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1. THEORETICAL BACKGROUND AND PRESENT OBJECTIVES

For the automatization of the drying process the inner qualities of the material to

be dried must be measured. The microwave dissipation field (i.e. the

electromagnetic cavity) does not allow the application of traditional sensors.

In convective drying technologies the information-bearing (i.e. the energy

transmitting) medium is the drying air. In the microwave drying chamber the

main parameters of drying are ensured by the electrical parameters of the

electromagnetic fields, and not by the changes of state of the air.

The parameters of drying are not easy to measure due to the inhomogenity of the

microwave field, the geometry-depending resonance frequencies and the

irregularity of energy distribution. This problem is especially important in the

case of large-size, intermittent microwave chambers. Thus investigations have

been made using continuous-type, smaller-size dissipation fields, as well. An

important point was to test the response of the humid material to microwave

radiation by measuring such an electric parameter that is of microwave

character, can be measured easily and provides suitable data for analysis.
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2.  INSTRUMENTS AND METHODS

Investigations have been made concerning drying in intermittent dryers

equipped with a stationary conveyor belt and in continuos dryers equipped with

a running conveyor belt. Further measurements have been taken concerning the

drying of dry material as well as that of material with high input moisture

content in an intermittent dryer and in a continuous dryer with running the

conveyor belt in different directions and at different rates.

The moisture loss was the same in both types of dryers. In the case of the

continuous drying method - with the same moisture elimination - lower output

temperature could be observed, caused by the radiation pressure of the

microwaves.

In order to prove the above and to determine the radiation pressure a

mathematical model was set up and the material to be dried was radiated at the

resulting Brewster-angle.

With continuous-running microwave drying the parameters of drying can be

measured easily. Since investigations have proved that above a certain value the

output temperature is independent of the speed of the conveyor belt and can be

taken constant, thus in order to automatize the drying process it is enough to

measure only the parameters of the input and output moisture contents.
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3.  RESULTS AND THESES

In the course of building up an intermittent-running microwave dryer several

problems had to be solved. Thus, first the structure of the microwave field and

the measurability of the parameters of drying were studied.

Then further investigations were carried out using continuous-type microwave

dryers, as well.

Concerning the above unique but closely related two types of microwave dryers

the following main conclusions have been reached:

3.1 Energy distribution in the electromagnetic field in intermittent-mode
and in continuous-running microwave drying cavities

3.1.1 In microwave drying cavities the electromagnetic field is not

homogeneous as energy distribution is concerned. Geometry-dependent

energy maxima and energy minima develop in it. To prove this, a

measuring device has been made and used.

3.1.2 A mathematical model has been developed for the two-dimensional and

three-dimensional visualization of the electromagnetic field. The model

has been proved to be similar to the results of measurements (Fig.1).
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Fig. 1   The 3D visualization of the electromagnetic field - Simultaneous
computer graphics of two measurements

The mathematical model is the following:
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Where Pi is the normalized power determined using colour scale, α is the

deviation coefficient, n is the sum of all stains on several sections of the

indicating desk, m is the number of axis z measurements, and xi, yi and zj are the

coordinates of power maxima.
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3.2 The continuous-running microwave drying cavity.

3.2.1 A new-type microwave dryer using a conveyor belt with variable
rotational velocity and variable direction of rotation has been developed. It
has been concluded that the drying process can be measured and evaluated
by means of one microwave parameter, the measured Pr reflected power
(Fig. 2).

Fig. 2   Pr(t) microwave radiation times of wet, dry, stationary and running belts

3.2.2 In stationary-belt mode the condition of the material to be dried is

characterized by the Pr(t) time scale. The oscillation of Pr(t) is of high

period time, and this feature is due to discrete changes in the moisture

content and the temperature.

3.2.3. In running-belt mode the intense oscillation feature of the measured Pr(t)

time scale is independent of the mechanical vibration of the material to be

dried. It is influenced by the mass power of the moving dielectric material.
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3.3 Effect of the microwave radiation pressure on the material to be dried

3.3.1 In the case of running-belt mode the loss in moisture content is equal to

that in stationary-belt mode, but it occurs at a much lower output

temperature.

It has been concluded that the microwave field does not only show a

thermic effect but a non-thermic effect, i.e. radiation pressure, as well.

Thus, in the case of running material an equal amount of moisture loss

compared to that in stationary-belt drying is due to the increasing radiation

pressure (Fig. 3).

Fig. 3   Analysis of the existence of radiation pressure

3.3.2 In the case of vertical polarization applied in the present dryer the

radiation pressure depends on the Θ Brewster-angle, ρ-density and the

dielectric coefficient.
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3.3.3 For the determination of ps-radiation pressure at vertical polarization the

following equation has been set up:
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ρερ -Brewster-angle, ρt is the density of the

material to be dried, εt is the dielectric constant of the material, Γ is the

reflexion coefficient, and Ei is the electric force of the input wave.

3.3.4 The advantages of drying with running mode over stationary mode have

been established as follows (Fig. 4):

− Drying is easier to measure and the process can be automatized

− This technology is suitable for drying heat-sensitive materials

− It is energy-saving



-11-

Fig. 4   Microwave drying with Fuzzy control

3.3.5 The output temperature is practically constant in running-mode drying and

for the regulation of drying it is enough to measure only the parameters of

the moisture content. Accordingly, different practicable regulation

principles have been referred to.

4.  CONCLUSIONS AND SUGGESTIONS

1. In convective drying technologies the information-bearing, i.e. the energy-

transmitting, medium is the drying air. In the microwave-dissipating field,

i.e. the drying chamber, however, traditionally used drying sensors cannot

be applied.

2. In the microwave drying chamber the main parameters of drying are ensured

by the electrical parameters of the electromagnetic field and not by the

changes of state of the air.
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3. Whereas, in large-size multi-mode dissipating fields the parameters of

drying are, in practice, impossible to be measured due to the inhomogeneity

of the microwave field, the geometry-depending resonance frequencies as

well as the irregularity of energy distribution.

4. The multi-mode feature of the microwave cavity and the difficulties of

measurement can be reduced in smaller-size continuous-running dissipating

fields.

5. In continuous-running microwave dryers the behaviour of the material to be

dried can be studied during irradiation by means of a microwave parameter,

i.e. the measurable Pr(t) reflected power.

6. The dry, the wet as well as the drying materials of various temperatures are

clearly identified in different modes of drying by means of the measured

Pr(t) time scale.

7. In intermittent-mode microwave drying the oscillation of Pr(t) is of high

period time and of high amplitude. This is due to a similar kind of change in

the dielectric coefficient of the drying material at high output temperature.

8. In continuous-running microwave drying the oscillation of Pr(t) in the time

scale of Pr(t) reflected power is increased with low period times and lower

mean reflected (as well as higher dissipated) power.

9. The output temperatures are, on an average, by 50% lower in running-belt

mode than in intermittent-mode microwave dryers. Whereas, the extent of

moisture reduction is, in practice, the same in both modes.
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10. The same moisture-reducing effect under lower output temperature is due to

the microwave radiation pressure.

11. The radiation pressure and thus the moisture-reducing effect can be

increased if vertical polarization is applied in the drying process, and drying

is carried out with microwaves reflected in the Brewster-angle.

12. In running-mode microwave drying the output temperature is independent of

the speed of the running belt above a certain value of speed, and it can be

taken as constant. Thus, for the automatization of the process it is enough to

measure the input and output moisture contents only.
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