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Abstract: 
 

The paper presents a description of a test stand to determine the dependencies of rye grain 
dielectric constant on pressure and on electrostatic field intensity. The study showed that grain 
dielectric constant increases together with electrostatic field intensity and decreases when 
higher pressure is exerted. This change is more distinctive at higher moisture content of grain. 

 
INTRODUCTION 

 
 The most important electrical parameters of grains are: 
1. Resistivity; 
2. Dielectric constant; 
3. Loss tangent; 
4. Grain orientation moment in homogeneous electrostatic field. 

These parameters depend on factors such as kernel composition, moisture content, and 
temperature of the grain and the frequency of electric field. 

Dielectric properties of biological materials can be applied to the determination of water 
content, drying, heating, quality detection, electrical treatment, and sorting and grading. Di-
electric properties of grain seed are important because of their correlation with grain moisture 
content and because they influence the absorption energy at high frequency and microwave 
electromagnetic fields in dielectric heating applications. 

These measurements let us examine the correlation between stresses of mechanical origin 
(pressure) and of electrical origin (field).The awareness of these correlations can be useful in 
the  design of drying devices that utilise the effect of electrostatic field on grain. 
 

MATERIALS AND METHODS 
 
 The equipment developed measures the dependence of dielectric constant of seeds on me-
chanical stresses and electrostatic field intensity. Because single grain kernels are small, the  
procedure was based on average grain mass. 
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1. Measurements were carried out on rye grain sample, average dimensions: length l ≈ 7.3 
mm, diameter d ≈ 2.7 mm, measure of the roundness Bw = d/l ≈ 0.37, the mass of grain 
sample 35 grams. 

2. Before the measurements the grains were placed in an air washer to obtain established 
moisture content and temperature. 

3. Dielectric constant values were determined by the measurement of capacitance of the ca-
pacitor in which the grain sample was placed. 

 
The investigated sample is heterogeneous because of non-uniform structure of the grain 

and the random distribution of grain in the measuring capacitor. Both factors can influence 
the measurements. The following parameters (figure 1) describe the grain dimensions: 

l – length, 
d – diameter, 
Bw = d/l – measure of the roundness. 

d

 
 

Figure 1. Spheroidal model of grain seed 
 
The laboratory stand presented in figure 2 was constructed to measure dielectric constant vs. 
electrostatic field intensity and the influence of pressure and grain seed moisture. 
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Figure 2. Laboratory stand 
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A compression chamber was constructed to generate mechanical stresses by introducing high 
pressure air into the grain sample. There is a cylindrical capacitor inside the compression 
chamber and the grain is placed in it. Figure 3 presents the layout of the chamber and the dis-
tribution of grain. 

 
Figure 3. Diagram of the pressure vessel and the measuring capacitor: 1 - steel cylinder, 2 - cover, 3 - manome-
ter, 4 - valve, 5 - capacitor leads, 6 - measuring capacitor, 7 - grains 
 
A compressor chamber consists of a steel cylinder (1). It is covered with a lid screwed up 
from the top (2). The lid includes pressure gauge (3) and air inlet valve (4). The compressor 
[ Donau RS/7 ] allows for the pressure up to 800 kPa. The compressor is equipped with a 
steam trap for moisture control and a pressure reducer to provide precision pressure adjust-
ments. For the purpose of additional dehydration, there is a filter. The filter has two functions 
– traps the condensed water from the cylinder and dehydrates the air from the steam. Dielec-
tric constant was measured by means of an automatic RLC bridge type E318. This bridge en-
ables measurements at 1000 Hz, measured capacitance range 0.05 pF ÷ 200µF. 
The electrostatic field is generated in a measuring chamber, which was a flat capacitor 
( figure 4 ) and was designed and constructed for the purpose of those tests. Tested dielectrics 
(grains) were placed in that field. The electrostatic filed intensity was determined from the 
formula: E = U/d, where U - voltage; d – distance between capacitor plates; this was changed 
in the supplier ( HV source ) through adjusted voltage output. 

 
Figure 4.a. Flat capacitor: 1 - capacitor leads, 2,3 - capacitor plates, 4 - grain chamber, 5 – screen 
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The dielectric constant has been determined indirectly through measurements of capacitance 
of either the empty and grain filled chamber (1): 

0
)( C

C
pz

=
−

ε ,               ( 1 ) 

where: 
C - capacitance of the capacitor filled with grain, F, 
C0 - empty capacitor capacitance, F, 
z – grain, 
p – pressure, 
z-p – grain – air mixture. 

The change of dielectric constant by percent ∆ε is determined from: 

%,100
p
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ε
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           ( 2 ) 

where: 
εp - dielectric constant of grain determined when there is no additional pressure applied 
to the kernels and the kernels and the chamber is at atmospheric pressure, 
εk – dielectric constant of grain of kth pressure value. 

 

RESULTS AND DISCUSSION 

 

The percent changes of dielectric constant related to the initial value of rye grain vs. pressure 
and electrostatic field intensity are presented in figures 5 and 6. 

∆ε∆ε∆ε∆ε = f ( p ), w%  = const.
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Figure 5. The percent changes of dielectric constant related to the initial value of rye grain vs. pressure at  
w%= const, ( R – regression coefficient ). 
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∆ ε∆ ε∆ ε∆ ε = f( E  ), w %  = const.
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Figure 6. The percent changes of dielectric constant related to the initial value of rye grain vs. electrostatic field 
intensity at w%= const. 
 

A correlation coefficient analysis was used to determine the relation between the influence of 
electrostatic field and pressure on grain dielectric constant. The equation of this correlation 
coefficient is ( 3 ): 
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where: 1,1 ≤≤− yxρ . 

The covariance coefficient has the form ( 4 ): 
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where: Cov(X,Y) – covariance i.e. the mean of product of deviations of each pair of data; this 
makes possible to determine the dependence between the two sets of data, 
xj, yj – jth elements of the respectively compared data sets X and Y, 
µx, µy – respective means of X and Y data sets, 
σx, σy – standard deviation of X and Y data sets, respectively, 
n – number of compared elements from X and Y data sets. 

 
Positive values of correlation coefficient ρ indicate that the increase ( drop ) of dielectric con-
stant under the influence of electrostatic field intensity is accompanied by the increase ( drop ) 
of dielectric constant under the influence of pressure. This proves the very strong relationship 
between them ( the more intensive when value is closer to 1 ). In the case when the high in-
crease of dielectric constant under the influence of one input is accompanied by the drop un-
der the other input then the correlation between them is negative ( correlation coefficient val-
ues are close to –1 ). When these values are close to zero it means that the inputs are not re-
lated ( Table 1 ). 
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Table 1. Correlation coefficients ρ vs. pressure and electrostatic field intensity for rye of moisture content 
w% = 9.7 % 
 

p( Pa ) 
x98070 

εεεεp E( kV/m. ) 
x100 

εεεεE ρρρρ <p>( Pa ) 
x98070 

<E>( kV/m.) 
x100 

0 4.12 0.00 4.11 -0.397 0-8 0-1 
0.2 4.12 0.05 4.18 -0.196 0-8 0.05-1.25 
0.4 4.13 0.10 4.22 -0.001 0-8 0.1-1.5 
0.6 4.12 0.15 4.21 0.187 0-8 0.15-2 
0.8 4.12 0.20 4.22 0.128 0-8 0.2-2.5 
1 4.11 0.25 4.29 0.015 0-8 0.25-3.0 
2 4.10 0.30 4.25 -0.465 0-8 0.3-3.5 
3 4.09 0.35 4.26 -0.693 0-8 0.35-4 
4 4.10 0.40 4.26 -0.781 0-8 0.4-4.5 
5 4.09 0.45 4.21 -0.834 0-8 0.45-5.0 
6 4.09 0.50 4.22 -0.818 0.2-8 0.5-5.0 
7 4.09 0.75 4.21 -0.865 0.4-8 0.5-4.5 
8 4.09 1.00 4.23 -0.652 0.6-8 1-5 

1.25 4.25 -0.418 0.8-8 1.25-5 
1.50 4.25 -0.351 1-8 1.5-5 
2.00 4.26 0.128 2-8 2-5 
2.50 4.26 0.438 3-8 2.5-5 
3.00 4.27 0.453 4-8 3-5 
3.50 4.25 0.011 5-8 3.5-5 
4.00 4.27 0.966 6-8 4-5 

 
CONCLUSIONS 

 
 The following conclusions can be found from the tests of dielectric constant of grain sub-
jected to mechanical stresses and electrostatic field intensity: 
1. Grain dielectric constant depends on mechanical stresses ( figure 5 ). 
2. Grain dielectric constant depends on electrostatic field intensity ( figure 6 ). 
3. The change of dielectric constant of grains depends on their humidity. 
4. The influence of pressure and electrostatic field is more intensive for wetter grains. 
5. Grain dielectric constant drops at the increase of compressive stresses ( the more, the wet-

ter grains are ): 
∆ε = 7.5 % for grains of water content w% = 18.6 % at pressure of p = 784560 Pa. 

6. Grain dielectric constant increases together with electrostatic field intensity ∆ε = -9.4 % 
for grains of water content of w% = 13.4 % at E = 500 kV/m ( minus means the increase of 
relative dielectric constant ). 

7. The changes of dielectric constant generated by mechanical stresses are strongly related to 
the changes inducted by electrostatic field in some ranges ( see Table 1 ). This let us ex-
pect that the awareness of the influence of mechanical stresses on the grain dielectric con-
stant can make possible to determine the electrostictive forces inducted by the field 
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