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1 Flash Distillation
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F

= 0

2 Column Distillation
F = B +D
Fz = DxD +BxB

FĥF + Q̇cnd + Q̇rb = DĥD +BĥB Q̇cnd < 0 Q̇rb > 0
V = L+D
FxF = V yV + LxL

q ≡ L/F
f ≡ V/F
R ≡ L0/D

2.1 Condenser
y1 = xD = x0

V1 = L0 +D ⇒ V1 = D(1 + L0

D )

V1Ĥ1 +Qcnd = L0ĥ0 +DĥD ĥD = ĥ0

Q̇cnd = V1(ĥ0 − Ĥ1) = V1∆vapĤ

2.2 Condenser and Stage 1
V2 = L1 +D
V2y2 = L1x1 +DxD

Q̇cnd + V2Ĥ2 = L1ĥ1 +DĥD

ĥ1 = ĥ1(x1) Ĥ2 = Ĥ2(y2) x1 = x1(y1)

2.3 Reboiler
V̄n = L̄n−1 −B
V̄nyn = L̄n−1xn−1 −BxB

V̄nĤn = L̄n−1ĥn−1 −BĥB + Q̇rb

2.4 Lewis Method

L/V =
R

R+ 1
D/V =

1

R+ 1
yn+1 = L

V xn + (1− L
V )xD ⇒ y = R

R+1x+ 1
R+1xD

rb ≡ B/V̄

L̄/V̄ =
rb + 1

rb
yn = L̄

V̄
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− 1)xB ⇒ y = rb+1

rb
xn−1 − 1

rb
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q =
L̄− L

F
≈

ĤV − ĥF

ĤV − ĥL

L̄ = L+ qF
L̄ = V̄ +B
L =

(
L
D

)
D

2.5 Murphree Efficiency

ηMV =
yn − yn+1

y∗n − yn+1
ηML =

xn − xn−1

x∗
n − xn−1

y∗n ≡ fraction that would be in equilibrium with xN

x∗
n ≡ fraction in equilibrium with yN

2.6 McCabe-Thiele Method

(L/V )min = yref(xD)−yVLE(xF )
xD−xF

(L/D)min =
(L/V )min

1−(L/V )min
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ystrip(x) = ([xB ∩ (y = x)] , [q ∩ yrect])

2.7 Shortcuts for Multicomponent Distillation
2.7.1 Fenske Equation: Minimum Theoretical Stages
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2.7.2 Underwood Equations: Minimum Reflux Ratio

Vmin =
∑

i

αi:refDxi,D

αi:ref − ϕ
ϕ ≡ Lmin

VminKref

∆Vfeed = F (1− q) =
∑

i

αi:refFzi

αi:ref − ϕ
Lmin = Vmin −D
Dxi,D = FziFRi,D

D =
∑

Dxi,D

2.7.3 Gilliland Correlation: Number of Theoretical Trays
L/D = C(L/D)min 1.05 < C < 1.5

x =
L/D − (L/D)min

L/D + 1
y(x) =

N −Nmin

N + 1

3 Binary Batch Distillation
nF = nD,T + nW,f nFxF = nD,T · ⟨xD⟩+ nW,fxW,f

Rayleigh: ln nW,f

nF
= −

´ xF

xW,f

1
xD−xW

dxW´ xF

xW,f
f(x)dx =

xf−xW,f

6

[
f(xW,f ) + 4f

(
xw,f+xf

2

)
+ f(xf )

]
nW,f = nF e

[´ xF
xW,f

f(x)dx

]

3.1 Steam Batch Distillation

∆nW = ∆norg
P − p⋆org · ⟨xvol,org⟩

p⋆org · ⟨xvol,org⟩

3.2 Multistage Batch Distillation

Q̇cnd = V1∆vapĤ1 Q̇rb = Vpot∆vapĤpot

V1 = Vpot ∆vapĤ1 = ∆vapĤpot

Q̇cnd = −Q̇rb = V∆vapĤ

−DĥD =
d(Vpotĥpot)

dt

4 Column Design
4.1 Tray Efficiency

ηoverall =
log

[
1 + ηMV

(
mVLE

V
L − 1

)]
log

(
mVLE

V
L

) m ≡ slope

4.2 Column Diameter

v⃗flood = Csb,f

(
γ[ dyne

cm ]
20

)0.2 √
ρL−ρV

ρV
[ft/s]

FLV ≡ ṁL

ṁV

√
ρV

ρL
= V̇L

V̇V

√
ρL

ρV
Csb,f ≡ f(FLV )

0.65 ≤ v⃗operating
v⃗flood

≤ 0.9

�col =

√
4V m̌V

πηdcρV v⃗flood
m̌V,top

m̌V,bottom
often < 1

ρL,top
ρL,bottom

often < 1
Ttop

Tbottom
< 1

Csb,f,top
Csb,f,bottom

≈ 1
γtop

γbottom
≈ 1
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4.3 Sieve Tray Layout and Hydraulics

v⃗hole =
ṅV m̌V

ρV Ahole
Ahole = Nholes

π�2
hole

4

Adc = (1− ηdc)AT = R2(θ−sin θ)
2 {ηdc = 0.9} : ℓweir

� = 0.726

4.4 Valve Tray

H̃P ,valve,closed =
Cvmv

AvρL
H̃P ,valve,open =

KvρV v⃗
2
hole

ρL2g

v⃗hole, balanced =

√
2gCvmv

KvAvρV
[Imperial units]

Kv, closed≡5.5
Kv, open≡33

Cv dependent on deck

4.5 Packed Column
Height Equivalent of Theoretical Plate = 100

Ă
+ 0.10 [m]

∆P̃packing = α10βΦL

(
Φ2

G

ρG

) [
in water

ft packing

]
α, β ≡ packing coefficients

Apacking = ṅV m̌V

ΦG

� ∝ (fpacking [ft−1])0.25

5 Mass Transport
5.1 Liquid
V̇ = v⃗Aσ V̇ = ṁ

ρ

ρ1Aσ1⟨v⃗1⟩ = ρ2Aσ2⟨v⃗2⟩
∆P
ρ + ∆(v⃗2)

2α + g∆z +
∑

F̂ =
Ẇs, by
ṁ α≈1, turbulent

=0.5, laminar

z1g +
v⃗2
1
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v⃗2
2

2 + P2

ρ

ηpump = Ŵs
Ŵpump
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−Ŵs
η ṁ
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ℓ

�
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2
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ℓ
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2

Re= ⟨v⃗⟩ρ�
µ Laminar: f = 16/Re
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P − p⋆
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+ z − H̃v −

∑
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g
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2g
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Ṅ2

r,1

Ṅ2
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=
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5.2 Ideal Gas
ρ = Pm̌

RT γ = CP

CV

{∆T = 0} : −Ŵs =
P1

ρ1
ln P2

P1

P1

ρ1
= P

ρ = RT
m̌

{∆Q = 0} :

−Ŵs =
γ

γ−1
RT1

m̌

[(
P2

P1

) γ−1
γ − 1

]
T2

T1
=

(
P2

P1

) γ−1
γ P1

ρ1
=

(
P
ρ

)γ

Polytropic: P1

ρ1
=

(
P
ρ

)n
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