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1. BACKGROUND

.............

In recent years there has been an increasing demand for precise U-value measurements of
building components and structures. That demand has been driven by the rigorous energy
conservation legislation being implemented by developed countries around the world. This
has been in response to concern over the long term damaging effects on the environment of
emissions from fossil fuels as well as the traditional interest in reducing national
expenditures on energy.

The measurement of window and door V-values, however, had for a long time posed the
measurement community with special difficulties. Therefore, in response to the demand for
precise V-value measurements of these types of products, CEN and ISO decided to draft a
hot-box measurement standard incorporating a measurement procedure that had evolved
from the experience gained from previous international intercomparisons of hot box
measurements[l].

The CEN and ISO draft standards that specify the hot-box measurement procedures for
determining the U-values of window and door systems are:

prEN 12412-1
150/D15 12567

-Drafted by CEN TC89/WG7
-Drafted by ISO TC163 TCl/WG14.

The two groups worked together to draft these standards which are the same except for an
annex in the ISO standard which specifies an additional procedure for deriving the heat
flux through the calibration panels.

I.....

By May 1996, these two standards were nearly complete and the members of the ISO
working group decided to carry out a measurement intercomparison using a U-PVC
framed, double glazed window that had been used by the NPL in another project. The
drawings and material specifications for that window were therefore available and the U-
value of the window had been simulated by the Centre for Window and Cladding
Technology (CWCT) using the procedures specified in prEN 10077-2 and prEN 673.

.........

2. DESCRIPTION OF THE WINDOW

Size 1.48 m x 1.23 m

Frame type U-PVC frame, 3 chamber with steel reinforcement in the mullion.

Design One fixed light, one side-hung light and one top-hung light

Glazing Air-filled, 4 rnm/ 16 mm air gap/ 4 mm glazing unit (IOU). One
pane was of float glass and the other of Pilkington K glass. The
IOU was fixed in the frame so that the 10w-E surface was on the
warm side. The normal hemispherical emittance of the Pilkington
K had been measured at the NPL [10] to be 0.145.

Spacer bar Desiccant-filled aluminium type.

I.

Drawings showing the main dimensions
Figure 2.

of the different frame sections are given in
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Detailed drawings and material properties can be seen in Annex A.

.

3. SUMMARY OF THE MEASUREMENT METHOD

.

The measurement procedure specified in ISO/CD 12567 and CEN prEN 12412-1 (May
1996) was used. This is an air-to-air method, requiring no surface temperature
measurements of the window being tested.

...

The procedure requires a schedule of hot-box measurements on two different thicknesses of
glazed, calibration panels, each at three different temperature conditions. The calibration
panels comprise a core of expanded polystyrene sandwiched between sheets of 4 mm thick
float glass. The thermal conductance of the calibration panels were determined by
measuring the thermal conductivity of the expanded polystyrene material in standard
guarded hot-plate apparatus and measuring the average thickness of the calibration panels
after they were made.. The design, construction and application of these calibration panels
were investigated by five organisations as part of a recent EU SMT Project 3032 [2].

....

From the data obtained from the measurements on the calibration panels, three graphs are
produced from which the following parameters are derived:-

.

The heat flux density through the holder panel, including any boundary loss around the
reveal.

..

.The environmental temperatures in both the hot and cold chambers.

.

A correction that is applied to compensate the measured U-value for the change in
surface resistance that resulted from changing the heat flux density, from the value used
to establish the air flow conditions that produced a total surface resistance of
0.17 m2.K/W with the thin calibration panel, to the heat flux density used when
measuring the window.

...

The test is carried out at a mean temperature of approximately 10 °C with an
environmental temperature difference of 20 K:t I K.

..

The air flow must be such as to produce a total surface resistance (hot side + cold side) of
0.17 :t 0.01 m2.K/W for the 20 rnrn thick calibration panel at the standard temperature
conditions described above.

.

4. mEPARTICIPANTS

....

The following laboratories took part in this intercomparison.
NPL UK Ray Williams
EMP A Switzerland Thomas Nussbaumer
IFf Germany Hans Hartmann
FIW Germany Johannes Cammerer
TNO Netherlands Dick van Dijk
Tech Univ. Denmark Svend Svendson
Swedish Testing Institute Sweden Bertil Jonsonn
NRC Canada Hakim Elmahdy -not yet measured.
University of Mass. USA Bill Goss -not yet measured.

...
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The phone, fax numbers and addresses are given in Annex D.

.

The North American Laboratories had not completed the hot-box measurements before this
report was published. Their results will be added later.

..

5. EXPERIMENTAL DETAILS AND RESULTS

..

5.1 Transportation of the Window

A strong wooden box was made to house the window as it was transported around Europe and
North America. The window was dispatched from the NPL to EMP A on the 27th May 1997.

I..

5.2 Description of the hot-box apparatus used

A description of the hot-box apparatus used to carry out the measurements is given in
Table 1.18

18
Table I

I.

Description of hot-box apparatus used by the measurement laboratories

.................

5.3 Calibration measurements

Each laboratory had to make two glazed calibration panels and carry out the six calibration
measurements as specified in ISO/DIS 12567. TNO did not make the calibration panels
but extrapolated the results of the measurements they made on two 1.2 m x 1.2 m
calibration panels, made for the SM&T Project 3032[2]. The three calibration curves
derived from the hot-box measurements on the glazed calibration measurements are given
for each laboratory in Annex B, Figures 11 to 15. The graphs produced are as follows:
Surround panel heat trannsfer coefficient (Hsur / W/m1 vs Heat flux density (qc)

A detailed description of the NPL calibration measurements is given in NPL Report
QMl15 [3].

18

18
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5.4 Measured V-values

.

A summary of the measured U-values is given in Table 3. The detailed measurement data
for each laboratory are given in Annex C, Tables 6 to 12.

..

5.5 Measurement uncertainty

The analysis of the measurement uncertainty associated with hot-box measurements using
this procedure is complex and is currently being discussed by ISO TC 163 WG14 who are
preparing an addendum to ISO 8990 concerning error analysis.

.

An error analysis of the NPL Wall Guarded Hot Box was undertaken using the procedures
specified in the UKAS document M3003 -"The expression of uncertainty and confidence
in measurement". This document complies with the requirements of the "ISO Guide to the
expression of uncertainty in measurement". The V-value measured by the NPL is therefor
correctly expressed as:-

"1.9 :t 0.14 W/m2.K The reported expanded uncertainty is based on a standard
uncertainty, multiplied by a coverage factor k = 2, providing a level of confidence of
approximately 95%."

The CEN/ISO hot-box procedures based on the measurement of glazed calibration panels,
is insensitive to errors in the calculated conductance of the calibration panels. The
sensitivity of the three parameters to the calculated thermal conductance of the glazed
calibration panels can be seen in Table 2. This table is taken from NPL Report
CBTM 2 [2].

.

Table 2 The sensitivity of Rtot, Hsur and F to the calculated thermal
conductance of the glazed calibration panels.

Because the effects of the calculated thermal conductance of the calibration panels on the
surround panel heat transfer coefficient (Hsur) and on the convective fractions (Fj and Fe)
are opposed to each other, the measured U-value only changes by 1 % for a 5% change in
the calculated thermal conductance of the glazed calibration panels (for the NPL situation).
This insensitivity contributes to the low overall uncertainty of the method (for the NPL
situation) of about:l:7 .5%.
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.

5.6 Simulated V-values

.

The U-value of the window system has been simulated by the Centre for Window and
Cladding Technology (CWCT) and the University of Massachusetts, using the drawings and
material data supplied. The calculated and simulated U-values are shown in Table 4 as well
as details of the software and procedures used. The centre of glazing U-value was obtained
using the calculation procedure specified in prEN 673 or ISO 10292.

....

Table 4 Simulated V-values

........

6. DISCUSSION

..

6.1 Measured values

.

A summary of the measured values can be seen in Table 3 and the graph shown in Figure 1.
The values measured by the laboratories with hot box apparatus can be seen to be within
about :t 2% of a value of 1.92 W/m2.K .The exception was the TNO value which was
measured using a P ASSYS Cell plus a cold box. But despite the added complexity and
intrinsic uncertainties that are associated with this apparatus their value was within 6.5% of
the mean measured value. The total spread between U-values measured in the hot-boxes was
2.6 % and if the TNO PASSYS Cell value is included the maximum spread of measured
U-values is 7.8%.

.....

This agreement is significantly better than would be expected from the individual
measurement uncertainties assigned to these measurements by the different laboratories (see
section 5.5).

..

In a previous round-robin exercise, organised by the EU-BCR, to intercompare hot-box
measurements of window U-values[1] the spread in the standardised U-values measured was
26% (or 14% if the highest and lowest values were disregarded). The values obtained in this
exercise represent a substantial improvement.

....
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Figure 1 Graph summarising the measured V-values

I..........18

18

............

6.2 Simulated and calculated V-values

The simulated U-values are given in Table 4. The simulated U-values produced by both
organisations are very close to the mean measured value of 1.92 W/m2.K. The value
produced by the CWCT was 3.1% higher than the mean measured value and the value
produced by the University of Massachusetts was 0.5% lower than the measured value.
However, CWCT followed the requirements of prEN 10077-2 when carrying out the
simulation and some of the assumptions made are to ensure that simulated values are always
slightly higher than the measured value.

The simple calculation using the procedures specified in prEN/ISO 10077-1 that was carried
out by CWCT, produced a U-value that was only 5.2 % higher than the mean measured value.

The simulations carried out by CWCT were part of a larger project, summarised in NPL
Report CBTM 2. As part of that project, CWCT simulated the U-value of a variety of
frame sections (including the frames used in this window) using the software package
THERM, produced by the Lawrence Berkley Laboratories. The results of those simulations
are given in reports CWCT/NPL_QM/5[6] and NPL Report QM 131[6]. The U-values
simulated for the U-PVC frame sections using THERM were almost identical to those
obtained using ANSYS.

18,.I.I.I.
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6.3 Changes made to the draft standard since this intercomparison

..

Since this Round-robin was carried out there have been two fairly significant changes made
to the draft standards. The fIrst was in response to the request by many countries to adapt
the method to allow hot-box measurements to be carried out on a range of window sizes
using the measurement data obtained from hot-box measurements of just one set of
calibration panels. This was achieved by including in the standard, tables of the linear
thermal transmittance values 'l'edge (W /m.K), simulated for different thickness of window and
different thicknesses and thermal conductivity values for the surround panel. The
measurements made with the calibration panels give a base figure for the heat flux density
through the surround panel. That figure is then modified with the appropriate ",edge value.

....

The other change is that instead of the calibration panels being mounted 25 rom from the cold
face of the surround panel they are mounted 40 rom from the hot face of the surround panel.
Neither of these changes is considered likely to have a significant effect on the accuracy of
the measurement procedure.

..

7. CONCLUSIONS

The excellent agreement between the U-values measured by the seven European laboratories
is a clear validation of the measurement procedures specified in ISO/DIS 12567 and
prEN 12412-1 standards. The agreement achieved was in all cases within the estimated
measurement uncertainties quoted by the different laboratories and the agreement between all
but one of the laboratories was significantly better than the stated measurement uncertainties
would have allowed.

..

It has been shown that the measurement procedure is not critically dependent on the
precision of the calculated thermal conductance of the glazed calibration panels. The
measurement procedure has the added advantage of eliminating some systematic errors
(perhaps previously unidentified) by including those errors into the heat transfer coefficient
(Hsur) of the surround panel.

The results of the two U-value calculation and simulation exercises were also very
encouraging. The simulated values were particularly good, showing very good agreement
with the measured U-values. The U-value produced by the simple calculation method
specified in prEN 10077-1 was actually rather too close to the measured value, being only
6.3% higher than the measured values and so is in danger of not ensuring that the simple
calculation produces a pessimistic U-value.
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Drawings of the window sections and details of the materials9. ANNEX A
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Table 5 Thermal conductivity of the materials used in the U-PVC Window Frames

..

Material code Material description Thennal conductivity

W/m'K

..

PI PVC-U 0.16

.

P2 EPDM 0.25

.

P3 0.12
G4

Vinyl (flexible)

Float glass

Cavity

1.0
P5 0.21
G6 Cavity -16 rnm air + Ilow E 0.0375

.

G7 Silicone sealant 0.35

.

P8 0.127

.

09 0.24
GIO 0.13

.

PII 0.065

G12 200

P13

Cavity

Hot melt butyl

Silica gel

Cavity

Aluminium alloy

Mild steel 50

P14 Cavity
, ,

Cavity
, Cavity

Cavity
, Cavity

, ""...,...

Cavity

Cavity

Cavity

Cavity

Cavity

0.132

P16 0.035

P19 0.03

P22 0.06

P27 0.11(v)
,

0.14P30

P33 0.07

P38 0.055
P41 0.045

PM 0.155
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18

Figure 3 Dimensions of Frame A
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Figure 5 Dimensions of Frame B
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Figure 7 Dimensions of Frame C

All dimensions in mtn
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Figure 8 Materials used in Frame C
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Figure 9 Dimensions of Frame D

All dimensions in mm
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10. ANNEX B The graphs from the calibration panel measurements
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TNO surround panel heat exchange coefficient
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Figure 15 TNO -Calibration graphs
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11. ANNEX C Measurement data for each laboratory
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. 22.96L
l~; 1.34
20.87
21.00

2.29
2.36
2.36, 

22.28I

2.67 19.61

12.48I 

11.68I 
1.845
80.90

.

12.48
12.48
12.48

37.470

21.29
2.36
22.04
2.30
19.74
1.899
0.170
1.90

NPL MEASUREMENT AND CALCULATION DATA FOR UPVC ROUND ROBIN WINDOW

Measured by NPL Window size (1.48 m x 1.23 m nominal size)
i'anellD TT090
~urround panel thickness mm 150.0

\MEASURED VALUES
Hot side values
Air temp (OC)
Baffle temp (OC)
Keveal temp rC)
Element surface temp (OC)
'Cold side values
lAir temp (OC)

Baffle temp rC)

Element surface temp ("c)

Hot side temp (OC)
Cold side temp (OC)
Difference temp (OC)
Mean temp surround rC)
Mean temp of test element rC)
Area (m2)
i'ower to hot box (W)
CALCULA nONS Equation from calibration data
Hsur -with cal panel thickness 67.98 mm (0.614664-(0.001169'MeanT»
IHsur -with cal panel thickness 19.69 mm (0.572202-(0.OOO898'MeanT»
Hsur -with test element 68.00 mm mean temp IHsur =
Il'ower density throu~h the test element W 1m2
mvironmental Temperatures Equation from calibration data
Cold side convective fraction (0.850002+(0.OOO194'Hfd»
Hot side convective fraction (0.3B4906+(0.001643'Hfd»
Mean hot radient temp Calculated elsewhere OC
Mean cold radient temp (Assumed to be the same as baffle temp) OC
Hot environmental temp OC
Cold environmental temp OC
mvironmental temperature difference DC
U-value CEN &. measured directly Equation from calibration data W Im2.K
rot surface res. from (0.20333-(0.02144'LOG(Hfd») m2.K/W
Standardised U-value (Total surface resistance = 0.17 m2.K/W) W Im2.K

I.I.I.

NPL Hot box measurement dataTable 6

I.

I-
I-

I.I.I.I.

18

I.I.I.

0.6001
0.5610
0.6001

0.8573
0.4465

~
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SP MEASUREMENT AND CALCULATION DATA FOR UPVC ROUND ROBIN WINDOW

.

IMeasured bV -== SP- IWindow size (1.48 m ~ 1.23 m nomina~size)

.

TTO9O

150.0

.

(OC)
(oq
(OC)

(OC)

.

20.46
19.45
18.22

.

MEASURED VALUES
Hot side values

Air temp
Baffle temp
Reveal temp
Element surface temo

(OC)
(OC)

(OC)

0.17
0.32

I

COld side values

jAil temp
IBaffle temp
!Element surface tem~

(OC)
(OC)
(OC)
(OC)~
(m2)
(W)

19.67
0.39
19.28
10.03

Surround l2an~1 valu~"

Hot side temp
Cold side temp
Difference temp
Mean temp surround

0.00
1.8204
74.92

Mean temp of test element
Area
Power to hot box

Equation from calibration data

(O.3807+(O.OO27"MeanT»
(O.3853-(O.OOO9*MeanT»
mean temp/Hsur =

CALCULAnONS

Hsur -with cal panel thickness 57.9 mm
Hsur -with cal panel thickness 20.5 mm
Hsur -with test element 68.00 mm
Power d~ty_t:!!r~~h the test element

10.03
10.03
10.03

36.835

0.4078
0.3763
0.4080

W/m2

0.8150
0.4805

19.32
0.32
19.87
0.20

19.67
1.873

0.1764

1.90

cnvironmental Temperatures Equation from calibration data
Cold side convective fraction (0.7833+(0.00086*Hfd»
Hot side convective fraction (0.40869+(0.00195*Hfd»
Mean hot radient temp Calculated elsewhere °C
Mean cold radient temp (Assumed to be the same as baffle temp) °C
Hot environmental temp °c
Lold environmental temp °c

I=nvi~onmental temperature difference °c
V-value CEN & measured directly Equation from calibration data W /m2.K
Tot surface res. from (0.219*(Hfdl\-O.06» m2.K/W
~tandardised V-value (Total surface resistance = 0.17 m2.K/W) W /m2.K

Table 7 SP Hot box measurement data

......
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EMPA MEASUREMENT AND CALCULATION DATA FOR UPVC ROUND ROBIN WINDOW

IMeasured by EMPA IWindow size (1.48 m x 1.23 m nominal size) -

.

TTO90

100.0

.

.
~ ---

IPaneIID---
ISurround panel thickness mm
MEASURED VALUES
Hot side values

Air temp rC)
Baffle temp (OC)
Reveal temp (OC)
tElement surface temp (OC)

21.57
20.75
19.34
17.16

Cold side values

lAir temp

]Baffle temp
!Element surface temD

.

(OC)
(OC)

(OC)

0.53
0.68
2.59

....

.

.

20.66
0.82
19.84
10.74
"'9:ss-
1.82
78.68

10.74
10.74
10.74

39.524

0.3400

0.3400

...

...
0.7903
0.4936

20.69
0.68
21.12
0.56
20.56
1.922
0.171
1.93

---
~urround panel values

Hot side temp (OC)
ICold side temp (OC)
Difference temp (OC)
Mean temp surround (OC)
Mean temp of test element (OC)
Area (m2)
t'ower to hot box (W)
CALCULA nONS Equation from calibration data

Hsur -with cal panel thickness 59.2 mm 0.310538715254224+ Is 0.0002015
Hsur -with cal panel thickness -mm
Hsur -with test element 68.00 mm mean temp/Hsur =

,Power densi throu h the test element W 1m2
Environmental Temperatures Equation from calibration data
Cold side convective fraction 0.71255716063276+9: 0.0055121
Hot side convective fraction 0.523977421568551+!-0.003637
Mean hot radient temp Calculated elsewhere °C
Mean cold radient temp (Assumed to be the same as baffle temp) °C
Hot environmental temp °C
Cold environmental temp °C
Environmental temperature difference °C
U-value CEN & measured directly Equation from calibration data W Im2.K
ITot surface res. from calibration data 0.150634602691884+g3 1.0032055 m2.K/W
IStandardised U-value (Total surface resistance = 0.17 m2.K/W) W Im2.K

I.I.

I- Table 8 EMP A Hot box measurement data

I.I-I.I-I.I.I.I.
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TNO MEASUREMENT AND CALCULATION DATA FOR UPVC ROUND ROBIN WINDOW

.

'Measured by TNO IWindow size (l.48mx 1.23m~minalsize)
TTO90
220.0

.

PanellD
Surround panel thickness mm

.

(OC)
rC)
(OC)
(OC)

20.90
18.86

?
?

.

MEASURED VALUES
Hot side values

Air temp
Baffle temp
Reveal temp
Element surface temD

.

rC)
rC)
(~)-

0.52
0.96

?

.

Cold sid~ valu~s

Air temp
Baffle temp
Element surface temp

.

(DC)
(OC)
(OC)
(OC)
(OC)
(m2)

r!!t

.

Surround !Zanel values

Hot side temp
Cold side temp
Difference temp
Mean tem~ surround

19.41

0.91

18.50

10.15

?
1.82

69.30

.

Mean temp of test element
Area
Power to hot box

.

Equation from calibration data
Equation from calibration data
mean temp/Hsur =

10.15
10.15
10.15

34.519

.

68.00 mm 0.3500

CALCULATIONS

Hsur -with cal panel thickness
Hsur -with cal panel thickness
Hsur -with test element
Power density through the test element W/m2

.

0.8700
0.4000

.

18.86
0.96
19.68
0.58
19.10
1.807I 

0.169

1.80

...

Environmental Temperatures
Cold side convective fraction Equation from calibration data
Hot side convective fraction Equation from calibration data
Mean hot radient temp Hot baffle temp °CMean 

cold radient temp (Assumed to be the same as baffle temp) °C
Hot environmental temp °C
Cold environmental temp °C
Environmental temperature difference °C
U-value CEN & measured directly W /m2.K
Tot surface res. from Equation from calibration data m2.K/W
Standardised U-value (Total surface resistance = 0.17 m2.K/W) W /m2.K

...

Table 9 TNO Hot box measurement data

........
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II.

FIW MEASUREMENT AND CALCULATION DATA FOR UPVC ROUND ROBIN WINDOW

.

'Measured by IWinaow size (1.48 m x 1.23 m no~l size)

.

100.0

.

I~anel ID. ...
,Surround panel thickness mm
MEASURED VALUES
Hot side values
Air temp (OC)
Baffle temp (OC)
Reveal temp (OC)
Element surface temp 1°C)

20.88
19.65
19.15
19.76

..

0.85
1.13
1.22

..

.

.

.

.

......

\ 19.61
1.07
18.54
10.34
10.49
1.82

72.071

10.34 0.3219
10.34 0.2303
10.34 0.2260

37.297

Cold side values

Air temp (OC)
Baffle temp (OC)
Element surface temp (OC)
~urround lIanel values

Hot side temp (OC)
Cold side temp (OC)
Difference temp (OC)
Mean temp surround (OC)
Mean temp of test element (OC)
Area (m2)
Power to hot box (W)
CALCULA nONS Equation from calibration data

Hsur -with cal panel thickness 20 rnm Equation 0.3426 -0.002(Tm)
Hsur -with cal panel thickness 60 rnm Equation 0.31299 -0.008(Tm)
,Hsur -with test element 68.00 rnm mean temp/Hsur =

IPower densitY throueh the test element W 1m2

0.8500
0 .4600

Environmental Temperatures Equation from calibration data

!Cold side convective fraction Equation?
Hot side convective fraction Equation?
Mean hot radient temp Calculated elsewhere OC
Mean cold radient temp (Assumed to be the same as baffle temp) OC
Hot environmental temp .C
Cold environmental temp .C
Environmental tern erature difference .C
V-value CEN & measured directly Equation from calibration data W /m2.K

Tot surface res. from Equation? m2.K/W
Standardised V-value (Total surface resistance = 0.17 m2.K/W) W /m2.K

19.63
1.13
20.21
0.89I 
19.31! 

1.931

0.173
1.94

I.I.

FIW Hot box measurement dataTable 10

I.

I-

I.I.

I-
III

I-

I-

I.I.
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DTU MEASUREMENT AND CALCULATION DATA FOR UPVC ROUND ROBIN WINDOW

.

'Measured bV DTU IWindow size (1.48 m x 1.23 m~inal size)
TTO90

170.0

..

(OC)

(OC)

(OC)

(OC)

20.00
19.57
18.29
15.50

.

iMEASURED VALUES
Hot side values
iA "
i Ir temp

Baffle temp
Reveal temp
Element surface temp

.

Cold side values
Air temp
Baffle temp
Element surface temp

(OC)
(OC)lQ

0.08
0.28
1.97

..

(OC)

(OC)

(OC)

(OC)

rq
(m2)
(W)

.

Surround panel values

Hot side temp
Cold side temp
Difference temp
Mean temD surround

19.48
0.63
18.85
10.06
8.74
1.82

70.96

.

M;rea:ntempaftest element
Area
Power to hot box

.

Equation from calibration data

CALCULATIONS

Hsur -with cal panel thickness 68.1 mm
Hsur -with cal panel thickness 28 mm
Hsur -with test element 68.00 mm
Power densitv throu~h the test element

10.06
10.06
10.06

37.498

?
?

0.1440

.

mean temp/Hsur =

W/m2

.

0.8180
0.5170

.

DC

DC

DC
DC

DC

.

19.69
0.12

.

Environmental Temperatures Equation from calibration data
Cold side convective fraction ?
Hot side convective fraction ?
Mean hot radient temp Calculated elsewhere
Mean cold radient temp (Assumed to be the same as baffle temp)
Hot environmental temp
Cold environmental temp
Environmental temperature difference

I

tJ-:vaIuecEN & measured directly Equation from calibration data
Tot surface res. from ?
Standardised U-value (Total surface resistance = 0.17 m2.K/W)

W/m2.K
m2.K/W
W/m2.K

19.29
0.28
19.66
0.12
19.54
1.919
0.163
1.89

....

Table 11 DTU Hot box measurement data

.........



...

35 NPL Report CBTM 5

..

1FT MEASUREMENT AND CALCULATION DATA FOR UPVC ROUND ROBIN WINDOW

Measured bv 1FT Window size (1.48 m x 1.23 m nominal size)

..

200.0

.

22.86
24.67
22.60
n/a

..

.

..
2.94
3.06
n/a

[1'anel ID

:;urround panel thickness mm

MEASURED VALUES

Hot side values

Air temp (OC)
Baffle temp (OC)
Reveal temp (OC)

_Element surface temp (OC)
ICold side values

Air temp (OC)
Baffle temp (OC)
Element surface temp (OC)
~urround panel values

Hot side temp (OC)
Cold side temp (OC)
Difference temp (OC)
Mean temD surround lOCI

22.00
2.67

19.33
12.34

--;v:;
1.82

76.16

?
?

0.225012.34
39.456

0.8480
0.3200

23.85

I 2.96

20.891

1.889 0.183

1.94

I.I.

I-
I- 1FT Hot box measurement dataTable 12

I.I-

III

III

I.I.
18
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12. ANNEX D Telephone & fax numbers and addresses

....................
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.

National Physical Laboratory (NPL)

.

Contact Ray Williams (Coordinator)

.

Centre for Basic and Thermal Metrology
Building 16
Queens Road
Teddington
Middlesex
TWII0LW
UK

..

II

.

.. Tel
Fax
E-mail

++44 (0)1819436510
++44 (0)1819436662

ray. williams@npl.co.uk

...

.

.

.

TNO Building and Construction Research Contact Dick van Dijk

PO Box 29
2600 AA Delft
The Netherlands

Tel
Fax
E-mail

01031152608608
01031152608432
h. vandijk@bouw.tno.nl

I.......

Swiss National Testing Laboratory (EMPA) Contact Thomas Frank / Thomas Nussbaumer

Ueberlandstrasse 129
CH-8600 Duebendorf
SwrrZERLAND

Telephone 0104118235511
Fax 010411 82 16244
E-mail thomas_frank@empa.ch or nussbaumer@empa.ch

.....

Contact Hans Hartmann and Konrad HeiberInstitut fiir Fenstertechnik e. V. (IFf)
Theodor-Gietl-StraBe 9
0-8200 Rosenheim
GERMANY
Telephone 0104980312610
Fax 010498031261290
E-mail info@ift-rosenheim.de

.\8

I-

18I.
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.

Forschungsinstitut fiir Wanneschutz e. V. Munchen (FIW)
Lochhamer Schlag 4
0-82166 Grafelfing,
Germany

Contact J. Cammerer

.

Tel
Fax
E-mail

++49 89 85800 0
++49 89 8580040
No E-mail

NRC-Institute for Research in Construction IRC
Montreal Rd, Building M-24
Ottawa
Ontario
KIA OR6
Canada

Hakim ElmahdyContact

Tel
Fax
E-mail

++16139939673
++16139543733

hakim.elmahdy@nrc.ca

Contact Bill GossUniversity of Massachusetts
Mechanical Engineering Department
Amherst
MAOlOO3
USA

++14135452037
++1413545 1027
goss@ecs.umass.edu

Tel
Fax
E-mail

Contact Bertil JonssonSwedish National Testing and Research Institute (SP)
P.O. Box 857
S-501 15 Borns, Sweden

++4633165160
++4633 413941

Tel
Fax
E-mail

Technical University of Denmark (DTU)
Department of Buildings and Energy
Building 118
OK 2800 Lyngby
Denmark
Tel 45 45 25 1867
Fax 45 45 93 44 30
E-mail kd@ibe.dtu.dk

Contact Karsten Duer / Svend Svendsen

......


