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Measurement method and application of thermophysical properties of solid
materials based on enantiomorphous heat-source principle
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Abstract: Based on the parallel hot-wire method and the principle of enantiomorphous heat-source, a new model for
measuring the thermophysical parameters of solid materials was proposed. On the basis of the principle of hotline test,
the existence of virtual mirror heat-source at the symmetrical position of the real heat-source was taken as the
boundary of the adiabatic boundary of the specimen, so as to eliminate the influence of the heat accumulation effect
caused by the adiabatic boundary. Therefore, the test can no longer limit the experimental time and sample thickness.
When the calculation results of the thermal physical parameters in the adjacent time were greater than that of the
criteria proposed, the mirror heat-source was introduced to correct the calculated temperature. In order to avoid the
dependence of the thermal physical parameters on the calculated value at the initial stage of the experiment, the
measured temperature was corrected by the model two times. Asbestos as the research object, through the theoretical
analysis combined with numerical calculation, shows that there was a difference between the two correction results,
but the difference was not large and the second correction of the thermophysical parameters of the calculation results
more stable. The thermal property test applied to the asbestos board, marble, borosilicate glass, silica brick and other
4 kinds of thin and thick material. The results showed that it was consistent with the measured values of other
methods in the literature, and the maximum error was less than 5%. This test method was validated for the thin plate
samples and thick plate samples, effectively improving the hot wire method test accuracy and expanding the scope of
application. .
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Fig.1 The treatment of adiabatic boundary
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Fig.3 Schematic diagram of mirror heat source distribution
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Fig.5 Schematic diagram of the test system structure

3. Sample box
6. Sample powder



I 45« BT BB AR R RN 5 [ AR IR (0 53 S N 739

2. Control box

1. Sample box

3. Upper computer

K6 WilAR%

Fig.6 Test system experiment diagram
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Table 1 The first and second revisions of enantiomorphous
heat-source of ashestos thin plate
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Table 2 The first and second revisions of enantiomorphous
heat-source of ashestos thick plate

Number of

Number of

Computation enantiomorphous Effective Temperature Computation  enantiomorphous Effective Temperature
X time, #/s rise, AT/C . time, #/s rise, AT/C
time, #/s heat-source, n time, /s heat-source, n
First  Second  First  Second  First  Second First  Second  First  Second  First  Second

1~120 0 0 0 0 0.00 0.00 1~4500 0 0 0 0 0.00 0.00
180 1 0 5 0 0.32 0.00 4500 1 1 400 380 0.50 0.46
240 1 1 8 8 1.05 0.74 4800 1 1 410 400 0.52 0.50
300 1 1 1 12 156 174 5100 1 1 450 440 0.69 0.67
360 1 1 15 15 262 242 5400 1 1 460 460 0.73 0.73
5700 1 1 530 520 1.05 0.96
420 2 1 20 18 383 314 6000 1 1 550 560 111 1.06
480 2 2 29 28 637 597 6300 1 1 600 620 132 141
540 2 2 40 41 8.93 8.82 6600 1 1 630 660 1.54 1.58
600 3 3 48 49 10.68 10.84 6900 1 1 680 680 1.52 1.68
7200 1 1 770 780 2.10 2.16
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Fig.8 The measured and calculated temperatures of asbestos plate
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Table 3 Thermal conductivity and thermal diffusivity of measured and calculated values after
the first and second revisions of ashestos plate
Time, Temperature rise, AT/'C fp) —~E(-p?)
s Measured First revision  Second revision Measured First revision  Second revision Measured  First revision Second revision
40 1.30 1.30 1.30 3.02 3.02 3.02 0.138 0.1380 0.138
60 2.40 2.40 2.40 241 241 241 0.258 0.2580 0.258
80 3.93 3.93 3.93 1.95 1.95 1.95 0.4868 0.4868 0.4868
100 491 491 491 1.79 1.79 1.89 0.5402 0.5402 0.537
120 5.78 5.78 5.78 1.75 1.75 1.81 0.6900 0.6900 0.6173
140 6.52 6.52 6.52 1.74 1.74 1.74 0.7030 0.7030 0.7034
160 7.58 7.58 7.58 1.67 1.67 1.66 0.8089 0.8089 0.8259
180 8.32 8.00 8.32 1.93 1.68 1.64 0.5025 0.7924 0.8616
200 9.23 8.77 9.28 1.94 1.60 1.59 0.4944 0.9405 0.9619
220 10.10 9.80 9.91 1.87 1.59 1.56 0.5555 0.9619 1.031
240 11.20 10.15 10.46 1.98 1.55 1.55 0.4639 1.0557 1.0557
260 12.10 10.52 10.80 2.00 1.55 1.53 0.4496 1.0557 1.1081
280 12.65 11.31 11.34 2.05 1.50 1.50 0.4168 1.1945 1.1945
300 13.40 11.84 11.70 2.10 1.48 1.48 0.3873 1.2582 1.2582
1500 0.90 0.90 0.90 3.46 3.46 3.46 0.0957 0.0957 0.0957
2100 1.52 1.52 1.52 2.81 2.81 2.82 0.1676 0.1676 0.166
2700 1.67 1.67 1.67 3.17 2.73 2.73 0.1208 0.1816 0.1816
3300 2.1 1.92 1.92 3.25 2.63 2.61 0.1130 0.2015 0.2058
3600 291 2.10 2.10 3.01 2.52 2.50 0.1389 0.2273 0.2325
Time, Thermal diffusivity, a/(x10~7 m?/s) Thermal conductivity, /[W/(m-K)] Relative deviation of 4, AA4d/%
15 Measured First revision  Second revision Measured First revision  Second revision Measured First revision  Second revision
40 1.748 1.748 1.748 0.106 0.106 0.106 - - -
60 1.658 1.658 1.658 0.108 0.108 0.108 0.93 0.93 0.93
80 1.987 1.987 1.987 0.107 0.107 0.107 0.47 0.47 0.47
100 1.742 1.742 1.733 0.111 0.111 0.110 1.83 1.83 1.38
120 1.841 1.841 1.646 0.119 0.119 0.107 3.49 3.49 1.38
140 1.609 1.609 1.611 0.108 0.108 0.108 4.85 4.85 0.47
160 1.641 1.641 1.683 0.107 0.107 0.109 0.47 0.47 0.46
180 1.901 1.425 1.570 0.061 0.099 0.104 27.38 3.88 2.35
200 1.675 1.572 1.617 0.054 0.107 0.104 - 3.88 0.00
220 1.781 1.47 1.609 0.055 0.098 0.104 - 4.39 0.00
240 1.288 1.522 1.522 0.042 0.104 0.101 - 2.97 1.46
260 1.144 1.405 1.502 0.037 0.101 0.103 - 1.46 0.98
280 0.971 1.553 1.553 0.331 0.106 0.106 - 2.42 1.44
300 0.833 1.556 1.566 0.185 0.107 0.108 - 0.47 0.93
1500 1.797 1.797 1.797 0.107 0.107 0.107 - 0.00 0.47
2100 2.061 2.061 2.051 0.111 0.111 0.110 - 1.83 1.38
2700 2.262 1.914 1.914 0.073 0.109 0.109 - 0.91 0.46
3300 1.777 1.827 1.849 0.054 0.105 0.107 - 1.87 0.93

3600 1.855 1.783 1.808 0.048 0.109 0.111 — 1.87 1.83
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Table 4 Repeatable accuracy of calculated results

Thermal conductivity, /[W/(m-K)]

Relative deviation,

Material Measured value Average calculated Adl%
Marble 2.563 2.725 2.746 2.678 4.29 1.76 2.54
Borosilicate glass 1.273 1.196 1.251 1.240 2.66 3.55 0.89
Silica brick 1.016 1.056 1.039 1.037 2.03 1.83 0.19
x5 =ZMRITESER
Table 5 The calculation results of three materials
Material Thermal diffusivity, Thermal conductivity, A/[W/(m-K)] Relative error of 4, Specific heat capacity,
al(x1077" m?/s) This work Literaturel1217] A% Cpl[3l(kg-K)]
Marble 12.700 2.678 2.700 0.81 816.96
Borosilicate glass 6.178 1.240 1.223 1.39 900
Silica brick 6.421 1.037 1.051 1.33 850
4 4% i (2) AFEMEHEAFEINAIIZT, A RGAR XS

FEPAT IRERIR R b, S HH PR B8 AR PR AL PR A A
LFRERIRIE, B 7B, IR T IE &
g8, 4 MBI AINE, SR TS5

(1) PSR AR b B 55 R A B A IR F R W AT
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