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Abstract

The procedures for the basic design of distillation column, which is used for solvent recovery in fermentation
and food plants, were introduced. The diameter of the tray is determined by the point of incipient flooding.
This may be estimated from Fair's correlation with flow parameter and accounts for liquid flow effects on the
trays. The selection of the tray spacing depends upon the size and duty of the column. The calculated tower
diameter and consequently its cross section must be checked and readjusted to allow stable operation, with
gas and liquid velocities not causing flooding or excessive entrainment. After the determination of tower di-
ameter and the check on flooding and weeping, the interior layout of tray and hole design are finally selected.

Key words: &1 3] 4+48- Z7%e] 71& 44

M B

F(distillation)x= & (vaporization)®} -3-Z(con- den-
satmn)‘ﬁ*&é ol &3 3yt O SdE] AN &
£ 2oz Naus oY ¥
o o]27]7tA] de] o] &5 2l Wy
el ek JUSF, SR, ALER 3
?_tﬂ

ool BRI Wl ol g

f‘

(counter-current) 3 &3l &
5 X‘XH A o=
Folee g £

¢4 249,§ 9l e &
o] & 7|glgic}. oluf 7|4}

o
=2
HollAl v Ho] vt& HE

Corresponding author: Hee Jeong Chae, R&D Center, Miwon
Co., Ltd., 125-8 Pyokyo-ri, Majang-myun, Icheon, Kyoungki-
do 467-810. Korea

154

A e A dEe Xt AR ol AL 33t
7] 138l 718 ®ol Euio] shdsle A9} &R
BEAZIG. M3 dAle o 4R S&7]dA
$&3 Ao dBE FFAAAM i %01] T=dhe
dojry, o] F FF(reflux)etx st} BFE YL F7
9} &3l FA| B1YA msinz & °P°ﬂ*1 Ay
£ 8, e A EAs A "ot g 7t
ol A A HEL Aol 71de R olFHY, 1

HAH QEe

fU

2y AR

71Agoqw Aoz Agdgn) dapEe

71“ AR Aol BolA| 1,

8 Aol obd 5

f;m
ofy

4

1

Aol

(rectification)&} 3!
3, 2el 588 ol

gu

938l ©}F H(perforated plate or tray)S o} 7}

o Mo

)

i g Moo

2% 8}, Hole Z7]% 1/4-1/2 inche] Ao} mom
%71 o] holeg B3l Ao}, 2} voll vj&2 Sl
7)Aol YAs] E2FEC}. Ayl eko] of . o)
olAto] XW 1 o) Do A &) Yl o F

ZHdown comer)& A x| 3} 7} whe] kR o)} whel
moke abelo] mebd ohewl, e Bl ofel el
FEZ(bubble cap)S &x]|3l7]% gt} ojd A=



2 3 AFE IR &0 YR FHRGY R HA 155

Feed

WaF, WRF

Feed D

Condenser
L D
Reflux
R=L/D Cooler
Cooling water
Top product
Wabp
Steam
Reboiler

l Pre-heater

Bottom product

W,

Waw, Wpw

Fig. 1. Schematic diagram of distillation tower with heat exchangers.
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Table 1. Basic design conditions and basic calculation from material balance for the design of distillation tower

Input name Notation Dimension
Feed rate F [kg/hr}
Weight fraction Feed, A (low boiling component) Wap [
Reflux ratio Feed, B (high boiling component) Wer=1-War [-]
Top, A Wap [-]
Top, B Wap [-]
Bottom, A Waw
Bottom, B Whw
R=L/D R [l
Variable Equation Remark
WAF
MW,
1) Mole fraction Xpr =
( Wy (W)
MW, MW,
(2) Vapor composition Yan, Yaw from equilibrium curve
-1
w (1-W,)
(3) Average molecular weight, feed MW, = _M_é':: + MW:F }
_ Flkg/] kol
(4) Flow rate TMW [keg/kmol](3600[s /hr]) feed
Xur = XKaw
P=F Ko~ ﬂ top
W=F-D bottom
*A: low boiling component
T3] 27| EFE(A, in Fig. 3} E3sHE superfi- 0.1 gt})
cial gas velocityE Al4tstodol gt o]« F7]9) ¥ a=0.0062 - S[in]+0.0385
9 F5& &) B35 HA(net cross section area, A,) b=0.00253 - S|[in]+0.05
o2 W o2, ohet Lo 44 LEEI} B AJA: 7P E BB S0 0.095)
o] 21ti(Treybal, 1968). (Ay T 9 hole AA, A th3de] thaH-¢
" wa)
. PL~ Ps
Updm/s| = Ce oo x0.3048 M o] 21.& F7(hole diameter, d.)°] 1/4 inE Gx| &
I % 3zo|(weir height, hw)7} 5,2 15%%2 d =) gou
3714 Cre flooding constant 24] T}E-2] Fair's corre- AEE AR F= Aol &3l A% 7Hesly o
lation (4} (2))ell &j3} 27 €t Hrol 22elx HE 7153 Aot
» 27 Foiel AA@ANES 4 ()02 AL A
Ci=la- log— +b (GA sﬁ +05 ) & ¥4 de A5 80-85%9 U.E, AZE &
F, |20 A Ak A% 5% Uu 3& AHE-@tH(flooding=0.6~
0.85).
AN oy & A BA A9l HwEYY
[dyne/cm] Adfm?] = V[m¥s] 3
(M) = G 7] x (Booding) )
0.5
F, = é [&] (3teko] 0.01<F,<0.1 ol®¥, F.& dukA o 2 weir length (W)e (0.6~0.8)DE FTHW/
P D=0.6~0.8).
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Table 2. Basic calculation for tray design
Variable Notation Bottom

(1) Pressure

(2) Temperature

P[kPa]=101.3(kPa)+0.05[kPa/m]X L[m]  P|[kPa]=101.3(kPa)+0.05 X n=101.3+0.5X Ln
(L{m]: tube length from top to condenser) (n: number of plates)

T[°C]: saturation temperature of A at P, T,[°C]: saturation temperature of B at P,

(3) Vapor density of p[kgm’] = MW, [kg/kmol] PlkPa] MW, [kg/kmol] 273 P, [kPa]
pure components (A, B) A 22.4[m¥kmol] T[°C]+273 1013 22.4[m¥kmol] T[Cl+273 1013
plkgm’] = MW _[kg/kmol] P,[kPa] _ MW, [kg/kmol] 273 P [kPa]
® 224[m¥kmol] T['C]+273 1013 22.4[m¥kmol] T,['CI+273 1013
i - MW - MW 1- - MW,
S/l:) Specific volume of vo[m¥kmol] = Yo AL _JYw AL (1-yy) B
por Pa Pa Py
gt)e Vapor volume flow V[m's]  =DR+1) - vo =D(R+1) - vg
. 3 yp - MW, +(1-y,) - MW, w ' MW, +(1-y,) - MW,
(6) Vapor density Pglkg/m’] = S - v
(O vapormiss oW gegs) =V py V- p,
i - MW - MW 1-x,) - MW
5.8) .Sémmﬁc volume of wfm*/kmol] = Xy AL _ Xw AL (1-%y) B
lqu‘ pDA pWA pWB
gg‘;‘r‘;‘t‘e’d volume Lim¥] =D-R-v =D - R+F) - v,
(10) Liquid density plkg] X MWLt (ox) - MW, _ X MW, +(1x,) - MW,

v
(11) Liquid mass flow
rate

L'lkgs]  =L-p

Vi

=L~pL

o Assumetray Iayout (Siand AVA) J

wmw) &

.I.

D, Wy, Ay, Al Ay

calculation

No

Fig. 2. Basic design procedure of distillation tower.

Table 3. General guide for tray design

Tray spacing 12~16 [in}]

Tower diameter (ft)

Tray spacing (in)

6 (minimum)

4 or less 18~20

4~10 24

10~12 30

12~24 36
Hole size 1/8~1/4 [in]
Spacing 2.5~5 d. (3.8 d, is preferable)
Y%hole area 4~15% of total cross section
W/D=sin 8 == 6=sin" (W/D) 4)

ik

"W AME AT AAZRE g3 2o & o
?;_} o

(AN AFH BH(ANE A Att.
Afm?) = Aq|1 - %‘: (6)
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Aqlm?) = [Kd] A ©
Afm=A2 - A, (10}
2 Ay [ Aa— Ay T 2

= |- AT A= 5 do 11

Am] [Aa A A p? - sin60° 4 an
ol e AitE ° WH AA s AR &

z+3

Z] (tray spacing)& AAEY =R EE weeping©]
v Fhegh v gEte] Yojubr] FeAldl it o
I 2 8 AFE AH HAE edsiAl "ot

& &4 AL

© 7HHe] AR qRe O uRe FRA A7
o EHE ALkE B ddstA o) "ol ¢
g £48 WA 9 equivalent head (B4 mE EADZ
X & Z7] 8 &4 (total gas pressure drop)
Azg Hdry plateys Foete Z7] 28] 4 gHh)
o B o] EAel ojaf wyshE AEH Eal(hy), 709
i®

Aol o3 o Sd(he) T Fo2 FAJEC
helin] =hp + hy +hg (12)

od 714 he: dry pressure drop
hy: pressure drop due to the depth of liquid on the tray
hg: residual pressure drop

(1) Dry pressure drop (hp)

Vit - pg

hy[in] =12 - G,
plin] 2 g p,
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0.25
o 7] 4] Ce: Orifice coefficient, C, = 1.09 ( d ]

(d, [ram]=hole diameter; t {[mm]=plate thickness)
Vi gas velocity through perforations, V,[m/s]=U
An/Ah
f: Fanning friction factor, from Perry Handbook 5-24
do[mam] - Vy[m/s] - pglkg/m’]
Hglep]

(Remc“

(2) Hydraulic head (hy)

el M AAE AHZ AF(froth)e] Pz &
Al AEo| gl clear liquide] ¢4 £47 = o=
th. o} 7lx] 28k oted 441 (hydraulic head)S 3
Hate whiol E¥EY R ¥ou thge] o] A
1 tH(Treybal, 1968)

hy[in] = 0.24 + 0.725hy[in]

- 0.29hy[in] - Vi[ft/s] - pQS[1b/ft] (14)
3
+ 4.4 UEL7S]
Z|ft]

o} 7] 4], V,: gas velocity through active tray area (A,),

U, A

V.[ft/s}=——

[ft/s) A

Z: average flow width, Z[ft]= D;W
(3) Residual pressure drop (hk)

Residual pressure drop& =
ool "ag 4" £dgA ‘3}%—/] 2oz 74]"1%‘4-

_ 0.06 - ofdyne/cm]

helin pu1b/86] - do[in]

(4) Pressure loss at liquid entrance
Downspout apron (Fig. 33 Z) @o 2 s2+ A=

#y 4SS FE3leY ole v Aoz At
2
I L[ft¥s]
h,[in] O'SSS[Ad,[ﬂZ] J (16)

o} 7) A Auff]=ha[ft] - Lufft], he[in]=he-0.5
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(5 ¥o](weir height, h,)x= WA 08 2 ing& A}E-
gheh).

(5) Backup in downspout
Downspout 2] 9] liquid levele] x}& 7)Ata} ofAbe]
5 3 obr|He 4 &4 oz FAE
hs[in]=hg+h, 17)

(6) Weir crest

S(weir) H2 T2 A& Ao EvlF(crest, h)E

%
guess-iterationo]] 23] AAksl=o) [\:’V J vs.
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eff

A

r,t

gt o] gkol Z»] 7FA gh(initial guess)®} &
b Al 7H (guess)sle] =@ &b gles 2

2/3
. w
h =538 | —
1[in] [Weff ]

4

ol
o

oX
o
Ak

2/3
CT

Check on flooding

A A 94 4 F hoth+hot @ A (S)Q
1/28.x} Zolol gt} o] & WEAIF|X] 2T W& S
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g T g},

N\o i

if hw+hi+h; < %—, OK (19)

Check on weeping

sete 371 57t 1R gow _w 7
hole_ %—46@4 g 27l denz 27
YA ah(h2 Vingh) o] dolofof gith.

JH
';

, 5 0379
b Mo HS _8_1;105]

=2.92x 10+
G'gc‘Pv'do Py

¢ Yo g d, 28424y
X(I] {ﬁ’_‘:ﬁ] 20)

o 7] A pg: gas viscosity [Ib/ft-sec]
o surface tension [Ibf/ft]
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d’s: hole diameter [ft)

p": pitch [ft}

g conversion constant, 32.2 [Ib-ft/lbf-sec’]
t: plate thickness [in]

Check on liguid entrainment

F719 £57F WS 29, Ao wgo] vl 4
oM T AR Zol Aadte ndEd "4do] do
U g4 289 k7 AHalstd gt o213 v
SERE dibo] dojud= 7HE A28 "eart sl o
= 5B entrainment 2}EZHE] 3013 A7}
Brh(Fig. 6.11, Treybal, 1968; Backhurst and Harker,
1973).
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Hole AA|
1799} holeo] #A|3l= HA L o}&-3) Zow ofA

o REE HR3 holed] MNFEE AFY 4 Utk
(21-22).
5 T -
1 — hole area[mm?] = -A—d(? (2n
3
#holes = Vim¥s] (22)

V,[m/s] - (1-hole area)[m?

o} 7] V. total vapor flow rate through tray [m’/s]
V... design hole vapor velocity [m/s]

Hole2] pitch(center-center distance)Z pg}x &1 T
kel i}E(Fig 8-96, Ludwig, 1977)ZF-E] #holes/
i th Aol oz holee] & B L AlLtE
o] AMbE gk A Z BE AgHET ojop
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% 9t

ool A& dAeE & 4+ Aok
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