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1 Flash Distillation

yi = Kix;
Li= 1+(KZI-:1)%
N
Rachford-Rice: f (%) =3 1&(;(_912)1 =0

2 Column Distillation
F=B+D
Fz=Dzp + Bxp

Fhr + Qea + Quw = Dhp + Bhp Qena < 0 Quw >0

V=L+D
Frp=Vyy + Lz
g=L/F
f=V/F
REL()/D

2.1 Condenser

Y1 =Tp = To
Vi=Lo+D=Vi=D(1+%)
V1H1 + Qend = Loho + Dhp
and - Vl(hO - Hl) VlAvapH

hp = ho

2.2 Condenser and Stage 1

Vo=Li+D

Vays = Liz1 + Dap

and +A V2H2 L hl + DhD

hy = hi(xy) H2 = Hz(y2) ry = x1(Y1)
2.3 Reboiler

Vo=1L,1—B

Vnyn = L 1l‘n 1 — Bl‘B

Van — Ln lhn 1= BhB + Qrb

2.4 Lewis Method
R 1
L)V=—— D/V=——
Mo PVog
Y1 = pon + (1= $)op =y = gho + ggep
r,=B/V

_ ™+ 1

L)V ==
_ T _

Yn = éxn—l - (% - I)IB =Y = %xn—l - %sz

L—L Hy—hp

q= ~ = =

_ F Hy — hr

L=L+qF

L=V +B

_ (L

L=(5)D

2.5 Murphree Efficiency
Yn — Yn+1 Tp — Tn-1

™My = —(—————— ™ML =
Yn — Yn+1 Ty — Tp—1

y, = fraction that would be in equilibrium with x
= fraction in equilibrium with yn

2.6 McCabe-Thiele Method

ref (T —1 T L/V min
(L/V ) min = % (L/D)min = %
Feed Line: y = 5o — ﬁz
Rect. Line: yrect( ) R—Hx + 1%5—1

L/D
Yeont1(z) = £z, + (1- )2 & =

~

Strip. Line: ystrip,n(x) = 7vTn-1— (7 1)

ystrip(m) = ([CUB N (y = .I')] [q N yrect])
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2.7 Shortcuts for Multicomponent Distillation
2.7.1 Fenske Equation: Minimum Theoretical Stages

aA:B = % Ky = %

o —t(22), (2] ] o

Niin = In [(1E§EA> (1?;53)3} (naap) ™
N =10 [ (555 ), (158 ) ) (m o)™
(FR¢)p = (ag:g)Nmin [(151;‘{]3)3 + (Oéc:B)Nmi“} -

2.7.2 Underwood Equations: Minimum Reflux Ratio

v _ Z O‘i:refDxi,D ¢ _ Luin
min = 4 ai:ref — ¢ T Vinin Krer
ai:refFZi

AVieed = F(l - Q) = Zi
Lmin = Vmin -D

Dxi,D = FZiFRi’D

D = Z Dl’i’D

2.7.3 Gilliland Correlation: Number of Theoretical Trays

Qjiref — @

L/D=C(L/D)mn  1.05<C <15
L/D — (L/D)min N — Nuin
=—7 y(@) = ————
/D +1 N +1

3 Binary Batch Distillation

ng =npr+Nw,f NETE —nDT (xp) + nw srw, s
Rayleigh: In 2L — — [*F dzyy

[27 floyde = =2 Tf<x§v,f>w+ o (2520 4 foy)]
2 s

Ty, f

’er7 f= nrge
3.1 Steam Batch Distillation
- p();rg . <$vol,org>

Prg * (Tvolore)

AnW = A’I’Lorg

3.2 Multistage Batch Distillation
and =W Avapjfl Qrb = potAvapHpol
1= ‘/pol AVale AVapI{pol

and - Qrb - VAvapH
7Dh d(‘/pdolhpol)

4 Column Design
4.1 Tray Efficiency
log [1 + % (mVLE% — 1)]

log (mVLE %)

Noverall = m = slope

4.2 Column Diameter

’Y[dvne] 0.2
Uttood = Cisb f <2°6“ ) \/ B (]
Fry = 5k, /0% = 1/ Covs = f(FLv)
0.65 < =i < (.9

4Viry
Beol =\ ———=—
TtT)dc PV Vflood

m T
V% often < 1 LPLie_ often < 1 = <]
MMV bottom P L ,bottom Thottom

Clps.

sb.f,top ~ 1 “Ytop ~ 1
Clb,fpottom Ybottom
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4.3 Sieve Tray Layout and Hydraulics

- nymy T B i
Vhole = A Ahole =N holes 4h0k
PV £lhole ,
R*(0—sin 6 o Leir
Age = (1= nae) Ay = O (0 = 0.9} : B = 0.726
4.4 Valve Tray
=2

; Comy - Kypy Ui
HP,valve,closed = A Pyvalveopen — o

vPL PL2g
. 2gCymy K\, dosed=5.5
Uhole, balanced = A/ =5 [Imperia] units] Ky, open =33

K. v AV PV C', dependent on deck

4.5 Packed Column
Height Equivalent of Theoretical Plate = 120 + 0.10 [m]

~ 2
L Bdr, oy in water _ . .
APpacking = 10 22 ) |fipadking | @ B = packing coefficients

ny
Apacking = ‘&)GV

g x (fpacking [ft_l])o'%

5 Mass Transport

5.1 Liquid

V=04, V=12

P1Ac1(U1) = paAga(Ua) .

AP + A({’Q) +gAz+ ZF — Wity azl,turbulent

P 2 m =0.5, laminar

—2 2

Uy Py Vg Py
z -+ L=z =2+ =2
19 + 5 _ﬁ 29 + 5 + p

W, i 7 _ =W

Tpump = m - Ws=Hyg Porake = p m

0?2 32u0¢
A]Dpipt = 4fﬂg? APpipc,lam = 7
. APy 0 (v)? . (0)?
Fhpe = —2% =4 Fiiting = Ki~——

pipe ] p f/@, ) fitting f 9

Re= % Laminar: f = 16/Re

—p* . P
NpsHy = L g, - 2E =%

. . g . . 9 o .
Vi DNy Hy V¢ N Wy H\Vi N}

Vo N, H, V2 N W, MV, N

5.2 Ideal Gas

_ Pm —_Crp
P = FRr 7=y
M. _Ti _ Py P P, _ P _ RT
}ig_g?_wb‘_pflnlf il
% rry [ (5
W= ()T 1]
y—1

1, _(r\ 7  p_ (P
n — \ P pr ~ \p
Polytropic: % = (5)
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