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IMPACT OF THE SCHAPE OF THE CASEMENT ON THE INSIDE
SURFACE TEPERATURE AT WOOD-ALUMINIUM WINDOWS
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ABSTRACT

The work is dedicated to the analysis of the impact of the five basic structures of
window frames and its three shapes for indoor surface temperature areas and bottlenecks.
Area of interest is the surface area of the casement and line sites where glazing details are
and contact between window frame and casement. For the analysis the two edge outdoor
temperatures (¢¢) are determined, wherein the first is 0°C and the second is —10° C. The
analysis is followed by assessing the risk of condensation and possible mold formation

The results of analysing the surface temperatures of basic window frame shapes and
their modifications show that the frame shape modifications have no significant effect on
surface temperatures either accross the surface of the casement or the critical points. The
differences in temperature decreases varied on the average in the range of values approx.
Absi = 0.23 °C for both two edge outdoor temperatures. Shape modifications represent an
added aesthetic value for casement but without significant reduction in surface temperature
and without increasing the risk of formation of condensation and mold.
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INTRODUCTION

“To evaluate building designs, there are several advanced standards, as Ecohomes
(BRE, UK), Passivhaus (Germany), AECB (UK), and LEED (USA). These standards use
different rating scale while assessing energy efficiency (or zero energy use) in buildings*
(BURYOVA, SEDLAK 2016). The basic thermal technical requirements for the building as well
as for the windows are the heat transfer coefficient so called U-value and the minimum
temperature of the surface of the window 6siw, to be above the dew point 4. According to
the standards of the institute Passivhaus the U-value for the unincorporated construction of
the entire window should be 0.80 W/m?K and for the window built-in to the building
structure the value should be U-value 0.85 W/m2K. (PASSIVHAUS INSTITUT 2016). The
reasons for this are the maximal possible ways of preventing heat loss and elimination of
condensation of water vapour on the surface of each part.

Condensation of water vapour on the surfaces of window frames and casement is
undesirable due to creation of favourable conditions for mould formation and for damages
of the wood coating and biotic degradation of wood. When designing the construction and
shape of the window frames it is important to verify the surface temperatures, what can be
nowadays accurately achieved by various simulation programmes.
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It is expected windows with Uw= 0.10 Btu/(hr.ft2-°F) will be used in the future (ARASTEH
et al. 2006), this represents a value of about 0.57 W/m2?K. However, generally favourable Uy,
does not mean that there will be no places where the condensation can occur. These possible risk
temperature places need to be analysed to assess whether they meet e.g. the minimum
requirement for the temperature above the dew point according to the STN 73 0540-
2:2012/Z1/2016, which is 84 = 9.26 °C for the standard housing conditinos.

The scientific papers dealing with thermal properties of windows are only marginally
concerned with surface temperatures on the window frames. The major variable monitored is
particularly the overall thermal transmittance of the window Uw (VAN DEN BosScCHE et al. 2015,
MALVONI et al. 2016, CEHLIC, OMER 2016) or the studies focus mainly on the surface
temperature of the glazing unit (ELEK, KOVACs 2014, YONN et al. 2014, VAN DEN BERGH et al.
2013).

The aim of this paper is to determine the impact of three various shape modifications of
the construction of five window frames on the surface temperatures of the whole surfaces and
critical points, such as the glazing detail and contact of the window frame with the casement.
Further aim is to analyse the temperatures of the casement and evaluate the risk of condensation
formation and mould growth.

THEORETICAL - EXPERIMENTAL PART

Calculation of thermal transmittance through window frame was made and based on
EN ISO 10077 Thermal performance of windows, doors and shutters — Calculation of
thermal transmittance. Part 1. General and Part 2: Numerical method for frames. When
assessing the surface temperatures the insulating panel according to STN EN ISO was
replaced by insulation triple glazing in the configuration 4-18-4-18-4 (48 mm) with Ug
modelled using the value 0.606 W/m?K, i.e. 0.6 W/m?K after rounding. Glazing model is
derived from the programme WINDOW (HUIZENGA et al. 20158). The model Swisspacer®
Ultimate was used as the distance spacer. (AUTORs 2014).

It has been done by simulation in computer programme THERM (HUIZENGA et al.
2015A). Boundary conditions for the calculation were according to the EN ISO 10077-2.
Due to using the windows in less favourable conditions, also the temperature -10°C was
selected for the analysis.

Reference temperature: internal 6i=20°C
external A Ber=0°C
external B e =-10°C
Reference surface resistance: internal Rsi=0.13 m* K /W
increased surface Rsi = 0.20 m?-K /W
external Rse = 0.04 m?-K/W

To calculate the 6si materials with the thermal conductivity (A [W/m-K]) according to
the Tab. 1 and Tab. 2 were used. The values are taken from STN EN ISO 10077-2:2012
which gives us the characteristics of the materials most commonly used for production of
windows.

“Five wood-aluminium window profiles intended for passive houses for comparison
between geometric change and subsequent change of interior surface temperature (6si) (see
Tab. 3) were selected. The four sections are the additional thermal insulation of the highly-
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resistant PS-foam (MH, MR, MN, AR) and one of the additional plastic profile (WG)” see
Fig. 1 (NOTA et al. 2017).

Geometry changes concerned mainly the inner side of the wooden casement. Three
variants were designed (V1, V2, V3) according to NOTA et al. 2017.

Tab. 1 Coefficient of thermal conductivity of frame materials (STN EN I1SO 10077-2:2012).

Material Thermal conductivity (A [W/m-K])
ethylene propylene diene monomer (EPDM) 0.25
steel 50.00
Picea Abies (L.) 0.11
polysulfide 0.40
silicone 0.35
alloy aluminium 160.00
polyvinylchloride (PVC) 0.17
acrylonitrile butadiene styrene (ABS) 0.20
highly resistant PS-foam* 0.04

Equivalent thermal conductivity (Aeg) air cavities has been determined according to the algorithms in the
software program THERM, modelled using the 1SO 15099 (Thermal performance of windows, doors and
shading devices — Detailed calculations) cavity Model

* COMPACFOAM: CF 150, from COMPACFOAM GmbH, Porzellangasse 22/1/11, 1090 Wien

Tab. 2 Coefficient of thermal conductivity of distance spacer and insulating glass.

Material Thermal conductivity (A [W/m-K])
Styrene-acrylo-nitrile whit 35% fiberglass™ 0.17
Silicagel 0.13
Polyisobutilene (PIB) 0.20
Polyethylene (High destiny) 0.50
Silicone sealant (DC 3362)** 0.27
Glass 1.00
Gas —gap 1 (10% air- 90% argon - EN 673) *** heq 0.024
Gas — gap 2 (10% air- 90% argon - EN 673) *** heq 0.025

* Autors,2014, **Product Information, Dow Corning® 3362 Insulating glass sealant, *** deq by HUIZENGA et al.
20158

Tab. 3 List of studied frames.

Frame depth [mm]

No. Frame Mark / wood [%6] Country of origin
1 Wood—aluminium with additional and MW 13150/ 48.4 Slovakia (SR)
integrated PS-foam
2. Wood-aluminium with additional PS-foam MR 141.50/58.4 Slovakia (SR)
3. Wood-aluminium with additional PS-foam MN 140.50/ 56.2 Slovakia (SR)
4 Wood-aluminium with additional PS-foam AL 131.50/54.0 Poland (PL)
5. Wood-aluminium with plastic profile WG 150.50/57.9 Germany (DE)

MN
Fig. 1 Profiles of wood aluminium windows with marks (NOTA et al. 2017).

WG
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MN V1 MN V2 MN V3
Fig. 2 Modified MN profiles (NOTA et al. 2017).

Verification and evaluation of the temperature is carried out on the surface of the
window frame and on the window casement and the two liner places which are also critical
(glazing detail and the contact detail of the windows casement and the frame), as described
in Fig. 3.

Red line: Temperature Area of
the Casement

Blue line: Temperature Area of
the Frame

Green line: Adiabatic Boundary
Condition

Point 1:

Detail of the window frame —
casement

Point 2:

Glazing detail

Fig. 3 Places of evaluation of surface temperatures.

RESULTS AND DISCUSSION

Results of the analysing the window surface temperatures are summarized in Tab. 4
and in Fig. 4. The course of the surface temperatures on the window constructions from the
adiabatic edge model to the bottom does not change substantially until the casement. In this
point the temperature decreases, due to the change in the shape modification, until it reaches
the point where it returns to the original casement construction.
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Tab. 4. The average surface temperature of window frame and casement and surface temperature on
the critical details.

Average temp. of Detail Frame — Average temp. of detail of glazing
Profile the Frame 0is[°C] Casement 0is[°C] Casement 0is[°C] 0is[°C]
eeA eeB eeA eeB eeA eeB eeA eeB

MW OR 18.00 17.05 17.97 15.92 17.93 17.32 14.40 13.18
MW V1 18.00 17.10 17.26 16.06 17.76 17.09 14.41 13.20
MW V2 18.00 17.06 17.18 15.94 17.78 17.11 14.43 13.22
MW V3 17.99 17.07 17.19 15.94 17.76 17.10 14.38 13.16
MN OR 17.84 16.90 17.62 16.61 18.18 17.70 14.28 13.04
MN V1 17.86 16.93 17.66 16.65 17.83 17.21 14.30 13.07
MN V2 17.85 16.91 17.63 16.63 18.02 17.39 14.31 13.06
MN V3 17.84 16.91 17.63 16.62 18.09 17.48 14.31 13.05
MR OR 17.85 16.90 17.93 17.07 18.28 17.82 14.45 13.38
MR V1 17.88 16.94 17.98 17.13 18.12 17.62 14.50 13.45
MR V2 17.86 16.91 17.94 17.08 18.06 17.54 14.46 13.39
MR V3 17.85 16.91 17.93 17.07 18.13 17.63 14.45 13.38
AL OR 17.86 16.89 17.62 16.60 18.04 17.44 14.39 13.13
AL V1 17.86 16.91 17.59 16.54 17.77 17.02 14.44 13.17
AL V2 17.87 16.91 17.61 16.58 17.81 17.13 14.32 13.25
AL V3 17.86 16.90 17.59 16.55 17.88 17.22 14.34 13.19
WG OR 17.61 16.68 17.83 17.01 17.95 17.45 14.39 13.33
WG V1 17.66 16.74 17.89 17.09 17.63 17.02 14.50 13.44
WG V2 17.63 16.69 17.87 17.06 18.00 17.48 14.49 13.44
WG V3 17.60 16.67 17.86 17.05 18.13 17.63 14.47 1341
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Fig. 4 Surface temperature of MR windows.
The temperature field in the cross section of the construction changes due to the shape
change only in places where the volume of the wood mass was reduced. This is shown for

the frame profile MR in Fig. 5. The overall change is not significant. The same is valid also
for all other studied profiles (like MW, MN, AL and WG).
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Fig. 5 Infrared display of temperature field in the cross section of MR window construction type.

Surface progressions of temperatures from the casement bottom edge to the glazing
detail (red line in Fig. 3) are showed in Fig. 6, 8, 10, 12 and 14. Subsequently Fig. 7, 9, 11,
13 and 15 illustrate the progresses of the isotherms on the casement part with shape
modification and highlighted isotherms with the value of approx. 13°C at deg = —10°C.
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Fig. 6 Surface temperature on the casement of MW windows.

OR V1 V2 V3
Fig. 7 Isotherm on the original casement compared with the variant for profile MW.
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Fig. 8 Surface temperature on the casement of MN windows.
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Fig. 9 Isotherm on the original casement compared with the variant for profile MN.
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Fig. 10. Surface temperature on the casement of MR windows.
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Fig. 11 Isotherm on the original casement compared with the variant for profile MR.
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Fig. 13 Isotherm on the original casement compared with the variant for profile AL.
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Fig. 12 Surface temperature on the casement of AL windows.
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Fig. 14 Surface temperature on the casement of WG windows.
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Fig. 15 Isotherm on the original casement compared with the variant for profile WG

According to the above mentioned graphs (Fig. 8, 10, 12 and 14) the surface
temperature of variants V1, V2, V3 of all casement changes, i.e. decreases in places of wood
material removal.

Isotherms on the modified profiles have, in a simplified perception, the same progress
as isotherms on original profile; however, these are interrupted at the point of the shape
changes. Highlighted isotherm with the value of 13°C represents the approximate critical
temperature for the formation of mould. As apparent, this temperature does not reach the
surface of the construction. Therefore it can be said that mould forming should not occur at
an external temperature of —10°C.

The measured surface temperatures of all-wooden window frames with the profile
thickness of 78 and 88 mm are on average in the range of 14.05°C for window frame,
16.30°C for casement and 10.40 °C in detail of glazing at temperature conditions
0 = 22.50 °C and e = —11.15 °C, according to NOTA (2009). In case of frame constructions
with the profile thickness 100 mm with additional insulation and with closed air cavity, the
surface temperatures measured were: 16.0°C for window frame, 18.0 °C for the casement
and 10.8°C in glazing detail at temperature conditions 6; = 22.30 °C and 6. = —11.20 °C.
Insulation glass Ug = 0.5 was used for the verification for the profiles with the thickness
0f100 mm and 78 mm and with stainless spacer frame and for a window with the thickness
of 88 mm and with a frame "warm edge" as well. For all-wood 92 mm profile with not
exactly specified triple glazing, the measured surface temperatures ranged in the values of
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17.03 °C for the window frame, 18.84 °C for the casement (PALKO et al. 2012). Surface
temperatures for window constructions simulated in our study ranged in 16.67—17.01°C for
window frames and for the casement they ranged between 17.02—-17.82 °C. These values
sufficiently in accordance with the experimentally measured values in our window
constructions and the simulated boundary conditions as well.

Tab. 5 quantifies the absolute values of changes in surface temperature on the casement
as well as in the glazing detail. These are used due to the highest temperature changes
(casement) and the lowest reached surface temperature (detail of glazing).

Tab. 5 Absolute and percentage description of surface temperature changes on the casement and in
glazing detail.

Casement AOjs Detail of glazing A0is
profile Ben = 0°C Be = -10°C Ben = 0°C Bes = -10°C
°C % °C % °C % °C %

MW OR

MW V1 0.17 0.95% 0.23 1.33% 0.01 0.07% 0.02 0.15%
MW V2 0.15 0.84% 0.21 1.21% 0.03 0.21% 0.04 0.30%
MW V3 0.17 0.95% 0.22 1.27% 0.02 0.14% 0.02 0.15%
MN OR

MN V1 0.35 1.93% 0.49 2.77% 0.02 0.14% 0.03 0.23%
MN V2 0.16 0.88% 0.31 1.75% 0.03 0.21% 0.02 0.15%
MN V3 0.09 0.50% 0.22 1.24% 0.03 0.21% 0.01 0.08%
MR OR

MR V1 0.16 0.88% 0.20 1.12% 0.05 0.35% 0.07 0.52%
MR V2 0.22 1.20% 0.28 1.57% 0.01 0.07% 0.01 0.07%
MR V3 0.15 0.82% 0.19 1.07% 0.00 0.00% 0.00 0.00%
AL OR

AL V1 0.27 1.50% 0.42 2.41% 0.05 0.35% 0.04 0.30%
AL V2 0.23 1.27% 0.31 1.78% 0.07 0.49% 0.12 0.91%
AL V3 0.16 0.89% 0.22 1.26% 0.05 0.35% 0.06 0.46%
WG OR

WG V1 0.32 1.78% 0.43 2.46% 0.11 0.76% 0.11 0.83%
WG V2 0.05 0.28% 0.03 0.17% 0.10 0.69% 0.11 0.83%
WG V3 0.18 1.00% 0.18 1.03% 0.08 0.56% 0.08 0.60%
Average 0.19 1.04% 0.26 1.50% 0.04 0.31% 0.05 0.37%

When comparing the changes in surface temperature of the individual modifications
and original construction, it is apparent that these changes do not affect the average surface
temperature of the casement significantly, and their effect on the temperature in the glazing
detail is negligible. On average, these changes fluctuated between 0.19°C (1.04%) and
0.04°C (0.31%) for Gea 0r 0.26 °C (1.5%) and 0.05°C (0.37%) for Oes.

CONCLUSIONS

It has been proven, by using simulation analysis, that the shape modification of the
wooden casement that is in intentions of geometry considered in the paper (Fig. 2), affects
the temperature in the shape of the treated area, however this of temperature change - drop
is only minimal to 2.77% relative to the temperature of original frame structure. The reason
is that only relatively small amount of material is removed from the casement to achieve the
desired shape. In critical areas of glazing detail and in the contact of the casement with the
window frame, the temperature decrease was even less important up to 0.91%. Based on
these findings and the findings published in the article NOTA et al. (2017) it can be said that
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the shape and volume change of the casement has no significant influence on the
deterioration of the window U-value and surface temperature on the casement. It is safe
regarding the required dew point temperature and is not a risk factor for condensation and
mould forming. The added value is more attractive aesthetic impression of the shape.
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