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Background
• Ammonia and CO2 is a popular choise, however 

CO2 has the advantage of lower evaporating 
temperature

• Higher temperature difference decreases system 
COP, but results in faster freezing rates

• Cold energy storages is proven to be beneficial in 
residential refrigeration. Does is also apply for the 
freezing industry?
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Problem 
statement

How are freezing systems 
influenced by lower 
evaporating temperatures, 
down to -50oC?

Can they be improved 
by implementing CTES?
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Method
• Develop numerical freezing models
• Validate the model 
• Develop refrigeration system model
• Define and calculate KPIs: 

• Specific energy use 𝑘𝑘𝑘𝑘
𝑘𝑘𝑘𝑘 𝑓𝑓𝑓𝑓𝑓𝑓𝑓

• Freezer capacity 𝑘𝑘𝑘𝑘 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓
𝑑𝑑𝑑𝑑𝑑𝑑

• How are the KPIs influenced by 
CTES?
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• MATLAB based
• Solves the 2D heat 

equation 
• Updating thermophysical 

properties 
• Includes phase change 

• Allow us to freeze different 
dimensions and different 
evaporating temperatures

• Was validated in an 
industrial plate freezer

Numerical freezing model
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• Freezing times are 
reduced

• Increase in energy 
use 

• Most important: 
Increase in 
production 
capacity
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Results



Heat load vs freezing capacityQ.T. Pham (2002)
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Temperature in flash tank
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CTES
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Heat load and compressor capacity with CTES

• The CTES system helps 
the compressor to remove 
gas from the receiver in the 
beginning

• CTES tank is charged 
when compressor capacity 
is larger than the heat load

• Lower temperature 
increase in the receiver 
during freezer

• More stable compressor 
run
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Summary and Conclusion

• Freezing in plate freezers is well modelled
• Higher capacity with lower evaporating temperature
• CTES can be used to reduce the receiver temperature spike 

during initial freezing and therefore additionally reduce freezing 
time

• Economically important to increase product capacity
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Thank you for your attention!
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