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Abstract

This research is about the use of electrohydrodynamics (EHD) on potato slices. The purpose of this study was to
circumvent potato slices by comparing the results of variations in distance between the two electrodes. EHD
generation is carried out using two types of electrode geometries, namely the needle electrode and the concentric
ring electrode. Needle electrodes as cathodes and field electrodes or concentric rings as anode electrodes. The two
electrodes are 10 x 10 pieces each. Drying the potato slices is carried out by placing it in a sample location parallel
to the concentric ring electrode. Drying with EHD in atmospheric conditions will produce a current when given
the added voltage measured on an digital multimeter. Electrode distance variations are 4 mm, 6 mm, 8§ mm, 10 mm
and 12 mm. After drying, drying rate, shrinkage, moisture content was measured which showed a decrease with
increasing distance between electrodes, while energy efficiency increased with increasing distance between
electrodes. The greater the distance between the electrodes for drying the potato slices, the smaller the shrinkage
and water content decreases in the sample slices.
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1. Introduction

The food industry sector is one of the industrial sectors which has enormous potential for Indonesia's economic
progress [1]. The food industry is a very important requirement, especially in agriculture [2]. One of the
agricultural commodities is potatoes (Solanum Tuberosum), potato plants are tuber plants which are included in
the plant family Solanaceae [3].

Before being consumed, the potatoes must be cooked first like baked, fried or dried [4]. The method of
cooking potatoes which is of much concern is drying [5]. Various methods of drying potatoes have been carried
out by farmers and researchers, in general potato, farmers do drying with conventional methods by utilizing
sunlight heat [6]. Another method is to use ohmic heating to save 88% more than conventional methods, but this
method requires considerable time [7]. Potato drying can also use the irradiation method using Co-60 sources [8].

The development of research and technology for drying experiences development and progress, which aims
to improve quality and reduce energy consumption, namely using electrohydrodynamics (EHD) requires a short
time for the drying process and reduces the acceleration of oxidation [9]. EHD drying is a technique for increasing
heat transfer which refers to the relationship of high voltage current fields and fluid fields with low power
consumption [10]. EHD has been used for drying such as; blueberries [11], wolfberry fruits from China [12],
Vietnamese agricultural products [13], and spices [14,15]. EHD drying has many advantages: low power, no
generator, requires moving parts, free from mechanical and acoustic vibration noise, and turns off microbes [15].

2. Method
Potatoes (Solanum Tuberosum) as samples are peeled and cut into slices that have a thickness of 2 mm, a diameter
of 30 mm and humidity of potatoes 46.6%.

EHD drying uses a concentrated multi-ring pin electrode configuration with 10 x 10 pieces each. Consisting
of an electrode pin as a cathode has a pointed end diameter of 0.026 mm. The concentric multi-ring electrode as
an anode consists of 3 concentric ring electrodes which have the same width and thickness of 2 mm and 8 mm, 16
mm and 24 mm respectively. Drying of EHD on potato slices is done by varying the distance between the two
electrodes namely, 4, 6, 8, 10, 12 mm with a drying time of 30 minutes at 12 kV DC (Direct Current) input voltage.

Voltage measurement is given to the system via a high voltage probe voltage divider (SEW high voltage
probe P20 P28) and the voltage installed can be measured using a digital voltmeter (CD772 Sanwa Made in Tokyo,
Japan). In EHD drying, one of the radiation from the release is ionic wind will flow from the electrode pin to the
multi-ring concentrate electrode which will dry the potato slices which are located parallel to the multi-ring
concentric electrode at a distance of 2 mm from the electrode center. The series of experiments in this study are
shown in Figure 1.
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Figure 1. Scheme of research equipment series

2.1. Drying Rate
The measurement of the mass of potato slices was measured before and after drying for 30 minutes. The drying
rate (DR) is calculated using Eq. (1) and expressed as db / minute.

DR =— (1)
Where, Am is the difference in mass after and before drying (db), At is the difference in time after and before
drying (minutes) [16].

2.2. Shrinkage
Depreciation on potato slices is affected by the condition of the initial moisture content in the sample (100%) at
each mass difference in the sample slices dried. Depreciation can be calculated using equation (2) and expressed
as (%).
SR =22 % 100% @)
mo

Where, Am is the difference in mass after and before drying (db), m, is the mass before drying (db) [17].

2.3. Moisture Content
The water content in the potato slices is different after drying EHD, with an initial humidity of 46.6%. The moisture
content of the sample slices can be calculated using equation (3) and expressed as (% db).

MC = x 46,6% 3)
0
Where, Am is the mass difference after and before drying (db), m, is the mass before drying (db) [18].

2.4. Energy Effeciency
Energy efficiency is determined from the electric power supplied (kW) and the drying rate (kg / s) on potato slices
which can be calculated in equation (4) as (kJ / gr).

4
n =5 -XAt (€)]

Where, Am is the mass difference after and before drying (db), At is the time difference after and before drying

(minutes), V is the input voltage (kV),and I is the current output (mA4)[19].

3. Result and Discussion

EHD flow is generated by a strong electric field and its direction follows an electric field line which results in
corona release due to the ionized gas process [20]. The ionization process at the two electrodes lasting 30 minutes
at 12kV produces an increase in the electric field, heat transfer [21] and ion flow [22]. Thus, when drying on the
potato slices, an EHD-induced mass transfer takes place [23] and an increase in the electric field [24] results in the
evaporation of the mass of water in the potato slices. After drying EHD on the potato slices, the measurements are
obtained as follows;

3.1. Drying Rate
Drying EHD on potato slices with a DC voltage of 12 kV and variations in the distance between the two electrodes
(4 mm, 6 mm, 8§ mm, 10 mm and 12 mm) for 30 minutes resulted in a significant difference in the drying rate
shown in figure 2.
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Figure 2. Graph the drying rate on the potatos (Solanum tuberosum)

In Figure 2. Value the highest drying rate is at a distance of 4 mm by 35 x 10-3 db / min, because of the largest
electric field and ion flow. The value of the drying rate at each distance variation is different due to differences in
the electric field and the flow of ions produced during EHD drying takes place. If the distance between the
electrodes is small, the ionization process will be faster and the ion flow will be faster to evaporate the mass of
water on the potato slices. Conversely, the distance between the two electrodes increases so that the ionization
process will be longer because the electric field extends and the evaporation process of the water mass slows down.
The drying rate is also influenced by the time and distance between the electrodes.

3.2. Shrinkage and Moisture Content
Graph the shrinkage and Moisture Content on the potatos (Solanum tuberosum) with a variations in the distance
between the two electrodes for 30 minutes resulted in figure 3.
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Figure 3. Graph the shrinkage and Moisture Content on the potatos (Solanum tuberosum)

The dried potato slices experience evaporation of water masses and mass transfer during drying. When the
mass of water decreases on the potato slices, there is a difference in the water pressure inside and outside the potato
slices which results in shrinkage which is indicated by the mass reduction of potato slices shown in Figure 3. of
line black The highest shrinkage value at 4 mm electrode distance is 5.6% and most low at a distance of 12 mm
by 2.8%. This indicates that the depreciation value is influenced by the distance between electrodes, if the greater
the distance, the smaller the shrinkage value.

In the initial condition before drying the humidity of the potatoes by 46.6% and the initial mass of 18.95
grams. After the potato slices are dried, the mass and moisture content will change every variation between the
electrodes for 30 minutes. The water content obtained decreases with increasing electrode distance due to
differences in an electric field, heat transfer and ion flow resulting from each variation of the electrode distance
shown in figure 4 of line blue.

3.3. Energy Effeciency
Graph Energy Effeciency on the potatos (Solanum tuberosum) resulted in figure 4.
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Figure 4. Graph the energy effeciency on the potatos (Solanum tuberosum)

Figure 4. shows the value of high energy efficiency at a distance of 12 mm by 20 x 104 kJ / gr and low at a
distance of 4 mm by 10 x 104 kJ / gr. Thus, the value of energy efficiency is inversely proportional to the value of
the level of drying, shrinkage and moisture content. This is affected by the mass difference in the potato slices, if
the mass of the potato slices is small then the high energy efficiency value is in accordance with equation (4).

4. Conclusion

EHD drying was utilized to potatoes slice in the voltage 12 kV and distance of 4 mm. Value the highest drying
rate is at a distance of 4 mm by 35 x 10-3 db / min, value the lowerst of shrinkage by 5.6% and the velue highest
of energy efficiency at a distance of 12 mm by 20 x 104 kJ / gr. The drying rate and shrinkage decreases with
increasing distance between electrodes. While the energy efficiency increases with increasing distance between
the electrodes.
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