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Foreword

ISO (the International Organization for Standardization) is a worldwide fed-
erat ion of  nat ional  s tandards bodies ( lSO member bodies) .  The work of
prepar ing ln ternat ional  Standards is  normal ly  carr ied out  through ISO
technical  commit tees.  Each member body in terested in  a subject  for
which a technical  commit tee has been establ ished has the r ight  to  be
represented on that  commit tee.  ln ternat ional  organizat ions,  governmental
and non-governmental ,  in  l ia ison wi th lSO, a lso take par t  in  the work.  ISO
col laborates c loselv wi th the Internat ional  Electrotechnical  Commission
( lEC) on a l l  mat ters of  e lect rotechnical  s tandardizat ion.

Draft International Standards adopted by the technical committees are
ci rcu lated to the member bodies for  vot ing.  Publ icat ion as an Internat ional
Standard requi res approval  by at  least  75 % of  the member bodies cast ing
a vote.

Internat ional  Standard ISO 10293 was prepared by Technical  Commit tee
ISO/iC 160, G/ass in building, Subcommittee SC 2, Use considerations.
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INTERNATIONAL sTANDARD ◎ |so ∶sC冫10293∶1997(E)

Glass in building - Determination of steady-state U values
(thermal transmittance) of multiple glazing - Heat flow meter
method

1 Scope

This Internat ional  Standard speci f ies a measur ing method used to determine the Uvalue ( thermal  t ransmit tance)  of
mul t ip le g laz ing wi th f la t  and paral le l  sur faces.  Structured sur faces,  e.g.  pat terned g lass,  may be considered to be
f  la t .

This  ln ternat ional  Standard appl ies to mul t ip le g laz ing wi th outer  panes which are not  t ransparent  to  far- in f rared
radiat ion which is  the case for  normal  g lass.  However,  in ternal  e lements may be far- in{rared t ransparent .

This ln ternat ional  Standard a l lows the U value in  the centra l  area of  the mul t ip le g laz ing to be determined.  Edge
ef fects,  due to the thermal  br idge through the spacer of  a sealed g laz ing uni t  or  through the f rame are not  inc luded.
Furthermore,  energy t ransfer  due to solar  radiat ion is  not  taken into account .

The determinat ion of  the U value is  per formed for  condi t lons which wi l l  correspond to the average s i tuat ion for
g laz ing in  pract ice.  In  th is  way a fa i r  compar ison between d i f ferent  products is  possib le.

2 Normative references

The fo l lowing standards conta in prov is ions which,  through reference in th is  text ,  const i tu te prov is ions of  th is
Internat ional  Standard.  At  the t ime of  publ icat ion,  the edi t ions indicated were val id .  Al l  s tandards are subject  to
revislon, and parties to agreements based on this International Standard are encouraged to investigate the pos-
srb i l i ty  of  apply ing the most  recent  edi t ions of  the standards indicated below. Members of  IEC and ISO mainta in
registers of  current ly  va l id  Internatronal  Standards.

ISO 8301 '.1991 , Thermal insulation - Determination of steadv-state thermal resistance and related orooerties -
Heat flow meter aDDaratus.

ISO 8302:1991 , Thermal insulation - Determination of steady-state thermal resistance and related properties -
Guarded hot plate apparatus.

lSO l0292:1994, 6/ass in building-Calculation of steady-state IJ values (thermal transmittance) of multiple
glazing.
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The U value of glazing characterizes the heat transfer through the central part of the glazing, i.e. without edge
effects, and def ines the steady-state density of heat transfer per unit of t ime, per surface area and per temperature
difference between the ambrent temperatures on each side. The U value is given in watts per square metre kelvin
lW(mz K)].

The U value depends on the thermal resistance of multiple glazing and the external and internal surface heat
transfer coeff icients accordinq to the relation:

where

rt is the thermal resistance of multiple glazing, in square metres kelvin per watt [(m2.K/lN)]'

/r, is the external surface heat transfer coefficient, in watts per square metre kelvin [W(m2.K)l;

hi is the internal surface heat transfer coefficient, in watts per square metre kelvin tW(mz.K)}.

In accordance with this international Standard, the thermal resistance of multiple glazing is measured using the
heat f low meter method. The U value is then derived from equation (1).

ISO 10293:1997(El

3 Basic eguations and units

4 Brief outline of the measuring method

The thermal resistance of the multiple glazing is determined by means of the heat f low meter
ISO 8301,  the deta i led recommendat ions of  which shal l  be compl ied wi th.

Within this context further requirements are necessary. The sizes o{ the test specimens and
the measurernents are la id down to meet  specia l  requi rements for  measur ing mul t ip le g laz ings
8  and  9 ) .
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method laid down in

the performance of
( see  c lauses  5 ,  6 .7 .

5 Test apparatus

The single-specimen apparatus with symmetrical configuration or a double apparatus as shown in figure 1 shall be
used for the measurement of the thermal resistance of the specimen.

The single-specimen apparatus consists of a heating unit and a cooling unit between which the specimen or a
reference sample for the calibration of the apparatus is sandwiched. The cooling unit shall have surface dimensions
as large as those of the heating unit.

A heat {low meter is positioned in the centre of the hot plate surface and the cold plate surface. These heat f low
meters face each other on either side of the specimen or the reference sample. A thin natural or synthetic foam
rubber sheet is placed on each side of both heat i low meters to ensure suff icient thermal contact. Surface contact
is obtained by applying pressure. The foam rubber sheets shall have the same surface area as the heating unit.

The double apparatus consists of heating unit and tovo outer cooling units. The heating unit is sandwiched between
the specimen and a control sample. For calibration, a reference sample shall be introduced at the position of the
specimen. Heat flow meters are placed on each side of the reference sample/specimen and the control sample. A
thin foam rubber sheet is placed on each side of each heat f low meter to ensure sufficient thermal contact. The
surface dimensions of all elements and the positioning of the heat f low meters in the central area of the assemblv
are the same as for the singl+specimen apparatus.

2
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Dimensions in mil|imetres

a) Slngte-speclmen apparatus

[ on t r o l  samp [e

Hea t i ng  un l t

Re te rence  samp te / spec imen

b) ooubte apparatus

I|]]'TTTTTTTTTTTTITTfiI Mefenins section of the heai ftow meter

-== Protect ive matef  ia l .
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Figure 1 - Configuration of test apparatus
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The heating unit, for both types of apparatus, shall be of such a size as to completely cover the surface of the

reference sample/specimen and, in the case of the double apparatus, of the control sample. Heat losses from the

outer edges of the heat f low meter shall be restricted by edge insulation or by controll ing the surrounding air

temperature or by both.

The metering section of the heat f low meters, for both types of apparatus, shall have a minimum surface area of
75 cm2 and shall be circular or square. The maximum surface area of the metering section shall l ie within an area of
50 cm x 50 cm. The metering section shall be surrounded by protective material, consisting of the same core
material of the same thickness (with a tolerance of + 0,1 mm). which covers the whole surface area of the sample
( f igure 1) .

Thermocouples shall be mounted in pairs so that they are positioned to face each other and shall have direct
contact with the surfaces of the reference sample/specimen and, in the case of the double apparatus, the control
samole.

At least three thermocouple pairs shall be used. One pair shall be positioned in the centre of the metering section
of the heat f low meters. The two other pairs shall be positroned diametrically opposite at a distance from the
centre equal to 2/3 of the distance from the centre of the metering section to its perimeter. Additional pairs of
thermocouples may be arranged in such a way that an optimum cover of the metering area is achieved.

6 Calibration of the test apparatus

The heat f low meter method is a relative measuring method since the ratio of the thermal resistance of the
specimen to that of a reference sample is evaluated. The thermal resistance of the reference sample must be
determined separately in accordance with ISO 8302 using the guarded hot plate apparatus. The reference sample
shall consist of a homogeneous, non hygroscopic material and shall have flat parallel surfaces and a heat resistance
comparable to that of the specimen to be measured.

The density of heat f low rate transferred through the heat {low meter is computed from the potential difference
generated and the mean temperature of the heat f low meter metering section according to the equation

a = (c, + c2Tn) v

where

q is the density of heat flow rate, in watts per square metre;

C1 is a constant, in watts per square metre volt;

C2 is a constant, in watts per square metre volt kelvin;

7- is the mean temperature of the heat flow metering section, in kelvins;

v is the potential difference, in volts.

The constants C'1 and C2 of the heat flow meter shall be determined by calibration using a reference sample.

lf measurements are pedormed with the single-specimen apparatus, calibrate both the single-specimen apparatus
and the guarded hot plate apparatus, by measuring the re{erence sample, with appropriate regularity.

lf measurements are per{ormed using the double apparatus, the control sample is used to obtain an immediate
control whenever a general calibration shift of the apparatus occurs.

7 Specimen dimensions

The specimens shall be square and preferably be 800 mm x 800 mm. The maximum range is from
750 mm x 750 mm to 850 mm x 850 mm.

(2)
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Sizes down to 450 mm x 450 mm may be used if i t can be shown that no significant convection occurs in the gas
space(s) and that the errors occurring are not greater than those allowed for the 800 mm x 800 mm arrangement.
For example, possible errors due to lateral heat f low through the glass of the specimen must be carefully
contro l led.

For  specimen s izes less than
(see c lause 5)  shal l  be chosen
by the meter ing sect ion.

The srr r face of  the soccimens! ' , v  v P v r

800 mm x 800 mm the maximum allowed metering section of the heat f low meter
such that  on a l l  s ides there is  an edge width of  at  least  100 mm that  is  not  covered

must  be f la t  and paral le l .

I Preparation of specimens

The sum of bowing or dishing of the outer panes in the central area of the specimens shall not exceed 0,5 mm. The
check of bowing or dishing effects shall be carried out

- after cooling the specimens unti l isothermal equil ibrium is reached at ' l  0 'C and

- by measuring immediately before the specimens are positioned in the measurement apparatus.

In the case of excessive bowing, a correction o{ the thickness of the specimens in the central area may be made by a
corresponding pressure change. In the case of excessive dishing, a correction by insertion of air, for gas fi l l ings except air,
is only allowed if the required correction does not exceed 0,5 mm.

I Measurements

The measurements are usual ly  made wi th the specimen ver t ica l .

Measurements may a lso be carr ied out  for  other  angles of  inc l inat ion,  for  example wi th the specimen hor izonta l .
The inc l inat ion and the d i rect ion of  heat  f  low (upward or  downward)  shal l  be indicated in  the test  repor t .

Measurements are per formed wi th the specimens at  a mean temperature of  (10i0,5)  "C.  The mean temperature
di f ference between the hot  and the cold sur faces of  the specimen is  (15 + 1) 'C.

10 Calculation and expression of results

10.1 Thermal resistance of mult iple glazing

The thermal  res is tance of  the g laz ing,  R,  in  square metres kelv in per  wat t ,  is  ca lculated f rom:

R =2\T - rr) I (ot + az)

wnere

q1 is the density of heat f low rate measured by the heat f low meter positioned at the warm side of the
specimen,  in  wat ts  per  square metre;

q2 is the density of heat f low rate measured by the heat f low meter positioned at the cold side of the
specrmen,  In wat ts  per  square metre;

is the mean temperature of the hot surface of the specimen, in kelvins;

is the mean temperature of the cold surface of the specimen, in kelvins

(3)
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10.2 U value

The U value is  ca lculated f rom equat ion (1) .

For  normal  mul t ip le g laz ing,  i .e .  g laz ing wi thout  a low-emiss iv i ty  coat ing on the outer  sur face of  the g laz ing in  a
vertical position, the following values for the surface heat transfer coefficients shall be used for the purpose of
compar ing U values:

internal surface heat transfer coefficient, l i  = 8 W/(m2.K),

external surface heat transfer coefficient, he = 23 W(m2.K).

NOTE - The reciprocal values of h" and i;, expressed to two significant decimals are as follows:
1/ hs = Q.Q4 mI KAN and 1/ hi = 0,13 m2.K^/1/.

For  mul t ip le g laz ing wi th a low-emiss iv i ty  coat ing on i ts  outer  sur face adjacent  to the inner  room, h; ,  in  wat ts  per
square metre kelv in,  is  modi f ied according to the equat ion:

4  = 3 , 6  + a , a ( e  1 0 , 8 3 7 )  . . .  ( 4 )

where

e is the corrected emissivity of the surface for room temperature radiation (e = 0,837 for f loat glass).

The corrected emiss iv i ty  shal l  be determined in accordance wi th ISO jO2gZ.

NOTE - Values of e lower than 0,837 (due to low-emissivity coatings) are only to be taken into account if water condensatron
on the coated surface can be excluded.

lmprovements of  the U value due to external ly  coated sur faces wi th a modi f ied emiss iv j ty  are not  taken into
account

lf other values of h" and /r; are used to meet special boundary conditions, these values shall be indicated in the test
reoort.

11 Test report

The test report shall state the following elements:

a) identif ication of the specimens:
length,  in  mi l l imetres,

wldth,  in  mi l l imetres,

thickness measured at the edges, in mill imetres,
th ickness of  the g lass panes,  in  mi l l imetres,

th ickness of  gas space(s)  measured at  the edges,  in  mi l l imetres,
type of gas fi l l ing,

position of lR-reflecting coating(s),
bowing or  d ish ing in  the centra l  area,  in  mi l l imetres,
corrected emissivity of surface adiacent to the inner room;

b)  cross-sectaon of  the specimen:  a f igure shal l  show the st ructure of  the specimen lposi t ion and th ickness of
glass panes' position and thickness of gas space(s), type of gas fi l l ing, position of internal foils, position o{ lR-
ref lect ing coat ing(s)  etc . l ;

c)  measurementresul ts :

mean sur face temperature on the hot  s ide of  the specimens,  in  kelv ins,

6
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rnean sur face temperature on the cold s ide of  the specimens,  in  kelv ins,

mean temperature difference between the hot and cold sides of the specimens, in kelvins,

mean temperature of  the specimens,  in  kelv ins,

thermal resistance in square metres kelvin per watt (to three significant f igures),

hi and hs, in watts per square metre kelvin, if non-standardized values have been used,

the angle of  inc l inat ion of  the g laz ing,  and the d i rect ion of  heat  f low (upward or  downward)  i f  the g laz ing is
not vertical,

U value in  wat ts  per  square metre kelv in ( to one decimal  p lace) .
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Descr iptors:  construct ion mater ia ls.  thermal  insulat ion,  g lass,  p late g lass,  g lazing,  mul t ip le g lazing,  tests,  determinatron,  thermodynam
propert ies,  thermal  t ransmrt tance,  thermal  measurement,  mesurage thermrque.
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