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Simultaneous Multilayer Flow Stabilization of a Nanometer-Scale Multilayer

Heat-Shielding Film for Windows
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Abstract

Recent efforts to prevent global warming have taken two
paths: the high-efficiency generation of electricity from re-
newable energy sources (solar, wind, hydro, etc.) and electri-
cal-energy saving technologies.

To save the energy expended by air conditioners in vehi-
cles and structures, heat-shielding window films prevent the
entry of infrared rays. Metal sputtered heat-shielding win-
dow films transmit visible light, but block the longer infrared
wavelengths. Unfortunately, metal sputtered films also block
the electromagnetic waves of such communication devices
as cell phones.

What is needed is the band-stop filter provided by a film
that blocks infrared light, but not visible light or the elec-
tromagnetic waves of communication devices. Such a film
requires simultaneous multi-layer coating, and we found
success with a water-based, multi-layer coating technology
developed for photographic film.

Our heat-shielding window film is much thinner and more-
highly layered than photographic film, and the flow of its si-
multaneous multi-layer coating is easily disturbed. But we
gained index parameters allowing multi-layer flow stability
by simulating the flow’s velocity distribution.

Presented here are the simulated results and physical ob-
servations that led to the design of a viable multi-layer coat-
ing system for heat-shielding window films that allow inter-
ference-free communication.
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Disruption of flow

Fig. 1 Disturbance of simultaneous multi-layer flow.
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Table T Comparisons between the heat-shielding film and a conven-
tional photographic film.

Heat-shielding film  Photografic film

Number of layers ~30 layers ~15 layers

Wet film thickness per layer 2~3 pum 10~15 um

Dry film thickness per layer 0.1~0.2 pm 1~1.5 pm
Total dry film thickness 3~4 um ~20 um
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Fig. 2 Cross-section of heat-shielding film. About 20 layers of dielectric,
multi-layer film are evenly layered to a thickness of about 3 um to

reflect infrared rays.
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Fig. 3 Apparatus of a general simultaneous multi-layer coating system.
In this example, there are only four layers.”
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Fig. 4 Shear-rate distribution of our simultaneous multi-layer flow simu-
lation. The example here employs a 10-layer flow.
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Table 2 Results of simultaneous multi-layer flow down experiment.
Used parameters are viscosity of low refractive index layer, flow
rate of low refractive index layer, and flow rate of high refractive
index layer.

Low refractive index layer ~ High refractive index layer .
Distance of

Viscosity ~ Flow rate Flow rate stable flow
Low Low Low 220 mm
Low High High 260 mm
High High High 320 mm
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Fig. 5 Simulation and experiment results. The maximum value of XF; is
almost equal among the three conditions, and the maximum val-
ues of XF; and the experiment results correlate well. When the
maximum value of XF; exceeds 33-34, disturbance of the simulta-
neous multi-layer flow occurs.
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