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A New Spectrophotometer System for Measuring Thermal Radiation
Characteristics of Real Surfaces of Thermal Engineering Entirely

Toshiro MAKINO™ and Hidenobu WAKABAYASH ™3

*3 Department of Mechanical Engineering and Science, Kyoto University, Kyoto 606-8501, Japan.

In this work we develop a new spectrophotometer system for measuring thermal radiation
characteristics of real surfaces of thermal engineering entirely. This system measures transition of
spectra of normal incidence hemispherical reflectance Rnu, normal incidence specular reflectance
Rnn, normal incidence diffuse reflectance Ryp, normal absorptance Ay and normal emittance ey of
real surfaces in a near-ultraviolet through infrared region of wavelength 0.30~10.9 um
simultaneously and repeatedly with a cycle time of 6 s. The system is applied to measure the
spectrum transition of the reflectances, absorptance and emittance of a nickel surface which is
prepared as a clean optically smooth surface and is oxidized in high-temperature air to be changed
to an oxidized rough real surface. Microscopic mechanisms of the spectrum transition are
discussed, to illustrate the ability of the developed spectrophotometer system for thermal
engineering.

Key Words : Thermal Radiation, Spectroscopic Measurement, Simultaneous Measurement,
Reflectance, Absorptance, Emittance, Real Surface.
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Fig.1 Concepts of normal incidence hemispherical
reflectance Rnn, normal incidence specular
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reflectance Rnp, normal absorptance Ay and
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Fig.2  Sketch of optical sub-system for measuring
normal reflectance Run for hemispherically
homogeneous incidence, normal incidence
specular reflectance Ryn and emittance en
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0. cam mechanics 13. entrance slit
1. tungsten-halogen lamp 14. filter disk
2. SisNgy light source 15. rotational plane mirror
3. paraboloidal mirror 1 16. collimator
4. paraboloidal mirror 2 17. diffraction grating
5. specimen 18. camera mirror
6. heater 19. 35-Si photodiode array
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8. thermocouple 21. 32-InSh photovoltaic
9. concave mirror detector array
10. plane mirror 22. 16-HgCdTe
11. rotational plane photoconductive
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12. chopper

Fig.3  Schematic diagram of wide-spectral-range
high-speed  spectrophotometer  system  for
measuring spectra of normal reflectance Run for
hemispherically homogeneous incidence, normal
incidence specular reflectance Rnn and normal
emittance en
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Fig.4  Spectrum transition of hemispherical reflectance Rnn, specular reflectance Ryn and diffuse reflectance Rnp

Fig.5  Spectrum transition of absorptance Ay and emittance en
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