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CHAPTER VIII

CONCLUSIONS AND RECOMMENDATIONS

From this experimental study of bubble columns using different liguid medi-
ums, two different column diameters, different distributors, and different modes of
operation, the {ollowing conclusions were derived: Paraffin waxes have a tendeney
to foam when heated to high temperaiures (> 200 °C). The amount of fomﬁ pro-
duced increases with decrease in the orifice size of the gas distributer, also with
decrease in column diameter. When experiments are conducted in decreasing order
of superficial gas velocity the amount of foam produced decreases {lower hold-ups
are obtained). The transition to slug flow regime or the churn-turbulent regime is
characterized by the disapearance of foam. In the absence of foam the hold-ups are
" independent of the column geometry and operating temperature. Reactor waxes
{Sasol and Mobil reacior waxes} do not have a foaming behavior and the hold-
ups are independent of columin geometry and operating temperature, Bubble size
measurement shows that Sauter mean diameters for FT derived waxes increases in
the following order FT-300 wax < Sasol reactor wax < Mobil reactor wax. The
hold-ups for FT derived waxes can be predicted using the correlation developed hy
Bacil and Pilhofer (1978).

Hydrodynamic studies with pure liguids (distilled water and n-butanol) shows
that average gas hold-up for pure liquids is independent. of column geometry
and type of liquid medium. The hold-ups for pure liquids are similar to those
oblained with reactor waxes or paraffin waxes in the absence of foam. Bubble size
measurcrnent shows that, in bubbly flow regime Sauter mean bui:;ble diameters

increase with orifice size of the gas distributor, but once in slug flow regime
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Sauter mean bubble diameters are independent of distributor type. Hydrodynamic
paraineters for pure liquids can be predicted using the correlasions dev;ﬂoped by
Akits and Yoshida, 1973 and 1974,

“Addition of n-butanol to distilled water changes water into a non-coalescing
medium (foaming medium} by lowering the surface tension, ais::- the amount of foam
produced increases with the comcentraiion of n-butanol, The hold-up values for
the foaming mixture inecrease with decrease in the orifice size of the disiributor and
increase with increase in column diameter (opposite to paraffin waxes). Conducting
experiments in increasing or decreasing ;::rder of gas velocity has no effect on the
average gas hold-up {opposite to the behavior of paraffin waxes, lower hold-ups
sre oblained in decrea.sing order of gas velocity). Bubble size measurement shows
that in the presence of n-butanol smaller bubbles are formed as compared to pure
liquids. Hold-ups for the agueous solutions of alcchol can be predicted using the
correlations by Kelkar et al., 1983 and by Posarac and Tekic (1987}, Whereas, the
specific gas-liguid interfacial area can be predicted using the correlation developed
by Akita and Yoshida, 1974,

Addition of CMOC iplo ithe fvaming mixture changes the mixture into a
coalescing medium by increasing it’s viscosity. With further addition of CMC
it 15 paossible to lower the hold-ups of the foaming medium close to those of the
pure liquid, also the foaming behavior of the alcohol solution can be suppressed.
Bubble size measurement shows that the presence of CMC results in the formation
of larger bubble than those formed in the pure liguid. In bubbly flow regime, t.he
size of the bubbles formed increases with increasing size of the orifice of the gas
disiributor and lhere was no strong effect of distributor t¥ype on bubble size in the

fully developed slug flow regime or chnrn-turbulent flow regime. Hold-up values

R,

.
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for the non-Mewtoinan mixtures can be carrelated using eguation 7.18 which takes g

into account the physical properties of the liquid medium, column geometry, and

dynamic parameters.
Tl::.r understand more on the influence of physical properties on feaming systems,

more experimental studies are required. Expeoriments should be locused on varying

the surface tenston of liguid medium by adding small amounts of surfactants to the

pure liguid {with minimal changes in density), preferably to obtain a cold liguid

mixture which has physical properiies similar to those of molien parafhn waxes.

Then by varying the viscosity of the liquid mixture nsing a miscible Newtonian

liquid such as, giycerol or sucrose, more studies can be performed as to how can

the values of viscosity and surface tension be mamipulated to lower foaming while

maintaining high values of specific gas-hquid interfacial area. The other alternative

method to vary liquid viscosity is the use of inert solid particles suspended in the

slurry. Varving solid concentration wifl vary the slurry viscesity also. This system

will be of much more practical importance, because 1t 15 analogous to the shurry

bubble column used in FT synthesis. . . i
Finally, the dynamic gas disengagement technique, is not applicable for

systerns which tend to produce unbreskable foam at the interface. To extend this

technigue to these systems, a movable mechanical foam breaker can be nsed to

disperse the foam as the level falls down. This will enable to monitor the liquid

level withoui having to guess where is the liquid-foam interface.
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NOTATIONS i

specilic gas-liguid inlerfacial area, m® /m*

intercept associated with the i-ih lne

bubbles diamcter 1, mm

diarmneter of bubbles in class i, mm 1
concentration of component 1 in liquid phase, mel/m?
equilibrium concentration of component i in liquid phase, mol /m? :
colutmn diameter, m

diameter of solid particles, m

arifice diameter, mm

Santer mean bubble diameter, m

volume fraction of bubbles of size dg;

gravity constant = 9.81 m/s?

expanded bed height a2t time t, m

expanded bed height at time 0, m

static bed height, m

comsistency index, Pa.s®

liquid side mass transfer coeflicient, m/s

rng cdrcumierence, m

mass, kg

flow behavior index

nurnber of bubbles of size dg;

number of holes in a perforated plate

aumnber of bubble size classes from DGD technigue
observed apparent surface tension, N/m

pressure, Pa

calculated apparent surface tension, N/m

slope associated with the i-th line

time, s

operating temperature, °C

swarm velocity associated with bubbles of size dg;, m/s
rise velocity for a bubbles of size dg,, m/s

superficial gas velocity, m/s

Jet velocity, m/s

voltage, v

volume of gas in the gas-liquid dispersion, m®

volumme of gas bubbles of size dp;, m®

total volume of gas-liquid dispersion, m®

wi. % of sclid particles

seaBl_arawisola

[P,
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Greek Letters

= average gas hold-up, (%)
= fraction average gas hold-up

= average gas hold-up due to the presence of bubbles of size dp;
1

shear rate, s~
= liguid viscosity, Pa.s

apparent viscosity, K47, Pa.s
gas density, kg/m®

> liguid density, kg/m?
= liguid surface tension, N/m
= shear stress, Fa.s™

Dimensionless Numbers

Nga = Bond number, dcgplg;’a-l

N = flow number, gdﬂafa{ﬂl - Pg)ﬂl”ar’#ﬁ’“allfs
Ner = Froude number, u, //d.g -

Neoa = Galileo number, d.” pg/11;?

Ny = velocity number, quBE-’fapﬁ”f;q”:’qlfs
Nwe = Weber number (orifice), dopu;? /oy
Acronyms

CMC = Carboxymethyl ceilulose

DGD = dynamic gas disengagemnent

FT, F-T = Pischer Tropsch

D = inside diameter

KW = Krupp wax

PP = perforated plate

PW = product wax

SMP "= gintered metal plate

SN = single nozzle

Subscripts

B = bubble

g = gas

{ = 1iquid

L = large

it = mediym

o = al time=0

g = smali

AR LT ey
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APPENDIX A

SUMMARY OF RUNS WITH FT DERIVED WAXES
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Tabie A.1. Summary of Run 3-3
Date: 01-17-87 Liquid: Sasal wax
Column iD: 228 ecm Temperature: 265°C
Distributor: 19 x 1.85 mm Gas: Nitrogen
Gas Velocity (cm/'s) 1 2 3 4 5 7 g 12

Static Height {cm) 202.6 203.2 2010

Gas hold-up (%)

199.4 196.9 193.7 1192 4 189.2

5.81 10.03 1170 12.8 14.44 1567 18.02 20.81

Foam (crm) 16 22 1.3

Slug Frequency {1/s) - -

~ Height slugs observed (cm) - . -

Amplitude of Oscillation (em) 0.5 0.8 1.6

32 44 48 Bl B.7
Table A.2. Smmmary of Bun 3-4
Date: 01-20-87 Liquid: Sasol wax
Column ID: 22.9 cm Temperature: 200°C
Distributor: 19 x 1.85 mm Gas: Mitrogen
Gas Velocity (em/s) _ 1 2 3 4 5 7 9 12

Static Height (cm)

203.2 2028 203.2 1994 199.1 200.7 201.3 2026

Gas hold-up {%)

523 10.90 12.20 13.30 14.58 1596 17.00 18.50

Foam {cm} _ 26 22 13

1.0 - - - -
Slug Frequency (1/s) - - - - . - - i
Height slugs ggserved {em) - - - - - - - -
Amplit_u:i:;f_a;illatiun (em) 0.5 D.Bﬂ 10 16 32 41 41 48

Hg e .
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Table 4.3. Summary of Run 4-1

Crate: 02-24.57 Ligwid: FT-300 wax

Column |D: 22.9 em Temperature: 265°C

Distributor: 5 x 1.00 mm Gas: Mitrogen

Gas Velocity {em/'s) 1 2 3 4 5 7 g 12
© Static Height {em]) 207.3 206.7 206.4 206.4 206.2 206.1 - -

Gas hold-up {%) 9.81 2814 28.73 17.62 18.00 20.00 - -

Foam {cm) 10.2 711 203 - - - - -

Stug:Frequency {1/s) - - - . - - - -

Height slugs observed {em) - - - . - - - -

Amplitude of Oscillatton {em} 0.2 06 13 32 44 57 - -

Tahle A.4. Summary of Run 4-2

Date: 02-26-87 ' Ligd: FT-300 wax

Column D: 22.8 em Temperature: 170°C
Distributor: 5 x 1.00 mm Gas: Nitrogen

Gas Veloaty (cm/'s) 1 2 3 4 5 7 9 12
Static Height (cm) 191.8 191.8 191.5 191.3 191.1 191.1 191.0 191.0
Gas hci:_:l-up (%) 503 848 10.7v4 10.34 983 10.01 10.90 11.41
fosm (cm) 0.6 - - - - - - .

Siug Frequency (1/s) - - - - - - - -

Height slugs observed {(cm) - - - - - - - -

Amplitude of Gscillation {cm) 0.3 10 16 19 25 38 561 64

E'
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Table A.5. Summary of Run 8-1
Crate: 09-02-86 - ) Liguid: Sasol wax
Colurn ID: 5.1 em Tempearature: 2656°C
Distributor: 1.85 mm (aas: Nitrogen
Gas \J’eiuu::-ity fem/s) 1 2 3 4 5 7 g 12
Static Height {em} - 193.'1."”:1;32.4 190.5 189.8 1863 1139.3 187.9 182.9
Gas hold-up [‘F&]” 508 7.06 9.09 ll.mﬂ-{j.LE.Bﬁ 15.34 .13.23 22.47
Foam {cm) '" 06 06 11 0& D.E” . - -
_STug,EFrequer;cy {1/s) .. - - - - R 1.3 14 14 14
Height slugs observed (cmj - - - - 106.7 106.7 106.7 -

Amplitude of Oscillation (tm] 0.6 6.6 13 127 19 18 25 38

Table A.6. Summary of Run 8-2

Date: 09-03-86 Liquid: Sasol wax

Column 1D: 5.1 ¢m Temperature: 265°C

Distributor: 1.85 mm (as: Mitrogen

Gas Velocity (em/s) 12 g [ 5 4 3 2 1
Static Height {ecm) 189.2 187.3 187.9 187.9 187.9 187.6 186.7 186.7
Gas hald-up (%) 2293 18.95 15.50 13.20 11.64 %.64 7.06 4.23
Foam (em} - - - - - 0.6 06 0.6
Slug Frequency (1/z) 1.4 141 138 1.32 123 1.2 - -

Height siugs observed {(cm)  106.7 106.7 106.7 106.7 106.7 193.04 -

Amplitude of Oscillation (em) 3.81 381 32 22 18 13 06 06

Wla SR, P e 1 Sl = e - e T
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Table A.7. Summary of Run 8-3
Date: 09-5-86 Liquid: Sasol wax
Column {D: 51 cm Ternperature: 200°C
Distributor: 1.85 mm Gas: Nitrogen
Gas Velocity {em/s) 12 3 4 5 7 9 12

Static Height {cm)

187.9 187.6 186.7 186.0 1B5.4 184.8 183.5 183.5

E;s-..l';c:l.d-up (%) 379 751 99 1i.3 13.44 1614 1B9 21.32
Foam (cm) 0.6 DQ 0.y 0.3 - - - -
Slug Frequency {1/s) o - 15 16 18 16 19 27
Height slugs observed {cm) - - - - 106.7 106.7 1066.7 106.7

Amplitude of Oscillation (em) 03 06 12 16 25 25 3.8

bl

Table A_B. 'Summary of Run 8-4

Date: (9-6-86 . Liquid: Sasol wax

Column 1D: 5.1 em Temperature: 265°C
Distributor; SMP Gas: Nitrogen
Gas Velocity (emn/s) ' 1 2 3 4 5 [ 9 -

Static Height (cm) 2089 2089 208.6 266.7 206.4 205.7 2042

1

Gas hold-up (%) 491 741 10.2 1226 1333 167 19.28 -
Foam {cm) 06 13 13 16 095 - - -
Slug Frequency {1/s) - - 13 16 18 20 2.8 -

Height slugs observed {cm) 193.0 193.0 106.7 106.7 106.7 106.7 106.7

Ampltude of Oscillation {em} 0.32 064 095 13 13 254 434

vt el e
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Teble A.9. Summary of Run 9-1

Oate: 09-10-86

Column 10 5.1 cm
Distnbutor: 1.85 mm

Liquid: Mohil wax
Composite Runs 9, 11 & 12
Temperature: 265°C

Gas: Nitrogen

Gas Velocity (em/'s)

1 2 3 4 5 7 g 12

Static Height {cm)

214.3 213.4 2121 211.77 2076 206.4 2037 -

Gas hold-up (%)

4407 7.0 944 10.87 12.80 15.36 1859 -

Foam {(em}

06 06 03 - - - . -

Slug Frequency (1/s)

- - - - 1. 1.7 14 -

Hemght sl ugs observed {cm)

106.7 106.7 1067 -

Amplitude of Oscillation (em)

0.3 03 085 127 19 38 444 -

Tabie A.10. Summary of Run 3-2

Date: 09-12-86

Column 10 5.1 em
Distributor: 1.85 mm

Liquid: Mobil wax
Composite Runs 9, 11 & 12
Temperature: 2002C

Gas: Nitrogen

Gas Valocity (em/s)

1 2 3 4 5 7 9 12

“Static Height (ém)

214.2 2134 211.5 2092 207.0 206.7 206.1 205.7

“Gas hold-up (%)

455 7.00 9.1’]5_ 11.06 12.¥6 15.01 17.85 21.2

: Foar.n (cm) ”

06 056 - - - - - -

Slug Frequency {1/s)

- - - - 10 155 163 20

"Height slugs observed [cm}

106.7 106.7 106.7 106.7

“Amplitude of Oscillation {em)

0.32 032 063 16 18 254 38 &1
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Table A.11. Summary of Run 9-3
Date. 9-13-86 Liquid: Mobil wax
Composite Runs §, 11 & 12

Columan 1D: 5.1 em Temperature: 265°C
Distributor: 1.85 mm Gas: Nitrogen
Gas Veloeity {em/'s) 12 9 I 5 4 3 2 1
Static Height {em} ' 204.5 201.1 200.7 200.7 200.7 200.3 199.4 1588
Gas hald-up (%) 22.2 1893 15.62 12.70 11.50 933 7.46 471
Foam (cm) - - - - - 022 0.64 Q.64
Slug Frequency (1/s} 16 13 12 116 1.0 - - -

Height slugs observed (em) 1016 101.6 101.6 1016 1016 - . - -

Amplitude of Osciliation {em) 38 254 19 16 158 122 0.32 032

Table 4.12. Summary of Run 9-4

Date: 09-15-86 Liquid: Mobil wax

Composite Runs 9, 11 & 12
Column ID: 5.1 em Temperature: 265°C
Distributor: SMP Gas: Nitrogen
Gas Velocity [em/s) 1 2 3 4 5 7 9 12
Static Height {cm) 193.0 173.4 171.7 170.6 170.6 168.7 165.2 167.9
Gas hold-up (% 207 106 112 123 133 162 188 198
Foam (cm) ' 143 13 06 0.3 - - - -
Slug Frequency (1/5)} - - - 10 14 16 17 3.0
Height siugs observed {cm) - - - - 101.6 101.6 101.6 101.6

Amplitude of Oscillation {em} 032 064 095 13 19 254 38 6.4
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Table A.13. Summary of Run 9-5
Date: (5-15-87 Liquid: Mobil wax
Compasite Runs § & 7
Celumn 10: 5.1 ¢m Temperature: 265°C
Distributer: 1.5 mm Gas: Mrtrogen
Gas Velocity {cm/s) 1 2 3 4 5 7 9 12
Static Height (em} 194.0 191.1 1899 188.9 187.6 188.0 187.0 184.2
Gas hotd-up (%) 3.32 7.10 11.00 14.26 1508 17.08 19.54 23.48
Foam {cm) 03 03 06 0.6 - - - -
Siug Frequency (1/s) - - - - - - - -
Height slugs observed (cm) - . - - - - - -

Amplitude of Oscillation {em} 03 05 08 10 1.3 17 22 3.2

Table A.14. Sommary of Run 3-6

Date: 05-15-87 Liquid: Mobil wax

Composite Runs 4 & 7
Column ID: 5.1 em ' : Temperature: 2659C
Distributer: 40 pm SMP Gas: Nitrogen
Gas Velocity (em/'s) 1 2 3 4 5 7 3 12
Static Height (em) - 188.0 1B7.0 185.4 184.8 183.8 182.9 182.2 181.3
Gas hold-up (%) 8.36 12.35 14.37 15.65 15.84 17.63 19.38 22.84
Foam {em) 38 22 L3 - - - - -
5iu_g Frequency {1/s) . - - - - - - -
Height slugs observed {em) - - - - - . . -

Amplitude of Oscillation {em) 0.3 06 06 10 1.3 17 22 29

LU A .



158
Tabie A.15. Summary of Run 9-7
Date: 05-18-B7 Liguid: Mobil wax
Composite Runs 4 & 7
Column iD: B.1 em Temperature: 265°C
Distributor: 1.00 mm Gas: Nitrogen
Gas Velocity (em/s) i 2 3 4 5 7 9 12
Static Height (cm) 192.4 191.8 189.9 188.9 188.0 185.1 182.9 177.8
Gas hold-up {%) 3.38 V.36 11.22 13.01 14.54 17.69 20.0 2391
Foam {em) - 0.5 06 0.3 - - - -

Slug Frequency (1/s) ' - - - - - - - B}

Height slugs abserved (em) - - - - - - - .

Amplitude of Oscillation (em) 03 03 06 13 17 22 25 35

Date: 05-13-87 | Liquid: Mobil wax

Composite Runs 4 & 7
Column IB: 5.1 cm Temperature: 200°C
Distributer: 1.8% mm Gas: Nitrogen
Gas Velacity {em)s) 102 3 4 5 7 9 12
Static Height {cm) 200.0 198.0 1949 193.4 192.4 1581.5 190.5 1865
Gas hald-up (%) 3.37 6.66 9.44 11.09 12.43 1542 18.03 21.45

Fc:i;rn (cm) - - - - - - - -

Stug Frequency (1/s) - - - - - . - -

Height slugs observed {cm) - - - - - - - ,

Amplitude of Oscillation (em} 0.3 05 06 06 13 19 25 3.2

e T
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Tahle A.17. Summary of Run 9-9
Date: 05-20-87 Liquid: Mobil wax
Composite Runs 5 & 8
Column iD:; 5.1 cm Temperature: 265°C
Distributer: 40 pm SMP ) Gas: Nitrogen
Gas Velocity (em;/s) 1 2 3 4 5 7 g 12
Static Height {em) 1553 194.0 193.0 1915 i89.9 1B3.6 188.0 1865

495 7570 852 11.32 12,57 1b.74 lﬂ.ﬂﬂ 21.88

Gas hold-up (%}

Foamn {cm) 6 06 0.3 - - - - -

Slug Frequency (1/s) - - - - - . - -

Height slugs observed (cm) - . - - . . - -

Amplitude of Oscillation {(em) 0.2 €83 10 13 18 25 32 443

Table A.18. Summary of Run 8-10

[Date: 05-21-87 Ligurd: Mobil wax

_ Composite Runs 5 & 8
Column ID: 5.1 em Temperature:; 265°%C
Distnbutor: 1.00 mm Gas: Nitrogen
Gas Velocity {cm/s) 1 2 3 4 5 7 9 12
Static Height (cm) 198.8 197.8 197.5 196.2 195.6 194.3 191.8 190.5
Gas hold-up (%) 3.54 659 8.39 10.43 12.00 15.11 17.93 21.05
Foam (em) © b5 0B - - - - - -

Skug Frequency (1;s) - - - - - - } .

Height slugs observed {em) - - - - - - - -

Amplitude of Oscillation (cm} 02 03 06 13 17 19 25 38
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Fable A.19. Summary of Run 9-11

Date: (05-22-87 Liquid: Mobit wax

Composite Runs 5 & 8
Column [D: 5.1 em Temperature: 265°C
Distributor; 1.85 mm Gas: Nitrogen
Gas Velocaty (cm/s) H 2 3 4 g 7 9 12
Static Height {cm} 197 4 1945 1930 191.8 190.8 190.5 18905 188.3
Gzas hold-up I3’1}} _ 394 720 £.98 1065 12.13 1477 1731 21.14
Foam {em) EI',-E g6 0.3 - - - - -

Slug Frequency {1/s) - "- - - - - - -

Height slugs observed {(cm) - - - - - - -

Amplitude of Oscillatien {em) 8.2 03 06 13 15 25 32 38

Table A.20. Summary of Ren 9-12

Date: 05-22-87 Liquid: Mobil wax

: _ Composite Runs 4 & 7
Column ID: 5.1 cm Temperature: 200°C
Dhstributor; .85 mm Gas: Nitrogen
Gas Velocity {em/s) 1 2 3 4 5 7 g 12
Static Height {em) 196.5 195.6 1949 1946 194.6 1940 1934 193.0 -
Gas held-up {%) 328 581 7.95 9.85 11.41 14.42 17.25 20.0
Foam {em) 0.5 - - - - - - .

Slug Frequency (1/s) - - - - - - - -

Height slugs obsarved {cm) - - - - - - - -

Amplitude of Oscillation {em) 0.2 06 0 13 19 25 32 38
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Table A.21. Summary of Run 10-1

Date: 09-17-86 Liquid: Sasol wax

Colvmn 1D: 5.1 em Temperature: 265°C

Distributor: 40 gm SMP (Gas: Mitrogen

Gas Velocity (cm/s) 1 2 3 4 5 71 9 12
Static Height (cm) 209.6 209.2 207.9 206.7 203.8 202.7 201.9 200.9
Gas hold-up (%) 10,08 10.74 12.40 13.08 14.55 17.43 19.56 22.55
Faam {cm) 16 13 10 06 06 03 - -
Stug Frequency (1/5) . - 15 17 18 21 25 28
Height siugs observed (em) - - 102.0 102.0 102.0 102.0 102.0 102.0

Amplitude of Oscillation (em) 02 06 13 19 25 38 51 64

Tahle A.22, Summary of Run 11-1

Date: 08-10-88 Liquid: FT-200 wax

Column ID: 5.1 e¢m Temperature: 265°C
Distributor: 1.85 mm Gas: Nitregen

Gas Velocity {cm/s) L 2 3 4 5 7 8 12
Static Height (cm) 208.9 208.3 207.0 206.7 206.0 206.0 2035 2026
Gas hald-up (%) 6.80 7.34 10.30 11.55 13.19 15.07 18.16 21.42
Foam (cm) 05 06 06 03 - - - -
SluguFrequency (1/s) - . - 1.2 17 20 21 22
Height slugs observed (cm) - - - 102.0 102.0 102.0 102.0 102.0

Amplitude of Oscillation {em} 03 05 06 13 16 22 32 6.0
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Table A.23. Summary of Bun 11-2
Date: 10-10-86 " Liquid: FT-200 wax
Column ID: 5.1 em Temperature: 200°€
Distributer: 1.85 mm Gas: Nitrogen
Gas Velocity (em/s) 1 2 3 4 5 7 9 1
Static Height (cm) 2127 212.7 212.7 212.7 213.4 2134 2140 2140
Gas hold-up (%) 3.88 1143 20.71 19.86 18.58 1642 18.34 290
Foarfi (cm) 06 73 356 241 76 . . .
Slug Frequency (1/s) - - - 10 18 22 25 9s
Height slugs observed (em) - - . 102.0 102.0 102.0 102.0 1020

Amplitude of Oscillation (cm) 03 04 10 16 1o 23 32 44

Table A.24. Summeary of Run 11-3

Date: 10-10-86 Liguid: FT-200 wax

Column ID: 5.1 em _ Temperature: 265°C

Distributor: 1.85 mm Gas: Nitrogen

Gas Velocity (cm/s) 2 8 7 5 a4 3 2 1
Static He_ight {cm) 2140 2137 211,3 210.2 208.% 207.9 208.3 207.6
Gas hold-up {%) 234 189 162 138 125 1246 7.7 41
Foam (cm) - . - 03 06 23 23 10 43

Height slugs observed (cm) 1% 17 16 15 13- . - -

Amplitude of Oscilfation () 102.0 102.0 1020 1096 18—

It {—-—
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Table A.25. Summary of Run 11-4

Bate: 10—13—85 Liquid: FT-200 wax o
Calumn ID: 5.1 cm Ternperature: 200°C
Distributor: 1.85 mm Gas: Nitrogen
Gas Velocity (cm/s) 1 2 3 4 s 7 9 12
Static Height {cm) " 096 2111 2118 2134 213.0 213.0 213.8 2143
Gas hold-up (%)~ 386 118 228 257 260 237 219 233
Foam {cm) 06 146 381 457 508 152 - -
Stug Frequency (1/s) . 10 14 15 15 20 23 24
Height slugs observed (cm) - 230.0 234.0 234.0 102.0 102.0 1020 1020

Amplitude of Oscillation (em) 0.3 06 13 22 25 32 35 57

Table A.26. Summary of Run 11-5

Date: 10-15-86 Liguid: FT-200 wax

Column [D: 5.1 cm Temperature: 265°C
Distributor: 1.85 mm Gas: Nitrogen

Gas Velocity {cm/s) 1 2 3 4 5 7 9 12
Static Height (em) "T2127 214.0 214.0 214.0 213.4 2130 2127 -
Gas hold-up (%) 442 1254 2247 231 288 277 4T -
Foam (em) 13 102 343 310 338 178 06 -
Slug Frequency (1/s) . 08 12 14 14 13 15 -
Height slugs observed (cm) - 2310 183.0 635 63.5 457 305 -

Amplitude of Oscillation (cm) 03 0.6 08 16 16 28 38 -
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Table A.27. Summary of Ryn 12-1 1
E;ate: 10-18-86 | Liquid: FT-200 wax ) !
Column [D: 5.1 em Temperature: 200°C
Distributor: 1.85 mm Gas: Nitrogen
Gas Velocity (em/s) 1 2 3 4 5 7 3 12
Static Height {cm) 2102 209.6 209.2 208.6 207.6 207.8 5054 176.64 Jf'
Gas holdup (%) 452 8.92 17.35 23.25 2733 311 311 420
Foam (em) .. 03 10 178 330 33.0 33.0 50 25
Slug Freque}.cy[l,zs] - 13 13 12 12 12 12 14
Heighrt slugs observed (cm) - 2130 1750 940 58.0 300 30.0 30.¢

Ampliurde of Oscillation (cm) 0.3 06 08 16 32 44 57 76

Table A.28. Summary of Bun 12-2

Date: 10-20-36 Liquid: FT-200 wax

Colurnn {D: 5.1 em _ Temperature: 265°C

Distributor: 1.85 mm : Gas: Nitrogen

Gas Velocity (cm/s) 1 2 3 4 5 7 9 1 i
Static Height (crm) 215.6 215.6 214.5 214.0 213.4 - 1146 .

Gas hold-up (%) © 450 12.56 15.60 21.80 32.60 - 5110 .

Foam (cm) 03 91 76 160 500 . 1020 .

Slug Frequency (1/s) - 85 13 12 11 - 13 .

Height slugs observed (cm) -  234.0 1524 84.0 840 . 300 .

Amplitude of Oscillation (em) 0.3 04 09 16 32 . 32 .

i o e
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Takle A.29. Summary of Bun 13-1
Date: 1[}-25-5.6 - | Liquid: FT-300 wax d ’
Column ID: 5.1 ¢m Temperature: 265°C
Distributor: 1.85 mm Gas: Nitrogen
Gas Velocity (Cm}.-".'i];.. 1 2 3 4 5 7 g 12
Static Height {cm) 208.8 207.3 206.0 205.1 204.4 2044 204.0 202.6
Gas hold-up {%) 442 19.60 2046 323 27.30 1890 19.75 23.68
Foam (cm) 0.9 377 864 838 351 - - .
Slug Frequency (1/s) . 14 15 16 17 14 15 17
Height slugs observed (cm) - 2184 1825 147.3 53.3 457 457 30.0

Amplitude of Oscillation (em) 0.3 0.5 0.5 1.6 21 32 41 57

Table A.30. Summary of Run 13-2

Date: 10-27-86 | Liquid: FT-300 wax

Column {[J; 5.1 ¢m Temperature; 200°C

Distributor: 1.85 mm Gas: Nitrogen

Gas Velocity (em/s) 1 2 3 4 ] 7 9 12 |
Static Height (cm) 2105 210.2 209.6 209.2 209.2 208.0 208.3 206.3

Gas hold-up (%) 52 143 188 192 184 186 210 239

Foam (cm) 09 203 178 101 - - - -

Slog Frequency (1/s) -~ 10 14 14 15 16 15 20

Height slugs observed (cm) - 216.0 122.0 76.0 66.0 46.0 30.0 30.0

Amplitude of Oscillation {cm) 0.3 0.5 08 08 16 32 45 57
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Table A.31. Summary of Run 13-3

Date: 10-27-86 | Liquid: FT-300 wax
Column 1D: 5.1 em Temperature: 265°C

Distributor: 1.85 mm Gas: Mitragen

Gas Velocity (cm/s) f? g 7 5 4 3 2 i

Static Height (cm) 211.1 209.9 208.6 207.6 207.0 206.0 205.1 2051 !
Gas hold-up (%) 258 227 224 252 281 253 208 59

Foam (em) -« . 330 610 460 330 38
" Slug Frequency (1/s) 20 18 15 13 11 10 10 -

Height slugs observed (em)}  30.0 46.0 81.0 102.0 130.0 180.0 220.0 .

Amplitude of Oscillation {cm} 57 4.7 44 20 13- 0% 046 03 B

Table A.32. Summary of Run 14-1

Date: 01-23-87 Liquid: FT-300 wax

Column fD: 5.1 em _ Temperature: 265°C

Distributor: 1.85 mm : Gas: Nitrogen

Gas Velacity {em/s) 1 2 3 4 5 1 9 1

Static Height (cm) 200.0 199.4 198.0 196.5 195.6 195.0 193.7 193.0

Gas hold-up (%) 474 20.7 31.83 33.00 19.30 19.21 22.60 26.40

Foam {em) 06 360 760 813 90 . - - -

Slug Frequency (1/s) .10 16 18 15 17 16 16

Height slugs observed (em) - 210.0 210.0 120.0 120.0 120.0 30.0 30.0
Amplitude of Oscillation (em) - 02 0.9 16 22 22 32 41 44 i

R |
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Table A.33. Summary of Run 14-2

Date: 01-26-87
Column I1D: 5.1 em
Distributeor: 1.85 mm

Liquid: FT-300 wax

Tamperature: 265°C
Gas: Nitrogen

Gas Velocity {em/'s)

12 9 7 L 4 3 2 1

Static Height (em}

212.0 211.0 2105 209.0 209.0 207.6 207.0 206.4

Gas hold-up {%)

97.55 24.60 23.97 29.10 20.70 30.13 18.30 6.20

Foam {em)

_ - 25 480 660 760 228 25

Slug Frequency {1/s)

16 16 1.8 15 17 13 10 -

Height slugs abserved {cm) 30.0 1200 liﬂ.ﬂ 1200 120.0 _12{}.0 210.0 2100

Arapltude of QOszillation (em) 4.8 41 32 22 22 16 05 0.2

Table A.34. Summary of Run 15-1

Date: 01-28-87
Column ID: 5.1 cm
Oistributor: 1.00 mm

Liquid: FT-300 wax

Temperature: 265°C
Gas: Nitrogen

Gas Velocity (cm/s)

1 2 3 4 5 7 it 12

Static Height (cm)

193.0 192.4 192.0 1915 190.8 190.8 190.5 190.0

Gas hold-up (%)

.74 18.55 34.94 3557 35.6 20.80 27.40 29.50

Foam {cm)

25 280 102.0 163.0 76.2 38.1 - -

Slug Frequency (1/s)

- 1.0 17 16 16 18 16 17

Height slugs observed {em)

- 210.0 126.0 120.0 120.0 120.0 30.0 30.0

Amplitude of Oscillation (em) 0.2 02 08 1.6 22 22 35 44

ko
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Tahle A.35. Summary of Bun 15-2
[iate: 01-29-87 Liquid: FT-300 wax
Column |D: 5.1 em Temperature: 265°(
Distributor: 1.00 mm Gas: Nitrogen
Gas Velocity (em/s) 12 g 7 b g 3 2 1

Static Height (cm) 176.5 176.2 175.9 175.1 174.3 173.7 173.7 1734

Gas hold-up (%) 29.08 26.13 23.90 40.10 41.35 41.06 15.84 6.5
FoamT{om) -~ - - 762 953 1067 203 28
Slug Frequency (1/s) 13 15 15 14 12 17 1§ .

Height slugs observed (cm)  30.0 30.0 120.0 120.0 210.0 210.0 2100 -

Amplitude of Oscillation (cm) 3.8 35 22 20 19 13 10 0.2

Teble A.36, Summary of Run 16-1

Date: 02-11-87 Liquid: FT-300 wax

Colurrm [D: 5.1 cm Temperature: 265°C
Distributor: 4.0 mm . Gas: Nitrogen

Gas Velocity (cm/s) 12 3 4 5 7 9 13

Static Height {¢m)

212.0 210 210.9 209.7 208.6 205.0 209.6 165.9

Gas hold-up (%) 6.02 16.31 21.86 30.32 32.24 35.60 36.35 4795
Foam (crm) 0.6 203 270 550 75.0 57.0 23.0 6.4
Slug Frequency (1/s) - 08 12 13 13 14 12 13

Height sl.ugs observed {cm) - 2100 210.0 120.0 120.0 120.0 36.0 30.0

Amplitude of Oscillation (cm) 03 05 0.9 17 32 83 70 8.0

L
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Tahle A.37. Summary of Run 16-2
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Crate: 02-12-87
Column 1D: 5.1 em
Distributor: 4.0 mm

Liquid: FT-300 wax
Temperature: 26520
Gas: Nitrogen

Gas Velocity {em/'s}

12 9 7 5 4 3 2 1

Static Height (cm)

Gas held-up (%)

165.0 165.2 166.7 167.8 167.0 165.9 1656 165.2

R L. ) T L aE
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Foam fem)-

.6 830 570 ei0 61.0 368 230 -

Slug Frequency (1/s)

13 12 11 13 12 13 08 -

Height. slugs observed {cm)

30.00 120.0 120.0 120.6 120.0 210.0 210.0 210.0

Amplitude of Oscillation {cm} 7.6 64 57 38 25 16 06 0.3
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Table A.38. Summary of B.ﬁn 17-1

i

Date: 02-14-87
Column iD: 5.1 em
Distributor: 1.00 mm

Liquid: FT-200 wax
Temperature: 265°0
Gas: Nitrogen

Gas Velocity [c;n_.r"s}

1- 2 3 4 5 71 § 12

e SRR R R AT S e e

199.4 198.6 152.4 151.8 150.5 149.5 1479 1448

Static Height (em) p
Gas hold-up (%) 185 1918 30.83 35.58 37.47 43.22 5146 54.22 &
.F::-am (cm) 0.6 254 41;,5 597 67.31 120.7 120.7 107.¢ j
Siug Freguency (1/s) - 07 11 13 14 1.t 13 15 %
" Height slugs observed (em} - 2100 210.0 120.0 120.0 120.0 120.0 120.0 j

'Enpiitude of Oseillation (em) 03 04 106 16 32 54 7.0 7.3

L i e R .'iv.-'-:'z“-__.-_lh;_- e




170

Table A.3%. Summary of Bon 17-2

Crate: 02-15-87 Liquid: FT-200 wax

Column ID: 5.1 em Temperature: 265°C

Distributor: 1.00 mm Gas: Nitrogen

Gas Velocity (em/'s) 12 9 7 5 4 3 2 1

Static Height (cm) 1435 140.3 138.4 136.3 135.3 1346 1340 -

Gas hald-up (%) 526 536 53.5 533 47.5 323 139 -

Foam{cm) 1143 1143 1050 §3.2 1118 §1.6 9.7 -

Siug Frequency (1/s) 17 20719 16 14 12 - -

Height slugs cbserved {cm] 30.0 300 30.0 120.0 120.0 20002 - . -

Amphitode of Oscillation (cm) 57 57 51 32 20 12 06 -
Table A.40. Summary of Run 18-1

Date. 02-16-87 3 _ Liqud: FT-200 wax

Column ID: 5.1 ¢m : Temperature: 265°C

Distributor: 1.85 mm . _ Gas: Nitrogen

Gas Velocity (cm/'s) 12 3 4 5 7 9 1

Static Height (cm) 163.8 161.9 161.3 159.7 158.8 136.8 154.9 1524

Gas hold-up (%) 479 17.5 32.71 33.11 32.06 32.88 33.97 34.78

Foam {cm) . 178 56.0 62.2 457 832 229 254

Slug Frequency (1/s) 7. 08 13 14 13 13 15 13

Height slugs observed {c¢m) . 210.0 210.0 120.0 120.0 120.0 120.0 30.0

Amplitude of Gscillation (cm) 0.2 03 1.0 1.6 22 32 44 51

R
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Table A.41. Summeary of Run 18-2

L e

“Date: 02-17-87 ' Liqguid: FT-200 wax

Column [D: 5.1 em Temperature: 265°C

Distributor: 1.85 mm Gas: Nitrogen

Gas Velocity {em/'s) 12 9 7 5 4 3 2 1
Static Height (em) 1607 158.1 157.5 156.5 156.7 156.2 155.6 -
Gas hold-up {%) 385 379 37.9 341 238 224 1123 -
Foam {em) 38 229 478 483 228 178 51 -
Slug Frequency (1/s) 13 13 13 14 13 12 038 -

Height slugs observed {em)  30.0 120.0 1200 120.0 120.0 210.0 210.0

Ampfitude of Oscillation {(em) 54 5.1 44 22 25 16 032 -

Table A.42. Summary of Run 19-1

Date: 02-18-87 Liquid: FT-200 wax

Column 1D: 5.1 cm Temperature: 200°C

Distributor: 1.85 mm Gas: Nitrogen

Gas Velocity {cm/s) 1 2 3 4 5 7 9§ 1
Static Height (om) 1915 1851 1859 186.4 186.7 1860 157.3 187.3
Gas hold-up (%) 446 1135 2276 26.26 27.85 20.77 23.57 28.4
Foam (cm) - 51 419 533 483 254 . -
Siug Frequency (17e) - 07 12 12 12 13 14 13
Height siugs observed (em) - 210.0 210.0 120.0 120.0 120.0 120.0 30.0

Amplitude of Oscillation (em) 03 06 1.0 16 22 32 32 51
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Table A.43. Summary of Run 20-1

Date: 02-23-57 Liguid: FT-200 wax
Column 1D: 5.1 cm Tempsrature: 265°C
Distributor: 40 pum SMP ' Gas: Nitrogen

Gas Velocity (cm/'s) 1 2 3 4 5 7 9 12

Static Height {(cm) 186.4 1359 806 803 794 635 622 597

i s L ———

' Gas hold-up (%) 1732 578 742 748 752 B80.16 79.6 58.4

Foam {cm) 965 102.0.211.0 214.0 214.0 2140 214.0 214.0

LSRRI TE Y. o n.t e
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Slug Frequency {1/s) - - 11 10 10 12 121 1.2

Height siugs observed {em) - - 210.0 120.0 1200 120.0 120.0 30.0

Amplitude of Oscillation (em) 0.2 0.3 08 19 32 38 44 57
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