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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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E 2. Model Structure
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CALABRIA = 2 species, each for each domain
(ep. 1)

cp Ty = 2 -Transport of Diluted Species-
modules, each for each domain
> (AIR, DOUGH)

Uin tds1

*= Obtaining vapour concentration
at the interface by applying
thermodynamic equilibrium

A/ condition
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- “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

Ir)[\jl\:Fé{H'ﬁ\
C}fll:klﬂk‘b—\ Heat Mass
Solid Domain T, e dey
Pa Cpa 5 =V (ka VT) 2t =7 Dy Pe)
= By conduction exclusively = By diffusion exclusively

=  Fick's Law

= Fourier’s Law s 3 o
=  Evaporation only occurs at *  Liquid species only
food surface =  Evaporation only occurs at
food surface
i i Cou 0L dcy
Ao "f]—[ - (kg PTy) + pa Gy 1 VT = 0 SEHT (=D V) + uVe, =0
> ]
ﬁ 3 8 =  Byboth convection and
- = By both convection and conduction diffusion
= = Vapour species only
- “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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T, from Kwei’s Model
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4. Glass Transition Phenomena

Adjusted Dy = f(c;,T)
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E 5. Structural Analysis
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Elastic Stress (o) Inelastic Stress (Gne;)

= Linear Elasticity
= [sotropic Material

Ol = Ogldev T Oclpol = [ICl|: €el Oinel :%"' 0%"' Ope = Oye,dev
0 0
Hygroscopic Swelling (€5)

ens = B - My~ (1 = Curer)

= Linear Viscoelasticity
= Generalized Maxwell Model

{de} = {dEel} i {dEve} + {dehs}
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6. System Geometry

= Basic geometry equivalent to a “Tortiglione” pasta
= Better understanding of transport phenomena propagating close to the interface
= Facilitated structural analysis

Gaetano Adduci - COMSOL Conference, Firenze,
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Time=0 min  Humidity on a Dry Basis [%]
%

Time=0 min
degC
83.4
78.0
72.6
67.2
61.8
56.4
51.0
45.6
40.2
34.8
29.4

7. Results (I)

Temperature [°C)

Number of Elements 12063
Mesh Vertices 6599

Time=0 min von Mises Stress [MPa]

MPa
34.5
31.0
27.6
24.1
20.7
17.z2
13.8
10.3
6.89
345
0.00

Mesh Area 9600 mm?
Average Element Quality 0.8663
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Humidity on a Dry Basis [kgu/kgas]

8. Results (1I) and Model Validation
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Shrinkage Impact Model Validation
0.5
% RHin=40 %, T, ,=90 °C (Shrinkage ON) RH;,=40 %, T,,,=90 °C
RHj,=40 %, T, ,=90 °C (Shrinkage OFF) - RHi,=60 %, T n=90 °C

0.475] g“’ * RH;,=40 % EXPERIMENTAL
S RH,,=60 % EXPERIMENTAL
£

0.45 5

W
]
&
=

0.425| g
@
c
§

0.4] ~ >

T
E

0.375 z

0.35
20 60

40
Time [min]




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

L] 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.

L] 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.
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