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A Measuring System for Carbon-Carbon Composite Thermal

Physical Properties at High Temperature
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Abstract A new method for measuring thermalphysical properties of carbon—carbon composite at high
temperature was proposed. It utilized multi—spectral thermometry, laser scanning technique and current
heating technique. A specimen was heated to steadystate by large current in a short time, and the
surface temperature distribution was measured by two pyrometers. At the same time, the deformation
was measured by a laser scanning system. Based on the current and voltage parameters, electrical
resistivity, thermal expansion coefficient, thermal conductivity, heat capacity, total hemispherical
emissivity and multi-spectral emissivity of the cathbon—arbon composite can be calculated simultaneously
by using the apparatus which mainly consisted of a high temperature environmental chamber, a power
circuit of heating, two high-speed pyrometers, a laser scanning system, et al. The measurement
principle and components of the apparatus were described in detail. The measurement precision of laser
scanning system can get to= 3% m, and the precision of the two pyrometers is superior to 1% .

Key words measurement of thermophysical properties; multi-wavelength thermometry; laser scanning

technique; carbon-carbon composite; high temperature

* : 2008-01-03

(19775 . . .



420

2008 5

20

[9.10]

1)

2)

60, 70

1. 10 Pa.

[3-8]

DaqBo 0k200

[12]

, [1,2]
/
1 )
DanookZO(iJ
= | ———
— 'D%f, I BIEs,
ol B !
ALl | -
#® E 1§ 1 S5—
4 .
|| % — eyt
L1 | %4 4
! %1-‘ 2
il
1- 52— ;3 ;
4- ;5 6-

Fig | Schematic diagram of the apparatus
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Tab 1 Calibration results of the laser scanning system
AL i 1 2 3 4 5 6 7
1 ALy /mm 0 05 1 1.5 2 2.5 3
) ’ AL; /mm 0. 001 0. 499 1. 002 1.503 2.001 2.497 2. 99§
[13] !
<L 3tm . We ALi-ALg) #m 1 -1 2 3 1 -3 -2
800~ 3000C
0. Yo , 2, 3 ,
) 1% . 3000~ 3 500°C
1% .
2
Tab. 2V erification results of optical fiber multispectral radiation pyrometer
e 950 1 100 1300 1500 1 700 1 900 2 100 2 300 2 500 2700 2 900
fC 958 1 094 1301 1497 1 689 1 881 2 089 2293 2 496 2 688 2 894
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Tab.3 Verification results of color radiation pyrometer

fc 885 1 091 1 300 1510 1 689 1887 2091 2 291 2491 2692 2884

fc 893 1101 1306 1510 1 699 1897 2101 2301 2501 2702 2 89%4

[1] , s . / [J]. , 1997(8): 8-0.
Li Hejun, Luo Ruiying, Yang Zheng. The status and future on research and application about carbon/carbon
composites in the aeronautical area[J]. Journal of Materials Engineering, 1997(8): 8-10. (in Chinese)

[2] . [J1- , 2003(4): 22-26.
Ge Minglong. Application of C/C and C/SiC based composites for foreign liquid propellant rocket engines|[]].
Missiles and Space Vehicles, 2003(4): 22-26. (in Chinese)

[3] . ACNT/C [J]- . 2006( 10): 1819-1822.
Li Zhi. Studies on thermal conductive properties and mechanism of a new ACNT/C nanocomposite material [ J].
Chemical Journal of Chinese Universities, 2006( 10): 1819-1822. (in Chinese)

[4] Luo Ruiying, Liu Tao, Li Jinsong, et al. Thermophysical properties of carbon/carbon composites and ph ysical
mechanism of thermal expansion and thermal conductivity [J. Carbon, 2004, 42(14). 2887-2895.

[5] Zhang Wei, Yi Fajun, Han Jiecai, et al. Experimental study on thermophysical properties of C /C composites at high
temperature[J]. Journal of Harbin Institute of Technology, 2006, 13(3): 286-288.

[6] Zhao Jianguo, Li Kezhi, 1i Hejun, et al. The thermal expansion of carbon/carbon composites from room
temperature to 1400°C [J]. Jurnal of Materials Science, 2006, 41(24): 8356-8358.

[7] Cheng Laifei, Xu Yongdong, Zhang Litong, et al. Effect of heat treatment on the thermal expansion of 2D and 3D
C/SiC composites from room temperature to 1400°C [J]. Carbon, 2002, 41(8): 1645-1687.

[8] Manocha L M, Warrier A, Manocha S, et al. Thermophysical properties of densified pitch based carbon/carbon
materials—I. Unidirectional composites[J]. Carbon, 2006, 44(8): 480-487

[9] Taylor R E. Survey on direct heating methods for high-temperature thermophysical property measurements of solids
[J]. High Tem perature—High Pressures, 1972, 4(5): 523-531.

[10] . [M ] : , 198t 123-146.

[11] s s . [1]- , 1995, 14(6). 461466
Dai Jingmin, Yang Maohua, Chu Zaixiang. Multi-w avelength pyrometer and its applications[J]. Journal of Infrared
and Millim eter Waves, 1995, 14(6): 461-466. (in Chinese)

[12] , , . [1]- ( ), 2006, 27(3). 210-214
Mei Ying, Cheng Zh igang, Huang Li. Influence of temperature onvessel design[ J]. Journal of North University of
China (Natural Science Edition), 2006, 27(3): 210214. (in Chinese)

[13] , , .. [J]. , 2003, 24(1): 118-120.
Zhang Guoyu, Xu Xiping. Yang Lin, et al. Laser scanning measurement for high temperature deformation of
materials[J]. Acta Armamentarii, 2003, 24( 1): 118-120. (in Chinese)

[14] . [J] , 1999(1): 53-58
Dai Jingmin. One—point calibration technique of pyrometer on the basis of wavelength function measurement and

error checks[ J] Acta Metrologica Sinica, 1999(1): 53-58. (in Chinese)



