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ABSTRACT

Pasta is a popular food made from semolina or flour, mixed with water; and formed under pressure
into a variety of different shapes (e.g. spaghetti, macaroni, tagliatelle...). Afterwards the pasta is dried
in a controlled way to preserve its form and nutritional properties for longer periods. While the
introduction of high temperature drying and improvements in moisture control have been able to reduce
energy consumption and push drying times down to the order of a few hours, further process
intensification is difficult due to an increased risk of cracking. This is a result of drying-induced stresses
that form a “sound barrier” for pasta drying, as referred to in the dryer patent literature.

In this work we have applied a lattice Boltzmann scheme with a deforming lattice in order to investigate
the shrinkage and deformation of pasta during convective drying. Pasta is modelled as an ideal two-
phase mixture composed of solids and moisture transported by diffusion. Drying is then a result of the
convective boundary conditions that incorporate the nonlinear equilibrium sorption isotherm. The
deforming-lattice Boltzmann scheme is extended with an iterative interpolation procedure for the
Robin boundary condition. Furthermore, the moisture transport simulations on the moving lattice (see
figure below) is coupled with heat transfer simulations accounting for conduction in the moist pasta
dough, convective transport at the surface due to contact with the hot dryer air and the vaporization
enthalpy of water.

Shrinkage due to moisture loss and moisture gradients within the pasta lead to a non-uniform strain
and complicated state of internal stress. At high drying rates such stresses, concentrated at microscopic
defects, may lead to cracking of the product. To analyse the internal state of stress, the lattice
Boltzmann moisture and heat simulations are coupled with a finite-element calculation under the
assumption of elastic material behaviour and a pseudo-stationary state of stress. The reliability of the
coupled simulations using industrial humidity and temperature programs is assessed against known
experimental and numerical literature data.
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Moisture distribution as a function of time for a shrinking slab of pasta.



