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2 Introduction

The ‘Human-clothing-environment’ 1is
regarded as a uniform whole in research
of heat transfer between the human body
and the environment. Thermal comfort of
the human body can be kept only if these
three factors are well balanced [1] and
maintain a proper relationship between
body heat production and loss [2]. We all
know that the weather is always change-
able when people are working outdoors
and the physical activity level of the hu-
man body is also diverse when people are
doing exercise [3] or some indoor work
[4]. Therefore to maintain the thermal
comfort of the human body, the thermal
insulation of the clothing ensemble may
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vary accordingly. However, the thermal
insulation of western clothing is difficult
or impossible to be adjusted according to
changes in the air temperature and physi-
cal activity level of the human body. Thus
the heat strain of the human body may de-
velop in such conditions, which in cold is
equally or even more hazardous than that
in a warm environment. Therefore facili-
tation of heat loss is very important and
clothing design with easy adjustment of
thermal insulation is extremely urgent [5].

Tibetan clothing is developed by local
people in a long-term practice in the un-
steady environment of the Tibetan pla-
teau. The average difference in air tem-
perature in this area is near 15 °C in a day
because of its high altitude and strong
solar radiation. Based on the wearer’s
thermal sensation, Tibetan clothing can
be adjusted into several styles. Three
typical styles are the regular, one shoul-
der exposed and the upper body exposed
(Figure 1) [6]. Practice has proved that
Tibetan clothing has excellent adaptabil-
ity to the unsteady environment on the
Tibetan plateau [7].

Thermal properties of traditional clothing
are very different from those of western

garments. This had been demonstrated by

Table 1. Descriptions of Tibetan robes.

Code Fabric type Colour
1# Fur-lined robe Dark Olive
2# . Purplish Blue

Synthetic robe
3# Black
4 Black
5# Dark Red
Pulu robe

6# Maroon
T# White
8# Wool robe Black
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earlier researches on the thermal comfort
properties of Inuit caribou skin clothing
[8], Korean clothing [9] and Arabian Gulf
clothing [10]. But up to now there has
been a lack of description and research
of Tibetan clothing in China, except for
some cultural and aesthetic information.

The aim of this research was to investi-
gate the thermal insulation and clothing
area factor of Tibetan clothing in China
by means of manikin testing and the pho-
tographic method, and reveal the effects
of different styles of Tibetan clothing
on their thermal property. This research
hopes to be valuable for the product
development of clothing used in an un-
steady environment and contribute to the
database of collecting and documenting
information about traditional and western
garments and clothing ensembles devel-
oped by the American Society of Heating
Refrigerating and Air conditioning Engi-
neering (ASHRAE) and the International
Standard Organization (ISO) [10].

I Materials and methods

Clothing ensembles

Eight typical Tibetan robes were sampled
in Lhasa city, China. Specifications of the
Tibetan robes are shown in Table 1.

Fiber content Weight, kg
100% polyester + fur 3.20
100% polyester 1.19
70% polyester 30%viscose 1.53
3.70
3.82
100% wool 3.42
2.77
1.89
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Table 2. Descriptions of garments in the inner ensemble.

Code Color Fibre content Weight, g
Briefs Dark Cyan 50
100% Cotton
Sleeveless Shirts 50
Dark Gray
Long-legged Pants 48% Modal / 47% Cotton / 5% Spandex 185
Trousers Dark Khaki 70% Polyester / 30% Viscose 410
Socks White 85% Cotton / 15% Spandex 40

Figure 1. Three typical styles of Tibetan clothing; a) regular, b) one shoulder exposed, and

¢) upper body exposed.

Figure 2. Thermal manikin clothed in Tibetan clothing in three typical styles.

On the Tibetan plateau, a thick and heavy
fur-lined robe (#1) is worn in winter,
Pulu robes (#4 ~ #7)and wool robe (#8)
are worn in the transitional seasons, and
light and thin synthetic robes (#2 ~ #3)
are worn in summer generally. Pulu is a
hand woven fabric and usually used to
make Tibetan garments.

Eight Tibetan clothing ensembles were
used in this research. They consisted of
different Tibetan robes and the same in-
ner ensemble (7able 2).

According to Tibetan custom, three typi-
cal styles of Tibetan clothing were cho-
sen in this research (Figure 1). In Tibet,
Tibetan clothing is always worn in the
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regular style when the weather is much
colder and in the other two unconven-
tional styles when people work or in a
warmer environment.

Thermal manikin

In this research, experiments were per-
formed using a dry and copper thermal
manikin of the FTD17 type (developed
by Donghua University), which can sim-
ulate dry heat loss from the human body.
The height of the manikin is 168 cm and
the body surface area 1.68 m2. There
are a total of 11 electrically independent
heating segments about the manikin: in
the head, chest-back, abdomen, buttocks,
left and right arms, thighs, legs and feet.
Each segment is individually controlled

by a computer. LabView software was
used to operate the thermal manikin.

Environmental conditions

Measurements were performed in a cli-
matic chamber of about 6 m3 volume
according to the requirements of ISO
15831 [11], in which the ambient condi-
tion was maintained at a constant level:
the air temperature at 14 + 0.1 °C, the air
velocity at 0.4 = 0.1 m/s, the relative hu-
midity of air at 50 + 5% and no radiation.

Thermal manikin experiments

The thermal manikin was clothed with
the inner ensemble first, then one Ti-
betan robe was chosen and clothed in
the regular style. The average manikin
surface temperature of each segment of
the manikin was maintained at 34 °C
(uniform surface temperature operation
model). According to the requirements of
ISO 15831 [11], the total thermal insu-
lations of 8 clothing ensembles in three
styles were measured (Figure 2). The
parallel method, recommended by ISO
9920 [12], was used to calculate the to-
tal thermal insulation (/7) of the clothing
ensembles according to local thermal in-
sulations of 11 segments of the manikin.
Each measurement was taken twice, and
the thermal insulation of the naked mani-
kin (I,) was also tested in the same air
conditions.

Clothing area factor (7)) of Tibetan
clothing measurements

There are two methods to determine the
clothing area factor of a clothing ensem-
ble: an estimated equation and the photo-
graphic method. Related researches [13,
14] had showed that existing regression
equations developed for determining the
fe1 of western clothing ensembles were
not suitable to predict the f;; of traditional
clothing. Thus a more complicated pho-
tographic method with a digital camera
was used in this research. According to
related information [15], photographs of
the clothed manikin and naked manikin
were taken by digital camera from three
azimuth angles (0, 45, and 90°) of two
altitudes.

Then f;; values of the clothing ensembles
were calculated by the average method
(Equation 1) based on projected areas
according to Photoshop treatments of the
digital pictures:

6 6
fd = zAcli zAm' (1)
i1 =]

FIBRES & TEXTILES in Eastern Europe 2013, Vol. 21, No. 1(97)



In Equation 1, f.; is the clothing area
factor; A.j; is the projected area of each
clothing ensemble at the i angle (3 azi-
muths of 2 altitudes); 4,,; is the projected
area of the nude manikin at the i angle
(3 azimuths of 2 altitudes); i =1, 2, 3, 4,
5 and 6.

There were total three clothing area fac-
tors (feiq» feip and foj.) for each Tibetan
clothing ensemble in different styles.

Measurements of the body surface
area enclosed by a Tibetan robe

The body surface area enclosed by a Ti-
betan robe (BSAC) can indicate the dif-
ference between different styles of Tibet-
an clothing. Thus three BSAC values of 8
Tibetan robes were tested in the same ex-
periment of determining the f; of Tibetan
clothing. Then the BSAC value of the Ti-
betan robe was calculated by Equation 2.

BSAC = 100*% 2)
nl

In Equation 2, BSAC is the body surface
area clothed by the Tibetan robe in %; A,
is the projected area of the thermal mani-
kin clothed by the Tibetan robe from the
front view; A4, is the projected area of
the whole nude manikin from the front
view.

There were a total of three BSAC values
(BSAC,, BSAC}, and BSAC,) for each Ti-
betan robe in different styles.

Calculation of the intrinsic thermal
insulation of Tibetan clothing

Based on the clothing area factor and to-
tal thermal insulation, the intrinsic ther-
mal insulation of Tibetan clothing was
calculated as follows [1]:

]c[:]T_Ia/fcl 3)

There were a total of three intrinsic ther-
mal insulations (/.,, I and 1..) for
cach Tibetan clothing ensemble in differ-
ent styles.

@ Results and discussion

The total thermal insulations of the 8
samples of Tibetan clothing tested on the
thermal manikin are shown in Table 3.
The clothing area factors of the Tibet-
an clothing tested by the photographic
method and calculated from Equation 1
are also shown in Table 3. The thermal
insulation of the nude manikin (/,) was
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Table 3. Total thermal insulations and clothing area factors of Tibetan clothing.

Code ITa! clo ITb, clo ITCv clo fc|a fclb fc|c
1# 250+0.09 | 2.01+0.05 1.48 £ 0.04 1.90 £ 0.04 1.75 £ 0.05 1.68 £ 0.07
2# 1.68 + 0.04 1.48 £ 0.05 1.27 £0.05 1.75 £ 0.06 1.51+£0.08 1.44 £ 0.04
3# 1.67 £0.07 1.50 + 0.04 1.28 £0.05 1.74 £ 0.06 1.52 £ 0.05 1.43 £0.09
4# 1.78+0.06 | 1.58+0.07 @ 1.31+0.03 | 1.86+0.03 | 1.72+0.04 | 1.59+0.05
5# 1.73 £ 0.06 1.54 £ 0.07 1.29 £ 0.04 1.84 £0.07 1.69 + 0.06 1.58 £ 0.03
6# 1.77 £0.08 1.53 £ 0.06 1.30 £ 0.06 1.82 £0.08 1.67 £0.05 1.55 + 0.04
# 1.80 £ 0.09 1.66 +0.02 1.32£0.04 1.76 £ 0.07 1.61 £ 0.04 1.49 £ 0.06
8# 1.79£0.10 1.54 +0.08 1.30 £0.03 1.73 £0.04 1.59 £ 0.05 1.51 £ 0.09

Table 4. 1.; of Tibetan clothing and BSAC of Tibetan robe in three typical styles.

Code Icja; clo lcib, clo Ieic, clo
1# 2.1 1.58 1.04
2# 1.26 0.99 0.75
3# 1.24 1.01 0.76
A# 1.39 1.15 0.84
5# 1.33 1.1 0.82
6# 1.36 1.09 0.82
T# 1.38 1.20 0.82
8t 1.36 1.08 0.81

determined as 0.74 clo in the same condi-
tions.

Table 3 shows that both the total thermal
insulations and clothing area factors of
the Tibetan clothing gradually decreased
according to the style: regular, one shoul-
der exposed, and upper body exposed.

The intrinsic thermal insulations of the
Tibetan clothing calculated from Equa-
tion 3 and the BSAC values of the Tibet-
an robes calculated from Equation 2 are
shown in Table 4.

Effect of different styles on f;;
of Tibetan clothing

For western clothing, the f;; can be es-
timated from the /| according to some
regression equations [12, 14, 15]. A simi-
lar estimated equation was obtained for

BSAC, % BSACy, % BSAC., %
78 +0.54 63 + 0.67 42 £ 0.50
76 £ 0.44 61+ 0.69 40 +0.46
78+0.63 61+ 0.56 40+0.78
77 £ 0.54 61+ 0.56 40+0.76
77 £ 0.45 61+ 0.65 40 £0.38
77£0.73 61+ 0.45 40£0.74
76 + 0.56 60 +0.38 38 £ 0.47
76 + 0.63 61+ 0.56 40 +0.76

traditional Tibetan clothing. According
to Tables 3 and 4, three prediction mod-
els were deduced by linear regression
analysis of f; values and I.; values of the
Tibetan clothing in different styles (Fig-
ure 3).

Figure 3 shows that by changing the style
from regular to one shoulder exposed and
to the upper body exposed, the intercepts
of these models were decreased; how-
ever, the slopes were increased gradu-
ally. This means that for a similar change
in 1., the change in f.; increased in the
unconventional styles more than in the
regular style.

A united model was deduced by linear
regression analysis of f; values and /.
values of the Tibetan clothing in all styles
(Figure 4).

2.0
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o
1.8 ©
1.7
164
g o regular style
o o one shoulder exposed
1.5 v upper body exposed
— £, = 1.575+0.158],,
149 —f, = 1.238+0.343/,,
. ——f,_=0.847+0.825/
Figure 3. Three “o6 08 10 12 14 16 18 20 22

models of the f; of
Tibetan clothing in
different styles.
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Figure 4. United model of the f.; of Tibetan clothing and present

models.

Figure 4 shows that the f;; of the Tibetan
clothing in this research were more than
that of western clothing according to ISO
standards. The slope of the united mod-
el is similar to that of the model from
ISO 11079 [15]; however, the intercepts
of the two models are different. For simi-
lar insulation, the f;; of Tibetan clothing
is about 0.23 bigger than that of western
clothing estimated from ISO 11079.

One-way ANOVA analysis was used to
reveal the effect of different styles on
the f; of the Tibetan clothing. Multiple
comparison results of the LSD testing
method showed that there are significant
differences among the three f.; values of
the Tibetan clothing in different styles
(» <0.05). One predicting model was de-
duced by linear regression analysis of f,;
values of the Tibetan clothing and BSAC
values of the Tibetan robes (Figure 5).

Figure 5 shows that the influence of the
BSAC of the Tibetan robe on the f; of Ti-
betan clothing is significant, and the f;
will increase by 0.007 with an increase
of 1 percent in the BSAC. From the
regular to the upper body exposed style,
the BSAC value of the Tibetan robe de-
creased by about 40%; hence the f;; de-
creased by nearly 0.28.

This means that the style of Tibetan robe
has a significant effect on the f;| values of
the Tibetan clothing. The looser fitting of
traditional clothing than western clothing
results in greater f. values, which is in
agreement with the conclusion of Arab
Gulf clothing [10]. Therefore the photo-
graphic method is recommended to de-
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termine the f; of traditional clothing, and
the estimated equation is more suitable to
predict that of western clothing.

Effect of different styles on the 7,
of Tibetan clothing

One-way ANOVA analysis was used to
reveal the effect of different styles on
the intrinsic thermal insulations of Ti-
betan clothing. Multiple comparison re-
sults of the LSD testing method showed
there were significant differences among
the three intrinsic thermal insulations of
the Tibetan clothing in different styles
(p <0.05).

One prediction model was deduced by
linear regression analysis of /.; values of
the Tibetan clothing and BSAC values of
the Tibetan robes, shown in Figure 5.

Figure 5 shows that there was a signifi-
cant influence of the BSAC of the Tibetan
robe on the /. of Tibetan clothing. The
1.; increased by 0.016 clo with an in-
crease of 1 percent in the BSAC. From
the regular to the upper body exposed
style, the BSAC values of the Tibetan
robes changed by about 40%, hence
the 7.; was nearly regulated at 0.64 clo,
which proved that the adjustable extent
of intrinsic thermal insulations of Tibetan
clothing by their styles was big enough
to influence heat transfer between the hu-
man body and the environment.

The adjustable thermal insulation of Ti-
betan clothing revealed its adaptability to
the large air temperature difference en-
vironment of the Tibetan plateau, which

BSAC of Tibetan robe, %

Figure 5. Relationship between 1.}, f.; and BSAC.

should be valuable for the product devel-
opment of clothing used in such an un-
steady environment and contribute to the
database of collecting and documenting
information about traditional and western
garments and clothing ensembles.

M Conclusion

Thermal manikin testing and the pho-
tographic method were used to test the
intrinsic thermal insulation and cloth-
ing area factor of Tibetan clothing. The
BSAC of a Tibetan robe was also tested
to indicate the difference between styles
of Tibetan clothing. The effects of differ-
ent styles on the clothing area factor and
intrinsic thermal insulation of Tibetan
clothing were revealed.

Experimental results showed the follow-
ing: 1) For a clothing ensemble of similar
insulation, the f; of Tibetan clothing is
about 0.23 bigger than that of western
clothing estimated from ISO11079; 2)
the style of Tibetan clothing significant-
ly affects the f; (p = 0.05, fo = 1.229 +
0.007 BSAC) and I (p = 0.05, I;; = 0.166
+ 0.016 BSAC) of Tibetan clothing; 3)
the adjustable thermal insulations of Ti-
betan clothing prove its adaptability to
the large air temperature differences of
the environment of the Tibetan plateau,
which should be valuable for the product
development of clothing used in an un-
steady environment and contribute to the
database of collecting and documenting
information about traditional and western
garments and clothing ensembles.
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INSTITUTE OF BIOPOLYMERS
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LABORATORY OF ENVIRONMENTAL PROTECTION

The Laboratory works and specialises in three fundamental fields:
R&D activities:
research works on new technology and techniques, particularly envi-
ronmental protection;
evaluation and improvement of technology used in domestic mills;
development of new research and analytical methods;

research services (measurements and analytical tests) in the field of en-
vironmental protection, especially monitoring the emission of pollutants;

seminar and training activity concerning methods of instrumental
analysis, especially the analysis of water and wastewater, chemicals
used in paper production, and environmental protection in the paper-
making industry.

Since 2004 Laboratory has had the accredi-
tation of the Polish Centre for Accreditation
No. irmi

o. AB 551, confirming that the Laboratory ﬁ\\‘ Qﬁ
meets the requirements of Standard PN-EN fufil b =

BADANIA

ISO/IEC 17025:2005. AB 388
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Investigations in the field of environmental protection technology:
Research and development of waste water treatment technology, the
treatment technology and abatement of gaseous emissions, and the
utilisation and reuse of solid waste,

Monitoring the technological progress of environmentally friendly technol-
ogy in paper-making and the best available techniques (BAT),

Working out and adapting analytical methods for testing the content of
pollutants and trace concentrations of toxic compounds in waste water,
gaseous emissions, solid waste and products of the paper-making indus-
try,

Monitoring ecological legislation at a domestic and world level, particu-
larly in the European Union.

A list of the analyses most frequently carried out:
Global water & waste water pollution factors: COD, BOD, TOC, suspend-
ed solid (TSS), tot-N, tot-P
Halogenoorganic compounds (AOX, TOX, TX, EOX, POX)
Organic sulphur compounds (AOS, TS)
Resin and chlororesin acids
Saturated and unsaturated fatty acids
Phenol and phenolic compounds (guaiacols, catechols, vanillin, veratrols)
Tetrachlorophenol, Pentachlorophenol (PCP)
Hexachlorocyclohexane (lindane)
Aromatic and polyaromatic hydrocarbons
Benzene, Hexachlorobenzene

Phthalates Polychloro-Biphenyls (PCB)

Carbohydrates Glyoxal

Glycols Tin organic compounds
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