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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-governm
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Clause/subclause Changes

2 Added ISO 9050, ISO 10292, and ISO 15927-2

3.2and 3.3 Deleted g and m

Added subscript sl

4212 Added first and second list items, descriptions of the reference

4.3 Replaced U" by U
Replaced g by S; as the solar heat gain factor

Deleted Equation (1) and replaced old Equations (2)t0 (6) by Equations (1)
to (5)

Amended Equations (2) to (4)

4.23.2 Third list item, replaced g by S

6.4.5 Added the descriptions of the latitudes in Tables 7, 8 and 9
A2.1 Amended the descriptions of.symbols S; and »

A22 Amended Equation (A.1)

A23 Added the equation to define 4;

Amended Eguation (A.24)

A.3.1 Amended Equations (A.28), (A.31), (A.32), (A.33) and (A.34)

A.3.2.1 Amended Equation (A.35)

Amended the unit for ¢

A.3.2.2.1 Amended Equations (A.38), (A.39), (A.40), (A.45) and (A.47)

Changed the description of Hy

A3.2.2.2 Amended Equation (A.49)

AZZ3 Amended-Equation-(A-52)

A3.3 Amended Equation (A.53)

C.2 Added a title to Table C.1
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E.3 Replaced U*,, by U,
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Introduction

Knowledge of the internal temperature of a room in warm periods is needed for several purposes, such as:

g the need for a cooling installation.

a)

summer;
b) assessirn
The internal

ventilation afd internal gains. The internal temperature of a room in warm periods can be determined

detailed calg
assessment
applications,
from more o
has its own

A simplified method can be implemented in many ways. In general, the maximum allowed simplification

calculation m

This Internat
simplification

No particulaf

examples, t
transfer proc
the input dat

The use of t
from standar]
order foram

temperature is influenced by many parameters such as climatic data, envelope character

ulation methods. I1ISO 13791 lays down the assumptions and the criteria_to be satisfie
of internal conditions in the summer with no mechanical cooling. However) for a numi
the calculation methods based on ISO 13791 are too detailed. Simplified methods are dg
less the same description of the heat transfer processes in a building--Each calculation m
simplification, assumptions, fixed values, special boundary cenditions and validity

ethod and the input data is determined by the required amount-and accuracy of the output d

onal Standard defines the level, the amount and the accuracy of the output data and the all
of the input data.

calculation methods are included in the normative part of this International Standar
o calculation methods are given in Annex A. They are based on the simplification of the
esses that guarantees the amount and the accuracy of the output data and the simplificat
h required by this International Standard.

nese simplified calculation methods does not imply that other calculation methods are exc
dization, nor does it hamper future developments. Clause 6 gives the criteria to be satisfi
ethod to comply with this International Standard.

defining the characteristics of a room at the design stage, in order to prevent or limit overheating in

stics,
using
d for
er of
rived
bthod
area.
bf the
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INTERNATIONAL STANDARD

ISO 13792:2012(E)

Thermal performance of buildings — Calculation of internal
temperatures of a room in summer without mechanical
cooling — Simplified methods

This

$cope

nternational Standard specifies the required input data for simplified calculation methods fo

the maximum, average and minimum daily values of the operative temperature of ayoom in warm

a)

b)

to define whether the installation of a cooling system is necessary or-ot.

Clause 6 gives the criteria to be met by a calculation method in orderto satisfy this International S

2

The

Normative references

following referenced documents are indispensable for the application of this documen

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

ISO

©946, Building components and building-elements — Thermal resistance and thermal trar

Calctilation method

ISO

1345, Thermal insulation — Physical quantities and definitions

ISO 9050, Glass in building + yDetermination of light transmittance, solar direct transmittanc
enerqy transmittance, ultraviolet transmittance and related glazing factors

ISO 10077-1, Thermal(performance of windows, doors and shutters — Calculation of thermal tran
Part [I: General

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

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

- determining
periods:

to define the characteristics of a room at the design stage in order to avoid overheating in summer;

tandard.

t. For dated
e referenced

smittance —

p, total solar

smittance —

of multiple

ods

ISO 13791, Thermal performance of buildings — Calculation of internal temperatures of a room in summer
without mechanical cooling — General criteria and validation procedures

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

EN 13363-1, Solar protection devices combined with glazing — Calculation of solar and light transmittance —

Part

1: Simplified method
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3 Terms,

31

definitions, symbols and units

Terms and definitions

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

3.141

internal environment
closed space delimited from the external environment or adjacent spaces by the building fabric

3.1.2

room eleme
wall, ceiling,
or an adjace

3.1.3
room air
air in the roo

314

internal air temperature

temperature

3.1.5

internal surface temperature

temperature

3.1.6
mean radiar]

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

radiant heat

317

operative te
uniform tem;
radiation plug

NOTE Fd
used.
3.2 Symb

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

pols and units

ht
roof, floor, door or window that separates the internal environment from the external envirof]
ht space

pf the room air

pf the internal surface of a building element

t temperature

bs in the actual non-uniform enclosure
mperature

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

convection as in the actual non-uniform environment

r simplification, the meah value of the air temperature and the mean radiant temperature of the room g

ment

nt of

at by

an be

Symbql Definition Unit
A area m?
A, cavity area m?
A thermal mass area m?
R sunlit area m?
Ay exposed area m?2
A, wall area m2
C heat capacity JIK
o internal heat capacity JIK

© IS0 2012 — All rights re
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Cn heat capacity of the enclosure elements JIK
c specific heat capacity J/(kg-K)
Cq specific heat capacity of air at constant pressure JI(kg-K)
d thickness m
Fy decrement factor —
Fg surface factor —
Fgm surface factor of the envelope —
75 correctionfactor-for-transmission-thermattoad —
Jex exposure factor —
I correction factor for solar thermal load —
Js sunlit factor —
Jsa solar-to-air factor —
Jsl solar loss factor —
f frame factor —
N ventilation factor —
Hy heat transfer coefficient due to the air ventilation W/K
Hem conventional heat transfer coefficient between the external W/K
environment and the internal surface of’the heavy components
Hgg global heat transfer coefficient between the internal and external W/K
environment
Hig heat transfer coefficient dueto internal exchanges by convection W/K
and radiation
Hps conventional internal heat transfer coefficient WIK
Hy heat transfer coefficient of the envelope WIK
h surface coefficient of heat transfer W/(m2-K)
he convective heat transfer coefficient W/(m2-K)
h, radiative heat transfer coefficient W/(m2-K)
1 intensity of solar radiation W/m?2
I reflected component of the solar radiation reaching the surface W/m?2
/ length m
Ny number of components facing the indoor environment —
N nuUmMber of externar Components —
N, number of heavy opaque components —
N, number of light opaque components —
Np number of opaque components —
Ng number of internal sources —
Ny, number of glazing components —
n air changes per hour I/h
q density of heat flow rate W/m?2
R thermal resistance m2-K/W

© 1SO 2012 — All rights reserved
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Rg; thermal resistance due to air ventilation m2-K/W
Ay solar heat gain factor —
Ste solar heat gain factor for the closed cavity —
AYS solar direct transmittance —
Sto secondary heat transfer factor —
St3 tertiary heat transfer factor —
Sty solar heat gain factor for the ventilated cavity —
T thermodymamic-temperature K
t time s
U thermal transmittance W/m2-K
Ug thermal transmittance between the external environment and the air Wi/(m2-K
cavity

U; thermal transmittance between the internal environment and the air W/(m2-K
cavity

Uy thermal transmittance of the glazing component W/(m2-K

14 volume m3

v velocity m/s
Xy vertical shaded distance —

Y admittance W/(m2-K
Yt total admittance Wi/(m2-K
Ogp solar absorptance —

p solar altitude angle degrees

£ long-wave emissivity of the.surface —

0 Celsius temperature °C
(3 external air temperature °C
Osi outdoor air temperature °C
Oom outdoor aiftemperature of the heavy external components °C
Oss outdogr.air temperature of the light external components °C
O mass temperature °C

op,av daily average value of the operative temperature °C
op,min daily minimum value of the operative temperature °C
op,max daily maximum value of the operative temperature °C

0 star temperature °C
A thermal conductivity W/(m-K)
P density kg/m3
Pa density of air kg/m3
Psr solar reflectance —
T solar direct transmittance —

D heat flow rate W

4 © 1SO 2012 — All rights reserved
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Dg, transmission thermal load contribution W
Dy, heat flow rate due to the solar radiation through the glazing w
components
Derm mean daily value of the heat flux due to the solar radiation through W
the glazing components
D, heat flow to air node W
Dinte convective heat flow of each internal source W
Dor radiative heat flow of each internal source W
D internal source thermal load W
Dy, heat flow to mass node W
D heat flow to star node W
D, solar thermal load w
@, thermal load due to the ventilation solar factor W
D thermal load w
D, ventilation thermal load w
7 time lag of the density of heat flow rate h
10} solar wall azimuth angle degrees
3.3 | Subscripts

a air va ventilation through air cavity
b building cd conduction

C convection ec external ceiling

D direct solar radiation ef external floor

d diffuse solar radiation eq equivalent

e external ic internal ceiling

g ground if internal floor

[ internal il inlet section

| leaving the section Ir long-wave radiation
m average mr mean radiant

n normalto surface op npornfi\/n

r radiation sa solar to air

S surface sk sky

sl solar loss t time

sr short wave radiation v ventilation

© 1SO 2012 - All rights reserved 5
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4 Input data and results

4.1 Assumptions

For the scope of this International Standard the following basic assumptions are made:

— the room is considered a closed space delimited by enclosure elements;

— the air temperature is uniform throughout the room;

— the variqus_surfaces of the enclosure elements are isathermal:

— the ther
— the heat

— air spaq

surfacesq;

— the meq
each int

— the oper
the mea

— thedistr
— the spat
— thelong
— the dimg

— the effed
4.2 Boun

4.2.1 Boun

nophysical properties of the material composing the enclosure elements are constant;
conduction through each enclosure element is one dimensional,

es within the envelope elements are considered as air layers bounded. by two isoth

n radiant temperature is calculated as an area-weighted average ,of the radiant temperatt
ernal surface;

h radiant temperature;
bution of the solar radiation on the internal surfacesof'the room is time-independent;

al distribution of the radiative part of the heat flow due to internal sources is uniform;

nsions of each component are measured at the internal side of the enclosure element;

ts of the thermal bridges on heat transfers are neglected.
fary conditions and-input data

dary conditions

4211 General

The element

— external

5 of the envelope are divided into:

ermal

re at

ative temperature is calculated as the arithmetic mean value of the internal air temperatur¢ and

wave radiative and the convective heat transfers at each internal surface are treated separately;

elements: these include the elements separating the internal environment from the outsidé and

from other zones (i.e. attic, ground, crawl space);

— internal elements: these include the elements (vertical and horizontal) separating the internal environment
from other rooms which can be considered to have the same thermal conditions.

4.21.2 External elements

External elements are those separating the room from the external environment and from zones at different

thermal cond

itions (e.g. attic, ground, crawl space).

© 1SO 2012 — All rights reserved
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Boundary conditions consist of defined hourly values of:

external air temperature;
intensity of the solar radiation on each orientation;

sky radiant temperature;

air temperature for the adjacent zones which cannot be considered at the same thermal conditions as the

examined room.

For glementsin contact with the ground the external temperature is assumed o be the mean mo
the ekternal air temperature.

4.21(3 Internal elements

Interpal elements are those separating the room from other rooms which can be considered to ha
thermal conditions.

Internal elements are assumed to be adiabatic, which means that the values of the following @
considered to be the same on either side of the element:

the air temperature;
the mean radiant temperature;

the solar radiation absorbed by the surface.

4.2.2| Heat transfer coefficients

For the purposes of this International Standard the following values shall be used:

4.2.3L_Geometrical and thermophysical parameters of the room envelope

internal convective heat transfer coefficient hei = 2,5 W/(m2-K);
internal long-wave radiative heat transfer coefficient hi = 5,5 W/(m2:K);
gxternal convective heat transfer coefficient hee = 8,0 W/(m?2-K);
¢xternal long-wave Fadiative heat transfer coefficient A, = 5,5 W/(m?2:K);
ihternal surfaee coefficient of heat transfer h; = 8,0 W/(m2-K);

g¢xternal'surface coefficient of heat transfer he = 13,5 W/(m2:K).

hthly value of

ve the same

uantities are

4.2.31 Opaque elements

For each element the following data are required:

area calculated using the internal dimensions;
thermal inertia characteristics (see ISO 13786);
building elements in contact with the external air (see 1ISO 6946);

building elements in contact with the ground (see ISO 13370).

© 1SO 2012 - All rights reserved
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The thermal inertia characteristics shall be determined according to ISO 13786.

The sunlit factor, f;, is given by Equation (1):

Ag
=5 1
Js 4 (1)
where
Ag is the area of the sunlit part of the wall (see 6.3);

A s the total area of the wall.

NOTE THe sunlit factor differs from the shading correction factor, defined in ISO 13790, which includes)diffusg solar
radiation.

The solar hgat gain factor, S;, is the ratio of the heat flow through the element due torthe absorbed [solar
radiation, to the incident solar radiation. It is given by Equation (2):

— element|with no air cavity (or closed air cavity):

a |U

St = —Shre (@)
where

a,, s the direct solar absorptance of the external surface;

he is the external surface coefficient of heat transfer(defined in 4.2.2).

— element|with open air cavity (external air):
St = fulte +(1-/v) Sty 3)

where
v is the ventilation coefficient-derived from Table 1 as a function of ventilation in the cavity;
S¢; is the solar heat gainfactor for the closed cavity;

Sq, is the solar heat{gain factor for the ventilated cavity, given by:

Spy = ﬂL(UG—Ui) (4)

L 1L L
ot 7

U, is the thermal transmittance between the external environment and the air cavity defined as in
Equation (1);

U; is the thermal transmittance between the internal environment and the air cavity defined as in
Equation (1);

8 © 1SO 2012 — Al rights reserved
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with
, (he +2h,)
h = hg (5)
hl’

where

he is the convective heat transfer coefficient between the surface of the ventilated air layer and the air in

the cavity;

)/ ot radiativa hant trancfar ~aAffiAiANE hAabianan thn s crprfanae ~AfF th A Ae Iav Ay

r r o T TauIdaurvoe TToau irdiioroel UUUTTIuIvTTU VULLVW O LI T UTe WU ourtavouo vruaire anm Iuy\;l .
Using the following values: hg =5 W/(m2-K) h, =5 W/(m?2-K)

' =15 W/(m2-K)

Tablg 1 gives the ventilation coefficient £, depending on the ratio between the cavity area (4.)|and the wall

area

The

In th¢ absence of an actual measured value, the: direct solar absorptance of the external sur
derived from Table 2 as function of its colour.

4.2.3|12 Glazed elements

For each glazed glement the following data are required:

The

A,).

¢avity area is the air flow area; the wall area is the conduction heat flow area.

Table 1 — Ventilation coefficient f,

A4y, < 0,005 0,005 < A /4% 0,10 0,10 < Ag/Ay,
£ 08 0,5 0,2

Table 2 — Direct solar absorptance of external surface

Light colour Medium colour Dark colour

s 0,3 0,6 0,9

face may be

I—‘rea caleulated, including the frame;

ermal transmittance (U value);

total solar direct transmittance, S¢ (7, in 1ISO 9050 and EN 410);

secondary heat transfer factor, S;,, of the glazing by convection and long-wave radiation due to the

absorbed solar radiation;

tertiary heat transfer factor, Sg;, of the glazing by ventilation due to the absorbed solar radiation;

the sunlit factor due to external obstruction, f,.

thermal transmittance, U, is determined according to EN 673 and ISO 10077-1.

© 1SO 2012 - All rights reserved
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The solar direct transmittance, Sy, (), and the secondary and tertiary heat transfer factors S, and S; are
determined from EN 13363-1.

a) 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 presence of internal elements with
very low heat capacity, such as carpets and furniture. It is assumed to be time-independent and, unless
otherwise specified, the values in ISO 13791 may be used.

b) Solar loss factor

The solar log
It depends o
geometry an
otherwise sp

The procedy
standards. S

4233

a) Ceiling below attic

The element

one-dimensignal heat flow. The air space is considered as an air_cavity and treated according to ISO 694

b)
The ground 1
air gap. The
monthly meg
and equal td
variable term
0,5 m.
c) Cellar

A cellar can
d) Crawls

A crawl spac]

424 Airc

Special elements

Floor on ground

ecified, the values of f in ISO 13791 may be used.

re for evaluating the sunlit factor due to external obstruction, f;, can-be“defined in na
Lich a procedure is given in Annex C.

formed by the ceiling, the air space and the roof is considered as a single horizontal elemen

ormed by the floor and the soil is considered as a single horizontal layer, which may inclu
heat flow through the element is the.sum of a monthly mean value and a variable term
n value is calculated using the mean.internal and external temperatures, and (taken as cor
the mean monthly value) the thermal transmittance determined according to ISO 13370
is calculated assuming the mean.temperature difference is zero. The depth of soil is taken

be considered as anadjacent room with fixed air temperature.
pace

e is treated’as a floor on ground according to ISO 13370.

nange rate

s factor, £, is the fraction of the solar radiation entering the room which is reflected back.outside.
h the solar position, solar properties, dimensions and exposure of the glazing system,.the room
d the reflectivity of the internal room surfaces. It is assumed to be time-independeént. Unless

ional

t with

~

p.

le an
The
stant
The
to be

The air change rate depends on the tightness of the envelope and on the opening of any doors and windows.

At a design stage the air change rate is expressed as a function of the:

location

number

10

of the building;

pattern of air ventilation;

of facades with windows.

© ISO 2012 — All rights re
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The location may be categorized as:
— city centre area;

— suburban area;

— open area.

The pattern of air ventilation is related to the time schedule of the opening and closing of windows and
whether windows are located on one or on more facades.

The following time schedules are considered:

— windows open day and night;

— windows closed day and night;

— window closed during the day and open during the night.

Data|on the time of opening and closing of the windows and on hourly air\change rates can be{ defined at a
natiopal level. Annex B gives examples of appropriate values of the air chiange rates.

4.2.5| Internal gain

Internal gains derive from lighting, equipment and occupant.‘The pattern of the heat flow due to internal gains
is related to the occupants’ behaviour and to the utilisation.@f the room.

Datalon the time schedule of utilization of the room;vand the heat flow for each type of utilization, can be
defingd at a national level. If information is not available, the values included in Annex D can be uged.

4.3 | Output data

Resuts of the calculations are the maximum, average and minimum daily values of the operative temperature
of the considered room under defined external and internal conditions.

5 Calculation procedure
The ¢alculation procedure is based on the following steps:

a) definition of the climatic data of the location in accordance with the procedures described in 150 15927-2;

b) definitien. of the room for which the control is required;

c) definition of the elements of the envelope enclosing the room (area, exposure, boundary condlitions);

d) calculation of the thermophysical parameters (steady state and transient conditions) and the solar energy
transmittance of opaque and transparent elements;

e) definition of the ventilation pattern;
f)  definition of the internal gains;
g) evaluation of the maximum, average and minimum daily values of the operative temperature.

The level of accuracy of a calculation procedure shall be checked using the validation procedure given in
Clause 6, leading to a classification into one of three accuracy classes 1, 2 and 3 (see 6.2).

© 1SO 2012 — Al rights reserved 11
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6 Validation procedures

6.1 Introduction

This International Standard does not impose any specific calculation method for the evaluation of the
operative temperature of a single room nor for the calculation of the sunlit factor. The cases used in Clause 6
are based on ISO 13791.

6.2 Validation procedure for the calculation method

6.2.1 Gengrat

The model vhlidation includes the calculation of the operative temperature under cyclic conditions‘for several

cases indicafed below, and the comparisons of these values with those reported in Table 11.

6.2.2 Geometry

The values of geometrical characteristics of the rooms are given in Table 3.

Table 3 — Room data

Element Geometry A Geometry B
area area
m2 m?

External opaque wall 6,58 3,08
Glazing area 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

12
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The room geometry is shown in Figure 1.

Dimensions in metres

2,8

3,6

Figure 1 — Room geometries(A and B

6.2.3| Description of elements

The fhermophysical characteristics of the walls, ceiling and floor are reported in Table 4. The thermophysical
propgrties of the glass panes composing the glazing system and the external shade are reported jn Figure 2.

As far as these test cases are concerned, the_solar properties of glass panes are independent of the angle of
incidence. The optical properties of each panel are reported in Table 5.

1 2 3
] e i
External, cavity and internal ; :::::: ::::::
thermal resistances: 4 NN NN
j ||IIII IIIIII
R... 50,074 m2 KM 7 HHE !
s ; it it
Rg. 90,080 Fr2 K/W / :::::: ::::::
7 [ | [
Ry, =073 m2 KIW 2 ! !
7 IIIIII IIIIII
Rsi=0,125m2K/W 2 :::::: ::::::
4 IIIIII IIIIII
2 11 1,1
._[ Rse ]—[Rec Rlc RSI
Key

1 external shade (or blind)
2 external pane, 6 mm
3 internal pane, 6 mm

Figure 2 — Double pane (DP) glazing system with external shading device

© 1SO 2012 — Al rights reserved 13
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Table 4 — Thermophysical properties of the opaque components

d A P c
m W/(m-K) kg/m3 kJ/(kg-K)
Type no. 1 (external wall)
Outer layer 0,115 0,99 1800 0,85
Insulation 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
Mirferal wool 0,10 0,04 30 0,85
Gypsum plaster 0,012 0,21 900 0,85
Type no. 3 (ceiling/floor)
Flopr covering 0,004 0,23 1 500 1,5
Concrete floor 0,06 1,40 2 000 0,85
Insgpilation 0,04 0,04 50 0,85
Cmpcrete 0,18 2,10 2 400 0,85
Ty;Le no. 4 (ceiling/floor)
Plastic floor covering 0,00 4 0,23 1 500 1,5
Concrete floor 0,06 140 2 000 0,85
Insplation 0,04 0,04 50 0,85
Concrete 0,18 2,10 2400 0,85
Mirleral wool 0,10 0,04 50 0,85
Acqustic board 0,02 0,06 400 0,84
Type no. 5 (roof)
External layer 0,004 0,23 1500 1,3
Insgpilation 0,08 0,04 50 0,85
Concrete 0,20 2,1 2400 0,85
Table 5 — Solar characteristics of the glazed element
and the shade for all incident angles
Component Tsr Dsr
Pane 0,84 0,08
Shade 0,2 0,50

6.2.4 Combination of elements

Three combinations of elements are considered as given in Table 6. The numbers in Table 6 refer to the wall
types in Table 4. For the definition of adiabatic see 4.2.1.3.

14 © 1SO 2012 — Al rights reserved
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Test no. External opaque | Internal adiabatic | Adiabatic ceiling Adiabatic floor Roof
wall wall
1 1 2 4
2 1 2 3
3 1 2 5

6.2.5 Climatic data

The ¢limatic data are given in Tables 7, 8 and 9.

Table 7 — Solar radiation 15 July

Geometry A Geometry B
(latitude 40°N) (latitude 52°N)
Hour | Horizontal | Vertical | Horizontal |“ Vertical
west west
W/m? W/m? W/h? W/m?

4 0 0 0 0
5 4 2 69 22
6 168 45 225 55
7 369 78 388 80
8 557 103 539 101
9 719 122 669 117
10 842 137 768 128
11 920 145 831 135
12 946 160 852 150
13 920 381 831 366
14 842 576 768 558
15 719 720 669 703
16 557 787 539 778
17 369 740 388 756
18 168 511 225 604
19 %4 20 69 274
20 0 0 0 0

Any combination of solar parameters that leads to the values given in Table 7 is acceptable.

© 1SO 2012 - All rights reserved
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The values @
value at the

The input da

Table 8 — External air temperature for Geometry A (15 July, latitude 40°N)

Hour G0 Hour G0 Hour G20 Hour Ga0
°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 24 242

Table 9 — External

air temperature for Geometry B (15

July, latitude 52°N)

Hour Oao Hour Oao Hour (7% Hour (758
°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 26,4 23 15,8
6 12,3 12 24,3 18 24,6 24 14,9

The sky radiant temperature is equal to éxternal air temperature.

6.2.6 Interpal energy sources

The total hes
be transferre

Table 10 — Total heat flow due to internal sources per floor area

f the solar radiation and temperatures reported in Tables 7, 8 and 9 correspond to instantar
given hour (for example the solar radiation is 225 W/m?2 for a horizontal surface at 6:00)
evolution duffing an hour is assumed to be linearbetween the value at the beginning and the end of the
a have to be adapted to each calcutation method following these assumptions.

t flow rate per floorarea due to internal sources is given in Table 10. The heat flow is assumn
d to the room{By*Convection and radiation in equal proportions (50 % for each).

Hour D Hour D Hour D Hour D
Wim? Wim? W/m? Wim?
0 to1 0 6to7 0 12t0 13 10 18 to19 15
1to 2 0 7t08 1 13to 14 10 19 to 20 15
2t03 0 8to09 1 14 to15 10 20 to 21 15
3to4 0 91010 1 151016 1 21to 22 15
4to05 0 10 to11 1 16 to17 1 221023 10
5t06 0 11t0 12 10 17 t0 18 1 231024 0

The daily total value of the internal gains is 117 Wh/m2.

16
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hour.
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6.2.7

Ventilation pattern

Three different ventilation patterns are considered, with air change rates as follows:

a) 1h’1, constant;

b) 0,5 h-1 from 06:00 to 18:00 and 10 h-! from 18:00 to 06:00;

c) 10 h ! constant.

The characteristics of air are as follows:

—_— q

4

—

6.2.8

For €

—

The maximum and minimum value are extracted from the 24 hourly values obtained as the avel

pecific heat capacity: 1 008 J/(kg-K);
ensity: 1,139 kg/m3.
Test results
ach test the following data, determined in cyclic conditions, shall be calculated:

aily average value of the operative temperature, 6,

aily minimum value of the operative temperature, 6y, min

aily maximum value of the operative temperature, 6, nax

hour [e.g. from 07:00 to 08:00).
NOTH More information is given in P. Romagnoniyjand J.-R. Millet in the ASHRAE Transactions 2002, \
Table 11 — Reference values of the operative temperature
Room Ventilation Gop, max Oop,av Gop,min
°C °C °C
a) 38,8 35,9 33,6
A b) 34,1 29,5 25,6
c) 33,6 29,1 25,4
a) 37,7 35,9 34,5
A2 b) 32,3 29,5 26,6
c) 32,4 29,1 26,4
a) 40,6 38,6 37,0
A3 b) 35,0 31,4 28,0
c) 33,6 30,2 27,4
a) 35,9 30,8 271
B.1 b) 30,0 22,3 16,5
c) 28,3 21,6 16,3
a) 33,9 30,8 28,6
B.2 b) 26,9 22,3 18,1
c) 26,5 21,6 17,8
a) 35,8 32,5 30,2
B.3 b) 29,3 24,0 19,2
c) 27,5 22,6 18,7
© 1SO 2012 - All rights reserved
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Each test case is classified into one of three classes 1, 2, 3 on the basis of the difference A between the
calculated value and the reference value. The considered procedure is classified according to the worst
resulting test. For the three classes, the limiting A values are as follows. The following classes are defined:
Class 1: +1Kto-1K
Class2: +2Kto-1K

Class3: +3Kto-1K

6.3 Validation procedure for the sunlit factor due to external obstructions

The calculatjon of the sunlit factor, defined in ISO 13791, is to be validated for a vertical surface with the
following dimensions:

Height: 2,8 m

Width: 3,6m

Dimensions in metres

2,8

Figure 3 — Dimensions of the wall for test cases

Dimensions in metres

a) Test No. 1: Infinite horizontal overhang — South orientation (north hemisphere)

Figure 4 (continued)
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b) Test No. 2: Infinite right side fin —/West orientation

c) Test No. 3: Loggia — South orientation (northern hemisphere)

Figure 4 — Test cases

Table 12 gives results for the reference sunlit factor, f;, obtained for the three test cases.

It also gives, for information, the value of projection of the azimuthal solar angle compared to the wall
perpendicular vector, .

© 1SO 2012 — Al rights reserved 19
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Table 12 — Reference values of the sunlit factor

Hour Test case 1 Test case 2 Test case 3

% Js % Js % Js
0,5 — — — — — —
1,5 — — — — — —
2,5 — — — — — —
3,5 — — — — — —
45 — — — — — —
55 — — — — — ~
6,5 — — — — — —
7,5 86,8 0,0 — — 86,8 0,00
8,5 77,2 0,00 — — 77,3 0,00
9,5 69,0 0,26 — — 69,0 0,15
10,5 63,0 0,36 — — 63,0 0,28
11,5 59,8 0,39 — — 59,8 0,37
12,5 59,8 0,39 83,0 0,00 59,8 0,37
13,5 63,0 0,36 69,1 0,65 63,0 0,28
14,5 69,0 0,26 55,5 0,82 69,0 0,15
15,5 77,2 0,00 42,4 0,92 77,2 0,00
16,5 86,8 0,00 30,7 0,98 86,8 0,00
17,5 — — 22,6 1,00 — —
18,5 — — 22,6 1,00 — —
19,5 — — 30,7 1,00 — —
20,5 — — 42,2 1,00 — —
21,5 — € 53,8 1,00 — —
22,5 — ) 64,5 1,00 — —
23,5 — — 72,2 1,00 — —

For each case, the absplute difference between the calculated f; value and the reference must be less
than 0,05.

20
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Annex A
(informative)

Examples of solution model

Introduction

Annex gives two examples of simple calculation methods for the evaluation of the operative
room according to the type of inputs defined in this International Standard.

¢alculation methods are based on the following representation of the heat transferprocesses|

a network of resistances and capacities (RC three-nodes model) of therheat transfers
internal and external environment;

g$eparation of the steady state contribution from the variable contribution described by p
fharmonic heat transfer parameters (admittance procedure).

RC three-nodes model

1 Presentation

calculation model is based on the simplifications of the heat transfer between the internal

envirpnment reported in the following figure.

e

es

temperature

between the

[edetermined

and external

\4 9
e Rom %, IH
Cm

Figure A.1 — Network of resistances and capacities (RC three-nodes model)

© 1SO 2012 - All rights reserved
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According to Figure A.1 the envelope components are divided as:
— light opaque external components;

— heavy opaque external components;

— glazing components;

— internal components.

The relevant nodes are defined related to:

i indoor air temperature;

A star temperature;

On mass temperature;

Osi outdoor air temperature;

Oss, Uem| €quivalent outdoor air temperature of external components.

The equivalgnt resistances, expressed in K/W, and heat capacity, expressed in J/K, between the interngl and
the external ¢nvironment considered are:

R thermal resistance due to air ventilation;

Res: Rend thermal resistances of external components between outside and inside;

Ris, Ry | thermal resistance corresponding to the heat exchanges, between the internal surfaces ar|d the
internal air;
Cn heat capacity of the enclosure elements.

The heat flows, expressed in W, considered-are:

@, heat flow to & node;
D heat flow to ¢; node;
Dy, heat flow to ¢, node.

For each component:the parameters listed in Table A.1 are required.

22 © 1SO 2012 — Al rights reserved
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Table A.1 — Parameters for the room components

Description Quantity Symbol
thermal transmittance U
— light opaque external components solar heat gain factor St
(depth <12 cm) solar radiation Iy
area A
thermal transmittance U
. " . . salar heat gain factor Sf
—_— rnedvy Upaguc CSALCITidr CUITIPUTICTIS ~
(depth > 12 cm) solar radiation Isr
area A
thermal transmittance U
solar direct transmittance s,
(7, in 1ISO 9050 and EN 410) f
] secondary heat transfer factor towards inside s
— |glazing components (;in 1SO 9050 and EN 410) f2
tertiary heat transfer coefficient St3
solar radiation Iy
area A
heat capacity perarea C
— |all components
area A
air changes per hour n
— |room
room-volume vV

A.2.2 Determination of the air and operative temperatures

The

tempgratures are the average between time ¢ and ¢ — 1 except for ¢, ,and 6., 4 that are instanta
attinje rand ¢ - 1.

For g given time step, ¢, , is calculated from the previous value 6., , 4 by Equation (A.1):

C
Omy (36?)0 -0,5x (H3 +Hem )J + Pptot

9ml_
( Cm +0,5><(H3 +Hem)w

solution model is based on-the scheme of Crank-Nicolson considering a time step of omge hour. The

heous values

(A1)

2 600
AN ATA 7

For the time step considered, the average values of node temperatures are given by Equations (A.2), (A.3)
and (A.4):

©ISO

Om,i +0Om -1

9 =
m 2

@.
H O + Pg + Hoglos +H1(0m + HI ]

ei
Os =
H +Hgg + Hy

2012 — All rights reserved

(A.2)

(A.3)
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— Hises + HeiHei + q§i

0, (A.4)
His + H g
and the operative temperature (average between air and mean radiant temperature) by Equation (A.5):
6, +[1+h0i] 05 —{h‘?i] 6,
6 _ hrs hrs A 5
op — 2 ( . )
with
hrs =12% hy
1
M=
— 1 + -
Hpi  Hig
Hy=Hyj+Hgg
1
Ha = —]
3 1
—+
Hyp  Hpg
?;
Dy + HepOem + Hy | Pg + Hgglgg + Hy ?+96i
el
P =
mtot H2
where

Hyg; is the heat transfer coefficient due.to the air ventilation given by Equation (A.6);

Hs is the heat transfer coefficient’due to internal exchanges by convection and radiation given in
Equation (A.7);

os 1S fhe global heat transfer coefficient between the internal and external environment givgn by
Equation (A.8);

H,,s is the conventional internal heat transfer coefficient given by Equation (A.9);

Hg, is the conventional heat transfer coefficient between the external environment and the infernal
surface of the heavy components given by Equation (A.10);

C, s the heat capacity of the envelope components given by Equation (A.11);
s IS the equivalent outdoor air temperature of the light external components given by Equation (A.13);

O.m is the equivalent outdoor air temperature of the heavy external components given by
Equation (A.14);

@ is the heat flow to air node due to internal sources or direct solar radiation or convective heat gains
due to window ventilated inner air layer given by Equation (A.21);

s is the heat flow to star node due to internal sources or direct solar radiation given by
Equation (A.22);
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@,, is the heat flow to mass node due to internal sources or direct solar radiation given by
Equation (A.23).

The calculation is repeated for several cycles until the convergence on the internal temperature values is

obtained. The convergence is obtained if the difference between the 6., 24 h temperature of two subsequent
cycles is less than 0,01 °C.

A.2.3 Terms in Equations (A.1), (A.2), (A.3), (A.4) and (A.5)

The different terms are the following:

Heat|transfer coefficients
Heat|transfer coefficient due to the air ventilation:

- Ca P, nV (A6)
¢ 3600 '

wher

w

- is the specific heat of the ventilation air [1 000 J/(kg-K)];
is the air change per hour;
' is the room volume in m3;

b _is the density of the ventilation air.

H=——— (A7)

wher

w

Ay is fhe totallexposed area of components facing the internal environment.

es:”TI +HTW (A8)
where
N,
Hr ZZ A Uy
k=1

NW
Hr= Y 41U
Jj=1
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Hgg corresponds to light external opaque components, Hy;, and windows, Hr,,.
Hns =his Am (A.9)

Ap, is given in Equation (A.12).

1
Hom=—5——1— (A.10)

Hyy Hpg

where

N

Hyp=)
yt

Hyy, correspgnds to heavy external opaque components.

The thermal mass of the structure C,, is calculated in Equation (A.11) in accordance with ISO 13786 for g 24 h
period variation:

NC
Cm=2] 4 Ci B11)
i=1
where
C; s the equivalent internal heat capacity of the.component;
4; is the area of the component;
N, is the number of components facing the indoor environment (e.g. both internal and external compongnts).

The equivalent thermal mass area A4, (is given by Equation (A.12):

4 |Cm2 p.12)

N
D 4 Cip

Equivalent olitdeoritemperatures:

@
O = 00 +—3- (A.13)
es el Hes

@
O = O +—N (A.14)
em el HTh

The solar radiation reaching the surface of the building envelope components is given by:

ISI'=fS[D+Id +II"
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where

Jfs is the sunlit factor;

p s the direct component of the solar radiation reaching the surface;

Iy is the diffuse component of the solar radiation reaching the surface;

The heat_flow due to the solar radiation absarbed and the Qky vault losses hy the Iight compon

is the reflected component of the solar radiation reaching the surface.

ents (opaque

and transparent) are given by Equation (A.15):

The heat flow due to the solar radiation absorbed and the sky vault losses by, the opaque heavy

are g

Heat

The

The
wind(

The

N| U NW U
DsI:Z{A [Sf Isr = Qer h_]:l + Z {A [sz Tsr = qer h_ﬂ
k=1 e/lk j=1 /1

ven by Equation (A.16):

N,

h
U
{A [Sf Tsr = gy h_ﬂ
»=1 e

psh:Z

y

flows to node temperatures
eat flow due to solar radiation directly transmitted through the windows is given by Equation

Ny

Dsq = Z [A(1_fsl)sf1 Isr}

= J

otal heat flow due to selar-radiation transmitted by the temperature increase of air pas
bw inner ventilated air Jayers is given by Equation (A.18):

N
Dsy) = [(A A Isr)]j

<

~.
Il
BN

eatflows due to the internal sources are given by Equations (A.19) and (A.20):

(A.15)

components

(A.16)

(AA17):

(A17)

sing through

(A.18)

Ng
Dinte = Z @intc,i
i=1

Ns
¢intr = Z qjintr,i
i=1

© IS0
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where
Ng is the number of internal sources;
@+ is the convective heat flow of each internal source;

@, is the radiative heat flow of each internal source.

The heat flows to temperature nodes are given by Equations (A.21), (A.22) and (A.23):

i SvFE f D '_L(billl.b to_air node

®s = Pg|(1- fsa ) Pintr + Prsg Psg 10 Star node

= P (1= fsa) Pintr + Prmd Psg  to mass node

where P4 and P, are the parts of the internal radiative gains respectively to 65 and g4 modes.

H
At_Am_ h.es
Fs=— y =
t
A
p_ =M
m=

P.q and P, |y are the parts of the direct solar radiative gains respectively to 4, and 4, nodes, assumin
the solar short wave radiation back to the window is already taken into account in the solar loss coefficien

H
A — Ay — Ay, — 8
Frsqg= his
At_Aw
A
Prg=—+—0
rmd f‘t_Aw

4,, is the totgl window aresa; given by:

Ny

AW:Z Ay

Jj=

21)
A.22)

A.23)

A.24)

A.25)

y that
t 1y

A.26)

A.27)

where
N, is the number of light opaque components;
N,, is the number of glazing components;
N, is the number of heavy opaque components;
S¢ is the solar heat gain factor of each opaque component;

Sq4 is the window solar direct transmittance;
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St is the window secondary solar factor;

Stz is the window tertiary heat transfer factor;

is the intensity of the solar radiation reaching the surface;

fs1 is the solar loss factor for windows;

fs is the sunlit factor due to external obstructions, derived from EN 410;

Jsa s the solar to air factor defined in EN 410;

A3

A.3.
Heat|transmission parameters

External wall:

Internal wall:

Solar parameters

Opadue gcomponents:

4, is the density of heat flow from the external environment to the sky vault.

Admittance procedure

1 Thermophysical parameters of the envelope components

[/ is the thermal transmittance;
I, is the decrement factor;

p is the time lag of the density of heat flowrate at the internal surface resulting fromj
variation of the temperature on the external surface;

I. is the surface factor;

<

is the admittance.

Fs s the surface fagtor;

Y, s the admittance.

HF=Y
OF >

Jfs is the sunlit factor due to external obstructions.

Transparent components:

S¢q is the solar direct transmittance (z, in ISO 9050 and EN 410);
S¢,  is the secondary heat transfer factor to inside;
Stz is the tertiary heat transfer factor;

fs is the sunlit factor (see 4.2.3.2).

© 1SO 2012 - All rights reserved
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The transient parameters of the opaque components are determined from the four elements of the matrix
transfer, Z, evaluated according to ISO 13786 for a time period of 24 h, using the following surface
resistances:
External component:

internal surface: Rg; = 0,22 m2-K/W

external surface: R = 0,075 m2-K/W

Internal component:

internal poth surfaces: R = 0,22 m2-K/W

NOTE Thesg values refer to a room with two external walls and a roof. This geometry is assumed as referénce for the
calculation of {he transient parameters.

The procedute for determining the transient parameters, required by the calculation method;’is the following:

Decrement factor and time lag

The decremegnt factor is given by the modulus of the complex number definéd in Equations (A.28) and (A.29)
as:

fo=—f— (A.28)
F, = | fc| (A.29)

Z45, Zy9, €tc.| are terms of the matrix Z (see above). Time lag is given by Equation (A.30):

1
¢:23rg M (A30)
T Re (fc )
where
I, is the imaginary part of\the complex number f;

Rg s the real part ofithe’complex number f..

e

The argument is eyaluated in the field = to 0 radians. In this case ¢ represents the time lag.

For transpargntcomponents the decrement factor is assumed to be equal to 1, and the time lag is assunfed to
be 0.

Surface factor F

— external component:

Z11

Fy =1-Rg (A.31)

Z1p
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— internal component:

Z1p

Fg=1-R

S si

where | | denotes the modulus of a complex number.

Admittance Y

— external component

ISO 13792:2012(E)

(A.32)

Z11

Ye =
Zyp

— ipternal component:

Yi:
Z1p

A.3.2 Calculation of the internal air temperature
A.3.21 General

The ipternal air temperature at a given time ¢ is given by Equation (A.35):

D1, +(Yr - H1) Oaim
Y1 +Heiy

9ai,t =

wher

W

P is the thermal load (determined in A.3.2.2.1), in W;
IT is the total admittance’of the envelope, in W/K;
Mo, is the heat transfer coefficient of the envelope, in W/K;

aim IS the average daily value of the indoor air temperature, in °C.

A.3.2.2  Terms included in Equation (A.35)

(A.33)

(A.34)

(A.35)

A.3.224—ThermaHead-&

The thermal load at any given time ¢ is given by Equation (A.36):
D1y = fcPooy + [1Psry + Py + Dis + Pgy

where
@, is the transmission thermal load contribution;
@, is the solar thermal load;

Jo  isthe correction factor for transmission thermal load;

© 1SO 2012 — All rights reserved
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I is the correction factor for solar thermal load;

@, s the ventilation thermal load,;

D

SV

is the internal source thermal load;

is the thermal load due to the ventilation solar factor.

Transmission thermal load @&,

The transmigsionthermattoad Qjco’ atany UiVUII time 7S givcll 'Uy EquaiiU|| (A.S

4

D

where
Np IS
N, s
cbop, J is
(DW, J is

The transmis

D

op,t —

where

‘Vp Ny
cor = D Popj + D Pw,
=1 =1

the number of opaque components;
the number of glazing components;
the transmission thermal load for opaque component j;

the transmission thermal load for transparent component ;.
sion thermal load due to opaque components:js’given by Equation (A.38):

U4 (e -9y~ Oem) Fa +Oem |

s the thermal transmittance of‘each component;
s the area;

s the external temperature at the time (r — ¢);

s the time lag;

s thesmean daily value of the external temperature;

s the decrement factor.

®.37)

(.38)

The transmission thermal load due to glazing component is given by Equation (A.39):

Ug,
gzaw,t = A(Ueae,t + 8 I _h_rj

where

e

S, is the secondary internal heat transfer factor,

U is the thermal transmittance;

32

(A.39)
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I, is the total solar radiation impinging on the external surface;

givenby: Ig = fglp+1q+1,
fs is the sunlit factor due to external obstructions;
g s the heat flow rate from the external surface to the sky vault;

is the external heat transfer coefficient.

The external temperature is given by Equation (A.40):

— external opaque component
Isr S5 g
98,[ = Qae‘t + %—t (A40)

wherg
e is the external air temperature;

§; is the solar heat gain factor;

15, s the total solar radiation;

/' is the thermal transmittance;

4 s the density of heat flow rate by radiation from the external surface to the sky vault;

o is the external heat transfer coefficient.

The gorrection factors f; and f, are given by Equation (A.41):

2
i —1-0,194| 1| 0,024
At At

2
f=1- o,3zo[ﬂj +0,03 [ﬂ]
43 Ar

(A.41)

wherge

Mt As'the heat transfer coefficient of the envelope defined in Equation (A.45);

At Is The total area of the envelope.

Solar thermal load contribution

The thermal load due to the solar contribution through the glazing elements is given by Equation (A.42):

Dy = [Fsm (¢er,t ~Perm ) + ¢erm] (A.42)
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where

F

sm 1S the surface factor of the envelope;

@, s the heat flow rate due to the solar radiation through the glazing components;

D

The heat flow due to the solar radiation through the glazing components is given by Equation (A.43):

AL

=rm IS the mean daily value of the heat flux due to the solar radiation through the glazing components.

where

fi is the frame factor;

I

Sr

Jox I8 the exposure factor;
Sf1 is the solar direct transmittance.
The frame fagtor f; may be taken as 0,9.

The exposurg coefficient is given in Table A.2 as.a'function of the exposure of the glazing.

The daily heat flow rate due-o the solar radiation through the glazing components is given by Equation (A

Pgrm =

ert = Jt

v
w
i—1

J

(Aw Lsr fexSH)j

w is the number of glazing components;

w s thje area of each component including the frame;

is the total solar radiation on the external surface;

Table A:2 — Exposure coefficients

S

SWISE

NW/NE

E/W

N

f ex

0,81

0,92

0,92

0,97

0,87

24
Z ¢sr,t
=1

DA

A.43)

A44):

A.44)

Coefficients Hy, Y, Fg,

4

The heat transfer coefficient Hy is given by Equation (A.45):

Ne

Hrp=)

=

(U 4;)

where N, is the number of the external components.

34

(A.45)

© 1SO 2012 — All rights reserved


https://standardsiso.com/api/?name=bd9d54edfa706d53b448d3c99597751f

The total admittance of the envelope is given by Equation (A.46):

Ne
Y1 = ZYJ.AJ.
j=1

where

A

Ny is the number of the external components;

Y. is the admittance of each component;

J

ISO 13792:2012(E)

(A.46)

y is the area of each component.

The admittance of the glazing components is given by Equation (A.47):

1

Y'w=—"—"
1 o1
U w
wherge
U,y is the thermal transmittance of the glazing component;

0,1 is a correction factor due to the internal long-wave radiative heat exchanges.

The ¢nvelope surface factor F, is given by Equation-(A.48):

Ne
Z F, S/ AJ
=1

F'sm = Ne

A.3.2.2.2 Calculation ofthe ventilation thermal load

The

entilation thermalload at any given time is given by Equation (A.49):

D, = H g gae,t

wherg 6, isthe external air temperature, in °C.

(AA7)

(A.48)

(A.49)

A.3.2:2.3—Calcutationmof the thermattoaddueto intermal-heat sources

The thermal load due to internal heat sources at any given time is given by Equation (A.50):

Ns
Dis = z ‘I)isJ
j=1

where

N, is the number of internal heat sources;

S

@ is the heat flow rate due to each internal heat source.

© 1SO 2012 - All rights reserved
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A.3.2.2.4 Calculation of the thermal load due to the ventilation solar factor

The thermal load to the tertiary heat transfer factor Si; is given by Equation (A.51):

Ny
Dy = Z(ASB Isr)/ (A.51)
Jj=1 ‘
where
N,, is the number of glazing component;

A is the area of each component;
Sg3  is the solar ventilation factor;

is the total solar radiation intensity.

A.3.2.3 Mean daily value of the indoor air temperature

The mean dgily value of the indoor air temperature is given by Equation (A.52);
%( @T,z J

_ S\ T+ ema (A.52)

o 24— (y7 —HT)§(1J

S\ YT +emg,

A.3.3 Mean radiant temperature

The values of the mean radiant temperature, averaged over all surface components, at any given time is given
by Equation (A.53):

N
Z Az} heiOay +cmg, (Qa,z 30ae, ) —Dis; — Psy
i1

Hmr,t = N
[ZAi} hci
i=1

where

(.53)

N is the.number of the components;

A is the area of each component;

h.. is the convective internal heat transfer coefficient.

ci
A.3.4 Operative temperature
The operative temperature at any time is given by Equation (A.54):

O, +Omry

Oy, = A.54
dr,t 2 ( )
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Annex B
(informative)

Air changes for natural ventilation

Introduction

This
apply

B.2

B.2.]

In the following tables the number of air changes per hour are determined as a function of the

the W

\

The ¢
and t

B.2.1

annex gives the values of the air change rate for natural ventilation. They have been d

vindows in one facade only;

vindows in two facades.

he total window area.

P Windows on one facade only

ing the procedure included in ISO 13791.

Evaluation of the air change rate for natural ventilation

General

indow, S, and for the two situations:

pen area factor of the window, S, is defined as the ratio between the effective open area g

Table B.1 — Window opened day and night

Sa 0,1

0,5

0,5
1,5

0,9

Airchange rate [h™'] 3

Table/B.2 — Window opened during the night and closed during the day

Day Night

0,5
2,5

Sa 0,1

0,5

0,5
1,0

0,1
2,5

Air change rate [h"]

btermined by

ppen area of

f the window

B.2.3 Windows on two facades

© IS0

Table B.3 — Window opened day and night

Sa 0,1 0,5 0,9

Air change rate [h™"] 2,0 4,0 7,0

2012 — All rights reserved
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Table B.4 — Window opened during the night and closed during the day

Day Night

Sa 0,1 0,5 0,1 0,5
Air change rate [h"] 2,0 4,0 7,5 7,5

When internal curtains are present, the shaded area factor, S, is multiplied by 0,9 (light curtain) or 0,5 (heavy
curtain).
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This

ISO 13792:2012(E)

Annex C
(informative)

Evaluation of shaded area of a plane surface due to external

obstructions

introduction

annex gives a procedure for determining the sunlit factor, f;, of a plane surface when.obst

as oVerhangs, side fins, window reveals and other buildings are present.

uctions such

C.2 [Calculation procedure
When external obstructions are present, the external surface of a wallican be partially shaded. The sunlit
factof, f, is defined as the ratio between the sunlit area and the total area of the component. The most
impoftant obstructions are horizontal overhangs, vertical side finswindow reveals and other bpildings. The
simplest forms of shading element (an object causing shading) afe rectilinear with the majqr axis either
vertidal or horizontal and the minor axis parallel or perpendictlar to the facade. Such elements| include fins,
mullipns, sills and reveals. Referring to Figure C.1, the vertical shaded distance, x,, caused byl a horizontal
element of infinite length is given by Equation (C.1):

L, = d (Mj (C1)

Ccos®

wherge

¥, isthe vertical shaded distance;

d is the depth of the shading element;

b is the solar wall azimuth angle;

p is the solaraltitude angle.
© IS0 2012 — Al rights reserved 39
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T
\
T~

.

Figure C.1 — Horizontal shading

The horizontally shaded distance, x;,, is calculated in Equation (C.2) as:

xp =d tanw

The solar angles g and » depend on the solar position and they are influenced by:

— latitude of the site;

— time (hopr and day);

— facade d

If yis the solar azimuth angle, the wall azimuth angle @ is determined in Equation (C.3) as:
o=y—¢

where « is the angle between the-perpendicular to the considered wall and the south direction.

Conventiona

rientation and tilt.

ly, the following.assumptions are considered:

Table'C.1 — The angle between the perpendicular to the considered wall

and the south direction

East South

West

North

(C.2)

(C.3)

a 90° 0°

-90°

180°

After having determined the x,, and x, coordinates, the shaded area of the components are determined

adopting the

following assumptions:

— if both x,, and x, are greater than the dimensions of the component it is taken as being completely

shaded;

— ifthey are less, the shaded area is determined as in Equation (C.4):

40
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Aszwd(tanﬁj+hdtana)—d2 tanﬁ(tanwj (C.4)
COSw COosw

where
w is the depth of the facade;
h is the height of the facade;

d is the depth of the shading element.

Gengrally, Equation (C.4) can be considered valid when the ratio between horizontal overhang and facade
length is greater than 3.

For infinite vertical side fins (Figure C.2), the shaded area is determined in Equation (C.5)-as:
4 = xp, d (C.5)

wherg xj, is determined by using Equation (C.2).

i

T
T~

/
7
A\

A\

Figure C.2 — Infinite vertical side fin
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Annex D
(informative)

Internal gains

D.1 Introduction

This annex dives typical values of heat flow due to internal energy sources for residential and non-residential
buildings.
D.2 Residential building
Table D.1 giYes the values of the total heat flow rate due to internal sources for different rooms of residential
buildings expressed in watts per floor area.
Table D.1 — Heat flow rate per floor area (W/m2)
Hour Kitchen Dining room Bedroom

1 5 0 5

2 5 0 5

3 5 0 5

4 5 0 5

5 5 0 5

6 5 0 5

7 10 1 2

8 10 1 2

9 7 1 2

10 7 1 0

“ 7 10 0

12 10 10 0

13 15 10 0

14 15 10 0

15 10 1 0

16 5 1 0

17 5 1 0

18 15 15 0

19 15 15 0

20 15 15 0

21 10 15 0

22 5 10 2

23 5 0 5

24 5 0 5
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For a non-residential building the effect of the internal sources can be very important. In Table D.2 suggested
values of the heat gain attributable to people, lighting and office equipment are given.

Table D.2 — Heat gains of people, lighting and equipment in offices and restaurants

Activity Total heat Sensible heat
Met @ W/person b W/person @

Reclining 0,8 80 55
Seated, relaxed 1,0 100 70
Sedentary activity (office, school, 1,2 125 75
laboratory)
Standing, light activity (shopping, 1,6 170 85
laboratory, light industry)
Standing, medium activity (shop 2,0 210 105
assistant, machine work)
Walking on the level:

2 km/h 1,9 200 100

3 km/h 24 250 105

4 km/h 2,8 300 110

5 km/h 34 360 120

a8 1 met=58W/m2.

b Rounded value for a human body with a surface of 1,8 m? per person.

© 1SO 2012 - All rights reserved
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