EngrD 2190 — Lecture 20

Concept: Process Analysis - Graphical Modeling

Context: Liquid+Vapor Phase Maps and
Tie Lines with the Lever Rule

Defining Question: What is the first step when using a phase map?
Read Chapter 4, pp. 262-267.
Graphical methods for combined mass & energy balances.

Lecture 22 will cover same concepts, but in a different context.

Bring a Straightedge or Ruler to Lecture 21.



Pre-seminar reception at 3:30 p.m. in 128 Olin (Rhodes Lounge)
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Flash Drums: Example 2

vapor 50. mol/min
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1.0 atm P=7
liguid 50. mol/min
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Example 2.

Benzene+Toluene Mixtures at Equilibrium
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Lecture 10/23/23 by Joshua Lequieu, B.S. ChemE Cornell 2010.
Assistant Professor of Chemical Engineering, Drexel University



60. mol% benzene
40. mol% toluene
100. mol/min
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Flash Drums: Example 3

vapor composition?
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80.°C
1.0 atm
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1.0 atm

@—> flow rate?

liguid composition?

@—> flow rate?



Example 3.

Benzene+Toluene Mixtures at Equilibrium
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Example 3. Apply the Lever Rule to the Tie Line

L V
| 0.66 —0.44 =0.22 % |
1€ | g
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0.44 0.60 0.66
0.16
vapor flow rate = (}Qﬁxloo mol/min = 2&2/melnia
0.22 _
= F3F3-moetHnin-
=74 mol/min

Distance fromx=0to x =1 is 143 mm.
Accuracy of Ax =£0.1 requires resolution of +£14 mm.

Accuracy of Ax =+0.01 requires resolution of £1.4 mm.

Accuracy of Ax ==+0.001 requires resolution of £0.14 mm.

Are you confident the length of the tie line is Ax = 0.220 and not 0.199 or 0.221? No!



Flash Drums: Example 3, cont’d

vapor composition?

@—> flow rate?
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Example 3, continued
Ben x=0.26 u4 y =0.46 |res at Equilibrium
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Example 3, cont’d: Mixing Lines and Unmixing lines

66 mol% benzene

)

o/ ¢ 60. mol% benzene
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mixer > fulcrum at x = 0.60, endpoints at 0.66 and 0.26.
26 mol% benzene T
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Example 3: Apply the Lever Rule to the Unmixing Line

L V

| 0.66 — 0.26 = 0.40 o

< I g

| 0.60 — 0.26 = 0.34 1 0.06

) OB
0.26 0.60 0.66

liquid flow rate = (8

Zgjxloo mol/min = 15 mol/min

vapor flow rate = 85 mol/min.

You should be able to calculate
stream 4 = 135 mol/min and
stream 3 = 150. mol/min.



Example 4 (like exercise 4.109)

90. mol% W
50. mol% W 10. mol% S
50. mol% S >
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~Exercise 4.109 - solution is posted. Equilibrium W+S Mixtures at 1 atm / azeo(tg[olpe: ’
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~Exercise 4.109, continued Equilibrium W+S Mixtures at 1 atm  azeotrope
W boiling point—> 1001: /
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Add a second liquid-liquid separator.
This eliminates three flash drums.
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~Exercise 4.109, continued

W boiling point —> 100 w:

bubble point line

Reconsider initial design:
one liquid-liquid separator.

temper )

This design uses one fewer
flash drum and attains a
product with higher % W.

What is the fatal flaw
of this design?
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