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The thermal transmissivity of a moist material is needed f
ment of design values of thermal conductivity and “ther
under service conditions as described in ISO\10456",
transmissivity of a moist material is also necessary for an
combined heat and moisture transfer. Heat ‘transfer withif
materials involves a complex combination.of

radiation,
conduction in the solid, liquiand gas phases,

convection (in some operating conditions),

mass transfer (in the“moist materials),

and their interactions. While these heat and mass flow p
transitory in nature, some of them have a long term contrib
be recognised\in the evaluation of thermal insulation per
International Standard determines the long-term contributi
terial structure and moisture on thermal transmissivity. This
calledthermal transmissivity of a moist material, is a materi

or the assess-
Mal resistance
The thermal
calculation of
moist porous

henomena are
ition that must
ormance. This
bn of both ma-
transmissivity,
al property and

a function of the moisture content of the material. Nofmally, thermal

transmissivity of a moist material varies locally in the m4
function of the moisture content of each layer.

The correct operation of the apparatus used to obtai
transmissivity of a moist material and the interpretation ¢
results are difficult tasks that require great care. It is reco
the operator and the user of measured data both have a

ground knowledge of heat and moisture transfer mechanis
terials, products and systems being evaluated, coupled W
of measurements made using guarded hot plate or heat {
paratus.

terial and is a

n the thermal
f experimental
mmended that
horough back-
ms in the ma-
ith experience
low meter ap-

1) To be published.
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Thermal insulation — Moisture effects on heat
transfer — Determination of thermal transmissivity of

a moistmateriat

1 Scope

This Intgrnational Standard specifies a method to de-
termine [the thermal transmissivity of a moist material
(1') unger steady-state moisture conditions, i.e. not
affected by moisture movement. It is measured using
standardized guarded hot plate and heat flow meter
methods$, at temperatures above 0 °C. This material
property| is a function of the moisture content and
does ngt represent the thermal performance of a
materiallunder service conditions. However, it can be
used, tggether with knowledge of the moisture con*
ditions ip the material, to predict the practical thermal
performfance.

The use| of 17, the distribution of moisture-under ser-
vice cofditions and consequently the. prediction of
thermal [ performance under servicg*conditions are
outside | the scope of this Interhational Standard.
However, the moisture distribdtion under service
conditiops should, where\possible, be considered
when 11 is determined~Furthermore, transient meth-
ods of measurement arg’ not included due to the dif-
ficulty involved in\Zanalysing and interpreting the
results ¢f these ‘methods.

Members of IEC and ISO maintain rg
rently valid International Standards.

ISO 7345:1987,) Thermal insulation —
tities and.definitions.

ISO 9346:1987, Thermal insulation —
—Physical quantities and definitions.

SO 8301:1991, Thermal insulation —
of steady-state thermal resistance an
erties — Heat flow meter apparatus.

ISO 8302:1991, Thermal insulation —
of steady-state thermal resistance an
erties — Guarded hot plate apparatus.

ISO 6946-1:1986, Thermal insulation
methods — Part 1: Steady state the
of building components and building e

ISO 9288:1989, Thermal insulation —
by radiation — Physical quantities and

ISO 10456:—2, Thermal insulation —
terials and products — Determination
design thermal values.

gisters of cur-

Physical quan-

Mass transfer

Determination
1 related prop-

Determination
0 related prop-

— Calculation
'mal properties
ements.

Heat transfer
definitions.

- Building ma-
bf declared and

2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions
of this International Standard. At the time of publi-
cation, the editions indicated were valid. All standards
are subject to revision, and parties to agreements
based on this International Standard are encouraged
to investigate the possibility of applying the most re-
cent editions of the standards indicated below.

2) To be published.

3 Definitions

For the purposes of this International Standard, the

following definitions apply.

3.1 thermal transmissivity of a moist material,
A"t Intrinsic material property dependent upon
moisture content and temperature but not on testing
conditions. It is often referred to elsewhere as ther-
mal conductivity of a moist material. It is defined for
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a moist material by the following differential equation
during steady-state conditions:

L o _ g+ dT
m -~ d)C

when moisture distribution within the material is in
the steady-state and there is no liquid movement
within the material.

NOTE 1 The transmissivity, either for dry materials (see
ISO 9288, ISO 8301 and ISO 8302) or for moist materials
(see this document) expresses a material property that has

© |SO
R Thermal resistance mz-K/\/\/
t Time s
T Thermodynamic temperature K
v Humidity by volume kg/m3
w Moisture content mass by voi- Kg/m3
ume
w,  Moisture content, below which kg/m?®
g may be consudered negligible
w,  Moisture content in vapour kg/m?®

the dimension of a thermal conductivity but that can replace
it only in some gxpressions (in most cases those related to
steady-state hept and mass transfer in a slab). Usually
transmissivity cannot replace conductivity in most two- and
three-dimensiongl flow patterns, in the expression of ther-
mal dlffllQl\/ITV nd non stead\/-state nrgbleme Due to the
complexity of| heat and mass transfer problems,
transmissivity cgn seldom be determined through one single

1 A ey tactine ~ne
experiment, rather a procedure or partiCuiar tesing con-

ditions are requjred, e.g. tests at high thicknesses for the
determination of the thermal transmissivity and equilibrium
of moisture disfribution and absence of moisture flow for
the determinati¢n of thermal transmissivity of a moist ma-
terial (non steady-state methods are usually excluded from
the determinatign of transmissivity).

3.2 hygroscopic range: Moisture content in equi-
librium with 98 % relative humidity or lower.

4 Symbol$ and units

For the purposes of this International Standard-the
following symipols and units apply.

Symbol Quantity Unit

a Material-related constant in-a W-m?/(kg-K)

linear relationship
d Thickngss

w Moisture content in liquid phase Kg/m

o, Moisture permeability m?/s

P Bulk density of material Lg/m3

A Thermal conductivity of'dry ma-  W/(m-K)
terial

A Thermal transpriissivity of a W/ (m-K)

moist material
¢ Relative huimidity

NOTE 2  Inuthis International Standard, humidify by vol-
ume (v) has\been used as the driving force for water vapour

(i) aa
diffusion@end moisture content mass by volunle \w) as

moisture content. The use of partial water vapoul pressure
(py)and moisture content mass by mass (i) reppectively
are equivalent provided that relevant material propprties and
boundary conditions are used.

Subscripts

b Border between zones 1 and 2, sep
figure 2

cold Cold surface of specimen

cr See w,,

hot Hot surface of specimen

i Arbitrary slice of specimen

m
Density of moisture~flow rate kg/(m?s ! Liquid
& Density of totalxroisture flow kg/émz-sg m Mesasured
rate sat Saturation
8 Density ofvapour flow rate kg/(mz-s) sur Specimen surface
8 Density of liquid flow rate kg/(mz-s§ t Total
Specific enthalpy J/kg v Vapour
he Specific latent enthalpy of evap- Jlkg
oration or condensation . .
K Specific enthalpy of vapour Jkg 5 General considerations
hy Specific enthalpy of liquid J/kg
q Density of heat flow rate W/m? 51 Introduction
gn,  Measured density of heat flow W/m2 This clause describes the mechanisms by which

rate at the hot and cold sides of
the specimen

moisture affects heat transfer in order to give the
theoretical background for a test method which allows
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prediction of thermal performance in the presence of
moisture.

Although the equations derived hereafter are as gen-
eral as possible, examples of the use of these
equations are given presupposing that measurements
will be performed

— in standardized apparatus intended for a steady-
state method (guarded hot plate or heat flow me-
ter), and

ISO 1

0051:1996(E)

— evaporation and condensation within a pore or a

local area, and

— thermal radiation and natural convection in the

pores.

Each of these four heat flows is considered pro-
portional to the gradient of temperature, so we can

write by analogy with Fourier's law:

.dr

=q1+q@+qgptq=—1
q=q1 74 T g3+ q, dx

-(4)

— abovg freezing point.

5.2 Description of heat and mass transfers

Moisturg flow is defined here to include flows of both
vapour and liquid. Physically, moisture transfer is a
combingtion of vapour and liquid flows in series and
in parallpl and it is normally not possible to clearly
distinguish between the two kinds of flows. The
specific |enthalpy of vapour, however, differs con-
siderably from that of liquid; it is therefore essential
to treat moisture transfer as the sum of a vapour flow
and a liquid flow:

& =|8& + & .

In a cloged system (i.e. with constant moisture cen-
tent), stgady-state moisture flow is reached when:

&=0=g,=-g .. (2)

In other|words, steady-state moisture.flow is reached
when vapour and liquid transfers (arg” equal and op-
posite, ile. when movement of liquid by capillarity is
balanceq by movement of vapour by diffusion.

As vapqur and liquid hmigrate, they carry their re-
spective| enthalpies, a’condition which leads to an in-
crease df heat transfer.

This heat transport caused by moisture flow is added
to the cgndUction heat transfer described by Fourier's
law, thug giving the following expression for the total

In the case of thermal transmissivity
terial, increased conduction dueCto’th
moisture in the material must be‘consi

The second and third terms~of equati
the parts of the heat flow associ
enthalpies of vapoudryand liquid and
evaporation and .¢ondensation. These

proportional to the temperature gradiemt.

For the treatment of heat transfer in 1
it is necessary to separate the mec
ductions  heat  flux”  and
evaporation/diffusion/condensation”.

In the past it has been customary to

heat flux by the temperature gradient
thermal conductivity of a moist mats
cedure is clearly faulty, because it g
value, dependent on conditions of med

It is also important to distinguish carg
moisture effects in service and thos¢
test conditions.

Simulation of all the complex moisture

bf a moist ma-
e presence of
dered.

bn (3) describe
hited with the
the effects of
fluxes are not

noist materials
hanisms “con-

"heat  flux by

divide the total

to obtain the
erial. This pro-
ves a variable
surement.

efully between
b in laboratory

effects, which

occur under service conditions and diiring a test, is

not considered within the framework
ment. Effects of moisture flow and
depend entirely on the occurrence ang

of this docu-
hase changes
magnitude of

moisture transfer in the material. If these effects are

allowed during the test, it is difficult td
terial or component property. There

assess a ma-
will also be a

great risk that these types of effects

are estimated

density of heat flow rate, g¢:

q=—l'-%+gv-hv+grh| @)

The first term in the right-hand part of equation (3)
describes the heat flow caused by a temperature
gradient. It consists essentially of

— conduction in the solid material and in the air in the
pores of the material,

— conduction in water bound to the pore walls,

inaccurately. The main purpose of the test is therefore
to determine 1° which is a necessary basis for the
prediction of the thermal performance in service con-
ditions. The prediction itself is, however, outside the
scope of this International Standard.

5.3 Determination of thermal transmissivity
of a moist material

Determination of thermal transmissivity of a moist
material requires a temperature gradient. Normally, a
temperature gradient causes a redistribution of the
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moisture in the material, which leads to two types of

problems:

— The test is

carried out on material with changing

and unknown moisture distribution.

— Redistribution of the moisture may simultaneously
induce phase changes and heat transfer by
moisture flow. Thus, heat is transported from the
hot to the cold face by latent heat effects. How-
ever, by definition of the thermal transmissivity of

a moist m

aterial according to this International

© ISO

midity in the pores is approximately 100 %) and con-
sequently the distribution of humidity by volume (or
vapour pressure) is unaffected by changes in distri-
bution of moisture content.

Phase A is deemed to occur if

— the moisture content at the hot face of the speci-
men is above the hygroscopic range, and

— the heat flow at the hot face of the specimen is
constant for at least 2 h after thermal equilibrium

Standard, s
Therefore i
the measu
that such a
dividing by

During testing
measured at t
tially as show
more or less ¢
effect of cond
phase change
phase C with 1

Phase A is the
of evaporation
constant. This

Lich latent heat effects are not included.

is necessary to apply a correction to
ed heat flow (unless it is established
correction is zero or very small) before
the temperature gradient.

of a moist material the heat flow
he hot or cold surface will vary essen-
h in figure1: an initial phase A, with
bnstant heat flow due to the combined
uction, effects of moisture flow and
s; a transition phase B, and finally
noisture equilibrium.

period during the test, when the rate
at the hot face of the specimen is
s only possible as long as the moisture

has been reached.

During phase A there is evaporation of,moisture at the
hot face and vapour passes through .the sgecimen.
There is not an equal (counterbalansing) mas$ flow in
the opposite direction in the liquid phase. Thiis, there
is net mass transfer and no.moisture equilibrlum.

In phase C, moisture evaporates at the hot fage of the
specimen, passes throtigh the specimen in thg vapour
phase and condefises at the cold side. At the same
time, water could be transferred in the liquld phase
from the cold side to the hot side. In terms pf mass,
these two:flows are equal and opposite, and| there is
equilibriom.

NOTE 3  Substantial moisture transfer in the ligyiid phase
is/very rare in thermal insulating materials and fufthermore

content is abgve the hygroscopic range (relative hu- requires a moisture content above a critical level ().

3
s
but Phase A Phase B Phase C
@
=
A=)
(1]}
[
p
wn
n
QU
b

Moisture

| equilibrium
Time
Figure 1 — Heat flow during a test to determine thermal transmissivity of a moist material
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It can be derived [see annex A, equation (A.7)] that
the measured heat flow at the hot and cold surfaces
may be expressed as

an= (=2 5E) ot )

sur

To determine 1" (w), the following must be known: the
moisture content, the temperature gradient, the den-
sities of heat flow and the moisture flow rates in the
vapour phase at the surface.

ISO 10051:1996(E)

7.2 Specimen preparation and conditioning

The specimen shall be conditioned to the desired
moisture content and moisture distribution.

Where possible, the moisture distribution under ser-
vice conditions should be considered when 1" is de-
termined.

Conditioning may be by water immersion, with or
without vacuum, absorption in humid air, spraying of
water on the specimen or by subjecting the specimen

6 Test apparatus

Heat flqw meter apparatus according to 1SO 8301
with twjo heat flux transducers (configuration b) is
preferref. Heat flow meter apparatus (HFM) with one
heat flux transducer at the hot side, or a guarded hot
plate (GHP) according to ISO 8302 may also be used.

Downward vertical heat flow is recommended. If
downwdgrd vertical heat flow is not used the risk of
moisturg redistribution by gravity air movements
(convection) shall be considered.

Provisiof to record surface temperatures and heat
flow(s) at the specimen's surface(s) as functions of
time shall be made.

In some] cases (see clause 7), additional temperature
sensors| to determine the temperature distribution
within the test specimen shall be provided.

The test specimen shall be enclosed in_a-vapour-tight
envelopg, see 7.2 for details.

7 Test procedure

7.1 General

When carrying~out tests on moist materials, the di-
rections|regarding test procedures for dry materials in

the relsharrlrternational-Standard-focthe-apparaus

to a temperature gradient. Combipations of these
methods are also possible.

Note that, due to hysteresiseffects

the moisture

pre-history of the test spécimen may influence the
moisture content. The equilibrium mgisture content
at identical ambient_conditions may depend on, for

example, whether-the equilibrium is
sorption or desorption.

Specimens{having been conditioned
conditions, may also be tested.

The following guidance for conditionin
7.2.2° covers most combinations of
moisture content levels.

7.2.1 Materials for which the effec
movements may be neglected withi
hygroscopic range

Condition the material at the desired rg
to constant mass. The moisture conte
sidered uniform. Measure according tg

7.2.2 Materials for which the effec
movements may be neglected abov
hygroscopic range

Condition the specimen by subjectin

eached by ab-

under service

gin 7.2.1 and
materials and

s of moisture
the

lative humidity
ht may be con-
7.4.1.1.

of moisture
the

hj it to a tem-

perature gradient. Measure according o 7.4.1.

7.2.3 Other materials

~ UHHUIU&U\)
shall be complied with.

Test temperatures shall not be high enough to dam-
age the material. High temperatures may cause va-
pour pressures high enough to destroy the cell walls
in closed-cell materials.

Further requirements for moist materials are given in
7.2. In case of discrepancies between this Inter-
national Standard and the relevant International Stan-
dard for the apparatus, this International Standard
takes precedence.

Dl o i £ (el Log
F1TaoT UIs TIUTT gty prefeitelu. COTNMUI

n the material

under the same temperature gradient which is going
to be used in the guarded hot plate or heat flow meter
apparatus. Measure according to 7.4.2.

After conditioning the specimen it shall be enclosed
in a vapour-tight envelope. The envelope shall prevent
a change in moisture content greater than
0,01 kg/fm?’-h).

If the presence of the envelope introduces significant
thermal resistances between the specimen and the
apparatus, the thermal resistance of the envelope
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must be considered as described in the relevant
International Standard for the apparatus.

7.3 Selection of phase A or C

In theory either phase A or phase C can be selected
for determining A". In practice, however, only one of
the phases is recommended, depending on material
properties and moisture content and distribution.

Guidance on the_choice of phase is aiven in 7.3.1 to

© SO

7.3.4 Thermal conductivity of dry material

In materials with a high value of thermal conductivity,

i i te nf mniat ~
A, the relative importance of the effects of moisture

movement are small and may be neglected. Compare
this to the relation §/1 (see 7.4.1).

7.3.5 Heat flow meter apparatus with two heat
flux transducers

It is easier to judge moisture equilibrium when a heat

£l

7.3.5.

7.3.1 Moisture permeability

long fime to reach moisture equilibrium
(phase C) and| at the same time the effects of
moisture movgments are small during phase A. For
these material§ phase A is recommended. An alter-
native is to corjdition the specimen to the equilibrium
of phase C (se¢ 7.2) and measure during phase C.

7.2.2 Moisture distribution

AR L L8R 1o Ls R0t ))

A uniform or almost uniform moisture distribution may
be maintained|only during phase A. In phase C the
moisture contgnt is always non-uniform. The rate of
redistribution ig smaller and the equilibrium moisture
content is more uniform when working at low temi-
perature gradignts. If the moisture distribution during
the test cannof be monitored simultaneously,. it-shall
be estimated bly either

— measurements of moisture distribution before and
after the test, or;

— measurement of the moisture distribution before
or after the|test and calculation of the rate of re-
distribution.

If there is a risk ofcmGisture redistribution by gravity,
the evaluation [af-the results should be carried out

oW apparalas withtwo heatfluxtransducersyis used.
This allows more information about the heabltransfer
and the mass transfer in the specimen-té bg deter-
mined and therefore improves the quality of| the re-
sults.

7.4 Derivatio

of thermal transmissivity
£w ~
a

n
manciirand
u

from mesa salisnn ~nf lhantd flacar n-‘#
SUI T valiuco- vl fiecatl ituvvv aii

temperatures

7.41 Phase A

Two cases.are possible:
— uniform or almost uniform distribution of moisture;

=-"non-uniform distribution of moisture.

7.4.1.1 Uniform or almost uniform distribution
of moisture

The temperature distribution is considered linear in
the specimen, and the temperature gradiert is ap-
proximated by

ar _ Thot - Tcold
PR — ... (6)

To derive thermal transmissivity 1%, fr¢m the
measured heat flow, it is necessary to either

— evaluate (g,)q, OF.

extremely caretully.

7.3.3 Hygroscopicity and moisture content level

Phase A requires a moisture content above the
hygroscopic range, where changes in moisture con-
tent do not affect the distribution of the humidity by
volume. For materials with negligible effects of
moisture transfer (see 7.4.1) phase A may be used for
any moisture content level. In phase C the major part
of the material has a moisture content in the
hygroscopic range.

— have conditions for wWhich the term (gyf) ey IS
negligible.

Evaluation of g, is dealt with in B.1.

Cases for which gk, may be neglected are dealt with
in B.2.

7.4.1.2 Non-uniform distribution of moisture
To derive 1°(wy,) it is necessary to either

— evaluate (g,)q, O,
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— have conditions for which the term (g,-h)q, IS

negligible, see B.2.

sur

ISO 10051:1996(E)

WeWee W We |
If g, is evaluated, the left-hand side of equation (7) is ~ 1T T
known Zone 1 : Zone 2
« dT |
Im — (gv'he)sur == ('l : a’) (7 |
sur IS I
3 & |
and consequently dT/dx at the surface has to be de- @ s [
termined to evaluate 1"(wy,). 2 Ze :
If g,-h, B negligible equation (5) may be written \ :
| _ (e 9T I
sur l
|
Note thpt this relationship is valid at the surface of the I S . B D T

specimen.

In the gpecimen, equation (3) may be applied. If g A,
is negligible, g,-h, may be neglected since h, > h and

he ¥ h, — hy

In many cases g-h may also be neglected (for exam-
ple when g is negligible) and then equation (8) may
be applled through the whole specimen.

To derife 1" as a function of w it is necessary to
measurg the moisture and temperature distributions;
Note the possibility of determining temperature
andfor |moisture distribution in parallel specimens
subjected to boundary conditions equal to theseé in the
guarded hot plate or heat flow meter apparatus. An
approximate solution, which requires. measurement
of the rhoisture distribution only, isTgiven in C.1.

7.4.2 Phase C

In phas¢ C both heat and,mass flows are steady-state.

&t1&=0 )

Equatioh (5) is still valid at the surface

Figure 2 — Phase C, zone 1 and zone 2, with and
without liquid flow

In‘theory, zone 2 is the portion of the
the moisture content is above the (
content, w,,, which is defined as the n

material where
ritical moisture
oisture content

below which negligible transfer of moisture in the

liquid phase takes place. Two cases a

a) moisture content never exceeds w_.;

b) moisture content exceeds w,, in
ness x,.

Case a) with liquid movement (w > w
treated in annex D.

For case b) with no liquid movement
whole specimen) equation (5) and e
come

A ar

'e possible:

Crs

h zone of thick-

. In zone 2) is

(w < w, in the
yuation (10) be-

()

CIm:q:_ d.x

dm ( — A %Z) + (gv'he)s_ur

Y T sur

For heat flow in the specimen, g,=-—g, and
equation (3) may be written
« dT
q=*l'a+g\,'he (10)

which is the same equation as equation (5).

In practice liquid flow, if any, will generally be limited
to a portion of the sample, creating a zone which has
to be handled differently from the zone with no liquid
flow. This is illustrated in figure 2.

Note that equation (TT]) is valid at the surface and
through the whole specimen. To derive 1" as a func-
tion of moisture content, both the moisture and tem-
perature distributions shall be measured. Note the
possibility to determine temperature and/or moisture
distribution in parallel specimens subject to boundary
conditions equal to those in the guarded hot plate or
heat flow meter apparatus.

In annex C two approximate solutions are given; with
only moisture distribution measured (see C.1) and
with only temperature distribution measured (see
C.2).

Cold side


https://standardsiso.com/api/?name=10d305c5a1ca2c6dc4401ed5c176546f

ISO 10051:1996(E)

© 1SO

7.5 Flow chart of possible test procedures al thermal transmissivity of a moist materiai is a
function of moisture content at the surface of the
specimen, A" (wg,)

b) thermal transmissivity of a moist material is a lin-

The various possibilities to determine A" are summar- ear function of moisture content, ' = 1 + a-w

ised in the flow chart shown in figure3. Note that

three kinds of relationships between 1" and w may be c) there is an arbitrary relationship between thermal

obtained in which: transmissivity of a moist material and moisture
content, 1"(w)

Phase A Phase C
7.46.11 7.4.1.2 142 Annex D
Uniform Non-uniform No liquid flow Liquid flow
moisture content moisture content W <Wee W> W
T linear,
d7/[dx = constant
Annex B.1 Annex B.2 Annex B.1 Annex B.2
gvhe gvhe gvhe gvhe
calculated neglected calculated neglected
(dT/8x) Moisture Temperature
measuted distribution| distribution
measured measured
Annex C.2
Temperature )
Annex C.1 b moisture
distribution .
a calculated distribution
measured
calculated

| A" (wgyr) | |A" =)+ awl

A" w)

Figure 3 — Flow chart for determinations of thermal transmissivity
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7.6 Sources of error

The total error is the sum of errors related to material
properties and inhomogeneities, design and operation
of apparatus and methods available to determine
temperature and moisture distribution and moisture
movements.

From equation (5) and equation (10) it is obvious that
the possible sources of error are related to the deter-
mination of

ISO 10051:1996(E)

8 Test report

The report of the results of each test shall include the
following.

a) name and any other pertinent identification of the
material, including a physical description supplied
by the manufacturer;

b) description of the specimen and its relationship to

a) the |measured density of heat flow rate at the
surface of the specimen, ¢,. Compare the rel-
evant International Standards for the apparatus
(see|ISO 8301 and ISO 8302);

b) moigture content in the specimen, w. Note errors
due|to moisture redistribution or moisture loss
throligh the vapour-tight envelope during the test;

c) temperature, T, and temperature distribution,
dT/dx, in the specimen;

d) the [density of moisture flow rate in the vapour
phage, g, Note that the expression used for
example in B.1 and B.2

dv
gy = 6v’ _d‘;‘
is oply an approximation and the moisture per-
meability may vary considerably with température
and [moisture content. Inhomogeneity.in the ma-
terigls can cause variations in meisture transfer
and [distribution in the specimen:

e) the ppecimen thickness, d~In some cases there
is a|risk of change in dimmghsion due to moisture
varigtions.

Note algo possible errdrs if the measurements are not
carried ¢ut during a‘pure phase A or phase C, but in
the trangition phase between A and C.

the sample, supplied by the opefator, conform-
ance to a material specificatiof/Where applicable,
method of specimen preparation for loose-fill ma-
terials with indication of the: measiired resistance
of cover materials used\for the corftainers;

c) thickness of the, specimen(s) in metres and
specify whethefthickness is imppsed or meas-
ured, criteria to define the impoped thickness,
changes in-thickness during the test, if any;

d) method of conditioning, including |duration, tem-
perature and moisture conditions;

e)” densities of the conditioned specimen as tested,
in kilograms per cubic metre;

f)  type and configuration of apparatus| used (guarded
hot plate or heat flow meter) and|specify the di-
rection of heat flow;

g) temperatures at the specimen's|cold and hot
faces during the test and procedures for determi-
nation of these temperatures;

h) temperatures measured within the|specimen dur-
ing the test and type and arranggement of tem-
perature sensors;

i) density of heat flow rate at the specimen's
surface(s) as a function of time dufing the test;

) for tests made using vapour-tight| envelopes, in-
formation shall be given on the ngture and thick-

7.7 Calculations

Calculate densities and mass changes of the speci-
men according to the relevant International Standard
for the apparatus.

Calculate, when appropriate, temperature and
moisture distributions, temperature gradients and
densities of moisture flow rate in the specimen.

Calculate the thermal transmissivity of a moist ma-
terial according to formulae and methods given in
7.4.

ness of the envelope;

k) relative mass changes during drying andjor con-
ditioning (see 7.2);

I) relative mass change during test;

m) date of completion of the test; duration of the full
test and of the steady-state part of the test if such
information can help in interpreting results;

n) moisture contents measured and measurement
procedure;
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selection of phase and other relevant decisions
regarding the test procedure (see figure 3);

calculations to evaluate density of vapour transfer
and moisture content;

evaluated thermal transmissivity, A°, as a function
of moisture content;

estimation of errors: a statement on the maxi-
mum expected error in each measured property
is strongly recommended within the report (when

s)

© ISO

ommended to include a complete report on the
estimation of error or errors on the measured
property);

statement of compliance: where circumstances
or requirements preclude complete compliance
with the procedure of the test described in this
International Standard, agreed exceptions may be
made but must be specifically explained in the
test report; the suggested wording is: “This test
met all requirements of ISO 10051 with the ex-

one or m¢re requirements stated in this Inter-
national Standard are not fulfilled, it is rec-

ception—of——{a—complete—listefthe—exceptions

follows)".
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Annex A
(informative)

Theoretical background

Introduction

For the sake of simplicity, only vertical unidirectional

transfer will be considered. Let us no

N imagine that

hex describes the mechanisms by which
affects heat transfer, in order to give the
al background for a test method which allows
n of thermal performance in presence of

Althouglh the equations derived hereafter are as gen-

eral as

equatior
will be ¢

— in af

possible, examples of the use of these
S are given presupposing that measurements
erformed

paratus intended for a steady-state method

(guarnded hot plate or heat flow meter), and

— abovp the freezing point of pure water (0 °C).

A.2 Description of heat and mass
transfers

A.2.1
transf

Qualitative description of mass
phenomena in a simple case

Considef a homogeneous porous medium with hori-

at time ¢ > 0, the upper boundary ten

creased to the temperature T, > Ty:

The difference of temperature.applied

perature is in-

to the medium

will modify the temperature.distribution and create a

mass transfer in the liquid)and the vap

Those mass transfers result from d

anisms which .are“described qualitat
A.2.3 and A.2.4;

A.2.2 (Vapour mass transfer

Theltemperature increase at the upps

bur phase.

fferent mech-
vely in A2.2,

r boundary in-

ddces a vaporization of any liquid watef that might be
present close to this boundary and c¢nsequently an

increase of humidity by volume of a

r in this zone.

Since equilibrium humidity is lower i cold regions,

moisture migrates by a simple diffus

on process of

water vapour in air, from hot to cold rggions.

As it migrates, part of this vapour corldenses on the

solid matrix of the porous medium a
existing liquid meniscus (figure A.2).

nd also on the

zontal flat boundaries at constant temperature o . o )
(figure AL.1). To maintain thermodynamic equilibriurn), condensation
at A is followed by evaporation at B.
At time[r =0, the temperature T, and the moisture ) )
content|w, are uniform Vapour therefore migrates towards tHe cold regions
by alternately evaporating from and fondensing on
successive surfaces.
| > T |
1 |
! !
} w = constant ‘
L |
I To I
Figure A.1 — Homogeneous porous medium with horizontal flat boundaries at constant temperatures T,
and T

1
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A.2.3 Liquid mass transfer

oppose the li

© |SO
Direction of
heat flow
Liquid
Solid
matrix Evaporation at B
1
<A
- Liquid
- ‘( Condensation of A
A Vapour flow
Figure A.2 — Vapour flow in porous medium
s§=0<=g=-g ... (A2)
Vapour migratlon leads to a decrease in water_content In other words, steady-state flow of mass ig reached
in the hot regions and therefore to a /ecrease of when vapour and liquid transfers are equall and op-
capillary presgure, in this zone. This gressure differ- posite, i.e. when movement of liquid by capillarity is
ence induces p liquid phase movement:("”suction” ef- balanced by movement of vapour by diffusiop.
fect) in a direqtion opposite to thebvapour flow.
o . A.25 Heat transfer equations
This liquid mpvement induced by a water content
gradient is |Iﬁlt§d by the_capillary pressure increase As vapour and liquid migrate, they each carry their
due to the gfadient of témperature which tends to respective enthalpies, which leads to an ingrease of
id migration (figure A.3). An increase in heat transfer.
capillary presgure, Usually means that the capillary
This heat transport caused by moisture flow|is added

pressure becqnies less negative.

A.2.4 Total mass transfer

Where g, and g, are the densities of mass flow rate in
the vapour and liquid phases respectively, the total

mass transfer g, is equal to
& =8 +8& AD

In a closed system (i.e. with a constant moisture
content), steady-state mass flow is reached when

12

to the conduction heat transfer described by Fourier's
law, giving finally the following expression for the total
density of heat flow rate (g)

« drT

g=—A-——+g h +gh

P ... (A3)

The first term in the right-hand part of equation A.3
describes the heat flow caused by a temperature
gradient, see figure A.4. It consists essentially of:
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— density of heat flow rate due to conduction in the is a local process which is caused by temperature
solid material (1a) and in the (humid) air in the differences between the pore walls and takes
pores of the material (1b), g;; place even if the moisture gradient is equal to

zero); it must not be confused with effects of a

— density of heat flow rate due to conduction in wa- large-scale flow or redistribution of the moisture in
ter bound to the pore walls, g, (water acts as a the specimen;
parallel conductor which reduces the total effec-
tive thermal resistance); — density of heat flow rate due to radiation, g,;

— density of heat flow rate due to evaporation and — density of heat flow rate due to convection in the
condensation within a pore or a local area, g; pores, gs: in Most practical cases this can be neg-
moisture maoves one Way in the vapour phase and lected

then|back again in the liquid phase (note that this

,0/)\ \I // s

. . . Direction of

Suction:  Capillary pressureincreases
. X heat fljow
N v/ with moisture content

Solid // —_ =

matrix F R — Retention: Capillary pressure increases

//’" — with temperature
Liquid

l Liquid*flow

Figure A.3 — Liquid mass:transfer in porous medium

/ /1a_/Z/ Solid material

/ g Closed pore

LT S
A i
=7

—

Figure A.4 — Description of heat transfer mechanisms in a pore

13
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Each of these five heat flows is assumed to have a
dominant first-order term proportional to the gradient
of temperature, so we can write by analogy with
Fourier's law

« dT
q=411+42+43+‘14+¢15=—1'§

(AL
It is important to distinguish carefully between
moisture effects in service and those in laboratory
conditions (during a test). Simulation of all the com-
plex moisture effects in service conditions during a

test is unreglistie—and—urnecessary—EfHeets—of

© ISO

During a test of a moist material the heat flow meas-
ured at the hot surface will vary as shown in figure 1:
an initial phase A, with more or less constant heat
flow due to the combined effect of conduction, ef-
fects of moisture flow and phase changes; a transition
phase B, and finally phase C with moisture equilib-
rium.

Existence of a phase A requires moisture content
above the hygroscopic range so that the relative hu-
midity in the material's pores will remain at 100 %
even if the moisture content is changing. In some in-

moisture flow

and phase changes depend entirely on

the occurrencqd and magnitude of moisture transfer in

the material. |
test, it is diff
component pr

these effects are allowed during the
cult to assess a material or building
pbperty. There will also be a great risk

that these tydes of effects are overestimated. The

main purpose

bf the test must therefore be to deter-

mine 1%, which will in turn allow prediction of the

thermal perfor

A.3 Deter
transmissi

Determination

material alw3

Normally thes
material, whic

— redistributi

Mances in service conditions.

ination of thermal
ity of a moist material

General

of the thermal transmissivity of a moist
yS requires temperature gradients.
e will redistribute the moisture in the
n leads to two types of problem:

bn of the moisture means that the-test

is carried ¢ut on a material with a changing and
unknown moisture distribution;

— redistributipn of the moisture simultaneously in-
duces heat transfer by moistute flow and phase
changes; these effects are-unlikely to be of exactly
the same fextent as th€rmoisture effects in the
material in [service conditions, which is why these
effects shquld be either negligible or well known
during the test,

stances phase A may not be seen.

A.3.2 Derivation of an expressionfor the
heat flow at the surface of the specimen (g,)

One of the quantities measured during a tept is the
density of heat flow (g, @tjthe hot and/or ¢old side
of the specimen. It is therefore appropriate {o derive
an expression forXg, in terms of [thermal
transmissivity of &, moist material (1°), temperature
gradient, etc.

From equatien (A.3) we have at the surface

g2~ 1L+ b, + g .(AB)
with  hy = h, — h and
g, = — g at the surface, we get
« dr
Gm=—4 -~ teah ... (A6)

This expression is valid at both the hot and|the cold
surfaces:

L
q{h_( A d)C

where subscript, sur, denotes hot or cold sufface.

) + (gv'he)sur s (A7)

sur

14
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LI A7 4

(informative)

Evaluation of moisture flow and cases for which g .4, is small

...(B3)

.1 Evaluation of moisture flow, g, in W _ Voo dT _, dT
vapour-phase dx dr—dx e
where

To estimate g,, Fick's law is applied assuming that the

moistur

ume. T

sulation

In pha
hvar
hygr
of the

quently

ration h
of temp

d, can

of “we

from eq

NOTE 4

ing force

Anothet

parallel
bounda

mine th

B.2 (

QS

USU

b fiow is due to a gradient in humidity by voi-
is is a reasonable simplification for many in-
materials.

be A, with moisture contents above the

hnic range the relative h
pic range, the ! f

TiIGuveo i1

norag

MVITS

Mmaterial is approximately 100 % and conse-
the humidity by volume equal to the satu-
umidity by volume, which is a function only
erature.

umidity in the

. Vsar
dx

E —

Vv

w

~
~—

e measured using methods for determination
cup” values, allowing the derivation of -g,
uation (B.1).

Water vapour pressure can be used-as-the driv-
instead of humidity by volume.

way to estimate g, would be to carry out
tests on similar specimens under similar
y conditions and in these specimens deter-
e moisture redistribGtion and moisture flows.

jases for which g .4, is small

k=06x10"%at 10 °C

3

a

k=1,0x10"%at 20C
k=1,6x10"Yat30 °C

and supposing)that the requirement
8he is that g, -h, is less than 3 % of 1™

for neglecting
iT/dx, it follows

that
dTr « dT
B0,k . < 0,03-1 p ...(B.4)
and finally
0,03 ..
6V<—’—le'_k.l =6cr (85)

where 4§, is the upper limit for neglect

Note that this condition is independen
this follows that working at low tempe

is not automatically a solution for ob

gible value of g,-h,

As a guide, figure B.1 shows values
different temperatures. If an error of 3
& hs can be neglected for materials |
relevant temperature line. Values fo

of g, -h

of dT/dx, from
ature gradients
taining a negli-

pf 6, for three
% is accepted,
ving below the
r some typical
own in the fig-

A case pf interest s the case for which building materials are schematically sf
dv . ure.
hedim < .ar ...(B.2)
X dx Figure B 1 shows that the lower the témperature, the
With more correct it is to neglect g,-h,. From this point of

view a heat flow transducer at the cold side of the

specimen would give the most accura

te result.

15


https://standardsiso.com/api/?name=10d305c5a1ca2c6dc4401ed5c176546f

ISO 10051:1996(E)

16

Moisture permeability, §, m2?/s

8x107¢

Fx10"°

Mineral wool

gyv-he cannot
be neglected

6 x 10 ¢

5 x 10 ¢

Lx 10 ¢

3x1(°¢

1x1q-¢

Polystyrene

foam

| Wood wool slab

Autoclaved
aerated
concrete

gyv-he can
be neglected

Bric

@/— Wood
Y

1 | |

0.1 0.2

0,3

0.4 0,5 0.6
Thermal transmissivity of a moist material A*, W/(m-K)

Figure B.1 — §_ at temperatures of 10, 20 and 30 °C
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