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Defraeye, Thijs (2014): Advanced computational modelling for drying processes – A review (131). DOI: 10.1016/j.apenergy.2014.06.027
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Dried carrot slices

Modeling & simulation 
toolbox: 

 Hybrid Physics-Based 
Digital Twin
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Raut, Sharvari et al. (2021): Investigating the Effect of Different Drying Strategies on the Quality Parameters of Daucus carota L. Using Dynamic Process Control and Measurement 
Techniques. In: Food Bioprocess Technol 14 (6), S. 1067–1088. DOI: 10.1007/s11947-021-02609-y.



The hybrid physics-based digital twin

source: shutterstock
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Realization?



Implementation to COMSOL

5

Results?



Actionable Metrics – Digital Twin
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When to stop drying? – Hybrid Twin
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Energy consumption?



When to stop drying? 
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 Increased drying 
temperature reduces 
energy consumption 

and increases carotene 
retention 



Actionable
metrics

Hybrid digital 
twin gives
insights
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Thanks for your attention!
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[1] Raut, Sharvari; Md Saleh, Rosalizan; Kirchhofer, Phil; Kulig, Boris; Hensel, Oliver; Sturm, Barbara (2021): Investigating the Effect of Different Drying Strategies on the Quality Parameters of Daucus carota L. Using Dynamic 
Process Control and Measurement Techniques. In: Food Bioprocess Technol 14 (6), S. 1067–1088. DOI: 10.1007/s11947-021-02609-y.

Conductive heat 
transfer, reduced 

mass transfer?
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Chakravarti Madhusudana (2014): Thermal contact conductance: a review.

Backup: conductive heat flux
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Additional assumption: at the contact joints, the mass transfer is reduced by 80 %.



Exp. data from: Raut, Sharvari; Md Saleh, Rosalizan; Kirchhofer, Phil; Kulig, Boris; Hensel, Oliver; Sturm, Barbara (2021): Investigating the Effect of Different Drying Strategies on the Quality Parameters of Daucus carota L. Using Dynamic Process Control and
Measurement Techniques. In: Food Bioprocess Technol 14 (6), S. 1067–1088. DOI: 10.1007/s11947-021-02609-y.

Backup: validation
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Exp. data from: Raut, Sharvari; Md Saleh, Rosalizan; Kirchhofer, Phil; Kulig, Boris; Hensel, Oliver; Sturm, Barbara (2021): Investigating the Effect of Different Drying Strategies on the Quality Parameters of Daucus carota L. Using Dynamic Process Control and
Measurement Techniques. In: Food Bioprocess Technol 14 (6), S. 1067–1088. DOI: 10.1007/s11947-021-02609-y.

Backup: validation
Permanent tray 

contactNo tray contact
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Deformed carrot slices

detachment 
factor

?



Exp. data from: Raut, Sharvari; Md Saleh, Rosalizan; Kirchhofer, Phil; Kulig, Boris; Hensel, Oliver; Sturm, Barbara (2021): Investigating the Effect of Different Drying Strategies on the Quality Parameters of Daucus carota L. Using Dynamic Process Control and
Measurement Techniques. In: Food Bioprocess Technol 14 (6), S. 1067–1088. DOI: 10.1007/s11947-021-02609-y.
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Validation
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Backup: govering equations
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Backup: boundary conditions
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