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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 document specifies the testing method for the determination of the amount of the heat transferred
through clothing fabrics by the combined dry and evaporative heat emission under the simulated and
specified conditions.

The amount of heat emission through clothing from our body is very important for comfort in
hot environment or during vigorous activities. It is why we consider the comfort of our body as a
thermal balancing among ambient climate, energy metabolism and the performance of clothing
through remov1ng the excessive heat from our body The total heat transfer from the body occurs

g 3 : Rekte hejevaporative
heat |transmission by sweating at the same tlme The amount of total heat transfer depenpds on both
gradjents of temperature and humidity, for example, the evaporative heat emission has mdre weight in
hot gnvironment with moderate humidity because the dry heat transfer is decreased’by the reduction
of the temperature difference between body and ambient climate.

Thergfore, this document specifies the testing method for the determination of the amounit of the heat
transferred through clothing fabrics by the combined dry and evaporative heat emission simultaneously
under the simulated and specified standard conditions using sweatiig guarded hot plate. It is for
evalyating the performance of clothing fabrics for cooling down the excessive heat from ouf body.

© IS0 2020 - All rights reserved v


https://standardsiso.com/api/?name=4520ca91f914ef7eae13f47cc1a02daf



https://standardsiso.com/api/?name=4520ca91f914ef7eae13f47cc1a02daf

INTERNATIONAL STANDARD ISO 20852:2020(E)

Textiles — Determination of the total heat transfer through
textiles in simulated environments

1 Scope

This document specifies the test method for determining the amount of heat transferred through

clot nd specified
condiitions. This test method can be used for fabrics, films, coatings, foams and leathefs including
multjlayer assemblies used in hot environment or in activities.

The application of this measurement technique is restricted to a maximum amouat of total heat transfer
which depend on the dimensions and construction of the apparatus used (e.gcabout 1 200 W/m? for the
maximum specifications of the equipment according to ISO 11092).

2 Normative references

The following documents are referred to in the text in such away that some or all of their content
consfitutes requirements of this document. For dated references, only the edition cited |applies. For
unddted references, the latest edition of the referenced document (including any amendmepts) applies.
ISO 3696, Water for analytical laboratory use — Specification and test methods

[SO 11092:2014, Textiles — Physiological effects —Measurement of thermal and water-vapour resistance
undey steady-state conditions (sweating guarded-hetplate test)

3 Terms and definitions

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

ISO gnd [EC maintain terminological databases for use in standardization at the following dddresses:
— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropediazavailable at http://www.electropedia.org/

3.1

dry heat emission

heat|transferred by the temperature difference between the two faces of a material diyided by the
resultant heat flux per unit area in the direction of the gradient in dry state

Note Il to entry: It is a quantity which determines the dry heat flux across a given area in responsde to a steady

applied temperature gradient.

3.2

evaporative heat emission

heat transferred by the water-vapour pressure difference between the two faces of a material divided
by the resultant evaporative heat flux per unit area in the direction of the gradient, when evaluated
non-isothermally

Note 1 to entry: Itis a quantity which determines the “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 condensation as
well as diffusive and convective components.

© IS0 2020 - All rights reserved
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3.3

total heat transfer

amount of heat transferred by the combined dry and evaporative heat exchanges under the specified
conditions

Note 1 to entry: It is expressed in watts per square metre.

4 Symbols and units

R, total thermal resistance of the test specimen and the air layer, Kxm2/W
R.co tl:frmal resistance including the air layer on the surface of the plate without a test specimen
This is the apparatus constant, Km2/W.

R infrinsic thermal resistance of the test specimen only
In[the calculation of this value, the assumption is made that the boundary layers of the bpre
plate and the boundary layers of the test specimen are equal, K-m2/W.
R, A agparent total evaporative resistance of the test specimen, liquid barrier, and surface aij
layer when evaluated non-isothermally, kPa-m2/W
The term apparent A is used as a modifier for total evaporative resistance to reflect the fact
thiat condensation may occur within the specimen, kPa-m?2/W.
R, evlaporative resistance including the air layer on thesurface of the liquid barrier without a
tept specimen (that is, bare plate) when evaluatedaion-isothermally.
This is the apparatus constant, kPa-m?2/W.
R e/A infrinsic evaporative resistance of the test specimen only when evaluated non-isothermally,
kFa-m2/W

In[the calculation of this value, theassumption is made that the boundary layers of the bpre
plate and the boundary layers of the fabric are equal.

A arjea of the measuring unit, m?

T, temperature in the air flowing over the specimen, °C

T, temperature of thetheasuring unit, °C

T, temperaturesfithe thermal guard, °C

P, whter-vapour partial pressure, kPa, in the test enclosure at temperature T,

P, salturatiogwater-vapour partial pressure, kPa, at the surface of the measuring unit at tem-
perature 1,

R.H. relative humidity, %

H heating power supplied to the measuring unit, W

Q; total heat transfer through textiles, W/m?

R 25 0,065 K-m?/W, the standardized bare plate thermal resistance at the air temperature 25 °C
in test enclosure

Reg 125" 0,003 5 kPa-m2/W, the standardized bare plate evaporative resistance at the air tempera-
ture 25 °C in test enclosure

2 © IS0 2020 - All rights reserved
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5 Principle

This test evaluates two forms of heat transfer which are dry heat and evaporative heat emission. The
total heat transfer results from combining both by calculation. Dry heat emission represents the heat
loss resulting from the external environment due to the temperature gradient 10 °C and it is drawn from
the standardized total thermal resistance of the test specimen and air layer. Evaporative heat emission
represents the heat loss resulting from the external environment due to the vapour pressure gradient
3,57 kPa and it is drawn from the standardized total evaporative resistance of the test specimen and
air layer

6 Apparatus

6.1 | Sweating guarded hot plate test machine, as described in ISO 11092.

7 Materials

7.1 | Water

For the evaporative resistance measurements, water for analytieal laboratory use over grade 3,
according to ISO 3696, shall be used to wet the test plate surface:

7.2 | Liquid barrier

A smooth, water-vapour permeable but liquid-waterinipermeable cellophane membrane pf thickness
10 pm to 50 pm shall be fitted over the porous plate,

8 Test specimens

Threfe test specimens are used. Use testspecimens large enough to cover the surface of the hot plate test
sectipn and the guard section completely. Remove any undesirable wrinkles from the test specimens.
Posslble techniques for removing wrinkles include smoothing, free-hanging, pressing, steaming,
ironing, and so forth. Allow theytest specimens to come into equilibrium with the atmosphere 25 °C,
65 % R.H. of the testing charibér after conditioning them at the same environment for at lepst 12 h.

9 Test procedure

9.1 | Test conditions

Mairftain the temperature of the test plate, guard section and bottom plate at (35 * 0,5) °C without
flucthating more than #* 0,1 °C during a test.

Air temperature should be (25 % 0,5) °C and it should maintain the air flowing over the test plate at the
same condition without fluctuating more than * 0,1 °C during a test.

Maintain the relative humidity of the air flowing over the plate at (65 * 4) % R.H. during the test.

Set the air velocity 1 m/s. Maintain the same air velocity for all calibrations and tests, and without
fluctuating more than * 0,1 m/s over the duration of the test measurement.

© IS0 2020 - All rights reserved 3
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9.2 Procedure

9.2.1 Determination of R,

Measure the bare plate thermal resistance R, according to ISO 11092:2014, 7.1.1 at the test condition
(25 £0,5) °C, (65 £ 4) % R.H. of 9.1. The bare plate thermal resistance shall be average of at least three
measurements with nothing mounted on the test plate.

9.2.2 Measurement of total thermal resistance R, for a test specimen

Maintain th
and measur]
transfer R,

e same condition of 9.1. Place the test specimen to be tested on the measuring unit surface
e the total thermal resistance R... Measure and calculate the total resistance to dry|heat
for a test specimen including the air layer resistance when equilibrium is reached, ising

Formula (1){ The total thermal resistance shall be the average of the measurements for the 3|specijnens
atleast.
R, :(_T1 -1 )A 1)
H
where
R, isthe total resistance to dry heat transfer provided by the testspecimen and air layer, K-m2/W;
A is the area of the measuring unit, m?;
H is the heating power supplied to the measuring unit{W;
T, isthe temperature of the measuring unit, °C;
T, isthe temperature in the air flowing overthe test specimen, °C.
9.2.3 Megsurement of intrinsic thermal resistance of the test specimen, R

Determine the intrinsic thermal resistance provided by the test specimen alone, R 4 by subtracting the

from

average the

'mal resistance value medsured for the bare plate including the air layer, R, in 9.2.1

the average ffotal thermal resistance value measured for the test specimen and air layer, R, in 9.2.2. See
Formula (2)

Rcf :Rct _RctO (2)
where R (is|the intrinsic thermal resistance of the test specimen only.
In the calculationef this value, the assumption is made that the boundary layers of the bare plat¢ and

the boundarnyJayers of the test specimen are equal, K-m2/W.

9.2.4 Measurement of the evaporative resistance including the air layer on the surface of the
liquid barrier without a test specimen, R,/

After testing all specimens for thermal resistance according to 9.2.2, perform the following procedures
before the apparent evaporative resistance measurements are made.

Maintain the same environmental condition to (25 + 0,5) °C, (65 + 4) % R.H. of 9.1. Feed distilled water
to the test plate so that water uniformly wets the test plate and guard section surface. Cover the test
plate and guard section with the liquid barrier to prevent wetting of the test specimen by the liquid
water. Adhere the liquid barrier closely to the test plate and guard section with no wrinkles of air
bubbles present.

© IS0 2020 - All rights reserved
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Calculate the bare plate evaporative resistance R,,,4, including the air layer and the liquid barrier when
equilibrium is reached using Formula (3). The bare plate evaporative resistance shall be average of at
least three measurements.

A_ (Pm_Pa)A (3)

et H_(Tm _Ta)A/RctO

where

R,./A isthe evaporative resistance including the air layer on the surface of the liquid barrier
without a test specimen (that is, bareplate) when evaluated non-isothermally;

NOTE This is the apparatus constant, kPa-m2/W.

P is the saturation water-vapour partial pressure, kPa, at the surface of thelmeasuring unit
at the temperature T ;

P is the water-vapour partial pressure, kPa, in the test enclosure at femperature [I’;;

I is the heating power supplied to the measuring unit, W;

R..o  istheaverage bare plate thermal resistance including the air layer on the surfagce test plate
without a test specimen K-m2/W determined in 9.2{15K-m2/W;

9.2.§ Measurement of the apparent total evaporative xesistance R,

Mairftain the same condition as specified in 9.2.4. Plage-the test specimen on the test plate with the side
normally facing the human body towards the test plate without any bubbles and wrinkles.

Meagure and calculate the apparent total evaporative resistance R, when equilibriun is reached
using Formula (4). The total apparent evapefative resistance shall be the average of the mgasurements
for the 3 specimens at least.

(P -P )A
A_ m ‘a
Ret _H_(Tm _Ta)A/Rct @

where

R~  isthe apparent total evaporative resistance of the test specimen, liquid barrier]and sur-
face airtayer when evaluated non-isothermally, kPa-m2/W;

R is the-average total thermal resistance of the test specimen and the air layer, K:m2/W.

ct

9.2.4 Measurement the intrinsic evaporative resistance provided by the test specimen alone RefA

Detebtmyine the intrinsic nvapnrativn resistance prnvidnd by the test cpnrimnn alnnn’ Re A by Subtracting
the average bare plate evaporative resistance value measured for the air layer, R, f[rom the average
total evaporative resistance value measured for the fabric system and air layer, R,4. See Formula (5):

A_ A A
Ref _Rt _RetO )

e

where R £ is the intrinsic evaporative resistance of the fabric test specimen only when evaluated non-
isothermally, kPa-m2/W.
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