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A Study on Heat storage in body use in SET

Yong — Bae Lee
Department of refrigeration enrineering

Graduate School, Pukyong National University

Abstract

There is a constant relation between Heat storage and Thermal
sensation vote, when man thermal Environment. SET  define steady

state environment but this case involve time, which study in time.

This study researched thermal sensation and comfort index in unsteady
environment with SET (Heat storage)which is for indoor index, through
experiment of 12 man. The object of this study is to examine relation
between Heat storage and Thermal sensation vote, when man

unsteady thermal Environment.
This paper mainly describes comfort sensation, thermal sensation in

relation to ASHRAE's New Standard Effective Temperature, SET"
(Heat storage).
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Table 2.1 Heat exchange between body and environment
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2.3.1 °| o) o3
Jug @ LolFe A= 8 o|FolAY, AHE AYNE B/ E¢
@ ¥l GUES k [WmPTIsh &89 F7 dim], HPLE ty B e 1Y
R o] BAGG FUES kS T A2 b @9 95E %9 ARG [,ol
e sn the Hoz EAY + U
Q: (k/d)(tsk_-tcl) - (I/Id) (tsk-—td)[W/nf] (21)
ol¥o] AANEe FAltE AEHAZA Gaggeol olsf ALF clort A",
1[clo] =0.155[m*C/W] (2.2)
Table 2.201 z+Z 2o} atelo] Fglo] wE clozkg WEIHSICH
Table 2.2 Thermal insulations of typical clothing ensembles™”
Icl
clothing ensembles i
clo m' 'C/W
underpants, shirt with short sleeves, light trousers, light _
0.50 0.080
socks, shoes
underpants, petticoat, shirt, skirt, thick knee-socks, shoes 0.60 0.095
panties, petticoat, shirt, skirt, thick knee-socks, shoes 0.80 0.120
panties. shirt, trousers, jacket, socks, shoes 1.00 0.155
underwear with short sleeves and legs, shirt, trousers, _
) i 1.25 0.190
jacket, thermo jacket, socks, shoes
underwear with short sleeves and legs, shirt, trousers, vest, _
] 150 0.230
jacket, coat, socks, shoes
underwear with long sleeves and legs, thermo jacket
trousers, Parca with heavy quilting, overalls with heavy 2.55 0.395
quilting, socks, shoes, cap, gloves
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o712}, h,& A&sE WAGHDGLZ h,=40 [W/m®- Cloz Hssai FHF3

2.34 H#Y4A2 % (Mean radiant temperature)

Aol oA olE Fhel WIEUAILEES FahE R uusl Bgsty oy,

heg(ta—tg) =h(t,—t ) W/m"] (2.7)
371M, he, hp® 242 2229 g 2 PAEHE Solg

o) Ao AMe diFol os) FATIIREH Foe AW FPolw, $UL W
Abel oaiA SRz RE FEU AgHE dFolth QNAAA HEPAILEES
39 thewt g
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W

C+R=h (ty—ty)+h, (tq—t ) W/m"] (2.10)

=h(ty—t,)[W/m?] (2.11)

o714, h = (h.+h,), t, = (t,h.+th)/h [Tlelth

236 9 d9a s
o Mus dArd dstel o5y D& gEEUCA tF} WAl eto] W
gojzich .04 21DAA Q=(C+R)olgl Fi, t4F 2ASE thg 2o &
SR=E
C+R=(h/(1+h L)) (ta—t)W/m’] (2.12)
dAFA gal 1, AHEEE 21DALS 953 2
C+R=(h/(1+0.155h T4o))(tg —t)[ W/m?] (2.13)
i 2 FAl g AEFe] oFe] nAE FFY HAEE el Aol gHe
WAEE Fgolnl, (213)49 Moz Re gzt o] yepolzg™)

F = 1/(1+0.155hI4,)[ND] (2.14)
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o71A, t= HRexe} 7)o HFgh R, 71AAgolr)

E=4i- hp(p a— p)/((R,(t+273.15)[W/m?] (2.17)
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Table 2.3 Properties

E8dx 7% SI
"l <& cpa 1.005 kJ/kg - C
] F & 0 1.169 kg/m
A A5 D 0.0940 m'/h
AT E @ 1.0811 n/h
F57] NAGF Rv 0.4615 kJ/kg - K
T A A 2.430 kJ/kg |
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251 FAAR IS

slrent AARsel ge $REHEz QMo WP = Be FFAR

1

NEg e AFARLEE A2 F 9
Table 2.4 Equations for estimating MST®
Author Equation of mean skin temperature
Burton t. =0.5t o (chest) + 0. 14t y (arm) + 0. 36t 4 (thigh)
t, = 0.043t ;. (head) + 0.055t . (face) + 0.0812t ., (abdomen)
+0.166t 4 (back) +0. 082t (upper arm) +0.061t,.(fore arm)
Kurata
+0.053t 4 (hand) + 0. 172t . (upper thigh)
+0.134t (Jower thigh) +0.072t 4 (foot)
t.=0.07t (face) +0.35/4t 4 (chest) + 0.35/4t , (abdomen)
Mitchell &

+0.7/4t 4 (back) + 0. 14t 4 (upper arm) +0.05t ,,(hand)
Wyndham
+0.19t 4 (upper thighs)+0.13t(lower thighs)+0.07ts(foot)

t.=0.07t, (face) + 0. It 4 (chest) +0.09*3t . (back)

Nadel
+0.07%2t,, (arm) +0.11t . (hand) + 0. 16t . (thigh) + 0 . 16t . (foot)
t. =ty (for ehead) X (.07 +t 4. (for earm) x0.14 + t g (back of the hand)x0.05
Hardyv &
ards 'L +t . (abdomen) x .35+t . (upper thighs)x0.19 +t (lower thighs)x(.13
DuBois

+tsk(foot)><0.07
* t\l\ 'J']T—;—JI- C [L]
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2 FEslda, Fangers dAb@e] daA AR EE Fite 48 A

4. % Qde ddow Ue #A8] 9a) £ 71Lo] Be5E FEAL 3

t.=35.7—0.0275(M — W) (2.22)

Gagge:s BHI R LT 2 24317 9 ofele A4S AdstAt™.

FolshA e A9 1.=24.85+0.332 - t,—0.00165 - t,’ (2.23)
o] 3 A6 ~ 1.0 clo) : t.=25.8+0.267 - t, (2.24)

duizon TREAS WS Azl A48 2 WA Wold shd Y

Aol ARt FoR Yoizes W AdFTLTEENTF E7F T8I HFolA 9

Esk = F pcl( D* sk pa)( A w/ A D)[W/mz] (225)
(Ay/ APt AL 393 At AARTA Ayl vI2A e 899§ w (skin
wettedness) o] T},

w=(A./Ap)=E4/E .. [ND] (2.26)

Fya=w" E . [W/m®] (2.27)
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Eair= Wast © E max [W/m®] (2.28)

DF. Brebnero] 7ol oatel #xr5eadel @ 25 dH& Wy=0.0601 0+,

Qpa, syRdAe Fue @ @pade ALAE 4oz Fojan,
Ex= Wair © E max=0.06 E [W/m*] (2.29)
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e
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9o F717F 3F7I=s AXE YA ZtEdn £}

=

of 7}7tg AHIE 7tEEo vl EE . & & (respiration)ol o3 FulAlol= diFEH

Cre + E o =0.0014M(34 — t ;) +0.0023M(44 — p )[W/m?] (2.30)

At (FEE =

A

9 Ao A, A1ge sjextel o UFLTAD, AM2FLe F37|
mmHg)el o g ZFwdubatere EA st ok oAbE M adaaug Vi [¢/7)
2 27434 g3} 2ol 7& £ Yt}

M= (0.23R+0.77) x5.87x (60X V , /A p [W/m?] (2.31)

d7)4, RE 3F4F2A AAE 0,9 &3 wiE" COz9 &9l vlolt. Rk <

|9
k)

b 0 2 07~1.09 WY @olA ¢, AT AdE 083, FioE Alels 1.09] 7t
%‘_q_(ﬁ)'
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Aol AR LFo AatFo] FHE o] FA R AeAs T ALA
o8 zdd FHL 53 AN Dol BFESR P A 4
St HoAE t,9 ALA wg dty/diol ofste odg Hog yeEol g
S=(0.965% W/Ap(dt,/dt) [W/m?] (2.32)

o 71M, A4 0965 [Wh/kgT] & A9 Hu|doly, Wlkgle AlFoitt, A

o

_17_17-

H

2 e new t,.9% AE2% t.(esophageal temperature) AHES%E t,
(rectar temperature)®] 7FEH T o2 AXEA T PN = t,9 t,.9 vHE

2, NG AN E 142 33 t7F o] 82 ol 1: 99 7HE8] &8 AL 3
th 2dAaed FYAE (physiological thermal neutrality)o] A 2] HAFR ST t

¥ 33.7~340C, AZLEE t, = 369~-371TC, 283 HAELE t, = 366~368TC 9

W Zeg dHAYG. ol BAFAZZ, t, = 36.3~365T] oot

255 A A2 BolE

Figure 2.3& AuldlAe] dols 728 2988 Rolth AuFA(core)e =g
tgoleh ot AWERE ARsieroze i AR AF Do|F¥F M
T us doz BAE 4 gtk

Ma=cu Vu(te— ta)+ K (to— tg)[W/m’] (2.33)

Cye ddo ndaM 23 Fdsdn B cy,=1.163 [Wh/kgTle g 3lH, Vy
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Table 4.1 Anthropometric data of the subjects

Number ) Body .
) Weight Height
Subjects of Age area
_ (kg] (cm]
subjects [m]
23 748 1.88 174.6
Male 12 - _ ‘ ‘
=17 156 =0.17 38
20 25 1.58 162
f 1 12
emate +13 | *48 ~0.08 +29

_27_



4.1.2 djAL 3 =l
AH o gl @abe o xel ol MBS diEly HA e dTe g Ao
B2 giAlge 1imetE 7FA AT @Y &S ANy D HEH T v

fte] U FUBL ZEIHES FUHTable 42). FAFE 7

X
rir
of
0%

o
[

u

e wwe ool Aol st ALl ok, ¥ APAAE 9 FUAY A
o §U9 Adzdoz vy st Arel Fukai ol MUY JRFYUL

Abgsbe o, T AlkA e ofelel 2
clo-value = 0.000558 x Total weight of clothing [g] + 0.068 (4.2)
clo-value = (.001030 x Total weight of clothing [g] + 0.0253 (4.3)
A71el g Abgs] AEE A Fd Az o BHL clo = 0352 AbE U

Table 4.2 clo-value and clothing weight

Uniform Weights(g)
undershirt 100
panties 79
socks 64
pants 1/2 long leg 200
short shirt 200
Sum 643
clo-Value 0.43
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Figure 4.3 Experimental Apparatus

Table 4.3 Specification of the experimental apparatus

gHAFHA 25 <X 10T ~ 40C =1TC
LR S L A= 30% ~ 80% 5%
2T 2 FE Aoy SCR
¥zt 54 8100 kcal/h
7tE 59 12,000 kcal/h
7t 49 8 ¢/h
AL 9 18 ¢/h
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Table 4.4 Measuring instruments and sensor’ positions.

Item Position Tvpe

» vertical air temperature

0.1lm, 0.6m, 1.1m, 1.7m
{from floor) Thermocouple

A; » local skin temperature 0.2mm ¢
Air

. head, arm, hand,, abdomen,
temperature[ C]

foot, upper, lower thigh
» globe temperature

Glove
0.Im, 0.6m, 1.1m, 1.7m
thermometer
(from floor)
. P> vertical Relative humidity
Relative _ KANOMAX
o 0.Ilm. 06m, 1.Im, 1.7m
humidity[%] Model 6511
(from floor)
Air » air velocity(from floor) KANOMAX
velocity[m/s]) 0.Im. 06m, 1.1m, 1.7m Model 6511
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30 1ninutes very 3 minutes
| I | | | [ ! |
l T T i I 1 i |
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Pre-test 3 [min]

Every 5 seconds

@ body temperature measured at the oral cavity, blood pressure

@ thermal sensation vote, comfort sensation vote, acceptability

@ relative humidity, skin, air, globe temperature

Figure 45 Experimental Process
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