity and bed mass loading, Fig. 2.25 indicates
results scattered over about three orders of magnitude. Similarly, the
results shown in Fig. 2.26 for experiments with different bed mass loadings
at zero gas velocity are scattered over two orders of magnitude. Even the

effect of liquid velocity on D_ is difficult to determine for these two

L
figures.

Because of the scatter in the dispersion data, as well as the dis-
agreement in the liquid holdup calculated by the two methods (Tables 2.5-
2.11), RTD experimgnts were conducted in the 7.62-cm-ID column with liquid
only (i.e., with no gas or solid phases present). In a liquid-only system,
the liquid holdup is equal to unity. Liquid holdups are fairly well
centered around unity for liquid velocities of 6 cm/sec and higher; they
are very much below unity for liquid velocities of less than 4.2 cm/sec.
Such results could result from laminar flow if the tracer were injected
principally into the center of the column where the velocity would be
twice the mean velocity. However, based on a liquid density of 1 g/cm3
and a liquid viscosity of 0.01 g/cm°*sec, the liquid velocity necessary to
achieve a Reynolds number of 2100 in the 7.62-cm-ID column would be 2.8
cm/sec. Although a liquid velocity of 2.8 cm/sec does not agree exactly
with Fig. 2.27, the lower holdups are undoubtedly influenced, in part,
by velocity profiles. In any case, in two- and three-phase beds, the
presence of the solids reduces the liquid holdups and thus causes the
real liquid velocities to be high enough so that laminar flow is avoided.

Rather than being related to the velocity profile in the column, the
scatter in the RTD data, especially with solids present, may be attributed

to two other causes: (1) interaction between the two sets of electrodes
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Fig. 2.25. Effect of particle diameter on the liquid-phase axial
dispersion coefficient.



