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Validity of Two-Node Model for Prediction of Skin Temperature in Steady State
Reproducibility of Average Behavior for Considerable Number of Subjects

SAKIYAMA Takuya 1) and TAKADA Satoru 1)
1) Graduate School of Engineering, Kobe University

Abstract: The validity of the two-node model for the prediction of the skin temperature in the steady state is studied, by
comparing the calculated results with those of experiments for a considerable number of subjects under various thermal
conditions in thermal steady state at low-activity condition. The calculations based on the two-node model are performed by
both 1971 and 1986 editions. As the result, 1986 edition can predict the skin temperature fairly well. However, under
low-temperature environment, the solution by 1971 edition is lower than the experimental result because of the absence of
shivering model, which is added in 1986 edition. Although for neutral and high-temperature environment, 1971 edition can
predict well.

Key Words: Two-node model, Subject experiment, Average, Steady state, Reproducibility

EE : Two-node model (Z & 2 EFRIEICISNT 2 BEIRDO THIEE ZHRIET 5720, SERANREBERM T T
HERE FBROFER & . Two-node model |2 X DFHEDFER & %, (ERHBHI TR L7, FEMIL. 1971
FERRES LU 1986 4ERR Two-node model 12 & o772, 1986 SERRDET /UL, EFIREEIZBE L Tit. ZAKOFY
FHERE BB R TE TV, —F, 1971 EHROEFNTIL, B8 - PyrBER A T CHEMEN B S,
5B ZANEB/IN TRV D, TERE T COREEOHEENFEERE L LL_TEL 1257,

F—TU— I : Two-node model, #ERESZER, T35, EHFINE, FHIHMM:

1.IC®IZ

Two-node model i¥, Gagge HIZL > TREShEZA
BBET N THY | SET*OR M2 LITBAS Avbh
TWa, L, ETAVOTRREEIC DWW T, ER
FERE DUBRIICL > TRIET A LERH B, A
BOERT —ZICLDRIAEPMLETHDIEEZLND
. FHRBEEZA ST LBIIEE D20,

BERIZBWT, FEEFIBRIZOWVT, LEBHE ALK
DEREFIZLDEBRTELNZEERE L ONRBIED
2HEBRE OEES Two-node model IZ k- TEDFE
EHRRTE 30HREE2ITV, BERERLE,

AFETIZ, EEREICOVWT, FIRE, LB
B, ZERARETCOHBREEROKER L Two-node

213

model DI EFBR L FERIZHOVWTHET S, HEkIC
BLTI, FEELICL2HBREFEROMICL, BEED
XBR» BT —F BHARD Z & T, ZAKOHERE D
LELNET —ZIZESOTRIEIT 5, EBREMIZ.
FELHREORNRBEECRET S, FEBRLL
TiX, 1971 AR (Gagge . 1971) B LU 1986 4ERR

(Gagge ©. 1986) @ Two-node model D5 % %5 &
L. ENENIZOWTEYRBROEFBMOBRMES
BET 3,

NI | -El ectronic Library Service



Japanese Soci ety of Human- Environnent System

&1 EBREM, EREORNE. VHREER (ZRE. SHEME

— Thermal Conditions o . Subjects Mean Skin Temperature
Templgra- :: ela.t iye Clothing MeUt:lE‘):Iric Exp_osure M:taszgi:g Ave.r age Aver age| Total N‘.‘Imber of
umidity Time . Height | Weight Subjects
ture (9] [clo] Rate fmin] Skin [em] kel
[°C] [Met] Temperature Male | Female
Authors 294 47.0 90 169.5 65.1 28 0
(Kobayashi] 26.3 46.1 0.06 1.0 60 Thermocouple | 167.8 62.5 4
(2008)) 38.8 68.1 40 170.7 | 64.7 7 0
Mori 26.8 47.0 172.5 59.0 2 [0}
et al. 311 49.6 0.06 1.0* 60 Thermocouple | 178.0 69.5 4 0
(2003) 304 43.6 1745 | 740 2 0
22
Tamura 25
(1983) 28 50 0.1 0.7 120 Thermography | 1549 | 50.1 0 27
31
34
Minami 35 50 19 20
et al. 35 70 03 10" 60 Thermistor 12 13
(2008) 40 50
218
242
26.9 0.06 09 6 0
29.2
Ogawa glg
et al. . 60 0.1 0.8 90 0 6
974y | 269
29.2
21.8
242
26.9 0.6 038 6 6
29.2
21.8
242
26.9 0.06 09 8 1]
29.2
Ogawa glg
et al. g 60 0.1 0.8 90 0 8
(1975) 269
29.2
218
242
26.9 0.6 08 8 8
29.2
Ogawa ;gg
et al. . 60 0.6 08 90 8 8
(1976) 245
270
Ogawa 1 ;é
et al. g 60 0.6 0.8 90 8 8
agrn | 218
24.2
Arita s
et al. . 50 0.6 1.0 90 Thermocouple | 167.7 59.6 4 0
(1989) | 244
217
22 72
Yokoyama 2 64
etal 26 57 0.06 10 60 Thermistor | 1683 | 632 3 0
(1999) 28 51
30 45
32 40
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F2 1971 F£RR & 1986 ZERR® Two—node model DIEWVY

1971 Edition 1986 Edition
Tskset[ C] 34.1 33.6
Terset[°C] 36.6 36.8
soowin |, _ 6.3+75-wsig,, _ 6.3+200-wsig,,
wenl | " 1405-csig, @ © 1+0.1-csig, @
R:ﬁ:::;:;v m,, =100- wst.'gc,3 wsigy | m,, =170-wsig, .,
[L/m’h] 2wl @ -exp(wsig,, /10.7) @
Shivering M, =19.7 csi ’ i
W/m? 0 shiv csig cr csig (r;)
o a =0.0417737
s""['f]”"" 0.042 N 0.7451832
V,, +0.585417 )
)
Tbodyza'Txk-'-(l_a)'T:'r )

My BT &g/ (?*-h)]. Vi MiK&E([g/* h)]. Myy: 55
2K BRBEIW/w’], wsig: By bERA U I b0THh (B
55) [Kl. csigi Ty FARAS U b b0TH (BES) [K].
a: A5%End] | T: BRE[C]

; = _ s i = = ig = — 4
wsigy =T, —T, . wSigiody =Toots ~Toutvsr > csig,, =T, T,

csigu =Tu ~Ta (ENTNADHEIFT O LT D)
cr: RER. sk: BRE. body: 2H Y, set: £ FMiRA b

x3 FHESRHG
Mean Radiant Equal to Height 177.0[cm]
Temperature Air Temperature Weight 81.7[kg]
ConvectiveHeat 2 Body Surface 2
transfer Coefficient 3.1IW/(m”-K)] Area 1.96[m’]
RadiativeHeat transfer 2 External
Coefficient 4.65[W/(m"-K)] Mechanical 0
Efficiency
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