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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
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Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
5k of technical committees is to prepare International Standards. Draft International Stan

the technical committees are circulated to the member bodies for voting. Publication
Standard requires approval by at least 75 % of the member bodies casting-a vote.
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as prepared by Technical Committee ISO/TC 163, Thermal pefformance and energy use
nent, Subcommittee SC 2, Calculation methods.
edition cancels and replaces the first edition (ISOW3786:1999), which has been techrn

principal changes have been made to the firstiedition:

has been modified;

all equations in 7.2.1 and 7.2.2 have been-reviewed and corrected as appropriate;

htains a new equation for¢periodic thermal transmittance, and a new note;

Equation (A.4) has been corfected;

Lindergone minor revisions;

1 has beényadded;
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s an

atent
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ically

all equations in Clause 3 have been reviewed and corrected as appropriate; the definition of heat capacity

contains amended examples to align with changes to the formulae in the main body of the trxt.
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ISO 137

Introduction

86:2007(E)

This International Standard provides the means (in part) to assess the contribution that building products and
services make to energy conservation and to the overall energy performance of buildings.

The dynamic thermal characteristics of a building component describe the thermal behaviour of the
component when it is Qllhjprt to_variable hmmdnry canditions_ e variable heat flow rate

tempgrature on one or both of its boundaries. In this International Standard, only sinusoid

or variable
al boundary

condftions are considered: boundaries are submitted to sinusoidal variations of temperature-er_hept flow rate.

The
heat

flow rate to cyclic temperature variations. Thermal admittance relates heatflow rate to

broperties considered are thermal admittances and thermal dynamic transfer properties, relating cyclic

temperature

variations on the same side of the component. Thermal dynamic transfer properties’ relate physigal quantities

on ornje side of the component to those on the other side. From the aforementioned properties, it

s possible to

defing the heat capacity of a given component which quantifies the heat storage’property of that djomponent.

The

specifications of complete building components.

The

dynamic thermal characteristics defined in this International ‘Standard can be useq

dynamic thermal characteristics can also be used in the calculation of;:
the internal temperature in a room;
the daily peak power and energy needs for heating or cooling;

the effects of intermittent heating or cooling; etc.

in product

© 1SO 2007 — All rights reserved
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INTERNATIONAL STANDARD

ISO 13786:2007(E)

Thermal performance of building components — Dynamic

thermal characteristics — Calculation methods

1 cope

This [International Standard specifies the characteristics related to the dynamic thermal be
complete building component and provides methods for their calculation. It also spegifies the in
building materials required for the use of the building component. Since the charactefistics depen
matefials are combined to form building components, this International Standard. i$)not applicab
matefials or to unfinished building components.

The gefinitions given in this International Standard are applicable to any“building component,
calculation method is provided for plane components consisting of plane.Jayers of substantially h
building materials.

Annex A specifies simpler methods for the estimation of the heat capacities in some limited d
methpds are suitable for the determination of dynamic thermalproperties required for the estimat

use. [These approximations are not appropriate, however, fér;product characterization.

Annex B gives the basic principle and examples of applications of the dynamic thermal character]
in thi$ International Standard.

Annex C provides information for programming‘the calculation method.

Annex D gives examples of calculation for'a building component.

2 ormative references

The following referenced-documents are indispensable for the application of this documen
refergnces, only the @dition cited applies. For undated references, the latest edition of th
document (including‘any amendments) applies.

ISO 946, Building components and building elements — Thermal resistance and thermal trar
Calcylation méthod

ISO 1345, Thermal insulation — Physical quantities and definitions

haviour of a
formation on
d on the way
e to building

A simplified
pmogeneous

ases. These
on of energy

stics defined

t. For dated
b referenced

smittance —

ISO 10211, Thermal bridges in building construction — Heat flows and surface temperatures — Detailed

calculations
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3 Terms

3.1

2007(E)

, definitions, symbols and units

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 7345 and the following apply.

3.1.1 Definitions valid for any component

31141

component

part of a buil ing, such as a wall _floor or roof or a part of such an element

3.1.1.2

thermal zong of a building

part of a builgling throughout which the internal temperature is assumed to have negligible spatiabvariatio
NOTE 1  Afpomponent separates two zones, designated in this International Standard by m and m.

NOTE 2  THe external environment can also be considered a zone.

3113

sinusoidal donditions

conditions in[which the variations of the temperature and heat flows around their long term average value

described by

NOTE Us
Equation (2):

a sine function of time

ing complex numbers, the temperature in zone »n can be described by Equation (1) and the heat fl

+|én|cos(wt+w) =0, +%[

b, +|@,|cos(wt+p) =D, +

are average values of temperature and heat flow;

|<D are amplitudes-of temperature and heat flow variations;

n

@, are.omplex amplitudes defined by:

2 tjp
D, e

NS

S are

bw by

(1)

)

@)

0,(t)=0
@, (1) =4
where
6, and
én and
éin and
éin = |én
w
3114
periodic the
L

mn

is the angular frequency of the variations.

rmal conductance

complex number relating the periodic heat flow into a component to the periodic temperatures on either side of
it under sinusoidal conditions

Another representation of the concept:

(4)

© 1SO 2007 — All rights reserved
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NOTE 1 L,,, relates the periodic heat flow on side m to the periodic temperature on side m when the temperature
amplitude on side » is zero. L,,, relates the periodic heat flow on side m to the periodic temperature on side » when the
temperature amplitude on side m is zero.

NOTE 2  As a convention within this International Standard, the heat flow rate is defined as positive when it enters the
surface of the component.

3.1.1.5

heat capacity
modulus of the net periodic thermal conductance divided by the angular frequency

Another representation of the concept:

@

1)

mm — Lmn (5)

3.1.1|6

time [shift
At
periof of time between the maximum amplitude of a cause and the maximum-amplitude of its effgct

3.1.2| Definitions valid only for one dimensional heat flow

3.1.21
plan¢ component
component for which the smallest curvature radius is at least five times its thickness

3.1.2|2

homeé¢geneous material layer
layer|of material in which the largest size of inhomogeneities does not exceed one fifth of the thigkness of the
layer

3.1.2|3
thermal admittance
complex quantity defined as the complex amplitude of the density of heat flow rate through the gurface of the
component adjacent to zone m, divided by the complex amplitude of the temperature in the samge zone when
the tgmperature on the other side-is held constant

Another representation of‘the” concept:

>

i = (6)

s

3.1.2/4

perigdi¢ thermal transmittance
complex‘quantity defined as the complex amplitude of the density of heat flow rate through the gqurface of the
component adjacent to zone m, divided by the complex amplitude of the temperature in zone n when the
temperature in zone m is held constant

Another representation of the concept:

S (7)

© 1SO 2007 — All rights reserved 3
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3.1.2.5

areal heat capacity
heat capacity divided by area of element

Another representation of the concept:

NOTE 1

_y|

mn (8)

mm

Using Equation (8), the heat capacities are then:

C = Ax]

m

NOTE2 THh
which depend

3.1.2.6

decrement factor

ratio of the m

Another repr

f=

0,

where m#n

3.1.2.7
periodic per
o

depth at whi
material of in

Another repr

e

dnf

©)

ere are two thermal admittances and two heat capacities for a component separating two~zones,|all of

on the period of the thermal variations.

odulus of the periodic thermal transmittance to the steady-state thermal.transmittance U
psentation of the concept:

|Y

mn|

U

[/

(10)

etration depth

“ 0

ch the amplitude of the temperature. variations are reduced by the factor “e” in a homoger
finite thickness subjected to sinusoidal temperature variations on its surface

eous

psentation of the concept:

a (11)
C

s the base of nafural logarithms; e = 2,718...

matrix

o the

Another representation of the concept:

0,
d2

s

Z11
Z21

Z1
Zy

2

- (12)
q1

- 226
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3.2 Symbols and units

ISO 13786:2007(E)

Symbol Quantity Unit
A area m2
C heat capacity J/IK
L, periodic thermal conductance W/K
R thermal resistance m2.K/W
T period of the variations s
thermal transmittance under steady state boundary conditions W/(m2-K)
wm  |thermal admittance W/(m2-K)
' periodic thermal transmittance W/(m?2-K)
z heat transfer matrix environment to environment —
Zom element of the heat transfer matrix —
a thermal diffusivity m2/s
c specific heat capacity J(kg-K)
d thickness of a layer m
f decrement factor —
j unit on the imaginary axis for a complex ndmber; j=~/-1 —
q density of heat flow rate W/m?2
t time 5 or h
X distance through the component m
At time shift: time lead (if positive), or time lag (if negative) 5 or h
1) periodic penetration depth of a heat wave in a material m
@ heat flow rate W
i< ratio of the thiekness of the layer to the penetration depth —
K areal heat)capacity J[(m2.K)
A design-thermal conductivity W/(m-K)
P density kg/m3
17 temperature °C
@ angular frequency; o = 2—Tn rad/s
Ot phase-differenees rad

© 1SO 2007 — All rights reserved
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3.3 Subscripts

3.4 Other

4 Period

Subscript Definition
a air layer
e external
[ internal
m, n for the thermal zones
s related to surface
ee from environment to environment
symbols
Symbol Definition
" complex amplitude
- mean value
|| modulus of a complex number
arg argument of a complex number
of the thermal variations

The definitiop of dynamic thermal characteristics and the formulae for their calculation are valid for any ¢

of thermal va

The values g
an additiona|
different peri

riations.

f dynamic thermal characteristics ‘'depend on the periods. If more than one period is consid
suffix shall be added to all\quantities affected so as to distinguish between the valug
DdS.

Practical tim¢ periods are:

— one hot
tempera

— oneday

— one wee€

r (3600 s), which-corresponds to very short time variations, such as those resulting
ture control systems;

(86 400 s);\corresponding to daily meteorological variations and temperature setback;

k (604800 s), corresponding to longer term averaging of the building;

eriod

ered,
s for

from

— one yea

- (o1 056 UUU s), usetul 1or treatment of heat transter through the ground.

5 Datarequired

The data required to compute the dynamic thermal characteristics are:

a) the detailed drawings of the product, with dimensions;

b) for each

material used in the product:

— the thermal conductivity, 4;

© 1SO 2007 — All rights reserved
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— the specific heat capacity, c;

— the density, p.

These values shall be the design values of the materials used.

6

6.1

The

bridges usually present in such building components do not affect significantly the~dyna
chargcteristics, and can hence be neglected.

The
very

condftions. For this purpose, the rules for modelling the component as given, in ISO 10211 s
together with numerical methods, such as finite difference and finite elementitechniques.

6.2
The

a)

6.3

The

period T using Equation (11).

The

The

Heat transfer matrix of a multi-layer component

General

procedure in 6.2 applies to building components consisting of plane homogeneous_lay

Calculation of dynamic thermal characteristics of non-plane components and.of componen
mportant thermal bridges shall be made by solving the equation of heat transfer under perio

Procedure
procedure is as follows:

identify the materials comprising the layers of the building component and the thickness of
and determine the thermal characteristics of the materials;

gpecify the period of the variations at the surfaces;
¢alculate the penetration depth for the material of each layer;
determine the elements of the heat/transfer matrix for each layer;

multiply the layer heat transfer matrices, including those of the boundary layers, in the correc
to obtain the transfer matrix(fjthe component.

Heat transfer matrix’ of a homogeneous layer

periodic penetration’depth for the material of the layer, 6, is calculated from its thermal propq

fatio of the\thickness of the layer to the penetration depth is then

brs. Thermal
mic thermal

ts containing
dic boundary
hall be used

these layers,

order, so as

rties and the

&
L =

(13)

£
[

matrix elements, Z_ , are calculated as follows:

mn’

Zyq = Zyp =cosh(&)cos(&)+]sinh(&)sin(&);

Zip = —%{sinh(f)cos(f) +cosh(&)sin(&)+ j[cosh(f)sin(f) - sinh(f)cos(ﬁ)}} ;

Zoq = —%{sinh(ﬁ)cos(f) —cosh(&)sin(&)+ j[sinh(é)cos(é) + cosh(f)sin(é)]}.

© 1SO 2007 — All rights reserved
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6.4 Heat transfer matrix of plane air cavities

The specific heat capacity of such layers is neglected. Hence, if R, is the thermal resistance of the air layer,
including convection, conduction and radiation, its heat transfer matrix is

1
0

-

-R
1

')

The thermal resistance of the air layer shall be calculated in accordance with ISO 6946.

6.5 Heat transfermatrixofa buildingcomponent—

The heat trar

s

where Z,, Z
beginning frg
layer.

Z4
Zy

The heat trar
Zee

where Z, ar]

o

where Rg is t
resistance sh

1
0

In most cass
calculated ug
orientation 0|
horizontal). f
heat capacity

7 Dynanmic thermal characteristics

7.1 Charad

sfer matrix of the building component from surface to surface is

Z1
Zo

1

b, Z3, ..., Zy, are the heat transfer matrices of the various layers of the building compg
m layer 1. As a convention for building envelope components, layer1 shall be the inne

sfer matrix from environment to environment through the buitding component is
s2Z Zs4

d Z, are the heat transfer matrices of the boundary.layers, given by

)

he surface resistance of the boundary:layer, including convection and radiation. Values of su
all be in accordance with ISO 6946

_RS
1

ing the surface resistance_values appropriate to the intended orientation of the component.
f the component is nét known, the calculations shall be done for vertical orientation (hea
For certain applications where boundary layers are taken into account separately, the pe
of the component_should be calculated omitting the boundary layers.

(15)

nent,
most

(17)

(18)

rface

s, the heat transfer matrix and the dynamic characteristics of a building component shall be

If the
flow
riodic

cteristics for any component

The dynamic thermal characteristics of any component are four periodic thermal conductances, L

mn?

heat capacities, C,,, as given in 3.1.1.4 and 3.1.1.5.

7.2 Characteristics for components consisting of plane and homogeneous layers

7.21

Thermal admittances and periodic thermal conductances

The thermal admittances are

Yq4q

Zq1

_Zy

and Yy, = 71y

12

and two

© 1SO 2007 — All rights reserved
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where Y, is for the internal side of the component, while Y5, is for the external side.

The time shift of admittance, is:

Aty = ——arg(¥,,,,) (20)

2

with the argument evaluated in the range 0 to 2x.

7.2.2 Modified admittance for internal partitions

For internal partitions within a building, where the temperature variations are the same on eithelr side of the
partitjon, the periodic heat flow is related to the periodic temperature variations by a modified-adnittance:

Yr:tm =Yom — Youn (21)
wherg Y, is the periodic thermal transmittance (see also 7.2.3, Note).
7.2.3| Areal heat capacities
The areal heat capacities are

T |Z41-1
1= 11 (22)
T Z12

and

o, = 22271 (23)

2TE Z12

Equations (22) and (23) apply to both external elements and to internal partitions.
NOTH For an internal partition, '«,, = ‘Y,:Lm‘/a).
7.2.4| Periodic thermaltransmittance and decrement factor
The periodic thermaktransmittance is given by

. L (24)

12 5
Z12
and the decrement factor is given by
V12|
=<l 25
A Uy (25)

where the thermal transmittance, U, is calculated in accordance with ISO 6946 ignoring any thermal bridges.

NOTE Uy is calculated ignoring thermal bridges for consistency with the calculation of the dynamic characteristics
(see 6.1).

The decrement factor is always less than 1.

© 1SO 2007 — All rights reserved 9
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The time shift of the periodic thermal transmittance is:

T
Atg =Zarg(212)

with the argu

ment evaluated in the range —2x to 0.

8 Report

8.1 Calcutationrepot

The calculat
envelope or

Each homog
part, as well

The report g
together with

In addition, for plane components made of homogeneous layers, the reportéshall contain:

— the area

— allist of the layers beginning with side 1; side 1 adopted for.tfie"calculation shall be clearly designate

building
— the valu

— the four

argumennt, in angular units; the arguments may also be converted into the corresponding time shifts;

— the two {

— the decr

— the therfnal transmittance, t/y,/used for the calculation of the decrement factor; the thermal transmit

including
if that is
thermal

The heat tra
which could

+

on report shall include a description of the building component, its normal use (part g
nternal component) and enumeration of zones in contact with it.

eneous part shall be clearly defined with dimensions and identification of the material used
bs the thermal conductivity, the density and the specific heat capacity used for the calculatio

hall provide, for any component, the periodic thermal conductancesZand the heat capa
the period, T, used for the calculations.

of the element;

envelope components, side 1 shall be that of the innermost layer;
ps of the surface resistances, R; and Ry, used for the calculation;

elements of the transfer matrix, Z; these complex numbers are given by their modulus

hermal admittances, described\by their modulus and arguments;
ement factor;

thermal bridges, Calculated in accordance with ISO 6946, shall also be included where pos
not possibleyit shall be made clear in the report that the thermal transmittance does not in

bridges andijs-not suitable for steady-state heat transfer calculations.

nsfer matrix of the reversed component shall also be provided for building envelope compo
be installed with either side in contact with the external environment.

(26)

f the
n the
NS.

Cities,

d; for

and

ance
sible:
clude

nents

If the calculation is performed for several periods, the results shall be provided for each period.

8.2 Summary of results

If only some of the characteristics are extracted from the calculation report for use as product specifications,
then these shall include at least the heat capacities and the decrement factor for a period of one day.

For components where the decrement factor cannot be calculated, the periodic thermal conductance is given
instead of the decrement factor.

10
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Annex A
(normative)

Simplified calculation of the heat capacity

Limits of use

The s
depth

Whe
ther
thesdq

The
ment|

A.2

A.2.1

The
the
acco

A.2.}

If, for
perio
to be

A.2.]

If, for
its pe
of the

;

implified methods described below apply only to plane components. They are based on'th
of a heat wave calculated for the material adjacent to the surface [see Equation (11)]:

the accuracy of the calculation is of secondary importance, e.g. when a rough-€estimate g

b penetration

f the internal

al inertia of a whole thermal zone is required, the following simplified methods can be us¢d. However,

approximations cannot be used to define the thermal inertia characteristics lef-a product.

results obtained by following the methods described in this annex. ‘shall be accompanie
oning that they are calculated in accordance with this annnex and stating which approximat

Simplified methods

Procedure
eat capacity of the component is calculated firstiwithout taking account of the surface resi

ost suitable of the approximations in A.2.2 to.A.2.4. Account is then taken of the surface
dance with A.3.

P Thin layer approximation

the side under consideration, the first layer of the building component has a thickness d les
dic penetration depth, and jftRe next layer is an insulating material, then the first layer can
isothermal and the areal hieat capacity of the component for the side under consideration is

<, =d pc

3 Semi-infinite‘'medium approximation

the side.under consideration, the first layer of the building component has a thickness great
riodic-penetration depth, then that layer can be considered as infinitely thick and the areal
component for the side under consideration is assessed by

d by a note
on was used.

stance, using
resistance in

5 than half its
be assumed
pssessed by

(A1)

er than twice
neat capacity

©I1SO

2007 — All rights reserved
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A.2.4 Effective thickness method

This method uses the approximations given in A.2.2 and A.2.3, together with a conventional value of the
thermal diffusivity, «=0,7 x 106 m?/s.

The effective thickness, d;, of one side of a component is the minimum value of the following:

half the total thickness of the component;

of coatings which are not part of the component;

the thickness of materials between the surface of interest and the first thermal insulating layer, not taking

a)
b)

account
C) amaxim
Table A.1 gi

provided on @ national basis.

Ta

um effective thickness, depending on the period of the variations.

bes indicative values of maximum effective thickness. Values for specific materials ma

ble A.1 — Maximum effective thickness depending on the period of the variations
Period of the variations 1 hour 1 day 1 week
Maximum effective thickness 20 mm 100 mm 250 mm

NOTE TH
to that of con
metals) range
from 40 % to 1

The areal he

2]

The heat c3
calculated aq

K

m

This simplifigd method can overestimate the heat capacity for some materials, such as wood or a€¢

concrete, an

this Internatipnal Standard.

A.3 Effect

The equivalg

ese effective thicknesses are very approximate values. The conventional value of thermal diffusivity is]
rete, plaster and mortar. Thermal diffusivity of usual building materials (excluding insulating materia
from 0,12 x 106 m2/s (pine wood) to 1 x 108 m?/s (limestone). Actual effective thickness can then
20 % of the conventional value.

ht capacity is calculated by

1

zidi = &7

pacity of a component completely contained within the thermal zone under considerati
the sum of the heat capacitiés:calculated from both surfaces of the component.

P

j can provide results-somewhat different from those given by the calculation method descrik

of surface resistance

nt areal heat capacity, «’,,, of a building component including the surface resistance, R, 0

high-mass ¢

y be

close
s and
range

(A.3)

on is

rated
ed in

r of a

pbmponent covered by a layer of negligible mass but representing a thermal resistance,

R, is

estimated by

K

2
Km

m

1

where

Rs

Kom

12

+w21c31 (R+RS)2

is the surface resistance;

is the areal heat capacity for the high-mass component.
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Annex B
(informative)

Principle of the method and examples of applications

Principle

The
comg
one

That

and t

with

Temperature and density of heat flow raté variations are those around the mean values & ar

varia

wher

The ¢
boun
repre

The
dens

method given in this International Standard is based on heat conduction in building
imensional heat flow.

means that at any location in the component, the temperature variations can bé modelled by

6, ,(x)e” +6_, (x)e 1o

0., (x,2) = 0(x)+ 5

he variations of the density of heat flow rate are

Gon(x)eI? 1§, (x)e !
2

1,(x,1) = q(x)+

0:(x) = || €Y and §.(x) = [4(x)| €17

bles, which are linked by

= U(é - ge)

e U is the thermal transmiittance of the component.
ne dimensional-equation of heat can be solved for a single layer of homogenous material wi
Hary conditions_(e.g. see [1]). The solution can be represented by Equation (12), the e

sented by the-heat transfer matrix.

neat transfer matrix, Z, then allows the calculation of the variations of the temperature, 4
ty-of.heat flow rate, ¢,, on one side of the building component, when these quantities, &

components

osed of several plane, parallel, homogeneous layers, under regular sinusoidal boundarty’ cdnditions and

(B.3)

d ¢ of these

(B.4)

th sinusoidal
ement being

b, and of the
and ¢4, are

know

non the other side.

The elements of the heat transfer matrix have the physical interpretation indicated below. Each element is a
complex number, which can be represented by its modulus, |Z,, [, and its argument, ¢, , = arg(Z,,,,).

— 12441 is a temperature amplitude factor, i.e. the amplitude of the temperature variations on side 2
resulting from an amplitude of 1 K on side 1.

— @41 is the phase difference between temperatures on both sides of the component.

— |Zz1 | gives the amplitude of the density of heat flow rate through side 2 resulting from a periodic variation
of temperature on side 1 with an amplitude of 1 K.

©I1SO

2007 — All rights reserved
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density of heat flow rate with an amplitude of 1 W/m?2.

side 1.

rate through side 2 resulting from an amplitude of density of heat flow rate of 1 W/m?2 through side 1.

The time del
from the pha

At

B.2 Exam

1
v 2k

9,4 is the phase difference between the density of heat flow rate through side 2 and the temperature of
|Z12| gives the amplitude of the temperature on side 2 when side 1 is subjected to a periodically varying
@10 is the phase difference between the temperature on side 2 and the density of heat flow rate through

|Z22| is the heat flow rate amplitude factor, i.e. the amplitude of the variations of the density of heat flow

e phase difference between the densities of heat flow rate through both sides of the compon

hys between the maximum of an effect and the maximum corresponding cause can be’calct
e shift of the transfer matrix element, Zl.j:

= Larg(

2n Zij)

_q)l]

ples of application

B.2.1 Geneéral

The applicat
B.2.2 and B.

B.2.2 One

ons of the dynamic thermal characteristics are numerous. Some general examples are giv
p.3.

component

The heat trapsfer matrix, Z, can be used for any application linking the boundary conditions on one side

temperature

For example
and heat floy

4o =Z9

Similarly, the

6, = Z,

The variatio
variations of

%)

NOTE

g1
—G2

T

and heat flow on the other side, as'shown in Equation (12).

rate variations on side 1 is given by
101+ Z7 44
variation of the{temperature on side 2 can be obtained by

O + Z124G4

s of heat flow rate entering into the component on both sides can be calculated fror

en in

o the

the heat flow rate required«<to"maintain a constant temperature on side 2 despite tempeiature

(B.6)

(B.7)

n the

emperatures by solving Equation (12) for the densities of heat flow rates:

1
Zyp

1
)

2
0y

A
1

)

The sign of g, is changed because the positive direction is going out of the element at side 2.

(B.8)

Thermal admittance is the amplitude of the density of heat flow rate on one side resulting from a unit

temperature

q1
Y ===
11 01

14

amplitude on the same side, when the temperature amplitude on the other side is zero:
A Z
for 6, =0,80 Yyq=——11
12

(B.9)

© 1SO 2007 — All rights reserved
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G . z
Yzzzﬁfor 9120,30 YZZZ—A
0, Z12

(B.10)

Periodic thermal transmittance is amplitude of the density of heat flow rate on one side when the temperature

amplitude on that side is zero and there is unit temperature amplitude on the other side:

q 5 1
Y12 :q,\—z for 92 =0, so Y12 =—-—
05 Z12
NOTE Yy, is, in general, different from Y,,, but always Yo, =Y;5.

(B.11)

Heat| capacities represent the ability of a building component to store energy from eithér\sifle when the

corresponding temperature varies periodically.

The ¢gomponent having heat capacity C; on one side will store, on that side, an amount.of energy

D =2C4 ‘91‘

equal to

(B.12)

resulfing from a periodic change in the temperature of side 1 from —‘91‘ to +‘HA1‘ during a half period. The

samg applies to side 2.

B.2.3 Several components

When several components are linked to the same zone,jy

ﬁj = Z(M 1,kéj _L12,kék)
%

(B.13)

wherg the summation is over all zones, k, that are thermally connected to zone j. The thermal qonductances
can he calculated directly by solving the time-dependent equation of heat transfer using a geomjetrical model
in adcordance with 1SO 10211. For-components in which one dimensional heat flow can lbe assumed,

howgver, the calculation method provided in this International Standard can be used to obtain Z,,

For gxample, let us consider a._cold store built outside and consisting of two types of compone

ke

hts: the walls

and the roof. Assuming that these components have a relatively small thermal inertia, only the daily variations

are cpnsidered. It is also.assumed that the mass of the products stored in the cold store should

not be taken

into gccount and that-the’ cold store is well insulated from the ground. Therefore, as far as thermd| bridges can
be ngglected, the daily average cooling power, @;, required to maintain a fixed internal temperatyre, 6, , when

the dpily average external temperature is 6, , is

0 = (AU + 4U,) (0 - 6)

(B.14)

wher

D]

A, is the area of the roof;

U, is steady state thermal transmittance of the roof;

A,, is the area of the wall;

U,, is the steady state thermal transmittance of the wall.

A negative cooling power means a heating power.

© 1SO 2007 — All rights reserved
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However, some supplementary power can be required to maintain a constant internal temperature despite a
daily variation of the external temperature. If this variation is considered as sinusoidal of amplitude &, this
supplementary power amplitude will be

D; = AWY12,W + ArY12,r O (B.15)

where Y, is calculated with a period of 24 h and with the innermost layer as the first layer. Here again,
thermal bridges are neglected. The total peak power will then be

@, = D; + D, (B.16)

NOTE 1  THe simplifying assumptions in this example are made for sake of simplicity and are not necessary. For
example, solvjng the heat transfer equation for two- and three-dimensional heat flow allows one to take account of heat
transfer to the ground and thermal bridges. Higher thermal inertia and non sinusoidal (but periodic) external tempefature
variations can|be considered by using a representation of the temperature and heat flow as Fourier series, with several
time periods (1, 2, 4, 8, ... days).

NOTE 2 THe absorption of solar radiation on the external surface could be taken into account.as an external heat flow,
or by introducipg an equivalent radiation temperature.

16 © 1SO 2007 — All rights reserved
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Further information for computer programming

C.1 General

The falculations in accordance with this International Standard will usually be done on a’ecgmputer. The
following can assist the programmer.

C.2 |Flow chart for the calculation method

Figure C.1 shows the sequence of operations, from top to bottom.

Input: Materials characteristics
Thickness of the layers

no

Input time period -

i

Heat transfer matrix of each layer
Surface transfer matrices
eq. (13) to (15), (18)

!

Make the product of these matrices

i

Calculate dynamic thermal
characteristics

i

© 1SO 2007 — All rights reserved

Display or print results

yes

Figure C.1 — Flow chart of the calculation method

17
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C.3 Representation of complex numbers

This International Standard requires computation with complex numbers. This can be done on computers,
even if the mathematical language does not include complex numbers, by using the technique presented

below.

Let a and b be respectively the real and imaginary parts of a complex number, z. This number can be
represented in matrix notation:

L[
b

B

(C.1)

This change

calculations.
the correspo

The modulus
2] =Va

Assuming th
appropriate f|

2+b2

and argument of a complex number can be obtained from the real and imaginary parts by

at the arctan function is evaluated in the range —n/2 to~%m/2, arg(z) is obtained fron
brmula in Table C.1.

Table C.1 — Argument of complex number

Values of ¢ and 5

arg(z) for admittance

arg(z) for periodic
thermal transmittance

b=0 0 0
b b
a>0,6>0 arctan| — arctan| — |- 2r
a a
a=0,6>0 /2 -3n /2
b b
a<0,b>.0 arctan [—j+ I arctan [—j— b
a a
b b
a>07b <0 arctan| — |+ 2rn arctan| —
a a
a=0,b<0 3n /2 -1 /2
b b
a<0,b<0 arctan [—j+ I arctan [—j— b
a a

5 a complex number into a real matrix of order 2, and a complex matrix of order 2.into g real
matrix of order 4. Then the calculations with complex numbers are replaced by conventipnal n
The matrix resulting from the calculation contains, in its odd rows, the real and imaginary p3
nding complex number.

natrix
rts of

(C.2)

n the

18
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