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Abstract: The purpose of the present study was to evaluate the thermal insulation of air-filled winter jackets according
to the amount of air-filler using a thermal manikin. The insulation of these jackets’ was compared to a down 3pzzldded
jacket with an identical design and size. The amounts of air-filler were 100% (26,219 cmg), 70% (18,645 cm”), 50%
(13,110 cm®), and 0% (0 cm®). The results showed that a clothing insulation (Icl) of 0%, 50%, 70%, and 100% air, and
100% down jackets was 0.208, 0.243, 0.207, 0.176, and 0.315 clo, respectively. In addition, the down jacket with waist-
taped had a clothing insulation of 0.369 clo. However, the highest value of clothing insulation per clothing weight was
the 50% air-filled jacket in all conditions. In terms of regional power consumption of the thermal manikin, the down
jacket consumed less power for the shoulder and chest than the air-filled jackets. In conclusion, in order to maximize
the thermal insulation of air-filled jackets, an optimal amount of air-filler, that is, an amount which does not compromise
(break) the layer of inner air between the surface of manikin and the lining of the jacket, should be explored. Further
studies on lining materials, end-closed design, and changes in thermal insulation under the conditions of strong wind
or heavy snow are recommended.

Key words: winter jacket (A< #|%l), air baffle construction (7] ¥|Z 74J), thermal insulation of clothing (2]5-2] X
<), thermal insulation of air layer (¥7]%2] ®-22), body temperature (3]-2)
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Table 1. Ten compartments of an air-filled jacket and air-volume of each Az B9o] 93 INFHE oF 3mmE F A =R
compartment o 7t 7o) 218 o AL A% AR $40) BuY 4
4 Compartment AIr volume = o] wEe] S48 ASkE Hasish) SAs) Ae) A
100% air-filled 70% air-filled 50% air-filled Zo)= ggo|2 wx] o= &7 Zoz tRRlEanh 27F
! Neck b 1O 7 0 AR 5A AL 5A 2ale] AN B A
2 Upper baclc fef m o 389 A 5 vrel 37) ol Q] P2 ke A o A
3. Upper back_right 7 o83 388 AL F7F ARGk A4 S AREE o AR A
4 Upper back middle 7,574 5,341 3,787 A7 Qigke FE U ol Zelo|AE|Ee) uhE, B i
> Chest lef L7 262 s oME /1YY A HlE g8 A Qg mE
6 Chest right 78 1,262 874 EoN} FOILHERTY FA R E GG 2AE AR
7 Abdomen_left 3,302 2,331 1,651 T AFlo] AFREQITH
8 Abdomen right 3,302 2,331 1,651
9 Arm_left 2,719 1,942 1,360 22 Agjo|2 = U HeE &£X
10 Arm right 271 L9% 1360 A vkl Bee S0 AR dYen 2le F o
Total air volume (cm3) 26,219 18,645 13,110 A 7PX]93\E]'(Table 2). Table 29] oAl 71A] o 2A = 6
Total clothing weight (g) 848 848 848 274 5 24 5D 100% e AZlot v g
o] ke Az, A S P 3] BE
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SR Al EElpelES A3 e s ARgsislrl o o ol slg] FRRRE o A7l dFoE Sol7ke 3V
ol olz Qs FrEd 5 e EHEES skl fls 7 o] 55 Yol Bed I7F oRE skt sl =,
Air-filled (front) Air-filled (back)
S=

B

Fig. 1. Construction of air-filled jacket(upper illustrations) and sample jackets(lower photos).

Table 2. Experimental clothing conditions (#1 to #6)
#1 #2 #3 #4 #5 #6

Goose down,
padded_bottom closed

Clothing weight(g) 848 848 848 848 1,632 1,632

The weight of goose
down inside a jacket(g)

0% air-filled(Control) 50% air-filled 70% air-filled 100% air-filled Goose down-padded

0 0 0 0 784 784
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Fig. 2. Clothing insulation (clo)(Left) and clothing insulation per clothing weight (clo/kg)(Right).
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Fig. 3. Regional power consumption of the thermal manikin.
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Fig. 4. Relationship between clothing weight and thermal insulation of
winter upper garments. Data are from Choi and Lee(2009), ISO
9920(2007), Kim et al.(2015), and Table 3 of the present study.
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Table 3. Thermal insulation of winter jackets and coats that were cited from previous studies

# Description Fabric (outer) Filling material ri::sng (:(1)) Source

1 Jacket Polyester/polyamide - 292 0.38 ISO 9920(2007)
2 Jacket Multicomponent - 310 0.32 ISO 9920(2007)
3 Jacket Polyester/polyamide - 225 0.37 ISO 9920(2007)
4 Jacket Multicomponent - 270 0.34 ISO 9920(2007)
5 Jacket Multicomponent - 365 0.45 ISO 9920(2007)
6 Jacket Multicomponent - 270 0.40 ISO 9920(2007)
7 Jacket Multicomponent - 1,350 0.69 ISO 9920(2007)
8 Jacket Multicomponent - 1,000 0.36 ISO 9920(2007)
9 Jacket, above knee length 35% Cotton/65% Polyester - 942 0.28 ISO 9920(2007)
10 Jacket, above knee length Polyester/polyamide - 945 0.69 ISO 9920(2007)
11 Down jacket - Goose or duck 880 0.55 ISO 9920(2007)
12 Coat, below knee length - - 1,820 0.65 ISO 9920(2007)
13 Coat, below knee length - - 650 0.56 ISO 9920(2007)
14 Parka-coat Multicomponent - 1,440 0.67 ISO 9920(2007)
15 Parka-coat with hat Multicomponent - 1,440 0.52 ISO 9920(2007)
16 Heat-protective felt jacket - - 1,620 0.42 ISO 9920(2007)
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Table 3. Continued.

i . - . Garment Icl
# Description Fabric (outer) Filling material mass (g) (clo) Source

COMFORT Lab.

17 Down-jacket with hat, hip length 100% polyester Duck 834 0.43 (Choi and Lee, 2009)
18 Padded coat, knee length 63% Nylon/37% polyurethane Goose or duck 687 0.38 ( ngbfjfﬁze’ngbg)
19 Coat, half thigh length 100% wool - 856 034 ngbﬂfge};gbg)
20 Coat, duffle coat, knee length 90% wool/10% nylon - 1,237 0.53 (Cfgbﬁfﬁze’ngbg)
21 Padded coat Polyester Goose or duck 738 0.61 COMFORT Lab. (Choi

and Lee, 2009)

COMFORT Lab.
22 Coat, calf length 100% wool - 1,310 0.54  (Choi and Ko, 2007; Choi
and Lee, 2009)

COMFORT Lab.

23 Coat, calf length Wool/polyester - 842 0.44 (Choi and Lee, 2009)
24 Coat, calf length Wool/angora - 967 0.60 (C}?oci)l\:jfﬁze,L;(t))@)
25 Coat, calf length Polyester, fur (trimmed) ; 2,083 0.60 (CEST‘;:C?E;L;&Q)
26 Coat, ankle length 100% wool - 1,533 0.72 (CE(SI\:II::EZQL;S@)
27 Down jacket 100% polyester Goose 750 0.53 Kim et al. (2015)
28 Down jacket 100% polyester Goose 560 0.47 Kim et al. (2015)
29 Air-cell jacket 100% polyester Air 490 0.40 Kim et al. (2015)
30 Air-cell-film jacket (no air but film only) 100% polyester - 469 0.44 Kim et al. (2015)
31 Jacket, waist length Nylon - 306 0.24 COMFORT Lab.
32 Jacket, waist length Nylon or polyester - 400 0.26 COMFORT Lab.
33 Jacket, waist length Nylon or polyester - 530 0.28 COMFORT Lab.
34 Jacket, waist length Nylon or polyester - 355 0.28 COMFORT Lab.
35 Rain coat with hood Nylon or polyester - 337 0.29 COMFORT Lab.
36 Padded jacket Nylon Goose 303 0.44 COMFORT Lab.
37 Padded jacket Nylon Goose 420 0.52 COMFORT Lab.
38 Padded jacket Nylon Goose 635 0.46 COMFORT Lab.
39 Padded jacket Nylon Goose 590 0.48 COMFORT Lab.
40 Padded jacket Polyester Goose 214 0.40 COMFORT Lab.
41 Padded jacket Polyester Goose 474 0.51 COMFORT Lab.
42 Padded jacket Polyester Goose 630 0.52 COMFORT Lab.
43 Padded jacket Polyester Goose 688 0.65 COMFORT Lab.
44 Padded jacket Polyester Duck 696 0.68 COMFORT Lab.
45 Padded jacket Polyester Duck 709 0.70 COMFORT Lab.
46 Padded jacket Polyester Goose - 0.58 COMFORT Lab.
47 Padded jacket Polyester Duck 887 0.61 COMFORT Lab.
48 Padded jacket Nylon Goose 424 0.63 COMFORT Lab.
49 Padded jacket Polyester Duck 871 0.72 COMFORT Lab.
50 Padded jacket Polyester Duck 866 0.76 COMFORT Lab.
51 Padded jacket Polyester Goose 926 0.78 COMFORT Lab.
52 Padded jacket Polyester Goose - 0.79 COMFORT Lab.
53 Padded jacket Polyester Synthetic - 0.82 COMFORT Lab.
54 Padded jacket Nylon Goose - 0.85 COMFORT Lab.
55 Padded jacket Polyester Goose 2000 0.91 COMFORT Lab.

56 Padded jacket Polyester Goose 2075 0.92 COMFORT Lab.
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Table 4. Illustration of winter jackets and coats which were mentioned in Table 3

23

22

1

2

20

19

18

17

30
37
a

29
36
13

The numbers of 17 to 56 correspond to

the numbers of Table 3. We do not

-16 from

provide the illustrations of #1

ISO 9920,

the

while we provide
illustrations of #17-16 because those

items were directly measured in the

present authors’ laboratory
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