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Keywords Abstract

Today, polymer-based smart windows have been considered for their thermal capabilities to reduce energy
consumption in the buildings. The important issue about these smart products is their optimal design and
construction which is the main focus of this study. The proposed window operates the way that the percentage of
the light passing through the window depends on the degree of conformity of the refractive index of the nanofluid
inside the window and the polymeric plates. Nanocomposite film has also been used to provide self-cleaning and
photocatalytic behavior on the external surfaces. The materials used include polymethyl methacrylate (plates),
methyl salicylate (fluid), and zinc oxide nanoparticles, which have been used to fabricate the nanocomposite, and
nanofluid. After accomplishing the design and fabrication steps, characterization tests have been performed to
determine mechanical (tensile strength, toughness, flexural strength), physical (contact angle), structural (size and
shape of nanoparticles), optical (light transmission rate), and thermal (temperature ranges, heat transfer coefficient)
properties. In addition, the performance of the window has been analyzed and compared with the other smart
windows in terms of energy consumption and light transmission, in a quantitative analysis by two dimensionless
parameters of light transmission ratio and temperature difference. According to the results, the range of variation
in the transparency has been more than the maximum for other smart windows by 2 times while its energy
consumption and temperature adjustment performance index has been higher than the other smart windows by 2.1
times.

Smart window, Nano-composite, Light
transmission, Self-cleaning, Refractive
index
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Fig. 4 3D printed polymeric prototype of panel.
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Fig. 5 Resin mold preparation; (a) Before curing; (b) After curing.
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Nano-fluid

Fig. 2 Schematics of assembled sample Schematics of assembled
sample
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Fig. 3 Window panel with rotated cubes pattern; (a) Two-dimensional
view; (b) Three-dimensional view.
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Fig. 7 The PMMA plates; (a) external view; (b) Internal view
(Dsiassembled)
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Fig. 8 PMMA samples for contact angle test.
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Fig. 9 PMMA sample for tensile test.
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Table 6 Important results of tensile test on polymeric samples
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Fig. 13 Polymeric sample tensile test results.
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Fig. 14 Polymeric sample flexural test results.
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Fig. 19 DSC test result on PMMA.
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Table 9 DSC test results on nano-composite (ZnO percentages
refereed in Table 4)
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Fig. 17 SEM photo obtained from nano-composite film.
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Table 11 Light transmission test results
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Table 12 Brief comparison of materials and mechanisms of current
smart windows and proposed type
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Table 10 Thermal conductivity coefficient test results (ZnO
percentages refereed in Table 4)
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Fig. 20 UV-Vis transmission curve, obtained for simple polymeric
panels
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Table 14 Experimental and predicted value of R, during 12:00 to
13:00 for proposed smart window.
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Table 15 Predicted value of R, during 12:00 to 13:00 for different
smart windows.
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Fig. 22 Comparison of predicted R, for different smart windows in
warm (low transparency) and cool (high transparency) weather
conditions
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