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Abstract 

The relationship between the geometrical and thermodynamic variables of windows, of several types, sizes and materials, is 
presented in this paper. The heat conduction coefficients were calculated, for all the presented windows' types. Results that are 
presented provide for the possibility to select the optimal construction solution of the window, as well as for the material of the 
frame and type of the filling, with respect to the best heat conduction coefficient. That, in turn, ensures the optimal energy 
efficiency of the window structure. 
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1. Introduction 

Reducing the energy consumption and carbon-dioxide emission is one of the most important tasks in the areas of 
design and civil engineering. The key point for reducing the carbon-dioxide emission is increasing of the thermal 
characteristics of the buildings' envelope. That can be achieved in several ways, for instance by adding insulations to 
existing or new buildings. Considering the fact that about 30 to 50% of the heat conduction is lost through the 
windows, improvement of the thermal characteristics of windows can significantly contribute to savings of energy.  
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Nomenclature 

Acg area of the glass center, [mm2] 
Aeg area of the glass edges, [mm2] 
Af area of the frame (opaque), [mm2] 
Ag area of the glass (transparent), [mm2] 
At total area of the window, [mm2] 
Apf area of the opening for the window reduced for the mounting clearance, [mm2] 
Et total incoming radiation, [W/m2] 
Ff solar heat loss coefficient of the frame,[-] 
Fg solar heat loss coefficient of the glass, [-] 
Tin interior air temperature, [K] 
Tout outside air temperature, [K] 
Ucg heat conductivity coefficient of the glass center, [W/m2K] 
Ueg heat conductivity coefficient of the glass edges, [W/m2K] 
Uf heat conductivity coefficients, [W/m2K] 
Uw heat conductivity coefficientsof the window, [W/m2K] 
b the window frame width [mm] 
d the window frame thickness [mm] 

 
The great attention is thus paid to reducing the heat conductivity or the U-value of windows, Jelle et al. [1]. 

The windows represent a component which affects the most the energy needs of the building. They consist of the 
opaque and transparent elements, which all together should provide for the high thermal characteristics, in order to 
reduce the heat losses. Thus, the design of each of the window's components (frame, glass, blinds and mosquito 
blinds) becomes important in realizing the energy savings. For example, aluminum has a very low heat resistance, 
but the thermal characteristics of the frame can be improved by applying the heat breaks and introduction of air 
fillings. They are characterized by the complex mechanisms of the heat exchange that were investigated by various 
procedures. Gustavsen et al. [2] have analyzed the profiles of the air fillings in the rectangular geometry. 

There are several papers where the researchers were dealing with influence of windows on thermal and energy 
characteristics of buildings. Tsikaloudaki et al. [3] have analyzed how the windows influence energy characteristics 
of a building in conditions of the warm Mediterranean climate. In work by Thalfeldt et al. [4] an optimal model of a 
window for the case of an object in Estonia, in cold climate conditions and several months of need for heating, is 
presented. Cardinale et al. [5] have performed numerical and experimental analysis of six different types of the 
window frames and four different models of blinds in order to establish the optimalsolution.In paper by Asdrubali et 
al. [6], the influence of the openings geometry in frames on thermal performances of aluminum window frames was 
analyzed. Van Den Bergh et al. [7] have conducted a survey of commercial spacers and seals for windows and 
analyzed their influence on windows thermal characteristics. 

Considering that improvement of the windows thermal characteristics is potentially a big source of energy 
savings, it is necessary to perform a calculation, which would include as large as possible data base on materials, 
which are used for manufacturing the windows frames and glasses, data on inert gases, which are used for filling the 
chambers in the windows profiles, data on standard windows dimensions, etc. From such a data base one would be 
able to choosethose materials that would satisfy required construction and energy requirements for the particular 
application. 

The objective of this work was to create a way for calculation of the heat conduction coefficient, based on the 
given characteristics of the window frame, which would provide for the best insight in the construction solution of a 
window, frame material and type of the gas, which should be used to obtain the most energy efficient windows.The 
intention was to show the mutual dependence of geometrical parameters and thermodynamic variables for several 
types of windows, made of different materials; namely to model the construction of the window, based on the 
required material selection, type of window and given heat conduction coefficient. The calculations are done by the 
programming package Autodesk Inventor Professional 2010, which draws necessary data from the Microsoft Office 
Excel package. 
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2. Problem formulation 

For calculation of the heat conduction coefficient one needs standard models of widows of various dimensions, 
which are presented in Tab. 1. Wood, aluminum and plastics (PVC) were considered as materials for the windows 
frame. The single and double glazed windows were considered, with chambers between the glasses filled with either 
air or argon. 

                                     Table 1. Types of windows 

Glass Glazing Number of windowpanes 

Glass Single pane Single wing Double wing 

Double pane 

Low E glass Single pane 

Double pane 

 
The windows frames and glasses dimensions were adopted based on technical documentation given in catalogue 

of the windows and doors manufacturer, Roloplast [8].The various types of windows with active surfaces that are 
used in calculations for the heat conduction coefficient Uw are presented in Tab. 2. 

Table 2.Geometrical characteristics of windows used in the heat conduction coefficient calculation 

Window 
[mm] 

Frame [mm] Glass [mm] Filling [mm] Active area [mm2] 

a h d b a h d a h d Af Ag At 

600x600 600 600 54 66 596 596 4 596 596 22 464 3552.16 3552.16 

1200x900 1200 900 54 66 1196 896 4 1196 896 22 824 10716.2 10716.2 

1200x1200 1200 1200 54 66 1196 1196 4 1196 1196 22 944 14304.2 14304.2 

 
The heat is through the windows transferred in three ways: by conduction and convection due to temperature 

difference between the outside and inside air, by irradiation from the long wave radiation (above 2500 nm) between 
the window and the surroundings and between the glass layers, as well as by the shortwave radiation (below 2500 
nm) coming from the Sun, either directly or reflected from the ground and neighboring objects. 

Assuming that the temperatures of the irradiating surfaces (sky, grounds and neighboring objects) are equal to the 
temperature of the outside air, the basic equation for the heat exchanged through the window is, Gustavsen et al. [9]: 

)()( ffggtinouttw FAFAETTAUq  ,    (1) 

where Uw is the heat conduction coefficient, Tout is the outside air temperature, Tin is the inside air temperature, At is 
the total window area, Ag is the area of the glass (transparent), Af is the area of the frame (opaque), Fg is coefficient 
of the glass heat gain, Ff is the coefficient of the frame heat gain and Et is the total incoming radiation. 

Variables Uw, Fg and Ff are considered as constant, though they are actually functions of the environmental 
variables; of those the most important are temperature and the wind velocity. The temperature variation due to 
weather conditions is small on the absolute temperature scale and it controls the magnitude of the heat transferred by 
radiation. Coefficients of the solar heat gains depend on the incoming angle of the Sunlight. 

If the Sunlight, infiltration of air and moisture condensation were not present, the first term in equation (1) would 
represent the magnitude of the heat transfer through the window system. The majority of those systems consist of 
the transparent, multi-fold glass units and the opaque wings and frame, together constituting the window frame. 

The heat conduction coefficients for windows depend on window frame's material, Asdrubali et al. [6] (wood, 
aluminum, PVC), construction of the frame (breaks by thermal bridges or not), type of glazing, Van Den Bergh [7] 
(single, double or triple glazing, low-emission glass, space between the glasses, the type of filling ...). 

 The window heat conduction coefficient can be calculated if one knows the heat conduction coefficients of the 
individual window elementsas, [9]: 
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whereUcg, Ueg and Uf are coefficients of the heat conduction of the glass center, glass edge and frame, respectively, 
Acg, Aeg and Af are the areas of the glass center, glass edge and frame, respectively, while Apf is the area of the 
window opening reduced for the mounting clearance. 

Values of the heat conduction coefficient, Ucg depend on the structural characteristics of the glazing, like the 
number of glass panes, dimensions of the space filled with gas, orientation with respect to vertical, radiation at each 
of the surfaces and on the type of the gas which is used for filling the space between the glass panes. The thermal 
properties of the construction elements are presented in Tab. 3, Lyons et al. [10]. 

The heat conduction of the glass edge is two-dimensional and Gustavsen et al. [11] have developed a correlation 
for calculating the heat conduction coefficient through the glass edges as a function of the spacer type and heat 
conduction coefficient of the glass center. 

The window frame consists of wings, column, (under-the-)window boards, connector and spacers of the glass 
panes, [5]. The coefficient of the heat conduction through the frame is influenced by the type of the window, 
combinations of materials used for manufacturing the frames, windows' dimensions, glass widthand type of spacers, 
[9]. According to the type, one can differentiate the following: windows with wings, sliding or fixed windows, doors 
leading to a garden, roof windows, etc. The usually applied materials for the frame elements are wood, aluminum 
and PVC, [9]. Manufacturers sometimes combine those materials to extend the window's working life and to 
improve the aesthetics.  

3. Resultsand discussion 

The calculated values of the window's heat conduction coefficient Uw,in terms of different parameters, discussed 
above, are given in Tab. 3. 

Values of the heat flux for windows made of various materials and with different dimensions and fillings are 
shown in Figs. 1 and 2, while values of the heat conduction coefficient through the windows made of various 
materials and with different dimensions and fillings are shown in Figs. 3 and 4. 

                                           Table 3: Calculated values of the window's heat conduction coefficient U 

Window's heat conduction coefficient Uw[W/m2K] 

Type of the window Window Frame material Filling 

Glass Wood (oak) PVC Aluminum Air 

Fixed single glazed 1.168 5.852 1.663 1.664 1.168 

 Argon 

0.799 5.483 1.294 1.295 0.799 

Fixed double glazed 

 

Window Frame material Filling 

Glass Wood (oak) PVC Glass Wood 

0.537 4.406 0.796 0.796 0.537 

 Argon 

0.367 4.236 0.625 0.626 0.367 

 
From the histograms in Figs. 1 and 2 one can notice that the largest heat flux is for the wooden, two-winged, 

single pane windows and the smallest for the fixed aluminum double-pane windows. Thus, the conclusion is that the 
largest amount of heat is conducted through the wood as the frame material, i.e. the heat losses are the highest. It can 
also be seen that PVC and aluminum, as the frame materials, provide for the best heat insulation, i.e. the heat losses 
are the least for those materials. The fixed windows with double glazing especially stand out, since the heat flux 
values are particularly small, the insulation is the best and the heat losses are the least. They would contribute to 
significant energy savings and thus to increase of the total energy efficiency coefficient for the whole building. 
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From histograms in Figs. 3 and 4 can be seen that the value of the heat conduction coefficient depends on the 
window's material, as well as on the type of the filling gas. It can be concluded that for the fixed, double glazed 
windows, made of PVC, with argon filing, one obtains the smallest value of the heat conduction coefficient (Uw = 
0.625 W/m2K), so they provide for the best insulation and the least heat losses. 

4. Conclusions 

The windows have a decisive role in construction of residential and commercial buildings and they should be so 
designed to realize the highest energy savings. Due to that, it is necessary to create a calculation, which would 
include as large as possible data base on materials used for manufacturing the windows frames and windows glasses, 
on gasses used to fill the chambers between the glass panes, on standard windows dimensions, based on which the 
materials should be selected that would satisfy both structural and energy requirements. 

 

 
 

Fig. 1. Heat flux through the window in terms of various materials, for different dimensions and with air filling 
 

 
 

Fig. 2. Heat flux through the window in terms of various materials, for different dimensions and with argon filling 
 

Based on the given geometrical characteristics of the frame and the windows glasses, the calculations was 
performed of the heat conduction coefficient. Results have shown that the lowest value of the heat conduction 
coefficient is obtained when the plastic is used for the windows frame whose chambers are filled with argon, which 
possesses the significantly higher resistance to heat conduction than air. The heat conduction coefficient has much 
smaller values for the double glazed windows with respect to the single glazed ones.  
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Fig. 3. The windows heat conduction coefficient in terms of various materials with two different fillings for the single glazed windows 
 

 

Fig. 4. The windows heat conduction coefficient in terms of various materials with two different fillings for the double glazed windows 

Acknowledgements 

Parts of this research were supported by the Ministry of Sciences and Technology of Republic of Serbia through 
Grants ON174001, ON174004, TR32036 and by European regional development fund and Slovak state budget by 
the project "Research Center of the University of Žilina" - ITMS 26220220183. 

References 

[1]  B.P. Jelle, A. Hynd, A. Gustavsen, D. Arasteh, H. Goudey, R. Hart, Fenestration of today and tomorrow: a state-of-the-art review and future 
research opportunities, Solar Energy Materials and Solar Cells. 96 (2012) 1–28. 

[2]  A. Gustavsen, S. Grynning, D. Arasteh, B.P. Jelle, H. Goudey, Key elements of and material performance targets for highly insulating 
window frames, Energy and Buildings. 43 (2011) 2583–2594. 

[3]  K. Tsikaloudaki, K. Laskos, T. Theodosiou, D, Bikas, The energy performance of windows in Mediterranean regions, Energy andBuildings.  
92(2015) 180–187. 

[4]  M. Thalfeldt, J. Kurnitski, H. Voll, Detailed and simplified window model and opening effects on optimal window size and heating need, 
Energy and Buildings. 127 (2016) 242–251. 

[5]  N.Cardinale, G.Rospi, T. Cardinale, Numerical and experimental thermal analysis for the improvement of various types of windows frames 
and rollingshutter boxes, Inernational Journal of  Energy and  Environmental Engineering. 6(2) (2015) 101-110 

[6]  F.Asdrubali, G. Baldinelli, F. Bianchi, Influence of cavities geometric and emissivity properties on the overall thermal performance of 
aluminum frames for windows, Energy and Buildings. 60 (2013) 298-309. 

[7]  S. Van Den Bergh, R. Hart, B. P.Jelle, A.Gustavsen, Window spacers and edge seals in insulating glass units: a state-of-the-art review and 
future perspectives, Energy and Buildings. 58 (2013) 263-280. 

[8]  http://www.roloplast.rs/index.php/rs/katalozi/tehnicki-katalog/book/1/Array?page=1, accessed 10.06.2016. 
[9]  A. Gustavsen, D. Arasteh, B. P. Jelle, C. Curcija, C. Kohler, Developing low-conductance window framescapabilities and limitations of 

current window heat transfer design tools - State-of-the-art review, Journal of Building Physics.32(2) (2008) 131-153 
[10]  P. Lyons, D. Arasteh and C. Huizenga, Window Performance for Human Thermal Comfort, In Proceedings of  2000 ASHRAE Winter 

Meeting, Dallas, TX, February 5-9, 2000, pp. 1-14. 
[11]  A. Gustavsen, B. T. Griffith and D. Arasteh, Natural Convection Effects in Three-Dimensional Window Frames with Internal Cavities, 

ASHRAE Transactions. 107(2)(2000) CI-01-5-1-11. 


