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Objective: This study developed air-cooling vests using vortex tube technology to
prevent thermal diseases from farmers, and conducted evaluation of their applicability
to farming sites for farmers cultivating crops in greenhouses.

Background: The number of high-temperature and heat-wave days in summer is
gradually increasing, according to which farmers' risks of exposure to heat are
increasing to require development of personal protection equipment for safety. For
this, various researches were carried out, but had difficulties in being applied to farming
environments. Recently, excellent cooling effects were reported in researches of
cooling vests for farming using vortex tube technology, but they were basic researches
centered on laboratories to have limitations in being applied to farming sites. Thus,
an empirical study is required in verification of their effects on applicability to farming
and solution of problems.

Method: This study evaluated temperature/humidity in garments, subjective wearing
sense, experience satisfaction and farming site applicability when air cooling vests
were worn by farmers cultivating crops (tomato, lettuce, strawberry) in greenhouses
for demonstrative study at farming sites.

Results: The study results showed that wearing the developed air-cooling vests
reduced temperature by 11.9% and humidity by 19.0% compared to the existing work
clothes (p< .0001). The subjective wearing sense was more superior to the existing
work clothes to enable pleasant working. In addition, the results of evaluating
experience satisfaction and farming environment applicability after using air cooling
vests showed a very positive reaction to confirm applicability to farming sites.

Conclusion: This study discovered that the air-cooling vests using vortex tube
technology are an effective tool in preventing thermal stress from farmers cultivating
crops in vinyl greenhouses. In the future, studies will be continuously carried out on
plans for efficient application to various farming to enlarge and supply the air-cooling
vests developed by this study.

Application: It is expected that the results of this study will be able to be used in the
farming-protective equipment technology design field for reduction of thermal stress.

Keywords: Air-cooling vest, Vortex tube, Personal protective equipment, Greenhouse,
Thermal stress
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1. Introduction

%2 5497H2016-2020H) O|EH FHYLE It 2L BT 222922 1 F5 SO UB AR 252H(12.2%) LASHALCE
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2. Development of Air-Cooling Vests Using Vortex-Tube

2.1 Overview of air-cooling vest development
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2.2 New air-cooling vest V.2.0 and system components
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(b) Air-cooling vest V.2.0

(a) Air-cooling vest V.1.0

Figure 1. Comparison of Air-cooling vest V.1.0 and V.2.0
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Table 1. Specifications of main composition of an air-cooling system

ltem Model Specification
Max. air pressure: 99,000kPa
Air compressor NKP7 Power: 5.5Kw

Tank volume: 148L

Air pressure regulator CL15 Maximum pressure: 100,000kPa
Maximum pressure: 99,000kPa
Filter SMEF-37-15
Maximum Temperature: 60°C
Compressed air supply line - Diameter: 10mm

Inlet pressure: 70,000kPa
Air-cooling vest V.1.0

Vortex tube (Kim et al. 2020) Air consumption: 220LPM
Capacity: 100kcal/h
Cooling air supply line Air-cooling vest V.2.0 Diameter: 8mm

@ Air pressure regulator

Air ° © | o
Air compressor Filter ) Air line
Released
‘ hot air
(5]

Cooling air @Air cooling Cold air ) Yorextube
9 vest V.2.0

J

Figure 2. A diagram of an air cooling vest system using an air vortex tube

3. Evaluation of Field Applicability

3.1 Experimental farms and subjects
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Ventilation conditions
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0.3967
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04959
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(b) Lettuce
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e Al

[

Type of greenhouse

HIE5IRA A|HE
Soil cultivation
Soil cultivation
High bed system

C}. Of A0

(a) Tomato
Kind of crop
Strawberry

Tomato
Lettuce

Figure 3. Installation of air-cooling vest system in greenhouse farmhouse
Table 2. Characteristics of experimental target farms
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Table 3. Experimental procedure and protocol
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36.3
50.0

Max.

SD

05
12

Mean
352
474

Air temperature (°C)
Air humidity (%RH)

Temperature & humidity

Indoor

Kind of crop

Tomato

Table 5. Physical environment inside and outside the greenhouse during experiment
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Table 5. Physical environment inside and outside the greenhouse during experiment (Continued)

Kind of crop Temperature & humidity Mean SD Max. Min.
Air temperature (°C) 31.1 04 320 30.1
Tomato Outdoor - —
Air humidity (%RH) 55.8 09 57.0 54.
Air temperature (°C) 355 0.6 36.8 34.6
Indoor
Air humidity (%RH) 54.9 12 57.0 52.0
Lettuce -
Air temperature (°C) 354 04 36.3 345
Outdoor - —
Air humidity (%RH) 56.8 1.1 59.0 54.0
Air temperature (°C) 31.7 04 349 31.0
Indoor
Air humidity (%RH) 614 20 63.7 49.7
Strawberry
Air temperature (°C) 29.6 04 321 287
Outdoor
Air humidity (%RH) 64.6 20 66.8 51.8

4.2 Microclimate in clothing
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Figure 5. Clothing microclimate temperature and humidity during 60 min in greenhouse
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Table 6. Microclimate measurement in clothing for tomato, lettuce and strawberry crops
Temperature (°C) Humidity (%RH)
Kind of crop Body
Old clothes | New clothes tvalue Old clothes | New clothes tvalue
Upper chest 345411 31.3+24 3.285" 74.5+5.1 68.0+3.1 2.960"
Upper back 36.8+1.1 31310 17.289™ 73.8+6.7 67.1£6.8 2741
fomato Left side 34.7+0.6 32.2+1.1 5419 73.216.3 66.9+8.6 5.188"
Total 35314 31.6%1.6 7.923™ 73.8+£5.7 67.31£6.2 4621"
Upper chest 35.8+0.9 31.3+23 4768 76.3+5.1 715458 6.520"
Upper back 37.0£1.0 33.1+0.7 9.382" 71.6+5.5 59.5+9.7 3.763"
retiuce Left side 353104 33.2+0.7 6.142" 785480 63.815.1 3414
Total 36.0+1.1 325+1.6 8.245™ 75.516.6 64.9184 5.327™
Upper chest 34.2+2.2 29.4+0.5 5.048 79.0£2.0 537198 7.220"
Upper back 35.3+2.1 29.7+1.2 4328 71.9+3.1 445+11.1 8.112"
Strawberry
Left side 343429 285128 3.037 73.8+6.1 50.0+7.2 5.053"
Total 34623 29.2+1.8 6.883™ 74.9+4.9 49.4+9.7 11.855™

M £ SD, *p< .05, *p< 001, ***p< 0001
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272%RH XM 2utE ERUCL O] AFOME 35 =0 24 UYE B 2% 34204°C, B &k 55+1.0%RH)0IM 2|5 W B 2k
£ 42°C, B SEE 142%RH 3= A2 &0 = UL} 0] Zit= =Y SHTO|A o of EZE|(V2.0) &8 Al MEAEY A

Mgo| 2ot e A2z BEELL

4.3 Subjective wear sensation and fatigue
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Thermal sensation Humidity sensation
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Figure 6. Subjective sensation during the experiment with old and new working clothes
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Table 7. Evaluation of satisfaction with use of air-cooling vests (N=10) (Continued)

Tomato Lettuce Strawberry Total
Mean SD Mean SD Mean SD Mean SD

Category [tem

Easy to detach and attach the

38 038 38 04 44 0.5 40 0.7
vortex tube

Use Designed to be easy to wash

. 4.6 05 50 0.0 46 05 47 05
easiness and manage the vest

There is no weight sense in

. 34 05 34 05 38 04 35 05
wearing the vest

More efficient to work than when

. 438 04 438 04 48 04 438 04
not wearing the vest

Functional | Thought to be effective to

46 05 50 00 5.0 00 49 04
usefulness | manage health

Satisfied in desire with reduction

40 0.7 40 0.7 42 0.8 41 0.7
of thermal stress

Not feeling tension when wearing

38 04 32 04 36 0.5 35 0.5
the vest

Thought that the effect of cooling

, . 38 08 38 038 44 05 40 0.8
air on human body is safe

System
safety o
The warm air discharged from 36 | 05 | 40 | 00 | 40 | 07 | 39 | 05
the device is not dangerous
Thought that the system 40 | 07 | 34 | 05 | 40 | 07 | 38 | 07
configuration has safety
There is proper space in wearing 46 05 36 05 44 05 42 07
the vest
quk The attachm.ent position of the 48 04 24 05 46 05 39 12
activity vortex tube is proper
There is no inconvenience due to 44 05 30 07 42 04 39 08
the vortex tube device
Satisfied with the material of 36 05 40 07 36 09 37 07
the vest
Material Not feeling awkward when

and design | wearing the vest 48 04 46 09 48 04 4.7 0.6

Satisfied with the overall

46 05 48 04 44 05 46 05
appearance of the vest

Total 42 07 40 09 43 07 42 08
S5 Hohd 7k ME2AERA MY 28d, s&Y 25, HE Mu 24, HIE512A Al g% & 22| 59 7P(| g0 Cf
5to] =St HA oo dZtx7[0f CHot MEBAEA HLE APt ZFEN EBY 71582 4522 IR =2 F+E 20| 7|
el O{HZET| 7t D2 ChESH S0 MEBAEYA HZO| THESID Qs HOZ LIEFLICH 25 THHY Al O Of'd 7—.577| &80
2 Qloh =2y 250 Wiz =X|0f CHot AL Zut EOLESF H7(Q| AR 40 O|MCE LIEIL 5&Y 230 X|&0| ULt 4
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