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1.7 Equipment lay-out
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=
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THES 1 Fxdd w29 213 Zo] vm  Slnh olFdA @A M Wol o] &H i e A
£ crossflow plate©] t}.
[ Differential
column
(Packed column)
Turborid tray
Distillation _| [— Contercurrent
column flow plate Ripple tray
(without Downcomer)
Kittel tray
— Equilibrium-stage ]
column
(Plate column)
Bubble cap tray
— Crossflow
plate Sieve tray
(with Downcomer)
Valve tray
a9 21 BRYY BR
2.2 Column AW ¥ (Packed % plate column®| ¥®] i)
packed columnel A& 7] ko] EAAGo] dAEo g dPafxH plate columndl A= 7] 7+ FH o]
stage-wisedtAl o] Fo AW} o] F FF columne 7ol HEWW Byl ol FRE fEEE
design engineerv A 2] foamability, F 24 2 &= o8 &4 59 system factorg Fi13}o]

columns A sko]oF Fhrt,

1) packed column 1%
column diameter7} #-& 7-5- (600Q ©]3&})
F2Ag0] Y= FAE AT 4
w2 gty &4 a7EHE A4S
liquid hold-up®] AAM+= ¢t & A%
(System control®] &g A|Zko] #olok st HEste FAZE 280w EQEE Ao liquid
hold-up©] =#tofeFgtet)

2) Plate column %1%
feed load7} ¥at= 75
suspended solidt} sludge 5°] ¥ FAE HIFL H 5
SR T do] AFte o= AAEY] Y&l column Well cooling coil
liquid %] vapor 3l H]s] & 74 $-
@t Bol Bas 4§

tlo
e
Ny
=

]
)

o
o
o

System factor ©] ]l % column A Ao & sfoF & A}& o 2 maintenance, A X H] 50| 9t}

2.3 Tray with downcomer

1) Bubble cap tray
30 ~ 40 A7LH] Zo] o]&HAY trayE H A= Sieve tray £+ Valve tray®E thA|Faz Qo).
Plate, riser, cap, downcomer 5 2.2 TFA % o] 9o bubble capel *+Z& 19 223 #u}



-4 A
AA7E 2ol 1 Aol diel A=Al Erh.
Batel WEel we vyl ol
- w A
Fx7} Bk Agn g} s,
- eeae) A
ZEEREE

™ # o] bubble cap Il Ho glo] §Ao] AXEZ HA Aot

2) Sieve tray

plate= ¥ o] A+

a9 2394 Hi= ¥l Zo] downcomeret 1 ~ 20mm % 74 2] hole©]
A 7 ol o] &

Ao & perforated tray#ta% sho},. Fx7F 7hek
i ok

ARG Aoz WA He 9
sha AlAH7E B w e

33
Tz} 7

JFo] ddstA doyr] wid g&o] Fh
-a A
kel Wl wEl 8] dASA Fasrt
2ol A& FAdE FA s
o9 23

3) Valve tray

Ballast tray, flexi tray, float valve tray % ©|
7 AAEoR FAHER

1 @29 trayoll &ghrh F-35ho] wiste] whet valve lift
o2 Jale] WEd wE plate S&0°] A9 HAasA &gE the 54
t}.



D Ballast tray
Glitsch AF7} 7Rabs Ao w Fx= 29 249 2},
@ Flexi tray

Koch engineering Co. 7} /@3t Aoz Fx+= 19 259

@ Float valve tray

Nutter Co. 7} 7W3st Ao 2 Fx& 1% 263 2t

¥ Tppa {flal erifice)

19 2.4 ballast tray
% 25 flexi tray
% 2.6 float valve tray

4) Tray ¢ A% vl

Wi Iyl (Eatredad anitica |

bubble cap, sieve tray, valve tray2] Ad%s= Hlxsdle] ¥ 210 eI AT

3% 2.1 Comparison of tray types

AR Fo} tray E&2 40%A HaL

- % A

T27F 2bdst R A Zn|7F g
tray 47} 80]3}c}.

Tray type Capacity Turndown Efficiency Cost
Bubble cap Third Second Third Third
Sieve tray Second Third Second First
Valve tray First First First Second
2.4) Tray without downcomer

1) Turbogrid tray

- Shell development Co. 7} 7sgt Aoz 19 273 TERE Ho .

AA e} TV Fo] 3 ~ dmm HE i Asste 7lAe] fEdEge &




o

1B o

[E=A
E4do] A (tray 9 1.5 mmHg 4 %)

2 op

¥ 27

2) Ripple tray
Stone and WebsterAb7F 7|¥ksk Aoz Fx2&= 7 287 Zt,
R FHozE 3707 45en  milmtel FHomE AR 4w
EE260 ~ 80% AE® Yot HolW plate7t P02 FHol Qo] FETE Fof A Aol 3 ~ 4m <l
o

13 2.8 ripple tray

3) Kittel tray
Kittel?} Schneider7} 7§gh Ao 2 32+ 1% 299 Zr}
dAE B 74 (A9 Plate7t = A Ho glom HAA Solte] A&5S wet F717F A5
stal shFo. 2= A7} SRk

-3 A
7| Hel HFo] Fr}
H ' Ewko] 79 §lo X E tray spacing®] FolxE

tray 919 Ho] 4 e P4 FE5 S trE aF o] FFE A= FAdE A& Thssi
o9 29 kittel tray

3. Tray hydraulics
columne Az AAS7] 98-+ tray hydraulicsE &olof ko).
tray hydraulicst= column® =7], 8 &2 5 AAC #3 AHE AT Foh B FoA=
computerE ©]&3}e] tray hydraulicsE A4t & JEH IPoZ HAHA e ARES THFRA
sto] 20 % e K%
219 3.19 tray hydraulicsE $] %k bubble cap tray2| schematic diagram< =
valve tray 2| schematic diagram< bubble cap tray e} H|£3dt2 =2 AFsir})

3.1 Foaming

1>,
ol

Fth (sieve tray <t

tray dynamics®] 114 system®] foaming property= ™5~ % Q3d}c}.
foamings YEIWE HE2ZE E4o] aeration HAS W AA7 HBFAEE AEES YEUE
foamability ¢} aeration®l] 9|8} HAH foamo] AEEH = £ #AAUE foam stability”} ¢4th.

EAAY e 747 g5 vldste] FUFetE R foameo] 2 A EHE 4, 5 foambility

7} & E4do] EaAAgoe] & HArt 2y} foamability7t W% =W entrainmentt}t floodings U ©.7]7]



A9 @ 182 dojmet AanE AAL
A7 A s

foam stabilityt downcomer

9ol downcomer® F3E

foamability ¢} foam stability 2] o &2

HEE o} dlojok F.

T AT
T3 AR foamo] F AHEHZA
7 ¢] A

ENCE R

A ste]  foameo]

% 319 foaming A =°] W& foaming factor?] #<S H At}

3 3.1 Foaming System Factors

¥E BAL AFT 4
FA0e Folok .

gt3] oJ§gd 7] W&o Aol £3S F3 system? foaming

. System
Service Example

factor
Non-foaming Hydrocabons, regular systems 1.00
Fluorine Freon, BF3 0.90
Moderate foaming Oil absorbers, amine regenerators 0.85
Heavy foaming Amine absorbers 0.73
Severs foaming MEK units 0.60
Foam-stable systems Caustie regenerators 0.30

3.2 Column <4 H¢
columno] E&do=2 FAHY] faAE FHEA F, liquid rate®} vapor rate’} 2A3sH WHE o
glojoF sttt 19 3290 lig. , vapor %o WE plate columnd ¢Fd x4 WS TA Y

+d 29 Pt AV traye] TRl wel thET

a9 32004 He= vpel o] column® maximum allowable capacity® flooding®l] 23] ZA AT+
e ATt

flooding< liquid rate’} s o=z &2
o2 2 AL dojyE downflow floodingo. & Y&

o

9o dojuE entrainment flooding® liquid rate?} 2Fth3
AT

T column® minimum allowable capacityi= weeping®] ]3] A7 % =4 valve tray°l 4= weeping©]

olups] A$E2 Fo8 ek

1% 32
flooding %=+ weeping©] ¥oJuU columne ¥#H £Ho] FAS A Frlsta @ @80 dAAsA 7
25t R ) column AAl Aol feed flow rate7} o= o] WHoA Wea FAJNAE dF3fe] o]

H 2ol A flooding )Y weeping©] €ojuE=x] &els] Holof 3k}



3.3 Tray spacing
tray spacing% tray 2] o] o] hold-up 5 o2 A o] AR} Awt

=
Hog ¥ 329 o] BHoz AAI}

¥ 32 g4 wE tray spacing (unit : mm)

& .
. sieve tray bubble cap tray valve tray
H O
750 ~ 1500 300 ~ 450 450 ©]7 300 ~ 450
1500 o] 600 ~ 900 600 ~ 900 600 ~ 900

* feed plate B+ man-hole®] U= T 600 °|7

cryogenic process®t o] &Aoo w9 Zolop = FAo| A tray spacingS 1500 3F= gt
® 32¢ A4S EUHE AAHNY] wiEd olAe VIFo® AT tray spacinge]l HAHI A
downcomer backup(hd.)S AAFsEe] Bl Holof gk

downcomer backup(h,) = lq. phase drop(hy) + vapor phase drop(h,)  (3.1)
heet= clear liquid® 7]¥£22 3 Aol= 2 downcomer aerated liquid height(hi)E haeZ froth
density(¢)2 vFolof grh ¢ gk 0507 o] th

hfd = hdc/ (/’ < 2 hdc (32)
hfd”7} tray spacing(hts)2th 9 liquid7} 1 @2 JF{FEZ tray spacing=> hfd®t} Ao H o}
hi > hy (3.3)

3.4 column diameter
column diameterE T3 WH
column diameter+ trayE &33st= F719 HUE &%, 5 flooding velocity =58 3 4 Qlth

1) Fair’'s method
fooding pointol Al column®| net area(A.)T Uk 2] o2 FA]E T}

Q\/pv/ ( o — pv)
C. (3.4)

cep capacity parameterZ Faire] flood-capacity graph (I8 3.3)4 ©] grapholA H =3 2
(35l A 3k 4 Qlr}.
Cy = the smaller of {

Anf =

0.425 exp(0.0479 %) [0.1092—0.058 In(F)] '

Frs liquid-vaper flow parameter® t<S-3 2o 2o g FA T

_ w0 _ LM, | 0,
Fio= G5 o = VMU\/ o (3.6)




219 3.3 Generalized correlation of flooding on crossflow plate

% 3304 A B5E thed 22 B 7hA ] Aok Sfo A Ab&o] 7hEattt
foaming®] & doJ}A] = system
weir height ( tray apacing®] 15% )
weir Abolo] WA e gjiito] active aread 3
0= 20 dynes/cm
g EZ AA column® net area (A 2 B4)oNA F3F AynE HAS Fo]of s,
A

Ff Sf (2%)0.2

A, = (3.7)

9 Ao A Fe= flood factoro]™ Se= ¥ 10] B2 v} 1= foaming factor©] tt.
sieve tray2| 7-$-°ll+= hole area / active area = 0.1 ©]2}= Aol ¢ gJormz F7} BAslojok 3
t}.
Anr
0.2
oo a)
21(3.8)° A afi= hole area (An) / active area (A.) ¢ 7 21+ factoro| o},

A, = (3.8)

Ah / Aa ar
0.10 1.00
0.08 0.90
0.06 0.80

Apo]l AAE M column diameter(DDE T+ & Ak
d & E9] splash bafflec] §1+ single crossflow plateo] 41+ downcomer areas AqZ} 3FH column
area(A)e U3 22 dAHoE FAHE
A=A, + Ay,
Ad = O.]. At

I8 22 column diameteri= Uh&3 o] U},

| 4 A
Dl‘: Tt



2) Glitsch’s method

D Active area

fooding pointl A column®] active area (Aw)E U £ Aoz RE 3o

A, - o,/ (o = pc,,) + ¢ L, /1083 50

Co= 19 344 o] 2-S F43 & 43200025 3k

0.3174+0.04122( %, —12)"®—10"%0,(245 + 661 &)

Csb = the smaller of E (h)"%(0,)" /12
0.595—10.05%0, (3.10)

0.75 D;
N,

D¢t Npo= 22 tower diameter®}t no. of flow path®]t}.

A HR3 active area (Al)E Axs HA dtojof ghu}

Adf 0.2
o)

Lf:

A, = (3.11)

19 3.4 flood capacity of tray

(@ Downcomer area
Downcomer area(Ag)= Th3 2o = 3k},
Ad = the smaller of [0.11 A,

q’ / (VDdngf) (3.12)

VDasg downcomer design velocity® 1% 35 T o] AL #2133 2](3.13)% o] &3te] F3t},
VDo 9= gpm/ft® o] th.

250S ¢
VDas = the smaller of E41 Vo,—0,Ss

7.5V hil0,—0,) Sf

219 3.5 downcomer design velocity

@ Column area®} column diameter

column area®} column diameter: oS3 28 Wy oz AR

o

=
At = the large of A,T24A,

& o,/ (o, — 0,)
0.78 Cy F. S; (-£)02 g,

(3.14)



Di=V4 A, =x (3.15)
entrainments vapordl 9|38 ol 9l @oZ o]%3t liquide %oz AW plate efficiency
E gojrega ey vo HRS gHow SEl7bA dlA top productd £EE WA = Q9o
2 z2hg3

entrainmentZE et} & W fractional entrainment (¢ ) TFS 2102 FA|HT}

_ e
0= L+ e

&, @ik, flood factore] $2 19 36014 ol A& 4 3e A(B16)S o8&t 7+ F 3

rr

0
.

¢ = expl —(6.692+1.956 F)(F,,) ~O#r0-600 (3.16)
ool Hmat vpel o] ¢ & AXkate] o] zko] 0.15 old7F M= d Ao] upLH st}

19 3.6 Franctional entrainment

3.6 Weeping
719 &x7F oW gk o]slrt HWH weepingo] dojuA o G&o] w43 A3Fgrl. weeping
bubble capely valve trayoll A& Aol FA7F B A oy sieve trayoll A= L3 290 ),
719 FEv B@EeA A= AE ey A o2 FATE & 9k
Fairt Hutchinson® Mayfielde] A3 ZA3 (28 3.7)E o] &3l9] weeping pointoll A& oS3 2
A A S v Al A 9hsk S T
By + hy=0.35 C by + By )" (3.17)
a2 3743 38HANAM hy, hy heys ANEA 2 (317)¢] o]l ¥ HETY AW weepingo]l ¥
oA gerhal B 4 9ok

wehA tray A= o] B Felsof s



o+ hg, in.of liquid

Q5

|
0 0.5 1.0 15 20 25 30 35 4.0
Moy + Moy, 1. 0f liquid

Ret Iy 4, /4,
s Mayfield 14 e QOB
a Moyfield 14 LTS 009
O Hutchinson 11 e 0414
— Zerz 21 g~ Q20

19 3.7 weeping, sieve trays

3.7 Liquid phase drop
liquid phase drop(hs)2 28 3194 Hi= vpel Zo] weir height(hy) liquid gradient(A), downcomer
apron head loss(hd.), liquid crest over weir(how)e o8 FAE T
he= hy+ hyp + & + hy, (3.18)
how, haat= tray FElell @A glomz AdwbAel 2 o= F AL 7bsshy A tray FEle wheh th=
o zhkzkel el s d9str]® gk
1) liquid crest over weir

@ straight segmental weir?l 7-$-

.\ 2/3
B = 0.48 FW(%) (3.19)
91 Aol A Fwe RAGASTZ mulfipass trayQ] 4% 12 7FA43ol % Bollese] #7414 (3.20)S o] &3}
of 3 )
J V1 (RYY(F) =V 1- (R’
Rw=Lw/Dt

19 3.8 weir correction factor for segmental downcomers

@ notched segmental weirel 7%

notch 918 o] 44 58 Aol 43202 ol v 4 2 ol NGBS oG] T



, lw / /
g = 1.2 h—n[ B — (o= 1) 7] (3.21)
]’l 2/5
— 0.9 ( L2 ) (322)
® Circular weirs! 7%
how < 0.2 dy & A= 2 (323)8 02dw < how < 1.5dw & A= 2 (324)& o] &3t}
.\ 23
By = 0.18(6%) (323)
s N2
By = 0.13(6%) (3.24)
2) downcomer apron head loss
, 2
_ 4
haa 0.03( 100f1¢1) (3.25)

ghok inlet weirZb QO 21(325)2 T3 heol ©F 20%E Z7}3lojol hr},
3) liquid gradient
trayl A o] B2 Aolsk A FgoAE FHsh el o

N o] x} = liquid gradient(A)E FA] &
4 glth. AE liquid depth, skirt clearance, bubble 7+2, -2k

s 0:181 O]X]'_O/] 03]8]:_9_ ]:ﬂ_vL_._]q_.

3]
A7} A vapor maldist ribution¥} liquid weeping®] ¥ oJuUA ® T} bubble cap trayllA+= A7F 2
PGS w1 sieve B=E valve traydl A= A ge FAT AHrolr)

@D bubble cap trayol A2l A

Devies7} <3 72 218 @ EEAC

triangular pitch®l 74 $-9l+= Rec=1°]t}.
Caot Co= A2 29 399 1% 310 o838t 3ttt
19 3.9 Liquid gradient factor

713 3.10 Vapor-load correction factor for lipuid gradient

@ Sieve &= valve trayoll A2 A
Hughmark - O’Conell®] Hucks - Thomson, Hutchinson®] 23 A 3& 435t v 22 28 #

=3ttt
_ JUIL,
___hDy
Ry =5, 4 13D, (3.29)

2



_ 12¢  _ 12
Ur= 34, = Wb, (331)

f+ Reynolds no. Rew)¢} hyol &2 29 3118 o] &3ste] F+3k 4

Ry Uy o, (3.32)
Ky '

A2 384oNM AHst7l= g

Reh =

2 (33D A hell o g

219 3.1 Friction factor for froth crossflow trays

3.8 Vapor phase drop
Vapor phase drop< tray %ol wel tf2 22 7}2bo] trayol| o] AWsl7]=2 s,

1) bubble cap tray ¢ 7%

Vapor phase drop (h,)
= dry cap drvop(h.y) + slot opening (hy,) + aerated liquid head(h.,;)

@ dry cap drop (hea)
Dauphine ©] A|Qtgh A& thg3} #Zr},
hcd = hr + hm (334)

he#} hee ZH2E vapor?} riserE £33 w] 9] head loss?] capS E33F th9] head lossZ 2](3.34), 2

(335)&2 ‘A€

ot e (@)
he= 0111 (V75;147) (3.34)
O 68 202 Q 1.71
oy = :0/ (aerac V o, Ar) (3.35)
Bolles7} ®r¥ & 4& oo 2o}
_ e P [ QN
ha = Ko 4 ( Ar) (3.36)

Kc¥ dry-cap coefficent® 18 3.125 o]&3dle F3lH ),
computerg ©|&3te] hedE F3tiLa sk A f-ole 19 3128 F28kstolof st2 2 Bolles Wi &
E=Rika=

[Z2¥ 3.12 Dry-cap head-loss coefficient]

@ Slot opening(hso)
Rogers ¢} Thiele7} Slot openingS AAbslE 218 WG o™ o Winnd} Bolles7} o] 2

s34k,

>,
o
>
ofo
_?L
s
-
]
>
¥
o
L
)
32
T




rectangular slot®} triangular solt¥ trapezoidal slote] E<=3F Fe|Z Rs7} Z+z} 13 Qo] t}.
21 (3.27) tiale] 17l 313& o] &3t hsoE 7 = Ut
[-2¥ 3.13 Generalized correlation for slot opening]

® Aerated liquid head (hal)
Fair, Foss-Gester, Hughmark-O'conells ©] halS T3l& 2& 233 A

. Faire] W2 t53 2o

b

=9 314 £ o] 1Y

tio

TAMA o8 whERetE A (3.28)% AREste 7 ¢ dth
b =0977- 0619F,, +oz41F Rl - 0.0636vaa93 (3298)
Fo=Uary
[Z1¥ 3.14 Aeration factor for crossflow trays]
. Foss ¢} Gerstere U 2]S A3kt
h, =024+0725h, - 029U, \r, +o.01Z q (329)

. Hughmark® O’conell®] #|et3t 2]& vt} 7t}
Fva>14 ¢l 3%
h, =0377+0955h, +h,,[- 02210, +h, [ +0024h, +1, [P - b (329)
Fva<l4 91 7% $-

h, =0374+1120h, + hJ- 0266lh, + hJ + 0027h, + hJ’- b (329)
bubble cap traydl & h, 9 e FAHE o)

2) sieve tray$l 75
vapor phase drop(hy) = dry hole drop(hn) + surface tension head(h,)
(D dry hole drop(hn)
Hughmark-O’conell, Hunt, Leibson%©] 233t
. Hugmark-O’conell2] 2

1>

o] At

h = 0186 E h& (332)

Cvot= dryorifice coefficient® 1% 3.15 U o] A 43k 24 (3.33)S o] &3l F3ld Hr

o MSBO.G- 67.7§ h& +732§(::“! - 0338&;‘& E b333g

vo 2
1000\/1- qil‘
A
[Zz9 3.15 discharge coefficients for vapor flow, sieve trays, {LLiebson, R.E.Kelley and L.A. Bullington,

Petrol. Refiner, 36(2), 127(February, 1957);36(3),288(1957)}]
. Leibson®9] 2]




h = 0.186rVEUhA haszg

| vo

C, = Eo.s% + 0.273”@ 0674 +0717 2‘5 b334g

h

@ surface tension head(h,)

_004s b335g

@ Aerated liquid head(h.)
bubble cap trayel A -$-<} &Y3s}t.

3) valve tray (ballast tray)e] 4%
vapor phase dropthy) = dry valve drop(hy) + aerated liquid head(h.)
@ dry valve drop(hy)

valveZ7l &+43] d8A &+ 49 & hete valve weightoll Bl #3le] valveZ} 9443 A8+ 2o+

hyi holes E3dt= F7]9] &ef Aol vl g
hei= 28 GB16)olu oA #4353 4 (336)= o83t 3

135, —+K U
T,
h, = thelarger of ! ! b336g

2] (3.36)° A

om = valve metal density (Ib/ft3)

tm = valve thickness (in)

U, = vapor velocity through valve (ft/sec)

K1, K2 = coefficient

ol v}

Ki, Koo #& 3 339 tw} om®l #S 3E 349 YRSl

3£3.3 Pressure Drop Coefficinets

Type K2 for deck thickness(A.A. Units K2 [SI Units]
of unit K1 14G 12G 10G 0.%5 K1 14 s.w.g 12 s.w.g 10 s.w.g 1 in
(0.74 in) | (0.104 in) | (0.134 in) (1.88 mm) (265 mm) | (33 mm) | (6.35 mm)
v-1 0.2 1.05 0.92 0.82 0.55 5.46 28.7 25.1 22.4 15.8
v-4 0.1 0.5 0.39 0.38 - 2.73 13.6 10.6 10.4 -
3#%3.4 Data for Materials of Construction
Thickness Density of Valve Materials
Gauge (in) (cm) Metal om (Ib/ft) om (kg/m')
20 0.037 0.094 Mild steel 480 7700
18 0.050 0.127 Stainless steel 510 8180
12 0.104 0.264 Titanium 283 4540
10 0.134 0.340 Hastelloy 560 8980
lin 0.250 0.635 Aluminium 168 2695
Copper 560 8980
Lead 708 11350

[2¥ 3.16 Ballast tray valve drop]



@areated liquid head(h.)

bubble cap tray 2] A9 L3 Aoz FAT 4 gt}

3.9 Downcomer dynamics
1) downcomer backup(hac)
downcomer backup = vapor phase drop(ht)¥} liquid hase drop(hs)9] & o2 FE A H}

he =h +h, [337]
hae= clear liquidE 7]
density(¢ )2 U-Fo]oF

ol EN

b}

¢

he :% b338g

9 e 050142 o FHE 2R hyE hedl 28] o]3dtolt},
uwpeb A tray spacing<> ha:2] 28] o]/dolm FR 3}l
his = Zhgc
2) liquid residence time in downcomer (tdc)
downcomer® Eo|7}+= AL 72 & f3sl3 gomz 7
A 3sec, EAIO] A8 AL Ssecol AMFALLE U AL o
_ Ahy 112 _ Ahy
alj 129

sho] Tk,

=

dc

339@

3) liquid threw over weir(dtw)
downcomer® &2 Eol7b= A2 7|E7F A2 Ao] wheA st
dw?7b column wall?t weirAle]l o] FAHY AW ool Wo] JTIHA Alo]le] 1A S
anti-jump baffles A x|3}= Zlo] Er}.
dwte T A o2 ALlEr
d,, =08, /h,h, [34d]
hy =h,- h, - hy b341g
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Column

1. Operating temperature and pressure
2. Reflux ratio

3. Number of trays

4. Feed and draw off trays location
5,. Column diameter

6. Tray spacing

Tray

7. liquid-flow arrangement or tray type
8. Active area

9. Downcomer type, area, and clearance
10.
11.
12.
13.
14.

Tray outlet weir type, height, and length

Tray inlet weir, type. height, and liegth (if any)
Tray outlet splash baffle, antijump baffles

Tray and weir level tolerances

Materials of construction

For specific types of trays

Bubble cap Perforated Valve
15. Bubble—cap diameter number 15. Free hole area 15. Size holes and valve type
16. Cap layout, pitch, and spacing | 16. Hole size, pitch, pattern 16. Number of valves and spacing
17. skirt clearance 17. Tray thickness 17. Tray thickness
18. Static seal 18. Hole blanking
19. Riser dimensions
20. Tray baffles
21. Tray drain holes
22. Leakage

34.2 Recommended Limits @ Tray and Column Design




Bubble-cap trays

Perfurated trays

Valve trays[4]

Column 1-24 ft 1-24 ft 1-24 ft
Diameter 80-85% NF 80-85% NF 82% NF
Basis: %flood 70-75% NF 70-75% F 60% IF
T7% vacuum service
65-75% col. diam, 3.0ft
Tray spacing Tig. 13.21 Fig 12.21 12-36in
12-48 in 12-36in Col. diam 2.0-4.0f;12-18in

Col. diam 2.5-4.0ft;18in

Col. diam 2.0-4.0ft;12-18in

Col. diam 5.0-24ft;24-36in

Col. diam 5.0-24ft;24-36in

Col. diam 5.0-24.0f(;24-36in

Checksliquid backup, entrainment

Check;liquid backup, entrainment

Check;liquid backup, entrainment

Tray (Table 14.3) (Table 14.3)
Flow arrangement Cross flow Cross flow Cross flow
General DP. caseade DP 5-6ft DP

Med. diam 6-112ft

Multiple pass, cascade

Multiple pass

8-15ft multiple pass

large diam 12-24ft

Bubble cap diam |Tray diam

Hole diam;

Standard manufacture

Tray layout 3in 2.5-4.0ft Hole area;6-15% Col. area Specification,  in
4in 5-16ft Spacing;pitch/hole diam 2-4 diam. holes
6in 16ft and over Tray thickness;16page to Xin Special up to 6in

Slot area 10-20%, Col. area

Tray thickness;1/14-1/4in

Spacing 1-3in, between caps

Pattern equilateral triangular

Skirt elearance 0.5-1.5in

Cap clearance

Holc clearance;

Cap-tower walt, 1.5in, min

Hole-tower wall, 1.5in

Cap-weir, 3.0in, min

ITole-weir, 2.0in. min

Cap-apron, 3.0in, min

Hole-apron, 2.0in. min

Ave. dynamic seal, has

Ave. dynamic seal has

Ave. dynamics at hgs

Vacuum, 0.5-1.5in

Vacuum, 0.5-0.60in

Vacuum, 0.5-0.75in

Atmospheric, 1.0-2.5in

Atmospheric, 0.5-1.5in

Atmospheric, 1.0-2.5in

50-100psig, 1.5-3.0in

Pressure, 1.5-3.0in

Pressure, 2.0-6.0in

200-500paig, 2.0-4.0in

Solt opening ws=0.25-0.5in

h=1.0-15in
Downcomers
Type Segmental Segmental Segmental
Apron Vertical Vertical Vertical
Licquid
Residence
Time 5 sec, min, I 5 sec, min, I 5 sec, min, I
3 sec, min, NFF 3 sec, min, NF 3 sec. min, NF
Liquid velocity 0.3-1.0fps 0.3-1.0fps 0.5-3.0fps

Apron clearance

Weir to baffle distance, to 6ft-0.5in

weir height

Seal area:}s-14 downcomer area

Weir to baffle distance, 6-12ft-1.0in

Weir to baffle distance, over 12ft-1.5in




Bubble-cap trays

Perfurated trays

Valve trays[4]

Weirs-outlet

Type Segmental Segmental Segmental

Tleight 2.0-6.0in 1.0-3.0in 0.75-3in

Adjustment 1.0-2.0in 1.0-2.0in 1.0-2.0in

Length, %col. diam Cross flow, 60-75% Cross flow, 60-75% Cross flow, 60-75%
DP. 50-60% DP. 50-60% DP, 50-60%

Center, 8-12in, wide

Center, 8-12in, wide

Center, 8-12in, wide

Intermediate

Optional hw=h liquid downstream

Not recommended

Not recommended

Splash battles

Optional, bottom 2-3in, above

Optional, bottom 2-3in, above

Optional, recommended for

outlet weir

outlet weir

high vapor reates

Antijump baffles

Recommended for DP trays

Extend to elevation of top of weir

Extend to elevation of top of weir

Extend to elevation of top of weir

Not recommended

Not recommended

Height 2Xclear head, min

Miscellaneous

Drainholes diam. 4sq in./100sq ft tray arca Not recommended Not recommended
Leakage Max. fall lin. below top of weir - -
in 20min with drain holes plugged
Construction tolerances Yin. max Yin. max Yin. max
Tray lever Yin. max Y4in. max Yin. max

* NF - nonfoaming
F - foaming
DP - double pass

¥ 4.3 Tray-type Selection Based on Liquid-handling capacity

Tower diameter, ft Reverse Cross Double pass Cascade double pass

3 0-30 30-200 - -
4 0-10 40-300 - -
6 0-50 50-400 400-700 -
8 0-50 50-500 500-800 -
10 0-50 50-500 500-900 900-1400
12 0-50 50-500 500-1000 1000-1600

- 15 0-50 50-500 500-1100 1100-1800
20 0-50 50-500 500-1100 1100-2000

* Range of liquid capacity, gallons minute

3 4.4 Approximate Distribution of Area as Percent of Tower Area

Tower diameter Downflow area Liquid dist. area End
ft Cross Double pass Cross Double pass Cascade double pass wastaget
3 10-20 - 10-25 - - 10-30
4 10-20 - 8-20 - - 7-22
6 10-20 20-30 5-12 15-20 - 5-18
8 10-20 18-27 4-10 12-16 - 4-15
10 10-20 16-24 3-8 9-13 20-30 3-12
12 10-20 14-21 3-6 8-11 15-25 3-10
15 10-20 12-18 2-5 6-9 12-20 2-8
20 - 10-15 - 5-7 9-15 2-6

* Allocated cap area(active area)

=tower area-(downflow area-+liquid distribution area-end wastage)

From Fig 4.1




[Z1¥ 4.1 Area designations—-bubble-cap plate]
[Zz9] 4.2 Tray types by liquid paths]
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Materials of Construction

IHigh L/V or large towers Double-pass

Very high L/V or very large towers.....Double-pass, cascade

Downcomers and weirs

...8-12in

Downcomer width for double-pass trays...

Tray Dynamics

Mean slot opening

Maximum 100% slot height
Type Light gage metal Manium 0.5in
Material.......cooeveveeveeeeerenns Determined by corrosion conditions Mean dynamic slot submergence

Vacuum operation 0.25-1.5in

ALMOSPRETC. ... 0.50-2.0in

50-100psig 1.0-3.0in

Tray Type

200-500DSI 1 evverveireieieieieie et ssensenes 1.5-4.0in

General use Cross—flow
Vapor distribution ratio(A/he).....c.ccovvevvveeeeinnnnn 0.5maximum

LOW L/V TalO.ciorieeerieiieeiee et Reverse-flow

THeight clear liquid in downcomers

................. 50% downflow height, maximum

Downflow residence time .5 seconds, minimum

Liquid throw over weir.......... 60% downflow width, maximum

Pressure drop As limited by process

Bubble-caps

Cap to tower wall 1.5 in minium

Tray Spacing

Downcomer type Segmental || o ers 2510f 18in
Downflow battle Vertical || For tower 4-20ft 24in
Weirs for normal 10adS........c.ccooeeiveviciercceieeeeeeeeeee Straight ||Miscellancous Design Factors

Weirs for low loads Notched Inlet weirs...ooeveennnns Use as required for liquid distribution
Length:Cross—flow trays, % Tower Dia.......ccoe..n 60-70% Intermediage weirs;

Length:Double pass trays, % Tower Dia......coo....cooo... 50-60% Minimum height > height liquid downstream

Reverse-flow baffles;

Minimum height twice clear liquid
Redistribution baffles

Location;

All rows where end space is lin>cap spacing

Norman size for: Clearance {0 CaPS...ovveeiveeeeeeeeeerrene Same as cap spacing
Height Twice height clear liquid
2573 . LOWETS uuiuiriecircireircirenreni sttt 4in ¢ ¢ 4
Downflow baffle seal
4710 o LOWETS. ittt 4in Weir to baffle < 5ft 0.5in
1.0-2.0 ft. towers 6in Weir to baffle 5-10ft.
Design Use suggested standards Weir to baffle >10ft
. o Tray design deflection(structural).........coocvvverncrrnernrrennns Y4l
Pitchu.iiecie Equil. triangular, rows normal to flow rd.v esign detiectionistructura ain
Drain holes
Spacing 1-3in STZCu ettt sttt %-%in
Fastening Removable design Area 4 sq. in/100 sq. ft. tray area
Clearances Leakage......cccovvveeveeeninnn. Max. fall 1.0in. from top of weir in

20 min with drain holes plugged

Construction Tolerances

Cap to weirl 3 in minium Tray 1evelness ..o, % inch Max. under 36inch Dia.
Cap to downcomer or downflow baffle.... ....3 in minium 3/16 inch Max. 36-60inch Dia

Weir levelness +1/16in
=% Bolles, W.L., Petroleum Processing, and as modified by this author.
3t 4.6 Bubble-cap size Slot Area
C ize. in Se/de
ap. size. 1. 0.25 0.3125 0.375 0.50
3 0.39 0.35 0.32 0.27
4 0.56 0.33 0.30 0.25
6 0.29 0.26 0.24 0.20

* Ratio:slot/allocated cap area.




distancebetweencapwalls _ s

Capdiameter d,
3£ 4.7 Proposed Standard Bubble-cap Designs
Carbon steel, in. Alloy steel, in.
3 4 6 3 4 6
Cap
U.S. Standard gage 12 12 12 16 16 16
OD, in. 3.093 4.093 6.093 2.999 3.999 5.999
ID, in. 2.875 3.875 5.875 2.875 3.875 5.875
Height over-all, in. 2.500 3.000 3.750 2.500 3.000 3.750
Number of solots 20 26 39 20 26 39
Type of slots Trpzl. Trpzl. Trpzl. Trpzl. Trpzl. Trpzl.
Slot width, in.
Bottom 0.333 0.333 0.333 0.333 0.333 0.333
Top 0.167 0.167 0.167 0.167 0.167 0.167
Slot height, in. 1.000 1.250 1.500 1.000 1.250 1.500
Height shroud ring, in. 0.250 0.250 0.250 0.250 0.250 0.250
Riser
U.S. Standard gage 12 12 12 16 16 16
OD, in. 2.093 2718 4.093 1.999 2.624 3.999
ID, in. 1.875 2.500 3.875 1.875 2.500 3.875
Standard heights, in.
0.5in. skirt height 2.250 2.500 2.750 2.250 2.500 2.750
1.0in. skirt height 2.750 3.000 3.250 2.750 3.000 3.250
1.5in. skirt height 3.250 3.500 3.750 3.250 3.500 3.750
Riser-slot seal, in. 0.500 0.500 0.500 0.500 0.500 0.500
Cap areas. sq. in.
Riser 2.65 4.80 11.68 2.65 4.80 11.68
Reversal 3.99 7.30 17.40 418 7.55 17.80
Annular 3.05 5.99 13.95 3.35 6.38 14.55
Slot 5.00 8.12 14.64 5.00 8.12 14.64
Cap 7.50 13.15 29.0 7.07 12.60 28.3
Reversal/riser 1.50 1.52 1.49 1.58 1.57 1.52
Annular/riser 1.15 1.25 1.20 1.26 1.33 1.25
Slot/riser 1.89 1.69 1.25 1.89 1.69 1.25
Slot/cap 0.67 0.62 0.50 0.71 0.65 0.52
#% 4.8 Recommended Standard Tray
Tower diameter and flow arrangement, % Up to 6 ft-cross Over 6 ft-double pass
A/A 10 10
AJA 17 17
AJA 12 12
Ax/A 76 76
1w/Ds side 77 62
1w/Ds center - 97
Z13a/D 64 30

* Caps have 4-in diameter

3 4.9 Recommended Limits for Sieve Trays




Double pass

Data Cross flow
Tray diameter, ft 1-8
dn, hole diameter, in.
pn, hole pitch, in. 2.5-3.0
hw, weir height, in. 1.0-2.0
lw/Ds, weir length/tower dia.,side 0.68-0.76
lw/Ds, center -
AdA 0.08-0.12
Av/A 0.06-0.12
Av/A 0.92-0.88
Av/A 0.84-0.76
AN/A 0.84-0.76
tv gage 12-14

8-12

2.5-3
1.0-2.0
0.55-0.63
0.97
0.08-0.12
0.06-0.12
0.92-0.88
0.84-0.76
0.84-0.76
12-14

4-2 A=A
1. 71988 AAZ o] &3 reflux ratio, &5, feed plateE 2 A3t}
2. 2748 Fx3}lo] bubble cap, sieve, valve & trayE ol=A o &2 A9
3. ¥ 435 °] &3l tray types AA 3o
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5 ¥ 44% o]&3l4 tower areas A3t}
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8. 3<% i3l tray hydraulicsE A4 & columno] AE AAFH A=A ofele] =13 %

42% o] &34 check gt}

. bubble cap tray < 80%

% flooding < 0.15

slot opening > 0.5 in

1.0 in < dynamic slot seal < 2.5 in

vapor distribution ratio = A/(hw+hso) < 0.5

downcomer aerated liquid height < 3 sec for nonfoaming system
downcomer aerated liquid height > 5 sec for nonfoaming system
. Sieve tray and valve tray

% flooding < 80%

entrainment < 0.15

dry hole drop + sutface tension head > 0.35(hw+how)
downcomer aerated liquid height < tray spacing

downcomer residence time > 3 sec for nonfoaming system

downcomer residence time > 5 sec for foaming system

4.3 Sample program 3 A3}
(e}

sieve tray hydraulics colculation program < 243} water-MEK-toluene systemol 383 ko).
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¥ 4.10 tray hydraulics colculation for sieve tray(cross—flow type with segmental weir)

wiex TRAY DIMENSIONS(MILI METER) ot
LENGTH HEIGHT AREA(SQ. METER)
TOWER DIA 750.00 TRAY SPACE 300.00 TOTAL CROS 44179
OUTLET WEIR 576.28 INLET WEIR 0.00 ACTIVE ZON 18414
APRON BIM. 549.91 OUTLET WEIR 35.00 VAPOR FLOW 38771
LIQUID FLOW 480.00 APRON CLRN 25.00 EXIST HOLE 00825
INLET WEIR 576.28 TRAY THICK 3.00 AVAIL HOLE 01125
HOLE(TRAING-PITCH) DOWN COMER SPACE TO WALL
HOLE DIAMT 5.00000 INLET AREA 05408 OUTLET WEIR 135.00
PITCH/HOLE 4.50000 OUTLET AREA 04563 APRON BTM. 120.00
OPEN RATIO 04479 D.C VOLUME 01434 SIDE DED-Z 40.00
EXIST NO. 420 VERTIC HT. 150.00 CALMG ZONE 40.00
AVAIL NO. 572 INCLIN HT. 125.00 INLET WEIR 135.00
weiex TRAY HYDRAULICS OF NO. 1 TRAY(EXIT HOLE NO, : 420) s
(PROCESS CONDITION) TEMP(DE-C) +95.0000
PRESS(KG-A) 1 1.0300
PHASE FLUID
VAPOR W-M-T | MOLE WT. RATE(KG/H) KG-MOLE/HR CUB-M/SEC DENSITY
LIQUID W-M-T | 21.940 513.200 | 23.391 1967261 1246
VISCO(C.P.) : 3290 | 19.790 443300 | 22.400 0001263 974.6000
SURF TENS : 30.4000
(HYDRAULICS RESULT)
VAPOR VELOSITY(M/S) LIQ. FLOW HEAD LOSS VAP. FLOW HEAD LOSS
TOTAL CROS 4453 | LIQ. CREST 24399 | HOLE DROP 38.75
ACTIVE ZON 1.0684 | LIQ. GRADT 0862 | C-LIQ HEAD 24.15
VAPOR FLOW 5074 | APRON LOSS 0139 | BUBBL-FORM 3.87
THROW HOLE 23.8551 | DWN-BCK-UP 104.3098 | PRESS DROP 66.77
TRAY STABILITY MISEL. FACTORS OPTIMUM HOL NUMBER
ENTRAIN(%) 14 | LIQ. THROW 189797 | NO OF HOLE 418.00
FLOODING(%) 151.25 | CREST-FACT 1.0048 | FLOODING(%) 150.63
WEEPING(%) 44.25 | AERATION-F 6450 | WEEPING(%) 44.07
DC-TIME(S) 56.74 | FROTH-DENS 3827 | HOLE DROP 39.07
NOMENCLATURE

a = area, in2

al = inside cross—sectional area of cap, in2

acr = annular area (between cap and riser) per cap, in2
ar = riser area per cap, in2

aw = weep hole area, in2/100ft2 tray area.



A = area, ft2

Ada = minium area under downflow apron, ft2
Am = net cross-sectional area for vapor flow above the tray(generally Al-Ad), ft2
Ar = total riser area per tray, ft2

As = total slot area per tray, ft2

Cd = liquid gradient factor, dimensionless.

Cs = coefficient in maximum slot capacity formula, dimensionless.

Cab = vapor capacity parameter, as defined by souders and Brown in Eq. (14.7). fps
Cv = vapor load correction factor for liquid gradient, fractional.

d = distance or diameter, in.

dc = inside diameter of cap. in

dr = indise diameter of risers, in.

ds = slot width, in.

dsb = slot width at bottom. in.

dst = slot width at top, in

dtw = liquid throw over weir, in

dw = diameter of circular weir, in.

D = distance or diameter, ft

Df = total flow width across tray normal to flow, ft.

Dt = tower diameter(ID), ft

e = liquid entrainment, 1b moles/hr.

Ew = local wet(with entrainment) efficiency, fractional

Eme = local dry(Murphree vapor) plate efficiency, fractional.

Flv = liquid-vapor flow parameter, defined by Eq.(14-6), dimensionless.

Fva = vapor flow parameter based on active area defined by Eq. (14-40), dimensionless.
Fw = weir constriction correction factor, fractional.

g = accelation of gravity, 32.2 ft/sec2

h = height or head, in.

hal = head loss due to aerated liquid, in, liquid

hc = cap head loss(through riser, reversal, annulus, and slots), in. liquid

hed = dry cap head loss, excluding slots in. liquid.

hda

hdc = height of clear liquid in downcomer, in.

lead loss due to liquid flow under downflow apron in. liquid.

hds = dynamic slot seal, in.

hf = height of troth(aerated mass) on tray, in.

hfd = height of troth(aerated mass) in downcomer, in.

hff = height of liquid free fall in downcomer measured from weir, in.
hl = equivalent height of clear liquid on tray, in.

hti = height of clear liquid at inlet side of tray, in.

hto = height of clear liquid at overflow weir, in.



hn = height of weir V notches, in.

hbw = height of liquid crest over weir, measured from top of weir(straight of circular weirs) or
from bottom of notches(V-notch weirs), in.

hr = head loss through reversal and annulus, in. liquid

hrn = height of liquid crest over weir, measured from top of weir(straight or circular weirs) or
from bottom of notches(V-notch weirs), in.

hr = head loss through risers, in. liquid.

hra = head loss through reversal and annulus, in. liquid.

hsc = cap skirt clearance, in.

hsh = slot height in.

hse = height of slot opening, in, or slot head lossm in liquid.

hss = static slot seal, in.

ht

hts = tray spacing, in.

total vapor head loss(pressure drop) per traym in liquid.

hw = height of weir above tray floor, in.

H = height, ft.

Hts = tray spacing. ft.

Ke = dry-cap head-loss coefficient, dimensionless.
Ks = slot orifice coefficient, dimensionless.

1 = lentgh, in.

le = total free width between caps normal to flow, in.
Iw = weir length, in.

L = liquid flow reate, b moles/hr.

Lw = weir length, ft.

L = liquid flow rate, Ib moles/hr

q = liquid flow rate, cfs.

q’ = liquid flow rate, gpm.

Q = vapor flow rate, cfs.

Rce = ratio of distance between caps on parallel liquid pass th that on oblique liquid pass

Rra = ratio of distance between risers to distance between caps.
Rs = trapezoidal slot shape ratio. dsl/dsh

Rw = ratio of weir length to tower

t = time, sec.

tda = residence time of aerated mass in downcomer, sec.

tl = residence time of liquid in aerated mass on tray, sec.

tv = residence time of vapor in aerated mass on tray, sec.

t’" = time, hr,

td’ = time to drain tower, hr.

u = liquid velocity, fps.



ua = liquid velocity based on active area Aa, fps.

U = vapor velocity, fps.

Ua = vapor velocity based on active area Aa, fps.

Un = vapor velocity based on net area An, fps.

Us = vapor velocity through slots, fps.

Ut = superficial vapor velocity based on total area At, fps.
V = vapor flow rate, b moles/hr.

Vdr = volume of aerated mass in downcomer, ft2

w = liquid flow rate, Ib/hr

W = vapor flow rate, Ib/hr

Greek symbols

B = aeration factor, dimensionless

4 = liquid gradient for tray or tray section, in.

L
of = average foam density, 1b/ft2
ol = density of clear liquid 1b/ft2

o = liquid surface tension, dynes/cm

liquid gradient uncorrected for vapro load, in.

ow = surface tension of water, dynes/cm
¢ = relative forth density, ratio of foam density to clear liquid density.

¢ = liquid entrainment ratio, Ib/lIb(or mole/mole) gross liquid downflow.
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