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1. Problem Outline
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4. Simulation software
▪ COMSOL Multiphysics 6.2

3. Numeric-Engineering approach
▪ Finite Element Method

2. Problem to be solved
▪ System of unsteady, non-linear PDEs

1. Physical-Mathematical model
▪ Heat Transfer Balance
▪ Mass Transfer Balance
▪ Momentum Transfer Balance
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2. Model Structure

▪ ‘’Transport phenomena in pasta drying: a dough-air double domain advanced modeling’’, 
G. Adduci, F. Petrosino, E. Manoli, E. Cardaropoli, G. Coppola, S. Curcio, Journal of Food Engineering 2024, 
https://doi.org/10.1016/j.jfoodeng.2024.112052
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3. Heat / Mass Transfer

▪ ‘’Transport phenomena in pasta drying: a dough-air double domain advanced modeling’’, 
G. Adduci, F. Petrosino, E. Manoli, E. Cardaropoli, G. Coppola, S. Curcio, Journal of Food Engineering 2024, 
https://doi.org/10.1016/j.jfoodeng.2024.112052
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4. Glass Transition Phenomena

𝑇𝑔 from Kwei’s Model Adjusted 𝐶𝑝𝑑 = 𝑓 𝑐𝑙 , 𝑇 Adjusted 𝐷𝑑 = 𝑓 𝑐𝑙 , 𝑇

▪ 𝑇𝑔 = 𝑓 𝑐𝑙
▪ Rubbery state above, glassy state 

below
▪ 𝑇𝑔 increases as 𝑐𝑙 decreases

▪ 3400 < ห𝐶𝑝𝑑 𝑇𝑔,𝑅𝑈𝐵
< 3500

𝐽

𝑘𝑔∙𝐾

▪ ห𝐶𝑝𝑑 𝑇𝑔,𝐺𝐿𝐴
= 1841

𝐽

𝑘𝑔∙𝐾

▪ 𝑀𝑎𝑥𝑉𝑎𝑟 ≅ −49 %

▪ 0.1 ∙ 10−9 < ȁ𝐷𝑑 𝑇𝑔,𝑅𝑈𝐵 < 2.5 ∙ 10−9
𝑚2

𝑠

▪ ȁ𝐷𝑑 𝑇𝑔,𝐺𝐿𝐴 = 1.55 ∙ 10−12
𝑚2

𝑠

▪ 𝑀𝑎𝑥𝑉𝑎𝑟 ≅ −99 %
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5. Structural Analysis

𝜎 = 𝜎𝑒𝑙 + 𝜎𝑖𝑛𝑒𝑙

𝜎𝑒𝑙 = 𝜎𝑒𝑙,𝑑𝑒𝑣 + 𝜎𝑒𝑙,𝑣𝑜𝑙 = 𝑪 : 𝜖𝑒𝑙

Elastic Stress 𝝈𝒆𝒍

▪ Linear Elasticity
▪ Isotropic Material

Inelastic Stress 𝝈𝒊𝒏𝒆𝒍

▪ Linear Viscoelasticity
▪ Generalized Maxwell Model

𝑑𝜖 = 𝑑𝜖𝑒𝑙 + 𝑑𝜖𝑣𝑒 + 𝑑𝜖ℎ𝑠

Hygroscopic Swelling 𝝐𝒉𝒔

𝜖ℎ𝑠 = 𝛽 ∙ 𝑀𝑙 ∙ 𝑐𝑙 − 𝑐𝑙,𝑟𝑒𝑓

𝜎𝑖𝑛𝑒𝑙 = 𝜎0 + 𝜎𝑒𝑥𝑡 + 𝜎𝑣𝑒 = 𝜎𝑣𝑒,𝑑𝑒𝑣

0 0
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6. System Geometry

𝑢𝑖𝑛

▪ Basic geometry equivalent to a ‘’Tortiglione’’ pasta
▪ Better understanding of transport phenomena propagating close to the interface
▪ Facilitated structural analysis

𝑉

𝑆𝑒𝑥𝑝
⟺

𝑆

𝐿𝑒𝑥𝑝

3D 2D
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7. Results (I)

▪ Number of Elements 12063
▪ Mesh Vertices 6599

▪ Mesh Area 9600 𝑚𝑚2

▪ Average Element Quality 0.8663
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8. Results (II) and Model Validation



Gaetano Adduci – COMSOL Conference, Firenze, October 2024 

Conclusions

▪ Transport phenomena within a drying chamber were first modelled and then 
simulated via COMSOL Multiphysics.

▪ COMSOL implementation of 2 tds interfaces, each for each domain.

▪ The proposed model totally disregards the use of the transport coefficients of mass 
and heat at the interface between the samples to be dried and the drying air.

▪ Glass transition phenomena were taken into account.

▪ A structural analysis was conducted.

▪ Simulations reflect the physics governing the process by closely mirroring the 
validated tests.




