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Abstract. This article presents the results of experimental research, 
carried out on the elements of vertical and internal blinds, containing 
phase-change material in its. The research was aimed at determining the 
significance of such factors as: ambient temperature, shape of profiles 
containing PCM and the intensity of their heating to the actual amount of 
energy required for complete melting of PCM Samples of aluminum 
profiles of various cross-sectional shapes containing commercial RT 28 
phase-changing material. The author carried out the research presented 
below on the basis of a poly-selective orthogonal plan. The analysis was 
performed using the finite element method, in the Statistica 12 program. 
The obtained effects of the performed tests and the conducted analysis 
enabled an independent statistical evaluation of the factors of the 
approximate polynomial. 

1 Introduction 
In recent years, a noticeable trend in construction has been the desire to reduce the cost 
of thermal functioning of buildings. The elements of the thermal housing of the building, 
which may cause an increase in the above costs, are transparent partitions. These partitions, 
due to their nature, may cause overheating adjoining rooms in the summer and their 
overcooling in the winter. One of the possibilities to improve the energy efficiency 
of transparent partitions may be installing blinds or roller shutters containing phase change 
material. 

The effectiveness of this solution will depend on the properties of the contained PCM, 
the thermal conditions prevailing in the surroundings of PCM, and the material parameters 
of the blinds and their shape. 

The following is a paper in which the authors used phase change materials to improve 
the energy efficiency of transparent partitions. 

In [1] Safari et al., The results of the simulation of the phase change temperatures 
depending on the climate in which PCM is to operate are presented. The above simulation 
refers to the range of thermal comfort 19–26°C, described in more detail in [2–3]. 
The presented results indicate that in the case of the desire not to overheat the rooms, the 
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most effective are PCMs with melting points of 24–28ºC. In turn, to counteract overcooling 
of rooms, PCMs should be used, which solidify at temperatures of 18–22ºC. 

Liu et al. [4] conducted research on a roof window with one-chamber glazing in which 
phase-change material was applied between the panes. Modification of the window, 
provided its translucency and changed the physical and thermal properties. Researchers 
observed a phase shift in diurnal temperature changes compared to the reference window. 
In turn, no significant changes were observed in the values of the internal air temperature, 
through the use of PCM in the window construction. 

In [5] Bianco, Vigna and Serra presented the results of experimental research conducted 
at the field tests stand in Turin. They tested polycarbonate panels, chamber, filled with 
polycarbonate bubbles, each polycarbonate bubble was filled with phase-changing 
materials (salt hydrates and mixtures of paraffins). After the tests, the authors indicated 
a reduction in the amount of solar radiation passing through the chambers by 40% 
in relation to the reference stands, a reduction in the peak temperature by 4–5°C and 
a 3 hour delay in the direction of the heat flux through the transparent partition after sunset. 

Liu, Wu, Li, Zhou, Wang and Liu, in paper [6] presented the results of numerical and 
field tests needed to validate the above model. The study was subjected to a chamber 
window, double-glazed. The window was modified by selected phase-change materials 
with melting ranges of 14–16°C, 16–18°C, 18–20°C, used different thicknesses of PCM  
(4–50 mm). The research was carried out during the heating season in north-eastern China. 
The obtained results allowed the selection of the most favorable combinations of PCM 
layer thickness (12–30 mm) and melting temperature 14–16°C for the considered location. 
The authors also indicate the scope of applicability of the obtained model, related to 
limiting the transmissiveness of transparent partitions with larger PCM thicknesses. This is 
also related to the poorer use of the PCM applied, due to the fact that fewer of it undergo a 
phase transformation. 

The results presented by Li, Sun, Zou and Zhang in [7] present experimental research 
on a three-layer, two-chamber window, containing phase-changing material in the inner, 
and in the outer space between the panes. In addition, parallel testing of reference windows 
was carried out. The presented results, as in works [5, 6], confirm the lowering of the peak 
temperatures of glazing in the summer season and the limitation of the amount of heat flux 
transmitted through the glazing to the adjacent room. The authors of the considered 
configuration noted a decrease by 2.7°C and 5.4°C temperature of the inner surface of glass 
in the summer season and to reduce the heat flux density penetrating respectively 16.7% 
and 28%. 

Most of the scientific papers describing the thermal work of PCMs cooperating with 
transparent partitions refer only to the modernization of glass packages. It is also possible 
to effectively use the thermal capacity of phase-change materials, for example in internal 
window blinds. In papers [8–9] the author presented the results of field testing of mobile 
window insulation, which is the subject of patent application EP.15461528.0. In the above 
solution, one side of the blind was covered with black matte paint to increase the absorption 
capacity of solar energy. The author, being aware of the influence of: the shape of 
aluminum profiles, containing PCM, the intensity of their heating and thermal conditions 
occurring in the vicinity of the profiles, the actual amount of energy needed to completely 
melt the PCM used, decided to conduct laboratory tests to determine the relationship 
between the above-mentioned sizes. In order to reduce costs and shorten the research time, 
it was decided to perform them in accordance with the incomplete experience plan. This 
plan and statistical analysis were also used in the work [10–12].The author, guided by the 
criteria of implementation, information and efficiency, decided on the choice of the poly-
selective plan, orthogonal, described in more detail in [13]. 
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occurring in the vicinity of the profiles, the actual amount of energy needed to completely 
melt the PCM used, decided to conduct laboratory tests to determine the relationship 
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2 Materials and Method 

2.1 Phase-change material 

As part of these studies, commercial phase change material RT 28 (paraffin mixture) was 
used, manufactured by Rubiterm GmbH, with a melting and solidification enthalpy value 
between ΔHfus = 220–225 J/g, melting point = 28°C and freezing point = 21°C 

2.2 Aluminum samples 

For making samples, 25 cm sections of aluminum pipe with a wall thickness of 2 mm and 
an outside diameter of 40 mm were used. We made ten samples, two times for two samples 
with the following ratio of the length of the ellipse axis :1.00; 0.910; 0.500; 0.393; 0.089. 
To protect samples from loss of PCM, each of them was sealed from the bottom with epoxy 
resin Epidian 6, using hardener Z2. 

2.3 Measuring apparatus 

• Climatic chamber ESPEC; 
• 16-channel recorder, Comet MS6D; 
• energy consumption meter Volcraft 4000; 
• temperature sensors PT 1000; 
• camera Creative HD 720p. 

2.4 Research position 

The test stand was a climatic chamber, within which there were two identical, cylindrical 
tanks. In each of the two tanks there were identical electric heaters with a power of 1,000 W, 
connected to energy consumption meters and thermoregulators as well as samples 
of aluminum profiles. One of the tanks contained a sample containing phase-changing 
material, while in the other one an identical, empty reference sample. To monitor the 
temperature changes of aluminum samples and containers with water, PT 1000 sensors 
connected to the Comet MS6D recorder were used. In order to monitor and record the 
degree of phase change occurrence of samples containing PCM, a Creative HD 720p 
mobile camera was mounted. 

The station constructed in this way allowed the author to record the amount of energy 
needed to keep the container in a constant temperature and melt PCM contained in the 
sample, and to compare the above value of energy consumed with that registered in the 
reference container. The difference in the energy consumption values between the PCM 
container and the reference container was the actual amount of energy needed to completely 
melt the PCM under the given conditions. 

Photographs of the test stand and samples tested are presented in Figures 1–2. 
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Fig. 1. Photography of laboratory position. 

 
Fig. 2. Photograph of tested aluminum profiles. 

2.5 Plan of the research 

The poly-selective, orthogonal plan, was made using the STATISTICA 12 program, using 
the finite element method. The solution of the above plan will be the function of the object 
with the general formula (1): 

� � �� � ��𝑥𝑥� ��� �� …𝑥𝑥� � ���𝑥𝑥� …𝑥𝑥�𝑥𝑥� � ���𝑥𝑥�𝑥𝑥� � �� ����𝑥𝑥���
� ���𝑥𝑥�� � �� ��𝑥𝑥�� 

(1) 

The above plan was made for the input and output data presented in table 1. The scope 
of variability of individual input quantities were determined by the author based on the 
conducted field tests described [8–9]. 

Table 1. The scope of variability of individual input quantities. 

Input value Output value 
air temperature ϵ [12; 20] 

temperature of water ϵ [30; 60] 
shape factor ϵ [0.393; 1.0] 

Real amount of heat 
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The minimum number of test systems was determined based on the formula [13], for 
three input variables (i = 3) and one output one was designated as 15 and additionally two 
reference ones. Table 2 presents standardized and real values of independent variables. 

Table 2. Experience plan. 

Normed values of independent variables Actual values of the independent variables 

 

3 Results 
After performing 17 experimental setups, the obtained results were supplemented with the 
set experimental plan. The arrangement of the plan along with received results was 
presented on fig. 3. 

 
Fig. 3. Arrangement of the polyselection orthogonal plan supplemented with received results. 

The evaluation of effects, individual independent variables and their correlation on the 
value of the object's function, is presented in Figures 4–5. 

 
Fig. 4. Evaluation of the effects of independent variables and their correlation on the value of the 
output variable. 
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Fig. 5. Pareto chart for 95% confidence level for independent variables and their correlation. 

Based on the results of the analysis presented in Figures 4–5, it was found that two 
ingredients, Air temperature (Q) and (L), are statically irrelevant to the assumed significance 
level of 5%. In the next analysis, these components were included in the error component. 
Next, it was found that the next two components Water temperature (Q) and Shape factor (Q) 
are below the assumed level of significance. Other statistically significant components of 
analyzes are presented in Figures 6–7. 

 
Fig. 6. Evaluation of the effects of statistically significant independent variables and their correlation 
on the value of the output variable. 

 
Fig. 7. Pareto chart for statistically significant independent variables and their correlation. 
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Table 3 presents the answer planes with the function models describing them, made for 
statistically significant input variables and their correlation. 

Table 3. The answer planes. 

Figure 8 shows the calculated values of pure error, total error and variance for the 
analysis performed 

Figure 9 presents the calculated regression coefficients for individual input variables 
and their correlation for the conducted analysis 

Chart of absorbed heat from the air and water 
temperature 

Chart of absorbed heat from the shape factor 
and air temperature 

 
z=-19,38-0,24·y+0,043·xy-2,93·0,592471·x-

0,94·0,59·y+75,87 

 
z=-19,38+128,05·y+0,043 45·x-2,93·xy-

0,94·45y-10,67 
Chart of absorbed heat from the aspect ratio 

and temperature of water 
Chart of absorbed heat from air temperature 

and shape factor 

 
z=-19,38-0,24x+128,05y+ 0,043·16,53x-

2,93·16,53y-0,94xy 

 
z=-19,37+128,05x+0,043 45y-2,93yx-

0,94·45x-10,67 
Chart of absorbed heat from the air and water 

temperature 
Chart of absorbed heat from water 

temperature and shape factor 

 
z=-19,38-0,24·x+0,042 yx-2,93·0,59y-

0,94·0,59x+75,87 
 

z=-19,38-0,23y+128,05x+0,043·16,53y-
2,93·16,53x-0,94yx 
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Fig. 8. A comparison of the calculated values of pure error, total error and variance for the conducted analysis. 

 
Fig. 9. List of calculated values of regression coefficients for the conducted analysis. 

4 Conclusions 
Based on the examinations and analyzes, the author obtained the approximation polynomial 
formula, describing the relationship between the selected input quantities and the output 
value. For this polynomial, all independent variables and their statistically significant 
correlations were determined. Obtained results clearly showed that for the above 
configuration and given variability intervals, independent variables, the most important 
variable is the shape factor of aluminum profiles. The results of the above analysis can be 
used to build more complex models used to describe the thermal functioning of mobile 
window insulation. 
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