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Modelling
process simulation in Mathematica

→ more control through self-written process simulation

thermodynamic property data through open-source software 

CoolProp[6]

Peng-Robinson Equation of State

extension of existing wrapper 

(C++ to Mathematica)

lots of external code necessary to ensure 

reliability of property data

liquid-liquid equilibrium at low vapor fractions

multi-phase equilibria not available in CoolProp or commercial 

software

[7]

[8]

Optimization Potential for Cooling Superconducting 

Power Cables by Using Cryogenic Mixed Refrigerant 

Cycles
Unterüberschrift: Arial, Regular, 50, Schwarz oder Grau (70% Schwarz)

Institut für Beschleunigerphysik und Technologie

Institut für Technische Thermodynamik und Kältetechnik

OE Kälte- und Kryotechnik, Prof. Grohmann

Friederike Boehm, Steffen Grohmann

[1]

Motivation Technologies for providing low temperatures
progressing electrification due to energy transition

→ Increasing energy demand

upgrading power grid is imperative 
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500 MVA in the compact cable – will be the longest HTS cable
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no electromagnetic emissions and no joule heating
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CMRC cascade

complex correlations

no derivatives available

→ disqualifies many 

optimization algorithms

 concentrations

 pressures

 temperatures

 energy demand

 pinch point analysis

no derivatives needed

independent of starting values 

global optimization

treatment of boundary conditions

abort criterion definable 

Selection

Global OptimumAbort criterion

𝑃 𝑢𝑖,1 𝑃 𝑢𝑖,2 = 𝑃 𝑢𝑖,3 𝑃 𝑢𝑖,4

𝑐𝑟2 𝑐𝑟 ∙ (1 − 𝑐𝑟) 1 − 𝑐𝑟 2

Recombination

𝑢𝑖,1

𝑢𝑖,4 𝑢𝑖,3

𝑢𝑖,2

recombine old candidate and mutant

randomly decide for each trait

𝑐𝑟: Crossover probability

Differential Evolution[9,10]

genetic algorithm

global optimization 
→ „Exploration & Exploitation“

enables parallel computation

repeat for each 

candidate of the 

population

Initial Population

not one start value, population of candidates

randomly generated or grid pattern

coverage of parameter range

CMRC cascades
temperatures below 70 K

no freezing out of high boiling components

1st cycle: methane, ethane, propane, nitrogen

2nd cycle: nitrogen, oxygen, neon

Finding the optimum conditions
components

concentrations

pressures

temperatures

… → Large number of parameters

Stirling cooler

medium efficiency 

low cooling power

number of coolers

economic efficiency

high-maintenance [4]

Reverse-Brayton-Cooler

highly efficient in commercial scales

broad operational experience

complex design

limited scalability of 
expander in cold section

[5]

Nitrogen subcooler

low technical complexity

operational experience 
AmpaCity[5]

continuous nitrogen demand

Cryogenic mixed refrigerant cycle (CMRC)

low pressures

matching heat capacity flows 
→ small temperature differences 

simple architecture: 
no moving parts in cold section

scalable and adaptable 

Comparison

Process 

simulation

g 𝑥𝑖

Penalty functions
Physically correct results (Δ𝑇<0)

Substance data convergence

f 𝑢𝑖
∗

𝑥𝑖
∗

g 𝑢𝑖
∗

𝑢𝑖

𝑢𝑖
∗

Mutation

𝑣𝑖 = 𝑥𝑗 + 𝐹 ⋅ (𝑥𝑘 − 𝑥𝑙)

Check boundary 

conditions
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bwUniCluster 2.0
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