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2 Introduction

Thermoinsulation properties have a great
influence on utility comfort. The signifi-
cance of thermoinsulation properties re-
sults from the fact that they aid the ther-
moregulation system of the human organ-
ism in such a way that they assure the user
appropriate physiological comfort in dif-
ferent climate conditions as well as during
the various physical efforts of the clothing
user. Problems concerning physiologi-
cal comfort have been undertaken many
times and described in literature [1 - 4].

Measurements of the thermoinsulation
properties of clothing rely mainly on
determination of the thermal resistance,
thermal conductivity, diffusion and ab-
sorption [5 - 9]. Knowledge of values
for these parameters creates a basis for
clothing designers because they are a
part of clothing material characteristics,
which allow for the conscious material
designing of clothing articles able to ful-
fill functions determined by the clothing
character on the one side: and on the other
- to assure the clothing user appropriate
comfort in different conditions of use. It
should be emphasised that it is very dif-
ficult to carry out explicit measurements
of thermal properties due to the different
research conditions [10 - 13], which is
the reason why literature data differ, of-
ten even for similar fabrics.

Over recent years waterproof clothing
articles made of membrane fabrics have
been implemented on the market. In the
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majority they are not air permeable but
have the important vapour permeability
property. In the case of clothing materi-
als, they allow for the free transmission
of water vapour molecules and, simul-
taneously, are a barrier for humidity and
harmful external factors (physiological
fluids, chemicals and so on) [10]. Semi-
permeable membranes cause an increase
in clothing thermo-insulation. Heat loss-
es appear mainly when air goes through

the textile material layer easily. Clothing
with membranes reduces the air perme-
ability from the outside to the inside of
the clothing to a minimum, designed to
maintain the body’s temperature, which
should be kept at an appropriate level
even in strong windy environmental con-
ditions. Nevertheless, the membranes are
thin, thus they do not have good ther-
moinsulation properties. Therefore, in the

Table 1. Description of clothing materials with membranes examined.

Desi- Material Kind of
gnation laminate
A Sympatex input two-layer
B Sympatex two-layer
C Sympatex two-layer
D Sympatex two-layer
E Gore-tex input two-layer
F Gore-tex two-layer
G Gore-tex two-layer
H Thermoactive 2L two-layer
| IThermoactive 2L two-laver
(5000/5000)* v
J Thermoactive 2L two-laver
(10000/8000)* Y
K Thermoactive 2L Seria two-layer
Guide (13000/11000)* Y
L Thermoactive 3L three-layer

]
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Figure 1. Alambeta measurement princi-
ple for a non-stationary heat flow state;
1 - heated plate, 2 - sample measured,
3 - lower plate, 4 - heat flow q(z), 5 - heat
Slow q>(7).

Components
membrane | outside fabric inside layer
nonwoven
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PTFE - nylon knit fabrics
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PTFE - nylon knit fabrics
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Figure 2. Graph of the values of heat
flows at a non-stationary heat flow state;
q - heat flow from heated plater to the sam-
ple, q> - heat flow from the sample to the
lower plate.
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case of low temperatures, it is necessary
to apply additional insulation layers [11].

The aim of this research was the compar-
ison of the thermal insulation of a wide
range of properties of clothing materials
with membranes of different raw mate-
rial and structure. By comparing the re-
sults of measurements carried out under
similar conditions, special attention was
given to evaluating the textile parameters
by changing the direction of heat flow.

I Materials and methods

Materials

Characteristics of clothing materials with
membranes are presented in Table 1.

Methods

The measurements presented are related
to selected interactive properties, i.e.,
thermal insulation, air and vapour per-
meability. For determination of thermo-
insulation parameters, an Alambeta de-
vice produced by Sensora was used [14].

The principal of function of the Alambeta
device consists of the mathematical eval-
uation of the process of heat transmission
through the material tested caused by its
thermal conductivity forced by the dif-
ferent temperatures of the bottom (lower)
plate of ambient temperature and the
measuring heated plate (Figure 1). After
insertion of the sample the head moves
down, and the heat (q; = f (1)) flows from
the heated plate to the sample, accumu-
lating in it during the non-stationery
state, and from the sample to the lower
plate qp = f(t) (Figure 2). Next, both heat
flows stabilise at a similar level, and the
thermophysical properties and thickness
of the samples measured can be evalu-
ated.

The sample thickness is measured by an
optoelectronic incremental sensor con-
nected to a screw. The measuring head
pressure is set and adjusted. The heat
flow density is detected using thermo-
couples that measure the temperature
gradient across a very thin plastic foil.

The maximum heat flow through the
sample gayx 1S described by the equation:

g = b-dt |
max \/E > ( )
where:

b — thermal absorption, in Ws1/2/m2K,
dt — thermal difference.
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The value of the coefficient of thermal
conductivity Ayean 1S calculated based on
the following equation:

q(0)h

“on)ikge) @

‘mean

where:
q(o0) — stationary heat flow determined as
a mean value of () and qp(0),

g~ —temperature of the measuring
plate,

ty —temperature of the lower plate,

kq — coefficient of correcting the heat

drops during the measurement,
h  —sample thickness.

The thermal resistance is determined
from the relationship:

B (tg —td)+kq(oo).
AT TR ®

And can be calculated from the relation:

R=7 4)

The thermal diffusion is determined by
the equation:

a=" ()

where:

A — the thermal conductivity,
p — the fabric density,

¢ — the specific heat capacity.

The thermal absorption is determined by:
b=\Apc (6)

The ratio of maximal and stationary heat
flow is evaluated by:

p — qmax (7)
q,

The stationary heat flow is determined
by:
g. =bA/(ze)"” ®)

The device registered seven parameters
simultaneously, which are given in fol-
lowing Table 2.

The thermoinsulation parameters were
measured by the Alambeta for two direc-
tions of heat flow. We assumed the fol-
lowing:
‘outside’: i.e., the laminate is placed
in such a way that the outer fabric is
directly below the heating head,
‘inside’: the outer fabric is on the low-
er plate.

Additionally, in order to determine the
influence of fabric structure parameters
on thermoinsulation properties, the fol-
lowing tests were made:
mass per square meter — in accordance
with PN-EN 12127:2000,
air permeability — in accordance with
PN-EN ISO 9237:1998,
vapor resistance — in accordance with
PN-EN 31092:1998,
thickness — in accordance with
PN-EN ISO 5084:1999.

For these tests the following equipment
was used:
FF — 12 device for measurement of air
permeability made by Hungary,
legalised balance WA 31,
model of M257b ‘artificial skin’ for
determination of vapour permeabil-
ity, made by SDL International Great
Britan.

The water vapor resistance was deter-
mined by means of the ’skin model’.
The device is equipped with a ‘sweating
guarded hotplate’, described as a ‘skin
model plate’, which simulates the cou-
pled emission of heat and water vapour
from the skin. The sample tested is situ-
ated on the electrically heated plate; the
flow of conditioned air is directed paral-
lel to its upper surface. The water vapour
resistance Ry was determined for the fol-
lowing parameters:

temperature of both surface plates and

air Ty =T,=308.15K;

relative humidity of air H, = 40%); air

flow velocity v, = 1 m/s.

The water vapor resistance R, is defined
by the equation:
(pm - pTa)' A

Re=-~——""—-R

0 » 10 MZPa/W, (9)
H-AH,

where:

pm= 5620 Pa is the partial pressure of
saturated water vapour at a tem-
perature of 308,15 K,

Pa = 2250 Pa is the partial pressure of
water vapour at relative humidity
H,=40%,

AH, denotes the constant of thermal
power during tests of water vapour
to permeability,

R,y 1s the constant for the device [15].

All measurements were made in normal

climatic conditions, i.e., at a temperature

of 20 °C = 1 °C and relative humidity of

65% £ 2%.
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Table 3. Results of the basic physical parameters of the fabrics tested.

Designation Thickness, Mass per square Density, Water — vapour
as on Table 1 mm meter, g/m?2 kg/m3 resistance, m2Pa/W

A 0.37 53.11 150.80 11.70
B 0.20 126.63 506.51 1210
C 0.23 127.34 538.45 10.47
D 0.26 128.84 926.97 12.59
E 0.16 54.67 344.89 6.38
F 0.26 163.91 646.57 10.04
G 0.23 96.10 423.35 8.84
H 0.16 141.11 884.72 16.07
| 0.33 224.30 697.66 30.72
J 0.33 202.04 615.02 26.49
K 0.09 97.19 1017.70 21.22
L 0.45 225.92 508.83 16.74
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Figure 3. Water vapour resistance of membrane clothing materials; [] - Sympatex, [ -

Gore-tex, Bl - Thermoactive.

B Results and analysis

Basic physical parameters and
water vapour resistance

Results of the fabrics tested are presented
in Table 3.

As can be seen, the materials selected for
testing, available on the market, are char-
acterised by a wide range of parameter
values.

In order to answer the question: which
laminate has better ‘breathability’, we
had to establish which one has the lowest
water vapour resistance; to do this meas-
urements of water vapour resistance were
performed. The results obtained are pre-
sented in Table 3 and Figure 3.

On the basis of the results presented in
Figure 3, it can be seen that the lowest
values of water vapour resistance were
found for laminates from the Gore-tex
group (E + G), which are at a level of
8.42 m2Pa/W. Gore-tex laminates have
the best properties among the laminates
examined because of the fact that the
lower the water vapour resistance of the
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laminate, the better its ability of sweat
transmission from the skin of a human
body.

The lowest water vapour resistance of the
Gore-tex laminates was shown by lami-
nate E, in which the PTFE membrane is
laminated with fine delicate knitted nylon
fabric. It should be pointed out that it is
the thinnest of the Gore-tex type lami-
nates, which confirms the proportional
influence of the thickness on its water va-
pour resistance.

Second in terms of vapour permeability
are Sympatex laminates with the PBT
membrane, (A + D) showing a water va-
pour resistance of 11.72 m2Pa/W. The
worst ‘breathability’ was shown by Ther-
moactive laminates (H + L) for which
the level of water vapour resistance is
22.25 m2Pa/W.

Such a differentiation in values is caused
mostly by the kind of membrane used in
laminates. The membrane made of PTFE,
which is a part of Gore-tex laminates, as-
sures the best ‘breathability’; whereas
the polyurethane membrane used in

Thermoactive laminates has the biggest
vapour resistance (almost 3 times higher
than the Gore-tex laminates), which can
lead to discomfort during clothing utility.
A good example showing the influence of
the kind of membrane on water vapour
resistance is a comparison of laminates
D (Sympatex) and E (Gore-tex), which
are of a similar thickness (laminate
D - 0.14 mm, laminate E — 0.15 mm) but
show different water vapour resistance
values (laminate D — 12.59 m2Pa/W,
laminate E — 6.38 m2Pa/W).

The majority of laminates show wa-
ter vapor resistance values in the range
Rer < 20 m2Pa/W; only for a few lami-
nates from the Thermoactive group are
values of water vapour resistance in the
range Re; > 20 m2Pa/W.

Knowing the classification of thermoin-
sulation clothing in the aspect of this pa-
rameter, (Table 4) it can be stated that al-
most all laminates belong to class 3, thus
they have “good” biophysical properties.
Only the majority of Thermoactive lami-
nates belong to the lower class — class 2,
therefore they are of an “average” level
in this resspect.

Thermoinsulation parameters

In Table 5 the thermoinsulation param-
eters assessed by the Alambeta device
are listed.

Since all the parameters assessed on the
Alambeta are related to homogeneous
materials, whereas the materials tested
in our research are typically multilayered
structures, in the parameters of laminates
assessed by the Alambeta device should
be considered only as the substitute val-

Table 2. Parameters registered by the
Alambeta device.

Symbol Unit Definition

A Wm-1K-1 (2)
a m2s-1 (5)
b Wm-2g1/2K-1 (6)
R Km2W-1 (3)
h mm

P - (7)
ds Wm-2 (8)

Table 4. Classification of water vapour re-
sistance according to the literature [16].

Water vapour resistance Rqt, m2-Pa/W

Class
3 2 1
Ret < 20 20 < Rg <40 40 < Ret
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Table 5. Set of mean values for the Alambeta parameters.

Thermal conductivity = Thermal diffusion,

Thermal absorption,

Thermal resistance,

The ratio of maximal | The stationary heat

Designation coefficigr;té_\;Vm-1 K-1 ’r‘n:g; Wm-2s1/2K-1 K’:n:£1 and statfilzr‘:vary heat Kf‘l;;m )
outside inside outside | inside outside inside outside inside outside inside outside inside
A 30.30 35.16 0.51 0.20 48.78 77.25 11.65 11.20 1.01 1.36 0.62 0.92
B 49.00 53.93 0.11 0.06 155.33 222.67 3.87 3.83 1.00 1.1 1.38 1.55
C 37.42 38.23 0.06 0.05 146.80 171.50 6.05 6.03 1.08 1.19 1.05 1.23
D 49.37 53.17 0.09 0.08 163.67 190.67 5.17 4.80 1.07 1.19 1.20 1.41
E 25.83 25.45 0.03 0.07 127.50 94.91 6.29 6.41 1.22 1.01 1.20 0.97
F 43.32 42.76 0.05 0.02 193.05 267.40 5.96 5.83 1.05 1.44 1.10 1.53
G 33.75 33.16 0.05 0.05 149.65 134.40 6.45 6.91 1.35 0.87 1.31 0.97
H 41.87 40.48 0.04 0.01 204.10 351.60 3.88 3.74 1.01 1.43 1.37 2.01
| 69.15 65.72 0.10 0.02 217.65 392.95 4.78 4.97 1.02 1.77 1.23 2.02
J 65.49 63.78 0.04 0.03 205.90 360.80 5.02 4.98 1.02 1.77 1.19 2.01
K 22.09 26.17 0.01 0.01 205.65 213.75 3.67 3.65 0.94 1.05 1.45 1.47
L 48.17 48.58 0.04 0.05 212.90 212.50 9.25 9.30 1.39 1.52 1.07 1.13

ues of these parameters. However, the
measurements performed can serve to
arrange the results obtained according to
the decreasing or increasing values.

Using two factor variance analysis, the
influence of two factors (the kind of fab-
ric or laminate and its side) on specific
thermoinsulation parameters were as-
sessed. Also interactions between factors
were analysed, which was done using the
module ANOVA/MANOVA of Statistics.

The following designations of independ-
ent factors were assumed:

1 — kind of the laminate,

2 — side of the laminate (outside or in-
side).

The two-factor variance analysis showed
that in the case of all parameters meas-
ured, both factors are significantly im-
portant.

Thermal resistance

Mean values of thermal resistance for the
outside and inside side are presented in
Figure 4.

The analysis showed that the kind of
laminate has a significant influence on
the value of thermal resistance. The val-
ues of this parameter obtained are over a
broad range (from 3.5 to 11.5 Km2/W).
A big differentiation in values results
from the different thicknesses of lami-
nates. Knowing the thickness of par-
ticular laminates, it can be easily noticed
that the thicker the laminate (laminates L
and A having the biggest thickness), the
higher the value of thermal resistance,
hence better protection against the cold.
In order to obtain materials of good insu-
lation properties, attention should be paid
to their thickness, remembering that the
clothing should not be too heavy because
it would worsen utility comfort.

Differences in thermal resistance be-
tween both sides of laminated fabric are
statistically insignificant, which could be
foreseen taking into account that the heat
transmission through the samples tested
occurs only by heat conduction and not
by radiation or convection. In this way
it should not depend on the direction of
heat flow.

Thermal conductivity coefficient

Mean values of thermal conductivity co-
efficient for the left and right side are pre-
sented in Figure 5.

Measurement of the thermal conductiv-
ity coefficient should be considered as a
confirmation of the thermal resistance.
Measurements of the thermal conductiv-
ity coefficient of layered materials by the
Alambeta device are the most controver-
sial quantity measured by this device.
The values of the thermal conductivity

O outside
O inside

80

Thermal resistance * 103, Km2W-'
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Material
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Figure. 4. Mean values of thermal resistance for the outside and  Figure. 5. Mean values of thermal conductivity coefficient for the

inside.
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Figure 6. Mean values of thermal diffusion for the outside and in-

side.

coefficient cannot be considered as the
opposite of thermal resistance as the ther-
mal resistance depends on the thickness
of the sample, whereas thermal conduc-
tivity is a feature of the material tested.
Therefore, sample K is characterised by
the lowest values of these two quanti-
ties, which was most surprising. The
kind of laminate has a significant influ-
ence on the values of thermal conductiv-
ity. The value of the thermal conductiv-
ity coefficient should not depend on the
direction of heat flow; the differences
measured can be caused by measuring
errors, which can result from the inac-
curacy of thickness measurement (about
+ 0.01 mm in relation to the thickness
range 0.09 — 0.45 mm), differences in the
theoretical relations of thermal conduc-
tivity between homogenous and layered
materials, and finally on the slight influ-
ence of thermal radiation.

Thermal diffusion

Mean values of thermal diffusion for
the outside and inside are presented in
Figure 6.

It results from the analysis that the kind
and side of laminate significantly influ-
ence the value of thermal diffusion, val-
ues of which are similar for the majority
of laminates. The exception is laminate
A, whose value is significantly higher
than for the other laminates. In two layer
Sympatex the PBT membrane is placed
on a PES nonwoven. For this laminate
and for the others, (B, E, F, H, 1) the val-
ues of thermal diffusion for the outside
are much higher than for the inside in
comparison to the diffusion for the rest
of the laminates. The different properties
of this laminate result from its specific
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structure. Probably the structure of the
nonwoven, which is used in laminate A,
caused such high values of thermal diffu-
sion for the outside.

Analysing the data characterising lami-
nate A (Table 3), it can be easily noticed
that this laminate has the lowest density,
which causes the high values of thermal
diffusion. For the majority of laminates,
the thermal diffusion measured for the
outside is higher than for the inside ir-
respective of the kind of membrane and
outer fabric. These differences result
mainly from the different structure of
both sides.

Thermal absorption

Mean values of thermal absorption for
the outside and inside are presented in
Figure 7.

Thermal absorption, also called the co-
efficient of heat adapting, is a surface
property which decides on the warm or
cold handle: the higher the value of this
parameter, the worse (less pleasant) the
handle is. On the basis of the analysis
carried out, it results that the kind of
laminate significantly influences thermal
absorption. Different values of thermal
absorption for particular laminates are
a result of differences in the surface of
outer fabrics and in the handle shown by
these fabrics. In Figure 7, it can be ob-
served that laminates A and E have the
lowest values of thermal absorption :
laminate A - two layer laminate Sym-
patex with a PBT membrane placed
on a thin PES nonwoven,
laminate E — Gore-tex, a PTFE mem-
brane is mounted on fine PA knitted
fabric.

Figure 7. Mean values of thermal absorption for the outside and

Analysing the data in Zable 3 and Fig-
ure. 5, it can be concluded that low val-
ues of thermal absorption are caused:
in the case of laminate A - by the low
density of this material; whereas
in the case of laminate E - by the low
thermal conductivity.

The low density of laminate A results
from the application of nonwoven as a
membrane background. Additionally,
nonwovens belong to textiles of the low-
est thermal absorption and are therefore
warm and pleasant to the touch.

The side of the laminate also influences
the value of thermal absorption. For the
majority of laminates, the values of ther-
mal absorption measured for the outside
are lower than for the inside, which is not
strange because the inside of the lami-
nate is a membrane foil; this is rather not
pleasant nor warm to the touch. Lami-
nates are used on the outer layer in cloth-
ing (for example in jackets), hence the
user does not feel the cold handle of the
membrane directly because it is at a dis-
tance from the human body (on another
clothing layer).

Different behavior is shown in the case
of fabrics E and G, for which the absorp-
tion values measured on the outside are
higher. This results from the fabric struc-
ture, in which the membrane is laminated
with the lining, creating the outside of the
laminated fabric.

In the case of laminate L, the values of
thermal absorption measured on the in-
side as well as on the outside are of the
same level. The different behaviour of
this laminate results from its specific

FIBRES & TEXTILES in Eastern Europe 2009, Vol. 17, No. 6 (77)
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Figure. 8. Mean values of the ratio of maximum and stationary heat

flow for the outside and inside.

structure: it is a three — layer laminate
(only one) in which the membrane is sur-
rounded on one side by the outer fabric
and on the another — by lining. It can be
noticed that laminates from the Ther-
moactive group have higher values of
thermal absorption than those like Gore-
tex or Sympatex, hence they are warm
and pleasant to the touch.

Ratio of maximum

and stationary heat flow

Mean values of the ratio of maximum
and stationary heat flow for the outside
and inside are presented in Figure 8.

At the moment of contact between a cold
material and the human skin, the heat
flux, i.e., qmax Starts to go from the skin
to the fabric. After a given time heat flow
is established at a determined level g5 —
so-called stationary heat flow. The ratio
of the maximum q,,x to stationary heat
flow g is one of the parameters charac-
terising clothing thermo-insulation, and,
similar to thermal absorption, it is a sur-
face property [4].

The analysis carried out showed that the
value of this parameter is influenced by
the kind of laminate as well as by its side.
The values of the maximum and station-
ary heat flow ratio are lower for the out-
side than for the inside, which concerns
the majority of laminates. The exceptions
are laminates E and G. The differences
can result from the different properties of
both sides, where the outside is a mem-
brane and the inside — knitted underline.

From the utility point of view, the fact
that the maximum and stationary heat
flow ratio measured for the inside is

FIBRES & TEXTILES in Eastern Europe 2009, Vol. 17, No. 6 (77)
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higher than for the outside is not advanta-
geous; it leads to a more rapid worsening
of the fabric handle (is unpleasant and
cool) on the inside of the laminate than
on the outside, hence directly at the hu-
man skin. In the case of laminates, it does
not really negatively influence their gen-
eral properties because they are placed
on outer clothing, thus they are not in di-
rect contact with the human body.

Stationary heat flow

Mean values of the stationary heat flow
for the outside and inside are presented
in Figure 9.

The results obtained are controversial as
the direction of heat flow should not in-
fluence the value of heat flow considering
that heat transmission to the bottom plate
takes place only through the conductiv-
ity of materials. It seems that other kinds
of heat transfer play a certain role in the
phenomena. The kind of laminate signifi-
cantly influences the value of stationary
heat flow because the values obtained for
this parameter are significantly different
for particular laminates. For the major-
ity of laminates, the inside shows higher
values than the outside; for laminates H,
I and J the differences are extremely high
(these laminates have simultaneously the
highest values for this parameter out of
all of the samples examined). Such a phe-
nomenon is extremely disadvantageous
because the heat is transmitted faster
from the surface of human skin than in
the subsequent material layer; it decreas-
es their thermo-insulation properties.

From the point of view of thermo-insu-
lation properties, the stationary heat flow
should achieve low values because in this

D E F G H J K L
Material

Figure 9. Mean values of the stationary heat flow for the outside

case the heated air layers between the hu-
man body and examined fabric transmit
heat to the material more slowly, causing
less heat lost.

It results from Figure. 9 that the low-
est values of stationary heat flow at the
place of contact are shown by laminate
A (Sympatex), which is caused by its
low thermal absorption, because a pro-
portional relationship exists between
the absorption and heat flow density.
This also explains the high values of this
parameter for laminates H, I and J (be-
ing Thermoactive laminates of different
breathability and waterproofness), which
have high values of thermal absorption.

M Discussion of results

The remarks and conclusions of this ar-
ticle concerning fabrics laminated with
half-permeable membranes were made
on the basis of an analysis of some of the
most important thermoinsulation param-
eters. As a result of this, the following
statements can be made:
thermal resistance is directly propor-
tional to the fabric thickness and in-
versely proportional to the thermal
conductivity coefficient. Laminates of
higher thickness are characterised by
the best thermo-insulation.
for the majority of laminates the val-
ues of thermal absorption coefficient
are high because they are character-
ised by a smooth surface, especially
on the membrane side
values of the maximum and stationary
heat flow ratios are different for some
laminates depending on the way the
sample is placed during measurement
(side of laminate being in contact with
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heating head). Generally, the values
of the maximum and stationary heat
flow ratios for the laminates exam-
ined showed that these laminates are
characterised by bad surface proper-
ties (cold to the touch), which results
mostly from the fact that their surfaces
are very smooth.

The analysis of the thermal diffusion val-
ues of membrane clothing fabrics showed
that in the case of laminates, there are
differences between the outer and inner
side of the fabric; for some laminates (A,
B, E, F, H and I) the differences are very
high. Generally, the values of thermal
diffusion are low in the case of laminates,
which confirms the small ability of these
fabrics to transport heat through pores.
Laminates are not permeable to air (in
this case we consider vapour transport)
because they have only micro-pores ena-
bling heat diffusion.

The Alambeta device measures thermal
resistance as well as sample thickness
and has in its algorithm such parameters
as sample area, power, and temperature
difference, which can create some ambi-
guity during measurement of multilay-
ered structures. This can also be the cause
of big errors during the measurement of
thin samples, which can cause differenti-
ated results when the head flows from the
right side or in the opposite direction.

M Conclusions

The best thermoinsulation proper-
ties are shown by laminate A from
the Sympatex group. Its low thermal
conductivity, as well as having the
warmest handle, lowest stationary
heat flow and highest thermal resist-
ance at a thickness similar to the rest
of the laminates caused that it is the
best thermal insulator from the all the
laminates examined.

In additional to laminate A from the
Sympatex group, Goretex laminates
are characterised by good thermal
properties. Goretex laminates have
the lowest thermal conductivity, a low
value of heat flow at the place of con-
tact , and the highest thermal resist-
ance. Besides, they are warm and nice
to the touch.

Besides Sympatex A laminate, the
second best with respect to good ther-
mal properties are shown by Sympa-
tex laminates, which showed a higher
thermal conductivity and lower ther-
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mal resistance than Goretex and are
colder to the touch .

The worst thermoinsulation proper-
ties are shown by laminates from the
Thermoactive group, which showed
the highest thermal conductivity, the
lowest thermal resistance and the
highest heat flow. Among them the
best thermoinsulator is the three-layer
laminate L, in which the membrane is
hidden between the outer fabric and
the lining. Such a construction caused
better properties, which result mainly
from its higher thickness than of the
rest of the Thermoactive laminates.
Two-layer laminates show worse ther-
moinsulation properties for the inside
than for the outside, which is not
good for the clothing user, because
the left side of the laminate is closer
to the user’s skin during utility. The
three-layer laminate L and two-layer
laminates (E and G) (the outer layer
is created by a membrane) showed
better thermoinsulation properties for
the inside than for the outside. During
clothing manufacture using two-layer
laminates there is a need to use an ad-
ditional layer (lining or heating layer)
due to the mechanical protection of
the membrane and a necessity to avoid
a feeling of cold when in contact with
the user’s skin.

Gore-tex laminates showed the lowest
values of water vapour permeability
resistance — on average 8.42 m2Pa/W,
and simultaneously they have the best
ability to remove sweat from a human
being.

Sympatex laminates show a wa-
ter vapour permeability resistance
of 11.72 m2Pa/W. Thermoactive
laminates are third, with at the same
time the worst ‘breathability’
22.25 m2Pa/W.

Generally we can say that carrying out
measurements of the thermoinsulation
properties of clothing materials, we
can obtain very valuable information
regarding the wide characteristics of
these materials. Knowledge of these
characteristics allows to assess how
clothing created from these materials
will protect the user against negative
atmospheric conditions, for example,
cold, rain, or strong wind. Knowing
parameter values of these clothing
materials, we can start to design cloth-
ing correctly, as well as choose and
combine materials in such a way to
create clothing of good thermoinsula-
tion properties.
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