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Thermal processing is the major processing teclgyaio the food industry and its purpose is to edtére
shelf life of food products without compromisingfbsafety. Apart from the positive effect of fooeldtments,
such as the inactivation of pathogens, there & sdme limitation by way of partial destructiongofality
attributes of products, especially heat-labile ieatls, and sensory attributes.

The technological revolution, nutritional awarenessd continuous demand of the new generation have
necessitated search for new or improved food psiegsechnologies. Presently, several new foodgssiag
technologies, including microwave heating, are stigated to improve, replace, or complement cononat
processing technology.

Microwave has been successfully used to heat, aing, sterilize many food products. Compared with
conventional methods, microwave processing oftfeeddllowing advantages: 1) microwave penetratsislén
the food materials and, therefore, cooking takeselthroughout the whole volume of food internalhd
rapidly, which significantly reduces the procesdiinge; 2) since heat transfer is fast, nutrients @tamins
contents, as well as flavor, sensory charactesistamd color of food are well preserved; 3) ulsafa
pasteurization or sterilization of pumpable fluldéimizes nutrient, color, and flavor losses; 4nhmum
fouling depositions, because of the eliminationtted hot heat transfer surfaces, since the pipiregl us
microwave transparent and remains relatively cabi@n the product; 5) energy saving because afltkence
of a medium between the sample and the MW; in mniglitf the system is well projected, high efficigrcan
be reached (some authors showed the reductior efitbrgy costs during drying processes using meves;
with a further improvement using air dryer and roigaves in sequence; moreover, consider the pagsiloil
use alternative energy sources, eg. photovolt@qerfect geometry for clean-in-place systempw) tost in
system maintenance; 8) space saving, if the syisteompared with the traditional ones, based oletsoand
surface heat exchangers.

On the other hand, there are some problems whievept the diffusion of this technique; among thén:
uneven temperature patterns of the food procesdsedio the uneven temperature field inside theowave
cavity; 2) temperature readout and control probletrecause traditional probes fail: in particuldre t
thermocouples disturb the measurement and are @ahtggthe electric field, while fiberoptic probdkw
to know the temperature only in few points; 3) idiffties in predicting the temperature field, besawf
coupling of three physical phenomena, that is,tedetagnetic wave propagations, heat transfer anhaist
of cases, fluid motion. Consider that sizing, dgrthe design phase, and the control, during theatipg
phase, could be based on theoretical predictiasgiag the so called “trial and error” approach.

To address the critical points mentioned aboveanduhe thesis work, theoretical models were dgyaticand
experimental tests were performed, with referenc®atch” and “continuous flow” processes.

In particular, after a brief description of thermiples of microwave heating, some batch procdsaes been
analysed, that is, apple drying and in-packageirgpaif water and oil. In both cases, the use ofaned
technique allowed to obtain the spatial temperadistibution of the samples under test.

Microwave drying has been applied to apple sliaed,|IR temperature detection allowed to keep ucaleirol
their surface average thermal level in time; thbis enables to follow the temperature-time cursesng
MW heating, according to the process at hand, withe limits specified.

An isothermal 2D unsteady model for mass transtes @mployed to describe the measured drying kefic
apples. Quite satisfying results were obtainedyapplthe model to recover experimental data, prbbdbe
to operating at fixed temperature levels for the@as under test.

The analysis of the second kind of batch testsidered, the in-package heating of water and dibwadd to
show the sensitivity of the temperature distribotio the orientation of the samples, the masstaadielectric
properties. Moreover, a finite element method safey Comsol Multypisics, was used to develop a 3D



numerical model, in order to predict the tempegatdistribution of the samples surface. By comparing
experimental and numerical results, it was proven the proposed finite-element simulation straiegyuite
robust and can be suitably extended to encompass complicated and realistic problems involving MW
heating.

In the second section of the thesis, the contindlowg microwave heating processes have been arglyse
which is more interesting, having in mind indudtapplications.

The main aim was to develop a theoretical instrupabie to predict the bulk temperature distributigthout
great computational efforts. It was demonstrated, ih absence of significant temperature variatiand for
high velocities, constant dielectric properties ¢enconsidered, and an analytical model, accourftng
uniform heat generation inside the liquid, could used. Thus, it has been proven that, under saitabl
conditions, a quick response can be obtained aupfte analytical model. In the other cases, ¥sassary
to take into account the modifications of the di&de properties during the process; at this aimhwgbrid
numerical-analytical solution was developed, whighs compared with the one obtained by Comsol
Multyphisics, considering the temperature depeneeridhe dielectric permittivity; the complete numel
solution (CN), because of the coupling of the heatisfer problem and the electromagnetic problequired

a great computational time. Unlike this, the nevibrity numerical solution reduced the time required f
computation, obtaining only the electromagneticuioh with the numerical instrument and considering
constant dielectric properties. The temperaturedéence of the dielectric permittivity was includbrcbugh

a manipulation of the heat generation distributiatroducing a weighting function opportunely chosthe
latter took into account the variations of the elodlic loss factor. Thus, the heat transfer probieas
analytically solved, feeding the heat generatiomteith the one obtained interpolating the weighlextrete
heat generation distribution, using the FouriercBage Transform. The solution found by the desdibe
procedure was named “Enhanced Hybrid” (EH), bec#useproves the so-called “Basic Hybrid solution”
(BH) through the introduction of the weighting ftion. Finally, a theoretical-experimental procedwas
developed to measure the bulk temperature distoibuin water flowing in a glass-pipe, subjected to
microwaves. High-resolution thermal maps in reaketiwere obtained by processing infrared thermoggecaph
images. Considering the equation of thermographyhi® case at hand, the temperature distributiom mgh
resolution was obtained after a suitable calibmatibe latter was required because of the presafribe grid.
Thus, the developed procedure offers a great ¢wtion for temperature measurement inside the wave
oven, taking into account that usually temperatsmmeasured in few points. Such an approach isetged
since the uneven EM field causes an uneven spigtalbution of the temperature field.

In order to check the goodness of the fast hybwdiehpreviously developed, the experimental resuise
compared with the EH solution, showing an acceptalgreement, with a better prediction for highewfl
rates.



