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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

This International Standard is the first of a number of standard test methods in the field of clothing
comfort.

The physical properties of textile materials which contribute to physiological comfort involve a complex
combination of heat and mass transfer. Each may occur separately or simultaneously. They are time-

depe

ndent, and may be considered in steady-state or transient conditions.

Thermal resistance is the net result of the combination of radiant, conductive and convective heat
transfer, and its value dpppndq on the contribution of each to the total heat transfer Alth

ugh it is an

intri

nsic property of the textile material, its measured value may change through the cond

due to the interaction of parameters such as radiant heat transfer with the surroundings:

Seve
whic|

The

Stan
Meaq
using
air sj
can |
statg

Fal methods exist which may be used to measure heat and moisture propertiés-of tex{

sweating guarded-hotplate (often referred to as the “skin model”) described in this I
lard is intended to simulate the heat and mass transfer processes which occur next to
urements involving one or both processes may be carried out either separately or sin
b a variety of environmental conditions, involving combination§ of temperature, relati
peed, and in the liquid or gaseous phase. Hence transport properties measured with th
be made to simulate different wear and environmental’situations in both transient
s. In this International Standard only steady-state conditions are selected.

h is specific to one or the other and relies on certain assumptions for its interpretation.

tions of test

iles, each of

hternational
human skin.
ultaneously
ve humidity,
S apparatus
and steady-
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INTERNATIONAL STANDARD ISO 11092:2014(E)

Textiles — Physiological effects — Measurement of thermal
and water-vapour resistance under steady-state conditions
(sweating guarded-hotplate test)

1 Scope

This|International Standard specifies methods for the measurement of the thermal registance and
water-vapour resistance, under steady-state conditions, of e.g. fabrics, films, coatings, feamgand leather,
including multilayer assemblies, for use in clothing, quilts, sleeping bags, upholstery aiid similar textile
or tektile-like products.

The ppplication of this measurement technique is restricted to a maximum-thermal registance and
watejr-vapour resistance which depend on the dimensions and construction of the apparatps used (e.g.
2 m2K/W and 700 m2-Pa/W respectively, for the minimum specificatignsof the equipment referred to
in this International Standard).

The test conditions used in this International Standard are not-intended to represent spedific comfort
situdtions, and performance specifications in relation to physiolegical comfort are not stat¢d.

2 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

21
thermal resistance
Ret
temperature difference between the two faces of a material divided by the resultant heat flux per unit
arealin the direction of the gradient

Note|l to entry: It is a quantity gpecific to textile materials or composites which determines the |dry heat flux
acrogs a given area in responseto a steady applied temperature gradient. The dry heat flux may consist of one or
more|conductive, convective'and radiant components.

Note P to entry: Thermal-résistance is expressed in square metres kelvin per watt.

2.2
watgr-vapour-résistance
Ret
water-vapour pressure difference between the two faces of a material divided by the resultant
evapprative heat flux per unit area in the direction of the gradient

Note 1 to entry: Itisaquantity specificto textile materials or composites which determinesthe “latent” evaporative
heat flux across a given area in response to a steady applied water-vapour pressure gradient. The evaporative
heat flux may consist of both diffusive and convective components.

Note 2 to entry: Water-vapour resistance is expressed in square metres pascal per watt.

2.3
water-vapour permeability index
imt
ratio of thermal and water-vapour resistances in accordance with Formula (1):
R
it =S et D

et

© ISO 2014 - All rights reserved 1


https://standardsiso.com/api/?name=8fa398b700ce89861d60a535ae2d72af

ISO 11092

:2014(E)

where S equals 60 Pa/K

Note 1 to entry: The water-vapour permeability index is dimensionless, and has values between 0 and 1. A value
of 0 implies that the material is water-vapour impermeable, that is, it has infinite water-vapour resistance, and a
material with a value of 1 has both the thermal resistance and water-vapour resistance of an air layer of the same

thickness.

2.4

water-vapour permeability

Wa

characteristic of a textile material or composite depending on water-vapour resistance and temperature

in accordan

e with Formula (2):

Wy=—
d Re

where ¢Ty
equals, for ¢

Note 1 to ent

3 Symbg
Rct
Ret
Imt

Rcro
Reto

Wa
¢Tm
A

Ta

1
'¢Tm

is the latent heat of vaporization of water at the temperature Ty, of the measuring|unit,
xample, 0,672 W-h/g at Ty, = 35 °C

(2)

'y: Water-vapour permeability is expressed in grams per square metre hour-pascal.

)1s and units

is the thermal resistance, in square metres kelvin per, watt

is the water-vapour resistance, in square metres-pascal per watt
is the water-vapour permeability index, diméensionless

is the apparatus constant, in square metres kelvin per watt, for the measurement of]
thermal resistance Rt

is the apparatus constant, in square metres pascal per watt, for the measurement of
water vapour resistance Ret

is the water-vapour peymeability, in grams per square meter hour pascal
is the latent heat of vaporization of water at the temperature Ty, in watt hours per gram
is the area of the\measuring unit, in square metres

is the air temperature in the test enclosure, in degrees Celsius
is the'temperature of the measuring unit, in degrees Celsius

is'the temperature of the thermal guard, in degrees Celsius

Va
Sy
R.H.

is the water-vapour partial pressure, in pascals, of the air in the test enclosure at tem-
perature T,

is the saturation water-vapour partial pressure, in pascals, at the surface of the measur-
ing unit at temperature Ty,

is the speed of air above the surface of the test specimen, in metres per second
is the standard deviation of air speed v, in metres per second
is the relative humidity, in percent

is the heating power supplied to the measuring unit, in watts

© ISO 2014 - All rights reserved
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AH. is the correction term for heating power for the measurement of thermal resistance Rt

AH, is the correction term for heating power for the measurement of water-vapour resist-
ance Ret

a is the slope of the correction line for the calculation of AH,

B is the slope of the correction line for the calculation of AHe

4 Principle

The $pecimen to be tested is placed on an electrically heated plate with conditioned air dulcted to flow
acrogs and parallel to its upper surface as specified in this International Standard.

For the determination of thermal resistance, the heat flux through the test specimen is measured after

steady-state conditions have been reached.

f a material
e surface of
ler the same

The technique described in this International Standard enables the thermal resistance Rt
to bg determined by subtracting the thermal resistance of the boundatyyair layer above t}
the test apparatus from that of a test specimen plus boundary air layer,"both measured ung
condjitions.

For t

he determination of water-vapour resistance, an electrically heated porous plate is

covered by

a wdater-vapour permeable but liquid-water impermeablesmeémbrane. Water fed to the heated plate

evap
spec
temp
resis

The

matg
the s
undd

5 ]

5.1
appr

prates and passes through the membrane as vapour' so that no liquid water contd
men. With the test specimen placed on the membrdie, the heat flux required to maintai
erature at the plate is a measure of the rate of water evaporation, and from this the w
tance of the test specimen is determined.

fechnique described in this International Standard enables the water-vapour resistd
rial to be determined by subtracting the water-vapour resistance of the boundary air
urface of the test apparatus from:that of a test specimen plus boundary air layer, bof]
r the same conditions.

Apparatus

Measuring unit,Cwith temperature and water supply control, consisting of a
pximately 3 mmcthick with a minimum area of 0,04 m?2 (e.g. a square with each side

length, [) fixed to.a conductive metal block containing an electrical heating element [s

item
[tis s
measq

The (

5 (1) and (6))$For the measurement of water-vapour resistance, the metal plate (1) mug
urrounded by a thermal guard [item (8) of Figure 2] which is in turn located within an
uring table (11).

cts the test
n aconstant
ater-vapour

nce Ret of a
layer above
h measured

metal plate
200 mm in
pe Figure 1,
t be porous.
opening in a

betw

red at 20 °C

oefficient of radiant emissivity of the plate surface (1) shall be greater than 0,35, meas
_rl-l—l_rlTB_Tm—Tleh_‘_lﬁl‘_l_rrh_l_F‘leen € wavelengths 8 fim to 14 fim, wi € primary beam perpenadicutar to the piate surface and

the reflection hemispherical.

Channels are machined into the face of the heating element block (6) where it contacts the porous plate
to enable water to be fed from a dosing device (5).

The position of the measuring unit with respect to the measuring table shall be adjustable, so that the
upper surface of test specimens placed on it can be made coplanar with the measuring table.

Heat losses from the wiring to the measuring unit or to its temperature measuring device should be
minimized, e.g. by leading as much wiring as possible along the inner face of the thermal guard (8).

The temperature controller (3), including the temperature sensor of the measuring unit (2), shall
maintain the temperature Ty, of the measuring unit (7) constant to within = 0,1 K. The heating power H
shall be measurable by means of a suitable device (4) to within * 2 % over the whole of its usable range.
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Water is supplied to the surface of the porous metal plate (1) by a dosing device (5) such as a motor-
driven burette. The dosing device is activated by a switch which senses when the level of water in the
plate falls more than approximately 1,0 mm below the plate surface, in order to maintain a constant rate
of evaporation. The level switch is mechanically connected to the measuring unit.

Before entering the measuring unit, the water shall be preheated to the temperature of the measuring
unit. This can be achieved by passing it through tubes in the thermal guard before it enters the measuring
unit.

[ EE X EEXEIEEE IR R

L 2

metal plate
temperafure sénsor
temperafufe,controller

water-dosing device

1

2

3

4 heating-power measuring device
5

6  metal block with heating element
a

Set value of Tp,.

Figure 1 — Measuring unit with temperature and water supply control
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Key

10
11

5.2

J

easuring unit according to 5.1

ermal guard
mperature controller
mperature sensor
easuring table
et value of Ts.

Figure 2 — Thermal guard with temperature control

Thermal guard with temperature control [item (8) of Figure 2], consisting of a n

high thermal conductivity, typically metal, and containing electrical heating elements.

[ts purpose is to prevent heat leakage from the sides and bottom of the measuring unit (7).

aterial with

The width b of the thermal guard (see Figure 2) should be a minimum of 15 mm. The gap between the
upper surface of the thermal guard and the metal plate of the measuring unit shall not exceed 1,5 mm.

The thermal guard may be fitted with a porous plate and water-dosing system similar to that of the
measuring unit to form a moisture guard.

The thermal guard temperature Ts measured by the temperature sensor (10) shall by means of the
controller (9), be maintained at the same temperature as the measuring unit Ty, to within + 0,1 K.

© IS0 2014 - All rights reserved
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5.3 Testenclosure, into which is built the measuring unit and thermal guard, and in which the ambient
air temperature and humidity are controlled.

The conditioned air shall be ducted so that it flows across and parallel to the upper surface of the
measuring unit and thermal guard. The height of the duct above the measuring table shall not be less

than 50 mm

The drift of the temperature T, of this air flow shall not exceed * 0,1 K for the duration of a test. For
the measurement of thermal resistance and water vapour resistance values below 100 m2-Pa/W, an

accuracy of

The drift of
test.

This air flov
measuring u
a mean valu

[t is import3
related vari
over a time

6 Test specimens

6.1 Mate
Test specim
From each 1]

Before testi
specified in

6.2 Mate

6.2.1 Speq
vapour from

In the meagq

specimen thiickness is greater than approximately twice the width b of the thermal guard (see Figu

The deviatid
determined
for several t

of the specitlnen to be tested (see Figure 3).

+ 0,5 K is sufficient.

/ is measured at a point 15 mm above the measuring table over the centre of thejuncoy
nit and at an air temperature T, of 20 °C. The air speed v, measured at this pbint shall
e of 1 m/s, with the drift not exceeding + 0,05 m/s for the duration of a test:

nt that at this point the air flow shall have a certain degree of turbulence, expressed b
htion in air speed sy/v, of between 0,03 and 0,07, measured at approximately 6 s inte
pberiod of at least 10 min with an instrument which has a time constant of less than 1 s

rials < 5 mm thick
bns shall completely cover the surfaces of the measuring unit and thermal guard.
haterial to be tested, a minimum of three test’'specimens shall be cut and tested.

g, specimens shall be conditioned for asminimum of 12 h at the temperature and hum
either 7.3 or 7.4 as appropriate.

rials > 5 mm thick

imens falling into this catégory require a special test procedure to avoid loss of heat or y
their edges.

n from thélinear relationship between thermal resistance and specimen thickness c{
and cortected by the factor [1+ (ARct/Rct measured)] using the measurement of the Ret v
hicknesses of a homogeneous material such as foam, up to a total thickness d of at least

the relative hnmidify R.H of this air flow shall not exceed + 3 94 R H for the duration of a

ered
have

y the
rvals

idity

vater

urement of thermal resistance, corrections for thermal edge losses are necessary if the

re 2).
in be
hlues

that
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’

/
4; R carrected
|

————l]

d Thitkness

Figure 3 — Corrections for thermal edge losses during the measurement of thermalresistance

6.2.2 Ifthe thermal guardis not fitted with a porous plate and water-dosing system similar fo that of the
meaguring unit, for thie;measurement of water-vapour resistance the vertical sides of the cyt specimens
shall|be surrounded by a water-vapour impermeable frame of approximately the same height as that of
the free-standing specimen. The inner dimensions of the frame shall be the same on all sidef as those of
the porous plate‘of the measuring unit.

6.2.3 _Before testing, specimens shall be conditioned for a minimum of 24 h at the temperature and
humidity specified in either 7.3 or 7.4 as appropriate.

6.2.4 Specimens containing loose filling materials or having uneven thickness, such as quilts and
sleeping bags, require a special mounting procedure as described in Annex A.

7 Test procedure

7.1 Determination of apparatus constants

In the values for thermal and water-vapour resistance measured with the device described in this
International Standard, constants intrinsic to the apparatus are included. These constants comprise the
resistance within the measuring unit itself, plus that of the boundary air layer adhering to the surface of

© ISO 2014 - All rights reserved 7
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the test specimen. The latter is dependent on the speed and degree of turbulence of the air flowing over
the test specimen.

These apparatus constants, Rctp and Retp, are determined as “bare plate” values, and it is essential that
the upper surface of the measuring unit is coplanar with the measuring table.

7.1.1 Determination of R0

Forthe determination of Rctg setthe temperature of the measuring unit Ty, at 35 °Cand the airtemperature
T; at 20 °C with a relative humidity R.H. of 65 %. Set the air speed v, to 1 m/s. Any deviations from these
values shall be within the limits stated in Clause 5. Wait until the measured quantities (T, Ta, R.H., H)
reach steady-state before recording their values.

The bare plate resistance Rcto is determined from Formula (3).

(T, -Ty)-A

R.n=— 3
ct0 H—AHC ( )

AH. is a corfection term and is determined as described in Annex B.
7.1.2 Detérmination of Reto

7.1.2.1 During the determination of Retg, the surface of the poréus’plate is kept constantly inoist
by means df a water-dosing device (see 5.1). A smooth, water:vapour permeable but liquid-yater
impermeable cellophane membrane of thickness 10 um - 50 um shall be fitted over the porous platg.

The cellophfine membrane shall be moistened with distilledwater and fixed to the measuring plate by
appropriate|means so that it remains completely free of w¥inkles.

The water supplied to the measuring plate shall he-distilled, preferably double-distilled, and rebjpiled
prior to use $o thatitis free of gas in order to preventthe formation of gas bubbles beneath the membyrane.

7.1.2.2 Sef the temperature of both the measuring unit T, and the air temperature T, at 35 °C. S¢t the
air speed vato 1 m/s.

The relativg humidity R.H. of the air shall be kept constant at 40 %. corresponding to a water-vapour
partial pressure p, of 2,250 Pa./The water-vapour partial pressure py, directly at the surface qf the
measuring Qinit can be assuméd,equal to the saturation vapour pressure at the temperature of this
surface, i.e. p,620 Pa, without-eompromising the accuracy of the test.

Any deviatigns from the'dbove values of Ty, Ty, v4 and R.H. shall be within the limits stated in Clayse 5.
Wait until the measured quantities (T, Ta, R.H., H) reach steady-state before recording their valugs.

7.1.2.3 The bare plate resistance Retg is determined from Formula (4).

_(pm_paJ'A

= 4
et0 H—AHe [ )

AH. is a correction term and is determined as described in Annex B.

7.1.3 Reference material

A useful cross-check of the apparatus can be obtained by measuring a precalibrated thermal resistance
material, e.g. a reference material for thermal conductivityb.

1) Obtainable from the website (https://irmm.jrc.ec.europa.eu/Pages/rmcatalogue.aspx); Order No. IRMM-440 A
to D.

8 © ISO 2014 - All rights reserved
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7.1.4 Recalibration

Check the apparatus constants R¢to and Reto at regular intervals. Where deviations greater than the
accuracy of the measuring device occur (see Clause 8), an adjustment shall be made. In most cases a
change in Rt or Reto is caused by a deviation in the speed of the air v, over the surface of the test
specimen. Air speed should be checked at regular intervals by the technique described in 5.3.

The air flow (both speed and degree of turbulence) over the surface of the test specimen influences the
resistance of the boundary layer which adheres to the outer surface of the specimen, and thus influences

the test result.

7.2

7.2.1
defin

The 1

Assembly of test specimens on the measuring unit

Where appropriate, the orientation of the test specimens with respect to the air f
ed and described in the test report.

est specimens shall be placed so that they lie flat across the measuring unit, with the si

facing the human body towards the measuring unit. In the case of multiple layers, specim

array
tape

Bubh
betw

nged and stacked on the measuring unit as on the human body. Water-yapour impermea
or a light metal frame may be used around the edges of the test §pecimen to keep it fl

les and wrinkles in the test specimen, or air gaps betweenthe specimen and measy
een the components of multilayer specimens, shall be préevented provided they are nq

ow shall be

de normally
ens shall be
le adhesive

ring unit or
t specific to

the surface profile of the specimens.
NOTH Guidance on the test specimen assembly for materials prone to swelling is given in Annek C.
7.2.2 Normally, test specimens are measured free from stretch or loading and, in the cas¢ of multiple
layerfs, without air gaps between layers. However, if a test is carried out under extension or applied
presgure or with air gaps, this shall be mentiched in the test report.
7.2.3 With test specimens thicker than 3 mm, the measuring unit shall be lowered so that the outer
surfgce of the specimen is flush with the measuring table.
7.3 | Measurement of thermal resistance R
7.3.1 Set the temperature of the measuring unit Ty, at 35 °C and the air temperature T, 4t 20 °C with
a relative humidity RH) of 65 %. Set the air speed v, at 1 m/s. Any deviations from these values shall be
within the limits stated in Clause 5.
Other conditions of air temperature T, relative humidity R.H. and air speed v; may be uded. The test
repoft shallidescribe the alternative conditions and shall include a statement to the effect that the
results differ from those of tests carried out under the conditions stated in this International Standard.
Afterplacing thetest specimen o the measuring umnit, wait umntit-the measured quarntities{ T, Ta, R-H.,
H) reach steady-state before recording their values.
7.3.2 Calculate the thermal resistance Rt from Formula (5):
(T, -T,)-A
_ _ 5
ct H—AHC ct0 ( )

where the symbols and units are defined in Clause 3.

Calculate the thermal resistance Rt of the material being tested as the arithmetic mean of the individual
measurements.
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7.4 Measurement of water-vapour resistance Ret

7.4.1 For the measurement of water-vapour resistance, a water-vapour permeable but liquid-water
impermeable cellophane membrane shall be fitted over the surface of the measuring unit as described in
7.1.2.

7.4.2 Setthe temperature of both the measuring unit Ty, and the air T, to 35 °C with a relative humidity
R.H. of 40 %. Hold the air speed v, at 1 m/s. Any deviations from these values shall be within the limits

stated in Cla

use 5.

foct cracinaan

ar xzamoaaiwe con Ao oot o ezt th o
ot esSato Wit~

These isoth¢rmat-conditionsprevert-water—vapot est-spechness
Other condifions of relative humidity and air speed v, may be used. The test report shall describg the
alternative ¢onditions and shall include a statement to the effect that the results may differ from those
of tests carrfied out under the conditions stated in this International Standard.
If the air tempperature T, is changed, the testis non-isothermal and this International Standard no langer
applies.
After placing the test specimen on the measuring unit, wait until the measured-quantities (Ty, Ts,|R.H.,
H) have reached steady-state before recording their values.
7.4.3 Calcplate the water-vapour resistance Ret from Formula (6):
(Pp—Pa)-A
Rer == — 2=—Reo (6)
H-AH,

where the symbols and units are defined in Clause 3.
Calculate the water-vapour resistance Ret of the material being tested as the arithmetic mean qdf the
individual nieasurements.
8 Precisjion of results
8.1 Repeptability
For thermalfresistance Rct, the précision of repeated measurements on the same specimens with values
up to 50 x 10-3 m2-K/W has begen found to be 3,0 x 10-3 m2-K/W, as measured on single layers of fabrics.
With Rt values higher than 50 x 10-3 m2-K/W, the precision has been found to be 7 %, as measur¢d on
foams.
For water-vapour resistance Ret, the precision of repeated measurements on the same specimens{with
values up to| 10.m%-Pa/W has been found to be 0,3 m2-Pa/W, as measured on single layers of fabric.
With Re; valteshigherthan10-m2-Pa/iWthe preeisionhasbeenfoundto-be 7 96asmeasuredonfdams.

8.2 Reproducibility

In an interlaboratory trial using three specimens of a foam material of 3 mm, 6 mm and 12 mm thickness
tested in four laboratories, an average standard deviation of 6,5 x 10-3 m2-K/W for thermal resistance
R¢t and of 0,67 m2-Pa/W for water-vapour resistance Ret was found.

9 Testreport

The test rep
a)

10

ort shall include at least the following information:

reference to this International Standard;
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b) complete description of the material to be tested;
c) arrangement of test specimens according to 7.2;

d) number of test specimens per material to be tested and number of individual measurements on each
test specimen;

e) testclimate;
f) arithmetic mean value of the thermal resistance;

and/or

g) 4rithmetic mean value of the water-vapour resistance;
h) details of deviations from this International Standard;

i) ate of test.
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