
Bianca Cristine Marques, Artemio Plana-Fattori , 
Denis Flick, Carmen Cecilia Tadini

ASSESSING THE RELIABILITY OF A 
PHYSICS-BASED MODEL FOR THE 
CONVECTIVE DRYING OF YACON 
(Smallanthus sonchifolius)

...

´

Presentation # 61



Yacón?

Image credits: [1] through [4]; references: [1] through [4]
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Yacón is rich in water
and soluble fiber, 
mainly FOS and inulin.

COMPOSITION WHAT CAN BE 
DONE?

PROCESSING
Drying and

pretreatments can
hydrolyze the fiber
into simple sugars.

References: [5] and [6]
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Yacón loses up to 90% in 
volume when dried.

Described with experimental data 
in different directions.

Large variations in moisture 
are described by the 

Maroulis et al. (2001) model. 
[7]

SIMPLIFIED 
GEOMETRY

VARIABLE 
DIFFUSIVITY

SHRINKAGE IS 
IMPORTANT!

POROSITY IS 
IGNORED
Based on empirical data

WATER MOVES, 
SOLIDS DON’T

Water follows moisture gradient, 
solids stay in their cells

COUPLED HEAT & 
MASS TRANSFER

Energy transfers occurs due to 
conduction inside the matrix and 

due to convection on the surface.
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Initial values
Slice temperature 20 °C
Slice water content 11 kg water/ kg dry matter
Slice half-height 0.0035 m
Slice radius 0.02 m

Dry matter properties
Density 1590 kg/m3

Heat capacity 1620 J/kg K
Thermal conductivity 0.250W/m K

Discretization
Mesh J=5 lines; I=30 columns
Timestep 0.01 s
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Calculate water
diffusivity and

activity

Calculate heat
and mass fluxes

Update 
temperature and
humidity in each

cell

Update each
cell’s volume

Update cell
corners

Generate data 
(each minute)

Assume 
initial
conditions

End of total 
time?
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SIMULATION

System Windows 10 Enterprise v.20H2, 64-bit

Intel® Core ™ i5-6600 CPU @ 3.30 GHz
16.0 GB RAM

Environment Spyder (Python 3.7.6)

Runtime 1.81 104 s
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SENSITIVITY TESTS

Simulation Tair
(°C)

RHair
(%)

h 
(W/m2K)

Mesh 
(JxI)

Timestep 
(s)

Xw (t=6h, average)
(kg/kg dry matter) RMSE(-)

A 60 20 33 5 X 30 0.01 0.173 1.96 10-2

B 60 20 33-10% 5 X 30 0.01 0.193 3.50 10-2

C 60 20 33+10% 5 X 30 0.01 0.160 2.22 10-2

D 60 20 33 4 X 24 0.01 0.171 1.91 10-2

E 60 20 33 6 X 36 0.01 0.175 1.99 10-2

F 60 20 33 5 X 30 0.01 / 5 0.173 1.96 10-2

G 60 20 33 5 X 30 0.01 X 5 0.202 1.90 10-2

H 60 30 37 5 X 30 0.01 0.192 4.17 10-2

I 50 20 31 5 X 30 0.01 0.376 2.76 10-2

J 50 30 35 5 X 30 0.01 0.407 3.18 10-2
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Special attention must be given to the final hours of drying.

FINAL NOTES

Our model is particularly sensitive to variations in the heat transfer

coefficient.  

Refining the timestep or mesh would not give significantly better

results, but a larger timestep is not recommended.

These results represent the first efforts in displaying how the water 

diffusivity and water activity evolve throughout a food matrix 

exposed to convective drying.
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