HSE MUY 2TOIM LIS 80| [ME O Tt FUN 2

Clothing Microclimate and Subjective Sensations by
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< Abstract>

The purpose of this study was to examine the differences of clothing microclimates and the subjective
sensations according to age, gender and clothing weight for 19°C air temperature. This study was done to
gain fundamental data related to saving heating energy and to improve health through wearing underwear
(long johns) in lower indoor temperatures. The subjects were divided into four groups (6 young males, 5
young females, 6 old males, 6 old females), and our experiment consisted of three conditions; the first
condition was wearing long underwear in 19°C air (19CUW condition); the second condition was without
wearing long underwear in 19°C air {19C condition); and the third condition was without wearing underwear
in 24°C air (24C condition).

The experiment showed that the clothing microclimate temperature and humidity was the lowest in the
19C condition and the highest in the 24C condition irrespective of age and gender. The clothing
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microclimate in the 19CUW condition was not significantly distinguishable from the other conditions.
Clothing microclimate temperature and humidity when the subjects responded thermal comfort was
28~34°C and 15~40%RH without any significant difference according to age and gender. For the thermal
sensation, the 24C condition was regarded as the warmest environment by the four groups, and the next
preference was the 19CUW condition (p<0.001). Young females and old males showed a tendency to feel
colder than young males and old females. For the thermal sensation of hands and feet, the young groups felt
the warmest in the 24C condition and the coolest in the 19 C condition (p<0.001). However, old males felt
neutral for the foot thermal sensation without any significant difference between the three conditions. Old
females felt neutral for both the hands and feet thermal sensations without any significant difference between
the three conditions. Thermal preference was the highest in the 24C condition for the 4 groups. In the
19CUW condition, for the thermal preference, most young males and females responded ‘No change’; on
the other hand, most of the old responded ‘Warmer' (p<0.001). It was the 24C condition that the 4 subject
groups felt the most thermally comfortable. In the 19CUW condition, over 80% of responses of each group
expressed satisfaction and in the 19C condition, over 80% of responses of each group, except young

females, expressed satisfaction.

In conclusion, in view of the clothing microclimate and subjective sensations, the 24C condition was the
condition that gave subjects the least cold stress and the best subjective preference. However, the 19C
condition and the 19CUW condition was not such a cold stress as to give healthy subjects a thermal burden.

Z=H|0)(Key Words): 25 A% F9(Mild cold), #¢] 2{Clothing weight), B 352 % (Mean skin

temperature), £ HELE(local skin temperature), =8 2 7ZH{Thermal

comfort)
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A Ad APAE A AW 2k AFeRE UF A AR B Holh AA, @ oA ded
2 183C olg}, 9=, =&, At o 19T ©] oA A LEE 19CE BFY W8S A&
3h, d&2 0T o3 AL ArHeiA & she Aol Agd <4 AW L& AT Y&
@, 2003). %= & FEA(Federal Energy S YR 2 A= A He £33 R
Administration) A A AEE 7P E AYS ke % R FaALL A FeP 2N AR F
AP 87 2EE 0C odtE fANAL AL Ao #gA ALH AA Y 8o A
BFATHNicol et al, 1995). Z#juh b o] dof H, AL A4 AUl 259 19CHA hH-S ae
o BHellH AL A LEE ¥F2A T o 34 g2 Mg Ade 4gL @5 duix
FEAE 7P 2 A UET A 2= 27 el 77 ARE £ AP o1 s £ A7
Y @ kel B A opE F e dME ALH HA A &= 19Cs L4 AW
8 BT kdoly FHe FF AFEANA = ACAA FH HUkso] e FHE &
i F AE 2% BAIt wEb ALH 44 Foll ME 95 7)1F 3 F8Y Bge A0E =
Al 2EE 19CE WFIZ WE F&E A48 AR, A ARl T A 71F R FEE
HaMe At st AW 87 2ddA W & 7] AEE AT
55 U2 A 9A 42 A Y ik
o A, FHH el oW zol7t ge A 7
ofElojol Fth ot BAE FHf ArE AgH A 1L ol 7
A £EQ 19C $ANA Feleo] A9 o
U diabel FAE G (017G, 199) ol AE . pag
d AlerdM A Aol b e &
ARAH(AEE 2004) L DI TA 9 o7 BL HdAE e A A% ¥RdeR d2
00) 9AE WY ALE Afesdy yr o FAOM), dS GAOE), e WAHOM), wd
Ago] 24 W B @A wlo] m= gt AZHOF) Feolth 7 Jod BF 6 ¥4 g
(Choi et al, 2003) & B3R & AT =& glou), Ao HE A1 Ho] T e F 23 B
29 UL dACE ALH AR AY & Aol FeAstHrh(Tabe 1). 54 282 %3 3l
TolA UlE zLo] o8 y)&s} =pA 74zt Bl A 717 g BE N0 25 ¥ 5L
e G Bya A AZ= A Qi < Ae J8A A A Adsglen], #2 oAt
olo] B AR A7} = AL O = ) A e F719 de xste e F7] 2~14

<Table 1> Physical characteristics of subjects

Skinfold thickness (mm)*
Group N  Age(yr) Height(cm) Weight(kg) Chest/ Abdomen/ . BMI** BSA(m2)***
Triceps Suprailliac Thigh
Young male, YM 6  20.3(0.5) 173(1.7) 66.7(9.3) 198) 201 21(5) 22(3) 1.81(0.1)
Young female, YF 5 21.0(14) 160.2(54) 53.6(6.4) 22(3) 24(4) 27(5) 21D 1.56(0.1)
Old male, OM 6 753(35) 164.0(79) 60.7(1.2) 22(6) 31(5) 15(8) 23(3) 1.67(0.1)

Old female, OF 6 677(4.1) 1623(63) 59.7(3.9) 23(4) 25(6) 24(6) 23(2) 1.65(0.1)

(Values were mean (SD), * skinfold thickness : Chest and abdomen for male, triceps and suprailliac for female, BMI**: Body
Mass Index, BSA***: Body Surface Area)
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<Table 2> Characteristics of experimental garments
Item 19C 24C 19CUW Material Weight (g)
Briefs o o) o 67
T-shirt with long sleeves o] o} o Cotton 610
Long trousers o] o] o) 100% 464
Socks (ankle length) o) o o 61
(Except
Shoes o o) o] shoes) -
Underwear, shirts with long sleeves - - o 145
Underwear, trousers with long legged - - ¢} 159
Total clothing weight (g) 1202 1506
Estimated clo* 0.7-0.8 1.1-1.2
(* From ISO 9920)
U (dEINA AWE AN xQ @49 3 F oBoz Pob YT WF W FY ¥ 4Y
+ A9 AFZ7 AFPe 94 ZEEA 5L Aol 1208 =2HUT A8 715 FHE AF
Ha }- HHal= Qigitt 438 A RE AId(E 7}% Z47] (Themmo Recorder TR-72S, T&D Corp,,
oA A¥e) BHZ WEE HYH TASS AL Japan)E 0|83k sl F9) | LE (dothing
A o] olg) AYe| FITE 54 microclimate temperature, Tclo)$t olE8Y &%
(clothing microclimate humidity, Hclo) & 1% 7Hg2
2. AlBA B U ROIXA 2 A% Psgt Fad 737 gBoR AN @
A7bzk & sz @ six bz Y MEE, &
ggad ee A8y g e exa we oo VIO E B S8 L8
S WY ASE A REQ UCE T Ao s 0F BASE HEAA 52 715
E] SUAU SR AW wx e }; . A AT AL H9 AF0E 8 Wl =
FET O%RH, 71HFE 03m/s0]3 A 3] } } _
L BES AURH, JIRE O3m/olehE AR A31R TAGA SATH Table 3). 7B
o oolE# @74 2A% AE 2Fsted wEA .
] o £1202 =3 B¢ g7 @ AAR SAY 7
A 242 Al 7HAE, 3A, 19CAM &S YA - . e
. HE tstE g stgon, zZk 274 s F
e AS(19C =7, %RH. 19CAAM &S 42 D e s & s x
. A HY st 7iglel s 49 Ree 56 3
zo 7 51
A wE 73%@40 5—7& ol a2, 15CUW 22 gae ;13}3;2 AR GE A2 X mq e
oA FHEE WES ABHE 1 au) w9 21 =UE w AR s o
v YEe2 AAE W 100%, F%F 304golAUL
£E2 o ukE Mool J3 Rt mHa oYL <Table 3> Voting scales which were used to determine
o thermal sensations and comfort
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Thermal Thermal Thermal
sensation comfort preference
Hot(3) Comfortable (1) Warmer (1)
‘Warm(2) Neutral (0) No change(0)
Slightly warm(1) A little uncomfortable(-1) ~ Cooler (-1)
Neutral(0)
Slightly cool(-1)  Uncomfortable (-2)
Cool(-2)
Cold(-3) Very uncomfortable (-3)
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<Table 4> Summary of clothing microclimate temperature, humidity and subjective results
Young Male Young Female Old Male Old Female
Mean SD Mean SD Mean SD Mean SD
19C 30.52 0.9 31.2a 1.2 31.2a 1.2 30.92 1.3
Ta("C) 19CUW 31.0a0 14 32.02 1.2 32.2b 0.7 32.2b 0.8
24C 31.76 1.0 33.1b 0.6 32.70 0.7 32.8b 1.1
19C 20.02 2.8 21.3a 40 20.92 2.8 21.32 20
H.(%RH) 19CUW 24.4b 2.5 2412 3.0 21.3a 1.9 21.9a 29
24C 30¢ 1.0 27.4b 32 30.4b 5.3 29.7v 39
Thermal 19C -1.08 0.5 -1.4a 0.6 -6 0.6 -1.1a 0.7
sensation in 19CUW -0.3 0.5 -0.4b 0.3 -0.9b 0.6 -0.752 0.5
whole body 24C 0.5¢ 0.6 1.2¢ 1.0 0.1¢ 0.3 0.15 02
Thermal 19C 072 0.3 -1.24 0.6 0.3 0.5 0.0a 0.0
sensation 19CUW -0.20 0.3 0.5 0.5 0.00 00 0.0= 0.0
in hand 24C 0.1 0.3 LI 1.1 0.0b 0.0 0.0 0.0
Thermal 19C -0.82 0.6 -1.20 0.5 -0.32 0.5 0.1z 0.5
sensation 19CUW -0.3b 0.4 -0.3b 0.5 -0.22 04 -0.0a 0.1
in foot 24C 0.00 0.5 1.0 12 0.0 0.0 0.0a 0.0
Thermal 19C Q.72 04 0.92 0.1 0.9a 0.1 0.6b 04
CTTYY
preference 19CUW 0.3 04 0.3b 0.3 0.82 02 0.6b 0.2
24C 0.0p 0.3 -0.0¢ 0.3 Q.1b 0.5 -0.1a 0.3
Thermal 19C 0.1 0.5 -0.2a 0.5 0.12 04 0.2a 04
CTTT a A
comfort 19CUW 0.22 0.4 0.4b 0.5 0.1 0.1 0.3ab 0.1
24C 0.7v 0.5 0.6b 05 0.7b 04 0.6b 04
£3 7% welo] o MgsA RHTable 5). & AW 61 B3 £ 64 FE 71 20~28Coll 3 Az
3 19C 2N ‘¥ 7 Lwd BEe =9 W LEAHRS o & zke] zolE YA BiLst
A 7% 0%, B A 18%, =) A7 6%, 2 Aok 2w, Qirdow ¥ AAY A2 v
2 FA 3%E X9 @At 7P FA =4 ol o] HH F& © & el=rl ol dEixe 84
o AN BAZY A2 B3 ANE F Y 2 HQ) g itk @ 2 A7 Al o8 2 >
2 ohgt 2o YE AL 19C LEANE FUET kQlEo] o
s, Mg @AM kool HHET o e g AgsA “gov =& 84 27, 9%, &5
A =AE7t? RS Ade) vis] 7 2 w3l F5, 38 A, AALE A Tl ne A=
o tgt 2% #HA F¥o| FoiAXL (Colins & g2+ o, WHONAM = I3EAY A AS
Exton-Smith, 1083), &% +9E2 AN HE A 255 2~3C o &Y A& B3 9L
b 44]7(46}711 A0 BRIHNE @t DZ2 (FEA, 2000, AeE AU 2=& 19CER X
(Watts, 1971). B4 (20000 2C =% A 42 A AY mASAA HE 3L AR B5HY
GRET o) Gt F Y Asa SRo, Role. Zei} B A7 19CUW 2AeIA =9l
HalA wrle FFdPgls F9T Aot A9 AA 29 £ FuF 1 THS AT A9,
I BTk wolBel Fodl e By At AT 49 2A% g 44 94 48 Sk
Ay YA 5 ASSE FHEGT BIE e o ofs) dixbde] TERR ¥ A7 Adud
AtH Murata & Irki, 1974). I} Fanger (1970)= £ 4 Meshl =2 Rolzt 48 & Urt
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<Table 5> Percentage of responses to the thermal sensation, thermal preference and thermal comfort

Scales Scales
Young Male % 302 -1 o0 1 2 | Old Male ) 302 a0 1 2
Thermal 19C 26 21.8 519 224 13 0.0 Thermal 19C 199 30.1 372 128 00 00

sensationin  19CUW 0.0 19 314 622 32 13 |sensationin 19CUW 0.0 179 50.6 314 00 0.0
whole body 24C 00 00 19 526 404 5.1 | whole body 24C 00 00 77 904 19 00

Thermal 18C 00 51 7.7 756 115 00| Thermal 19C 00 51 147 801 00 00
sensation 19CUW 00 00 199 776 26 00| sensation 9CUwW 00 00 001000 00 00

in hand 24C 00 00 32 795 173 00| inhand 24C 00 00 001000 00 00
Thermal  19C 19 141 423 404 13 00| Thermal  19C 00 5.1 147 801 00 00
sensation  19CUW 00 00 276 699 26 00| sensation 19CUW 00 00 186 814 00 00
in foot 24C 00 19 64 782 135 00| infoot 24C 00 00 001000 00 00

19C 00 321 679 19C 00 96 904
Thermal oy 00 667 333 Therma 5y 00 167 833
preference 4 45 872 83 preference 4~ 83 692 224
19C 00 00 51 718 231 19C 00 00 122 628 250
g‘;’gi 19CUW 00 00 5.1 718 23.1 :::ffgf: 19CUW 00 00 00 897 103

B 24C 00 00 00 333 667 24C 00 00 00 263 737
Young female Old female
Thermal  19C 177 254 377 192 00 00| Thermal  19C 57 269 391 282 00 00

sensationin  19CUW 0.0 23 338 615 23 00 /|sensationin 19CUW 00 96 558 346 00 00
whole body 24C 00 00 7.7 223 154 54.6 | whole body 24C 00 00 00 929 71 00

Thermal 19C 169 185 331 300 15 00| Thermal 19C 00 00 001000 00 00
sensation  19CUW 0.0 4.6 477 362 11.5 00| sensation 19CUW 00 00 001000 00 00
in hand 24C 00 15 62 269 92 562 inhand 24C 00 00 001000 00 00
Thermal 19C 62 323 392 185 38 00| Thermal 19C 00 51 45 87 77 00
sensation  19CUW 00 62 192 285 415 46 | sensaionin  19CUW 0.0 00 45 955 00 00
in foot 24C 00 23 92 269 7.7 554 foot 24C 00 00 001000 00 0.0

19C 00 146 854 19C 0.0 397 603
Thfe““al 19CUW 00 708 292 Thf"““al 19CUW 00 423 577
preference — suc 77 854 69 preference e 109 865 26
Thermmal 19C 00 7.7 154 654 115 Thermal 19C 00 00 128 513 359
z‘;"n 19CUW 00 00 69 485 446 f;‘fn 19CUW 00 00 00 654 346
comito 24C 00 00 08 423 569 comtort 24C 00 00 00 39.1 609
7, AMEd 37404 A7 AR ¥ Me o] YRR ¥r= Holoh(AH 4, 2001:

SA =AEI & A7 A% HS o H& % Grham, 1089). 23T 9 iR kd @A

AR o FA Ao w9 oales 1¥8A gk o9 o FA LA GUssE ole kol Waly

o AEA0DE FS AR F2 GRET A AF Al 5] s 289 9E, 29 949

Agol 9 ZSo UC & A o W F95 HALZE Ut 32E 2 w3l wol oA &

708 g2 ozt 22 9 Bo] gl o A Zhzhe] E3F B3 #@E Aoy

A PO LE oo tigt olf = A, A 7 28 F 2875 7} FAa

BV AR AT A 9E U D 84 3 AR RAE G ERE ol AW

%9 o) Mol 2R AT £HoE AF A Ad2e] AgolE 190UW 2, klze] Aol
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AR, AETET @ MedtAl =ZcH(Table 4). B2 (Gonzlez & Nishi, 1976), A&d Al 2% %
&, oA mAHA R e M AdRo A A vie EE F23A IEjsiol & Aol
=Qlo] o EREH, I olfE & dMTY F3

ANt ZS Aelth Watts(1971) = =gl TF 5. 28 M&T (Thermal Preference)

S A LrdA HAZE ZVE doa &

e, ole 1HAY o] EHASE UHFE vl Ae 25 AR fo4@ 2jo) gl 190 24
o 237} APP4E R 25 wWEld TR dlME ozt mEeiAH 2, 24 C ZUAME
Fe g4 L I'FY &E AT PR v 654) ezt & S®el 7P WdTh Jv
o)Fol= &% WIE 7R 37 YAAE IF} U 19CoA A &S 283 2ANME Ao 97 2}
Frlok s=d), o9t 7L w9le] &Yd) ik 7+ ol7F el FdFEL OlEJ U & dES 7t
A A AFo] g wa i AR B2 ol 3 whd, kol ok mEsAE F3l
o) PRI} 7AET TR EXo] WEHA m)Eo o & $HS 7P ol AH(pd000l, Table 4).
WA AT 7HAsy] mRel AoE st A 24 5 29307 71 HEE 2ALS
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