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WOVEN w;ﬁg PACKINGS - ANNUAL gEPORT
1-J
(1) SDMARY

A promiging modification to the original KnitMesh
Multifil packing has beon developed and tested. In this
modification the original spirally-wound mesh arrangement
was roplsced by a series of parallel, vertical layers of
mesh. By this arrangement the central region of high
density, which in tho original KnitMesh is thought to
causo the soveroc liquid maldistribution and poor distillation
porformance, is removed. At tho same time tho vertical
layors of mosh, which have boon shown to be dosirable for
good mass~-transfor, are rotained.

The Parallol Vortical packing has been tested
at atmosphoric prossuro and at 200 mm. Hg. absolute
pressure in a six-inchos diamotor distillation column.

Tho H.E.T.P. valucs at atmosphoric prossuro range from

2 inchos at low roflux rates to 5 inchos at high ratos.
Tho H.Z.T.P. of tho original KnitMosh packing is botwoon .
5 and 6 inchos. Comparison of modifiod paoking with
othor high-officioncy packings on tho basis of prossure-
drop por thoorotical plate shows that its porformance

is supecrior to all othor packings at roflux-rates bolow
800 lb/hr.ftz.

Tho main disadvantagoe of tho Parallel Veortical
packing is tho incrocasc of its H.E.T.P. with roflux-rato.
No adoquatc oxplanation of this incroasc is yot availablo.

A thoorotical oquation for the liquid sproad
in a randomly packod column has boon dovolopod. The
ocquation attompts to take into account tho offoct of the

column wall on tho liquid distribution.



WOVEN WIRF PACKINGS

PART 2 EXPER ORK

(A) Introduction

The main objective of this investigation is the
devolopment of a high-officioncy, low pressuroe-drop
wovon wire column packing. The prosent report doscribos
work corricd out in the third year of tho rescarch.

Thoe proevious two yoars' invostigations, which
have been described in the Final Tochnical Status Reports
of Novombor 1959 and Decombor 1960, ostablishod the following
conclusions;

1. Tho original spirally-wound wire packing
produces a poer liquid distribution. A sorious concentration
of liquid ocours at the axis of the packing.

2. The axial concontration of liquid is thought
to rosult from the high donsity of tho core of tho packing,
which is caused by tho mcthod of asscmbly of thc packing
olomonts.

3. The effoct of this liquid maldistribution is
to roduco the mass-transfcr efficicency of the packing. Thus,
a two-fcot depth of packing, in which the maldistribution
was prescnt ovor approximately onc foot, gave 8} thecorotical
platos, whilst a five-feccot dopth of packing, having about
four foet of maldistributed liquid, produced only 12
thoorotical plates.

4. Attompts to improve tho mass~transfor charac-
toristics of tho packing by climinating the central
concontration of liquid woro unsuccessful. In one
modification tho contral flow was obstructod by a sot of
discs placed botwcen packing elomonts, and in a sccond
modification the vertical packing layors wore roplaced
by horizontal layors. In both casos the liquid distribution
was improved, but tho distillation porformance of theo

modifications was inforior to that of the original packing.
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5. As a result of Conclusion (4), above,
it is seen that the bulk liquid distribution is not the
only major factor which affects the efficiency of the packing.
It is thought that the mechanism of liquid flow over the
packing is of importance, and that small-scale spread of
liquid takes place better on vertical layexrs of mesh.

This report describes tests porformed on a further,
and moroe successful, modification to the original packing.
In this modification the packing 1s assomblocd frowu parallel
vortical layers of mesh. By this arrangemont the vertical
layors of the original packing are rotained, but the central
high density is romovod. In this way the contral liquid
concoentration was destroycd without the usc of obstructions.

Tho parallel vertical packing was asscmbled by
hand for the initial tests. These tests showed the packing
to beo superior to the original arrangement, and—a 'supply
of factory-ma e packing clemonts was thoen obtained and testod
more thoroughly. Distillation and distribution measuroménts
werc made in six-inchos diamcter columns. Tho distillation
tosts woroe performeod at atmosphoric prossurce and at 200 mm
Hg abs.

Tho performancce of this improved packing is

compared with other high-officiency packings.



3.

(B) Initial Tcsts of Modifiod KnitMosh Packings
Tho F.T.S.R. of Docomber 1960 doscribos the

testing of a numbor of modifications to tho original
KnitMesh Packing. Tho tests woro porformed in the six-
inchcs diamctor distribution column, doscribed in F.T.S.R.
Oct. 19%9, and the six-inchos distillation column described
in F.T.S.R. Dec. 1960. The modifications werc dosignod
principally to romove the central concontration of liquid
obscerved in tho initial distribution oxpcecrinonts with the
original packing. The tosts showod that, although the liquid
distribution was improved, thc distillation performancos

of the modifications was inforior to that of tho original
packing.

Two now modifications, doscribed below, werc then
tostod. They woro tested directly in tho distillation
column, boforc thoir distribution proportics had been
measurcd. By omitting the distribution tecsts the effoc-
tive ness of the modifications could be more quickly
dotormined.

(1) Conc-Shapcd Packing

Provious work has shown that modifications
involving obstructions to the central liquid flow or
horizontal laycrs of mesh arc unsuccessful. A possiblo
modification which maintains thc vortical arrangoment of»
mosh layers and avoids thc uso of obstructions, but at
the samec timo attompts to displace liquid from tho core
of tho packing, comprisos a sct of cone-shaped clomonts
formed from tho original spirally-wound clomonts by pushing
out (along the axis) tho contral region of tho packing.

If tho convox cone surface of tho oleomont points upwards
thofo may bo a tondancy for liquid flowing thréush the

packing to run from tho contro towards tho wall, and theroby
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roduco the contral flow. An advantago of this modification
is that it can bo vory casily mado from tho original packing
olomonts.

This conc-shapod modification was mado from tho
normal 8-stand Multifil Coppcr KnitMesh scctions by deforming
tho oloments to give a cono anglec, moasurcd botwcon the
axis and tho sloping faco of tho conc of h5°. Displacemont
of liquid towards tho wall will bo greatost when adjacent
packing olomonts arc not in contact, and so spaccrs wore
placed betweon adjacent sections. Tho spacors consistod
of four motal limbs of 4 - inch dopth joined to cach othor
at onc of their cnds to form thc skolcton of a cono whoso
apex is the point of interconncction of tho limbs.

Tho packing was testced in the six~inches diamoter
distillation column described in F.T.S.R. Decc. 1960.

Five packing clements werc loaded into tho column to
give a packed doepth of 2 foet mcasurcd from the basc of
the bottom cloment to the apex of the top packing clement.

(1i) Parallel Vertical Packing

A sccond modification, in which vertical layors
of mesh arc uscd and which avoids obatructions to tho liquid
flow, was constructed from the original packing olements
as follows:-

Tho original eloment was unwound to give a
continuous ribbon of multifil mesh which was thon carcfully
folded in a zig-zag manner so as to form a set of parallol
vertical layers of mosh. The lengths of the individual
layors wero vo riod so that tho assombled mass was circular
in cross-soction, its diamotor being approximately six
inches Tho last 18 inchos of tho band was not folded in
this way, but was passod round tho circumferonco of the
assombly so as to hold tho parallol layors tightly togother.
The rosulting packing olomont was of fairly ovon donsity, in

particular thoro was no contral rogion of high donsity.
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A two-feet depth of this packing (6 packing elements)
was tested in the six-inches diameter distillation column.
(114) Results of Distillation Tests

Using a Total Reflux Rate of 550-600 lb/hr.
the H.E.T.P. values of the two modifications were as follows.

Cone-Shaped Packing H.Z.T.P. = 5.0 inches

Parallel Vertical Packing H.E.T.P. = 2.2 inches

The original KnitMesh packing gave an H.E.T.P.
of 2.8 inches undersimilar conditions (cf. F.T.5.R., Dec.
1960, p.17). The Cone-Shaped packing was therefore an
unsatisfactory modification, but the Parallel Vertical
Packing, whose li.E.T.P. value was about 25% less than that
of the original KnitMesh, was thought to be a promising
packing arrangement.

The next section describes more detailed tests

of this modified packing.
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(c¢) Testing of the Parallel Vertical Packing
(1) Tests with 4 ft, 6 ins depth of Hand-Made Packing

Previous work had shown that the performance of the

original KnitMesh packing deteriorates with increase of
packed depth. The first investigation of the performance
of the Parallel Vertical modification was therofore
designed to ostablish the effect of an incrcasc in the
packing depth.

Sufficiont elemonts to fill the five-feot long
six~inches diametor column soction wore constructod by
hand. The four feet six inches dopth of packing was
testeod in the distillation column over a range of total

Roflux rate from 185 to 620 1b/hr.ft>.

(2) Tests with Factory-Made Packing ~ Distillation at
Atmosphoric Prossure.

The rosults of part (1), see above and Table 1 p 9,

showoed that the improved performance of the Parallel
Vertical packing obscrvod with a two-fcot dopth of
packing was maintained with a five-fcet dopth. The
hand-uade packing clecments acrc imporfect in construection,
and for thc purposcs of detailed tosting of the modification
asupply of accuratcly asscmbled elemcnts was obtained from
KnitMesh Ltd. These factory-made cloments wore constructed
in 2 slightly differont way from the ha:c-mado packing.
Instcad of asscmbling an cloment from a continuous foldod
ribbon of knittod mesh, cach laycr of tho factory-made
varicty was an individual longth of ribbon, cut to the
appropriato sizc, such that a moro accuratoly circular
cross soction rosultod from thc assombly of tho sevoral
longths of ribbon. The parnallel longths of mosh wore again
enclosed in a circumforontial band of mosh.

A dopth of 4 ft. 6 ins of tho packing was tosted
at total roflux and at atmosphoric prossure in tho six-
inches diamotor distillation column. In tho tests tho

H.E.T.P. and prossure drop of thc packing wore moeasured



using the system Methylcyclohexane-Toluene. Boil-up rates
in tho range 100 to 1000 1b/hr.ft? wero employed.

The pressurc drop across the packing was rieasurcd
by a wator manometer conncectcd to nitrogen bleeds to tho top
and bottom of tho column.

The majority of thosc runs wore porformed with a
wall distributed reflux to the top of the packing. In a
numbor of runs, however, the roflux was fecd to the packing
as two concontrated contral strcams. This arrangomont was
intended to investigatc the effect of tho initial distribution

of liquid on the packing porformanco.

(3) Tests with Factory Made Packing - Distillation at 200 mm
Hg. Abs.

Using the samwe packing as in (2) above a number of
runs were performed at a pressure of 200 mim. Hg. Absolute.
These runs were intended to give an indication of the perfor-
mance under vacuwa of the parallel vertical packing.

(4) Distribution Measurcmcnts with Parallel Vertical Packing

Tho distillation runs with the hand-made and factory-
made Parallel Vertical packing both showed an increcase of
H.E.T.P. with reflux-rate. (Sec below, p 10 ). It was
though that this incrcasc might be the rosult of a deterioration
of thoe liquid distribution with increasing liquid rate.

A number of distribution mcasurcuments werce thorcfore performed
in the six-inches diamctor distribution column (sco F.T.S.R.
Octoboer 1959). Tho hand-made and the factory-made packings
wore testod as follows.

(1) A dopth of 4 ft 6 ins of the hand-made backing
was tosted with a well-distributod fced of Gas 0il . Total
flow ratos in tho range 100-550 1b/hr.ft? werc used.

(14) With tho factory-mado mosh - (a) with a 4 ft.

6 ina. packing dopth the variation of liquid distribution
with total liquid rato was invostigoted, using a distributed

sourco of Gas 0il,
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(b) tho distributions with a contral point food
and with a distributed foed wore comparod;

(¢) the variation of tho liquid distribution with
dopth of packing was mocasurcd, using a distributed souree

of constant flow rate cqual to 40O 1lb.por hr.ftz.



(5) Rosults

(a) Hand-Made Mosh
H.E.T.P. values at a number of Boil-Up rates aro

shown in Table 1, and arc plotted on Graph 2. (Back of this

report).

Boil-Up Rate | Numboer of H.E.T.P

1b./hr.ft2 Thoorotical Plates | inches
143 27 1.9
185% 25 2.15
270 23 2.35
420 15 3.6
560 13.2 4.1
620 11.6 i 4.65

Table 1 Distillation Performance of Hand-Made Parallel

BT A- AR A A

Vertical Packing

Table 1 shows that at low boil-up rates the performance
of the packing is excellent, but that the H.E.T.P. increases
with boil-up rate. However, in the range of boil-up rates
investigated the H.E.T.P. is always less than that of
the original KnitMesh Packing. (The H.E.T.P. of the
spirally-wound packing was 5-6 inches over the whole range
of reflux rates.)

The variation in liquid distribution with variation

in liquid rate is discussed below,

(v) Factory-Made Mesh Distillation at Atmospheric
Pressure and at 200 mm Abs.
Pressure

The results of all the distillation tests are given
in Table 2.

The following graphs wero constructed from Table 2.
Graph 1 - the variation of H.E.T.P. with vapour velocity.
Graph 2 - the variation of H.E.T.P. with boil-up rate.
Graph 2 includes the results for the hand-mado Parallel
Vortical packing, takon from Table 1.
Graph 3 - tho varioation of prossurc drop with ‘45 .
This is the Roed and Fensko prossuro drop correlation

which has boon widoly appliod to randomly-packed columns.
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(o.f. Reed and Fonske. Ind.Eng.Chem., 42, 659 (1950)).
Graph 4 - tho variation of prossuro drop por thoorotical
plate with vapour volocity. Tho prossuro-drop por
thoorotical platc has been proposed by Ellis and Varjavandi
(c.f. Chom. and Proc.Eng. Z, 293 1958) as a suitable

paramoter for comparing high-efficioncy packing.

Run |Boil Up Funber of | H.E.T.P. P P pexr | Vapour .
Rate  , |Theoretical | inches |mm. H,0| T.P. | Velocity. W
1b./hr. £t Plates mo. B0 |V £4/sec.

A 760 m.. Pressure Distributed Feed.

1 165 26 2.1 - - 0.234 0.104
2 295 22 2.45 1 0.046 0.419 0.186
3 329 18.5 2.9 2 0.11 0.466 0.207
4 386 21.5 2.5 3 0.12 0.547 0.243
5 482 15.6 3.45 6 0.38 0.684 0.303
6 580 15.4 3¢5 8.5 0.55 0.822 0,365
7 640 14.0 3.9 13 0.% 0.908 |0.403
8 652 14.0 3.9 11 C.86 0.925 0.410
9 142. 12.9 4.2 15 1.17 1.025 0.467

10 880 11.5 4.7 - - 1.248 0.555

11 960 10.4 52 - - 1.369 0.607

12 1080 9.6 5.6 61 6.3 1.530 0.680

B 760 m. Pressure, Point Feeds at Centre.

13 390 20 2 .7 0.554 0.246

14 5% 14.8 3.65 0.844 |0.374

15 833 12.9 4.2 1.180 0.52%

C 200 m. Pressure |

16 242 20 2.7 15 0.75 1.308 0.297

17 351 12,5 4.25 21 1.7 1.895 0.431

18 394 10.1 5.35 24 2.4 2 .15 | 0,481

19 592 Te7 7.0 40 9.2 2.9271 0.665

Tablo 2 1 p .' _y Parall

tical Pac




11.

Graph 2 shows that the factory-mado packing is suporior
to tho hand-made packing. Thoe H.Z.T.P. of tho former
incroasos loss rapidly with incroasing roflux rato than
doos that of the lattor. Howover, the fall of officioncy
with incroasing roflux-ratc is still sufficiontly marked
to bo a disadvantage of the Parallel Vortical packing.
Graph 3 shows that the prossuroc drop through tho packing
at roducod prossure cannot be correclated by tho Roed
and Fonsko factor. Work by Varjavandi (Ph.D. thesis,
Univorsity of Birmingham, 1959) on two-inchos diamotor
KnitMosh packing rosultod in tho same conclusion. Thore
is at prosont no satisfactory mothod of corrclating
and predicting tho prossurc drop in knitted mosh packings.

Tho pressurc drop por theorctical platoe (aco Graph 4)
is lower at tho roduccd pressurc, and on the basis of
this criterion it can be predictod that tho modificd
packing will bo suitable for distillation undor vacuum.

(C) Distribution Mcasuromonts

Graph V shows tho ligquid distribution obtaincd
with tho hand-madc Parallcl Vertical Mosh.

Graph 5 shows thc distribution with the factory-
mado mcsh.

Both graphs show that a wall-cffect - 1. a concon-
tration of liquid flow on tho column wall- is prosont
in the modificd packing. Tho main diffcrence botwoen the
hand-madc and the factory-madc packings is that in the
formor packing the liquid flow incrcascs progrossively
towards tho wall, and the wall offcct bocomes moro markod
with incroasing liquid rate whilst for tho factory-made
mesh most of tho liquid running down the wall appoars
to bo drawn from thc packing adjacont to tho wall, and
tho wall-cffoct is not significantly affoctod by tho
liquid rate. Tho liquid distribution in tho contral
roglions of the packing is moro ovon in tho éaotory-mado

packing. This improvoment in tho distribution in tho
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facory-made mcsh may oxplain its genorally bettor distillation
porformance, but tho increaso in H.E.T.P, with roflux
rato cannot bo simply explained in torms of tho liquid
distribution.

Graph 5(D) shows that tho final liquid distribution
is not much influonced by thce oven distribution or othorwise,
of tho foad . This fact probably oxplaincd thc similarity
botwoon the H.E.T.P. valucs obtaincd with a point reflux
to thoso obtainocd with a distributod roflux (Soc Graph
2). It should not bc nocossary to provide an olaborateo
distributing plate in ordor to obtain thc bost distillation
porformance of the modificd packing.

(D) Modifications to tho Parallol Vertilcal Packing

It was thought to bc of interost to tost a numbor

of difforont arrangoucnts of parallorl vortical moshoes.
Firstly, it may bc possiblc to producc a chcaper typeo
of packing by using mono-filamont mcsh togother with the
multi-filamont mcsh. Tho low-donsity mono-filamont mosh
could be uscd to spaco apart tho layocrs of nulti-filamont
mosh which wore the principal surfacos on which mass-
transfor was taking place. Sccondly it has boen obsorved
that 1f tho vortical wmosh is rotatod through 90°, 80
that tho axis of the ribbon of nicsh is vortical, the sproad
of liquid ovor tho mesh surfaco is grcater, and tho aroa
for mass transfeor to or from tho mesh 18 thus expected
to be increased. The use of parallol layers of mesh
makes the assembly of a packing eloment incorporating
these modifications possible. A spirally-wound mosh is
much less suitable for such modifications.

At the time of writing two modifiocd parallel,

vertical packing arrangements have been taested in the
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six-inchos diamotor distillation column.

(1) Altornate layors of uncrimped multifil and
crimped mono-filamont coppor mesh. A two-feet depth of
packing was tested.

(2) Parallol Vertical multifilament mosh with the
axcs of the mesh ribbon parallcl to the column axis. Since
the long sides of tho mosh are parallel to the column axis
tho packing clomonts wore most convoniontly made in lengths
groater than tho four inches of tho original modification.
The column was loadoed with five clomonts each onc foot in
longth.

Both of thesce sub-modifications were tostod and
a numbor of boil~up rates, and a consistent value of H.E.T.P}
of about 10 ins was obtaincd for both packings at all reflux
ratos. Ncither of theso sub-modifications was satisfactory.

() Tcsts in a 2 inchecs squarc Column

A small column was constructed for the purposo of
tosting on a small-scale furthor modifications to theo
packing. Modifications can be more chcaply and more quickly
assemblcd on a small scalo.

The column consists of a 2 inches square x 24 inches
long brass soction in which the packing is mounted. One
sido of tho brass casc can bc romoved for loading the
packing. Thc brass scection is connocted to a glass
reboilor and a condensor. Liquid samploc points arec
providod at the top and bottom of the column, and thero
is a roflux mector betwecen the column and the reboiler.

The column has becen usced to tost the porformance
of the following packing arrangcemonts made up from the
original KnitMosh ribbon:-

(1) four inchos long clomonts of parallel packing
idontical to the type tosted in the six inches diamotor
column.

(2) Two-inches cubo olomonts in which tho layors



13a.

of mcsh wero horizontal.
(3) Four inchos long clomonts similar to (1)

above but in which 5-strand wiros worc usod instoad of
8-strand wiros. Graph 7 shows tho variation of the H.E.T.P.
valucs of thesc throc packings with boil-up rate at total
roflux and also the H.E.T.P, vulucs for the parallel mosh
packing in the 6 inches diamctor column, Graph 8 shows
tho corrosponding prcssurc drop in thoso packings.

It will be scon from Graph 7 that the H.E.T.P. valuos
of tho 8 strend packings in thc 2 inches column arc less
than thoso in thoc 6 inches column. The "diameter cffect®,
wherceby the H.E.T.P. of the packing incrcasos with column
diamcter, is still prescnt in tho modified packings, although
its magnitude has been considcrably roduced, ospocially
at low boil-up rates.

Tho 5 strand mosh was found to be somowhat loss
officicnt than the 8 strand meshes, probably becausc of the
smaller mass transfer arca which the 5 strand mesh providos,
but the 5 strand packing is of intorcst in view of its lower
cost and rcduced pressure drop. Its performance undor high
vaccuwi,. where its low pressure drop is of particular
importance, is at precsent being investigated.

The high efficiency of thc horizontal packing
arrangoment in the 2 inches column was uncxpected. The
large difforence from the performance of this packing in
a 6 inchos column is not understood. The advantage of the
high cfficiency of this packing over a wide boll-up range
is to some cxtont off-sct by tho highor pressurc drop
which tho packing was found to producc and by tho difficulty
of making up tho packing for small diamctexr columns.

(F) Discussion of Rosults

The Parallel Vertical Mosh Packing has distillation

and liquid distribution proportiocs which are¢ suporior
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to the original, spirally-wound, KnitMosh packing. In

Graph 6 the porformance of tho modifiod packing is comparcd
with that of 2 numbor of othor high-officioncy packings.

The data plotted in Graph 6 was obtained at atmosphoric
pressurc in six-inches diamecter columns.

The packings chosen for comparison were

(1) stodman Packing (Stedman. Cn.J.Rescarch, Blj 383 (1937))
(2) McMahon Packing (McMzhon, Ind.Eng.Chem., 39, 712 (1947))

(3) Borad Rings (Ellis and Goodwin, Ind.Chemist, 2%, u3§,
1961

The H.E.T.P. valucs of the Parallcl Mcsh packing
arc scoen from Graph 6 to bc higher than those of tho boest

eassesssses.CcoOntinucd.
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packing (Stodman), but thoy arc novertheloss within the
range of tho bost packings which havo so far boen doviseod.

Thoe low H.E.T.P. valuos at boil-up ratos of 200
lb/hr.ft2 and loss may indicate that tho packing will be
suitablec for usc undor rcducod prossures. The maximum
boil-up rates undoer vacuum arc loss than thoso at atmos-
pheric prossuros owing to tho highcr vapour volocity
which promotos flooding at much lower liquid ratos. At
prossurcos below about 100 mm Hg. the nmaximum roflux rate
will hot oxcncd 200 lb/hr.ftz. Gr: 2 shows that the
H.E.T.P. valuos of tho packing at 200 mm and at atmospheric
prossuros are similar at low boil-up rates below 200
1b./hr.£t2.

The main advantage of the Parallel Vortical packing
is sccn to lio in its low prossuro-drop per thcorotical
plato, as shown in Grepi: 6. At boil-up ratos bolow 800
lb.per hr.ft.2 the packing gives the lowoust valuos of
this factor of any of tho packings compared.

It will bo seen from Graph 6 that in gonoral low
H.E.T.P. value is obYained at tho cxpsnsc of a high
presssurc-drop, but at low reflux ratos the Parallcel vertical
packing combincs a low pressurc-drop with H.E.T.P. values
which arc only ono half to two-thirds thosc of Borad
Rings, which arc tho only other packing having a low
pressuro-drop. The Parallol Vertical packing is thus the
most suitablc packing whon a low prossuro-drop is ossoential.

As mentioned above, and as can be seen from Graph
6, the main disadvantage of the modified packing is the
increase of its H.E.T.P. with increasing reflux rate.

This increase cannot be readily explained in terms of

the liquid distribution properties of the packing.
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A possible explanation is the decrease in contact
time between the liquid and vapourphases as the vapour
velocity increases. The change in vapour velocity

cannot, however, be the only factor which determines

the change in H.E.T.P. values. This is shown by Graph 1
where the H.E.T.P. at a given vapour velocity is less

at 200 mm pressure that at atmospheric pressure. Further-
mnore, as Graph 6 shows, the H.E.T.P. values of tho
Parallel iiesh pacl.ing increase more rapidly with reflux
rate tha.. do those of the other high-efficiency packings,
whereas the effect of increasing vapour velocity would

be expected to be similar.

It is possible that tho liquid hold-up also has
an effect on the H.E.T.P. valucs. At the reduced pressure
the liquid hold-up and the liquid flow-rate for a given
vapour velocity arc less than those at atmospheric
pressure, and a closer approach to equilibrium between

the vapour and liquid phascs is possible.

(9) Conclusions

(1) By replacing thc spirally-wound arrangement
of the original KnitMesh packing by an arrangcment in
which thoe layers of mesh arc vertical and parallel
to each other, a packing having improved distillation
efficiency is obtained.

(2) This modified packing has H.E.T.P. valucs in
the range 2-5inches in a six-inches diamctor column, as
compared to 5-6 inches for the original KnitMesh.

(3) Tho modifiod packing has a low pressure drop,
and for reflux ratcs below 800 lb/hr.ft2 its pressurc
drop por theoretical plate is lower than amy other
high-efficicncy packing which has boon usod in columns

of largo diamotor.
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(4) Both the H.E.T.P. valuo and tho prossurc drop
of tho packing incrcasc with roflux rate, and at high
ratos tho paeking is loss satiafactory than a number of
othor high-ecfficioncy packings.

(5) No satisfactory oxplanation can at prosent
bo givon for this detorioration of the porformance of
tho packing with incrcasing liquid rate. It cannot beo
adoquatoly explainod in torms of tho liquid distribution
proportios of tho packing.

(6) Tho uso of parallel laycrs of mesh cnablos
packing clcmonts which arc not circular in cross-scction

to bec more casily constructcd.
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PART 3 THEORETIQAL WORK

(A) Introduction

The aims of thb thoorotical work havo boon describod
in tho Final Tochnicpl Status Roport of Docombor 1960.

This roport doscribos the dorivation of tho oquation

afﬂ— + afﬂ- = i ji! (1)
ax? Ay? D, Az

for liquid sprecad in a randomly-packed column (sco
P 26 for thc mcasuring of the symbols uscd in this
soction).

In the majority of riandomly-packcd columns thore
is a morc or loss scrious"wall-cffoct" - ic. concentration
of liquid flow on thc column wall. Any adcquato thoorctical
prodiction of the liquid distribution in a packed column
must take this wall-cffoct into account.

Previous attompts to predict the liquid distribution
(scc Tour z2r#l Lchiman, Trans.Am.Inst.Chem.Eng., 35
719 (1939) and Cihla and Schmidt, Coll.Czoch.Chom.Comm.,
22, 896 (1957) and 23, 569 (1958)) arc unsatisfactory
in that they do not tako into account tho wall offecct.

Bolow we doscribe a solution of oquation (1), above,
in which an attempt is made to allow for tho wall-cffoct.
The solution contains two paramamators waich have to be
determined cxporimentally, and mothods arc suggostoed
for their cvaluation.

(B) Solution of tho Liguid Sprcad Equation with Wall-Effcct.

For a circular column oquation (1) is writton in

polar co~ordinatos.

gn ., -2 4 (2)
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Tho boundary conditions for the solution of
equation 2 aro obtained from considoration of tho physical
roquiromonts for tho irrigation of a packod column.

The column is of limited radius a, at which
rodius tho "diffusing"liquid mcoots tho column wall.

It is known that a proportion of tho liquid rcaching tho
wall is returnoed to the packing, whilst tho rost romains
on tho wall. Thoro is no* ovidonco that tho wholo of

the liquid roaching the wall is reotainod by tho wall.

If the whole wore rotainod by tho wall, then, in a columm
of sufficiont longth, thcre would bo a ncgligiblo
proportion of the liquid romaining in tho packing.

It is frequontly obsorved that after a sufficiont

dopth of packing the ratca of liquid on the wall and

in the body of the packing attain constant valuos.

In ordor to adoquatoly oxplain thc bohaviour
of tho wall if must bo considorod as acting noithor
as a porfcet rofloctor of liquid nor as a porfoct
sink of liquid. It is assumod in the proscnt troatmont
that tho wall bohavos in such a way that the flow rate
per unit arca in tho packing adjacont to the wall,

M(a,z[, is proportional to the total flow rato on tho
wall, W(z!

1o M(a,s) = K W(z) (3)

whoro K is a constant, which is referrod to as tho Wall
Co~officiont.
At any dopth z bolow tho top of tho packing

tho flow rate from tho packing to tho wall is

PM(r,z)
=D, 2Mma -_-1717—) rw=a
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The value of E(g) at any depth 3z is the sum of
all the liquid which haas flowed to thie wall above 3.

. (.3_*4.9‘.:.‘2).) ds (&)

3
ie W(z) = - 2Ma D
L rsg
min

where gz min is the depth bslow the top of the packing
at which liquid first appears at the wall.
Eliminating W(g) by means of 3 the boundary

condition

zmin Taa

z
M(a,z) = - 2fa K.D S

(—ali-%‘-;il) dz (s)

is obtained.

The initial condition is determined by the nature
" of the liquid feed to the column. Equation 2 can only
be used with axially symmetrical sources. The nost
common case is that of a distributed source. If an
ideal distributed source is assumed the initial condition

can be represented by the equation

M(r,0) = f° for 0 &€ r £a (6)
The total liquid rate to the column is then 17&2 £°.
For the distributed source z min = 0, and W(J) = O, and

45 becomes

M(a,z) = & W-aDK &%f—)’)r v dz =0 (7)
=8

A third boundary condition is that of symmetry
of the flow profile about the column axis. This is
expressed as

(a}qr,gl) - 0 (8)

ra0 .
Using equations 6, 7 and 8§ equation 2 was solved

by the method outlined below.
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It is known that equation 2 has a solution of

the form

'q‘z(gh'g)
M(r,z) = ﬁl e * [A Jo (== l‘) + B Yo (L)]

but the boundary condition _9_ cannot be convoniontly
used with this solution. The equation 2 was therefore
solved by making a number of substitutions.

(1) 8 (r.2) =H(r,z) - £° (9)

(2) y(r,z) = 2m S r. ¢(r.z)dr (10)

(3) y(ri2) = QfAr,2) -(5F

The final solution in terms of ¢ Qr,z), is then

r =) = K(a + /nK) 9n(o 21;12 uu)) X
ar)
rJ
Jol ‘“a exp -¢‘2 (?) (12)
where o = l/frazK (13)

and% is defined by the equation

23,(9w) +olgn Jo (9,) =0 (14)
The solution in terms of M(r,z), found by
substituting back from equations 9, 10 and 11 into

equation 12 is

From 135 the liquid flow rate per unit area at any point
(r,2) in the column can be computed in terms of the
initial uniform distributed flow rate per unit area,

f.O
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The calculation of M(r,z) involves the knowledge
of the two parameters DL' the liquid spread co-efficient,
and K, the wall coefficient (which appoars as a factor
in ).

(C) Determination of the Paramctors D, and X

p———

The values of the parametor DL and K depend upon
the physical conditions in the packed column. The precise
factors upon which DL and K dopond cannot be stated until
they have becen determincd under a number of conditions,
but it is likely that DL dopends upon the typc and size
of packing and K upon the typc and sizec of packing and the
ratio of packing size to column diamcter.

DL and K can be dotermincd oxperimentally using
a packod column which has provision for collecting the
liquid running from it in a number of conccentric annular
vesscls of known radii.

D can only be detormincd independantly of K in a
column oporating with no wall-cffoct. Tpis condition is
best obtained by fecding a small arca or "point" source
of radius b to tho top of thc packing with its contro
at tho column axis. If thc height of tho packing, z2' is
so adjustod that the liquid just rcachos the outer colleccting
annulus, whosc insidc radius is ¢, thon the boundary

conditions for usc with cquation 2 arc, arec,

M(r,0) = f° for 0 & r < (16)
M(r,0) =0 for b < r <€ ¢ (17)
M(c,z) = 0 (18)

Tho solution to 2 obtained with thesc boundary conditions

is

M(r,z) -2f()z ( g,,[r(‘h)]? J-B‘ )exp-«.b(

nsl

" — (19)
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whoro Jo (q'n) = 0 (20)

From 19 tho proportion of tho total flow rato (-'szto)
appcaring at a depth z' within a radius d (<’c) of an inner

collecting vessel is ovaluated as

@0 j
d) = & (&) 3689 5, (B9 2 (DL_’I) (21)
P c b - P [Jl(b)]z oxp-4, 2

The R.S. of oquation 21 is calculatod for a numbor
of valuos of (DLzl/c’) and tho valucs plottod. From the
graph the value of (DLzl/ca) corresponding to the oxperimontally
dotermined value of the L.S. of 21 is detormined, and
honce DL is cvaluated.

K . can be determined indcepondantly of DL by
usc of equation 15 whon z is large Equation 135 prodicts
that at infinite packing deopth tho flow rate attains the
radially independant valuo of (o /¢f +1) timos the focd
rate por unit arca. The depth of packing is increased
until this cquilibrium ratc is approximated to. The flow
rates por unit arca in all but the outer collecting
annulus of the distribution column should then bo approxi-
mately the same. It is unlikoly that therce rates will
be cxactly similar owing to channocling and to the unovon
arrangemont of thc packing clomonts resting on the
collocting vossols. An avorage of the sevoral valucs
should be taken. If this avorage flow rate in tho pack

is denotod by fgq we have

fo = ("/‘4-1)1'0

fo~f 1
whonco K = (2=2=) —=— (22)
fe "aZ
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(D) Experimental Testing of the liquid Spread Equation

The six inches diameter distribution column was
modified for the purpose of testing the liquid spread
equation. The concentric ring collecting pot was replaced
by a honeycomb plate containing 125 hexagonal collecting
pots by means of which a more detailed observation of the
radial variation of the liquid flow rate could be madeo.

The liquid running to cach of the 125 pots from
the packing was collected in rows of measuring voessels.

The radial variation of the liquid flow rate was determined
by taking thc average rate of sets of pots situated at
the same radial distance from the ccntre of the honeycomb.

The liquid distribution produccd by " Ceramic
Rashig Rings in tho six inchcs diamoter column was studied.
First, thc valucs of DL and K for usc in cquation 19 were
dctermined by the mothods indicated on pp. 22 and 23.
Equation 19 was then uscd to calculatce the variation of
M(r.z) with r for a numbcr of valucs of z up to 12 fcet.
The calculated variations wero comparcd with the corresponding
oxpcriment of variations. It was found that therc was
a largc scatter of the cxperimental points and that no
significant comparison of the predictod and experimental
radial variations could be made.

A more detailod oxperimental study was thon made
of the liquid distribution produced by 6 inches and 12
inches packed depths. 20 mms. were performed at each
dopth. After cach run the packing was romoved from ;ho
column and rcloadcd in ordor to altor tho random arrangomont
of the laycr of rings rcsting on tho collocting pots, which
arrangoment has bcon found to effcct the mecasuroed liquid

distribution.
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(b) The avorago radial variation of the liquid flow rato
was comparcd with tho corrosponding prcdicted variation.

It was found that the oxporimcental and predictcd variations
wore in broad agroccment. In particular the precdicted

sharp fall in the liquid ratoe in tho zonc of packing
adjacont to the wall was confirmed. However, the theoorotical
flow on the wall was found to be somowhat higher than the
cxperimental value.

The cxperimontal points, bascd on the avorage of

20 runs worc again considcrably scattcered. The standard
deviations of the mcans of tlic 20 runs wcre of tho ordor
of 50% of the mcans themsclves, so that no detailod
conclusions could bce drawn from the cxporimental study.

Theo scatter of the oxperimental points i1s thought to arisc
partly from channcling of liquid running through thec
packing. Tho cffect of channecling is difficult to predict
thoorctically, and thc possibility of channcling occurring,
must always bc an objocction to o sgimplce thecory of liquid
distrib. tion.

The scatter of points ia the cxperimental liquid

distribution cxpcrimcnts must throw doubt on somc of the
published liquid distribution mcasurecmcnts and may cxplain
the contradictory rcesults which arc rcoported.

(E) =xtension of the Theoretical Work to Mass Transfer in
Packed Columns

One method of estimating the mass transfer
in a packed column, starting with the Liguid Spread ec¢uation,

was outlined in tiie F.T.5.R. of December 1960 (see p. 21).
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A soocond mothod, using Dimonsionloss Analysis, is
boing considored. Tho porformance of & column is known
to dopend on a largoe numbor of oporating variablos. The
most important variablos aro thought to be
(1) tho Liquid Rate, L
(2) tho Vapour Rate, G
(3) tho Moan Slope of tho oquilibrium ocurve
(4) tho Typo and Sizo of packing, honoo D,
(5) tho Dopth of Packing, s
(6) tho Column Diamotor, 28
(7) tho Wall Co-officiont, K

(8) the Liquid and Vapour phasc Mass Transfer
Coofficionts, kL and kg .

The ratio of the idoal H.T,U., 1c that obtained with
ovenly distributed liquid and vapour phasos, which can
bo prodicted by standard mothods, to tho actual H.T.U.,

can bo oxprossed by a dimonsionloss oquation of the

form
H.T.U. idoal . | Dz ﬁ o 3
H.T.U. actual r !} 22 kg ! N

A dimonsionlcss oquation of this kind suggosts a number

of oxporimonts which would be porformed to dotormine tho

offoct of the groups appoaring on tho R.S. of tho equation.
At presont considoration is boing given to tho

type of apparatus suitable for the oxporimonts suggosted.
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(F) List of Symbols uscd in Part 3

feo
qn
y(nz)

z!

z min

Ww(z)

radius of column

radius of "point" source

radius of collocting annulus

radius of anothor collocting annulus
distributod food rato por unit aroa

liquid flow rato por unit arca at infinito
ocpth

paramotcr in solutions of equation 2

radial variablo

liquid flow function dofined by cquation 10
lincar variablc (packing depth)

depth bolow focd at which liguid first appcars
in outor collocting vosscl.

dopth beclow food at which by liquid first appoars
at column wall.

liquid sprcad co-cfficicent

wall co-cfficiont

constants in solution of oquation 2

liquid flow rate por unit aroca in the packing
liquid flow ratoc on the column wall

Bosscl Functions of the First Kind

Bosscl Function of the Sccond Kind

l/rTaZK cf oquation 13

function defined by cquation 9

function dofined by cquation 11
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(4) FUTURE WORK

It is hoped that work will continue in the
Department on improving the performance of the Parallel
Vertical modified packing.

When the six~-inches diameter distribution column
has been reconstructed it is hopcd that more detailecd
liquid spread mcasurcments for various packings will
provide further information on the performance characteristics
of thecse packings.

Rescarch work is likely to continuc on pressurc
drop mecasurement at pressurcs of 1-10 mms Hg.

It is hoped that the predictions of the
Liquid Spread cquation will be further tested in the
nmodificd distribution column, and valucs of the parametor

DL and K decteruined for a number of packings.
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