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CHAPTER VII
CORRELATIONS

Correlations for predicting experimental data {average gas hold-ups and
specific gas-liguid jaterfacial area) were developed. In mnst cases correlations from
the literalure were used, sometimes it was neccessary Lo reevaluaie the consiant
parameiers in order to obtaln the best fit.

The specific gas-liquid interfacial area data were calcalated from equation F.13
m APPENDIX F using the experimental values of €, {Iraction gas hold-up) and
d; (mj. Correlations for ego{—} or £,(%) and ag(m?/m?) for different systems are

presented below.
A. FT Derived Waxes

1. Average Gas Hold-up

Literature correlations by Akita and Yoshida, 1973 and by Bach and Pilhefer,
1978 were used to predict the average gas hold-up for the waxes used in this study
(FT-200 wax, Sasol wax, and Mobil wax). The correlation by Bach and Pilhofer
provides an excellent fi{ for the data. Figure 48 compares the values predicted by
Bach and Pilhofer’s correlation to those obiained by Calderbank ef al. (1963). by
Kuo et al. 1985, by Bukur ef ol. {1987), and from this study. This correlstion was
reevaluated using the experimental data in order to obtain new values for ;::unstauts,

ki and k; in equation 7.1.

AP T

e i ng“pl? k2 -
—_— = k(5" r.1
(100 — ¢g) ' (mg(m — pg}) (7-1)
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where ¢, is in (%)
The constants k, and k; were obtained using a NLIN regression procedure in the

SAS package, and the siatistical results are presented below:

Mumber of data points: = 349
Mean square error: = 8.4
% of points within = 30 % = §91.7
Parameter estimates: k, =0.128
ky = 0.24

The new parameters compare very well with the original onesi.e. the new coefficient
is 0L128 compared io 8.115 in the original eguation and the E:KPU.‘[IEII’[.. iz 0.24

compared to (.23 in the original equation.

2. Specific Gas-Liquid Interfacial Area

The specific gas liquid interfacial areas were calculated using the measured
hold-up values and the calculated Sauter mean bubble diameters {rom the DGD
technugue. The empirical covrelation by Deckwer ef af,, 1982 was used to correlate

the experimental data as follows:
ag = kpu," {7.2)

The experimental data were divided as {ollows:
1. Data from experiments with Sasel wax at 200 °C
2. Daiz from experimenis with Sascl wax at 265 °C
3. Data [rom expenments with Mobil wax at 200 °C
4. Data from experiments with hMobil wax at 265 °C

Using the NLIN procedure the following siatistical results were abtained

s A,



11
Liquid Sagal Wax Mobil Wax
Temnperature {°C) 200 265 200 265
KNa. of points 2 20 A 13
Mean Square errar 1844) 11610 240 1240

% of points within £ 30 % range 87.5 8.8 104.0 100.0 -
Parameters: ki 442 1000 183 300
ka 0.26 0.2 0.01 0.0
The correlation for specific gas-liquid interfacial ares (m?/m®)} for Sasal waz at the

two temperatures are:

ag = 1000u;"* 0.01 < u, < 0.12m/s (7.3)

at 2656 °C and

ne = 492u,”%° 001 < u, < 0.12m/s (7.4)

at 200 °C.
The change. in tlli;.mperature does not have any significant effect on the exponent,
only the coefficient appears to chenge. The experimental values of the predicted
values of interfacial area are compared with the predicted values in Figure 49,
Despite the scatiering, the correlation provides a reasonably good fit.

The correlation for specific gas-liquid interfacial area (m? /m®) for Mobil wax

at the two temperatiures are:

" 3000 0.0l < ug < 0.12m/s (7.5)

I

ag

at 265 °C and

ag = 1551155!.1 0.01 < ug « 0.12m/s {7.6)

EEr PR Y. Y
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al 200 °C. Analogous lo Sasol wax, temperature has no effect on the value of the
exponent. The experimental daia are compared with predicled values 16 Figure 50

which shows to be a good fit.
BE. Pure Liguids

1. Average Gas Hold-up

There are various correlaiions in the lterature for calculating the average gas
hold-up for different liquid medinms. A comprehensive summary of correlations
was presented by Shah ef of. [1982).

Thke gas hold-ups obtained in this study were compared with the existing
~ correlations ﬂmm.the litcrature. The correlations used were either developed from
similar systems (type of liquid media) or from a very large pool of data of various

systems,

1. Bach and Pilhofer {1978} correlation:

‘en 0.113 ( ug P’ )H-H (7.7)
—'—'-r-'—--:- : - L. T——t———————— l-‘
(1 — gol egim — pe)

where ¢,, 1s fraction gas hold-up. This cocrelation was cevelopea to fii hold-up
values for pure organic liquids. It is recommended for prediction of gas hold-ups
in columns ID greater than 0.1 m and superficial gas velocities less than G.1 m/s.
‘With these ranges, the correlation covers hold-up values in the homogeneous flow
regime and the transition to churn turbulent flow regime.

2. Hikita and Kikukawa (1974} correlation:
0.072 ) z/3 (ﬂ.Uﬂl

6o = 0.305 vy 4T (-2 (7.8
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The above correlation was developed to predict hold-up values for pure liqguids and
aguecus solutions of alcohels in colume diameters greater than 0.1 m and superficial
gas velocities between 0.042 and 0.38 m/s. This correlation has a wider range of
applicatton than the former, becanse it covers churn-turbulent regime and all the
other flow regimes mentionad earlier.

3. Akita and Yoshida (1973) correlation:

o - 02 (B () () o)

"This correlation was developed from varicus liguid mixtures with a wide range of
physical properties and for column diameters between 0.152 and 0.6 m.

4. Posarac and Tekic (1987) correlation:

1 Lad
e .25 { o1 o 1!3{1;{3“)“” (7.10)
2+ 'ﬁT(mun u,um)

This correlation was developed by medifying the original equation by Bughmark,
(1967). which generalizes gas hold-up values for various liquids. [ntmduciﬁg Cx
(number of carbon atoms in the straight chain, 0 for water) the correlation was
used to predict gas hold-ups of agueous solutions of alcohols.

However, the effect c-f.mlumn diameter and distributor iype on gas hold-ups
does not appear in any of the above correlations. Using the physical properties of
waier at 24°C, correlations developed by Akita and Yoshida {1 873); and by Posarac
and Tekic (1987) tend to agree well with measured hold-ups from runs with distitled
water (see Figure 51). Whereas, the correlation by Bach and Pilhofer overestimates
the hold-up values and the correlation by Hikita and Kikukawa overestimates the

hold-up values at low gas velocities.

e
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Figure 32 shows the experimental gas hold-ups for n-butanol logether with
thoge calculated using physical properties ol n-butanol, Correlations developed by
Akita and Yoshida (1973) and by Bach and Pilhofer (1878) fit the experimental
data better than other correlaiions (probably because they were developed rom
hold-up values of organic liquids). The rest of the correlation tend 1o overestimate
the hold-up values.

Tn summary, the hold-ups for pure liquds chtained in this study were corre-
jated using the existing correlation by Akita and Yoshida, Figure 53 presents the
experimental data for distilled water and the predicted values using the correlation
by Akita and Yoshida with a +90% relative deviation [rom the cortelation. 94 %
of the dats are within the predi.u:tion range for dl_isti]Jed water runs and 76 % for

n-butanol runs (not shown}.

2. Specific Gas-Liquid Interfacial Ares

The specific gas-liquid interfacial areas (ag, m? /m*)} obtained from the runs
with n-butanot (Run B-1 and Run B-2), were correlated using the following
correlation by Akita and Yoshida (1974}

_ 1 g"iczﬂ'l 1/2 gdcspl? %.1 1.13 -
agﬂEdﬂ( &1 ) ( i j €go (7.11)

The pred-jcted values and the experimental values of interfacial area ate compared
on the parity plot {see Figure 34). 73 % of the experimental data are within +
20 % relative deviation. No a, data from runs with distilled water were available

because the video tape for DGD analysis was not good.
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. Aquenus Solutions of n-Butanol

1. Average Gas Hold-up

The sbove correlaiions by Akita end Yoshida, Hikita and Kikukawa, and
by Posarac and Tek'u:. are also applicabie for predicting gas hold-ups of aguecus

solutions of aleohols. Kelkar et al. (1983) proposed the following correlation:

ﬂ.gﬁugjﬂ- CNU.‘IE

1+ 2.6

(7.12)

€eo

for prediction of gas hold-ups of aquecus solutions of alechols. Held-up data
obtained from the $.051 m ID column using 0.3 wt %t butanol with 1.85 mm
orifice plate and 40 ym SMP distributors, were predicted betier by the correlation
developed by Posarac and Tekic (1987). Whereas, the correlation developed by
Kelkar et al. (1983) overestimates the hold-ups and the correlation developed by
Akita and Yoshida underestimates the haold-ups, also the correlation developed by
Hikita and Kikukawa {1974}, Figure 55 illustrates the predicted hold-ups using
Posarac and Tekic correlation within + 20 % telative deviation, Afl data from
this.study are within this range. At high conceniration of butanol {1.0 wt %)
no single correlation was found to predict the hold-up values in the entire range
of gas velocity used in this study {0.01 to 0.12 m/s). It was found that, the
correlation developed by Posarac and Tekic predicts the gas hold-up values at low
gas velocity (< 0.03 m/s) betler than other correlations. Whereas, at high gas
velocities, corr_ela.tion by Kelkar et al. {1983) describes the data better than other

correlations {see Figure 56).
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2, Speuific Gas-Liquid Tnierfacial Area

The experimental values of sperific gas-liquid interfacial area for agueous
solutions of n-butancl (1.0 and 0.5 wt %), were fitted to a correlation similar
to that of Akita and Yoshida {1974). Since, the difference in viscosity for the two
mixtures is small (0.8 mPa.s for the 0.5 wt % solution compared to 9.912 for the
1.0 wt % solution} and all data were obtained from the 0.051 m [D column. Then

the correlation was reduced into the following form:

rd. gy K
ag = k1 % ;‘"’) (et (7.13)

To obtain the parameters: ky, k;, and k3, the correlation was linearized using
log-log and then using the GLM (generalized linear model, package in SAS). The
following results were obtained; | |

Number of data = 27

Mean square error = .09

Parameters:
I, = 16.72
ky = 1.108
ky = 1.818

Thus, equation 4.22 becomes;

d.24 -+ 1.108
g = 16.72( ;“’1) £go 1818 (7.14)

The predicted velues and the experimental data are compared on the parity
plot, Figure 57. About 86 % of the experimental data are within & 20 % relative

deviation, which is a good prediction.

* metan S
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D. Aqueous Soiutiens of n-Butanel With CMC

1. Average Gas Hold-up

The average gas hold-ups for non-Newtonian aqueous solutions using orifice

distributors were fitted using the existing correlations from the liseraiure.

1. Vatat and Tekic (1987} correlation:

. = D.QED (uz_fl)n_-rsg (i'i:;)_ﬂ-”u (Z_T)ﬂ.usfa (E)MM (7.15)

2. Haque et al. {1986) correlation:

Egu' — U'l?lugﬂ,ﬁﬁl—ﬂ.ﬂﬂdc—ﬂ.ls (?15]

Also, equation 7.9 above by Akita and Yoshida (1973} is recommended for the
prediction of ga.;s hold-ups for highly viscous non-Newtonian mixtures,

The correlation by Vatal and Telnc (1887) is simitlar to that by Hikita and
Kikukawa (1980}, except that the correlation by Vatai and Tekic does take into
account the physical properties of the gas used. The correlaiion developed by
Hague et al. (1986) is the only correlation in Hterature which includes the effect
of column diameter on gas hold-up for non-Newionian muxtiures. The predicted
hold-up values (for the aqueous solution containing 1.0 =t % n-buiancl with 0.5
wt % CMC) using the above correlations were plotied against the experimental.

hold-ups, as shown in Figure 58. In most cases, the predicied hold-ups were lower

TR

than the measured hold-ups.

e e i K,

[y



35.0

30.0
X

o 25.0
=
a
—ad

O 200
=
.

¢ 180
Ll
g

o 0.0
S
<

5.0

0.0

Figure 38,

] g T : I : i ' ]

COLUMN ID: 0.0B1 m |
L LIQUID: 1.0 wt % BUTANDL + 0.5 wt % CMC . ,
L . -1
2 . o
: . *
I 2 J
I . . N ]
. ] .
X ] -
[ ]
[ . : 3, ]
. |
- L ] -
[ . i
- . _
I -4 LEGEND .
- ®=Fxperimental data -

L 1 = Akita and Yoshida {1973
- AN 2= Vatai and Takic (1987) 1
i . J=Haque st al., [198E) ]
. 1 ) 1 - . | . \ | L ]

000 002 004 008 008 Q0 012 0.4

SUPERFICIAL GAS VELOCITY {m/s)

Comparison between experimental hold-ups and predicted haid-

LS 'L'I.bl L I H : .
ps using literature correlations

et



b S S
5 SRR S

136

These correlations they partially predict or fail to predict she experimenial
values at all, because they do not include all parameters which affect the average
gas hold-up, such as:

1. Bold-up values increased with increase in gas velocity.
2. Hold-up values decreased with increass in hiqud viscosiiy,
3. For similar mixtures, hold-up values decreased with increase in orifice size of
the distributor (in bubbly flow regime).
4. Hold-up values increased as the surface tension of water was decreased.
5. Hold-up values decrcased with increase in column diameter for similar Heuid
mixtures.
In developing a new correlation to fit the experimental data, a dimensionless group
Weber number, Nw,., was introduced to esch empirical correlation in order to
account for the efleet of column diameter and orifice size. Hold-up data obtained
from the runs with non-Newtonian mixtures using orifice plaies and perforated
plates were fit using NLIN (non-linear regression method in SAS) o0 obtain new
parameters. However, the correlation similar to Vatal and Tekic (1987} did not
converge after 100 iterations using Causs-Newton method and ]'v[a.rtiuardt method.
The new developed correlations similar to those of Akita and Yoshida (1973) and
Hagque et al. (1986) had the following parameters:

Correlation 1: Similar to Akita and Yoshidae {1973)

2 a, 3,9, b, i 5.4,
ey = (B () () ()"

or in terms of dimensionless groups’

T = () (o) (8" ()

RN S Ay
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Number of dala points = 70
Ilean square error = (1.073
Parameters:
k, = 0.0317
a; =-0.0564
by = 0.308
c; = 1.196
d, = 0.246
therefore, the correlation is:
c —0.0564 0308 , 196 o 4 0.246
ﬁ — 0.0317 (NB,,] (NG‘,) (I\F,) (hw.:j (7.18)

Correlaiion 2: Similar to Haque et al. (1987}
.If"':;ug2}----]'4.:_I
n2d, e

)” (7.19)

b
g0 = koug™?ph 2(

Number of data points = 70

Mean square error = 0.091

Parameters:
k, — 0.362
8y = 0.522
kg =-1.148
c; = 0.114

thus, the correlation is:

PR PR Y H

X .
PEHH-‘DC Lw,' g.114

e — D.362y, 1522 1-0.143(
#o 1 ~ Ilzduaﬂr! ;

(7.20) -
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The corrclation 1 fits the experimental daia better than correlation 2. Over
89 % of the experimental data are witlin the £ 30 % relative deviation range
for correiation 1 and about 60 % for correlalion 2. The parity (scatier) plot for
correlation 1 is shown on Figure 55.

Correlation 1 developed above is only applicable for orifice and perforated
plate type distributors and not for SMP, becanse Nw, is not defined for SHP.
Therefore, the gas hold-ups (for non-Newtonian mixtures) obtained using the SMP

distributor were correlated using a correlation similar 4o that described by Godbole

et al., 1984

Egu = kl1~-"-gk2|l'1'11r-'3 [?.21}

Using NLIN procedure to fit the experimental data, the following results were
obtained;
Number of data points = 16

Mean square error = 0.35

Parameters:
ky = 1.42
ky = 1.00
ks = -0.272

Thus, equation 7.21 can be written as;

€0 = 1471, 10y 02T _ (7.22)

Thiz corzelation predicted over 85 % of the experimental data within £ 20 %

relative deviation, see parity (scatter) plot on Figure 60.
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PREDICTED HOLD-UP VALUES (%)

Figure 55.
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Comparison between experimnental Lold-nps and p-edicted haid-

ups for mixtures containing water, butancl, and COMC for rns

with orifice and pFrfc:ra.t.ed plate distributors.
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CORRELATION: EQUATION (7.22)
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Scatter plot for average gas hold-ups in the §.051 m ID column
using 40 pm SMP distributor for aqueous solutions of n-hutanal

with CAlC [Runs B-8 and B-14)



