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Abstract

This study analyzed the weather environment of the smart city to identify the temperature reduction effects of the heat
reducing facilities. The methodology is divided into indoor and outdoor analyses. Indoor analyses were conducted for the
evidence-based design of the facility. The size of nozzle is adjusted to derive the most efficient size for outdoor use. Three
types of nozzles were used, 0.15 mm, 0.2 mm and 0.3 mm. The most efficient nozzle was selected as 0.15 mm. The outdoor
test was measured for two days from August 3 to August 4, 2020, and the weather data were collected for the control and
target sites on the first day. On the second day, the measurements were taken assuming that the temperature and humidity of
two sites would be similar. Compared to the control group, the outdoor test site had a temperature reduction effect up to 7.4°C.
When operating the heat-reducing facility, the rate of change in sensible temperature is lower than control site. This study
concluded that mist facilities have a pre-cooling effect, which means reducing the temperature to a certain level. The results
from this study data could be provided when establishing an adaptation policy for a heatwave.
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."'x\ Scale: 50 m

N © Cooling fog facility
A Test point
Control point
A Thermal imaging camera
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©

Fig. 1. Site of study; (a) Seo-gu, Dacgu Metropolitan City (b) Bisan-dong (c) 81gil, Buk-bisanro.

Fig. 2. Indoor pilot test; (a) Injection facility (b) Mist volume test.
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2.1, ZEXY OJAE EAL 7% A3

Ao ZA AL s T2 S AIsiM A
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w2 27)9 BAL 51 3 W9 B 1] AE Bl A
AlGof| w2 2= 5L A H 9 rh(Fig. 2).
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Fig. 3. Field test (81gil, Buk-bisanro in Daegu).
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Table 1. Health effect of the discomfort index
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Discomfort index

Possible phenomenon

>80 Most of the total population suffers discomfort
75~80 The 50% of the total population feels discomfort
68~75 Few of the total population feels discomfort
<68 No discomfort
Table 2. Result of mist injection experiment
Nozzle size
(mm) 1 2 3 4 5 Avg.
_ _ 0.15 800 795 805 808 792 800
Width of mist 0.2 850 855 858 848 861 854
(unit:mm)
0.3 876 884 856 873 864 870
0.15 43 42 43 43 44 43
Volume of mist 02 55 55 54 56 55 55
(unit:cc)
0.3 182 183 181 182 183 182

A9 Ao 2 24 mEo] 7k I thBluestein and
Zecher, 1999; Budd, 2008).

A 712 s =S ol 8l AlEske
= A2 Ee AT H SR dUs =S 15‘4
S AbEAloltk 2t 2|3 A A2 ool Zrh(Lee et
al., 2013).
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T, = 3.255820+0.553991 7, +0.455346 7, (4] 2)
—0.002170 72 +0.002782 7, T,

T, = T,atan[0.151977 (RH+8.313659) /?]
+atan (T, + RH) — atan( RH—1.676331)

+0.00391838 (RH)* *atan (0.023101 RH)
—4.686035

(413)

o7loA T,(O) = Af2Es Satd, 7,(0)=
Ates, 7,00 725, RH%) = AUGES
OJu]sic} (Korean Meteorological Administration
Weather Information).
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Fig. 4. Indoor temperature reduction measurement (unit: mm).
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Table 3. Result of indoor temperature test

N;J;zle Classification 1 min. 2 min. 3 min. 4 min. S min. 6 min. 7 min.

Temperature 305 303 29.6 28.8 273 262 239

0.15 Reduction 0.5 0.7 1.4 22 3.7 48 7.1
Reductionratio  1.6%  23%  45%  71%  119%  155%  22.9%

Thermometer A Temperature 303 29.1 275 264 251 242 232
(Original 0.2 Reduction 0.8 2 3.6 47 6 6.9 7.9
temperature:31°C) Reductionratio  2.6%  64%  11.6%  151%  193%  222%  254%
Temperature 30 289 277 26.1 248 239 228

03 Reduction 1 2.1 33 49 6.2 7.1 82
Reductionratio  32%  6.8%  10.6%  158%  199%  22.8%  264%

Temperature 310 280 250 240 225 215 205

0.15 Reduction 0.8 3.8 6.8 7.8 9.3 10.3 113
Reductionratio  2.6%  123%  21.9%  252%  30.0%  332%  36.5%

Thermometer B Temperature 31.1 28.1 243 24 211 20.6 19.8

(Original 0.2 Reduction 0.7 3.7 7.5 9.4 10.7 11.2 12
temperature:31.8°C) Reductionratio  2.3%  11.9%  24.1%  302%  344%  36.0%  38.6%
Temperature 29.1 27.4 24.1 22.1 21.1 20.8 19.9

0.3 Reduction 2.7 44 77 9.7 10.7 11 11.9

Reduction ratio 8.7% 14.2% 24.8% 31.2% 34.4% 35.4% 38.3%

Unit of temperature and reduction : C

Table 4. Result of environmental measurement on August 3rd

Time Temperature (°C) Humidity (Unit : %) Win.d speed Wind direction
Control  Test point Mean Control  Test point Mean (Unit : nv/s)

16:00 32.6 32.9 32.8 56 51 53.5 0.67 130.6
16:10 32.1 31.9 32.0 55 55 55.0 0.33 155.8
16:20 324 32.0 322 53 54 53.5 1.67 3524
16:30 32.6 33.0 32.8 57 55 56.0 1.34 7
16:40 33.7 33.7 33.7 58 57 57.5 0 116.5
16:50 34.6 344 345 54 57 55.5 0 189.5
17:00 33.6 332 334 57 55 56.0 0.67 96.9
17:10 32.8 32.7 32.8 58 56 57.0 0.67 189.5
17:20 323 32.1 322 54 56 55.0 0 176.9
17:30 327 33.1 329 59 59 59.0 0.33 202.2
17:40 3255 322 324 56 55 55.5 1 214.8
17:50 32.8 32.7 32.8 59 56 57.5 0.67 176.9
18:00 327 32.7 327 57 57 57.0 0.33 14

AVG. 329 32.8 329 56.4 55.6 56.0 0.59 -
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Fig. 5. Comparison between test site and control site on August 3rd.
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Table 5. Result of environmental measurement on August 4th
Temperature (‘C) Humidity (Unit : %) ) )
Time Test Gap of Test Gap of Wm.d speed me.d
Control . Control . s (unit : m/s) direction
point temperature point humidity.

7:30 32.1 319 0.2 55 59 4 0.33 132.7
7:40 31.8 31.6 0.2 58 57 1 0.67 149.1
7:50 319 323 0.4 59 61 2 0.33 156.1
8:00 32.8 327 0.1 58 55 3 0.33 165.3

Before test 8:10 326 325 0.1 60 58 2 1 188.1
8:20 332 333 0.1 59 54 5 1.34 193.1
8:30 333 33.1 0.2 57 55 2 0.67 143.5
8:40 33.8 337 0.1 53 54 1 0.33 1324
8:50 34.5 34.8 0.3 56 51 5 0 202.6
9:00 343 304 3.9 54 66 12 1 157.2
9:10 35.7 30.2 5.5 52 66 14 0.33 147.4
9:20 34.7 30.0 4.7 56 66 10 0.67 136.2
9:30 349 30.1 4.8 53 66 13 1.67 165.7
9:40 373 303 7.0 46 67 21 0 299
9:50 37.6 30.6 7.0 41 64 23 1.34 304.7
10:00 372 313 5.9 40 63 23 0.33 230.2
10:10 38.6 315 7.1 39 62 23 1.34 297.6
10:20 38.7 313 7.4 41 63 22 1 143.2
10:30 36.4 314 5.0 44 63 19 1 113.7
10:40 36.3 31.1 5.2 45 62 17 0.67 0
10:50 35.6 312 44 46 62 16 2 3355
11:00 354 31.7 3.7 47 62 15 1 134.8
11:10 35.8 313 45 48 63 15 1 186.7
11:20 35.8 314 44 49 62 13 0.33 212
11:30 38.1 324 5.7 42 60 18 0.33 349.6
11:40 374 33.0 44 45 57 12 1.01 155.8
11:50 38.7 322 6.5 47 59 12 1.67 313.1

Test time 12:00 38.8 324 6.4 45 59 14 1.34 172.7
12:10 38.9 333 5.6 41 57 16 0.33 261.1
12:20 37.5 329 4.6 45 57 12 0.33 172.7
12:30 36.2 327 3.5 43 57 14 1 3552
12:40 36.9 33.9 3.0 44 54 10 2 296.2
12:50 36.9 335 34 42 54 12 1 67.4
13:00 38.1 34.5 3.6 37 52 15 2 144.6
13:10 383 33.6 4.7 42 54 12 1 144.6
13:20 38.6 344 42 37 53 16 1.67 346.8
13:30 38.9 33.8 5.1 41 55 14 0.67 155.8
13:40 39.1 33.8 5.3 39 55 16 2 193.7
13:50 39 344 4.6 37 53 16 0.67 306.1
14:00 389 33.8 5.1 38 55 17 0.67 329.9
14:10 36.9 333 3.6 41 55 14 1 172.7
14:20 372 33.8 34 41 54 13 1.67 157.2
14:30 39.6 344 52 36 53 17 0.33 171.3
14:40 38.8 342 4.6 38 55 17 0.33 43.5
14:50 38.7 342 45 32 54 22 1.67 140.4
15:00 37.9 34.0 3.9 34 54 20 1.34 150.2
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Table 5. continue

Temperature (C) Humidity (Unit : %) ) )
Time T Gan of T Gan of Wind speed Wind
Control Q?St 2p O Control ?St ap O (unit : m/s) direction
point temperature point humidity.
15:10 37.5 374 0.1 38 41 3 0.33 162.4
15:20 37.7 37.1 0.6 40 39 1 1 144.3
15:30 36.9 36.5 0.4 41 45 4 1.34 137.6
15:40 36.7 36.8 0.1 43 39 4 0.33 98.7
15:50 36.5 36.1 0.4 43 38 5 0.67 143.3
16:00 36.6 36.2 0.4 44 43 1 0.67 154.3
After test
16:10 35.8 353 0.5 42 36 6 1 149.8
16:20 359 354 0.5 41 46 5 1 204.3
16:30 355 34.8 0.7 45 46 1 0.33 1534
16:40 35.1 34.6 0.5 43 46 3 1 211.4
16:50 349 35.1 0.2 42 47 5 0.67 187.3
17:00 34.7 34.8 0.1 39 42 3 2 118.3
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Fig. 6. Comparison between test site and control site on August 4™ with mist spraying.
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Fig. 8. Comparison of thermal images in 3rd, August. (a) Before mist spraying (15:55) (b) After mist spraying (16:05).
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Table 6. Variation of wet-bulb temperature, sensory temperature and temperature humidity index over time

T, T T, T, THI THI Gap
(Control site)  (Control site) (Test site) (Test site) (Control site) (Test site) of THI

9:00 26.8 34.7 25.2 31.8 84.7 81.4 -33
9:10 27.6 35.9 24.9 31.6 86.2 81.0 -52
9:20 27.5 353 24.8 31.4 85.6 80.8 -4.8
9:30 27.1 352 24.9 31.5 85.3 81.0 -43
9:40 27.8 36.9 25.2 31.8 86.9 81.4 -55
9:50 27.0 36.6 25.0 31.8 86.2 81.3 -49
10:00 26.5 36.1 25.5 324 85.4 82.1 -33
10:10 27.4 373 25.6 32.6 86.9 82.3 -4.6
10:20 27.9 37.7 25.5 32.5 87.5 82.2 -53
10:30 26.7 35.8 25.6 32.6 85.4 82.4 -3.0
10:40 26.8 35.8 25.2 322 85.4 81.7 -3.7
10:50 26.4 352 25.3 323 84.8 81.9 -29
11:00 26.4 35.1 25.8 32.8 84.7 82.6 -2.1
11:10 27.0 35.6 25.5 324 85.5 82.1 -34
11:20 27.2 35.7 25.4 324 85.7 82.1 -3.6
11:30 27.6 37.2 26.0 333 87.0 83.2 -3.8
11:40 27.7 36.9 26.1 33.7 86.8 83.5 -33
11:50 29.2 38.4 25.7 33.0 88.9 82.7 -6.2
12:00 28.9 38.2 25.9 33.2 88.6 83.0 -5.6
12:10 28.1 37.8 26.4 33.9 87.7 83.9 -3.8
12:20 27.8 37.0 26.1 33.6 87.0 83.4 -3.6
12:30 26.3 35.5 25.9 334 84.9 83.2 -1.7
12:40 27.1 36.2 26.4 343 86.0 84.2 -1.8
12:50 26.7 36.0 26.0 339 85.5 83.6 -1.9
13:00 26.5 36.6 26.6 34.7 85.8 84.6 -1.2
13:10 27.8 37.4 26.1 34.0 87.2 83.7 -35
13:20 26.9 37.0 26.7 34.7 86.4 84.7 -1.7
13:30 28.1 37.8 26.5 343 87.7 84.2 -3.5
13:40 27.8 37.8 26.5 343 87.5 84.2 -33
13:50 272 37.4 26.6 34.7 86.9 84.6 -23
14:00 27.4 37.5 26.5 343 87.0 84.2 -2.8
14:10 26.4 35.9 26.1 33.8 85.3 83.6 -1.7
14:20 26.7 36.2 26.3 34.2 85.7 84.0 -1.7
14:30 27.4 379 26.7 34.7 87.3 84.7 -2.6
14:40 273 37.4 26.9 34.7 86.9 84.8 -2.1
14:50 25.7 36.4 26.7 34.6 85.3 84.6 -0.7
15:00 25.6 36.0 26.5 34.4 84.9 84.4 -0.5

Average 27.2 36.6 25.9 333 86.3 83.1 -32
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