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Validity of Two-Node Model for Prediction of Skin and Core Temperature at Sedentary
Activity
A Study Based on Subject Experiment in Thermal Transient Condition

SAKIYAMA Takuya* TAKADA Satoru**
*Graduate Student, Graduate School of Engineering, Kobe University
**4ssociate Professor, Graduate School of Engineering, Kobe University, Dr.Eng.

Abstract : Predictability of skin and core temperatures by two-node model was investigated for thermal transient state. The
skin and core temperatures calculated by two-node model were compared with the experimental data averaged for
considerable number of young male subjects in good health exposed to two types of thermal transient conditions including
neutral, low and high ambient temperature at sedentary activity. There were some differences between the experimental
temperatures and those calculated by two-node model, both 1971 and 1986 edition model. Compared with the experimental
skin temperature, the values calculated by 1971 edition model were higher in neutral condition and lower in
low-temperature condition, and those by 1986 edition model were lower in neutral condition and changed more slowly in
transient state. The difference in calculated skin temperature between both edition models was explained by the structure of
models with respect to the skin blood flow, the regulatory sweating and the skin mass ratio.
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BEOERE & EEERBIRESRM (Schedule-1 3
X T® Schedule-2) IZHREE L. MRENE (EBR) . K&
B (Hardy & Dubois @ 7 /) % 10 #REIME THIE L 7=,
BB HE {1 [ Schedule & %, 37544 (Phase-1).
EASMH (Phase-2). 75t (Phase-3), ZESEMH:

(Phase-4) . F1357.44 (Phase-5) DJEIZ AT v 7&1k
g (® 1), EBRIZ, Schedule-1 % 2006 £ 10 A
23 B, 30 H, 11 A 24 B® 3 A, Schedule-2 % 2007
££10 A 4 B.5 B® 2 BIZHT TIT o 1z, ERFFRIL.
Schedule-1 T 13:30~16:00, Schedule-2 T 13:00~
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Schedule-1 T%} 10 &, Schedule-2 T 74 THY .
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Schedule-1
29.4C 294C 19.5C 29.3C 38.9C 29.4C
46.8% 46.8% 52.8% 47.1% 46.7% 47.1%
-60 0 32 51 m 181 150 [mial
Preparation Phasel Phase2 Phase3 Phase4 Phase5
Schedule-2
29.3C 29.3C 19.4C 29.3C 38.8C 29.4C
47.2% 47.2% 54.4% 47.4% 68.2% 47.9%
-60 0 32 7 132 171 2000min)
Preparation Phasel Phase2 Phase3 Phase4 Phaseb
1 RERESRM
K1 FREORM
Subject s Age Height Weight |Body surface
ex
number [year] [em] [k% area[m!
_ Average | 238 169.5 68. 1.77
Schedule—1 10 Male SD 2.3 50 10.7 0.13
. Average 229 170.7 65.7 1.75
Schedule-2| 7 Male 3D 11 39 68 019
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1971 Edition ition
Tsk.set| C] 34.1 336
[Ter.set[*C] 366 368
e = 6.3+75 - wsig,, - 6.3+200-wsig,,
[g/m’h] 1+0.5-csig,, o 1+0.1-csig, @
R:f::;t.:;y m,, =100- wsitl'gc,3 -wsigy | m,, =170-wsig,,,,
[L/m*h] 2 msienl @ -exp(wsigs,( /10.7) @
Shiverin, M., =19.7 csi . CS1
W /mzl“ 0 oy =19.7-csig,, CSlg(s;)
- @ =0.0417737
Skin ratio 0042 0.7451832
V. +0.585417 )
i
Ty =Ty +(1-a) T, )

M. 1T R g/ (P-h)], Vi MFEE g/ (W h)]. My 55
ZIZE ARBREIW/m], wsigs By bRA U MboTHh (B
28) (K], csigt By hARA v bboThHh (BES) K.
o: N#&End] . T RE[C]

wsigy =Ty ~To WSigsod = Tooty = Thoapser csig, =T =T, ~

csign =Tuwn -Ta (ENENADHEITO0 &F5)
cr: TRER, sk: FEJ&. body: 2F¥Y, set: v FARA |

#3 HEEMN
Air temperature Measured data Height 177.0[cm
pe (Figure 1) Weight 81.7]kg]
. - Measured data Body surface 2
Air humidity (Figure 1) area 1.96[m’]
Mean Radiant Equal to Clothing 0.06[clo,
Temperature Air Temperature Normal 58.2[W/m’]
ConvectiveHeat 31W/(m2- K] metabolic rate - m
transfer Coefficient 1 W/ (K External
RadiativeHeat transfer 2 mechanical 1]
Coefficient 4.85(W/(m*-K)] efficiency
Initial skin & core| Setpoint
temperature | (at —60[min])
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= egulatory sweating(1986; s
#ﬁﬁi@&‘:ob\f\ Phase—Z (%‘/%F,%ﬁ) VG‘ 1971 ﬂ_:‘. NjE o Regulatory sweating(1971), 100 %
BT EBRIE & B 220 . EAE T O B — R ; |s 3
BRVOIZR L, 1986 FEARITEBREIC TV MEE R Lz, Ezo Skin blood flow(1971) 150 .‘§
2] Skin flow(1986) g
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10 4 {2
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FSunte. . Schedule-2 (OEBRIEIZ % &5 i 472% 544% 474% 682% T4 47.9%
HeD RIS FIEHR SR TR 1, " e o .
BRI B LT (I 4, 5) . 1971 4EAR & b 1986 T 3
FEMOFHEMFEIZIBNT, MBFRERHEVEZ > T iw w3
8
f;b\ﬂs“ m%%gﬁ‘i%wf&)éo EZO Skin blood flow(1971), 50 :g
%F‘Fi (@ 4\ 5) ,‘i‘ 1986 ﬂa}ﬁ@jﬁﬁ§qﬂﬁﬁi‘ﬁ “§+ Skin blood flow(1986) i &
10 25
BEAAX <. Phase-1T 20[g/nth] BETH 7z, ) |
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