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Measurement of thermal conductivity of fluid by unsteady hot wire method

Sangken Kauh, Sangsik Yang and Sung Tack Ro

Abstract

A modified technique of the transient hot wire method to measure the thermal conductivity

of fluid has been described in this

paper.

The thermal conductivity of fluid can be obtained by acquiring wire temperature as a
function of time. Multiplication of the inverse slope of the temperature versus logarithm of

time by an instrumental constant gives the thermal conductivity. The constant voltage was

applied to Wheatstone bridge circuit. The wire temperature can be measured as a function of

time precisely with the aid of the data acquisition system composed of a microprocessor and an

analog-digital converter. The thermal conductivity of the electrically conducting fluid has been

measured with the insulated hot wire coated by electrically non-conducting material. The effect

of the coated insulation layer on the thermal conductivity has been examined, in which it is

confirmed that the thermal conductivity of electrically conducting liquid can be determined by

the transient coated hot wire method.

Thermal conductivities of methanol, carbontetrachrolide, Freon-22 and glycerin have been
measured at room temperature in the pressure from 0.1MPa to 35.1MPa. The experiment has
been performed to compare the data from the bare and the coated wires, and the results are

satisfactory.
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Fig. 3 Wheatstone bridge circuit
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A : Measuring vessel

B : Tank of measured liquid

C : High pressure generating pump

D : Vacuum pump

E, F, G, H: High pressure precision valves
M : Motor to vacuum

Fig. 5 Schematicdiagram of arrangement
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Table 1 Experiment results of conductivity me
asurement (W/mK)
Metha-

nol
(at 23°C)

Carbontetrach-

Pressure Glycerin’Freon-;zz I
rolide

(MPa) [t 26°C)(at 28°C)

0.1 0. 2860 *0. 0875/ 0.1951] 0.0945(16.5°C)
5.1 0.2869 0.0910; 0.1990] 0.0956(19.0°C)
10. 1 0.2875 0.0940| 0.2008| 0.0974(16.0°C)
15.1 0.2890 0.0972) 0.2020| 0.C987(15.5°C)
20.1 0.2891) 0.1000{ 0.2051 0.1001(15.0°C)
25,1 0.2892 0.1025/ 0.2073] 0.1006(18.0°C)
30. 1 0.2900] 0.1058 0.2099 0.1017(17.5°C)
35.1 0.2908 0.1085 0.2120/ 0.1032(17.5°C)

* Values at saturated state

Table 2 Typical measurement of Carbon-tetra-

chloride
Time N d | ot el Sl
4B (V) jty(W/mK)
331371 2.4771 24582 0. 764
44117 3.233  s.2714f 01122 4 4py
551.17)  3.980  3.9004  0-1008 5 49
661.17  4.364  4.4133 01059 4 1q7
77117 4.830]  4.4863] 0-1056 g a37
881.17] 5176 5.22100 0-1062 g gg3
991.17)  5.505 5.5513  0-1047) ¢ 7g8
1101.17  5.834 5.8465 01048 g 913
1211.17  6.099 6.1133  0-1048 g 95y
1321.17  6.359 6.3568  O- 1074 _o 034
143117  6.603 6.5808 01044 g 338
1541.17]  6.796  6.7880) 1043 _g 118
1651.17  7.012  6.9809 010401 g 446
176117 7131 71612 1042 g 493
187117, 7.331  7.3306] %1943 _o 006
P=35.1MPa Tair=13.7°C
Vis=3.03196V L=10. 200cm
T.=16.58°C(at 771.17 ms)  Rw=21.731Q
Rs=20. OOOQ
+2 o &g sl 73 zlol= Photo 13} Photo 29
ek} g,

Fig. 6 Fig. 70l #% Feldd 2 Ao #wE
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HellA & F gRel ¥+ 4% EF HEMEL TE
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Photo 1 Phot“ograph of bare wire ‘ hdto 2' Photograph of cted wire

Table 3 Comparison of experimental values of thermal conductivity & of glycerin.

Bare wire Coated wire
Exp. No. Thermal con- - Reference tem-| Thermal . Reference
ductivity ‘ Dez?tlon eperature Conductivity Deg};gmn temperature
(W/mK) _| ° 49} (W/mK) c O

1 0. 2865 0.24 18.8 0. 2809 0.31 16.9

2 0. 2858 0.31 1.90 0. 2768 0. 40 16.8

3 0. 2842 0.25 19.1 0. 2795 0.28 16.8

4 0. 2859 0.31 19.1 0.2751 0.21 18.9

5 0. 2837 0.29 19.1 0. 2798 0. 35 18.9

6 0. 2800 0. 36 16.9

Average 0. 2854 0.28 0.2787 0.32
Table 4 Comparison of experimental values of thermal conductivity 2 of engine oil
Bare wire ' Coated wire
Exp. No. Thermal o Reference Thermal s e Reference
conductivity De\(r:;/at)wn temperature | Conductivity De‘(':,/ag‘on temperature
(W/mK) ° (9] (W/mK) ° cO

1 0. 1362 0.04 16.7 0. 1349 0.09 16.9

2 0.1356 0. 05 16.7 0.1343 0.07 17.0

3 0. 1355 0.07 16.7 0. 1343 0.06 17.1

4 0.1354 0.05 16.7 0. 1340 0.05 17.1

Average 0.1357 0.05 0. 1344 0.07
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Fig. 6 i Temperature rise of hot wire versus time
for glycerin.
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Fig. 7 Temperature rise of hot wire versus time
for engine oil.
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