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A bstract. The paper presents description of a test
stand to rclations between electric permitivity of grain on
pressure and intensity of clectrostatic ficld. On the basis of
measurements, it has been found that electric permitivity of
grain decreases under the influence of pressure and in-
creases as the clectrostatic ficld intensity rises. Morcover,
the test results allow for the conclusion that striction forces
occurring in grain under the influence of clectrostatic ficld,
arc tensile forces.
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INTRODUCTION

Electric properties of grain deserve atten-
tion for many reasons. They enable indirect
determination of humidity because of high cor-
relation between electric permitivity and humi-
dity. Hence, it is possible to automatise humi-
dity measurements and to optimise energy con-
sumption. Electric premitivity and loss of grain
are the main parameters that determine energy
absorption in dielectric drying processes. Elec-
tric field causes changes in the overall dimen-
sions of solid bodies. This phenomenon is
known as electrostriction in the solid-state ele-
ctrodynamics and physics. These changes,
however, are very small and difficult to mea-
sure. This can lead to lower moisture retention
in grain and thus reduce energy consumption in
convective drying processes.

TEST STAND

Figure 1 presents a layout of a test stand that
has been constructed to determine the influence
of electrostatic field intensity and pressure on
the electric permitivity of grain.

Biological origin of seeds makes them very
varied in their physical and structural properties
which makes repeatable results hardly available.
Test procedures that were worked out ensure an
accurate humidity determination. Selection of
grain seeds carried out on the classifying screens
and elimination of cracked seeds allowed the
author to obtain repeatable results. This test stand
enables indirect determination of the character of
striction forces that occur in grain.

An electrostatic field is generated in the
measuring chamber. The measuring chamber has
been designed and constructed as a flat capacitor
(Fig. 2). The tested dielectrics (grain seeds) are
put into it. Mechanical stresses are generated in a
pressure vessel (Fig. 3). Electric measurements
were taken according to the procedures especially
designed for this purpose. Electric permitivity is
determined indirectly through the capacity mea-
surements of an empty capacitor and a capacitor
filled with tested seeds:
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Fig. 1. Test stand.

where: C - capacity of the capacitor filled with
seeds, F; Cy - capacity of the empty capacitor, F;
S - area of the capacitor plates, mz; d - spacing
between capacitor plates, m; ¢, - dielectric
constant; & - permitivity of free space, F/m.

As the tested objects are small, the proce-
dures are based on the mean grain mass.

ANALYSIS OF TEST RESULTS

Three species of grain were tested: barley,
wheat and rye. The correlation function is used
to determine relations between mechanical
stresses and the stresses resulting from electro-
static field. Positive values of the correlation
coefficient indicate that the increase/decrease
under pressure is accompanied by the increase/

Fig. 2. Flat capacitor: 1 - capacitor leads, 2, 3 - capacitor
plates, 4 - grain chamber, 5 - screen.
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decrease under the influence of electrostatic
field. In the case when high permitivity incre-
ments under one of the inputs were accom-
panied by the decrements under other inputs,
there was a negative correlation between them.
When these values were strongly related to one
another, the correlation coefficient values were
close to +1.

The character of changes in the electric
permitivity under the influence of pressure ap-
peared to be different from the changes under
the influence of electrostatic field which was
also confirmed by negative correlations. Under

Fig. 3. Diagram of the pressure vessel and the measuring
capacitor: 1 - steel cylinder, 2 - cover, 3 - manometer, 4 -
valve, 5 -capacitor Icads, 6 - measuring capacitor.
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the influence of pressure electric permitivity of
grain decreases but under the influence of ele-
ctrostatic field - it increases. Substantial chan-
ges under the influence of the inputs mentioned
above were particularly visible at the humidity
level of wo,>16% (Fig. 4a).

A strong positive correlation was found for
barley and wheat at the humidity of wo,>16.4%
on the basis of computations that correlated
electric permitivity changes under the influence
of pressure with grain species (correlation

coefficient close to 1 throughout the whole
range of pressure levels). Moreover, a strong
positive correlation was found for barley and
wheat at the humidity level of wo,>16.4%
(correlation coefficient close to 1 throughout
the whole range of pressure levels) and of 18.2
% (within the range < 0.35 > ka_l) on the
basis of computations that correlated changes
in the electric permitivity under the influence
of electrostatic field with the species of grain
(Fig. 4b).
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Fig. 4. Relation betwcen wheat clectric permitivity vs. pressure (a) and clectrostatic field intensity (b).
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Test results were statistically evaluated.
T-Student distribution was used and confidence
intervals and random errors were determined.
The statistical analysis proved significance of
the results obtained.

CONCLUSIONS

From the tests on electric permitivity

in heterogeneous dielectrics vs.
mechanical stresses

1. The value of electric permitivity value of
dielectrics depends on mechanical stresses.

2. Changes in the permitivity depend on the
humidity of dielectrics.

3. Permitivity of dielectrics decreases with
an increasing pressure when compared to per-
mitivity when there are no mechanical stresses
(the more intensely the higher the humidity was
before the test);

4. The following reduction in the electric
permitivity was obtained:

Ae=- 8.6 % for barley at the humidity level
of wo, =16.4 %;

Ae = - 11.7 % for wheat at the humidity
level of wo, =21 %;

Ae =-71.5 % for rye at the humidity level of
Wo, = 18.6 %.

From the tests of electric permitivity

in heterogeneous dielectrics vs.
electrostatic field intensity

1. The value of electric permitivity of di-
electrics depends on the intensity of the electro-
static field.

2. The influence of electrostatic field is
more intensive for the dielectrics with higher
humidity levels (wo,>16.4%).

3. When the intensity increases within the
range 0 - 500 kV/m, permitivity of dielectrics
increases, too:

Ae=11.7 % for barley at the humidity level
of wo, = 17.2 %;

Ae " = 12.4 % for wheat at the humidity
level of wo, =21 %;

Ae =9.3 % for rye at the humidity level of
Wo, = 13.4 %.

4. The conclusion is as follows: an ele-
ctrostatic field causes tensile stresses. They res-
ult from the fact that the forces occurring in the
system tend to increase electrostatic energy for
voltage inputs. Since grain permitivity is higher
than the permitivity of air, forces that act on a
grain seed will cause its enlargement. This is
true for the dielectrics that are not mixtures.
Volume fractions of individual seed layers
(especially - the layer of the largest volume
fraction, i.e., a kernel, are decisive for the direc-
tion of changes in the volume of seeds (positive
or negative).
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