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Abstract. Ion wind drying also called corona wind drying m this study using a pin-multi ring
concentric electrode. The purpose of the research is to determine the velocity of the ion wind by
the characteristic of the method (MOC) and to apply it for drying the black turmeric (Curcuma
aeruginosa Roxb). In theory, the 1on wind velocity is equal to the ion mobility multiplied by the
electric field. In MOC, the ion mobility is obtained from the graph of the relationship between
the electric corona discharge current and the applied high voltage. The ion wind produced by
corona discharge has been drying of the black turmeric slices with an applied high voltage 4 kV,
the gap electrode 6 mm and drying time 0-30 minutes with a 5 minute time interval. Sliced black
turmeric was circle formed with a radius of 15 mm and a thickness of 2-8 mm with an interval
of 2 mm thickness. According to the results obtained, a constant of comparing the ion wind
velocity with the MOC.. Its value is around 102 which is hypotheses of the value of the relative
permittivity the ion wind. The drying rate maximum of the black turmeric (Curcuma aeruginosa
Roxb) slices occurs at the beginning of drying is after a 5 minute drying time. This characteristic
for all the variations of the samples radius. This causes the moisture content of the black turmeric
slices to drop drastically.

1. Introduction
Black turmeric (Curcuma aeruginosa roxb) is also called 'temu ring' in Java. It is one type of medicinal
plant that is widespread in Southeast Asia including in Indonesia. It contains such us: flavonoids,
saponins and bioactive compound curcumin [ 1]. The function of flavonoids as an anti-inflammatory can
cure inflammation because these compounds have antibacterial, antiviral, antiseptic, antihistamine [2]
effects. The curcumin can usage in food, cosmetic and pharmaceutical industries. The use of curcumin
can be as anti-inflammatory, anti-bacterial, anti-carcinogenic, anti-fungal, antimicrobial agents [3].
Most of the black turmeric are sold in dried powder form. Various techniques have been used for drying
of the rhizomes

Drying can be done by utilizing wind energy, solar thermal, and electrical energy. Drying electrical
energy such as using microwave, ultrasound, heat pump drying and superheated drying, this drying has
used 12% -15% of the total energy needs in the industry [4], so the development of the drying process
is increasingly directed to the discovery of the drying method with increased energy efficiency.

Therefore, the aim of the research is to characterize the drying system which consumes quite low
energy, namely ion wind drying and applying it to slices of black turmeric. Ion wind is generated using
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a pair of electrodes whose sharp edges have different curvature and are subjected to DC high voltage
sources. More pointed end electrodes are subjected to positive polarity and other electrodes are negative.
The ion wind will flow in the direction of the electric field [5].

Ion wind drying uses high voltage sources [kV] or high electric field [V/m] but the current user is
very low [pA] so the energy used is quite low. Another advantage of this drying system is that the drying
results are more hygienic because corona discharge besides producing ion winds also produces ozone
which is capable of killing microorganisms [6].

2. Materials and methods

2.1. Materials

The materials used in this report were black turmeric slices which were bought in the traditional market
in Semarang city of Indonesia. The initial moisture content of black turmeric was measurement 36.4 %.
Before being sliced in a circular shape, black tumeric is peeled first. The black turmeric slices have
diameters 30 mm and its thickness varies from 2 mm - 8 mm with an interval of 2 mm thickness.

2.2.Experimental setup

Experiment setup of the ion wind drying and coupled equipment as shown in Figure 1. After the distance
between electrodes d is set to 6 mm then the high voltage HV source is turned on with the pin electrodes
having positive polarity and the multi-ring concentric electrodes having negative polarity, so that the
corona formed is positive corona. The applied high voltage (V) was measured using a probe of a high-
voltage (SEW high voltage probe P20 P28) varies from 0 volts to arc discharge with the voltage interval
of 0.2 kV. At the time of corona discharge, one of the radiation from discharge corona in the form of
ion wind will flow through the ring hole and then it radiating to the sample. The electric corona discharge
current is measured using a microammeter (Sanwa electronic instrument CD772 made in Tokyo).
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Figure 1. Experiment setup Figure 2. The sample position
scheme from the electrode

In the drying process, black turmeric slices samples weighing 100 g which is on the glass plate was
placed on the below of the multi-ring electrode by the distance 2 mm. At the time of corona discharge,
one of the radiation from discharge corona in the form of ion wind will flow through the ring hole and
then it radiating to the samples of black turmeric slices. The control sample was dried under the same
conditions but without the ion wind treatment. The sample was dried with the constant applied voltage
3.4 kV while maintaining a 6 mm discharge gap, the time drying 0-30 minute and time interval 5 minute.
The mass of the sample was weighed rapidly at regular intervals with an electronic balance (ARC120,
Ohaus, USA) and used to calculate the moisture content of the sample.
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3. Results and discussions
3.1. Determination of ion wind velocity using the method of characteristics (MOC)
In this study, the velocity of the ion wind was determined using a method of characteristic (MOC). Its
method is utilizing current-voltage characteristics of the corona discharge system. In this study, the
velocity of the ion wind was determined using a method of characteristic (MOC). Its method is utilizing
corona current-voltage characteristics. Research using MOC such as the study to obtain the charge
density distribution of positive corona discharge in gas in pin-plate geometry [7]. The other study, MOC
to determine electric field distribution, electric potential, space charge density and EHD flow velocity
produced by electric corona discharge in pin-plate and pin-grid configuration [8].

Preliminary experiments consisted of measuring the electric corona discharge current (xA) for
different values of the positive applied high voltage from 1.4 to 4.4 kV with the voltage interval 0.2 kV
and the electrode gap of 6 mm. The current-voltage relationship as shown in Figure 3.
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Figure 3. I-V characteristic
In Figure 3, it can be seen that the greater the voltage that is given the greater the current

produced. The current value of [ is proportional to the square of the value of V (I oo V?). This is in
accordance with the equation:

_ 2REgy2
=2 @
Or
I=cv? (2)

Where 7 is the electric corona discharge current (ampere), V is the corona voltage (volt), p is
the ion mobility (m/Vs), is the permittivity of vacuum (F / m) and d is the distance between electrodes

(m). From the characteristics of I-V, the value of constant C in the equation is obtained, so the equation
of ion mobility:

2ug,
C= 3
cdd (3)
n=ge )

From equations (3) and (4) obtained the value of ion mobility g = 13 x 10 *(m2 / Vs). The ion wind
velocity is defined:
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u=wE (5)

Where E,, [V/m] is the average electric field intensity across the electrode gap. The average applied
voltage I/, in this experiment 2.8 kV and the electrode gap d = 6 mm consequently E,, =047 10°V/m.
The ion wind speed by MOC according to equation (5) u = 6.07 10> ms-1. This value is far greater than
the value of the direct measurement of wind velocity of 0.1 -10 ms™ [7] with a comparable constant of
about 100. This value is hypothesized as be the relative value of ion wind permittivity

3.2. Drying rate
Drying rate is a change in mass every time change. Graph drying rate of black turmeric slices as a
function of drying time for thicknesses of 2 mm, 4 mm, 6 mm and 8 mm as shown in Figure 4.
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Figure 4. Drying rate as a function of the time

In Figure 3 it is shown that for all sample thicknesses, the maximum drying rate occurs at the beginning
of drying time. It is according to the results of previous studies, namely the study of the ionic wind
drying of wild ginger slices [9] and electrohydrodynamic (EHD) drying of ginger slices [10] for the
variety of diameter value. This because occurs the transfer of a large portion of the mass from material
to air in the form of water vapor drying occurs on the surface of the material. At the next, drying time
10 to 30 minutes the drying rate is relatively slow. This is because the movement of the diffusion of
water from the material to the surface and the evaporation process on the material surface has been
reduced. However, at a thickness of 2 mm, 5 mm and 8 mm the drying rate was decreased fluctuate. This
is due to the lack of precision of the location of the tip of the pin electrode against the center of the
sample surface.

3.3. Moisture content
The graph of moisture contents of black turmeric slices as a function of the drying time for thicknesses
of 2 mm, 4 mm, 6 mm and 8 mm as shown in Figure 4.
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Figure 5. The moisture content of black turmeric slices as a function of time

In Figure 4 it can be seen that for all samples with varying thickness, moisture content in the first 5
minutes dropped drastically. The initial moisture content of 36.4% decreased to around 2.%. This is
because at the same time the maximum drying rate has a very high mass transfer of water to air vapor
so that moisture content decreases rapidly. This graph is in accordance with the graph in Dilip's writing
about solid drying which divides moisture into 2 segments, namely the constant-rate drying period and
the falling-rate period [11].

4. Conclusion

This paper has presented determined velocity of ion wind using a method of characteristic (MOC) and
it was applicated to the drying of the black turmeric slices. The ion wind speed by MOC u =
6.07 102 ms™?. This value is far greater than the value of direct measurement of wind velocity of 0.1
-10 ms™ with a comparable constant of about 100. This value is hypothesized as be the relative value of
ion wind permittivity. The drying results, the maximum drying rate is obtained after drying for 5 minutes
for all sample thicknesses. Conversely, the moisture contents of the sample after the first 5 minutes fell
drastically from 36.4 percent to around 2 percent for all sample.
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