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 ,QWURGXFWLRQ
In relation to the upcoming energy labelling of windows, it is required to document the heat
WUDQVIHUFRHIILFLHQWRIWKHIUDPHDVZHOODVWKHOLQHDUWUDQVPLVVLRQFRHIILFLHQW ZLWKUHVSHFWWR
the connection between the framing and the glazing. Heat transfer in the frame is complicated,
which indicates the necessity of modelling heat transfer in two dimensions. The program
Therm [Therm], which has been developed at Lawrence Berkeley National Laboratory, USA,
is a widely used tool for detailed calculations on frame profiles and the Department of Civil
Engineering at the Technical University of Denmark has gained a considerable knowledge
about the use of this program.
Institut für Fenstertechnisch, Rosenheim in Germany has performed measurements of the heat
transfer coefficient of a PVC based frame profile from the producer PRIMO. In this work,
these measurements is compared to values calculated using Therm at Department of Civil
Engineering, Technical University of Denmark. The calculations are performed in accordance
with the preliminary standard [prEN ISO 10077-2]. However, when measured and calculated
thermal properties are compared, considerably differences has been found. Based on the
obvious difference between calculated og measured results, the following work has been
performed to verify the basis for detailed calculations of PVC based frame profiles, and to
ensure a realistic heat transfer coefficient as output from the detailed calculations.
All calculations on frame profiles are based on the preliminary standard [prEN ISO 10077-2]
and [ISO/DIS 15099].
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 3URILOH
The profile considered in this work is a PVC-based frame profile from the producer Primo. The
frame profile is stabilised by two internal steel profiles. The profile contains a number of
cavities which has a large influence on the thermal performance of the profile.
The profile is shown in figure 1 below.

Figure 1, PVC-based PRIMO profile
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 ([LVWLQJPHDVXUHPHQWV
Thermal measurements on the profile have been performed at Institut für Fenstertechnik e.v.
Rosenheim (appendix 1). These measurements however have been performed in accordance to
the DIN standard 52619 [DIN 52619].
The measurements are based on the net heat flow through the profile including insulation
panels. By measuring surface temperatures of the insulation panels and on the PVC surface of
the frame profile it is possible to calculate the thermal resistance of the profile itself excluding
surface thermal resistance. In the documentation (appendix 1) of the measurements the thermal
resistance of the frame has been found to be:
Rf,measured = 0.507 m2K/W
This value is based on a projected width of the frame profile excluding weather-stripping
between frame and glazing. In the measurements the projected width was found to be:
lf = 0,111 m
When calculating the total heat transfer coefficient of the profile the DIN standard applies the
thermal surface resistance over the one dimensional length of the frame profile this resulting in
the following total heat transfer coefficient:
Uf,measured = 1.5 W/m2K
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 7KHUPEDVHGFDOFXODWLRQV
The frame profile delivered in the AutoCad format (DWG), has been modelled in Therm, with
respect to the principals given in [prEN ISO 10077-2].
The modelled profile is partly shown in Figure 2. The entire profile is attached in appendix 2.
In Figure 1a the initial calculated isotherms in the profile are shown.

Figure 2, section of profile, from Therm.

Figure 2a, section of profile, including calculated
isotherms.

In table 1 material values (thermal conductivity and emissivity) are given. Values from [prEN
ISO 10077-2] is used when other material data has not been documented by the producer:
Table 1, used materials, their thermal conductivity, emissivity and the assigned colour in Therm
7KHUPDOFRQGXFWLYLW\ 
Emissivity [-]
[W/mK]
TPE
0.25
0.9
PVC*
0.16
0.9
Steel
50
0.2
*
Documented by Primo in accordance with [DIN 52612/1]
Material

Assigned colour
Red
Grey
Dark green

Cavities are modelled as recommended in [prEN ISO 10077-2] using the models implemented
in Therm. In the unventilated cavities convection are modelled using the Therm model named
‘CEN’ while radiation exchange between the surfaces of the cavity were modelled using the
model named ‘simplified’. These corresponds to the models prescribed in [prEN ISO 10077-2].
Calculations on the frame profile have been performed in accordance with [prEN ISO 10077-2]
and the result from the calculations are shown in table 2 below:

PAGE 6

Table 2, frame profile, calculated heat transfer coefficient, reference case.
Primo
Case 1 (Reference)

U-value frame
1.61 W/m2K

This calculated U-value however can not be directly compared with the U-value measured at
Institut für Fenstertechnik e.v. Rosenheim. This is due to the different ways of applying the
thermal resistance at the surfaces due to convection and radiation exchange with the
surroundings. The method prescribed in [prEN ISO 10077-2] and used in the Therm
calculations apply the surface resistance over the entire surface of the frame profile. Where as
the [DIN 52619] used in the measurements applies the surface resistance over the projected
area of the frame profile.

 7KHUPEDVHGFDOFXODWLRQVRIWKHWKHUPDOUHVLVWDQFH
Apart from the heat transfer coefficient the measurements also states the thermal resistance of
the frame profile without surfaces resistances. In Therm it is possible to calculate
corresponding values for thermal resistance without surfaces resistances. The calculated
thermal resistance without surfaces resistances can then be directly compared with the
measured values.
The calculation is based on the heat flow trough the profile and the modelled surface
temperatures of the insulation panels and PVC surfaces from Therm. The calculations can be
performed as follows:
In the measurements temperatures has been measured in two positions on either side of the
profile. To reproduce the measurements, surface temperatures from the Therm based
modelling has been found in the corresponding positions.
Total thermal transmittance for the frame and insulation panel and surface temperature of the
insulation panels and the PVC frame profile have been found:
Table 3, case 1, calculated total U-value and surface temperatures
Calculated values Case 1
U-total
Calculated surface temperatures
Panel (center)
Frame (PVC only)

Total
1.443 W/m2K
Inside
Tsurface,p,i = 16.6 ºC
Tsurface,f,i = 16.2 ºC +/- 0.4 ºC

Outside
Tsurface,p,o = 1.2 ºC
Tsurface,f,o = 0.65 ºC

Due to a high temperature span on the inside surface of the profile the variation on the indoor
surface temperature of the profile has been stated.
The heat flow trough the profile not including one dimensional heat flow trough the
insulation panels can be found as:
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Φ = 8 WRW ⋅ OWRW ⋅ ∆7 −

λLQV
⋅ O SDQHO ⋅ (7VXUIDFH, S ,L − 7VXUIDFH, S ,R )
G LQV

Where:
8 = 1,443W/m2K
O = 0.305 m
7 .
= 0.04 W/mK
G = 0.023 m
= 0.190 m
O
WRW

WRW

LQV

LQV

SDQHO

(The calculated U-value for the frame and insulation panel)
(One dimensional length of the frame and insulation panel)
(Temperature difference between hot and cold side)
(Thermal conductivity of insulation material)
(Thickness of insulation panel)
(Total length of insulation panel)

Which gives:
 :P
The thermal resistance of the frame profile:
5I =

(7 VXUIDFH, I ,L−7VXUIDFH, I ,R ) ⋅ O I
Φ

Where:
O = 0.115 m (Projected dimension of the frame (width))
I

Which gives:
5

IWKHUPFDVH

= 0.482 m2K/W +/- 0.013 m2K/W

For case 1 results for the Therm modelling can be found:
Table 4, case 1, calculated U-value and thermal resistance of frame
Primo, Frame
Case 1 (Reference)

Convection
model

Radiation
Model

U-Value, frame

Resistance, frame

With surface
resistances

Without surface resistances

“CEN”

“Simplified”

1.61 W/m2K

0.482 m2K/W +/- 0.013 m2K/W

As the weather stripping in the calculations above has been included in the width of the
profile comparison to the measurements has to be based on a correction of the results with the
difference in length. This is performed as follows:
5 I ,PHDVXUHG ,FRUUHFWHG = 5 I ,PHDVXUHG ⋅

O I ,FDOFODWLRQ
O I ,PHDVXUHG

Where:
5
O

IPHDVXUHG

= 0.507 m2K/W
= 0.115 m

IFDOFXODWLRQ
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O

= 0.111 m

IPHDVXUHG

Which gives the corrected measured thermal resistance:
5

IPHDVXUHGFRUUHFWHG

= 0.525 m2K/W

Comparing the corrected measured thermal resistance from Institut für Fenstertechnik e.v.
Rosenheim with the calculations based on Therm it is found that the modelling in Therm
underestimate the thermal resistance of the profile.
A detailed analyses of the Therm modelling and its assumptions has been performed in the
following:

 'HWDLOHGDQDO\VLVRIWKH7KHUPPRGHOOLQJDQGLWVDVVXPSWLRQV
The used geometry information and material properties of the profile are considered as being
very accurate. However as the cavities in a PVC-based profile has a large influence of the
thermal performance of the profile the modelling of these has been further investigated.
In Therm models describing unventilated cavities based on the principles described in [prEN
ISO 10077-2] are implemented. Modelling frame cavities is based on division of effects from
convection and radiative heat transfer in the cavity. In Therm models named ’CEN’ and
’simplified’ respectively for convective and radiative heat transfer is in full agreement with
[prEN ISO 10077-2], and the models have been used in the previous calculations.
Despite this, Therm has implemented a number of different models for modelling of frame
cavities. Of special interest is the fact that a detailed model for modelling the radiation
exchange in cavities exists, this model is based on [ISO/DIS 15099]. The model is a grey
enclosure view factor based model and uses exact knowledge of emission factors of the
surfaces. With this model a detailed calculations of radiation exchange in an enclosure is
performed. Therm has named this ‘detailed’.
In an earlier work, [SR-0023] the detailed radiation calculation method has been investigated.
As the simplified model did not consider the low emissivity of the aluminium reducing
radiative exchange the detailed model was used.
In the earlier work [SR-0023] use of this detailed method of calculating radiative heat transfer
in cavities has been found to have a noticeable influence on the calculated thermal resistance
of a frame profile in aluminium. In [SR-0023] the detailed method was implemented because
it, in contrary to the simplified method, did consider the reduced radiative heat exchange in
cavities due to the high emissivity of shiny aluminium. Use of the detailed method increased
the calculated thermal performance of the aluminium profile.
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However, during further investigations in [SR0023] it was found that the difference in
calculated thermal resistance did not only relate to the surface emissions factors of cavities
adjacent to cavities, but also to the general nature of the used model. Hence the simplified
model only considered the radiative exchange in a cavity as radiation exchange between one
hot and one cold surface symbolising all surfaces in the cavity, while the detailed model used
a more detailed grey surfaced enclosure model.
Knowing that the cavities in the here examined profile has a large influence on its thermal
performance, it is obvious to use the detailed radiation exchange model on the cavities.
In the following calculations the radiation model named ’detailed’ has been used on the
cavities in the PVC-frame. For modelling convection in the cavities the model named ‘CEN’
in Therm is still used. When defining the emissivity of the surfaces in the radiation model it
has been chosen to model all PVC surfaces with an emissivity of 0.9.
Calculations has been performed analogues to the calculations performed in case 1.
Total thermal transmittance for the frame and insulation panel and surface temperature of the
insulation panels and the PVC frame profile have been found:
Table 5, case 2, calculated total U-value and surface temperatures
Calculated values Case 2
U-total
Calculated surface temperatures
Panel (center)
Frame (PVC only)

Total
1.406 W/m2K
Inside
Tsurface,p,I = 16.6 ºC
Tsurface,f,i = 16.2 ºC +/- 0.4 ºC

Outside
Tsurface,p,o = 1.2 ºC
Tsurface,f,o = 0.6 ºC

The heat flow trough the profile exclusive one dimensional heat flow trough the insulation
panels can be found as:
Φ = 8 WRW ⋅ OWRW ⋅ ∆7 −

λLQV
⋅ O SDQHO ⋅ (7VXUIDFH, S ,L − 7VXUIDFH, S ,R )
G LQV

Where:
8 = 1,406 W/m2K
O = 0.305 m
7 .
= 0.04 W/mK
G = 0.023 m
O
= 0.190 m
WRW

WRW

LQV

LQV

SDQHO

(The calculated U-value for the frame and insulation panel)
(One dimensional length of the frame and insulation panel)
(Temperature difference between hot and cold side)
(Conductivity of insulation material)
(Thickness of insulation panel)
(Length of insulation panel)

Which gives:
 :P
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The thermal resistance of the frame profile:
5I =

(7 VXUIDFH, I ,L−7VXUIDFH, I ,R ) ⋅ O I
Φ

Where:
O = 0.115 m (Projected dimension of the frame (width))
I

Which gives:
5

IWKHUPFDVH

= 0.514 m2K/W +/- 0.014 m2K/W

For case 2 results for the Therm modelling can be found:
Table 6, case 2, calculated U-value and thermal resistance of frame
Primo, Frame
Case 1 (Reference)
Case 2

Convection
model

Radiation
Model

U-Value, frame

Resistance, frame

With surface
resistances

Without surface resistances

“CEN”
“CEN”

“Simplified”
“Detailed”

1.61 W/m2K
1.51 W/m2K

0.482 m2K/W +/- 0.013 m2K/W
0.514 m2K/W +/- 0.014 m2K/W

From Table 6 it is found that the calculated thermal resistance without surface resistances in
case 2 rather than case 1 corresponds to the previously corrected value of the measured
thermal resistance which was found to be Rf,measured = 0.525 m2K/W.
So if using [prEN ISO 10077-2] which does not offer a detailed radiation exchange model in
unventilated cavities (ex. case 1) the calculated thermal resistance would be too low
compared to the measured value.
For PVC based profiles in which cavities has a large influence on the thermal performance it
seems necessary to have a more detailed standard than [prEN ISO 10077-2] to obtain correct
U-values. The [DIS/ISO 15099] offers such an alternative.
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 &RQFOXVLRQ
In this work measurements on PVC based frame profile performed at Institut für
Fenstertechnik e.v. Rosenheim has been compared to two dimensional numerical modelling of
the same profile performed in Therm.
Measurements from Institut für Fenstertechnik e.v. Rosenheim (appendix 1), has been
performed in accordance to the [DIN 52619], in which surface resistance is applied over the
projected area of the frame profile. Numerical calculations performed in Therm has however
been performed in accordance to [prEN ISO 10077-2] where the surface resistance is applied
over the entire surface of the frame profile calculations. To compare calculated and measured
results it has been necessary to base the comparisons on surface to surface thermal resistance of
the frame profile, without considering surface resistances due to radiation and convection.
In the work it has been found that the cavities in the profile has a large influence on the thermal
performance of the profile. Hence modelling of the cavities in the numerical calculations is
critical.
Based on previously performed work the radiation exchange model used in the calculations has
been investigated. It was found that the simplified model prescribed in [prEN ISO 10077-2]
and implemented in Therm as ”Simplified” underestimates effects of radiation in the cavities,
hence underestimating the total thermal resistance of the profile corresponding to the
measurements. A more detailed radiation exchange model based on principles from [DIS/ISO
15099] and implemented in Therm as ”Detailed” was found to give a better accuracy between
calculated and measured values of the thermal resistance of the investigated profile.
This concludes the need of using detailed modelling of radiation in cavities when performing
two-dimensional numerical calculations on PVC-based frame profiles.
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 5HFRPPHQGDWLRQV
In this work calculations on a PVC based frame profile from the producer Primo have been
performed. Special notice have been given to the radiation exchange model og cavities used to
model the profile in Therm.
To gain accurate results radiation in unventilated cavities has been modelled using a detailed
radiation exchange model implemented in Therm based on principles of [DIS/ISO 15099]. This
actions have a considerably influence on the calculated results.
When modelling PVC-based profiles with internal cavities it is recommended to use a detailed
radiation exchange model in critical cavities.
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