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Abstract. Because of the numerous common 

applications of drying processes their energy consumption 

reduction is an important task. This reduction can be 
achieved by using appropriate drying methods and/or intro- 

ducing factors to intensify the process. The electrostatic 

field seems to be one of the factors that force convective 
drying. The paper presents the results of convective drying 

of wheat grain in an electrostatic field. 
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INTRODUCTION 

A single wheat grain can be treated as a la- 

minar spheroid. After exposing this grain in an 

electric field some forces can appear. These are 

caused by: 

- free charges which the grain can gain in the 

lonised environment. The force is big enough 

to be used in ionic cleaning plants; 

- the unbalance of electric charge inside the 

grain. This force is used in electrostatic sepa- 

rators with bifilar winding; 

- charges induced on the border of grain layers 

(electrostrictive forces); 

- free charges which can appear in the enviro- 

nment. In the case of applying voltage, higher 

than the threshold voltage to the pin matrix, 

gas ionisation will occur near the electrode. 

These ions are propelled by Coulomb forces 

towards the opposite electrode. As they tra- 

vel, the ions collide with ionised gas mole- 

cules and the result of this is a corona wind. 

The first two kinds of force are used in 

electrical grain separators. 

The possibility of using electrostrictive 

forces in the drying process was suggested by 

Taruśkin in 1983. He pointed to the potential of 

using electrodynamic fields acting on the inter- 

nal grain structure. He suggested that the me- 

chanical tension generated in a strong electro- 

static field cause structural microchanges, 

which reduce moisture retention and minimise 

energy consumption in convective drying proc- 

esses. However, he did not carry out any re- 

search to illustrate this. 

In 1990, Baran created mathematical for- 

mulas describing the influence of electrical 

properties of grains and their shape on the vo- 

lume of electrostrictive forces. He calculated 

that the volume of the electrostrictive forces is 

a few grades too low to cause macroscopic grain 

deformation, but he did not exclude the possi- 

bility of the influence of these forces on drying 

processes. Additionally, he carried out tests of 

grain drying when the grain was exposed to 

electrostatic field before the beginning of the 

drying process. As a result he stated that there 
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were no effects on decreasing the drying energy 

consumption. In the case of Baran’s experi- 

ments, grains were not exposed to electric field 

during the drying processes. Nobody knows if 

there were any stresses in the grain (in the form 

of remanence) or if they disappeared at the 

beginning of the drying process. It seems that 

this is the reason why the experiment did not 

bear out any changes in the grains moisture 

retention ability. 

The other investigation of using an ele- 

ctrostatic field in the drying process is the paper 

entitled “Utilization of Strong Electrostatic 

Field in Drying Process” [1]. The grains were 

dried in a drum drier. Voltage was applied to the 

internal and external cylinders of the drier, so 

they played the role of a cylindrical capacitor. 

The electric field effect on the drying process 

was estimated as an energy consuming process 

reduction index. The results of these experi- 

ments demonstrated a decrease of the grain's 

ability to retain moisture when exposed to an 

electric field during the whole drying process. 

In 1972 Sadek, Fax and Hurwitz published 

the results of another type of research [4]. They 

carried out the research on the heat and mass 

transfer process in convective drying. The me- 

dium was sponge with water. It was exposed on 
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a flat grounded electrode above which a pin 

matrix was put. Then this was carried out with 

a flat electrode. As the result it was stated that 

the factor that increased heat and mass transfer 

was the corona wind. 

In 1995 Wolny published the results of 
similar research [6]. The convective drying of 

ceramic substance and water vaporisation from 

flat and cylindrical surfaces was carried out in 

an electric field in the presence of a corona 

wind. The results of the research confirmed the 

importance of the influence of the corona wind 

on heat and mass transfer at low air velocity. 

TEST STAND AND PROCEDURE 

The main element of the test stand (Fig. 1) 

is the drying chamber (Fig. 2) with the measure- 

ment capacitor inside. The drying samples of 

wheat grain, placed on the lower electrode, had 

an initial mass of 100 g. The measurement 

Capacitor was attached to the string of the bal- 

ance. The electronic balance sends information 

about the mass of the dried sample to the com- 

puter. The supply is DC high voltage. A fan- 

heater is placed in the inlet of the chamber. 

The drying chamber is rectangular. The vol- 

tage is applied to the electrodes of the capacitor. 
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Fig. 1. Block diagram of test stand. 
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Fig. 2. Drying chamber. 

The construction makes it possible to change the 

bias. During the experiments a few types of 
capacitors were used. In the case of the pin 

matrix increased drying was observed. The con- 

struction of capacitor allowed the generation of 

the corona wind. 

The drying sample was artificially mois- 

tened to a value of 20 %. Every time two series 

of drying were carried out. In one of them the 

sample was exposed to the electrostatic field but 

not in the other. Each drying process lasted 1.5 

h. The computer registered the weight loss of 

vaporised water every 2 min. 

The following series of the measurements 

were carried out: 

- in configuration of flat electrodes and in 

configuration with upper electrode equipped 

with pin matrix; 

- the range of drying air velocity was from 0.3 

to 1.4m 571; 

- the range of field intensity was: 0, 200, 300 

and 400 kV m |; 

- the range of air temperature was: 303, 313 

and 323 K. 

RESULTS 

The following results were found: 

- In the flat capacitor - in which the corona 
wind was not generated, there was no mea- 

surable influence of the field on the drying 
process. This means that in the given confi- 

guration, there is no mass transfer augmen- 

tation caused by electrostrictive forces. 

- In both types of capacitors, at high air ve- 

locity, the mass transfer augmentation does 

=" Ground 

of the electrostatic shield 

not exist. With the air velocity higher then 0.3 

ms”! it was impossible to register measurable 

changes in either type of drying process. 

The illustration of the dynamic of the dry- 

ing process could be these three groups of 

curves. The most exact results were obtained by 

analysing the curves gained on the basis of the 

real temperature and real electric field intensity, 

not the mean. The advantage of this type of 

analysis is the possibility of obtaining the 

same initial moisture of the wheat. Curves were 

plotted for all combination parameters of dry- 

ing. On their basis the energy reduction index 

and corona current density were calculated. The 

most visible effects of the field on the wheat 

were observed at the maximal electric field 

intensity and the maximal temperature (323 K, 

400 kVm!) (Figs 3-5). The field caused, after 

1.5 h of the drying, a difference in the sample 

mass of 1.5 g (Fig. 3). From the slope of the 

curve we can conclude that the most intensive 

increase of water vaporisation was in the first 

period of drying. 

The drying curves illustrate the same. Their 

ending slope shows that the drying could last a 

little longer to gain the lowest possible moi- 

sture at this temperature. Apart from that the 

sample exposed to the field reached the mois- 

ture level of the sample that was not exposed 34 

min earlier (Fig. 4). 

The third curves show the rate of drying 

(Fig. 5). The following curves are the approxi- 

mation of the results of the measurements with 

the help of the polynomial of the second order. 

They show that in the first moment the rate of 

vaporisation is twice higher.
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Fig. 4. Drying curves of Roma wheat. 
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Fig. 5. Rate of drying of Roma wheat. 

The other curves show the drying process 

at different temperatures used at all electric field 

intensities (Fig. 6). The first visible effect of 

using this field is the acceleration of drying with 

increasing field intensity. At any temperature, 

the more the electric field intensity, the more the 

augmentation of water vaporisation is. This influ- 

ence grows with temperature. It is not important 

that on the 200kUVm curves augmentation is not: 

visible. The effect of using the lowest intensity 

is visible on the detailed curves plotted specially 

for this group of measurements. The maximal 

evaporation was gained at a temperature of 323 

K and an electric field intensity of 400 КУш 1. 

To illustrate the drying acceleration visible 

on the curves, a special convective energy re- 

duction index g% was introduced to compare the 

two processes [1]. In this index, it is a assumed
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Fig. 6. Drying curves of Roma wheat at 323 K (a) and 323 K (b) temperatures. 

that the compared samples have the same initial 

mass and that the quantity of energy given by 

the fun heater is the same in each process. 

Having information about the starting mass M, 

moisture content u or humidity w, it is possible 

to compare convective energy consumed in both 

cases: 

y z| 2 о 9% ck 1 100% 

where u is moisture content in a grain before 

drying, %, ul - moisture content of a grain not ex- 

posed to an electric field during drying process, 

%, u2 - moisture content of a grain exposed to 

an electric field during drying process, %. 

The convective energy consumption coef- 

ficient g describes only the changes of energy 

that is supplied to wheat grain by means of a 

drying medium (air) but it does not refer to the 

electric energy introduced to the system. 

The computations of q do not include elec- 

tric energy because the mechanism of the influ- 

ence of an electric field on the drying processes 

has not been definitely determined yet. This 

problem is to be investigated in further research. 

The maximal convective energy reduction 

index calculated on the basis of moisture con- 

tent after 90 min of drying was gained in the 

case of the maximal electric field intensity (Fig. 

7). The index changed its value from 3.6% at 

200kVm'! anda temperature of 303 K to 37.4% 

with 400 kVm'! and a temperature of 323 K. It 

must be remembered that the acceleration of 

water vaporisation was gained with the help of 

the corona wind. 
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Fig. 7. Index of reduction convective energy consuming.
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The corona current density was calculated 

on the basis of the area of the lower electrode. 

The value of the corona current was gained from 

the registered high voltage current. The value of 

the current density changed from 850 AA m” at 

200 kVm'! to 14700 uAm 2 at 400 kVm l (Fig. 

8). It must be stressed that the values are con- 

nected only with the initial part of the drying 

process. After some time these values decrea- 

sed. This means that the acceleration of water 

vaporation is caused by the corona wind. 
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Fig. 8. Corona current density. 

CONCLUSIONS 

On the basis of the measurements, the fol- 

lowing can be concluded: 

- In each group of measurements in which the 

corona wind occurs the drying process was 

accelerated. The maximal convective energy 

reduction index was 37 %. 

- The energy consumption did not change under 

the influence of electrostrictive effects. This 

may be caused by the fact that the samples were 

artificially moistened, which may have caused 

the grains looses its flexible properties. 

- The increase of electric field intensity, and the 

increase of the corona wind, caused an increase 

in the rate of vaporisation. 

- The acceleration of water vaporisation occurs 

at low air velocity, which is 0.3 m s! 
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