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Abstract

In this study, thermal parameters were measured and 213 occupants were also questioned

in three office buildings located in Seoul during the summer season. Predicted mean vote-pre-
dicted percentage of dissatisfied(PMV-PPD) and standard new effective temperature(SET*)
were used for evaluating Korean thermal sensation. The distribution of thermal sensation
vote(TSV) and percentage of dissatisfied(PD) is very similar to that of PMV and PPD. By
regression analysis, the following regression equation was obtained; TSV =0.339SET* -8.

583. In this case, neutral temperature and comfort range are 25.3°C, 23.8~26.8C

respectively. Present experimental results obtained from the field study is less sensitive to the

temperature change than those obtained from the climate chamber study in Korea. But, ther-

mal sensations are similar to each other near the neutral point. The neutral temperature and
comfort range obtained by this experiment are higher than those of ANSI/ASHRAE Stan-

dard 55-1974 about 1.4~1.8C.

—
.

M B

7t ¢ dfto v RE] 4g3E] XY du
NS AXH A JHE =g, EeF
A3} Qzke] £947 Alel2] ARAE WY HE

T 8us] YT gk “““}3.—4 Fanger=
73 AgAdalA F it el § 25679
Ylotzielg iate g Eejz] 29dskA ‘534@] o3k
Qlzke] LAzkE ARkl L vl gk

r.& r&"- rﬂ

*3) 4, A7) dTd 7jAA7E
e e e o R I B R B

Nevins ¥ Rholes 52 A¥As}E #44le] 4¥
dlolejs} Fiste] 6712 £98H 24712, F
&, 7IH45E, 3a8aes, e, dilehES
Bl Qlzbe] 7] HyzQ £47HE dHY o)E
3 g2iEtd APANEL ol4dte mda)sigen,
Fo]z] 243 NA AAAEe] =7 BUHEES
&3 5 gl AlE MY

Fanger?] Aguyst o297} (Predicted
Mean Vote, PMV) @ oA}E-ul=E-5 (Predicted
Percentage of Dissatisfied, PPD) A& Ed&
o8] AFAEL A7t ARMES dyges 37
Aggadelal 9 Ao AHE JsAE drside



342 CEEPREEROES

o, ojelg #7 AP Ao dF= 487 7]
F AR 71zrt HA? d#e] Tanabex
Fangere] A& 5 d% Adalet whell ofsf 4
25 (Modified Temperature, MT)E A}-838}e] <l
Rl sl F M3} ALHe| AP A AT
Qzke] whg-& stk ol#e] Fukai &
w]2=& Aate} Hrpubel glzs] 4 REAFAL =
(Standard New Effective Temperature, SET*)
£ Apgste] Yualdl ojg APE FaAshAch
T ME FF5 ol 7 AHHANA P o
S Ao st ghaqle] £}zl g
ArE pgslgdc).tn

274 4PN LA BAsE Ee U
S5 g’ 2487 220E tfaA WA
A A 4 5 Uoke Aol Atk whwel &
73 AdAe FAYAELE AP b AAlEe]
Hazel g FL dAAQ - S 3
el YA 7] WEel doler}t Qs 2Ao)
AgiHojzb= o] et

ANARE o] AFeE AA AR FHEE &
A ARE Hao FFel AARES 47t
WS A AL 24 oleld WAl FAA
< AEF 5 otk =¥, 373 AP A
Aziel {7 zAle] o AAE wimFgo iy &
vl gk P 288 d 7148 5+ 9l
o, 37 AFAA 7t 297 &5 =elo]
gz e 2 oup} AP A E, 23 AF A4
Hel Qe AR 71EEe] fAd AE HEY
% glel, w]Z9] Schiller 52 MEA| AT ¢330l
oli= 10709) AHF-A widdel A 2,34238]2] FAHE
g & orA dE 2AEF wlaste vlFal
o] godzte sl FUe] AS Fo] &
A Ao g 7= gol FHU, AHFA
W 298l gt A7 g =24 A=
t}’.lﬂ,ll.lllllﬂ

upzla], & QAo A& Aol HA 371
o] AFF-§ AEE Yo R (A0 2937 8
ZEe oi% SA3 2139 (Rt 1319, 7} 82
oo AAAE e R § ATEALE W
¥ AYe FYsigct. ¢ L4984 WA
%9 PMV-PPDs¢} SET*E o|&sle] A3 AxE
#Astg o, o] EMA AFAY e

A7HE Hrletack. A8 Y g 0|83}
of F9] dFA i UM dxH whg-e] W3}
& Absjugheh'y g, APAHE vt B 2o
7 dE ndy f 2dEA VS ARSI, &
74 AR FR 9] A7t E vjars}
et

2. 2EEF HotX|®

21 olxel =9 BHzie| YuE 29

Qzre F3 FAT Folgle duIE A
Atolzbedl, Qo] dirlekst AFZHo 3EE
B35 whdsko] 2 =Hw AHY AHE FASHA
o] A7k FA WAl 2717 de dAA BF
Aeizb ®lck zeiv, qlAe] dixleke) whdwkel
27 ke g8l EAsA =HH Ak H9dv
9% =7|HA A 424 J|FE B8t o
33 ol st gk o)} e AL}
F-2] $77re] dud BAE 44D o2 A=
32 mdg o]43te] Ao iiehlw o5 72
o,

S=[M-W]—
[(C+R+ Edlff+Ersw )+ (Cres_’_Eres)iI
=[M-W]-[H, +H ] (1)

7]14, S& AW Fd3k, M A=, We 4
ol 2jt whadaf, Cef R& zhz} A g9 o
5 R B4 W, Egedt Bt bz A3 dens
FE2 4 9 o Ao 27 S whdsg, C,
¢ Eew 27 3% 53 U ¥ 30w,
Hi®t Heot 72t A2 do) M) whgdalr 9l 3 Fo
2|3t wrdafo|r).

ol2igt duH wdS 7|22 ste A
i3t qlzte] ubg-g gwizA Hrlskr] SlsiA o
43 e HES 33l £49%3 HriARot
Mk 2 A R

@© <A AFH} 59 7 Apo]o] Aol
A5t el ]l Be]lst.

o714, T4 #7342 2R (L), 2HEE (L)
gl ole} Teix) of o Fa A ALz gyE)



AE3H AIRAY §59e 297 Bt 343

@ Qzke] &, dH EF % T "yl 93
A ] YR Lx B oPA A £Fo2 24
a7}

@ A ZEdd AP Folx F2g FeF
8409 B HIY 2E(L,09) Wi 97
o3 AgE(w)o] oJgA ‘Tisie} F9° ¢ ‘HA
B2 el JE}E v X&)

E AT d87e] Hrle) de] sojm
Ae AFE FolA 4983y xF TRAFELE
(SET*)¢} 34 ARXZA HH7tg Jehge
b2 A7} -SG5 (PMV-PPD) & A1g-3}
sict. PMV-PPDef} dfslix= o) =Rella] 47)
e n®, B joi SET*e] djssigt 7k
3] afstaal g}

22 BEMFE2Z(SET®)

A3} 2L At 79 #7 Abole] dnd
2l o]fsle] 2487 E YelHoz Prisd
AE oAe7hA] g aEe] F¢A 4L 7dsa
A #¥37] Slste) A_AE ABAA 5
2R FAkste] veblls oA EEe] wel 3
t}.

SET*& Fol2l tialgelz] BEAQ Fejae
g QA2 AERNA AA Aol e} FUd
F2EH2 (Y A%, Ha)oh d2edd(ar
HEE, wE AP se AUFE 50% 4
o] MR §2 dFBAe 7)o 2 HoEM, F
3o 2= 4(2)9 o] HRL}”

SET*=t.+ (whiu/h0) (pu—0.5pser-..) @

A7) M, L BEAELE, Kb fE 2% 94
2 A%, b fE AAAL AL, par EE4E
55714 pem s SET*O|A 8] 23} 5571eko]
t}.
SET*& 737] slslie ohest 2e gtol &
F8h5]ojo} el

@ ARkl e Bela(la)

@ £F BHH R fE RSl
2 WY P S $5 AU AS(H, b

WA BE Helare] BAE e Rk,

l4=1.33/(M—W+0.74) —0.095 3

9714, .2 291 cloolw, M3} Wo] whsj=
mete]|c},

A(2)oll A (w ho/h)E o FAclA Fo 9
3 A& =Ass T 2o Au A=) A
Folj4 Fidz ddo] dudEE FE vgo)
o} F50] LE(7]L =y AELE)el3, HFo)
F57194a §37] AxdelM SET* 5248 4
HEE 50% < 4t wHe F5 e 3¢
2, #¥ AE&Eo) FUZ HEY AAolh o
2 IR RG] LR Z4F F7I5 1}
g} SET* 5244 (—)71&719) & d=2g$
(w ho/h) 2 F71%ct. wd2 Aeyz Z4s
SET* F&4 %5 Hgstd =] 59 o
3 A oA et

3.

P

SJEREEEIN

315 3

£ AFAAE Mg Adel S 3709 AR
4 ¢ 997 SN = s, 1994 8
4 29%E 849 17479 7|23 5d B¢ A
g& T SN A A 47 A,
F, 2Foln, §HYNF Al AE ZF Pt
o, A& 25 @A gle] 2l 279
e g A 4 A8 sl A
& Table 14 vebygic}.

ARFAY LA AE Hrsly) 8 A Fe
4747 Zeld 28 244 712, FTLEE
(tg) AE=(RH), 7IF4=(v)E 5434
o, AHe-E £37)7)9] 544 Table 20 vjeh)
ek 2 AES J9EE o] 7t g U
ZollA] 4pele) Adub AMFAl W& bsd 2%
A3 9t 2 whel M= el =)o o} 1~3
o] hEHE Al 2987 245 SAIA
o} $AHAXE AAYE W= A Azt
¥ Bl 4 FA ¢, 54717171 Q
Ak F9 gl Eel s S e E U3 4=
2 3l7] 98 8% AE fAEE 2eskdd
th. SAEoly ol wl A Al 3}
= 0.6me)gich.'”



344

wi A - o] 83 - o]y

Table 1 Description of buildings
Building K Building L Building M Building
# floors 4F B4, 17F B2, 54F
Air-conditioning type AHU. AH.U. A.H.U.
Constitution date 1969. 9. 1987. 11. 1988. 6.
Measuring date 1994. 8. 2~3 1994. 8. 17 1994. 8. 9~10
Measured floors 2,3F 4, 8, 15F 7, 15, 26, 43, 48F
# participants 56 62 95
Table 2 Instrumentation description
Quantity Model Measuring range Resolution
Air temperature Mercury Thermometer -10~50C 0.1C
{1 Relative humidity Asman Thermometer 1~100% 1%
Globe temperature Globe Thermometer 0~100C 0.5C
Air velocity Kanomax Anemomaster 24-6111 0~5m/s 0.1m/s
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Table 3 Distribution of the measured data

Room| # Activities [Clothing| v, |R.H. uta }, MRT SIS]T* PMV PPD 1sv | csv

[met] | [clo] |[m/s1|[%]| '] || LTI ] [%]
1 8 1.08 0.46 0.16 | 70 | 27.6 | 28.2 | 28.7 | 28,5 | 0.85| 20.3 | 1.00| -1.00
2 7 1.11 0.46 013 |70 | 27.0 | 27.4 | 27.7 [ 27.6 | 0.68 14.6 | 1.00| -0.17
3 4 1.13 0.41 015 [ 68| 279|283 287|284 090|223 | 1.25| -0.25
4 7 1.10 0.47 012 | 67 | 27.9 | 284 [ 288 | 28.7 | 1.04 | 27.8 | 1.14| -0.71
5 4 1.00 0.45 014 | 65273 {283]29.1|27.7]) 072} 159 1.00] -0.25
6 4 1.03 0.44 0.12 | 65| 274|274 ]274| 272} 053{108 | 1.00] 0.25
7 8 1.09 0.46 0.12 | 64 | 27.2 | 28.0 | 286 | 27.9 | 0.81 | 18.8 | 1.43]| -0.86
8 5 1.08 0.46 0.12 | 65| 27.1 | 28.0 | 28.7 | 28.0| 0.80| 185 | 0.60( 0.00
9 9 1.07 0.49 0.12 | 71| 292|294 296|306 146 49.0 ] 1.44] -1.89
10 | 10 1.08 0.48 010 | 68 | 272|279 | 284|282 0.89 | 21.8| 1.11| -0.44
11 6 1.08 0.43 0.14 | 70 | 26.2 {271 279 |27.0| 040 83 ] 0.17; 0.33
12 | 11 1.09 0.42 0.15 | 73 2631273282274 046 9.5 0.50f -0.30
13 | 17 1.15 0.41 0.12 | 74 | 27.0 | 27.9 | 286 | 28.1 | 0.86} 20.7 | 1.63| -1.06
14 7 1.07 0.50 0.16 | 68| 269|279 | 288|281 075|169} 1.00§ -0.71
15 9 1.04 0.58 0.19 | 64 | 27.8 1281|284 |27.8] 088 21.3| 1.11] -0.44
16 | 12 1.07 0.51 009 | 68239248 254|246 -017] 5.6 ]-0.17| 0.83
17 8 1.04 0.50 0.10 | 61 | 24.7 | 258 | 26.6 | 25.4 | 0.01 50 | 0.00( 0.63
18 7 1.06 0.45 012 | 77 | 24.7 | 26.0 | 27.0 | 26.0 | 0.06 | 5.1 { 0.29| -0.57
19 8 1.30 0.53 0.10 | 67 | 26.0 | 26.6 | 27.0 | 27.0 | 0.84 | 19.7 | 0.88] -0.25
20 | 16 1.10 0.56 0.11 | 50| 26.0| 269276 | 266 | 051 10.4 | 0.13| 0.60
21 6 1.10 0.66 0.12 | 47 | 27.3 | 27.7 | 28.0 | 27.8 | 0.89| 21.8 | 0.67| -0.60
22 | 15 1.05 0.57 0.11 | 51| 271|285 | 295|283 0.97{249| 0.33]-0.40
23 5 1.25 0.54 0.12 { 49| 27.1]29.0| 305282 1.23]36.6 | 1.00] -0.60
24 5 1.10 0.51 0.12 | 54 | 251 (275|294 27.0| 055} 11.4| 0.40| -0.80
25 6 1.02 0.68 0.10 | 51 | 25.7 | 27.3 | 285 | 27.3 | 0.69| 15.0 | 0.83| -1.17
26 4 1.30 0.61 0.12 | 50 | 25.6 | 27.3 | 28.6 | 27.0 | 0.90 | 22.0 | 0.00| -0.75
27 5 1.02 0.69 0.10 | 56 | 24.1 | 26.0 | 274 | 26.3 | 030} 6.8 -0.25] 0.50
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Table 4 Thermal sensation and comfort sensa-

tion scales
Thermal sensation Comfort sensation
scale scale
—3 Cold —3 Very uncomfortable
—2 Cool —2 Uncomfortable
—1 Slightly cool | —1 Slightly uncomfortable
0 Neutral 0 Neutral
+ 1 Slightly warm| +1 Slightly comfortable
+2 Warm +2 Comfortable
+3 Hot +3 Very comfortable

Table 5 Anthropometric data for the subjects
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Total(213 persons) Male(131 persons) Female(82 persons)
Mean + S.D.{Min.~Max.|Mean + S.D.|Min.~Max.|Mean + S.D.{Min.~Max.
Age [year]| 31.2+8.1 17~56 34.6+7.7 18~56 25.7+5.2 17~41
Height {ecm]|167.4+6.5| 155~183 | 171.5+4.4 | 160~183 | 161.0+3.4 | 155~172
Weight [kg]|60.1+10.4 38~90 66.4+7.6 49~90 50.2+5.2 38~73
Body surface area [m?]{1.67£0.16 | 1.30~2.09 | 1.77£0.10 { 1.53+2.09 | 1.50+0.08 | 1.30~1.79
Clothing [clo] | 0.51+0.15| 0.29~1.35 | 0.52+0.13 | 0.32~0.99 | 0.48+0.18 ] 0.29~1.35
Activities [met]}1.09+0.16{ 1.0~2.1 |1.08%0.18] 1.0~2.1 |1.11%0.13| 1.0~2.1
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Fig.2 Thermoregulatory response of human
body at neutral temperature
(M=1.04met, 1,=0.50clo, v.=0.10m/s,
R.H.=61%, t,=24.7C, t,=25.8C)
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Fig.3 Sensible and evaporative heat loss rate
with thermal condition
(High:M=1.07met, [,=0.49clo, v,=0.
12m/s, R.H.=71%, t,=29.2°C, t,=29.4
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Fig.4 Thermoregulatory response of human
body with thermal condition
(High:M=1.07met, 1,=0.49clo, v.=0.
12m/s, RH.=71%, t.=29.2°C, t,=29.4
°C, Neutral:M=1.04met, I,=0.50clo, v,
=0.10m/s, R.H.=61%, t,=24.7C, t,=
25.8°C, Low:M=1.07met, 1,=0.51clo, v,
=0.09m/s, RH.=68%, t,=23.9C, t,=
24.8°C)
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Table 6 Comparison of present experimental results with ISO Standard 7730

ISO 7730 Present
Regression equation TSV=1.148PMV —-0.071
Neutral point(TSV=0) PMV=0 PMV=0.06
Comfort range(—0.5<TSV<0.5) —0.5<PMV 0.5 —0.38<PMV <0.50
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Table 7 Comparison of present experimental results with ANSI/ASHRAE Standard 55-1974

ASHRAE 55-1974 Present
Neutral temperature[ C ] 23.7 25.3
Comfort range(—0.5<TSV <0.5) 22.0<SET*<25.4 23.8<SET*<26.8
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Table 8 Comparison of present experimental results with other’s

Researcher Kum et al.(1993) Present
Method Climate chamber Field study PMV-PPD model
Regression equation TSV=0.433SET*—10.84 | TSV=0.339SET*—8.583 | PMV=0.279SET*—6.97
Neutral temperature[ C ] 25.0 25.3 25.0
Comfort|22.0<SET*<25.4 -1.31< TSV <0.16 -1.13<TSV<0.03 -0.83<PMV <(.12
range | -0.5<TSV<0.5 23.9<SET*<26.2 23.8<SET*<26.8 23.2<SET*<26.8
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