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ABSTRACT

In this study, a low-cost pulsed vacuum infrared (PVI) drying system was developed using locally available
parts, allowing interested individuals to build and use it themselves. The ESP32 microcontroller, in conjunction
with solenoid valves, infrared lamps and vacuum pumps, monitored and controlled the PVI drying process. The
product used for testing the system was sliced lemongrass. The ratios between the time periods of vacuum and
atmospheric pressures (t,,:t,, pulse ratios) used in the tests were 8:4, 13:4 and 18:4. The specific energy
consumption (SEC) of the system, as well as the weight and moisture content of the dried product, were recorded.
It was found that the ty,:t,, pulse ratio of 8:4 was optimal for drying with the developed system. The dried
lemongrass had a final moisture content of less than 11%,, despite having the highest initial moisture content
(roughly 55%,, ) and the quickest drying time (roughly 180 min). The electrical energy consumption was roughly
0.6 kW-h, and the mean SEC was 0.019 MJ/g ... The total cost of the parts and materials was 10,450 baht and the
payback period was 6.48 years. With the developed system, drying of agricultural products can be done efficiently
using PVI. Nevertheless, the drying yield can be increased by increasing the number of trays and volume of the

vacuum chamber.
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Figure 3 Flow chart of the (a) temperature and (b) vacuum control schemes.

One cycle |
Atmospheric pressure (P, )
101.325 Lorrrrrnrernnsrrmnsrmsmmmeee s srnnssnnnnsrsmsss posmemeenssemsnnnns DI pressure AL,
—_—
=
=W
&
@
Tt
=
@
2
-9 Pressure below
P atmospheric pressure (P,)
v L7 A DTS R
tJ typ Ttd Absolute zero pressure (PZ)
0 .

Time
Figure 4 Pressure cycle diagram of the pulsed vacuum drying process in which a cycle consists of evacuation (ts),

vacuum-holding (t;), releasing (t,) and atmospheric-pressure (t,,) periods. (Adapted from Zhou et al.

(2022))
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Figure 5 (a) Air temperature and relative humidity in the vacuum drying chamber during one replicate of each of

the three t,,:t,, test conditions, and (b) the temperature and relative humidity data of the 8:4 test condition

with the horizontal time scale magnified between 0 and 60 min.
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Figure 6 Energy consumption during one replicate of each of the three drying test conditions.
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Figure 7 (a) Moisture contents, (b) moisture ratios and (c) drying rates of Cymbopogon citratus samples during

pulsed vacuum infrared (PVI) drying and sun drying.
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Table 1 Summary of the cost of each component of the PVI drying system.

Cost Total cost
Equipment Quantity Unit

(Baht per unit) (Baht)
Air solenoid valve 1 Piece 390 390
Vacuum solenoid valve 1 Piece 390 390
Rubber stopper 1 Piece 20 20
Vacuum pump 1 Piece 4,290 4,290
Desiccator (9,500 cm’) 1 Piece 3,290 3,290
Control box (19%23 c¢m) 1 Piece 139 139
Polyurethane (PU) tube (@.in 6.5 mm) 2 Meter 8 16
Ice bucket (26x38x32.5 cm’) 1 Piece 129 129
Glass bottle (650 cm’) 1 Piece 20 20
Infrared lamp (250 W) 2 Piece 149 298
lamp holder (E27) 2 Piece 34 68
Temperature sensor + 4.7K ohm resistor 1 Piece 39 39
12 VDC Power supply 1 Piece 118 118
DC to DC converter 2 Piece 28 56
ESP32 module 1 Piece 198 198
RTC module 1 Piece 98 98
Relay I channel 5VDC 1 Piece 100 100
Relay 4 channels 3VDC 1 Piece 128 128
Solid state relay 1 Piece 98 98
Black film faced plywood (120x240x15 cm) 1 Plate 465 465
Wires 100 100

Total (Baht) 10,450

Table 2 Economy engineering for the PVI drying system.

Lists Amount Unit
Initial investment for PVI drying system 10,450 Baht
Useful life 10 year
Salvage value 1,045 Baht
Depreciation 900 Baht/year

Lifetimes of infrared lamps (5,000 h) 298 Baht/year
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Table 2 (Continuous)

Lists Amount Unit
Fixed cost 1,198 Baht/year
Working time per day 4 batch/day
Working time per year 300 day/year
Electricity bill 3.25 Baht/unit
Energy usage 0.6 kW-h/batch
or 2,340 Baht/year
Fresh Cymbopogon citratus cost 22 Baht/kg
or 3,960 Baht/year
Maintenance (i.e., draining the fluid from the vacuum pump) 0.46 Baht/day
or 138 Baht/year
Wages (15 min/4 batch) 10.37 Baht/day
or 3,111 Baht/year
Variable cost 9,549 Baht/year
Break-even point (BEP) 205.15 day/year
Cash inflow per period 1,613.88 Baht/year
Payback period (PB) 6.48 year
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