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1. Introduction

The paper deals with the effect of the type and concen-
tration of the fi ller gas between the glass panes on the 
deformation of thermal fi eld. The transparent structure 
consists of a frame and glass system. The glass system 
accounts for up to 80% of the total area of the transpar-
ent structure, indicating that it has a key effect on the 
energy properties of the entire structure. The number 
of glass panes, the type and concentration of fi ll gas in 
the gap between the glasses, the use of selective lay-
ers and coatings, and the spacer bar material, enter the 
notional formula.

At present, the most commonly used triple in-
sulating glass systems compared to insulating dou-
ble glass systems have signifi cantly improved energy 
properties due to the addition of additional pane and 
gas-fi lled gap. An important role in this case is also 
replacement of air as a gap fi lling with inert gas. In 
particular, the inert gas provides mentioned properties. 
However, the glass system fi lled with inert gas as a re-
sult of the degradation of sealing materials loses its in-
sulating properties and gas leak occurs, which lead to 
a reduction in the energy properties of the entire trans-
parent structure. Permissible annual gas leakage from 

the glass system is 1% [1]. However, the gas leakage is 
not constant in time, therefore the decrease is not lin-
ear, depends on several aspects such as used sealants, 
rate of degradation and other side infl uences. Numeri-
cal analysis using computer software represents an ef-
fective method of detecting the infl uence of the fi lling 
gas concentration on the thermal insulating ability of 
the glass system and then impact on the analyzed ther-
mal fi eld. Using dynamic or stationary softwares al-
lows the application of complex mathematical–phys-
ical theories [2]. Decreasing the surface temperature 
on the inner surface can lead to condensation, so it is 
essential to maintain the lowest surface temperature 
of the structure safely above the dew point tempera-
ture θdp. Minimum surface temperature of transparent 
structures (frames, non-transparent and transparent 
opening panels) in areas with relative air humidity up 
to 50% must be θsi,w [3]:

 θsi,w > θsi,w,N = θdp , (1)

where θsi,w,N  (°C) is the minimal required inside surface 
temperature value of transparent envelope parts, θdp 
(°C) the dew point temperature, θsi,w (°C) the inside 
surface temperature of transparent envelope part.
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The purpose of this analysis is to compare the six 
concepts of the glass system, differing in the use of 
fi ller gas in the gap between the glasses and width of 
gap. The analysis leads to determining the dependence 
of the thermal insulation properties on the fi lling gas 
concentration. Furthermore, it is necessary to quantify 
the change in surface temperature over the glazing cir-
cumference over time and subsequently to locate the 
point with the lowest surface temperature based on the 
thermal fi eld. The infl uence of water vapor is not con-
sidered.

The measurement of fi ller gas concentration in 
real conditions is complicated. This parameter of the 
glass system implicitly expresses the heat transfer co-
effi cient Ug. There are several ways to determine Ug. 
The fi rst option is the calculation according to STN 
EN 673 [4], another option is the measurement ac-
cording to STN EN 674 [5] or according to STN EN 
675 [6]. Harmonized EN 1279+5+A1 imposes an ob-
ligation to express Ug by calculation method according 
to STN EN 673. The procedure according to STN EN 

674 or STN EN 675 can only be used if Ug cannot be 
determined by calculation [7].

2. Designed detail of window

Frame construction. Selected is aluminium non- 
welding with interrupted thermal bridge. Frame depth 
is 112 mm in all considered cases. Heat transfer co-
effi cient of frame Uf is 0.72 W/m2·K. The following 
frame parameters are considered for simulation in 
Physibel – Bistra: λ = 204 W/m·K; ρ = 2700 kg/m3; 
c = 880 J/kg·K.

Glass system. Conceived is as double and triple. To-
gether, six different systems are designed, changing 
the fi lling gas (air, Argon, Krypton) and the thick-
ness of the gap between the glasses depending on 
the fi ller gas used (13, 12, 8 mm). The concept of 
glass systems in which the gas concentration drops 
in such a way that the leaked gas is replaced by air 

Fig. 1. Compositions of examined fl oor heating systems and thickness of layers

Table 1. Features of chosen gases

Gas fi ll type (100%)* Optimum gas space width 
(mm) [3]

Thermal conductivity 
coeffi cient λ (W/m·K)*

Air 13 2.496·10–2

Argon 12 1.684·10–2

Krypton 8 0.900·10–2

*  Thermal conductivity coefficient of chosen gases is related to temperature 10 °C 
and concentration of 100% of gas, normalized boundary conditions used [4].
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in the glass system, but under real conditions the gas 
would not be replaced by air, but a negative pressure 

would be created in the glass system. However, the 
software used does not allow this option.

Fig. 2. Air fi lled triple and double glass system (A1, A2), Argon fi lled triple and double glass system (B1, B2), Krypton fi lled triple 
and double glass system (C1, C2)
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Construction of wall. Composition of considered brick 
wall is in Table 2. Computed thermal transmittance of 
the wall is U = 0.15 W/m2·K.

Boundary conditions. The design temperature for nu-
merical analysis is given by calculation according to 
73 0540-3 [9]; θi = 20 °C. There are several alterna-
tives to selecting external design temperature. Consid-
eration is given to the winter period so that it is pos-
sible to check the minimum temperature on the inner 
surface of the structure during the winter period. It is 
possible to consider the external design temperature 
according to the temperature range in which the struc-
ture is located; Kosice, Slovakia θe = –13 °C [9]. It 
is also possible to select the average design tempera-
ture for the most unfavourable month of the year from 
the thermal reference year. In this case, the most unfa-
vourable month is December and the design tempera-
ture would be 3.1 °C [10]. This reasoning is used for 
simulations in stationary boundary conditions. In the 
case of dynamic boundary conditions, temperatures 
measured over the time (for a certain period) would be 

used as in the case of research at the Faculty of Civil 
Engineering in Kosice, where researchers applied real 
values measured [11].

Selected structures. Final design is the result of com-
bination partial segments described beforehand. In 
all cases is window frame seated in the middle of 
the ceramic brick. The same composition is used as 
well. Structures are varied in overall depth of glass 
system.

3. Methodology

Window 7.4.14 simulation software. Used computer 
program for calculating thermal performance of win-
dows and other window properties. Window 7.4.14 
[12] implements the ISO 15099 algorithms and in-
cludes additional functionalities.

Physibel software. Used for 2D heat transfer analysis 
[13]. Simulation is standard method to predict thermal 
performance of structure.

Table 2. Composition os the structure of brick wall (layers are stated in direction from interior to 
exterior)

No. Name of layer D (m) λ (W/m2·K) c (J/kg·K) ρ (kg/m3)

1 Lime-cement plaster 0.012 0.450 790.0 1350.0

2 Ceramic brick (mineral wool inside) 0.440 0.066 1000.0 700.0

3 Silicone plaster 0.015 0.700 900.0 1700.0

Fig. 3. Air fi lled triple glass system in aluminum frame seated in the middle of brick wall

Brought to you by University of Debrecen | Unauthenticated | Downloaded 05/04/21 03:40 PM UTC



Int. Rev. Appl. Sci. Eng. 47

 GAS FILLING IN GLASS SYSTEM 

cases considered, that is, in selected cases, a drop in 
the concentration of the fi lling gas to zero (in the glass 
system, insulating gas does not affect the thermal 
performance of the glass system to such an extent that 
condensation occurs on the surface of the transparent 
structure). Thermal insulating properties in the form of 
heat transfer coeffi cient have been impaired as a result 
of a decrease in the gas concentration in the glass sys-
tem (see Table 5).

The values in the table show that the greatest 
infl uence on the heat transfer coeffi cient was mani-

4. Results

The purpose of the analysis was to demonstrate the ef-
fect of the decrease of the concentration of the fi lling 
gas on the heat transfer coeffi cient of the glass sys-
tem. In Tables 3 and 4 values of the heat transfer co-
effi cient and the surface temperatures of individual 
glass surfaces are obtained from Window 7.4.14 cal-
culation. Under the given boundary conditions and 
the physical model used, the surface temperature did 
not fall below 9.26 °C (dew point) nor in one of the 

Table 3. Results of air fi lled triple and double glass system (A1, A2), Argon fi lled triple and double glass system (B1, B2), 
Krypton fi lled triple and double glass system (C1, C2)
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fested in the case of Krypton insulating double glass 
system, where the gap between the glasses also plays 
a role compared to other cases of reduced thickness 
of 8 mm.

In Table 4, there are rankings of the triple and 
double glass system fi lled with Krypton with a gap 
 between glasses of 12 mm compared to 8 mm gap 
 values. In the case of triple glass system, the ini-
tial  value of heat transfer coeffi cient dropped from 
0.607 W/m2·K to 0.579 W/m2·K (difference is 0.028 
W/ m2·K), while the fi nal value increased due to a 
decrease in Krypton concentration in the case of an 
8 mm wide gap, a value of 1.225 W/m2·K and, in the 
case of a 12 mm wide gap, a value of 0.920 W/m2·K 
(difference is 0.305 W/m2·K).

5. Conclusion

As a result of the demonstrable effect of decreasing 
gas concentration in the glass gap in the thermal per-
formance of the glass system, selected concepts of 
glass systems differing in key parameters have been 
assessed. After the numerical analysis, one of the 
glass systems was assessed in simulation where a 
model with the same boundary conditions as the cal-
culation was created in order to get as close as possi-
ble to the calculation and realistic conditions of the 
buildings to which the glass systems could be locat-
ed. The resulting effect on the heat transfer coeffi cient 
is in some cases milder, in others more pronounced. 
Explaining the physical model with further simula-

Table 4. Results of considered triple and double glass system in case of same width of gas fi lled space

Table 5. Resulting differences between the initial and fi nal heat transfer coeffi cient values

Glass 
system

Initial heat transfer coefficient 
Ug (95%) (W/m2·K)

Final heat transfer coefficient 
Ug (0%) (W/m2·K)

Difference between initial 
and final Ug value (W/m2·K)

A1 0.878 0.878 –

A2 1.612 1.612 –

B1 0.703 0.920 0.217

B2 1.328 1.638 0.310

Cl 0.607 1.225 0.618

C2 1.168 2.016 0.848
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tions leads to more accurate results applicable to fur-
ther research.
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