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A digital twin for evaluating evaporation pressure
fluctuations in supermarket refrigeration systems

Andreas Schulte, TU Braunschweig




1. Why did we want a digital twin for the evaporation pressure?

2.
3.
4.
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How did we go about building the digital twin?
What potential for automated model generation exist?

Where else can these methods be applied?
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CO,-Supermarket Refrigeration System
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Typical evaporation pressure
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Motivation

 We assumed a more stable operation would lead to some energy benefits
» Different controller options influence the evaporation pressure dynamics
« The interactions within the system are very complex

« A digital twin is a good option to investigate this
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Building a digital twin

« The digital twin will be build in Modelica (Refrigeration cycle) and Simulink (Controllers)
« The digital twin can be build by hand or automated
+ We explored some ways of automated creation

« Ultimately we build the digital twin in a mix of automation and hand
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Basic process for automatic model creation

1. ldentify components
2. Determine system layout
3. Create Modelica code for the model:
1. Build connections between components

2. Add Parameter for the components

Ly,
o % ‘(.

S % Technische
3 ﬁ %E Universitit 04. July 2024 | Andreas Schulte | Seminar on Digitalization of Refrigeration and Heat Pump Systems | Seite 8
|

5 2

ﬂ%‘ i
IR
Nscd

Braunschweig institut fur
thermodynamik



Determine system layout

* Finding all evaporators/ compressors
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Example
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Example
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Identification of parameters
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Daytime

Data Simulation
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Results

MT: COP vs start/day yearly average
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Summary

«  We were able to build a digital twin of a supermarket refrigeration system that includes

the controllers and interactions within the system
* The digital twin shows similar dynamics than the real system
A more stable operation leads to energy benefits

* Fluctuations of the evaporation pressure are mainly driven by dynamic interactions within

the refrigeration system
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Outlook

* More automatic generation of simulation models for supermarkets seems possible
« The usage of Al might improve automatic generation of digital twins
* A wider adoption of simulation models will improve utilization of the results

« Transfer of the knowledge to other system with multiple evaporators

Initial work on a large air source heat pump has started as a master thesis
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The End.
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