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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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Hrawn to the possibility that some of the elements of this document maybe the subject of
4. ISO shall not be held responsible for identifying any or all such patent rights. Details of
ights identified during the development of the document will be in the Introduction and/or
t of patent declarations received (see www.iso.org/patents).

me used in this document is information given for the convenience of users and dogs not
endorsement.

ination of the voluntary nature of standards, the meaning of ISO specific termps and
related to conformity assessment, as well as infermation about ISO's adherence to
rade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see
iso/foreword.html.

nt was prepared by Technical Committeé, 1SO/TC 163, Thermal performance and dnergy
uilt environment, in collaboration with) the European Committee for Standardization
ical Committee CEN/TC 89, Thermallperformance of buildings and building componepts, in
yith the Agreement on technical coeperation between ISO and CEN (Vienna Agreemejnt).

pdition cancels and replaces the first edition (ISO 9288:1989), which has been techr]ically

x or questions on this document should be directed to the user’s national standards bpdy. A
ing of these bodies can be found at www.iso.org/members.html.
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Introduction

This document is intended to be used in conjunction with other vocabularies related to thermal
insulation. These include:

— IS0 7345
— 1509229
— 1S09251

I 00246
JoT5TO
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https://standardsiso.com/api/?name=393883a93807bae5c9bbff29f9b203e6



https://standardsiso.com/api/?name=393883a93807bae5c9bbff29f9b203e6

INTERNATIONAL STANDARD ISO 9288:2022(E)

Thermal insulation — Heat transfer by radiation —
Vocabulary

1 Scope

This document defines physical quantities and other terms in the field of thermal insulation relating to
heat transfer hy radiation

2 Normative references

Therg are no normative references in this document.

3 Terms and definitions (General terms)

[SO and IEC maintain terminology databases for use in standardizatien at the following addresses:

]

$0 Online browsing platform: available at https://www.i§d.0Tg/obp

— 1EC Electropedia: available at https://www.electropedia.org/

31
thermal radiation
electjlomagnetic radiation emitted at the surfage“of an opaque body or inside an elemept of a semi-
transparent volume

Note ] to entry: The thermal radiation is governed by the temperature of the emitting body ang its radiative
charagteristics. It is interesting from a thermal viewpoint when the wavelength range falls betwegn 0, I pm and

100 pum (see Figure 1).

©1S0 2022 - All rights reserved 1
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2 1
/

0,1 um ~ 100 um

0,1 pm ~ 3 um /6
10* 10° 102 10! 10° 10! 1072 1073 /
A I I I I I I I I
I I I I I I I
N 10! 1012 1013 10 10" 101e 107 \
0,7 um ~ 1 000 pm 0,4 um ~ 102 {im \
7
0,4 um ~ 0,7 um 5
3 4
Key
1 solar radiation
2  thermal rpdiation
3 infrared
4 visible
5 ultraviolgt
6  wavelength pm
7  frequency s
Figure 1—Electromagnetic wave spectrum
3.2

heat transfdr by radiation
energy exchanged between bodies by means of electromagnetic waves

Note 1 to entry: Theseexchanges can occur when the bodies are separated from one another by vacuum ¢r by a
transparent of a senliztransparent medium. To evaluate these radiation heat exchanges it is necessary tol know
how opaque dnd/semi-transparent bodies emit, absorb and transmit radiation as a function of their rature,
relative positipfi-and temperature.

3.3
total radiation
entire spectrum of thermal radiation

3.4

spectral radiation

monochromatic radiation

spectral interval centred on the wavelength A of thermal radiation, according to spectral distribution

3.5

hemispherical radiation

all directions of thermal radiation along which a surface element can emit or receive radiation,
according to spatial distribution (directional)

2 © IS0 2022 - All rights reserved
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directional radiation
thermal radiation whose directions of propagation are defined by a solid angle around the defined
direction, according to spatial distribution

3.7

opaque medium
medium, which does not transmit any fraction of the incident radiation

Note 1 to entry: The absorption, emission (5.1) and reflection of radiation can be handled as surface phenomena

3.8

semiftransparent medium

medi

m, in which the incident radiation is progressively attenuated inside the material'h

or scdttering, or both

Note 1 to entry: The absorption, scattering and emission (5.1) of radiation are bulk (volume) pheno

Note 2 to entry: The radiative properties of an opaque or semi-transparent medium are generally
the spectral and directional distribution of incident radiation and of the tempetature of the mediu

Note 3 to entry: Thermal insulating materials are generally semi-transparént media.

4 Terms related to surfaces either receiving, transferring or emitting a

radi

4.1

htion

radijnt heat flow rate

radi
o)

nt flux

heat fllow rate emitted, transferred or received by a system in form of electromagnetic waj

Note 1 to entry: This is a total hemispherical'quantity. See Table 1.

Note 4 to entry: Expressed in W.

4.2
total

Ig
radia

Ip

intensity

it heat flow rate\?1) divided by the solid angle around the direction A:

_d9
dQ

Note 1 to’entry: Expressed in W/sr.

4.3
total
Lq

y absorption

mena.

r a function of
n.

thermal

yes

radiance

radiant heat flow rate (4.1) divided by the solid angle around the direction A and the projected area
normal to this direction:

Lg

_ d*o
dQd(Acos0)

Note 1 to entry: Expressed in W/(m2 -sr).

©ISO
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4.4

spectral radiant heat flow rate

D,

radiant heat flow rate (4.1) divided by the spectral interval centred on the wavelength A :
do

¢/1=a

Note 1 to entry: Expressed in W/m.
4.5
spectral intensity

Ion
total intensity (4.2) divided by the spectral interval centred on the wavelength A :

dlg

Iy =—%
QA dl

Note 1 to entrjy: Expressed in W /(sr-m).

4.6
spectral radiance
Loy
total radiancg (4.3) divided by the spectral interval centred on the wavelength A :

dil,
Loy =—1*
QA ah

Note 1 to entrfy: Expressed in W / (m3 -sr).
Note 2 to entrfy: Each spectral term A, is related to thé-corresponding total term A by a relation of the type

dA oo

Ay =—orA=| A;dA
ol JO A

Note 3 to entrjy: Each directional term Ag,is related to the corresponding hemispherical term A by a relafion of

the type

dA

Ay =— A= ac
o=l JQ=4nAQ

and

4

dia o
A =t A= A Q
D= dds -[Q:4n-[0 opdMd

Note 4 to entry: Total radiance and spectral radiance are oriented quantities (vectors) defined in each point of
space where radiation exists (see Figure 3), moreover their values are independent of the particular surface used
to define them. Sources which radiate with constant Lg (see 4.3) are called isotropic or diffuse.

Note 5 to entry: Intensities are oriented quantities too, but belong to a surface (see Figure 2).

Note 6 to entry: Radiant flows (total or spectral) are not oriented quantities and belong to a surface.

4 © IS0 2022 - All rights reserved
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dn

dQ

Figure 2 — Definition-0fthe intensity

4.7

Figure 3 — Definition of the radiance

spectral radiant density of heat flow rate vector

qr,ﬂ.

= Loy AdQ
Qr,l Q=47 QA

where

Lgy, is the spectral radiance (4.6);

© IS0 2022 - All rights reserved



https://standardsiso.com/api/?name=393883a93807bae5c9bbff29f9b203e6

ISO 9288:2

A isth
Note 1 to entr

4.8

total radiant density of heat flow rate vector

qr

022(E)

e solid angle around the direction.

y: Expressed in W / m> .

C_I: - J: IQ:AM Loy A

where

Ly is th[ spectral radiance (4.6);

A isth

solid angle around the direction;

A is the wavelength.

Note 1 to entr]

49
spectral rad
qr An
qr,/ln =1
where
Lgy is th
A isth|
1 isth|

Note 1 to entr]
Note 2 to entr]

4.10
forward cor

+
qr,/'Ln

+

where

Lg) is th

A isth

is th

S|

Note 1 to entr

y: Expressed in W/m3.

iant density of heat flow rate

I JQ:4ﬂ LQ/'LA -1d<2

spectral radiance (4.6);
[ solid angle around the direction;
e heat flow rate in the direetion.
y: Expressed in W / m>~

y: Heat flow rate i the direction n.

qr,/ln =1 WA= [n 2 LQ),A.ﬁd'Q

hponent ofithe spectral radiant density of heat flow rate

vSZ2=z7C

e spectral radiance (4.6);
e solid angle around the direction;

e heat flow rate in the direction.

y: Expressed in W / m3.

© IS0 2022 - All rights reserved
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4.11
backward component of the spectral radiant density of heat flow rate

qr_, An

Q;:ln =1n- 92 = _J.Q 2 Leya- nd2

where

Lgy, is the spectral radiance (4.6);

- 1 11 1 1 1 1 3
15 LI SOIMU dIIgIC dIOUIU ULIIC AT CCLIOI,

is the heat flow rate in the direction.

nll

Note 1 to entry: Expressed in W/(m3 ) .

Note 7 to entry: qr 2, i expressed by the following:

aj x

n

g —a
- r,ﬂh qr7ln

in conpbined unidirectional conduction and radiation heat transfer along a direction 7, gives

a} = ch,n + qr,n

where
ZI; is the density of heat flow rate as defined in ISO 7345;
(3; is the density of heat flow rate by-conduction;
;I—n is the total radiant density of heat flow rate vector (4.8);
;1; can be determined,experimentally with the guarded hot plate or heat flow metdr method.

5 Terms relatedto Surfaces emitting a thermal radiation

51
emisgion
process in which heat is transformed into electromagnetic waves

Note 1 to entry: Heat is from molecular agitation in, e.g. gases or atomic agitation in solids.

5.2

total exitance

M

radiant heat flow rate (4.1) emitted by a surface divided by the area of the emitting surface:

do _
M:E:q;L or q,

Note 1 to entry: M is the areal density of the heat flow rate in each point of an emitting surface. It is a total
hemispherical quantity. See Table 1.

Note 2 to entry: Expressed in W/m2 .

©1S0 2022 - All rights reserved 7
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total exitance (5.2) divided by the spectral interval, centred on the wavelength A:

=q; 5 Or g, ;

5.3
spectral exitance
M;,
dM
My =—
A7dA

Note 1 to entry: Expressed in W / m? .

5.4

full radiato
Planck radi
BB

black body i
tor

object that absorbs all the incident radiation for all wavelengths, directions and polaygizations

Note 1 to entyjy: At a given temperature, for each wavelength it emits the maximum thefmal energy [majimum
ce (5.3)]. For this reason and because rigorous laws define its emissioi{5-1), the emission pf real
bodies (5.7) is|compared with that of the black body.

spectral exita

Note 2 to entrfy: Terms related to black body bear a superscript notation (°).

5.5

black body fotal exitance

MO

quantity defined by the formula:

M° =oT}

where

o ispqual to 5,67 x 1078 W/(m2 ~K4);

T is the absolute temperatureef the black body (5.4).

Note 1 to entrfy: Expressed in W / M2

Note 2 to entrfy: Expressed by the’Stefan-Boltzmann law.

Note 3 to entrjy: Terms related to black body bear a superscript notation (°).

5.6
black body s

Mj

pettral exitance

quantity defined by the formula:

(0]

C A

l =
exp

(C /A-T)-1

Ci =2mhc =3,741x10° W /m? ;

C, =hcy /k=0,014 388 m K ;

h Planck constant;

© IS0 2022 - All rights reserved
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k Boltzmann constant;

Co is the speed of electromagnetic waves in vacuum.

Note 1 to entry: A curve M5 =f(1) with a maximum at 4, can be drawn for each temperature. 4, is a function
of temperature, but the product 4, -T is constant (Wien's "displacement law"):

A - T =2,898x10> m-K

Note 2 to entry: M° and M3 are hemispherical terms.

Note } to entry: The emission (5.1) of a black body is isotropic or diffuse, i.e. I’ and Lj are indellaendent of the
direction (Lambert's law).

Note 4 to entry: The total and the spectral radiance (4.6) of the black body are expressed-by:

19 :M_o
V4
M3

LCL =
T

Note J to entry: Expressed in W/m3 .

Note { to entry: Expressed by Planck's law which relates Mj»to the wavelength A and to the absolutp temperature
of the |black body (5.4).

Note 7 to entry: Terms related to black body bear a stperscript notation (°).

5.7
emission of real bodies
emissfon (5.1) properties of real materidls compared with that of the black body (5.4) placefl in the same
conditions of temperature

Note 1 to entry: In general, these properties depend on the nature and surface aspect of the body pnd vary with
wavelength, direction of emi§sion and surface temperature.

5.8
total directional emissivity

€0
total fadiance} L (4.3) emitted by the considered surface, divided by total radiance emitted by the

blackpody,\L3, (5.4) at the same temperature:

I
_ 82

En =
o
Lo
5.9
spectral directional emissivity
€QA

spectral radiance, Lg, (4.6) of the considered surface divided by the spectral radiance emitted by the
black body, L3,; (5.4) at the same temperature:

Loy

€ar =,
Loy,

©1S0 2022 - All rights reserved 9
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5.10

total hemispherical emissivity

E

total hemispherical exitance, M, of the considered surface divided by the total hemispherical exitance
of the black body, M° (5.4) at the same temperature:

E =

MO
5.11

spectral hemispherical emissivity

€l
spectral exitq

M§ (5.6) at

M;
€)= —0
M;
5.12
grey body
thermal radi
£) =€, §
5.13
isotropicall

thermal radi

89 =E£, 4
5.14
isotropicall

thermal radi
Er=€m

Note 1 to entr]

Note 2 to enty]
wavelength a
surface reduc

nce, M, (5.3) of the considered surface divided by the spectral exitance of thehlack

he same temperature:

htor whose hemispherical or directional spectral emissivityys independent of wavelg

0L =€0

y emitting body
htor whose total or spectral emissivity is indeépendent of the direction:

For =€

y emitting grey body
htor whose emissivity is independent of both wavelength and direction:

:gg =&

y: These emissiyities can vary with temperature: £(T) .

y: The hypothesis of grey surfaces and isotropic emission (5.1), with an emissivity independ
hd direction'is generally accepted in computations. In this case, the different emissivitie
b to a sifigle parameter, €.

body,

ngth

lent of
s of a

6 Terms
radiation

6.1

I3 'S fa nana 3o oa 2e s aftlh azazaa ol
IISPAITIIT SUL IAUTS TCLTIVIITG a UITT IIdl

total irradiance

E

radiant heat flow rate (4.1) received by a surface divided by the area of this surface:

d¢

E=
dA

ay or qr

Note 1 to entry: E is the areal density of the radiant heat flow rate in each point of a receiving surface. It is a total
hemispherical quantity. See Table 1.

10
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Note 2 to entry: Expressed in W/m2 .

88:2022(E)

Note 3 to entry: When radiant energy of a wavelength A strikes a material surface along a direction A inside the
solid angle £

— a

— a

— a

part g, of the total incident radiation is reflected;
part o isabsorbed inside the material; and

part Tg) may be transmitted.

The three terms oy , 0 3, To) follow the relationship

)

o1 T 00, T7g; =1

Simildr relations can be written for spectral, directional and total hemispherical terms. Spectral a

imply
a =1
7 =0

o

a
o =0y
Note 4

o
expre
or reg

equal.

The K

%)

but ge
not pg
the in
surfad

6.2
spect
E;

isotropic and incident radiation.
for the black body;
for opaque bodies;
; =0, T=1, for grey bodies;
hi; 0 =00y T=Tg, forisotropic or diffuse grey bodies.
to entry: For a radiation of given direction and wavelength, all cases apply expression of the

01, (T) =€ (T)

bsion of the Kirchhoff law: for each wavelength and each direction of propagation of the rad
eived by a surface, at a given temperature, the spectral directional emissivity (5.9) and ab|

rchhoff law holds also for monochromatic hemispherical terms:

| (T)=0, (T)

nerally, this relationfcanhot be extended to the total radiation emitted and absorbed by a b
ssible to write € =y except for grey and black bodies and/or in the case where the spectral

rident radiation(i§identical to the one of the black body (5.4) at the same temperature as t|
e.

ral irsadiance

hd total terms

Kirchhofflaw:

ation emitted
sorbtivity are

bdy. Thus, it is
listribution of
he considered

irrad

PR L PR I N 4 | YR ] 4 J +l ] £l 19
dlICT UlIVIUTU Uy DIJCLLI dl THILTT vdl CTTITTITU Ull UIIT VVGVCICIISLII /U

dE | _
=—>=4r ) 0rq,,

iz

Note 1 to entry: Expressed in W/m3 .

6.3
total

J

radiosity

radiant heat flow rate (4.1) emitted and reflected by an opaque surface divided by the area of the surface:

J

do _
:d—A:q:— or qr

© IS0 2022 - All rights reserved
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Note 1 to entry: J is the areal density of radiant heat flow rate in each point of an opaque surface as a result of
the emission (5.1) and the reflection of the surface.

Note 2 to entry: Expressed in W / m?.

6.4

spectral radiosity

Ia

total radiosity (6.3) divided by the spectral interval centred on the wavelength A:
daj

],125

Note 1 to entrjy: Expressed in W / m3 .

6.5
total absorptance
o
radiant heat flow rate (4.1) absorbed by a surface, ¢,, divided by the incident radiant heat flow rate @; :
oo
D;
6.6
total refledqtance
<Q>

radiant heaf{ flow rate (4.1) reflected by a surface, @ ., divided by the incident radiant heat flow rate @ ;*

g = &
D,
6.7
total reflectlance
<T>

radiant heat flow rate (4.1) transmitted by a surface, ¢,, divided by the incident radiant heat flow rate,

e
o;

6.8

spectral abgorptance

7

spectral radiant heat flow rate (4.4) absorbed by a surface ¢,,, divided by the incident spectral radiant
heat flow rate, assuming that the incident radiation is isotropic:

12 © IS0 2022 - All rights reserved
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spectral reflectance

<pA>

spectral radiant heat flow rate (4.4) reflected by a surface ¢,,., divided by the incident spectral radiant
heat flow rate, assuming that the incident radiation is isotropic:

o=

6.10

spectral transmittance

<Trs
spect
radia

6.11

spectral directional absorptance

7Y}
spect
radia

6.12

specfral directional reflectance

(oY)
spect

direc

Note 1

6.13
spect
QA
spect

_Q
e

o

[
D

ral radiant heat flow rate (4.4) transmitted by a surface ¢,,, divided by thé inciq
nt heat flow rate, assuming that the incident radiation is isotropic:

e
Y

ral radiance (4.6) absorbed by a surface, Lg,,, divided by the spectral directiq
ce, Loyt

— LQla
Loy

ral radiance (4.6) reflected by -a surface in the direction Q°, Lo, divided by
ional incident radiance, Kgy;:

_ L.Q%r

A =
Loy;

to entry: Theveflection can be either diffuse or specular.

ral difectional transmittance

lent spectral

nal incident

the spectral

lal-radiance (4.6) transmitted by a surface in the direction Q’, Lo, . divided by

incident radiance, Lgy; :

Note 1 to entry: The transmission can be either unidirectional or diffuse.

© IS0 2022 - All rights reserved
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7 Terms related to a semi-transparent medium receiving a thermal radiation —
Combined conduction and radiation heat transfer

71

spectral directional extinction coefficient

B

spectral radiance (4.6) linear attenuation due to absorption along the direction A and scattering along
any other direction, divided by the incident spectral radiance:

diE 1
Boj =—x——
db LQA{

Note 1 to entry: Expressed in mt.

7.2
spectral directional absorption coefficient
XA
spectral radiance (4.6) linear attenuation due to absorption along the direction A, divided Qy the
incident spedtral radiance:

A
QA ds Lgl

Note 1 to entrfy: Expressed in mL.

7.3
spectral directional scattering coefficient
o7}
spectral radiance (4.6) linear attenuation along\the direction A, due to scattering along any |other
direction, diyided by the incident spectral radiance:

gy, 1

s Lgl

Note 1 to entrly: The terms fq,, Xgj and o, follow the relationship
Bai =Xa +0a;

Note 2 to entrfy: Expressedin mt.

7.4
mass spectrfaldirectional extinction coefficient
Boa
spectral directional extinction coefficient (7.1) divided by the density of the semi-transparent medium:

. Bax
Boa = D

Note 1 to entry: Expressed in m? /kg.

14 © IS0 2022 - All rights reserved
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s spectral directional absorption coefficient

spectral directional absorption coefficient (7.2) divided by the density of the semi-transparent medium:

, X
Xon=
Y
Note 1 to entry: Expressed in m? /kg.
7.6
mass|spectral directional scattering coefficient
e’}
spectral directional scattering coefficient (7.3) divided by the density of the semi-transpare
’ OQx
Olor =—
0

Note

If it is pn isotropic and grey material it gives

Note

7.7

spectral directional optical thickness

Ty

value|defined by

13}

Note

materfal to attenuate/thermal radiation of wavelength A and for homogeneous isotropic and isof]

Baa
7.8

phase¢ function

Py

math hpdati ool Fanabin oo hingtho cnaca dictrihibiny A+ cnnttnpmnd o diobi o,
CITIUALICATI TUITIICLTIUVIT UCOUCT lullls CITC Ol_lu\'\' UIOoTINTOULIVUIT U LI oltdliiltuIrItcu 1 auIiactiviln.

Bhi =Ba. Xqi =x3, 0qj =0,

Bhi =B, xqs =X, 0gy =0

1 to entry: If the semi-transparent medium is an isotropic material it gives

4 to entry: Expressed in m? /kg.

d
i (d)=] Baa (s)ds

(¢) = constantfand 7; =3, -d.

nt medium:

to entry: A layer-ofithickness d, is a measure of the ability of a given path length of senpi-transparent

hermal layers

Py (4> A)dQ

4

Note 1 to entry: It represents the probability for an incident radiation inside the solid angle dQ’ around the
direction A” to be scattered in the unit solid angle around direction A .

Note 2 to entry: It characterizes an anisotropic scattering material if the scattered radiation is isotropic
Py (4> 4)=1.

© IS0 2022 - All rights reserved
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79

spectral directional albedo

12767}

spectral directional scattering coefficient (7.3) divided by the spectral directional extinction coefficient

(Z.1):

oY)

Wqp =

Bor

Note 1 to entry: For isotropic media, wg, isindependent of the direction and the spectral term w, may replace it.
For absorbing, non-scattering media (6, =0), @, =0, and for non-absorbing scattering media (x, =0), ®; =1.

7.10

semi-transp
semi-transpd
thermal and

711

equation of
mathematic3
emitting and

Note 1 to enti
extinction cod
conditions.

712
Rosseland d
approximati
without taki

7.13

Schuster-Sc
approximati
the assumpti

in a single te

term, q,,
Note 1 to entr]

7.14
radiative th|
A

.
quantity defi

arent plane layer
rent layer of thickness d, limited by two infinite, plane and parallel boundaries of
optical characteristics

radiative transfer
I relation describing the variation along a path of the spectral radiarice (4.6) in an abso
scattering medium

y: The solution of this equation depends on the radiative properties of the medium, e.g. sy
fficient, spectral albedo and spectral phase function (7.8), aniid on the thermal and optical bou

iffusion approximation
n of the equation of radiative transfer (7.11y’considering the medium optically thic
g into consideration the boundary conditions

hwartzschild two-flux approximation
n of the equation of radiative transfer (7.11) for one dimensional planar geometry bas
on that the spectral radiances\(4.6) with positive components of direction can be integ

rm, CI;). , while spectralradiances with negative components can be integrated in a

y: One dimensionalplanar geometry is a semi-transparent plane layer (7.10).

ermal conductivity

ned\by the following relation:

given

rbing,

ectral

ndary

k and

ed on
rated

single

q. =—Agrad T

rewritten in

dr

r

the following way for a plane layer:

oT

on

where n is the normal to the layer

Note 1 to entry: These relations are the consequence of Rosseland approximation (7.12) and their advantage is
that they provide simple relations to express the total radiative density of heat flow rate, similar to Fourier's law
for pure conductive heat transfer.

16
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Note 2 to entry: Expressed in W /(m-K).

7.15
transfer factor
g
material property of a semi-transparent insulating product in relation with the combined conduction
and radiation heat transfer, which depends on experimental conditions, expressed by:

_qd _d

I=AT R

Note Ftoemtry-ttcamrbederived fronr the measurement of ¢, o amdt AT Tma guarded ot plate;ijt is a material
propefty only when d>d_ (see Figure 4), where d is thickness and d_, is the thickness when Ad / AR become
constant.

Note 4 to entry: Expressed in W /(m-K).
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4

R(d)

AR

i

radiativity, A,

gaseous and:solid conductivity, A .,

thermal transmissivity, A, =4, + A,
transfer factor, g

Zone A (d<d,,): The ratio Ad /AR is not constant, A, cannot be measured; the transfer factor, g, is not an

intrinsic material property as it depends on experimental conditions.

Zone B(d>d,,): The ratio Ad/AR is constant; the thermal transmissivity, ﬁt, that is an intrinsic material

18

property independent of the experimental conditions, can now be measured. In this case we can
also define 4, and A_; as material properties and put A, =A.; +4,.. Nevertheless, g=d /R is

not yet independent of the thickness d; see point P. g=4, will take place only for d>d_, .

Figure 4 — Thermal resistance versus thickness
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