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The equations used to estimate axial and average hold-ups values from
differential pressure measurements (see Section V.CY are develeped here.

The gas hold-up in a gas-liquid system can be expressed in terms of

the liguid density, Py and the density of gas-liquid dispersion,
2 (i.e. density of the expanded liquid) as,
L Py P
< = £- d = 1 - -‘-g (B'l)
& Py pg Py

since the density of the gas, Pg’ is small in comparison to the density of
the liquid at low pressures.

The density of the expanded liquid between any twc pressure taps, i

and j, (see Figure V-39) can be calculated from the measured pressure drop
(AP)i_j and the known distance between the pressure taps, hi-j’
. <AP)1‘.“ '
(sd)i_j - ——Ezfgl and (pd)i_j - (Sd)i-ijEG (B-2

where (s is the specific gravity of the dispersion between pressure

d)i-J
taps i and j, and j > i, i = 2,3,4,5 or 6. By substituting this expression

into Equation (B-1l), one obtains

(AP)i_.
(e )i-' =1 - ;h—‘]— (3-3)
& 1] 2443

The major sources of error in calculating the average gas hold-up
within a segment, hi-j' are in the measurements of (AP)i_j and S, The
pressure drop is a rapidly fluctuating quantity, particularly at higher gas
flow rates due to the passage of slugs. In calculations, the arithmetic
average oI the maximum and the minimum observed values was employed. The
specific gravity (i.e. the density) of the molten paraffin wax represents

the slope of a straight line formed by plotting the measured pressure drop

versus the actual liquid height. The densities for the various liquids at
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265°C ave given in Table WI-1 (ses Sgction VI-A.).

The expanded ﬁed weight and the avsrage gac hold-up car also be deter-
Alred fronm the diffsrential pressure messuremsnits. Let the awpandec heigh-
be in the i-th sezment (see Flgure B-1), i.e. the top of the dispersion i
netwesTl prasscre  taps ioand (141}, Then, the heigat of ths gas-liguid

dispsrsion in this segment is glven by:

CaBY. L.
N S
R R (Betd
d4°1-({i+1)
wheTe {ﬁP}i-“i+l\ iz vhe pressure crop ac=ess this segment. Howewer, the
. s °

specific gravitr of tre gas-ligeid dlepereion in Lhiz segment can nas be
aaleulated using FEruation {B-2F. because the expanded haight coes mnet

cecupy the emtire lengsh of the segmens, L.oe. 1o zeteral H' < h In

i-(isl)’

ordar  zo calculatzs 1i' a9 esiimate for tho donsity ef pas-iiquid dispsrelon
in thiz segment is @sguired. This czn be shtained using either

(s =

di-riely - Badesan-i (3-5)

Z.e, by assamirg that thz densizy of dispersion {or “he gas held-up) in the

segment I is the same &2 in the prevlcous ssgment, (i-1), or

(s s e, (B-6)

a’i-1:-1) 3.1

i.e. the speeific gravity In the ssgoment i is the same  ag e average

specifiz gravity in the column vp to thls ssgment. The lecter is calsulated
framn
¥
(s,) s S B-7)
a’z-1 b . e

Wnen  the zuizl hMolé-up doss nst valy apsrecizbly along toe celunn the

eg—itated -aluss obtsired from Eguaticns (B-5) ana (B-€} are about  whe
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Figure B-1. Schematic diagram of the top of the dispersion with respect to pressure
tap locations
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sams. Eowsver when the axfal held-up increasez with height, tae use of
Equztien (B-5) is preferred, but this preocedurz may not provide an acrnurcte
simel fur ‘=%, . ... =inca ir this case (s 3}, . . = =
Fsbimate LU= i%gf5 a1y o Faf1or1+t: LFERE IR AP
“hig mroblem is partisularly severe when [oaw vecupies the upper porcicn of
the coluur.

(mee  *he height of The gag-liquid fispersiovn in the last segment  1s
catpulated from Fguation (B-4), the total exsanded height is cotasined from
Hoe H -1 ' ' (B-33

where Hi ie the dlszanes froem the distzitutor <o Lhe port L. Then ths

everage beold-up for the entire ceolumm ¢an bo colculszted as

H-Hs H5 . .
e —— - -3
65 3 1 0 (B-3)

{ﬁ?}z_?
= —— 4+ 2 4+h : .10
Hs s, a=-7 ( )
vwhere b is the interesept oI a strecighs line on a eslibration diagram, Tha
azzmaal  liemié height wezsug AR hc . i8 fthe distance between the
-7 .
distributoer and pressure cap =2 (soe figurs V-390, (AP7. - Ly the measured

£-7

]

sressure drop betwesn Tsos 22 and #7 Al zaro poes veleoelty.

Th:s. thko errors in the determinaTtien cof Hs and H* will toth have an
effec!. oo Lhe averape pgx held-up.

An slternative Drocacurz to estlimate the expendied bec helght, =nc thus
‘the e&verage gas hold-up is as Eollews, Plot the total pressure (in heighe

of  Lhe ligqu’d mediurd 23 a funotinn of heizht detersined Zrem the warious

[5P]i , freazurements and £it a curte Chroagk thace fatz points.  The inter-
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section of this curve with the abscissa (AP = 0) gives the expanded bed

height. The average gas hold-up is then calculated using Equation (B-9).
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