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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
ical standardization.
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ncludes the following significant changes with respect to the previous edition:

he standard updated_from ‘Thermal insulation — Physical quantities and definitio
performance of buildings and building elements — Physical quantities and definitions’;

0/TC 163 corrected (Foreword);
replaced byISO 80000-5 in the note in the Scope and added to the Bibliography;

names-and definitions (in 3.3 and 3.4) adapted to current state (A — L, A = Lop, U
ht of heat loss — heat transfer coefficient);
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distinguish between a length-related quantity (“linear”) and an area-related quantity (now “areal”)
with similar name;

Formula

subscrip

in 3.1.4 corrected;

t/added in 3.4;

added a Note 1 to entry in 3.1.11 and a Note 3 to entry in 3.1.13;
H’added in 3.2.2 as an alternative name for Fs;

added “for homogeneous solids” to A.1 in Annex A.
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Introduction

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

— IS0 7945, Thermal insulation — Physical quantities and definitions
— IS0 9251, Thermal insulation — Heat transfer conditions and properties of materials — Vocabulary
— SO 9346, Thermal insulation — Mass transfer — Physical quantities and definitions

I 002920 Thaowoa ol s cr ] s o Thaxumaal aacr il otin o notapiale o d oy ot o Vocala lo
- N av gy oy op, T Trrrouracig rracerrats gt pr oaacts vocaourta y

— 130 9288, Thermal insulation — Heat transfer by radiation — Physical quantities and definitions

NOTE Annex A provides an explanation of the concept of thermal conductivity.
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INTERNATIONAL STANDARD ISO 7345:2018(E)

Thermal performance of buildings and building
components — Physical quantities and definitions

1 Scope

This document defines physical quantities used in the thermal performance of buildings and building

elements,and-gives the corresponding symbols and units
7 =] T 50

NOTE Because the scope of this document is restricted to thermal performance and energy Use in the built
envirgnment, some of the definitions it contains differ from those given ISO 80000-5.

2 Normative references

Therg are no normative references in this document.

3 Terms and definitions

ISO apd IEC maintain terminological databases for use in standardization at the following pddresses:

]

EC Electropedia: available at http://www.electropedia.org/

]

$0 Online browsing platform: available at https://www.iso.or

3.1 |Physical quantities and definitions

3.1.1

heat

quantity of heat

Q

Note 1 to entry: Unit: J.

3.1.2

heat flow rate

P

quantity of heat transferred to or from a system divided by time
d_d0

gt

Note Ltoentry: lUnit: W

3.1.3
density of heat flow rate

q
heat flow rate divided by area

_dd

=

Note 1 to entry: The word “density” should be replaced by “areal density” when it may be confused with linear
density (3.1.4).

Note 2 to entry: Unit: W/m2.

© ISO 2018 - All rights reserved 1
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3.1.4
linear densi

q1
heat flow rat
_do

ql‘ﬁ

ty of heat flow rate

e divided by length:

Note 1 to entry: Unit: W/m.

3.1.5
thermal co

dnt‘fivify

A
quantity defi

%
q=-28

Note 1 to ent
deals with thd
the influence

Note 2 to entr]

3.1.6
thermal res
r

quantity defj

gradT =

Note 1 to entr]
Note 2 to entr]

3.1.7
thermal res
R
temperature

_ T}
q

R

Note 1 to entr

ned by the following relation:

rad T

y: A rigorous treatment of the concept of thermal conductivity is given-ijthe annex, whig
application of the concept of thermal conductivity to porous isotropicioranisotropic materig
bf temperature and test conditions.

y: Unit: W/(m-K).

istivity

ned by the following relation:
%
y: A rigorous treatment of the concépt'of thermal resistivity is given in Annex A.

y: Unit: (m-K)/W.

istance

difference divided by the density of heat flow rate in the steady state condition:

r

2

: For.a plane layer for which the concept of thermal conductivity applies, and when this prop

h also
Is and

erty is

constant or linear'with temperature (see Annex A):

r=4
p

Note 2 to entry: where d is the thickness of the layer.

Note 3 to entry: These definitions assume the definition of two reference temperatures, T1 and T2, and the area
through which the density of heat flow rate is uniform.

Note 4 to entry: Thermal resistance can be related either to the material, structure or surface. If either T1 or
T is not the temperature of a solid surface, but that of a fluid, a reference temperature must be defined in each
specific case (with reference to free or forced convection and radiation from surrounding surfaces, etc.).

Note 5 to entry: When quoting values of thermal resistance, T1 and T2 must be stated.
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Note 6 to entry: “Thermal resistance” should be replaced by “areal thermal resistance” when it may be confused
with linear thermal resistance (3.1.8).

Note 7 to entry: Unit: (m2-K)/W.

3.1.8

linear thermal resistance

R

temperature difference divided by the linear density of heat flow rate in the steady state condition:

T -T,

&4

R1=

Note ] to entry: This assumes the definition of two reference temperatures, T1 and T, and\th¢ length along
which|the linear density of heat flow rate is uniform.

Note 2 to entry: If within the system either T1 or T3 is not the temperature of a solid-surface, but that of a fluid,
a refefence temperature must be defined in each specific case (with reference to ffiee’or forced cpnvection and
radiatfion from surrounding surfaces, etc.).

Note 3 to entry: When quoting values of linear thermal resistance, T1 and Tz muist be stated.
Note 4 to entry: Unit: (m-K)/W.

3.19
surface coefficient of heat transfer
h
densify of heat flow rate at a surface in the steady staté divided by the temperature differgnce between
that sjurface and the surroundings:

Note 1 to entry: This assumes the definitionof the surface through which the heat is transferred, thp temperature
of the purface, Ts, and the ambient temperature, T, (with reference to free or forced convection and fadiation from
surroyinding surfaces. etc.). The surface us usually denoted by an index e for external and i for intefnal surface.

Note 7 to entry: Unit: W/(m2-K)!

3.1.10
thermal conductance
L
reciprocal of thermal resistance from surface to surface under conditions of uniform density of heat
flow rate:

Note 1 to entry: “Thermal conductance” should be replaced by “areal thermal conductance” when it may be
confused with linear thermal conductance (3.1.11)

Note 2 to entry: Unit: W/(m2-K).

© ISO 2018 - All rights reserved 3
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3.1.11

linear thermal conductance

L
W/(m-K)

reciprocal of linear thermal resistance from surface to surface under conditions of uniform linear

density of he

lei
R,

at flow rate:

Note 1 to entry: Unit: W/(m-K).

3.1.12

thermal tra
U

nsmittance

heat flow rafte in the steady state divided by area and by the temperature difference betwee

surrounding

U=—
(T;

Note 1 to entr
boundary con|

Note 2 to enty
confused with

Note 3 to en
surroundings

Note 4 to entr]

3.1.13
linear thern
y

heat flow ra
surrounding]

P
(T 1

Note 1 to entr
boundary con|

Note 2 to entr

5 on both sides of a flat uniform system:

D
T,)A

y: This assumes the definition of the system, the two reference temperatures, T1 and T, and
ditions.

y: “Thermal transmittance” should be replaced by “areal thermal transmittance” when it n
linear thermal transmittance (3.1.13).

ry: The reciprocal of the thermal transmittance.i$ ‘the total thermal resistance betwe
on both sides of the flat uniform system.

y: Unit: W/(m2-K).

nal transmittance

fe in the steady state divided by length and by the temperature difference betwee
5 on each side of a system;

D
LT,)I

y: This assume$ithe definition of the system, the two reference temperatures, T1 and T2, and
ditions.

: The reciprocal of the linear thermal transmittance is the total linear thermal resistance be

the surroundings etveach side of the system.

n the

other

hay be

bn the

n the

other

tween

Note 3 to entr]

v: When ¥is used to characterize linear thermal bridges in the building envelope ¥is not t

total

but the additional heat transfer due to the thermal bridge [i.e. additional to the heat transfer taken into account

by the (areal)

thermal transmittance U].

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

3.1.14

heat capacity

C

quantity defined by the formula:

e
dT

© ISO 2018 - All rights reserved
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Note 1 to entry: When the temperature of a system is increased by dT as a result of the addition of a small quantity
of heat dQ, the quantity dQ / dT is the heat capacity.

Note 2 to entry: Unit: J/K.

3.1.15

specific heat capacity

c

heat capacity divided by mass:

C
c=—
m

Note ] to entry: Unit: J/(kg-K).

3.1.15.1
specific heat capacity at constant pressure

Cp

Q
1]
RIS

Note 1 to entry: Unit: J/(kg-K).

3.1.15.2
specific heat capacity at constant volume
Cy
C
cl =—

Note ] to entry: Unit: J/(kg-K).

3.1.16
thermal diffusivity
a
thermal conductivity divided by the density and the specific heat capacity:

Note 1 to entry: For fluidSithe appropriate specific heat capacity is cp.
Note 4 to entry: The‘definition assumes that the medium is homogeneous and opaque.

Note 3 to entry:"The thermal diffusivity is relevant to the non-steady-state and may be measurjed directly or
calculpted from separately measured quantities by the above formula.

Note 4_teentry: Amnng others thermal diffusivity accounts for the response of the temperature at a location
inside a material to a change of temperature at the surface. The higher the thermal diffusivity of the material, the
more sensitive the interior temperature is to changes of the surface temperature.

Note 5 to entry: Unit: m2/s.

3.1.17

thermal effusivity

b

square root of the product of thermal conductivity, density and specific heat capacity:

b=JA o c

Note 1 to entry: For fluids the appropriate specific heat capacity is cp.

© IS0 2018 - All rights reserved 5
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Note 2 to entry: This property is relevant to the non-steady-state. It may be measured or calculated from
separately measured quantities by the above formula. Among others, thermal effusivity accounts for the
response of a surface temperature to a change of the density of heat flow rate at the surface. The lower the
thermal effusivity of the material the more sensitive the surface temperature is to changes of heat flow at the

surface.

Note 3 to entry: Unit: J/(m2-K:s1/2).

3.2 Energy performance of buildings

3.2.1

volumetric heat transfer coefficient

Fy
heat flow rat
by the volum

@
F, =—]
YTy

Note 1 to enty
building enve

The use of v
external temp

Note 2 to entr]

3.2.2
areal heat ti
Fg H’

heat flow rate between the building (i.e. the integnal environment) and the external enviro

divided by th
Fg=H's3

Note 1 to enty
building enve|
area, the floor

The use of ar
temperature,

Note 2 to entr]

3.2.3

e between the building (i.e. the internal environment) and the external environment.di
e and by the difference of temperature between the internal and external environmse

\T

y: The heat flow rate may optionally include the contributions of heat'transmissions throu
ope, ventliation, solar radiation, etc. The volume, V, shall be defined.

lumetric heat transfer coefficient assumes a conventional defjnition of internal temper
erature, volume and the different contributions resulting in the heat flow rate.

y: Unit: W/(m3-K).

ransfer coefficient

vided
nt:

ch the

ature,

e area and the difference of temperature between the internal and external environ

D

A-AT

y: The heat flow rate may-optionally include the contributions of heat transmissions throu
ope, thermal bridges, ventilation, solar radiation, etc. The area may optionally be the en
area, etc. The temperature difference may optionally be a weighted temperature difference.

pal heat transfer-coéfficients assumes a conventional definition of internal temperature, ex
hrea and the different contributions resulting in the heat flow rate.

y: Unit: W/ (m2-K).

ment
ent:

ch the
relope

ternal

ventilation j

rate

n

number of air changes in a defined volume divided by time

Note 1 to entry: Unit: h-1.

Note 2 to entry: The unit for ventilation rate, h-1, is not an SI unit. However, the number of air changes per hour is
the generally accepted way to express ventilation rate.

© ISO 2018 - All rights reserved
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Quantity Symbol Unit
thermodynamic temperature T K
Celsius temperature 0 °C
thickness d m
length l m
width; breadth b m
area A m?2
VUlulllC ;/’ lll?’
diameter D m
time t S
mass m Kg
density ) kg/m3

3.4 |Subscripts

In order to avoid confusion, it will often be necessary to use subscrfipts or other identificatjon marks. In

these|cases, their meaning shall be explicit.

Howepver, the following subscripts are recommended.

interipr i
exterjor e
surfage S
interipr surface si
exterjor surface se
condyction ed
convgction cv
radiation r
contart C
gas (dir) space g
ambig¢nt a
linear 1

© ISO 2018 - All rights reserved
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Annex A
(informative)

Concept of thermal conductivity

A.1 General

To facilitate
sets out a md

A.2 Thermal gradient grad T at a point P

This is a vect
equal to the

vector of wh

From Formu

gradT- 6

the understanding of the applicability of the concept of thermal conductivity, this
re rigorous mathematical treatment for homogeneous materials.

or in the direction of the normal n to the isothermal surface containing P. Its magnit

derivative of the temperature T versus the distance from P along.this normal, n, th
%

chis en.

a(Al):

_eT
" on

pnnex

ude is
e unit

(A1)

A.3 (Surface) density of heat flow rate, g, at'a point P(of a surface through whiich

heat is tra

This is defing

|

do
dA

When dealinjg with heat exchanged by conduction at each point of the body where conduction ¢

the quantity
surface of ar

where the va

0P

nsferred)

bd as Formula (A.2):

P

g depends on the-grientation of the surface (i.e. on the orientation of the normal at P
ea A) and it is(possible to find a direction, n, normal to a surface of area A4, contair

%
lue of g issqraximum and designated by vector g in Formula (A.3):

€n

(A.2)

Xists,
to the
1ing P

(A.3)

.

o4,

k

For any other surface of area As containing P, the (surface) density of heat flow rate, g is the component

-

of g inthe direction s normal to that surface at P.

—

Vector q is given the name “thermal flux density” (not “heat flux density”). “Thermal flux” and “heat

-

flow rate” are equivalent expressions when dealing with conduction. Whenever vector q cannot be

defined (in convection and in most cases of radiation), only the expressions “heat flow rate” and
“(surface) density of heat flow rate” shall be used.
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Thermal resistivity, r, at a point P

This is the quantity that permits the computation by Fourier's law of the vector grad T at point P from

-

—

the vector g at point P. The simplest situation (thermally isotropic materials) is when grad T and q
are parallel and opposite, so that r is defined at each point as the proportionality constant relating the

ﬁ
vectors grad T and ¢q in Formula (A.4):

N

gradT=-rgq

(A4)

In thi
%

q ald
In the

defin

there

throufgh Formula (A.5):

If the

asat

A5

This i
prodtu

per Formula (Av6):

ag

5 case, r is also the opposite of the ratio at the same point between the components

ng any direction s and does not depend on the direction s chosen.

%
e grad T is a linear combination of the components of the vector,~g./The thermal

N
-

fore, defined through the tensor | r | of the nine coefficienits of these linear comb

5
->| -
adT=-|r|q
5
%
thermal resistivity ror | r | is constant with respect to coordinates and time, it may

nermal property at a givep-feniperature.

Thermal conductivity, A, at a point P

_)
s the quantitythat permits the computation of the vector g at P from the vector grad

ct with thermal resistivity is one or a unit tensor. If g and grad T are parallel and opj

pf grad T and

general case (thermally isotropic or anisotropic materials), each of the-three components that

Fesistivity is,

inations and

(A.5)

' be assumed

T at P, i.e. its
bosite, it is as

q==AgradT

Ar=1 (A.6)
-
%

Like thermal resistivity, thermal conductivity is, in the most general case, a tensor | A | of the nine

coefficients of the linear combinations of the components of grad T that define each component of

%
q

, through Formula (A.7):
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It is obvious

-

%
or | A|isco

018(E)

gradT
- -
- -

that | A | may be obtained by jnverting | r

(A7)

and vice versa. If the thermal conductivity A.

nstant with respect to coordinates and time, it may be assumed as a thermal property at a

given tempef

The thermal
material); it

Considerab
and T2, each

assumed to Be adiabatic and perpendicular to them. Suppose that the matekial form of which the

is made is st
faces). In sud

conditions, a

temperature

If all the abo

temperature
temperature

Similarly, if 4
T1 and T2 an

ature.

conductivity may be a function of the temperature and of the directien (aniso
s, therefore, necessary to know the relationship with these parameters!

pdy of thickness d, bounded by two plane parallel and isothermal faees of temperatu

hble, homogeneous and isotropic (or anisotropic with a syminetry axis normal to the

[see Formulae (A.8) and (A.9]].
@od  d
(Ty-Ty) R
—T.
2) _d_ rd
D A
5
_)

e conditions are mét except that the thermal conductivity A or | A | is a linear funct]

the above-relationships still apply if the thermal conductivity is computed at the
T, =(T{HT,)/2.

body\of length I is bounded by two coaxial cylindrical isothermal surfaces of temper3
| ofidiameters D;j and D, respectively, and if the ends of the body are flat adiabatic su

Cropic

res T1

of these faces having an area A. The lateral edges bounding the main faces of this bodly are

body
main
-state

h conditions, the following relationships, derived from{(Fotrier's law under steady
- -
- -
pply if the thermal conductivity A or | A | or therma] resistivity ror | r | is independent of

(A.8)

(A9)

ion of

mean

tures
rfaces

perpendicularTo the cylinders, then, for materials that are stabie, homogeneous and isotropic, the
following relationships, derived from Fourier's law under steady-state conditions, apply if the thermal
conductivity A or thermal resistivity r are independent of temperature [see Formulae (A.10) and (A.11)]:

D D
1 (DlnD—e g]nD—e
_1_ P ; (A.10)
r 2xl(Ty-T;) R
T; =T, )nID D D
_(=-Ty)rld 1D, D, _ D, D, (A11)
@ A2 D, 2 D

1

where D may be either the external or the internal diameter or any other specified diameter.

10
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