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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
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99:2003(E)

This International Standard describes a procedure for calculating indices of merit of many window and door
products. The method provided in this International Standard allows the user to determine total window and
door product indices of merit, viz thermal transmittance, total solar energy transmittance and visible light
transmittance.
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Intermational Standard or taken from the appropriate International or National Standards‘(e.g.,
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INTERNATIONAL STANDARD ISO 15099:2003(E)

Thermal performance of windows, doors and shading
devices — Detailed calculations

1 cope

This [International Standard specifies detailed calculation procedures for determining the therma
transmission properties (e.g., thermal transmittance, total solar energy transmittance) of wind

| and optical
bw and door

systems based on the most up-to-date algorithms and methods, and the relevant salar-and thernmpal properties

of alllcomponents.
Produicts covered by this International Standard include windows and doors inc¢orporating:

a) single and multiple glazed fenestration products with or without,sélar reflective, low-emiss
nd suspended plastic films;

b) glazing systems with pane spacing of any width containing:gases or mixtures of gases;
c) metallic or non-metallic spacers;

d) frames of any material and design;

e) fenestration products tilted at any angle;

f)  shading devices;

g) rojecting products.

2 ormative references

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

ISO 1345, Thermal insulation — Physical quantities and definitions

vity coatings

t. For dated
b referenced

ISO 8301, Thermal insulation — Determination of steady-state thermal resistance and related

properties —

Heat flow meter apparatus

ISO 8302, Thermal insulation — Determination of steady-state thermal resistance and related
Guarded hot plate apparatus

properties —

ISO 9050, Glass in building — Determination of light transmittance, solar direct transmittance, total solar

energy transmittance, ultraviolet transmittance and related glazing factors

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

ISO 9845-1, Solar energy — Reference solar spectral irradiance at the ground at different receiving

conditions — Part 1: Direct normal and hemispherical solar irradiance for air mass 1,5

© ISO 2003 — Al rights reserved
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ISO 10077-2:2003, Thermal performance of windows, doors and shutters — Calculation of thermal
transmittance — Part 2: Numerical method for frames

ISO 10211-1, Thermal bridges in building construction — Heat flows and surface temperatures, Part 1:
General calculation methods

ISO/CIE 10526:1999, CIE standard Illluminants for colorimetry
ISO/CIE 10527, CIE standard colorimetric observers

ISO 12567-1, Thermal performance of windows and doors — Determination of thermal transmittance by hot

Doyt 4. M Lot Ho~ ol of
box method T-att 1.-Comprete-whraowsS-arna—aoors

EN 12898, Glass in building — Determination of the emissivity

3 Symbols

3.1 General

Symbols and units used are in accordance with ISO 7345 and ISO 9288. The terms, which are specific tp this
International [Standard, are listed in Table 1.

3.2 Symbpls and units

Table 1 — Terms with their symbols and units

Symbol Term Unit
A area m?2
A; portion of absorbed solar energy by the ith\glazing layer 1
Ar aspect ratio 1
b width (breadth) of a groove or slit mnj
<, specific heat capacity at constant\pressure JI(kgK)
d thickness m
dg thickness of glazing cavity. m
E irradiance W/nf2

E(A) solar spectral jrfadiance function (see ISO 9845-1) 1
E () colorimetriciilluminance (CIE D65 function in ISO/CIE 10526:1999) Ix
g acceleration due to gravity m/sp
G parameter used in the calculation of convective heat transfer coefficients; see Equation (48) 1
h stfface-coefficientof-heattransfer W K)
H height of glazing cavity m
1 total density of heat flow rate of incident solar radiation W/m?2
HONE . L |
pectral heat flow rate of radiant solar energy between ith and i+ 1th glazing layers W
I7 (/t) travelling in the external (*) or internal () direction

2 © ISO 2003 — Al rights reserved
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Table 1 (continued)

Symbol Term Unit
J radiosity W/m?2
/ length m

M molecular mass mole
N number of glazings + 2 1
Nu Nusselt number 1
P pressure Pa
¢ dancify of-heat flow rate W/m2
r reflectance: portion of incident radiation reflected such that the angle of reflection is equal 1
to the angle of incidence
R thermal resistance m2.K/W
HA) photopic response of the eye (see ISO/CIE 10527)
557 universal gas constant J/(kmol-K)
Ra Rayleigh number 1
Ra, Rayleigh number based on length dimension x 1
S; density of heat flow rate of absorbed solar radiation at ith glazing laver W/m?2
derp largest dimension of frame cavity perpendicular to heat flow. m
T thermodynamic temperature K
AT; temperature drop across ith glazing cavity, AT; =T, = T i1l K
u air velocity near a surface m/s
U thermal transmittance W/(m2.K)
v free-stream air speed near window, mean\air velocity in a gap m/s
Xy dimensions in a Cartesian co-ordinate'system 1
4 pressure loss factor 1
o absorption 1
3 thermal expansion coeffigient of fill gas K-1
£ total hemispherical emissivity 1
y angle °
o temperature °C
o Stefan-Boltzmann constant, 5,669 3 x 10-8 W/(m2.K*4)
A thermal conductivity W/(m-K)
. wavelength m
1 dynamic viscosity Pa-s
P density kg/m3
z transmittance 1
g total solar energy transmittance: the portion of radiant solar energy incident on the 1
projected area of a fenestration product or component that becomes heat gain in the
internal conditioned space
¢ parameter used in the calculation of viscosity and of thermal conductivity; 1
see Equations (62) and (67)
1) function used in the calculation of heat transfer; see Equation (112) 1
@ heat flow rate W
b4 linear thermal transmittance W/(m-K)

© ISO 2003 — Al rights reserved
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3.3 Subscripts

The subscripts given in Table 2 shall be applied.

Table 2 — Subscripts and meanings

Subscript Meaning
ai air
av average
b backward
bo bottom of a gap
cc condition on the cold side
cdv conduction/convection (unvented)
cg centre of glass
ch condition on the hot (warm) side
cr critical
cv convection
de divider edge glass
dif diffuse
dir direct
div divider
eff effective
eg edge of glass
eq equivalent
ex external
f frame
fr frame (using thg' alternative approach)
ft front
gv glass or.vision portion
ht hot
hz horizontal
i counter
int internal
inl inlet of a gap
J counter
m mean
mix mixture
n counter
ne environmental (external)
ni environmental (internal)
out outlet of a gap
p panel
r radiation or radiant
red reduced radiation
S surface
SC source
sk sink
sl solar
t total
tp top of a gap
v number of gases in a gas mixture
v vertical
z at distance z
v perimeter
2D coupling

© ISO 2003 — Al rights reserved
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4 Determination of total window and door system properties
4.1 Thermal transmittance

4.1.1 General

This International Standard presents procedures by which detailed computations can be used to determine
the thermal transmission properties of various product components, which are then used to determine the
thermal transmission properties of the total product. Where national standards allow, test procedures may be
used to determine component and total product properties.

The Iotal properties for window and door products are calculated by combining the varioug component
propgrties weighted by either their respective projected areas or visible perimeter. The total properties are
each| based on total projected area occupied by the product, 4;. The projected component afeas and the
visible perimeter are shown in Figure 1.

At

Agy

Key

1 pprimeter length at sightine’- - - - -

Figure 1 — Schematic diagram showing the window projected areas and vision perimeter

Clauge 4 describes the procedure for calculating thermal transmittance, total solar transmittance and visible
transmittancefor the complete product. 4.1 describes the procedure for calculating thermal transtittance. The
effect of tAree-dimensional heat transfer in frames and glazing units is not considered. 4.1.4 Hdescribes an
alterrjative- procedure for calculating edge of glass and frame thermal indices Uy, Ueg U and U, which are
usedlin=area-hased calculations. Clause 5 describes the procedure for calculating the required! centre-glass
properties Tsgv and . Clause 6 describes the procedure for calculating the linear thermal transmittance, ¥,
which accounts for S%he interaction between frame and glazing or opaque panel. Clause 7 contains the
procedure for dealing with shading devices and ventilated windows. Clause 8 describes the procedure for
determining and applying boundary conditions. The thermal transmittance of the fenestration product is given
by:

_ zAnggv +2Afo +leu‘[/
At

(1)

Uy

where 4, and 4; are the projected vision area and frame area, respectively. The length of the vision area
perimeter is /y, and ¥is a linear thermal transmittance that accounts for the interaction between frame and
glazing or the interaction between frame and opaque panel (e.g., a spandrel panel).

© ISO 2003 — Al rights reserved 5
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The summations included in Equation (1) are used to account for the various sections of one particular
component type; e.g. several values of 4; are needed to sum the contributions of different values of U;
corresponding to sill, head, dividers and side jambs.

Figure 2 illustrates the division into components for the alternative approach described in 4.1.4, in which the
edge-of-glass and divider-edge areas are 63,5 mm (2,5 in) wide. The sum of all component areas equals the
total projected fenestration product area.

F
E
1 \
F =
F |l c E|F )
E /
C /
£ DE—
B B D—<——F
E E & ~N| M
DE—
E C C E C
e
DE DE E
F D F I
DE DE 07
77
E| C E F /g
E E 5 L
F
Key
C Centre-of{glass 1 installation clearance
E Edge-of-glass 2 projected area
F Frame 3 rough'gpening
D Divider 4 intérior
DE Divider-eqge 5 _éexterior
Figure 2 — Centre-of-glass, edge-of-glass, divider, divider-edge,
and frame areas for a typical fenestration product
4.1.2 Glachd area thermal transmittance

The thermal transmittance can be found by simulating a single environmental condition involving
internal/external temperature difference, with or without incident solar radiation. Without solar radiation, the
thermal transmittance is the reciprocal of the total thermal resistance.

Ug =— 2
¥R (2)

and when solar radiation is considered, then:

_ int(15 =0)
Qv T T
Tni _Tne

6 © ISO 2003 — Al rights reserved
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where g;4(Is = 0) is the net density of heat flow rate through the window or door system to the internal
environment for the specified conditions, but without incident solar radiation, in W/m2. The condition “without
solar radiation” is used because all effects on the thermal resistances due to incident solar radiation are
incorporated in the total solar energy transmittance or zg-value [see Equation (14)], and T, and 7, are the
environmental temperatures, as defined in Equation (7).

R; is found by summing the thermal resistances at the external and internal boundaries, and thermal the
resistances of glazing cavities and glazing layers. See Figure 3.

1 < < 1
+ZR,~ +ZR9V,,~ +h_ (4)

hm( int

Ry =

wherg the thermal resistance of the ith glazing is:

l‘ .

gv,i
Ry, = — (5)
M Agui

and the thermal resistance of the ith space, where the first space is externalenvironment, the [last space is
internal environment and the spaces in between are glazing cavities, (see‘Figure 3):

Ts, —Tp;_
Ri:% (6)
i

wherg Tt ;, and Ty, ; ¢ are the external and internal facing surface temperature of the ith glazing layer.

The |environmental temperature [as defined in Egquation (7)] is a weighted average of the| ambient air
temperature and the mean radiant temperature,~ 7,,,, which is determined for external [and internal
envirpnment boundary conditions (see boundary-conditions in 8.4.1).

ef-| | |-
Tex h\ ’

C, ex

int

T 1.
rm, ex rm, int
1T — 1 i i+1 n+1
2 — = 1 i-1 i i+1 n
Key
1 gap
2 glazing

Figure 3 — Numbering system for glazing system layers
The environmental temperature, T,,, is:

_ hoyTai + heTem

T
" hoy + hy

where &, and &, are determined according to the procedure given in Clause 8.
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4.1.3 Frame arealedge-glass thermal indices
In order to convert the results of a two-dimensional numerical analysis to thermal transmittances, it is
necessary to record the rate of heat transfer from the internal environment to the frame and edge-glass

surfaces (in the absence of solar radiation). The linear thermal transmittance, ¥, values and frame thermal
transmittances shall be calculated according to the following equations.

¥ =L Uil ~Ugylgy (8)

where L2D is thermal coupling coefficient determined from the actual fenestration system.

Ur ﬁml;_Uplp ©
where

Lp2D is| thermal coupling coefficient determined from the frame/panel insert system;

Up is|the thermal transmittance of foam insert;

Iy is| the internal side exposed length of foam insert (minimum 100 mm);

ls is| the internal side projected length of the frame section;

lgv i the internal side projected length of the glass section (see Figures C.1 and C|2 of

130 10077-2:2003, for further details on the definition of /. and /,).

The detailed [procedure for determining L2P is also given’in ISO 10211-1.

4.1.4 Alterhative approach (see Figure 2)

An alternative method is available for calulating frame thermal transmittance, Uy. Using this method it is
unnecessary| to determine the linear thermal transmittance, ¥. Instead, the glass area, 4,, is divided into
centre-glass|area, 4., plus edge-glass jarea, 4., and one additional thermal transmittance, Uy, is used to
characterize [ the edge-glass area.")If dividers are present then divider area, A4y, and divider thgrmal
transmittance, Uy;, are calculated;as well as corresponding divider edge area, 4,4, and thermal transmittance,
Uye- The follpwing equation shall be used to calculate the total thermal transmittance:

U, = Z Uggdc + ZUfrAf + ZUegAe + ZUdivAdiv + ZUdeAde (10)
¢ =
At

where Uy, and-Ug, ‘can be determined from the following equations:

(11)

U c9 (12)

%9~ leg(Tni _Tne)

and where /; is projected length of frame area and [, is the length of edge of glass area and is equal to
63,5 mm. These lengths are measured on the internal side. The quantities @& and @, are heat flow rates
through frame and edge-glass areas (internal surfaces), respectively, including the effect of glass and spacer,
and both are expressed per length of frame or edge-glass. The calculations shall be performed for each
combination of frame and glazing with different spacer bars.

8 © ISO 2003 — Al rights reserved
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The summations included in Equation (10) are used to account for the various sections of one particular
component type; e.g., several values of 4; must be used to sum the contributions of different values of Uy,
corresponding to sill, head and side jambs.

It should be noted that the two different approaches entail different definitions of frame thermal transmittance,
denoted U; and Uz,. The primary difference is that the U;, includes the some of the heat transfer caused by the
edge seal, whereas U; does not. The comparison of frame properties for two different products is only
meaningful if the same calculation procedure has been used in both cases.

The U; values for windows calculated by the two methods may differ because of differences in the way frame

and edge heat transfer is treated at the corners, particularly because the three dimensional effects are
neglCCth. Thic-difforanca i dforcmalla Thao choica—af-L 82 5

S rnara neana e n roaannd o m is made tO
o OmeTreCCToTToOTrC—pPTronoo CC T o—oSrmanCT—wirGOvwor— T e~ CHo1cC—or ;eg =050 Tl

reduge the discrepancy between the two alternative approaches.

4.2 | Total solar energy transmittance

4.2.1] General

The fotal solar energy transmittance of the total fenestration product is:

ZTgAg +ZTfAf (13)

Ay

r« =

S

wherg 7, and # are the individual total solar energy transmittance values of the vision area and frame area,
respectively. The summations are included for the same reason that they appear in Equation (1) and shall be
applied in the same manner to account for differing sections of one particular component type.

NOTH Equation (13) includes an assumption that the’solar transmittance of the edge of glass is the shme as that of
the cgntre of glass area.

4.2.2| Vision area total solar energy transmittance

The fotal solar energy transmittance can be determined for conditions involving internal/external temperature
difference and any level of incident\solar radiation. It is found by calculating the difference betyeen the net
heat flow rate into the internal environment with and without incident solar radiation.

Sz‘]int‘Qint(Iszo) (14)
Ig

wher

W

is the net density of heat flow rate through the window or door system tq the internal

int
environment for the specified conditions, in W/m?2;

gintlls =0) is the net density of heat flow rate through the window or door system to the internal
environment for the specified conditions, but without incident solar radiation, in W/mZ2.

For the equivalent expression for U, see Equation (3).

The net density of heat flow rates, g;; and g;.(/s = 0) are calculated in 5.3.1 [Equation (27), for index i = int].

For a glazing assembly in which a shading device is involved, the amendments to the equations of 5.2 as
given in 7.2 shall be applied.

© ISO 2003 — Al rights reserved 9
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4.2.3 Frame total solar energy transmittance

The frame to

tal solar energy transmittance shall be calculated using the approximate equation:

Tf =0¢ Uf (15)
AS
/Tfhex
where 4 is the developed surface area.
The external surface heat transfer coefficient (combined convective/radiative) at the frame, #g,, is
hey = hcv,ex H/r ex:
If the alternative method of calculating U is being used, Uz, should be used instead of Uz in Equatiofi (15)
More detailed two-dimensional or three-dimensional calculations, including the effects of (off-normal |solar
radiation, shading, reflected solar radiation and solar radiation transmitted to the internal frame surfaceg, can
be performed in a manner analogous to Equation (14), and subject to boundary conditions.given in 8.6.
4.3 Visible transmittance
The visible transmittance of the total fenestration product is:
2 FvAgy
= &~ 16

Tt ” (16)
5 Vision|area properties
5.1 Glazing layer optics
5.1.1 Genagral
For glazing Junits only, the optical properties can be determined using ISO 9050. Clause 7 containg the
extensions needed to model vented windows.
5.1.2 Solar
The solar optical propertiesvheeded to describe the ith glazing are: a) the front (external side) spgctral
reflectance, [r4 (4,); b)>the back (internal side) spectral reflectance, r,,,(4,); and c) the spgctral

transmittance, 7;(4,,). See Figure 4.

NOTE M

10

pre hformation about 7y ; (4,,), 1y, (4,) and z;(4,,) can be found in [2].

I (4) Iy (4)

7;(4)
Key
1
2
3

outdoor side
ith glazing layer
indoor side

2

Figure 4 — Outdoor and internal spectral transmittance of a glazing layer
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The solar optical data shall be measured in accordance with ISO 9050. Intermediate values of 7¢ (4,,), 1, (4y)
or 7/(4,,) are found by linear interpolation.

5.1.3

Long-wave

The long-wave optical properties needed to describe the ith glazing are: a) the front (external side)
hemispheric emissivity, & ;; b) the back (internal side) hemispheric emissivity, ¢, ; and c) the hemispheric-
hemispheric transmittance, z.. These total optical properties apply to wavelengths from 5 pMm to 50 um.

The long-wave reflectance data shall be measured in accordance with EN 12898. Values of the normal
emissivity resulting from this procedure shall be converted to hemispherical emissivity using the procedure

desc
total

Somé windows are constructed with suspended or stretched layers of thin plastic film betwéen g

make
gene
partia
refleg
calcuy

NOTEH
5.2

5.21

The
meth

NOTE
cover
ISO 9

ibed in [3] or iIn EN 12898, The integration needed t0 convert measured speciral data 10
ongwave optical properties, & ;, &, ; and 7 shall be carried out in accordance with [3] or EN

triple or quadruple glazing. When these layers are covered with a low-emissivity coa
fally opaque in the infrared, so that 7, = 0 and hemispherical emissivity can $e-calculated
lly transparent films such as polyethylene terephthalate (PET), both ‘specular transr
tance should be measured. Using the bulk model, the optical indices Jof the material
lated and used to derive the hemispherical properties.

See [4] for more information.
Glazing system optics

Spectral quantities

bath of incident solar radiation within the varioustlayers of the glazing system shall be mo
bds described in ISO 9050 or by any other exact' method.

Depending on future modifications of ISO 9050, specific additions may be added to this Internaf]
ng the effects of optical properties of products (shading devices, diffusing panes, etc.) not adequatg
050.

the required
2898.

ass panes to
ing they are
Bs in [3]. For
hittance and
can then be

delled by the

onal Standard
ly covered by

Key

1 glazing layer

©180

Figure 5 — Absorption of the ith glazing layer and solar spectral transmittance
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Figure 5 shows how a window with »n glazing layers together with the external (i = 0) and internal (i=n+ 1)
spaces can be treated as an n + 2 element array. It is necessary to determine the portion of incident solar
radiation, at a given wavelength, that is absorbed at each of the glazing layers. This quantity is denoted «(4,,)
at the ith glazing layer. Similarly, it is necessary to determine the solar spectral transmittance of the glazing

system, 7.(4,,)-

These quantities, «;(4,,) and z,(4,,), shall be calculated in accordance with ISO 9050 while setting the
reflectance of the conditioned space to zero. Any other method that can be shown to provide an exact solution
is acceptable.

NOTE

The solution technique described in [5] is summarized in Annex A.

5.2.2 The Jolar spectrum

The spectral
and various
Ay» respecti

5.2.3 Absdrbed amounts of solar radiation

The total flg
integration o

Jj4

Nej1
§|: a; (/ij/j+1)Esl (lw_j/jﬂ)A/q’Wf

distribution of the incident solar radiation, £(4,,), is needed to calculate total optical’prop
fotal energy flow. Values of E(4,) are reported at N, values of 4, (denoted here -as E(/le

w rate of solar radiation absorbed at the ith glazing layer, S,is determined by num
er the solar spectrum according to Equations (16), (17) and (18).

1

ely). Intermediate values of E(4,,) shall be found by linear interpolation of the tabulated valugs.

brties
and

erical

I (17)
Eg (2w 1 1) B2y
J=1
A/ij = %wj+1 _le (18)
S;= 4§l (19)
where 4; is the portion of the total incident solar radiation (on the glazing system) that is absorbed by the ith
glazing layer} and ¢, (’1\'\0'/#1) is the value of ¢; that is representative of the wavelength band from ;twj to /1Wj+1
and is given py
1 1
ai (2w f 1) = 5% (A ¥ 52 (w11 (20)
and
Es|Aw +Es</1w‘+1)
J Vj
Eg (2w i 54) = ( )é (21)
Values of E£¢(4,,) are given in ISO 9845-1.
12 © 1SO 2003 — Al rights reserved
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5.2.4 Solar transmittance
The solar transmittance of the glazing system is:
Nsi1

751 (Aw j121) Es (Aw 1 111) A

]:
Tsl = A/le

N
.SI 1Es(/1wj/j+1)A/1Wj

J=1

ISO 15099:2003(E)

=Aw it~ Aw

(22)

wherfE((4,,:1) 1S given by Equation (2T) and

z'sl(/ﬁtw]'/jﬂ) = %Tsl (ﬂw]')"‘%fsl(/lw]ﬂ)
5.2.5| Visible transmittance

Visible transmittance, 7,

eye, R(4,). R(le) is tabulated for N, ¢ values of Awj- Tus is given by:
Nys1
st (2w 1 jo1) Evs (2w j1 1 )R (A 1501 ) AL
=1
fvs = ’ Nys—1
Z Evs(fle‘/j+1)R</1wj‘/j+1)A/1wj'
j=1
wherge
R(Ay . |+ R(Ay -
R(;twj'/j+1): ( Wj) 5 ( W,1+1)

Evs (le/jH):%Evs (lw.i)—i_%EVS (/1‘”/”)

Valugs of E,(4,,) are giverrinISO/CIE 10526.

and sl(ﬂij/jﬂ) is given by Equation (23).

5.3 | Vision\area heat transfer

5.3.1| (Glazing layer energy balance

is calculated using a weighting function that represents the photopic re

M =2 1= Pw

(23)

sponse of the

(24)

(25)

(26)

Longwave radiative exchange between glazing layers and conductive heat transfer within each glazing layer
can be described using fundamental relations. Calculations dealing with convective heat transfer depend upon

correlations based on experimental data.

© ISO 2003 — Al rights reserved
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Key
1 glazing layer
2 control volume
3 slope
Figure 6 — Energy balance on glazing layer i

Figure 6 shows the ith glazing in a sloped multilayer array. The values of four variables are sought at|each
glazing. Thesge are the temperatures of the external and internal facing surfaces, Ty ;and Ty, ; plus the rqdiant
heat leaving [the front and back facing surfaces (i.e., the radiosities), Jy ; and Jj, ;. In terms of these varidbles,
q;is:

qi = hcvi(Tft,i _Tb,i—1>+th,i —Jb,i-1 (27)
The solution [is generated by applying the following.four equations at each glazing:

=S T4 (28)
4
i = €0l + 70 it + it biA (29)
4
Jbi = €piTp,i +7iJbiA F1bi ft,i+1 (30)
%wi
Tb’l_Tf’l_Z/l (2qi+1+Si) (31)
gV, i
A by-producf of thetanalysis is the temperature profile through each glazing.
_S. Titi —Tp i .
TI(Z): Sl 22 + ft‘l b‘l Sl Z+Tb,i (32)
2/19v,itgv,i tgv,i 2/19v,i

where z is the distance from the internal surface of the glazing, positive in the direction of the external side.

Equation (28

define the radiosities at the ith glazing, and rg; =1-7;

) describes an energy balance imposed at the surfaces of the ith glazing. Equations (29) and (30)
_gft,i and rb’l’ = 1—7.'[ —Eb’[.

The temperature difference across the ith glazing is given by Equation (31). It is assumed that the solar
energy is absorbed uniformly through the thickness of the glazing.

NOTE

14

More details regarding Equation (27) to Equation (32) are given in References [5] and [35].
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5.3.2 Interaction with the environment

The effect of boundary conditions imposed by the environment on the window shall be specified. The internal
and external temperatures, 7y, ¢ and T, ; are:

Tt p1 = Taijint (33)
Tho = Tajex (34)

The effect of long-wave irradiance at internal and external glazing surfaces is included by setting

U tt,n41 = Egu,int (35)
and Jpo = Egy ex (36)
wherg Egy,int and Egexare given by Equations (159) and (152) in Clause 8, respectively.

The ¢ffect of the convective heat transfer coefficients at the glazing surfaces-is included by setting
L’cv,n+1 = hcv,int (37)
Llcv,1 = hcv,ex (38)
5.3.3| Convective heat transfer coefficient — glazing cavities

5.3.3{1 General

Convective heat transfer coefficients for the:fill gas layers are determined in terms of the djmensionless
Nusselt number, Nu;:

Ao
ey, = Nu; (%J (39)
gv,i

wherg dgv,z' is the thickness.of the fill gas layer (or pane spacing) i, and /19\,’,. is the thermal cond{ictivity of the
fill gas. Ny; is calculated using correlations based on experimental measurements of heat trgnsfer across
inclined air layers. Nu;is’'a function of the Rayleigh number, Ra;, the cavity aspect ratio, Agy, i and the cavity
slopd, 7. ’

It shquld be reeognized that deflection of the panes in high aspect ratio cavities can occur. This deflection may
increpse or.decrease the average cavity width, d. This deflection can be caused by changes|in the cavity
average’temperature, changes in the cavity moisture content, nitrogen absorption by the desiccant or changes
in thg barometric pressure (due to elevation and/or weather changes) from the conditions during assembly.

NOTE Reference [6] discusses the effects of glass pane deflection and methods to estimate the change in the
thermal transmittance due to this deflection.

The Rayleigh number can be expressed as (omitting the “/” and “gv” subscripts for convenience):

2,3
d c AT
Ra = % (dimensionless) (40)
U
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Treating the fill gas as a perfect gas, the thermal expansion coefficient of the fill gas, g, is:

p=— (41)

T
where T, = fill gas mean temperature in kelvins.

The aspect ratio of the fill gas cavity i, is:

— (42)

gv,i
gv,i

where H is the distance between the top and bottom of the fill gas cavity which is usually the Same gs the
height of the [window view area.

Correlation tp quantify convective heat transfer across glazing cavities is presented in the 5.3.3.2 to 5.8.3.6.
Each of thesg subclauses pertains to one particular value, or range, of tilt angle, ».

This categor(zation, as a function of y, is based on the assumption that the cavity is"heated from the infernal
side (i.e., Ty [ > Ty, ;). If the reverse is true (7g; < Ty, ;_4,) it is necessary to seek(he appropriate correlatipn on
the basis of fhe complement of the tilt angle, 180°- y, instead of y and to thef substitute 180°- y insteadl of y
when the calfulation is carried out.

y=0 is horizontal glazing, heat flow upwards
y=90 |is vertical glazing, heat flow upwards

=180 |is horizontal glazing, heat flow downwards

5.3.3.2 Cavities inclined at 0 < y< 60°

ol (1708s0®18))) | [ racos(-N"2 |
Nu; =1} 1,44[1- 1708 1—( ) L |[Racos(r) ), (43)
Racos(y) Rucos(y) 5830
Ra <109 and 44, ;> 20
o X+|X
where (X)° w (44)
NOTE FQqr more.details, see Reference [7].
5.3.3.3 Cavities inclined at y= 60°
Nu = (Nu1,Nu2)maX (45)
03147 |
where N - 1[Mj )
1+G
Nugy = (0,1 04 + M] Ra 283 (47)
g.i
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G= 05 X (48)
206 |
Ra
1+
[ [3 160} ]
NOTE For more details, see Reference [8].

5.3.3.4 Cavities inclined at 60° < y< 90°

For layers inclined at angles between 60° and 90°, a straight-line interpolation between the results of

Equations (45) and (49) is used. These equations are valid in the ranges of:
0% <Ra<2x10” and5 < 44, ; <100
NOTEH For more details, see Reference [8].
5.3.3[5 Vertical cavities
Vu = (Nu1,Nu2)maX (49)
Nuq = 0,067 383 8Ra '3 5x10% < Ra (50)
Nuq = 0,028 154Rq 0413 4 10% < Ra <5x10* (51)
Niq =1+1759 667 8x10 10 Ry 22984755 Ra <102 (52)
0,272
Nity — 0,242[ Ra J (53)
gv,i
NOTEH For more details, see Reference-[9]:
5.3.3|6  Cavities inclined from.90° to 180°
Gas layers contained in downward facing windows are modelled using:
Vi =1+ (Nuy, —1)siny (54)
Nu, i$ the Nusseltquiriber for a vertical cavity given by Equation (49).
NOTEH For.more details, see Reference [10].
5.3.3{7_+ Fill gas properties
The density of fill gases in windows is calculated using the perfect gas law.
pe ;;fn (55)

P =101300 Paand 7T, = 293 K.

The specific heat capacity at constant pressure, Cps and the transport properties ¢ and A are evaluated using
linear functions of temperature, e.g., the viscosity can be expressed as:

u=a+bTy, (56)

© ISO 2003 — Al rights reserved 17


https://standardsiso.com/api/?name=28138b167a0f679e78a0dcee5925f8f9

ISO 15099:2003(E)

Values of a and b coefficients appropriate for calculating ¢,, # and A for a variety of fill gases are given in

Annex B.
5.3.4 Properties of fill gas mixtures

5.3.4.1 General

The density, conductivity, viscosity and specific heat capacity of gas mixtures can be calculated as a function

of the corresponding properties of the individual constituents.

NOTE For more details, see Reference [11].
5.3.4.2 Mplecular mass
—_ v —_
i=1
where m; is the mole fraction of the gas component i, in a mixture of gases.
5.3.4.3 Density
PM|
p =i (58)
Rl
5.3.4.4 Specific heat
] 59
- =f{7 mix ( )
™ M mix
where
A A (60)
chix :quicp,i
and the moldr specific heat capacity of the ith gas is
ép,l':C ,iMi (61)
5.3.4.5 Viscosity
v 1
e Y — (62)
=1 v m .
J
2
J=1 !
J#i
where
12, ~ o« 1472
1+ (ui ;) (Mj/Ml-)
- 1 (63)
’ " . /2
2\/5[1+<Mi I, )J
18 © 1SO 2003 — Al rights reserved
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5.3.4.6 Thermal conductivity
Amix =4 mix+ 4" mix

where

A" is the monatomic thermal conductivity;

ISO 15099:2003(E)

(64)

A" is the additional energy moved by the diffusional transport of internal energy in polyatomic gases.

(65)

e A
11) - e
i=1 ,
1+;Yf[,jmj
J#i
and
2
{”(”i/l'j)m(Mi/Mj)w} (a1, -1 ) (871, - 0,48207 )
= x| 14241 S
2\5[1+(M,./Mjﬂ (371, 332 )
and

A4 "
" mix = Z—;t L

i=1

v
A Mmj
1+ Z¢i,.f o
J=1 !
J#i

wherg the previous expression for ¢l;j canalso be written as
2
12, -~ &\\1/4
{1+(1'i/z'j) (M, (1) }
o 12
22| 1+ (W o ;)|

A
i.j

To find 4., use the‘following steps.

mix’

a) Calculated{t};

(66)

(67)

(68)

(69)

b) Calculate 1";
2’"1' = ﬂ’i —/1'[

4, is the conductivity of the ith fill gas component (see Annex B)

c) Use A'; tocalculate A'ix
d) Use A"; to calculate A" ,ix
€)  Amix =4 mix*+ 4" mix

© ISO 2003 — Al rights reserved
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6 Frame effects

6.1 Area and linear thermal transmittance

Frame regions of the fenestration system consist of opaque areas that may or may not contain air cavities.
Frames can be made from a variety of materials, but most common materials are wood, vinyl, aluminium and
combinations of those (e.g., vinyl-clad wood).

Frame area thermal transmittance (thermal transmittances) and linear thermal transmittance, ¥, shall be
determined using two-dimensional numerical modelling. This two-dimensional analysis shall provide the rate
of heat transfer through each unique frame section. See national standards for the required cross sections to

be considergd-Details regarding the required two dimensional numerical analysis are provided in 6.2 jo 6.6
(also see ISQ 10077-2).
6.2 Governing equations for calculating thermal transmittance
The governing equation shall be developed by imposing an energy balance describing steady-state| heat
transfer by cpnduction. The governing equation shall be discretized using a conservative formulation (i.g., the
evaluation of{energy flow between two specific nodes or across any given control volume face shall be dqne in
a consistent manner throughout the analysis). The frame/edge-glass geometry and\the corresponding thermal
conductivity for each of the various materials, A, shall be specified. The numerical solver shall be able to
generate thg two-dimensional heat flow and temperature patterns that satisfy the governing equatign. In
Cartesian cotordinates, this equation is:
2 jn 2 m

ot ™

ox d A
where g5, répresents the internal heat generation in watts pet'square metre.
The density ¢f heat flow rate, ¢, is conserved across any/ surface where two materials meet and is given Qy:

or or
=-A|l—e, +—e 73

q ox "5y yj (73)
where e, and e, are the components of thesnormal vector to the surface.
At the boundgry, the density of heat-flow rate, ¢, is equal to:

4=qov [Fdqr +4sc(dsk) (74)
where g, is convective component, and ¢, is radiative component of the density of heat flow rate, which{shall
be determingd in accordance with 8.3 and 8.4 respectively. Quantity ¢4 (95) is the prescribed density of heat
flow rate at the boundary (source or sink).
6.3 Geoniletric representation and meshing

6.3.1 Geometric representation

A two-dimensional representation or model of each frame, sash and edge-glazing assembly shall be made.
The dimensions of all parts shall be the nominal values as given on the manufacturer's drawings, provided
that these drawings are an actual representation of the fenestration product. Small radii and minor variations
in material thicknesses due to manufacturing tolerances or strengthening/attachment requirements may be
ignored.

Reinforcing or operating hardware that is essentially continuous, assembly screws or bolts that extend from
the internal to the external side or bridge a thermal break, including any incompletely de-bridged thermal
break, shall be included in the model. These thermal-bridging elements may be modelled with three-
dimensional computational tools when available, otherwise they shall be modelled using the procedure
outlined below:

20 © 1SO 2003 — All rights reserved


https://standardsiso.com/api/?name=28138b167a0f679e78a0dcee5925f8f9

ISO 15099:2003(E)

NOTE For more details, see Reference [34].

Calculate the effective conductivity of thermal bridging elements (e.g., bolts, screws, etc.)

Aetf = Fpr X Apr + (1= Fpr Mo (75)
where
For = slw

s is the size of thermal bridging element (e.g., size of a bolt head);

w is the spacing of thermal bridging elements;

Lor IS the conductivity of thermal bridging material;

s

o I8 the conductivity of the cross-section without the thermal bridge.

Use the following criteria to determine if it is necessary to apply the above prac¢edure.
a) If Fy, <1 %, ignore thermal bridge;

b) If1 % < Fy,, <5 %, model using the above method providing that 4, > 10 A;

c) If Fy > 5 %, always model using the above method.

Components in the window assembly, which are eompressed or deformed from their originall shape once
installed in the window (e.g. weather-stripping),” shall be modelled in the compressed pr deformed
configuration. Adjustments to the dimensionsCof the geometric model are allowed only if they have no
significant influence on the calculation (see SO 10211-1).

Those segments of the actual cross section that are made up of vertical and horizontal surfgces shall be
repregsented by similar straight linesithat preserve the nominal thickness and relative position of the segment.
Slopgd lines shall be represented\by a) similar sloped lines that preserve the nominal thicknesg and relative
position of the segment or by b)-a series of horizontal and vertical lines, which meet criteria 1 to 4 below.
Curves shall be represented by a) similar curves that preserve the nominal thickness and relatiye position of
the segment or by b) a sefies of horizontal, vertical, and sloped lines or a series of horizontal and|vertical lines
which meet criteria 1 ta24 below (see Figure 7).

) The thickness of the representation, d, is equal to the average thickness.

3

2) Allpoints on the represented line are within 5 mm of the actual line/curve. The averaged|distance (for
all.points) between the represented line and the actual line/curve is less than 2,5 mm.

S—For—conductive—materials{materials—where—the—conductivityis—0times—or—more—than that of any
surrounding material), the path length shall be maintained to within 5 %. If this condition is not
possible, then the product of web thickness times conductivity shall be replaced by web thickness
times conductivity times (cos y+ sin y), where y is the angle of inclination of the sloped web. The
same result is obtained whether yis measured from the vertical or the horizontal reference.

4) When sloped materials are represented by a series of rectangles, the contact length between
adjacent rectangles or polygons, /, is equal to the average actual thickness, d.

Some windows have nailing flanges that are used to help secure the window in the rough opening. If these

flanges are intended to be covered up by the exterior cladding (e.g., siding or brick), the portion of the flange
extending outside the rough opening shall be ignored.
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In most cases, the internal and external boundaries shall follow the frame profile. In the case where there are
exterior and interior open frame profile cavities (ventilated cavities and groves) the procedure described in 6.7
shall be followed.

Key

1 actual

2  preferred
3 acceptabl

6.3.2 MesH

The two-dim
provide an g

shall be sufficient to ensure that’the combined frame/edge thermal transmittance for each cross-se

obtained by
the combine
meshing sch

Succesy

a)

N

Figure 7 — Examples of possible approximations of the actual cross section

ing

ccurate representation-of the heat flow patterns and temperature distributions. Mesh reso

solving the governing two-dimensional heat transfer equation given in 6.2, shall be within 1
| frame/edgelthermal transmittance obtained from an ideal (i.e., infinitely fine) mesh. Accef
emes includethe following:

ive réfinements: The governing heat transfer equation is solved for thermal transmittance
eshing arrangement. The mesh is made finer either umformly or in reglons of high

given m

ensional geometric maodel-shall be divided or meshed into a series of small elements in order to

ution
ction,
% of
table

for a
two-

b the

thermal transmlttance with an infinite number of nodes The mesh is fine enough when the calculated
thermal transmittance is within 1 % of the extrapolated thermal transmittance.

NOTE This requirement is more stringent than that specified in ISO 10211-1, which requires that the number of
subdivisions be doubled until the change in heat flow through the object is reduced to a prescribed tolerance. The
more stringent criterion, specified above, is now possible with the increase of computing power. Finite element and
finite volume methods, with unstructured (non-rectangular) meshes, can also meet this more stringent criterion using
error estimation methods such as the one given in b) below.
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b) Energy error norm [13, 14] is applied so that the calculated frame/edge thermal transmittance is within
1 % of the thermal transmittance determined with an ideal mesh.

c) Any other approach documented in refereed publications applied so that the calculated frame/edge
thermal transmittance is within 1 % of the thermal transmittance determined with an ideal mesh.

6.4

Solid materials

The thermal conductivity values are usually taken from national standards. Where this is not the case the
values listed in ISO 10077-2 may be used, but only if they directly match the materials used in the window
construction. If neither of these sources is used, the thermal conductivity values are to be determined in

acco
appre
respe
The

the ¢
direc

6.5

Cavit
cond

6.6

6.6.1
A frg

cond
deter

wher

dance with [SO 8302 (guarded hot plate) or 1SO 8301 (heat flow meter) at a mean
priate to national standards. It is assumed that all material thermal conductivity values @are
ct to temperature.

surface emissivity values of frame materials are usually taken from national standards. Whe

ase surface emissivity values shall be determined in accordance with 1SO-~t0077-2, buf
ly match the materials used in the window construction.

Effective conductivity — Glazing cavities

es shall be treated as if they contain an opaque solid with.\an effective conductivity. ]

d V,i
ot = q; v
b T —Toi

Effective conductivity — Unventilated\frame cavities

General
me cavity shall be treated as.thoeugh it contains an opaque solid, which is assigned
Lictivity. This effective conductivity accounts for both radiative and convective heat transfer
mined as follows.
leff = (hcv + hr)x d

Lo IS the-effective conductivity,

ov A i§'the convective heat transfer coefficient;

temperature
constant with

re this is not
only if they

[he effective

ictivity of a given cavity shall be calculated using the results«f the vision area analysis. At cavity i:

(76)

an effective
and shall be

(77)

IS the radiative heat transier coefficient (#, = U In the case when detailed radiation
used);

d is the thickness or width of the air cavity in the direction of heat flow.
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The convective heat transfer coefficient, 4, is calculated from the Nusselt number, Nu, which can be
determined from various correlations, depending on aspect ratio, orientation and direction of heat flow.

hey = Nu%

.

(78)

There are three different cases to be considered, depending on whether the heat flow is upward, downward,

or horizontal.

6.6.2 Heat flow downward

Nu =1,(

See Figure 8.

6.6.3 Heat

flow upward

This situatio
aspect ratio,

\‘>
o
3
Figure 8 —<lllustration of rectangular frame cavity downward flow direction

(79)

is_inherently unstable and will yield a Nusselt number that is dependent on the height-toqwidth

see Figure 9.

24
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1 2 /1
\‘>
W\
3

Key

1 ¢=0
2 T)C

3 T:h

Figure 9 — lllustration of rectangular frame upward flow direction

a) fopr [i—h <1 convection is restricted by wall friction, and
v

Nu =10

b) for1< i—h < 5 the Nusselt number(is,calculated according to the method given by
\'

Ra 1/3
R . R 13 ¢ -0,95 (Tjj -1
Nu:1+[1_ﬂj [k1+2(k2)1|nk2J+H_aj _1} 1—e

Ra 5830

Vhere

k1=1,40

Ra1/3
450,5

k2=

ey =25

Ra, is a critical Rayleigh number, which is found by least squares regression of tabulated values.

NOTE For more details, see Reference [15].

© ISO 2003 — Al rights reserved
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(82)

(83)

(84)
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(0,7212—"} 746
Rag =e h (85)
Ra is the Rayleigh number for the air cavity:
PgiL\%gﬁC ailTeh = Tee)
Ra = P (86)
Hailai
Ly .
c) for —>5 the Nusselt number is:
\"
. 173 °
Nul=1+1,44[1-1708) L[ _Ra )y (87)
Ra 5830
NOTE For more details, see Reference [7].
6.6.4 HoriZontal heat flow
See Figure 10.
2 1 /3
AN
Key
1 ¢=0
2 TgorTg
3 TorTy
Figure 10 — lllustration of rectangular frame cavity horizontal flow direction
L, 1 .
a) for — < — the Nusselt number is:
h
-2,59
s 3 -0,386 s 2/5 —-0,386
Nu=1+1]2,756x10 "6 Ra? L—V + 0,623Ra1/5(—h (88)
h v

26
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NOTE For more details, see Reference [15].

where Ra is Rayleigh number and is defined as:

Pa|thﬂcpa|( ch —Tc )

(89)
Hailai
b) for i—" > 5 the following correlation, also the maximum Nu [= (Nuq, Nug, Nus)maxl iS given as:
h
311/3
(0,1 04Rq %293 )
Nuq =<1+ % (90)
[ (6 310} ’ ]
1+
Ra
0,273
Ly
Nuy =0, 242(Ra J (91)
\"
Nug =0,060 5Ra "3 (92)
INOTE For more details, see Reference [9].
c) for %< i—" <5 the Nusselt number is found wsing a linear interpolation between the endpoints of a) and
h
) above.

For jamb frame sections, frame cavities.are oriented vertically and therefore the height of the cavity is in the
direcfion normal to the plane of thetcross section. For these cavities it is assumed that heat flow is always in
horizpntal direction with L,/L,, > 5;-anid so correlations in Equations (90) to (92) in 6.6.4 b) shall bg used.

The femperatures T, and Ty -are not known in advance, so it is necessary to estimate them. Ffom previous
expefience it is recommended to apply 7, = 10 °C and T, = 0 °C. However, after the simulation| is done, it is
necegsary to update dhese temperatures from the results of the previous run. This procedure shall be
repeated untll values of 7, and TCC from two consecutlve runs are within 1 °C. Also, it is |mportnt to inspect

of equwalent rectangular caV|ty (see also Flgure 12)

If the shortest distance between two opposite surfaces is smaller than 5 mm, then the frame cavity shall be
split at this "throat" region. Also:

a) any surface whose normal is between 315° and 45° is a left vertical surface;
b) any surface whose normal is between 45° and 135° is a bottom horizontal surface;
c) any surface whose normal is between 135° and 225° is a right vertical surface;

d) any surface whose normal is between 225° and 315° is a top horizontal surface.
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Ly L'y
12 10 12
‘ﬁm 9
. =111 R
< 1 ny ﬁ11 ‘ﬁm Ry
11
~ ] 9 8 8
ny n9 N 2
A
2 X \ 8 Ir\
3 3
~ 4 ~ I~I7 14 7 Y !
Ry ﬁ4‘ N3 7 Ry
fis 5
5 fig
6 4 6
L, Ly
i:L—1, t<5mmandL—2:L—?
1 Hj Hy Hjp
Figure 11 — lllustration of the treatment of irregularly-shaped frame cavities
b 1
¢ 18Q°
Key
@  left vertical surface
b bottom horizonal surface
¢ right vertical surface
d  top horizontal surface
1 direction of the normal to the
surface
Figure 12 — lllustration of how to select surface orientation for frame cavities; dashed lines indicate

direction of the normal to surface with cut off angles at 45°, 135°, 225° and 315°
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Temperatures of equivalent vertical and horizontal surfaces shall be calculated as the mean of the surface
temperatures according to the classification shown above. The direction of heat flow shall be determined from
the temperature difference between vertical and horizontal surfaces of the equivalent cavity. The following rule
shall be used (see also Figure 13):

a) heat flow is horizontal if the absolute value of the temperature difference between vertical cavity surfaces
is larger than between horizontal cavity surfaces;

b) heat flow is vertical, heat flow upwards if the absolute temperature difference between horizontal cavity
surfaces is larger than between vertical cavity surfaces and the temperature difference between the top
horizontal cavity surface and bottom horizontal cavity surface is negative;

c) heat flow is vertical, heat flow downwards if the absolute temperature difference between horIizontaI cavity
urfaces is larger than between vertical cavity surfaces and the temperature difference betwveen the top
orizontal cavity surface and bottom horizontal cavity surface is positive.

3

\

1 tgmperature of bottomsurface, Ty,
2 tgmperature of leftvertical surface, T},
3 tgmperature of top surface, Ttp

4 tgmperature of right vertical surface, T},

a) |[ra- T|f|>|Ttp - Tbo| Vo heat flow is horizontal;

\ V
b)  |Tw—T¢| < |Ttp —Tbo| and Ty, < Ty H heat flow is vertical, heat flow up;

c) |Trt —Tlf| < |Ttp —Tbo| and Ty, > Ty ﬂ heat flow is vertical, heat flow down.

Figure 13 — lllustration of how to select heat flow direction
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6.6.5 Radiant heat flow

The radiative heat transfer coefficient #, shall be calculated using:

4012
Iy = 7 Cav (93)
1 1 1
—t— =2+
€cc €ch 5 %
1 1+ In i+1
2 L, L,
T T
where 1,, :% (94)
The above rlotation assumes radiant heat flow to be in the horizontal direction. If the heatflow directlon is
vertical, then|the inverse of the ratio L,,/L, shall be used (i.e., L,/Ly,).
NOTE FQqr more details, see Reference [16].
6.7 Ventilated air cavities and grooves
6.7.1 Slighitly ventilated cavities and grooves with small cross section
Exposed grooves with small cross sections (see Figure 14) or cavities connected to the external or infernal
environment$ by a slit greater than 2 mm but not exceeding 10 mry¥are to be considered as slightly ventjlated
air cavities. [The equivalent conductivity is twice that of an*unventilated air cavity of the same sige in
accordance Wwith 6.6. For cases where the slit is less than_or‘equal to 2 mm, treat the cavity as completely

enclosed in 4

ccordance with 6.6.

Dimensions in millimetres

= =

Vi vi

R 2 Q

v v

o~ o~
7 ( % 2 »
7 B

%
d
ad=zb

Aeq

Figure 14 — Examples for slightly ventilated cavities and grooves with small cross section

6.7.2 Well-ventilated cavities and grooves with large cross section

In cases not covered by 6.6 and 6.7.1, in particular when the width » of a groove or of a slit connecting a
cavity to the environment exceeds 10 mm, it is assumed that the whole surface is exposed to the

environment.

Therefore, the surface heat transfer coefficients, &, and hg,

Clause 8, shall be used at the developed internal and external surfaces, respectively.

30

calculated in accordance with
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In the case of a large cavity connected by a single slit and a developed cross sectional length exceeding the
width of the slit by a factor of 5 (see Figure 15), the detailed radiation model (see 8.4.2) may be appropriate
for determining the radiative portion of the surface heat transfer coefficient.

Dimensions in millimetres

Y 7
7 7
- =4 I_ """"""" - =
'R
L os 2 R

Claug

propgrties of a window system.

The

The

thernpal and optical equations. In order‘not to complicate the presentation of equations given in

nece
Claug

NOTH
referd

The
wher

Shad

7

Figure 15 — Examples for well-ventilated cavities and grooves

Shading devices
Definitions

Introduction

e 7 provides the necessary equations for the effects of shading devices on the therma

ntroduction of shading devices in the-model of the window system leads to modificationg

5sary changes to those equations are not integrated in Clause 5 itself, but given as an
e 7.

Information on calculation procedures and measurement techniques on shading devices cal
nces [17 - 25]. In geneftal;these references concern ongoing work.

contents of this clause are based on the most up-to-date procedures, with simplifying ap

ing devices can be divided into two basic types:

| and optical

Ecope s restricted to those kinds of shading-devices which are or which may, by proper approximation,
be treated as a layer parallel to the pane(s) of the window.

of the main
Clause 5, the
endments in

h be found in

proximations

e needed duédto practical limitations with respect to modelling and computational efforts afnd availability
of preduct data:

I 4 £ elooal: I ot ol ' [ H | loials 1 g |
dyCTl Lypt Ul oSliaulltys, SUULIT do SUITTITS, LUllalllo allu VeTITUalt UNTius WITeIT arc tjutaltcu v

pane(s), with intimate thermal-optical contact;

arallel to the

— extra-fenestrial type of shadings, such as awnings and overhangs, which are located less close to the
panes. These types of shading may be regarded as part of the window’s environment, because of the
limited thermal interaction. They have mainly an effect on the temperature and radiation conditions
outside the window. In specific cases, however, the conditions and properties of the window itself may
also influence the condition of this “environment” (e.g. reflection of solar radiation, hot air pockets). These
types of shading are outside the scope of this International Standard.

© IS0

2003 — Al rights reserved
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7.1.2 Principle of the calculations

The thermal-optical interaction of a layer type of shading device is, to a greater extent, similar to the panes
and films. In this regard, the layer type of shading device may be defined in the model as a layer between two
gaps. This thus-defined layer exchanges heat with the other components and/or the environment by
conduction and convection and by thermal radiation. It also absorbs, reflects and transmits solar radiation.
However, due to its porous structure (open weave, slats), the shading device is not only partially transmittant
for solar radiation, but also for thermal (long wave) radiation. It shares this characteristic with some suspended
thin films. This phenomenon is already covered in the equations by introducing in the equations transmittance
for thermal radiation.

arm. for oir haor Ao~ TN

The shading
its perimeter
environment
previously cg

Because the
two- or three
the case for t
of the device
blind, inform
positions, is

!

davica o toniallvy ala~ aable fo at oo noronic otenint dun tn AnAaniA
GCVICCToUouay arsOpCTrmCabiCTo T, it OuCtoTto P oOTrous—StroCtorc— o Gut—to—opCrmt

. Air may cross the shading device and thus move from one gap to the other or fror
into the gap behind the shading device and vice versa. This phenomenon has™nhot

layer type of shading device is modelled as a one-dimensional layer similar to ‘aypane or filn

he optical properties, e.g., the optical properties of a shading device are affunction of the geo
and the position in the assembly. To consider a slat type of shading device such as a ver
tion on the optical properties of the slat material, together with the geometry of the slats ang
sed to determine the overall transmittance, reflectance and absorption of the layer.

7.2 Optical properties

7.21

A particular g
radiation ma

For the evall
Beam radiati
an undig

a disturl

The disturbe
Diffuse radia
An exact dsg

dimensional
reflection for

Gengdral

haracteristic of a shading device compared to “nermal” glazings or films is that the incident
change direction while being transmitted or reflected at the layer.

ation of thermal effects, the following approximation is considered to be sufficiently accurate

turbed part (specular transmission and reflection);

ed part.

J part is approximated as anisotropic diffuse (Lambertian).

ion transmittéd-or reflected by the solar shading device is assumed to remain diffuse.

calculation using the full matrix of the transmission, absorption and forward and back
each 'angle of incidence at each component. For the evaluation of the spatial distributi

vered by the equations in the previous clauses and will therefore be introduced in this|clause.

bn transmitted or reflected by the stlar shading device is considered to be split into two parts:

gs at
n the
been

h, the

tdimensional characteristics shall be translated into one-dimensional numbers, This is in pariicular

metry
etian
their

solar

scriptionyoef the way solar radiation travels through the system would require a full three-

ward
bn of

daylighting, t

his-would be the necessary way to prnrppd

Consequently the following solar properties of the solar shading device are required or transmittance, for
beam radiation, for each angle of incidence:

Zair,dir{Awj)
Zair, dif( Awy)

direct to direct transmittance;

direct to diffuse transmittance.

For diffuse radiation:

Zaif dlif( Awy)

32

diffuse to diffuse transmittance.
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Similarly for the reflectance, the following properties are required (for beam radiation, for each angle of

incidence):
rdirdir(4w;)  direct to direct reflectance;
rdirdifltt)  direct to diffuse reflectance.

For diffuse radiation, the following properties are required:

7.2.2

For

rema

a)

b)

c)

For

propgrties and the geometry of the slats.

NOTH
testin
inforn
methd

Oncg
the g
radiafion, for all other.panes, films and shading layers in the window, the zy; 4ir and g 4 Values
cons

Due

trans

diffuse to diffuse reflectance, and for the absorption:

it dif(Aw))

il Awi) = [1 = Zir dirlAw) = Tdir,dirlAw)) = Tdir,dif(Awg) — dir, dif(Aw))]
agiflAwy) = [1 = it dit(Awj) = 7aif dif{ Awj)]
Resulting amendments to the equations in 5.2 and 5.3

window system incorporating a layer type of shading device, the optical equations giver
n the same with the following extensions.

e
[«

Each spectral flow rate equation in 5.2 and 5.3 shall be split inte-three: a “dir,dir”, “dir,dif” ang
flow, with corresponding transmittance r and reflectance r. lgthe sum of the spectral heat fl
‘dir,dif” and “dif,dif” parts shall be summed.

The sum of zy; g and zy; 4 is equal to the direct to hemispherical transmittance g j,; sin
neflectance.

q
4

lat type shadings, equations to calculate these properties are given in 7.3, on the ba

There is no existing International Standard for the measurement of these optical properties
j standard is available, the calculation method of this clause shall be considered as provisional and
ation purposes only, except for slat types of shading devices for which the following clause provide
d.

iffuse part continues its route through the system. This implies that even for normal ing
bquently, thesvalues for normal incidence provide insufficient information.

fo the._redirection of the radiation, the forward transmittance is not necessarily equal to t
mittance, as illustrated in Figure 16.

(95)

(96)

in Clause 5

“dif,dif” heat
pws: “dir,dir”,

The transmittance shall be split, similar to the reflectange, into a forward and a backward valye.

nilarly for the

5is of optical

. Until such a
s provided for
5 a calculation

a beam transmittingthrough or reflecting at a solar shading device is split into a direct and a diffuse part,

idence solar
are required;

he backward
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X

1
}\

Key
1  white
2 black

Figure 16 — lllustration of different values for forward and backward solar transmittance

7.3 Slat type of shading

7.3.1 Gendral

4
\

(slats with different colour at\both surfaces)

For a shading device consisting of parallel slats, the optical properties can be determined as function qf slat
properties, geometry and position (seeFigure 17). The air permeability can also be determined as functlon of

slat geometr

and position.

34

© ISO 2003 — Al rights reserved


https://standardsiso.com/api/?name=28138b167a0f679e78a0dcee5925f8f9

ISO 15099:2003(E)

Key
optdoor
irjdoor
slat distance
slat angle
slat width
ghp width

D b~ WN -

Figure 17 — Slat geometry
7.3.2| Optical properties

7.3.2|1 General

This pubclause gives_the procedure for calculating the solar optical properties of a slat type of sHading device
provifed:

— that the slats*are non-specular reflecting;

— that/any effects of the window edges may be ignored.

The procedure is to consider two adjacent slats and to subdivide the slats into five equal parts (see Figure 18).
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Key
1 outdoor
2 indoor

Every slat is
that different|
described be
the rest of th

Due to the ag

Figure 18 — Discretizationmsed in the model

divided into five elements (the improvemént of considering more elements is negligible). Notice
properties can be assigned to every elément, in particular to every side of the slat. The prgcess
low has to be solved for every wayelength band required by the properties of the elements|or by

b transparent system where the shading device is installed.

sumption of non-specular reflection, a slight curving of the slats may be ignored.

7.3.2.2 Equations

These equat

For each lay

Eg; :z

ki

ons have a more.general application, if the allocation of the layer numbers is generalized.

er f,i and b, 5 with i from 0 to n (here: n = 6) and for each spectral interval 4, (4,4, + Ady)
:[(rf,k + Tb,k)Ef,ka,k—>f,i +(Fb,k + Tk )Eb,ka,k—n‘,i] (97)
Ep;= Z[(rb,k + ff,k)Eb,ka,iHb,i + (rf,k + Tb,k)Ef,ka,k»b,iJ (98)

k
where
E, is the irradiance on surface «;
Foyq is the view or shape factor from surface p to surface q (e.g. b,k to b,i).
36
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Also
Ef,ex: ex(/le) (99)
Ey int = Jint(Awj) = 0 (100)
where
Jox s the radiosity from the external environment (incident solar radiation);
Jint  is the radiosity from the internal environment (room reflection).

7.3.2{3 Diffuse-diffuse transmission and reflection

Due [o the assumption of non-specular reflection, the values for the view factors Fp_pcan be galculated by
conventional view factor calculation methods for diffuse radiation exchange.

NOTEH For calculation methods on view factors, see [26].

For diffuse incident radiation, the view factor between external environment and the other layers is also
determined by the view factors for diffuse radiation exchange.

After[solving the set of equations, the diffuse/diffuse transmission,coefficient is found as the radiation reaching
the irfternal environment E£; , (n = 6), divided by the incident solar.radiation, J,

C dif, dif (;Lw]‘):Ef,n(lw_j)/‘]ex(lw_j) (101)
Similarly, for the diffuse/diffuse reflection coefficient:
[ dif, dif (in):Eb,eX (ﬂw])/-]ex (lw]) (102)

7.3.24 Direct-direct transmission and reflection

By straightforward geometric galculation from the angle and aspect ratio of the slats (see Figure 19), the beam
radiation which passes the slats without touching can be calculated for given angle of incidence /.

/

Figure 19 — Direct-direct transmission
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This part of the transmission is wavelength-independent.

This is the direct/direct transmission: E;; gir-(%y)

Consequently, the direct-direct transmittance for incidence angle y amounts to:
Zdir.dir (7) = Edir,dir(;twj"?/)/*]ex (iwjﬂ) (103)

for any wavelength 4,,,.

There is no reflected radiation to the outside without reflecting on one or more parts of the shading devicg, so:
rdirir () =0 (104)
7.3.2.5 Direct-diffuse transmission and reflection

Firstly, calculate, for the given angle of incidence y, which parts of the shading device k. are directly irradigted
by J; ox (S€€ Figure 20).

Key
1  outdoor
2 indoor

Figure 20 — Directly irradiated parts of the shading device

The view factors between the incident radiation J,, and those directly irradiated parts & are:

Ff,exaf,k =1

Ff,ex—)b,k =1
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The view factor between the internal and external environment is zero, to exclude the direct-direct
transmittance:

Ff,ex—>b,n =0and Fb,ex—>f,n =0

After solving the set of equations we find the direct-diffuse transmission and reflection coefficients:

T dir,dif (le’y) =Eg, (’Atwjv?/)/‘]ex (’Atwjv?/) (105)

rdir dif (ﬂvw ./'57\ = Eh u (ﬂvw J-,]/\'/pr (ﬂvw J-J/\' (106)

\ U \ U U

7.3.2|6 Absorption

That |part which is neither transmitted, nor reflected, is the part which is absorbed in-the slats. Pgr wavelength
band

2 dir (ﬂ’Wj) = {[1 ~ 7 dir,dir (/1w/-)—rdir,dir (/1w/-)—  dir,dif (ﬂw/-)—rdir,dif (ﬂw]ﬂ} (107)

X dif (/7«Wj ) = {[1 = T dif dif (ﬂw_,- ) = Pdif dif (/lw j )}} (108)

7.3.27 Thermal transmittance and reflectance
The blinds are also semi-transparent for infrared (thermal) radiation. In order to obtain the IR fransmittance
and reflectance of the shading device for given. (IR) slat properties, the same model is usgd as for the
calculation of diffuse-diffuse transmission and reflection of solar radiation, replacing the slat’s|solar optical
propgrties by its thermal radiation properties.
The hormal emissivity of the surfaces can'be measured in accordance with EN 12898. There is no existing
standard for the measurement of the hemispherical emissivity of opaque materials. Usually an emissometer is
used|for this purpose.

Seleg¢ted examples of calculated optical properties of a slat type of shading device as functign of the slat
propegrties and geometries are given in Annex C.

7.4 | Ventilation

7.4.1] General

For g ventilated cavity, the set of equations given in 5.3 shall be extended in the way described in|7.4.2.

7.4.2—Maimheatbatanceequations
7.4.21 Principle

Air spaces may be connected to the exterior or interior environment or to other spaces. For a ventilated gap,
the heat balance in the gap requires an extra term, the amount of heat supplied to or extracted from the gap
air. This implies that it is no longer sufficient to describe, as in 5.3, the conductive/convective heat exchange in
a gap as the heat transfer from one surface to the other. It is necessary to make a split between the
conductive/convective heat transfer from one surface to the air and from the air to the other surface as
illustrated in Figure 6. In the heat balance equations for the gap, the heat extracted from or supplied to the gap
by ventilation is added to this air gap node.
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The mean temperature of the air in the gap is given by equations for the heat exchange between the air
flowing through the gap and the adjacent surfaces.

NOTE There is no existing International Standard for measurement of these properties. Until such a testing standard
is available, the calculation method in 7.4.2 must be considered as provisional and is provided for information purposes
only.

7.4.2.2 Equations — non-vented gap

For the non-vented case (5.3) the heat exchange by conduction/convection across a gap from one layer to the
adjacent layer (pane, film or shading device) as given in 5.3.1: gy ; = hey i (Ts; =T ;41) . is split into two

H-H

rt F: STRETI-NLs L AMRVFIT 1 2N | “P G-V W N N PN A-NI-C TR £l o nitha aon oo o voriohl
pa S (see lgorC—Z T Wit o e arr tCTpeTraturc U e air T tregapasS a valrTaoToeT

3
Key
1 pane or shading
2 split
3 Tgap:

Figure 21 — Split convective heat transfer across non-vented gap

devfi = 2hcdv,i (Tf,i - Tgap,i) = YGov,bar= 2hcdv,i (Tgap,i - Tb,i+1) (109)
where

devi;  Js the convective heat transfer from the one surface to the gap, in watts per square metre;

heqy; |8 the surface-to-surface heat transfer coefficient by conduction/convection for non-vented
cavities,\given by the equations in 5.3, in watts per square metre kelvin;

Tt s the ‘temperature of the surface of layer (pane, film or shading) i, facing cavity i, see 9.3, in
kelvins;

Tgap.i is the equivalent mean temperature of the air in cavity i, given in Equation (119) below, in kelvins;

devpi+1 1S the convective heat transfer from the gap to the other surface, in watts per square metre;

is the temperature of the surface of layer (pane, film or shading) i + 1, facing the cavity i, see 5.3,

Tpivq | !
in kelvins.

7.4.2.3 \Ventilated gap

In a ventilated gap, due to the air movement, the convective heat exchange coefficient is increased
(see Figure 22)
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7-gap, i, out i

T S

gap, i, inl /

1 ppne or shading

This

with

wherg

Figure 22 — Model of mean air- and outlet temperature and main dimensions
ncreased coefficient is written as 4, ;:

Icv,b,i = hcdv,i(Tb,i - Tgap,i) , and devfitl = hcv,i(Tgap,i - Tf,i+1)

cv,i given by the equation:

oy, = 2hey; +4V;

o is the{surface-to-air heat transfer coefficient by conduction/convection for vented c
by Eguation (111), in watts per square metre kelvin;

qev 141515 the convective heat transfer from the gap to the other surface, in watts per square

~a: is the surface-to-surface heat transfer coefficient by conduction/convection fo

(110)

(111)

devp; I the conyective heat transfer from the one surface to the gap, in watts per square npetre;

hvities, given

metre;

non-vented

cavities, given by the equations in 5.3, in watts per square metre kelvin;

V; is the mean air velocity in the gap, see 7.4.4, in metres per second;

and with (same as for the non-vented case):

41

Tyap,i is the equivalent mean temperature of the air in cavity i, given by Equation (119) in 7.4.3, in
kelvins;
Ty, is the temperature of the surface of layer (pane, film or shading) i, facing cavity i, see 5.3, in
kelvins;
© 1SO 2003 — Al rights reserved
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is the temperature of the surface of layer (pane, film or shading) i + 1, facing cavity i, see 5.3, in

kelvins.

For zero velocity, the equations for the ventilated gap reduce to the equations for the non-vented case.

Due to the ventilation, an extra term is added to the heat balance equations of the gap given in 5.3. The extra

term is:

vl = PiXCpXPyl (Tgap,i,inl —Tgap,iout )/(HiLi)

(112)

Equations (1

qvi =49

where
qv\,i
Pi

p

Pul,i

T

gap,iinl

The heat trar

The value of]
the outlet ten

T

gap,i,out

L.

1

H.

1

7.4.2.4

The heat tra
transfer by v

Heat transfer tolinternal environment

cv,b,i T 9 cv,fi+1

is the heat transfer to the gap by ventilation, in watts per square metre;

is the density of the air in cavity k at temperature Ty in kilograms per cubic metre;

ap,i ’
is the specific heat capacity of air, in joules per kilogram kelvip-(i.c.: 1008);
is the air flow rate in cavity i, see 7.4.4, in cubic metres persecond;

is the temperature at the inlet of the gap, in kelvins:

sfer is normalized to 1 m?2 of the aperture area!

Tyap,iin depends on where the air comes-from: either the internal or external air temperaty

pperature Ty, 1 out Of the gap k with whish gap i exchanges air;

is the temperature at the outlet of the gap, see Equation (114), in kelvins;
is the length of cavity j;-see Figure 22, in metres;

is the height of cavity i, see Figure 22, in metres.

isfer to the/internal environment shall be extended in a similar way with a term ¢ , ;. for the
pntilation by air coming from cavity £.

Following the

14) to (117) are formulated in such a manner to QQﬁny the fnllnwing energy balance pquntin :

(113)

re or

heat

convention from Clause 5. with i = »n for the internal environment, for all cavities k& with air fl

pw to

the internal environment, »n:

dvin = zpi Cp Pyl (Tgap,i,out _Tai,n)/(Hi XLi)

1

The heat transfer is normalized to 1 m2 of the aperture area.

where
Pi

p

42

is the density of the air in cavity i at temperature Ty in kilograms per cubic metre;

ap,i’

is the specific heat capacity of air, in joules per kilogram kelvin (i.c.: 1008);

(114)
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P is the air flow rate in cavity i, see 7.4.4, in cubic metres per second;

Tgap,iout 1 the temperature of the air at the outlet of the gap from where the air originates,
see Equation (116), in kelvins;

Thin is the indoor air temperature, in kelvins;
L is the length of cavity i, see Figure 22, in metres;
H; is the height of cavity i, see Figure 22, in metres.

7.4.3] Temperatures in the cavity

Assuming the mean velocity of the air in the space is known (see 7.4.4), the temperature profile|and the heat
flow gan be calculated by a simple model. Due to the air flow through the space, the-air tempgrature in the
space varies with height (see Figure 23).

Key
air flow, ¢ ;

outlet air temperature, Tgap,i,out

average air temperature, Tgap’i

average surface temperature, 7, ;

distance, x, from inlet
air temperature, T, ; (x)

N o A WON -

inlet air temperature, Tgap,i,inl

Figure 23 — Air flow in the gap of a window system
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The temperature profile depends on the air velocity in the space and the heat transfer coefficient to both
layers. The air temperature profile in space i is given by:

*X/HOYI' (115)

Tgap,i (x) =Tay, — (Tav,i —Tgap,ijin )e
where

Tyap,(x) is the temperature of the air in gap i at distance x from the inlet, in kelvins;

Hpy; is the characteristic height (temperature penetration length), see Equation (117), in metres;
Tgap,i,in is the temperature of the incoming air in gap i, in kelvins;
Tav, is the average temperature of the surfaces of layers i and i + 1, given by equatién;
Tb,i + T4
Tav,i 2‘12—1) (116)
where

Ty,; is|the temperature of the surface of layer (pane, film or shading) i, facing cavity i, see §3, in
kelvins;

s|the temperature of the surface of layer (pane, film or’shading) i + 1, facing cavity i, see §.3, in
kelvins.

T 141

The charactgristic height of the temperature profile is defined-by:

Hy, < A ¥y, (117)
' 2hcvl,i
where
Hy,; isjthe characteristic height (temperature penetration length), in metres;
0 is| the density of the-airat temperature Tyap,j » in kilograms per cubic metre;
[ is| the specific.heat capacity, in joules per kilogram kelvin (i.c.: 1008);
b; is| the width'of the cavity i, in metres;
hey; islthe’heat transfer coefficient for ventilated cavities, see Equation (111). in watts per square metre
kelvin.
V; is the mean velocity of the air flow in the cavity i, see 7.4.4, in metres per second;

The leaving air temperature is given by:

_Hi/HO,i

Tgap,i,out = Tav,i - (Tav,i - Tgap,i,inl )e (1 18)

where

T

gap,iout 1S the temperature of the air at the outlet of gap i, in kelvins;
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Tov.i is the average temperature of the surfaces of layers i and i — 1, given by Equation (116), in
kelvins;

Tyap,iini 1S the temperature of the incoming air in the cavity 7, in kelvins;

Hy ; is the characteristic height (temperature penetration length), given by Equation (117), in metres;

H; is the height of space i, in metres.

The thermal equivalent (average) temperature of the air in the space i is defined by:

1 " Hy;
gapl :H_ITgapl de Tav: __jl(Tgap,i,out _Tgap,i,inl) (119)
1 0 1
wherg
Tgap.i is the equivalent mean temperature of the air in the cavity i, in Kelyins;
Tav.i is the average temperature of the surfaces of layers i and i + 1, given by Equation (116), in
kelvins;
Ho is the characteristic height (temperature penetration length), given by Equatfon (117), in
metres;
M, is the height of space i, in metres.
Tgap,iout is the temperature of the air at the outlét of the gap i, in kelvins;
Tgap,iin s the temperature of the incaming air in gap 4, in kelvins;

7.4.4| Air flow and velocity

7.4.4]1 Forced ventilation

If the|air flow within the air.layer has a known value (for example due to mechanical ventilation), the equations
giverlin 7.4.2 and 7.4.3.shall be applied as such, with the air velocity (m/s) given by:

v _ Dvli

120

wher

W

i IS the mean velocCity of the air Tlow In cavity z, In metres per second,

@y ; air flow rate in cavity i, in cubic metres per second,;

b, the width of cavity i, in metres;

L, isthe length of the cavity i, see Figure 22, in metres.

NOTE ou,; is the air flow rate for the whole area.
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7.4.4.2 Wind-induced ventilation
For external shading devices, the thermally-induced ventilation is mixed with wind-induced ventilation.

The heat exchange by ventilation between the shading and the next layer (pane) can be described on the
basis of an appropriate value for the air flow or velocity. An appropriate value is to be determined on the basis
of experiments or calculations [computational fluid dynamic (CFD) modelling].

For conservative design calculations, one may treat the cavity flow as forced convection (see 7.4.4.1), with the
value for the air velocity V; set to extreme low and extreme high values, thereby giving two values for the total
solar energy transmittance.

7.44.3 Thermally-driven ventilation
The velocity pf the air in the space, caused by the stack effect depends on the driving pressure-différence and
the resistancg to the air flow of the openings and the space itself (see Figure 24).
7-gap, i,out = 7—gap, k,in
AP
x
2
1 Tgap, k
Vi
Sk
Xo
P
7-gap, iin = 7-gap, k,out
Key
1 space,i
2 space, k
Figure 24 — Schematic presentation of the stack effect
NOTE The-heightef-the-nedtrat-zorexydepends-on-the-lowresistances-of-the-intetand-eutletopenings

The air velocity is known by solving the set of equations given in 7.4.4.

The pressure difference results from a temperature difference between the space ;j and the connected space
k, which is the exterior air, the interior air or another space. The temperature profile in the spaces is
represented by the thermal equivalent temperature [Equation (119)]. The driving pressure difference Apt may
be written approximately as:

)

(Tgap. XTgap,k)

APr ;= poxTgx gxH;x|cosy,|x (121)
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where

APt ;s the driving pressure difference between space i and space k, in pascals;

0 is the density of air at temperature Ty, in kilograms per cubic metre;
Ty is reference temperature, e.g., Ty = 283 K;
g is accelaration due to gravity = 9,81 metres per second per second;

y

The
acco

Acce

Steadly laminar flow (Hagen-Poiseuille law):

Pres

wher

A

Tgap. is the equivalent temperature of the connected space, which maybe another gap & ¢

+ 4lo FHFS 1 £ L <l £ o 1
i S UIT UL dITyIc Ul opdlLT 1 T UTyliTcco TTUllt veruidal,

if is the height of space i (same as space k), in metres;

1

9ap,i is the equivalent (mean) temperature of the air in the space i, see Equation’(119), in

or external environment, in kelvins.

ir flow in the space is described as a pipe flow. Therefore, the following effects have to
int.
eration of the air to the velocity V' (Bernouilli’'s equation):
Pi, 2
\Pg ; 7[’/ i

1

H.
APp,; =12'/Ji'b—§V'

i

sure loss in the inlet and outlet ©penings:
Pi 1,2
\P7 ;= 7["/1' (Zinl,l +Zout,i)
\Pg ; is theiBernouilli pressure loss in space i, in pascals;
D is'the density of air at temperature Tgap,j » in kilograms per cubic metre;

kelvins;

r the internal

pe taken into

(122)

(123)

(124)

o tha mann vnlanity, ~f
ot ear—v CroCty—On

(same for k);

ir ﬂ AL ir\ [t ha onbhnd vawath Eoy .nti

a o PY-XVii V] o n-matrad
ot OV Cavity 1, tO P C—SOveC—wvit=quat T

A
VEBRLAERERASA IR SZS

APyp ; is the Hagen-Poiseuille pressure loss in space i, in pascals;

y is the dynamic viscosity of air at temperature Tgap,j » in pascal seconds;

H; is the height of space i, in metres;

b; is the width of cavity i, in metres;

Z; is the pressure loss factors Z of cavity i, according to Equations (126) and (127).
© 1SO 2003 — Al rights reserved
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The same equations apply to space k, where V, = V;*b,/b,.

If the space k is the exterior or interior, V, = 0 is assumed, in which case the pressure loss terms APg ;. and
APyp , are zero as well as AP, ,, where

APk

is the pressure loss Z between space i and %, in pascals.

The total pressure loss shall be equal to the driving pressure difference and this results in the velocities 7; and

V, by solving

the equation:

APpp 1

The pressurg
Agq to the cr

AP AP, A 7 AP s A T AP £

s the driving pressure difference between space i and space k, according to Equation (12
pascals;

s the Bernouilli pressure loss in space i, according to Equation (122), in-pascals;

s the Hagen-Poiseuille pressure loss in space i, according to Equation (123), in pascals;

s the pressure loss Z at the inlet and outlet of space i, according to Equation (124), in pasca
the same as AP, ; but for space £;

s the Bernouilli pressure loss in space k, according to Equation (122), in pascals;

s the Hagen-Poiseuille pressure loss in space k, according to Equation (123), in pascals.

loss factor, Z, for openings may be\estimated from the ratio of the equivalent area of an op
ss section of the space 4 (see Figure 25).

0000000

0000000

(125)

1), in

ening

00000000

Key
1 front view
2 side view

48
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Figure 25 — Openings in a ventilated gap
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2
B Ag ;
Zigy =| =1 (126)
O’GXAeq,inI,i
and
2
Zoy =| 814 (127)
0, 6 X Aeq,out,i
where

is the cross section of space i; 4g; = b;L;, in square metres;

A A
b. is the width of cavity i, in metres;

1 is the length of cavity i, in metres;

fleqg,ini; i the equivalent inlet opening area of cavity i, according to Eduation (128) or (129), in square
metres;
Aleg outi is the equivalent outlet opening area of the cavityy,\according to Equation (128) or (129), in
square metres.

If the|temperature Tqap,i (Tg 1) of the cavity i (k) is higher than the temperature of the connected space & (i):

ap,

1 Atp 1 Apo
Ueqinl = Apo +— ——— (A4 + A + 4 A = Ay +— ——>— (A + A4 + U 128
eq,inl bo 2 Abo+Atp( If rt ho) eq,out tp 2 Abo"‘Atp( If rt ho) ( )

Othefwise:

1 Atp 1 Apo
4 =Apg +———— (4 + A + A Aeginl = Aip + = ———(Ajf + At + 4 129
eq,out = 4bo 2Abo+Atp( it Art + Ano) eq,inl = Atp 2Abo+Atp( if + At + 4no)  (129)

wher

W

Al is the cross-section of the space, in square metres;
4po is thetarea of the bottom opening, in square metres;

Atp is-the area of the top opening, in square metres;

ia-thao aanfthal
If o e arca vruaire i
Ay is the area of the right side opening, in square metres;

Ano s the total area of the holes in the surface (homogeneously distributed holes), in square metres.

It is assumed that the side openings are distributed evenly from top to bottom.

All these areas are total flow areas for the window (i.e., not normalized).

© 1SO 2003 — Al rights reserved 49


https://standardsiso.com/api/?name=28138b167a0f679e78a0dcee5925f8f9

ISO 15099:2003(E)

7.4.5 Gas-filled cavity with air circulation

In those cases of a closed cavity containing a gas mix and other component of the fenestration, e.g., an
incorporated blind, the gas mix may flow from one side of the component (blind) to the other. In that case the
equations given above remain valid, if “air” is replaced by “gas-mix”, with the corresponding gas-mix
properties.

7.4.6 Air permeability of slat types of shading devices

The air permeability of slat types of shading devices can be described using an appropriate value for the
equivalent air permeability of the surface, 4,,,. An appropriate value shall be determined on the basis of
experiments [or calculations [computational 1luid dynamic (CFD) modelling]-

For conservative design calculations, the value for the equivalent air permeability of the surface,A4, can be
set to extreme low and extreme high values, thereby giving two extremes for the total solar epergy
transmittance.

7.5 Total solar energy transmittance and thermal transmittance

The thermal transmittance, U, and the total solar energy transmittance, zg, Shall be calculated psing
Equations (2) and (14) respectively, applying the amendments to the equations i1)5.2 as given in 7.2.

8 Boundary conditions

8.1 General

The various thermal properties can be determined using a Standard calculation method but each will also be
affected, to Some extent, by the boundary conditions to which the product is exposed, i.e., the environmept.

The boundarly conditions consist of:

a) internal gnd external air temperatures, T;; and T, respectively;

b) internal pnd external surface convective heat transfer coefficients, 4, it and 4 respectively;

cv,ex’

c) solar spgctral irradiance distribution, £(4,,), and a function describing the photopic response of thg eye,
R(4,,)- Both E(4,) and R(#,)Cconsist of a set of function values listed for a set of discrete wavelength
values. Function valuesZat intermediate wavelengths can be found by linear interpolation;

d) the longwave irradiance on the external and internal glazing surfaces, Gyg « and Gg,int: respectively, as
well as the longwave irradiance at the external and internal frame surfaces Gf ex and G, respectively. It
is assumed thatexternal longwave irradiance depends on the clearness of the sky factor, Jelr-

8.2 Reference boundary conditions
8.21 General
Unless a specific set of boundary conditions is of interest (e.g., to match test conditions, actual conditions or to

satisfy a national standard), the following standard boundary conditions shall be used. In each case the
following spectra shall be used.

Eg(4,,) = 1SO 9845-1 (hemispherical solar spectral irradiance tabulated at Ng values of 4,);
E,(4,,) = ISO/CIE 10526 (colorimetric illuminance tabulated at N, values of 4,);

R(4,,) = ISO/CIE 10527, (photopic response for the 2° observer tabulated at N, values of 4,,).
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8.2.2 Winter conditions

20°C

|nt_
ex 0°C

= 3,6 W/(m2K)

cv int —

=20 W/(m2K)

CV ex

+ TeX

I = 300 W/m?2

8.2.3] Summer conditions
=25 °C

T, =(30 °C

= 2,5 W/(m2K)

=8 W/(m2K)

T Tex

I = 500 W/m?
8.3 | Convective heat transfer

8.3.1] General

Convection heat transfer is.energy transfer between a surface and a moving fluid. Heat is tqansferred by
naturgl convection (i.e., cenvection driven by temperature gradient) when the air velocity is sufficiently small
(i.e., Jess than 0,3 m/s):"On the other hand, heat is transferred by forced and mixed convection [for velocities
above 0,3 m/s. Accurate’determination of this convective heat transfer on both internal and exterpal boundary
surfages is extremely“difficult and can only be done by careful measurements and computer simulation. For
thesq reasons,-surface heat transfer coefficient correlations had been developed and are given|in 8.3.2 and
8.3.3

8.3.2| (Convective heat transfer coefficient — internal side

8.3.2.1 General

The convective heat transfer on the internal side primarily occurs by natural convection, and rarely by mixed
and forced convection. Standard boundary conditions assume natural convection on the internal side. The
density of convective heat flow on the internal boundary is defined as:

dov,in = hev,in (Ts,in - Tin) (130)

where Tg ;, is the temperature of any internal fenestration surface [i.e., To.n (temperature of the internal glazing
surface) or the temperature of the internal frame surface]. The convective heat transfer coefficient, heyin IS

determined from heat transfer correlations given in 8.3.2.2.
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8.3.2.2

The natural convection heat transfer coefficient for the internal side, 4

Heat transfer by natural convection

cv,int’

Nusselt number, Nu.

hcv,int =

A

Nu(
H

)

where 1 is the thermal conductivity of air.

Nu is calcul

ted as a function of the corresponding Rayleigh number based on the height, A,

is determined in terms of the

(131)

f the

fenestration

bystem, Rag;

92H3gcp |Tb,n - int|

RCZH:

where the va
Tm’f =T

The internal
Ty s for the
glazed area

Each of the
categorizatio|

Tn s A

rious fluid properties are those of air evaluated at the mean film temperature:

nt +%<Tb,n _Tint)

convective heat transfer coefficient is a function of internaliglazing layer surface temper:
case of natural convection so it is necessary to update the value of 4, ;,; as the solution
heat transfer model proceeds.

ollowing Equations (134) to (139) pertains to oneparticular value, or range, of tilt angle, »
h, as a function of y, is based on the assumptionthat the internal environment is warmer the

(132)

(133)

hture,
f the

This
n the

internal glazing surface (i.e., Tin> T} ). If the reverse @ true (7 <Ty,) it is necessary to seek the
appropriate ¢orrelation on the basis of the complement-of the tilt angle, 180° — y, instead of », and tol then
substitute 180° — yinstead of ywhen the calculation is*cafried out.
a) Windows inclined from 0° to 15° (0°< y< 15°)
Nuby =0,13Ra ;"3 (134)
b) Windows inclined from 15° to 902 (15° < y°< 90°)
. CAva
Nuty =0,56(Ra g Sln;/) sRapy < Ragy (135)
Nugy = 0,13(RaH1/3 - Racv1/3)+ 0,56 (Ray Sin;/)1/4 s Rapy > Rag, (136)
( 072711/5
oF_4nbl € . .
Ray=275%10 - Ty degrees 137)
L siny )
c) Windows inclined from 90° to 179° (90° < y < 179°)
Nuing = 0,56(Ra ; siny)"4:10% < Ra; siny <10 (138)
d) Windows inclined from 179° to 180° (179° < y < 180°)
Nuint = 0,58Ra 1%; Rayy < 10" (139)
NOTE For more information on the convective heat transfer coefficient of still air see [27].
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3  Forced convection (any tilt)

The following relation is to be used for the case of forced air flow on the internal side of a fenestration system.

heyint =4 +4Vs

where V is free stream velocity near the fenestration surfaces in metres per second.

NOTE Equation (140) is taken from 1ISO 69461371,

8.3.3

8.3.3
The

wher
defin

wher

frame surface).

8.3.3

Therg
trans

a) fenestration product comparisons (rating),.sée 8.3.3.3;

b) r
8.3.3

The f

8.3.3

Wind
the ¢
as a

c tive heat t ¢ ficiont | Lsid

(140)

1 General
tonvective heat transfer on the external side primarily occurs by forced convection: For thg

e natural convection occurs, see 8.3.3.5. The density of convective heat flowoh-the externa
bd as:

oviex = Movex (Ts,ex - Tex)

B T

s.ex is the temperature of any external fenestration surface-(i:e., 7; or the temperature o

2 Different applications

b are two different applications that need to be considered for fenestration outside cor
fer coefficient correlations:

pal building (field situation) fenestration-component annual energy analysis, see 8.3.3.4.

3  Convective heat transfer.coefficient correlation for product comparison or rating
pllowing relation is to be used for forced convection on the external side of a fenestration sys

ovex =4+4Vs

4  Real building fenestration component annual energy analysis

se situations
| boundary is

(141)

the external

vective heat

tem:

(142)

ows are-major factors in overall energy performance of the real buildings. In order to be abl
bntribution to a building's thermal balance, it is necessary to define heat transfer characterist
function of dlfferent cllmate vanables Forced convectlve heat transfer on the external side 0

OCCuUl

e to estimate
cs of glazing

the building
d by several

factors. These include the temperature dlfference between the surface and the air, the speed and direction of
any air movement (wind) over the building, and the shape and roughness of the building surface. Since those
factors are highly variable, an exact mathematical analysis of the external surface convective heat transfer is
not possible at this time due to the difficulty in defining the external surface and the highly variable wind
conditions.

NOTE For more information on this procedure, see Reference [28]. The correlations are based o

exper

© IS0

imental work given in Reference [29].
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Calculation procedure:

hevex =47 +7,6V (143)

where

— if the surface is windward:

Ve=0,25V;V>2mis (144)

Ve=05V<2mls (145)

where 7 is th
near the feng

— if the surface is leeward:

To determing

e wind velocity measured at a height of 10 m above ground level and 7 is free stream-vglocity
stration surfaces;

Ve=03+0,06V (146)

whether the surface is windward or leeward, calculate the wind diréction, ¥,, relative to th¢ wall

surface (seelFigure 26):

Yo = Yaz [+ 180° = 7N (147)

If |7, $180°, then x, = 360° - | 7, |

If - 45° & | ;/W| < 45°, the surface is windward, otherwisé the surface is leeward.

\4 N
1

Key
1 building

n  wall normal direction
%yn Wind direction (angle measured clockwise from north)

Vs Wall azim

N  north
S south

54

uth (positive degrees westward from south and negative eastward)

Figure 26 — Determination of wind direction and wall azimuth
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8.3.3.5

The

ISO 15099:2003(E)

Heat transfer by natural convection

natural convection heat transfer coefficient for the external side, & is determined in

cv,ex

Nusselt number, Nu.

A

)

hcv,ex = N”(

where 1 is the thermal conductivity of air.

MNu is_calculated as a function of the corresponding Rayleigh number based on the height, H, o

terms of the

(148)

the glazing,

Ray,.

wher

Corr

p Ts,ex _Tex
T sud

e the various fluid properties are those of air evaluated at the mean film temperature:

1(Ts,ex _Tex)

(mf=Tex +3

¢lations to quantify the external side convective heat transfer «coefficient are identical to

internal side and are presented in 8.3.2.1. The tilt angle y needs.to be replaced by its comp
180° |- .

NOTEH For more information, see [27].

8.4 | Longwave radiation heat transfer

8.4.1] Mean radiant temperature

External mean radiant temperature will . depend on the application, whether it is for field con

n
[I|ct rating and comparison (i.e., controlled laboratory conditions). For field conditions, exterr

(149)

(150)

the ones for
ement angle

Hitions or for

prod al irradiance
can Re defined through the use of external mean radiant temperature, 7y, o

Fex = GTrﬁw,ex (151)
It is fssumed that external-fenestration surfaces are irradiated by the external surfaces and fhe sky vault
consists of two areas; one cloudy and the other clear. The cloudy portion of the sky is tregted as large
enclgsure surfaces_éxisting at the external air temperature. The mean radiant external temperafure can then
be défined as:

(Fga +(1= foir) Fsky ) oTex + for Fey "
gd Y= JecIr J£'sky )0 Lex T Jer sy sky
rrm,out = (152)
o

where F,q and Fg, are view factors from the external surfaces of the fenestration system to the ground

(i.e., the area below the horizon) and sky, respectively. The factor £ is the fraction of the sky that is clear.

ng: 1 _Fsky
1+cosywN
Fsky :TW

If the radiosity of the clear sky (Jsky) is known, it can be used directly in Equation (152).

NOTE

Alternatively, if actual sky data are unavailable, the model from Reference [36] can be used.

© 1SO 2003 — Al rights reserved
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(154)
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Jsky = EskyOTox (155)
Esky = :;—Z (156)
Reky =5,31x107 1378 (157)
Internal irradiance is defined as:
Eint = o[ rm,int (158)
where T, int|is determined from temperatures and shape factors of surrounding internal surfaces;
It is often asgumed that internal fenestration surfaces are irradiated only by the internal room surfaces, yhich

are treated a
Eint =0

The proceduy
apparatus b
correspondin

8.4.2 Detalled radiation heat transfer calculation

8.4.2.1

Fenestration
greater than
surfaces (i.e

radiating at ¢ach fenestration surface with the\view factor equal to 1,0 is invalid. This analysis may al

used for cert

The net radiz
procedure o

8.4.2.2
The emissivi
The net radi

portion of ing
law:

Geéneral

Two-dimensional.element to element view factor based radiation heat transfer calculatig

5 a large enclosure existing at the internal air temperature. Internal irradiance.then becomes
4
Tint

re outlined in this clause can be adapted to account for conditions that exist in a hot bo
y determining the radiosities of the surfaces to which~the window is exposed anq
g shape factors.

systems whose ratio of total to projected (boundary surface area on the internal/external s
1,25 are called non-planar fenestration systems. For these systems, individual fenest
, frame and glazing surfaces) are self<radiating and the assumption of large black body encl

pin fenestration components, such as frame cavities and ventilated cavities and grooves.

tion heat transfer on fengstration boundaries, ¢,, of non-planar products shall be calculated
tlined in 8.4.2.2 or theralternative procedure given in 8.4.2.3.

y of both internal and external environments is set to unity.

btion heat transfer at any surface “” is the difference between emitted radiation and abs
idefit radiation. The temperatures of the surfaces do not appreciably differ so, using Kirch

(159)

test
the

de is
ation
bsure
50 be

Using

n

brbed
hoff's

4
qri = €0l —¢&

where E; is ir

N

2

J

E.

1

and F;_;is th

56

iE;

radiance at surface i from all other surfaces.

F.

1

-7

e view factor from surface i to surface ;. The radiosity of surface j, J;, is given by:

4
gjol;" +p,E;

(160)

(161)

(162)

© ISO 2003 — Al rights reserved


https://standardsiso.com/api/?name=28138b167a0f679e78a0dcee5925f8f9

