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Infrared non-destructive detection of abnormal heat information
inside body by simulation

Gong Jingtang, Qu Huiming, Chen Qian, Wang Xintao

(School of Electronic Engineering and Optoelectronics Technology, Nanjing University of Science and Technology,

Nanjing 210094, China)

Abstract: In order to effectively detect the information of the abnormal heat inside the body, based on
Fourier’s law and the law of conservation of energy, a heat transfer differential equation with a spherical
heat was established. Then the differential equation through the surface isotherm distribution was solved to
obtain the relationship between the surface temperature distribution and the depth, size and temperature
of the inner abnormal heat. Thus the spherical abnormal heat transfer model including the body surface
temperature distribution and globular heat was established. Afterward the finite element analysis software
COMSOL was used to simulate the model with numerical analysis. At the same time, the infrared
thermal imager was used to collect the temperature distribution of the solid model surface, and then the
internal heat source information was obtained by solving the differential equation. In the end, comparing
the actual inner abnormal heat information with the information from the analysis of simulation and actual
analysis, both the results and the actual error are in millimeters.
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Fig.1 Cross-sectional view of spherical heat transferring

in the homogeneous tissue
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Fig.2 Infrared non-destructive detection experimental apparatus
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of abnormal heat and its experimental results
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Tab.1 Results and error of physical model

Case one:coordinates of heat source(5,5, 2), T,=21.5°C

Group one Group two Group three
T/°C 28.746 7 28.2882 27.8055
ricm 1.9142 2.2811 2.718
Result R/cm d/cm T./°C
0.450 5 2.090 01 38.0085

Eror  9.9%(0.02cm)  4.5%(0.09cm)  4.98%(1.9915°C)
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Tab.2 Results and error of physical model

in different positions

Case one:coordinates of heat source(5,5, 1), T,=21.5°C

Group one Group two Group three
T/°C 24.6579 24.3729 23.669
r/icm 1.4761 1.778 21711
Result R/cm d/cm T./°C
0.54 3.22 40.900 4

Error  8%(0.04cm)  7.33% (0.22cm)  2.251%(0.900 4 °C)

Special case:coordinates of heat source(2, 2, 2), T,=21.3°C

Group one Group two Group three
T/°C 26.999 3 26.3807 25.7139
r/icm 0.875 1.287 1.702
Result R/cm d/cm TJ/°C
0.4591 2.06 35.871

Error  8.18%(0.040 9 cm) 3%(0.06 cm) 10.322 5%(4.129 °C)
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Fig.3 Simulation results of paraffin model
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Tab.3 Results and error of simulation model

Group one Group two Group three
T/°C 28.788 7 28.078 27.336 2
ricm 1.719198 8 2.299 9516 3.058 1918
R/cm d/cm T./°C
Result
0.4334 2.05501 37.468 9
6.33%
0, 0,
Error 13.32%(0.066 cm) 2.75%(0.05 5 cm) (2.5311°C)
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