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DEVELOPMENT OF 65-NODE THERMOREGULATION-MODEL
FOR EVALUATION OF THERMAL ENVIRONMENT

The 65-Node Thermoregulation-Model was developed, based on Stolwijk model. The model has 16 body
parts. Each body part consists of core, muscle, fat and skin. In addition, the model has a central blood

compartment.

Convective and radiative heat transfer coefficients were derived from the thermal manikin

experiments. Under steady state condition, mean skin temperature, skin wettedness and SET* agreed well with
those by 2 node-model. This model can predict fairly well for skin temperature distribution under thermal
neutrality. Under transient condition, trends of mean skin temperature and evaporative heat loss were similar to

the subject experiment by Stolwijk.

Keywords: Thermal comfort, Numerical model, Simulation, Non-uniform, Unsteady state
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F B OLEL, F2.088ki/kgK, TSN 2.506kl/kgK, D

f3.758kI/kgK & L7=, RmEEE v Iit, Stolwijk EF A &
F#EIZ2.500L OMERH D L Ui, PRAOBEEDY OB
3.758kJ/kgK &gs Ubi, RS E D OBERIT9.396kI/K
Ehb 43 DEVE B IE Chest $B478 & ONBack #{L 9 Core B
PRk _%leb\t’“)o Tihbb, BERELHLBEI»LRDE
Chest iL & Back $5{(L P Core BOBRFREITFN . 15.192k)/
K. 13.594kJ/K THHHP., PROBREEVOREFREL LTEN

-

-1 SERRALR O RERE, SO ER FRD 5 4.698KI/K ZHIV 2R 10.494kI/K, 8.895kI/K & L
i (BRI Ap, (1) [m] Weightlkg] TwW5 ) I
T THead 5140 3020 #1-2 % Node AE E[kJ/K]
2 |Chest 0.175 12.400 T |enhL Core Muscle . JFat Skin
7 |Back 0.161 11.030 7 |Head 9275 1.391 0.027 7015
4 |Pelvis 0.221 17.570 7 [Chest 10.494] _ 20.408 5.387 1.503
5 |L-Shoulder 0.096 2.163 3 |Back 8.895] 18078 4761 1391
6 IR-Shoulder 0.096 2.163 4 |Pelvis 21661]  28.789 7567 2.180
7 |L-Arm 0.063 1.373 5 |L-Shoulder 1811 3.881 0.745 0.545
8 IR-Arm 0.063 1.373 6 |R-Shoulder 1.811 3.881 0.745 0545
9 L-Hand 0.050 0.335 7 |L-Arm 1.156 2.452 0.470 0.357
70__|R-Hand 0.050 0.335 g |R-Arm 1.156 2.452 0.470 0.357
77 |L~Thigh 0.209 7.013 9 |L-Hand 0.296 0.132 0.188 0.357
77 |R-Thigh 0.209 7013 70 |R-Hand 0.296 0.132 0.188 0.357
73 |L-Leg 0.112 3.343 77 IL-Thigh 5993]  12.976 2.017 1522
74 _|R-Leg 0.112 3.343 72 |R-Thigh 5993]  12.076 2.017 1.522
75 |L-Foot 0.056 0.480 73 |L-Leg 2.856 6.173 0.965 0.733
76 |R-Foot 0.056 0.480 74 |R-Leg 2.856 6,173 0.965 0.733
N EY:] 1870 74430 75 |L—Foot 0.499 0.132 0.276 0451
76 |R-Foot 0,499 0.132 0.276 0.451
_ *ﬁf?ﬁ - |FRLEEEY 9.396
PR 1-3-2 ERE
(Chest BfIDA) M - B - AR =
o | .Clothing QUIWTIZEBRETHY , (6)NTHIEEND, ERENE, £
v M HARHEE O, (1)) (W], SMHEEIC L 2BELER W) (W], 52
| Skin@  j=4 N ZBGEAR Ch(ij) [W D Th 559, £ 1-3 1245 Node D HRER
¢ B s HEAERT, AMEELSAICEHIBELAIT. Muscle BT
| il = BREAEL, W(1,2), Ch(i,2) DBIO0DEEHLHL O LT D
¢ & . Qrij)=0Q, (1) + W(ij)+Ch(ij) = (6)
| Ty I* Jilki T W(i,2)=58.2(met-Q,) A, Meif(i) (D
t pe shaf i R Y H(7) D met[met] HEHOBBLIIVEEINIEHFONRBE.
65"Node O, [met] IT2H OEBEABE, 4, [n] TEFOEREHETH L,
Pl CoreM I 0,13 # 1-3 12 Lt Node BRAHED &35 6 h
ER FEBEL vermrermsrermsenrsmsenenss 0.778met Th B, met o NE TFTEAZ LBV ELTVE,
®E1-1 65 5EEF AR Tiebbh, WH,2)PAEERDBEIIOW &5 2, Metf(i)[-1iZ
1-3. @,nuamwﬁ HEBEAIZ ST ORI Musele 8O 2 IZ4T 5 24 F
BEIC BT BREHALR (D) ~HD LSRRI DED, B BThrE, ZhERI-BIERT, SO XBEERChG2 DE
11&rfﬁ¢7)%ﬁwxﬁ ZBIL Tk, 1-3-1 2 bEIC R A B >WTiRERT 5
- Core iz L B #1-3 % Node EE&WET%[W]&%‘*&&@ Metf fE[-]
dT(z N Core  |Muscle [Fat Skin Metf(i)
C,H)=—%=0Q@,1) - B(i,))~ D(i,1)) - RES(i,1) (D 7 |Head 16.843] 0217] 0.109] 0.131] 0.000
e 7 |Chest 21.182] 2537] _0568] 0.179] 0.091
. FNITE
Muscle f& dT*t° ;é R 7 |Back 18699] 2.537] 0501 0.158] 0.080
Ci2) (1 darg,2) _ 0(.2) - B(,2)+ D(i]) - D(i.2) (@) 4 |Pelvis 8050] 4.067] 0804] 0254] 0.129
5 |L-Shoulder 0.181] _0423] 0.610] 0.050] 0.026
FatB iz 515 é@@@ﬁ 6 |R-Shoulder 0.181] 0423] 0.610] 0.050] 0.026
T (l 3 7 |L-Arm 0.094] 0.220] 0.031] 0026} 0.014
C(i,3)—"2=Q(i,3) - B(i,3) + D(i,2) - D(i,3) (3) 8 JR-Arm 0.094f 0220 0.031 0.026f 0.014
9 [L~Hand 0.045] 0.022] 0.023] _0050] 0.005
* Skin B 12 LB 70 IR-Hand 0.045] 0.022] 0023  0.050] 0.005
d ]«(, 4 » . _ _ 77 |L-Thigh 0.343]  0.824] 0151 0122) 0.201
Ci4)———=004)~ B4+ Di3) -0, (4 -EG4) &) 72_R-Thigh 0.3431 0.824] 0.151] 0.122] 0.201
o 73 li-Leg 0.102] _0.220] 0.035] 0.023] 0.099
< PR BRI LR 74 |R-Leg 0102] 0220] 0.035] 0023] 0099
dT(65) S, (5 75 _|L-Foot 0.122] 0035 0056f 0.100] 0.005
C(65) ;Z]:BUJ ) ©) 76 |R-Foot 0.122] 0.035] _0.056] 0.100] 0.005
iy S §4.652] 1.000




o

=

%1

1-3-3 IMRIZ & 5 B2
B(ij) [W] b H s i % 0 & & Node & DBVTHATH Y 8)Rin T
FHEEAND, o[- JTMBROSHTEETBBE, o CI/mLK]IZIED

RREEL B (R & HBOTE) |

RERSE

TES)CHEFRMEBE Y DRETH D,
Blij)= @ p C - BF(j)(T(ij)-T(65))
ATl @ =1.000, 0 C=3.842)/mLK & L7z,
9)FRILSkinBZ R £BO MR E % F T, BFB(i,)[mL/s] i3 EEE

HETHYFRI-4C
B0 0V E BB
1.000W OEBD -

(R L0,

=~

BF(ij)imL/s} ik & TH D, T/,

~®)

AHETHWEEETRT, & Node @ik
WIRTFT D EEZ TS, Thbb,
0.239mL/s DMEHALBETHD & H
Muscle & (j=2) % B\ 7= Core & + Fat B2

BT

W) RONCh(ij) X 0W TH A0 6 MBI EIB S H

H o065 SEEERE T T

RBEEECPPDOTHEIZEBEMAFRECE LV LD L L,
BE(i,j)=BEB(i,j)+0.239(W(ij)+Ch(ij)) -(9)
& 1-4 & Node ZE#E M & [mL/s]
i Bt Core Muscle Fat Skin
7 Head 12.500 0.242 0.094 0.622
2 Chest 21.625 2.128 0.372 0.500
3 Back 21.206 2.128 0.372 0.375
4 Pelvis 5.053 3.411 0.600 0.578
5 L-Shoulder 0.089 0.356 0.044 0.239
6 R-Shoulder 0.089 0.356 0.044 0.239
7 L~Arm 0.044 0.186 0.024 0.125
8 R-Arm 0.044 0.186 0.024 0.125
9 L~Hand 0.025 0.022 0.012 0.253
70 ]R-Hand 0.025 0.022 0.012 0.253
/7 |L-Thigh 0,101 0.238 0.042 0.106
72 |R-Thigh 0.101 0.238 0.042 0.106
713 lL-Leg 0.020 0.019 0.005 0.031
74 IR-Leg 0.020 0.019 0.005 0.031
75 {l.-Foot 0.014 0.003 0.005 0.125
/6 |R-Foot 0.014 0.003 0.005 0.125
- Total 76.057
1-3-4 EHEIZKHBTH
DAJIWIHIE, BUSMINOBET 58 & OEEIC L S5BEH’T,

(10U TERB NS, Cdfi[W/CHIBHET 28 & V)Fﬁﬁ@??}kﬂ Ve

THECATHYEFRETHNEEERL-5ICFRT,
D(ij)=Cdli)(T(iy)-T(ij+1)) (10
#1-5 % Node HOB=a ¥ s ¥ A [W/T]
A 83 Core-Muscle {Muscle—Fat _|Fat-Skin
7 Head 1.601 13.224 16.008
2 [Chest 0.616 2.100 9.164
3 {Back 0.594 2.018 8.700
4 |Pelvis 0.379 1.276 5.104
5 |L-Shoulder 0.441 2.946 7.308
6 iR—Shoulder 0.441 2.946 7.308
7 __JL-Arm 0.244 2.227 7.888
8 |R-Arm 0.244 2.227 7.888
9 jl-Hand 2.181 6.484 5.858
70 {R-Hand 2.181 6.484 5.858
77 |L-Thigh 2.401 4.536 30.160
72 |R-Thigh 2.401 4.536 30.160
73 jl-leg 1.891 2.656 7.540
74 [R-Leg 1.891 2.656 7.540
75 {L-Foot 8.120 10.266 8.178
76 |R-Foot 8.120 10.266 8.178
1-3-5 BRIk D%

FREIR G & 5 BRI Chest B Core BTEET 5, T4D5
RESQ,DIWHZ (1) CE IR B,
RES(2,1)= {0.0014(34 - 1,(1))+0.017(5.867~ p,(1))}

-fﬁ@(ﬁj)

= j=t

t(DICI. p (1)[kPa] X% %1 Head SAL TOZESIRE, 7K

Z T,
EEETH S,

~(11)

£ R AR 7

1-3-6 HEREX

EGO[WHESKkin Bl BT AEBBBERETHY ., 1)RD L H I
FRIND, EGHY W EFRBERC L 2BHEERETHY . (13)XT
REND, £l E GOV RBTICL2BRBEERETH D,

E(4)=E,(L +E_(i,4) +(12)
E,(i,4)=0.06(1-E_ (i 4)E,, (1)) *E, (i -+ (13)
ZITCLE, (JIW EREEMERRETHY . 19RDLRD LN

max

%, StolwijkE 7 LT iE, REZEMIZE L TRER 25 2 TV 528,
Z OfE) iEm(z)mboot%3~4% CHETLLOTHD, AR TIE
& ¥BAL Skin G2 DAREM L LT, BiTnad L %%tﬁ%ﬂ
?ﬁ%g@é%@%ﬁﬁw\&é EWVSRER L,
£, [0=h() (b, ()-p,(0)4,, (i) < (14)

T IC, h(i) [WimkPal X ERE N LR E TOBBREE,
p,, (V[kPa] I3 B ERE COBRMARIIE. pi)kPa] ITBEOKER
FE A, ([Pl FHMUREETH D,

KERE bR E TORBMREE A () 1TFROFERZE (1) [-
JZHWRBEE LASHRTROLNAS,

LR )/ (0155151 )k"(j"%(}')]

StotwijkoME 7 /L T ERFUEFIAEE SN TRV, 65581
NTE = e 31 R VREIC & 5%%{5uﬁua>%i‘z%m&md()[clo]%
EET D0 L L, h (WX CHINEOSHEBEEDE, £,6) [-11X
FRAMETH D, LRICAPaliZNA AMEMTHY | LR=16.5C/kPa
Tho, E£lo. BEHEBAIZ OV T (=045 2 {ET B E9, 21:*
I ERITBEE - EREA L LTOLRI - TR0 SR
BB U CiEE 2 Tz,
1-3-7 BMBEREOBEBTMH

Qi HIWHEEFEE & BEOMFR LUCHMHABSHTHY . (16)
KO LS IREBREF L AV RE L Ui, b)) W ClELE D
LREE COBRAPEER t I CHIERBETH D

QL 4)=h()( TG, 4)-1t, ()4, (1) - (16)
h(i) Hcoiz V2 & (IDRDO L S IZRB s, ThbbEoi
T BEREL()[clo] & FRAEREIZE T 5 REELE OB O

& UTRIATE D00 (W CHIE RO R E 4 B L8 1K
HBMREETH S,

—=0.1557,(+
h, (i) (h @+h.@) 0

65 ENE T DI ENIRFRTER P — < w3 % 95t
JELTWD DT, A, h(t) DEINTIE, =R F W L AHE
B9z MWD 2 ENTE D, RRICTHE. HARIRERE G ikBsE
BV T ’%ﬁ%ﬁﬁmﬁl;&fé) Z.(18)~(0)FCHR & 5 Mod.,
Mod (¥ % e U TBMBER L BT 2 b O & L1259, Mod 12(18)%
KELEE Q) RIZ L HEDOREVE & Ui, v[mssl. h[W/m2Cl,

1

=(17)

#1-6 BT (0.13m/s BLF) D h i) & h(i)
i |EhL 7. () W/ meC] 7.0 W/ mec]
7 |Head 15 49
7 |Chest 3.0 43
3 |Back 2.9 11
4 |Pelvis 2.9 43
5 |L-Shoulder 3.6 45
6 R-Shoulder 3.6 4.5
7 |L-Arm 3.6 44
& |R-Arm 3.6 14
9 {L-Hand 3.7 12
70 |R-Hand 3.7 4.2
77 |L-Thigh 28 13
72 |R-Thigh 2.8 18
73 |L-Leg 2.0 5.3
J4 [R-leg 2.0 5.3
75 |L—Foot 2.0 5.1
76 |R-Foot 2.0 6.1
BNEY: 30 %]




o=

L=

E 1

A IWmMITCHEEhETh, BREATTEY L8 ORI
HE, ¥RBCERFONEE., BEHRAREROMNEMR T
BB, Rl-6 i —~vwxF  WEBICESHTEHL
EHRERET (0.13m/s LF) Dh (i) & h(i) 277,

Mod =8.6v"%/h, = (18)
Mod =3.0/h, - (19)
Mod =4.7/h, - (20)

SET* ™2 node-model? Cit, MMBAREFE 2 RBEOMIM L LT, &
EEFOMSTRMEEREMEZER LTS AR THEER LR,

Ele YA RXF L OEMREVEHBICHVSZ L LARET
HD, ZOBEE b)) RFERBICEE L AEFEREOR DY (Z&
S MEEE ANTE I LILLoTQh4ERD B,

1-4. #l#E%R
1-4-1 oY —ES
T Z N Errfi['Cl ek, QD IFTE Y, % Node DIEE
Tap[ClE By bRAV MEE L OE RUOZREBOIEEFHHEDT
L7, ABmMXTHWEE Node Dt v b4 > MRER G
HOMMBETHLT, (i j)ICleR1-7TImT, 203 bEy
FARA L FBEE U CHEET 2 0t Head 847 Core B, K EAL
Skin BOATH 5,
Errij)=(T(j)- T, (1j)+RATE(i)) - F(ij) < (21)
T T, RATE(j)sITIRES BB OBWIRE ., Fi)[C/siXM/MEE
BB TH D, T (i) & RATEG) IEBIHROBETH Y | E L L
THZOND RATEGHE ZNE TOMETIZERMICHL M-
TWRNWOT, ARL TR0 L L, ZHIZE L TIZSET* M2 node-
modeP CHEREDIR Y B & LTV B, &%, RATE(j) S E BB B
LN TR0 R THODEMEE 5 A BN TE S,
B WIREZAERCRS LT, Warm 3 7 v (Wem(ij) ['CY) & Cold
TP A(Cldfig) [TCh % (22), Q)R TEET 5,
Err(i )R EDED & X RZHFEBRPEMER L L,

-

Wrm(ij)=Err(ij), Cld(ij)=0 = (22)
Err(i)BRDED & SR BEBPEER & L,
Cld(ij)= - Err(ij), Wrm(ij)=0 -+ (23)
£1-7 & Nodety hFAY MBERLUYIEE[C]
i iy Core Muscle Fat Skin
] Head 36.9 36.1 35.8 35.6
2 Chest 36.5 36.2 34.5 33.6
3 Back 36.5 35.8 34.4 33.2
4 Pelvis 36.3 35.6 34.5 33.4
5 L-Shoulder 35.8 34.6 33.8 33.4
3 R~Shoulder 35.8 34.8 33.8 334
7 L-Arm 35.5 34.8 34.7 34.6
8 R-Arm 355 34.8 34.7 34.6
g L~Hand 35.4 35.3 35.3 35.2
70 IR-Hand 354 35.3 35.3 35.2
77 iL-Thigh 35.8 35.2 34.4 33.8
72 {R-Thigh 35.8 35.2 34.4 33.8
13 jL-Leg 35.6 34.4 33.9 33.4
74 {R-Leg 35.6 34.4 33.9 33.4
715 |L-Foot 35.1 34.9 34.4 33.9
J6 {R-Foot 35.1 34.9 34.4 33.9
- [PRmEAEY 35.7
142 HEES

BE»0E = 7, PRRICTREGERD EB XD,
BERERENODEBLATHS (Wms[C)) | KBHZRBNLD
EAMFHA (Clds[T]) 1 Q24). QSHRDLSITmREND,
SKINR(D[-JIXEB» LD Y= P A EETHIDDOE
MR EL TSR CTHY . R1-81CRT,

Wrms =y (SKINR()-Wrm(i,4))

i=l

(24)

Clds = i (SKINR()- Cld(i,4))

i=l

~(25)

BAREAGO DD 65 SHERME €7 L ICHT DHR

#1-8 FEWASkin BOEH I T 2EL T HRE-]
BLROSHBE-] & B8O Chilf E (-]

i EREL SKINR()| SKINS() | SKINV(i){ SKINC(} Chilf(i)

7 Head 0.070 { 0.081 0.132 0.022 0.020
2 [Chest 0.149 0.146 0.098 0.065 0.258
3 |Back 0.132 0.129 0.086 0.065 0.227
4 [Pelvis 0.212 0.206 0.138 0.065 0.365
5 |L-Shoulder 0.023 0.051 0.031 0.022 0.004
6 IR-Shoulder 0.023 0.051 0.031 0.022 0.004
7 __JL-Arm 0.012 0.026 0.016 0.022 0.026
8 |R-Arm 0.012 0.026 0.016 0.022 0.026
9 {L-Hand 0.092 0.016 0.061 0.152 0.000
70 |R-Hand 0.092 0.016 0.061 0.152 0.000
77 1L-Thigh 0.050 0.073 0.092 0.022 0.023
72 __|R-Thigh 0.050 0.073 0.092 0.022 0.023
13 jl-leg 0.025 0.036 0.023 0.022 0.012
74 _|R-lLeg 0.025 0.036 0.023 0.022 0.012
75 ilL-Foot 0.017 0018{ 0050} 0.152 0.000
76 |R-Foot 0.017 0.018 0.050 0.152 0.000
- |Total 1.000 1.000 1.000 1.000 1.000

1-5. REREAE

HERORITE T, HIHEFEE L Head BB Core By H D& L —
T FANOERNORDE, HIERE S EBMSkin B L ORE Y
TFNDOERP L DE, FlHMRE L Head B Core B H D&
P SN R OEEALSKinE b ORE Y VAV OBRENGALD
A F-OE, B FEICE., LEES (BEmE IR - NHE .
BIF, SH52BEEND D, FEBHBERKSICET &M
Skin BOEFIZHT 2 ofmREuL. R1-8 IR TEEZHWTE
BEiTol, EREHERBEAKSEOHEHREERI-9IIFTE
m, PTFIRTEHERSHRO5NS DL, ST, E_(i4). Chi2)
X, HEIBBEOL L TIHAMLRLZZIENHDIN. TORIZIO

ET B0 gilo s Rm RS O B

Core(C) Skin( S) Core X Skin(P)
F5F (sw) 371.2 (W/°C)l  33.6 (W/°C) 0.0 (W/°C?)
5D BEE(ch) 0.0 (W/°C) 0.0 (W/°C)l  24.4 (W/°CH)
mEHE) 325 (mL/s°C)] 2.1 (mL/s°C)} 0.0 (mL/s°CH)
MBI (st) 115 (1/°C) 11.5 (1/°C) 0.0 (1/°C?)
1-5-1 MEEE

Skin J& 0 L % & BF (i, 4)[mL/s] i (26) R TH S5, DL[mL/s] i
BHRICET A 7, ST B RECET 3 7 cf &
@7, KD L HICREIN D, SKINVA)[-}. SKINC[-1* DL DL,
STIZDWT DEEALSkin DL IZ5H 2 DHEK TH 5.
BFB(i,4)+ SKINV (i)- DL

BF(i,4) = Jom(i A

@49 1+ SKINC(i)- ST @4 @6)
DL=CdlErr(1, 1)+Sdl(Wrms-Clds)+PdIWrm(1, 1) Wrms (27
ST=-CstErr(I, 1)-Sst(Wrms-Clds) + PstCld(l, 1)Clds - (28)

Z 2T, CdlfmL/s°CY. Sdi[mL/s°Cl. Pdi[mL/s°C? i1 % hZ 4L Head ¥
{if Core J&. &AL Skin J&. Head Zi Core 8 & 4 ERAL Skin B> & D
B TLIRHIEERE, Cs1/°CY. Ssi{1/°CLL Pst{1/°CH b ek
2, mENHEREGRE CH D,

QO)RD ki, Y[ 1A 7 = 7 X —BER LI Q9N TREIN
%o Err( [ CHRB IO Skin BIZRBIT B =5~ 7 )b RTG4)[C
WA 7= 7 F—BNMEBENR2E 2D DOLERERTH D, FisX
T, 2HEEEALIOWTRIG4)=10°C 2T AE L%,

k(i 4) =205 0DRTGH
1-5-2 F5F

BT L DERBEERE (1,4) (WL, GO)KTFEIND,

SKINS[-1iE  FEFIZ D T O HALSkinkE 0 2 B okt 5 o #ifREK
E (id)= {CswErr(1,1)+Ssw(Wrms-Clds)+PswWrm(1,1) Wrms }
 SKINS(i) « km(i 4) ~(30)

<(29)



F1E BEARBFMOZDO6S HEEERSTFALCEHTIHE

I, Csw[W/CY. Ssw [W/CY, Psw[W/CY ix% N Fh Head £
fr Core J&. #&ER{r Skin B, Head {2 Core J& & & B Skin B>
LORITHIHEGH TH D,
1-5-3 SHHABEE
5B ABEAR Ch( )W GO R CEENS,
Ch(i,2)={-CchErr(l,1)-Sch(Wrms-Clds)+PchCld(1,1)Clds }

- Chilfty) (31
= 2T Cch[WIC. Sch[W/C. Peh[W/°C?] 1% 1L % #L Head §4i Core
8. &AL Skin B, Head BBAL Core B8 & 45 8FL Skin B> 5 D 5 5 Z 1
BB TH D, Chilf(i)[-] 5D ZBIELEIZH VT OE AL
Muscle BOREIZH T 50/ HREETHY, R1-8 xR T,

1-6. 65 NEABRAHETIVIZEDSET* OHEY
65 EIET VT, SR BREEBES T L B RER
t [CL &HORnEw[], HERE» D OBBEREQ (Wm? & FV
T, 6SMNSETH C) 2B HT 560 & Lz, FORBRIIE)RKTH
BED, o Dosasere JKPAlEE, ZNE N [CL 6SMNSETH'CIIZ 815
LEBFAELIETH S,
O, (t,-6SMNSET*)+h, *w(p,, -0.5D v ) -+ (32)
B IWMPCHITRHEL LR EBUREETH Y, B)RXTREND,
1. 0.1557,,, +
h, (h,+h )
Z I T, LJelol. A [WmPCY, A JWACLL £, [-]iXF SR L
TERRE, SHRBVEEE, BN PGESR, FXKERELTH S, 1,
HRABEIZIVEBESh, BHRNTREND,

= 13268 0953
(met +0.7383)

B REB BN Z A ERHEEOMNEZB L TE5HRTRD
bihs,

h_=5.66(met-0.85)"% -+ (35)
mer < 0.85met DHFH &, (35) ROFER 1 < 3.0W/mCOHEIT,
h =3 0WmPCe L, £, h =47WmCE LTz, £, 1 (36): TR
b,

f,=1+0.31, - (36)
F12(32)R DA [WimkPaliZAE UL L - D L BRBE F COMBEE
ETHY, 3NN TREND,

h=i LR -h,
IT i B B THY., i =045 TH BRI,

BR~CNREHND Z LTk > T 65DEEF A TEIM LI

R oA oE - T —RABES BB LZSETHEZ S ET A 2 &
BHEREE 25,

...(33)

@7

1-7. 2 node-model & D&
1-7-1 HEEH

Gagge O 2 node-model? & DB A 5 272 o 7=, 2 node-model I3
SET* RHOLDOERMBHEAEKBESALTHY, ZhETSH
COHREFEEBER ORI RENRTWVWD, £1-10 CHE
FHEERT, EHBE10.0C~40.0CET2.0CHB Iz, Yfif
BB A - BOBRBREICBRET LY I2v—2a v %
1Foi,

F1-10 HESZHE
A 60min.
gﬁfﬁnga - ~ o, o,
TEREEET Ta=Tr&LT10.0~40.0°C (2.0°CEE#)
HxhRE 50%
JERE 0.10m/s
BARE 0.00clo
ﬁ:iﬁ% 1.0met
1-7-2 FEHR - £2H

1-242, 65 BFIEF A L 2 node-model I & » THEHH LAZE
BIR R, b SET* OLBART, PHEERIT, ©iE
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DEVELOPMENT OF NUMERICAL THERMOREGULATION-MODEL COM
FOR EVALUATION OF THERMAL ENVIRONMENT

The human thermoregulation model COM (Complex Thermal Environment Comfort Model) was devel-
oped, incorporating the blood flow model for extremities and the conductive heat transfer model at contacting
skin surfaces. The whole body model has 17 body segments, each consisting of 2 compartments for core and
skin. Each core compartment of extremities has artery and vein blood pool in its center. The central blood
compartment exchanges heat with blood pools and the tissues except extremities. The heat balance equations
for each tissue are described. The current model is able to predict fairly well for the body temperature distribution
under steady state conditions. As an example of calculation, the effect of floor heating on thermal comfort was

shown.

Keywords - Thermal comfort, Numerical model, Blood flow of extremities, Counter-current heat exchange, Floor heating
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Bi3tThZnhRMiEBEY L OBLHBEITS, ¥42bb, £
ERAGHNABHRE THAMMBRICL BB, dhm
REBEVEN L TCOBMBOBRLZHE LTETALEND, T
ORRMFFEY 1T, LEBLOEELERBMEOBHERD
MERBLIOCMEEETLOTH S,

LA L, EEHMLCEYTE, S#BICRAT 2EIR0IEE %
S8 ERET D Stolwijk OEFAITHELVENERL 52
BV ERDHDLH, BIUELARESCED CRY—RBARET T

BRBEIMOLDO ANEKBKFEHEE T L COM DBFE

fRER IR X AR SR,

IRICE o T, AEMEOERIZL DB NBASEHAL E
BTazenmgeiol, flZiX, 7 VHDHWVITIRP VIR
e OEMP, BREENO Y — FRoAr FAEOEMEDOH
R E 2o T,

BERRER TIT, R S MBI L ABSRITIEVWLOLE L,
Fh, AERRNORABE, SEVMRCLIBBEBLICaTE
EOBRE T, B S MR TR M IN D, FETIL,
AR O S E UTEBMEROBEMERL., BT 5548y
EREOEEE LCHBMEE, BVEESE, AEEBRBLIUEIR
MEEARD, FREREEE LT, B ABSHET DA
BREELEDBR LTIV AEERD,

2-3. EHoBFEHK
EWMOBTHERIL ()~ )R & ) RS2, Mgz

DFx OEICE LTI, 2-3- 1Bk~ 5,

- Core J DEEAT

dr
BERCRWNIRENR 2 TR 5200 E, Bk R E S % Wd”:MMum;@,m»-mnﬁng
BERLS TR CEAMRBROEFAMALEL 2B, L KT, T )+ K (T, ~T,) =0, (1)
T, MESMIZ VT, B2 T BOoPRLICERE « Skin /& O 15
M7 —n & § &S — Y 5 dar,
RO T =/ ERIRERT BIRMET A ZRLEE7 o Dl g ey (1, ~T,) +K(T, =T,)
AEAER LY, H2-4 W C OB R A TR, BRLIE dt —0. -E, -0 (2)
T VIO T BARLIE A D MBS ERAL, B2 me Tk
RBEOH., —HEIEHIaT7BELOEBRE~. &0 IXRENA - EOR fL ik~ — L DB
BRI — I B, 70, BIRIIE S — v R (L = Wy eV (T =T V=K (T, ~T,)
7R KU RE & . LB O R AR L 7 — A s B i S T ’ 3
AL, BRBOOE, KEMBIRLIET — T 5, B ~ Ky =T) 3)
BRI — e aTRBLoBRme LT, ¥R & EABRMERK B AL T — N DO BEAE R
EOBTMPEREIND, Fn, BRLE S — L FEIRILTE T — daT,
C Y=oV (T,-T )+ pcV (T, —T
/I/k@?}‘j).ém& L/T\ m#ﬁ::f_ﬁ@i@;@m(ﬁ%z&}ﬁ”)ﬁ)%%én ve pC cr( cr ve) pC .xk( sk ve)
Z) o + pCVve' (Tve' - T"e)
........................................ "KV(Tve _T")_’_KAV(TW "'Tve) (4)
Y i o) S TR E D OIT
: ‘ chb
PR mBEE Y == P T Cy dt “EH%;;@?&,(Q =T )+ oV (T, — T}
f + el (T~ Ty} ()
: 2295 D ShoulderifiliL
: B L O Thighfihe
- BERR ) PR O B R
ar,,
C"”_J;’L:Q'”’ -H(T, —Tf/) (6)
| maomme
i B #2-2 HEWOBEE[KI/K]
B Core Skin RS —IL [k s —Iv
Head 9.140 0.792
i EE Y Neck 2.426 0.209
Chest 34.246 1.588 -
Back 30.837 1462
; / Pelvis 53.752 2.002
e R
........... 1 DO (FE) sennennans® L Hand 0.514 0.356 0.016 0.075
ST - R.Shoulder 6.028 0.544 0,067 0.256
H2-4 WEELTORIHR RArm 3.981 0.356 0.033 0.140
R.Hand 0514 0356 0.016 0.075
2-2-3 SR E OEMIC K SRR L.Thigh 18.858 1469 0.293 1.009
EROBMREOFME T, AMASNBDEL ML, M5 o D e s
BICLoBARBRRBEI2EEOEESRD, OB LD R.Thigh 18,858 1,469 0.293 1.009
BB, ERREORIT CIxEHMoERBEROEME R.leg 10.146 0.788 8-3431‘; g?g?
LTHEMT 52 LBTE5, LinL, RERRBEORE THSA  Batrwsy 04801 8401 : e

HYGEOBRTREOERSLEL LD, TNE2EBRTLZD, K
ET A COM TIRAENLE G RE © 1t & R iz @I L, B

- 14 -



%2

2-3-1 BBER

CIWH CIRERORER., T°CITRELERT, #2-2088IC
AWEEHOREELY =T, TORERIT., FHEEOLBYE
2.088kJ/kgK., J& TRERS 2.506k)/kgK, % D1t 3.758kI/kgK. MLk &
FEELEA A 4. 186KI/LK & LCHEH Lz, S8 0B#IRNE S —1
OBEBITZ OEALO Core Bnb, TRmEEE D OBRERIT
Chest BRI E L U Back 870 Core B HHEITE LAV,
2-3-2 ERE

M Wl M [WIRERENLERMEO=TE, KERBICBITS
FERETHY (HATHRBEEIND, MW, W [W]. M, [Wlit%
NENEMUOERBAHE, AMAEFICLIRELRE, 552
BEARTHD, K23 UETOXBRBMELRT, S804EL
SHRIWLDBEA T TR COLEETLIHD L LT,

M =M, +W+M,, M,=M, = (7)
W=58.2(met-M, ;A Metf e (8)

H(8)D met[met LTFEBOBBEIC L v H#FE SN D RH OB &,
M, oulmet i3 28 O EBAME, 4, . [m1EL2FOKEEETH
Do My EE2I R ULESHOEBRBMEOEAHLLELN
AR TIL0.778met &2 5, met PINE TFTEB Z 2l wnwe L
TW3, bbb, WHAELRZEEIT0 L 45, Mey]-liTH:
BRELACOSOVWTOEBAFREORF I THHEMELTH B,
INER2IIRT, SL2BEERM,, OEHAIZ >0 THE%
w5,

F£2-3 HHMOBEBAHE[W]E Metf &

B EPAREFMEOZOOANEBMMEEHEETST L COM O

#2-4 KEOEREMFE[L/N]

BE Core Skin
Head 32.228 5.725
Neck 15.240 0.325
Chest 89.214 1.967
Back 87.663 1.475
Pelvis 33518 2.272
L.Shoulder 1.808 0.910
LArm 0.940 0.508
L.Hand 0217 1.114
R.Shoulder 1.808 0.910
R.Arm 0.940 0.508
R.Hand 0.217 1.114
L.Thigh 1.406 1.456
L.leg 0.164 0.651
L.Foot 0.080 0.934
R.Thigh 1.406 1.456
R.leg 0.164 0.651
R.Foot 0.080 0.934
290.003
2-3-4 HEBRAOERBIZXLIBTH
(HAGAF3IERB IR EGTEIEY, =T BLEER

EOBOBEIZLIAIBRKTHBRERT, a7 BLEER L OB
. BANRER» BB BVEBETCORa VX 2R
BEZBENE' (DWRELE4EBLOCESHIZ 2T B LB
REDOBZTHER L, COM TREFEBAOATEET L LD
B EREHA TCRELZELZLZVLO L LE ()R EDLES

E Tore S VeiF ERIWOHRXELESHE, FRBELORMAKALHRLY R
Head 16.896 0.104 0.000 T RSICHBIZAWE A Node BB &7 & o R %RT,
0.274 ; ! , o

gf\:l;t 24.287 8_%3 8.88? #2-5 HNode MO =57 52 A[W/C]

Back 21.737 0.158 0.080 . Core—Ski Core R —IU

Pelvis 12.921 0.254 0.129 = ore= sxin — BRI —IL | BRI

L.Shoulder 1.215 0.050 0.026 Head 3422

LArm 0.346 0.026 0.014 Neck 0.909

L Hand 0.090 0.050 0.005 Chest 1.782 -

R.Shoulder 1215 0.050 0.026 Back 1.640

R.Arm 0.346 0.026 0.014 Pelvis 2.247

R.Hand 0.090 0.050 0.005 L Shoulder 1.501 0.586 0.537

L.Thigh 1.318 0.122 0.201 LArm 0.982 0.383 0.351

Lleg 0.357 0.023 0.099 LHand 2.183 1.534 0.762

LFoot 0.212 0.100 0.005 R.Shoulder 1501 0.586 0.537

R.Thigh 1318 0.122 0.201 RArm 0.982 0.383 0.351

RlLeg 0.357 0.023] 0.099 R.Hand 2.183 1.534 0.762

R.Foot 0.212 0.100 0.005 L Thigh 2468 0810 0.826

Total 84.656 7.000 Lleg 1.326 0.435 0.444

2-3-3 MA&I- & 5 B8 E L.Foot 3.370 1.816 0.992
(SR 2 3 K Q)RS 2 L, MikIc k> Tl Dol LA pen 2

~RESNBBRBERT, Ty, RTDSNIHIRIEET, O R.Foot 3.370 1.816 0.992

EHREMTIEPRAMBEEVEELELZS, KEFATIR, B
B X DEBBIC OV T, AT 2EIRMIE & AR ORL
BEEIITPND EWIEEL L, VIL/WIXE WMok, »
CIkVLKNZ B DO ERLE (BELHEBAOHE) Thb, AEFL
Tid o C=4.186kJ/LK & LIz, (BT TR OMBEREFT, Vp[L/
hWREBORRETHY K24 CHAHE TRV EELZET, =278
Dl FEREMTERBENCEFTEEE2 TS, Thbb,
3600k] DEBRD - DIZ, 0.860L DMFESMVETHLHEWVWHEESE
Li7®,

V=V, +0.860(W+M,,) (9)
OHRFDE 1 HR IO NADE 3 Eid, Mmic X veiEas
POBRINERBEERT, Ty CREINDMEONBA O
EARMUIE B 1, SRS Ds & TUE ~ D Mg FE A A & 72 B Shoulder
235 X UM Thigh EL OBIIRMIE 7 — L O BRI B\ C Pk
MRBEVIRELEZ S, T2, Shoulder #73 & U Thigh 551
DFMRMIZ.(GHYRICREND L S IR FEEE 0 B x 8%
T2, 2500, MBEMFEEPRMEBEY ZEAE LCHEE
T3,

2-3-5 MRIC KX HEEE
PRI L A BB O, 1 Chest AL T BOHTRAET S =
ErLEEY, 0, HIORTRENS,
0.,=58.2met * (0.0014(34-t,,.,)+0.0173(5.87-D1.0) Apurat *(10)
Lpad “CL P KPAVEF NF T Head BB TOZEKIRE AELKETH D,
2-3-6 ZERBEX
(DRDE [WIEEHMEORBRICBIT 2 HERBELETH
D OADRO LS IZRBEEIND, £, [WIEE AL O F BN
LHBBERETHY (IR TFEND, £/, £ [WHEIKH
MORTFIZLLERBBLRETHD,
E=E,+E, ~(11)
E,~0.06(1-£ /E, ) * E,, ~+(12)
ZIT,E, WIS ORKERBBELRETHY (13K
BHRD LD, Stolwijk BFA VG, FREEMICEL T
FRMEEZTCHDEN, ZOMBILE, D3 ~4% YT HHEL
RoTWo, REFAVTH, EHMOFRBREREL, BRTFOE
WEHBEIZSDWTORKERBIERRED6% & LTHELXIT-



B2

T3,
Epis™he (DuneP I Ap, (1-CSF) (13)

ZZT. ok, [W/m'kPa] 3B AL O K ERE D DBEE TOR
BAREE, p, kPl EAEHELE/R L COARAVEERE T
DEATUKIETIE. p,[kPa] HBEOKELE, 4,,[m'] 12E L0
FEETH D, CSF[-] REBULONTME L DEMERETH
Do MK LOBRADDLHE. BB TIIARREBER
Wb or Lk,

BEEEE»POREE TORMGERL L, fEEAV LR
BELH)ATRDOLND,

h, = LR~ic,/ (0.15516, + m)
hc : .fcl

Stolwijk® 7 AV CIE B R BIEHI A E S TR0 AR, COMTHE
P 2 X LRI L DB OB REIREU [clo] % BT D
bD & Ui, h[WmClIZ AMEO S RBVERR, [ ZERERILT
&%, LR°C/kPaliZ /LA AMEHTH Y | LR=16.5°C/kPaTh D, £,
BHEBIALZ OV T 20458 7 2, K7 A CRIEFERITEEE - BB
L& E’CO)J%E{ D> THEY AERE TKHRICEL TEERE LT,
f(zll\ii’f)c
2-3-7 EEZEOBEBIH

QIW IR ERT & BEOXHE L OHHBZRTH Y (15X &
ICRABRERE VR & LI AWMPCHEA B DG M 5
REE CORBMER, T, [CHISNIIR S Bl L TV RV R ER
EOERE . ([PCHIMERIRE CH 5, SNIE L QBN H 5B H 1
ARER TS & OO K ARSI ARV b O L LT,

O T une 1, JAp(1-CSF) +(15)
hiZclofEl% BV D LIORD LS LRBENB T RbbZOWEK
HLEREL [clo] 8 FERAEFICBITAREEIROBIEROTE L
TERBECE S, b (W ClEBE MR ERECH D,

e (14)

i=0.15510, +,____1____.
h, (h.+h)fy
COMODIEBRI BN TR SBR B LR —< =2 % L IBiEsdis LT
WBDT, kb OB, b le XX 0 L AMER % B
B ERTE B, AEF A TIE EAIIRER GHEBMEERIZS
WTIRARESEEORERE) 12, AN~ U9 TFEND Mod.. Mod,
AR CTREERFENT L0 L UL, Mod i2(18)zi & A1
LANRICEBEOREVF L Lin, ZOBY B HEZ6SMN &
s O DEBEE Lz, v, [m/s). b, [W/m™°C, h, [W/m°CliZZh
FROEBEBEATES L 28 OMMRREE . SRV EROR
EE., RIEHABREEZEREONEBTHDH, R2-6 ITHBRET
(0.13m/s BLF) D h, & h 257", B, #2-6 105 L8R
ERPUNOODTH DD, RETF MO~ DX IR T
BThD, 2L, R6DELEBIH - TEETNIE, fho
EBIZLFISFRETH D,

Mod =8.6v, 95/, <(17)
Mod =3.0/h,,, - (18)
Mod =4.7/h,,, - (19)

SET* ?2 node-model” Tl, SHABMARR ¥ RBIEOBK L LT,
EEREOH IR EEEMEZZEE L TV AR AEFATRER LT
W EMEID K DR RGE BN B L SHRBMR R D
LOREETHI L LI, £ P —w AR OBHRE %
HECHAVWDZ ELFARRTHD, Z0BAI A EEREBIZEE L,
TERREOKD 0 IC A BMRELZRAT L Z LI L TOERD

5,
2-3-8 EMMEEOEBEICILBIHR

QRB L UORDQ, WL EE & Btk & OfREIC L BB
WTHY,QOKND L S ICRBEEND, K [WPCHIEE & Btk b

BARSFTMO OO NEBRBEIHFEETF L COM O

#2-6 BHBEKHKT (0.13m/s BLF) @hc(i)k h (i)
Eifod A, W/m°C] h, [W/m°C]
Head 4.5 49
Neck 45 49
Chest 3.0 4.3
Back 2.9 4.1
Pelvis 2.9 43
L.Shoulder 3.8 45
L.Arm 3.6 44
L Hand 3.7 4.2
R.Shoulder 3.6 45
R.Arm 3.6 44
R.Hand 3.7 4.2
L.Thigh 2.8 48
Lleg 2.0 53
L.Foot 20 6.1
R.Thigh 2.8 48
R.Leg 2.0 5.3
R.Foot 2.0 6.1
3.0 4.7

OBOBa L F 57,
BEEEBEORETHS,

Tooon °CHIRSM R R L AL TN D

QoK Topeon Tt) 20
2-4. H#EH%
COM D IRRFAE OHIHRITEAMIC Stolwijk EF LD H D%
v,
2-4-1 LY —ESE

BEOLT— 7 FNE[PCHE.QDRITRTEY . EHORE
ETClEty bREA Y MRBE T [°ClE 0%, BIUZAERO
EEFEHEHEOTME L, EBOHHEERELLTOT,, OF
BEFTEE TS, REFATHVEEY P EA MEE
BLUHEOOHMEBEE THA, EHORERELE2-TIIRT

i£10)

Err=(T- T, J*RATE - F -~ (21)
LT, RATE[W|IZIRERFHOEBNEE, F°C/hlXHUNE
EELBETHD, T, & RATEZHIBEZORKETHY . FHLL
TEAZBND, RATERIZINETOHRETRHEEMNICHLNIC
BRoOTHWRWOT, AEF)THRO & L, ZhiciL T,
SET* @ 2node-model’ CHRBOBMIY L E LT WD, 5,
RATE PEBMH LI R - EEATEIOEREL H5 X 5,
B-ABREEZFBCHELT, 8o Warm ¥ 7+
(Wrm[°C]) & Cold &7 (Cld[°C)) %(22).23)ATEERT
6&11)0

Err PEOED L BZEBVEET L L,

Wrm=Err, Cld=0 +(22)

ErrBEOEO L EHZREBIEEP L L.
%£2-7 FWORTIRE[TC]

B Core Skin TR —IU Bk —IU
Head 37.14 35.99
Neck 36.72 35.06
Chest 36.93 34.62 -
Back 36.98 3452
Pelvis 37.04 34.62
L.Shouider 36.25 34.30 36.68 3562
LArm 35.77 33.95 36.49 35.27
L.Hand 35.01 34.43 35.62 34.94
R.Shoulder 36.25 34.30 36.68 35.62
RArm 35.77 33.95 36.49 35.27
R.Hand 3501 34.43 35.62 34.94
L Thigh 36.69 34.21 36.75 36.09
Lieg 36.41 34.05 36.64 35.71
L.Foot 34.73 34.26 35.34 34.75
R.Thigh 36.69 34.21 36.75 36.09
Rleg 36.41 34.05 36.64 35.71
R.Foot 34.73 34.26 35.34 34,75
PRI REY 36.79




%28

Cld= - Err,  Wrm=0
2-4-2 HABES
BEMOEBPLOR rH =2 T A, FRICTHEES SN
BLEZH, REBEZEB»OOEAITHY (Wrm[°Cl). K
BHRERBNOOELMFTHA (CIH[PCD i (24)., 25 Kok
SRAREND, SKINRREBL OOy — 7L 2HEeT
BEODOHMMERTIRETHY . F2-8 LFRT,

Wrms = Z(SK]NR- Wrm,,) - (29)
A AL
Clds= " (SKINR-Cld,;) - (29)

300

#2-8 BEMEBBBO 2T IZXT 21 FEAL Shive -]

g0 SKINR __{SKINS _|SKINV | SKINC | Shivf

Head 0.0549{ 0.0640] 0.1043] 0.0500] 0.0339
Neck 0.0146f 0.0170} 00277} 0.0500{ 0.0436
Chest 0.1492] 0.1460] 0.0980] 0.1500| 0.2739
Back 0.1321 0.1290f 0.0860| 0.1500| 0.2410
Pelvis 0.2122] 0.2060| 0.1380] 0.1500| 0.3875
L.Shoulder 0.0227( 0.0510] 00313| 0.0500{ 0.0024
LArm 0.0117] 0.0260) 0.0163] 0.0500! 0.0014
L.Hand 0.0923] 0.0155] 0.0605] 0.3500] 0.0002
R.Shoulder 0.0227] 0.0510] 0.0313] 0.0500{ 0.0024
R.Arm 0.0117] 0.0260] 0.0163] 0.0500| 0.0014
R.Hand 0.0823| 0.0155] 0.0605] 0.3500{ 0.0002
L.Thigh 0.0501 0.0730] 0.0920{ 0.0500| 0.0039
L.Leg 0.0251 0.0360; 0.0230{ 0.0500| 0.0018
L.Foot 0.0167; 0.0175] 0.0500] 0.3500| 0.0004
R.Thigh 0.0501 0.0730|  0.0920| 0.0500] 0.0039
R.leg 0.0251 0.0360( 0.0230| 0.0500! 0.0018
R.Foot 0.0167] 0.0175] 0.0500] 0.3500] 0.0004

2-5. {KRHEAE

FEROXIL, BIEEREER 2T o0 vy~ 7 N
DRERPORDHE, HIHEREEEILOHREL T TAORE
MORHE, HERRLERa T N0 Y- S - K
BRbOBEES T TPVOFBEPLRDEEEHS, HIEFE
i, MEE® (KELEIE - M) . BT, 52 2BELR
b5, SEEBBRSCET 2T T 2T, #2-8
ERTEZAVWCHELZITo 2, $2. EERBHBKISOHIHE
FEER2-9IZFT, LTRFTEHBRX»SRD SN 5 DL,
ST, E,. M, i3, AEIZRZZERHIN, TORE0 LT3,

F2-9 & MRIR GRS OB E R R

~(23)

Core( () Skin(S) Core X Skin(P)
£  (sw) 371.2(W/°C) 33.6(W/°C) 0.0(W/°C?
5B R B E(shiv) 0.0(W/°C) 0.0(W/°C)|  24.4(W/°CH
It EHREE (o)) 117.0(L/h°C) 7.5(L/h°C) 0.0(L/h°C?)
MR HE(st) 10.8(1/°C) 10.8(1/°C) 0.0(1/°C?
2-5-1 MEEH

BN O K B E Y, [L/A]1226)F TR & 5, DLIL/A)L M E ik
WICBET 5 U 7 ST B IR IC BT 5 2 7 A TH 4 (27),
Q28D & ) ieEBH AN D, SKINV[-]. SKINC[-[{Z DL, STIZOWT D
BELE G O RHHRT BHAETH D, £ Errgn Wem .
Cld,, JIENFNEH =7 IR 55— 74 Warms 7 F 0
Colds 7 F AT B,

W, +SKINV - DL

v m (26

“ 1+SKINC-ST 7 20
DL=CdlErr,,,, . +Sdl(Wrms-Clds) +PdlWrm,,.. ,Wrms = (27)
ST=-CstErr,,,,..Sst(Wrms-Clds)+PstCid_,  Clds ~+(28)

ZZ ¢, CdifL/h - °CY. SdI[L/ - °Cl. Pdl[L/h - °Cl Iz Fh#h
AW =7, LE. EE a7 L EE D O M E 555 S 55
Csi[1/°C), SdI[1/°CY. PdI[1/°CY iz ZNFNEM =7, &G, @
Ma7 e mEnsonEINHHNEEREKCH D,

BAREFMO - DO NMERKEFHEE TV COM D%

(26) KD km, J-1 FEBMMBEICET 54 7 =27 & — B
FEIER (29) RTCEEN D, Err [°Cl BB WUKEEICRITST
=y TN, RTIPClAEEMEICET S A7 =0 & —8iE
BER2ERDT-DOLBERERTHD, KRUTIX, 2HFH
FLIZDWT RT,=6°C & L7277,

kmbf - 2.OErr,,,/Rbe
2-5-2 HF
B ORI L DEBBIBEREE [WHE. GORTRENS, 4+
ik L OB DA AT CIIRITIC L ARBBIBEIR VY
D& LT SKINS[-HE FEITFIC DWW T DR S B D2 F 1kt 54
SHTHBH,
E, = {CswErr,, ..t Ssw(Wrms-Clds)+PswWrm,,, . Wrms}
+SKINS +(1-CSF) «km,, ~(30)
Z 2T, Csw[W/°Cl. Ssw[W/°C]. Psw[W/°C’] (L% n 2 B8
a7, KB, ERo T LEENS ORTHEFRK LD,
km [NIFTFICET DA 722 F—B{ER L THY . GDRTEE
D Err,, [PCUTEIBALE & DA R L Bl L TR 0B IC R
3B ET— 7 R PCIIRTFICET 51 7 = 7 ¥ —BEREM
ERBEDOLERERTH S, FRITH., 2FFWALIZONT
RT,=10°C & L7=™,

(29)

km,,, = 2,0 Flor @1
2-5-3 S55ABEHX
BENOSD ZBELERM, WG TRENS,
M, {-CshivErr,,. -Sshiv(Wrms-Clds)+PshivCld,,,,. Clds}
- Shivf ~(32)

T 2T, Cshiv[W/PCl, Sshiv[W/°Cl. PshivW/PC i3 #NE R
a7, EE., Efa7 LEENS OS5 ZHBERHTH S,
Shivf[-]1iX 5 B2 BELAICOVWTOREMITEOEHF T3
M ThHY, ERIZFT,

2-6. COMIZ&k % SET* D#EH
COM Tl BIRNALEBIR & mRAE AT LI BB R R [°Cl. &
FohnEwl-], KEEHE»LOBEERQ [Wm'l & H\T,
COMSET*°Cl % BT A b0 E L, FOERRIIGHRTHD,
P o PoeossnlkPal T EEr [°Cl. COMSET*PClIZ ¥ % faFnsk
EEETHD, )
Qu=h,( t,- COMSET*)+h, *w( P_ 0.5P, couir) +(33)
A JW/m™Cl B LR AEBBEERTH Y, B4R TR
1 1

o,
=0.1550, +—
ht.v ‘ (hcs + hrs )flcls

T 2T, Lfelo]. A W/m'Cl. k [W/m™C]. £, [W/m™C], i1EH(Y
Lo B RE HRBVRESR BN VG ER EREBLE TH 5.1,
HABRICEVEBESN, 35X TREANS,
13264
" met +0.7383
A ZAHEEMC L DEMRMEEOHMEBSEL T(36)
KTRDODBNB,
h.=5.66(met-0.85)52 - (36)
met < 0.85met DA L. 36) RO R A, < 3.0W/m'°C D
Bl h,=3.0W/m°C & L, £, h,=4TW/m'°C & L7,
Ff 0t G RTRENS,
Jo=1+0.31,, = (37)
3RO A [W/m' - kPa] ZEENLBREFE COBMGRE
RTHY., (38) ATHREND,
h=i LR *h,
I [ R CH D, i,=0.45 TH BT,
BIHRX~CHXEANEZEItE->T, COM THH L=
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PO OBBEBROHEB L RTT, BEEIC X SBEAR S AR
THBHDE. AMEBRZBRTHLZ L E2RY, BVEE|ITLAS
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bhHabDLEZDL,

#2-12 BWAHFKRE[clo]

Head 0.00

Neck 0.00 KA MR
Chest 1.04

150W/ri
Back 0.88

Pelvis 1.10 "

200C (BEAEE)

1/15.0 mi°C/W

30.0C (FREEE)

L.Shoulder | 0.59
L. Arm 062 0 i i i s AARABET
L.Hand 0.16 1/8.7 mccw TMZSR0.13WmTC
R.Shoulder] 0.77 B 15.0mm
RArm 0.53

R.Hand 0.00

L.Thigh 0.54
Lieg 0.60
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DEVELOPMENT OF NUMERICAL THERMOREGULATION-MODEL JOS
FOR EVALUATION OF THERMAL ENVIRONMENT

The numerical thermoregulation model JOS was developed. The whole body model has 17 body segments,
each consisting of two layers for core and skin. In addition, it is possible to alter its height, weight, sex, age,
body fat percentage, basal metabolic rate and cardiac index. In the limbs of this model, the detailed vascular

system was considered, including deep artery and vein, superficial vein and arteriovenous anastomoses (AVA).
Under steady state and transient conditions, the validity of the calculation results was confirmed by comparing
with the subjective experiments of females and the elderly. This model is able to predict fairly well for the skin
temperature distribution, especially in the limbs under cold environments.

Keywords - Thermal comfort, Numerical model, arteriovenous anastomoses (AVA), Different types of human body, sex and age
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WMOAWAL, FREBEBEOH., RKEAMAOREFHFRMLE T — 1~
FEHT 5, WM& BT 28 (4 @ Shoulder 4%, Thigh
HAar) 'C WL WA U 72 LR R AL O B R LR 7 — v~ R
T 5, H3-5ICHBEHRM TOBZH®EEZRT, 27200, AVA L
#1X Hand #84L % O Foot ﬁﬁ{i@?}f%@éﬂé

'
e
(Gt )=5

H

i

B !

El

: i s, B ”f"
HE DRSS | ﬁ’.
i Toasmm | ¥
1

(a355,) 4=
Y

~

~ - = R It~ — =
3.3 [RS8 < 0 C o B

4

BARBFHOZDOAEEETT L I0S OB

’ -
FE
GEED=t

X ¥

(BE ) g GRETTITTEETED <€
N TR (B E — B ) — ~
X3-5 PREEALCTOBIEH

3-2-3 ZEOBMEHHX

EHMOBEFRIL(1)~(T)RTEEIN B, kOB
EABBEBICO W, HATIBRME & EROBTH
BEEEITOPNEIEVIREZLTVD (HRELES B
Ve BIIaTRBEEGHIREOBECLAIBRBERL TV,
aTRBLEBEOMORGEIZEL TR, FHAMEE»D
BB RTCKEEBEAMNBE CONORa VX I 8 R
E2Tn5, $.(MHXEDHEIET, 7, LRESh DMK
O AL O B ik f R B R %ﬁ??ﬁﬁbﬂ‘ofmﬂﬁma)m«i(*)\ﬁk
72 B4 Shoulder B84, Pelvis #f7. Neck #B{iL. HEHEE D Chest
HAL, Back B OBIRME 7 — L OBEHERITIV TP R
Mk EY L& 2 5B, £ Shoulder BAL o &5 MR 1 13 9 2 fn &I
£V IC, EF Thigh AL O BIRM L Pelvis MLICEAEBWET 5,
ZHLT, MELKEPROEEEVEBA L LTEELEIT
AL E RAREIEBIVMWRELE S HRAMF
RALORAMATHELET, AVALE 2 BB L 7- ik
HER V2 BETEH0ET5, AVADOBKIZ LY Hand
BT, Foot M TN MBI, WEEBMICBWT—ED
£F & Lz, Hand BALTO AVA fFIE Arm B4, Shoulder FB{7
DOREBHIRT—VERTCHPLLEBEEY ~. Foot L T?D
AVA L1, Leg ¥, Thigh ¥BAL% 8T, Pelvis B DEIR T —
VIZBRTBHELOE LT,

« Core J& O B
d7,,
cr d t shiv ar-cr( Tar— Tcr) - Kcr-sk( Tcr_ Trk) ( 1 )
ar C)‘(T T ) + KVB ar(Tve_ Tar) - Qres
Chesti iz DA
- Skin J& D B =
dT,
Cy =Myt pcl o, (T T+ Ko gL, =Ty
dt
TRl To—Ty) — Oy
CBRALIE 7 L DB AT
a7,
C,— = pcV, . T ,.—T, AT, T,
v g Pl L= T — Koo ;)
~(3)

— Ko T— 1)

ve.
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B3 E

B R LI T — N O BT

a7,
CVE dt = pCVCr-ve(Tcrw Tve) + pCVsk-ve(Tsk - Tve) + pCVw,_w(T‘,e*“‘ Tve)

=Ko oTe = T) + Koy
- FEE BRI 7 — L OB,

7:)? :
= pcV (T, =Ty +pcV o [Ty T,) —

(Tar“ Tve) (4)

Cw d ¢ Kw-sk(Tw_ Tsk)(s)
e IR % Y O BT,
a7,
Co—== 2 pcVpe(T0=T,) (6)
dt  mgomm
- B 1A 0D BT R
Cor™2= = O = H(T, = Ty | +(7)
3-2-4 KEOERE
BAx R NEOEBYLHEBAFE TSI, HER B

TOMEEORNALBELLRD, TOOEBESOH K
HEET I XBRAELT ., AFRBET VAW HEE L
ARFAMRGORHBARICBT 5 88E - BEABRFLZ, A
EOBMEMEIT., R, M, FREFOERICIIREEN,
()RAR Y I b D& LTz,

X = Xst*Jb " 8se " haJo =(8)

TITX IR, . BRSEBE LB 0OBNEE. X,
RPERBE R O MW, fp TERICL2BER, g5, IS
WEDER, by EMBICLD2ER, j, XFOMOEREYZH
ThARLTWD, FFERCTHBICARS L UNEHICL2ER
KOWTORMZITo ., . £, HNOERRE LW
BETHVDOOIBMAENFEEL, ZOEAECYUZS” FD
MOFERIZLAEBTRVLOEL, j, =1 & LT,

3-3. BHHBROETNL

3-3-1 hEEBELEE
ARTHIIEAE, ERLAE, BR2EL, EEEEO

AZBOKHBEIIB N THEBREND, EEEAMIBTAHE

MOREREEERELE3-1ICRT™, hEETELT 505

7o EENERT (KREAE 1.87[m?). A& 74.43[ke]) L% A

#£3-1 BEERCETsaE ! O UIDRLY TRERE
BOEREMm?] & El[kg] P ORER, TEEHMH L
1 o IeEmmm] Elke] 2o LT, &48HAMAIBWT
TM0ead T 0110 I8 ERi(1~17)TET LD
2 [Neck 0.029 081 4
3 |Chest 0.175] 1240 °
4 |Back 0.161 11.03 Ay (D) = 4, (D), Adura (9
5_|Pelvis 0.221 17,57 Ay (i) B ERAL O F [ m?],
6 _|L.Should 0.096 2.16 . e e B L
7 L.Axfr? = 0.063 137 ApD),  BEEEICEIT 5%
8 |L Hand 0.050 0.34 AL D 2 E [ m?)
9 |R.Shoulder 0.096 2.16 Adura | BEHEER L OEEE
10 [R Arm 0.063 1.37
11 |R Hand 0.050] 034 -]
12 |L Thigh 0.209 701 WHi) = Wi(i) - Wira (10
13 |L.Leg 0.112 3.34 N BT D E
14 |L.Foot oo ous V1) BEMLO A [kg].
15 |R.Thigh 0.209 701 WD), BEERIIIRIT 5
16 |R .Leg 0.112 3.34 A O ER(kg]
17 IR Foot 0.056 0.48 e ke )
[-]
3-3-2 BMBRE

Stolwijk EF N2 B AH 2 HE L. 27 BV CRBIHIR
WET— AV OBRERY, KERBIZBVTIRRE®RK T —1
SOBEEEZB U, X517 Chest Bz, Back ALV T
TROABBEVHOREBRLES LB LU, £HULOERL,
BBOMBOEREES X OEAKOLBITIOS LB LVLO L

REREFMOZOOAERAETTAIOS OB

RELE, BUEFEHOSHA., B¥HFIRLE T — v, PRl
BMEVORBERLZRI-2ETT, MBETHAFOEEERR &
DEBEEPL(IDRICLVAFETEHT IO L L,
TCG) = TCG) - Wira =(11)
TC(i): HEHMPLOBERE[Wh/CC), Wira B KR L DEEH]-]
TC(i),, : BEERIC T DX B OBRER[Wh/°C)
U B A BD U 7 BhY SR AR f i 7 — v, R iR £ v 2B
LTHI )N EERICEELREFELEH L,

#3-2 EEEARICIBITAEWMMOAER[WH/T]
) o TR — v
1 ot
; i s A B ; TR AT
T [Head T1220]__ 0.2200] __ 0.0960] 03210
7 |Neck 056401 _ 0.0580]  0.0250] _ 0.0850
3 |Chest 102975] _ 04410] _ 0.12001  0.4240] —
4 |Back 93935 0.4060] _ 0.1110] _ 0.3900
5 |Pelvis 13.8340] 055601 0.2650F _ 0.8320
6 |L.Shoulder 1.6994]  0.1260] _ 0.0186] _ 0.0460]  0.0250
7 |L.Am 11209 0.0840]  0.0091 0.0240] 00150
3 |L.Hand 0.1536] _ 0.0880] _ 0.0044]  0.0100] _ 0.0110
9 IR Shoulder 1.6994] _ 0.1260]_ 0.0186] _ 0.0460]  0.0250
10 |R Armn 1.1209]  0.0840]  0.0091 0.0240] __ 0.0150
11 IR Hand 0.1536] _ 0.0880] _ 0.0044] __ 0.0100]  0.0110
12 |L Thigh 531171 0.3340]  0.0813]  0.2070] _ 0.0740
13 |LLex 286700 0.1690]  0.0400] __ 0.1000] 0.0500
14 |L Foot 02097] _ 0.1070] __0.0103]  0.0240] _ 0.0210
15 IR Thigh 53117] 03340 0.0813] 020701 0.0740
16 [R.Leg 2.8670] __ 0.1600] _ 0.0400] _ 0.1000] _ 0.0500
17 [R Foot 02097] _ 0.1070] ___0.0103] __ 0.0240] _ 0.0210
i e T390
3-3-3 EBAHE

EBREABHEBZ DWW TEHERNORXEESH LM ERATY
Wb, BUTAHAREEANT LI LIC K o THER
HEEZELSLOL L, AFEBICBT2RBOHEEBICL S E
BRFEOEICHONTIE, BUARERESLZ D ORBER
BELWVWbOE LTEHLE, S2XARELANTABLE L o
TRIZBWTREETALOE Uiz, Metf HEBRICIL TH
BABEYH U A2 E2H5 S} L TENE I ICEY 5t 51
DORPTH D, R3-3 OEBERBFEEEM/IW/m21 % H0(12)
KLV 2HEOEBABEELEHL . (13X kv £z o%k
WAMHEZHEHLE,

Metball = (EEREAGHEAER) A, Mbsra

Metball : &5 O EBEABRIW], 4, EREH (m?]

Metra : BEHEGRA & OEBRBEK]-],

Mbsra : B EEEB OB -]

Metb(i) = Metb(i),Metballra

Metb(i): &AL O EBENRBEIW],

Metballra FEHEAT & O B E -]

Meth(i),, . BEARRIZ T 2 KA O BB E[W]

F£3-3 BEABCBTIE8FMLOERNRBE[W] & MerfH[-]

A EV R Metll)

1 |Head 16.896 0.104 0.000
2 {Neck 0.274 0.028 0.000
3 |Chest 24.087 0.179 0.09]
4 {Back 21.737 0.158 0.080
5 |Pelvis 12.921 0.254 0.129
6_|LShoulder 1215 0.050 0.026
7 1L.Am 0.346 0.026 0.014
8 {L Hand 0.090 0.050 0.005
9 JR.Shoulder 1.215 0.050 0.026
10 |R. Arm 0.346 0.026 0.014
11 |R.Hand 0.090 0.050 0.005
12 |L.Thigh 1318 0.122 0.201
13 |LLeg 0.357 0.023 0.099
12 |L Foot 0212 0,100 0.005
15 {R.Thigh 1318 0.122 0.201
16 {R.Leg 0.357 0.023 0.099
17 IR Foot 0212 0.100 0.005

225 -



F3E RBAR

3-3-4 gﬂﬁmlun,i
£3-4410, ERBFBCBT LS OEEMLKES R, &
A WA & “3‘6 iz, LRE(L/min/m?| (=L HE[L/
min]+REE[(m?]) OXEZFER L, £/, MBICL 5055
PET VEEBEL (1HRICIVSHFOERMAELE L L
(IR EVEHMOERMERELZEHL =,
BFBall = CI-60-4,, Clagera < (14)
BFBall + 25 OEMMARIL/N], CI: LHEH([L/min/m?]
Ay, o WRE([m?], Clagera : IEIZ &5 ORELE-]
BFB(i) = BFB(i) /BFBallra —(15)
BFB(i): HHAL OB MEE[L/h],

BFBallra : {ZE¥EER L OREBEM R L[-]
BFB(i),, : BRI 1) 2 BT O BB h i & [L/h]
#3-4 HEEERICIBTLIEEMOERMFER{L/]

i T =7 e

T |Head 32.028 5735
2 |Neck 15.24 0.325
3 |Chest 89.214 1.967
4 |Back 87.663 1.475
5 [Pelvis 33.518 2.272
6_|L.Shoulder 1.808 0.91
7 |L.Arm 0.94 0.508
8 |L.Hand 0.217 1.114
9 |R.Shoulder 1.808 091
10 {R.Arm 0.94 0.508
11 IR Hand 0.217 1.114
12 |L. Thigh 1.406 1.456
13 {L.Leg 0.164 0.651
14 |L Foot 0.08 0,934
15 |R.Thigh 1.406 1.456
16 |R Leg 0.164 0.651
17 |R.Foot 0.08 0.934

3-3-5 ﬂi@Féﬂ(Dfﬁaﬂ:&é?ﬁﬁm

F3-50, BEERICBTL2E4BHOBR a7 ¥ 2 %R
¥+, Zii;ET/I/ BWTEEINEEE, & - FROLE T —
N—2TH, 27 - KEE., REHRRLE - — KRS8, 8
MREARILIR S — VB O MBEREZHRTHY ., B(16)D L H I
ERBLTE D,

D=Cd, (T, T,) 4, -+ (16)

D:M—NBEOEEIZLHE[W]

Cd,, M~ NF?@??&Z/ﬁﬁ&/X[W/m”C]

M%O)YEJ"F[ C1l, T,:NHORBRE[C ]

3-5 fEHEEAI

#* %EF"]@@L:/ﬁ&'ﬁ/X[W/C]
i L Ebd BZJ§ e -7 PR f
1 jHead 3422
2 INeck 0,909
3 1Chest 1.785 — — —

4 {Back 1.643

5 [Pelvis 2.251

6 L Shoulder 1.501 0.586 57.735 0.537
7 |L.Arm 0.982 0.383 37.768 0.351
8 |L Hand 2.183 1.534 16.634 0.762
9 IR.Shoulder 1.501 0.586 57.735 0.537
10 |JR. Arm 0.982 0.383 37.768 0.351

11 |R.Hand 2.183 1.534 16.634 0.762
12 |L.Thigh 2.468 0.81 102,012 0.826
13 [L.Leg 1.326 0.435 54.784 0.444
14 jL.Foot 3.37 1.816 24277 0.992
15 {R.Thigh 2468 0.81 102.012 0.826
16 {R.Leg 1.326 0.435 54.784 0.444
17 iR Foot 3.37 1.816 24.277 0.992

3-3-6 HRIzkIBE%

PENG I & B EASHAIE, Chest A= 7B OA CTERT 55, #
B OBREEZEOEUTOUDRICEVEHRERS, PMV,
SET* bzm\frbﬂﬂ;% R DB HICE L TR AV SR T
WD, MEICBE L TIX, Head AL TOLEREE., KEKHE

BHFHME O 0D NEBET N IOS DR

EFRAVWTEHLTNS
RES = {0.0014(34-T.(1)) + 0.017(5.867-p (1)} -(mertMshiv)--(17)
RES : FRIRIZ L B BAZSH: (BAZR - BAVE Tr)
T,(1): Head LI 617 2 ZRIEBE[°C]
p,(1): Head $4LIZ 317 2 KA R E[kPa)
met : EEOEBE (RFEE)[W]
Mshiv : £F D55 2 BEL[W]

3-3-7 EEBBX

B OEFBBBRILAHR TR END, E,(NITFREEM
KEB2BBERETHY (1)K TREN D, B, ()ITRKER
BEEBETHD Q0K 25RO BND, Stolwijk®”'"EF AT
T, FEABIIBMLUTEREEALATVWDR, ZOE, (HDLE
3~4%ICHET IO TH D, RFETIH, BRI~
ZD6SMNVLIBEDEF L L% L, KA Skin BICRIT AR
BRAME LT, BIFRRSE OB REEBBELRED 6% OB
EBRHBEVIEEER L, 7. FRIZHEE - BRER L
LTCOBBYEFE->THBY, BRER. BRBCEL TlixeT
ATIEBL RN,

Esk(iy = E,(i) + E_(i) ~(18)
E,(i) = 0.06(1-E_()/E,, (1) -E,_ (i) ~+(19)
£ ) = h()p,, (Dp(D)A4,00) =(20)

Esk(i): REEED» L ORRBPELBE[W], E,(1): TREEH[W]
E (i) BiIFICL 2HEEPERE[W]
m(l) BREBEEBBLRE[W]
h(i): REREDSBREE TOBRMEER[W/mkPa]
P, () BREEETOHEFKEIIEkPa)
p, () BEOKEKEkPa]
BEEEE»OREE COBBEBESE L (H[W/mkPaliTFERD
FRBE (D[ ZAVERBEL LQDHRTRD BN B,
h()=LR - ic,(i)/{O.ISSIC,(i)m%E ~+(21)
DA ZARH[°C/kPal(=16.5)
i (1) BFEROBIRIAE[-]1(=0.45)
1(iy: #BALR] clo fli[clo], A (i): R FEEIRER[W/m?>°C]
S0 BEREHE-]

3-3-8 RERHBOBAMTH
OMIWIHIEHIMIZB I 2 HERE & REOXRE L Ok

BZBMTHY QDAOLIREBEEFELHVWERELL

Too SEBHE L OEMI D IHE, BT TEMES LUK

izl sBEHBIT R NbLOE LT,

OD=h(D)( T, L)~ 1,(D) )AL, (DH(1-CSF() +(22)
h(i) RO E L LREE TOBRSBEEE[W/m’C],
Touni): PRERIE LB L TR W R B RE OBE[C,

t (i) FERBEC], 4,,0): FHCERERHEm?]

CSF(iy: &AL OBEREHE-]

R (DiZcloEEAVALQHRO LI
Lrodfns, SENERELERNREI
BoBEBHOME LTHRBETE 5,

1

(h D+ B (D) 1 0)

h (i) RBUREFE[W/m*°C],
h(i): ﬁﬁé?fﬁz%%ﬁL%&[W/mNC] L) BEREHEE]-]
KEF OB GEBRAERS —~ v xx '

EERIELTWVWAHDOT, h, h, 0)1§_i\ L e g S gV 1

FomEEAAEVE LN TES Y, ﬁwv/w*ﬂw?ﬁu

FETHLPEDOEIMEESNTEY, HETDLIZ &I

DERMEOR EZToTWA, MEFECEL T, 65MN”‘”

FHINDL, Thab
BT DREER

= 0.1551,(i) +(23)

L
h (i)
1,3y #AL% clo fE[clo],
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¥IE EAR

u%wﬁ%’ﬁf50%36 THIIE R OB B O U BV E R
L. BBERTCRY ARERMIERE AT, AT
BWTIE, M ORBRL TR —< v 2X X 58 E
BEEATRILILLY, BOVYIal—3aYZELT,
i@E%ﬁﬂEé%%%xto

#3-6 BEMOBHBEEE[W/nCl L iR ER[W/m?C)

; why h, (1) _ hj_( li TREre Tt I i
S BEGT AL JELT.

~1 JHead 489 496 448 475
2 [Neck 4.89 4.96 4.48 4.75
3 {Chest 4.32 3.99 2.97 3.12
4 {Back 4.09 4.64 2.91 248
5 {Pelvis 4.32 421 2.85 1.84
6 1L Shoulder 4,55 4.96 3.61 376
7 |L.Am 4.43 421 3.55 3.62
8 |L.Hand 421 474] 3.67 2.06
9 |R.Shoulder 4,55 496 3.61 3,76
10 {R.Amm 4.43 421 3.55 3.62
11 |R.Hand 4.21 4.74 3.67 2.06
12 |L.Thigh 477 4.10 2.80 298
13 [L.Leg 5.34 4.74 2.04 2.98
14 |L.Foot 6.14 6.36 2.04 2.62
15 {R.Thigh 477 4.10 2.80 2.98
16 |R.Leg 5.34 474 2.04 2.98
17 IR Foot 6.14 6.36 2.04 2.62
Whole Body 470 456 300 3.00

3-3-9 BMPAELOEEICLLIBRTHR

Q. (NWIIXEBRE LB ORRILLILIBEHRTHY .,
QHRDO LS ITEBREND, K (D)[W/PCIIERE & Bk e D
Mooy Fr 80 A T, (HPCHISESE L EMLTND
EEXREORE THD,

0. 0)=K ) Ty, (D T, (D)) (24)
K, (i): RMAMOKE Bk oBoRar ¥ s 50X
[W/°C],

Tooonli): BB O E L BL T2 RERERE[°C]
T, (i): SEAICEMS L TOAARBEORTREC)

3-4. HiER
JOS OB OBEE, EAMIC Stolwijk EF LD
DEBVECOMTERZETHD
3-4-1 By bRV E
EHa7EBIVC2EEHMMOEBER*BREES L LTE

RRBHSESEH SRS, 22T KR HEERKE OB #
BEREL RLEEEOEy N EA Y NRESKLEL 2,

F3-TICEEERIIBTAEFMOEy bHRAV FMREB LT
K7 — N, EP%HM&?%& V) DIHEE 7T,

#£3.7 BERERITHT SR MORERE[C]
i we =7 sz;% T
Tk T
1 IHead 37.14 35.99 36.79 36.97
2 {Neck 36.72 35.06 36.79 36.88
3 1Chest 36.93 34.62 36.79 36.88 —
4 |Back 36.98 34.52 36.79 36.94
5 |Pelvis 37.04 34.62 36.79 36.60
6 |L.Shoulder 36.25 34.30 36.68 35.62 34.30
7 L. Arm 35.77 33.95 36.49 3527 3395
8 {L.Hand 35.01 3443 35.62 34 .94 34.43
9 IR .Shoulder 36.25 34.30 36.68 35.62 34.30
10 R Arm 3577 33.95 36.49 35.27 33.95
11 |R.Hand 35.01 3443 35.62 34 94 3443
12 {L.Thigh 36.69 3421 36.75 36.09 34,21
13 {L.Leg 36.41 34.05 36.64 3571 34.05
14 {L.Foot 3473 34.25 3534 34.75 34,25
15 |R.Thigh 36.69 34,21 36.75 36.09 34.21
16 jR.Leg 36.41 3405 36.64 35.71 34.05
17 |R.Foot 34.73 34.25 35.34 34.75 34.25
i E U] 36.79

3-4-2 BREMEES. T, 532X 8ELE

COM" LRIk, BEMIZHOWVT, BFEE Ly FFA 2 b

.27 -

HEIFMWOZODOANEBEFTLI0S OR%E

BEELOERY=T—V T FNVELTEHL, FRH2KEH
BRIEORIBERICHEWTWVWS, ABIZE -2 ERESAB Y
ODT, TRICHEL T~ TPV iEor—0n T
BLUOa—A Ry it E#BENE, EEO»LOEH—
I FMTPRICTEASND EE XD,
EMHEOEBHREIZQHROL I CHELBICHT S
ZF N DILAT() & M FEIC T 5 ¥ 7 F A STRIC(H) I IR FE
END, DILAT(), STRIC(HIX. THFN(26)x . (27)ATER S

ns,
Vb, (i) + SKINV(i) DILAT(i)

V. ()= 2Err,k(i)/6
w D= T SKINCG) STRICG) (23)
DILATG) = 117.0 + Err (1) + 7.5(Wrms - Clds) -+(26)
STRIC(i) = -10.8 + Err (1) -10.8(Wrms - Clds) —@27)

BT T FNMITIRORT, BIFICLA2EBBREBEREZQHK
THRIND,

SWEAT() =371.2 + Err (1) +33.64 + (Wrms - Clds) <(28)

E. ()= SWEAT(i) SKINS(i) 2" -+(29)

5B ABFEEL T FVICORT, SHZAEEARIGHRN
TEEIND,

SHIV(i) = 24.36 » Cld (1) - Clds --(30)

M, (i) = SHIV() « Shivf(i) (31

R IR P S ORI O SKINV(i), SKINC(i), SKINS(i),

Shivf(H & KERASGRISECZOVWTOEBUOEHIIXT S

Mt THETY, £33 W ENEFROELRRT

#3-8 HRERGEEEIZSOVWTOEHAMAD
2B R AR

i I A SKINV (i) SKINC (1) SKINS (i) ShivE(i)

1 fHead 0.1043 0.0500 0.0640 0.0339
2 [Neck 0.0277 0.0500 0.0170 0.0436
3 |Chest 0.0980 0.1500 0.1460 0.2739
4 |Back 0.0860 0.1500 0.1290 0.2410
5 [Pelvis 0.1380 0,1500 0.2060 0.3875
6 |L.Shoulder 0,0313 0.0500 0.0510 0.0024
7 {L.Amm 0.0163 0.0500 0.0260 0.0014
8 {L.Hand 0.0605 0.3500 0.0155 0.0002
9 {R.Shoulder 0,0313 0.0500 0.0510 0.0024
10 |R. Arm 0.0163 0.0500 0.0260 0.0014
11 |R Hand 0.0605 0.3500 0.0155 0.0002
12 {L.Thigh 0.0920 0.0500 0.0730 0.0039
13 {LLeg 0.0230 0.0500 0.0360 0.0018
14 {L.Foot 0.0500 0.3500 0.0175 0.0004
15 {R.Thigh 0.0920 0.0500 0.0730 0.0039
16 IR Leg 0.0230 0,0500 0.0360 0.0018
17 IR Foot 0.0500 0.3500 0.0175 0.0004

BEEXEETHIHEAE., AR UZHRERRAGEOEE R
Kobhad, 2T, RBEFGHREBREST LV 7T (BT
(SWEAT). 55 % (SHIV), MR (DILAT). BB WHE (STRIC))
EENERGB)~BRICEIVEHLE, £, MEHIZXD
FEASHBEOCR TICM# Y, BAIICEE S VY PLOEE R
AEE L L,

SWEAT (i) = SWEAT()),, * Adura
SWEAT(i): B¥F > 7,
SWEAT(i),, : BEEGRORIT Y 7T
Adura  BH¥ERIIH T HERERL

a : ERIC L D RBITH AR IR TIRE

SHIV (iy = SHIV (i), * Adura + Sva(i) -+(33)
SHIV(i): 55 x,/7ﬁ‘/1/

SHIV(i) , : BYEERID 5D 2 VTN
Adura : BEREERIZ ?‘3‘5@%@%&&

a: MEIZE 255 2 BERTRE

DILAT(i) = DILAT, + BFBallra + Dla(i) ~+(34)
DILAT(i): mMEJLIR Y 7 F
DILAT (i): KB O mELHE S 7

- Swali) ~(32)
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STRIC(i)= STRIC(i),, * Sta(i) (35)
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STRIC(),, : BEEGRIO MBI 7 F v
Sta(i): MEGIZ & 2 W& IIEBEE TR
3-4-3 AVAMERKE
A Hand 84138 & VEH Foot IAL Tik. BRI S — 1 &
REHRLE -V ER-EOLBICL BB ERE 22
AVA ILEZEEF AL L, AVA IO SIHEIZIE, (36)F~(39)
HIZRTHHED AVA EF A 0sERE B 0E"",
VAVA = Vmaxsk ' OAVA (36)
Vmax = Ms -+ f,/100 <(37)
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O, AVABRKE (0~ 1D[-]
Mg FEEZIZREOEHE cm’]
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(36)RKUZBITH AVA MLEDOBKEIL, Hand 47, Foot HH{r
CBWTEZY, TR EFRUTORTEREIND,

* Hand #4L

0= 0.265(T, +(T,, * 0.43)) + 0.953(T, (T, - 0.1905))+
0.9126 -(38)
- Foot #{fir

0,,,=0.265(T, + (T, +0.97) +0.953(T, - (T, +0.0095) +0.9126
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TRANSIENT THERMAL COMFORT SUCCEEDING A SHORT WALK IN A
BUFFER SPACE FROM OUTDOOR TO INDOOR

Subjective experiment was conducted to investigate the effect of environmental setting of a buffer zone on

thermal comfort in succeeding indoor environment. A climate chamber was divided into 3 rooms and controlled

to represent indoor, buffer zone, and outdoor settings. Subjects dressed in typical office clothing moved from
indoor to outdoor and back to indoor through the buffer zone Environmental condition of the buffer space had
a clear impact on physiological parameters, but not much for thermal and comfort sensations. Buffer zone was

found to mitigate the drop in comfort sensation shortly after entering indoors from outdoors.

Keywords: Transient thermal comfort, Subjective experiment, Buffer zone
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SUBJECTIVE EVALUATION ON BACK OF THE HANDS FOR VISIBLE,
NEAR-INFRARED, MIDDLE-INFRARED RADIATION
WITH ARTIFICIAL SOLAR RADIATION RAMPS AND SPECTRAL FILTERS

To investigate thermal sensation caused by the different wavelength of solar radiation, subjective experiments
were carried out with 63 subjects, namely 30 males and 33 females. Three kinds of wavelength bands including
almost visible (0.3-0.8 mm), near-infrared (0.8-1.35 mm) and middle-infrared (1.7-2.3 mm) were tested at

radiant intensity of 1220 W/m?. Those were irradiated on back of subjects -

hand through a hole with 4cm

diameter. Experimental results showed that subjects felt hotter and more painful for the visible and middle-
infrared radiation than those caused by the near-infrared one. In addition, the ratio of stimulative sensitivity for
the equivalent radiant intensity was calculated to be 1.43:1.00:1.67 for visible:near-infrared:middle-infrared.

Keywords: Thermal comfort, Spectral property, Solar radiation, Subjective experiments
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FIELD SURVEY OF THERMAL COMFORT
IN SEMI-OUTDOOR ENVIRONMENT

Designing semi-outdoor environments such as atria or open-style cafes is a popular technique in modern

architecture to provide occupants with natural outdoor elements in an artificial environment. Occupants are
likely to expect thermal environment differing from indoors, and thermal adaptation is expected to play a
major role in achieving comfort. Seasonal field surveys were conducted in four semi-outdoor environments for

short-term occupancy with different levels of environmental control. Observations were made on occupancy
conditions and clothing adjustments. Sets of 2248 questionnaires and corresponding thermal environmental data
were also coliected throughout the survey. Clothing adjustment was affected largely by outdoor temperature and
less by the immediate thermal environment. Number of occupants and time of occupancy decreased following

the daily mean air temperature decrease in non air-conditioned semi-outdoor environments. Occupants in semi-

outdoor environments were more tolerant of wider range of environmental conditions compared to that

predicted by PPD.

Keywords - Thermal Comfort, Adaptation, Occupancy Condition, Clothing, Field Survey

BAEOTREY:, REDES,

6-1. FL&IZ

W, e, B, ERE, AROEZZBEBEICERY AR
SHEFELLTCTRIVART IR VBRI EE
NZERBAT 4 ACAVRLBEERBCE<EABERL TS, &
NOEDEMIZIEEBEEN., REMEHRDACL, DX TERE
BELZIBEZRETIHL L TCOREBHELELILR S,
ENBE CRERABEIEEHFORERICADETHEESL
DORXNLT, BARE THREENBLEZREERE S
DILEPEIRE DS, REABERZORMICHE ST bh,
WRETERRZDFME - HEFESILELLEZLN D,
Humphreys et al. (1998), de Dear et al. (1998)i%. A% #E
B R WIS T 2 BB 2 FAE & L TR 5 Adaptive Model &
WOBMESEZRMBLTWVDS, BEHAIKBRHBILIBERE E
BOFBRICHLT, K- RBBOFG. ZOME. BHER
BORIR L Vo 2 BEHR O Adaptation (BERES) OHBEN
EVIZCREBEHESIEL AD I EF T 0 A ERHEE L
VRLTWD, BRBEOEAZITBEMNE L, »oERB®
WELZEHE LRVEBRAREICBOTLEZEO Y ak 2R
FEEL, BRBELRGEPEROBRABREREL TR 5 L &
Abhd, ZLTARFETHERABEO I AR L EHME
FELLTHRZ, BEEFOBEHEE Y ZE L B8 %6
THWE LEEBEMRELIT- /-,

6-2. EAREH/E
REWHEHENREMET, BARBEEZOBEAZHEB L LT

WERER, FRE, ENEE

#6-1 REMBEE
_HEM i BES &R HiE et
7= 830m?x16m
O [I743- 5 #uhvh’ -7y |650m? (B#D) ®
T [Fn-b gyb F 9% [1,500m° (B |
P [1742 - IES |TMYL 1.600m>x18m A
B 4744 - FES 7L 4,200m*»x40m A

DBRERETHALIIE. TLISHEEHR R A OB BREE
VAR THD I 2E&MELE LTHNG EFEBRE L, 8
ZEEOMBELF6-1 17T, BESMB LB LT, ZH
TR TWARVWEERO ROT (LLF, #ZEHLEM) ., ¥ LT
TREGBITOR TV AHE/RP ROB (LT, ZWEM) o
2 BT, BREELCHEERRSTHALOICKTBZHN
TEBRUEEB-TAOREHAEE L L, FIHARR - LEE -
HEBEOHEEBZEN: LEYHEBENERYY vy — MREE
BiTol, ERFHEIZ 2001 £ 52002 FEIX0T TEEFTIC
DX 4 AM., WFERIZE-TH 64 BREIT- 72, —HOBERE T
OE TR T S0, ERITZ10:00~18:00 THok, AR
FEMT IBRBR R0, BETEALLRLIHEHED
KR T ot,
a)Fl AR A
EBAEMOR AR AR T S 20, WEE, HES
BERUCHEEMNEZRE UL, WEMBZHE®M L REE 540
ErOEERCHEEY RV, 5  BEEALE& L, £
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Fras—hMiAd RE1 HOF =y 7 FROBAKEH W, &
BOBAERFCHEAEAELL, BEEFCETHRLZER L,
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LHEBFHAL - PR L, BEAMEEBEEK6-2ICTT,
WRBEIAEENEE (0.3-40 pm) CEKEWRTEE (0.4-
I.lum) 2% ETEEMBO6 BWHMIZD>WTEEL,
MEBOFALEELE, £, BABBE2E& T 012,
BIBAEESCBOCEREE - BRNEORBEE/EZFE L,

EFPHEEERBEFCT - FEEREKEL, TEREH
FHRIZHMOBAEESBHHB Y — P2 HELHICEHEFEEEE
THH Y, DEBEEY 10 SEHAITIE VWO FIETHES
fTotee ¥3 HEOEHELHEFRLOMBRE L LT
BAric AW, 2EBMEERL, 224807 v~ FEHER
VG T 5 BRRABET -2 2872, ERRAEREH6-LIZRT,

®6-1. ERRER

4) R B R

6 FIMOEEERCERERF R AE» O PHHERE:
BH UL, BEERREEL, , (Wn?liX, &FR02ERAH
BR ,, (WnhLERERNRT, [WnlEZE LIV TRD

netk netk

o k BETERMBOZETMERT,
Ldff s Rnet N3 “I,,e, & (])

EEARSEERICIZEACEE LR o ERHERP,B TiX
HRERABRE TS CHEBREHEEELE, #EMEMOT T
HFEEI - KM OR (1978) ko, EHAOBHENER
L., EAPEAEREHEE LTAVTERSBZITO. B/
HHEAHE, ERb, FEFOFUBEDROTEY
BICAHT S EEAHR,  [Wn)xEx, [ »5ELSL
TE Lo THSMOERANERL, | [Wn]ERDI,

Idrf,k = Inel,k “[(m,;, < (2)

BHEMH CHEBEREIAGOEDRFNERCIES T 5, &
HEBRINEL « [-](=1) BHHERRELq [-](=0.66). &L TH
R EKEEBHRER,, (Wn?]&RKY), Olesen 5D (1989)

BATHBEEIC B T o RHRE

ZAVT6 @CEAMFT LE2RREBAHER,, (Wn2 &
MU, BEZERZEEE > TWLd, AARHERES,, -]
L0 0.696 AW, f, [[JRBERERLTH D,

Rypp =€ Lops+ -1y +(3)
R = Jop - L 10.127T(R o oy + Ry tonn)
+O.86(R oy ighs + Ragsop + Ry o+ Ry o)) (4)

BEEARZRER, (WmE, BREEEZIHESRERRC
HETHBELE L, BUMOBREEEE Y, [(IXKBEEOE
BrEHEVZIT2 V2D (Breckenridge et al., 1972) —FEE®
0.2 &L, FEC, BERO y T LERREO y Of,
[-1b 1.1 T—FE Lz, HEBES EEERS O L RBHB
BR [Wmi&kH 5, LT, PHRSEEMRT [CHEUTF
L VkE B,

Ra.r'_-a'fa‘}/p']dfr,n (5)
R=Ryy + Ry ~ - (6)
MRT:(_/;,-fi-e-cr] ~273.15% (7)
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FHHRFRENE, BEANOEEBLRELZ T TV, &
RKRT =T —FiRdHo720 TN, MBI LORENT O
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—HBOWEABOEBERA L, A7 4 AEALDO,P,B TH
B ERE R i 12 BB icARIcENLIY—2 %
M2 13 BEICRABBCE LT 2ERA R bR, Zhid,
A7 4 AOBBENBRAOEHICEE Y BMOICHE
LTWhlkbsExonb, —F, FAEMT CTRFFPIS
ROVGSDDBNLYFIIHTTEVGE R Y OMEENE L,
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Too FEEMEBOITID. TIRIIHTHoTH, EHICL Y #E
EHERPZLERTIERAR OO, BESLELEE
BEOBBREE N, M6-3 LZORERELRT, 2 CHWE
B2, BREROT 7y — FEIEHEEBERREOEHBER
CHYEHHERB LD, £, BEOEELYHREILT S~
O, FEREHBMOFRARCERAEROA R P HEEBEROF —
FITEENL TR, ZHFHEMB P CIHHEBEIROAR -
TLOOFEEREMTIIBHOMBERE LN, ZRBEMNIC
BETT2:01 OBESEABLTIEVIERARLNTE,

FARIZ, BEHERBECHTIEREEAR LR 6-4 1257
T, TITHEMERIEMBE TH oI L, FEEFE
HTHERREECETERIBEAENRL T 2B FOME
BRLNE,

WEEZBRH SN ARVWEE, BETELEL, bHniro
KHET 20 OBFIZITHNREFEIN BRT I ERTE 5,
FERLEROWHEETIEREROBEEF LV LERICEBEY
Bz L TEY, BUEEIVLENMVCERELZFLE W)
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PHEZOVERELLINS, ATFECHBBEEZLOL OMRBIE
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NOBBUZISUTCEREZHFABT L LEZLNS, TV
= DF 2y 7 VAMIHTONEERTATFLICEHLT
ISO 9920 (1995) #BML, #YU T Sclo BEARELE, BH
LTWERKBRT S TODclo HOEHEZ Lo THEFOERE L
L7,

HERENFEEZREL 0.5CHARICES L, FORSIZEY
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Bhr@HEICHEB IR T DI, FEREOLELE (ER
ﬁﬁﬂ)ﬂ?é) 7b>j<%<f£ofb\to %éfa’“ #t s L, F
FLEF RELALAETHRBEROEENIZEFRBEETHY .,
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ERERELTEILND, £, - LFF, BhELRY
EROMHBEDLEPRERCTEROBMBLES L 22 b %
Zbhs, B-HEEIIhEHIZ, EROBLEDOEHSEHM
THDIEDICHBICRAR b - b0 LIS, &6
OERBERIFBUERLICREES, BUEKEBEE TH- T
LEHIZL > THERBOSHBHES B2 > TR, Zhid
RBEOEIZHE-, T, EMEEREANBI-H(RKEZ)I
BRI boLEZONRD, ZTOREZS., —HOBEBEG
TEEEZLND,
BEEFLFEZRBEECHTIEREOELIZ. e ER
MTORAHEZELTVELEZILAN, LVEVHBTOEKR
BEREL2EZE TS0, FHZBALCOARBRELERED
AEHEOMBRERG6-6 IR LTz, B6-5 LEMIZ, £ 0y
FPORESIFET Uy — FEIEBICHEALTWVWDE, SARBICIE
HAEKRBERERTIEEHEL2EALE, BEOHEM
IXZEH - EZEREMEBICBE-RTE B bhot, H
REROMELD, SCORTEHARBEDCE TS, H0.2clo
ORFEHEFERBOHMIHAE L CWE, AKERELWVWES.
TEROFEIIELLT, ¥EBAZEBOBEEO R LHERE
HRBEICLRDILERD, BEREOHRECELREEYEZ D
BERIIARBTHS LD Z &2 Humphreys et al. (197DIC &
DEBINTVER, FHELEVWERTHS, AR AED
MBPLROTZEBARBEORE. HEMSERB cCHDZ B

BITHARPEEICE T 2 EUME

BV, BEBECIALEL IO RERFBH I Ton A
Mook EBEZLLRD,
6-3-4 BARHEE

BAHICS -, MELEHEREL T V- MREEDLD
ASHRAE BEBREEEEFE Y —/, WinComf (Fountain et al,,
1995) (Z¥#E#LL T PMV, SET*, ET*, {EFBREL*EHLE, &
EHPICEBENTVWERBY 77 IERKEE L TERCE R
WE B L7723, 0.15¢clo MELZ ETHRBEREEHES
Fol, 2OMOBVHMEDOR L FIZHoWTIE, EMNER
HIOBRERD ERVCFICIAMMB L EREHMBHZ S
hoEREL, EREOMEIZITH 42,7 (McCullough et al.,
1994), F7, 7o — FEEKROBEZFRBFEITICHTL
LRFEMERCETER., HoMrBBLERETH 2, R
HEOREFEBBIZHETAIMEMIELE LRV TZD, KRBT
BEEZEORBERESBICH LTl Imet 2EELE, SIEHE
FEABROMBEERR6-3ITRT, SEBMELEREERRLEAS
BIEEOT T, BEEORARFSEHELZLEVHERLED
NEDILSET* Th o7z, deDear et al. (1998)D A7 + A EHIFH
ECHRERNERABELBEAREEHEEOHEMIEbE L&
ELTWwAR, AHETCHRL LEFRBABRETIIENLY
LARRLHROEELNKREN oD, HMREELIVLE
FOBMSEEEBE TELSET* OHBBEPoLEEZI LN
5,

FWEZIZOVWTRDEZSET* 2 1 CHALI DR, &
SET* EICE YT OMEFOTHRABRBEHELZE W, X
Hwﬁﬁﬂh_ibm%m$&ﬁo_Méfésm*%¢4
SET*, Tn*[Cl& L7, FHIEORKME & E]J%m*%
BER6-4 17T, #ﬂﬁﬂﬁ@ﬁﬁiﬂé(wown
(p<0.01). FZF (p<0.001) % mmﬁikbﬁﬁf?1&<\§
émuﬁﬁm%wﬁ%t&ot(menoﬁ%ﬁﬁmei

’0‘1'8 #£6-3 KMIGE L BABEEOMEY
- 1.6
<44 082 x +1.595 Non-HVAC HVAC
e =0.925 =
,g 1.2 | Air temperature of
310 Y =-0.038 k + 1,486 occupied zone (°C) 03189 ** 03795 **
2 0.8 ‘ R*=0.903 Operative temperature of
o> 08 Non-HVAG = occupied zone (°C) 0.4864 ** 0.3641 **
€ 0.4 H ONon- )
y= g : SET* of occupied zone (°C) 0.5088 ** 0.4121 **
° oo L2 HVAC ET* of occupied zone (°C) 0.4639 ** 0.3554 **
oV .
5 10 15 20 25 30 35 PMV of occupied zone (-) 0.4418 ** 0.4182 **
. . o * ok *¥
Daily mean outdoor air temperature (°C) Outdoor Temperature (°C) 0.2146 0.1932 -
* (O * %k
6-6 HTWAREEERE Outdoor ET* (°C) 0.2129 0.1922
F6-4 FEHITLOMREMEBERR
Season Mean TSV Mean SET* Tn* (°C) Linear fit equation Y
Summer -0.38 24.8 26.9 TSV=0.1845x SET* - 4.9615 0.88
- = * .
Non-HVAC Autumn 0.77 19.7 23.4 TSV=10.2078 x SET* - 4.8663 0.80
Winter -1.34 15 24.9 TSV=0.1357 x SET* - 3.3848 0.65
Spring -0.87 18.9 23.9 TSV=0.1741 x SET* - 4.1687 0.83
Summer 0.05 25.7 25.6 TSV =0.2527 x SET* - 6.4598 0.81
HVAC Autumn -0.21 24.4 25.6 TSV=0.1789 x SET* - 4.5770 0.89
Winter -0.48 23.2 28.4 TSV=0.0930 x SET* - 2.6434 0.36
Spring -0.41 23.4 26.3 TSV=0.1396 x SET* - 3.6702 0.82
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SURFACE WEIGHTING FACTORS OF THE WHOLE HUMAN BODY

FOR EXPRESSING THE THERMAL RADIATION FIELD
BY A NUMERICAL CALCULATION

Surface weighting factors of the whole human body for both standing and seated postures are calculated based on
the numerical calculation of angle factors for the simple prediction of the thermal radiation field. To verify the validity
of these factors, they are compared with previous results by Nakamura or Olesen. As a result, surface weighting factors
are different from previous results which are always constant independent of the scale of indoor spaces. Especially,
surface weighting factor to the under surface for a standing posture is approximately 4 times larger than that of Nakamura
in the small indoor spaces. The position of human body and the scale of indoor spaces have influence on surface
weighting factors. In addition, appropriate surface weighting factors are proposed corresponding to the scale of indoor

spaces, which enables to the accurate prediction of the thermal radiation field.

Keywords: Thermal radiation, Surface weighting factor, Angle factor, Numerical calculation, Thermal comfort
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CONVECTIVE HEAT TRANSFER COEFFICIENT AT SKIN SURFACE
OF THERMAL MANIKIN UNDER SOLAR RADIATION

A calculation method combined with measurements for predicting convective heat transfer coefficient at skin surface
of thermal manikin under solar radiation is proposed. Present method is based on a calculation of steady state heat
balance on skin surface of thermal manikin by the numerical simulation of solar radiation and thermal radiation combined
with measurements of indoor climate and thermal manikin. Convective heat transfer coefficient at skin surface of

thermal manikin is predicted in air-cooling conditions including the insulation effect of solar radiation on thermal
manikin in an experimental atrium. As results, 1) it is considered convective heat transfer coefficient at each skin
surface is affected by the velocity distribution of the thermal manikin. 2) No significant difference is found in convective
heat transfer coefficient at each skin surface whether direct solar radiation reaches the thermal manikin or not. 3) Mean
air velocity derived by convective heat transfer coefficient of whole body almost corresponds weigted mean measured
velocity, and ratio of mean air velocity also corresponds to that of the supply air velocity in each case.

Keywords : Thermal manikin, Convective heat transfer coefficient, Solar radiation, Numerical simulation of solar

radiation and thermal radiation, Experimental atrium, Thermal comfort
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PR R G R L DLl
COMPARISON OF SKIN SURFACE TEMPERATURES
BETWEEN SUBJECTIVE EXPERIMENTS AND

NUMERICAL PREDICTIONS BY USING A MODIFIED 65MN
THERMOREGULATION MODEL UNDER SOLAR RADIATION

A modified 65MN(Multi-Nodes) thermoregulation model is tested for the evaluation of the skin temperature distri-
bution in each body part under solar radiation. The present model can be also applicable for the coupled analysis of CFD
and radiation. Skin surface temperature distributions predicted by this model are compared with those by subjective
experiments in the real scale experimental atrium under solar radiation. Predicted each skin surface temperature almost

corresponds to that of subjective experiment with the accuracy around 1 degree Celsius difference. However, the pre-
diction accuracy on the legs and arms is poor by comparison with that on other body parts, which must be required the
improvement of prediction accuracy on the legs and arms. As a whole, the present model is a useful tool for the predic-

tion of skin surface temperature distribution under solar radiation.

Keywords :

6SMN(Multi-Nodes) thermoregulation model, Skin temperature distribution, Coupled analysis of CFD and

radiation, Real scale experimental atrium, Subjective experiments, Thermal comfort
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EFFECTS OF LUMBAR SKIN TEMPERATURE
ON GASTROINTESTINAL MOTILITY

Effects of lumbar skin warming on gastric motility, blood pressure, and diameters of the abdominal arteries

were examined in healthy college students. A multiple bandpass filter analysis of the electrogastrogram (EGG)

showed that lumbar skin warming (42°C, 20 min) increased the spectral power of interdigestive migrating motor
complex (IMC) of the stomach, 2.55~3.05 cycles/min, by over twofold. Lumbar skin warming increased
systolic blood pressure by 15%. However, a fast Fourier transform analysis of the cardiac intervals showed that

neither sympathetic nor parasympathetic neurons innervating the heart induced blood pressure increase. A
possibility is then raised that the increase in blood pressure by skin warming is due to vasoconstriction of the
abdominal arteries as major resistant arteries. Therefore, it is hypothesized that changes in gastric blood flow
due to vasoconstriction and following vasodilatation by lumbar skin warming activates IMC. An ultrasound
imaging of the abdominal aorta and coeliac artery supplying blood to the stomach showed that the diameter of
the coeliac artery increased by 13% by the skin warming. Vasodilatation of the coeliac artery coincided with the
activation of IMC. These results support the hypothesis, although a possibility of vasoconstriction preceding

vasodilatation is still to be explored.

Keywords - Lumbar skin temperature, Gastrointestinal motility, Blood pressure, Electrogastrogram
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EI1LE B
CONCLUSIVE SUMMARY

The "Numerical comfort simulator for thermal environment" was developed through numerical modelling
of human thermoregulation and thermal environment. Subjective experiments and field surveys were con-
ducted to examine the actual human responses under different thermal environments. Detailed results obtained

from each simulation model and experiment were described from Chapters 1 to 10. The results from each

chapter are summarized.

Keywords: Numerical comfort simulator for thermal environment, Conclusive summary
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