Design of High Voltage Power Supply System for Application of Electrohydrodynamic Drying

Table S1Major categories of commercial high voltage power supplies used for electrohydrodynamic drying of food products

HVPS Cost Shippin  Impor Dimensions Weigh Voltag Curren Powe Capabilit Food Product Reference
gto tTax (LorDxW t (kg) e t rating r y for used in study
Model Company  Country India x H mm3) rating rating display
(kV) (W) during
drying
Current study India 5,588 NIl None 124 x 263 x  2.397 0-9.74 0-446 4,341  Yes Pineapple Current study
85 mAA
Nil Zeonics 38,000 NF Nil NF NF 0-40 50eA 2 No None None
Systech
TDM-2.5/60, Beijing China NF NF NF NF NF 0-60 NF NF No Wheat (Cao etal.,
Mutual 2004)
Inductanc
e Factory
ESA2.5NO8A  Glassman USA 16,702  7852i Yes 355.6 x 101.6 2.27 0-3 0-8mA 24 No Biscuits (Goodenoug
High 27,208 x 203.2 hetal.,
PS/ER40P07.5 Voltage 66,823 38,038 Yes NF NF 0-40 0-7.5 300 No 2007)
-11 Inc. mA
RHR20P10 Spellmars NF NF NF NF NF NF NF NF No Grape pomace (Martynenko
MXR Q 240 x 215 x 4.0 0-200r <300 60r9 No i‘o*};‘;;“""'
52 30 €A
CZE1000R Q 432 x 483 x 10 0-30 0-300 9 No
133 A
CZE2000 254 x 127 x 2.8 0-50or 0-2.0o0r 10 No
89 30 0.3mA
BAL32-10-V Universal NF NF NF NF (Huge) NF 14-19 NF NF No None (Martynenko
Voltronics etal., D17)
GLHT2260R2 Sefelec France; Q Q Q 483 x520x 55 0-6 0-2mA 120 No Methylcellulos  (Bardy et al.,
or HT22 120 Germany 45 e gel 2014, 2015,
W 2016; Havet
et al., 2015)
Petapico- None Switzerland 37,553 NF NF 120 1 !>0.060 05 200eA 1 No None (Schlatter et
Voltron : New -83,454 al., 2018)
Zealand

Q, price is revealed through quotation; NF, not fodtuhable based on value of limiting resistance



Table S2 Bill and specifications of materials used in fabrication of high voltage power supply

Name Designator

Description

Quantity

Unit Price

Q)

Subtotal
Q)

Electronic components

Mains switch Swil

Fuse F1

Transformer T1

Bridge rectifier BR
Electrolytic capacitor C1

Resistor R1
Light emitting diode  LED1

Potentiometer Potl

Transistor Q1, Q2

Transformer (centre T2
tapped)

Diode D1, D2

Electrolytic capacitor C2

Linear voltage U2
regulator

Linear voltage U3, U4
regulator

Electrolytic capacitor C3, C4, C6

Electrolytic capacitor C5

Resistor R2

Light emitting diode  LED2

Resistor R3
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KCD3-101N-llluminated
Rocker Switch SPSBPin
(ON-OFF)

Glass Tube Fuse

Voltage rating: 250 VAC
Current rating: 2 A
Transformation ratio: 230:36
Manufacturer: Rocket
Transformer

Country of origin: India

MIC BR 64 336 (600 V/ 6A)
Dry-filled power capacitor
ManufacturerJunzl

Metal film resistor

2 5 mm rectangle flat top blus
LED

Manufacturer: Everlight
Electronics Co Ltd

Resi stance: 5
Carbon track, single turn 1
mm rotatory variable
potentiometer

Silicon NPN Power Transistor
BU536

Transformation ratio:
230:24(120-12)
Manufacturer: Kailash
Electrotech Kolkata

Country of origin: India

PN junction silicon rectifier
diode: 1N4007
Capacitance:
Working Voltage: 50 V
Radial

Manufacturer: Keltron
LM7809

LM78L12

Ceramic capacitar 1047 DIP
Capacitance: 100 nF
Working voltage: 50 V
Manufacturer: Keltron

104 AEC
Capacitance:
Working voltage: 25 V

Radial electrolytic capacitor
Manufacturer: Keltron?
Resi stance: 2
Wattage: 0.25 W

Metal film resistor

2 5 mm rectangle flattop
yellow LED

Voltagei Forward: 2 V ~ 2.2
\Y

Currenti Test: 20 mA
Manufacturer: Everlight
Electronics Co Ltd

Resi stance: 1
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84.20
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1.4
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0.7
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133
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0.7

1.49

0.5



1 Wattage: 0.25 W
1  Metal film resistor
Potentiometer Pot2 1T Resistance: 4 1 9.5 9.5
1 Carbon track,single turn 16
mm rotatory variable
potentiometer
Potentiometer knobs NA NA 2 4.8 9.6
Pulse width modulator U5 1 NE555 with pin base 1 9.23 9.23
Capacitor C7 1 Capacitance: 10 nF 1 0.496 0.496
1  Ceramic capacitor
Resistor R4 T Resistance: 11 2.39 2.39
1 Wattage: 2W
Electrolytic capacitor C8 T Capacitance: 1 5.75 5.75
1  Working voltage: 63 V
Resistor R5 1T Resistance: 11 0.45 0.45
1 Wattage: ¥ W
Diode D3 1 1N4007 1 0.73 0.73
High voltage switch ~ Sw2 ' ON/OFF Switch 1 10 10
Flybacktransformer  FBT 1 OV 2094 33001 1 400 400
Diode (flyback Di 7 NA NA NA NA
internal)
Resistor R6, R7, R8, § Resi stance: 1 4 1.6 6.4
R9 1 Wattage: 1 W
Capacitor C9 1T Capacitance: 1 39.8 39.8
1 Working voltage: 1 kV
Resistance  voltage RvD 1 20resistors of resistance 1~ 20 0.4 8
divider Mg and wattag
Fan NA 1 DCfan 1 55 55
Oscilloscope NA 1 DSO138 1 1175 1175
Voltmeter NA 1 Digital voltmeter 1 99 99
Fuse box NA 1 5x20 mm glass holder fuse 1 22 22
tube
Construction materials
Acrylic sheet NA 1  Thickness2.79 mm 1120.38 crA  299/(15 cm 1488.36
x15 cm)
Acrylic sheet NA 1  Thickness: 1.93 mm 700.6 cm 39/(6 in x6 117.65
(108.6 irf) in)
Metallic silver spray NA NA 5049 3.923/g 196.15
paint (Rust Oleum)
Screws NA Brass Machine Screws, M4x12mi 20.75 6 124.5
Phillips Pan Head Fastener Bolts
Heat sink NA Aluminium Heatsink For Powe 15.62 3 46.86
Transistor
Total Price( ) 5,588.156
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Figure S1(b.3) Transient state experimental response of high voltage

power supply for voltage of capacitor Qdc(;
and of transistor QVoz;

position
position O6P66 in
Fig. S1(a.1) Transient state experimental response of high voltage power

supply
transistor Q1

potentiometer POT1 is set to deliver emitter voltsgeof 5 V, denoted in
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Figure S1(g) Transient state experimental response of high voltage power

supplyfor voltage of capacitor CM¢z; position O06P56 in Fig

6P66 in Figure 1) wh
denoted in osci

channels 1 (yellow) and 2 (green), respexdy

d'2 (green), respectively (expanded

Figure S1(h) Transient state experimental response of high voltage power

supply for voltage of capacitor C¥d; position O06P56 in Fig
transistor Q1{q;;, posi tion O6P66 in Figure 1) wh
Figure S1(c) Transient state experimental response of kigtage power setatitsmaximum (fub pen) denoted in oscillosco
supply for voltage of capacitor C¥d;, posi tion 6P56 i Figure ©§llow}and2 (geen) respectively
transistor Q1V¥q1;; posi ti on 6P66 in Figure 1) when the potentiometer POT1
Figure S1(a.2) Transient state experimental response of high voltage set to deliver emitter voltagéno f 10 V, denoted i oscilloscopeds
power supply for voltage of capacitor Odc(; position O6P50 in Fi gnhes 1lydllow)ah2 (green), respectively
and of transistor QIMos; posPi6tdi am &igure 1) when the
potentiometer POT1 is at minimum (not open), denoted in oscilloscopeobs
channels 1 (yellow) and 2 (green), respectively (expanded view 1)
Figure SAa.2.1)Steady state experimental response of high voltage power
supply for voltage at base of transistor 93%as¢ posi ti on 6P146 i
1) and at pin 8 ofylse width modulator NE55%/wv; posi ti on 6P136
Figure S1d) Transient state experimental response of high voltage power Figure 1), as denoted in oscilloscopebd
supply for voltage of capacitor C¥d;, position 6P506 i Fdsgbdivel§y whbn pot@nflothet& POT2 is at its minimum (not open).
Figure S1(a.3) Transient state experimental response of high voltage transistor Q1V¥q1;; posi tion 6P66 in Figure 1) when the potentiometer POT1
power supply for voltage of capacitor Odef;, posi ti on 6P56 i §FtiGdelye;emisteryojtagiknof 20 VvV, denoted | oscilloscopeds
and of transistor QMe;, position 6P66 in Figure 1jfhanpeseyiyellowy and2 (green), respectively
potentiometer POT1 is at its minimum (not open), denoted in
oscl |l oscopebs channels 1 (yellow) and 2 (green), respectively (expanded
view 2)
Figure S2Aa.2.2)Steady state experimental response of high voltage power
supply for voltage at base of transistor 93%ass posi ti on 6P146 i
1) and at pin 8 of pulse width modulator NESSsvv; posi ti on O6P136

Figure S1(e) Transient state experimental response of high voltage power

supplyfor voltage of capacitorCM¢;;, posi tion O6P56 i

Figure S1(b.1) Transient state experimental response of high voltage 6P606 in
6P550

6P66 in

transistor Q1Voz;
i set td-deligen emitter Yoltagénio f 30 V,
1 rhammdisel rfyellow) and 2 (green), respedy

position Figure

power supply for voltage of capacitor Qdc(; denoted i

and of transistor QVp;

position

position Figure

potentiometer POT1 is set to deliver emitter voltsigeof 5 V, denoted in

oscilloscopeds channels 1 (yellow) and 2 (green), respectively

Figure S1(f) Transient state experimental response of high voltage power

supply for voltage of capacitor C¥d;; posi ti on O6P506 i

transistor Q1Vq; posi tion 6P66 in Figure

set to deliver emitter voltagégpao f 40 V, denoted i

Figure S1(b.2) Transient state experimental response of high voltage

power spply for voltage of capacitor CV¢s; position O6P56 in Fi 5“8”Peé5 1 iy?llow) and 2 (green), respectively
and of transistorQMMq;; position O06P606 in Figure 1) when the

potentiometer POT1 is set to deliver emitter voltsgeof 5 V, denoted in

oscill oscopeds c¢hann edpectivdly (dxgaeded ow) and 2 (green), r

view 1)

1) when

Figure 1), as denot ®ldyeliom)an 8 @redn), oscoped

respectively when potentiometer POT2 is at its minimum (not open).

Figure 1) and of

the potentiometer POTI1

oscilloscopeds

Figure S2Aa.2.3)Steady state experimental response of high voltage power

supply for voltage at base of transistor Q3%as¢ posi ti on 6P146 i
1) andat pin 8 of pulse width modulator NE558; posi ti on 6P136
Figure 1), as denoted in oscilloscoped

respectively when potentiometer POT2 is at its minimum (not open).

Figure 1) and of
1) when the potentiometer POT1
oscill oscopeds



