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A study on Variable Conditions of Air-velocity
and Temperature for Acquiring the Thermal-

Comfort in the Air Conditioning System

Hyung Chul Kim

Department of Refrigeration and Air Conditioning Engineering,

Graduate School, Pukyong National University

Abstract

As the modern society and industries are developed, environmental
pollution is getting serious, and people prefer staying inside because of
the convenience. Since the modern people are spending most of their time
within indoor space, their ways to live indoors are closely related to their
lifetime health. World Health Organization (WHO) defines health as "the
state not only without any disease or injury but also in good physical,

mental, and social condition.” Hereby, the health of indoor residents is the
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top priority. Thus, the most important matter regarding housing, now and
in the future, is in what kind of indoor environment one will live to be
able to enjoy plea_sant and healthy life. The desirable indoor environment
required today should guarantee healthy and pleasant life indoors all the
time, efficient working conditions, and comfortable resting space, as well
as prevent any accident. However, common offices or homes today only
depend on air-conditioning as a cooling system during the summer. This
kind of system tends to be centered on the person who controls it and
those who are around the air-conditioner, while thermal-comfort of the
majority is neglected. Furthermore, the people’s body conditions are not
considered during the beginning, the middle, and the last of the
air-conditioning accordingly, which in causing displeasure of the residents
more and more. This sort of air-conditioning method came from the
thermal equilibrium model concept, which was come up with by the
existing researchers such as Fanger, and can not sustain pleasant air
condition steadily. In addition, operating this kind of system for a long
time may cause unbalanced air condition within the place neglecting the
body responses of the people, and thus, as time goes by, displeasure of

the indoor residents comes to increase. It also should be considered that
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the excessive use of air conditioners has huge negative impact on
summer time electric power supply. Thus, it is necessary to introduce the
Adaptive Model, by which people can keep themselves pleasant in terms
of temperature, so that thermal-comfort can be sustained steadily. To
solve the problem related to the economic load and displeasure resulting
from the excess air-cooling, the air conditioning environment
accommodating Acceptable Comfort Zone is also required. To make
pleasant, physical and mental, the residents within a place during the
summer, fast reaching to thermal-comfort at the early process of air
conditioning, and its sustaining at the middle and last parts too. In the
event of coming back from outdoor activities, the body may feel
displeasure and the heat because of the accumulated Heat Load.
Therefore, to sustain thermal-comfort formed at the early stage of air
conditioning, the accumulated Heat Load should be removed soon to keep
the body Heat Balance. In removing the body Heat Load causing
displeasure, the revaluation of thermal-comfort according to the body
response to the air from the facility and the temperature. Accordingly,
this study analyzes the fluctuation of thermal-comfort according to the

air condition and the temperature in order to grasp the body thermal
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state at the early stage of air conditioning during the summer. In addition
to that, by clarifying the point at which the state of pleasure turns into
that of displeasure through the fluctuation of thermal-comfort, the basic
data in sustaining the state of pleasure steadily will be arranged. Further,
the improvement of thermal-comfort at the middle and last stages of air
conditioning will be explored by analyzing the fluctuation of the
temperature. an thermal environmental element, at the body adjustment
point. The preferred air types and swing patterns of air conditioning will
be examined and utilized as means of air conditioner controlling for
pleasant environment. Through the procedures above, the methods to
improve thermal-comfort according to the controlling ways of air
conditioning will be presented and thereby this will bring improvement in
sustaining thermal-comfort of the indoor residents steadily as well as

pleasant environment.
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Julg setstnd @ £¢, 48Hde AL Aotsod AN of
oA Aelswoz FeAnA @t olsh 2& ATE Fo WA dojA
Aol gefol me AA LAYy P4 ANFOZA AU AFAY A
&5 edNYY At AHY #32 ARdRA @)
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£ T3 BHstn AAHGHAA EHFGoR olF st AMESAHE
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A4FLE YA AAESAEe] 25 HEL T3 QA 94y W
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Chapter 2
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+ EEG (slactroencephalogram), ECG (electrocardiogram)
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Chapter 3 Chapter 4 Chapter 5
* Experiment of human body . , vE of ! it
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Chapter 6
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swing patiern
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Condition for Thermal-Comfort Arrival

Figure 1.1 Structure of the thesis
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OIREL AAF 229 712MFC] Hu vk 2 FEHH, KA A
of vl Z7ld 22X %S vA= A7 LA 2 drld FAH o
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of E¢Hez AA9 ¥ vIAA do.

olgid Aol tiF AAMe WL Fo] IAF LG FEFYE Fo A
A s dodx Y FHE 7t 29AHY 3P, J1F5E 59
A2 H e Hol7] Aladd. Zhzte A4 xAd g3 e FHHe=
A2z E5F F& =74 e 28g EAF AE W dAE Fo
A 2ERF wet FRolFE dAY AExA-, F9 s, FrIxste 2

e

, FO1F T PFAH WL Yoglm, UAS 2921 FAZ 29
231, =28 & WFAIIE AL HEol = HZL 298EFA AA

gl #AE HAHSA €9 Figure 212 23847 AANEo BAE

etz Yot
Form & Heredity Factor
Ethnic. Sex. Age, Constilution, etc
Long-Term Action Short- Term Action
Healh, Practice., abng, . .
Nutriton, eic Exposure. eic
Background
Environment Condition A 4
Season, Time, Place, eic
Human
Environment i Human body condition
Tempearature, Alrflow ! I { Cio
Humidity, Radiation Maet
F 3
Psychological Effect Physiokogical reaction
Thermat Sensation Vote Body Tempaerature
Comiort Sensation Vots i Biood Pressure
alc stc

Acton Efect
Cinthes Change

Space Transfer
otc

Figure 2.1 System of man-thermal environment
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22 2949437 A4 W9
22.1 299437 (Thermal Comfort)

AE o2 HHF & TE7] A3 =42 3 g, o9 g2
e 2EE7A] AFo wrgol Hol gtk wA dHoz AHE B
€ AEsnA e =¥ AFAYY dAdA HF Fo8A nsof
g 84 3o syt =AY a2y AREA 2dAHFe] FAd e
Aol ®ak71E ojel @], 1S0-7730 2 ASHRAE St. 55-81°& thg3} 7o)

“eds|q Rl Bared RelHo] Ao}

“That condition of mind which expresses satisfaction with the thermal
environment”: ISO-7730
"Thermal comfort is defined as that condition of mind which expresses

satisfaction with the thermal environment”: ASHRAE St55-81

ZdAA A “E A dEtyg =

tlo

EASE ool Aee
£ Aol dMAE WREe AFE]l oAE ST, AYE BAA W5
2 washe) YerAlE olale Hol Ack ot AAH A9 FAE ey
of 37 wEolth Hug AFFE Nz e 2987 AHd AW, 44

ozt AAE Huel Y, ol 2 AUZYY edARAE o B
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A 2E 22 e 84 AHAE Aol ok A8 A 28849
TA g Aot dAz2 24AAAE Frske AX(PMV, SETHA
L LLRAEE FVILE, WARRE, 71N, €5, F9F, dAE F 671
Ag a2k F HAFH dAFS AR F9 koW, Ynix 482 E
BAxho . R 719 ARE, £9, 2% T 7lE 24% 29944
< 37 & W ¥4 mEFHolol & 8424 ¢ BE AFE H_F §i

2.2.2 A3 Y3 (Comfort Zone)
AYLEdEE A= AFAY A3 = 292 2(F48F 2 FohHE 1
HE FEjel A #3 Fo] 2HA(LE, &, 7§, BAHDE 2ASE Ao

9 874 & 2484

o

24 $9ozNE FrZsdN, B AR Y

827
o
PN
)
off
a8
o
o
2
ojft
tio

s 7 39 JEZ AFAqA A 298

3& AT AAME

N

128 422 LHBAHRLE 53 Ao F
g3, “AA"olgE A “BH"E 72 gon dreEf2art Qe AH
#a g & 5 gern, Qe € Yoz ustd AA I3y A
dA @ F37t e AHE LD A PP L o4 AF HAYL
29 A7 2 2829 87 & 4829 % 6714 29ar9] 2oz YA
Zol FaAh a2 dFEe Aol Hsdn Adzsie zANME

UM BA"SHTR Bake AFoZRH HAN 2A'E sasE ATl
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AE R BF Alge] BE & Ut A zAL EASA v A
2 ¢ & Uk RS S, MEE, AW, 5 AN} EAss] G2

olth. A, #H FHYAN Foj o] FHe LHFHRANHE BREL
sase AFe SASEH, 98 9 PMV - 0¥ @ 2RE&(PPD)E
H27h 92w, ojg PPDE 0%7F ohd@ 5%olth. SET'9 A$dxE H2
gtz ge of 7%olth

Azte AN zRo2RE td o¥HAY dad @ 2EH2st Yoix
IR dAF 4 dE FYE AT Yon, g% Fd JHNE 4y
B¢ FAsE Aol shssith 2elmz A zAL shie YozAst of
Ug} oj| BurEge 4YdA 22 ixE WAGIE ¥MEA ATHE
Aol ggdttn & $ don, [SONAE -05 < PMV < +05¢ o
PPD=10%7} =€ HAE #AH HAZ sz U SET'9 A$ EuEg
10%°1 siFsts HA W SET” 232 ~245T9 ¥l sz g,
ASHRAEJ A= EHESE 20%0]8te A8 5 %8 80%d #HF=e ¥4

g AHEA2 Holsn U
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23 AA ] FAAH R A2
2.3.1 949 3¢/ (Homeostasis)

Aol FLFHE FASHH FE FHE A& o EFFT AA
< JHAM AAE FATG. AH7 ARAEHE A A& AA A
(homeostasis)il 3w o]z JAdS FAe7] s AAe] F&
24 #A¥-§(homeostatic reaction)e]g}i k. A 7|5 A F2EHA
Axe 2 H994 e JAZ AXgYEE, =AY, X)) o3 dash
E43% ARE FAXYH i =HEE DAL F HAZYA L M T
5 Hed 23E FoIAE AEY AHYAJA @Rl gt o)yF

g4 AAY WE 37 (internal environment)2k2 331 A A9 R FA

Lo

(external environment)¥ TE3F o} QA Ho] WMz o NANFEIHF LS
Ao AHAEHE FHAEFHZ dn AL AR EBH  AAIFIA

(homeostasis)?l g} 3t} o] AL Qzko] &7 Y3 WazAo|zgtn Fict

2.3.2 A4 3 3 -$(Physiological Adaptation)

A28 A & (physiological adaptation)2 7iH2 | AA7F 473 F713
Ao i3] Aoz Ay Hl WAL WA Y 2
8733 (homeostasis)& FAdste AA S Fd QA7 S nIANEe &

AozRE AZ(HW, AL, A%: 5o AGH AL ABHo2 F§Y
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M AHY)EE 2R ARG, AFALEE D)E 4PH AR 44
37 g8 AAZI5 7IE WSS WHNAN 2 F AL we o
Ao BAg /M B @4z =Hol Yo

A M HLANE AN A4t Fas Az Fo dA =AW

&8 4o 4 AL dodle AR AF AFo AL Hxe B

Rop HAFE I A 27 e FAHA HEAANEer Agdn.

§ S "l "l
S B a 4
S ¢ E . ~ N1
w [
_§~ pd
g @ ," e a;
g g
2 3 - >
e -1 -]
Environment Condition Environment Condition
Conforming organism Regulating organism

ay, @2 . Each other adaptation state
f : Living body function change extent about resistance area
e : Extent of environment condition about resistance area

— : Normal resistance area

. . Resistance area of short time

Figure 2.2 Change of living body function about environment

condition change
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U 2L AFTFES 5L T HAVITAHZY FA)o 8=
9 st W2 WHd HA {FAHH o] L AAE EAFIIA
(regulating organism)ol2tx ot a2y o] WtiE #FAH ] Wl &
33t dAZIEe] WAt M T4 /7] M(conforming organism)e}
A gh FASETL A o AE ¥gsts W2 FEC) 1 dr g
Figure 22 &4 g & YA7)5 A& vetn ot

233 329 344

Azt AL A9 B5T~ITE $AHD Uk BE AL 25CY o
YA £ o] NREWLEE 33-34To| A 580 25CA +9% <
AN} AREFHLEE 26C~27C7AA W, 28y JREALE H3)
o= g8 WFdAE 369T 2HE KA o|AL 5C FFAHE A9
W7 ok JAE Aoz FEIE AAMY AR ZHoZREH 10mm7t
AE 97t (shelletx 31 7422 g3 A FHH(core)2 UE 5
ok o)A R A FRo| obd AEH, /15AQA MEe TR AR
o2 JQAe BHE2x wEt FHFAN AR 2 o)Fdty %7 AT
JzHE FASE AL A¥(skin), HEFXWF(ayer of fat), THX3F
(muscular)&.2 T4 Ut 479 &8 A9 FPHE FAse

& 98 a3t 22x FHFE TP e AL H(brain), 3



Z(spine), A (heart), {+Adiver) € 7IEl 2F7H Foz AHEEA gl

oiME e WATIReE FAH Jdon o R 2ee A 37T

=8 fA% 3 9o

Figure 232 J. Ashoff7} #AA& zt5-9 FYFo] 25 AdxE e

W gloh

HOT Warm Cold

Figure 2.3 Temperature concept of shell and core

2.3.4 3’344 (Normothermia)

=3 & o 31T # 8 3

fr

LEIEER)

fr

)
e

e 2 8P LEq

e
rr
]
o

g it & FYRE 2=t A9 ATA FAHAW g ere

Aol =0 mel WEsted, 44 HAEEUHLEE FHE 259

3 4 doernz FHFAA JITCE dgd AP Yo 2x7t ¥ e 9y
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B2 gesld 92 vd ¥ @ Adgdos 3982 SorbA ®uh ¥
o olgjd A8 WEol UM W iy F7A4 44E do] YAEHe=
JEHT FUR LEE B4 W&A FAEY 28T ST o]
BYe 98 G PAFE SANAT @ Bart Ye WE FxEHoze
Aol F7hRTh YA AW FALZYE AAR2 A o)Fo] F7ke
) WEG 947 LEs A4EE FH8EH 4 2@ A € F 9
7o ext @ALEd o3 FHRFoz AAHE Rl ol Bz &
g3l o8 72 2MHA YO gy ARLEE Yoo o8 FYR
BE spz ewsE d3do) o F= APYe ¢ 5 A Figure 24%

AT 9 ALEEER G FFEF)H FE FA(FH)d =HUS

coLD

Figure 2.4 Distribution of body temperature
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dutdo g FAE 2= Ao F RES SFHFoZN SHY 5+
=, 77 (oral), & *(rectal), 4] =(esophageal), 3% (tympanic membrane)
Y 5= FTYR 258 dHses HA2 Ag"HY £33, ol Y

eEg Yyesdn @ 2oy oF F ojn FIE YREEE B3

4L = (rectal temperature) 43Ho 2y AgH oz s de ALE
HE AFEEA B PN FHd ARG 2 #g 20 ARE &
g e Sz gdede] nuy ooz g R 2=t
e de HF2ee FA ¥R gevh gHdd AFere A, F
4He dFFo] dojd AHAME AR 2EE /M Z g RIAD, Ao
B g HEXE B 199 57 AR2EE ¢ B wgddn fo
7742 = (oral temperature)= PN E3 AHEHEH dFEY B¢ AR
SE9 fFAMG ¥EE Bolvk 1 o] AF 2= HlE 03~05TW %
#$H4e JFF¥e A Pozz JFF A¥2EFH T F o HEeE
(esophageal temperature)t A% %A ZAHE o=z A4F W Hog
SEE Ugdn Ydutgog AELEE ofF hAE e Holn APLw
o i E 02CAHE ¥of. 192 S (tympanic temperature)t 20L& %

s nUERAA 23sE AozA IR Ut ANEEe Lo} FA8
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B2 A22E FFE Jle 49 258 /M 2 g

2.35 9|} 2 % (Skin Temperature)

IReEE AREH AANA AUHNE FL oFF Ak Gy BPe
= g9 g3 FYF & Az o2 Y N2 gulHE dFgor
279t 83 L%/ 933 H(thermal neutrality)e] 28 o Frew:
ojmtol = oF 35C, tEFIANE 33C 2y EF5AAE 31TE Y
o a2y @350t Yol W HRIE: i Rsed 1 i3 AEE A}

Agoz 245 A3 AA,

40
:6 /
E 30+ Forehead
-
c
! Thigh
5 20}

Foot
1 o ' 1 L » =
0 10 20 30 40

Ambient Temp (*C)

Figure 25 Skin temperature change by outdoor temperature
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Table 2.1 Heat production in rest state

Organ Wt Heat production
(%BW) (kcal/h) (% of total)

Brain 2.1 125 16%
Kidneys 0.45 6.0 7.17%
Heart 0.45 84 10.7%
Lungs 0.9 34 4.4%
Splanchnic 38 26.2 33.6%
Skin 78 15 1.9%
Muscle 415 12.2 15.7%
Others 43.0 7.8 10.0%
Total 100 78 100%

236 F 91 2% (Mean Skin Temperature)

MReEs AARYC o g2og M UYL =8 f P
Pewd HPstE #S olgdd AW FHEF Aole I nBFL 2
Asher Agdd FIFVNRLEE oY THY JPLEE ZHE F 2
ool 3l L WHuE o] gsd Ve o|2HA golmz BEF
A4 24 Fo 42U e AFAEC] AL BFNELE 24

M e Table 2200 YEHHAIY, BE AAe B 29E

i

4g¢sE B
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55 o4 25 26 27 28 26 305 51 52 53 a3

Figure 2.6 Skin temperature of body region and mean skin temperature

(Hardy & Dubois 1938)

Table 2.2 Equations to estimate MST (quoted from Tanabe)

Author Equation of mean skin temperature
Burton t,=0.5ty (chest) +0. 14t 4 (arm) +0.36t , (thigh)
t,=0.043t , (head) +0.055¢ 4 (face) +0.081 %2t , (abdomen)
+0.166t 4 (back) +0. 082t (upper arm) +0.061t 4 (fore arm)
Kurata
+0.053t . (hand) +0. 172t (upper thigh)
+0.134t 4 (lower thigh) +0.072t, (foot)
t,=0.07ty (face) +0.35/4t 4 (chest) +0.35/4t , (abdornen)
Mitchell &
+0.7/4t 4 (back) +0.14t , (upper arm)+0.05¢t 4 (hand)
Wyndham
+0.19t o (upper thighs)+0.13t, (lower thighs)+0.07ts(foot)
t,=0.07t 4 (face) +0. 1t 4 (chest) +0.09*3t , (back)
Nadel
+0.07*2t 4 (arm) +0. 11t 4 (hand) +0. 16t 4 (thigh) +0. 16t , (foot)
t, =t for ehead)0.07 +t 4 ( for earm)x0. 14 +t 4 (back of the hand)x0.05
Hardy & . .
) +t 4 (abdomen) x0.35 -+t (upper thighs)x0.19+t  (lower thighs)x(.
DuBois

+1t 4 (foot) x0.07
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23.7 A2 4343 ¢

AAE € B R FFo=2e & WA AHE o|FH gt
BFel i HAARRAdoG e @A FHGd A o] A Az
A 7% BAE de dFsE 7HAT £ "ole AL B ARstn
Ay ol2tETE dAbgelEta B FolE dod o9 £ Fejrt A
£H9 F%F, 4715, A=) ASHY #Ar] I3 FHRRH E57
2] o)A Aozt LA =, A HFLE7F 40Told HE 92
o7t AEHS FE o2 AFY YHAA =L

Bt Qdzbo] YF F& ol YA HE AR FHLET} ol E@
AFLE7 AstEt. AF2%7 35Tz Hold g & AxLolg} sln
olet & AFMT A TF - £87VITd FAE dosln FH o

24 4o

Heat diffusion by convection curment

Increese of heat production by exercise Heat diffusion by radiation

Increase of heat production by that shake incraase of heut diffusion by calorification

trent of heat diffusion by clothes

Among others heat production by cause Adjustmeant of heat diffusion by blood strearmn

Heat production by basal metabolism Heat diffusion by breath

Amaong othurs

¢ 3

\‘
e \\\

35%C 39T

Figure 2.7 Balance of bodvy heat production course heat diffusions
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Table 2.3 Skin temperature different skin state

Skin Temperature

Skin state

More than 45T Fast damage of skin formation
43T ~ 41T Catch a fever
41C ~ 39T Cause ache
39T ~ 3BT Feel hot weather
37C ~ 35T Sense about temperature
34T ~ 33T Comfortable
33T ~ 32T Comfortable (2~4 met at body activity)
32T ~ 30T Comfortable (3~6 met at body activity)
31C ~ 29T Feel comfortable coldness
25T (Body part) Loss of skin sensation
20C (hand) Uncomfortable cold sense
15C (hand) Excessive cold sense
5T (hand) Cold sense that cause ache
The maximum
!:ﬁewbolic rats Co:;:t:;:a tgon;p:‘:;m
T Middie

Metaboiic rate

tefnperature arpa

L

Chemicat Basal ysical
adjustment area melabolism | adjugtment area
th th of
from}colﬂ febrile diswase
I :
o ! hyperthermia !
= | |}
B ! i
D | i
Q | |
§ ! .
| | hypothermia :

Figure 2.8 Effect of environment temperature and body temperature
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24 QA FHARH G du
241 QA9 298739 4B

AAE AN ALEH75S olgdt] 9ol Aefo) )3t Hulol
s Ads FA@F oz PAo FYL FAs AL YHsHA /A
Foh A d AL F2 QA AR T o] AT <A

S 299 QBT Alele] AL F2 FEZY, WA}, dF, WE Fol

HT
ofN

dal o|FAAAY 1 oo BREY, 5F, 44 S o8 Yua,
AAE A AN @ Pl B we} Yo - FY T AHs - By
shthel £g7zto] wATT ol ol AW AA Aol dWYL T
3} gl vehd 4 ok

S
37¢T

o ‘/J\( .
{Hypearthermia) 40\:/\34!: {Hypothermia)

S : L

< ™ Ty CRtcrE2W D

Figure 2.9 Beat load rate of human body

M=2R+C+tE+W+S (2.1)

2 AR A% + FS WEdES dHEY - @2 AdES JEYg. €433

o]l 4¥dte A¥= S =00 Hrh
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2.4.2 71z YA} (Basal Metabolism)
AA Hell =] 5L Y93t AIYPI S 71&22 312 Y} o] 9y
At @ A FHZRE o /X ez ABs] AojAAY 22

44 2PN AT AJUAE M don o] Ayt FusAY

y

23te AL 79 AuA Fas Fdhsh ZolA o] )% WAFLE of
A FEA(RS, 25 @ U £ e A, AR o]

£
fr
0%
fu)

ek (Ae2ES A% HdFo] Qe Au)z AMe AYNZ
& 43 %& QxvFoeiy BPHoR 24 Bk AL 4L FX
371 AsidE BaF Hawd 7124 duAFez ARF & on

o] A& 7] ZdAt e (basal metabolism)e] g3 3sho},

Table 2.4 Change of basal metabolism(kcal/body surface area m'/hr)

Age | Male [Female| Age | Male |Female| Age | Male |Female
51.1 49.5 9 49.1 45.9 18 3838 359
58.0 55.0 10 477 45.0 19 38.2 35.3
59.0 55.8 11 465 442 20 377 34.7
57.8 55.1 12 453 432 |20~29| 37.0 34.0
56.4 53.4 13 443 420 |30~39| 36.7 334
549 51.7 14 434 404 |40~49| 359 324
534 49.9 15 42.1 385 |50~59| 34.7 32.0
51.9 485 16 40.8 373 |60~69| 339 31.6
50.5 47.2 17 395 366 | 70~ 326 31.3

XN [ [T || W N~ O
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N
B
=
=
of
flo
w

REZQL AMERA A vl ey Gt digstd AL
o] doAXE AE T B =EdME wFojy fHelal v g
o g FAH Aol IIAA E§FF Aoz Yz YA AHFate
FEZAEAHL 16mo2 1Y o 1400kcal, HQH Ao FFAEAHL 14
mo2 19 ¢ 1150kcale]l 71% diAbgFe] 7| ghoth

dubAel ABE s A9 19 duvA 22Fe Az o 2000kcal,
F27F ¢F 2500kcal olth. AMEHA FAHe vFY R #HU(DuBois,

1916)2] &34 (4 22)7% Y E<(Takahira, 1981)2] FA (4 23)e.2 &

T} 7o},
Ap = 0202 - m™® . g*™® (2.2)
Ap = 0204 - m>® . g*™® (2.3)

243 A5 A3 A4 @
ol o3 FE Ce JAFHAY 29873 24 71 ¢ 71§23

GG Wtk YA 49 e Yoz e,

C = hc(ts - tn) (24)
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244 FAlo] 23 AL wP
HAalel 93t dFE R AAFHY 29873 =49 25 2 dWadge o
g et Yo A$ Stefan-Boltzman A6 9sf tg o=z 1}e
d},
R =o0-¢ (T} - T})Feff (25)
Zolgee) FAgole Aol Aol AR EH oo o2 FHat
02 B33le dFQE JEFHOZHE dF C 2 24} R 28 9
2 oA ez gg 4oz e
C+R=nh(ta-t)+ h(t - t) (2.6)

FBAALGAT(h=h+h )2 5T A(26)& Te oz WET + Yo}

h,-t.+h,-t,
C + R = Alto-(——5——=)] @7)

s t,+h, -t
awgoz gttt ys gaet 2 gega 4ENE B
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How ¥MET 5 Yrh

C + R = h[t.-t,] (2.8)

245 & 929 AT dJFuG

¥ Fo 9% PAAY BE QAT 29z

59 dF¥e e A FEFY PANEF S AL F

E = (AW x L,)/Ap (2.9)

2 (292 FHF F£RE Fuo] 3% #Ad® ExE 1

L oERg B 4 $3O02HE

T
sict.
E=£E + E, (2.10)
E.. = 00023M(44 - P,) (2.11)
AWX L
Ey = [—A—"] - 0.0023M(44 - P,) (2.12)
D
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Aol geje] ¢ WAREAROZHHY Ay FE F

=
lo,
e
okt
s
14
off

(Emax)= o 2oz veid § Ut

Emax = 2.2hc * I;;;cl(ng - loa) (213)

4 @123 4 @13 93 2eBHE we ALY + Atk olRe A
AEdel 4AZ o= A= THAAEIE Vel 2o FEE deh

t T8 AEE A 8dEY

w = E;k / EMAX (214)
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25 499 A=
2.5.1 4 3} (Electroencephalogram; EEG)

Has iy A4 U TRE UG AX &% Y9 £3E =@
Aol R. Caton(1875)2 FE9 HA Hzx=z 7] AFE 7123924
A9 HeM Hx2 A7) 84E 715¢ AEL Hans Berger(1929)0] o}
Ged ‘Hagn & de e A $8E A% % (neuron)d) FZAHQA &
T2 WAeR olg Fod FAF AFE AEA 71Fse FHA H
(scalp EE®)E 7t 7t F94 HaoH #FHE ALS F2 e HA9

T 10pVe vl

o

A71 ZFold. HdA EAtE A7) BFLE 0

Eelol7] Wil A F£717 d st

INION

Figure 2.10 Neuron’s basis form Figure 2.11 Electrode arrangement law
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Hue I oz FaeEE)d wetA 05~35 Hz d9S 9Eek(d)s),
4~7 Hz 19 MEeNO)w}, 8~13 Hz tl9 & dyl(a)d}, 14 Hz o9& e
Btz 27tz Aok A FAANY A 20~700V e AFL AN &
Sa)dolx, a2 FogFE AYF FA Frtstd dil 25w Add o
M FEeol AFF A X ALY 499 A4E FALAH 25
FolAe JFo] A AFYAME Frh oA FALAR FFH AEy
=7t 27 fiEolth. E dia)dE ¥ 2 Y FHAN @A
sRAY G T FA &F o8 A= wEeHB)Hr )

S A3 EF Ade ¢di(a)ges JAHD [AZo] Fe & JYguyes
d WEHS)Hrt Be HHE dsk@)s dADn Gt gy B A3 e
Fo guas JAHED, 53 Fol FHL vFH 027~05% Fo]
g A7 vEhdth 22l 93] S48 AA FHE JFTAANR HE o
Ade. 5 i) A7 Fo JFolzte AYAHA EHo)H & +
e},

et B ste ko) dra F& F718 7H0 Ha Y8 FHolo ¢
()37} FA3HGF FFFAAN Z3A gt 9o et 34 F
IR Yo didor RE A5 i) JAHAWL 2317 HEHS)
= ARt 2R due)sst dAE7) QfZo) WeHA A Yeh)

H71% A WEeHB)ae] HEE $AejA 7] o Fo]th Berger(1929)= &
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sHe)stg A, WEB)tE Esdatn YA
AEHO) 3= Walterel 28] B AEd 4~549 2olridl Yehy A<

o] A FoErh Iy 4wk AAV7t Hol: FAY BE FFHA

ac)

#5715 @k AEO)Y) SAL AT Ao #AGE K9 $EL et
e Aol A% 85 Uiyl H8 43 fole) 2HaE o] &
o By da o da) Aust 44 Jepd.

Wek®)sHe A Aoks fob, A 49 F¥ Alo] mole ¥solt. el
4 Fobrlle 24 A= 28T mebA AAoksh fobe] deks)ze
4]19] Loka)e] ek Aol

Hste] 712 AUthe Jasper(1959)2HE A8 FAdnotse] EF

3te 10~204d =) X Y (ten-twenty electrode-system)& A}£-3tr},

\Banis wavaFforany Fit wawwvolorm

_\/"\_\/-/\,\J PETIT MAL VARIANT /WW\

BLOW YA A VAV VVVLVES BETTIT MAL.

~\

MV\]VWW\,_ PO CEFIOMOTOR Wm"WW\
it SV O - =1 LISy

CANT, TEMP SEPIKE FOC

/."’V\/VWW\IWW\ BMALL SFHARF SEPIKES vl

NORMAIL

- s A R A
Yz per \ PoOSITAVE peleth
ERICS SH AR ST
AN ANPNAN BIG SLOW SPIKES W\,M'v»./l/\,\m»-
ST ‘VWW ML TIPLE SPIKES MIW—W

At CREANE MAL »MMJ"
1 sec
—lsec —imec |

A nec

Figure 2.12 Kind of brain waves
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Table 2.5 Characters and classification transformations of EEG

Kind Frequency Characteristic
Appear in sucking child, infant

Appear to slept adult
& wave 0.5~3.5 Hz |Appear when eye blinks
Appear in cerebral tumor, consciousness

obstacle
Appear often to child

In the case of adult, happen to very small
0 wave 4~7 Hz |amplitude
Appear in cerebral tumor, consciousness

obstacle
Appear to adult

a wave 8~13 Hz |Awakening, stability, state that close eye

Stable frequency
Amplitude is small mostly

More than L. . . .
B wave 14 H Disquietude, Spiriting, Sense stimulation

z
Uncertain and fretful state

2.5.2 4 A % (Electrocardiogram; ECG)

el Age Wg AdM Aoz pwst 4ue B o9 e
A7ge uHE F(stoke volume) 13)o] 70mA =l 183 & 52, 19 7tH
£ guwat Age 43S Ued J5H BIot ohyd ARl 9o of
2 7HA ek 27 o 4 FFc) o9 ol A £FL B
ke A2 NG Alold] E AFHo AL ¥ A 5 A7

Aoz 7123 Zo] A A% (electrocardiogram)2t it st}
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HAAEE HZ(myocardium)? A7|F €8 F(depolarization)

i)

A

o A
=

Mo

(repolarization)ol oj3ll W A& AAW}E TS o3 A7 =

Fol 43¢ B Axss] g A% £F o 60~1008 F3Hr

rlo

4 4%

13] AvtEs2 Jepdn

Binowtrisl e di > Lt Bundie
; 61 p

{AV} Right Bundio Conduction
Node Branch Pothways

Figure 2.13 The electrical system of the heart

Figure 2.14 Electrocardiogram waveform
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Agel AHu wste] =& HRVE Aosin H4AE4d3E o] &8 HRV
9 AEL AeNTBA &FE AFHY F e AFH AF7IHez
A o AAEAS R 33 A 3F e A£AQ We] FAE AAY
dolgz AR RS HRV #yPeojztx 3, o|§ Hste WHoz:
A AN 9 Y, Fas 49 Y, 22n vdY TG HAe
2 YUz F Yo olF Fi5 49 WML B A BATIYL »
HARF FazaRge Ae7lse #Fse Mg AAE ¥ Yes &
2 AA HA

HRVEM S 8 A&A3Ae 2854 #3d 3 A7 F2 gud
A4S Boln gled, 53] wHAEY Hrbd dF @A AEE o

a7 A4 A e A

]

HRV ~#9Ed E4& F3td AFgHe=
BAHRA e ATS] £9HR Y. HRV EHolE ARG »
MR Fa5 4 AdolA olFojAE BAMe ¥ sbx el AEHT
levk Fas odelel Wy PSA(power spectral analysis)7] o] #&®
dyoz oA fo. 53 AZ: PSAY WAEH Ao SETAYY
AL Sol 1 F84E AFHD e, ol AFUAAT Tl
FEHQA PPoz Aue AzAATGE A 20¢ F1 Yo 7Y @
Fol F7hatel weh R H3 A3 79 Wshh EsEnke AHde HRVY

PSA 7I¥& T3t olv] wa ut Qe Yt sdon, n¥GHA
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EAFA NFEE FF3} 3t FEolyd wH T AFo| Foizg o
o 2 Wg AEE vY dF3aA e AFHEA AFvAN FEse
o] AeAAAA viAe ¥ AFHoz AAInA sk AFEL
HRVE 7|We 2 39 s3dd PSA 7|9 #84& dFse dEolgn
A, 223 Hales® R 3 At 149 F714¢ ¥ 38579
ddE Aoz Hudy Jow, Mayerst R %zt A|ZzEZ o] 0.1~0.15Hz

9 F3%%, F 2D 6~989 wo] =

tlo

Holn 9l&g HuFFAY. %3

Burton21)2 0.04~0.08Hz9 F34, & B9 2~53]9 WH3E nolm Qi)

Mo

2 ZESHTh R 933 A1 2HF Wol x| sl olFd e o g
Zbgo] oA BHuEHol uh glow oje giFHo=2 VLF(very low
frequency, 0.04~0.08Hz), LF(low frequency, 0.04~0.15Hz), MF(mid
frequency, 0.08~0.15Hz) HF(high frequency, 0.15~0.4Hz)9] A 7}X F8
& Fa ggder FREY. o852 o5 doddz Yy ogme o
23, A &x-o] 93 renin-angiotensinAle 543 @A Y2, LF
AEL 45&A PAH(baroreceptor flex)9t #AZF i MF A &L oFzho)
Mol AdubdiololX = 2 o] oy, Fo Aubdolda Z xfo]E B

o] x, HF A&¥& FF7|9 gAste Aoz By 9 v gl
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Table 2.6 Classification of frequency characteristic (ECG)

- .. Frequency
Parameter | Unit Description
range
Analysis of short recording (5min)
Total The variance of NN intervals over
ms2 =0.4Hz
power the temporal segment
VLF ms2 Power in VLF range 0.04~0.08Hz
LF ms2 Power in LF range 0.04~0.15Hz
LF power in normalized units LF
LF norm nu
/(total power - VLF)
MF ms2 Power in MF range 0.08~0.15Hz
HF ms2 Power in HF range 0.15~0.40Hz
HF power in normalized units HF
HF norm nu
/(total power-VLF).100
HF/LF Ratio HF/LF
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26 2} FARE

N

6.1 82 % (Effective Temperature)
FFE2EE 19239 C. P. Yagloud] 93 &%, &%, 717 371A9 29g

kol 2oz el - 399 AAe LY HEZ BASE AL A

a4

R

o ol A= AF7| A7 Aol ol g YA 4 FH3
@l 7128 otk gL 2 FXE 1A 2709 HAPAL ol g
e §5 100%, 715 Om/s2 3t 2% Ao 7H5dA 4. £ o

2o 2% &% 7%/ 92 WaHA dAT 21 BPAIL F

fu
ot

Z AP 2L 29742 e g 258 HFFerd 3o
FE2E 93 Itz Zogyeo] 7l E FAL e AlFEe H3F
HAZ AgH = 2% 172~217C, FEE 30~70%0}H od2Hg= 25

189~239T, s+ 30~70%°}ct.

IR e a0 W i S S S St 1 Gt e T M e @ de AU 0t a2 e mon an

e i T A

Figure 2.15 Effective temperature of typical indoor clothing condition
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2.6.2 B A4 (Discomfort Index)
EHATE 19599 n79] ZjdHo] 7| ddRe 22 AR gon P
HASA A& Utk 71FE Om/sE & 2P 259 202 o] &3

ELEE CAHLE YEd Ao, ERAFE AT LEY FTF S5

o

lo

A Hoz AoY 4+ Yo

Discomfort Index = (DBT+WBT)x0.72+40.6 (2.15)

BA gk Aol BAE 75o1E4Y W Rt G, 8001 4Y o ‘g ¥

Hol dr}”, 85010l ‘o HP'E JEldo sh7he dBo A¢ BEIgx

T7F 7290 9%, 77 65%, 860 93%<] Algo] B =zitm .

263 A EF TR X (Standard New Effective Temperature)

ABEFEZET EEFIF AR A9 @FoAe 2e dde

U
)
™
flo
n

o HAAESAFRAZTE)S FHEAA He 7IFEE 0lmss, A
e 50%% EEEAS AN I d8ACIL = F9 ¥ALr)9 &
2 Aodr. ojRAE 2d8F YoM A M2z N2dg Qg
3o A3 AR dolH ZlxaA FHor Azt A Aog

ko] A9E ek o SET & AHEstd, o8 kA 249 AW S



7 712 EC)7IE v 2dEsd e va Hrig + 9oy, w3 F
Z1Iexete oA A5 BYFE ATE ALEd) gEd Ay 98

3o Fgol dA odd + At

. k.,
SET" =t + (1”h—=-)(Pso—o.5 Pegr - 5) (2.16)

S

2.6.4 82 % (Operative Temperature)

19373 Gagge S 93] AHRNCH, AA g} 37 Alo)e] dugd 7]

28 Fol /12, 7%, ALY 9BS oleHoE FHE Aoz Y
o dueES BAo g% UDE odd JleH AFRANLES 7HF

W geld, AL dfn 2 AEEE UFNEQ
ANSI/ASHRAE Standard 55-1992¢14 #3 ¥ E dvehdlsd A& 3

A 71FQ] [SO-7730°1M = AAHEAE A7) 4A BAst=d AHgd

a, -t+a, - MRT
a.+ a,

or = (2.17)

26.5 44297 (Predicted Mean Vote)

19673 Fangeroll ]} AAlg o 4edzhe Azke] 29770 thd o) &
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2= AFHAND Aotk A tAbe, 5 dAYFY F& WAy dF
2k, A EARE, 7IRESE 2 357 29 58 3389 dA9 d4%FY

g 7122 & AP qYse] A LR ojEHez A2y

o)

olt}y. &, PMVE 2437 6711 848 HALAH A digAAE =9

uE

AEEE Hdde EHIB(QA dRshd At 2d3AE PN
ol o3 ddAA A Uehde AEZA, PMVES 944 FHYHE 0
o2 81 -3 ~ 39 FAJEE 4% Fh(cold), M EFTHcool), 23t A
=3t H(slightly cool), ¥ H(neutral), &5 #%3lc(slightly warm), %3}tk
(warm), @tH(hot)2 e, ool PMVA R A& E Uebdon, Al

£99E PMV= - 3 — + 3 ot}

PMV = (0.303¢” " + 0.028)((M-W) - 305 x 1073
{5733 - 6.9AM-W) - F,} - 042 x (M-W) - 5815]
-1.7 x 107°"(5867-F,) - 0.0014M x (34 - t,)
-3.96 x 1078 f((ta+273)* - (ty+273)*)

- fd hc(td— tu)] (2.18)

2.6.6 o473E =7 (Predicted Percentage of Dissatisfied)

PMVE & &7 A3 de B2 e 4w JAAE ved A
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Ac7He vEdd. 223 o) AL gA AFHUY A3 daHo

Hojd g2 F8HD Uk

PPD = 100-95 exp [-0.03353PMV* - 0.2179PM V] (2.19)

ISO 77309 M= Figure 2594 Yebd ZAA¥ PMV, PPDS gtozA
-0.5<PMV<+05, PPD<10%E& #&3tx iz, PMV = 0o A= 5% &
BEA7E AES A5 F Utk PMVE & 29X E9 28 Ay #F
S BAE] 490, 23 PPDA 98 ERFE&2 1ddA 453 5

7] el BHASHA AHSEE 2487 AHEolth
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2.7 AAHEFH o 8F
2.7.1 AR

A AU A3t Ao Wdol ZorA o Mo A FA
T AL QA A 992 v58E, A, Dol e o
G, ol 1d dArtske delvR= oF 2500kcal(10500k]) ol ™ Luka
d AMFE B wWE 1500kcal(6300k]) 9] AR E ZEAAl ®rh E§ Abge]
g3oly AP Fxe 2 A dAZ2z Jed § glen dub3g
SAAZHEA R A v E E A oA} kol HHE]
A3 A& o] AR 582W/m(<50kcal/m’ - h)olt}. o] tiAlELe HF 3
A AF HFJler AAE £ glom A g g 100W AT 174
2l 43 & do o] dAZE VIEDAR o o8 s FYd g
HAFFS o HEE Y F glen o u&g dAFHETE BFFH)ol
ok oAb e B9E Met2 UEUE Imetd] ke olzio] HebsbAl ool

JE AHE dAFS 582W/m'elth

HA FHMet] = (FFAAI ohAHW/m'])/(HEe el AL #58.2[W/m'])

(2.20)
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Figure 2.16 Clo and Met about environment temperature

Table 2.7 Met value by activity(ISO 7730)

Metabolic rate
Activity
Wm - TC Met
Reclining 46 08
Seat, relaxed 58 10
Standing, relaxed 70 1.2
Sedentary activity 0 L2
(Office, dwelling, school, laboratory) )
Standing activity
. . . 93 16
(Shopping, laboratory, light industry)
Standing activity
. . . 116 2.0
(Shop assistant, domestic work, machine work)
Medium activity
) 165 2.8
(heavy machine work, garage work)

N) ISO, Moderate Thermal Environments - Determination of the PMV and PPD Indices and Specification of the Conditions

for Thermal Comfort, ISO 7730
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Table 2.8 Met value by activity(ASHRAE Handbook)

. . Metabolic rate
Activity Wi - T Met

Stable state

Sleep 40 0.7

A rest in chair 45 0.8

Sedentary activity 60 1.0

Standing activity 70 1.2
When do walk

3.2km/h 115 2.0

4.8km/h 150 2.6

6.4km/h 220 3.8
When conduct company business work

typewriter 65 1.1

Filing(Sedentary activity) 70 1.2

Filing(Standing activity) 30 14

Office transfer 100 1.7

N) ASHRAE : ASHRAE Handbool of Fundamentals, 1993 8)

272 45 F
AgE FAL 22 92 4% Adde 2Ase e PgojHoz gn
2 WEHA Rt S ol 2 FgAurt A AdsE 4¥L 5
T RS dAZol . o FHA4H A L YehlE dy=
clogtel AH&5™ AMEAH g IAFL llclo] = 0.155[m' - T/WIZ
vrepatt,

A clo B9 1941d v Z] Gagge’t A & RO clo: Azke] A

94 - 4oz AHYE AT £ At A% FAsoz Felay
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o ozl grobA kAR dEfe] AAdAsE AR 21T, FulFE 50%°] 3,

& 0lm/s ol&te] AWdlA v & FAE =7A g 4% dHY

o
e

9d45ol 1 cloolth BFe LS @ Wy, BF | o

ot

WY, ARG E 7t od iR 7 £ len gg4g g,

SESA o Y

L, = (1/0155 - h)(ta—t,)/(t,—t,) (2.21)

g8z

=2

_g]

&

g
A o B o] (W <3000g)
Iy, = 0.00058 W + 0.068 (2.22)
o] 4 o] Eo] 7 $(W <2000g)

1, = 0.00103 W + 0.025 (2.23)

S BEHE habe) o3 Y
FAd e 5o B-(FFAtgkel Iclo ol
Iy = 0708 X Lo, + 0.052 [clo] (2.24)
Ao B ZF¢-(F7dael Iclo ©)3h

Irlo - 0828 Z clo, 1 + 0.013 [Clo] (225)
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1.0 clo

2.0 clo

Figure 2.17 General clothes state of clo value

Table 2.9 General clothes state of clo value

Clothing ensembles

clo T/W
Underpants, Shirt with short sleeves, light trousers,
_ 0.50 0.080
light socks, shoes
Underpants, petticoat, shirt, skirt, thick knee-socks,
0.60 0.095
shoes
Panties, petticoat, shirt, thick knee~socks, shoes 0.80 0.120
Panties shirt, trousers, jacket, socks, shoes 1.00 0.155
Underwear with short sleeves and legs, shirt,
) . 1.25 0.190
trousers, jacket, thermo jacket, socks, shoes
Underwear with short sleeves and legs, shirt,
) 1.50 0.230
trousers, vest, jacket, coat, socks, shoes
Underwear with long sleeves and legs, thermo
jacket, trousers, Parca with heavy quilting, overalls 2.55 0.395

with heavy quilting, socks, shoes, cap, gloves

N) quoted from Tanabe
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Table 2.10 General clothes state of clo value

L
Clothing ensembles
clo m - C/W
Nude 0 0
Shorts 0.10 0.015
Typical tropical clothing ensemble
(briefs, shorts, open-neck shirt with short sleeves,| 0.30 0.045
light socks and sandals)
Light summer clothing
(briefs, long light-weight-trousers, open-neck shirt] 0.50 0.080

with short sleeves, light socks and shoes)
Light working ensemble

(light underwear, cotten work shirt with long| 0.70 0.110

sleeves, work trousers, woollen socks and shoes
Typical indoor winter clothing ensemble

(underwear, shirt with long sleeves, trousers, jacket

) 1.00 0.160
or sweater with long sleeves, heavy socks and
shoes)
Heavy traditional European business suit
(cotten underwear with long legs and sleeves, shirt
1.50 0.230

suit including trousers, jacket and waistcoat,

woollen socks and heavy shoes)
N) ISO, Moderate Thermal Environments - Determination of the PMV and PPD Indices and Specification of the Conditions

for Thermal Comfort, 1SO 7730
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& A 983 F=3 AP ARo2 oz e ¥o] g3 Y},
kA B Agexde W 279 2¢9 A3 g @ 01X A&
&7 A8 715 2 2% QA 29 HAAAQ WsE getstna wo. £,
AA7F AHEY FejolA EAYY FHZ o) AT IANHEE 32
A gk £@, @ A AA 29 #AH AE T QA SAHANA
dojRd Aol 24 71F L 2% WEor W 377X 2dHAHNE &
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32 4¥3FA

4¥e e% R FEE 4YEAOR BEY] 98 FLHE A Imlwidth]
x 49mldepth] x 27mlheightDNA AAstsich. A Wl 9§ VA, #
G BF Bde del g ex9 9F2 AW J1FE AWz A}
$3931 Qe WAIIF A AR g AHgdgen YA
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Figure 3.1 A3 A /=& Yelliz 4.
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Figure 3.1 Schematic diagram of the environmental chamber
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33 4% 2 B
APl E 18d Ae TAF A4 YIS HE o Ba2 T

gt 2RAAT. AYAAE FUAEY F12HA AAAGE serat)

L

3 HAES wgen AFYEE dotdy] s ¥, #Uu, ngew
(tympanic temperature), 3258 ZA3A 22n #4354 948 A
Hee 2 718, 58 FASAYG 2 dide d3xdd g3 Hre
a7zl sl #3432 71 AA2¥(thermal sensation vote), ¥zt
(comfort sensation vote), =¥ &% 7 (local thermal sensation vote)e] A&
S wigton, BFIH L% (mean skin temperature), =¥ 3 H 2% (local skin
temperature) & FA AT £ FFEZHE A dUex ¢ JF =8
ZASAT. 2ESAHL ATVl FARLE Golry] AT A 4
A2 SREHA A sEEd 2EASE A 47409F 7H:
Hardy & Dubois®| 73S A&t FASATY. AA= AAZ Holx
g A83le dAddE RFASHY 5 AL A8 A=t 2& =44
& AME L, 71HE dA4 FEHAE AHSEtd SAA ZE 54 o
olEH & dolE 7|Z2AE %3 PCol v} 2 14 o2 A&t Table 3.1

3 AAFAHY FH_4LE Yl 3len, Figure 32¢ 3% 8¥

O

of AW HYED 29 SIS el e

-

1) Hardy & Dubois7} A¢te AW F L8 AFsts WHor o, &, &5,
o, E, 38, F5S o &t Ak
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Table 3.1 Positions of sensors in environmental chamber

Item Position Type
Vertical temperature
(from floor)
Thermocouple
Temperature [TC] (01m, 06 m1llm, 1.7 m)
Local skin temperature 0.2 mm®
(head, arm, hand, abdomen, thigh,
lower leg, foot)
Air velocity Center Air-velocity
[m/s] (from floor) 1.1m sensor
Relative Center Humidity sensor
humidity [26] (from floor) 1.1m VAISALA

Figure 3.2 Positions of sensors for MST measurement
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34 49¥y 2 AF
Agzde d¥xoz AEHIT g AR oojAe WEewd 2

2CT~28TCY 2T F oz waANz oy, &

rir

Aol AAl 7IF 0.2m/s~
06m/s= Ao 432 133 28] FAPAE AR LH, & 49
A3 308 Aol AA@B3T, 50%)AM d7IA] F 24 JAAA 24T F
¢t AT AFARL S ) 108 FA2E Pz FHY AES B
2t} Figure 332 13 A3 A4S Jehln Jov, Hgzxne
Table 3.2¢] YebRATH

~ 3 Every 10min

i I } i i | } i l } | i ] ]
i ! i i ¥ 1 i 1 | ! i i ! |

0 30 40 50 80 70 80 80 100 110 120 130 140 1S5S0
Pro-test Room Test Roomn
‘¥ Every 10 second

D blood pressure measured at wrist and body temperature measured
at armpit

@ enter the chamber

@ subjective question of subject

@ room air temperature, relative humidity, air-velocity,

local skin temperature, mean skin temperature

Figure 3.3 Experimental process
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Table 3.2 Experiment condition

Item Pre-test Room Test Room
22105
24+05C

Temperature [C] 33+0.5T 6L05T
28+05T
0.6+0.05m/s
Air velocity [m/s] Below 0.15m/s 0.4+0.05m/s
0.2+0.05m/s
Relative humidity [%] 50+10%

Agd #A71e APAZE Gy 7 490 sYoen RE APAEL T
Ze&x 37 Toldteln AAEge AR AIZERZ AT JFAEY
AAA Zz71E& Table 339 Yetdlen 5gxe AMFEHAA(body area)

TakahiraZ7} 42<U& A3 ALE HE1DE AL

A =72.46 x m»¥® x HO75 (3.1)

Table 3.3 Anthropometric data of the subjects

Number i . Body Ponderal
) Height | Weight .
Subjects of Age [em] kel area index
cm
subjects £ [m'] [ke®*/m]
Female 4 225+1.2° | 15891.9 | 49.7¢82 | 1.45+0.41 | 2.14+0.21
Male 4 254+0.7 | 1725455 | 61.4+7.3 |1.72£0.11 { 2.25+0.10
" Mean + S.D.
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HPAEL BF 7testd XEAA FAAgew w37 A3 22 fUE
< Zg3gd. gEFS Fie BHE o A7 A AAHA o
U B AgdE 93y A9 2L Axdznoez wudyl 93 o8
FHOZ clo A€ At WHAEH, =T )& AH&do dA 035 o
24 0352 Ak A dAFS AY F oA golA =X 2 T
¥ U3}, d¥E s llmet2 Ak AEFE FIE S B2~
(33)3 Zrh Sgate HEWELE AA FHFA dig APz FHH
#ES W) 48 Hal2 Y (thermal sensation vote), ¥ 3 7Hcomfort
sensation vote), %% 2§ 7 (local thermal sensation vote)2.® 433ttt
Table 34t F#4 HE &g dehdz ot £ AFdAe AA7 ¥
%7 AHFGdol A2 BAGGoR olFde AFE AAEE Aol

3 3R e HrlrlE Table 359 #r}.

Table 3.4 Subjective question of subject

Scal Thermal sensation Comfort sensation Local thermal
cate vote vote sensation vote
3 Hot Very comfortable Hot
2 Warm Comfortable Warm
1 Slighty warm Slightly comfortable Slighty warm
0 Neutral Neutral Neutral
-1 Slighty cool Slightly uncomfortable Slighty cool
-2 Cool Uncomfortable Cool
-3 Cold Very uncomfortable Cold
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clo value (male) = 0.000558 x 2]E o] =3FF(g] + 0.068 (3.2)

clo value (Female) = 0.001030 x 9|89 &3 %[g] - 0.0253 (3.3

Table 35

Adaptative time of human body

Item

Adaptation time

Thermal sensation vote

When pass value of -1(Slighty cool)

Comfort sensation vote

When pass value of 1(Slighty comfortable)

Mean skin temperature

When pass value of 33T

2 AdgdAMe 717

= 2947 24 AHAY B FolF FIA

sotdtz] s o) duh X1y (two-way factorial design)g AM83ld AZ3H4

t}. Table 369ME AHE At 2 & etz o

Table 3.6 Factors and their levels used in experiment

Levels
Sign Factors Unit
1 2 3 4
A Air-velocity m/s 06 0.4 02
B Temperature T 22 24 26 28
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Table 3.7 Adaptative time of human body (0.6m/s)

%
3

u}

Air-velocity [tem Temperature Adaptation time
22°C -
Thermal sensation 24C -
vote 26T 10min
28C 30min
22T -
Comfort sensation 24°C _
06“1/5 vote 26 t'C 601’1’11!'1
28T 50min
22T -
Mean skin 24°C -
temperature 26T 20min
28°C -




Table 3.8 Adaptative time of human body (0.4m/s)

Air-velocity Item Temperature Adaptation time
22T -
Thermal sensation 24T 30min
vote 26T _
28T -
22T -
Comfort sensation 24T 30min
0.4m/s vote 2T 80min
28T -
22T -
Mean skin 24T 30min
temperature 26T 40min
28T -
Table 3.9 Adaptative time of human body (0.2m/s)
Air-velocity Item Temperature Adaptation time
22T 40min
Thermal sensation 24T 70min
vote 26C _
28T -
22T 30min
0.2m/s Comfort sensation 24T 60min
vote 26T ~
28T -
22T 40min
Mean skin 24°C 70min
temperature 26C ~
28T -
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Figure 3.4 TSVs during the 120min test period (0.6m/s)
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Figure 3.5 CSVs during the 120min test period (0.6m/s)
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Figure 3.6 MSTs during the 120min test period (0.6m/s)
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Figure 3.8 CSVs during the 120min test period (0.4m/s)
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Figure 3.9 MSTs during the 120min test period (0.4m/s)
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Figure 3.10 TSVs during the 120min test period (0.2m/s)
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Figure 3.11 CSVs during the 120min test period (0.2m/s)
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Figure 3.12 MSTs during the 120min test period (0.2m/s)
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352 €AY AE A YAnA
eddgy B LW ANLE V1FOR JH 4F L HyeEg

o AABAE BAH B A3 BRE AAA 001 Y9 fxE BHYo

ool & AR T 06m/sAAM 2YHFLS =527 abdomen),
e FRIAFSE(@m)old 71§F 0dm/sdlME 29Re =Ryz
(hand), AAZL FF2YH(am)olth 02m/sHM e 2W¥3RE TR IARL
% (foot), AL FRIAELEE(arm)Z Vel 2](34)~2(38)& 2wz
3 A Az g 3 A2E JeEpd T 1o Table 3.13~Table 3.15% &

T+& Yetdtl Figure 3.13~Figurer 3.24% 71§42 43349 34 49

AAE o] & FAHEA e AHE YEhia Uth

TSV(0.6m/s) = 0.775z;, - 1.151 (33)
TSV(0.4m/s) = 0.843z3 - 0.375 (3.4)
TSV(0.2m/s) = 0.276z5 - 9.548 (35)
CSV(0.4m/s) = 1508z, + 2.32 (36)
CSV(0.6m/s) = 0.834z, + -25 (3.7
CSV(0.2m/s) = 0.965z¢ - 31.723 (3.8)
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o} 714, TSV : Thermal sensation vote

CSV : Comfort sensation vote

T

Ty

T3

Ty

Zs

Zg

: Local thermal sensation vote (abdomen)

: Local skin temperature (arm)

. Local thermal sensation vote (hand)

. Local thermal sensation vote (arm)

: Local skin temperature (foot)

. Local skin temperature (arm)

Table 3.10 Correlation is the biggest 5 factors (0.6m/s)

Air-velocity Vote Factor
Mean skin temperature
Thermal Local thermal sensation vote(lower leg)
sensation Local thermal sensation vote(abdomen)
vote Local skin temperature(arm)
Local skin temperature (head)
0.6m/s
Mean skin temperature
Comfort Local thermal sensation tote(abdomen)
sensation Local skin temperature(hand)
vote Local skin temperature(arm)
Local skin temperature(abdomen)




Table 3.11 Correlation is the biggest 5 factors (0.4m/s)

Air-velocity Vote Factor
Local thermal sensation vote(foot)
Thermal Local thermal sensation vote(lower leg)
sensation Local thermal sensation vote(hand)
vote Local thermal sensation vote(arm)
odm/s Local skin temperature(hand)
Local thermal sensation vote(foot)
Comfort Local thermal sensation vote(lower leg)
sensation Local thermal sensation vote(hand)
vote Local thermal sensation vote(arm)

Local skin temperature(hand)

Table 3.12 Correlation is the biggest 5 factors (0.2m/s)

Air-velocity Vote Factor
Mean skin temperature
Thermal Local thermal sensation vote(foot)
sensation Local thermal sensation vote(abdomen)
vote Local skin temperature(foot)
Local skin temperature(lower leg)
0.2m/s
Mean skin temperature
Comfort Local skin temperature(foot)
sensation Local skin temperature(arm)
vote

Local skin temperature(abdomen)

Local skin temperature(hand)
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Table 3.13 Descriptive statistics (0.6m/s)

Element Statistics TSV CSV
. Correlation coefficient 506** 039%»
Mean skin temperature
p-value 0 0
. Correlation coefficient BB81* 925%
Local thermal sensation vote (foot)
p-value 0 0
. Correlation coefficient 921 % 923%x
Local thermal sensation vote (lower leg)
p-value 0 0
. . Correlation coefficient 803 868xx
Local thermal sensation vote (thigh)
p-value 0 0
. Correlation coefficient 897 *x .925%*
Local thermal sensation vote (hand)
p-value 0 0
. Correlation coefficient B87** 893
Local thermal sensation vote (arm)
p-value 0 0
. Correlation coefficient 942+ 036+
Local thermal sensation vote (abdomen)
p-value 0 0
Correlation coefficient .B59** .809**
Local thermal sensation vote (head)
p-value 0 0
. Correlation coefficient 836+ 883
Local skin temperature (foot)
p-value 0 0
. Correlation coefficient 893*=* 8B8B**
Local skin temperature (lower leg)
p-value 0 0
. . Correlation coefficient B41%* B76x*
Local skin temperature (thigh)
p-value 0 0
. Correlation coefficient 882+ O31==
Local skin temperature (hand)
p-value 0 0
. Correlation coefficient 940+*= 964 %
Local skin temperature (arm)
p-value 0 0
. Correlation coefficient 893#x 943+
Local skin temperature (abdomen)
p-value 0 0
. Correlation coefficient 031 %= 910*=
Local skin temperature (head)
p-value 0 0

* Correlation coefficient keeps in mind in 0.05 levels (both).

+x Correlation coefficient keeps in mind in 0.01 levels (both).
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Table 3.14 Descriptive statistics (0.4m/s)

Element Statistics TSV CSvV
. Correlation coefficient 8O3+ O05*=*
Mean skin temperature
p-value 0 0
. Correlation coefficient G70%x* D61**
Local thermal sensation vote (foot)
p-value 0 0
. Correlation coefficient 962 .954%%
Local thermal sensation vote (lower leg)
p-value 0 0
) . Correlation coefficient O19%x .923**
Local thermal sensation vote (thigh)
p-value 0 0
. Correlation coefficient 978*x* 961 %=
Local thermal sensation vote (hand)
p-value 0 0
) Correlation coefficient 971 +x 967**
Local thermal sensation vote (arm)
p-value 0 0
. Correlation coefficient 924*= 919**
Local thermal sensation vote (abdomen)
p-value 0 0
. Correlation coefficient B36%* B38x=
Local thermal sensation vote (head)
p-value 0 0
) Correlation coefficient 902#x* 910**
Local skin temperature (foot)
p-value 0 0
) Correlation coefficient 905+ O14*%
Local skin temperature (lower leg)
p-value 0 0
. . Correlation coefficient 558** 569%*
Local skin temperature (thigh)
p-value 0 0
. Correlation coefficient 949 947 %
Local skin temperature (hand)
p-value 0 0
. Correlation coefficient 795+ * B19#x
Local skin temperature (arm)
p-value 0 0
. Correlation coefficient 132%% T47x*
Local skin temperature (abdomen)
p-value 0 0
. Correlation coefficient 506+ 526+ *
Local skin temperature (head)
p-value 0 0

*x Correlation coefficient keeps in mind in 0.05 levels (both).

*x Correlation coefficient keeps in mind in 0.01 levels (both).
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Table 3.15 Descriptive statistics (0.2m/s)

Element Statistics TSV Csv
Correlation coefficient O17*+* 688+
Mean skin temperature
p-value 0 0
. Correlation coefficient 934++ 614%*
Local thermal sensation vote (foot)
p-value 0 0
. Correlation coefficient 921 * 555%x%
Local thermal sensation vote (lower leg)
p-value 0 0
) Correlation coefficient O12x* S64%»
Local thermal sensation vote (thigh)
p-value 0 0
. Correlation coefficient .898#» 483+
Local thermal sensation vote (hand)
p-value 0 0.001
Correlation coefficient 914%* .520%»
Local thermal sensation vote (arm)
p-value 0 0
. Correlation coefficient .938%= H12%%
Local thermal sensation vote (abdomen)
p-value 0 0
. Correlation coefficient 690** B44%*
Local thermal sensation vote (head)
p-value 0 0
Correlation coefficient 962+ .683%x
Local skin temperature (foot)
p-value 0 0
i Correlation coefficient .938#» 654%x%
Local skin temperature (lower leg)
p-value 0 0
. . Correlation coefficient 336+ 0.05
Local skin temperature (thigh)
p-value 0.02 0.737
) Correlation coefficient 897+ 563+
Local skin temperature (hand)
p-value 0 0
Correlation coefficient .889*x* .800**
Local skin temperature (arm)
p-value 0 0
. Correlation coefficient 15T** 133%*
Local skin temperature (abdomen)
p-value 0 0
. Correlation coefficient 546%* 794+
Local skin temperature (head)
p-value 0 0

* Correlation coefficient keeps in mind in 0.05 levels (both).

** Correlation coefficient keeps in mind in 0.01 levels (both).
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Figure 3.14 Correlation with CSV (0.6m/s)
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Figure 3.15 Revolution standardization residual formality p—p
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Dependent variable (CSV: 0.6m/s)
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Figure 3.19 Revolution standardization residual formality p-p
Dependent variable(TSV: 0.4m/s)
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Figure 3.20 Revolution standardization residual formality p-p
Dependent variable(CSV: 0.4m/s)
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Figure 3.22 Correlation with CSV (0.2m/s)
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Figure 3.23 Revolution standardization residual formality p-p
Dependent variable(TSV: 0.2m/s)
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Figure 3.24 Revolution standardization residual formality p-p
Dependent variable(CSV: 0.2m/s)
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AFGFH, pE 719€&E Yehdth AZIR), B(RE)IAE EF s #
4% A#E e en Zldggd oA ACIHIQAS ¥WEFo| 49%, B
(TE)ANAS] WFo] 42%2 7]1F R 2=7F SEAHAAF 7 Fds 84

2 R8s A2 & 5 AU

Table 3.16 ANOVA for S/N ratio

Factor S ¢ |4 £ p
A 3.26 2 1.63 11.14 49
B 2.77 3 0.92 6.3 42
E 0.88 6 0.146 9
T 6.91 11 100%

_75_



2 A 453 A AFAY 24994 Ag 498 T 7R #
2=7F A wXE 2EAHAY A} AF Feolq B YHIZ o)F

of

Ste dAES 1’9—9— steb & 4 giglen 1 A%E AYsd uSg 2.

(D QA7 BEHE =717 ARs= AHol 717 06m/s9 A 22T9 24T
A2 F, 26TE 208, 71F 04m/se] 39 22TE 94 F, 24T 30%,
26CE 40%, 7IF 02m/s®] A% 22TE 408, 24TE 0822 ©] A

A QAL AR exd) WEL 2T H] ARHE AL T F AYh

@ LdARY AR 9B LuRH MF ABBASL A= AAE MR
06m/sol A 22 & 7Habdomen), 04m/solHE F3 W arm), 02m/sol
NE ZRAELE(foo)old AR A 06m/sldE TEWFLE
(arm), 04m/sAAHE FHELYPZA(arm), 02m/solM e FRIAFLEE(arm)Z
Jebten Abdgge] AA74H =299 AFLEs AUt
g 2 Aadol Acke AE ¢ 5 A

) 43AYR S T3 2EHH Y IFE PIAE A SHYANE Y9

B Az sldge] Ae 71RARe] WEo| 49%, SEAxY] WEo] 42%2

_76_



% 2 eust eAARYAs fAR 942 AAE A T 5 A

.

_77_



A4g AAESAANAN 2EdsE B3 29434
s ash

41 23 w3 2 53

dtyos P AA JF R 25 o Wi HE AUIFBA AF
Abe AlRte]l Adel wah Hx Bdze fEdA Han AdAe gy 2
THol ZEAXA "t olg Ze AFPo] A& APz Yy o
F719% 5o AEe fLdn FAHow JFY A L B4 5L &
dee. oled AL 2E P79 on-off AFS FEANA HE
ofF dRstel dia 7Y YHBR S AT, e AFAA B4
e AN olg Ze ¥ AL Ay AFAdA 2dAHYL #
AANZ17] A 4 7HA EEed TS 27SHA H9 22 W) 3E
WMEoR Jduyz|anE FUAZIA €t

e 2 A7edMe W 27 249 AF B3 W% F/FENAA #A
3t7] f1@ Aol MR oE W U WL F/AAE 2% 1T 4%, 4
W 2714 W FUIAE 2E 3T AeAA 29 434 gr1g dn
A do B, 2k FeS T ol 2EAFAY wEE A4 HYNE
o duiste Hu Mstd 2= e T AFAA 2993 HrE

AZsnA Bt

..78_



42 233

HAAL 25 5% 2 7IHE ©E 4F3U] Asd AF3EF APl
A APt Figure 412 4349 /MF=E Yel glen Photo 4.1
e Ay AF & JYeE U AF 83 AP AL 4.1mwidth]x4.9m[depth]
x2.Tmlheightle] Z7lojw BE ®3 A%, vite 323 vde 3o ¥y
o] 2x9 HUFr 257} A9 ZEE Yt 7IFE HAA A7) Y3 7)
Tzl 9980 $E71710 d@AolA] dejde] HAWrE ALEEd Al
ottt 484 W AFAE 7IHFLALAZEEH 3m ol F AFHA g
Folvd SAHE & & JEE AT Table 418 AFFFUFY 2344

71 A€ JeEtdz gioh

R LN L B L O B A Rl SR 4 AR AL AL

IONNRNR N, IR

/
Z
f
/
2
Z
/
4
Z
f

ANV N ONRNNG NN - )

R R e

e NN DR

\\\.\\\

7 / o Ll IS o /// LTl L DAy P A A
[ 1T
e ‘.. g TN

Figure. 4.1 Schematic diagram of the environmental chamber
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Table 4.1 Specification of the experimental apparatus

Item Range
Range of chamber air temperature 10T ~ 40T 1T
Range of chamber relative humidity 30% ~ 80% 5%
Cooling capacity 8100 kcal/h
Heating capacity 12,000 kcal/h
Humidifying capacity 8 ¢/h
Dehumidifying capacity 18 ¢/h

Photo 4.1 Subjects during the experimentation
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T AL A RES Ao A HESY 2AATA Ag/AgClE
A& st S AT Table 422 A¥AY 28%, 71§ 2 AAMEH2E
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Table 4.2 Positions of sensors in environmental chamber

Item Position Type
Vertical temperature

(from floor)

Temperature {T] (01 m,06m1l1lm, 1.7 m) Thermocouple
Local skin temperature 02 mmd
(head, arm, hand, abdomen, thigh,
lower leg, foot)
Air velocity [m/s] Center (from floor) 1.I1m
Relative Humidity sensor

Center (from floor) 1.Im
humidity [%] VAISALA
EEG F3, F4, O1, 02 LAXTHA
ECG Wrist, Ankle LAXTHA
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Table 4.3 Experimental setting conditions (1)

Test Room
It Pre-test
em Temperature Temperature
Room  |cohstant ope . Constant be .
1C rise 1T rise
T t
emfgr]"‘ U 133+ 25C| T 25T 2% 27T
Relative humidity 50 + 5% 50 + 5% 50 + 5%
[9%4]
Air velocity below
04 + 0.05 0.4 t 0.05
[m/s] 0.15m/s /s /s
Ternper'ature B 30min 10min
rise time
Table 4.4 Experimental setting conditions (3°C)
Pre-test Test Room
Item Room Temperature | Temperature | Temperature
Constant . ) .
1T nse 1C rise 1C rise
T t;
emf;rf €133 £ 25T | 2T 23T 24T 25T
T t
cmperatire - 0min |  25min 30min 75min
rise time
T t:
e’“;’;r]a Y133 £ 25T | 24T 25T 2% 77T
T t
anperarel . 30min |  35min 40min 45min
nse time
Relative
humidity 50 + 5% 50 t 5%
[%]
Air velocity below
0.4 = 0.05m/s
(m/s] 0.15m/s
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@ blood pressure measured at wrist and body temperature measured
at armpit

@ enter the chamber
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Figure 4.2 Experimental process
Ao #A71e APAZE Y 4 4902 Yoy RE HPAEL F
FZE 37 Tolstoln BEYe] dAd AFEZ TG AP s
AAH 23L& Table 459 Hetl o™ HYze] A FEHA(body area)>

Takahira7t QE12 913 ALd 41 &R},

_85_



A =72.46 x m"*® x H*75 (4.1)
Table 4.5 Anthropometric data of the subjects
Number . . Ponderal
. Height | Weight | Body area .
Subjects of Age fem] ke ] [f] index
subjects £ [ke®*/m]
225 | 1589 49.7 145 2.14
Female 4 .
+1.2 19 +8.2 +0.41 +0.21
254 | 1725 61.4 1.72 2.25
Male 4
+0.7 155 +7.3 +0.11 +0.10
* Mean t S.D.
HPAES EF 7Hs3td EEAR AoFow wUFy] 43 TdT 44

i

ou B AddMe

AdBZFFo 2 cloX & A4stE

2 A8tk 48T FoHe PR A AT I AL 3

e Feo T ALEALE w3y 3

S (EH, =89 )& AHEso dA 0.35,

ozt 0362 ok AP dAFS 4¥ F

B¢ s, d
(433 &0, ¥93
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#gg g7
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At
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clo value (male) = 0.000558 x 9JE o] F=%L[g] + 0.068 (4.2)

clo value (Female) = 0.001030 x 9829} &3 [g] - 0.0253 (4.3)

Table 4.6 Subjective question of subject

Scale Thermal sensation vote Comfort sensation vote
3 Hot Very comfortable
2 Warm Comfortable
1 Slighty warm Slightly comfortable
0 Neutral Neutral
-1 Slighty cool Slightly uncomfortable
-2 Cool Uncomfortable
-3 Cold Very uncomfortable

HAES] HRV 2AL AAEN Jehd:s dgdx $dg AHe
R-peakst thg A149] R-peak 7t AZAE Talx, o]23H A3
Az oME NZE A7 Zo] A HRV dolHE T4
olo] Wig Fa+ £ FYdh +H8 HAE dolHE Ixg Uy
ol g5t £FW HPAe] Yol g HHAES 714 (baseline)s] &3
dg HAE 5+ A 1Hzolste] AEF ATo] At RAe $a7} A3t
A % 2R 59 F4e AARI 98 AGFH4I} 80HY A5
Qe g FHAA A5 o 48 E EQh o BEIAE hanning =SS
ASEAR, BEe A5 20002 gk W @ AzoH £H A
&2 olg3o] R-peak® WZx

g Ao R-peak® ©2 AH9

_87_



R-peak7tx] 2] A1Zt7+A & 389 R-R interval series® TAI3t1l, o8& 5

A AR A2E A Fo HRV HolHE ATFA3At old 28 F

o
o
o]
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Table 4.7 Stimulation estimation value (24C)

Temperature rise

Item Constant AT BT
TSV -2.3<TSV<21 -1.6<TSV<2.0 -1.8<TSV<-16
CSV -14<CSV<09 -1.7<CSV<10 0.1<CSV<13
MST 32.3CT<MST<34.2T [33.0C<MST<34.1T |32.6 CT<KMST<33.0TC
LST(Head) | 335C<LST<34.3T |33.8C<LST<34.0T [33.8T<LST<33.9T
LST(Hand) 31.0CT<LST<34.3T | 32.8C<LST<34.1T | 31.9CT<LST<32.8T
LST(Lower leg)| 20.1 C<LST<32.2T {31.0C<LST<325T [304T<LST<31.0C
LST(Foot) 29.4C<LST<34.1T |{324T<LST<34.2T {30.6 C<LST<324T
Table 4.8 Stimulation estimation value (26TC)
Item Constant Temperature rise
26C 27T
TSV -14<TSV<22 -0.9<TSV<23 -1.1<TSV<-0.8
(NY -1.2<CSV<1.3 -1.7<CSV<1.3 1.3<C5V<14
MST 33.1 CT<MST<34.7C |33.3T<MST<34.3C(33.1 T<MST<33.3C
LST(Head) 33.5TCT<LST<34.3C | 33.8T<LST<34.0T | 33.7C<LST<338C
LST(Hand) 324T<LST<34.3T |324T<LST<33.3T |32.3T<LST<324TC
LST(Lower leg)| 30.8C<LST<32.8T [31.9T<LST<30.7T |30.7C<LST<309T
LST(Foot) 30.8T<LST<34.3T [32.7C<LST<336T |31.7C<LST<327C

Table 4.9 Physiology signal change through temperature rise

(247, 26C)
Temperature Item Constant Temperature 1T rise
HE/LF 0.33 0.74
24T o wave 0.13 0.20
B wave 0.34 0.41
HF/LF 0.36 0.38
26C O wave 0.03 0.11
B wave 0.38 0.56
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Figure 4.3 TSVs during the 90min test period(24C, 26TC)
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Figure 4.4 CSVs during the 90min test period(24TC, 267TC)
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Figure 45 MSTs during the 90min test period(24C, 26C)

_91_



Locat Skin Temperature {Omin]}

Head
—#&—~ 24T constant
—&—24T-28T
Abdomen|| —o— 26T constant
» ——28¢-27C
3
o Arm
e
-
E Hand
z
2  Thigh
°
-
Lower leg
Foot X
28 28 30 31 32 33 34 35 36
Skin Temperature
Local Skin Temperature [20min]
Hemd| —
—a— 24T constant
~&—24T-25TC
Abdomen|| —°— 28T constant
> —o—28T-27C
K
m Arm
[
L]
E Hand
T
8  Thigh
]
-
Lower leg
Foot
28 29 30 3t
Skin Temperature
Local Skin Temperature [40min}
Head )
—— 24T constant
—4—24T-25T
Abdomen|| —<° 28T constamt
- —o—28T-27T
3
m Arm
[
E
H Hand[~—— R
x
3 Thigh .
°
]
Lower leg— - —
O
Foo' - A ! T Y. o A s Ao s s
28 29 30 3t 32 33 M 35

Skin Temperature

36

Local Human Body Local Human Body

Local Human Body

Local Skin Temperature [10min]

Head
—6— 24T constast
—a—24v-25C
Abdomen|] —°— 28T constamt
——28T-27T
Arm
Hand
Thigh
2
-
Lower leg
Foot %
28 29 30 31 32 33 34 3§

Skin Temperature

Locat Skin Temperature [30min)

Head
—&— 24T conatamt
~—a—24T-25T
Abdomen|| —°— 28T coastant
—o—28T-27T
Arm
Hand
Thigh
Lower leg
Foot >
28 29 30 N n 33 23 s

Skin Temperature

Local Skin Temperature {50min]

36

Head

Abdomen||

—4— 24T constant
—4—24T-25C

—0—28T constant
——28T-27T

Arm

Hand|——

Thigh

Lower leg

Foot
28

_92_

“AA-O
7 32 3
Skin Temperature

34 35

38



Local Skin Temperature [1hr] Local Skin Temperature [thr 10min)

Head Head
—&— 24T constamt —&—- 24T constant
—&—-24T-25T —4—24T-25T
Abdomen|| —° 26T constant Abdomen|] —° 26T constamt 1
> —+—26T-27%T > —o—28T-27T
2 3
m Arm o Arm
3 [
a s
S Hand :E, Hand
x x
S Thign 3 Thigh
o °
- -
Lower leg Lower leg
Foot < Foot : 2
2 29 30 31 32 33 M 35 36 28 29 30 31 32 3% 34 35 36
Skin Temperature Skin Temperature
Local Skin Temperature [1hr 20min] Local Skin Temperature [1hr 30min)
Head Head
—4— 24T constant —&— 24T constant
——24T-25C ——24T-25T
Abdomen|| —o— 26T constant Abdomen|| —o-26T constam
™ -+~ 284T-27T > —o—26T-27TC
3 3
o Arm m Arm
e [
o ]
E Hand E Hand
T x
8  Thigh S Thigh
° o
- -
Lower leg Lower leg
Foot & Foot &
28 29 30 31 32 33 34 35 38 28 29 30 31 32 33 34 35 36
Skin Temperature Skin Temperature

Figure 4.6 LSTs during the 90min test period(24C, 26T)
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Figure 4.7 HF/LF during the 90min test period(24TC, 26C)
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Table 4.10 Stimulation estimation value (22T, 24T)

Temperature TSV CSv MST
22C -0.5<TSV<28 | -2.1<CSV<1.0 [33.0<MST<34.5
23T -1.3<TSV<-05] 0.8<CSV<1.0 |32.7<MST<33.0
e 24T -20<TSV<-13| 04<CSV<0.8 |32.7<MST<32.7
25T -2.1<TSV<-15] 04<CSV<10 [32.6<MST<32.7
24C -0.8<TSV<29 | -2.3<CSV<09 |33.2<MST<34.4
. 25C -18<TSV<-0.8| 0.9<CSV<1.3 |32.9<MST<33.2
e 26T -1.8<TSV<-1.3| 0.6<CSV<1.0 |32.8<MST<32.9
271C -16<TSV<-1.1| 09<CSV<1.0 (328<MST<329

Table 4.11 Physiology signal change through temperature rise

(22C, 247C)
Temperature HF/LF a wave B wave
22T 0.10 0.18 0.04
23T 048 0.19 0.07
22T
24T 0.95 0.19 0.13
25T 0.99 0.20 05
24°C 0.17 0.20 0.27
25T 0.35 0.29 0.29
24C
26T 0.47 0.33 0.24
271C 0.46 030 0.23
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Figure 4.10 TSVs during the 150min test period(22C, 24C)
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Figure 4.11 CSVs during the 150min test period(22T, 24T)
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Figure 4.12 MSTs during the 150min test period(22C, 24C)
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Figure 5.1 Schematic diagram of the environmental chamber
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Photo 5.1 Subjects during the experiment

Table 5.1 Specification of the experimental apparatus

Item Range
Range of chamber air temperature 10C ~ 40T +1T
Range of chamber relative humidity 30% ~ 80% +5%
Cooling capacity 8100 kcal/h
Heating capacity 12,000 kcal/h
Humidifying capacity 8 ¢/h
Dehumidifying capacity 1.8 ¢/h
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Table 5.2 Positions of sensors in environmental chamber

Item Position Type

Vertical temperature
(from floor)

Temperature [C] (0.1 m, 06 m 1.1 m, 1.7 m)

Local skin temperature Thermocouple
(head, arm, hand, abdomen, thigh, 0.2 mm®
lower leg, foot)

Center

Air velocity (from floor)

Len/s] 1.1m
Relative Center Humidity sensor
(from floor)
humidity [%] 11m VAISALA
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FEE A3Z4de J4F A8A7 73 BIste 7IHE A¥AD 5
AEaA At swing HY A3AEL AFAI A 7FEEAA4 7L

AE3E swing AEE PN &4 dg3A 3gich 4 499 =23

o

€ 39AlZ Yy Hew Table 539 482312 Ytz ok & dT7NA

swing d€ojetn &= AL dojA HEF W 13 43 swing AL

a3
Table 5.3 Experimental setting conditions
Preparation Inspection
Temperature 33T 26C
Humidity 50% 50%
Strong (1.25 m/s)
Airflow Windless Middle (0.8 m/s)
Weak (0.275 m/s)
‘ Fast (8sec)
2:;25 Windless Normal (12sec)
Slow (17sec)

2t Age 159 199 APAE JA3d 4FS Psigen (53 o
A 54 FHE e Ad A4 308 T AN F HdPLd=

JAAA APt Figure 528 AP E Yebdlz gl
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2
i | | | | | | | | | |
| | | i | ] i i { | I
4] 30 40 50 80 70 80 90 100 110 120
Pro-tast Room Test Room
- 4> Every 10 second -

@D blood pressure measured at wrist and body temperature measured
at armpit

@ enter the chamber

@ preference airflow alteration, thermal sensation vote, comfort sensation
vote, air-velocity estimation vote

@ room air temperature, relative humidity local skin temperature,

mean skin temperature

Figure 5.2 Experimental process

1FEE A9L 39 4 158 S U eE Ao swing HEAYL &
W 7 308S ddez AP RE PR EL FHLE 37Toldo)n
438 AdFd AFERZ 7AHSAY. Table 545 AP WAMAG S
etz gl A@gAE BF B FoFoz 37 s $dF &
HEE AEstden g2 035 9 0362 Aok AP AR A
d 5 Atel Stobd 54 A hE didh HES e LlmetE AT ¥
datel eSS 44 R A JPA] H3x=g ddE W7

A3 27 (thermal sensation vote), 3 A ZHcomfort sensation vote), 71#
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9= ZH(air-velocity estimation vote) 22 FA 35t} Table 35 F33 A

E W8S vehda ok =8 & A7NAM swing A0 A5 &

AE dotr7] AHEE AEL Table 56~Table 5107 #t},

Table 54 Anthropometric data of the subjects

Number . . Ponderal
. Height Weight |Body area .
Subjects of Age [em] ke] (o] index
cm m
subjects g [ke®*/m]
Female 30 [24+2.3( 173.645.2 | 6321166 | 1.74+0.23 | 2.14+0.21
Male 30 [22+1.21151.2+10.7| 50.2+7.7 | 1.44+0.16 | 2.25+0.10
* Mean * SD.
Table 5.5 Subjective question of subject
Secal Thermal sensation|{ Comfort sensation Air-velocity
cale
vote vote estimation sote
3 Hot Very comfortable Very satisfaction
2 Warm Comfortable satisfaction
1 Slighty warm Slightly comfortable Slighty satisfaction
0 Neutral Neutral Neutral
-1 Slighty cool Slightly uncomfortable | Slighty dissatisfaction
-2 Cool Uncomfortable Dissatisfaction
-3 Cold Very uncomfortable Very dissatisfaction
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Table 5.6 Question for sports and sleep

Question item

Question contents

Sports Do often Do not often
Sports place Indoor Outdoor
Sports career Yes No

Sleep time Satisfaction Dissatisfaction

Get up Regular Irregularity

Sleep satisfaction Yes No

Table 5.7 Question about the weather

Question item Question contents

Hot weather Strong Weak

Cold weather Strong Weak
Patience of the weather Strong Weak

Table 5.8 Question about air conditioner use

Question item

Question contents

Air conditioner use (time)

When sweat

When do
not sweat

Air conditioner use

Yes

No

Air conditioner use (temperature)

High temperature

Low temperature

Table 59 Question about air conditioning

Question item Question contents
Cooling Long Short
Heating Long Short

Cooling preference Yes No
Heating preference Yes No
Table 5.10 Question for clothes
Question item Question contents
Clothes (when go out) Thick Thin

Clothes (home) Thick Thin

Cooling (clothes) Thick Thin

Preference season Summer Winter
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54 43
541 7155 N3AY

@271 M AzdE IHFEEE weak(0.28m/s), middle(0.8m/s),
strong(1.25m/s) ol A% 7|F&559 v]&L& Table 511374 2o g2+
weak(0.28m/s)& 7HE M3egon HAMHOZ weak(0.28m/s)9 H| & o]

strong(1.25m/s)2] H] & 2vl & =] 3}

Table 5.11 Male and female component ratio

Strong Middle Weak
(1.25m/s) (0.8m/s) (0.28m/s)
Female 4 5 6
Male 3 5 7
Total 7 10 13

Strong Middle W eak

Figure 5.3 Total component ratio(air-velocity)
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HE 7RSS 498 AP BT Ao edHYe BEE £
W7 ok Asas AR oz ARHNE YL B A
stk E9, BE V1ol s A™Y BE7L YAt BFNRLE
AAE strongO8M/S)NA AH FH4g thx WA R Yrix) | F &)
e % A% 992 A%t 8 AF 2 PFNLLEE B 9

€ Y JFEEd d3 25 #{E 2EAHPL AR BF

@
kY
i

o

e e ¢ F AR

¢

o

=
“ Ty

3
® 2 |
-l
(=]
>
[ =4 L
s ! 3&“
H
= 0
']
n
-
o -1
P
E A Weak
o
O -2 ¢ Middle
B Strong
_3 1 L 1 i A
-3 -2 -1 0 1 2 3

Thermal Sensation Vote

Figure 5.4 TSV versus CSV in subijects(air-velocity)
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L
C i
>
X AP
= o
»
e 0
4
(/]
=
o -1
Y
E A Weak
O -2 | © Middle
| Strong
-3 L " . . N
-3 -2 -1 0 1 2 3

Alr-velocity Estimation Vote

Figure 5.5 AEV versus CSV in subjects(air-velocity)

oo
1 %.-

Comfort Sensation Vote
[~ ]

A Weak
-2 © Middle
B Strong
_3 L L L L
30 3t 32 33 34 35 36

Mean Skin Temperature

Figure 5.6 MST versus CSV in subjects(air-velocity)
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542 Swing Y A3 3%

A5 swing HEHRME slow(l7sec), normal(12sec), fast(8sec)? «+o 2
HEetgth swing #E9 H3EE A3 JHEEY FAE dEHE Hoju
e AP FA7E QR EY APAE A3 7| F weak(0.28m/s)9} A&

swing ¥ slow(17sec)& 7F3 H 33 Q).

Table 5.12 Swing speed component ratio

Strong Middle Weak Total
(1.25m/s) (0.8m/s) (0.28m/s)
Fast(8sec) 2 0 5 7
Normal(12sec) 6 11 9 26
Slow(17sec) 7 11 9 27
Total 15 22 23 60

Strong

—— . " Fast
Middle - .
Weak

Figure 5.7 Total component ratio(swing pattern)
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A5 swing AEE AT HIAREL BT 24P L HFsE 249
#3 A-ZES Ausgdd. dAH, 45 J1FEE middle(0.8m/s)ol swing
A slow(17sec)E& AEste APYAEL tdx AL 7AW 25 3
#e FHeE e AL ¢ + UddY a"law HAE: J)FEE
strong(1.26m/s)°ll swing ¥ fast(8sec)& A &3+ v PA= MST A3

ANLTE FYAAT 7 2GAYY o) HEoE AL ¢ + Uk

Weak(Slow)
Weak(Normal)
Weak(Fast)
Middie(Slow)
Middle(Normat)
Strong(Siow)
Strong(Normal)
Strong(Fast)

Comfort Sensation Vote
(-]

mEaoosOoPP D>

-3 -2 -1 0 1 2 3
Thermal Sensation Vote

Figure 5.8 TSV versus CSV in subijects(swing pattern)
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Weak(Siow)
Weak(Normal)
Weak(Fast)
Middie(Siow)
Middle{Normal)
Strong(Slow)
Strong(Normal)
Strong(Fast)

_3 I I L A L
-3 -2 -1 0 1 2 3
Air-velocity Estimation Vote

Comfort Sensation Vote
[}

BEBO0SOCPDD

Figure 59 AEV versus CSV in subiects(swing pattern)

-

Weak(Siow)
Weak(Normal)
Weak(Fast)
Middie(Slow)
Middle(Normal)
Strong(Siow)
Strong{(Normal)
Strong(Fast)

_3 L 1 X L L
30 31 32 33 34 35 36

Mean Skin Temperature

Comfort Sensation Vote
1
- [—)

]
nN
ERDOOCP»POPLD

Figure 5.10 MST versus CSV in subjects(swing pattern)
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543 Swing €3 AaAFAAR] AA
H@PA7E AT swing HAEH JEF5AH] #AEZE dolur] EAHY
HA Hole FAFH FlolAF AAE PBeA} A5 swing A} 4

F8#e wAEA ZFAE Table 513~Table 5199 2o 713 a4 ol

¥
iy

BYFBE TEAH, VPN, “FA7, A AF FEA", “of
ol AFEEE", “WHAZY, “HE/FE dehdth 4EERIY ARB7
2 oojA AHFLE o HEIF oA AF A LAY Hre) Fa

¢ 242 AgeE AE ¢ F I

Table 5.13 Crossing analysis about sports career

Sports career

. . 2
Wind Figure Yes No Total x
Frequency 0 7 7 0.052%%
Fast Expectation freq. 3 4 7
Sports career % 0.00% | 20.60% | 11.90%
Modified residual -2.4 2.4
Frequency 13 13 26
Swing Normal Expectation freq. 11 15 26
speed Sports career % 52.00% | 38.20% | 44.10%
Modified residual 1.1 -1.1
Frequency 12 14 26
Slow Expectation freq. 11 15 26
Sports career % 48.00% | 41.20% | 44.10%
Modified residual 0.5 -0.5
Frequency 25 34 59
Total Expectation freq. 25 34 59
Sports career % | 100.00% | 100.00% {100.00%

** Correlation coefficient keeps in mind in 0.05 levels (both).
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Table 514 Crossing analysis about that awake sleep

. . Get up 2
Wind Figure Regular [Irregularity Total z
Frequency 5 2 7 0.055%*
Fast Expectation freq. 4 3 7
Get up % 14.70% 8.00% 11.90%
Modified residual 0.8 -0.8
Frequency 18 7 25
Swing Normmal Expectation freq. 14.4 10.6 25
speed Get up % 5290% | 28.00% | 42.40%
Modified residual 19 -19
Frequency 11 16 27
Slow Expectation freq. 156 11.4 27
Get up % 32.40% | 64.00% | 45.80%
Modified residual -2.4 2.4
Frequency 34 25 59
Total Expectation freq. A4 25 59
Get up % 100.00% | 100.00% |100.00%

** Correlation coefficient keeps in mind in 0.05 levels (both).

Table 5.15 Crossing analysis about cold weather

Wind Figure Str(;zlg Weavt;‘:;k Total | 2?
Frequency 1 6 7 0.012+»
Fast Expectation freq. 2.6 44 7
Cold weather % 4.50% 15.80% | 11.70%
Modified residual -1.3 1.3
Frequency 15 11 26
Swing Normal Expectation freq. 95 16.5 26
speed Cold weather % | 68.20% | 2890% | 43.30%
Modified residual 3 -3
Frequency 6 21 27
Slow Expectation freq. 9.9 17.1 27
Cold weather % | 27.30% | 55.30% | 45.00%
Modified residual -2.1 2.1
Frequency 22 38 60
Total Expectation freq. 22 38 60
Cold weather 2% | 100.00% | 100.00% {100.00%

** Correlation coefficient keeps in mind in 0.05 levels (both).
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Table 5.16 Crossing analysis about patience of the weather

Patience of the
Wind Figure weather Total z?
Strong | Weak
Frequency 1 6 7 0.017%*
Fast Expectation freq. 43 2.7 7
Patience % 2.70% | 26.10% | 11.70%
Modified residual =29 2.7
Frequency 19 7 26
Swing Normal Expectation freq. 16 10 26
speed Patience % 51.40% | 30.40% | 43.30%
Modified residual 1.6 -1.6
Frequency 17 10 27
Slow Expectation freq. 16.7 104 27
Patience % 45.90% | 43.50% | 45.00%
Modified residual 0.2 ~-0.2
Frequency 37 23 60
Total Expectation freq. 37 23 60
Patience %8 100.00% | 100.0026 |100.00%

* Correlation coefficient keeps in mind in 0.05 levels (both).
Table 5.17 Crossing analysis about air conditioner use temperature

Air conditioner use
Wind Figure (temperature) Total z?
High Low
Frequency 3 4 7 0.028+*
Fast Expectation freq. 5.6 14 7
Temperature % 6.80% | 36.40% | 12.70%
Modified residual -2.6 2.6
Frequency 19 4 23
Swing Normal Expectation freq. 184 4.6 23
speed Temperature % 43.20% | 36.40% | 41.80%
Modified residual 0.4 -04
Frequency 22 3 25
Slow Expectation freq. 20 5 25
Temperature % 50.00% | 27.30% | 45.50%
Modified residual 14 -14
Frequency 44 11 55
Total Expectation freq. 44 11 55
Temperature % | 100.00% | 100.00% |{100.00%
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Table 5.18 Crossing analysis about cooling

Wind Figure Longm]mgho — Total | 4t
Frequency 6 1 7 0.05%*
Fast Expectation freq. 4 3 7
Cooling % 1760% | 3.80% | 11.70%
Modified residual 1.7 -1.7
Frequency 17 9 26
Swing Normal Expectation freq. 14.7 11.3 26
speed Cooling % 50.00% | 34.60% | 43.30%
Modified residual 1.2 -1.2
Frequency 11 16 27
Slow Expectation freq. 15.3 11.7 21
Cooling % 32.40% | 61.50% | 45.00%
Modified residual -2.3 2.3
Frequency 34 26 60
Total Expectation freq. 34 26 60
Cooling % 100.00% | 100.00%6 | 100.00%

* Correlation coefficient keeps in mind in 0.05 levels (both).

Table 5.19 Crossing analysis about preference season

Wind Figure gruerfle;z;ce\:gsts;n Total z?
Frequency 3 4 7 0.026%*
Fast Expectation freq. 3 4 7
Preference season 2| 12.00% | 12.10% | 12.10%
Modified residual 0 0
Frequency 16 10 26
Swing Normal Expectation freq. 11.2 14.8 26
speed Preference season 2| 64.00% | 30.30% | 44.80%
Modified residual 2.6 -2.6
Frequency 6 19 25
Slow Expectation freq. 10.8 14.2 25
Preference season %| 24.00% | 57.60% | 43.10%
Modified residual -2.6 2.6
Frequency 25 33 58
Total Expectation freq. 25 33 58
Preference season %] 100.00% | 100.00% | 100.00%

** Correlation coefficient keeps in mind in 0.05 levels (both).
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55 48

2 Bl e Aol 7H dEde o 7IFE&ES swing HHe] A
€ #HotEen M3 71F ¥ swing SR b3 @A AE AE 3

#o| FAAAE AT 2 2RE Hdd d 2o

() HAPAE 713 HEse 1FESEE weak(0.28m/s), middle(0.8m/s),
strong(1.25m/s)&0l 8] H] &L 43%, 33%, 24%°lth. EF, weak(0.28m/s)]

H| & °] strong(1.25m/s)e] HI&HG 20AE 2 AL ¢ 4 YY)

(2) & swing FHEAME slow(17sec), normal{12sec), fast(8sec)d] o2

vetsten o v &L 45%, 43%, 12%°lth. 1eln dF-Ee HPA=

i
ol

715 weak(0.28m/s)9} A& swing HE slow(17sec)E 7V A3 3=

L
o

% % AN

3) AFA7L AAF swing ADF 7 FAgo] e VEEFR S ‘257

H7, V1A, “F97, dH A FEA, Ao AR, ‘WA

7, “ABIIFTE YEEY.
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AeF A

6.1 AHEE

2 d7e 9532 W 2719 AA 24 AH A4 B3y F/F719 2
AR FFE BHez AP 717 R x4 A 249 3 A
g JAAEEAFE TEIHNLH AAeIAHAA 2E8F 22U 2=
MES 53 2434 FAE AU £, Avd AF3}e AHE
o] 7} Az R 71F 2 swing HHEE Fol ¥ %79 Aoy
4ol FHE Tetsiginh B A7E T3 G dold Ao HHd wE
AA o] dAHAE FAS AAnA e AW AFAY AFHY &

AR FAE AT 712 AEE vpRsaR FAG

e

Q79 F2 A7ARE Fsd 9o 2.

i

() WA BAE =717 AFse AAMESAIH 71F 06m/se B¢ 2
2C9 24TE A4 F, 26T 208, 717 04m/s8] A 22Te d4d #, 2
ATE 30%, 26CE 408, 717 02m/s9 3% 22T< 40%, 24T< T0E22
of AlelA AAE SEEE 249 MFEL 2787 AR Re ¢ F
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(2) A" Aolg AT 29HF JHF FFBAC de AAE NF
06m/sol A = %2 Z(abdomen), 0.4m/s A =22 YZH(hand), 0.2m/s°
e IEIARZE(foot)ol™ HHZe A 06m/sle FRIYRLE
(arm), Odm/sold e IH2WH(arm), 02m/sAME FEIARLE(arm)E
vebtorn Ao #zRZ =ER9 AP st 2dHHAH A
7t & d#del dde AE &+ A}

(3) 43489 e T3 AN 4F S vXE AR SHAE B4
2 2% 71989 B¢ ZIHAA MFo] 49%, 2129 WEo) L2%E
1% R 227t 2EHHEE b Fodd 242 FE43E AL G 5 AN

=

(4) 2= 1T Hs HdPE T3 HAHLE 24T, 6T BEF 2yzne
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(6) AALZE 22T, 24TAX &% 3T 4sS T3 23¥7L -2<TSV<-],
HH 4L 0<CSV<IZ #FAFS W 27|44 3% F7171A 43t ME
¥ =7AT ALHA A FHgE FAGReH &% 3C dess T3
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g ARG
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