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Abstract—The effcet of the ratio of plate thickness, T, to hole dianmeter, Dy, on dry-plate pressare
drop has been correlated over a wide range of column size, hole area, and Heynolds number
through the holes. New data ure presented showing the effect of 7'/ D}, on the wet-plate pressure-
drop characteristics (for the air—water system} of perforated plates in a 15-in. diameter column
having a tray spacing of 18 in. An oscillating region, where the accated liquid mass on the tray
moves back and lorth perpendicularly to the divcction of liquid fow, is reported. The mass
flow rate of gas at which oscillation hegins (the oscillation point) hag been correlated with the
height of clear liguid on the operating tray. Tn cvery case the oscillation point occurred well
before flooding. The data presented here agrec with the weepage correlation of Huenmark and,
O’CoNNELL [1].

Résumé—1 ellet du rapport épaisseur du platcau, 7', au diamétre du trou, Iy, a été relié 4 1a
chute de pression & Lravers chaque platewu see dans un champ étendua de dimension de eclonne, de
surface de trou, et de nombre de Reynolds & travers les trous. Pour une colonne aux plateaux
mouilles (systéme air-—eau} les nouveaux résultuts presentés montrent Pefiet du rapport T/.D,
sur lu chute de pression i fravers chaque plateau, La colonne utilisée avait 15 pouces de diametre
ct les plateaux perfords étaient séparés par une distance de 18 pouces, Il a été montré que dans
une certaine région le liquide ventilé sur les plateaux vibrait perpendiculairement 4 la direction
de ilux. Le flux massique de gas pour lequel les oscillationg commencent. {le poink d’oscillalion}
a été relié & la hauteur de clair liquide sur le plateau opérant, Dans tous les casle point d’oseillation
apparait bien avant que le plateau soit submergé, Les résultats présentés ici sont en accord
avec corrélation de ITucamark ct O’CoNnELL [1] qui permet de déterminer le flux de gas pour
lequel le ligquide et retenu sor les plateaix.

Zusammenfassung—Ilie Wirkung des Quotienten aus Plattendicke T »u Lochdurchmesser 13,
wurde in Beviehung zum Druckabfall der trockenen Ilatte innerhalb cines weiten Berciches
der Kolonnengrisse, der Lochfliche und der Heynoldszahl in den Lichern, Fiir eine Kolonne
von 88 e Durchmesser mit perforierten Platten bei 46 ¢m Bodenabstand werden ncue Werte
mitgeteilt, die den Kinfluss von T/Dy, auf den Druckabfall der benctzien Platte beim System
Luft-Wasser zeigen, Es wurde gefunden, dass in einem bestimmten Bereich dic beliifftete
Fliissigkeitstoasse aul dem- Boden senkrecht zur Stromungsrichtung ins Schwingen geridt, Der
Massenstrom des Gases, bei dem die Schwingung beginnt (der Schwingungspunkt), wurde in
Bezichung gesetzl zu der Flilssigkeitshdhe iiber dem arbeitenden Boden,  In allen Fillen wiirde
der Schwingungspunkt vor dem Fluien errcicht, Idie hier mitgeteilten Daten sfimmen mit der
Teziehung von ITughmark und O°Connell [1] dberein, mit der sich jener Gasstrom berechnen
lisst, bei dem die Flilssigkeit auf dem Boden wuriickgehalten wird (weep point},

Tre number ol technical papers appearing in the
last deeade or so [1-20] eoncerned with perforated-
plate column performance is indicative of a lively
intercst in this type of counter-current liquid-
vapour contactor. The Investigations have shown
that in addition to stable operation, these plates
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have many distinet advantages over conventi onal

. bubble-cap plates. They are easy to fabricate and

arc morve cconomical than bubble-cap plates.
Mavrieny, CaurcH, GREEN, LEE and RasMUss EN
[16] and Jones and Pyre [8] found that perfor-
ated-plate efficiencics were greater than those for
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bubble-cap plates under similar conditions.
Kervy [13] and Zrnz [20] indicated that per-
forated-plate columns had greater capacities than
those containing bubble caps. In addition,
hydraulic gradient [6, 16], entrainment [8, 12],
and pressure-drop [8] characteristics for sieve
plates are, in general, superior to those for bubble-
cap plates,

The purpose of the work reported here was to
obtain new operating data with special attention
focused on the effect of the plate thickness fo
hole diameter ratio (7'/D,), and on the oscillating
region reported by McArLisTER and Prank [17].

The dry-plate pressure drop using plates
having various values of 7'/, was first studied
extensively by Kawrr ef al. [10, 11]. Their results,
and those of other investigators, indicate that for a
given plate thickness, free space, and mass flow
rate of air, as the hole diameter is decreased the
pressure drop decreases until a value of
T/D, = 2:3 is reached. Further decrease of the
hole diameter (increase in the value of T/D,)
causes the pressure drop to increase,

It is shown in this paper that the increased
dry-plate pressure drop for values of T/D, > 2-3
results from hole friction and can be calculated
accurately using the usual Fanning friction
factor for smooth pipes [22]. Below 7'/D,, — 2-0
the friction term hecomes negligible and the
pressure drop is a function primarily of the
contraction and expansion losses when the gas
passes through the holes as indicated by Huxr,
Haxson and WiLke [5]. All available dry-plate
data (7'/D, ranging from 0-08 to 7-9) including
the additional results presented here [7'/D,
ranging from 0-116 to 5-333] correlate well.

Studies of pressure drop as a function of vapour
rate indicate several regions displaying different
types of operation. The threec types of curves
encountered in this work are shown in Fig. 1.
The curve of Type I, Fig. 1, is that for the dry-plate
runs. No liquid was flowing in the column, and
the pressure drop versus flow rate curve was
linear on log-log graph paper, and had a slope of
approximately 2-0.

By far the most common type of curve with
liquid running in the column is labelled Type IIT
in Fig. 1. The column behaviour with this type
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of curve is discussed in detail by Arxorp,
Praxk and ScHOENBORN [2], and may be described
bricfly as follows. Below point 4 the liquid
drains frecly through the plates —the liquid
* rains.” Above point 4, bubbling of gas through
the liquid occurs at some of the perforations.
At other perforations the lLiquid *‘weeps”
through the holes. Point B is called the weep
point. At point B, all the holes are bubbling,
and above this point has been considered to he
the normal operating region of sieve-tray columns,

The curve shown as Type I generally occurs
only at low liquid rates (less than 850 Ib. liquid/
hr ft* of column) and then only with certain plates.
In the work reported here only Insert IV, operat-
ing at a liquid mass flow rate of 350 1b/hr ft*
showed a curve of Type II. Arxorp et al. [2]
reported data from a different plate (with
0-376-in. holes, 11-5 per cent free space, 0-029-in.
plate thickness, 270 Ib/hr ft* liquid flow rate)
which operated in this manner. Below point D,
Curve II, Fig. 1, liquid is draining through the
perforations in the plate and no bubbling occurs.
At point D, which might be called a weep point,
the gas flow begins to support liquid on the tray
and bubbling begins in some of the perforations.
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The other perforations sometimes weep and

sometimes bubble, At still higher gas rates,
weeping appears visually to stop. However,
there is no break in the performance curve.
One other observation over the range of pas
flow rates noted here, and by Arvonp ef al. [2], was
that oscillation never occurred with a system
having a Type II performance curve. '

The oscillation behaviour in perforated-plate
columns was described first by Prank [21],
and morce reeently by MeArvisrer and PLang
[17]. The latter showed that the effect of the
oscillation increased the plate efficiency, since
it decreased back-mixing on the tray. However,
indications are that a detrimental effect may
result due to possible flooding in the oseillating
region, This latter elfect is discussed more fully
below. When oscillation oceurs the whole liquid
and frothing mass on the tray moves back and
forth perpendicularly to the direction of flow of
liquid. That is, if the net liquid flow is from left
to right, the surging is cstablished from front to
hack.

TFor plates and liquid flow rates having per-
formance curves ol Type III, cscillation either
began at point B, or at a point such as . In
this work in general for the thick plates, over fyin.
thick, oscillation began at point B, while for the
thin plates, 0-020in. thick, oscillation began at
point C. For the latter plates it is significant to
emphasize that no additional break in the per-
formance curve occurred at the oscillation point.
In all cases where oscillation oceurred there was
periodic “ dumping” of the liquid through the
plates on the same side of the plate as the crest
of the wave. The holes on this side of the plate
momentarily ccased to bubble as the wave
reached its peak, and then liquid discharged
through the holes as the wave began to fall.

“ Flooding 7 in a perforated plate column can
result from several causes and hence is shown as
a zone of broken lines in Fig. 1. Flooding ean
result from (1} backing up of liquid in the down-
comer, (2} expansion of the froth into the tray
above, (8) splashing of the liquid into the tray
above due to oscillations, {4) complete lifting of
the liquid from the tray floor, (5) carry-over of
all the liquid on the tray as entrainment and,

(68) perhaps other possibilities, Types 1 and 2
are quite common, and result in a vertical AP
line at the flooding velocity. Depending on the
tray spacing and physical propertics of the
systern, especially the frothing characteristics,
flooding of this typc might occur at any point
between 4 and E. Type 3 is usually only a
partial flooding. Once the oscillation point is
reached, further increase in the gas rate at a
given liquid rate only increases the violence and
amplitude of the oscillations. In this study the
splashing was quite often vigorons enough to
carry liquid up into the tray above, even though
an “ average” froth height of only } to § of
the tray spacing was observed, Prank [21]
noted action of Type 4, where all the liquid was
lifted off the tray and hung as suspended drops
between the plates accompanied by heavy entrain-
ment, Whether or not this tray action ean be
considered to be a type of fleoding is largely a
matter of definition. This type of flooding is
quite unstable and very casily changes to flooding
of Type 5. Still further inercase in the gas
velocity would incvitably result in complete
carry-over of the liquid in the form of entrain-
ment (Tvpe 5) possibly giving a curve such as
F in Fig. 1, There may be combinations of more
than cone type of flooding simultaneously, or in
all likelihood other mechanisms which result in
flooding, In the work reported herc [ooding of
Type 3 only was observed.

EqQuirMENT

The perforated-plate column used here was the
same onc used by ArNorw e al. [2], Many of the
details of construction, including some photo-
graphs, are given in the above reference. A
summary of some of the pertinent dimensions of
the colummn is given in Table 1.

Table 1. Perforaied-plate column dimensions
Number of plates 3
- Inside column diameter 15 in.
Tray spacing 18 i
Inlet weir height 3 i
Outlet weir height 2 in,
Height of splash baffle {outlet side) §in,
Clearance between outlet weir and splash baffle  gin.
. Clearance under baffle, from {loor of tray %in,
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Table 2. Plate insert dimensions
Plaie Hole diam. ! Pitch I'ree space,®

Plate thickness D, | P T/D)y Number (FA)

inserl T, (in.) (in.) . (in.) of holes per cent
1 o & 27 /64 0-338 545 8-52
I 1 1 1-13/64 1-000 Y 855
11 1 1 19/82 2-000 312 8:65
v 1 i 27 /64, 2667 545 852
v 1 /82 14,64 5888 2180 847
VIt 0-029 1 0-87 0116 160 4-43
VIIf 0-029 £ 1% 0-093 90 502

|

*Based on column area.
tInserts 1:4 and 15, respectively, used by ArNowp, Prank and ScHosxpony [2]:=

The perforated plates in this column were
removable inscrts for ease in changing plate
thickness (7'), hole diameter (D),), and distance

plates, T/D, =~ 2.3, the magnitudec of the friction
through the holes themselves becomes important,
requiring a term for the pressure loss due to

between holes (p). The dimensions of the inscrts
are given in Table 2.

friction of the Fanning type.

All the holes were drilled or punched on a ok :, . s
triangular pattern. Tt is important to note tlfa.t O e %JL a0 i £
there were no holes closer than about 13in. o AT T e
downstream of the inlet weir, or closer than = R ,Ll e
13 in. upstream of the outlet weir. It was noted S 4
in this investigation, and in others [2, 14-16], ‘ . _
that if the perforations are too close to either the 2 : : ;
inlet or the outlet weir these holes will weep ' 7 i
continually. Also, if the holes ave too close to the % o i i 7)//’
outlet weir, excessive froth passes under the splash ¢ oall i ,«/’% ,
baflle and over the outlet weir. Inserts I-V — ¥ ;;fflileﬂ'u P o FA
were made of Plexiglas, whereas Inserts VI and S 77 I "g:;:.. ?;sl': BoR
VII were made of stainless steel. For the Plexiglas 0-4 Al I e ls 3“‘3:25';’,{’_
plates, holes were drilled and the burrs were ) E i o
carcfully removed. The stainless steel plates were sl 17-’ Ml || \C?qir e :::‘g:;;ggi_
punched. v/ ||

57| 1] | o
REesuLnTs 0-1L | | |
400 700 000 2000 4000
Dry-plate pressure drop. The dry-plate pressure &,  Ip/hr-r?

drop as a function of the mass flow rate of air is
shown in Fig. 2 for Inserts I-VIL. The pressure
loss as gas passes through a dry perforated plate
results from (1) a contraction loss, (2) a friction
loss in the hole, and (8) an expansion loss.

Fi. 2. Dry-plate AP as a function of G.

Following the approach of IIunT ¢ al. sudden
contraction losses in pipes [22] can be expressed

Hunt, Hanson and Wirke [5] at a 7'/D, ratio  as :—
of 1-0 correlated their results, considering only b gl s AN\ V2 ()
the contraction and expansion losses. For thicker i Ay) 2g
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For expansion,

2 2
h,g:(l—é] Ja, (@)
Ay) 28
The corresponding equation for [riction losses is:-
4f 1152
_ —_ 3
= ()

Combining these three losses for a perforated
plate, and substituting plate thickness T for [
in equation (8) results in the following relation
for a single plate :—
45,
h=Fk [0-4 (1-25 — A—) + 4f (T/1y)
4\ B

& (I_A_c)]"-’?g a
The factor k has been added in the formulation of
equation (4) since equations (1), (2) and (3) were
derived for a single hole (a pipe) and not an
array of parallel paths, Presumably coefficient &
can take carc of interference between adjacent
jets, and the Couette correction and velocity-
gradient irregularities within the holes. Ior each
msert used here, /i was plotted against the quantity
[0-4 (125 — 4,/4,) + 4f (T/D;) + (1 — A,/ A,)]
ij/z g In cach case a straight line resulted
having a slope of k. Likewise data from all other
readily available sources were treated in the same
manner. Fig. 8 shows the calculated & values as
a function of T'/D;. The agreement of the points
with the line is remarkable in view of the range

of T/, column diameter, free space, and hole
velocity represented in Fig. 3

17
|

H
2:0 : : - T

PERFORATED - PLATE con-:p‘mcnsm'rs“
' 1 | IEi|IH]
e HUNT &t al. (5 ?
Il o MAYFIELD et ol. (6]
i I -amawms 23
BEBEL i ¢ s KAMED (1) 3
2 i e [T]%ARNOLD ot al. (2
sk ! | I s ‘\e . ARNOLD ef al. (2)
I ICGINNIS (18,
Fo FOSS AND GERSTER (3N 470 e
L Me GINNIS (23)
10k, ARNGLD et al.(2), L]
F* JONES AND PYLE g
0% s atiNg (8) = e i
o< | W v A Y A ii:ll[ | [
04 02 0304 06 1.0 20

T/ 0y

=

TIH

L7

I

|
T 5%l

7= mim) '|—.K

Fre. 8. Dry-plale coefficient % as a function of T/D,,

29

Figure 4 shows a comparison of pressurc drops
calculated by the use of equation 4 and Figure 3,
and experimentally determined pressure drops.
The average deviation of the points from the
line of equality in Fig. 4 is small,

1 T
S SEgi -
T = ANl
¢ B 2T
T 40 g I =
i L 1l o€
o : . b5
£ 20— H - =
w Efs
& |
Ao . — e s
1 = gl | PR REFERENCE
L p.I A i
i A L] = (5) I i

¢ o {18l

o) = o TEEENLE
‘,‘_-' | G . (1) :
j 1 L | ~ 23 I I
n.- Q2 i § ? T &)
z a’(’P o (2),23)
S804 o LU @ (3,63 Ha
8 o T " @)
E = R e 205)
9 .04l Z [ [ o | |
uj | [ ) 1 |
" 004 a1 02 0:406 1-0 2:Q0 4-06-0 10

CALCULATED DRY-PLATE PRESSURE DROP, in. HoO

Fig. 4. Comparison of caleulated and reported dry-plate
pressure drop.

Wet-plate pressure drop. Tigs. 5-11 show the
performance curves of all the inserts used here.
The wet-plate pressure drop is given for the
indicated liquid rates as a funetion of the mass

|
=6 in

D=6 in,
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N
b 3
o— |
B i = H"""‘-—-—.._._-—-m
,-N'N"-q

05 |
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6, Io/hr-ft2

2000

Fig, 6. AP as a function of ¢ — Plate insert IT.

flow-rate of air, @, in Ib air/hr ft* of column
cross-sectional area, All of the curves are of the
Type III shown in Fig. 1 with the exception that
in Fig. 7 for a liquid mass llow-rate of 850 1b
water/hr-ft>. This curve is of Type IL. 'The
oscillation points are indicated in Fig. 4-10 as
the small arrows.

|
3.5 —_T=12in
Dp=Y14 in. e
9 ' AN
25 I La-et= r-“jﬂ s
Fr e
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e
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F1c. 7. AP as a function of G — Plate insert IIT.
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Fic. 8. AP as a function of G — Plate insert IV.

In Fig. 12 and 13 total pressure drop minus
the clear liquid head, as a function of the mass
flow-rate for Inserts V and VI respectively,
has been plotted. The solid line shown in these
Figures is the dry-plate pressure drop. The
vertical distance from the line to-the wet-plate
data points is known as the *“ residual ” pressure
[5]. Fig. 14 shows the residual pressure drop
as a function of 7'/, at a single mass flow-rate

= lf?l in.
a-0| 0p=132 in ) <
f’.’f
Sl e S
Sagw = e B s
f‘/;" : '\°_<F/
Pl
° ?’:/' &
o ]
& g / =
£
. |
a ol =350 Ib/hr—ft2
= o Aol
y o L =1600h/hr-ft!
o L= 3000 Ib/hr-ft2
140

400 600 800 1000

G, Ib/hr-ft?

2000

Fic. 9. AP as u function of G — Plate insert V,
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EEE R 4
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TFig. 10. AP as a funection of & — Plate insert VL

of air. At other valucs of G, the residual pressure
drop inereases with increasing G. The data in
Figs. 12, 13 and 14 show the residual pressure
drop to be a function of 7'/ D, L and G. Anincrease
of L. for thick plates, results in an increase of
R. Likewise R increases as T /D), increases for
constant values of L. No general correlation
was made, but these data were given to indicate
the general trends.

The results of this investigation and those
obtained by ArnoLp et al. [2] show that for thin

10-0, |
g0 L
1=0+029 {in
E'O—Dh: §int—
70
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3% i e
£ 4 / |
40 (=7
o / /
= L
3'0 " =
P !
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5 o L=3200 |b/hr-ft*
300 400 600 800 1000 1500
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Fie. 11, AP as a function of G — Plate insert VII.
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as a function of G — Plate insert V.,

plates the residual pressure drop is affected little
by changes in liquid flow-rate. The ratio of the
residual pressure drop to the dry-plate pressure
drop remains about constant for the thin plates.
Thus the data lic above and in a line parallel
to the dry-plate curve in Fig. 13. Fig. 24 of
ref. [2] shows the same trend for the thin plates
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2:0— . ;
B HEE | i ] Table 8. Weep points
10 Lt L 3
il Ema 2 e Plate L AP G
o L = 1 s insert | (Ib HyO/hr £t2) | (in, HyO) | (Ib air/hr ££2) T,
o 77 B, No
s Vi L Al )
g 7 / /8 ® L =350 lp/hr-11° =
/4 ° L =1800 fyhr—fit 1 350 1:82 610 707
e il JRO | eL=3000 |tfh.—-f§_ 1600 1-96 555 6.43
JelE R r L - S Bt ) 8000 2:00 470 5.45
S LT TR |
o G O 0on 1D 2 20 -0 I 350 2:00 770 804,
7 1600 2:26 710 823
3000 2:87 620 718
¥16. 14. Residual pressure drop as a function of /Dy,
and L. ITT 850 1-87 940 10:88
1600 2:32 960 11-11
used by Arxorp et al. [2]. For the thicker 3000 240 910 10-54
plates, however, the residual pressure drop IV aen
. 0 . i . . freecs ¥ S — — ]
increases with an increase of liquid flow-rate. 1580 oo 020 {180
The ratio of residual pressure drop to dry-plate 3000 2.40 945 10:96
pressure drop decreases with increasing gas
How-rate. Vv 350 244 740 8-57
The complcte set of data for Inserts I-VI 2500 ] 740 Sa¥
b i ; 3000 292 740 8-57
giving total pressure drop, clear liquid height,
froth height, gas and liquid flow-rate, cte. has VI 350 2.75 640 14-40
been tabulated by McGinvis [23]. 1600 320 665 1497
Weepage correlation. Fig. 15 shows the total 3000 8:65 695 1562
pressure drop plotted as a function of the vapour s '
- F-factor through the holes at the weep point s - e o s
4 R e R S D 720 368 630 161
The vapour F-factor is the square root of kinetic 060 L06 6o1 177
I i I 1380 3-46 586 150
o | | | 1660 3-86 645 16-4
(e = S = 2020 414 688 175
® Yi1g in. 0°08 = v i
L o e s 2450 546 574 14:6
= dsin. 0:33 o |/ 2610 3:90 649 16:5
1409 Y2 in. 100 |- & I
o4 in. 2:00 i
— o 38 in.  2:67 {/
=:932ln. 533 & i
il /e encrgy of the gas per unit volume. Table 3
! i / presents the weep-point data of this investigation,
Fo E # 5 : The solid line in Fig. 15 is the weepage correlation
10-0 * HUGHMARK — proposed by Hucuwmarkx and (FCoNNELL [kl
/ “"‘f’[ et The data of the present investigation agree
N reasonably well with the corrclation. However,
B O—| - : b
- / some of the data points shown in Fig. 15 are
e — : not in the range of hole diameters included in
60 / s Huenmark and O’Coxnwuri’s correlation; thus
s the weep-points for the & in. holes are out of the
. range of the correlation and do not agree with it.
4: : ;
0 10 20 30 40 Also the data for the 8/82 in. holes (7'/D, = 5-33)
WET-PLATE PRESSURE DROP, inH,0 do not agrec with the correlation. Tt is felt that
Fig. 15. Weep-point correlation. there is a surface tension effect which should
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Table 4. Oscillation points

Plate Z,
inseri 75 G AP (in.
No. | (Ib HyO/hr £12) | (Ib sir/hr £62)) (in, H,0) | 11,0)
1 350 1220 2:22 0-68
1600 1160 2:42 0-91
3000 1150 260 1-00
11 350 1330 2:33 0-60
1600 1260 2:56 0-78
) 3000 1100 265 106G
111 350 1470 2:18 0-34.
1600 1280 2:43 072
3000 1220 2-61 0-02
v 1600 1375 2-40 0-51
3000 1240 2:53 079
v 350 1200 2:50 0-46
1600 1050 276 082
S000 1030 2:05 0-98
VI 350 1238 6-81 0-83
1600 1187 G674 0:91
3000 1306 | 795 0:95
Vi1 450 1223 7-99 0:57
720 1220 7-64 0-8¢
960 1211 787 0-01
1380 1200 783 0-87
1660 1191 7-13 071
2020 1182 T40 | 114
2450 1170 800 0-95
2610 1166 803 1-06
3200 1148 751 1-30

be included in the corrclation, and that this
effect may be magnified by the high 7'/D, ratio.

Oscillation-point correlation. Table 4 presents
the oscillation point data of this investigation, and
Fig. 16 presents the air mass (low-rate as a function
of the clear liquid height, both at the oscillation
point. The agreement is quite satisfactory
except for Insert V ({ in. thick, 3/82in. holes).
It should be noticed that the weep-point correla-
tion for this particular insert was also unsatis-
factory. Possibly some surface tension effect
incorporated into both correlations would
improve the agreement of the data for Insert V
with that of the other inserts. It is interesting
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to note that the oscillation-point correlation was
based on the column mass flow-rate whereas the
weepage corrclation required the hole velocity
to bring the data into the proper order.

1600, T
N ‘
R |
1400 N,
\\
4 J—tey
%6
A
1200, |
= mle L
P N
|
E | | |k a \\
:‘:‘\ anol— Oy 17Dy 3
® 516 in. 0+09
= F—<Y4 in. 0.2
tg s 36 in. 0-33
ao0—+¢ Y2 in. 1-0
2 44 In  2:0
— 0 58 in.  2-67
| = S@gm. 533
600l LI | AR ]
g o2 e o6 @8 R0 T2 14
2oy in

Fre. 16. Oscillation-point correlation.

The clear liquid height, Z,, at the centre of
the operating tray was used in the oscillation-
point correlation, and was measured with a
manometer, One leg of thé manometer was
inserted through the plate from beneath and was
made flush with the top surface of the plate.
The other leg of the manometer was mounted in
the vapour space above the plate. The mano-
meter reading itself was considered to be the
clear liquid height, measured in inches or centi-
metres of liquid. Tt represents the hydraulic
pressure of the liquid and froth on the plate in
terms of clear liquid head. The clear liquid height,
along with the froth height has been shown by
Praxk [24] to be an important quantity in
characterizing aeration on the tray. Aeration
in turn is one of the factors which affects mass-
transfer efliciency in liquid-phase controlling
systems [24].

The clear liquid height is a difficult quantity
to measure accurately. Tt fluctuates constantly,
especially in the oscillation region described
above, and is often less than 1 in. in magnitude,
even with a 2-in. weir. The clear liquid height
and the froth height undoubtedly hold many of
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the keys to a complete understanding of tray
hydraulics, as well as mass-transfer efficiency on
perforated-plate trays, bubble-cap trays, and
the like.

CoNcLUSIONS

(1} 'The dry-plate pressure drop for perferated
plates is described well by cquation {4} and Fig. 3.

(2} At constant hole diameter and frec arca,
dry-plate pressure drop decreases with inereasing
plate thickness (i.e. 7/D, increases) until hole
friction becomes appreciable (at /Dy, =~ 2:8);
then a reversal of this trend oceurs.

(8) Four distinet types of plate action were
encountcred in this study —raining, weeping,
stable operation, and oscillation,

{4) Periodic liquid and froth surges or oscilla-
tions can occur at high gas rates and is accom-
panied by periodic liquid dumping through the
perferations ncar the column walls,

{3) For thin plates, residual pressure drop is
shown not to be a function of the liquid flow-
rate, it increases with lncreasing gas flow-rate,
but the ratio of residual pressure drop to dry-plate
pressure drop is essentially constant. For thick
plates the residual pressure drop is a function
of T/D,, G and L,

(6) The results of the investigation arc in
agrecment with the weepage correlation of
Hucamarx and ’ConNELL [1].

(7Y The mass flow-rate, G, 1bair/hrft® of
column area, at which oscillation begins is shown

to be a linear function of the clear liquid height
at the oscillation point.

NoraTioN
A, = cross-sectional area of the larger pipe, ft2
Ay = cross-sectional area of the smaller pipe, ftZ,
A, = eolumn cross-sectional area, fr2,
A = total perforation area, ft%,
Dy, = diameter of the perforations, in.
D, = diameter of the smaller pipe, ft.
AP = pressure drop across a plate, in. of fuid,
J = PFanning friction factor for smooth pipes, ref, [20]
.4 = total perforation area-io-column area ratio, per
cent.
Fy = Ffactor through the holes, ¥, \/ pg, where
py = s density, To/ft?,
8 = aweleratmn of gravity, ft/sec,
@ = mass flow-rate of gas, b gas/hrft? of total
" colimn cross-seetional area.
h = head loss across & dry perforated plate, ft of
wzas Tlowing.
ft, = head or pressure loss due to contraction, fi of
fuid.
ko, = head or pressure loss due to expansion, ft of
fluid,
kf = head or pressure Ioss due to friction, £t of fluid
k = a dimensionless coeflicient,
= length of pipe, ft,
I, = mass flow rate of liquid, 1b Hiquid/hr £t2 of total
column cross-gsectional area,
p = piteh, the centre-to-cenlre distance between the
perforations, in.
R = residual pressure loss {total pressure loss minuy
dry plate loss minus Z,).
1' = plate thickness, in.
7y = average velocity in the smaller pipe, fL/sce,
V) = average velocity in a perforation, ft/sec.
Z, = clear liquid height, in.
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