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ABSTRACT: In this study, indoor thermal environment, resident behavior of operating cool-
ing device, and thermal comfort vote are investigated at the living room of apartment during
summertime in Seoul. Based on the results of the investigation, indoor air temperatures that
residents turn air conditioners (especially for cooling load in this research) on and off were
found out. The relationships between outdoor weather condition and the number of days using
air conditioner, and whether operating patterns of the devices were also found out. The ac-
ceptable thermal comfort zone is figured out from these results, and this research is expected
to contribute to the development of household air conditioner.

The results can be summarized as the followings; Residents turned the air conditioner on at
29.76C of indoor air temperature, and 28.89°C of SET". And turned the air conditioner off at
2731TC of indoor air temperature, and 23.70C SET'. Therefore, acceptable thermal comfort
zone could be lied between these temperatures. If comfortable indoor thermal environment can
be obtained with various architectural passive cooling techniques based on the results, energy
consumption of cooling devices will be reduced.

Key words: Acceptable thermal comfort zone(58 A 2x ¥9l), Apartment(F% 5 ), Ther-
mal environment(-2 €& 7), Critical cooling temperature(y ¥ 34 &%)
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Table 1 The outline of investigated apartment houses and air conditioners

Apartment| The size |[Construction| Total ﬂoor The number of | Cooling ability |Stories (measured
house No. | of family year area (m?) | air conditioner (kw) house/building)
A 2 2000 109.1 1 6.0 19/23
B 3 2000 109.1 1 56 17/23
C 3 2002 148.7 1 83 3/12

D 6 1980 82.7 1 16 2/5

E 4 2000 208.3 1 - 23/23

F 4 2000 109.1 1 83 11/25
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(a) Measuring thermal condition in living room (b) Measuring air temperature from air conditioner

Fig. 1 Setting up measuring devices.
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Fig. 2 Outdoor air temperature and relative
humidity during experiment periods.
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Table 2 Measurement results

Mean Maximum Minimum

T, RH MRT T, RH MRT T, RH | MRT

A 25.2 82.0 256 275 99.1 28.9 21.7 66.5 20.1

B 26.0 79.7 26.3 283 91.7 299 229 60.4 21.0

C 26.1 79.9 26.7 28.3 99.1 29.6 22.1 66.5 21.2

Pls.t 4 D 27.3 786 27.3 29.1 89.8 29.9 252 60.7 245
eno E 26.2 776 265 28.3 93.8 295 236 56.3 22.8
F 25.2 82.9 245 27.1 9.3 29.2 225 65.4 19.0

Mean | 26.0 80.1 26.2 28.1 95.0 295 23.0 62.6 21.4

A 28.9 712 29.4 32.3 93.8 35.1 24.4 46.0 227

B 29.0 68.4 29.8 32.8 88.2 35.1 25.2 419 17.9

C 289 70.7 29.4 31.9 85.2 346 256 39.2 24.4

Pznq 4 D 30.7 66.0 30.7 33.2 83.1 334 26.7 455 26.9
eno E 30.3 64.4 30.5 34.0 89.8 356 26.3 30.8 235
F 28.4 746 28.6 315 1000 | 378 24.8 34.1 181

Mean | 294 69.2 297 326 90.9 35.3 255 39.6 22.2

A 26.1 68.8 26.5 31.1 93.8 32.2 217 428 20.7

B 265 66.5 27.3 30.3 91.7 32.9 225 469 21.1

C 26.1 72.0 265 28.7 91.7 31.1 25 50.2 198

P3r,d D 28.1 685 28.2 31.1 81.7 317 25.9 46.4 25.4
eriod| g 280 61.0 28.2 315 828 33.1 236 447 226
F 255 712 25.8 28.7 9.3 366 225 50.8 162

Mean | 267 68.0 27.1 30.3 89.7 329 23.1 47.0 21.0
Mean 27.4 72.4 277 30.3 91.8 326 239 49.7 215
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Table 3 Outdoor weather conditions during the
operating period of air conditioner

Date |APT Ta mean Ta max Ta min RH Vmax
M|D|No.| (C) | (C) | (C) | (%) | (m/s)
31 2 | 244 | 268 | 220 | 89 | 35
7| 1 | 215 | 222 | 207 | 954 | 38
16( 1 | 230 | 246 | 222 | 953 | 70
1911} 264 | 283 | 262 | 823 | 76
201 2 | 257 | 268 | 248 | 871 | b3
21| 2 | 268 | 318 | 241 | 825 | 43
22| 3 | 274 | 320 | 241 | 763 | 41
7 23| 1 | 283 | 332 | 240 | 650 | b3
24| 2 ] 2716 | 308 | 237 | 620 | 39
25| 1 | 264 | 280 | 226 | 768 | 44
261 1 | 265 | 292 | 238 | 771 | 45
271 1 | 276 | 302 | 247 | 734 | 57
28| 2 | 287 | 327 | 260 | 718 | 44
29| 4 | 289 | 332 | 241 | 639 | 35
301 3292 | 334 | 252 | 651 | 41
31| 5| 299 | 345 | 247 | 644 | 39
11 4| 294 | 342 | 253 | 570 | 48
2| 2 | 283 | 332 | 237 | 613 | 45
3| 3| 288 | 327 | 257 | 663 | 55
4, 2 | 285 | 329 | 232 | 688 | 49
5{ 2 | 276 | 327 | 238 | 753 | 55
6 2 | 283 | 329 | 247 | 706 | 52
7| 2 | 285 | 324 | 262 | 723 | 48
8 8/ 1| 278 | 320 | 261 | 763 | 53
9] 4 | 286 | 330 | 250 | 706 | 43
10{ 4 | 302 | 362 | 252 | 671 | 42
11| 4 | 304 | 357 | 256 | 531 | 40
121 4 | 296 | 347 | 256 | 605 | 44
13} 2 | 287 | 327 | 260 | 685 | 5.1
14| 3 | 263 | 292 | 240 | 745 | 5.1
15) 1} 267 | 310 | 228 | 666 | 35
29| 1 | 2565 | 301 | 216 | 628 | 47
Mean| 23| 275 | 314 | 243 | 719 | 47
Max| 5 | 304 | 362 | 262 | 954 | 76
Min | 1 | 215 | 222 | 20.7 | 531 | 35
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Table 4 Critical cooling temperature
Outdoor T, (C) Indoor T, (C)
Mean Max Min Mean Max Min
Start cooling 27.9 295 26.3 28.9 30.7 27.1
A Stop cooling 27.1 295 25.7 25.7 26.3 25.2
Difference -0.8 0.0 —06 -3.2 —44 -19
Start cooling 30.6 339 257 299 328 26.7
B Stop cooling 29.7 334 25.7 217 31.1 256
Difference -09 -05 0.0 —-2.2 -1.7 -~1.1
Start cooling 29.2 33.70 25.0 29.8 315 28.3
C Stop cooling 29.2 33.70 25.0 21.2 28.3 26.3
Difference 0.0 0.0 0.0 —-26 —-3.2 -20
Start cooling 26.5 340 23.1 30.7 33.2 275
D Stop cooling 26.0 33.7 22.8 29.1 31.1 26.3
Difference -05 -0.3 -0.3 -16 —2.1 -12
Start cooling 30.0 34.0 255 309 34.0 27.1
E Stop cooling 29.2 34.0 24.2 285 323 26.0
Difference —0.8 0.0 —-1.3 —24 —-1.7 —-1.1
Start cooling 30.2 34.0 21.2 28.3 30.3 24.8
F Stop cooling 30.0 35.0 21.2 25.6 26.7 24.4
Difference -0.2 -1.0 0.0 -27 —-36 ~04
Start cooling 29.1 332 245 29.8 321 269
Mean | Stop cooling 285 33.2 24.1 27.3 29.3 256
Difference —0.6 0.0 —0.4 -25 —-28 -13
Zz7 o2 Yurg zFY 5 gon, # 825 (Standard New Effective Temperature,
47 AAA Rdolgte & FHE UHsA o3} SET"2} A%, 294 %3 = ¥ (Predicted Mean
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dicted Percentage of Dissatisfaction, ©]3t PPD
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Table 5 Indoor thermal condition at the time that air conditioners are turned on and off

A/C ON A/C OFF

No. SET" (C) PMV PPD SET" (C) PMV PPD
A 2.2 12(SW) 37 230 —06(5C) 14
B 28 1L5(W) 53 237 ~0.2(N) 6
C 292 L6(W) 55 24.6 0.0(N) 5
D 299 1.8(W) 64 271 0.9(SW) 2
E 304 L7(W) 63 24.7 —0.3(N) 7
F %.8 0.6(SW) 14 19.1 ~1.9(COOL) 75

Mean 289 14(SW) 47 237 -0.3(N) 7
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T HYE AY2dadAe 71Fog BdAsn
Aom® 150 77300 M AHGAo 2N PMV
¢} PPD9] ztol Z+zZt —05<PMV < +05, PPD<
10%8 ALY PF oA HEAPL SET
289C, PMV 1412 <7+ wpzagk e (slightly
warm)Ath &, 659 2% FHIGL Hold
SET'$} PMV FFolA oojad A1g& AAEY
ow #@# SET 23.7C, PMV —0494 ofo]#A
AHE-S FAsYY. el DFEY A SoE oo
& FAF AHAE gAFdn} & 252
Yol YAtk o] AL A olekr)g DI
S5 g7 DFEHA Algse dojAe W
S9o] 7] W& Aoz AP wy FE
el B oo FAA™e SET S PMV
7t AHgdET ¢ 252 Hog A$2 o
= FFdY dojzde Yz do] #AM Fuygez
B2 A B doAE A= AL
o] & %o HolRy] YEom FHPgAr

oldel AT HE, FeoAN & Wir A
gA Az LA Ls WY SET 237
TellA SET" 289T Alelz A& £ glom,
o] gl AHAFH Hdold HA #YL T
3t £ 8 7} (acceptable) MYTE £ WX
gt et e FEFYAN 453 3
&, AF7IEA WY $£53 Holg nger @
ASHRAE Standard 5514 Aetstz Q& SET'
222~256Ce AXHY =4 715 2 AA
ol F HA Wy 4L wew o SET
237~289TC *}ol2 o]F=H1Y o e dury
Y Aoe FEEHE LY FEFHY o
3 & UYE FF + Yt

4.4 B

Aol ool hg Agate AeA W BEF
d 6Htie] AN @A AFte] Wi A
£ sl 7, 889l 27HY ol A RALE
gk,

() #4459 AL e 982 JF
o W9 o 26~30T Atolql Aoz e
W, AulsEs o 70~80% HAY Aoz
ek

(2) AFAe] AA BF JEFL 03cloz F
2 9y g ze whlxle £x3Poe Ayse=

L3
Lo lo

RAoZ ZAHJT, Ao Asgdo] x| ©f
42 WEEI Ah

(3) BE =AY FHA HIFIE A&
Ro, 14U FF 370e AFEANE BAsln
dE Aoz YEhytth

(4) oA FALL7ZHE 79 16Y0lA 84
154712 9] & Ezteoldon A AFF F49
oz ALEAdFE AYER Aelrt AN 44
A 2798 Atoldl £EHo AT HF 12¢ AME
stv AoZ eyl

(5) dlofd ALS-FE = = ALEAZEF Y] A
NN 744 S ABATE B A9 sdes
Tt Y87 YU)2oley dFHF 9r]&e] 25T
o] doli, HUIFE 60% oY HE FZ2 oo
A& AHg3hd, 53 43T 97| 285C o4
d A5t dPEE Feol oA ALsts
RO Z eyttt

6) AFAEL Ar]2 29.76°C, SET" 2889
ToAlA ofo}rd AHE-S AF}sla, Azl 273
C, SET" 23.7CelA ool A8<L ZFAstE A
oz el o] Az RE, FddA o
3 9] AHEA AFAY 48 E HY
£ SET" 23.7~289TC Atol2 AHeE 4 gloh

o]%e] Ane} ol AEA ME&A W FFF
9 Ade] 2F87% HdaE Hofstn Yy
#% blojHE 4 £ UJy. Lol ZAIAE u}
gog FEAHLE HHYE FIAT =T A
FAEL AuU7]2 298T, SET" 289TC A ol
A AR AFRde A2 Yeu, EFou ¢
Abztd & AEAAR ZW9 wHE ko A
WIIEE o] #3 o)FE FAANE A5F ¢
W7l AHgoz A duxaHFE 2Y £ 9

& Aoz Ahad.
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