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AUTOMATION BIOTECH FACILITIES 
 

V. Lysenko 
 

Summary 
In the article the review of scientific work conducted at the De-

partment of Automation and robotics systems to them. Academician 
I. I. Martynenka the last 15 years. 
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ELECTROHYDRODYNAMIC DRYING:  
ENERGY AND QUALITY ASPECTS 

 
Martynenko A.I., PhD. 
Dalhousie University, Department of Engineering Nova Scotia, Canada. 
Tel: (902) 893-6696, E-mail: alex.martynenko@dal.ca  
 

Summary - in this study, effects of EHD on drying rate, energy 
consumption and color degradation of apple slices were studied. High 
voltage significantly increased drying rate by 1.5 to 4 times at high 
(5m/s) and low air velocity, respectively. Effect of EHD on color was 
insignificant at voltages below 10 kV, but higher voltage intensified 
progressively color degradation. Energy, used in EHD drying, was neg-
ligibly small (1-2%) as compared to the total energy consumption of 
AC/DC converter. 
 

Keywords: EHD, convective drying, apple, color, energy efficiency. 
 

Introduction. Canada is a major supplierofdried apple slices with pre-
mium quality on the world market (Beaudin, 2005). The purpose of drying 
is to provide desirable texture and reduce water activity to the level secur-
ing long shelf-life of dried fruit (Krokida et al., 2003; Vega-Mercado et al, 
2001).Convective apple slice drying has been thoroughly studied (Magee 
and Wilkinson, 1985; Sacilik et al., 2006;Figiel, 2007; Pakowski et al., 
2012; Zarein et al., 2013) in the range of temperatures from 40 to 90oC. 
Unfortunately, hot air drying of apples accelerates color and aroma degra-
dation and may also lead to undesirable case hardening (Martynenko and 
Janaszek, 2014). Therefore, in the last decade significant efforts were made 
towards research and development of alternative technologies for apple 
slice drying, using microwaves (Andres et al., 2004; Figiel, 2007), infrared 
(Nowak et al., 2004) or vacuum freeze drying (Reyes et al., 2011). Howev-
er, none of these technologies can satisfy industry requirements for high 
quality product and low energy consumption. This obstacle initiated re-
search of hybrid apple drying technologies, such as combination of micro-
wave and freeze drying (Huang et al., 2009), ultrasound and infra-
red(Brncic et al., 2010), heat pump and vacuum-microwave (Chong et al., 
2014) and others. Effect of hybrid drying on composition, texture, aroma 
and microstructure of apple slices is well documented (Huang et al., 2012). 
However, all aforementioned technologies are still on the research stage. 

                                         
 © Martynenko A.I. 
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Since hot air drying is the only option commercially available, industry ex-
pressed interest in the development of efficient non-thermal technology. 
One of the potential candidates is electro hydrodynamic (EHD) technology, 
which applies high voltage to enhance single-phase convective heat and 
mass transfer (Lai and Lai, 2002). Previous research showed advantages of 
EHD technology for drying of biological materials, such as potato, apple, 
tomato, mushroom slices, spinach, rapeseed, wheat, okara cake (Singh et 
al., 2012). However, the only publication on EHD apple drying (Hashinaga 
et al., 1999) had very low practical impact, because of limited range of ex-
perimental conditions and randomly chosen design parameters. Recent re-
search showed advantages of proper electrode configuration and the use of 
direct current (DC) over alternating current (AC).Efficient corona wind can 
be obtained by applying a DC high voltage between two electrodes with 
significantly different radii of curvatures, such as pin-to-plate configuration 
(Fig. 1). 

 
Fig. 1. Corona discharge between pin and plate. 

 
The high electric field strength at the vicinity of the discharge (corona) 

electrode causes gas ionization and drifting air ions to the opposite 
(grounded) electrode, contributing to the formation of a space charge and 
an electric current flow between both electrodes (Gourdine, 1968). This 
current, called sometimes “corona wind”, “ionic wind” or “low-density 
plasma” creates dipole polarization and electrophoretic forces in the ma-
terial (Allen and Karayiannis, 1995). Effect of polarization in electric field 
was observed for both water (Isobe et al., 1999) and protein molecules 
(Xue et al., 1999).It should be noted, that EHD effect could be observed 
only above corona initiation voltage and below breakdown voltage (Good 
enough et al., 2007). 
Despite of various hypotheses about mechanisms of EHD drying, there is a 
consensus that major driving force is electric field strength in kV/cm, cal-
culated as voltage (kV) divided by the distance between electrodes (Ahme-
dou et al., 2009). It was found that the drying rate increased with the in-
crease of electric field strength through either increased voltage or de-
creased gap (Dalvand et al., 2014). For example, wheat drying with mul-
tiple-needle electrode showed enhancement of drying rate by 1.7, 2.0 and 
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2.1 at 5, 7.5 and 10kV/cm, respectively (Cao et al., 2004). Another exam-
ple is rapeseeds drying, where multiple-needle electrode revealed enhanced 
drying rate by 1.78, 2.11 and 2.47 times at 4, 4.5 and 5 kV/cm, respectively 
(Basiry et al., 2010).It should be noted that the maximum field strength in 
EHD is limited by air conductance. 

There are numerous evidences on the effect of electrode geometry on 
EHD performance. A comparison of electrode shapes showed that a sharp 
tip of the sewing needle electrode was more effective than thick copper 
wire with a blunt point (Hashinaga et al., 1999). A single-needle electrode 
enhanced drying rate of potato slabs rate by 2.1-2.5 times (Chen et al., 
1994), whereas a multiple-needle electrode accelerated drying rate of apple 
slices by almost 4.5 times (Hashinaga et al., 1999). Similar conclusion 
about positive effect of multiple-needle as compared to one-needle elec-
trode was reported by Lai and Sharma (2005). With respect to optimal 
number of needles, interesting results were reported by Bajgai and Hashi-
naga (2001a). Number of needles had no effect on drying of spinach at 
constant rate period; however, the effect became significant (p<0.01) when 
moisture  content  decreased  below  80%  (wb).  In  contrast,  Dalvand  et  al.  
(2013) found that increasing of needle number from 1 to 17 consistently 
decreased drying rate. These contradictory findings require further experi-
mental research. 

The effect of drying conditions, in particular air temperature and ve-
locity on drying rate was studied by Cao et al. (2004) and Ahmedou et al. 
(2009).  In  experiments  with  300g  agar  gel  samples  with  98% of  water,  it  
was demonstrated that efficiency of EHD drying significantly depended on 
air velocity (Ahmedou et al., 2009). To maximize efficiency of EHD dry-
ing at a small electrode gap they suggested low air velocity, while at a large 
electrode gap high air velocity was recommended. The conclusion about 
negative effect of forced convection on EHD performance is in good 
agreement with results, obtained by other researchers (Dalv and et al., 
2014;Balcer and Lai, 2004).Airflow significantly decreased energy effi-
ciency of EHD drying because of at least two reasons: (i) concurrent effect 
of airflow on ionic wind, resulting in partial or full suppressing the electro-
hydrodynamic effect; (ii) increased energy consumption by air blower. 
Combined effect of temperature and electric field characteristics was stu-
died by Cao et al. (2004). Experimental results showed consistent drop of 
EHD performance with increasing of temperature from20°C to 50°C (Cao 
et al., 2004). Decrease in EHD efficiency with temperature might be re-
lated to non-Fickian mechanism of drying with negligible effect of thermo-
diffusion. This hypothesis is supported by the fact that temperature can en-
hance EHD drying if the gradient of heat flux coincides with the gradient 
of electric field (Wong and Lai, 2004). 
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The effect of EHD drying on the food quality attributes was studied by 
several researchers (Xue et al., 1999; Hashinaga et al., 1999; Bajgai et al., 
2001a, 2001b, 2006; Palanimuthu et al., 2009; Basiry et al., 2010; Ese-
haghbeigy et al., 2011, 2012; Dutta et al., 2012; Bai et al., 2012, 2013; 
Singh et al., 2013). It was found that EHD drying resulted in lesser color 
degradation of apples (Hashinaga et al., 1999), spinach (Bajgaiand Hashi-
naga, 2001a), Japanese radish (Bajgaiand Hashinaga, 2001b), emblic fruit 
(Bajgai et al., 2006), tomato slices (Esehaghbeigy et al., 2011), mushrooms 
(Dutta et al., 2012), as compared to oven or ambient air drying. The EHD 
effect on shrinkage was documented for apple slices (Hashinaga et al., 
1999), Japanese radish (Bajgai and Hashinaga, 2001b), tomato slices (Ese-
haghbeigy et al., 2011), mushrooms (Dutta et al., 2012), sea cucumber (Bai 
et al., 2013). The general consensus is that EHD providesless shrinkage as 
compared to oven or ambient air drying. Specific effect of EHD on shrin-
kage is related to low-temperature drying, which results in less structural 
stresses. No curling, bending of slices or case hardening in EHD drying 
was observed. Superior hardness, reported by Esehaghbeygi (2012); Dutta 
et al. (2012); Singh et al. (2013) along with better rehydration ability (Baj-
gai and Hashinaga, 2001b; Dutta et al., 2012) could be explained by mi-
nimal effect of EHD drying on food microstructure. 

Energy efficiencyof EHD drying remains the most controversial issue, 
because it depends on multiple-design parameters and energy consumption 
record. Usually, energy efficiency is estimated through specific energy 
consumption,  which  refers  to  energy  used  for  evaporation  of  kg  of  water  
(kJ/kg) (Kudra, 2004).Most of researchers claim lower energy consumption 
of EHD as compared to ambient or hot air drying (Lai and Lai, 2002; Lai 
and Wong, 2003; Balcerand Lai, 2004; Wong and Lai, 2004; Lai and 
Sharma, 2005; Cao et al., 2004; Goodenoughet al., 2007; Ahmedou et al, 
2009; Esehaghbeygi et al., 2011; Bai et al., 2011; Karami et al., 2012;Singh 
et al., 2012; Bai et al, 2012; Bai et al., 2013; Dinani et al., 2014; Dalvand, 
2014). It was found that the most energy efficient was a single-needle elec-
trode with positive DC voltage in the range 9-11 kV (Lai and Wong, 2003). 
Increasing of voltage resulted in progressive increasing of current, which 
was proportional to the squared voltage (Goodenough et al., 2007). Al-
though high current accelerated drying rate, it decreased energy efficiency 
of EHD drying (Lai and Sharma, 2005).These authors pointed on at least 
three factors, which could negatively affect energy efficiency: multiple-
needle electrode configuration, negative polarity and high voltage (Lai and 
Sharma, 2005). Effects of other factors, such as temperature, air pressure, 
humidity and modified atmosphere, require careful examination.  

While the basic corona effects and their applications have been dis-
cussed for more than two decades, the whole process of EHD drying of 
biomaterials is rather complex and thus far from complete understanding. 
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This research aimed to study effects of EHD on apple drying rate, color 
degradation and energy efficiency with the goal of further optimization for 
the industrial scaling. 

Materials and Methods. 
Materials. Apple  (Malus Domestica) variety McIntosh were pur-

chased from a local farmer market in Truro, Canada, in August 2014 and 
stored in a cooler at 9°C. Three hours before each drying experiment, the 
required number of apples were removed from the cooler, kept under the 
room temperature and then cut into slices with 8±0.5 mm thickness and av-
erage 42±0.5 mm diameter. Initial moisture content of apple samples was 
in the range from 11.12 to 7.12 g/g (db).In each experiment we used three 
slices in a single layer touching each other, forming equilateral triangle 
with 73 mm side. This configuration allowed uniform exposure of all slices 
to ionic wind. 

Experimental Apparatus 

 
Fig. 2. Experimental setup 

(1-desktop computer, 2-AC/DC high voltage converter, 3-electrode with 
multiple needles, 4-groundedplate-type electrode, 5-drying chamber, 6-
sample place, 7-digital balance, 8-air blower) 

 
A small-scale convective chamber for EHD drying (Fig. 2) consisted 

of a multiple points-to-plate electrode, real-time mass measurement system, 
an industrial blower (Fantech, Model K4, Canada), and a AC/DC high vol-
tage converter (SPELLMAN, Model RHR20P10/FG/RC, USA). The 
40×20×20 cm drying chamber was made from transparent plastic, leaving 
two air vents at 10.2 cm in diameter on both sides of the chamber. Air ve-
locity was regulated by the blower. The multiple-point discharge electrode 
10×9 cm was formed from 1.5 cm long sharp needles located in the nodes 
of the rectangular grid arranged in 10×9 rows with 1 cm square cells. This 
electrode was connected to positive pole of the high voltage converter. The 
grounded 20×10 cm aluminum plate electrode was connected to the ground 
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of the high voltage power unit. The range of voltage was adjustable from 0 
to 20 kV, forming the corona wind between these two electrodes. In all ex-
periments the applied voltage was set below the electric breakdown to 
avoid avalanche ionization and arcing. Both the applied voltage and current 
between the electrodes were displayed on the control panel of the high vol-
tage converter. 

Drying Experiment. The effect of high voltage electric field on the ap-
ple’s drying rate and color change were evaluated from drying experiments 
at temperature of 21±1 °C. The discharge gap between discharge and 
grounded electrodes was set constant at 2.5 cm. The initial mass of fresh 
apple slices (in the range from 11.50 to 14.65g) was measured before plac-
ing them in a single layer on the center of the aluminum plate. In our study 
we used the two factors factorial experimental design with repeated mea-
surements. Voltage was set at four levels: 0, 5, 10 and 15kV. Superficial air 
velocity was set at three levels: 1.0, 3.0 and 5.0m/sas measured by a ther-
mo-anemometer (Model HD300, Extech Instruments, USA). Each combi-
nation of voltage and air velocity was repeated three times. Duration of 
each experiment was 10 hours with air convection and 35 hours without 
convection. The pictures of dried apple samples were captured by a digital 
CCD camera (Model Oscar F-810C IRE, Canada) with light intensity of 
approximately 395 lux and recorded by imaging software(Vision Assistant 
8.5, National Instruments, USA). Accuracy of color measurements was li-
mited by quality of illumination and color rendering index of LEDs (Mar-
tynenko, 2006).Mass was measured by weighing on the digital balance 
HCB1002 (Adam Equipment, Danbury, CT, USA) with 0.01g resolution. 
Moisture content X was determined from mass measurements mt as a mass 
ratio of water (variable) to dry solid, ms 

.
s

st

m
mm

X      (1) 

Mass of dry solid ms was determined for each slice by oven drying at 
105°C for 24h. Moisture ratio (MR) was further calculated as a ratio be-
tween instantaneous (Xt) and initial (Xo) moisture content 

.
eo

et

XX
XXMR      (2) 

where Xe is the equilibrium moisture content at thermal equilibrium at the 
end of drying. Moisture ratio as a function of time was expressed usingthe 
following exponential model: 

,kteMR       (3) 
.ln tkMR      (4) 

Parameter k in this model represents the drying rate constant, which 
was identified by linear approximation of (lnMR) vs. (time) over the entire 
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period of drying. Drying rate constants for each combination of factors 
were used to calculate activation energy in the process of drying. 

 Ionic Wind. Ionic wind velocity is directly proportional to the elec-
tric field strength E and can be calculated from the following relationship 
(Chen and Barthakur, 1994) 

.0Eue       (5) 

where  - is the dielectric permittivity of air (8.85·10-12 F/m);  
 - is the air density (1.204 kg/m3 at 20oC and 0.1 MPa atmos-

pheric pressure).  
The silent assumption incorporated in this formula is that air density  

is independent of water vapor and electric charge density.  
Interaction between ionic and convective wind was quantified by di-

mensionless EHD number, which represents the ratio between ionic wind 
velocity and cross-flow air velocity (Lai and Lai, 2004) 

u
uN e

END       (6) 

The EHD number reflects interaction of two orthogonal forces: elec-
tric force of ionic wind Fe and inertial force of air cross-flow F. 

Color Measurements. A color measurement procedure was developed 
on LabVIEW2013 (National Instruments, USA) to determine the color 
with RGB color space output, which was further converted into CIE 1976 
(L*, a*, b*) color space, using standard conversion matrix (Weeks, 1996). 
In the CIELAB coordinate system, color values expressed as L*, ranging 
from 0 (darkness) to +100 (whiteness or brightness), a*(redness to green-
ness), and b* (yellowness to blueness) were determined for each sample. 
Color changes E were then calculated, using the following equation 
(Chen and Martynenko, 2013) 

,
2/12*

00
2*

0
*2*

0
* bbaaLL    (7) 

where Lo
*, ao

*, and bo
* - are the initial values of fresh apple sample. 

Energy Efficiency. Energy efficiency of drying was calculated as spe-
cific energy consumption, or amount of energy needed to evaporate unit 
mass of water in kJ/kg (Kudra, 2004). The index, further termed as energy 
efficiency, was determined from two measurable variables, namely the 
supplied electric power (kW) and the drying rate (kg/s) 

.t
m

IV       (8) 

In  our  experiments  energy  efficiency  was  calculated  for  the  first  5  
hours of drying. 

Statistical Analysis. Measurements were carried out triplicate and re-
sults were expressed as mean ± standard deviation. Changes in drying rate 
were analyzed using one-way analysis of variance (ANOVA).Model as-
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sumptions (normality and constant variance) were verified by examining 
the residuals as described in Montgomery (2013). All statistical procedures 
were completed using Minitab 15.0 software (Minitab Inc., 
USA).Statistical significance was determined using least significant differ-
ence (LSD) t-tests and accepted at p < 0.05. 

Results and Discussion. 
Kinetics of EHD-activated mass transfer. Typical kinetics of EHD 

drying at different voltages and air velocities is shown in Fig. 3. In all cases 
drying followed first-order kinetics without constant rate period. Exponen-
tial shape of drying curves indicated diffusion-controlled drying. Fig.3a 
shows EHD drying in the absence of convective air flow (0m/s). At low 
voltages (0-10 kV) it was no significant difference between EHD and natu-
ral convective drying (k=0.053±0.005 h-1). However, at 15 kV significant 
acceleration of drying rate was observed. Approximation of this curve with 
the exponential model (equation 4) showed noticeable acceleration of dry-
ing rate within first 5 hours (k=0.155±0.005h-1), which decreased to 
0.07±0.01 h-1 in the next 20 hours. This could be explained by the fact of 
decreasing EHD efficiency with the receding evaporation front (Alem-
Rajabiand Lai, 2005). It follows that low voltage or low moisture content 
makes EHD drying non-efficient. 

Drying kinetics for combined EHD-convective drying is shown in Fig. 
3(b-d). Increase of electric field strength resulted in increased drying rate, 
which was expected for EHD drying (Dalvand et al., 2014). The most sig-
nificant effect of EHD on drying rate was observed at the highest voltage 
and lowest air velocity in the range from 0 to 1 m/s. With the increasing of 
air velocity from 1 to 5 m/s, the EHD effect on drying rate was gradually 
decreasing. At 5 m/s the difference between EHD-aided drying and sole 
convective became non-significant. The possible reason could be that with 
increase of air velocity, convective drying tends to be the major factor, go-
verning moisture transfer. Our results are in agreement with simulation 
study, which showed EHD activation of mass transfer only within a limited 
range of cross-flow velocities (Ahmedou et al., 2009). 

Intensity of mass transfer was characterized with the drying rate con-
stant k (h-1). The values of drying rate constants, approximated from equa-
tion (4), are presented in Fig.4 as functions of air velocity (Fig. 4a) and vol-
tage (Fig. 4b).  
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Fig. 3. Drying kinetics for combined EHD-convective drying. 
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Fig.4. Drying rate constants 

 
Fig 4 a shows that increase of air velocity accelerated mass transfer, 

which was expected from the theory of convective drying. There was no 
significant difference between effects of EHD at 0, 5 and 10 kV. However, 
effect of high electric field (15 kV) on the mass transfer was significant. It 
is important to mention that this effect was not monotonic, depending on 
air  velocity.  In  particular,  in  the  range  of  low air  velocities  from 0  to  1.0  
m/s, the sharp increase of drying rate was noted, but in the range from 1.0 
to 5 m/s drying rate became independent of air velocity. This behaviour 
could be explained by the complex nonlinear interaction between ionic 
wind and convective cross-flow (Ahmedou at al., 2009). Ionic wind veloci-
ty,  calculated from equation (5),  was 0.54 m/s at  5 kV,  1.0 m/s at  10 kV 
and 1.63 m/s at 15 kV, which was comparable with chosen range of cross-
flow air velocities. It may create discord in aerodynamic interaction of io-
nic and convective flows on the surface of apple slices. 

The sensitivity of mass transfer to electric field was evaluated from 
Fig 4b. Positive slope of drying rate constant as a function of voltage was 
consistently observed only in the range of high voltages from 10 to 15 kV. 
The  mostly  pronounced  EHD  effect  was  at  low  air  velocity  of  1.0m/s.  It  
means that the main region of EHD effects is in the range of low air veloci-
ties from 0 to 1m/s and high voltages from 10 to 15 kV. However, 15 kV 
was very close to the breakdown voltage and was not always achievable 
under our experimental conditions. For example, at stagnant conditions 
(0m/s), the breakdown voltage was only 12.5-13 kV. Interestingly enough 
that increase of air velocity resulted in the increase of breakdown voltage 
and the current between electrodes. For example, increase of airflow from 
0 to 5m/s at the voltage 13 kV resulted in increase of the current from 0.5 
to 0.7mA. Hence, the effect of low breakdown voltage and low current at 
stagnant conditions could be attributed to the buildup of charged particles 
in the gap between electrodes. 
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To estimate interference between ionic and air convective flows, we 
calculated EHD numbers NEHD from equation (6). Results of calculation for 
different combinations of voltages and air velocities ARE presented in Ta-
ble 1. 

Table 1. EHD numbers for different regimes of drying 

Voltage, kV Electric field 
strength (kV/m) 

Air velocity, m/s 
1.0 3.0 5.0 

0 0 0 0 0 
5 200 0.54 0.18 0.108 

10 400 1.08* 0.36 0.216 
15 600 1.63* 0.54 0.326 

* EHD effect was significant 
Table 1suggested that EHD number is an excellent indicator of EHD 

effect on drying. Regimes with EHD number above 1.0 (in bold) coincided 
with previously found region of significant EHD effect (voltage above 10 
kV and air velocity below 1.0 m/s).Above 1.0 m/s convective cross-flow 
suppressed ionic wind, which is in agreement with Fig.4. Also, it is in 
agreement with results of Pogorzelski et al. (2013), where ionic wind, gen-
erated by the needle electrode (1.45 m/s at 527 kV/m)was much higher 
than the cross-flow air velocity of 0.1 m/s. These authors confirmed the 
findings by others that EHD effect is significant atNEHD 1. 

Effects of different combinations of voltage and air velocity on drying 
rate constants, presented separately in Fig.4, were summarized in the form 
of 3D response surface (Fig.5). 

 
Fig. 5. Response surface for drying rate according to the air velocity 

and voltage 
It follows that effect of convective air flow on drying rate, observed 

without electric field, was rather monotonic. In contrast, the effect of elec-
tric field on drying rate could be described as non-monotonic with periodi-
cal oscillations. These periodical oscillations, mostly pronounced at 0 m/s, 
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depended on applied voltage with the cycle around 5 kV. The same cyclic 
changes of drying rate were observed for high voltage with the cycle 
around every 2 m/s. This unusual behavior could be associated with non-
linear dependence of breakdown voltage from the gap length. 

Color Changes. It is well known that time and temperatures determine 
color changes during drying. High temperatures or long time of drying 
could negatively affect food color because of enzymatic (Nicolas et al., 
1994) or non-enzymatic (Manzocco et al., 2000) browning. In our low-
temperature experiments we expected predominant effect of enzymatic 
browning. Following literature survey, initial hypothesis was that electric 
field could mitigate negative consequences of enzymatic browning. 

Color changes were calculated for each drying regime, using equation 
(7). The total color degradation at various combinations of voltage and air 
velocity was presented in Table 2. 

All  drying  combinations  resulted  in  browning  of  apple  slices  at  the  
end of drying. Color degradation was significantly stronger at stagnant air 
(0 m/s) for all electric treatments. Convective air flow slightly mitigated 
color degradation in all cases, except of 15 kV. High voltage of 15 kV faci-
litated color degradation for all air velocities. However, no significant ef-
fect  of  EHD on browning was observed at  voltages 5 and 10 kV with re-
spect  to  control  (0  kV).  Total  color  changes  as  a  function  of  air  velocity  
and voltage are presented in Fig.6. 

Table 2 Total color change E at different voltage and air velocity 
Voltage, kV Air velocity, m/s 

0 1.0 3.0 5.0 
0 27.66a 13.08b 11.57b 5.45b 

5 28.36a 11.10b 11.33b 6.78b 

10 20.45a 14.64b 14.08b 9.61b 

15 23.84a 33.87c 20.35a 17.21ab 

*Mean values, sharing the same letter, are nor statistically different 
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Fig. 6. Color changes at various combinations of voltage and air velocity 
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From Fig.6a it follows that 15 kV treatment negatively affected color. 
Apple slices were highly vulnerable to quality degradation in the range of 
air velocities from 0 to 1 m/s. Interestingly, air velocity of 5 m/s resulted in 
decrease of color degradation to E=12±5. Diminishing of color degrada-
tion at high air velocities indicated positive effect of air convection on col-
or preservation. It could also be related to decreased time of drying. 

From Fig. 6b it follows that color degradation was definitely higher at 
stagnant air conditions (0 m/s), which could be associated with longer time 
of drying. With the increase of voltage, quality degradation slightly in-
creased, passing through the inflection point at 10 kV. Based on our data, 
we could conclude that EHD at 10 and 15 kV slightly retarded color degra-
dation, but in all other cases EHD increased color degradation, especially at 
15 kV, 1.0 m/s. 
Effects of different combinations of voltage and air velocities on color 
change, presented separately in Fig.6, were summarized in the form of 3D 
response surface (Fig.7). 

 
Fig. 7. Response surface for color changes E at different voltage and air 

velocity. 
It could be seen that in general EHD enhanced color degradation. 

However, from irregularities of the response surface shown in Fig 7, it fol-
lows that certain combinations of voltage and air velocity could potentially 
mitigate enzymatic browning. 

In the absence of electric field, quality degradation significantly de-
pended on the intensity of air flow, decreasing exponentially with the in-
crease of air velocity. We could conclude about positive effect of convec-
tive air flow on reducing quality degradation initiated by high voltage. 

Energy Consumption. Energy consumption was determined by the 
electric power of all used equipment, namely AC/DC high voltage conver-
ter and convective blower. Energy consumption of high voltage converter 
was calculated from direct measurements of voltage and current consumed 
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by AC/DC converter and ranged from 55 to 75 W depending on high vol-
tage output. This power could be translated into 900 to 1350 kJ of energy 
consumed in 5 hours. Energy, consumed by the AC convective blower was 
calculated from direct measurements of voltage and currents at different air 
velocities. The power was in the range from 4.95 to 13.72 W, being depen-
dent on air velocity (Table 3). 

 
Table 3. Energy consumption by convective blower 

Air velocity, 
m/s Voltage, V Current, mA Power, W 

Energy con-
sumed in 5 
hours, kJ 

1.0 120 45 4.95 89.1 
3.0 120 87.5 9.63 173.3 
5.0 120 124.7 13.72 247.0 

 
It follows that energy consumed by convective blower is much less 

than energy consumed by AC/DC high voltage converter. At low air veloc-
ity the blower consumed 10 times less energy than the high-voltage genera-
tor. At high air velocity the blower consumed from 3.5 to 5.5 times less 
energy than the high-voltage generator with the same effect on drying rate. 
Energy consumption of electric equipment, used for EHD drying, is sum-
marized in Table 4. 

Table 4. Energy consumption at different drying regimes over 5 hours 
of drying, kJ 

Voltage, kV Air velocity, m/s 
0 1 3 5 

0 0 89.1 173.3 247.0 
5 900 989.1 1162.4 1409.4 
10 1150 1239.1 1412.4 1659.4 
15 1350 1439.1 1612.4 1859.4 

The amount of energy, factually used in EHD drying, was calculated 
from direct measurements of voltage and current of ionic wind. It was in-
dependent of air velocity, but dependent on applied voltage(Table 5). 

Table 5. Energy used in EHD drying, kJ 

Voltage, kV Current, mA Power, W Energy consumed 
over 5 hours, kJ 

5 0.025 0.125 2.25 
10 0.05 0.5 9.0 
15 0.05 0.75 13.5 

From Fig.3 one could see that drying rate at 15 kV, 0 m/s (pure EHD 
drying) is compatible with the drying rate at 0 kV, 5 m/s (pure convective 
drying). If we compare energy used in EHD drying (13.5 kJ) with equiva-
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lent convective drying (247.0 kJ), it is obvious that EHD drying is at least 
18 times more efficient. From the simple comparison of energy output (Ta-
ble 5) with energy input (Table 4), it became clear that energy used in EHD 
drying is by two orders (65 to 100 times) lower than energy consumed by 
the AC/DC voltage converter. Hence, we could conclude about the ex-
tremely low (about 1 to 2%) energy efficiency of the AC/DC high voltage 
converter. This conclusion could explain common misconception that ener-
gy consumption in EHD drying is negligibly small (Lai et al., 2004, Dinani 
et al., 2014).  

Energy Efficiency. Energy efficiency calculated from actual energy 
consumption (Table 4) and water evaporated over 5 hours under different 
drying regimes is presented in Table 6. 

Table 6. Energy efficiency of EHD drying, kJ/kg 
Voltage, 

kV 
Air velocity, m/s 

0 1 3 5 
0 0 18000 24875.6 39710.6 
5 242152.5 240461.9 191709.7 172228.1 
10 229540.9 254784.1 232557.6 179913.3 
15 124884.4 166819.9 180223.5 209785.6 
From data presented in Table 6, it follows that the simple convective 

drying offers the best energy efficiency. Energy efficiency with EHD was 
almost independent of drying regime, because the vast majority of energy 
consumption was due to the power supply unit. This is in agreement with 
previous analysis of energy efficiency in EHD drying (Kudra et al., 2014). 
This efficiency increased with increasing of voltage applied, which is in 
agreement with Dalvand et al. (2014). 
 

Practical applications. 
In our experiments the EHD effect on drying was observed in the 

range of 10-15 kV and 0-1.0 m/s. This regime of drying resulted in the 
fastest mass transfer, but it is the most damaging for product quality. 
Hence, it is difficult to compromise both objectives of high efficiency and 
high quality of EHD drying. Further fine-tuning of drying parameters in 
order to find sufficient combination of high voltage and air velocity is re-
quired. 

Also, the low efficiency of AC/DC high voltage converter as the ma-
jor limiting factor in EHD drying has been identified. Unfortunately, cur-
rent efficiency of AC/DC high voltage converters (1-2%) is too low for in-
dustrial acceptance of the EHD technology. Further engineering towards 
design of more efficient AC/DC high voltage converters is required.  

Conclusions. 
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1. Positive effect of EHD on drying rate was significant at air velocities 
below 1m/s, increasing with voltage and decreasing with air velocity. 
For example, EHD enhancement of drying rate at 15 kV was 3.9 at 1.0 
m/s, decreasing to 1.73 at 3.0 m/s and 1.46 at 5 m/s of air velocity. The 
EHD number could be an excellent indicator of EHD effect on drying. 

2. Negative effect of EHD on color degradation was significant and in-
creased with voltage, especially at low air velocity. However, high air 
velocity (mostly convective drying with low EHD number) resulted in 
lower color degradation as compared to low air velocity and high vol-
tage (mostly EHD drying with high EHD number). 

3. Energy consumption at different regimes of drying was mostly deter-
mined by the efficiency of AC/DC high voltage converter. Despite nu-
merous statements that energy consumption in EHD drying is negligibly 
small, current efficiency of AC/DC high voltage converters (1-2%) is 
too low for industrial application of EHD drying. 
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THE SIMULATION FOR AN ADAPTIVE CONROL PROCESSES 

 
V. Diordiev 

 
Summary 

he simulation technique are given for the adaptive technologi-
cal processes as a discrete dynamic objects of control with the energy 
conservation static model usage. 
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RESEARCH OF INFLUENCE OF STATOR VOLTAGE 
DISTORTION OF ASYNCHRONOUS ELECTRIC DRIVE WITH 

AN OUTPUT POWER FILTERS 
 

V. Zinovkin, V. Bondarenko, A. Solomakha 
 

Summary 
The predictive compensation method with load parameters ac-

counting  for eliminating distortions of induction motor stator voltage, 
which brought in the output passive filter, is designed. The proposed 
compensation method may used for control of all kind of motors, po-
wered by VSI with PWM.  Numerical modeling of serviceability of the 
designed algorithm has confirmed. 



 46 . 15, . 2 

 621.316.1 
 

 
 10  

 
., ., 

., ., 
.,  

 
.: (044) 527-85-80  

 
 - -

 10   
,    -   

. -
. 

 
: , -

, . 
 

. -
 

, , -
, ,  

.  
. 

-
-

 10 .  
-

: ,  10 -
 35-110/10 , -

, . 
-
-

,  
 – 

. 
, , -

 10  
,    -  .  

                                         
 © ., ., . 



 47 . 15, . 2 

. -
-
 

-
. 

 
. 

 
-

. 
 

: 
1. -

; 
2.  10 . 

1.  
 100  

 35-150  3,95.  6-10 -
 12,9,  35-150  3,3 . 

: 
-  -   35%  

 6-150 ; 
- -

 -  30% ; 
-  -  10% ; 
- - 8% ; 
-  - 17% . 

 2009  
 (SAIDI)  952,9 .  

, :  
- 18,6 ;  - 57 ;  - 68,3 ; , , -

 -  140 . ,  
 52  7  

. 
-

 (SAIFI),  5,4, :  - 
0,45; ,  - 0,75;  - 1,3; , -

 - 2,7.  12  2 . 
-
 
 

.  
 1,4 . 



 48 . 15, . 2 

,  SAIDI  SAIFI  
-
 

. 
 ( ) 

 ( )  2030 -
 110 .  5,5 . . 

:  " -
"  2020  

 
 2,85  700 .  

(70 . ). -
 69%  48%, -

 8,7%  6,1%  77%. 
 

 2009  9,4 .  ·  
 11,7% . 

,  2004 -
 14,6 .  ·  16,1%. 

.  
, : 

 - 6,5%;  - 8,6%; ,  - 4,5%;  - 
8,7%.  

,  
 9,7-10,0 .  ·  11,5-12,1%. 

,  
 ( ) , : , -

 ( ) -
, ; -

-
 ( ). 

2. oc o a 
o oc  
oc . o c  

c. 1), a a oc  10 . 
c oc a a 

: 
1. ac, oc o 

a ; 
2. ; 
3. ; 
4.  c ; 



 49 . 15, . 2 

5. oc o a  
; 

6. .  

 
c. 1. A a c oc   

 o oc . 
 

ac oc  
 5 . o 60% ac -

a  (  1-4)  
 40% - oc o a  (  5-6). 

 
 a o, a  c .  

, ac oc  
oc o ac , o 

oc o ao . 
 c -1 ( c. 1), -

 c o a. oc  
1, 2) oc  c . 
 a o  

oc .  
 

 
c.2. oc a , a. 

 



 50 . 15, . 2 

o  « » -
 «TELARM»  

-TEL,  c o 
 o . o c  

 ( c. 1.2). a c a a .  
R1.  

 c  
a  o .  

a o a o a 
R1, oc  c . a  

 R1  c a  R1. 
 c  o a o oc -

 c o  
o a o . o  c  

a oc oc  c  
a o . -

 «TELARM»  
. 

oc  o o ac A a 
ac  

a  c ac  
 c .  o  

ac a  c  
A/TEL –  c  c oc , oo oc oc  
,  a o  c  A . 

, a , o a 
 o oc ,  c  o  

 o a, a  
, a  c , o  

. 
. o 

, o -
 10 . a -

oc  c ac  
: 

1. ,  
oc  (SAIDI) a ac  (SAIFI) -

, -
, ; 

2. -
, ,  

, -
, ; 



 51 . 15, . 2 

3. -
, ,  

, -
. 

 
1. A/TEL-10-12,5/630 1. o o 

. A A.674153.101 . C ac : “ a -
”, 2004 – 132 c. oc oc a: http://tavrida-

ua.com/documents/download_ document/21_vakuumnyy_reklouzer_rvatel-
10-125630_u1.html. 
2. ..  o  

oc  c oc  / . , 
. : oc . – .: o  

, 2010 – 139 c. 
3. . .  

: . – -
: , 2013. – 115 . 

4.  2030 .,  
 24  2013 .  

1071- . 
5. .  

-
 / . , .  // -

. :  
. – 2014. –     . 194(3). – . 249-258. – -

: http://nbuv.gov.ua/j 
pdf/nvnau_tech_2014_194(3)__42.pdf  
6. . -

 / . , .  //  
 i . – 2013. – . 6(111). – . 82-

83. – : http://elibrary.ru/item.asp?id=21251786. 
7. . -

 
/ . , . , . .  // -

. – 2013. - 13 .2. 
– . 50-56.  - : 
http://elibrary.ru/item.asp?id=21845123. 
8. . . -

 /  .  ,  .  ,  
. , . // .. – 2011. – 

5. – .63-67. ). - : 
http://elibrary.ru/item.asp?id=16691504. 



 52 . 15, . 2 

9. ., ., . i 
 

// . -2011. - 1. - . 46-53. 
 

 
 10  

 
., ., . 

 
 - -

 
10 ,  - -

.  
. 

 
 
 

A RATIONALE FOR IMPLEMENTING ENERGY SAVING 
MEASURES IN ELECTRIC NETWORKS OF 10 kV 

 
V. Kozirsky, O. Guy, O. Zavodovsky 

 
Summary 

A rationale for implementing energy saving measures in electric 
networks of 10 kV due to their control and automation - namely, in-
stallation of reclosers. Examples task and further research. 
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INFLUENCE OZONE OF AIR ON THE INCREASE OF THE 
PRODUCTIVITY AND DECLINE OF EXPENSE OF FUEL 

AT HEAT TREATMENT OF FEED 
 

N. Ksenz, . Tolstouchova, N. Voronoy, N. Leontiev, V. Finenko 
 

Summary 
  Theoretical and experimental graphic dependences over of 

working process of heat treatment of feed are brought for agricultural 
animals in a steamer-mixer, showing reduction durations of treatment 
of feed, decline of specific expense of fuel and increase of the produc-
tivity of technological line. 
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THEORETICAL BACKGROUND TO THE JUSTIFICATION  
OF WAYS TO IMPROVE THE PROCESS OF HEAT TREATMENT 

OF FEED 
 

N. Ksenz, T. Tolstouhova 
 

Summary 
An heat balance heat production line feed processing and analysis 

of thermal losses. The theoretical justification for increasing the 
amount of heat generated in the combustion zone of fuel due to the in-
tensification of the combustion process, increase the steam tempera-
ture and coolant, reducing the duration of the heat treatment of feed 
processing machine, as well as reducing heat loss and fuel. 
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1 2,   - -
. 

 

, -
-
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3 ;  20° -
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IMPROVING THE EFFICIENCY OF GREEN HYDROPONIC 
CULTIVATION OF VEGETABLES BY USING TECHNICAL 

MEANS OPTICAL ELECTROTECHNOLOGY 
 

N. Kundenko, A. Barhatov, A. Avtuhov, I. Kovalchuk,  
A. Rumyantsev, I. Shinkarenko 

 
Summary 

The article considers the characteristics of effective change in 
biomass yield in the process of hydroponic cultivation of green 
vegetables subject to different modes of UV irradiation and filtration 
of nutrient solution. 
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. , , -

 42 3 [4].   
 (6) , -

-
, . 

 (6)  Excel , 
 y –  

 NaCl .   
 NaCl -

[5].  
 

:  – 841 3,  891 3,  – 
949 3,  – 969 3,  – 1086 3  [3].  

 1 -
 y+, y-,  y  1 ,  +  –   

jB   (6) -
:D = 0,02 ; m = 0,003523 ; xC =  0,5  ;  

S = 0,00031 2;  – 1;  –0,1 ;  j –5000 2; V = 0,0000042 3; v = 0,5 
; g = 9,81 2;  = 841, 3;  y= y+ - y y. 

1 – -
 

 NaCl y+ y-  y( ) 
c, % , 3    

1 1005,3 0,458 0,328 0,130 
2 1012,5 0,464 0,337 0,127 
4 1026,8 0,476 0,356 0,120 
6 1041,3 0,487 0,372 0,115 
8 1055,9 0,499 0,388 0,111 
10 1070,7 0,509 0,404 0,105 
12 1085,7 0,520 0,418 0,102 
14 1100,9 0,530 0,432 0,098 
16 1116,2 0,539 0,444 0,095 
18 1131,9 0,549 0,457 0,092 
20 1147,8 0,558 0,470 0,088 
22 1164,0 0,566 0,481 0,085 
24 1180,4 0,575   0,492 0,083 
26 1197,2 0,583  0,503 0,080 

 4° . 
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. 1.   
 . 

 
 2 -

 y+,y-, y  1 ,  +  –   
j B  (6)  j  

:D = 0,02 ; m = 0,003523 ; xC = 0,5 ; 
S = 0,00031 2;  – 1;  –0,1 ; V = 0,0000042 3,  = 1041 3; v = 
0,5 ; g = 9,81 2  = 841, 3. 

 2 - -
 

j y+ y-  y(j) 
2    

0 0,433 0,433 0 
500 0,439 0,428 0,011 

1000 0,445 0,422 0,023 
2000 0,456 0,410 0,046 
3000 0,467 0,398 0,069 
4000 0,477 0,385 0,092 
5000 0,487 0,372 0,115 
6000 0,497 0,359 0,138 
7000 0,507 0,345 0,162 
8000 0,517 0,330 0,187 
9000 0,527 0,315 0,212 

10000 0,536 0,299 0,237 
11000 0,545 0,282 0,63 
12000 0,554 0,264 0,290 
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. 2.   
 j. 

 
 3 -

 y+,y-, y  1 ,  +  –   
j B  (6)  

:D = 0,02 ; m= 0,003523 ; xC = 0,5 ; 
S = 0,00031 2;   =  1; j =5000 2; V = 0,0000042 3,   =1041 3; 
v = 0,5 ; g = 9,81 2;  = 841, 3. 

 3 - -
 

 y+ y- y( ) 
    

0 0,433 0,433 0 
0,025 0,447 0,419 0,028 
0,050 0,461 0,404 0,057 
0,075 0,474 0,388 0,086 

0,1 0,487 0,372 0,115 
0,125 0,500 0,355 0,145 
0,150 0,512 0,337 0,185 
0,175 0,524 0,319 0,205 

0,2 0,536 0,299 0,237 
0,225 0,547 0,278 0,269 
0,25 0,559 0,255 0,304 

0,275 0,570 0,230 0,340 
0,3 0,581 0,203 0,379 
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. 3 
 y+ y- y( ) 
    

0,325 0,591 0,171 0,420 
0,350 0,602 0,132 0,470 
0,375 0,612 0,079 0,533 
0,39 0,618 0,021 0,597 

 
. 3.   

 . 
 

.  
,  y, 

 c -
  y. 

 j = 0  = 0  
 y+  y- , -

 y  
F . 

 j  
 y ,  

 c ,  
   y 

, -
, y( ), y(j). 

y(j), y( ) -
, y(j), y( -
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MAGNETOSEPARATOR FRUIT TOMATOES 

 
Y. Kutsenko, N. Lukashenko 

 
Summary 

The article studies magnetic hydrodynamic (MHD) tomato fruit 
separator in conductive liquid with the intersected magnetic and elec-
tric fields for varying the parameters of j,  and  in projecting tech-
nological processes of separation with the MHD-separator. 
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METHOD OF CALCULATION CRYSTAL OSCILLATOR 

MICROWAVE 
 

Y. Kutsenko, O. rel, I. Orel 
 

Summary 
The method of calculating energy characteristics of quartz mi-

crowave generators, which are used in devices for electromagnetic 
therapy animals. 
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NUMERICAL CALCULATION OF TRANSIENTS IN ELECTRIC 
CIRCUITS WITH USE OF CHEBYSHEV’S POLYNOMS AND 

CIRCUIT INTERPRETATION OF IT 
 

S. Tykhovod, T. Kornus, I.Tokmakov 
 

Summary 
Computation of transients in electric circuits is developed on the 

basis of approximation of state equations solution by the help of Che-
byshev’s polynoms. Circuit interpretation of the developed method is 
offered. It is shown that Kirchhoff’s rules for images of currents in the 
form of the vectors, containing the factors values of Chebyshev’s poly-
noms decomposition of these currents, are fair in the special equivalent 
circuit. 
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THE SYSTEMS OF IMPULSIVE INFORMATIONAL RADIATIONS 

AND IMPACT ON REPRODUCTIVE ABILITY OF COLORADO 
POTATO BEETLE. THEORETICAL ANALYSIS 

 
Yu. Fediushko, I. Sili 

 
Summary 

The theoretical study of broadband information radiation for the 
oppression of the Colorado potato beetle and its larvae. 
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DECONTAMINATING MODES OF GRAIN WEEVIL IN A HIGH 
ELECTRIC FIELD 

 
A. Chmyl’, S. Usenko, O. Naumenko,  

 
Summary 

The results of granary weevils decontamination in the grain mass  
are presented in the article. 
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STRUCTURAL AND SYSTEMIC ANALYSIS OF  
POLY-GRADIENT MAGNETIC SEPARATORS 

 
I. Shvedchikova, J. Romanchenko 

 
Summary 

The refined structural and systematic analysis of the functional 
class of poly-gradient magnetic separators has been carried out. On the 
basis of this analysis, full species composition of this functional class is 
determined. The authors received the information about the structure 
of currently unknown for evolution class of species that comprise inno-
vative potential of poly-gradient magnetic separators class. Genetic 
code identification procedure features are considered. Phylogenetic 
model of poly-gradient magnetic separators macroevolution is con-
structed. 

 



 126 . 15, . 2 

 621.311 
 
COMMON APPROACHES OF SMALL WIND TURBINE 

APLICATION 
 
Lysenko O.V., candidate of technical science, 
Adamova S.V., engineer 
Tavria State Agrotechnological University 
Phone (0619) 42-11-74  

 
Abstract - the basic problems of application and a number of 

proposal for small wind turbine project development was shown. 
 
Key words: small wind turbine, hybrid systems, standalone 

systems,grid connected systems. 
 

Problem formulation. The global Small Wind Turbine (SWT) market 
has been on the upswing in the five years. The main drivers of this growth 
are the demand-supply gap in energy, increasing fossil fuel prices, im-
proved small wind turbine technology and the diverse application to which 
it can be put to—both “grid- tied” and “stand-alone”. [1] 

Small wind turbines find application in isolated or standalone systems, 
mainly rural electrification, commercial applications (telecommunication 
towers) etc. Most of the existing systems come under this category (standa-
lone). Hybrid systems constitute a major share of these isolated systems, as 
they combine two or more sources of renewable energy to ensure continui-
ty of supply. Grid connected small wind turbines are becoming popular in 
the countries like USA, Canada, European countries; the grid connected 
machine feeds power to the grid via a net metering system and the consum-
er is allowed to export or import power.[1] 

Recent research analysis.As per IEC 61400-2, wind turbines with ro-
tor swept area less than 200 sq.m and is capable of generating 1000 V AC 
or  1500  VDC are  classified  as  small  wind  turbines.  Several  sub-divisions  
may  exist  within  this  classification  based  on  the  rating  of  the  machine,  
swept area of the rotor, axis of rotation, direction in which wind approaches 
the rotor and kind of force used by the machine to create torque.[4] 

Table 1 shows a categorization of  commercial  SWTs on the basis  of  
rated power. 

Also small wind turbines are increasingly being recognized as a tech-
nology symbiotic to pure photovoltaic systems. In 2008, the total number 
of installations in the SWT spectrum was almost 19,000 units, amounting 
to 33.6 MW of SWT installations. The United States of America is the 
                                         
 © Lysenko O.V., Adamova S.V. 
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leader in SWT applications. The cumulative installed small wind capacity 
in USA has now reached a whopping 80 MW. 

 
Table 1 - Small wind turbine categories 

Category Rated power, kW Rotor swept area, m2 
Pico wind <1 <4.9 

Micro-wind 1-7 <40 
Mini-wind 7-50 <200 

 
Globally, the trend has been to set up grid-interactive SWT or SWT 

hybrid systems. Almost 77.5% of all the installations in 2008 were for grid 
connectivity. Net metering and feed-in tariffs are driving the entire SWT 
industry and have also been responsible for harnessing it mostly for grid 
connectivity. Grid connectivity, usually results in increased system costs 
but due to the recent surge in sales worldwide, equipment manufacturers 
were able to reduce their prices considerably, further fuelling the prospects 
of on-grid installations.  

The high cost of energy generated has historically been the most sig-
nificant barrier to the growth of SWT and hybrid system market globally. 
Most of the SWT and hybrid systems installed are in the ‘off-grid mode’. 
Lowering of the cost of generation can be achieved through technology im-
provements and production scale-up as well as policy support. 

Article purpose formulation.To show the basic approaches of the SWT 
application, including SWT in hybrid systemsand to offer a number of pro-
posal for SWT project development. 

Hard core.Standalone systems are designed to produce and store DC 
power. The output of the wind turbine is converted to DC power from 
where it goes to the load through the inverter. The battery charger is a DC-
DC buck boost converter. The power in excess of the load goes to the bat-
tery. If excess power is available after fully charging the battery, it is 
shunted in the dump load. When no input power is available, the battery 
discharges through the inverter to provide the load. [1] 

Small wind turbines use permanent magnet alternators, which are de-
signed to match the characteristics of the wind turbine. There are two poss-
ible schemes of variable speed operation. 

Conveniently most turbines operate efficiently on a constant tip speed 
ratio (TSR). The TSR is defined as the ratio of the tower blade tip speed to 
that of wind speed [2] 

 TSR = R/V  (1) 
where  is rotational speed 

R is radius of turbine  
V is wind velocity. 
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The optimal TSR is physical characteristics provided by the manufac-
turers after based on pre-production testing. Though, TSR remains constant 
throughout the design life but slightly changes as the blade bows bends, 
pickup dust and debris. 

The system design for a constant TSR operating scheme is shown in 
Fig. 1 below. By measuring the wind speeds locally the optimal rotor speed 
is computed using reference speed ratio. This optimal speed is compared to 
the actual rotor speed and electrical loading adjusted to correct the differ-
ence. [2] 

 
Figure1 - Maximum power extraction using the constant tip speed ratio 

scheme. 
 
The power Vs rotor speed curve shown in Fig. 2 below as well defined 

peaks and the following expression provides the condition of maximum 
power point i.e. 

 
dP/d =0     (2) 

 
Therefore by incrementally varying the rotor speed by small amounts 

and evaluating dP/d  the peak power tracking scheme continuously tracks 
the optimal operating point and adjusts rotor speed accordingly. 

 
Figure2 - Maximum power extraction using the peak point extraction 

scheme. 
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Grid connection of wind power systems helps in riding over the tem-
porary excessor shortfalls in the generated renewable energy. This im-
proves the overall economy. The grid supplies power to the load when 
needed, or absorbs excess power when available. Fig. 3indicates schematic 
of such grid connected systems. [2] 

 
Figure3 - Grid connected wind system. 

 
The renewable energy systems interface through the breaker at the 

output end of the inverter. The power flows in either direction depending 
on the site voltage at the breaker terminals. 

The fundamental requirements on the site voltage for interfacing with 
the grid are as follows: [2] 

• The voltage magnitude and phase must equal to that required for the 
desired magnitude direction of the power flow. The voltage is controlled by 
the transformer turns ratio and/or the rectifier/inverter firing angle in a 
closed-loop control system. 

•  The frequency must  be exactly equal  to that  of  the grid,  or  else the 
system will not work. Meet the frequency requirement; the only effective 
means is to use the utility frequency as reference for the inverter switching 
frequency. 

Testing of small wind turbines with an objective to verify its engineer-
ing integrity is safety philosophy and quality assurance. The idea is to en-
sure the performance and operation of  the small  wind turbines are as pre-
dicted in the design. Owing to the large number of players coming up in the 
field there was a dire need to establish testing facility: for small wind tur-
bines so as to streamline the manufacturers based on the performance of 
their machines for necessary empanelment. [3, 4, 5, 6] 

The present testing program focuses on the following tests of the 
Small Wind turbines. 

  Power Performance measurement 
  Duration Test 
  Safety and function test 
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Conclusions. Traditional power production of electricity is insufficient 
today because of exponential industrial growth and higher living standards. 
Small generation which includes technologies small wind turbinesis both a 
serious form of clean energy production and a cultural movement, which is 
gathering momentum worldwide.Therefore focus on a program to expand 
the market for SWTs and hybrid systems by industry stabilization through 
mass production, (both stand alone and grid interactive systems), diverse 
product portfolio, standardization of products, product testing, and product 
certification, improved operation and maintenance service network, busi-
ness model restructuring, innovative policy and regulatory framework and 
capacity building. 
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INVESTIGATION OF HEAT AND MASS TRANSFER IN LOW-
TEMPERATURE HEAT ACCUMULATOR WITH PHASE 

TRANSFORMATIONS OF ACCUMULATING MATERIAL 
 

I. Antypov 
 

Summary 
Design is developed and experimental studies of the heat accumu-

lator. As a result of experimental studies the temperature fields are got 
in the system a pipe bunch and heat-accumulating material. The dy-
namics of accumulation process and charges of thermal energy in the 
investigated object is studied. 
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CONCEPTUAL BASES OF USE NEURAL NETWORK 
STRUCTURES IN ENERGY EFFICIENCY MANAGEMENT 

GREENHOUSE COMPLEX 
 

Bolbot I. 
 

Summary 
Analyzes modern architecture control systems hothouse 

enterprises; demonstrated examples of effective use neural networks to 
solve problems of management and recognition; energy-efficient 
architecture provides an improved control system of the greenhouse 
complex with neural network units and decision support tools robotics. 
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INFLUENCE OF TECHNICAL PUMPING EQUIPMENT ON THE 
ECONOMIC PERFORMANCE OF IRRIGATED AGRICULTURE 

 
I. Bokhon 

 
Summary 

 The article discusses the impact of operational and technological 
defects of pumping equipment on the energy efficiency and therefore 
the cost of water supply for irrigation of agricultural crops. The analy-
sis of  long-term data of economic indicators in growing moisture-
loving crops on irrigated lands in southern Ukraine. The effect of the 
level of specific norms of consumption for a component of cost of ser-
vices for water supply and total cost of crop production. The analysis 
of hydraulic processes in the flow path of centrifugal pumps, compara-
tive data on energy audit of pumping equipment. 
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CONTROL OF AN EXPENSE OF A RESOURCE OF ISOLATION 
OF ASYNCHRONOUS ELECTRIC MOTORS AT A DEVIATION 

OF TENSION OF A POWER LINE 
 
 

A.Vovk, S.Kvitka, A.Kvitka 
 

Summary 
The way and the control unit of an expense of a resource of isola-

tion of asynchronous electric motors at a deviation of tension of a pow-
er line on the speed of thermal wear of isolation taking into account 
loading coefficient are offered. 
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SYNTHESIS OF ELECTROMECHANICAL SYSTEMS WITH 
NONLINEAR EQUILIBRIUM LINE 

 
R. Volyanskyi 

 
Summary 

By analyzing the characteristic equation of the closed-loop control 
system of linearized electromechanical object with nonlinear algo-
rithm, the method of finding a nonlinear stabilizing feedback, provid-
ing superior dynamic performance, is suggested. The use of the pro-
posed method is based on the use of iterative procedures for solving 
systems of nonlinear equations. Given calculations are confirmed by 
the results of mathematical modeling. 
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ESTIMATION OF EXPENSES OF ELECTRIC POWER AT 
PRODUCTION OF HARD FUEL FROM BIOMASS  

 
I. Voronovsky 

 
Summary 

The ways of decline of  are expounded at a produc-
tion by application of sub sieve. The expenses of electric power are ap-
praised on grinding down of biomass a blow and abrasion.  
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DEFINITION OF AN ANALYTIC EXPRESSION FOR THE 
PROBABILITY TO EXPOSURE INTENSITY OF SOLAR 

RADIATION 
 

O.P. Holyk, R.V. Zhesan, V.O. Zubenko 
 

Summary 
The article presents an analytic function of the probability cha-

racteristics of solar radiation on the seasons of the year (in terms of 
Kirovograd region), which makes it possible to use it in the design of 
energy systems using solar installations. 
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PROCESSING OF BIODIESEL BY ULTRASOUND 

 
D. Zhuravel 

 
Summary 

The work is devoted to research of influence of ultrasound on the 
qualitative properties of biodiesel. 
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FORMATION OF RURAL ELECTRICAL NETWORKS WITH 
RENEWABLE SOURCES OF ENERGY 

 
A. Zabolotnyi, V. D achenko, Y. Daus 

 
Summary 

There is presented an approach to formalize the structure forma-
tion process of rural power network on the stage of its designing and 
modernization in terms of renewable electrical energy presence in it, 
which is based on the equipotential contours method , which allows to 
consider the rural electric networks mode changing when new electric-
al energy sources are attached to them, optimize their structure in 
terms of the annual cost reduction, as well as to eliminate the subjectiv-
ity designer influence factor for decisions optimality. 
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ORGANIZATION OF OPERATIVE ALGORITHMS FOR RMS-
TYPE CONTROLLER FOR STEPPER MOTOR CONTROL 

 
I. Golodnyi, Yu. Lavrinenko, A. Toropov 

 
Summary 

Regulated electric drive based on stepper motor is described.  
Principles of controller working are considered and basic parameters 
and characteristics are described. The features of the controller pro-
gramming and algorithms of command execution are considered. 

The diagrams of speed changing, absolute and relative moving 
are shown; the feature of drive working with the cycles of reiterations 
is described.  
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REALIZATION OF UNMODULE OPERATIONS IS IN THE 
SYSTEM OF REMAINING CLASSES 

 
K. Zagumenna  

 
Summary 

The presented structure of  forming of position sign of unposition 
kod (oneordinary kod) is in the system of remaining classes. It turned 
out as a result of analysis of module and unmodule operations, that  
any unmodule operation can be realized by means of sequence of cer-
tain module and unmodule operations that is realized  by means of po-
sition sign of unposition kod. 
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USE OF INDISTINCT EXPECTED MODEL OF THE POWER 
CONSUMPTION AT THE ENTERPRISES "OLKOM" 

 
I. Katyukha 

 
Summary 

The approach to definition of piecewise and continuous indistinct 
expected model of a power consumption combining both formal and 
informal procedures is applied. The criterion of quality of selection of 
coefficients of regression which is most fully considering features of 
long-term and short-term production cycles is developed. Application 
of the developed criterion to a task of the forecast of a power consump-
tion by the enterprise is shown. The assessment of accuracy of the fore-
cast for a mean absolute percent error is given. 
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MODELING OF THE HEAT PROCESSES IN AGRICULTURAL 
PRODUCTION 

 
A. Kashkarov 

 
Summary 

The thermal processes in the production technological devices and 
processing of agricultural products were analyzed, the methods of 
their simulation modeling were systemized and the example for a tubu-
lar heat exchanger simulation was considered. 
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RESEARCH OF TERMAL PROCESSES OF ASYNCHRONOUS 
ELECTRIC MOTORS UNDER INFLUENCE NOT FULL-PHASE 

OPERATING MODE 
 

S. Kvitka, O. Vovk, Yu. Styopin, O. Kvitka 
 

Summary 
Results of research of thermal processes of asynchronous electric 

motors under the influence of not full-phase operating mode are pre-
sented, dependences of current and speed of thermal wear of isolation 
of a winding of the stator of the asynchronous electric motor as loading 
coefficient are induced. 
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IMPROVEMENT OF METHODS  OF DETERMINING 

THELOCATIONS OF MONOPHASE LINE TO GROUND 
FAULTIN NETWORKS 10 AND 35 kV 

 
L. Kovalenko, A. Kovalenko 

 
Summary 

The analysis of types of damages that can arise up in distributive 
networks 10 and 35 kV. Is worked out algorithm and methodology of 
the controlled from distance location of shorting is line to ground. 
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SIMULATION MODEL OF MUSHROOM GREENHOUSE 
MICROCLIMATE PARAMETER CONTROL 

 
D. Koshkin 

 
Summary 

The simulation model of air temperature, humidity and carbon 
dioxide concentration for mushroom greenhouse microclimate control 
was presented. The analytical solution of mathematical model equa-
tions was derived. The parameters of control process quality were de-
fined. 
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FUNCTIONAL DIAGNOSTIROVANIE MODE OF THE WORKING 

THE GROUP OF THE INDUCTION ELECTRIC MOTORS  
 

S. Kurashkin 
 

Summary 
Work is dedicated to device development for diagnostic the resis-

tance isolation of asynchronous electric motors. The possibility of 
maintenance of resistance isolation is realized in a device within the 
limits of the rationed value by the impulses of current of high frequen-
cy. Drying of isolation is produced during the technological pause of 
equipment, at a power-off electric motor. 
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ANALYSIS OF BIOFUELS FOR AGRICULTURAL  
MACHINERY 

 
R. Kushlyk 

 
Summary 

The authors conducted analysis of different kinds of biofuel, 
which are used in internal combustion engines of agricultural machi-
nery. They also analyzed the mixtures of diesel fuel and biofuels, as 
well as the methods of their processing in order to improve physical, 
chemical and economic indicators of the fuel. 
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THEORETICAL ANALYSIS NONLINEARITY INFLUENCE 
OF PHASE CLOCK ON THEIR VOLTAGE INVERTERS 

SPECTRAL CHARACTERISTICS 
 

R. Lysychenko, M. Cheremisin 
 

Summary 
As a result of the theoretical research, a new method of calculat-

ing the lock unit of pathogen frequency and the systems of the inver-
ter’s phase lock is suggested. 
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THE RESEARCH OPERATING MODES OF SINGLE-PHASE 
AUTONOMOUS ASYNCHRONOUS GENERATOR 

 
S. Makarevich 

 
Summary 

The main theoretical position and physical processes compen-
sated single-phase asynchronous machine in generator mode were con-
ceived. 
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IRRADIATION CONDITIONS STILL ELLIPSOID POINT 
SOURCES 

 
D. Milenin, M. Lysychenko 

 
Summary 

As a result of theoretical studies, investigations determined boun-
dary values irradiance points on the surface of the ellipsoid under dif-
ferent conditions of placement of a point source of radiation 
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ALGORITHMIZATION TO RUN THE SYSTEM OF 
DIAGNOSTICS AND PROTECTION OF LOW-VOLTAGE 
INDUCTION MOTORS WITH SQUIRREL-CAGE ROTOR 

 
D. Nesterchuk, A. Ryzhkov 

 
Summary 

The  paper  is  devoted  to  the  development  of  an  algorithm  to  run  
the system of diagnostics and protection of low-voltage induction mo-
tors with squirrel-cage rotor and its adaptation for specific types of 
electric motors. 
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ELECTROTECHNOLOGICAL COMPLEX FOR THE 

PRESOWING GRAIN PROCESSING ON THE BASIS OF 
ELECTRICALLY CHARGED AEROSOLS 

 
G. Novikov 

 
Summary 

The ways to improve the technological equipment for the grain 
pre-treatment with protectant nutrient solution into electrostatic field 
environment are considered. 
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ELECTRONIC DEVICE OF TELEMETRIC CONTROL AND 
PROTECTION OF THE GROUP OF THE INDUCTION MOTORS  

 

I. Popova, S. Kurashkin 
 

Summary 
Electronic device checks state of working groups of the for  the 

induction motor at asymmetries  of the voltages to network to account 
of the checking the voltage to inverse sequence and temperature wind-
ings  each induction motor, provides cut-in relieving state of 
working for each engine under deep asymmetry for time of the termi-
nation of the technological process. 
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STUDY OF ENERGY CONSUMPTION OF TRANSPORT 

OPERATIONS AT THE GRAIN POINTS 
 

M. Postnikova 
 

Summary 
The author researches the factors that influence energy consump-

tion of transport operations at the grain points. 
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RESEARCH ADHESION STRENGTH COMPOSITE CONTACT 
MATERIALS ON THE WORN PARTS ELECTRIC 

 
I. Radko, M. Markhon 

 
Summary 

The issue of studying contact materials after restoration of contact 
nodes of electrical apparatus for hardness, weariness and permeability 
was considered. 
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MAGNETIC FIELD EFFECT ON VIGOR AND THE ABILITY  
TO GERMINATE OF SEED CROPS 

 
V. Savchenko, . Sinyavsky 

 
Summary 

The influence of magnetic field on the physical and chemical 
processes that occur in the seeds of cereal crops are analyzed. The de-
pendences of vigor and germination capacity of wheat grain on the 
magnetic  induction  and  speed  of  the  seeds  in  a  magnetic  field.  The  
most effective treatment regimens of seeds are identified. 
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ANALYSIS OF ENERGY EFFICIENCY DIGESTERS 

 
. Skl ar,  R. Skl ar 

 
Summary 

 
In this paper the technique of thermal and thermodynamic calcu-

lations of the digester also imposed an analysis of his work. 
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APPRECIATION OF CAPACITY WASTES OF ASYNCHRONOUS 
MOTORS’ UNDER TENSION ASYMMETRY IN STEADY-STATE 

CONDITIONS 
 

Y. Styopin, . Borochov, N. Perova 
 

Summary 
The given paper researches the capacity wastes of asynchronous 

motors under tension asymmetry in agricultural electrical system. The 
paper gives proper appreciation of capacity wastes of motors parame-
ters in steady-state conditions under tension asymmetry.  
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DEFINITION OF COEFFICIENT OF HEAT TRANSFER 

NUMERICAL SIMULATION TUBE BUNDLE 
 

V. Trokhanyak 
 

Summary 
The simulation of heat and mass transfer in channels and tube 

heat exchanger with staggered deployment bundles of pipes. An veloci-
ty field, temperature and pressure in the channel of the heat exchang-
er. Conditions of hydrodynamic flow in the channels and heat transfer 
processes in these channels. In the article the method of withdrawal 
coefficient of heat transfer on the surfaces of tube bundle using the ap-
plication package ANSYS Fluent. 
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OF ELECTRIC FIELDS HIGH TENSION  

FOR DISINFECTION GRAIN 
 

S. Usenko 
 

Summary 
Presented research method and installation for disinfecting 

treatment of grain in the fields of electrical high tension. Established 
effectiveness of the impact of the proposed treatment method for da-
maging flora grain mass. 
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THE COMPENSATION OF DELAYS OF GRAIN DRYER WITH 
BOILING LAYER WITH INCOMPLETE MEASURING OF ITS 

OUTPUT SIGNALS 
 

Fedotova M., Osadchiy S., Berezyuk I., Skrynnik I.,  
 

Summary 
The adapted algorithm technology usage is shown in the article 

for compensation of delays of grain dryer with the boiling layer for 
cascade-tray under the condition of incomplete measurement of its 
output signals. 
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STUDY REGULATEDELECTRIC DRIVE AIC 
ATTHELABORATORYSTEND 

 
Y. Handola, M. Seredin, O. Handola 

 
Summary . 

Analyzed the requirements for automatic control systems in regu-
lated electricdrive farms. Experimental studies variable frequency 
drive for different types of regulation. 
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METHOD OF DETERMINATION OF CONCENTRATION OF DUST 
OF BLEND OF CASTOR OIL IN MID AIR WORKING AREA 

 
A. Chebanov, M. Nazarenko 

 
Summary 

The  work  is  dedicated  to  research  of  dust  content  in  the  air  in  a  
working area. The methodics of dust concentration determination of 
castor oil blend by the gravimetric method issuggested. 
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ACOUSTIC SYSTEMS OF AGRICULTURAL PRODUCE 

QUALITY CONTROL  
 

V. Yakovlev, O. Lysenko  
 

Summary 
On the basis of the carried out research, the possibility of using 

the method of acoustic sounding in the quality control and produce 
processing is grounded.  The generalized physical models of the pro-
duce of different aggregate condition and structure of the acoustic sys-
tem are suggested.  
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       - ,  /  3; 
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       ( ) - . 
 

 (1-3)  
 ( ),  
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     : ,   - ,  
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           u - , ; 
           F  - , ; 
           grad, div,  - , ,  
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            - , 3; 
           t - , ;  

 = /[(1 + )(1- )];              = /2(1 + ) 
       -  ( ); 
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BASIC EQUATIONS OF CONECTION OF AGRICULTURAL 
PRODUCTS PARAMETERS WITH THE PARAMETERS OF 

ACOUSTIC FIELD 
 

V. Yakovlev, A. Lytvyn  
 

Summary 
On the basis of the conducted theoretical analysis, basic equations 

of connection between the parameters of agricultural products and the 
parameters of the acoustic field at sounding of the products quality are 
grounded. 
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