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Abstract

The purpose of this study is to investigate the effects of type of clothing microclimate and
exercise condition on ventilation.

The experimental system employed a trace gas technique of the previous research. Clothing
microclimate volume measurement was based on the substitution water technique for inter-
clothing air volume.

The experimental variables were tested at four levels of clothing microclimate spacing,
microclimate shape of the previous research and two levels of exercise conditions. Z, 4, 6 cm
ease were added to B/2+4 of basic blouse pattern for the' microclimate spacing variable. Each
combination of three variables were tested in triplicate. Analysis of variance of experimental
variables on vetilation, such as oxygen exchange rate, half time of first order model was
conducted.

Oxygen exchange rate and half time of first order model are affected by the shape of
microclimate air and exercise condition.
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Table 1. Clothing construction factors and factor levels

Microclimate Microclimate Abbreviation
spaceing shapes 4
B/2+4(A1) Basic Blouse(B1) AlB1
B/2+4(A1) Trimming of NL.* AlB2
(2 cm) and box
style (B2)
B/2+4(Al1) Trimming of N.L. AlB3
(2 cm) and lower-
ing of A H.**
(5 cm) (B3)
(B/2+4)+2(A2) Basic Blouse(B1) A2B1
(B/2+4)+2(A2) Trimming of N.L.* A2B2
(2 cm) and box
style (B2)
(B/2+4) +2(A2) Trimming of N.L. A2B3
(2 em) and lower-
ing of AH.**
(5 cm) (B3)
(B/2+4)+4(A3) Basic Blouse(B1) A3B1
(B/2+4)+4(A3) Trimming of N.L.* A3B2
(2 cm) and box
style (B2)
(B/2+4) +4(A3) Trimming of N.L. A3B3
(2 cm) and lower-
ing of A H.**
(5 cm) (B3)
(B/2+4) +6(A4) Basic Blouse(B1) A4B1
(B/2+4) +6(A4) Trimming of N.L.* A4B?
(2 cm) and box
style(B2)
(B/2+4) +6(A4) Trimming of N.L. A4B3
© (2 cm) and lower-
ing of A H.**
(5 cm) (B3)
* . Neck line

** . Arm hole
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Fig. 1. Schematic diagram for clothing microclimate volume.
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Table 2. Clothing microclimate volume by types

Type Microclimate Type Microclimate
volume volume
AlB1 2.078+0.22 AlB2 3.455+0.07
A1B3 2.190+0.20 A2B1 2.5134+0.06
A2B2 3.848+0.06 A2B3 2.576£0.16
A3B1 2.998+0.10 A3B2 4.296+0.16
A3B3 3.027+0.03 A4B1 3.592+0.14
A4B2 4.566+0.19 A4B3 3.614£0.27
(Unit: Liter)
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Fig. 2. Effect of microclimate spaceing on 02 exchange ratio (type Bl).
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Fig. 3. Effect of microclimate spaceing on 02 exchange ratio (tyep B2).
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Table 3. Mean half time from the microclimateof each blouse type, first order model

Type Chest Back Armcye Average
A1BL Standing 3.99+0.65 3.3110.90 2.71+0.59 3.35+0.67
Walking 2.89+0.12 2.400.42 2.21+0.45 2.23+0.37
ALB2 Standing 5.16+0.74 6.31%0.32 2.66+0.55 4.67+1.58
Walking 2.80+0.39 5.77+2.99 4.02+0.65 4.14+1.63
ALB3 Standing 2.4410.37 4.61+0.78 3.94:£0.08 3.45+1.12
Walking 1.36+0.32 2.26+0.13 2.55+0.011 1.94+0.51
AZBL Standing 3.29+0.45 4.78+0.82 2.54+1.29 3.69+0.82
Walking 3.08+0.28 3.54+0.68 2.50+0.49 3.04+0.40
AZB2 Standing 6.11+0.30 6.471.06 3.34%+1.37 5.88+0.63
Walking 2.95+0.89 4.48+0.87 2.92+0.34 3.4610.77
A2B3 Standing 3.43+0.64 4.59+0.61 2.97+1.80 4.07+0.51
Walking 2.30+0.24 2.72+0.45 2.65+0.21 2.31+0.09
A3BI Standing 3.92+0.83 5.95:+0.47 3.76+1.24 4.52+0.84
Walking 2.67+0.73 4.00+1.04 2.88+0.61 2.93+0.47
ASB2 Standing 8.80+3.58 10.72£1.45 6.43+1.25 8.51+1.56
Walking 3.62+0.43 4.38+1.03 4.53+0.93 4.30+0.59
A3B3 Standing 3.93+0.86 6.09+0.78 3.140.51 4.36+1.09
Walking 2.52+0.18 2.75+0.51 2.17+0.31 2.54+0.24
A4BI Standing 6.37+1.75 6.87+1.13 4.40+1.87 5.8540.63
Walking 3.11+2.30 3.63+0.25 3.06+1.12 3.28+0.11
ALE? Standing 6.11+2.30 7.55+2.02 3:64+1.28 6.10+1.43
Watking 3.45%0.85 4.6310.85 4.42+0.41 4.07+0.43
ALB3- Standing 5.26+0.19 5.13+0.94 3.43+0.86 4.7410.81
Walking 3.1040.32 3.14%0.26 3.30+0.12 3.0740.05

(Unit: Second)

— 174 —



Vol. 16, No. 2, (1992)

W77 3 AL S thele s gloliFoe s o
WHE 71kl gol A7 Aol FAF71S0] F7]
FEE YAz FrladEEs}t Tl 4748

, AFsne dele 3713 YuE Wil
o] JE W7ol o] Iix LY 4 et Type
B3z} of il AR = Blel wja) 7717k Aebxle
AL Bl B3zt At 7180 PA= oI dedl F4-
Aol TRt 29 dubEo] Fisla S5 & Hg
o] ghe},

of f¥2 d3e 2= Type Bl, B3 A4, A3, A2,
Ale] g2 A49) W77t AojAle Ao g o fE
BeTE 3719 Z¥e] ToAE & 4 At 2
v+ Type B2} 7$-& o8& Typext}t Wz7)7} ol
£ £ 4 Aok ol Hehga duo) e A%
DAY Agoz Nl YAsE FrFe] Folekd
2719 £#EEIE =eiA Ak A3el A4 Alelo] ofn
gAE 2y Type A4B2oll M= 37]9] &3] whalz]
A #7174 He o 4 ek

Tabled+= ®7t7loli tidt Hebpse] YPejuisiel o
¥ E28lel HEk FAREA Adjoich, Hepeay
e stol 78, Faeel 257t fo =l A7) Q1Y
5ol 38<le] 42 Hgsle BN e =)
<+ &+ Uk

4. pizt(et o[ ZT |t 2A|

=

SRR 'S

<

o]

Fig. 55 %7133} Wabslskel BAlE veh
AQlH] 7l u A 2 o 2uje] 271%0] A gl

-

29

Hejelld Br1ol Bobd+S Wasle Aol
Type A3B29} Type A4B2 A}ol2] o] AIAH S =]}
Type A4B2 % 4.566 /4 ® @olxle A3de & 4 2
o}, Wing3®} Monego'®ell 2] dhai o B uF7|gko] A
o o5 8E B8 Aol sl )7} ojFoiAn
Foll 23 87171 A Adejur] Yrhst o5 3]
o] F7H3koll wet dfd At 93t 277} FAkEhA
Ela Zakol] o3 @71+ AL dejuix] @A Hrl
Crockford 5ol 93} 2| 3373k 7| o8-8
Z 28 38 ol Ackn sleul ghefol o179} M2g
F717F A E R frelsle §o] YA o g
gol 29 F719 mBE L A|zke] Aojch, 2y of
L IAE A Frigke] o] golald Hz g 3019 #

HALF TIME (SEC)

10
9 A,B,
8 -
2 d
6 -
5t
4
3 -
2+
1F
O P G S
1.50 2.08 2,67 3.25 3.83 442 5

MICROCLIMATE VOLUME«(litor)

Fig. 5. Relationship between half time and micro-
climate volume.

Table 4. Analysis of varince for half time of blouse type, first order model

Factor Chest Back Armcye Average
Main effect 6 13.227%** 24.471*** 4.358°** 42.314***
A type 3 4.488** 5.949** 3.388* 15,248***
B type 2 11.632*** 27.169*** 5.857** 45,797***
Position 1 43.514*** 74.641*** 2.735 116.459***
A typex B type 6 1.678 1.667 1.880 3.514**
A type X position 3 1.069 4.001* 1.119 3.514**
B type X position 2 3.803° 1.986 0.630 2.881

A typex B type position 6 0.900 2.071 1.155 3.979**

* . Probable difference(p<0.05)
** | Probable difference(p<0.01)
*** . Probable difference(p<0.001)
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Table 5. Correlation among microclimate volume and

half time
HF S.T® L.Te M.V¢
HT. | 1.000
S.T. | -.7206**  1.0000
L.T. | -.9852**  .7071**  1.0000
M.V. | .7507** -.5315°* -.7262**  1.0000
(Walking)
HF S.T® LT =~ MV
HF. | 1.0000
S.T. | -.9248**  1.0000
LT. | -.8635**  .6452**  1.0000
M.V. | .7524** -.7361** -.6121**  1.0000
a; Half time

b; O, exchane ratio t start tme
¢; O, Exchange ratio at last time
d; Microclimate volume
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Table 6. Mean O, exchange ratio at start time
Type Chest Back Armcye Average
AIB1 Standing 0.16+0.0C0 0.19%+0.05 0.23+0.04 0.19+0.04
Walking 0.21+0.01 0.25+0.04 0.27x0.06 0.27+0.04
A1B2 Standing 0.12+0.02 0.10=0.01 0.23+0.04 0.15%£0.07
Walking 0.2240.01 0.121+0.05 0.16+0.03 0.17+0.06
AIB3 Standing 0.25+0.04 0.14+0.02 0.16+0.00 0.20+0.08
Walking 0.41+0.08 0.26+0.01 0.231+0.001 0.31+0.08
AZBL Standing 0.19+0.02 0.13+0.03 0.29+0.16 0.17+0.04
Walking 0.20+0.02 0.18%+0.04 0.24+0.04 0.26+0.03
A2B2 Standing 0.11%0.01 0.10+0.01 0.21+0.11 0.11+0.01
Walking 0.22+0.08 0.14+0.02 0.21+0.02 0.90+0.03
A2B3 Standing 0 18+0.03 0.12+0.02 0.29+0.21 0.15%£0.02
Walking 0.26+9.02 0.23£0.04 0.23+0.01 0.25+0.01
A3B1 Standing 0.16%+0.03 0.11+0.01 0.184+0.07 0.14%0.03
) Walking 0.24+0.06 0.17+0.05 0.22+0.05 0.21+0.04
A3B2 Standing 0.09+0.04 0.06+0.01 0.10+0.02 0.08+0.02
- Walking 0.17£0.02 0.15+0.03 0.1410.03 0.15%0.02
A3B3 Standing 0.1610.04 0.11+0.01 0.20£0.03 0.15+0.04
Walking 0.24+0.02 0.22+0.04 0.2720.04 0.24+0.02
A4B1 Standing 0.11+0.04 0.09+0.02 0.17+0.09 0.11+0.02
Walking 0.19+4¢.01 0.17+0.01 0.22+0.08 0.19+0.01
A4B? Standing 0.12+0.04 0.09+0.03 0.19+0.06 0.11+0.03
Walking 0.19+0.06 0.14+0.03 0.1410.01 0.15%0.02
A4B3 Standing 0.12+0.01 6.13£0.02 0.191£0.05 0.13+0.03
Walking 0.20+0.02 0.19+0.01 0.18+0.01 0.20%0.00
Table 7. Analysis of variance for O, exchange ratio at start time
Factor DF Chest Back Armcye Average
Main effect 6 19.845*** 24.322°** 2.625* 13.264***
A type 3 8.429*** 7.253*** 2.779 8.817***
B type 2 17.336*** 21.974%** 3.265 12.088***
Position 1 59.890*** 80.229*** 0.366 28.955***
A typeXxB type 6 4.427** 2.743* 0.659 0.670
A type-+ position 3 0.305 0.738 1.474 0.867
B type X position 2 1.923 4.203* 0.963 2.099
A typeXx B type positon 6 1.280 0.846 0.641 2.032

* ; Probable Difference (p<0.05)

** . Probable difference (p<0.01)

*** . Probable difference(p<0.001)
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Table 8. Mean O, exchange ratio at iast time

Type . Chest Back .Armcye Average
AIBI Standing 0.96+0.02 0.97+0.02 0.99+0.01 0.98+0.01
Walking 0.99+0.00 0.99+0.00 0.00x0.00 0.99+0.00
AIB2 Standing 0.93£0.03 0.88+0.01 0.99+0.01 0.93x0.05
Walking 0.99+0.01 - 0.901+0.09 0.97+0.02 0.95x0.06
A1B3 Standing 0.99+0.00 0.94+0.03 0.97+0.00 0.97+0.02
Walking 0.99+6.00 0.99+0.00 0.99+£0.00 0.9940.00
A2B1 Standing 0.98+0.01 0.94+0.03 0.98+0.02 0.97x0.02
Waiking 0.98%0.01 0.97+0.01 .0.99i0.01 0.9810:00
AZB2 Standing 0.89+0.01 0.88+0.05 0.97+0.03 0.90%0.03
Walking 0.98%0.01 '0.95+0.03 0.99+0.01 0.97+0.02
A2B3 Standing 0.971+0.02 . 0.91+£0.91 0.97+0.03 0.96%0.01
Walking 0.99+0.00 0.99£0.00 0.99+0.00 0.99+0.00
A3B1 Standing 0.96+0.03 0.90+0.02 0.96+0.03 0.95£0.03
Walking 0.99+0.01 0.9640.03 0.9810.01 0.95+0.03
A3B2 Standing 0.80+0.15 0.72+0.05 0.88+0.05 0.80+0.07
Walking 0.97+0.01 0.95+0.04 0.94+0.03 0.95+£0.02
A3B3 Standing 0.9610.02 0.89+0.03 0.98+0.01 0.951£0.04
Walking 0.99+0.00 0.99+0.00 0.99+0.00 0.99+0.00
A4B1 Standing 0.88x£0.07 0.86+0.05 0.94+0.06 0.9010.04
Walking 0.98+0.00 0.97+0.01 0.98+0.02 0.98+0.00
A4B2 Standing 0.89+0.10 0.84+0.09 0.96+0.06 0.90x0.04
Walking 0.97+0.01 0.94+0.03 0.98+0.02 0.98+0.00
A4B3 Standing 0.92+0.01 0.93+0.04 0.97+0.02 0.94+0.03
Walking 9.98:+0.01 0.98+0.01 0.98+£0.00 0.98+0.00

Table 9. Analysis of variance for Q. exchange ratio at last time

Factor D.F Chest Back Armcye Average
Main effect 6 8.534*** 20.707*** 5.046*** 30.731**
A type 3 2.376 4.703** 3.847 11.015%**
B type 2 8.916*** 24.743*** 6.634** 32.190***
Position 1 26.841%** 60.651"** 5.466* 86.959***
A typexB type 6 1.261 1.703 - 2.925* 3.133**
A type X position 3 1.334 4.995** 1.464 5.717**
B type X position 2 5.306** 2.801 ©0.140 6.054**
A type x B type position 6 1.090 2.618* 1.565 4.117*

* . Probable difference(p <0.05)
** . Probable difference(p<0.01>
*** . Probable difference (p <0.001)
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