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Report from the Project for Developing International Standards for New Industries on the

standardization of dynamic thermal environments used to create comfortable living spaces

Abstract
Standards like ISO7730 that predict thermal comfort in living environments are commonly
used to evaluate spaces where conditions are constant and uniform, but conditions are neither
constant nor uniform in real living environments because rooms undergo temperature swings
as well as temperature distributions that change over time.
The present research yielded standards as well as evaluation technologies like human thermal
systems and thermal dummies that allow us to predict thermal comfort in real spaces because
they apply to dynamic thermal environments where conditions are inherently transient and
inconsistent.
We then artificially created a transient and inconsistent environment that was heated and
cooled more efficiently without infringing on the human sense of hot or cold, and thus laid the
groundwork for creating more comfortable environments.

International standards pertaining to thermal environments have come mainly out of Europe,



but few of these are directed toward the very different living environments and thermal
sensitivities of Asian peoples like the Japanese. Results from the present research can
therefore fill in gaps in international standardization that will lead to thermal environment

assessment standards which encompass the people of Asia as well.

Important terminology
Dynamic thermal environments Prediction of thermal comfort =~ Human thermal system
Thermal dummies Sense of hot and cold Transient and inconsistent Temperature swings

Temperature distribution Sense of hot and cold among Asian people ISO7730
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5. 1. 2. H—<VIi:VICX5FMERONMS

(1) =< ¥V
1) ELHic

ANBEDORBLE BB VENE V) IRGRIIIREICB T 210E, BE., &, IEEN4 DL, A
BN BITAERE, RBED20LDEE 6 ONERICL > TBBLIFRILEEZLNTY
Bo Tz, TO6DODERICLDEOMNTE. BEL. KU, BZEICKL HBREWEMRTWET 55
e LTH—<LIRIUddH 5,

Y= VA FVRIABORBARETHH L ZYAXT VAETH S, FEITNCL O0DHFST
SEENTBY, FNFNOEGOBBAEMI LTIy PE—VHRE VAT L% FFo>TWb,
BRI TR RE . MR OTERIC X 2 BB 8 2 L OHEAMAICEIE, MRS EEE 2B LOMED D
o $72. BB I ATIELEBNEDENZ EFEHIN TN,

COIIICANRICBIIAABRBEIHER IR TV RV D, =< VIR F VI MERA
BOWERE 1S X B EERPSH/O N, RO, ML LTV 5,
L2l —< VA FVOFMEE LT,

ST A RIb e Bk TE 5

XAF U THLOTRIEMOFHITRE T, HEBREFERD L ks z v

EBRTOMEICBVWCIET, EMT, LT, Bl 52

BICHTARIBDOTFHE, RO, 7)Y 7 DOLDIREN 2R TH S
LEWEITONS, '

2) V—=n<irIFv

S EIOMFEEITI ETEEHELLIZ —<w A~ F 0T
WSODDREENHDH, ZNHDY—< /< R1F TN
OO HF T, T RF BT DRM D
EOA EFHN5,

VINIEREANLNIELD THoTBRIETIE TS
AT Ao 7RR0, JV B MERAWTELDOLHD, £io, RILHR
MThoTHHRHBRPETHLILDEF G NFEE>TVD
ZAT 3D,

WIZFEE T ROBODRZET O, RS RERE
RAFRO224 7 03H 5D,

BBICHEFECEL U3 —~ w2 X OB R
HE FOHEZEATHIEOEELEbND, ZORE
TP ELTUIREREICEDIAL AT L, f—L=
A% R T HBRICRE AT T 5547 230D,

LUFIZEFIZFE T

K24 F#EEFLEY—<LvIFL
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REETF TETHIESNZbOTT A=y bE AWz —< v 3% 0D (K24) THY, RHITH
28 THVF D PICRE BB ZF ORI AL ROLDOTHD, NERICIRERIEADO L ERF>TRBYZ
UV —= V=3 F DEBEZHIEL TS, 2O HIEHIEZRIE T 272000 TR ERE
DIREZRE T HIOITRE B2 E RN T 2R ERHDEAT DG THD,

DY —e N2 XX ISR THADIIDRVDBEENH LT DWMNNITEE B LELLRD,

Holmer HIZXVHIEENTZ AIMAN (K125) 2 L XiTh AV —< <X ThD, BEFIEITREHE
#H R TIEFBE~ RFVREITEV DT, ZHUCE o TREAT LD TH D, o, ZORBFAOEH
BMOESIZ1E EIZHIE A OEFRAEE DN TRY, ZOBBBICHN S EROEICLVIREE
HETHIHLDTHD,

K25 AIMAN K26 H—<ILTirF B2

EFRIZFETL Holmer HIZ&>THIfES - B2(K26) EFFIEN S — < L~ XX TREAEEZET NV
LTIz 3F 0 ThHD, TR B DGR ERIE A OEHHRED 2B 622> TRY, #iE THREE
TV BRE TRIEZITOLDTHD,

AL FRFTRYESNI R AZAT DY —< )< 2F 0 (H27) Y THBEN, ZOHRIF LT
FAT AT DN REFFLZOREIZREEE TH IR EZIEY I Th b, ke o= DI NEE S
28T 5D, El- ER OB HIRBIRIZHAOWSN TWAIETEREZFI AL TW5,
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o, ZORAE =LA T DY —< L XX NIRRT EEE o Te A AT DL D TH D,

FRADEZMEE BB LY —~ /L~ RF (Chako EFFIEND) (K28) b5, ZD~RF IR EH
TARIBEHFERDOL D THIHIIHFETHD, £io, R—NA_TV 7O 5 B8 % 1k B LR
HilZb > TRV EBELDPIT A DI /2o TND, ZOFDTIT T ¥/ TR D B G 5360 BEEE AL DB
EITHISL TN D, ,

BEREIIRERIEHAe— 23 E Y —IRZ R AAAER TN,

2 8 Chako
K27 HBFFP—VIRFr

ZOMIZH AMEDE S DB EFR LY —< L2 NHVBEEDIHD Thermal Head Model
(Holmer and Nilsson 1997)% EMEIENSEH DX Thermal Hand Model EFEIZNDH DA HD = HDH—
2 VET MMIRFEBBRLIZLOIVHEOFALC L TROHMA<BIEN TEEINMESNTND,

Fo, BRLISICTRIVTOMAE2H/HE LY —< L <=2X 2 (K29) HESN TV (Kuklane
1995)%
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29 Foot Thermal Model

3) ¥—=AIRFVOHAVLIE
P —2 N2 XX NI YR EOBIETZRE T D720 &C{?Bﬂf:%@'@ﬁ;é UL, Bl Gl B
IO BRI Z RO B2 Tidiad i 4 2R THOON TETWS, ZZTIXEDRBMNE1TI.

19944EICPER BIZ, BEE(LICI DB RBIEH OB E R E TH720IC Y —< L~ FF 2 HNT
W5, ZITERAEOERMEZHE T 50 T BB EICIVRICKRIZIB W TENTZ T OEIK
HOBANRIDNERELIZLD THD, ZZTIHERE(EHLIOICAVONI Y —< w31 F
XV OO I BV TETEN AR TH D, ZDERNOIISINL EREEAIZ BV TR LA
RbN-EL T3,

19964E (I MilBIE, N ASAEENBBBREO—< L <%0 BEFHEET VI3 EICE
W —w L1 X EHEHEET VERWTELN RO OIRBBREOFM AT TV D, 2D
EBRCIHBERBEICR I AERZHI#H T AN LRUEE CIIRNEANZEERN LD B HOAETEIZ
BOWTABIASHEL TOWSIRBRELZEROFRLEL TN, ¥

1999@:5‘%@&:;@%%@&& 5172 NERIRBVR RO E RN B\ TR EEIRE WO R —
BRREICBWTEREI T TWD, ZAUIEBA TIEEEN 1. Om/sLA EIZ2DZENEL, TNETHR
%éﬂf%f:%ﬁﬁiﬁﬂiﬂmfém\f:&bcz%ﬁf:f;?rﬁit%?%%'%:k% HHEL TS, A
BRE AW ERTIIHERERD A LIRBAELZ L LU HEREZ RO L LIRETHY Y —~
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N2 XX EAVAZENEL-ER THLE BN, 9

19954F(Z Holmer #IZ I WITON /- EENICE$ D IRENE 23 55282 B RILLICERD DD, Z
DERTIIEBAICBNT =< v XX 2O TELN R RE AFMOHEERE 2 AV TEbh
FHFHEIZ E DR RELB L b D THD, ZOBIZHWON T —< V= 3F 03T HIREGRE
DIRFEER R T 722 EHT (Equivalent Homogenous Temperature) &V )EZ IV TEHliZ1T> T3, Z
DiEZRNDZEIZEVERREWVS A —RRBREL M TN AR THDHEL TVD, F,. &
DERICAHNON TV Y =< v XX NIEHE36EFTNICHEIL THHLDTHD, 1V

19974 Thermal Manikin Testing T/ &4172 Methods  for handwear, footwear and headger evalation
TIEARMOFEORAZHHLICY —< Vv XX MBI —< v 23 2 AV TFRUE
F OWEWEZ FHE L7 RBRAMTOIL TV, ZOERTIIH KO M7 2B IRBEFE 2L
ZHBLLTWD, ZOHEICEH ZFE LI —~ L XX TIIARBERE S 28T LERHIR
FRTIRRWERDND, ZOLRMATET EMRELIEEREITADILEL Y — </ v R F O
THD, ¥

4) Ft®

P L2 R NIRROBIEGI R E T D70 OBERLE L THAEL, ZORROTMICEAL T1E%
SOEBRPMTHOATRYEMEL TIS09920'Y L7255 TS, ZOISO—9920D LR ISOM MK DR ZAER
B2 I B2 DAISO— 14505 L CHRIERK LS >25H 5,

AENIRTRR OB % 72—~ )L~ 31X 2B EL L —< /L 32X 008 FRELZ1TY, £/-. 8EL
Te == w3 X2 O TR —RBREOM 21T e 2 BREL., Zhidh—< A <wx¥ %
RWDZEIZED, HHEBREICB TS EFAREICBEL T2 LB HRD LN R A £ LT E
BRTHD, LT, RIUEBRD AR OWERE % AW SA I FHERRE THEZ LMD —< < 3F
VERWEERIGEL TS EEDbRS,

(2) Y—=nirxroBME

1) ¥y—=<n<%2*%>Y (Prot Baby)
CZTIRAREOY —< V< A F V DIVER AT WER T A ROEESEYHLNICT 5,
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Head Front
Head Back
Torso Front
Torso Back
Right
Arm Left
Leg Right
Leg Left

©0 OO OO0
|

K13 0 Prote Baby D43 EIREE

®30RAEY A 7OH -V RF Y OFEFIERLZbDOTEEE 8 rFTIHEL T
B :
RAFRIEERABCEBRTTO= 7 0 MBI L D RAL TV, T/, RENEC
B L C R ICE - Th b= 27 U AEHMIC & ) BB ORELROTIRE L LTHlET
X%,2 UK DIBIRE LOREEI S AMAEE 2 ATl A DTk E CRERICHENTETS 5.
Z DIBDAREC BT B B & K IRT

2) Prot BabyoD®{E
Prot Baby 13 XD 3 1 IR L-FIETEEE N,
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(1) BERoE
2
(2) B BE
2
(3) REDBE
}
(4) R>VF
2
(5) EEMOUE - BHREOYE
¥
(6) e—=F 4 YT ITLYDRYFIT
2
(7) REB OB
}
(8) EEROAIE
\
(9) ATV* YU TIALXYDRYFIT
2
(10) ¥V aryofxi
}

K31 Prot BabyD&fEFIE

a) B0k

I TRHERZEDYAF VO ERD B
BOBIEIIOVWTIHRND, =< V<R F
DEENIED T THA I L L, T8 %
ZRLUTERKG6 r FEOHR 2 8/ET 5 C
L7 COFEEDOH A %K1 825 T,

X3 2 RS
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#*1 8 Prot Baby &&~fihl?)
BE 64.9cm (4 > H~5# )
i 18.93cm (3~4 # )
B/ EFEE 34.43cm (11 7 A)
Hi & ke 27.11cm (3~4 # J)
3= 14.6cm (11 7 A)
AL ER 11.87cm (1414 AB)
J§ Wi 14.6cm (11 # A)
TR 23.82cm(3~5 # H)
FLEEPH - M P 42.69cm (3~5 4+ H)
F5 PR 40.84cm (3~5 7 A)
&% 42.54cm (3~5 7 A)
i A 14.61cm (3~5 4% H)
e EEE P 69cm (3~5 4 H)
Hik 20cm (3~5 # H)
i i 4 B 10.61cm (3~5 7 A)
2H 10.44cm (3~5# H)
S -1 2.7cm (3~5 4+ F)
BE 2.23cm (3~5# f)
K& 25.36cm (3~5 # H)
S HITEH 25.36cm (3~5 # H)
SHPH 41.2cm (3~5 7 H)
K& 7.155kg (3~5 # B)

BEROMELLTRYLVE UM (V)Y FEA4T) 2RV, BEE)FEEEDbE, 23
D ETHID, B, WFE, TR, AELEEGET6 oD =V IZHIF TERLE (K3 2), 2hb%
IRF UBEEAER) THEE LD 3 TH %,
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K33 FE#EA%

BELIEABER) ZAF M (TS5 =) RHF—T 227y NFTRAT 74 N=)Ta—F
A7 L, ThE2~3@o1)7 (M3 4), BT ATIUBRIZBLFIOS— X v 2)%RET S
CETHLT 5, HEEAL LTIOWLHIOEIIER 2% 5 \WThH S INREIC X o THLAIO
BEEZTCOAKLENH S, BEHFOEETIE 1% COLWREVWERDNSE, FOMOELMH
I o THERICHELREZDLEND S, F—T A<y 2RV HIT TV E XD KRBT
ISR VE ) ITEELRITNER SR\, FOBRR—IN— LGV ¥ —CEBIZL (M3 5),

K34 REBOEK
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COERERBVTVWL DD DR BWEL72VIBEIRRY AT VR (ZX% —) ¥ —7
TARY MTTATTAN-)DREBZE THLENDH D,

K35 KO

K36 TrUNVNTvH—T (GRE§) BEHL
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B3 7 SREDIEH

X138 REDEL

FOEPLROMLABLRTVEIICELT ZINT v H—37 (F$E) LTSRS TEE
FHEETFTWo72 (M36)e ST 2ZINT Y H—INFRI VY UMONEEREZBOTLED
SERHL (K3 7)o TIITEBMERIZBVTHENZORICHENWALOREE, BzikER
FTLTEREED S, 72, BEOHRD D ) EEPERI Lo/ TOTZINVT v H—I3F
8BBYY Y FR=NN—THFIZL, KBZICLYVHEICEAEY—IT L7

BAENE ZAIZERINTFEHN, FOLICESIZTIZINVG v H =T AT L—F T
WHY 2 &V EER 4 ~ 5D E L7

INODEENKT LRI, T2IUNT v =T RIFEEICEINGDTIDLENSHEIC
JVT (Fvh— - H—TxHh—) LVDLDNIERERXATL—F T CTHEELZ (K3 8), DK
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HCREPSTETRITIULKD S OEES L W EEEL B0 2 L Bbhb, REBICERLZ L VEDS
P LT BNy KR v 7 ATH R, £@FICERIEDY OfFETIE, ERER
B R=8=5F, RO, KEE-EREY)OBYEL T, WHCEEESETICRELES H»
K ETF208KRELREIATHS,

b) EHEoRE

CZTlda) TEYELZAF VY OREET AW TER 85T 5,

ORI L DA F VORKEREIL, TR ERT L7000 TH 5,

9. FENCIIEMOSEI A THTOBELZEE, CoORICL ) BIFO5E 2RO 5,
RICFERNIRY) Z AT VBHEZ &), SADPEWTLEIFIICZED L6 R T X7 VEHE %
FAWTH =72 A%y PR 2EICHVFITS, BICZOLRIZZUBA (B—7xZX<%y PEXDED
DITFTAT7AN=), ZFOLIZTY b (ZBALIWEDDTS A7 7 43—) ZEE0HF72 (K
39. K40), CORDEFIZH R AT VEHEE V5,

B39 BDRE

K40 RIRTHHERE{LAT
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A EIEE LB AR5, BT RN 0E TSR 2 LSBT EICEAICHE
TELL)ICRIEL: (K4 1)o T2, EROBEAOSF U LLHEBICHBIRICEIEL . F
7oy COBRIBIHER LR T A7 VBRI X VLR T 5720, BRORFICIEEISLE
—(“%éo

K41 ZFEpLRIN

c) FEORE

FEOBEIIFE I VY YRV, TORET VY VIZEFICMINSR ) 5L, WAKD
BICELEDETVWIENLEMTHD, L L, ESIOPELT200FEEICHE D (1~
25 CH bR iR %) BELEETLEL T 5,

COERERAT) RICRAEEBBOMYN LG TH720ICT v 7 ARy ) a v AL —%H
WT, EVWOREAFEE LI VIRRICLTBLRESH 5, ZHIETRAF VARELZITTIE%L
B BT 20w ThdH b, s

ZOBCRIT LY R LB |
BIDEN—Y 2 EbE LR LT —
TET) v T TEDELD, BIZEY
NEHDEEETIRLRDVDSDTH A
T2ORMEROERLTLE 272, R
LR BIIE A CHILAREZREI L
TBORBEYILY VOMLLSVE W
)RR NI H o 7-(K4 2)
0o TDEIARE—ETEETLIL
EHEEETH D, EEFETEEEG 4 IC
BELTELBICRY R ETEET S
TENFLT Lo M42 SZHEO<IFRE

62



d) R}
sk EdSo 72w 2 F A EP YW L KL I — 7V BB 2O DR ERIT 50 72,

AEDWMERYZ 2 TEES LV FIEEORD T S, WIME F— 7V EHEETHLODORGH
EWMMLEICL 2T, FFF8 2DOREMIT7z,.

e) EEMOHE - BHREOLRE
I TOREEOUERITAF VORMBLRETA-0ODIDTH 5, SRR LI-HER

F—TEHENZLDTH b,

FP., ToTOBNERY)DEEYED ., TOBRYAF VOZIMOREICKRE L B
fHiF7er—TOER LB L CHEZ S VT HETH S, ZORHWVD T — 7RIS
Nz LEZEBLTHENDBL 2V OEFERAL (K4 3),

M43 T—7OFE

RICHEMBEOREEZITV, TR L-EE, Bift, EHUE, EHRORI 2RO L,

AN 0 RO REBHEZ TICEE L7
O 0 EHOEBRHE (1 B OBMEE I 2 EBAHE] & El L HROMKR 2

£19 OmBFOEBNRHE

19754% 197 9%
59.0 59.5
el kcal/kg/H| kcal/kg/H
60.2 60.6
Z® | cal/kg/B| kcal/kg/H
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INEZHEIZLTAMEIE6 0. Okeal/kg/H TEHE L 72,
ROFERIHENLEREL KD 72,

60.0[kcal/kg/H]=24[h]=2.5[kcal/kg/h]
lkcal/h=0.8 6 W

2.5 kcal/kg/h1Xx 0.8 6[W]=2.15[Wkgl

7.155[kglx2.15[Wkgl=15.38[W/A]

15.38[W/A]1+0.311[nf]1=49.4 8[W/m']

D EDRERITLY Prot Baby DHEMHEAELFEMEX4 9.4 8[W/m']e Zh X DIEFUE, &
WrORHKEL KDz, BERET] 0 VORETITo 7,

L Ladts, $OERIC L ) BEEID 2 OERITE COERIIT R %0 7272010 &
FEx2O0VICREEERELAORICERTE2 02 1 TEHEEHN2 OV, BHEDI L0 0W,/ of
E%oTWAhA, 20, 21 TlXProt Baby DFFMILT—% %59,

#20 Prot Baby DT —H

ZA:) FEH(n) g (w) EHIE(Q)
Head Front 0.043 2.16 46.2
Head Back 0.014 0.72 139.6
Torso Front 0.049 2.43 41.2
Torso Back 0.032 1.61 62.0
Arm Right 0.028 1.40 71.4
Arm Left 0.028 1.39 71.8
Leg Right 0.056 2.79 35.8
Leg Left 0.058 2.89 34.6

%2 1 Prot Baby DT —#

2R EHMOME(Q) | EHEBMOE |WHTES(m) | BT EEE

(mm) (mm)
Head Front 10.8 0.35 4.29 10.2
Head Back 92.1 0.120 1.52 9.6
Torso Front 8.7 0.400 4.73 10.4
Torso Back 20.1 0.260 3.07 10.6
Arm Right 26.9 0.230 2.65 10.7
Arm Left 26.9 0.230 2.67 10.5
Leg Right 6.8 0.450 5.20 10.9
Leg Left 5.5 0.500 6.24 9.4
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PLEASProt Baby D7 —% ThH ), TOEMEP Y —~ VA1 F L OfHEERET 5720, fHH
B 2ZRB L ETE IR PERI NS,

f) e—F4 Y 7I4YDRY I

BZN—VEICE20. 21 TRLAENE (k=T 4227 74%) 2BioTw, TZTHH
LI =7 0 a8 Th 5,

FPLBIEEH LT TENICH > TRT o7 B SOEPIEZF 2 1IRLAHEBTR- T
W< (B4 4).

K44 b—T AT TAXYDIRVSHT

EHBSFEE Do T hH EZAHITREEER 2 HH L T F 2470720 —FM 1712

HEETH o 72I3THEFDOHA, BHOT, BOTTH %, BHOT. ROTIIBRMAIIE TN 2
oz, BEEROHS FIEIHMOEIM LW LR T o270 THh 5,

ASARAT LY UHBETFREBVICRB L ol )W) T kol LPLEES T
DHETRERPE L) TELI LR, EIHITFEWTLE ) EOMENH S, ThHDT P
SEREMICEAL L, BLRICEEOHWEEA 2 BT LEN D 5,
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Whole body equivalent temperature

teq,whole =1 sk,whole Qwhole / hcal,whole
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Qn; =i F UV BIFHRE
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&2 3 HRPREORESRM

Case |&iR (T)
0 22 2N
1 24 S
2 26 R
3 28 IR
4 30 IR
5 22 EAK
6 24 EK
7 26 EAK
8 28 EK
9 30 EAK

b) ¥H—EMIET OB R

DEDFRMICLDITONAERFEREZRS5 5, K5 6I1IR7,

BI5 6 3EREHTORERTD %,
CORERIBIFACEREH BV TRELBAEFHE ST 7 THREILELEFITBWT
EUER L EOBBORERZDIDOTH L, T THOLNARIEIAY —BABEORKER 57

LS %,

5 5 IIHERF DR T,

1—IRBIRE (RIK)

32

31

30

29

28

27

SR (°C)

26

25

24

23

22

100
FREW/m)

¢ Head Back

»  Head Front

a4 Torso Back

e Torso Front

+ Arm Left

Arm Right

Leg Left

Leg Right

Total

—— ## ¥ (Head Back)
....... ###2 (Head Front)
---- &% (Torso Back)
--—-- #&% (Torso Front)
e 43S (Arm Left)
...... #2%% (Arm Right)
- $8%% (Leg Left)
- $2 %% (Leg Right)
— 8% (Total)

» & ™ #

y=-0.11x + 33.99
y = -0.07x + 34.33

y =-0.15x + 32.17
y = —0.06x + 33.50
y = -0.09x + 33.93
y = -0.10x + 34.61

y = -0.09x + 34.66
y = —0.08x + 34.82
y = -0.10x + 34.37
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32 + Head Back
= Head Front
31 s Torso Back
30 e Torso Front
+  Arm Left
29 » Arm Right
~ 28 + Leg Left
e » Leg Right
ng 27 + Total
® 26 —— ##% (Head Back) | y=-0.11x + 33.99
O #9% (Head Front) | vy =-0.07x + 34.33
25 " ---- 87 (Torso Back) | ¥ = ~0.15x +32.17
24 L - %% (Torso Front)| ¥ =~0.06x +33.50
- e §8 TG (Arm Left) y = -0.09x + 33.93
23 I W ) #7 (Arm Right) | v =-0.10x + 34.61
22 . ! | v $874 (Leg Left) y = -0.09x + 34.66
0 50 100 150 |-~ 7 (Leg Right) | Y= ~008x+3482
gmgwWn 00 L #1 (Total) y = —-0.10x + 34.37
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BBMBETH DL E Lz, T2, SRIEETHEIEL AV TV W OREICE L CORHEZRET
EWOEBEICE L I —RBIRE LS L < 50%E L7z,

FZT, TITORBEFMFIELEMF BN TRIRIZET2 6 CIZHRE L7, mEICDOWVWTIES
0%, B EX 0. 05m/s & 1m/sD2FHE Lz, BEHITETEM % 7213 BRI T 50 cm
BN ZADPLBEBRAN—T%3007 v FOHB & Lize TRNOLDMAEDLETEE S &ML
L. HREFEREBLELRD 20 L, AY—RARKIIEF 1 0RMF T 272 Bd~v A%
DFEEBHD 5 5 0 ¢ miT 8L 725FT0 O mERE CARFEHIAE B L7z (5 7). & 2 THEAR
YHAVWETOLRALES L2BEBE LTREMNICBWTLTa Y74 YaF—SFrHwiEE
WCHEO—ESEFSRICES ENLREIEIN I LT L 2EZE L., BEHIE L THFHFIC
KD O DG 2 521F 5 2 & BEE LM 72,

I TORY—RBREORESFH T RDE2 4127,
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K57 AHEH—REEBRER

24 FY-BRAREOREEN

Case KR (C) BEHNE | B&E (m/s) | HXKEH
0 26 L 1. 0 2SN
1 26 SHTH 0. 05 230N
2 26 TEfi 0. 05 AR
3 26 SHIE 1. 0 BRAR
4 26 R 1. 0 K
5 26 L 1. 0 EK
6 26 SHTH 0. 05 EK
7 26 TEf 0. 05 EK
8 26 SHTH 1. 0 HK
9 26 i1} 1. 0 K

d) AH—BREFETONEREE
AR TIRERECHEONIREREZRNDE2 5, £2 610587, F2 5 3B EEE2RL.
F26FEKETHL,
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%25 ARH—RBERE (PBEE)

ik Case 0 Casel Case 2 Case 3 Case 4
Head 23. 71 | 24. 32| 24. 63 | 24. 63 | 25. 24
Front
Head 27.51 | 28. 09| 27. 05 | 28. 67 | 27. 98
Back
Torso 23.01 | 23.801| 23. 80 23. 80 23. 38
Front
Torso 29. 06 | 28. 43| 27. 34 29. 37 29. 06
Back
Arm
Right 25. 15 | 26. 72| 26. 30 25. 67 26. 20
Arm 27.27 | 25. 90| 28. 64 27. 56 27. 17
Left
Leg 19. 71 | 25. 27| 24. 66 20. 67 19. 37
Right
Leg 24. 66 | 26. 69| 26. 23 24. 56 24. 38
Left
Total 24.59 | 25. 81| 25.61 | 25.30 | 24. 79

#26 FH—RBERE(PBEXK)

B Case 5 Case 6 Case 7 Case 8 Case 9
Head 21.68 | 24. 52| 23. 95 | 25. 50 | 25. 25
Front
Head 25.18 | 27. 25| 25. 44 | 30. 08 | 27. 63
Back
Torso 17.19 | 21.86 | 20. 48 | 21. 33 | 21. 22
Front
Torso 20. 70 | 27. 12| 24. 74 | 27.36 | 27. 36
Back
Arm 24. 11 | 25. 14| 24.52 | 24. 11 | 28. 04
Right
Arm 23.63 | 25. 75| 26. 93 22. 93 25. 75
Left
Leg
Richt 21.92 | 24. 14| 23.80 | 21.58 | 21. 92
Leg 20. 99 | 23. 97| 23. 78 | 21.18 | 22. 438
Left
Total 21. 54 | 23. 97| 23. 78 | 21.18 | 22. 438

ZDFERERIHF TV —RARKE TORKE L [RDOEUERD 55 572 AX IS T
HHERS5 8, K5 9D&) BHERELS,
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ET F{lEE(C)

31

29

27

25

23

21

19

17

15

FH—RBEFRIRGERE)

—e—26°C JAE1.0m/s
---m-- 26°C FRETEEED
- -4 - 26°C TET A B

i 26°C TRYTEEED FE1.0m/s
e 26°C TRETZERBE BIE1.0m/s

58 AY—mATIE (P BHIE)
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FH—BBRRER)

31

——26°C EE1.0m/s

---m-- 26°C TRETEEER

- - —26°C W& E BT

g 26°C TRGTEABR EIE1.0m/s
«-- 26°C TRGTZEBE A& 1.0m/s

ET ZF@:EECC)

X599 A¥Y—RE#HEE (PBEK)

® Torso Back & Head Back (2 B) A IREIMBOE IR TEAS D 20
Z M1id Torso Back & Head Back A8 A Ve L/ZIRETHA57-0TH ) FHOBREOFEL
FF i EEZONS,

® JAAT0. 0 5m/s DIRBELEMAIIBVTHEROEMIRE &
I, ZOBRESRA ui‘av‘f}ﬁ\i)‘wgmup?ﬁﬂkéoﬁ’ﬁﬂé TOICBPEbDNLIOLERD
ns,

o KLU D S HEREMI LA TERI D%\

HUEE CIEEII L ) QRO CREES T LI ) BOBEEIIE SR TV,
Lan LSt H—RBEmii 513 2 SRS LI X 5 T 5 7 I KIS O RO H A7 H)
B o LR LD,

147 0 72 FEER T 2 6 TICBIT A AY—mARFEIH —mARBIIB VT ENZTITHET

50)75‘ i L7abFTH S50, ZOAY—mMIREORKReMEIIHET A2 LICL o TRY
AR L) LOKBEbTREL bbb,
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GEZX)

DERRELY, =<V F VPR —RAREOFFMICEN TH A eI R ENT, L
PLEDL, BADY -V A2 F VL bRHEREBREERICL A/RIEBRETL., 20—
BEERETHIENARTRTH 5,

ZIT, UTDX) -V~ i3 2B L, FRICT) HBREEROER L BT 2,
PIFIC, LEE SNAEME SE2ET,

BREBAL X, HkB7Z2TMPVEIIFERETH SH25, I SOHEE BB <. LTo
1 9P I AR ORI 5E 5 2 LRI TV S,

OREL Q%L Ok LB @RI OLF
®Of LEEOARKR @FF OE OF hOEL
QKB EEHGEARTE @K THEE OXF ROA KR LR
QL RBETEO4G THREOH 2 &t 19 @Er

BaH o B
AR, BTIER, RICES Z RS L)1 Tabb, Wi, Wik BEH. B cda4
YhERT, BEOEEDPBNL L) IZTHIENULETH S,

HR
HEVPEBRESYT, —ATOBEPTRLEEEL TS, LPOERAOREIES R LIICTIAF
V4 7i*j‘}:j_7°):ko

¥4 X
HARANDFHWZ2HEL TS (170 c miEf),

BEBHRFR
REICHEONTVLEHM (=T 4 7 74%—) KCEBREHRL, BREEIRRT L TR
BIREBOBFHLIT) . BROERE, YAF VEALLETWA Ty =T hoHBERy 2 228 L
TRV AVICTHIEETAB T &,

i BE R % 7 A

B X PR OBEHEO L ZWE L. ZOESICL ) FWALOFHREELEHANS
EHHIRD Z L,
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5. 1. 3. BEREEERICLLBEEOFMEM OB
(1) 1Loic

EHICIIEE, KOBARELERHRAIAADPHEET L, T, SEICERT I VDLW
HERO—ERTH 5, HERIL. KPRKEGRLINTZ), BnEIADPLHEREDOMNTEN
N FBEORVEERALHL2VENANE Vo ERROB LWVBESLICI VRIS DL
ZZHNTWVD, ERZFIERITERIGEZ T TRAKRRBESE 2 L OBEAN R EZE)IE
ZoNBED, FIEE BREOTIFTE) ICL2EEHO K] ORER, MR LDEHRE
FEILELEINAZLIZLIoTHNLA D LEZEINS,

BERNDEBEETARERLIIZRI E 2 VDI, BN EENDREEL —EUTICTRE
ThabEEn, [BEWICBITAHENREOHMRICETHER (CVERE)| Tk [BEDR
Bix2 SCUTTHRENDEZTCUTIZTREELTEY, TRUEREEIRESRBEAN
OB FHTEB IO D DORENRIZENDL I EDNREEINL, LLLEWSLIOHRICETS
NEEE L CRERMIEBELICENTEL T, F-REOHADE TR ENLU LDOERE
EIANERELENTVLI L THEZONE, SHIT, HREAIMIHADN LI-BOEEE
RIBHRETIE, ALAETH, TEREARELGRLR LA LCERCFELS Z EDXTFHEIS
nb,

FIT, EYSBEROZERANEBE LI, REZDH L 2 OOERZEHOHEEIRENL, FEF
BONMEOAEBRLGCERIGICRIZTEZELHS L, EROEEOR Y LR TAZ L2 EY
ICEEBRE T o720

(2) HE&

1) EEGRT

EBRIATREZ 2212 TT > 7%
2) BEE&M

KERIIEL Iy PR — VAR, BT A 2 00 NORBEEL A Lz, —HEBREL
Ld)—FHEEREL LTRASEHEHRE L, BREDNII) ESHTEL LTRR3 5T,
SHEE 6 0 %ISR EL. KBEDIE) BIEFRECHRT A720KIR 21T T3 2 8 T, AAHE
FE6 0 %ICFEE L7,

M &b FHYREHREIREEFL . [AEEIPERENET0.2m/s TH o7,
3) #ERE

BERE L 20 D0 23/ E TORBLLTFREE N0 ANTH 072K 2 7 ITHERE O HRAE
BERL7
4) BREH

HREOERPOFKIT, EFO—HMLEKKRELT, TV Y (#100%). £¥=av b
(# 100%) *AEL7. BBEBAOTE (Ya—v, 79V%—) 2EHOIA. T ¥ ¥V
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Exaay bEERLL, RBERTOHBREDOERICL 2EIEHMEIZ0.3Clo L EH SN,
5) WEHE
(EHHIEE)

FER —IAFIREST (BHE2% ST &) T, K6 0 R TABRKAOEEIRT S
* 15T LICllE Lz, IS, /i4E. MOER, BEER. LR, miki. KB, Th, BB TH 5%,
CDTHETHEENEFEDS Hardy & DuBois D7 HEICL ) FHEFEZEL L,

EiE . BEOKREERELFERC, Y- IXSVERERERV, IFARKHL 2 FItBi5
BEX 15T EICHE L. 28, FHEEERS L UCERIRD S FYERERTEL L7,

ME : EBPEFRXOHEMES (F20vE) 0k h), HLEEHICBWT3I~105T¢E
Wi L7z, .

A% 0 A ) —ELGHEEN (V7 A VHE) XD ERFOLEEY 1 5T EICHIE L,
FREBLIUBRER E | HFEREOKEIL, ERFABENS IR TERIC, AMERFE (X b
T—#E) THVWT, £ 17 740BETHEL. TOELVGFERIETEL LT,

(LEREE)

R ¢ K2 8WARTEBMRELZHAV., EBRHT 325 10 5T L CHEBREOHE R Z1F
726

BHE . R29RTEEMORETH W, REEE R URRICHSE 217,
FOMOEE 1 K305 3 2IRT.EEICHTIHEE, RITORE,. 250725 K,
WCBL T, BEREF URINICHE R ) 1772, /2, £3 3IWCRT L) ICERRICEERERD
HEICOWTHAEERSYSICLAHEBICE L THERZ ST,

6) EBFIH
F3 4 ICEBRSBHLEE, M6 1 ICERBROFIEERT,
COERNT, Al PO - UATRZBETS 200 ANTEEZ R FA L. $ERE (582
1CE721E2 8°Cy AAHEE 6 0 %, U FIREE L 584) & B8 (3 5°C. MAHEEG6 0 %.
UTFBEELET) #BELT. CO2E0BRVELEEL L, 2 BBEAHRENICBT5
BAOSRY ., EEAHRE L CEHICBI 2 AROHVEHNORBLE LS DTH b,

WERE ISR 2 5°C. AAHEE6 0 %OWEI TEK L, MIEN7-00EHECEHEL v —
FASE L BEERCETAT Yy — NCEE L, RERHE L. M EO®EA=T L
7 By C R R & L O BRI % BIAE L. SR 25°C. [BEE6 0 B OLASICBE L, Sins—
(RS M OBEERE BB L7,

RS DB L 2 EOMERMICOVTIRARMEPBEL. BEBE4 2 1CICRELESE 1
0FBEICES UTARELET). AL 405851088 (ABAM). KBS 2 8T,
Bl 1l 09BEICBH (ACEM). AU 404828 (ADEME) &L =20
D2ERBHMIZEHLEL1659TH0. A, CAHICBVTIH]1 6EDHEAY. B, D&
BICBVTIRABOEAD 5470722 L1 hoF /2. I hO— VERE LT RS2 6.
5CO—EL&MICEELL 6 5PMASICRES 158 (AEEH) OWELFT- 7
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1BOHEREDHT-) OS5 FHTXTZEML, FERE 1 0 AXSEHTERS 0FIOERE
fTo7zo ADSEDZEERFHOERIFF X, TXTITVFAITok, T2, KREN L SR
ENOBHII» P LEHEH LY —ICT 5720, B, D, EFBFICBVWTREA—-ZAT1 04T
LIC2EMOBE LR T 2 EEICERE L7

£27 HEREOHERHEH

Subject Height (cm) Weight (kg) BMI (kg/m"2)
1 167 62. 0 22. 2
2 160 51. 7 20. 2
3 146 50. 8 23. 8
4 166 56. 3 20. 4
5 163 4 7. 5 17. 9
6 158 45. 8 18. 3
7 155 53. 3 22. 2
8 166 59. 0 21. 4
9 159 46. 5 18. 4
10 163 52. 0 19. 6

l, Forehead
2, Abdoremen
8
3, Forearm
4, Back of hand
S, T"high
G, Leyg
7, Foo.l
8, Recrtal

60 RMiEDMETRA
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#£28 Ml w31 EFORE

=3 FEEITAHR 0 FEhruTwunin
-2 R 1 ALFEATVS
-1 R 2 FErnTns
0 EHLEHBFRWN 3 PuDFELVTNS

+1 RRHRE 4 WHBEEFEDPVTVES
+2 Pl
+3 FEEIPE

#29 A &3 2 IR
—4 FFEEIZEN 0 7Z25<7%wn
-3 #Ewn 1 RREAsN
-2 wLw 2 Fhn
-1 RRELW 3 FEIZHN

0 EBLELEZRV
+1 RRBEIV
+2 BEhwn
+3 20
+4 FEEIBW

£330 BRIINTLIHEE

0 COTWEEZXITANLLRZW
1 CORFEzRTANLND
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£33 BHEER7Y7—F1

I & 1§ &
HEEITE NEEY RTINS 21 | FhIn
2 | &57 K5 12 |[FEETH2DOPRICRD 22 |RH %
3 [EaEsw 1B3[vwHnsTs 23 | Btz
4 [ HLUHTH NEEY 24 | WEELY
5 | HAIZARD T A 15 | FICELIC R W 25 | Od b <
6 | Atr\ 16 | Brol LI EABREERY 26 | EAMTND
7 | BAENRD 17 | T2 LMV HEE 25 21 | HFIWVAT 5
8 |BErEC b Rw 18 | WEFRC DD 28 | EEROHRALIIT
9 [BdEF LD 2w 9 [EBALLTVEREY 29 | FEAESDR S
10 [#chy 72w 20 [BEAF RS 30 | ®aAb b\
F34 EEREHA
Air Temperature (low)
Interval 21T 28T
1 0% A C
4 045 B D
0 50 160
0 1p 20 30 s Gt J/7 140 1 |
(A.C condition) | NO.2 NO,1 NO.2 NO.1 NO.2 |. NO. // NO,2 NO,
36 13 16 23 26 33 36 43 46 53 56 143 146153 156
N U N N N N Y y N I
(B.D condition) NO,2 N0, / NO 1
3 6 137 23 33 43 s3 | 143 153
. L. ME, S 21T o R
B61 FI
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(3) HRBIUEE

1) AHET— 5 OREEE

6 2 ICAEHICBITAEEHNE LU TFHEER. BERR. FHERE, OHEEOZBEH *#
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BB AEEIE (t 1) BEIETIX3 4. 8CR oD ERIIBEHTALT CICLES
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~34. 0 CEECELT %,

HRFERERIC B A EEIRL LCEBMEEE (t 2) MHESR, EREGEHEZ3 4. 6T
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—RBREDOARELREDN BT T LI LARORKMES & O TRERORARME 4k 1C _ EF Mm% &
®, FhEN3 6. 3THBLU35. 4TIXELT 5,
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TFETOEEE (t 4) IRIETIX3 3. SCRETH 72OV FRETIIRDIZ3I5. 5T
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EREIIEC 2D, EBRRTHITIE35. 1 CTEEL R -7

REIWCBITHEERIE, KB, TH, BXURETHESN, THIEFER (t5) &, A
BERGEINIE3 3. 0CTHo7-DHFHBBRETIE3 4. 7~9C, KEETIE32. 8~9TIc
ZILL., BRECOREEEIREIEBEI - 2ICoNE R AEAEAS NS, FTRICBITSEE
B (t6) X, lIZETIH3 1. 1CTHo-DHFEBEETIIRMEI3I 3. 6CHIC33. 1THE
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RKEWVEZEZOND, BEICBIIZEER (t 7) &, ABERBRTZ3 2. 3CTHoz0N,
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09CTHo - FHEIHREBHTALBTLEZOETIZ]1 SHRERX37. 03CTER
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BESERICE2EED ), BXARRIEBEED LA I > THEMILEN, ASEBIREDK
TIZX o TIERLENDBED LA F IR T REBRAS O ERBIDEICL o TIbIEEN S,
7ol 2T, BB AL DEMATOROEL, MEEEIFEIC L KA S FEOEBRILEIC
X B HGEHR OB, FBE TOEBRMBIE L OTFOEEN L MIBWTH o L bEEL HEME
BABRKIETH S, TNITMA T, & TR, BERRLENOZERL LORMNE b o 72 GBI TH
HARBRSL L LTITbh T b,

MEZELERD O DORUMEGEE VR THUMMEB T ICER SN, BOEETIRRIBZOEE %
T 5, IRESHHFOBEZARIE. BATREIT L TBRERE L +4 2 KRS KT 5] &
RIT, 20, REEGHTAE “G70 LORENPELLELEDIC, BELDLZIZL-T
BMEANT|ERI EN, —FREMBRICE > T “BhV LOBRENELL L L DI, FFIME
PR F 72\ 3BT T o TP ZIRET 5,

IR LD BBV & B Lo AR LIS SN RE R RS AE B
XN E TIRBBRECEAMP - RREGIRFILTEIONTEZ, L L, BERERIRMLLY
PR ARICIISERRATIRDO A% 5T, FHENIHRATED E07- 25 ORBIRENFFEEE L
TBY, 72, TEORAERFHRCEFIRTLEEL LTEETH D, T/, BEMEERSK
BT IR BRE LB - RO 51342, 20, BE - SEIIHRERGRKICHE| &8
CENBDDOEBOREZBFHRPODETFEERL, 20, BRERMBEU LD S WIS ERME
DT ToLHEERERERCIIEST5 LRBBEINTE, LarL, BREREZIT TR B
BELVOIGE. BIFCL2QNRERCEBEDR ) EE., 5\, BEHE. KR - [i#E
B LA DRRERZOFELERTERV, T, QNERERE ) REIIRTE L OMHBEG
PEWZ EPFROLNTE), BEEEERRAHKC L OBRIERTE L2V, 22T, BE - 4%
HIRMAEEZEH CXE T AIREZEHDRESTHR L AMETRIME DT, Fh 5 IEHK
BIZRIZTEERLFNS DHBBBRERT LTV L 2EWE TS, F72. BE - AEILES
BB ENGZVWEEDLNTVAED, INLIZOWVNTT— 24 h v, S5 ICEBENAET 2
) RBARETEENEE L) OBV, HIVREVEICHERRERGKCOBMED B2 2
7o, BRE - WEBESRLY, BEMAEREL D ZE P ZITATMEREIRESNS,

rﬂl

(1) BRE - 5EOBHRH
1) BEEH S
MELGHEEIIZLAML LIEETH S Z LT, BRESEME AR OmM A » S S
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PTHD BEFEEEZRIBHOVEDIC, BB LICBITA RS EEHOFLEND B THIT,
BEAEBLUOCBESHBICE VBRI IGREOA LRI TEE EOHEMR/NMEE, (1 mmbl
T) THbH, BEROEHMIMCALDAEEZEI3 S5IIRT, —RICEEDIT)PREAL ) DEE

7

Ne=x

lﬁju\o

£35 L MNOERBRABL G EOSAEE

(/cnt)

wE (o)

=
B

I3 56 & b [ fi

Ji
Hil i
FE
FE
& (FH)
5 (EM)
N
ThE
RH
JEJE

VAo

O = = O O W
%@\I%Cﬂp

w =3

—
P O oo
ocl,.IC>
©
o
oo @ g

5.5-8.0
8

1
—
©

T
—
DN O,

|

S O
o1 O

|

N S
WAWNOO O NDON
B O 1 U1 O G N O 0

o oo

iR —Rein, 1925
% M —Strughold & Porz, 1931& 1

2) ImE - WHE LR

HE - SEONEE FLVER, KERTE L, BHES—EORE I L, B GETREL,
BIFCEET L EEPATVS (IhE, ERRELIER), ZOEBEL D b BiEEs <,
RS- B L 5.3 b b A LIREN#ME S X TH 20 L SOMEGRIC X ) REIRL 5,
ZOBENESNDORIEREYSD L HENICH Y . HEERITHKENEETH D,

B GEORME R SEORME. BESLEE (d/dt), MEHRL-OV, FIRERE, R
B 7 IS & ND,

i BE AL

JEIGIRASE U CThi, dI/dt 25REVIZE, B - SEEZETHBMER (AT) &L, WFIE
EABMBOBMRIC R 50 MRS X2 3ERICEL L, EFRETD (T4bb, dl/dt
=00&E) RIALBEEEEL L, THITRBENE L MLICL )RR D,

NERR L~V

dr/dt 3% LWiE i, ENEPMEWIZ ERE 2 E CSBERRE | HRSEHWVIEEEE

4L ABMERIIRE



+0.08} it
— ]
T B I
» = | 3
o +0.06_ ::. =V
~ 1
o - '
3 +0.04 "b
5 [ | &
M +o.02: :
: o :
E ol |
# —0.02}
" i ;a'c
—0.04} i
1 1 1 1 1 1l
————— 1 0 +1 +2 +3 +4 +5
B - %MK AT (°C)
(a)
5r
FBRE
x 0.017 °C s™!
Y +0.0083
o © 0.0035 10
: 3 0 0.0017 :6 :
og N
g, S |
= | N
= - 5
g & |
1 ® T
o 5
0 P S T 0- L N | TS RYTT B WYY
25 30 35 1 5 10 50 100 500 1000
WISRT (CC) FIME (cm?)
(b) (c)

79 e ORERMEICK ZEERBIE (a), SR ®b), B L ORBERE () D8

(a) HiME (20cm?) ZHRIBEBALE LT, HEABEL . EROBEERIR - R % £ U B0
S T

(b) —0.0017~0.017°C/s D&iFH THE 4 > Fl Bl BEASMEIS IR 23 B2 % st

(c) BEBMEICK T 2RO EE
a & c ¥ Hensel, 1950; b {Z Hensel, 1952.

R AE
RBERA/DSVIEE, BEZECSBMERIIKRE <D, §iki 1 —1000cm? DR Tid# 8 C
DEDND D, Tz, FEREKZHHTAHE 0.01COREL(LTOEEEZEL L4, 1cn? D
WTIEZED 100 FEDOBREELPULETH 5, FlHMEME (A) LIREBLUBER (TvB XU Te)
DRIRIZRNT/REN (Kenshalo, 1978). IBE M ICEEITR,
T,=kA1%C (1)
T.=kA05+C (2)
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FHIR
FRIB L Weber DERNCHE) o MHRDBHE. FIMOM S 1 25 1I—8CHOM T, FHIE (4I) &
0.032°5 0.06C T, 5CHIETD o & HIK\V, Weber b (AI/1) & I 4—8CHETIL, IRE
T#0.008. 5 ET#0.026 TH 5 (Johnson, Darian-Smith, & LaMotte, 1973; LaMotte, 1972)o
¥ /- 2 Ol 29—~40C OB TIIENRD B % %1 %2\

3) - BEOHS
BREEMICOHTLE - GEOKE S (BHEE) }

flEoms (P) Lilh- WEOKEZ (5) LOMICE, tOBREDYE & FRIZ, Stevens
L ONRFEDOER] (phychophysical  powerlaw) —S=kP— B ¥ %, HififZE (16cm?)
ISR 32.5CH 5 2 BT -3 wHZ M 2546, nOERETL6, $ETILO0T
%% (Stevens & stevens, 1960), EHTREZ LT, BIWIRE - HEOKRSE S L. @k
FIEGRE (d1/dt) EHAHBETIE, BEERITE RV, 28 2, R 35C) T1, 2, 5T
DIRF 72 13EREE 0.5, 1, 2C/s THRATAL L, ERINDIE - HEOKE ST AT ONR
FETEINLDS, AT/dt 1IZEHBA 2y (Molinari, Greenspan, & Kenshalo, 1977) (X
80),

—7 . REREZEROROBESEIXZ OERTH W dT/dt OFHFHTZHIZHEI L TH
% (Kenshalo & Duclaux, 1977). ZOREE L MERF L I LEVEVDR TV,

OF »m 10g
w F 2 u
@ S 5r
S s R
= S SL FREE
- 2.0°C s-!
' 2 2r s38esn
a 0.5°C s™!
1- 1 ] Loa 11ti 1 1 1 L1 1 til1}

1 23 5 10 1 2 3 5 10
BEFKNKE (°C)
80 JNELE3STERETICE CHIBEE 14cm? (24 LT, B4 DIRERIH (1
~10C) #H4 D#EE (0.5~2.0C/s) THEX/ILEDRE - HHDES

(Molinari, Greenspan, Kenshalo, 1977)

EHREICHTHRE - BHEOKE S (HHEE)

H#iR 25°C & 40C & DHT—EIRNEBHM (7T5cn?) ZFIC0TMES, TOL DR -
HEOKESLBELZHBIETARS, T5HE, ICTIREEMIITTELL, ThID,. &
BTRIERIIEL, BRTIERLVIEIET S (Beste & Hensel, 1977) EIRAHEIC 2 5
L ERENEL D, 21CTL 5COEFRIIRANT LI ENTE LV, ThHDZ L3 5
BRI TDAOND, KIZ, EF% 28CIR o 2IRETHEF % 28—17COHDO—FIRICIREF L
7ol &, 28—23CTREADEGBEIIED VA, 23CUTICR 2 LS PICETDR S, MO
HETHERIFAKT, EAEDEGERINE 29—26CTROHEL, BCUTTHRIP L 2B L
VYo 23CUTTHUNEIL 250, BEOENLRERETILRL, BHREILL A — [K
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V] BV XD b icyd BV IR A IR AR LT ABEAED .

4) ZERENEE

R A

RIBEBLSIRKEVIELE, B - SEOREIMETL, BEOKRE ST (ZEMOMNE), 2L
AT, B omERE CREERE (4. 7—200cm?) 2K EVE, XFEHOBERIOXFEE (n)
12 0.67 55 2.00~& K& %% (Stevens, Marks, & Simonson, 1974) (K8 1), 5z % #
WAsEv e, IRERSRIINS 2D, RICBW CHIMEREOREAIR ST 5 800mW/cn? 11iR
WERITHMI ERE—KT 5,

0

301 s

20 /ﬂ 9,
o
B A

i / ] /v/" S ]

- / e4.7cm? -
3r A~ El//// Lo
2l

/Sy / 45
/ . A on

o 200

20 30 50 100 200300 500 1000
EFMERENEE (mW-cm™2)
81 HRETINERI#M B HICE 228 EOFIBERE L IREROE X & DRR

(Stevens, Marks, Simonson, 1974)

MR EOR L B M ORE AT 5 INE

SO TR % 2 K2 RRICRIB L 23561305 - S ROMEIR 5, AiIFEISOEE
A r . O—@o/EE. @—HTOD 2 fFoHEfE. Ol TEL+QOERKICIT) &, AL
BLIEEDRIIZQEQRTEN RV, DI L IZTHFE OB EIIC T 2R EHEICD
WTHhALNL L, GEOBERPHEEICOVWTHRBTH 5, 7272, IOZRMMEIL, 3t
MRERAL 2 FRTHEZ 225, MR TIZE ) #ivy COMEDA R &~ FR TR
CHERBINTVD, 2B, ZOMERNECIRE ITERRTHSL L L,

Z2 [ F 51
- R ERERRY, ZHMMEREC, BEEM. 2 A% & 02BN
Lo 72 I BFEETF, BiEHOEA, B LERORRMHE LIELIRRFAT %, 6l
BEERSTARIBI S § 2 IR ERAEEMORERIIMED LN L) 65—100%% 2o RIEEHIK X
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WEFERIZILC D, HABEEOKRESORNOEBETH L, 2 5FNEd LW
(Hensel, 1982), i - BHETIE7) TS &) E L N3 5 EMBEEIEZ 5D T, 2

AL S HICEL 2 b, iR - BETEHANIFIL 2V LI, REEROEYFWERD

Z2EFR L ) QRERHOBHRE L LTLVEECTH . EHNINE D PSR

PEDENTNETZOTHA ),

HBVRER F—EREICR—RIMES 272 SOBRREIE. 14> 8 >8> > K> T

DIEIZEEL % B L) (Stevens et al., 1974),
B, in - GEINRESESR D S5 ZHEREAEC FA L TEMRTH S,

5) FEMIRYINE

- SEOBBMIEIEEREEIE ) REERLOBRE V) ER D & > THTSHEETDH
bo BIEEREE— % 2s RS TINE LERICMBIZ 2s BMBA L7-L EOREOKRE ST, —
Hl% AsFMELZEEDEFNERILTHAI LR EDS, PRAERIBVTNENRI 52
LOAUEEIN D, HEEEORLR BRIV ARE525L, BRI SNLEENOAX 130.25
s 3s OBTIEIEINT A4, FNLUETIEZDOEIT/N IV, FHWIRWE L R IR VEGVR
NVAELEFRLKRESOBREEEI T,

6) FEImERL R

FE% A5CUEICRO L EICRIZBHFORERETER () £ (F-3EHSHE)
(paradoxical cold sensation) &\ 9, SHICIIESHROFR 2L Z EAFEHEN TV S,
ZOftl, A Y P=NVICXBEE AV AFIRIES R BT CO, I ) IR, T Y UV EE
RSB IC X BRI, WEE, BUE2 EHONTEY), WIFhd RBRESESROEEELE
LTI 5,

7) BERE L MMOKE L OF

BB 3 A% 3ADIRICEFNEND T, FIMLTAL L, - HRIEADHEIER 5, Pl
B2 EBRE., WAEEE (K) RICER2 L, ROEDERDPC BL) BT b, InidHP.0E
THEBICHN TRV ERI L2 WVOT, MEHMAD [IE - SEOKE] (thermal referral)
EEZOND, T/, WMEAEZIE (BH) L. ROEZSEIEH (R 348, FOfEH
DL EFFPLRBICHENVEEDIEZ ), ZOHDOMEEDL 213, BERZFHTVA, F0BIRED
HEERAHEZ 5 (Green, 1979),

Gl WRIZECE L 51 AS (Weber’s deception), 5—1000 g DWIEDOERRE R TS &,
I3CoWkL 5CTOWERE TREF LV, 0COPERIVTNOEETHRL T, H2HFE
CEELHNS (Stevens, 1979) ZDWE, FEIRAT TREKETHNITH L IILEECELOHN
505, HHTH2WESECIEIEZORRIINE S h b, TORPIIBEZ/NEAEL TS L,
FIPE AR I IZBIFR L2 v,
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(2) IRELAYPL - APk

1) i - &E S IRBEP - AP

WHWLImEREIIEE 2 S O NREREEENTS (IR - BE] THaH, Zkid
IS, 52 b NI 4 hedonic ZEE. R - AR ] (thermal comfort and
discomfort) 4% %, ASHRAE (7 XV #BEGE LFE%E4E, 1996) TIXiREAAPLER % the state of
mind which expresses satisfaction with the thermal environment” & €3 L. EFEAFEEE
FRMAERFRERTHRAMDOERETHV TV,

mPAAYR - APRRITIE - GEEERHLTL2DEEMICROF) T TED, £36D&
I BAT—VTEBMNGHE Y &5 &, WEFECEERBIHTL, kDX BEBET [T
BELLEZ DI L, QRAMRIRERMIOHT2HEEOEORMZEANEL S, QR - %
BB EACRERICE DHESNL D, BEARPR - AP EEIR & RSB O 5 (K E
bo L7z o T, REFEDSEL L & F TIRBERIEZ PEIC D RSO RS S,

£36 i WELRBIHR - AIROFHE R 7 — v

ASHRAE - PMV X r — )1
. - 1 {mFL PR - AR

1. Cold (5Ew) 1. comfortable ({)
2. Cool (HELW) 2. slightly uncomfortable (R RAR)
3. slightly cool (®%#H L) 3. uncomfortable (Avk)
4. Neutral (EH5TH7%R\V) 4. very uncomfortable GE# IZAVER)
5. slightly warm (B \W)
6. Warm (BE2>\»)
7. Hot (8Wv)
Tl - ETHESATr — )
B Ak ImERHYPR - APk
1. Very cold GE#IZ%EW) 1. Very comfortable (FE& (ZHLE)
2. Cold (%Ww) 2. Comfortable ()
3. Cool (FELW) 3. Slightly comfortable (%°%/dti)
4. slightly cool (RRELWVY) 4. Neutral (EL56E bWz w)
5. Neutral (EH5TH%V) 5. Slightly uncomfortable (R°RRANER)
6. slightly warm (R°*BE%H\>) 6. uncomfortable (ASR)
7. Warm (BED\) 7. very uncomfortable (FEFIZAE)
8. Hot (28wW)
9. Very hot (FEEIZ2W)
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2) IRERAGER - AR & IR

a) MERE L REEIRD L OB FiR

IR - AR R IR 72 CUERE ST REMRIRD 5\ IZE H DIRBIREE IR T %,
FEERARIRATIER & 0 &L, SRERES AR IREERBE ARIET 5, —7, REFR
PEFHIE, ThEFDT LRI DL (M8 2), kDI &1, HEREFHFITHROPE L ET S
EHCHEERETIAONL,DF ) FEHREEFTEF LD IE S THERSTH E2HEL T,
INZEEFPOLEST L) ETHRBERBAENPRICEL, EFISEDIT L) & T HHEE PaEic
%% (Cabanac, 1981).

5L a{ESFE
Hou o ERFR

B o ®wiEkiR
BEA L 1

)

T T T T rrrrTrirTor

XL

Alzuw

9
7
Atw 5
3
1

1 1 L 1 1 L 1 1 1
21 24 27 30 33 36 39 42 45

FRCHE OF o s .

8.—

hE 7|

6 -

2 st

4+

M 3t
2F / o
ERA L0 L

21 24 27 30 33 36 30 42 45
FERE (C)
(a)
[8 2 FWRMBRIHTZIEARE - PLEREE - ORR
AR EAIRRE ., EEARRE, B X OERERR &
SO FERE R 5B (Mower, 1976)

T 7o, IREME - RRBRIEBREO AL T, FHEER (&5 KFIROZEBTY) 12X
S>TOHREENS, 2F NV EFORMBIRBIZLVHESI NG, 7oL 21T, FELFRE 25TITHK
FLRET, ol D EERAPB(LEEHILIZIY, FrRWAL£FDOFYERFERE 31TH
53T LT &, FEREREIIRE AP OMANERIT L, —7, FEERFER
% 3BCICHEELTBWHE, RUBETHRILOARRANEEDL L, 20L&, FEEHRRIZIZE A
F—ETHAHDT, FHEBRDAIZL > THRBAMHE - NIUROELEERT I E25bD 5

(Beste & Hensel, 1978).
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Stevens, Marks & Gagge (1969) (2 &% &, BEEBAKIR & FHRFESER OBE. KED/INE
BUCHN R 72 IiE B & T EIRIEE (T) 12§ 2 AP (£ 121 Dw B LU De) kA TcREN D,

Dw=4. 27(T—22)%7 (3)

Dc=0.32(22—T)7 (4)

—7h, o GEIERSEROZELIILALZIT R (K8 2. ), /2, FHRER (&8%
JEIRDZEMBTY) ICLoTHIZEALEEIN WYY, BEBREIIEYERER L FEHERD -
AIZLDDOFPTHLIPEPITHERTLEN), ZHIZEFPLDREBICL Z2BERED~ A
FUTHRLBBINTYS (M8 3 (Hensel, 1977),

)
~ 410
S LI
& 05T ayma  swma n n
o, e allfl ,
€ _ 4Vl uu BWME Wy
o REME
=10}
¥ w+3l T "
K—ﬁ"'z" n F40°C
o T+t
= o L4
gLt :
g%_g_uuu O oo uu! L * |
103050 103050 103050 10 30 50
g (°C)

(b)

K83 10C. 30C. S0COEBBRTFICBIFAFDOE - SEBMEL S I
MBI - ARRICRIZ T RFEREEOZE (Hensel, 1977; Hensel, 1981)

3) BB - PR D E BRI

AIIH TR 7z & 9 ITIRBEIIR - DRI EHORBRET 2bL | £HEBEBROKE SN
DDE XML TV 5, Cabanac, Massonnet, & Belaiche (1972) 3#ER#ZICF L B —E % Kk
ICRITSE, RADPRBPEEET S L), KRZHE S 2L &0BFKRZAR, XKD X
I HERNZRE LT,

BHOKIR=—0. 3T, (T—36.3) +44 (5)

DF ), BRLAPERIIAER (T, Thbb, EREEDOELY FEAL U b (ZOBE.
36.3C) oD T RLE T, (FHREEIR) OBTHRES NS, —F., R THEE= 22—
CREHFOWEFFTIFPORL TV 525, REEKRES L HBRES L oIz LD L S %
MEDETRENLIMFHETH S, Tz, FEMRL HFREM L TRLI-L E0aER
BIUTHHEFRRE RIS . MEFOBTREINS, —F., KEORAGEHEME (v MEA >~

F) I, EBROEHEE (RHEERL FHEBIROZMWTEY T, SFRBIKELRT) 250
T &) T 2AMDEERIBERBELET S, S50 s, PRAKRR (FL LTHET
) THRE S NzH S OREFRIT BEERERE C~OHEES & 25 & & H 12, RBEHA
PR JE 4 & & NRRETTEI RBUCEARWRE L R LT b 2 EARE SN S (., 19814, b;
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Cabanac, 1981; Hensel, 1982),

BB - ANPUBRILIREEROMAHREEE Db 0oflic, ZOMEEFICL ) ERIN:
BEMERNERES SIS o TORET LRGN H 5, FE, FHRCHEEIELLL, 7 &
REBEAZEALT 5 & &3, BEEKERRSICOBBFIRESCR E —HT 5, 72, BRAREEE
TFELOMICEENHMEES 5. 2% 0, [T E0 0], [RELEIIGE JLE) 7505 ],

[(552500] NMUBPELLOPEVIMETHS, L L, BEEFEREGKSHELL
TWRWVIRETD, NMRED 5V ENCEDC LEX LN A RERHITE IR 5 L5545
NTWBH DT, BEERERECORMBIIR - NMUEANDOES-OWREEIEZLONDL, D Ex
A L7 ImB R - AR LR - BRI ABEDE X 28 4 1TR T,

r ERIB - FRE a-As
AN AN
# | samwE / /
2 { / /
Al enms / /
B (,s\z»x‘ ;’rEi‘F) < /
HRNERG /
AmEsRe
(RFTH?)

PRAER  PRAERS HREREREH
BRERFHE BEREH

84 im - WKL IRBAIIR - AR E ORISR

4) FESRBTICBIT IR - AP

a) PLBiRELIRES

BEEYER - AR T ARERTOB L 2 b0, ORER. OEBE, OFWESHE. @
Bk, @FKKE, OEBREORHE (BFHE) ThHH., REEKLEZTINLDHEEITRE
N Tw5 (Fanger, 1970) ZDI3%, REREMDEELIRKEVERNREFZ 5. AYELREHE
W & E Y S RIS — 2 RHAEE (LT OREZE, RN AW —2EKE L)
AREFEEI ORI D,

b) MIEOFREBEEM (v MRSV ) OEF)

BB X 912, EROKRERPEE T 2bb, FHEEEL ) EVE I EERNEY RS
IRIE e ARIZET 5, RERPREEEEL VENE ZEINEFDT LD S, L, TD
FE HEEAEALT 5 L. IR - RREBRIIYURE DL o TL B, 72& 21X, BEIIFAE HEE
PR ~BE L-RETH 505, BHROMIAIIT, RBLZFRIIERA~NEH L Tnizb

(Cabanac, 1969), ZMiEA, HRD HNEB L ZHOMWEEMIME ) HREE D, FEBEED
EHBRE SN TWD, KB EAY CFED REERTRY (FK) (s iR wiRm
BE) L CT\5 (Cabanac, Hildebrandt, Massonnet, & Strempel, 1976). F7-. HESFRTHEA X b BE
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DT AL ) BV R % < J&$ 5 (Cunningham & Cabanac, 1971).

c) BREB I UI#MOEE

IR B PN D & B ZEICHARGERERS 5 VI FEEESD L ER L2 T,
AREE TR, FLBTREEMEEIRE 5, BEZEBZOUEICBLEND 5 HPEPIA
HTH 55, LELDOBLEITPRAREBREOEIIEOCEBDNRS,

i - WEB X RS - AURIEERE (0L LE#®E (20-30%) L TiRIFEAL
NG\ 125 F, ASHRAE (1996) Tik, BERPBEZETEHEELZLVY 0.5CHED IR
DIEZHEHELTVAEY, CRIIEFEEDEHEVEFEE L) —FIBENZ LITL B,

d) IREEEIMEICHED 221t
ErEBRVEBELEGICRZET S L. ZLDGRE, RN - TP, SHEGE, B X OBE
ERS% EORBRBEIEL Y, LVEVERRICZS2WERB LRV, FREZ CRNES
ZBTOFAMOZ EPBEINTWS (Le-Blanc, 1975), & — A b5 7 BEBAEKREE. 5 I
VHE Ty vaxy, JVTx— - Iy TRELETRIDEGHEILCDE LW bBALNS
(Hammel, 1964)c —7, IBHDONICEBHBHZE LR BT L, BT L VERORERD 5 VIR
TRILL)IT%D, BFATIHRFAL D, FHERED 0.5CEL 2 obhvE, Rkt HFz
Z\» (Raynaud, Nartineaud, Bhatnagar, Viellefond, & Durand, 1976). 7=7%. &% il 7 555
me BN S D L, B, . BHOHFICERLRL, BLALRLTHLEWIHELD S
(Fanger, 1970),
EREDBEERMEIZAE ) IRAMAREDOBMENZEIE, F& L THBEMRERD 21 TR 55854
LD THL, Ll FHREZBFHROBICHENLD DTN LBE5RH5 LV #
bbb, FARBERICLSTCIKENEN2 »y AT L CLREASTABROME IITME =
BV, 4. TEICDLSTHE TS L FDEIHS %5 (Hensel & Schafer, 1982), £%
FEROKBE R, BNRKLE L R TIRESEKBANSTBEI L, 20IE0§E ko
TWh, FZEFIRICBITHWEHE D BEHTRREY, BMHERIDE Y — U MRETEL
WZEEERBTAHE, TNODWEORIIE, EHEED X OKIRFAE KGO R B BERE DK
TELLRCEL—HEHBTLILDTETHS ), REELICEL, PRMERTED LS &
BIEEALDHEZ 5 TVRBPIZDOWVWTIIABETH %,
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5. 2. 2. RPTREREERE OHIE

GRS OBMBZED ) b, BAEREIIHDL L EERAICBITLRE - HREEMEZ €&t
T 572012, BTG RIHEE 2 fET 2.

(1) RS R E OBE
ABEBIZ, TU—THICRAKE Y —BIVEBEL Y — %2, ~VF2EFTHVT, B
ME7U—T7ORICREEZZAELSELILICXY, RHROBRES X UGE LMY L CEHliT 5
BB ThH D, WML LT, M - B - RMAS % EOFHIE OEHEZET 5,

(2) RATiRSRIBEEE O
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Fo, BERMEESHEDICRVERIE - B3 2ERE LA EICAA, v FEHTIREDE
NTLESAD, HENICBEVERENSIoTLE) BBLRENEZONS, £2T, BIL#EE
EREEICE D, HEICRSERERE L OBRER L 0 1 1R T, mERME - wERMEE b2,
ZALEESE N E®EL - 2D, BEDRERFEITRE Nz, K4 0 ICHIBICBIT 554 -
INRREDOT—F % 5347, 1 AT S ETODFHHEE SDTRT K4 01TRT L H120.3C/sec
TRERESEr o 7272012, B2 T3 70— 7 DREZRIERE & LTO0.3C/sec & %RA
TAhHILE LK

6

) y=4.0481x+0.7313 0.9
5

-§ r=0.8673(P<0.01) Qo6

5 4 0.4

ﬁ 3 0.30 O *

g 0.2

£, 01y

£
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Changing speed of temperature(°C/sec)

Changing speed of temperature (‘C/sec)
-1 -0.9 -0.8 -0.7 -0.6 0.5 -04 -03 -0.2 -0.1 0
L) L] L] T L) L] L) I0.1 » .‘l o

£ | y=4.2952x - 0.5487 1
= | r=0.9418(p<0.01) )
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£ 0.8 @
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£40 HIBEICBT HEE - MBRFOKHE - BEHEROIL

0¥

COOL
HIT (sec Speed (C.sec) Skin temp (C)  Askin temp(C) Heat flow (W/m?)
)
avg sd avg sd avg sd avg sd avg sd
1 4.70 0.40 -0.16 0.02 32.90 0.01 -0.75 0.16 -351.55 22.35
2 7.20 1.70 -0.24 0.02 32.85 0.05 -1.74 0.51 -468.10 104.80
3 4.10 1.30 -0.18 0.04 32.95 0.05 -0.76 0.36  -315.50 108.90
4 6.10 0.40 -0. 20 0.02 33.35 0.25 -1.20 0.16 -458.25 12.75
5 5.40 0.30 -0.18 0.00 33.30 0.30 -0.97 0.07 -407.55 37.95
HEAT
HIT (sec Speed (C./sec) Skin temp (C)  Askin temp(‘C) Heat flow (W/m?)
)
avg sd avg sd avg sd avg sd avg sd
1 4.70 1.60 0.17 0.03 34.20 0.10 0.81 0. 38 294.15 95.25
2 6.10 0.20 0.22 0.01 34.65 0.35 1.30 0.00 350.15 4.95
3 6.10 0.20 0.18 0.00 34.25 0.15 1.11 0.04 393.70 10.30
4 5.00 0.60 0.18 0.01 34.75 0.05 0.90 0.07 332.85 33.85
5 4.20 0.90 0.16 0.03 34.60 0.30 0.67 0.24 268.00 54.40

FEER 2 1BV TEEERE O IR
CNETORFEIET B ERERTIE, MHERICBELT, A—EECR—RME5 27-L X
DEIERE L, WIE>SH>SE>E S K> TROMEICEE %5 &£ Eb N T X7 (Stevens, J. C.,
Marks, L. E., & Simonson, D. C. 1974), AEHRIE. BEBE X I > T > Hiki > KB > 18% D )E
ThY), GRBEEIIERPSHH>BESHE>ABONEE 2o/, CORRIT, —BICESRFR
ZBHRIVDWEINERSEELEL T L Vo), T2, BASEELLEICIE, “TEAS
DIFEL R EE VO REWNLEVE L THELN S HEREMA, ZhFNEGERE - RERE

INEWEL, D F DHEB LT E LTEIFO N TE ) BREN,

CEHEBRICLDEONEREEL 1 L4 215577,

SRIGEHEIM 2R T L & bI2, Ty 2ER L, BBAMRICL 2BEB X UB ASHEBHE L

DRI EERATEITFETH 5o
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#£41 IumEFO KGR, REZRLE., BREBMEEFR. RFRELEZ O I FIRIE

Subject
HEAT Subject A Subject B C
AVE SD AVE SD AVE SD AVE SD

HIT FOREARM 16.30 2.75 5.90 1.56  17.36 2.00 13.19 6.33
(sec) FORHEAD 10.50 1.08 3.30 0.44 4.62 0.79 6.14 3.83
BACK 30.00 12.21 4.70 0.47 17.35  17.89

LEG 24.70  1.95 8.80 2.74 8.92 2.27 14.14 9.15

FINGER 58.60 21.32 6.40 1.27  29.26 7.80 31.42  26.17

Speed FOREARM 0.31 0.05 0.05 0.03 0.26 0.02 0.21 0.14
(C/sec) [FORHEAD 0.39 0.05 0.05 0.02 0.16 0.02 0.20 0.17
BACK 0.29 0.03 0.03 0.01 0.16 0.18

LEG 0.23 0.01 0.01 0.02 0.18 0.01 0.14 0.12

FINGER 0.19  0.03 0.03 0.03 0.23 0.02 0.15 0.10

Skin temp [FOREARM 34.50 0.47 34.90 0.37 34.26 0.94 34.55 0.32
() FORHEAD 34.80 0.13 35.40 0.29 36.36 0.41  35.52 0.79
BACK 34.70  0.49 34.10 0.23 34.40 0.42

LEG 35.10 0.33 34.20 0.75 34.16 0.57  34.49 0.53

FINGER 34.90 0.62 35.50 0.21  35.60 0.11  35.33 0.38

Askin temp[FOREARM 5.05 0.85 1.10 0.42 4.56 0.70 3.57 2.15
() FORHEAD 4.09 0.91 0.48 0.14 0.77 0.19 1.78 2.01
BACK 8.47 2.94 0.73 0.10 4.60 5.47

LEG 5.87 0.36 1.96 0.77 1.61 0.43 3.15 2.36

FINGER 10.57  2.05 1.45 0.40 6.59 1.37 6.20 4.57

Heat flow [FOREARM 739.20 122.20 380.80 104.76 720.74 111.67 613.58 201.80)
(W/m"2)  |[FORHEAD 393.70 30.00 217.50 36.41 283.38 56.43 298.19  89.03
BACK 678.60 130.33  306.50  21.57 492.55 263.11

LEG 1186.60 54.23  528.30 151.91 496.90 100.63 737.27 389.45

FINGER 1514.30 129.18 291.40 ~51.18 1049.50 123.51 951.73 617.28
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42 WHRORKCERE, RELLE, GHEBRERER. EEERELELR S FICFYRKE

Subject B Subject
COOL [Subject A C
avg sd avg sd avg sd AVERAGE SD

HIT FOREARM 8.20 2.13 6.00 0.71  10.52 5.20 8.24 2.26
(sec) FOREHEAD|  27.50 3.93 5.60 0.81 13.04 2.73 15.38 11.14
BACK 11.00 2.13 5.70 0.95 8.35 3.75

LEG 13.30 2.16 9.30 3.21 10.98 1.04 11.19 2.01

FINGER 14.50 3.55 6.60 2.30 10.58 5.94 10. 56 3.95

Speed FOREARM -0.34 0.07 -0.22 0.02 -0.29 0.06 -0.28 0. 06
(C/sec) [FORHEAD -0.45 0.04 -0.19 0.01 -0.26 0.02 -0.30 0.13
BACK -0.42 0.08 -0.21 0.02 -0.32 0. 15

LEG -0.30 0.03 -0.27 0.03 -0.28 0.01 -0.28 0.02

FINGER -0.30 0.05 -0.26 0.04 -0.28 0.04 -0.28 0.02

Skin temp  [FOREARM 32.10 0.36  33.00 0.19 31.34 0.62 32.15 0.83
() FORHEAD 34.10 0.21  34.00 0.22 35.52 0.44 34.54 0. 85
BACK 32.00 0.61 32.90 0.22 32.45 0. 64

LEG 31.70 0.52  31.70 0.19 33.06 0.48 32.15 0.79

FINGER 31.80 1.90 34.90 0.17 34.88 0.75 33.86 1.78

Askin temp [FOREARM -3.00 1.50 -1.32 0.27 -3.27 2.03 -2.53 1. 06
() FORHEAD | -12.54 2.66 -1.05 0.20 -3.50 0.91 -5.70 6. 05
BACK -4.85 .72 -1.19 0.31 -3.02 2.59

LEG -4.00 0.92 -2.60 1.17 -3.01 0.39 -3.20 0.72

FINGER -4.74 1.89 -1.79 0.76  -3.16 2.30 -3.23 1. 48§

Heat flow  |FOREARM | -541.20 55.70 -477.80 55.12 -637.94 255.47 -552.31  80.65
(W/m"2) FORHEAD | -711.40 103.64 -417.00 54.20 -885.26 140.39 -671.22 236.70
BACK -519.40 50.64 -448.60 75.71 -484.00  50.06

LEG -1007.00 163.61 -730.00 163.44 -793.78 75.12  -843.59 145.06

FINGER | -922.30 203.77 -345.30 104.11 -603.40 274.69 -623.67 289.0
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5. 3. FEEE P ORY— 7z ETEZ2H OIRS A HRE M O EHEE DB

5. 3. 1. EXFSOME

(1)  AHY—BHRBEEIIOVT

KEER, HR3ERa—<»oZ20FBMEHINTEY), HENZBERREOV LD L &
NTE, ZRPETHY Y ¥ a VERLCRBERILAFIEAINGD, SOHGNRERD
—Ry MIBRAELCFA SN TS, BERCHERILITIE, ¥ FVEeLTERPL, LFIA
CRBEMERINTWA, L2d, BRKOBTFEFLIZELR) ., TORIELLENPEED
BAREEIMEARD DL R o TV,

LLAdS, BENISO0T7730 b LLIINP-13732-2 D%, TIiE, 29 LET7 VT7THE
DEFHBELZZER L-EREEIEI R, TAFEINTHIVWEL, €2 T A7V 27 M TR
AG—BHBREDO P TORBEICHFICER L. ETEREZEZ SO CURBREEARO LB EETE,
HRREPRRTHIEFEHNE T A,

BHETIR, 1981 FE» HRBEFOEHOCELEICETIRIPFLCEEREINL L) ITRD,
BADERDH 10 MHEL TV S, 1T, 1989 256 4 FEICED . ZRFM - HETLFK T,
[REBEDT A =7 1 dHIAICBT AR ER] PMMrbh/zZ e, IETRELZZDDELEED
Nb, 22T, KEEOHXEYIIZE L-BENRLERT S, AT T, KEFOPELLE - 7F
BHEICEL TOEODPOBRHIIEREIN TV S,

KFE V. BOMARBERDO LT, RERKBEEDSH ) F2HELL, BEOXEICE IO
2o T, EICRKERE & ERAGPREHRERET 2 COEBWRRLHEL, UT0LI %2
EERL7,

@ FATOREMBEDFFHAIL 24~30CRETH ) ZOFHETHRMNIZED D, XKEIXHD

DEZR/EL TS,

@ BARLKEELFAE, 0CRZTHFRMEEL LTVLLDHFE,

@ BEBXEOFEBRFIE, EMERE & EMRMOBMRTERIN, FHRE L OMAETIE, 44
~51CICRRMED D 1), AR & OMEETIE, 44TCT—6BH»S T0C—1WEE %5,
@ REMAEBOERSABETIISA 227 3R TIELAMREIMENIENICL o TER

5EHT, TOERTKBEROZELRBEI S22 /AL SR VEEICHEFTTLLEN

H5.

B RIR KB ICDWTIE, Moritz 513, AR OREZ T TR, AOREZDL D %4t
RUC, HALRE 44~60TC. HilEHE 3 M~ 6 REOKGEZEI SE/-EREZTV, 44~51TIC
“BE” BhAHZ L, FLTEMBE & EMEROMEEIT 44T — 6 Bl ~70C — 1 RO
DL ERBIAIMELRBHEZ D -0TIEeEr R ERTRBLTVWS, FLZ0EEENZMA
TEMISELGE, MEOREIMELRY, FOBEE LT, MBEFERIEMEL TROBEDS
R RBIDTHAELTWVDS,

1 0 31 Moritz 5 RD7-EEAKEORETHSH. NOREIHT 2BERFIIANTR
ENTWVD, AHIREEFBRESI NS REOBREFARBORKELZ, BHITBEEIEL L EE
LTHERE A REOBERBOR/MEZ/RL TS, MHO+ENIRE*EB L TEIRE LS
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SAHM (HABRRE)

(] (£1] (#m]
I 2345 1015 304560 2 345 1015 304560 2 345
P THTITT TH TIITTT T 11T
5515— —:65
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g 55 dss 2
4 L — ;-4
© 504 —s0 ©
45 — -
- 45
o A L L1 L L |
12345 10 30 60 5 10 30 60 3 5
(#] (4] (& f]

ERH (FERK)
K103 REXBIET % EAMEFH - FEARERE DOV &

mE CTHRBEREPROECDDODHTH L. BHREIKOREOEEIMTINE L 2 2BE . £
EBR U ELLMEZ ENEIRL TV 5,

HERNRREEAS 44°C T b [ —EAT CHEALREEIA 6 BRI L. L s, RIBABEREITI IR 2D
T, REEREIZSACOMBELUT E L2 TSR, F-4CTUTDEETH-TD, B4
TEZT, UPICRETAHEBCEADIL2E25L, M1 030OWEEREMAEICIHELT
MEREZ RAATBLEF L. CORTHEETSLE, WERAREBIZE 5T, 40CUT
PRIBKBOFRMETHA ) D, "I A0CEHFRMEL T 5L, BEHORE 2 REHERE 24~
TR ENLT Lo TWAHEDT, DRl L HEBEKEDLEIZRL A,

EHIT, RER 2, 20%OMESE DED., KEEOKIR, SROBBEHEB X A
HFFEBHEICTIT TRV, ZiRITHFET 20~24C, HHFHE T 16~20CTHD b D &
LTWwa, 272L, FELOBRRTWVS L) IZ, BEWELNRE LGSR LR, &
HABRETL2ONELNL ) THolz,

X104k FERUESHEOKREZROREHHETH L. FEOHEKIRTH 25~32T
(F¥iR 28.5C. LLTREAR). FiRTH 18~25T (21.5T)& 2 5. EEETIE, KB, EEOR
BEIE, £h e 22~30T (26T), 16~21T (18.5C)e > TVb, BEE L HhFENIZ
I, RIBDOWEFHMEIZH 25CTEHE L LADIHL, BROFNIBEE L WV FEDITD 5%
3THE W,
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X105k FERUEBHREDOKENDHRMETHS. FEDFE, HEBREM L ERGNKOTE
HEL > TV LHFAMEOFHIL, KRR 28T(22 A, 34)~36CT(50 A, 5 TH5. T/, #
BREBRTORKERE %o 72 RIRFFAMEIX 30T(924 N EERGEHTHOZNIT32TC(THTH 5.
Bl U EEE TR BBRERTALIRIBRDOFAMEIL 30CT(8 N EREH TR - #1E, KR 26,
30, 34T(1HT2)TH 5%,

Zhang %9 i3, FAUERESOCEHLTUTOLIICTLOTWE, M1 071k, FFEES
& DREE ORBEHEHL R L T, FRHEMIIKIL 08 THN, 51 0 6 ICHEREDE
FERLE. Thbb, ZiR 21~23CO#HBICB VT, REKHEIIRESEEN 25C. BEE
B30T THo7z, EHHHIL, 26~30CITHET S, FAHMHIZ. iR 15~30.5C THKRIiRIZ 20
~35CTH 5,

R, ERE Y RSEICBITAREBEEOHEDEBICOVTEHMICETR LR8I ERE L,
CORFETIZ, H1 0 9 IEHERBEEIREREOREH, FEHBELRL TWh,

PDED XS, RBEORELE, FEEREICOVTIE, BREFEEDEETE L ORFED
EANTVD, LPLEYPSL, IREOEEZHB/LIITICREsTWRW, 22T, BEF4 (A
- A THBRIE R 7% Society of Human- Environment System % 7€) 128\ T, EEER L1
BICAN, LROHEIZOWTEPELERETHIMEELB VT Y RITLARRET S, FL
T, REREOWREFH, FREHOEEIIOVWT, KFDEEXB L, FOARY. B3 e LT,
FIEMEEI /R T 5. HXFERE . BREMREZESTRA L, #BNOREOEBE 21572\,

3

: i & A
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! i
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the minimum w/chair cool feeling occur under this tne
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24 25 26 27 28 29 30 31 32 33 34
floor temperature (]
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(soda('81,'84,'86,'87)
Bogaki('84,'85,'90,'91,'92,'94)
Emura('90-'93)
Sunaga('92-'93)

. Kamata('90-'92,'94)

Kikuchi('92)

Bogaki('84,'90-'92)
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é [ S . C —

10

10 s 20 25 30 35 40
(b) Aged air temperature [C]

H107 FERVEEREOKREZROWEE

floor temperature [C)

floor temperature (T

HEH

40
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be seated on chair or ﬂoor F, ba seated w/l'ootwexr
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i 2l I@ . T

M in nude,be seated

——Qthers
—=— Bogaki('94)
—— Kamata('94)

30
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75 F ;omfon mne \\\ ' * ne for F, be seated — MaLsui('SM)
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AUy on b d.bare feet o e
20 - nquiyom o seaely a<m—“|ower limit of Kajii('93)

RCbuidings be seated, comfort one for F, =— Sunaga('92)
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10
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(2) Youth air temperature (T
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40 -
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5 oa chair or floor below 30-33C (Kamata)
s . | R . . T .
30 F — floor temperature should
w/slipper, x below 32T (Emuna)
o —
25 [ alilecool e lower limit of comfort zone,
20 F wislipper, be seated
s r
1o
10 15 20 25 30 35 40
(®) Aged air temperature (T]
N M=) 3 ShpS i
K108 HFERUEEEDKELEFRDOFAHMA
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(2) FEERFRHAREIIOVT

AMEICRIZTRAREOER L LT, XUk - BEF - 5t - BBTOREAMERL, Z#KE - {F
2BONKAEZENH D, INODEXED—DOTHEITHIE, AMKE BEBREI S THE I
THITIZ, FORBIIVOLWAEEFDIREL V) Z LICh BN, T TIRRIBDADEIC
DVWTHDI/RHIZ L ET B,

1) [iRE LDy -

RIBZELE —OIKE o TH, EEFEOFTIEIVL ODDONRNT—UBEZ LN, ThE TORFRE
KBWTHRERIEDERXFEIRELR S, [RBREDNS =2 LTIEBLEUTOIDICHET
5T EHFTE% (Hensen, 1990),

a) A7 v 7 (steps)
HLRREPSHOBBE CBH T 25U T 5, WEIRE, 2NEEE, HAREZ &8
EHELTEZONS, ELIZHNA (ERAF/ZIEITE) ICLoTHIHEENS,

b) 9 7F7E K7+ (ramps or drifts)

HERICERMMNENLT A5 E0H YT 5, rampidactivell B LT 5354 % W\, driftidpassive
BT 562\ ) . MEIRE, IREE(LR, WERMZ EPAERELTEIONS, EHIC
Al (ERFETR) CloThaESNL,

c) FA#AR (cyclical)

FREMICHLVIIEZAEMICELTEHEICHYT 5, MZRINRIBEL. BEEZHD
on-of fHllfHl 2z &2 & LTHBIFOb 5B, FHRIR, E—7 25— T TOREREL., WaEk
M EPEHELTELILONS,

2) FURZEALIC X 5 IEE F IR BRI TN O BEA T 58

INFETENTITOAT S RRENLIC & 2 IFEFRAREFMOMEIC OV T, RRELD
W=V TR LEPOBEBIT 5, PEOFERAIEHOINEY) TH D, 2B, ERNDOKDY
BLUBEIOHE, A7 v 7L BAPHELLE DV B, T2 TIEAT Y TELICHET 5
TEET A,

a) A7 v 7 (steps)

BEHES (1985)

ZERNDORIBED FEFEYRFTTHENT, 194ETHICER I N, AEZR%25T. =
AL%28, 30, 32TD3EML LTWnb, HEEIC305. BEFI305. BEEIT305. E4H123045
DE205DEBRE R ENBEMHTLIfTo TV 5, 70, IBEELE 31225, 26.5. 27.5.
28.5CICBE SHDLEMICOVT T o TV b, BEREIIFELF2~64 THERSE. TR

151



% (0.35clof8fE) THh o7z, HIEHEE IIEHEIE (Hardy-DuBoisD7) ., FTFiR. MF - (.
WE, 7)) v —H, RTROKME, BERTER., EFETH o7,

TR ERE REEOMR, FHEERE FIRE DREE LB E DGR, 526.5~27CHs
SEREEELTEELWVE LTV,

BEES (1987)

19864E7TH IS BEH S (1985) ERIBRD A ETHEUGE R TEREIToTnb, T4bH,26.5C
DELHFEEL7229.5, 31,5, 33.5, 35.5CHEZ30DT L ICREZ#0E L, E1205D
EEBRTH o7 BEIFEZ 105, 2053 & L2 THIT o TV b, mEEL % E¢§71226.5, 28,
29, 30, I CIKKBHZESEBEEHMIIONVTEFTo TV b, HEBRERIFELFI-I1L THIERE, B
A7z (0.35clof2fE) Th o7z, MEHE IIEEIRI0N, ERFR. BEGROBRM, HRBimrBRi 2
ETHo72,

HHRIRED26~29CO#HAICH TP B R OBHEL B LN, FIRENFSTEBL 5 L LHEMIC
RELEBLGAEBREREEFHIELE LTV,

JER S (1987)

AEOEEREToTWAh, 4EBRE $27TC GEHEZE) TR, E£B1EI23T BES)
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Table 43

Standards and results on optimum comfort limits

FLOOR SURFACE V.R.T [Ki INDOOR AIR

SOURCE TMPERATURE HORIZONTAL | VERTICAL | TEMPERATURE REFERENCE

(o] (o]

29 floor heating / conv.
IS0-7730 19~26 10 5(ceiling) 0T(20~24) heating (IS0, 1984)
ASHRAE
55-1981 18~29 10 5 (ASHRAE, 1981)
Nevins et al. 23.7~37.8 23.7 (Nevins et al., 1964)
Viesmann 29.4~32.2 15.6~21.1 (Nevins et al., 1964)
McIntyre 29.5 20(optimum value : 10) (McIntyre, 1976)

10 nude
Olesen 20 0.7 clo
et al. (Olesen, 1985)
Yoon et al. 30.6~38.8 11~15 floor heating
Table 44 Mean Values of the air temperature preferred by the

16 subjects and the corresponding mean values of the
ceiling temperature, the wall temperatures, the mean
radiant temperature, and the operative temperature,
during the six radiant temperature asymmetries.

Radiant Temp. || Preferred Ceiling Mean Wall | Mean Radiant | Operative
Asymmetry Air Temp. Temp. Temp. Temp. Temp.
K C C C T T

24.1

0 +1.6 24.1 24.1 24.1 24.1
24.0

4.5 +1.5 34.0 24.2 25.2 24.6
23.0

9.2 +1.7 43.0 23.4 25.7 24.3
22.3

14.1 +1.3 52.0 22.9 26.4 24.3
21.4

20.4 +1.1 63.0 22.2 27.2 24.2
20.6

23.6 +1.5 69.0 21.5 27.5 24.0

*standard deviation of the sample
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Table 45 Percentage of subjects who experienced a
local thermal sensation or discomfort
Radiant Temp. Local Sensation Local Sensation
Asymmetry Head Feet Total Head Feet Total
K % % % % %
4.5 12.5 12.5 25.0 0.0 6.3 6.3
9.2 37.5 31.3 56. 3 12.5 12.5 25.0
14.1 56.3 43.8 81.3 25.0 37.5 43.8
20.4 75.0 62.5 93.8 56.3 50.0 75.0
23.6 81.3 62.5 87.5 62.5 43.8 68.8
Table 46 Physiological Measurements
Radiant Temp. Rectla Mean Skin Non-
Asymmetry Temp. Temp. uniformity
K C T K
36.8 33.6 1.4
0 +.5* +.5 +.3
36.9 33.5 1.5
4.5 +.5 +.7 +.4
36.8 33.5 1.7
9.2 +.5 +.7 +.4
36.8 33.5 1.9
14.1 +.5 +.7 +.4
36.8 33.5 2.0
20.4 +.6 +.7 *.4
36.8 33.5 2.2
23.6 .6 +.8 +.4
*standard deviation of the sample
Table 47 Heat loss from nine regions of the manikin exposed
to a uniform thermal environment at 25.30
Part of Head | Back | Chest | Upper | Lower | Hands | Thighs | Lower | Feet | Total
Manikin and Arms | Arms Legs
Abdomen
Percentage
of Total 10 12 15 9 7 6 18 16 7 100
Area
Heat 50.7 | 45.9 | 32.8 | 48.3 | 57.9 | 56.3 | 58.1 | 49.5 | 51.4 | 50.2
Loss W/m"2
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Fig 110 - Relation between the Predicted Mean Vote (PMV) and Predicted Percentage of Dissatisficd (PPD) indices.
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Fig 111. Relation between operative temperature and the Predicted Percentage of Dissatisficd (PPD) value.
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Fig 112. Relation between the radiant temperature asymmetry and the expected number of dissatisfied persons (Fanger et al. 1985).
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Fig 113 Relation between the vertical sir temperature difference and the expected number of dissatisfied people (Olesen ct al. 1979).

Draught

% A

80 4 20°C
60 4 23°C
50 4 26°C
20

Dissatisfied
°
1

5

2 4

1 T T T v‘ —>
0,1 0,2 03 0, va [m/s]

Alr Velocity

Fig 114.. Relation between the air velocity (medium turbulence) and the expected percentage of people, feeling draught (Fanger and
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Fig 115 Relation between the floor temperature and the expected percentage of dissatisfied people (with shoes) (Olesen 1977).
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Fig.116 Percentage of people expressing discomfort
due to asymmetric radiation to a cool wall, warm
wall or cool ceiling as a function of the radiant
temperature asymmetry. For comparison, the corres-
ponding curve is shown for a warm ceiling, obtained
in an earlier study by Fanger et al. [1].
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Fig.l17 The allowable temperature of
a heated ceiling above air tempera-
ture as a function of the angle
factor between a small horizontal
plane (0.6 m above the floor) and
the ceiling. The full line repre-
sents the recommended limit where
5% of the population are predicted
to feel uncomfortable due to over-
head radiation. Lines correspond-
ing to 10, 20 and 30% feeling un-
comfortable are shown dotted.
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Peak to peak3'0
amplitude [K]

0.0

Fig.118 Maximum acceptable peak-to-peak amplitudes of cyclical fluctuating operative temperature as a
function of cycle frequency for near-sedentary activity while wearing summer clothing (derived from
Sprague and McNall Jr [20],* Wyon [23],* Nevins et al. [24], Rohles ef al. [26], ASHRAE [7]1).

x Sprague et al. (experiments)
""""" Sprague et al. (expression)
o Wyon et al.
4 Nevins et al.
° Rohles et al.
— ASHRAE Standard 55-1981

Frequency [cycles/hour)

* Operative temperatures estimated from given dry bulb temperatures (see text)
t Value at 0.0 cycles h™' indicates width of steady-state comfort band.
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Fig 119 —The optimal operative temperature (°C) (curved lines) corresponding to PMV = 0,
as a function of activity and clothing levels. The shaded areas indicate the +0.5 comfort range
(Relative humidity 50% and no artificial air movement). The * temperatures inserted in this

diagram show the acceptable range of environmental temperatures.

Fig 120 Metabolicrates of Q850056
different activities
(1 met =58 W/m?,

3 Insulation of typical
clothing ensembles
(1 clo=0.155 m*K/W
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Fig 121 Percentage of dissatisfied persons as a
function of the air temperature difference
between head (1.1 m) and ankles (0.1 m), when

sitting.
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Fig 122 Percentage of dissatisfied among persons
wearing light indoor shoes, as a function of the

floor temperature.

Radiant temperature asymmetry (K)

Fig 123 Percentage of dissatisfied persons as a
function of the radiant temperature asymmetry
caused by a heated ceiling.

80
60 —F
40 P
= e
S 2 7
B pa
& 19 yd
z 8 —
§ 6
5 g
2 / Cold window
7 .
1 / 02!5[%!
0 4 8 12 16 - 20 24

Radiant temperature asymmetry (K)-

Fig 124 Percentage of dissatisfied persons as a
function of the radiant temperature asymmetry
caused by a cold vertical area, e.g. a window.
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Table 48.1

—Thermal insulation of work clothing and daily wear clothing ensembles (1a).

I Iy
Work Clothing clo m*C/W Daily Wear Clothing clo m”C/W
Underpants, boiler suit, socks, shoes 0.70 0.110 Panties, T-shirt, shorts, light socks, sandals 0.30 0.050
Underpants, shirt, trouser, socks, shoes 0.75 0.115 Panties, petticoat, stockings, light dress with 0.45 0.070
Underpants, shirt, boiler suit, socks, shoes 0.80 0.125 sleeves, sandals
Underpants, shirt, trousers, jacket, socks, shoes 0.85 0.135 Underpants, shirt with short sleeves, light 0.50 0.080
Underpants, shirt, trousers, smock, socks, shoes 0.90 0.140 trousers, light socks, shoes
Underwear with short sleeves and legs, shirt, 1.00 0.155 Panties, stockings, shirt with short sleeves, 0.55 0.085
trousers, jacket, socks, shoes skirt, sandals .
Underwear with short legs and sleeves, shirt, 1.10 0.170 Underpants, shirt, light weight trousers, socks, 0.60 0.095
trousers, boiler suit, socks, shoes shoes
Underwear with long legs and sleeves, thermo 1.20 0.185 Panties, petticoat, stockings, dress, shoes 0.70 0.105
jacket, socks, shoes Underwear, shirt, trouser, socks, shoes 0.70 0.110
Underwear-with short sleeves and legs, shirt, 1.25 0.190 Underwear, track suit (sweater + trousers) 0.75 0.116
trousers, jacket, thermojacket, socks, shoes long socks, runners ’
Underwear with short sleeves and legs, boiler 1.40 0.220 Panties, petticoat, shirt, skirt, thick kneesocks, 0.80 0.120
suit, thermojacket + trousers, socks, shoes shoes
Underwear with short sleeves and legs, shirt, 1.55 0.225 Panties, shirt, skirt, roundneck sweater, thick 0.90 0.140
trousers, jacket, thermojacket and trousers, kneesocks, shoes
socks, shoes Underpants, singlet with short sleeves, shirt, 0.95 0.145
Underwear with short sleeves and legs, shirt, 1.85 0.285 trousers, V-sweater, socks, shoes
trousers, jacket, heavy quilted outer jacket Panties, shirt, trousers, jacket, socks, shoes 1.00 0.155
and overalls, socks, shoes Panties, stockings, shirt, skirt, vest, jacket 1.00 0.155
Underwear with short sleeves and legs, shirt, 2.00 0.310 Panties, stockings, blouse, long skirt, jacket, 1.10 0.170
trousers, jacket, heavy quilted outer jacket shoes
and overalls, socks, shoes, cap, gloves Underwear, singlet with short sleeves, shirt, 1.10 1.170
Underwear with long sleeves and legs, thermo 2.20 0.340 trousers, jacket, socks, shoes
jacket + trousers, outer thermo jacket + Underwear, singlet with short sleeves, shirt, 1.15 0.180
trousers, socks, shoes - trousers, vest, jacket, socks, shoes
Underwear with long sleeves and legs, thermo 2.55 0.395 Underwear with long sleeves and legs, shirt, 1.30 0.200
jacket + trousers, Parca with heavy quilting, trousers, V-sweater, jacket, socks, shoes
overalls with heavy quilting, socks, shoes, Underwear with short sleeves and legs, shirt, 1.50 0.230

cap, gloves

trousers, vest, jacket, coat, socks, shoes

"Table 48.2. —Thermal insulation of individual'garments (I:..,)j (To obtain 14 values for clothing

ensembles add up g, values.)

Thermal Thermal
Insulation, clo Insulation, clo
Garment Description (1aa) Garment Description (1aa)

Underwear Thin sweater 0.20
Panties 0.03 Sweater 0.28
Underpants with long legs 0.10 Thick sweater 0:35
Singlet 0.04 Jackets
T-Shirt 0.09 Light summer jacket 0.25
Shirt with long sleeves 0.12 Jacket 0.35
Panties + Bra 0.03 Smock 0.30

Shirts—Blouses High Insulative, Fiber-pelt
Short sleeves 0.15 Boiler suit 0.90
Light weight. long sleeves 0.20 Trousers 0.35
Normal. long sleeves 0.25 Jacket 0.40
Flannel shirt. long sleeves 0.30 Vest 0.20
Lightweight blouse. long sleeves 0.15 Outdoor clothing

Trousers Coat 0.60
Shorts 0.06 Down jacket 0.55
Light weight 0.20 Parca 0.70
Normal 0.25 Fiber-pelt overalls 0.55
Flannel 0.28 Sundries

Dresses—Skirts Socks 0.02
Light skirt (summer) 0.15 Thick ankle socks 0.05
Heavy skirt (winter) 0.25 Thick long socks 0.10
Light dress. short sleeves 0.20 Nylon stockings 0.03
Winter dress. long sleeves 0.40 Shoes (thin soled) 0.02

Boiler suit 0.55 Shoes (thick soled) 0.04

Sweaters Boots 0.10
Sleeveless vest 0.12 Gloves 0.05
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JEDBME*Z TSI L TH b,

(2) AEDOEEE
1) FAEHELE
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CEMBR  EIEERY <V R F UFHEKFEMBE B X O ISO/TC159/SCh F 75
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CEMERE AV —F v, BE
BB 1999410H12H~18H

2) MESMERTERRERE

- 3EERY -V A VEMESEMLE 1081 2H, 13H
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Az =7 YEVHFBEBRETICB T, 2K T2 0 DMRERITebN, SNEWE1 3
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KFE, LTo4tvvarhohb,

Manikins in international standardization (/1§ ME{E kA4 | TO Y —< <2 F V) 6 5

Manikin data in mathematical prediction models (#{d3tAXEF Ve <2 F v 5F—9) 4%

Test procedures and interpretation of results (7 X b 44 * 34 R O #24K) 3 &

Use of physical models in research ($hi2 £ TNV D#HE~D & dl) 7 5%

RIERT LI 707 A THBEBIT LN EHIC VD RDA - —I2L 5 —<
TAFVOTFTEI TN,

Program 3IMM NIWL 1999

Tuesday October 12

08:30 Registration at NIWL
09:00 Opening remarks by NIWL
9:20 Manikins in international standardization

Ingvar Holmer, Thermal manikins in research and testing

Mo Hosni, Thermal manikin survey

Hannu Anttonen, Interlaboratory trial of thermal manikin based on

thermal insulation of cold protective clothing in accordance with ENV 342
10:20 Coffee brake
10:50 Manikins in international standardization

Jiang Zhihua, Standardization on Thermal Manikin Testing of Clothing

Insulation

Krzysztof Soltynski, Test research of a new generation thermal manikin

Hayet Sari, Manikin needs in sport field

11:50 Lunch at NIWL
13:00 Tour of the Climate Groups facilities
14:00 Manikin data in mathematical prediction models

Victor Candas, Use of a manikin for prediction of local effects of thermal
asymmetry and consequent discomfort risks.
Volkmar Bartels, Assessment of the physiological wear comfort of garments
Via a thermal manikin

Yang Tingxin, Research on non-evaporative heat diffusion of human body
under low temperature and its mathematical model
Bd Holand, Comfort temperatures for sleeping bags

15:20 Coffee brake

15:30 Test procedures and interpretation of results
Mats Bohm, Comparison of instruments for measurement of equivalent
temperature in an experimental cab in a climatic chamber

Hakan Nilsson, The use of thermal manikins in the field
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Erhardt Mayer, Presentation of a Dummy Representing Suit for Simulation
Of Human heat loss (DRESSMAN)

16:30 Evening information from NIWL

16:40 Back to Hotels

18:00 Guided tour of the Stockholm City Hall
19:00 Dinner at the City Hall

Wednesday October 13
08:50 Opening remarks by NIWL
09:00 Use of physical models in research
Thomas Lund Madsen, Development of a Breathing Thermal Manikin
Erik Bj n, Simulation of Human Respiration with Breathing Thermal
Manikins
Henrik Brohus, Measurement of Indoor Air Quality by means of a Breathing
Thermal Manikin
Peter V. Nielsen, The Importance of a Thermal Manikin as Source and
Obstacle in Full-Scale Experiments
10:20 Coffee brake
10:50 Use of physical models in research
Harriet Meinander, Extraction of data from sweating manikin tests
Niklaus Mattle, Sweating manikin / Validation tests
Wolfgang Uedelhoven, "Cybor Sweating Concept"

Kalev Kuklane, One week sweating simulation test with a thermal foot

model
12:10 Lunch at NIWL
13:00 Manikin Network Discussions
15:00 Closing remarks and Coffee

2) Az —FVENHEEFHER &IV~ —&EHH

RBRTR, ARBOFREBTHLA Y = — T VELFBEBHFERT RV~ — K% L BREHR
24T 7% 2 1213 . ISO/TC159/SC5/WG1 DEREMREZREDOHRTH, FICT 2774 7HEAT
O, EHMBEED 1 S5ERDRFPD Do FIT, 1995 F 12, EMBF IR Y = —F YV ELHE 4%
TERFERT CIEAVIFZE % 47 72\, 1999 4E 12 R )V~ — 5% T 2R R A O3 X TN M TR
BOWTERFEET R o TS B - VIR FVOFREEN 1 5EULED Y, KSHFT
BRERRTIMEZETH), SROAF VBECH o TEELPERS5 272

S H I, AV~ —HdR L BAE, 1S0/TC159/SC5/WG1 D H T, NP14505: Evaluation of the thermal
environments in vehicles (HEWjMDIRMIREITM) OIEREZRAA TV S, Thid, HERFMA
Lo, EHN GEHE, Py 7, 2L—V2dE) OARY—RBHRBEOTME. -~
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ATH5b,

AFEIZ, LTo2HICI VBRI TV,

Part 1: Principles and methods for assessment of thermal stress.

Part 2: Determination of equivalent temperature.

© #ATH
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BIIERIND T ERCEREITRD. LT, BB THL7-OANBICL 2HBEERD L) &
ERELIEZVEWVIFIELH 5,

(4) 1S0/TC159/SC5 EHERES 7 70 —KF/— v ¥ AHIEFH

EENCED ., EE T 770 - KRELZHHE L, ARFIHEFTHO TABILER % 50 £/11CH
BRLEKRETHD, REREROFRELHD . 150 (EBEERKE) /TC159 (ABI%) /SC5
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DT RHENFD o TRER I EIFRENT,

72770, I SOPEDOEBRHEEE L0121 T —a vy USNOHEED S DRESAITRTH
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7Yy V% [RE S EFEEHOAED O OB WRAREOEEL] BT, A%
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LEEFERELMAEDEL L LD L, FELEHZDERIREEMIFETOND, Rl 2 £
ZEORIEDT-DICIIAENDOEEZ LEEOATER, AHEA*EO TCSHBICHEET 54K
Bhb, FNOHEERT A, HRELHVTHEPATRTH L, LrL, ETOBK, ¥
bbb ARY—, EEEOHASDLEEEFTAZILEIATRTHAL L, —HER) LIFTHRET
HIZLTHFHEBEHNELELT S, £/, BINEHRETIMAELRETLHICELTE, Ch
FCLRALAFETT - MELTRETH2E) PR ORI D 2 . BEA D 1S07730 12L&
ENB LI, BABRETIMICETAMEIHRKICE DV SREEMS 2SN, 72, MREET
ISOIREENT VD, £I T, A¥Y— - EEH L IRARETMECHEDL 2MAEOEBRHN 2B H L
MEDBRREZRARLILEND S, £OHMZEITT 5729012, The international congress of
Mmmwmw&kaNMMCmmmmemummCMHm%w(Eﬁ%?&ﬂﬁﬁﬁt%?%ﬁ
PREEE) KBl 7,

2. AEOBME

2. 1. FAfEYE
1) FEMERKS @ BREMR
2) EMETE | Ed TETEBNZR
3) EMER  ARRFELABHRECET 2ERIFELE
4) EMEE  A—-AMIVT
5) #AM : 1999411H7H~13H

2. 2. AEFHMERTELRAEHE
MAMAER  E150 ARRFCHTIERSEMNE I 1 1A8H~12H

AEEE IRABSEM D S REORE
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2. 3. AEAHRE
LDToOHRTHEZIT- 0

HX H H®EH) RAEMNGEH | BHFZ A % B it £
1 MNA7H (H) |HHEHZER 21:15 JL—771 CHEHRRD

2 1MA8H (A) | Y F=—%& 08 : 45 (VY F= =i
YR K < K=
4 | MABEME) | ]\;7%2 e JL—772

3. MEAR

ERRFELMTRECET 2 EREE

F—A T T, ¥ F=—0 Wesley Conference Centre ICBW\WT, OHERE L KA ¥ —RE
HHbET300DHREERI TN, SMBERS50IEH»S3204THo7,

ZBIAERRFLBHRBEIIRELL 25PN EN, 2096, ARZFICETHEEBELSE
TOAAL MY 72 UTICEITS
Human and animal biometeorology (A & B)¥ D 4R HR %)
Climate change and climate variability (&EZEAL & RMEZEH))
Impacts of the biosphere on local climate (HUIEDOREIZ KITTRRADBE)
Phenology (&YFHIF)
Agricultural and forest meteorology (BE¥ & HWEDERRF)
Weather and air quality (K& & Z5K)
Bioelectricity and biomagnetism (£ ER & EWHER)
Indoor climates, air quality and thermal comfort (ZEARME. KRG L IR E M)
Meteorology and pathogens (R H % & REK)
Thermal physiology and adaptation processes ({REAAFHZ: L @EIn 72+ R)
Climate and health; morbidity and mortality (& & & EE, BERLFETEXR)
Aircraft climates (including radiation effects) fLZEMDRME (BETEE 2 &)
Climate, recreation and tourism (&f&. V27V xz—3 3 v L 8%
Atmospheric impacts on forest and agricultural pests (FM & BEEHICRITT AR D BZE)
Long-range transport and dispersal of fungi, pollens, and insects (EEH., [t HOEYRE & F
b5 L)

UED Iy I7D58, K7ulz7 belEbh) DFEVIRIBED AMKEERIEMICE D 2 L
Torxyyarizsmli,
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11A8H (A)

1100-1230  ICB1-MEDICAL, HEALTH, ADAPTATION-CLIMATE CHANGE
1400-1530  ICB2-MEDICAL, HEALTH, ADAPTATION-HEAT

1600-1730  ICB4-MEDICAL, HEALTH, ADAPTATION-TRENDS

1M1H9H (KX)

900-1030 ICB/ICUC1-BUILDING DESIGN & HUMAN COMFORT

1100-1230 ICB/ICUC2-URBAN PLANNING, HUMAN ENVIRONMENT & SUSTAINABILITY
1400-1530  ICB9-THERMAL STRESS & COMFORT INDICES

1600-1730  ICB10-THERMAL STRESS & COMFORT-INDEX APPLICATIONS

11A10H (K)
900-1030 ICB/ICUC4-HEALTH AND THERMAL COMFORT IN CITIES - A
1100-1230 ICB/ICUC5-HEALTH AND THERMAL COMFORT IN CITIES - B
1400-1730 ICB POSTERS- INDOOR CLIMATE & AIR QUALITY

ICB POSTER6- THERMAL PHYSIOLOGY & HEALTH

1AM H (K

900-1030 ICB15-MEDICAL HEALTH, ADAPTATION — CLIMATS VARIABILITY
1100-1230 ICB POSTER THERMAL PHYSIOLOGY & HEALTH

1400-1530 ICB18-THERMAL STRESS & COMFORT — ADAPTATION

1600-1730 ICUC POSTER2 — URBAN ENVIRONMENT

1 A12H (&)

900-1030 ICB21- THERMAL STRESS & COMFORT - INDOOR CLIMATE - A
1100-1230 ICB23 - THERMAL STRESS & COMFORT - INDOOR CLIMATE - B
1400-1530 ICUC POSTER3 — URBAN METEOROLOGY

K70V zr MCEDb 2 BABEFMOMEEMIE, NFETO PMV IR SN ERNRS
SAFeRE S 4 7 4 ABBOFEICE 85T, FREEANEA L ZEARRENREC, ENHR
Hrzkinal LEERSEREOMNA, BXU, Ml LZERRETICBWTEEDORMAER
LEEEEZEHIT 2 & Vo2 FRAANEA LTV, BEREZFMT 572012, PMV % SET %2
FOEBRBETFMEEO R YU R ES, BLU, BAL R 2 FERGIREEELIH LT
WAEET L REICBVTORAREFMBEOZLECHEF ZRILL Tz,

F7. TNETOISO7730 KBV TORFRAMOWMY ik, FI7 DA (RICE > THHE
BRI R SNARME) Tholo LA L, KRBTSO EMT - WRHHT 2L —A

KU TTHDNIZZ LD BESH o EZONDD, Ko LEEBHNICHE - LWER
BRI X B RBOBIEFE WD, %5, KMHFIKROFOTLZDbDZERTAH T LI
L ARRBEEDOBEMIC X 28R % 0B AR I
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b —HBFETREMIE, ENREILBHNY— - @ BRBIZH5, 5 0id, BEiC 187730
HETENREE PMV ETHM T L PR ETHL L) Bl LI, LA, ERICEEE
& 9. Windchill index # WBGT index., Discomfort index % il 3 % B/ BRE* AME~NDOAHE
& fffij8 FE (Physiological equivalent temperature) TR L & 9 & W ) IRARBEFMIBEITRE S
Nz, Thiz, BFOFEBLREZEATHMTA230TH) ., LT LOIREROA LG L LT
Wihwekwn) BEKRTIE, ASHRAE TRESINTWS SET*eRLEEZ LN, /2. BIIRE
N SET*RHIRT A0 DETNVEIIOVWTRER SN, FHYRFRE 2z BHREICIERL, &5
I OUT_SET* D IRE S 7,

DToORXO»FICHERNEEZOLND,

(1) 1S07730 DEERFEANDILRICEH T 28R K
ICB21.1 An approach to investigating bioclimatic performance for school buildings, Mark Luther, Cameron
Fry, David Oppenheim
ICB21.2 Heat comfort in schools, Joseph Bylhouwer
ICB21.3 Thermal comfort and thermophysiological responses of school boys and girls, Kazuyo Tsuzuki
ICB21.4 Thermal neutrality and preference in a hot-arid climate, Richard de Dear, Krzysztof Cena
ICB21.5 Thermal comfort in a mixed media environment, David Malcolm Rowe, Cong Truc Dinh, Warren
Gordon Julian

ICB23.3 Keepling cool in the tropics with air movement, Alison Kwok

(2) RIEPLKBROBIIIHE T HHFERE
ICB23.1 Clothing, climate and architecture, Shin-ichi Tanabe
ICB23.2 Office dress codes, thermal comfort and building energy conservation, Craig Moprgan, Richard de
Dear

ICB23.3 Keepling cool in the tropics with air movement, Alison Kwok

(3) BAREZ &0 RARKFMBRICHDLMREREK
ICB9.1An universal index for the assessment of the thermal environment — the physiological equivalent
temperature PET, Peter Hoppe
ICB9.2 Estimation and calculation of the mean radiation temperature in urban structures from the point of
view of human biometeology, Andreas Matzarakis, F Rutz, H Mayer
ICB9.4 An outdoor thermal comfort index (OUT_SET*)-Part 1 — the model and its assumptions, Janelle
Pickup, Richard de Dear
ICB10.2 An outdoor thermal comfort index (OUT_SET*)-Part 2 — applications, Richard de Dear, Janelle
Pickup

COMBS5.3 Thermal comfort in urban open spaces, Bruce Forwood, Simon Hayman, Srinivas Tadepalli
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International Standardization
Ergonomics of the Thermal Environment

* Bjarne W. Olesen, PhD.
* D.F.Liedelt "Velta" GmbH, Germany

* Chair ISO/TC159/SC5/WG1 “Ergonomics of
the thermal environment” i

ERGONOMICS OF
EXTREME THERMAL ENVIRONMENT

* ISO EN 7933 Hot environments: analytical determination and
interpretation of thermal stress using calculation of required
sweat rate

* |ISO EN 7243 Hot environments: estimation of the heat stress
on working man, based on the WBGT index (wet bulb globe
temperature)

* |ISO TR 11079 Evaluation of cold environments: determination
of required clothing insulation (IREQ)

* SO 9886 Evaluation of thermal strain by physiological
measurements

* ISO DIS 12894 Medical supervision of individuals exposed to
extreme hot or cold environments
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ERGONOMICS OF THE THERMAL
ENVIRONMENT
SUPPORTING STANDARDS

ISO 11399 Principles and application of international
standards

ISO DIS 13731 Definitions, symbols and units
ISO EN 8996 Determination of metabolic rate (revision)

ISO 9920 Estimation of the thermal insulation and evaporative
resistance of a clothing ensemble

ISO EN 7726 Instruments and methods for measuring physical
quantities (under revision)

ISO 10551 Assessment of the influence of the thermal
environment using subjective judgement scales.

ERGONOMICS OF THE THERMAL
ENVIRONMENT

* ISO NP 13732 Method for the assessment of human
responses to contact with surfaces
— Part 1 Hot surfaces
~— Part 2 Moderate surfaces
— Part 3 Cold surfaces

* ISO CD 14415 Application of international
standards for people with special requirements

* ISO NP 15265 Risk of stress or discomfort in
thermal working environments

* ISO/NP 15743 Working practices for cold indoor
environments
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ERGONOMICS OF THE
PHYSICAL ENVIRONMENT

¢ ISO/NP 15742 Determination of the
combined effect of thermal environment, air
pollution, acoustics and illumination on
humans

NEW DEVELOPMENTS AND RELATED
RESEARCH NEEDS

IN INTERNATIONAL STANDARDS FOR

MODERATE INDOOR THERMAL
ENVIRONMENTS
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EVALUATION OF THERMAL
ENVIRONMENT

DESIGN LEVEL
COMMISSIONING
TESTING
COMPLAINTS

ERGONOMICS OF
MODERATE THERMAL
ENVIRONMENT

¢ ISO EN 7730 Moderate thermal environments:
determination of PMV and PPD indices and
specification of the conditions for thermal comfort.

¢ ISO/NP 14505 Evaluation of the thermal
environment in vehicles

* ISO/NP 15266 Assessment of the long term thermal
comfort performance of indoor environments
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MODERATE ENVIRONMENTS

* GENERAL THERMAL COMFORT
- PMV/PPD, OPERATIVE TEMPERATURE

* LOCAL THERMAL DISCOMFORT
— Radiant temperature asymmetry
— Draught
— Vertical air temperature difference
— Floor surface temperature

GENERAL THERMAL COMFORT

¢ Personal factors
— Clothing
— Activity

* Environmental factors
— Air temperature
— Mean radiant temperature
— Air velocity
— Humidity
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GENERAL THERMAL COMFORT

ISO EN 7730

PMV-PPD index

OPERATIVE TEMPERATURE
HUMIDITY

PMV-index

-3 Cold

2 Cool

-1 Slightly cool
0 Neutral

+1  Slightly warm

+2 Warm

+3 Hot
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GENERAL THERMAL COMFORT

%
g0 J PPD =100 - 95  exp ( - 0.03353 « PMV*- 0.2179 PMV?)

60

40
30 A

20 -

10 A
8

PREDICTED PERCENTAGE
OF DISSATISFIED (PPD)

T

20 15 10 05 0 05 10 15 20
PREDICTED MEAN VOTE (PMV)

THERMAL COMFORT

OPERATIVE TEMPERATURE
-0,5 <PMV < +0,5 ; PPD <10 %

SPACES WITH MAINLY SEDENTARY
OCCUPANTS :

- SUMMER CLOTHING 0,5 clo

- ACTIVITY LEVEL 1,2 met

23 °C <t, <26 °C.
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GENERAL THERMAL COMFORT

PPD Predicted Mean Véte
%

B |<10 0.5 <PMV <+ 0.5

GENERAL THERMAL COMFORT

Type of Clothing Activity| Category | Operative Temperature
building/ Cooling Cooling Heating
space season  season season  season

(summer) |(winter) (summer) |(winter)

clo clo met °C °C
Office 0,5 1,0 1,2 A [245+0.5] 2.0+1.0
B |245+15] 22.0+2.0
C  |24.5+2.5] 22.0+3.0
Cafeteria/ 0,5 1,0 14 A |23.5+1.0] 20.0+1.0
Restaurant B [23.5+20] 20.0+2.5
C  ]23.5+2.5 20.0+£3.5
Department 0,5 1,0 L6 A |23.0+1.0] 19.0+15
Store B ]23.0+2.0] 19.0+3.0
C |23.0+3.0] 19.0+4.0
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GENERAL THERMAL COMFORT

 NEW OR ONGOING RESEARCH

- Field studies

— Adaptation

— Humidity

- Increased air velocity

— Combined effects with noise, light and air quality

e RESEARCH NEEDS
— Transients
— Temperature ramps
- Long term evaluation of comfort

Long term evaluation of comfort

Wf - PPDacruaIPM'V

Weighing factor
P P D PMV lim it

Weighing hours are totalized for a characteristic working period during one year.

Warm period:  Xwfx time hours, where PMV>PMV)p;
Cold period: :  Xwfx time hours, where PMV<PMVjni

The summation of the product “weighing factor x time” is called “weighing time” in hours. The
values may be used for the evaluation of long term comfort conditions. An acceptable weighing
time like 100 t0 150 hours may be specified.
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GENERAL THERMAL COMFORT

¢ HUMIDITY
— Low humidity, eye irritation, skin dryness
— High humidity, wettedness .
— Combined with perception of air quality

Thermal Comfort Limks Themd Comfort Limts
080 080
/}/ i B / pref Humidy Lim| | /
Wi N /
o VA % 4
Milbars // " l’st/ / Milbars s ,(-’-;' / /
S9% g 2% N
se/// 5 L a///, i L
w VR | w4 %
v D | s R |
9258 s
- edomm bwef HumidityLj e
5/::/ M./H/ : mgg’"j/ o
p I [ 7 i il - ;
. DB—1 ' - 08P L i a1 || peshvum
0 % 60 6 0 &5 O & N FH W 0 13 16 18 2 24 27 3 R ¥ 3
Temp, DegF Temp, DegC
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GENERAL THERMAL COMFORT

e AIR VELOCITY
— Preferred air velocity at increased temperature
— Direction of air velocity
- Large individual differences
— Personal control (fans, windows)
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FIELD STUDIES

Adaptation
buildings with centralized HVAC builcings with natural vertilation
big z e
o T | F
o -0 FP-83% adeptive modd with samentics o ,‘f(/
b3 —EAN mocd > ’JV‘
) ] u P
2 RO 2 A
ammu‘mm 2 /ij
0~ FP-884 addaptive rrocd
2 21 Jf‘ s "PWV mockl
whocd ol L] 2 OV VU0 50 OO oo ot oot
5 0 5 W0 5 M B D B 5 0 5 W 5 2 % VW B
meen outdoor effective tenperature ( °0) meen outdoor effective terperdure ( °0)

LOCAL THERMAL DISCOMFORT

DIFFERENCE
DRAUGHT

FLOOR SURFACE TEMPERATURE
VERTICAL AIR TEMPERATURE

RADIANT TEMPERATUR ASYMMETRI
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LOCAL THERMAL COMFORT

25 | <10 <15 <10

DRAUGHT

* NEW STUDIES

— Higher activity levels
— Direction of air velocity
— Outside general comfort

* RESEARCH NEEDED

— Other age groups
— Exposure time
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MEAN AIR VELOCITY

DRAUGHT

ms ws mws

044 t t 0.4
: :

03 o o o 03-
> >
c- c
< <

0.2 4 E E 02
w w
3 =

0.1 0.1 0.1

CATEGORY A CATEGORY B CATEGORY C
(DR=15%) (DR=20%) (DR=25%)
0 T T T T 0 T T T 5 0 T T T T
18 20 22 24 26 C 18 20 2 24 26 C 18 20 2 24 2% C
LOCAL AIR TEMPERATURE LOCAL AIR TEMPERATURE LOCAL AIR TEMPERATURE

DOWN DRAUGHT

5 W/ m?K

247




DRAUGHT

DRAUGHT RATING, DR
MEAN AIR VELOCITY
TURBULENCE

AIR TEMPERATURE

DR= (34-t,)(v-0.05)°62(0.37 v Tu + 3.14)

Dissatisfied

RADIANT TEMPERATURE
ASYMMETRY

0 5 10 15 20 28 30 3 °c

Radiant Temperature Asymmetry
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RADIANT TEMPERATURE

ASYMMETRY
* HEATED CEILING: < 5°C
* COOLED CEILING: <14°C
* WARM WALL: <23°C
* COOL WALL: <10°C

LOCAL THERMAL COMFORT

Warm Cool 'C‘oolw Warmm
1li ceiling
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RADIANT TEMPERATURE
ASYMMETRY

In general thermal comfort
Young people

Mainly sedentary
— One study with high ceilings and standing

RESEARCH NEEDS

— Other age groups

— Higher activity levels

— Outside general thermal comfort

— Combined influence with air velocity
» One study by Berglund

[ ]

VERTICAL AIR TEMPERATURE
DIFFERENCE

%
80 1 LOCAL DISCOMFORT CAUSED BY VERTICAL
60 1 AIR TEMPERATURE DIFFERENCE

DISSATISFIED
=)

1 1 I 1 1
0 2 4 6 8 10K

AIR TEMPERATURE DIFFERENCE BETWEEN HEAD AND FEET
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VERTICAL AIR
TEMPERATURE DIFFERENCE

* VERTICAL AIR TEMPERATURE
DIFFERENCE A t, BETWEEN HEAD AND
FEET:

<3°C
e SEATED PERSON:
1.1 m and 0.1 m above floor level

VERTICAL AIR TEMPERATURE
DIFFERENCE

8

6

Difference Space - Floor K
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VERTICAL AIR TEMPERATURE
DIFFERENCE

VERTICAL AIR
TEMPERATURE DIFFERENCE

* Seated persons

* Subjects in general thermal comfort

* One clothing type, 0.6 clo

* Most studies with increasing temperature
* Young persons

* Female and male have same response
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VERTICAL AIR
TEMPERATURE DIFFERENCE

* RESEARCH NEEDS

— Other activity levels
— Outside general thermal comfort
— Elderly people

* COMBINED EFFECTS

- Radiant temperature asymmetry
— Draught, air velocity

FLOOR TEMPERATURE

%
80
60 -

40

Dissatisfied

¥ T ¥ ¥ t L 1 .
§ 10 15 20 25 3 8 40 °C

Floor Temperature
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FLOOR TEMPERATURE

* FLOOR TEMPERATURE

e SEATED/STANDING PERSONS:
19°C<t;<29°C

FLOOR TEMPERATURE
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FLOOR TEMPERATURE

* Seated and standing persons

* Young and old ‘

* In general thermal comfort

* Female and male

* Only contact with feet

* With shoes

* Without shoes and floor material
* Water based systems

FLOOR TEMPERATURE

Floor construction on concrete Optimum floor Recommended floor
temperature temperature range °C
1 min. | 10 min, 1 min. 10 min.
°C °C 10% 15%
dissatisfied | dissatisfied
Wilton-carpet 21 24.5 12-30.5 21-28
Needled felt sheet 23 25 15.5-31 22.5-28
5 mm cork 24 26 17-31 23-28
Wooden floor 26.5 25.5 22-31.5 23-28
PVC-sheet with felt underlay 28 27 24.5-32 25.5-28
Painted concrete floor 30 28.5 27.5-32.5 27.5-29
Concrete floor 28.5 27 24.6-32.0 26-28.5
Marble 30 29 27.5-32.5 28-29.5

255




FLOOR TEMPERATURE

* RESEARCH NEEDS

— For other postures like seated or lying on the floor
- For other activities (walking)
— Electrical floor heating

* COMBINED EFFECTS

— Outside general thermal comfort

FLOOR TEMPERATURE

Several research projects in Japan and South Korea
Compile the studies

Often too few subjects

Statistical analysis
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PERSONAL LOCAL ENVIRONMENT

¢ Personal control

¢ Increased comfort
* Design guidelines
Personal variability

PERSONAL CONTROL
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COMBINED EFFECTS

GENERAL AND LOCAL COMFORT

* 5-30% DISSATISFIED GENERAL THERMAL COMFORT
* 0-30% DISSATISFIED LOCAL THERMAL COMFORT

e COMBINED ?

EXPOSED TO SEVERAL LOCAL COMFORT FACTORS
* COMBINED ?

RECOMENDATIONS

GENERAL THERMAL COMFORT FACTORS

e TRANSIENTS
* TEMPERATURE RAMPS
* PERSONAL CONTROL
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RECOMENDATIONS

LOCAL THERMAL COMFORT FACTORS

* Floor temperatures
— Position, activity, outside general comfort

e Vertical air temperature differences
— Different age groups, activity, outside general comfort
— Combined with air velocity

* Radiant temperature asymmetry
— Activity, outside general comfort

RECOMENDATIONS

ORGANIZE A COMMON RESEARCH PLAN

UNIVERSITIES AND RESEARCH INSTITUTES
BID ON RESEARCH SUBJECTS

COMBINE RESEARCH AT DIFFERENT
RESEARCH INSTITUTES

USE ENOUGH SUBJECTS FOR STATISTICAL
ANALYSIS

PUBLISH IN ENGLISH LITTERATURE
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