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Foreword

This Part of BS 6993 has been prepared under the direction
of the Basic Data and Performance Criteria for Civil
Engineering and Building Structures Standards Committee.

This is the first of a series of Parts. Further Parts of this
standard now being developed are:

Part 2. Method for direct measurement of U-value
(thermal transmittance)

Part 3. Method for measurement of photometric and
radiometric properties in the solar spectral region

For some time the need for a method for calculation of
thermal transmittance has been felt by the manufacturers
of low-emissivity coating on glass.

Calculation methods are already used extensively by the
professional institutions for the evaluation of thermal
properties.

This part provides a consistent basis for the calculation of
the U-value of combinations of glass, with and without
coatings, with air filling or certain gas filling, as used in
sealed units or in coupled windows. The Technical
Committee responsible for this Part is of the opinion that
the calculation method given will enable producers to
describe U-values on a comparable and fair basis.

The method has been made as simple as possible, consistent
with accuracy.

The U-value of the glazing derived by this method can
also be used in conjunction with the U-values of the
opaque elements of the building, including the window
frames and sashes, for evaluating the total heat loss from
the building.

It should be noted that the overall performance of a
window depends also on the frame and edge effects which
are specifically excluded from this Part of BS 6993.

Frame and edge effects are dealt with in BS 874 : Part 3 :
Section 3.1.

The U-value obtained by the method given is suitable for
calculating the average or the total heat flux through the
glazed area. Convection in the gas spaces in double or
multiple glazed units will give rise to variations in surface
temperatures, and such variations should be taken into
account in any assessment of the likelihood of condensa-
tion on the inside (room) surface of the glazing.

BS 874 : Part 3 : Section 3.1 describes the construction
and use of a hot box apparatus for the measurement of
U-values. The U-value measurement of a window is
described in appendix C of BS 874 : Part 3 : Section 3.1 :
1987.

BS 6993 : Part 2 (now in preparation) will describe

the application of the hot box apparatus, and the
conditions of test required, to determine the U-value of
the central part of the glazing. This will provide an
alternative to the calculation method, which may also be
used where the construction of the glazing makes
calculation inappropriate.

Compliance with a British Standard does not of itself
confer immunity from legal obligations.
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Method

1 Scope

This Part of BS 6993 specifies a method for calculating
the U-value (thermal transmittance) in the central area of
single, double and multiple glazing with uncoated, a single
coated or two coated low-emissivity surfaces bounding the
spaces. This method sets out standardized values for all
parameters other than the emissivities of the glass coatings
and the mean separation of the glass panes. The edge
effects due to the thermal bridge through the spacer of a
sealed glazing unit or through the window frame are not
included.

Appendix A specifies a method for the measurement of
emissivity.

Appendix B specifies gas properties.

Appendix C specifies exterior and interior heat transfer
coefficients.

Appendix D gives an example of U-value calculation for
standardized values.

NOTE. The titles of the publications referred to in this standard
are listed on the inside back cover.

2 Definitions

For the purposes of this Part of BS 6993 the following
definitions apply.

2.1 thermal transmittance (U-value) ™. The heat flux
density through a given structure divided by the difference
in environmental temperatures on either side of the
structure in steady-state conditions.

*Repeated from BS 874 : Part 1.
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2.2 environmental temperature, effective ambient
temperature®. The environmental temperature influencing

a surface is a suitably weighted mean of the adjacent air

(or other fluid) temperature and the mean radiant
temperature of the surroundings, in order to indicate
correctly the change in heat flow rate to or from the surface
for a small change in surface temperature. For a fluid
opaque to radiation, the effective ambient temperature is
the same as the fluid temperature.

2.3 emissivity (€)*. The ratio of radiant existence of a
thermal radiator to that of a full radiator (black body) at the
same temperature.

2.4 normal emissivity. Emissivity for radiation normal
to the surface.

2.5 hemispherical emissivity. Emissivity for radiation
integrated over a solid angle of 2 steradians.

2.6 effective emissivity. That value of € which when
inserted in equation (8) of 4.4 of this standard will
correctly indicate the net radiation interchange between
the two surfaces, where these surfaces are infinite parallel
planes.

2.7 standardized value. Value that is normally used in
calculations, but that allows the use of other values when
this is justified by particular circumstances.
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3 Symbols
Symbol Description Unit
Py black body spectral energy distribution W/pm
Cp specific heat of gas J/(kg-K)
c constant
¢ constants in Plank’s spectral energy distribution W-pm? or W-cm*

constants in Plank’s spectral energy distribution
thickness of layers of glass (or alternative glazing material)
emissivity of surfaces

gravitational acceleration 9.81 m/s?

surface heat transfer coefficient

exponent

number of spaces

thermal resistivity of glass (glazing material)
normal spectral reflectance

width of gas space

temperature absolute

thermal transmittance (see 2.1)

fractional volume of component of gas

wind speed

temperature difference

thermal expansion coefficient

gas density

Stefan’s constant 5.67 x 10 8 (1SO standard)
dynamic viscosity of gas

intersurface emittance
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pm-K or cm-K
m

W/(m?-K)

K—l

kg/m?
W/(m?-K*)
kg/(m-s) or Pa-s
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conductivity of gas in space also wavelength W/(m-K)
pm
v wave number cm™!
Dimensionless numbers
Gr Grashof -
Nu Nusselt -
Pr Prandtl -
Subscripts
c convection
e exterior
i interior
f gas (fluid)
h hemispherical
m mean
n normal
r radiation
g space
t total
1,2 first, second etc.
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