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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-g
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This
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ational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization
ational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, F
main task of technical committees is to prepare International Standards. Draft Internation
ed by the technical committees are circulated to the member bodies fer woting. Publi

ational Standard requires approval by at least 75 % of the member bodies-casting a vote.

tion is drawn to the possibility that some of the elements of this document may be the sub
. ISO shall not be held responsible for identifying any or all such patent rights.

3791 was prepared by Technical Committee ISO/TC 163, Thefmal performance and ener
bnvironment, Subcommittee SC 2, Calculation methods.

second edition cancels and replaces the first edition (ISO 13791:2004), which has bee
ed. The main changes compared to the previous edition are given in the following table:
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Clause/subclause Changes
2 Added ISO 9050, ISO 10292, ISO 15099, ISO 15927-2 and EN 673
3.2 Deleted g, and v, and added m,
421 Amended Equation (1)

Deleted m, ; and added the descriptions of p, and v

4.56.1 Replaced ¢, by m,
8.3.9.1 Amended the values in Tables 22 and 23
8.3.9.2 Amended the values in Tables 24 and 25
1.2.2 Replaced m by m,

Amended Equation (1.1) and added the descriptions of » and Ap,
Amended Equation (1.4) and added the description of AC,,

Amended the unit used in Table .1

1.2.3 Replaced m, m,, and m by m,,mg3, and m, 1, respectively

Amended Equations (1.5), (,6), (1.9), (1.10), (1.11), (1.12), (1.13) and (.14
Replaced 4 by 41 insEquation (1.13)

Replaced Ac,, byaC,,

Added thedescriptions of Equations (1.8) and (1.10)

1.2.3.3.3 Amended the description 1.2.3.3.3

1.3.2 Replaced Ac, by AC,,

Replaced m,, by mj ,

1.3.3 Replaced my by m, 1
Annex J Amended the values in Tables J.1 and J.2
Annex K Added as a new annex
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Introduction

This International Standard is intended for use by specialists to develop and/or validate methods for the hourly
calculation of the internal temperatures of a single room.

Examples of application of such methods include:

a) assessing the risk of internal overheating;

b) ¢ptimizing aspects of building design (building thermal mass, solar protection, ventilation [rate, etc.) to
provide thermal comfort conditions;

c) assessing whether a building requires mechanical cooling.

Critefia for building performance are not included. They can be considered at-national level. This|International
Standlard can also be used as a reference to develop more simplified“methods for the above and similar
appli¢ations.

© ISO 2012 — Al rights reserved Vi
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INTERNATIONAL STANDARD ISO 13791:2012(E)

Thermal performance of buildings — Calculation of internal

temperatures of a room in summer without mechanical
cooling — General criteria and validation procedures

1 Bcope

This |nternational Standard specifies the assumptions, boundary conditions, equations’and validation tests for
a calculation procedure, under transient hourly conditions, of the internal temperatures (air apnd operative)

during warm periods, of a single room without any cooling/heating equipment in operation
numaerical techniques are imposed by this International Standard. Validation tests are included in
examnjple of a solution technique is given in Annex A.

This International Standard does not contain sufficient information for defining a procedure able

No specific
Clause 8. An

to determine

the internal conditions of special zones such as attached sun spacés, atria, indirect passive solaj components
(trombe walls, solar panels) and zones in which the solar radiation may pass through the rogm. For such

situations different assumptions and more detailed solution models are needed (see Bibliography).

2 ormative references

The following referenced documents are indispénsable for the application of this document. For dated

refergnces, only the edition cited applies. For undated references, the latest edition of th
document (including any amendments) appfies.

e referenced

ISO 6946, Building components and -building elements — Thermal resistance and thermal transmittance —

Calcylation method
ISO 1345, Thermal insulation ~</Physical quantities and definitions

ISO 9050, Glass in building — Determination of light transmittance, solar direct transmittanc
enerqy transmittance~Ultraviolet transmittance and related glazing factors

ISO 9251, Thermal-insulation — Heat transfer conditions and properties of materials — VVocabula

ISO 9288, sthermal insulation — Heat transfer by radiation — Physical quantities and definitions

transfer — Vocabulary

b, total solar

4

ities for mass

ISO 10077-1, Thermal performance of windows, doors and shutters — Calculation of thermal transmittance —

Part 1: General

ISO 10077-2, Thermal performance of windows, doors and shutters — Calculation of thermal transmittance —

Part 2: Numerical method for frames

ISO 10292, Glass in building — Calculation of steady-state U values (thermal transmittance) of multiple

glazing

ISO 13370, Thermal performance of buildings — Heat transfer via the ground — Calculation methods

© 1SO 2012 — All rights reserved
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ISO 15099, Thermal performance of windows, doors and shading devices — Detailed calculations

ISO 15927-2, Hygrothermal performance of buildings — Calculation and presentation of climatic data —
Part 2: Hourly data for design cooling load

EN 410, Glass in building — Determination of luminous and solar characteristics of glazing

EN 673, Glass in building — Determination of thermal transmittance (U value) — Calculation method

3 Terms

, definitions, symbols and units

31

For the purj
ISO 9346 an

311
internal env
closed spacs

3.1.2

room eleme
wall, roof, ce|
or an adjace

3.1.3
room air
air of the inte

314

Terms and definitions

pboses of this document, the terms and definitions given in I1SO 7345, 1SO 9251, ISO
i the following apply.

ronment
delimited from the external environment or adjacent spaces by the building fabric

ht
ling, floor, door or window that separates the internal envitenment from the external enviror
t space

rnal environment

internal air temperature

temperature

3.1.5
internal suri
temperature

3.1.6
mean radiar]

pf the room air

ace temperature
pf the internal surface of a-building element

t temperature

uniform surface temperature”of an enclosure in which an occupant would exchange the same amot

radiant heat

31.7
operative te

Bs in the actual non-uniform enclosure

mperature

uniform tem

D288,

ment

nt of

perature of an enclosure in which an occupant would exchange the same amount of hel

t by

radiation plus convection as in the actual non-uniform environment
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3.2 Symbols and units

For the purposes of this document, the following symbols and units apply.

ISO 13791:2012(E)

Symbol Definition Unit
A area m?
A area of the surface in contact with the air layer m?2
A¢ floor area m?
; areaof roometement; m?2
Ay projected area of the considered system m?2
Ag sunlit area m?
Agh shaded area m?2
a thermal diffusivity m2/s
C heat capacity J/IK
c specific heat capacity J/(kg-K)
Cq specific heat capacity of air /(kg'K)
cq4 coefficient of discharge —
Cme specific heat capacity of the medium J/(kg'K)
¢y velocity coefficient —
d thickness m
E, ventilation parameter —
F view factor —
Fgx view factor from the element with the sky —
J4 solar distribution factor —
fic interna)-convective factor —
Js sunlitfactor —
Jsa solar to air factor —
Jel solar loss factor —
G moisture production kg/s
Gy moisture influx by ventilation kg/s
s heat flow rate per volume W/m3
g acceleration due to gravity m/s?
H height of the element m
h surface coefficient of heat transfer W/(m2-K)
hy convective heat transfer coefficient for ventilated layers W/(m2-K)
he convective heat transfer coefficient of the surface W/(m?2-K)
hg convective heat transfer coefficient for closed spaces W/(m2-K)
Ry, long-wave radiative heat transfer coefficient W/(m2-K)

© 1SO 2012 — All rights reserved
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1 intensity of solar radiation W/m2
Iy diffuse component of the solar radiation reaching the surface W/m?2
Ip direct component of the solar radiation reaching the surface W/m?2
Jirj long-wave radiosity W/m?2
k crack coefficient —
/ length m
my mass air flow rate kg/s
My m mass forced air flow rate by mechanical ventilation kg/s
My n mass air flow rate by natural ventilation kg’s
My T mass flow rate due to temperature kg/s
My w mass flow rate due to wind kg/s
n flow exponent —
p pressure Pa
density of heat flow rate W/m?2
g density of heat flow rate by convection W/m?2
Jed density of heat flow rate by conduction W/m?2
e, density of heat flow rate by conduction at the(internal surface W/m?2
air density of heat flow rate due to long-wave radiation exchanged with W/m?2
other internal surfaces
dsk correction for the long-wave radiation exchanges from the wall to W/m?2
the sky
Gsr density of heat flow rate due-to the absorbed short-wave radiation W/m?2
R thermal resistance m2-K/W
T thermodynamic temperature K
Ty temperatureof the environment K
Tin temperatufe of the air entering the air layer K
Tout temperature of the air leaving the layer K
t time s
U thermal transmittance W/(m2-K
v volume P
v velocity m/s
X,z co-ordinates m
A thermal conductance W/(m2K)
@ heat flow rate w
D heat flow rate due to internal sources W
D, solar to air heat flow rate W
Dy, heat flow rate of solar radiation entering the room W

4 © 1SO 2012 — All rights reserved
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@, heat flow rate by ventilation W

D, heat flow rate due to the air entering the room through air layers W
within the elements bounding the room

a solar absorptance —

£ long-wave emissivity of the surface

o celsius temperature °C
a4 defined air temperature of the adjacent room °C
25y air temperature of theadjacentToom °C
Oq temperature of the internal air °C

6, temperature of the mechanically supplied air °C

A thermal conductivity V/(m-K)

7] viscosity kg/(m-s)

v humidity by volume of internal air kg/m3
Vin humidity by volume of inflowing air kg/m3

2 solar reflectance —
Pa density of air kg/m3
Prm average solar reflection coefficient of room surfaces —
Pre density of the medium kg/m3
Pao density of the air at the temperatare T, kg/m3

o Stefan-Boltzmann constarit W/(m2K#)

3.3 |Subscripts

a air cd conduction

b building ec external ceiling
c convection ef external floor
D direct solar radiation eq equivalent

d diffuse solar radiation ic internal ceiling
e external if internal floor

g ground il inlet section

[ internal Ir long-wave radiation
I leaving the section mr mean radiant
n normal to surface op operative

r radiation sa solar to air

S surface sk sky

sl solar loss t time

sr short-wave radiation v ventilation

va ventilation through air cavity

© 1SO 2012 — All rights reserved
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4 Determination of internal temperatures

4.1 Assumptions

The evaluation of the internal temperature of a room involves the solution of a system of equations of the
transient heat and mass transfers between the external and internal environment through the opaque and
transparent elements bounding the room envelope. The procedures given in this International Standard allow
the user to determine the time-dependent temperature of each component, including the internal air. Accepted
assumptions for the calculation of the internal temperatures of a single room under transient conditions in
absence of any cooling plant are:

— the air tgmperature is uniform throughout the room;
— the variqus surfaces of the room elements are isothermal;
— the thermophysical properties of the materials composing the room elements are time-independent;

— the heal conduction through the room elements (excluding to the ground) issassumed to be|one-
dimensignal;

— the heaf conduction to the ground through room elements is treated by an’ equivalent one-dimengional
heat flow rate according to ISO 13370;

— the effegt of thermal bridges is generally neglected, but if it is considered the heat storage contributjon of
the thermal bridges is neglected;

— air spaces are treated as air layers bounded by two isothermal and parallel surfaces;

— convective heat transfer coefficients: at the external* surface they depend on the wind velocity and
direction, at the internal surface they depend on thé direction of the heat flow;

— the longtwave radiative heat flow rate at the.external surfaces of the room elements is related to aftime-
indepengent heat transfer coefficient;

— the extefnal radiant environment (sky'excluded) is at the external air temperature (see 4.5.4.1);
— the distribution of solar radiatian'within the room is time-independent;
— the dimgnsions of each element are measured inside the room;

— the megn radiant temperature is calculated by weighting the various internal surface temperdtures
according to the relevant areas;

— the opefative temperature is the average between the internal air temperature and the mean syrface
temperature..

4.2 Evaluation of the relevant temperatures

4.2.1 Internal air temperature

The air temperature of a room, at any given time, is obtained by solving Equation (1), where heat flow rates to
room air are taken as positive:

N 00y
Z(A qdej)j+ Py + Pic + Pgg + Dyg = €3 Palaj ﬁt‘ (1)
J=1

6 © 1SO 2012 — Al rights reserved
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where
N is the number of internal surfaces delimiting the internal air;
A is the area of each building element;

qgc; is the density of the heat flow rate by convection at the internal surface (see 4.5.2.2);
@, is the heat flow rate by ventilation (see 4.5.6);

@, s the convective part of heat flow rate due to internal sources (see 4.5.5);

D, is the solar to air heat flow rate (see 4.5.3.4);

D, is the heat flow rate due to the air entering the room through air layers within {he elements
bounding the room;

a is the specific heat capacity of air;
b, is the density of the internal air;

(ai is the volume of the internal air;

.i I the temperature of the internal air;
1 is the time.

INOTE Because of the very small value of the term ( p3 Va,i) the right-hand side of Equation (1) can e assumed to
e zero.

4.2.2| Internal surface temperature

The ipternal surface temperature at elemeént j is obtained by solving Equation (2), where heat floy rates to the
internal surface, except qcj are taken as positive:

D

r _ 0 (2)

N
A
=

lirj t4srj t4c,; T 9cd,jct

wher

W

q is.the density of heat flow rate due to long-wave radiation exchanged with other intefnal surfaces
(see 4.5.4.2);

gsr  is the density of heat flow rate due to the absorbed short-wave radiation (see 4.5.3.2);
qc is the density of heat flow rate released to room air by convection (see 4.5.2.2);

gdeq s the density of heat flow rate by conduction (see 4.5.1);

@, s the heat flow rate due to the radiative component of internal gains (see 4.5.5);

N is the number of surfaces delimiting the internal air;

4 is the area of room element j.

© 1SO 2012 - All rights reserved 7
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4.2.3 Surface delimiting two solid layers

The tempera
dcd, j1 1
where
dcd, j-1
dcd, j+1

dsr, j

J-1

dsrj

[dcd, j+1 T 4sr,j = 0

4.2.4 Surface of an air layer

9ed j+1

j+1

Figure 1 — Surface delimiting two layers

fure at surface j delimiting two layers in an element (Figure\1)'is obtained by solving Equatio

is the density of heat flow rate by conduction from the j—1 surface (see 4.5.1);
is the density of heat flow rate by conduction from the j+1 surface (see 4.5.1);

is the density of heat flow ratéxdue to the solar radiation absorbed by the surface ;.

Key
1 airlayer

Figure 2 — Surface delimiting an air layer

1
Jj-1 J
dsrj
e, \4 dcd,
/] j Y/

© 1SO 2012 — All rights reserved
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The temperature at surface j of an air layer (Figure 2) is obtained by solving Equation (4):

dej+ iy T 9cdj +9srj =0 (4)
where

gc s the density of the total heat flow rate released to the air layer (see 4.5.2);

g s the density of the heat flow rate received by long-wave radiation across the air layer (see 4.5.4);

q.o4 _is the density of the heat flow by conduction (see 4.5.1);

s+ IS the density of heat flow rate absorbed due to an external source (e.g. solar radiation).

4.2.5| External surface of a room element

dsr

qlr,j

Yedyj

A

Figure 3.—< External surface of an element

The temperature at surface j of a reom element (Figure 3) is obtained by solving Equation (5):
Girj + qsrj +9cj +9cd,, <0 (5)
wherg
4, is the density of heat flow rate by long-wave radiation at the surface (see 4.5.4.1);

o is therdensity of heat flow rate due to the short-wave radiation absorbed by the surface (see 4.5.3.1);

4 ~is the density of heat flow rate by convection with the air (see 4.5.2.2);

deq is the density of the conduction heat flow rate (see 4.5.1).

4.2.6 Relevant temperatures for special construction elements

4.2.6.1 Ceiling below an attic

The ceiling, the air space and the roof are considered as a single horizontal element with one-dimensional
heat flow. The air space is considered as an air layer, treated in 4.5.2.3 and 4.5.2.4.

© 1SO 2012 - All rights reserved 9
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Floor on ground

The floor and the soil are considered as a single horizontal element with the heat flow treated according to
ISO 13370. Boundary conditions are specified in 4.4.4.

4.2.6.3

Floor over cellar

The cellar is treated as an unheated basement according to ISO 13370. The calculation procedure is

according to

4.2.6.4

The floor, th
conditions ar

4.2.6.5
A glazed ele
equilibrium
assumptions

the heat

the heat]
and 4.5.

the den
accordin

the den
source t

4.3 Room

In each equation of 4.2, the time-dependéent heat flow rates shall be expressed in terms of operators

relate the he
surface, and
temperature
solving the g
is expressed

Glazed element

ISO 13370. Boundary conditions are specified in 4.4.5.

Floor over crawl space

b crawl space and the soil are treated as a suspended floor according to ISO 13370..Bou
e specified in 4.4.5.

ment is composed of a number of planes (glazing panes and possibly blinds) which are in th
vith one another. The evaluation of temperatures of each plane is made using the follg

storage effects in the various planes are neglected;

flow by convection through the air layers between each pane is calculated according to 4
D 4;

ity of heat flow rate due to the long-wave radiation between the various planes is calcy
g to 4.5.4.3;

ity of heat flow rate due to the short-wave radiation absorbed by each plane is treated
Brm.

thermal balance

that of the internal air/ by using suitable mathematical models of the heat transfer processes
of the internal air, together with the temperature of the different surfaces, shall be determin
obal equation system at each time step considered. A general expression of the equation sy
in Equation (8):

hdary

ermal
bwing

5.2.3

lated

as a

which

ht flow rate at the internaksurface of each element to the temperature at the internal and exiernal

. The
bd by
stem

T4 I1g» Iy I 4 Ois 1 Iy
by NHop Iy Ipnyg || Ois2 |_| T2 (6)
g~ Hyo IHyy 1y iy Ois v I'y
HINTAT TNz INAN ONAN+1)  Pa ) L N+
where
N is the number of elements bounding the room corresponding to the internal surfaces delimiting the
internal air;
IT are the coefficients of the unknown temperatures (6) (from 1 to N relating to the internal surfaces,

N+

the

10

1 relating to the internal air);

internal air);

are the coefficients of the known terms (from 1 to N relating to the internal surfaces, N + 1 relating to
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6@ are the unknown temperatures (from 1 to N relating to the internal surfaces, N+ 1 relating to the
internal air).

The “I7” and “I™ terms are obtained by rewriting Equation (1) and Equation (2) in order to separate the
unknown parameters [air temperature at the given time ¢ for Equation (1) and the internal surface temperature
for each component at the given time ¢ for Equation (2)] from the known parameters. The form of these
equations depends on the solution technique adopted.

4.4 Boundary conditions

4.41__Single room

A single room model requires the knowledge of the conditions of adjacent rooms. The two fellow|ng situations
are cpnsidered:

— adjacent room with the same conditions (similar rooms);
— adjacent room with defined internal conditions.

If boyndary conditions are very different from the above, the simple roomxmodel specified in this|International
Stanglard shall not be used and it is necessary to calculate the real boundary conditions by @ multi-room
model able to take account of the heat transfer between the differentrooms. This may be achieved by:

a) sgimultaneous solution of the global system equations for allkrooms, or

b) iterative procedure by considering, as boundary conditions for each room, the temperatures determined
at the previous time step.

4.4.2| Similar rooms

4.4.2|1 Partition (vertical) wall

Refefring to Figure 4, the following boundary conditions are considered as shown in Equation (7):

ga,e ea,i

| 2
Key
1 similar
2 internal

Figure 4 — Partition vertical wall

© 1SO 2012 — Al rights reserved 11
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Ha,e = ga,i
9sre = dsr,i
ire = 9, (7)
hc,e = hc,i
where
0, Is the air temperature of the adjacent room;

a,i is|the air temperature of the room;

is|the density of heat flow rate due to absorbed short-wave radiation at the externahsurface ¢f the
wall;

qre Is|the density of the heat flow rate by long-wave radiation exchanged with the other surfaces ¢f the
adjacent room;

dsri Is|the density of heat flow rate due to absorbed short-wave radiatjori_at the internal surface ¢f the
wall (see 4.5.3.2);

qri isfthe density of the heat flow rate received by long-wave radiation at the internal surface of th¢ wall
from the other internal surfaces (see 4.5.4.2);

is|the convective heat transfer coefficient at the external surface;

is|the convective heat transfer coefficient at theinternal surface (see Table 1).

4422 Cgiling/floor

Referring to Figure 5, the following boundary, cenditions are considered as shown in Equation (8):

— T 1

Oae ec
2
ic
Oy 3
IT
ef
ga,e
\—f_\/_\/
Key
1 similar room
2 ceiling
3  room
4 floor
5 similar room

Figure 5 — Ceiling/floor adjacent to similar rooms
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0,.=06

a,e a,i

dsrec = Dsr,if

dir,ec = qir i

9sr.ef = 9sr,ic (8)

qir ef = dir,ic

hc,ec = hc,if

cef = hc,ic
wherg

o IS the air temperature of the adjacent room;

.i  Is the air temperature of the room;

qsrec IS the density of heat flow rate due to absorbed short-wave radiation at the external qurface of the
ceiling;

qsric IS the density of heat flow rate due to absorbed short-wave radiation at the internal surface of the
ceiling (see 4.5.3.2);

qsref IS the density of heat flow rate due to absorbed short-wave radiation at the external qurface of the
floor;

qsrif IS the density of heat flow rate due, to)absorbed short-wave radiation at the internal gurface of the
floor (see 4.5.3.2);

qiref Is the density of the heat flowrate by long-wave radiation by the external surface of the floor with
the other external surfaces;

qirit is the density of the"heat flow rate by long-wave radiation by the internal surface of the floor with
the other internal'surfaces (see 4.5.4.2);

qirec IS the density,of the heat flow rate by long-wave radiation from the external surface ofthe ceiling to
the other'external surfaces;

qiric Is the)density of the heat flow rate by long-wave radiation from the internal surface of fthe ceiling to
the other internal surfaces (see 4.5.4.2);

cad Iis the convective heat transfer coefficient at the external surface of the ceiling;

heis is the convective heat transfer coefficient at the internal surface of the floor (see Table 1);

he e is the convective heat transfer coefficient at the external surface of the floor;

heic is the convective heat transfer coefficient at the internal surface of the ceiling (see Table 1).

© 1SO 2012 — Al rights reserved 13
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4.4.3 Adjacent room with defined value of the air temperature

For each component of the envelope (see Figure 6) the following boundary conditions are considered as
shown in Equation (9):

e I
Oa e ec 0s e ef
Oae Oa,i
Oa.i ic Oa, if
1 2 3
Key
1 wall
2 ceiling
3 floor
Figure 6 — Wall, ceiling and floor adjacent to room with defined internal conditions
ea,e = 0dq
dsre = 0
hc,e = hC [ (9)
hc,ec = h3,|f
hc,ef = h Jic
where
0,4 s the defined air temperature of the adjacent room;
dsre 1S fhe density-of heat flow rate due to absorbed short-wave radiation at the external surface;
hee is {he gonvective heat transfer coefficient at the external surface of the vertical wall;
he; is theconvective-heattransfercoefficient-atthe-internat-surfaceof the-verticat- watH{see Tabte1);
he ¢ is the convective heat transfer coefficient at the external surface of the ceiling;
he s is the convective heat transfer coefficient at the internal surface of the floor (see Table 1);
heef is the convective heat transfer coefficient at the external surface of the floor;
heic is the convective heat transfer coefficient at the internal surface of the ceiling (see Table 1).
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444 Floor on ground

The heat transfer between the room and the external environment through the ground is calculated as the
sum of a steady state component and a monthly variable component as specified in ISO 13370. The monthly
variable component is treated as one-dimensional and perpendicular to the floor surface. The calculation
procedure shall combine this heat flow rate with the thermal storage of the floor construction together with a
0,5 m thick layer of soil beneath it as described in ISO 13370.

4.4.5 Cellar or crawl space

A cellar is treated as an unheated basement according to ISO 13370. Heat transfers are calculated as in 4.4.4,
incluging U,5 m of soil at each side of the cellar and below the cellar. A crawl space Is treated as ja suspended
floor pccording to 1ISO 13370. Heat transfers are calculated as in 4.4.4.

4.4.6( Ceiling below attic
According to the assumptions of 4.2.6.1, the boundary conditions are represented by;:

D, e is the external air temperature;

is defined by Equation (17);

sr,e

re isdefined by Equation (24).

4.5 | Terms in the thermal balance equations

4.5.1 Heat conduction through components

For ¢lements with constant thermal conductivity~and specific heat capacity, the density of heat flow by
conduction is governed by Equations (10) and*(#1):

o0
=== 10
/cd,n (ﬂn) (10)
2% 5% 5% 20
¢ + + +g'= - "
P 7 y? 222 £ Cme Pme 5, an
wherge
D is the temperature of the component (in direction of the heat flow) at the time ¢

cd,n is-the density of heat flow rate in direction #;

3 is the thermal conductivity of the medium;

c¢me Is the specific heat capacity of the medium;

Pme IS the density of the medium;

g is the heat source term (heat flow rate per volume);
x,y,z are co-ordinates.

These equations may be solved by any appropriate procedure which provides results in accordance with the
validation procedure given in Clause 7.

NOTE A suitable procedure is described in Annex A.
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4.5.2 Convective heat transfer

4.5.21 General

Convective heat transfer occurs at the boundary surfaces of each building element and through air layers.

4.5.2.2 Convective heat flow rate at the surfaces of an element

The density of convective heat flow rate at the internal and external surface of element is given by

Equation (12

):

dc = hcdgs —03,)

where
he isth
6s s th
6y s th

At the extern

hee =4

c,e
where v is th
The wind ve

characteristiq
heat transfer

e surface temperature;

e air temperature.

-4 x v

e wind velocity near the surface.

e convective heat transfer coefficient of the surface;

al surface the values of the convective heat transfer coefficiént /. ¢, are given by Equation (1

locity near the surface, v, depends on the climatic data of the locality and on the env
s. Unless otherwise specified, the value of 1 m/s shall be used. The values of the convective
coefficient at the internal surface, hg,are given in Table 1.

Table 1 — Convective heat transfer coefficient at the internal surface

Vertical wall Heat flow upwards Heat flow downwards
W/(m2-K) W/(m2.K) W/(m2-K)
25 50 0,7

NOTH
condif

—

g

ons:

The valugs_in this table were determined using the equations given in ISO 6946 for the following

mperaturedifference (05— 65 ) < 10K;

— syirface hydraulic diameter = 4,5 m (4 x area/perimeter).

(12)

(13)

blope

The air temperature required in Equation (12) is:

— for internal surfaces: the room air temperature;

— for external surfaces: the conditions given in Table 2.

16
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Table 2 — Air temperature

Building elements Air temperature conditions
External wall, roof External air temperature
Partition wall, ceiling and roof to similar room Internal air temperature
Partition wall, ceiling and roof to adjacent room with different Air temperature of the adjacent room
conditions
Floor on ground Mean monthly external air temperature
Floor on cellar Temperature of the cellar

4.5.2{3 Convective heat transfer through unventilated air layers

The density of convective heat flow rate through an unventilated air layer, ¢, is given by, Equation| (14):

wher

NOTH
follow

o O

—

r.

|
[72]

—

r

—

q

Table
betw

AG is the temperature difference between the surfaces delimitingthe layer;
A

The termal conductance of an unventilated air layer is cal¢ulated according to:
I

1o = Ay AO

a)
-

2 is the thermal conductance of the air layer.

O 6946 between opaque surfaces;

SO 10077-1, 1ISO 10077-2, 1ISO 15099, 1S@110292 or EN 673 between transparent surfaces

For transparent surfaces, the thermal’conductance of an unventilated air layer can be calculated

ng reference conditions:
r density: 1,139 kg/m3
/namic viscosity: 1,861 x 107 kg/(m-s)

ermal conductivity: 0,026 4 W/(m-K)
becific heat capacity: 1 008 J/(kg-K)

ermodynamic temperature: 300 K

mperature difference: 5K

3 givéssome values of thermal conductance, A,, for vertical and horizontal unventilat

benA tfansparent components. For other thicknesses, thermal conductance may be
olation.

interg

(14)

assuming the

bd air layers
derived by

© IS0
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Table 3 — Thermal convective conductance of unventilated air layers between opaque surfaces

(calculated in accordance with ISO 6946)

Air layer Vertical air layer Horizontal air layer
thickness
Thermal conductance Heat flow upwards Heat flow downwards
m A
@ Thermal conductance Thermal conductance
W/(m?2-K) Ay Ay
W/(m?2-K) W/(m?2-K)
0,01 2,50 2,50 2,50
;05 1525 1595 0,50
0,10 1,25 1,95 0,33
0,20 1,25 1,95 0,24

Table 4 —[Thermal convective conductance of unventilated air layers between transparent surfa
(calculated in accordance with EN 673)
Air layer Vertical air layer Horizontal air layer
thickness
Thermal conductance Heat flow upwards Heat flow downwards
m A
a Thermal conductance Thermal conductance
W/(m?2-K) Ay Ag
W/(m?2-K) W/(m?2-K)
0,01 2,64 2,64 2,64
0,025 1,06 2,00 1,06
0,05 1,16 1,79 0,53
0,10 1,28 1,60 0,26
0,20 1,41 1,43 0,13
NO[E The value corresponding to 25 mm thickness is necessary for interpolation.
4.5.2.4 Convective heat transfer’through ventilated air layer

The convective heat flow rate.through a ventilated air layer, @, ,, depends on the air flow rate in the air

The heat flow rates to be ¢onsidered are:

a) the conyective heat flow rate, @, ,, due to air passing through the air layer and into the room, giv

Equation (15):

@V =m Vel

ces

ayer.

bn by

where

m

ayv Isthe mass air flow through the air layer;

0, is the temperature of the air leaving the layer;

18

(15)
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b) the convective heat flow rate, @

., between surfaces and air, given by Equation (16):

¢CJ = haAc(ej _eeq)

gDc,j+1 =had. (9j+1 _eeq) (16)
where
A is the area of the surface in contact with the air layer;
3 is-the-eenveetive-heattranstercoefficientfor-ventitatedHayers:
Oeq is the equivalent temperature of the air in the layer;
jand j+1 s the surfaces delimiting the air layer.
NOTH A procedure for determining the parameters in Equations (15) and (16) is given\in"”Annex B.

4.5.3|] Short-wave radiation heat transfers

4.5.3{]1 Short-wave radiation heat transfer at the external surface of opaque element

The density of short-wave radiation heat flow rate at the external' surface of an opaque elemerjt is given by
Equation (17):

isr.e = 0sr(fsIp +14) (17)
wherg
< IS the solar absorptance;

J& is the sunlit factor;

I, is the direct componentofthe solar radiation reaching the surface;
1y s the diffuse component of the solar radiation reaching the surface.

The palues of solar_absorptance of external opaque surfaces, ag, depend on the charactefistics of the

exterhal surface of-the element. Table 5 gives values of the solar absorptance as a function of [the colour of
the ekternal surfagé that may be used when no specific values are available.

Table 5 — Solar absorptance of external opaque surfaces

Light colour | Intermediate Dark colour
colour
Ogr 0,3 0,6 0,9

The values of the direct, I, and diffuse, /3, components of the solar radiation reaching the differently oriented
surfaces may be derived from national data.

The sunlit factor, £, is given by Equation (18):

Ss s (18)
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where
A

S

A

4.5.3.2

2012(E)

is the sunlit area of the wall (defined in 4.5.3.5);

is the total area of the wall.

Short-wave radiation heat transfer at the internal surface of opaque elements

The density of heat flow rate by short-wave radiation absorbed at the internal surface of an opaque element is
given by Equation (19):

sri = (1
where

Jsa I8

Jel is

J4 is

(psr,D is

(psr,d is

The heat floy
by Equations

i

B fsa )(1 - fsl )(qjsr,D + czjsr,d )fd

the solar to air factor of the room;

the solar loss factor of the room;

the distribution factor of the solar radiation at the internal surface of the*element;
the heat flow rate due to the direct component of solar radiation*entering the room;
the heat flow rate due to the diffuse component of solar radiation entering the room.

rates due to the direct and diffuse components of the“solar radiation entering the room are
(20) and (21), respectively:

J

Z(ID D As)j

=1

(Ig7q 4);

Il
N

e number of glazing systems;
e direct component of solar radiation reaching the external surface of the system j;

e diffuse component of solar radiation reaching the external surface of the glazing system j;

e direct solar transmittance of the glazing system;

(19)

given

(20)

(21)

Dgp =

Dy g = |
where

J isth

Ip isth

1y isth

1n isth

d

AS

A

is the diffuse solar transmittance of the glazing system;
is the sunlit area of the glazing (see 4.5.3.5);

is the glazing area.

The direct and diffuse solar transmittance of each glazing system zp and z4 shall be determined according to
ISO 9050 or EN 410. If no values are available, 7y and z4 shall be calculated at the normal incident angle.

20
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Solar to air factor

The solar to air factor, f,,, is the fraction of solar heat entering the room through the glazing which is
immediately transferred to the internal air. This fraction depends on the quantity of internal items with very low
thermal capacity such as carpets and furniture. It is assumed to be time-independent.

Solar loss factor

The solar loss factor, £, is the fraction of the solar radiation entering the room which is reflected back to the
external environment. It depends on the geometrical characteristics and solar properties of the glazing system,
the exposure of the glazing, the solar angles and the room geometry and colour of the surfaces. It is assumed

to be
Distr

The

intern
of gl
assu

NOTH

4.5.3
Trans
surfa
follow

—

fime-independent.

bution factors

fistribution factors, £, define the amount of the direct solar radiation absorbed '‘per area at
al surfaces of the walls, ceiling, floor, etc. They depend on the solar angles, the geometric3
bzing and room, the short-wave reflectance of components, and the furniture and furn
med to be time-independent.

Unless otherwise specified, values of fs,, f5; and f4 given in informativeyAnnex G can be used.

sparent elements partially transmit, reflect and absorb<the solar radiation impinging on {
ce. For multi-layered glazed elements (e.g. double_pane window with internal and/or exter
ing solar parameters are required:

irect and diffuse solar energy transmittance ofthe system, rp and zg;

bquivalent direct and diffuse solar energy absorptance of each component of the glazed syst

the different
| dimensions
ishings. It is

3  Short-wave radiation heat flow rate for transparent€lements (including blinds and curtains)

heir external
nal blind) the

=Y '
bm, o'y,

© IS0
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dsr,eb dsr.ep 9sr,ip 9sr,ib
) [
4 “
Ip /1 /1
% % IpTp
% % —
d 4 4
[d A A z
/ 4 4 lde
“ “
4 “
/ /
a'sr,eb alsr,ep a'sr,ip a'sr,ib
1 2 3 4
Key
1 external blind (eb)
2 external ppne (ep)
3 internal pane (ip)
4 internal blnd (ib)

Figure 7 — Double pane with internal and external blinds

These solar parameters shall be calculated according(to 1ISO 9050 or EN 410, taking into account the|solar
energy transparence and reflectance of each companent. If no data are available for various incident angles,
values of thelse parameters at the normal incident.angle can be taken as safe values. The density of heaf flow
rate for element ; of the glazing system due to the absorbed solar radiation is then determingd in
Equation (22) as:

9sr, =°'sr,j(1Dfs +14) (22)
where
N is the element of-the/glazing system;

a'sr is the equivalent solar absorptance.

If curtains or|venetian blinds are present, the following situations can occur:

a) curtain/blind completely closed;
b) curtain/blind not completely closed.

In case a) the glazing component and the curtain/blind are treated as a single envelope component having
appropriate solar coefficients.

In case b) two different components shall be considered:

— the portion of glazing area not covered by the curtain/blind, comprising the glazing component only;

— the portion of glazing area covered by the curtain/blind, treated as in case a).
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4.5.3.4 Solar to air heat flow rate

The solar to air heat flow rate, @, is the heat flow rate due to solar radiation, entering through the glazing
system, directly transferred to the internal air. It is given by Equation (23):

The

Dgy = fsa (1- fsl ) ((psr,D + (psr,d )

parameters in Equation (23) are the same as in Equation (19).

4.5.3.5 Sunlit area of room element

(23)

When external obstructions are present, the area of an element can be partially shaded,
considered in this International Standard are: horizontal overhangs, side fins, windew" s¢t back and
surrounding constructions. A sunlit factor is defined in Equation (18) and may be added fo
radiation in Equations (17) and (22). For the sake of safety, it may be assumed that:

The

e effect of shading is only to reduce the direct solar component;
e effect of mutual reflections is negligible.

bvaluation of the sunlit area may be obtained by any appropriate) procedure that provid

accordance with the validation tests given in Clause 7.

NOTH A suitable procedure is described in Annex C.

4.5.4 Long-wave radiation heat transfer

4.5.41 Heat flow rate at the external surface

Accofding to the assumptions of 4.1, the density of net long-wave radiant heat flow rate re
exterpal surface, ¢, is given by Equation (24):

wherge

Ir = hlr(ga,e - 0s,e )= Gsk

ir is the long-wave radiative heat transfer coefficient;
Va.e is the externalair temperature;
s.e 1S the external surface temperature;

q<x is theCorrection for the long-wave radiation exchanges from the wall to the sky.

Obstructions

r the diffuse

es results in

eived by an

(24)

Using thermodynamic temperatures (7' = 6+ 273,15), the value of 4, is approximated by Equation

(25):

3
Tye+ T
hlr :4X80‘[—a'e > S'ej

where

¢ is the long-wave emissivity of the surface;
o is the Stefan-Boltzmann constant;
T, ¢ is the external air temperature;

Ts ¢ is the surface temperature.

© 1SO 2012 - All rights reserved
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According to

NOTE 1

reference temperature T, = -2

the assumptions of 4.1, the calculations shall be made with a fixed value of #,,.

The terms of Equation (24) can be calculated with the following conditions:

emissivity of the external surface ¢ I ¢ = 0,93;

Tae *Tse _ 303k

Under these conditions, the value of 4, ¢, for external surfaces, is 5,5 W/(m?2-K).

The correction for the long-wave radiation emitted from the element to the sky, ¢, is given by Equation (26):

gsk = Fy

where

F

sk is th

Tyeis th

T,

sk isth

Ta,e +Tsk ;
Kk x4xe U(T (Tae ~Tsk)

e view factor from the element with the sky (solid angle divided by 2x);
e external air temperature;

e temperature of the sky.

The temperafture of the sky depends on the characteristics of the atmosphere and its vapour content. V|

of these pardg

NOTE2 If
Equation (F.2
determining thi

4.5.4.2

The density

Equation (27):

qr,j =

il N

where
N st

Fip is th

meters are fixed at national level.

ho information is available, the procedure of Annex E can be used for determining the various param
(valid for clear sky) can be used for determining the temperature of the sky; Equation (F.5) can be us
e correction term ggy.

Heat flow rate at the internal surface

of net long-wave radiant heat flow.rate, g, received by the internal surface j, is givg

(Fj,kJIr,k )_ Jlr,j

t
-
L
=1

e number of;surfaces delimiting the environment;

e view_factor from surface j to surface «;

(26)

alues

eters.
ed for

n by

(27)

e-{ong-wave radiosity of the surface j;

Jirj s th

Jirx is the long-wave radiosity of the surface £;

f

surface j, divided by 2.

« is the mean value, over surface j, of a solid angle over which surface k is seen from a point on

The long-wave radiosity of a surface is the total density of heat flow rate emitted and reflected by this surface,
all surfaces being here considered as grey bodies. Thus the long-wave radiosity of surface j is shown in

Equation (28

):

N
4
k=1

24

(28)
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where
p is the long-wave radiative reflectance;
¢ is the long-wave radiative emittance;
o is the Stefan-Boltzmann constant.
In order to calculate the long-wave radiant heat flow exchanged by the N different inside surfaces, the

radiosity Jj, for each surface shall be first determined by solving the N simultaneous equations. The solution of
Equation (27) shall be carried out for the various surfaces bounding the room.

Equ%ion (27) may be solved by any appropriate procedure which provides results in accordgnce with the
validation procedure given in Clause 7.

NOTH A suitable procedure is described in Annex F.

4.5.4{3 Airlayers

The density of long-wave radiative heat transfer through air layers is given by Equation (29):
e = Ar 40 (29)
wherg
A@ is the temperature difference between the surfaces‘delimiting the air layer;

. is the long-wave radiative conductance of the-air.

"
The Ipng-wave radiative conductance is given in:

— 180 10077-1, ISO 15099, ISO 10292.0r-EN 673 for an air layer between glazing surfaces;
— [SO 6946 for an air layer between opaque layers.

For grdinary surfaces the following values are considered:

— o¢paque surface (¢=0;93) Ay = 5,0 W/(m2-K);

— fransparent surfaces (¢ = 0,837) A,=4,4 W/(m2.K);

— opaque strface (¢ = 0,93) and transparent surface (&= 0,837) A, =46 W/(mZ2.K).

4.5.5( Internal gains

Internal gains usually derive from lighting, equipment and occupants. The relevant heat flow rate includes a
convective component, @ ., and a long-wave radiative component, @, which are respectively included in
Equations (1) and (2). The total radiative component, @, is supposed'to be uniformly distributed on all the
internal surfaces bounding the room, including windows. '

NOTE Unless otherwise specified, the heat flow rate values given in Annex H for internal sources can be used.
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4.5.6 Heat

flow due to ventilation

4.5.6.1 General

The net heat flow rate to the room air due to natural and mechanical ventilation is calculated in Equation (30)

as:

Dy =y ma(0 —0q;) (30)
where

¢, is the specific heat capacity of the inlet air;

m, is the mass air flow rate;

6, is the inlet air temperature;

0, is the internal air temperature.
The inlet air [temperature depends on its source (e.g. external air or adjacent réom). The mass air flow rate
results from patural and/or forced ventilation.
4.5.6.2 Natural ventilation
The air flow|rate due to natural ventilation depends on the dimgnsions and type of cracks and opehings

(including dg

ma = Cd
where
Cd iS tl'_

A isth
Ap s th
p isth

n isa

n
pA(2xAp]
p

e coefficient of discharge;

e area of the openingj

e pressure differénce between internal and external environments;
e density ofthe air;

coefficient between 0,5 and 1.

The values o

ors and windows), the temperature difference, thecwind speed and its direction. It is givén by
Equation (31):

(31)

f coefficients ¢4, n and area 4 depend on the position and flow characteristics of all openingg

Lltis

assumed tha

t the air in the room is well mixed.

NOTE Annex | gives a suitable procedure to evaluate the volumetric air flow rate by natural ventilation.

4.5.6.3 Mechanical ventilation

The mass air flow rate due to forced ventilation depends on the characteristics of the supply/exhaust system.

26
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5 Determination of internal humidity

Not only temperature but also humidity affects the indoor thermal environment. In particular, high internal
humidity is likely to increase discomfort in a region under a humid climatic condition. On the other hand,
excessively low humidity may cause adverse effects on health, such as dry skin and respiratory diseases. In

these cases, internal humidity as well as temperature plays a critical role.

When the temperature of walls is low, high internal humidity increases the possibility of condensation.

In consideration of these aspects, it is desirable to know internal humidity as well as internal air temperature in

order

to create an appropriate indoor environment.

This
intern]
Introg

Anng
intern
of m
intern
deso
refer
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The
given

6

6.1

This
inten
are (

Standlard. Using a different/set of assumptions, e.g. boundary conditions or surface coefficients,

nternational Standard does not deal with the effects of mechanical cooling. However, infor
al humidity is essential to determine whether dehumidification or cooling is needed; as
uction, c).

X K provides a general overview of the calculation method for internal humidity, ‘which is sin
al air temperature (see 4.2.1). Annex K describes the calculation considering-only the influ
pisture due to internal moisture production and ventilation, on the assumption that “wa
al items such as furniture and books” (described as “walls and others”’from here on) do 1
b moisture. For the calculation considering moisture absorption intoZer desorption from wall
to Reference [15] in the Bibliography. This calculation can be,somewhat more complex
dering only temperature because heat and moisture in walls and)others interact with each ot

ndoor humidity is determined by the moisture production:rate, G, and the air exchange ra
by Equation (32) under a steady state condition.

=Y+ —
1 e qa/p

Procedure for carrying out calculations

General

nternational Standard is used for calculating the internal temperatures (air and internal suri
Hed purposes given in Clause 1. It should, however, be noted that these “predicted internal
etermined on the basis of a set of assumptions described in various clauses of this

mation about
described in

ilar to that of
X and outflux
Is and other
ot absorb or
5 and others,
than that of
her.

te. It can be

(32)

aces) for the
bmperatures”
International
will lead to a

different set of “predicted internal temperatures”. Furthermore, the calculations for determining “predicted
internal temperatures®shall be carried out according to the procedure and values for the design [climate data,
design geometri¢;and thermophysical characteristics of the room, and its components, and the d¢sign internal
gaing as defined below.

6.2 | Design climatic data

6.2.1 General

The calculation method uses time varying values of various climatic data. The time period and the type of
climatic data used affect the calculation of internal temperatures. Identification of the design days and
calculation of hourly data from files of meteorological data shall be calculated in accordance with the
procedures described in ISO 15927-2.

The design climatic data may be given in a national annex to this International Standard according to the
following methods:

long-period design climatic data;

design warm sequence.
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6.2.2 Long-period design climatic data

If the internal temperatures are determined from a long period of climatic data, the hourly values of the
following are required for the whole of the period considered: the value of direct and diffuse solar radiation
components on the various facades, the external air temperature, the wind velocity and its prevailing direction.
Climatic data may be given in a national annex to this International Standard.

6.2.3 Design warm sequence

Such a sequence of several days shall be chosen so as to be representative of the hottest conditions for a
given climate. Because the hottest internal conditions do not necessarily coincide with the warmest external
conditions, if may be necessary to consider the different climatic situations for several monihs. For|each
month, the design warm sequence shall be defined by:

— hourly values of direct and diffuse (sky and ground reflected) components of solar radiation.on‘the vgrious
facades

— hourly values of the external air temperature;

— hourly values of the wind velocity and its prevailing direction.

NOTE Annex D gives a procedure for deriving the design warm sequences.

The starting internal conditions are calculated by using the average monthly values of:

— hourly values of direct and diffuse (sky and ground reflected) components of solar radiation on the vgrious
facades

— hourly values of the external air temperature;

— mean mpnthly value of the wind velocity and its prevailing direction.

6.3 Geometrical and thermophysical characteristics of room elements

The approprjate boundary conditions arewgiven in 4.4. For each element the following properties shall be
provided:

a) geometrjcal properties: width-and height (or length and width) of each component measured from thq
internal surfaces;

b) thermophysical propefties: thermal conductivity, density and specific heat of each layer of layered
elements and thermatresistance of air gaps and window/blind thermal characteristics.

6.4 Design internal gains

Internal gain: are—get |c|a“y duetooccupants,equipmentand iigiltb. These—contributions vary with—occupant
behaviour. Design internal gains may be given in a national annex to this International Standard.

NOTE Annex H gives data which can be used unless other data are available.

6.5 Design occupant behaviour

Occupant behaviour greatly modifies the internal conditions of a room. The occupants influence the amount of
internal heat sources, natural ventilation, and blind arrangements. The reference behaviour to introduce in the
“design” calculation may be defined from national data. For a design calculation, the time of opening and
closing of a window, the area of opening and the type of blind, shall be fixed.

Design occupant behaviour may be given in a national annex to this International Standard.
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Calculation procedure

General

The internal temperatures are determined by applying the calculation procedure defined in 4.4 and 4.5,
considering the climatic data (see 6.2), the geometrical and thermophysical characteristics of the room
elements (see 6.3), the internal gains (see 6.4), the occupant behaviour (see 6.5), and the starting conditions
defined below. The calculation procedure involves the two consecutive steps:

a) evaluation of the starting conditions;

b) evaluation of the design internal conditions.

6.6.2

If the|
the r
starti
of thg
differ|

6.6.3

The i
For |

climatic data defined in 6.2.2. For the design warm sequéfice, the internal temperatures are d

iterat|

The number of days depends on the characteristics ofithe local climatic data. The hourly values ¢

temp

7

The ¢

a) Input data:

Definition of the starting conditions
long-period design climatic data are used, the calculation shall be carried out for-at least tw
bsulting conditions shall be used as the starting conditions. If the design warm sequence
hg conditions are obtained by repeating the calculation given in 4.2 and 4-3 for the mean m

e climatic data defined in 6.2.3, until the predicted internal air temperature over two cong
5 by less than 0,01 K. These conditions are then used as the starting.conditions.

Prediction of the internal temperatures

hternal temperatures are determined using, as initial conditions, the internal conditions evaly
bng-period design climatic data, the internal temperatures are determined hour by hour by

ng the procedures in 4.2 and 4.3, using the climatic data corresponding to the design war|

brature shall be calculated as the average overeach hour.

Report of the calculation

alculation report shall include the input data adopted and the results of the calculation.

— climatic data (hourly values of the external air temperature and solar radiation intensity);
— building characteristics: description of the building and of the rooms investigated;
—  volume/of room;

— “for each element bounding the room:

o weeks and
is used, the
bnthly values
ecutive days

ated in 6.6.1.
considering
btermined by
m sequence.
f the internal

opaque elements: area, exposure, thermophysical properties of each layer;

glazed elements: area, exposure, thermophysical and solar characteristics of each glazed element.

Local clock time shall be used for all time-dependent input data with the exception of climatic data. If the

clima

tic data time convention is different from local clock time, the difference shall be reported.

b) Results:

— hourly values of the air ventilation flow rate (number of changes per hour);

© IS0

2012 — All rights reserved
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— hourly values of air temperature and mean radiant temperature.

The predicted temperatures shall be reported for the calculation period and not for the pre-conditioning period.

8 Validation procedures

8.1 Introd

uction

This Internatinal Standard does not impose any specific numerical technique for the calculation of internal

£t

ag far tha ~olalatias A
TTatrioTT— O

eters

temperatures
necessary fo
Standard.

Any existing
validated wit

The results provided by any numerical solution model shall be within the range indi€ated for each test

validation prg

NOTE Th
as well as the

8.2 \Validg

8.21
Checks shall
a) heat cor
b) internal

evaluati
obstruct

c)

8.2.2 Heat

This proced(

time intervals.

a) Charact

inte

General

afa cinalar m—Tha annavac aiva P~ Adiffoarant oo
O o SmygrcTo0TT i ariCATS grvC—proCCUuTrToTOT tic—oatlC e OmTeTCTT pparatt

I determining the internal temperature, according to the assumptions included in this Intefna

h the tests in this section and be in agreement with the procedures and assumptions.

cedures refer both to each relevant heat transfer process and to the whaoje solution model.

e check of existing or new solution models can be made by the producers*ef the numerical solution
producers of computer programs.

tion of heat transfer processes

be made of the following processes:
duction through opaque elements;
ong-wave radiation heat exchanges;

bn of short-wave radiation heat fransfer (calculation of shaded area of a window due to exter
ons).

conduction through opaque elements

re requires thelevaluation of the internal air temperature of the room specified below at se

pristics.of.the room:

al.dimensions 1Tmx1mx1m;

tional

or new numerical solution which claims conformity with this International Standard shall be

The

odels

hal

veral

the

the

hc,l

hc,e
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all elements, including ceiling and floor, are identical with the same boundary conditions;

short-wave radiative heat transfer is assumed to be zero;

air flow rate due to the ventilation is assumed to be zero;

= 2,5 W/(m2-K);

= 8 W/(m2K);

© IS0 2012 — All rights re
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— the emissivities of the internal and external surface of each element, including ceiling and floor, are

assumed to be zero (the long-wave radiative heat transfer on the internal and external surfaces are
assumed to be zero);

— the thermal capacity of the room air is assumed to be zero.

b) Boundary conditions:

— the external air temperature is variable according to Figure 8;

— t<0: 6,,=20°C; for 0 <7<1 (hour): linear variation of the external temperature g, , from 20 °C to

Key
1

Data
a)2h

Tests

inear variation of the external temperature

30°C; /> 1h: 0,,=30"C,

— the internal air temperature 6, ; is constant at 20 °C for 7 < 0.

0,6 (°C)
A
30
\ 1
20
| i >
1 2 3 t(h)

Figure’8 — Variation of the external air temperature

to be calculated:-th&’internal air temperature shall be determined after the following times:
; b) 6 h; c) 12h;'d) 24 h; e) 120 h.

shall bex¢conducted for the room elements given in Table 6.

© IS0

2012 — All rights reserved 31


https://standardsiso.com/api/?name=88c8b2b06473fc123252f905a6856feb

ISO 13791:2012(E)

Table 6 — Characteristics of the room elements

Test No. Thickness Thermal conductivity Density Specific heat capacity
d A P c

m W/(m-K) kg/m3 kJ/(kg-K)
1 0,20 1,2 2000 1,0
24 0,10 0,04 50 1,0
32 0,20 1,2 2000 1,0
0,10 0,04 50 1,0
0,005 0,14 800 1,5
44 0,005 0,14 800 1,5
0,10 0,04 50 1,0
0,20 1,2 2000 1,0

@  Mgterial layers are listed starting from the external side of the element.

For each tedt, the differences between the values of the internal air temperature, for each time considered,
shall be less|than 0,5 K from the values given in Table 7.

Table 7 — Reference values of the internal air temperature, in °C

Test Time
2h 6h 12:h 24 h 120 h
1 20,04 21,26 23,48 26,37 30,00
2 25,09 29,63 30,00 30,00 30,00
3 20,00 20,26 21,67 24,90 29,95
4 20,00 20,06 20,25 20,63 23,17

8.2.3

Internal long-wave radiation exchanges

The validation procedure is based-on the calculation, in steady-state conditions, of the internal air temperature
of various rpoms having opaque walls, and adjacent to spaces with different external air temperajures.

Referring to

the various tests indicated below, the thermal conductance of surface No. 2 (external wall) is

A =5,0 W/(m2K); thethermal conductance of the other walls (partition vertical walls, ceiling and flopr) is

A =1,0 W/(m?2K). The.room geometries for the various tests are given in Table 8, and Figures 9 a), 9 b}, 9 ¢)
and 9 d).
Tahle 8 — Room geometry
Test No. | Surface No. 1 Surface No. 2 Surface No. Surface No. 4 Surface No. 5 Volume
Partition External 3a) + 3b) + 3c) Ceiling Floor
vertical wall vertical wall Partition
vertical wall
m?2 m?2 m?2 m?2 m?2 m3

1 1 1 2 1 1 1

2 18 12 30 24 24 72

3 9 90 99 90 90 270

4 18 6 36 24 24 72
32 © 1SO 2012 — All rights reserved
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The boundary conditions considered in the various tests are given in Table 9.

Table 9 — Boundary conditions

ISO 13791:2012(E)

Surface External air Surface coefficient of heat transfer Total
temperature hemispherical
0. Iy hee he, emissivity
°C WI/(m2.K) WI/(m2.K) W/(m2.K) ¢
Surface No. 2 30 55 8 2,5 0,9
Other surfaces 20 55 8 2.5 9

The |
equa
zero.

hternal surface of wall No. 2 of each geometry absorbs a short-wave radiative density-of Heat flow rate
to 100 W/m?2, time-independent. For other surfaces, the short-wave radiative density of heat flow rate is
For test No. 4 the surface No. 2 (4 m x 1,5 m) is the external wall.

7

a) ~Test No. 1: cubic geometry (1 m x 1 m x1 m)

Dimengions in metres

Dimengions in metres

>

b) Test No. 2: non-cubic geometry (3 m x 6 m x 4 m)

© 1SO 2012 — All rights reserved

Figure 9 (continued)
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Dimensions in metres

'5\)

c) Test No. 3: non-cubic geometry (3 m x 30 mx 3-m)

Dimensions in metres

1.5

1,5

d) Test No.-4:-configuration (6 m x 4 m x 3 m) with a seventh surface

Figure 9 — Room geometries

The values optaified shall not differ by more than 0,5 K from those in Table 10.

Table 10 — Internal air temperature, in °C

Test No. 1 Test No. 2 Test No. 3 Test No. 4

Result 34,4 30,4 38,5 255

8.2.4 Sunlit area of a window due to external obstructions

The validation procedure requires the evaluation of the sunlit factor f; defined in Equation (18) as the ratio
between the sunlit area of the plane surface and its total area, for the following tests:

Test No. 1: South orientation (Northern hemisphere) — see Figure 10 a): overhang;
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Test No. 2: South orientation (Northern hemisphere) — see Figure 10 b): side fins;
Test No. 3: South orientation (Northern hemisphere) — see Figure 10 c): overhang + side fins;
Test No. 4: South orientation (Northern hemisphere) — see Figure 10 d): external obstruction;

Test No. 5: East orientation

Test No. 6: East orientation

— see Figure 10 e): overhang + side fins;

— see Figure 10 f): external obstruction.

4
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a) Test No. 1: South orientation
(Northern hemisphere)
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b) Test No. 2: South orientation
(Northern hemisphere)

c) Test No. 3: South orientation

)/\
QNN
/_Lx_

(Northern hemisphere)
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d) Test No. 4: South orientation
(Northern hemisphere)

Figure 10 (continued)
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Dimensions in metres

N

/
05 / 2 /0,5

S

A

f) Test No. 6: East.orientation

e) Test No. 5: East orientation

Figure 10 — Sunlit area
The hourly splar angles to be used for the tests are determined every 30:min and reported in Table 11.

Table 11 — Hourly solarangles

Hour Solar altitude | Solar azimuth Hour Solar altitude | Solar azimuth
angle angle angle angle
degrees degrees degrees degrees
4:30 2,9 120,6 8:30 40,16 74,97
5:00 7,25 115,06 9:00 44,73 67,82
5:30 11,70 109,61 9:30 49,05 59,80
6:00 16,31 104,22 10:00 53,02 50,64
6:30 21,04 98,79 10:30 56,4 40,10
7:00 25,83 93,26 11:00 59,15 28,01
7:30 30,65 87,54 11:30 60,91 14,46
8:00 35,44 81,49 12:00 61,51 0,0

The solar azimuth angle of Table 11 is eastwards from south (Northern hemisphere), i.e. 0° at south, pgsitive
to the east and negative to the west.

For each test, the sunlit factor f; shall be determined at the following times:

7:00a.m.; 7:30a.m.;
11:30 a.m.; 12:00 noon.

8:00 a.m.; 8:30a.m.; 9:00a.m.; 9:30a.m.; 10:00a.m.; 10:30 a.m.; 11:00 a.m.;

The validation requires to check the values of the sunlit factor at each hour or at each half hour according to
the characteristics of the solution model adopted. Each value of f; shall not differ from those in Table 12 by
more than 0,05. Negative values are not consistent.
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Table 12 — Value of the sunlit factor, £, for various cases

8.3

8.3.1

Whol
seve
Tablg
intern

Standglard, the operative temperature is calculated as the average of the internal air temperature

mear

wher

Hour TestNo.1 | TestNo.2 | TestNo.3 | TestNo.4 | TestNo.5 | Test No. 6
7:00 0,00 0,00 0,00 0,00 1,00 0,00
7:30 0,66 0,34 0,00 1,00 0,95 0,00
8:00 0,53 0,47 0,00 1,00 0,89 0,00
8:30 0,38 0,62 0,00 1,00 0,81 0,00
9:00 0,24 0,76 0,00 1,00 0,71 0,07
Q:30 019 0,88 0,07 100 058 0,33
10:00 0,21 0,97 0,18 1,00 0,39 0572
10:30 0,26 1,00 0,26 0,97 0,07 1,00
11:00 0,30 1,00 0,30 0,90 0,00 1,00
11:30 0,32 1,00 0,32 0,86 0,00 1,00
12:00 0,33 1,00 0,33 0,84 0,00 1,00

Validation procedure for the whole calculation method

General

e model validation considers the calculation of the operative temperature under cyclic g
al cases indicated below, and the comparisons ef\these values with those included in

25. According to the assumptions of 4.1, the operative temperature is calculated as the a
al air temperature and the mean radiant tempegrature. According to the assumptions of this

radiant temperature 6, of the internal surface of the room elements, calculated in Equatior

N
D (0si4)
j=1

N
2.
=1

)mr

4;

w

is thenumber of surfaces delimiting the internal space;

. _ds\the internal surface temperature;

onditions for

Table 24 and

erage of the
International
0, and the
(33) as:

(33)

Vs

istheareaof surface -

The geometrical characteristics of the rooms are given in Table 13.
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Table 13 — Room data

For determin
— specific
— airdens
8.3.2 Geon

The various
three differerf

Component Geometry A Geometry B
Area (m?):
External opaque wall 6,58 3,08
Window 3,50 7,00
Partition wall (left) 15,40 15,40
(right) 15,40 15,40
(back) 10,08 10,08
Floor 19,80 19,80
Ceiling 19,80 19,80
Volume (m3) 55,44 55,44

heat capacity of air: 1 008 J/(kg-K);
ty: 1,139 kg/m3.

hetry for the test rooms

t types of envelope and ventilation.

ng the thermal capacity of the internal air, the following parameters are used:

Ay, =3,5m?

2,8

2

test cases refer to two different geometries (Figureht”and Figure 12) located in two zoneg with

Dimensions in metres,
unless otherwise spgcified

38

3,6

=

Figure 11 — Geometry A

© 1SO 2012 — All rights reserved


https://standardsiso.com/api/?name=88c8b2b06473fc123252f905a6856feb

ISO 13791:2012(E)

Dimensions in metres,
unless otherwise specified

2,8

4, =7,0m?

3,6

Figure 12 — Geometry B

8.3.3| Thermophysical properties of opaque walls

The thermophysical characteristics of the walls, ceiling anddloor are given in Table 14.

8.3.4| Properties of glazing

The golar characteristics of the glass panes composing the glazing panes and the external shadg¢ are given in
Tablg 15. This table shall be used for computer programs that need these data to calculate fhe values in

Figure 13 and Figure 14.

Windpw specifications are given in Figures 13 and 14; the thermal resistance of window ppne glass is

assumed to be zero.

© 1SO 2012 - All rights reserved
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Table 14 — Thermophysical properties of the opaque components

Structure d A P c
m W/(m-K) kg/m3 kJ/(kg-K)

Type No. 1 (external wall)
Outer layer 0,115 0,99 1 800 0,85
Insulating layer 0,06 0,04 30 0,85
Masonry 0,175 0,79 1600 0,85
Internal plastering 0,015 0,70 1400 0,85
Type No. 2 (internal wall)
Gypsum plaster 0,012 0,21 900 0,85
Insylating layer 0,10 0,04 30 085
Gypsum plaster 0,012 0,21 900 0,85
Type No. 3 (ceiling/floor)
Plagtic covering 0,004 0,23 1500 1,5
Cement floor 0,06 1,40 2000 0,85
Insylating layer 0,04 0,04 50 0,85
Corcrete 0,18 2,10 2 400 0,85
Type No. 4 (ceiling/floor)
Plagtic covering 0,004 0,28 1500 1,5
Cement floor 0,06 140 2 000 0,85
Insylating layer 0,04 0,04 50 0,85
Corjcrete 0,18 2,10 2400 0,85
Insylating layer 0,10 0,04 50 0,85
Acdustic board 0;02 0,06 400 0,84
Type No. 5 (roof)
External layer 0,004 0,23 1500 1,3
Insylating layer 0,08 0,04 50 0,85
Corjcrete 0,20 2,1 2400 0,85

and the shade for all incident angles

Table 15 — Solar characteristics of the glazed element

40

Component T Ln
Pane 0,84 0,08
Shade 0,2 0,50
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—_
N

External, cavity and internal
thermal resistances

Rg = 0,074 m2 K/W

Rggy = 0,08 m2 K/W

Rg; =10,125 m2 K/W

Si

|\\\\\\\ \\\\\\\\\\\\\\\\\\\l

Key

N
D

kKternal shade (or blind)
2 phne
Figure 13 — Single pane window

External, cavity and internal
thermal resistances

R

se 10,074 m2 K/W
R..=0,080 m2 K/W
R.=[0,173 m2 K/IW

Rg;=,125 m2 KIW

|\\\\\\\\\\\\\\\\\\\\\\\\\\\l —_

Key
1 ekternal shade (or blind)
2 exerralpane

3 internal pane

Figure 14 — Double pane glazing with external shading device

8.3.5 Solar parameters
The solar parameters to be used are the following:
— solar to air factor, f;, =0,10;

— solar loss factor, f =0,00;
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__ solar distribution factor:

floor, fy

=0,5;

ceiling, f4=0,1,

— total vertical walls (excluding windows), f4 = 0,4;

— ceiling, f3=0,1;

— total vertical walls (excluding window), f4 = 0,4,

— solar ab

— solar ab

8.3.6 Boun
External con

Internal conv
he;=2,5 WI(
he;=5,0 WI(
he;=0,7 WI(

Radiative he
(valid for ¢ =
The climatic

— solar rad
Table 16
Table 17

— external
Table 1§
Table 14

sorptance of all wall surfaces, o, = 0,6;

sorptance of the roof, o, = 0,9.

dary conditions

ective heat transfer coefficient, 4, o = 8,0 W/(m?-K).

ective heat transfer coefficient:
m2-K) (horizontal heat flow);
m2-K) (upward heat flow);

m2-K) (downward heat flow).

0,93 and T, = 303 K)
Hata are given:

iation:
— Latitude 40° N is for Geometry A;
— Latitude 52° N is for Geametry B;

air temperature:
and Figure 15 forGeometry A;
and Figure 16-for Geometry B.

ht transfer coefficient, ), = 5,5 W/(m2-K) (all surfaces).

42
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Table 16 — Solar radiation components for Geometry A
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Hour Latitude 40° N
Horizontal Vertical west
direct diffuse reflected direct diffuse reflected
W/m?2 W/m?2 W/m?2 W/m?2 W/m?2 W/m?2

4 0 0 0 0 0 0

5 1 3 0 0 2 0

6 106 62 0 0 45 17
i 278 91 0 0 78 37
8 452 105 0 0 103 56
9 606 112 0 0 122 72
10 725 117 0 0 137 84
11 801 119 0 0 145 92
12 827 120 0 0 160 95
13 801 119 0 209 172 92
14 725 117 0 396 180 84
15 606 112 0 539 181 72
16 452 105 0 616 172 56
17 278 91 0 595 146 37
18 106 62 0 418 93 17
19 1 3 0 17 3 0

20 0 0 0 0 0 0

Table 17 — Solar radiation components for Geometry B

Hour Latitude 52° N
Horizontal Vertical west
direct diffuse reflected direct diffuse reflected
W/m? W/m?2 W/m?2 W/m?2 W/m?2 W/m?2

4 0 0 0 0 0 0

5 35 34 0 0 15 7

6 153 73 0 0 33 23
7 295 93 0 0 42 39
8 435 104 0 0 47 54
9 558 110 0 0 50 67
10 654 114 0 0 51 77
11 714 116 0 0] 52 83
12 735 117 0 0 64 85
13 714 116 0 204 78 83
14 654 114 0 387 94 77
15 558 110 0 529 107 67
16 435 104 0 609 115 54
17 295 93 0 606 111 39
18 153 73 0 492 89 23
19 35 34 0 223 41 7

20 0 0 0 0 0 0

© 1SO 2012 - All rights reserved
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Table 18 — External air temperature for Geometry A

Hour a0 Hour a0 Hour Gao Hour Gao
°C °C °C °C

1 23,6 7 22,8 13 32,7 19 29,9
2 23,0 8 23,9 14 33,6 20 28,4
3 22,5 9 25,8 15 34,0 21 27,0
4 22,1 10 27,3 16 33,6 22 25,8
5 22,0 11 29,3 17 32,8 23 249
6 22,2 12 31,2 18 31,5 24 24,2

Table 19 — External air temperature for Geometry B

Hour G0 Hour G0 Hour G20 Hour Ga0
°C °C °C °C

1 14,1 7 13,1 13 26,2 19 22,6
2 13,3 8 14,6 14 27,5 20 20,5
3 12,6 9 16,6 15 28,0 21 18,7
4 12,2 10 19,0 16 27,5 22 17,1
5 12,0 11 21,8 17 264 23 15,8
6 12,3 12 24,3 18 24,6 24 14,9

°C A
36

34

32

K
0 Vi
28 / 3

26

24

0\0\

22

U Lo

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 h

Figure 15 — External air temperature for latitude 40°, in °C
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8.3.7

The 1
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14

e

™~

.

12

y~
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8 9
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Figure 16 — External air temperature for latitude 52°)in °C

values of the temperatures and solar radiation reported jn ‘the previous tables cgrrespond to
instaptaneous values at each hour. If time intervals less than one haur are considered, the soldgr radiation at
time step shall be determined by linear interpolation betweetythe previous and subsequent hour (see the

ple in Figure 17).

Internal enefrgy sources

°C i

6

Figure 17 — Example of interpolation

=3

otal heat/flow rate due to internal sources expressed in watts per square metre of floor are¢a is given in
20 and-in’ Figure 18. The heat flow is transferred to the room by convection and radiation in equal
rtions(50 % for each).

Table 20 — Total heat flow rate due to internal sources per floor area

Hour D Hour D Hour @, Hour D
W/m?2 W/m?2 W/m2 W/m?2
0 to1 0 6to7 0 12t0 13 10 18 to19 15
1t02 0 7t08 1 13to 14 10 19to0 20 15
2t03 0 8t09 1 14 to15 10 20 to 21 15
3to4 0 9to10 1 15 to16 1 21t022 15
4t05 0 10 to11 1 16 to17 1 22t0 23 10
5t06 0 11t0 12 10 17 to 18 1 23to0 24 0

© 1SO 2012 - All rights reserved
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The daily total value of the internal gains is 117 Wh/m?2.

W/m2 A

16

14

12

10

o N | OO @

q T T T T T T T T T T

L

1

8.3.8 Ventilation

Three differe
a) airchan

b) air chan

to 10 h-1, constant;

c) airchan

8.3.9 Descriptions of the validation tests

8.3.9.1

2 3456 7 8 91011121314 1516 17 18 1920 21 222324h

Figure 18 — Internal gains

pes/h equal to 1 h™1, constant;

hes/h equal to 10 h™1, constant.

ht ventilation patterns are considered (Table 21):

Table 21 — Air changes per hour

pes/h equal to 0,5 h™1, constant from 6:00 to 18:00 (inclisive) — other hours air changes/h pqual

Hour a b c Hour a b c
0to1 1 10 10 12t0 13 1 0,5 10
1t02 1 10 10 13to 14 1 0,5 10
2t03 1 10 10 14 to 15 1 0,5 10
3to4 1 10 10 15t0 16 1 0,5 10
4t05 1 10 10 16 to 17 1 0,5 10
5t06 1 10 10 17t0 18 1 0,5 10
6 to? 1 0,5 10 18t0 19 1 10 10
7\t0°8 1 0,5 10 1910 20 1 10 10
8t09 1 0,5 10 20 to 21 1 10 10
9to 10 1 0,5 10 21t0 22 1 10 10
10 to 11 1 0,5 10 221023 1 10 10
11to 12 1 0,5 10 23t0 24 1 10 10

General

The following tests are considered.

46
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For geometry A (see Figure 11), three tests shall be carried out as shown in Table 22, where the types of
elements are identified by the numbers used in Table 14 and the letters used in Figure 13.

Single pane glazing with external shade completely closed exposed to west.

Area of external opaque wall is 6,58 m2.

Area of window is 3,50 m2.

Table 22 — Test cases A

Test— E I Clazi Partit et Ceili el 1 el Roof
No. opaque wall wall to similar room room room

i 1 Single 2 4 4 —
AR 1 Single 2 3 3 —
AB 1 Single 2 — 3 5

For geometry B (see Figure 12), three tests shall be carried out as shown-in Table 23, where
elements are identified by the numbers used in Table 13 and the letters used in Figure 15.

Douljle pane glazing with external shade completely closed exposed to west.

Area|of external opaque wall is 3,08 m2.

Area

of window is 7,00 m2.

Table 23..< Test cases B

the types of

Tept External Glazing Partition vertical Ceiling to similar | Floor to similar Roof
No. opaque wall wall'te similar room room room
i 1 Double 2 4 4 —
R 1 Double 2 3 3 —
B 1 Double 2 — 3 5
8.3.912 Results of validations

For each test the following data, determined in cyclic conditions, shall be calculated:

— daily maximum value of the operative temperature, 0op max;

— daily average value of the operative temperature, Oop av;

daily minimum value of the operative temperature, Gop min-

For each case the comparison with the values reported in Table 24 for geometry A and Table 25 for
geometry B, shall give a difference of less than 0,5 K.

© 1SO 2012 - All rights reserved
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NOTE

48

M

Table 24 — Operative temperature for geometry A

Test Ventilation Oop,max Oop,ave Oop,min
°C °C °C
a) 40,0 37,2 34,8
A1 b) 33,6 29,5 25,5
c) 33,8 29,3 25,6
a) 38,8 37,2 35,6
A2 b) 32,8 30,0 26,8
c) 32,6 29,4 26,6
a) 41,7 39,7 37,9
A3 b) 35,7 32,0 28,1
c) 34,0 30,5 27,5

Table 25 — Operative temperature for geometry B

Test Ventilation Oop,max Oop,ave Oop,min
°C °C °C
a) 35,8 30,5 27,1
B.1 b) 29,9 22,1 16,4
c) 28,1 21,5 16,2
a) 33,7 30,8 28,5
B.2 b) 26,7 22,2 17,9
c) 26,4 21,7 17,7
a) 36,0 32,7 30,3
B.3 b) 29,6 242 19,2
) 27,7 22,7 18,6

bre detailed information-is_given in Annex J.

© 1SO 2012 — All rights reserved



https://standardsiso.com/api/?name=88c8b2b06473fc123252f905a6856feb

ISO 13791:2012(E)

Annex A
(informative)

Example of solution technique

A.1 Introduction

This Bnnex gives a numerical method for the calculation of the internal temperature of a roont in
of any cooling plant based on an implicit empirical technique.

A.2 |Basic assumptions for the calculation method
The fnethod is based on the assumptions given in 4.1 of this International Standard. Further ass

the physical phenomena and on the solution techniques, in order to obtain’a simpler energy
introquced. They are:

— e¢nergy flows by long-wave radiation to/from each surface afe calculated by reference to
mean radiant temperatures of the other surfaces, the latter being calculated by area-w
fictitious Mean Radiant Temperature Node is considered ‘as the central node of the netwo
Wave radiative heat transfers;

— the air temperature difference influencing the airflow by infiltration and/or ventilation is as
¢onstant during the time interval.

A.3 |Calculation procedure

A.3.1 General

The method operates as follows:

a) if subdivides the systeniinto nodes placed at pre-selected points of interest throughout the
simulated;

b) for each nodefin turn and in terms of all surrounding nodes which are in thermal contact, t
differential equation is replaced by an implicit numerical approximation, based on the fact
sum of the 'net heat flow rate at the start and finish of any finite time increment is equated

the absence

sumptions on
balance, are

the effective
ighting. The
k of all long-

sumed to be

system to be

he governing
that half the
with the total

ate.of\Change in internal energy in the region represented by the node in question;
c) thmmmmmr' ' i i i .

A.3.2 Evaluation of the temperature of each enclosure component

A.3.2.1 General

According to Clause 4 sets of equations are written for all nodes characterizing the component. For an opaque

wall, in which thermal storage effects occur, a subdivision according to the finite difference

technique is

introduced. To achieve more accurate computations, homogeneous elements can be subdivided and specified
in parts. For transparent components, in which thermal storage effects can be neglected, nodes are chosen

according to the characteristics of the component.
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For each node (from n = 1, at the external surface, to n = N, at the internal surface) the equation, deriving from
the thermal balance at time ¢ + A¢, is written in the general form as in Equation (A.1):

K1,n0n—1,t+At + K2,n9n,t+At + K3,n‘9n+1,t+At =D,

(A1)

where factors K depend on the characteristics of the element, and D depends on the state of the system. The
temperature of node » at time ¢ + Ar is calculated in Equations (A.2) and (A.3) as:

HN, t+At

:CN

(A.2)

gn, t+At

where the co
as follows:

The values |
distribution i
surface (n = |

A.3.2.2 Coefficients in Equation (A.1)

A3.221 ¢
With respect
speed and Id
considered. ]

at the centfte planeynis the minimum nodal representation. To achieve more accurate computa

homogeneoy

::C

L yal
3.0 Vn+1,t+At

B

n
n

efficients C, (n =1, N), B, (n =1, N) and D, (n = 1, N) are determined in Equations (A:4) and

_ K4,uK3 01
B

n—1

B, and C, are determined with increasing subscript » for all nodes. The required tempe
computed with decreasing subscripts” The nodes at the external surface (» = 1) and the in
V) are included within the wall.

Dpaque components
to the conflictingyrequirements imposed by the considerations of good accuracy as well as
w cost of computation, the subdivision of the component into different nodes should be car
[hree nodes per element (layer), with one node placed at each boundary of the element an

s elements can be divided into more parts as follows:

limit the

1)

(A.3)

(A.5)

(A.4)

(A.5)

rlature

ernal

high
efully
il one

fions,

distance hetween two QIIhQQﬁIIIPnf nodes. (/\v) as_a function of the thermal r‘nndnr‘ﬁ\/ify q

f the

layer:

if 1< 0,5 W/(m-K)

if 2> 0,5 W/(m-K)

the time

where a

50

AxXpax = 0,02 m;
AxXpax = 0,03 m;
increment At is determined as: At = Ax2/(2a)

= Al(pc) is the thermal diffusivity, in m?/s;
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3) for multilayered constructions, the distance between two subsequent nodes should be calculated for each
layer separately. The time increment to be used for the calculation corresponds to the maximum

calculated for each layer.

NOTE This nodal representation scheme implies that multilayered construction nodes situated at the boundary
between different homogeneous elements represent mixed thermal property regions. Furthermore, the internal and
external surface nodes, which represent convective, radiative and conductive heat exchanges, have associated thermal

capacities equal to one half of the surface layer capacity.

For each node type of interest the factors K and D are derived in the following equations as follows:

a) Node at the centre of homogeneous elements

Ky, =-F, Ky, =2(1+F,) K3, =-F,

Dn = Fn 6n71,t +2(1_Fn>0n,t _Fn 9n+1,t +Bn (qn,t+At +qn,t)

with
e _ A, At
! pnanx2
g A
pnanxn
wherg

At is the time increment;

¢ s the specific heat of the region;

Ax is the thickness of the region represented by node z;

. is the thermal conductivity of the element;

o is the density of the element;

g is the density.of heat flow rate generated within the region.

b) Node situated at the boundary between two different homogeneous elements

1,0, S~F -1 Ko, = (2+ Fyqt Fn+1) K3n =—Fpi

= b=t Pt

Q. (O P AW P Q. o [ \
n— Tn-AYnA T\ e TnA"Tnt1)Vnt T L Vnt T P \Yng+At Tnt )

where suffices n — 1 and n + 1 refer to the homogeneous elements on either side of boundary node ».
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Ayt
F, 4= TP " -
o) )
L 2 n-1 2 n+1 |
(A.11)
A qAt
Fn+1 — _ A n+1 A _
pCcAx pCcAx
s (757,15
! L 2 n-1 2 n+1|
B, = AL (A.12)
pcAx pcAx
ol (5], (557, )
' 2 n—1 2 n+1
c¢) Node situated at the boundary between a homogeneous element and an air layer
The node n 4 1 is on the opposite side of the air layer.
3 1
K»],n Z—Fa K21n: Z+Fa +Fn K3”1:Z_Fa (A13)
3 1
Dn :Fa 6n—1,t+ Z_Fa _Fn 61,[ + Z+Fn en,t+Bn (Qn,H—At +qn,t) (A14)
with
AL + Ay ) At 22, A 2h,A
ini_Jl_ 1%:_ﬁL% _ 2Rl (.15)
D,C, Ax PnCnAX PpCildx,
where
Ax is the distance between two subseguent nodes;
Alr is the long-wave radiative gonductance of the cavity;
Aa is the air conductance:
Subscrigt | refers to airlayer.
In Equation {A.15) the air conductance is determined by using the values of Table 3 or Table 4 or fpr an
unventilated pir cavity, or by g, ,/(6,-1 — 6,) (see Annex B) for a ventilated air cavity; the radiative conducjance
of the cavity |s calculated according to 4.5.4.3, Equation (29).

d) Node at

K1,1 =0

3 1
D :(Z —-Fe _F1j91,z + Fg (eae,z+At+9ae,t) + [Z"‘Fijez,t +B1(41,t+Az +41,t)

with  Fg =

52

the external surfaces of a room element (n = 1)

3 1
Kyq=—+F;+F Kyq=—-F
21 4 1 e 31 4 1

hee At

———— and ¢ = 9sre ~ 4ire
P11 Axy

(A.16)

(A17)
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where

6,c s the air temperature of the adjacent space;

hee s the external convective surface coefficient of heat transfer [see Equation (14)];
dsre IS the density of total solar heat flow rate absorbed at the external surface;

qre Is the density of net long-wave radiant heat flow rate at the external surface.

e) Node at the internal surfaces of a room element (n = N)

1 3
1 3
Dy = Z+FN On-,+ Z_Fe ~Fy |0y, +Fe (Hai,t+At+9ai,t)+BN(qN,t+At+qN,t> (A.19)
. hCiAt
with | Fg = —————— and gy = qj s
PN €N Axy
where

hi  Is the room air temperature;
ci Iistheinternal convective surface coefficient of.heat transfer (see Table 1);

qiri Is the density of net heat flow rate due_to-fong-wave radiation received by the internal|surface (see
Annex E);

sri IS the density of heat flow rate.due to short-wave radiation absorbed by the internal(surface [see
Equation (19)].

A.3.4.2.2 Transparent components

The ffollowing equations réfer to a transparent component formed by a double pane of dlass. In this
component, neglecting thie'thickness of each glass pane, the following nodes are present:

— node at the external pane (external surface);
— node at the internal pane (internal surface);

— noden the air cavity between the panes.

This situation can be extended to consider internal and external blinds. One single pane without any blind can
be considered by assuming the value of the heat transfer coefficient between each pane to be very high.

a) Node (n = 1) located at the external surface

K1‘1 =0 K2,1 = hc,e +At K311 = _At (A20)

Dy=hgeOcpins+ (‘Isr,e - ‘Ier) (A.21)

t+At
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b) Node (n = N) located at the internal surface

K1,N Z—At KZ,N :hc,i +At K3,N =0 (A22)
Dy =heiOg1+ (QIri,i - qu,i)t+1 (A.23)
where

hce is the external convective heat transfer coefficient [from Equation (13)];

hei  is|the internal convective heat transter coetfticient (from Table 1);

Ay is[the sum of the gas conductance and the radiative conductance of the cavity;
g  is|the density of the short-wave radiant heat flow absorbed by the surface;

a is[the density of the long-wave radiant heat flow absorbed by the surface.

c) Node # Jocated between two air layers

K1, =14t p1 Ko, = At g+ Aty K3, =4t 41 (A-24)
Dn = Y9nl+At (A25)
where

Ay is the sum of the air conductance and the long-waye radiative conductance A;

g, is the density of the radiant heat flow absorbed-by the surface.

A.3.2.3 Aiftemperature

The air tempgrature is determined by solving'the following equation:
N
ZK1,j6N,t+At,j + K3 a0a 00Dy (A.26)
j=1

with

N
Z(hc,i,jA ' ) + (ca Man T Callgm )
i

K23=:+

Ca

D, = g“ (hcyi‘./' 4; HN,j ); (qﬁa,t+At + gzsa,z)
=

a,j

+ Cq ma’n + Ca ma’m

) _i (Pei4))

+ Oajis (A.27)
J=1 Ca,j
(Hv,t+At + Hv,t)
| CaMgn <0ae,t+At +0ze, ) +CaMgm ..
a,j
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where
N is the number of enclosure surfaces;
hei; s the convection coefficient at each internal surface j;
A is the area of each surface at each internal surface j;
mg is the mass air flow rate by natural ventilation;
mgy m IS the mass forced air flow rate by mechanical ventilation;

wher

A

/

a is the specific heat capacity of the air;

P2 Is the external air temperature;

.i  is the internal air temperature;

D is the temperature of the mechanically supplied air;
= Paal

EY;

D,

., is the density of air;

' is the enclosure volume;

A\ is the time increment.

(A.28)

The {erms @, are summations of the convegtive energy exchanges with the enclosure air at agy time ¢ and

t+ Af

wher

The

. In general form this is given by Eguation (A.29):
Dy = Djc + Py +Pgq

D:

¢ is the heat flewrate due to the convective component of internal gains;

D, is the heatflow rate due to the air passing through internal air cavities;

D,

sa

neat flow rate due to the convective component of internal gains acting at the enclosure ai

(A.29)

is_ the’heat flow rate due to the convective part of solar radiation flow entering through the window.

I point (room

air) id

given by Equation (A .30):

m
¢i,c = Z ¢i,jﬁ,c,j
j=1

where

m is the number of different sources;

@ is the heat flow rate due to each internal source j;

fic s the fraction of the total heat flow rate due to each internal source ;.

© IS0
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The data of internal gains in Annex H can be considered.

The mass air

flow by natural ventilation can be calculated according to the procedure in Annex H.

The convective part of the short-wave radiation entering through the glazing system is given by
Equation (A.31):

Psa = fsa (1_fsl)(¢sr,D + (psr,d) (A.31)

A.4 Room-thermal balance

Equation (A.
simultaneous
enclosure co
within each g

), written for all internal surfaces, with Equation (A.26) written for the internal air| are
ly solved. From the solution of the system equations, the internal surface temperature of|each
mponent and the internal air temperature are determined. The required temperature distriution
omponent is determined by using Equation (A.2) with decreasing subscript ».

56
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Annex B
(informative)

Convective heat transfer through ventilated air layer

Introduction

The procedure presented in this annex allows the user to determine the convective heat trans

vertid

al and externally ventilated air layer. An example is the air gap between a glass pane 2

wherg openings are present around the curtain and the curtain itself may be partially permeable t

B.2

B.2.]

For &

—
—
Thes

B.2.1

Convective heat transfer for a vertical air layer

General

vertical ventilated air layer the convective heat transfer is:

vith the environment due to the air flow through the air cavity;
vith the boundary surfaces.

b require the evaluation of the air velocity within the cavity.

P Evaluation of the outlet velocity of the vertical air layer

The mean velocity of the air in the space_is_principally caused by the stack effect. Convection ca

press

ure is neglected.

The mean air velocity depends orithe driving pressure difference, Ap,,,, and on the total pressu

venti

ated air space itself (Figure\B.1).

er through a
nd a curtain
b the air flow.

ised by wind

re loss in the

© IS0

2012 — All rights reserved

57


https://standardsiso.com/api/?name=88c8b2b06473fc123252f905a6856feb

ISO 13791:2012(E)

a b WON -

layer n — 1

layer n

top

| S e ' /
! /
vy
v/
= Y
\/
A 4
/1
y /
/o
N /
____|_l§___ — =5
-« d B

neutral plgne
bottom

Figure B.1 — Example of vertical air layer: the height of.the neutral plane depends

on the flow resistances of the inlet and outlet openings

The driving gressure difference results from the temperature difference between the air layer and the air
environment| It is written as:

with

58

Pao & To H(Teq—Te)

Ap.. =
#m (Teq_Te)

-1/E
Teq:Tav_Er(Tav_Te)(1_e r)
T = (]n—‘l +Tn)

i e

g _|Pacady
Ah H

bf the

(B.1)

(B.2)

(B.3)

(B.4)

is the driving pressure difference, in Pa;
is the density of the air at the temperature Ty, in kg/m3;
is the height of the element, in m;

is the reference temperature, in K;

(B.5)
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is the equivalent temperature of the air in the layer, in K;
is the temperature of the environment, external or internal air, in K;

is the average of temperatures of the surfaces delimiting the air layer, in K;

T,.4, T, are the temperature of the layer n — 1 and »;

is a ventilation parameter;

is the specific heat of the air at the constant pressure, in J/(kg-K);

The goefficient iy can be calculated with Equation (B.6):

is the width of the air layer between the delimiting surfaces, in m;

is the mean velocity in the ventilated air layer, in m/s;

is the convective heat transfer coefficient for closed spaces, in W/(m2K);
is the velocity coefficient, in W-s/(m3.K);

is the acceleration due to gravity (constant) 9,81 m/s2.

n
g =| 2 (dR") (B.6)
wherg, for vertical spaces: 4 = 0,035; » = 0,38 and the Rayleigh number is shown in Equation (B.T):
Ha g Tay
wherg
a is the dynamic viscesity of the gas in the air layer, in kg/(m-s);
a is the thermaljconductivity of the gas in the air layer, in W/(m-K);
b, is the-density of the gas in the air layer.
The Velogity coefficient ¢, can be assumed equal to 4 W-s/(m3-K).
The totatpressurefoss ApTimthe ventitated-air fayeriscatcutatedim Equation(B-8)=s:
Apt =Apy +Apg +Apjg (B.8)
where

Ap, is the kinetic pressure loss, in Pa;

Apy is the pressure loss due to the steady laminar flow, in Pa;

Ap;, is the pressure loss in the top and bottom openings, in Pa.
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The terms in Equation (B.8) are given by:

1
Apy =2 Pa v? (B.9)
H
Apd:8,uas—2 v (B.10)
1 2
Apio =7, pa V2 (Z1+72) (B.11)
where
Ug ig the dynamic viscosity of the air, in kg/(m-s);
v i the velocity of the air within the cavity, in m/s;
H ig the height of the cavity, in m;
d ig the width of the cavity, in m;
Zy, Z, are parameters relevant for the top and bottom openings.
The parameters Z, and Z,, according to Figure B.2, are given by:
2
A
Zy=|—t—=—-1 B.-12)
06 4',
2
A
Zy=|4—>—- (B.13)
0[64',
Aty = a4 DA Ay (B.14)
4
Ay=4 +A'+A£+Ah B.15)
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Key

2 bpttom

Figure B.2 — Example of ventilated cavity

the projected area of the censidered system, in m2;
4; area of the top opening;in m2;

4, area of the bottom)opening, in m2;

4, area of the left side opening, in m2;

area Of 'the right side opening, in m2;

4y, ~total area of the homogeneous distributed holes in the blind (only one side), in m2.

The velocity v in the ventilated air layer is obtained by solving Equation (B.16):
Apm =Apr (B.16)
B.2.3 Evaluation of the convective heat transfers for a vertical air layer
The convective heat flow rates @ are calculated in Equation (B.17) as:
— due to the air motion:

Dy =mycqy (Tout_Tin) (B.17)
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where

m,, is the mass air flow through the air layer, in kg/s;

Tout is the temperature of the air leaving the layer, in K;

T, is the temperature of the air entering the air layer, in K
with

qgq =rv A, (B.18)
where 4, is the area of the cross-section of the air flow.

—1

Tout:Tav_(Tav _Teq)e Fr PB-19)
— due to the convective heat exchanges with the surfaces » — 1 and » delimiting the air layer:

De 1 = e Ac (Tn71 - Teq) (B.20)

D = he Ag (Tn _Teq) B.21)
where 4. is the area of the adjacent surfaces.
B.3 Convective heat transfer for an external horizontal air layer
B.3.1 General
A similar calgulation for an external horizontal air,layer is made (Figure B.3). In this case, the driving pregsure

difference Ap

v derives from the wind velocity in Equation (B.22) as follows:

1 9
LI

C
pl’2

he difference’in the pressure coefficients between the inlet and the outlet of the air layer;

he wind velocity.

B.22)

AC, assumg

s‘values changing from 0 (no openings perpendicular to the wind direction) to 1.

The total pressure losses Ap; are calculated according to Equation (B.8). The velocity v in the ventilated air
layer is obtained by solving Equation (B.23):

Apy, =Apr

62

(

B.23)
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out

n-1

\i

A

Figure B.3 — Example of horizontal air layer

B.3.2 Evaluation of the convective heat transfer for horizontal air layer
The ¢onvection heat transfers are calculated as in B.2.3:
— due to the air motion @,, according to Equation (B.17);

— due to the convective heat exchanges with the surfaces n — 1 and,n delimiting the air layer, ¢
o Equation (B.20) and Equation (B.21).

pc, according
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Annex C
(informative)

Shading due to overhangs and side fins

C.1 Introduction

This annex includes a procedure for determining the shaded area of a building element when obstructions due
to an overhapg and side fin are present.

The equationjs recognize wall solar azimuth angle y and solar altitude g as known angles (Figure C.1). Dther
dimensions fpr a window of length L and height # are shown in Figure C.2 for an overhang and Figure G.3 for
a side fin. Vdrious shapes of shadows on a window are shown in Figure C.4. Shadows for.an overhang, for an
overhang with a vertical end projection, and for side fins, are separated to simplify(the equations and| their
calculation pfocedure. After all types of shadows have been established, the procedure will then add up 3ll the
shadow areas for use in the final solar contribution.

|
AN _—
O

/

Key

1 solar altitude angle g 5 west

2 wall azimuth angle @ 6 north
3 normal to vertical surface 7 east

4  solar azimuth angle y 8 south

Figure C.1 — Solar azimuth angle yand solar altitude 5
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In this annex the following calculations are introduced:

a) (
b) ¢
c)

d) ¢

C.2

The
locat
shad

k’\f P'
i \
|
| \\{ K}
I | \\\ > \
I S~
\“ o
> N
44
= AN
\\\\ \\

Figure C.2 — Overhang, main dimensions

alculation path for overhang;
alculation path for vertical projection and the end of theaverhang;
alculation path for side fin;

alculation path for sunlit area due to short side(fin.

Calculation path for overhang

vidth of the overhang is assumed to be equal to or greater than that of the window. The ove
bd at the head of the window wer at distance a above the head of the window. Figure C.4 sh
bw cast by an overhang.-Aside from the fixed physical dimensions of the window arrange]

Figure C.3 — Side fin, main dimensions

‘hang can be
pws a typical
ment L, H, a

and 4, all equations are expressed in terms of the shadow depth 7 and the shadow offset M cast py overhang,
wherg, in Equation (C.1):
- _ p tanp
cosy (C.1)
\{ = Ptany
© 1SO 2012 - All rights reserved 65


https://standardsiso.com/api/?name=88c8b2b06473fc123252f905a6856feb

ISO 13791:2012(E)

K K C C N
\ .
F 0
E
SS01 SS02 SS03 SS04 SS05 SS06
A “ N
A A
F [ R G
]
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Figure C.4 — Shadow shapes of overhangs
The areas of the shadow shapes cast by an overhang, reported in Figure C.4 frem SS01 to SS09, are in
Equation (C.R) as follows:
A01 = 0
Ayp =H L
A03 =L (T—a)
M@+
Aog = (= a)L+b-——"]
H M
Apgs = H{L—-[(a+—) —]+b
05 { [(a 2) T] }
2
T M
os = {010 )
M 2T (C.2)
L
Agr =[(T-a) L]-| (M -b)>=—
o7 =[ )L] {( ) 2 M}
M 2 T
Apg = H L-3|(H +a)— |-b} ——
08 {[( @) T} > 11
LNT
Apg = L|[(b + =)y— -
09 = L|[( 2) m al

C.3 Calculation path for vertical projection at the end of the overhang

The width of the vertical projection is assumed to be equal to that of the overhangs. The area equations for
the shadow shapes cast by a vertical projection at the end of an overhang, shown in Figure C.5 from SSV1 to

SSV9, are in

66

Equation (C.3) as follows:
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4,4=0

Ay =HL

A3 =L (T+d-a)

Ayg=H (L+b—-M)

Ay =(T+d—-a)(L+b-M) (C.3)
Ag=L d

A7 =L (H+a-T)

Apg=(L+b-M) d

doo—AL b MV (Hoeg T
VY \ 7\ 7
SSV1 SSv2 SSV3 SSV4 SSV5 SSVp
SSV7 SSV8 SSV9

Figure C.5 — Shadow shapes of vertical projections at the end of overhangs

C.4 [Calculation path for side fin

In ordler to include shadows cast by a sun hood (external shading device consisting of an overhgng and side
fins govering only the upper part ofithe window) or by the side of a balcony, fins are assumed| to have any
length greater than, less than orcequal to the height of a window. They can be located at the window jamb, or
a disfance b' away from window,jamb (Figure C.3). Dimension «' is considered positive when the fin extends
above the window and negative when it stops below the head of the window. Dimension ¢' is congidered to be
zero |n this part of calculation. Any sunlit area, resulting from a short fin that stops above the winglow sill level,
will be deducted in theCfourth part of the calculation. The calculation path for the side fin is very gimilar to that
of the overhang. The_area equations for the shadow shapes cast by the side fins, shown in Figure C.6 from
SSF1 to SSF9, areas in Equation (C.4):
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2
s =1 =[5+ L] 20 o]
(N /11 ]
M' 2 T'
Arg = (H +a')— |- b' I
F6 {( +“)T.} } (2 ]
ey =[] [ir-a
" 2 Ml
Apg = H L—{(L+b')—'}—a’} o7
AF9 =H Ha'+£] K'—b':|
2) T (C.4)
KI Fl
Al
A N A'
ol
’\ G'
R' w R =
SSF1 SSF2 SSF3 SSF4 SSF5 SSF6
F C C' K C'
%O'
e (S
R' '
SSK7 SSF8 SSF9
Figure C.6 — Shadow shapes of side fins

It should be noted that these equations have the same form as the equations for the overhang with variables 7,
M, H, L, a and b replaced by T', M', L, H, a' and b' respectively.

C.5 Calculation of the sunlit area due to short side fin

The shadow area equations for the various situations shown in Figure C.7 from SF1 to SF4 are as in
Equation (C.5):
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When external obstructions are {present, the following procedure can be used to determine the
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Asp1 =0

g

L\ T'
Agpa =L {c'-||b'+= | —
SF3 {C { +2jM'}}
T' 2 M'
Agpq =—|c'—| b — || =—
SF4 {C ( ﬂ o7
Y' E Y' ] (]
|X, \S Y\
Rl RI 1} R'
z W P
SF1 SF2 SF3 SF4

Figure C.7 — Shapes of sunlit area due toshort side fins

minus signs indicate that these areas, if they occur, should be deducted from the previously
bw areas. The accumulation process is now necessary when different solutions are
thm, guided by a series of control statements, entersthe shadow evaluation process and fol
through the flow chart. Along each of the path segments, the algorithm calculates and aq
ular set of shadow areas cast by overhang, verical projection and side fin 7' and shadow 1
contribution for calculation. The shading devices considered in this algorithm are those
honly used shapes. Other shapes can besintroduced by expanding the algorithm.

External obstruction

brocedure is approximate\and it is applicable when the wall or window is relatively small in ¢
hading object. The wallJor window is considered either completely shaded or completely
lly shaded wall or\window can be considered as either completely shaded or complete
nding on the lecation of the wall reference point. Figure C.8 shows a typical wall-sh
bnship. It shotld“be noted that the reference point may be located at any point on the wg
ing the reférence point at the top of the wall or window, as shown in the elevation in F

Cation-of.\the procedure the following data are required:

4

(C.5)

accumulated
bresent. The
lows a single
cumulates a
or use in the
of the most

shaded area.
pmparison to
n the sun. A
y in the sun
ading object
Il or window.
Figure C.8, is
dow. For the

zimuth shaded angles, a4; o, (right +, left -);

q

altitude shadow limit angles, &;; dy;
wall azimuth angle, ;
solar azimuth angle, y;
solar altitude angle, g,

limiting points of obstruction, M, N.
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8
b) Elevation
Key
1 wall 5 normal to the wall
2 south 6 sunray
3 solar azimuth angle y 7  reference point
4  shading opject 8 north
Figure C.8 — Reference points and angles

This procedure determines whether the wall is sunlit or shaded.
For the given position of the sun:

a) determine the wall-solar azimuth angle y = y— o;

b) if y<eayor x> a, the window is in the sun;

C) m>y>ay A=y—ay;, B=06+A4(6 - 6),

d) if f> Bthe wallis in the sun; otherwise it is in the shade.
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C.7 Sunlit factor
The area equations in C.2 to C.6 determine the amount of the shaded area 4, of the component.
The sunlit area is given by Equation (C.6):
Ag=A4-Ag, (C.6)
The sunlit factor f; is determined as Equation (C.7):

Jo=1-4J4 (C.7)

wherg

4. is the shaded area;

S

4 is the total area.
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Annex D
(informative)

Design climatic data in the warm season

Design warm weather conditions (cloudless sky) occur on relatively few days in summer. If solar radiation
produces a large proportion of heat flow, it is essential to calculate the internal temperature for several months
separately. As a consequence, design climatic data should be generally defined for all months. The following
characteristi¢s of the design climatic data for design temperature calculations can be used.

1) From a long-term data set, identify for each month and for each year the hottest four-day spell{ This
is defined as a non-overlapping period of four days with the highest average lof -daily mean
temperature.

2) For|the chosen month identify discrete four-day spells with an average period of one per year| This
woyld mean looking at daily temperature data for each day of the chosep-month and selecting, for
example, the hottest 20 spells from a 20-year data set.

3) Excude 50 % of these spells on the basis of low average temperatire (those four-day averades of
daily mean temperatures which lie below the median, where the four-day averages are rounded to
the pearest 0,5 °C).

4) Exclude 50 % of remaining spells on the basis of high diurnal range (those four-day averages of| daily
temperature range which lie above the median, where.the four-day averages are rounded tp the
nearest 0,5 °C).

Thig will produce a final selection of four-day spells of critical conditions with a return period of four
yeafs.

5) Calgulate the hourly averages of temp€rature and radiation for each hour in each day in the selected
spe|ls and take these as design values.

6) Calgulate the averages of daily.mean wind speed for each day in the selected spells and take fhese
as design values for the corresponding day in the four-day sequence.

NOTE Megthods of calculation.and/presentation of climatic data are given in ISO 15927-2.
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Calculation of the internal long-wave radiation exchanges in buildings

E.1

Introduction

This gnnex gives a simplified procedure for evaluating the internal long-wave radiation exchangeg in buildings.

E.2

The j

Limits of application

rocedure can be applied for situations where

— the emissivities of the various surfaces are similar;

— the geometry of the room is simple (rectangular).

For special situations the solution techniques reported in scientific literature should be refgrred to (see

Biblig

E.3

The
radia

The ¢

graphy).

Calculation procedure

otal net long-wave radiation at the »! internal surface is calculated by assuming that edch surface n

es to a fictitious surface (f), which hasthe following characteristics:

N
rea Azz (A4), (N=number of the internal surfaces)

n=1

N
missivity & = Z(gnAn ) A4
n=1

N
pmperature,\ Tr = > (4,2,T,)/ (61 4¢)

n=1

ensity of radiant heat flow rate ¢; , from a surface & to the others is:

(E.1)

(E.2)

(E.3)

Qirik = (Giri, k — Ibal)

© IS0

2012 — All rights reserved

(E.4)

73


https://standardsiso.com/api/?name=88c8b2b06473fc123252f905a6856feb

ISO 13791:2012(E)

where
, 4 4
qiiy =0 Fi (Tf =T} )

- 4, (1-
Fk’f:1+1 2N cl1-2)

g As &5

=

bal = Y (qhix Ax)/! A
=

(E.5)

(E.6)

(E.7)
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Annex F
(informative)

External radiative long-wave heat transfer coefficients

F.1 Introduction

This |Jannex gives the terms influencing the long-wave radiation exchanges at the external| surfaces and
provigdes a procedure for the evaluation of the external long-wave heat transfer coefficient.

F.2 [Terms and calculation procedure
Longtwave radiation is emitted by all solids, fluids and most gaseous molecules. External building elements
exchange radiation with the sky, the ground, surrounding buildings and, plants. For the long-wave radiation
balarjce the view factor F' between each environmental radiator and the-surface is very importapt. Assuming

that all surrounding radiators are black bodies and the surface considered has an emissivity ¢, the net long-
wave radiant flux density ¢, . for an external surface is calculated inEquation (F.1) as:

flire =& 0 (FekTok* + FpTp® + FgTy® —Tog* (F.1)
wherg
Ik is the view factor with the sky;

I, is the view factor with other buildings;

¥, is the view factor with the ground;

Tsk is the absolute temperature of the sky;

T, s the absolute temperature of other buildings;
T, isthe absoluie_temperature of the ground;

Tes is the external surface temperature of the wall;

¢ isithe emissivity of the surface;

r ~is the Stefan-Boltzmann constant

View factors depend on the orientation of the surface and on the type of the environments. Table F.1 gives
typical view factors for different situations.
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Table F.1 — View factors for external environments
Type of “environment” Vertical surface
Fye Fy Fy
City centre 0,33 0,34 0,33
Suburban area 0,41 0,18 0,41
Rural area 0,45 0,10 0,45
Horizontal surface (roof)
Fsk F’u F‘g
All environmeénts 1,00 0,00 0,00
The temperafures included in Equation (F.1) are approximated as follows:
610.25
To = {9 36 x107°x(T,) } (F.2)
Ty, = Ta,o
Tg =Ta
where T, . is|the external air temperature, in kelvins.
Equation (F.1) can be written as:
dire :hr(Ta,e_Tes>+qe,r (F.3)
with
by =4ep T3 (F.4)
der :F;ng(Ts‘L_TaA:e) (F.5)
T,le + 7.
T, =3¢ > 5@ (F.6)
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