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Design Principle and Methodology of Protective Clothing
in High Altitude Environment
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Abstract: The climate characteristics and the changes of high altitude environment hare high requirements for the thermal
comfort of the clothing. Clothing provides a way to control heat conversion between body and the external environment. The
changing climate and environment requires clothing to continuously adjusting thermal comfort ability. Through the analysis
about the high altitude environment and the body heat balance mechanism , the thermal protection mechanism is put forward
as follows: " inhibiting internal heat transfer, promoting external heat absorption" and the function setting of temperature
adjustment is proposed. The design principle and methodology were obtained , which could provide a reference to the design
of protective clothing in similar environment.
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Fig.1 Protective mechanism of low temperature protec-

tive clothing
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Fig.2 Interactive matrix of design factors
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Fig.2 Design method and process of high altitude envi-

ronmental protective clothing

5 % '

P TFRCER 358 DR 3R 0 52 2 M A5 By 4 IR R 8T
W i B 545 25 BB R R X AR B Bl 4P P i . S
SNERGEEI 28 g WS INE S AR R Y i
H o A P B B AR SRR Y B A L
B R ] i 1 B A S5 1A
MERGET T V|l 38 1k 12 Bl Ok LR ] A
PR 4 ATTEA T, o T s R I A H R
WSS SRAS L 31 PEH PP Y B R R 5 A
S NZ AR, Z R E" N R 5 4
FERART AR PR LA IR Bl f T AR
o, 7[RI B 37 A e i) Lo A v 4 5 SE PR iseit
TR 5 IR h o e/ MERI B BTk . Boe , 2
TR R — BB, 48 R I SR BRI R B4
MR 7k SR, IR T B B4 s i 4

,f/\ =

SE -

[ 1] Gambichler T, Laperre J, Hoffmann K. The European

standard for sun-protective clothing: EN 13758 [ J].

Journal of the European Academy of Dermatology and

Venereology 2006,20(2) :125-130.

B2 BT R B R A AR UL B 37 IR s SR i

[D]. SN IR R 2014,

[ 3 ] Havenith G. Heat balance when wearing protective clothing
[J]. Annals of Occupational Hygiene, 1999, 43 (5):
289-296.

[ 4 ] Humphreys M A. Clothing and the outdoor microclimate in
summer [ J ]. Building and Environment, 1977,12 (3) :

(2] =



- 100 - /8

X

o8 %2 %

137-142.
[ 5] SUF0]. Eebr5e d a5 A i MR B gons” [T]. KRG 4
L4 ,2012(2) :37-39.

YUAN Xiuming. A brief analysis of the " Chimney Effect"
of the pattern of mongolian robe [ J ]. Tianjin Textile
Science and Technology ,2012(2) :37-39. (iin Chinese)
R ATAERR, E AL P e il S A Ik B 47 e B A
BefXT [ J]. 941247 ,2013,34(10) :23-25.

LI Jun, HE Jiazhen, WANG Yunyi. Comparison of heat

[6]

insulation performance between commonly uesd high-
temperature and low-temperature protective clothing[ J].
Journal of Textile Research,2013,34 (10) :23-25. (in
Chinese )

[ 7] RERLr, RMEse, T Tt , 25 IR BT IR B iS5
[J]. B9 8IRHE,2015,43(4) :76-80.
WU Gaihong, WU Xiongying, DING Xuemei, et al. The
design and evaluation of low-temperature protective
clothing [ J]. Shanghai Textile Science and Technology,
2015,43(4) :76-80. (in Chinese)

[ 8 ] Wpse. X JE MM D5 argRE [ D], dbat:
et b ,2010.

[ 9] JAtese. AT A DU IR FEREARBT S [ 1 ]. P AR 25 i
KEESE 2013(12) :12-15.
ZHOU Hailiang. A study on pilots” anti-cold sleeping bag
[17. Chinese Journal of Aerospace Medicine,2003 (12) ;
12-15. (in Chinese)

[10] S0, & /R R IR D REA L PP S 2 (M. |
W RAE K ,2010:263-264.

[I1] RAASC, XA R AR [ M. 4 Ji. Jb st [ 2
4L L, 2007 :236-248.

[12] DOLEI P I, Vu-Khanh T. Gloves for protection from cold
weather [ J ]. Textiles for Cold Weather Apparel, 2009
(1) :374-398.

[13] Ghaddar N, Ghali K. Designing for ventilation in cold

weather apparel [ J ]. Textiles for Cold Weather Apparel,

2009(1) :131-151.

(14 ] FABAK. e AR B 17 I e T PR SE T ] P
LGP RRFOR ,2013,9(5) :49-53.
ZHOU Shulin. Study on the comfort of high and low
temperature proctive clothing [ J ]. Journal of Safety
Science and Technology, 2013, 9 (5): 49-53. (in
Chinese )

[15] ZRpnXL, P75 45 B 42 HI B € e i 3R S AR
Hh SR Bl 2 45,2005 (2) 12326,

LUAN Jiashuang, WANG Yajun. The system and material
of military cold- proof clothing in different countries in the
world [ ] ]. China Personal Protective Equipment, 2005
(2):2326. (in Chinese)

[16] Imray C,Grieve A,Dhillon S. Cold damage to the extremi-
ties ; frostbite and non-freezing cold injuries[ J]. Postgrad-
uate Medical Journal ,2009,85 (1007 ) :481- 488.

[17] Fok AR R 97 3 TAE SR (1], Tk BAS

RV ,1992(5) :309-313.

YU Yongzhong. Labor hygiene and protection at low

temperature [ J ]. Industrial Hygiene and Occupational

Diseases,1992(5) :309-313. (in Chinese)

VIGO T L, FROST C M. Temperature adaptable fabrics

[J]. Textile Research Journal,1985,55(12) :737-743.

[19] Pause B,%ffa] , 254 il A 7 (2 ) . AR M R T
PSR AT REMELT ] B g4L,2002(2) :32-35.
Pause B, ZHONG Wen, Textiles Testing ( USA ). The

(18]

possibility of phase change materials used in air-
conditioned buildings[ J]. New Textile, 2002 (2) :32-35.
(in Chinese)

[20] AR . ke FARASRER A F e SR [T ] v A TR Bl
Prdk£g 2009(2) :16-21.

ZHOU Zhengao. Research progress of phase change mate-
rials for clothing [ J] China Personal Protective Equip-
ment,2009(2) :16-21. (in Chinese)

(20 ] BXIGE I, XIOHE. T3l 28 H AR 7 38 PRI B 21 B i B

[J]. 95741541 ,2004 (3) :68-70.
ZHAO Xiaodi, DENG Ye. Study on microencapsulation
technology in regulating temperature regulating by heat
storage [ J ]. Textile Review, 2004 (3): 68-70. ( in
Chinese)

[22] PR, AL, 2R J0H Y AR X AR 2 B B A A T 3

PERISEM LT ] 9781774 ,2014,35(4) : 105-109.
LIN Xue, WANG Yunyi,LI Jun . Influence on asymmetri-
cal thermal insulation Tibetan robe on human thermal
comfort[ J]. Journal of Textile Research,?2014,35(4) .
105-109. (in Chinese)

[23] Jelka Gersak, Milan Marcic. The complex design concept
for function proctive clothing[ J]. Journal of Textile and
Clothing Technology ,2012(12) :112-115.

[24] Glanz K, Buller D B, Saraiya M. Reducing ultraviolet

radiation exposure among outdoor workers: state of the

evidence and recommendations [ J ]. Environ Health,

2007,6(22) :1-11.



28

EHI,F . BERIRE TR R RS ik - 101 -

[25] gRZM, SHT AR A6 07 3O IRk Fa FrE BE A 52

[J]. 258 244%,2012(12) . 112-115.
ZHANG Aiping, HUANGPU Xiaodong. Influence of
wearing methods on clothing thermal resistance [ J].
Journal of Textile Research, 2012 (12) . 112-115. (in
Chinese)

[26] Morioka I, Miyai N, Miyashita K. Hot environment and
health problems of outdoor worker at a construction site
[ J]. Industrial Health,2006,44(3) :474- 480.

[27] JEKEIL, RS MR R R e 5 IR B A O AR [T ]

JentiRe 7 B 24 ,2007,27(3) :31-37.
ZHOU Yongkai, TIAN Yongjuan. The relationship between
clothing style and garment thermal resistance[ J]. Journal
of Beijing Institute of Clothing Technology 2007 ,27(3)
31-37. (in Chinese)

[28] EmAL, B55. miRIRER S T AHAR RO M PR Y
YERIZE LML) ]. 9581741 ,2012,33(5) : 101-105.
WANG Yunyi,ZHAO Mengmeng. Objective measurement
of heat regulating effect of phase change vest under high
temperature and strong radiation [ J]. Journal of Textile
Research,2012,33(5) :101-105. (in Chinese)

[29] GUO Xiaofang, WANG Yunyi, LI Jun. Evaluation of
adjustable thermal insulations of tibetan clothing by
manikin testing [ J ]. Fibres and Textiles in FEastern
Europe,2013,21(97) :8791.

[30] Z7F. R FERF SRR Z C R [T]. 95815
412,1997,18(6) :23-25.

LI Dongpeng. The relationship between clothing wearing

sequence and garment thermal resistance [ J]. Journal of
Textile Research,1997,18(6) :23-25. (in Chinese)

[31] Arifpleg, s 24HE. 2 PRI 25 2L B BIF 58 5 0T % BEAR

[J]. 95412442 ,2001,22(5) :335-337.
SHI Haifeng, ZHANG Xingxiang. Research and develop-
ment status of regenerative and temperature-adjustable
textiles[ J]. Journal of Textile Research,2001,22(5):
335-337. (in Chinese)

[32] Mari E Bergen, Linda Capjack, Linda G Mc Connan, et al.
Design and evaluation of clothing for the neonate [ J].
Industrial Health,1996,23(3) :114-121.

[33] sy, ik, A A 53 RH AL HAE B B 21 A0 A 2 i

IR HILT]. 25814 ,2004,32(5) : 167-170.
LI Faxue ,ZHANG Guangping, YU Jianyong. The applica-
tion of phase change material in new infrared camouflage
[J]. Journal of Textile Research,2004,32(5) :167-170.
(in Chinese)

[34] GAO C,Kuklane K, WANG F, Holmer I. Personal cooling
with phase change material to improve thermal comfort
from a heat wave perspective [ J]. Indoor Air,2012,22
(6) :523-530.

[35] HUCK J, KIM Y. Coveralls for grass fire fighting[J].
International Journal of Clothing Science and Technology,
1997,9(5) :346-359.

[36 ] Janice Huck, Younghee Kim. Coveralls for grass fire
fighting[ J]. 1JCST,1997,9(5) :346-359.

(FTERE K T, REH)



