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ABSTRACT
Nowadays, renewable energies are employed to reduce fossil fuel consumption in buildings and industrial applications.

Radiative cooling (RC) technology uses the Earth's natural heat radiation to cool surfaces without any electricity supply by

emitting thermal radiation to outer space through the transparent atmospheric window. RC technology can produce a cooling

effect both during the night and during the day. However, daytime RC is a challenge, and special materials are to be used.

Materials highly reflective in the solar spectrum (0.3–2.5 μm), and highly emissive in the atmospheric IR transparency window

(8–13 μm) are required for daytime RC technology. This study explores the influence of several parameters in the design of the

daytime RC materials testing set‐up (test box), aiming ultimately at an effective measurement and evaluation of RC materials

during daylight hours using a test box. The approach utilizes a test box setup to assess the materials' ability to emit thermal

radiation while under the influence of direct sunlight. By employing precise measurement techniques within this controlled

environment, this study contributes to the identification of key parameters affecting daytime RC materials measurements. The

outcomes of this investigation contribute to the ongoing efforts in the field of daytime RC, offering practical guidance for

researchers, engineers, and designers involved in developing a test box for daytime RC materials testing.

1 | Introduction

Radiative cooling (RC) technology utilizes the Earth's natural
heat radiation to freely cool surfaces, devoid of any reliance on
electricity, by emitting thermal radiation to outer space through
the atmospheric transparent window. RC technology has some
advantages, such as simple structure, simple manufacturing
process, low cost, and wide applicability [1]. This technology
consists of obtaining cooling power without external energy
input [2]. To effectively implement RC, materials with high
reflectivity in the solar spectrum (0.3–2.5 μm) and high

emissivity within the atmospheric IR transparency window
(8–13 μm) are essential [3–7]. This technology enables cooling
both during nocturnal hours and daytime periods. Nonetheless,
achieving effective daytime radiative cooling (DRC) poses a
significant challenge since special materials are needed. Con-
structing a test box that allows the evaluation of DRC materials
involves several key strategies to ensure accurate and controlled
experimentation. Typically, the appropriate materials for the
test box construction include thermal insulating foams, reflec-
tive surfaces, and transparent materials in the infrared range.
Many researchers are focused on the design of a test box for RC
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using different measurement techniques and strategies to show
the reliability of the DRC materials [8].

Raman et al. [9] pioneered the development of DRC materials;
thus, they also constructed an apparatus to test their innovative
DRC material. They used a tilted apparatus of 30° for temper-
ature measurement of the daytime RC under the sunlight that
minimizes the convective and conductive heat. In their ex-
periment, a 20 cm silicon wafer that serves as the RC surface is
set on a polystyrene pedestal that is held up by a transparent
acrylic box, and above the sample, a clear 12.5 μm polyethylene
sheet serves as an infrared‐transparent windshield. They re-
ported that their experimental restriction limits the amount of
sky access available for thermal radiation. Three years later,
Kou et al. [10] stated that extra care must be taken in the
measuring setup to minimize parasitic conduction and con-
vection from the environment to experimentally achieve cooling
below ambient. In their investigation, the box is set up on an
aerogel blanket with low heat conductivity that is fastened to
the inside of a Petri dish. A polyethylene film covers the top of
the Petri dish, serving as a convection shield. Tso et al. [11]
suggested using vacuum technology in a test box to eliminate
heat loss by conduction and convection to maximize the ther-
mal performance of the sample as a passive radiative cooler.
Their proposed design consists of a passive RC sample located
inside the vacuum chamber (Test box), and they use seven
potassium chloride IR‐pass windows of 10 cm diameter and
23 mm thick as the cover of the vacuum chamber. The test box
is covered by aluminum on its inner and outer walls. Their
results showed that this type of test box provided sub‐ambient
cooling during the night; meanwhile, during the day, the tem-
perature was above the ambient temperature.

Ao et al. [12] investigated experimentally the cooling perform-
ance of DRC samples. The equipment used in their investigation
is a test box of dimensions 40 × 40 × 10 cm. The thickness of the
bottom insulating layer is 8 cm. A sample of dimensions
15 × 15 cm is used as a RC surface and positioned in the hori-
zontal center of the box. Low‐density polyethylene film of
thickness 20 μm is used as a windshield to prevent convection
since it has high transmissivity at nearly all wavelengths. The box
is covered with aluminum foil, except for the sample of RC
material. Li et al. [13] investigated the optical properties and
structure of aluminum phosphate for daytime passive RC appli-
cations. The test box made from polystyrene foam, with low heat
conductivity, of thickness 3 cm has a size of 15 × 20 × 15 cm.
Moreover, aluminum foil is wrapped around polystyrene to
minimize heat intake and remove most of the impact from
thermal conduction.

Liu et al. [14] designed a parallelepiped test box for testing
daytime RC materials. The test box was made of polystyrene
foam and was covered by aluminum foil to reflect the solar
radiation. They used a sample of 10 × 10 cm as RC material. A
wind cover made of 10 μm polyethylene film was used to
decrease the effect of non‐radiative heat exchange from the top
side of the box. Additionally, they suggested using a
temperature‐controlled electric heater to elevate the radiative
cooler's temperature to test the sample's cooling power in an
environment with high humidity. Han et al. [15] designed a
wooden test box for testing RC materials. In their study, they

suggested minimizing heat conduction; for this, the sample
should be supported by 60‐mm thick polystyrene foam with the
same cross‐sectional area. The polystyrene foam was positioned
in the center of the transparent acrylic chamber, which was
held up by a 21.8 cm height wooden frame and covered with
aluminum foil to avoid heating from incoming solar radiation
and to minimize convection over the sample. They suggested
using a 12 μm low‐density polyethylene film on the upper sur-
face of the hardwood frame. Liu et al. [16] performed tests to
give insight into the importance of adding or not a wind cover.
They presented an experimental device constructed with a
30 × 30 × 4 cm square box of high transparent polymethyl
methacrylate to decrease sun absorption. A 10 μm polyethylene
film was used as wind cover at the top of the box to guarantee
strong solar and mid‐infrared light transmission while mini-
mizing non‐radiative heat exchange between the radiative
cooler and its surroundings. To lessen heat transmission
between the radiative cooler and the device, a 2 cm thick piece
of polystyrene foam was affixed to the bottom of the square box,
which housed the radiative cooler. Later, Wong et al. [17] re-
ported materials preparation procedures as well as the fabrica-
tion of the outdoor setup field on the rooftop of the campus of
The Hong Kong University of Science and Technology, for
surface temperature measurement for both daytime and night‐
time RC. In their study, the RC material was set up on an
acrylic ring support, put inside a glass Petri dish, and covered
with a polyethylene film. The supporting structure that held the
assembly was resting on an aerogel blanket.

Some researchers have tested hybrid RC materials. For ex-
ample, Zhai et al. [18] proposed a structure of the randomized
glass‐polymer hybrid metamaterial as DRC material, using
micrometer‐sized SiO2 spheres that are dispersed randomly in
the polymethyl pentene matrix material. The polymer meta-
material is tested by placing it into a foam container to reduce
the parasitic heat transfer. They reported an average daytime
RC power of 110 W·m−2, and an average cooling power of
93 W·m−2 when the solar irradiation is 900 W·m−2. Zhang et al.
[19] tested the cooling performance of a hybrid RC ZrO2/PDMS
in a 30 × 30 × 20 cm polystyrene test box with the lateral walls
of the polystyrene box covered with aluminum foil to reflect the
solar radiation. A polyethylene film was used above the test box
as a windshield to reduce the influence of convection. Xiang
et al. [20] designed an outdoor apparatus to test a hybrid
material for outdoor passive RC based on a 3D porous cellulose
acetate film. The test boxes consisted of a 30 × 30 × 15 cm
polystyrene foam block with a 15 cm diameter × 3 cm cylindri-
cal grove. The foam block was covered by aluminum foil, and
no windshield was used. Outdoors tests showed cooling tem-
peratures of 8.6°C and 6.2°C for nighttime and daytime,
respectively.

Park et al. [21] used a 30 × 40 × 30 cm polystyrene foam box
covered with a silver reflective film. A polyethylene windshield
was placed to minimize convective heat transfer, and tests were
performed to determine the cooling performance of a DRC
coating using raspberry‐like hollow SiO2 spheres. Recently, Liu
et al. [22] presented an experimental study of thin paint for
durable and scalable RC. They conducted an outdoor experi-
ment to investigate the RC and heat dissipation properties of the
designed thin durable paint using a test box. The thin paint was
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placed on a foam box, with a heater fixed beneath for heat
dissipation analysis. The proposed paint achieved a high solar
reflectance of 0.963 and thermal emittance of 0.927 at 150 μm
thickness. They reported that a 2.3°C lower temperature is
reached in comparison to standard PDRC coatings, and an
enhanced heat dissipation resulted from using this thin paint.
Lee et al. [23] built a test box to assess the performance of a
hybrid RC material (polydimethylsiloxane as a binder and
mixed with hollow silica spheres). A 30 × 40 × 30 cm poly-
styrene block covered with a reflective film and shielded with a
30 μm LDPE windshield was used. Outdoor experiments were
performed in South Korea in July 2023, and temperatures of
7.6°C and 4°C below the ambient temperature were recorded.
Yu et al. [24] used a styrene foam covered with aluminum
Mylar tape and covered the top side of the styrene box with
LDPE film. Experiments were carried out in South Korea in
November 2021 to test the potential of integrating hollow
Yttrium‐Oxide spheres within a polydimethylsiloxane matrix;
9.8°C temperatures below ambient temperature during daytime
were registered.

All the previous studies show the difficulties of constructing a
test box for testing RC materials. In the literature, several
researchers gave some instructions on how to build the test
box for evaluating RC materials, and different shapes and
geometries of test boxes were presented. The most common
typology of test boxes found in the literature is the one con-
sisting of a parallelepiped casing with insulation in the bot-
tom and the RC material placed on top of it. However,
different researchers develop their own test boxes, and
inconsistencies are observed in the literature regarding some
critical parameters. Thus, further research is warranted to
identify critical parameters that affect the measurement. The
main objective of this study is to investigate the parameters
that have an impact on the test box behavior and, conse-
quently, the sample's performance during the measurement
of the daytime RC materials. In this study, the impact of
various parameters that can affect the thermal behavior of
the test box and the temperature of the RC materials are
investigated under the real climatic conditions of a temperate
semi‐arid climate (in Lleida, Spain). The coating material for
the lateral walls of the test box and the use of a windshield
cover are two of the main parameters that have variations in
the test boxes found in the literature. Moreover, the influence

of solar protection on the enclosed air temperature sensor is
critical for the correct characterization of RC. Finally, the
effect of the substrate material on the RC material may also
play a role in its behavior. Thus, these four parameters will be
studied and analyzed in this study. The results of this study
add to the current body of knowledge on the subject of day-
time RC by providing helpful guidance to scientists, en-
gineers, and designers who are working on developing a test
box for materials testing related to daytime RC.

2 | Materials and Methods

RC is a renewable cooling technology that utilizes specially
engineered surfaces and materials to emit infrared (IR) radia-
tion in the atmospheric window (8–13 μm), enabling objects to
cool down by radiating heat into the cold space.

The energy balance that occurs within the RC surface is shown
in Figure 1.

And the net cooling power is estimated as the below equation.

P P P P P= − − − .cooling rad sun atm conv+cond (1)

In this equation,

Prad: is the RC power,

Psun: is the incoming solar irradiation,

Patm: is the atmospheric radiation,

Pconv+cond: is the convective and conductive heat.

Material selection is essential when constructing RC test boxes.
Thermal insulating foams are used to minimize conductive heat
transfer, reducing thermal exchange between the sample and
the environment. Reflective surfaces are commonly employed
in test boxes for daytime RC (DRC) to reflect solar radiation and
prevent overheating. Additionally, infrared‐transparent materi-
als are typically used as windshield covers to allow IR radiation
to pass through while minimizing convective heat gains.

FIGURE 1 | Radiative cooling energy balance. [Color figure can be viewed at wileyonlinelibrary.com]
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3 | Description of the Test Box

The test box considered in this study is a parallelepiped wooden
box used as a solid structure, with external dimensions of
32 × 32 × 16 cm and a thickness of 2 cm (Figure 2).

The wooden box is used as a solid structure, and it is filled with
polystyrene foam 12 cm thick and a thermal conductivity of
k = 0.024 W·m ·K−1 −1 to insulate the bottom surface of the
sample. The lateral surfaces of the box should be covered with a
highly reflective material layer in the solar spectrum to reflect
the maximum amount of solar radiation and prevent over-
heating. The sample is put on the middle of the polystyrene
upper surface. The remaining surfaces of the polystyrene foam
facing the sky are also covered by the same highly reflective
layer with the objective of protecting the test box from heat
gain. The background surface in the figure refers to the solar
reflective material facing the sky, on the upper surface of the
polystyrene foam. Finally, the test box should be covered by an
infrared transparent windshield to prevent the condensation of

the moisture air on the sample and to reduce the heat transfer
between the ambient air and the sample. The windshield used
in this test box is a 60 μm thick low‐density polyethylene film.
The sample (21 × 16 cm) is painted with CHILLSKYN coating
[25–27] over a thin substrate, which in our case is 0.5 mm thick
copper. The Infrared emissivity of the CHILLSKYN paint is
ε = 0.97IR , and the solar reflectivity is ρ = 0.96solar .

To well describe the heat transfer phenomena inside and out-
side the test box, a detailed schematic diagram of the heat
transfer that occurs within the test box is shown in Figure 3.

4 | Measurement Procedure

To show the behavior of the RC materials under real climatic
conditions and to monitor the parameters surrounding the test
setup, such as the ambient temperature and solar radiation
intensity, a meteorological station that consists of a pyr-
anometer (Figure 4a) (SMP6, with an accuracy of ±8 W·m−2),

FIGURE 2 | Schematic diagram of the test box. [Color figure can be viewed at wileyonlinelibrary.com]

FIGURE 3 | Schematic diagram of the thermal resistance within the test box. [Color figure can be viewed at wileyonlinelibrary.com]

FIGURE 4 | Pyranometer SMP6 (a), enclosed air temperature sensor RTD‐PT100 (b), and surface temperature sensor RTD‐PT100 (c). [Color

figure can be viewed at wileyonlinelibrary.com]
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and an ambient temperature sensor (with probe uncertainty of
1/10 DIN and ±0.05 °C unit uncertainty) is used. The ambient
temperature is measured using the RTD PT100, as shown in
Figure 4b. A Stevenson shield is used to cover the ambient
temperature RTD sensor and protect it from direct solar radi-
ation. The Stevenson shield is installed at the same level as the
test boxes, about 1 m above the roof ground.

The test box has two calibrated temperature sensors type RTD
PT100 (with probe uncertainty of 1/10 DIN and ±0.05°C unit
uncertainty); one is used to measure the enclosed air temper-
ature (RTD1) (Figure 4b), and the other one is a contact RTD
sensor used to measure the sample temperature (RTD2)
(Figure 4c), as shown by the red points in Figure 2.

Finally, an RTD surface temperature sensor is attached at the
center of one lateral wall to monitor the surface temperature of
the wall of the test box (Figure 5).

5 | Methodology

Daytime RC materials testing involves evaluating materials that
can efficiently radiate heat and achieve cooling even in the
presence of sunlight. A series of tests before the DRC sample
measurements are performed to obtain a reliable test box. A
side‐by‐side methodology is used to determine the influence of
each studied parameter. Thus, three identical test boxes have

been constructed and are used in the experiments, allowing the
change of only one parameter and identifying and quantifying
its influence on the temperature measurement of the daytime
RC sample. Four main parameters are studied (coating of lateral
walls, use of windshield, protection of the enclosed air tem-
perature sensor, and substrate material), as explained in the
following paragraphs.

To reflect the incident solar radiation and prevent the test box
from overheating during the daytime, the lateral walls of the
test box are covered by reflective surfaces. Two materials are
considered: aluminum foils and white paper, both with high
solar reflectivity. For this experiment, two test boxes are used;
one is covered by white paper on its lateral walls, and the other
one is covered by aluminum foil. To analyze the impact of the
coating of the lateral wall on the thermal behavior of the test
box, the temperature of the lateral wall is monitored and
compared.

The impact of the windshield is also investigated. For this ex-
periment, two test boxes with aluminum foil in the lateral walls
are used. One of the test boxes is covered at the top by a 0.6 μm
thick LDPE film used as a windshield, while the other one is
uncovered (Figure 6). To analyze the impact of the windshield
on the thermal behavior of the DRC material and the test box,
the temperatures of the DRC material and the enclosed air are
monitored and compared.

Accuracy in the measurement of the temperature of the en-
closed air in the test box is relevant. The impact of protecting
the temperature sensor using a cylindrical casing and a shader
is also investigated. For that, three different materials
(aluminum, white paper, and cardboard) of the same size are
tested as shaders. Additionally, the temperature sensor in the
enclosed air between the Polystyrene foam and the LDPE film is
heated up by the reflection of solar radiation from the back-
ground material. Thus, to prevent this bounced solar radiation
from the bottom, a cylindrical tube made from cardboard cov-
ered with white paper is used as a casing for the enclosed air
temperature sensor, as shown in Figure 7. The enclosed air
temperature sensor is covered by a cylindrical casing, and the
white paper shader is in one test box. The other test box con-
tains an enclosed air temperature sensor without the cylindrical
casing and is protected by the white paper shader. To analyze
the impact of the protection of the enclosed air temperature

FIGURE 5 | Temperature sensor on the lateral walls of two test

boxes. [Color figure can be viewed at wileyonlinelibrary.com]

FIGURE 6 | Test boxes with and without a windshield. [Color figure can be viewed at wileyonlinelibrary.com]
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sensor on the thermal behavior of the test box, the temperature
of the enclosed air is monitored and compared, and thermal
imaging is used to visualize temperature differences among
shaders.

Finally, a case study of daytime RC material behavior is studied.
The substrate material studied is copper, which has dimensions
21 × 16 cm and is 0.5 mm thick. The substrate is painted with
CHILLSKYN paint, used as DRC material (Figure 8). To ana-
lyze the impact of the substrate material on the thermal
behavior of the RC material, the temperature of the RC material
sample is monitored. A free‐floating test was performed, where
the temperature of the sample was left to evolve because of the
heat exchange between the sample and the surroundings
(mainly by solar and thermal radiation), as shown in Figure 9.

Table 1 summarizes the experiments performed, the boundary
conditions for each experiment, and the control variable used to
determine the influence of the parameter under study.

6 | Results and Discussion

This section of the paper discusses the test results to show the
effects of several parameters that may have an impact on the
test box's behavior as well as the samples' temperature. In the
last part of this section, the impact of the substrate material of
the DRC sample is analyzed.

6.1 | Impact of the Lateral Walls' Coating

In this section, the impact of the coating used on the lateral
walls of the test box is examined by considering two materials:
white paper and aluminum foil.

The temperature evolution during 18 h of the lateral walls of the
two test boxes is shown in Figure 10. The temperature of the
two test boxes' lateral walls increases during the day because of
the incident solar radiation on the walls. The temperature of the
test box lateral wall covered by aluminum foil is lower than the
temperature of the test box covered by white paper. This is
probably due to the slightly higher solar reflectivity of the alu-
minum foil (typical values in the range 70%–80%) over that of
the white paper (typical values for white paper in the range
60%–80%) [28]. No differences are observed between 1:00 p.m.

FIGURE 7 | Cylindrical casing for the enclosed air temperature

sensor. [Color figure can be viewed at wileyonlinelibrary.com]

FIGURE 8 | Photography of the sample (copper substrates with

CHILLSKYN DRC material). [Color figure can be viewed at

wileyonlinelibrary.com]

FIGURE 9 | Photography of the test facility. [Color figure can be viewed at wileyonlinelibrary.com]
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and 3:00 p.m. A maximum difference of 5°C is shown around
5:00 p.m.

6.2 | Impact of the Windshield Cover

In this section, the impact of the presence of a windshield cover
on the test box is examined by considering two options: LDPE
film of 60‐μm thick and no windshield.

Figure 11 shows the temperature evolution of the samples in
both test boxes, with and without 60 μm LDPE windshields for
24 h. It can be seen clearly that the windshield significantly
impacts the sample temperature. The sample temperature in
the test box with the LDPE cover is greater than the sample
temperature in the test box without the LDPE cover during the
higher solar irradiation period. During the day, the sample in
the test box without the LDPE windshield remains below the
ambient temperature, and a maximum sub‐ambient tempera-
ture of 5.8°C is achieved. This is because the LDPE cover creates

the greenhouse effect in the enclosed air gap, and temperatures
above the ambient temperatures are achieved from 11:30 a.m. to
5 p.m. At night, the two samples' temperatures are below the
ambient temperature, but the sample in the test box with the
windshield achieves lower temperatures compared to the sam-
ple in the test box with no windshield cover. This is the ex-
pected effect of the windshield, increasing the thermal
resistance from the ambient air to the DRC sample and so
allowing a higher sub‐ambient cooling. The maximum sub‐
ambient temperatures achieved during the night are 8.2°C and
5.6°C for samples in the test box, with and without PE wind-
shield, respectively.

The temperature of the enclosed air of the test boxes with and
without windshield is also presented in Figure 12. It can be
noticed that the temperature of the enclosed air in both test
boxes is higher than the ambient temperature, with the test box
using an LDPE windshield exhibiting significantly higher air
temperatures during the daytime period. This increase is pri-
marily due to the greenhouse effect, as LDPE is not fully

FIGURE 10 | Temperature evolution of the lateral walls with white paper and aluminum foil. [Color figure can be viewed at

wileyonlinelibrary.com]

FIGURE 11 | Temperature evolution of the DRC material samples for both test boxes with and without windshield. [Color figure can be viewed

at wileyonlinelibrary.com]
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transparent in the infrared spectrum, with a transmissivity of
approximately 84%. Consequently, while LDPE allows a portion
of the incident solar radiation to pass through, it partially ab-
sorbs and re‐emits longwave infrared radiation, leading to heat
accumulation inside the enclosed air volume. From an energy
balance perspective, the enclosed air in the test box with the
LDPE windshield experiences a reduction in radiative heat loss
to the sky due to the windshield's infrared opacity. The ab-
sorbed infrared radiation is re‐emitted within the enclosure,
increasing the air temperature. This trapped longwave radiation
effectively prevents the sample from fully dissipating heat,
contributing to the overall warming effect. On the other hand,
in the test box without a windshield, there is no enclosed air
volume, allowing for natural convective mixing with the
ambient air. This promotes better heat dissipation, although the
temperature of the test box air remains higher than ambient
during the daytime due to direct solar heating. The absence of
an infrared‐opaque barrier enables more effective longwave RC
to the sky, contrasting with the behavior observed in the
windshield‐covered test box. It can also be seen that the tem-
perature of the test box air in the case of no windshield is higher
than the ambient temperature during daytime. This is because
the ambient temperature is measured using the Stevenson
windshield while the RTD sensors of the test box are shaded
using a cardboard shade, and the shader itself is heated up due
to solar radiation. For this, the impact of the shader of the RTD
sensor is investigated in the following sub‐section.

During the night, the air in both test boxes is lower than the
ambient temperature. Lower temperatures are observed with the
presence of a windshield. When using windshields in nighttime
RC, the enclosed air temperature is 1°C below the temperature of
the test box without windshield during most of the night.

6.3 | Impact of the Shader Material Used for the
Ambient Temperature Sensor in the Test Box

A shader is used in the test box to prevent the enclosed air
temperature sensors from overheating due to direct solar

radiation. Thermal imaging demonstrated that the shader itself
was a hot spot (Figure 13 [left]), presenting an estimated tem-
perature of 56.2°C compared to the 39.7°C estimated for the
background covered by the white paper. This is because the
cardboard material initially selected as the shader has high solar
absorptivity and contributes to heat collection at that zone.

To prevent the shader from overheating and consequently
prevent the enclosed air temperature sensors from gaining this
extra heat, three different shaders with the same dimensions of
7 × 11 cm are considered and tested on a high solar
radiation day: one covered with white paper, another covered
by aluminum foil and a third one not modified at all (bare
cardboard), as shown in the Figure 13 (right).

It is observed that the temperature of the three shaders has the
same evolution with time (Figure 14). From 12:00 p.m to
6:00 p.m, the three shaders reach the peak temperature. The
maximum shader temperatures recorded during this test are
43.8°C, 41.2°C, and 39°C for bare cardboard, shader covered by
aluminum foil, and shader covered by white paper, respectively.
It is noticeable that the cardboard shader covered by white
paper has a lower temperature under the effect of solar radia-
tion compared to the other shaders, and the bare cardboard
shader is the worst choice as a shader because of its higher

FIGURE 12 | Temperature evolution of the enclosed air for both test boxes with and without windshield. [Color figure can be viewed at

wileyonlinelibrary.com]

FIGURE 13 | Thermographic imaging of the test box (left) and shader

materials (right). [Color figure can be viewed at wileyonlinelibrary.com]
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temperature since it absorbs solar heat under the effect of solar
radiation.

6.4 | Impact of the Cylindrical Casing in the
Enclosed Air Temperature

Figure 15 shows the temperature evolution of the enclosed air
in the two test boxes for one day. In both test boxes, the tem-
perature of the enclosed air increases during the day because of
the increasing solar radiation. The peak temperatures of the
enclosed air with and without cylindrical casing are 45.7°C and
49°C, respectively. The maximum temperature difference
between the two test boxes is 3.3°C.

6.5 | A Case Study of Daytime RC Material

A case study of the substrate material of the sample and the
DRC material (CHILLSKYN) is investigated to show its impact

on the RC behavior. For this investigation, the results of the
previous section are used to construct a test box to test daytime
RC materials. The test box designed is a wooden box with lat-
eral walls covered by aluminum foil. A white paper is used to
cover the background surface facing the sky, and the enclosed
air temperature sensor is protected by a white paper‐covered
cardboard shader and the cylindrical casing. Finally, the 60 μm
LDPE is used as a windshield for the test box [21, 22]. Figure 16
presents an image of the final test box.

The temperature evolution of the sample and the enclosed air
as a function of time and climatic conditions is shown in
Figure 17. The sky was clear at midday and partially cloudy at
the start and at the end of the day. The solar irradiation has a
peak of 676 W·m−2 at 1:31 p.m. The relative humidity was
higher at night and reached 90%, and it had lower values during
the day, with a mean value of about 48%.

During the night, the temperature of the sample is below
ambient temperature. A sub‐ambient temperature of about 10°C

FIGURE 14 | Temperature evolution of the three types of shaders. [Color figure can be viewed at wileyonlinelibrary.com]

FIGURE 15 | Temperature evolution of the enclosed air with and without cylindrical casing. [Color figure can be viewed at wileyonlinelibrary.com]
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is obtained. Also, the enclosed air temperature shows sub‐
ambient temperatures of about 3.5°C.

During the day, as solar irradiation increases, the temperature
of the sample also increases. It is observed that the temperature
of the sample of copper substrate is always under ambient
temperature, even at the peak values of the solar irradiation,
with a sub‐ambient temperature of 0.3°C. As the solar
irradiation increases, the temperature of the enclosed air also
increases and surpasses the ambient temperature, with a peak
value of 40°C, about 13°C above the sample temperature. Thus,
obviously, this overheated air trapped is affecting the energy
balance on the surface and the final equilibrium temperature of
the sample. Based on our results, the claimed benefit of the
LDPE windshield, observed in many literature papers, in terms
of reducing the heat transmittance between outside air and the
DRC material is offset in sunny hours by the higher tempera-
ture gradient between enclosed air and sample and the conse-
quent increase in convection heat transfer.

7 | Conclusions

The results of this study add to the current body of knowledge
in the field of daytime RC by providing a useful comprehensive

vision to scientists and designers who are working on creating a
test box for daytime RC systems. Under the actual nocturnal
and diurnal climatic conditions of Lleida, a city representative
of a temperate semi‐arid climate, the effects of several param-
eters that may influence test box thermal behavior as well as the
influence of different substrate materials on the RC material
temperature were examined. The impact of the test box lateral
walls coating, the impact of the polyethylene windshield cover,
the protection of the enclosed air temperature sensor, and the
substrate material of the sample are investigated. The results of
the tests lead to the following conclusions:

1. During nighttime, the use of the polyethylene windshield
has a great impact. The sample temperature was, on
average, 7.5°C and 4.5°C below the ambient temperature
for the test box with and without PE windshield, respec-
tively. The sample temperature difference between the test
box with and without PE windshield was about 3°C.

2. During daytime RC, it is advisable to remove the poly-
ethylene windshield since a sub‐ambient temperature
during all day is obtained in the case of no windshield,
while a temperature of 3°C above the ambient tempera-
ture is obtained in the case of using the PE windshield
because it creates an overheated air space (due to the
combination of incident solar irradiation and partial
greenhouse effect of the PE), which results in more con-
vective heat transfer to the DRC sample.

3. Both aluminum and white paper are adequate materials to
cover the test box surfaces and reflect solar radiation.
Aluminum performs slightly better during the day, while
white paper results in slightly better performances as
shader and in night operation.

4. The shader and the cylindrical casing for the enclosed air
temperature measurement are good options to accurately
measure the temperature of the enclosed air between the
sample and the PE windshield (if used) during the day
since the shader prevents overheating of the sensor from
direct solar radiation and the cylindrical casing prevents

FIGURE 16 | Photography of the test box used in this study. [Color

figure can be viewed at wileyonlinelibrary.com]

FIGURE 17 | Sample and enclosed air temperatures evolution. [Color figure can be viewed at wileyonlinelibrary.com]
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from bounced solar radiation beams from the bottom to
the sensor.

5. The copper substrate sample can achieve low tempera-
tures during the day, with a maximum sub‐ambient
temperature of 0.3°C at the peak value of solar radiation.
It was possible to achieve sub‐ambient temperatures
throughout the day under sunny conditions in October
when the solar irradiation peak reached 676 W·m−2 for a
case study with a sample consisting of copper as the
substrate material and CHILLSKYN as the DRC coating.
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