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1) THE STRUCTURE OF THE INTELLIGENT WINDOWS SYSTEM 

In this report, the Intelligent Windows called “sliding window”. It is placed outside of the available 

window at a distance due to the demand of energy efficiency. According to the demand of occupant, 

the intelligent window can be controlled to slide for widening the window space. The sliding window 

does not restrict the usage of the whole windows system. 

The intelligent windows system includes two main parts: 

 Part 1: The available window (triple glazing window) 

 Part 2: The sliding window (double glazing window) was connected to the available window 

in two options (with or without insulation block). 

Additionally, a sliding aluminum rail system allows the intelligent window moving on one 

direction as shown in the figure. 

 
Figure 1. The sliding rails system 

 

(The drawings for horizontal and vertical view are attached to the report) 







2) THE GEOMETRICAL MODEL AND MATERIALS USED 

 

2.1. Model Definition 

 On the first simulation case, a 3D model of triple glazing window (also named ‘original window’) 
is created to calculate the heat flux on the internal and external surface in the steady-state condition. 
Next, a sliding window (also named an additional double-glazed window) is placed outside the 
original window at the distance d to evaluate the effectiveness of this application. The first aim of this 
simulation is to determine the distance d of the whole windows system.  

 The second goal of the simulation is to investigate the heat transfer in the original window and the 
whole windows system (after connecting to the sliding window) depending on the temperature varying 
over the time. 

 Simulated results are used for evaluating the potential of the intelligent windows system used for 
reducing the energy consumption in commercial buildings.   

 

2.2. The Geometrical Model 

2.2.1 General parameters 

Table 1. General parameters 

Name Unit Description Value 

Ti K Internal Temperature 298.15 

Te K External Temperature 278.15 

Ta K Ambient temperature 293.15 

Rsi_n (m2.K)/W Internal surface resistance (normal) 0.13 

Rsi_p (m2.K)/W Internal surface resistance (protected) 0.2 

Rse (m2.K)/W External surface resistance 0.04 

ε - Surface Emissivity 0.9 

λgl W/(m.K) Thermal conductivity of glass 1 

λa W/(m.K) Thermal conductivity of air 0.024 

ρgl kg/m3 Density of glass 2500 

ρa kg/m3 Density of air 1.23 

 

2.2.2 Geometrical dimensions of glazing window 

For reducing the calculation demand of the Finite Element Simulation and by so reducing the 
computational time, the half of the window was sketched and used for the simulation. This step does 
not reduce the accuracy of the model. 
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Table 2.  

Name Unit Description Value 

bf mm Width of the total frame 130 

hf mm Height of the total frame 106 

bg mm Width of visible length of glazing 310 

b1 mm Clearance 10 

dg mm Thickness of glazing window 44 (4-16-4-16-4) 

  

Figure 2. Geometrical model of the available window 

 

2.2.3 Geometrical dimensions of sliding window 

Table 3. 

Name Unit Description Value 

bs mm Width of the sliding frame 25 

hs mm Height of the sliding frame 20 

bg_s mm Width of visible length of sliding 415 

b2 mm Clearance 10 

ds mm Thickness of sliding window 16 (4-8-4) 

d mm Distance between two windows  

bg bf 

dg 

hf 

Frame 
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Figure 3. Geometrical model of the sliding window 

 

2.3. Materials Used 

2.3.1. Wood Frame 

Table 4. Thermal properties of woof frame 

Thermal Properties Value Unit 

Thermal Conductivity 0.13 W/(m.K) 

Density 500 kg/m3 

Specific heat 1600 J/(kg.K) 

 

2.3.2. Glazing Window 

Table 5. Thermal properties of triple glazing window 

Thermal Properties Value Unit 

Thermal Conductivity 0.03 W/(m.K) 

Density 682.712 kg/m3 

Specific heat 750 J/(kg.K) 

 

2.3.3. Sliding Window 

Table 6. Thermal properties of double glazing window 

Sliding 
Window 
(Additional) 

d 
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Thermal Properties Value Unit 

Thermal Conductivity 0.041 W/(m.K) 

Density 1250.615 kg/m3 

Specific heat 750 J/(kg.K) 

 In this study, the triple glazing window is considered as the solid material in which the thermal 
conductivity and the density are calculated according to the thermal conductivity, the thickness, and 
the density of the glass and the filling gas between the glazing. This step helps shortening the 
computational time in the stationary and transient model. 

 

2.3.4. Air 

Name Value Unit 

Dynamic viscosity eta(T) Pa·s 

Ratio of specific heats 1.401 1 

Heat capacity at constant pressure Cp(T) J/(kg·K) 

Density rho(pA,T) kg/m³ 

Thermal conductivity λ(T) W/(m·K) 
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3) SIMULATION IN STATIONARY AND TRANSIENT MODEL 

 

3.1. Definition of Simulation 

 The program used in the study is COMSOL MULTIPHYSICS 5.4. The heat problem is calculated 
by the physic ‘Heat transfer in solid and fluid’. 

 The heat transfer in the windows system is defined by means of conduction (the temperature 
difference between inner and outer windows), convection (the air flow on the internal and external 
surface, the air circulation between two windows), and the radiation (only on external surface to 
ambient radiation). 

 It is needed to calculate the heat transfer by means of convection of the air between two windows 
due to the change of the distance d based on the ISO 15099. Therefore, the node convectively 
enhanced conductivity of fluid domain is used to calculate the heat convection through the Nusselt 
number as the following equations: 

𝑁𝑢 =

⎩
⎪
⎨

⎪
⎧ 0.18 ×

.
𝑅𝑎

.

                     𝑖𝑓   1 ≤ ≤ 2

0.22 ×
.

𝑅𝑎
.

×
.

𝑖𝑓   2 ≤ ≤ 10

0.42 × 𝑅𝑎 . × 𝑃𝑟 . ×
.

     𝑖𝑓   10 ≤ ≤ 140                            

  (1) 

𝑅𝑎 =
| |

∆𝑇𝐿  (2)  

𝛼 = −  (3) 

 

3.2 Stationary Simulation 

 The aim of the stationary is to investigate the change of the heat flux on the internal and external 
surface of glazing window and after connecting to the outside sliding window depending on the 
distance d between the original window and the sliding window (as shown in figure 2). The boundary 
conditions in the steady-state model are shown in the table 7. According to the simulated results, the 
designed distance d is chosen for the best version of intelligent windows system.  

Table 7. Boundary conditions in steady-state heat transfer 

Boundary conditions Name Unit Description Value 

Conduction 
Temperature Te K External Surface 273.15 

Temperature Ti K Internal Surface 293.15 

Convection Heat flux he W/m2.K 
External Heat transfer 
coefficient 

1/Rse 
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Heat flux hi_n W/m2.K 
Internal Heat transfer 
coefficient 

1/Rsi_n 

Heat flux hi_p W/m2.K 
Internal Heat transfer 
coefficient 

1/Rsi_p 

Fluid 1 L1 mm 
Distance between cooled 
and heated surface 

d1 

Fluid 2 L2 mm d2 

Fluid 3 L3 mm d3 

Radiation 
Surface-to-
Ambient Radiation 

ε  Surface Emissivity 0.9 

 

Figure 4. Example of boundary condition of heat flux on the external surface 

 

3.3. Transient Simulation 

 The transient simulation is based on the data of the temperature varying every single hour in the 
year 2020 in Budapest. In this simulation, the data used is the wintertime from 15th of October to 15th 
of April (184 days ~ 4416 hours) as shown in figure 4. 
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Figure 5. The change of temperature in winter 
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4) RESULTS OF SIMULATION IN TRANSIENT MODEL 

 

4.1. Stationary 

 Table 8 shows the heat flux on the internal surface and external surface of the triple glazing window 
before connecting to the sliding window. 

Table 8. Heat flux in steady-state model 

Description Name Unit Value 

Heat flux on external surface qe W/m2 11.881 

Heat flux on internal surface qi W/m2 11.678 

 

Table 9 shows the heat flux on the internal surface and external surface of the triple glazing window 
after connecting to the sliding window depending on the variation of distance d from 50 mm to 
300mm. Heat flux on both internal and external surface should not be the same because the heat flux 
is not one dimensional, and there are heat bridge effects mostly on the edge of the model. 

Table 9. Dependence of heat flux on the distance d 

Distance Heat flux on external surface Heat flux on internal surface 

d (mm) qe (W/m2) qi (W/m2) 

50 6.5421 6.5892 

100 5.8367 5.913 

150 5.5231 5.6334 

180 5.4475 5.5735 

200 5.4393 5.5709 

250 5.4318 5.5758 

300 5.4372 5.5892 

 It is observed that the heat flux on internal surface decreased when the sliding window was 
connected at the increased distance from 50 mm to 200 mm and then increasing again. Figure 5 shows 
that the heat flux on the internal surface at the distance d of 200 mm is the lowest value.  

 For simulation model, the distance d can be chosen in the range from 150 to 200 mm. 
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Figure 6. Heat flux on the internal surface 

 

Figure 7. Temperature distribution on the whole window after 470 h 

 

4.2. Transient Simulation 

 Table 10 shows the heat flux on the internal and external surface of both cases which was calculated 
in every single hour according to the variation of temperature data over 4416 hours (184 days in 
winter) before and after connecting to the sliding window. The distance between the triple glazing 
window and the sliding window used in this case is 150 mm. 
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Table 10. Heat flux on the internal and external glazing’s surface before and after connecting to the 
sliding window 

Time 
(Hours) 

Heat Flux on 
Internal Glazing's 

Surface 
(W/m2) 

Heat Flux on 
Internal Glazing's 

Surface 
(W/m2) 

Heat Flux on 
External 

Glazing's Surface  
(W/m2) 

Heat Flux on 
External 

Glazing's Surface  
(W/m2) 

 
before connecting 

to the sliding 
window 

after connecting to 
the sliding window 

 

before connecting 
to the sliding 

window 

after connecting to 
the sliding window 

 

1 4.0644 0.27866 16.217 6.3531 

2 5.8002 1.0341 14.724 6.7334 

3 7.1109 1.9795 13.76 6.3259 

4 8.079 2.4976 12.982 6.4606 

5 8.6319 3.2723 12.756 5.9144 

… … … … … 

… … … … … 

4412 10.209 3.9206 5.7123 3.9894 

4413 10.199 3.9264 6.5568 3.9954 

4414 10.189 3.9322 7.5197 4.0014 

4415 10.179 3.9381 7.7583 4.0074 

4416 10.168 3.9439 8.598 4.0134 

Sum 43597.2 20885.4 45080.0 21020.3 

 It is seen that in case of using the intelligent window connecting to the triple glazing window in 
heating season, the heat flux on both internal and external surface is half reduction. Therefore, the 
intelligent windows system shows a potential for energy saving when applying in buildings.  


