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Radiative Heat Transfer
in Macro and Nano System
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Visible and Invisible Lights
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Global temperature is determined by the heat balance of the energy irradiated
(wavelength =0.5 xm) by the sun and thermal emission (wavelength= 10 xm ) form
the earth.

The greenhouse gases are transparent against the sunlight, however, they absorb the
long infrared from the earth. The gases increase the temperature of the earth.
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Heat Transfer Control by Dispersing Nano-particles
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Cooling of the Earth by Nano-particles Sendsi apan

Proposal
Optical Characteristics of Nano-particles
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Controlling Solar Irradiation by Dispersing
Nano-Particles in Stratosphere
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Decreasing Temperature

Infrared .
Sun

Sunlight

m Material : Al,O4

m Altitude:30 km
= Launching Site:4000 m
m Acceleration:Linear Motor

m Projectile:10 tons

. Thermal Science and Technology (2015)
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Macro and nano-systems can be
defined in terms of radiative transfer

Macro-system:
The size of the system element is much larger

than the wavelength of radiation.
The radiation can be treated as energy rays and
geometrical optics can be applied.

Nano-system:
The size of the system element is similar or
smaller than the wavelength of radiation.
Wave and quantum characteristics appear in

the radiative transport.
12
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Nano-scale Radiative Transfer
to Solve Environmental Issues
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Phenomenon in macro scale

Pigment particle observed by
Scanning Electron
Microscope (SEM)
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scale has the big impact on
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colors are used to paint the
buildings or cars to improve
performance
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Energy saving by nano-particles

Contribution of UV/VIS/NIR lights in solar energy
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It is possible to reduce sunlight absorption of exteriors by reflecting

energy.
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N u merlcal anaIyS|S Collimated and diffuse

solar irradiation

The RTE is solved to find spectral 1]
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Thermal analysis (VIS-IR) : Considered
Measured spectral reflectance

Solar irradiation One-dimensional plane-parallel model
M. Baneshi, et al., JQSRT, 110, (2009), 192.

Bird’s model _ _
M. Baneshi, et al., J Therm Sci Tech-JPN, 4, (2009), 131.

Bird, R. E., Riordan, C., Journal of Climate and Applied Meteorology, X
Vol. 25, pp 87-97, 1986. M. Baneshi, et al., JQSRT, 112, (2011), 1197.

Radiation Element Method by Ray Emission Model (REM?)

S. Maruyama, Int. J. Heat Mass Tran, 41, (1998), 2847.
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designing method

Gonome & Maruyama, et al., JQSRT, (2013)
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Specifications of the pigmented particles

Mean diameter of

Composition particles [um] Chemical company
CuO 0.050 Wako Pure Chemical Industries
CuO 0.89 Kojundo Chemical Laboratory
CuO 3.0 Wako Pure Chemical Industries

-

CuO powder

Standard black and white paper introduced
by Japan Industrial Standards (JIS)

Gonome & Maruyama et al., JQSRT, 132, (2014).
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Conclusions

-

1. In radiative transfer, the size of the nano-system is N
similar or smaller than the wavelength of radiation, ﬁ

and wave and quantum characteristics appear.

2. Nao-scale radiative heat transfer may solve mega-

scale environmental issues. |
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