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Abstract In this paper, the design concept of a low-temperature vacuum blackbody was described, and
thermophysical model of the blackbody was numerically evaluated. Also the working performance of
low-temperature vacuum blackbody was evaluated using infrared camera system. The blackbody system was
constructed to operate under high-vacuum conditions (2.67 x 102 Pa) to reduce temperature uncertainty, which is
caused by vapor condensation at low temperatures usually below 273 K. In addition, both heat sink and heat
shield including cold shield were installed around radiator to prevent heat loss from the blackbody. Simplified
mathematical model of blackbody radiator was analyzed using modified Stefan-Boltzmann’s rule. The infrared
radiant performance of the blackbody was evaluated using infrared camera. Based on the results of measurements,
and simulation, temperature stability of the low-temperature vacuum blackbody demonstrated that the blackbody
system can serve as a highly stable reference source for the calibration of an infrared optical system.

Keywords: Low-Temperature Vacuum Blackbody, Thermal Radiation, Infrared Camera, Signal Transfer Function,
Noise Equivalent Temperature Difference
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Fig. 1 Schematic design of the low-temperature
vacuum blackbody

Fig. 2 Cross-sectional  structure of the low-
temperature vacuum blackbody
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Fig. 3 Simplified design of a low-temperature vacuum
blackbody system (A: radiator, B: heat shield,
C: cold shield)

Table 1 Thermophysical parameters for the
temperature analysis of blackbody system

Parameters Values
Stefan-Boltzmann constants (W-m?2K™) 5.6740x10°®
Thermal conductivity of OFHC copper 301
(W/m-K)

Thermal conductivity of Al6061-T6 (W/m-K) 167
Emissivity of radiator 0.97

Set point temperature of radiator (K) 270, 290, 310, 330
Set point pressure of vacuum chamber (Pa) 2.67x10”

Fig. 4 Thermophysical image of simplified blackbody
model which analyzed at 270 K

Table 2 Analysis results of simplified blackbody model
at four different target temperatures

Set temperature (K) 270 290 310 330

Average (K) 270.002 290.000 309.993 329.988

Standard deviation (K) 0.0036 0.0017 0.0059  0.0090
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Fig. 5 Performance evaluation of blackbody system
using infrared camera
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Fig. 6 Signal transfer function curve of low-vacuum
temperature blackbody system
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Fig. 7 Histogram of temporal NETD for the ROI of
blackbody radiator using infrared thermal
image

Fig. 8 Infrared thermal image of blackbody radiator
for the analysis of NETD
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