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Hydraulic Performance of the Perforated Tray Tower
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In this paper, a six-inch cylindrical column was used to study a certain hydraulic characteristic of the

perforated trays in air-water system. To obtain better understanding about the effect of the liquid head on

the performance, two types of experiment were used: in one type(A) the liquid was supplied into the test

column from the constant head tank; in the other type(B) it was flowed in through the downcomer and out

over the outlet weir as in usual industrial usage. The various kind of the trays used are shown in Table )

and the equivalent liquid height varied up to 20 cm in the Type A. Time averaged air flow rate covered the

range upto 10 //sec and water rate upto 260 ml/sec.

In these experiments we observed the froth layer and correlated the total pressure drop, relative froth

density, etc..
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#3R = Figsgol e s (bubble-cap tray column)
o] = turndown ratio 7} 23 REEE Evhste dg
FReE Aot = BFRIL HE SHI Aol E2
ojgdth, 2# v K SFLIEHE (perforated tray column)
o] B, ¥ HAEZ e 2L BFl WES
I {B¥go] EEE ¥uk ol)st Mayfield®, Kamei®
o] kA fEiE vhet 2ol = BFRER T &
o MY FRYRGE o o & HEE 9
S & ldhE Bl gHA AR Eee A A9

X PRAAE & 2 2589 £E AA HEHES
EWWES S BE—ILHGingle hole tray)9] fE)E
Be i 2 % HIEERoEA o BEe =2
$Eshe BT ERA (veeping point T 8)
EaEl A BfEsEel B qd A ADERY BR
=} kel Hetel RREZST @ET MR HEE
* 19664 108 318 X&
't Ak IX LITH
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Qo By e,
Table 1. Z3LiFe] WHH
Tray %"i]: S’ifgﬁ Pitch g;:; X\;Of' °: Hole Drilling
No. d, in t‘ne:lsm 5, in Rito}: Holes| 2 Condition
1 11/16 | 0.65 —| - 1| 0. 318
2 1/8 0.65 - -— 1} 0. 522
3 11/8 1.00| 3/8 2.67 24] 1.36 ' sharp edged
4 11/8 1.00| 3/8 5.1¢ 58 1.32 | sharp edged
5 1/8 0. 65 1/4] 893 86 0. 815
6 |1/8 1.00] 3/8 895 80| 1.22¢| sharp edged
7 1/8 0.65 1/2| 893 801 0. 783
8 316 0. 65 — — 1 0.728
9 |3/16| 1.00] 9/16/ 9.06 36| 1.220; sharp edged
10 | 1/4 1.00] 3/4] 9.06 20| 1. 220| sharp edged
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Fig. 1—A. Experimental Apparatus
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Fig. 1—C. Connections for Strain Gage

2. KBKE X RBHE

A smm, AR 6in. o] FHT ol AMIEEERS
A A Eo] 45in. 9 e z &4 LS #BA
st o ER%ES BEE Fig 1A 32

Rl AT Fe B3 2599 z2EE @R
o w] & wet test meter, EY W= 0.224in ¢, £SBEY
& 0.520in. ¢ 9] orifice meter & Feled Yo] F &=
Ao EEii (distributor), FL#(perforated tray)& =} =
Al D= WES BRs B2 B EF
7rA HELE FRY EASAEY, & Hik(A FE)
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£ Bifi(overflow) & FIAE EfLkE A (constant head
tank) g 7 A ER LY & o2 FB EASHH
I bl —ER KEE MRS i Fig 1-D2
B). = & FEGHRL KR E#ste Sl
%} o] 2L %] downcomer § 5EEI] EAAA
i NelA ZERSH cross fow & FES FPh o
= {FHE weird Zol: 1, 1.5 2.0, 30in Zo]
Lt

fizke] oE EEREVPVIDEL 2 HEES
(equivalent liquid height)o] Ajwl HEES 3P om 2 &
TN = BRET WS B HHe 39 &
el I mEe Eol7l B ANEY KBS K
B w oh2d el BHEE ookl Mgl w
gkeh, EEEEEE ZEREL 0V101/sc E2 0~
260 ml/sec, MIEWAE 0~20 cm7hx| BEAZ W
ElEEE 2 2EJ1#E%(total pressure drop), ¥k
B (forth height) 2 dumping rate 48 3,
REHRES WELS 1/20 EF) draft gauge & 5o
o, 7 ZEE7E4%9 9% (fluctuation) L. strain gage 2
Bokod,  {F#FH% strain gage &= gage factor 7} 2.00,
gage resistance 7} 1202, simple bonded type o] =, 27
& Fig. 1-C& o] F4 0. 006in
diaphragm o] 53 2:B Brush #jitfle] Universal
Amplifier 9} Recorder & {Ffislict, WHEEH R =
s Bl R BERBREoS BRStT dumping rate
£ Fig. 1-A 8} o] vl2] #Fd &2 AY F& o
% R liquid sealing & —EF Fol 2 HEFFeHA
dumping 3} £ el e} WERE ¥ 22+
‘ozAM WESATH LIRS o= HEH oA
Z Lo EEE Fig. 1-Bo} o= E=F] pitch 2
F9¢ Hled EAT FRS EE Table 13 72
o, = ERY A valve 2 FE FLETHAAY ¥
3] & chamber volume V, % <F 8040mloln] o #H
#3l= Hugh®2] Capacitance Number N, &

4gV.dp .
N, =7dgz_m;—cpz‘=-‘15"'300

o] gu o]AL FRARfH(critical valve)]]l 0.2~0.8 FLE
o YA AA URTHAE EF —ET BENT MR
gz ¥ 4 Aok

I

duralumin £]

3. MBER X ER

(a) 2EEF#4k (total pressuse drop)

JLiE 0] Wega7} dry pressure drop(dPp)e] o}F-#
g e Fx gvid 2EETE%S 4P, 8 wet pressure
drop(4P )2 7S 57 Ak 5,
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AP,=A4P;+ 4P, ()]
4P, e ¥E orifice AF,
(L2 \7r2
aP=h(2=) U )

2 & Fgon 74 o R n > HE ERS KiE
o ggelx Ugxe Flodl SlolAs) Figdgolt. bl
Bk, S $iB/EEe] =gl Table 1o FRsG
Table 1 oA B+ uls} o] k, gk free space ratio(z)
Zkol w2l @k & 2l ofvl et = hole pitch p o} wiz}

TRAY No.§
do=1/8" p=3/8"
T=8.95%

30 -

20
Z,=10.8cm 45/

i (U,)min=9.8m/s

10}
8F 4.
Z.=5.8 (U)min=10.2m/s

U,)min=9. 1w/s

TOTAL PRESSURE DROP AP; (em H.0)
@

2 3 4 6 810 20
HOLE VELOCITY U, x 1072 em/sec

Fig. 2. Effect of Hole Velocity on the Total
Pressure Drop.
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0.2 T=9.06
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Z,/Z; CALCULAIED VALUE FROM EQ.4

Fig. 3. Correlation for Effect of W & L on
the Value Z,/Z.
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Fig. 5. Typical plot of 4P, vs Z,

A F & THeR B8 YoE A HEFH &
o= BLder & HBAE TS ##Gharp
edged) o 2 25517] o £of Arnoldl® 4y =} 7o) thick-
ness per hole diameter (—‘To-)sl ol %3l g g2 w7
HEd

4P, & = g3t ol g 47b gl
4P, =¢&Z ,+ 4P+ 4P, )

o714
Z,: equivalent liquid height corresponding to
liquid hold-up on the tray. [cm H,0]
4Py: frictional pressure drop in the liquid layer
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due to bubbling and bubble rise Cem H,O)
A4P,: pressure drop due to surface tension
[cm H,O}
&:  proportional constant [—]
SRl AT (DRP Z.9 HIF it A
Hx 9 F HEWE (clear liquid height; Z,)222] Bk

B EBoz FE ohgst o2 BEY 47} 9l
Ack(Fig. 3B,
—g—"—_—.4. 45U-0. 36 W -0,4370 2 (4)
714 '

Z,: clear liquid height which is defimed as weir
height plus height of liquid crest calculated
from Francis formula [cm HyO]

U,: superficial velocity of gas based on empty
column [cm/sec]

W: weir height (em]

L: liquid flow rate per width of weir [—%l]

SeC ¢
ol "}, v B—HMANAE 2.9 Z. = AY 2%

5

4Pre 4P, S U, St9) Bl A U,=02 99 4
FEE 4P, A4 A Lol o108 sl
9 EREEICE W Mol % Hikelsz 47
Aol amelsh, ol & SIEHHAAE A9
SR BEIAT HIie] HRAAT BED B
£ Aol 4P, 2L 279 %% A 27
o bt o) BEE 47 9o

APs=k;U}-8 ®

Flf W

o7 A HH kr o] 32 Table 2] FR3IGod
e We Lo ghel A9 B3I (Fig. ¢ 28,
Table 2.

Hole diameter ' 1/16 in. 1/8in | 1/4 in

ks | 117009 | 4.05010%) * 6.96(109)

SIRERANANE 4Pre Hong 4P, Z, 5 B

gt =109 §& RAAR 4P & 0.7( ?Z )35
= o}(Fig. 5BM), G714 o= %@3573( dyne )o]n:}

0.79 g RE Fe] e (principal radius
of curvature)o] F|jfof ‘;v 8 71 e ztA 9
of BEET £ = o2 HREYS #5d Yo
T §=0.859] ghol & HBHRST HRY AL RBH
o] 25 A2 fEdAd BRE P = A%

(173)




RELATIVE FROTH DENSITY (~]

EozAE fHae T o] glo] BByl ezt
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g
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=
2 3 2 1
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HOLE VELOCITY U, (m/sec)
Fig. 6. Protuberance Height for Single Hole
plates
1
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do~1,8" p=3/8"

Gl Torsh%

u,

% 484 em/s
s 836

© 618
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Fig. 7. Effect of Z, on ¢
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RELATIVE FROTH DEBSITY of-)

TRAY No.»
d0=3/16" Pugi1§"
E=9.08%)

» 40 ) L 100 [EY
SUPERFICIAL VELOCITY U, (em/s}

Fig. 8 Effect of U, onr ¢

10 -
SYMBOL Z, (cm) U, (em/s)
x  18e Varied
‘& 12.3 -
0.8} . 58 .
®  Varied 484 .
- - . 86
- s . 207.8 .
5
& osf ol
2 °
g 2o
Zoaf -2
2 ° o
= o
2 ° o5 * TRAY No.6
g L P .. "
<0zl v v da=1/8” p=3/8
g% v
z T=8.9%2%
1 1 'l 1 i
o 0.2 [X] a6 0.8 1.0 12
peenr oo
Fig. 9. Correlation for Effect of Z. & U, on ¢
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Fig. 10. Dumping Plate

REILE JURS 2ENHRS Bikel FORTY
vhe} ko] ek (fE#k R Fig. 2 28,

(b) MW

(protuberance height of the liquid layer)

B3 HBIA = mitFel ¥ew 2 hEkE
o] |ls bR WY drag forces) dFo 2 R
S BEE 4 v 2 BESE I RiE %
0-5cm, JHE oF 0.3sec RER KBS 89, B
e EHo2 T Fiy REEE Fig- 654 o] U4
of Hfideh o] = wid] i R weir o) @%L?_
KeS) HEAE Fol 2717 FE4 o Hge
LIRS TekFIFEE (entrainment) 4 ?@%%J?%
o AR 2 oS UK RSt BEdo

(¢) R (froth layer)2| FHE

HHEE AN e IR A Lot ko] =
BIHANE 29 BHEe BRAS —8HeR K
Be 3oz BMREE & 7 s8id & £
wz floe drl fiEvt BE DE BBET2E b
e BiLEse] gl 2 dode wiss g¥8 B
—3HA dgle WEE 2E3 =9 EHEE TR
AE Rl BEEE BFoz BRILS E 57
At Z.E&F —ERA I BEEEUDE Bhsd
ETERILES S @l B/ ste gEAe Z sk Ul
AEBAglel 1~0.5em 8] EolE AlG FX s
Y EEEY Rine =27 ¥ o2 FiRe BE
e BE Emete 280 MEESE S8E BmA
ok, zejv old [RFEE Libke® U & A7
2880 WHEES A EEHREB(turbulent state) 7} 4 of

BPS) iE B A (coalescence)o] A Yol
Yoo m%@'%"] s zﬂﬂﬁrﬂ] BN HfE)
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o A&éﬁwﬁ@ﬁ%
TikEE U7t o

orie RFE ®
pozine® 2ol HizE

=
1)

(d) \EE2l BEHBE (Relative froth density)
fE L MRE AEHEE ¢ F g o] e

—E¥ ez 9, fZE R
| BERfE Ue & dold 78 A4 F
7HAA & 7 e (o]

=
Z 9z} A] spraying zone o]zlin

H>

>

% o
3%

= = Zf (6
?‘%7]*1 or & pr & A BERTS RS *E}i“."%
P ZREKEST. ot =¥ BMEKEECG ¥

& FHRERES Do A RS plug fow &
debx BESE RERHS Ty ERREECLS 7
ﬁgﬁ,gﬁ(nomma! helding time) 7= o} &3 7o) }2

TE F7 e,
Uy= IE’;,, @
T=—Z,f— =-——ZJ‘EZ’ @)

] s

EHERE U7t A& de 3 {ERS iy BAE
Ere BEY WIS %K L5 HeE (terminal rising
velocity)e} A =23 JUFEE S BR ol L gl
A2 FEENF FH0) AZ T o%E =9
RS PRE, Ao o GHAAE 107 U
s o fEEEs 2 o A9 BREEHEET
Sk, e spraying zone f SlolA & FHATEIIS
FEs obet BEERS ndoz R FiEY @
W Bes 1—ve] Usel 3 #\mEE #3507
WA 7= 2 mechanism 2. o} 9 RSt A o},

27t BLSlE E4S spraying zone o] f4{FSHE

o] BAZCIEE of ML & 20U (120cm/sec ¥ 3] o]

A2 ¢ % e Bo] WA, Fig 73 Fig.0 2
2 o8 Z, o] HE 4T 3HWHLE UE F dE
‘:ﬂ ’/:; 297}0']1%1 —Eﬂ' ]i eSv—U'}' Z'l uﬂ”ﬁ: '%):“E— Us

HBRR Ol ¢=0.25& Zt&

0]7-1 o wtE %(’“ 59 channchncr.v}- jetting o] wh&
AT RkABFEE 24 =7 sEolct. RS Z,
7 Zo o} 17em Apolol & Fig.9 o)A 5ee wheh 2ol

=77 Lf's—[). wz 0, 42 (9)
2 =", 974 58 Zhg Table 3¢ Fdhsich
E YA Zsw A 904 ¢=0.23 5 fAAS ofz
gz Hd T2 4 ek Z,7b 17em woh &
e ¢ RE Zool EMESA S g=rane
U 0%0=3.207,U,0- 2 2 FRTF7 Qlosd, Z,5100
em o) 4 7 | g B
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Table 3.

TrayNo.’3}4} | 6 | 9 | 10

7s '0.52’0.55|o.59}0.61}0.6110.61 0. 64

H e A9l —5g3l ) free space ratio r 9} 4, 9
el wreb 7 WILE,
=3 Fo}zl Z, o} w}eh spraying zone © @ B47el:
BAEN A ZEEE Us st = =8 BxEe 4
#iERE . & Table 4 0] ERelgdel. = Mayfieldd s}
Arnoldi® of Ee] T EREREE A FHFRIA

~1
et

Table 4, Critical Point of Spraying Zone

| Critical Point of ||

Tray No. Z, Qpraymg 7one ‘ (T min*

_ cm (Uy), ‘ cm/sec
3 3.30 | 55.0 O 25 54.4
10. 00 — - L 53.8
17.20 — — | 39.0
4 5. 50 70.0 0.28 | 63.1
12. 50 - — 68.1
18. 50 — — 70-1
5 2.00 <30.0 0.23) |i 1185
5.00 50.0 0.33 —
11. 80 70.0 0.39 —_
6 2. 10 42.0 0. 23 81.6
5. 80 80.0 0.31 915
18. 80 - - —_
7 2.30 52.0 0.23 68.1
5.50 92.0 0.34 84.1
11.80 — - 84.4
8 2.30 40.7 0.28 82.6
7.75 58. 0 0. 40 915
11. 00 — — 89.9
18. 00 — — _
10 2.70 <30 (0. 23) 74.5
6. G0 38 0.40 | 106. 0
11.70 128 0. 60 101.5

*From definition of Mayfield & Arnold. P10

(e) Dumping Rate

Fig. 10¢] & dumping rate & 2F|EKS Higo 2
e HES BEE U U9 BGRE Brstd oy
BRGNS 27 oddc ol BEEY RS
?LFsﬁEE”é(holc pitch) pof] W& Faele) 43 p=2d,

=} dumping rate 7} ZA] F7} g}, = 4,9 Z, 9
ol =2 & 5% 4§ dumping o] A7lc}

:’5‘ n

4 8 B
@ ZEHREE 23 2o BT 47 915,
(D Bl Ae
L T - 40
AP (L) U 207 (F
(2) LA A &
40 .
4P,= ( ) 247, + (d.,) (-

kel zre Tablel o] kr9) zre Table 3¢] ik

)+ &, U510

(175)



st

(3) BJjk Hael oA HEER(Z)E B—
il A+ HEERS 232 LRI ARR &
EARdAE

g' =4.45U,70.%}/-0.4370.2

c

2 Emd

) BE—fliRelAs ®Eel ¥ o RBEILS
T dgen 2 Fole EHMEE U9 0.4 kb
figtet,

(o) Mtk tbiiEe] LR, M BEE =
Ligel MEENEY sBeE EH5EE £ 4 U
] TEEE od RAEE 4o
Hxd 2 BR{EE Table 44] FRIFeH Z, &
DRl ¢=0.23 & AATF ERS] HEE #std R
% 4 Aok Z. 9 g 2E 3~5cmAapole] glglH

(@D WHES HWEE ¢ o3 o] BHRE 71
shet

€Y

spraying zone o]

Z Ll Zes A& ¢=0.23

Z,<Z L7 A e =7 U 0-0Z0-22

Z2>17 $=3.297¢U, 0.3
759 & Table 3¢] FRFHA ™ Z, & @ORel ¢=
0.23¢ KA L] Wil #td R + At Zo
o L ¥E 3~5cm 2 Alold YUt

©

Nomenclature

C ; sound velocity of gas at the experimental tempera-

ture (cm/sec)

d, ; hole diameter of the perforated tray (cm)

L ; liquid flow rate per width of weir
(cm3/sec-cm)

ko, ks ; constants (—)

4pq4 i dry pressure drop of the perforated tray (cm H,0)

4Py ; frictional pressure drop in the liquid layer due
to bubbling and bubble rise (cm H,0)

4P, ; total pressure drop across the tray (cm H,0)

4Po ; pressure drop due to surface tension (¢cm H;0)

4P, ; wet pressure drop=4Ps+4P+Z, (cm H,0)

P ; hole pitch (in)

T ; nominal holding time of bubbles in froth layer
(sec)

¢ ; tray thickness (cm)

U, ; time averaged hole velocity of the gas through
the tray (cm/sec)

U, ; time averaged superficial velocity based on the

( 176 )

(998/wd) uwnjod L3dws 9y} JO UOTIISS SSOID

U,. 3 U, at the critical point where the spraying zone
is to begin (cm/sec)

(UDmin; the minimum value of U, defined by Mayfield
and Arnold (em/sec)

U ; hole velocity of dumping liquid assuming that
the liquid dumps through all holes. (cm/sec)

Us ; average rising velocity of bubble bed (cm/sec)

V. ; chamber volume between regulation valve and

perforated tray (ml)

w ; weir height (cm)

Z, ; equivalent liquid height corresponding to liquid
hold-up on the tray (cm H:0)

Zos ; critical equivalent liquid height defined in section
(.

Zs ; froth height on the tray (cm)

Zy ; protuberance height of liquid caused by gas flume
(cm)

Z, ; clear liquid height defined as weir height plus
crest of ligid over the weir calculated from
Francis formula (cm)

) ; Relative froth density. =Z—f=—§;—[—]

'R ; ¢ at the critical point where the spraying zone
is to begin. [—]

of ; density of froth layer (g/cm®

o1 ; density of liquid (g/cm?®)

dp 3 pi—ps

o¢ ; density of gas (g/cm?

o ; surface tension (dyne/cm)

T s 9 free space ratio of total hole area based on
the empty column cross section (=)

75§ ; constants (—)
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