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Abstract

Radiative cooling of surfaces without applying an energy source has been
suggested in the literature. The basis for radiative cooling is the infrared
transmittance of the atmosphere. The spectral transparency (i.e. low absorption) of
the atmosphere in the wavelength range of 8 to 13 um is generally termed the
atmospheric window. If the humidity and cloudiness are low, then the downward
thermal radiation from the atmosphere in the spectral region of the atmospheric
window are expected to be low. A temperature between 15 °C and 25 °C below
ambient temperature has been achieved as a result of radiative cooling.

Spectrally selective radiating material, which is defined as a material with high
emittance in the spectral region of the atmospheric window and high reflectance in
the rest of the spectral range, can be used as an essential means in a sky radiator
for passive cooling of the material. Silicon monoxide film on highly reflective
substrate (aluminum coated glass) was used in the present work. It was found that
the temperature of the thin film surface was about 12 °C lower than that of ambient
temperature under suitable condition of radiative cooling. Cooling is expected to
be more efficient in performance if it is carried out in desert places.

Keywords: thin films, transmittance, radiative cooling, silicon monoxide
1. Introduction

A passive cooling strategy works without applying input electricity. In order to
achieve passive cooling below ambient temperature at night, a method known as
radiative cooling has been established [1-4]. The basis for the radiative cooling is
the infrared transmittance of the atmosphere [5]. The spectral transparency (i.e. low
absorption) of the atmosphere in the wavelength range of 8 to 13 um is generally
termed the atmospheric window. It is obvious that most of the energy transfer
occurs through this window due to the radiative cooling [6-8]. On the other hand,
thermal radiation absorbed by carbon dioxide and water vapor in the atmosphere
also results in the discharge of the thermal radiation downwards from the
atmosphere. It has been reported [9] that radiative cooling by spectral selective
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radiative material (SSRM) appears most significant under certain weather
conditions which are low or moderate cloudiness and humidity. Due to the radiative
cooling, a temperature from 15 °C to 25 °C which is below ambient temperature
may be achieved by a blackbody. Spectral selective radiative materials have a high
emittance (low reflectance) in the spectral region of the atmospheric window and a
high reflectance in the remaining spectral ranges [10-14]. In this present work,
silicon monoxide (SiO) films were deposited on highly reflective substrate (Al on
glass). Silicon based films are characterized as one of the most suitable material in
SSRM system. Earlier similar work was performed in various countries other than
Saudi Arabia. The present work was performed in Dhahran, Saudi Arabia.

2. Experimental Details

In this work, a two layered system on glass of SiO/Al/glass was fabricated by using
physical vapor method (PVD). A tungsten boat was used for evaporation of SiO,
whereas Al films were prepared by electron beam evaporation. Purity of the
materials used for evaporation were better than 99.9%. The thickness of the Al layer
was about 100 nm. The thickness of the SiO layer varied between 800 to 1500 nm.
Thickness greater than about 1000 nm were good enough. After deposition, the
SiO/Al/glass device was placed in a polystyrene block as shown in figure 1. The
device was covered with a black polyethylene sheet. The black sheets provide
insulation against convective heat inflow and prevent the SiO layer from visible
and near infrared radiation generated by streetlights and glow in the sky. A
thermocouple was connected to the device while another was left to measure the

atmospheric temperature.
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Figure 1: Cross-sectional view of a panel for testing radiative cooling
3. Results and Discussion

Figure 2 shows the measured spectral transmittance (T) of a SiO film on KBr
substrate in infrared region.
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Figure 2: Infrared spectral transmittance of SiO film of KBr substrate

The absorption band that appears around a wavelength of about 10 um lies in the
region of the atmospheric window (8-13 um). According to Kirchhoff’s law a good
absorber is a good emitter. Therefore, large emission is expected around 10 um
region. Indeed, it is the infrared selective property of SiO film that is required for
the passive cooling of a surface. Therefore, for optimum performance the
absorption at 10 um must be as high as possible. The absorption increases as the
thickness of the SiO layer increases. Initially, the transmittance of the SiO film
decrease very rapidly with the film thickness. However, once the thickness of about
1um is reached then the decrease of the transmittance with thickness declines and
becomes very low. It may be noted that with thickness between 1 um to 1.5 pm,
the transmittance decreases only by less than 1%. Therefore, the thickness of SiO
layer of 1um was used in the present work. The reflectivity of the system on either
side of the atmospheric window should be close to 100% due to Al layer used in
the system. The radiative cooling measurements of SiO/Al/glass system were
carried out from mid November to mid January. Normally, the weather is a bit rainy
during this part of the year and the climatic conditions were therefore far from ideal.
The experimental setup was placed on a flat roof in such a way that the plate was
freely radiating. Temperature measurements of the surface of the panel and of
ambient were continuously monitored with an accuracy of 0.1 °C on a time base
recorder. The results obtained on different dates are reproduced in figures 3-9.
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Figure 3: On-line measured temperature of film surface and ambient: November-1

12 —

SCIENTIFIC INQUIRY AND REVIEW
Volume: 2 Issue: | 2018



Passive cooling of surfaces

3
ot " g e
. 28
L e, Amtien " LR R .
20 " gt e LI
%, 0t ey oot ? ‘.. .
M * Ambieat -
o o e, K
15 L T T I e
= 15
Thia film surface . g -
. + 2 .t Thia film surface
10 . B £ R s
10 - .
. .
. . et e
o o
2 N 2
12 16 u o 08 12 2 16 20 24 04 [ [}
Time (hours) Time (hours)

Figure 4, 5: On-line measured temperature of film surface and ambient:

November-Il, December-I
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Figure 7: On-line measured temperature of film surface and ambient: December-
"
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Figure 8: On-line measured temperature of film surface and ambient: January-I
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Figure 9: On-line measured temperature of film surface and ambient: January-11

Each of the figures shows two plots corresponding to (a) thin film surface
temperature versus time and (b) ambient temperature versus time. It may be noted
that starting time measurement was taken at 12 o’clock in the afternoon. This
particular time scale was chosen so that the continuity of the cooling cycle (from
sunset to sunrise) could be easily visualized from the plots. It can been seen from
these figures (3-9) that due to the presence of film surfaces the radiative cooling
effects takes place at night. Moreover, the film surfaces are cooler by about 12 °C
as compared with the ambient.
4. Conclusion

The spectral transmission in infrared region for SiO film on KBr substrate was
studied. By testing the spectral selective radiative materials (SiO/Al/glass), it was
found that the temperature of SiO surface 12 °C below the ambient could be
achieved. However, it was observed that for better efficiency of coatings (a) skies
should be clear (b) humidity in the air should be as low as possible and (c) the
background glow from the streetlights must be at the lowest level possible.
Therefore, it is expected that cooling of the surface will be far more efficient in a
desert.
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