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1) Introduction
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2) Thermo-fluidodynamic behavior

𝑁𝑢 = 𝐶 𝑅𝑒𝑎𝑃𝑟0,33 ൗ
𝜇
𝜇𝑤

0,17

∆𝑃𝑐
𝜌𝑔

=
𝑓 𝑁𝑝 𝑣2 ൗ

𝜇
𝜇𝑤

−0,17

𝐷ℎ 2 𝑔

∆𝑃𝑝
𝜌𝑔

= 1,4𝑁𝑝
𝑣2

2 𝑔

𝑓 = 𝐾𝑅𝑒−𝑧
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3) LMTD method

𝑚𝑖𝑛 A = ෡𝛷𝑁𝑡𝐿𝑤𝐿𝑝

Objective function

Restrictions

∆𝑃 ≤ ∆𝑃𝑚𝑎𝑥

𝑣𝑚𝑖𝑛 ≤ 𝑣 ≤ 𝑣𝑚𝑎𝑥

Discrete design variables 
- Number of plates (170 different possibilities)

- Plate size (5 different plates)
- Corrugation angle
- Number of passes of each stream (1-1;1-2;2-1;2-

2)  

A ≥ 1 +
𝐴𝑒𝑥

100
𝐴𝑟𝑒𝑞
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4) Optimization approaches

Mixed-integer non linear programming (MINLP)

Global solvers
- Baron
- Antigone

Local solvers
- Sbb
- Dicopt

Mixed-integer linear programming (MILP)
- Linearization techniques
- Alternative representation method

Set-trimming
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4) Optimization approaches

Mixed-integer non linear programming (MINLP)

Seven binary variables:
yNt(snt)        Number of plates
yP(sp)           Plate size
yNph(snph) Hot stream number of passes
yNpc(snpc)  Cold stream number of passes
y𝛽(s𝛽)           Corrugation angle
yRh(sreh)     Hot stream reynolds range
yRc(srec)      Cold stream Reynolds range

𝑁𝑡 = ෍

𝑠𝑛𝑡

𝑝𝑁𝑡 𝑠𝑛𝑡 𝑦𝑁𝑡 𝑠𝑛𝑡 ; ෍

𝑠𝑛𝑡

𝑦𝑁𝑡 𝑠𝑛𝑡 = 1

𝐿𝑤 = ෍

𝑠𝑝

𝑝𝐿𝑤 𝑠𝑝 𝑦𝑃 𝑠𝑝 ; ෍

𝑠𝑝

𝑦𝑃 𝑝 = 1

𝑁𝑝 = ෍

𝑠𝑛𝑡

𝑝𝑁𝑝 𝑦𝑛𝑝 𝑠𝑛𝑝 ; ෍

𝑠𝑛𝑝

𝑦𝑁𝑝 𝑠𝑛𝑝 = 1

𝐿𝑝 = ෍

𝑠𝑝

𝑝𝐿𝑝 𝑠𝑝 𝑦𝑃 𝑠𝑝 ; ෍

𝑠𝑝

𝑦𝑃 𝑝 = 1
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4) Optimization approaches

Mixed-integer linear programming (MILP): linearization technique

Seven binary variables and eight positive variables:
𝑤𝑝𝑁𝑡𝑠𝑛𝑡,𝑠𝑝
𝑤𝑁𝑝ℎ𝑁𝑡𝑃𝑠𝑛𝑡,𝑠𝑝,𝑠𝑛𝑝ℎ
𝑤𝑁𝑝𝑐𝑁𝑡𝑃𝑠𝑛𝑡,𝑠𝑝,𝑠𝑛𝑝𝑐
𝑤𝑁𝑝ℎ𝑁𝑡𝑃𝑅ℎ𝛽𝑠𝑛𝑝ℎ,𝑠𝑛𝑡,𝑠𝑝,𝑠𝑟𝑒ℎ,𝑠𝛽
𝑤𝑁𝑝𝑐𝑁𝑡𝑃𝑅𝑐𝛽𝑠𝑛𝑝𝑐,𝑠𝑛𝑡,𝑠𝑝,𝑠𝑟𝑒𝑐,𝑠𝛽
𝑤𝑁𝑝ℎ𝑁𝑝𝑐𝑁𝑡𝑃𝑠𝑛𝑝ℎ,𝑠𝑛𝑝𝑐,𝑠𝑛𝑡,𝑠𝑝
𝑤𝑁𝑝ℎ𝑃𝑠𝑛𝑝ℎ,𝑠𝑝
𝑤𝑁𝑝𝑐𝑃𝑠𝑛𝑝𝑐,𝑠𝑝

𝐴 = ෡𝛷෍

𝑠𝑛𝑡

෍

𝑠𝑝

෢𝑝𝑁𝑡𝑠𝑛𝑡 ෢𝑝𝐿𝑝𝑠𝑝෣𝑝𝐿𝑤𝑠𝑝𝑦𝑃𝑠𝑝𝑦𝑁𝑡𝑠𝑛𝑡

𝑤𝑝𝑁𝑡𝑠𝑛𝑡,𝑠𝑝 ≤ 𝑦𝑁𝑡𝑠𝑛𝑡

𝑤𝑝𝑁𝑡𝑠𝑛𝑡,𝑠𝑝 ≤ 𝑦𝑃𝑠𝑝

𝑤𝑝𝑁𝑡𝑠𝑛𝑡,𝑠𝑝 ≥ 𝑦𝑃𝑠𝑝 + 𝑦𝑁𝑡𝑠𝑛𝑡 − 1

0 ≤ 𝑤𝑝𝑁𝑡𝑠𝑛𝑡,𝑠𝑝 ≤ 1
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4) Optimization approaches

Mixed-integer linear programming (MILP): linearized equations

Mass flux

𝐺ℎ =
2 ෢𝑚ℎ

෠𝑏
෍

𝑠𝑛𝑝ℎ

෍

𝑠𝑝

෍

𝑠𝑛𝑡

෣𝑝𝑁𝑝ℎ𝑠𝑛𝑝ℎ

൯෣𝑝𝐿𝑤𝑠𝑝( ෢𝑝𝑁𝑡𝑠𝑛𝑡 − 1
𝑤𝑁𝑝ℎ𝑁𝑡𝑃𝑠𝑛𝑡,𝑠𝑝,𝑠𝑛𝑝ℎ

𝐺c =
2 ෞ𝑚𝑐

෠𝑏
෍

𝑠𝑛𝑝𝑐

෍

𝑠𝑝

෍

𝑠𝑛𝑡

෣𝑝𝑁𝑝𝑐𝑠𝑛𝑝𝑐

൯෣𝑝𝐿𝑤𝑠𝑝( ෢𝑝𝑁𝑡𝑠𝑛𝑡 − 1
𝑤𝑁𝑝𝑐𝑁𝑡𝑃𝑠𝑛𝑡,𝑠𝑝,𝑠𝑛𝑝𝑐

෍

𝑠𝛽

෍

𝑠𝑟𝑒ℎ

෍

𝑠𝑛𝑝ℎ

෍

𝑠𝑝

෍

𝑠𝑛𝑡

෣෢𝑘ℎ 𝑝𝐶ℎ𝑠𝛽,𝑠𝑟𝑒ℎ෢𝑃𝑟ℎ
0,33

෣𝐷ℎ𝑦𝑑

෣2 ሶ𝑚ℎ
෣𝐷ℎ𝑦𝑑

෠𝑏 ෢𝑚𝑖ℎ

෣𝑝𝑁𝑝ℎ𝑠𝑛𝑝ℎ

൯෣𝑝𝐿𝑤𝑠𝑝( ෢𝑝𝑁𝑡𝑠𝑛𝑡 − 1

෣𝑝𝐴ℎ𝑠𝛽,𝑠𝑟𝑒ℎ
−1

𝑤𝑁𝑝ℎ𝑁𝑡𝑃𝑅ℎ𝛽𝑠𝑛𝑝ℎ,𝑠𝑛𝑡,𝑠𝑝,𝑠𝑟𝑒ℎ,𝑠𝛽

+ ෍

𝑠𝛽

෍

𝑠𝑟𝑒𝑐

෍

𝑠𝑛𝑝𝑐

෍

𝑠𝑝

෍

𝑠𝑛𝑡

෣෢𝑘𝑐 𝑝𝐶𝑐𝑠𝛽,𝑠𝑟𝑒𝑐෢𝑃𝑟𝑐
0,33

෣𝐷ℎ𝑦𝑑

෣2 ሶ𝑚𝑐
෣𝐷ℎ𝑦𝑑

෠𝑏 ෢𝑚𝑖𝑐

෣𝑝𝑁𝑝𝑐𝑠𝑛𝑝𝑐

൯෣𝑝𝐿𝑤𝑠𝑝( ෢𝑝𝑁𝑡𝑠𝑛𝑡 − 1

෣𝑝𝐴𝑐𝑠𝛽,𝑠𝑟𝑒𝑐
−1

𝑤𝑁𝑝𝑐𝑁𝑡𝑃𝑅𝑐𝛽𝑠𝑛𝑝𝑐,𝑠𝑛𝑡,𝑠𝑝,𝑠𝑟𝑒𝑐,𝑠𝛽 +
Ƹ𝑡

෢𝑘𝑤
+ ෢𝑅𝑓ℎ + ෢𝑅𝑓𝑐

≤ ෍

𝑠𝑛𝑝ℎ

෍

𝑠𝑛𝑝𝑐

෍

𝑠𝑛𝑡

෍

𝑠𝑝

෢𝑝ℎ𝑖 ෣∆𝑇𝐿𝑚 ( ෢𝑝𝑁𝑡𝑠𝑛𝑡 − 2)෣𝑝𝐿𝑤𝑠𝑝 ෢𝑝𝑃𝑓𝑠𝑛𝑝ℎ,𝑠𝑛𝑝𝑐 ෢𝑝𝐿𝑝𝑠𝑝

෢𝑄𝑟 1 +
෢𝐸𝑥𝑐
100

𝑤𝑁𝑝ℎ𝑁𝑝𝑐𝑁𝑡𝑃𝑠𝑛𝑝ℎ,𝑠𝑛𝑝𝑐,𝑠𝑛𝑡,𝑠𝑝

Heat transfer rate equation
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4) Optimization approaches

Mixed-integer linear programming (MILP): linearized equations

Pressure drop

Objective function

1,4 ෢𝑟𝑜ℎ

2

4 ෢𝑚ℎ

෢𝑟𝑜ℎ 𝜋

2

෍

𝑠𝑛𝑝ℎ

෍

𝑠𝑝

෣𝑝𝑁𝑝ℎ𝑠𝑛𝑝ℎ

෣𝑝𝐷𝑝𝑠𝑝
4 𝑤𝑁𝑝ℎ𝑃𝑠𝑛𝑝ℎ,𝑠𝑝

+෍

𝑠𝛽

෍

𝑠𝑟𝑒ℎ

෍

𝑠𝑛𝑝ℎ

෍

𝑠𝑝

෍

𝑠𝑛𝑡

෣𝑝𝑁𝑝ℎ𝑠𝑛𝑝ℎ ෢𝑝𝐿𝑝𝑠𝑝 +෣𝑝𝐷𝑝𝑠𝑝 ෢𝑝𝐾𝑐𝑠𝛽,𝑠𝑟𝑒ℎ

2෣𝐷ℎ𝑦𝑑 ෢𝑟𝑜ℎ

2 ෢𝑚ℎ ෣𝑝𝑁𝑝ℎ𝑠𝑛𝑝ℎ
෢𝑏𝑝෣𝑝𝐿𝑤𝑠𝑝 ෢𝑝𝑁𝑡𝑠𝑛𝑡 − 1

2
2 ෣𝐷ℎ𝑦𝑑 ෢𝑚ℎ

෠𝑏 ℎ

෣𝑝𝑁𝑝ℎ𝑠𝑛𝑝ℎ
෣𝑝𝐿𝑤𝑠𝑝 ෢𝑝𝑁𝑡𝑠𝑛𝑡 − 1

−෣𝑝𝑁𝑐𝑠𝛽,𝑠𝑟𝑒ℎ

𝑤𝑁𝑝ℎ𝑁𝑡𝑃𝑅ℎ𝛽𝑠𝑛𝑝ℎ,𝑠𝑛𝑡,𝑠𝑝,𝑠𝑟𝑒ℎ,𝑠𝛽 ≤ ∆𝑃ℎ𝑚𝑎𝑥

1,4 ෞ𝑟𝑜𝑐

2

4 ෞ𝑚𝑐

ෞ𝑟𝑜𝑐 𝜋

2

෍

𝑠𝑛𝑝𝑐

෍

𝑠𝑝

෣𝑝𝑁𝑝𝑐𝑠𝑛𝑝𝑐

෣𝑝𝐷𝑝𝑠𝑝
4 𝑤𝑁𝑝𝑐𝑃𝑠𝑛𝑝𝑐,𝑠𝑝

+෍

𝑠𝛽

෍

𝑠𝑟𝑒𝑐

෍

𝑠𝑛𝑝𝑐

෍

𝑠𝑝

෍

𝑠𝑛𝑡

෣𝑝𝑁𝑝𝑐𝑠𝑛𝑝𝑐 ෢𝑝𝐿𝑝𝑠𝑝 +෣𝑝𝐷𝑝𝑠𝑝 ෢𝑝𝐾𝑐𝑠𝛽,𝑠𝑟𝑒𝑐

2෣𝐷ℎ𝑦𝑑 ෞ𝑟𝑜𝑐

2ෞ𝑚𝑐 ෣𝑝𝑁𝑝𝑐𝑠𝑛𝑝𝑐
෢𝑏𝑝෣𝑝𝐿𝑤𝑠𝑝 ෢𝑝𝑁𝑡𝑠𝑛𝑡 − 1

2
2 ෣𝐷ℎ𝑦𝑑 ෞ𝑚𝑐

෠𝑏 ෢𝑚𝑖𝑐

෣𝑝𝑁𝑝𝑐𝑠𝑛𝑝𝑐
෣𝑝𝐿𝑤𝑠𝑝 ෢𝑝𝑁𝑡𝑠𝑛𝑡 − 1

−෣𝑝𝑁𝑐𝑠𝛽,𝑠𝑟𝑒𝑐

𝑤𝑁𝑝𝑐𝑁𝑡𝑃𝑅𝑐𝛽𝑠𝑛𝑝𝑐,𝑠𝑛𝑡,𝑠𝑝,𝑠𝑟𝑒𝑐,𝑠𝛽 ≤ ∆𝑃𝑐𝑚𝑎𝑥

𝐴 = ෡𝛷෍

𝑠𝑛𝑡

෍

𝑠𝑝

෢𝑝𝑁𝑡𝑠𝑛𝑡 ෢𝑝𝐿𝑝𝑠𝑝෣𝑝𝐿𝑤𝑠𝑝𝑤𝑝𝑁𝑡𝑠𝑛𝑡,𝑠𝑝
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4) Optimization approaches

Mixed-integer linear programming (MILP): linearized equations

Constrains of corrugation parameter

2 ෣𝐷ℎ𝑦𝑑 ෢𝑚ℎ

෠𝑏෣𝑚𝑖ℎ
σ𝑠𝑛𝑝ℎσ𝑠𝑝σ𝑠𝑛𝑡

෣𝑝𝑁𝑝ℎ𝑠𝑛𝑝ℎ

൯෣𝑝𝐿𝑤𝑠𝑝(෣𝑝𝑁𝑡𝑠𝑛𝑡−1
𝑤𝑁𝑝ℎ𝑁𝑡𝑃𝑠𝑛𝑡,𝑠𝑝,𝑠𝑛𝑝ℎ − σ𝑠𝑟𝑒ℎ=1

2 ෣𝑔𝑎𝑚𝑚𝑎ℎ𝑠𝛽,𝑠𝑟𝑒ℎ+1𝑦𝑅ℎ𝑠𝑟𝑒ℎ − ෣𝑅𝑒𝑑ℎ𝑚𝑎𝑥𝑦𝑅ℎ𝑠𝑟𝑒ℎ=3 ≤ ෢𝑈𝐵(1 − 𝑦𝛽𝑠𝛽)

2 ෣𝐷ℎ𝑦𝑑 ෢𝑚ℎ

෠𝑏෣𝑚𝑖ℎ
σ𝑠𝑛𝑝ℎσ𝑠𝑝σ𝑠𝑛𝑡

෣𝑝𝑁𝑝ℎ𝑠𝑛𝑝ℎ

൯෣𝑝𝐿𝑤𝑠𝑝(෣𝑝𝑁𝑡𝑠𝑛𝑡−1
𝑤𝑁𝑝ℎ𝑁𝑡𝑃𝑠𝑛𝑡,𝑠𝑝,𝑠𝑛𝑝ℎ − σ𝑠𝑟𝑒ℎ=1

3 ෣𝑔𝑎𝑚𝑚𝑎ℎ𝑠𝛽,𝑠𝑟𝑒ℎ𝑦𝑅ℎ𝑠𝑟𝑒ℎ ≥ ෢𝐿𝐵(1 − 𝑦𝛽𝑠𝛽)

2 ෣𝐷ℎ𝑦𝑑 ෞ𝑚𝑐

෠𝑏 ෢𝑚𝑖𝑐
σ𝑠𝑛𝑝𝑐σ𝑠𝑝σ𝑠𝑛𝑡

෣𝑝𝑁𝑝𝑐𝑠𝑛𝑝𝑐

൯෣𝑝𝐿𝑤𝑠𝑝(෣𝑝𝑁𝑡𝑠𝑛𝑡−1
𝑤𝑁𝑝𝑐𝑁𝑡𝑃𝑠𝑛𝑡,𝑠𝑝,𝑠𝑛𝑝𝑐 − σ𝑠𝑟𝑒𝑐=1

2 ෟ𝑔𝑎𝑚𝑚𝑎𝑐𝑠𝛽,𝑠𝑟𝑒𝑐+1𝑦𝑅𝑐𝑠𝑟𝑒𝑐 − ෣𝑅𝑒𝑑𝑐𝑚𝑎𝑥𝑦𝑅𝑐𝑠𝑟𝑒𝑐=3 ≤ ෢𝑈𝐵(1 − 𝑦𝛽𝑠𝛽)

2 ෣𝐷ℎ𝑦𝑑 ෞ𝑚𝑐

෠𝑏 ෢𝑚𝑖𝑐
σ𝑠𝑛𝑝𝑐σ𝑠𝑝σ𝑠𝑛𝑡

෣𝑝𝑁𝑝𝑐𝑠𝑛𝑝𝑐
෣𝑝𝐿𝑤𝑠𝑝 ෣𝑝𝑁𝑡𝑠𝑛𝑡−1

𝑤𝑁𝑝𝑐𝑁𝑡𝑃𝑠𝑛𝑡,𝑠𝑝,𝑠𝑛𝑝𝑐 − σ𝑠𝑟𝑒𝑐=1
3 ෟ𝑔𝑎𝑚𝑚𝑎𝑐𝑠𝛽,𝑠𝑟𝑒𝑐𝑦𝑅𝑐𝑠𝑟𝑒𝑐 ≥ ෢𝐿𝐵(1 − 𝑦𝛽𝑠𝛽)
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4) Optimization approaches

Mixed-integer linear programming (MILP): Alternative approach

Three binary variables:
𝑦𝑟𝑜𝑤𝑠𝑛𝑡,𝑠𝑝,𝑠𝑛𝑝ℎ,𝑠𝑛𝑝𝑐,𝑠𝑎
𝑦𝑟𝑒ℎ𝑠𝑟𝑒ℎ
𝑦𝑟𝑒𝑐𝑠𝑟𝑒𝑐

two positive variables(‘w’)
𝑤𝑁𝑝ℎ𝑁𝑝𝑐𝑁𝑡𝑃𝑅ℎ𝐴(𝑠𝑛𝑝ℎ,𝑠𝑛𝑝𝑐,𝑠𝑛𝑡,𝑠𝑝,𝑠𝑟𝑒ℎ,𝑠𝑎)
𝑤𝑁𝑝ℎ𝑁𝑝𝑐𝑁𝑡𝑃𝑅𝑐𝐴(𝑠𝑛𝑝ℎ,𝑠𝑛𝑝𝑐,𝑠𝑛𝑡,𝑠𝑝,𝑠𝑟𝑒𝑐,𝑠𝑎)

෢𝑃𝑁𝑡 𝑠𝑛𝑡,𝑠𝑝,𝑠𝑛𝑝ℎ,𝑠𝑛𝑝𝑐,𝑠𝑎 = ෢𝑝𝑁𝑡 𝑠𝑛𝑡

𝑁𝑡 𝑠𝑛𝑡,𝑠𝑝,𝑠𝑛𝑝ℎ,𝑠𝑛𝑝𝑐,𝑠𝑎

= ෍

𝑠𝑛𝑡,𝑠𝑝,𝑠𝑛𝑝ℎ,𝑠𝑛𝑝𝑐,𝑠𝑎

෢𝑃𝑁𝑡 𝑠𝑛𝑡,𝑠𝑝,𝑠𝑛𝑝ℎ,𝑠𝑛𝑝𝑐,𝑠𝑎 𝑦𝑟𝑜𝑤𝑠𝑛𝑡,𝑠𝑝,𝑠𝑛𝑝ℎ,𝑠𝑛𝑝𝑐,𝑠𝑎
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4) Optimization approaches: Set-trimming
Search Space

All combinations of parameters related to the design 

variables: total number of plates, plate size, Chevron angle, 

number of passes for the hot and cold streams

Feasible Alternatives

Combinations of parameters related to the design variables 

that satisfy all constraints

Optimal Solution

Pick the alternative with the lowest heat transfer area

𝑣𝑚𝑖𝑛 ≤ 𝑣 ≤ 𝑣𝑚𝑎𝑥

∆𝑃 ≤ ∆𝑃𝑚𝑎𝑥

A ≥ 1 +
𝐴𝑒𝑥

100
𝐴𝑟𝑒𝑞
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4) Optimization approaches: Preliminary results

Example Results Set-trimming yrow w Baron Sbb Dicopt Antigone with bounds Baron with bounds

1

Area 399,855 399,855 399,855 399,855 399,855 399,855 399,855

Execution_Time 0,156 4,14 3,2 0,078 0,031 0,016 0,031

Elapser_Time 0,245999 35,799 536,123 27,533 2,1829996 123,233 38,077

2

Area 200,7188 200,719 200,719 200,7188 200,7188 200,7188 200,7188

Execution_Time 0,093 4,108 1,953 0,063 0,016 0,031 0,032

Elapser_Time 0,2389991 101,524 3414,08 18,2749996 3,9489998 212,669 11,048

3

Area 105,4135 105,414 105,414 113,138 120,209 120,55 105,4135

Execution_Time 0,062 3,813 2,75 0,016 0,016 0,016 0

Elapser_Time 0,128 106,786 805,085 356,302 0,846999 174,862 9,854

4

Area 590,4385 590,439 590,439 590,4385 686,067 590,4385 597,51

Execution_Time 0,047 3,75 2,703 0,016 0,016 0,063 0,016

Elapser_Time 0,1199973 6,48 602,74 9,001 3,54 51,046 7,211

5

Area 238,2634 238,263 238,263 239,71 238,2634 244,04 238,2634

Execution_Time 0,063 3,859 2,625 0,016 0,078 0 0,016

Elapser_Time 0,118 17,111 296,112 12,817 1,81599 11,668 11,23

- All linear approaches have the same results.
- Set-trimming is the faster approach. 
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5) Discretization method: Wall effects and temperature dependence

snc =1   snc = 2   snc = 3   snc = 4   snc = 5  snc = 6  snc = 7  snc = 8

x
sd = 2

sd = 1

sd = 3

sd = 4

𝑑𝑇ℎ

𝑑𝑥
=

−𝑤

𝑚ℎ𝐶𝑝ℎ
𝑈𝑒 𝑇ℎ − 𝑇𝑐, 𝑒 + 𝑈𝑑 𝑇ℎ − 𝑇𝑐, 𝑑

𝑑𝑇ℎ

𝑑𝑥
=

𝑤

𝑚ℎ𝐶𝑝ℎ
𝑈𝑒 𝑇ℎ − 𝑇𝑐, 𝑒 + 𝑈𝑑 𝑇ℎ − 𝑇𝑐, 𝑑

Hot stream first pass

Hot stream second passes

𝑑𝑇𝑐

𝑑𝑥
=

−𝑤

𝑚𝑐𝐶𝑝𝑐
𝑈𝑒 𝑇ℎ, 𝑒 − 𝑇𝑐 + 𝑈𝑑 𝑇ℎ, 𝑑 − 𝑇𝑐

Cold stream first pass

Cold stream second passes

𝑑𝑇𝑐

𝑑𝑥
=

𝑤

𝑚𝑐𝐶𝑝𝑐
𝑈𝑒 𝑇ℎ, 𝑒 − 𝑇𝑐 + 𝑈𝑑 𝑇ℎ, 𝑑 − 𝑇𝑐
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5) Discretization method

(𝑇(𝑠𝑛𝑐, 𝑠𝑑) − 𝑇(𝑠𝑛𝑐, 𝑠𝑑 − 1))

𝑑𝑥

= −
𝐿𝑤

𝑉𝑎𝑧𝐶 𝑠𝑛𝑐 ∗ 𝐶𝑝 𝑠𝑛𝑐, 𝑠𝑑
𝑈(𝑠𝑛𝑐, 𝑠𝑑)

𝑇 𝑠𝑛𝑐, 𝑠𝑑 + 𝑇 𝑠𝑛𝑐, 𝑠𝑑 − 1

2
−
𝑇 𝑠𝑛𝑐 + 1, 𝑠𝑑 + 𝑇 𝑠𝑛𝑐 + 1, 𝑠𝑑 − 1

2
+ 𝑈(𝑠𝑛𝑐 − 1, 𝑠𝑑)

𝑇 𝑠𝑛𝑐, 𝑠𝑑 + 𝑇 𝑠𝑛𝑐, 𝑠𝑑 − 1

2
−
𝑇 𝑠𝑛𝑐 − 1, 𝑠𝑑 + 𝑇 𝑠𝑛𝑐 − 1, 𝑠𝑑 − 1

2

Hot stream first pass: sd = 2 to 4

(𝑇(𝑠𝑛𝑐, 𝑠𝑑) − 𝑇(𝑠𝑛𝑐, 𝑠𝑑 + 1))

𝑑𝑥

=
𝐿𝑤

𝑉𝑎𝑧𝐶 𝑠𝑛𝑐 ∗ 𝐶𝑝 𝑠𝑛𝑐, 𝑠𝑑
𝑈(𝑠𝑛𝑐, 𝑠𝑑)

𝑇 𝑠𝑛𝑐, 𝑠𝑑 + 1 + 𝑇 𝑠𝑛𝑐, 𝑠𝑑

2
−
𝑇 𝑠𝑛𝑐 + 1, 𝑠𝑑 + 1 + 𝑇 𝑠𝑛𝑐 + 1, 𝑠𝑑

2
+ 𝑈(𝑠𝑛𝑐 − 1, 𝑠𝑑)

𝑇 𝑠𝑛𝑐, 𝑠𝑑 + 1 + 𝑇 𝑠𝑛𝑐, 𝑠𝑑

2
−
𝑇 𝑠𝑛𝑐 − 1, 𝑠𝑑 + 1 + 𝑇 𝑠𝑛𝑐 − 1, 𝑠𝑑

2

Hot stream second pass: sd = 1 to 3

Cold stream first pass: sd = 1 to 3

Cold stream second pass: sd = 2 to 4

(𝑇(𝑠𝑛𝑐, 𝑠𝑑) − 𝑇(𝑠𝑛𝑐, 𝑠𝑑 + 1))

𝑑𝑥

= −
𝐿𝑤

𝑉𝑎𝑧𝐶 𝑠𝑛𝑐 ∗ 𝐶𝑝 𝑠𝑛𝑐, 𝑠𝑑
𝑈(𝑠𝑛𝑐, 𝑠𝑑)

𝑇 𝑠𝑛𝑐 + 1, 𝑠𝑑 + 1 + 𝑇 𝑠𝑛𝑐 + 1, 𝑠𝑑

2
−
𝑇 𝑠𝑛𝑐, 𝑠𝑑 + 1 + 𝑇 𝑠𝑛𝑐, 𝑠𝑑

2
+ 𝑈(𝑠𝑛𝑐 − 1, 𝑠𝑑)

𝑇 𝑠𝑛𝑐 − 1, 𝑠𝑑 + 1 + 𝑇 𝑠𝑛𝑐 − 1, 𝑠𝑑

2
−
𝑇 𝑠𝑛𝑐, 𝑠𝑑 + 1 + 𝑇 𝑠𝑛𝑐, 𝑠𝑑

2

(𝑇(𝑠𝑛𝑐, 𝑠𝑑) − 𝑇(𝑠𝑛𝑐, 𝑠𝑑 − 1))

𝑑𝑥

=
𝐿𝑤

𝑉𝑎𝑧𝐶 𝑠𝑛𝑐 ∗ 𝐶𝑝 𝑠𝑛𝑐, 𝑠𝑑
𝑈(𝑠𝑛𝑐, 𝑠𝑑)

𝑇 𝑠𝑛𝑐 + 1, 𝑠𝑑 + 𝑇 𝑠𝑛𝑐 + 1, 𝑠𝑑 − 1

2
−
𝑇 𝑠𝑛𝑐, 𝑠𝑑 + 𝑇 𝑠𝑛𝑐, 𝑠𝑑 − 1

2
+ 𝑈(𝑠𝑛𝑐 − 1, 𝑠𝑑)

𝑇 𝑠𝑛𝑐 − 1, 𝑠𝑑 + 𝑇 𝑠𝑛𝑐 − 1, 𝑠𝑑 − 1

2
−
𝑇 𝑠𝑛𝑐, 𝑠𝑑 + 𝑇 𝑠𝑛𝑐, 𝑠𝑑 − 1

2
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5) Discretization method

Next steps

- Add the pressure drop calculation
- Develop a minimization routine

Workshop: New Tools for the Optimal Basic Design of 
Chemical Process Equipment and Flowsheets


