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Temperature Wave Analysis

O Application to the Measurement of Thermal Property of Liquid O

Junko Morikawa, Satoru Yamamoto, Ning-Juan Chen, and Toshimasa Hashimoto

(Received November 9, 2001; Accepted December 13, 2001)

Temperature wave analysis (TWA) is a technique to observe the phase shift and the amplitude
decay of temperature wave which is generated by a.c. Joule heating and propagating in the
thickness direction of specimen by using a sensitive temperature sensor with negligible heat
capacity. In this study a new application method of TWA to obtain thermal conductivity of
liquid with a probe sensor was introduced. The theoretical background and the experimental
set-up were shown. Thermal property of liquid at 25 0 by TWA was in good agreement with

the literature value.
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Table 1 Sample list of liquids.

Sample manufacturer grade
pure water Organo Co., Ltd. resistivity 18MQcm
ethanol Amakasu Chemical Industries guaranteed reagent
glycerin Koso Chemical Co, Ltd. guaranteed reagent

tetrachloroethylene  Koso Chemical Co, Ltd. guaranteed reagent

2-propanol Koso Chemical Co, Ltd. guaranteed reagent
toluene Koso Chemical Co, Ltd. spectro grade
liquid paraffin Showa Chemical Co, Ltd. extra pure
diethyl ether Takahashi Pure Chemical, Co. extra pure
n-heptan Takahashi Pure Chemical, Co. extra pure
benzene Takahashi Pure Chemical, Co. extra pure
carbon tetrachloride Junsei Chemical Co, Ltd. extra pure
oleic acid Tokyo Kasei Organic Chemicals extra pure

Table 10000
2.2 0OOO
ooooooOooooooooooOooooooooo
Oooo0ooooo0oB@» 0oooooooooooo
0000000000000 0000ONF1I946 0000
gooOoooOoooooooNise4o0 0000000000
000 wO000000dO0000 a0000 wd w0
20/d20Dw.0kd0 10000000000 O0OODOOOO
oooooooooo
Figl0OOOOOODOOOODOOOoOOooooooooo
Oooo0oooo0ooOoooooooOoooooooDo
00oo00oo0oo00ooOooUOoboOooOooooOoooo
ESO000O000O0OODOODOO0OOOO0O0OS0nmO0O
O01lmmx 4mmO0000000O0OOCOOOODOOO
0000000ooooooooooo010nmOO0 Fig.1(a)
Ooo0ooOoo0oooooOooooooooooooo
goooooooosoQOooooOoooboooboo20d
00oo00oo0oo0ooOooOooOoooUooooooo
00000000o0000o0oooDoo0ooooooDo
00oo00oo0o0oo0oo0ooooo0ooooooo
oooooooooooOooooooboOoooooooo
0000000000Matsunami micro cover glassC OO
000oo0oooooooooooooooooooooo
00oo00oo0oo0ooOooOooOoooUooooooo
000000000000o0o0o0ooOoooooooo
0oo00oo0ooU0oo0ooUooooUooooooooo
ooo0oooo0oooooOooooooooooooo
gooos5KOOOOOOOOOOOOOOOOOOOOO
gooooooooiomKOOOODOOOOOOOODOO

goooo

(a

Function

Generator

Geld layer leads

Function

(b) G

liquid proba fiquid

)

Bias Current /
Lock-in Amp
Fig.1 Schematic diagram of measurement cell and
probe. (a) method 1; a silica glass cell, (b) method
2; a silica glass probe.
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Fig.2 Schematic diagram of measurement system for
temperature wave analysis for liquid. (a) method
1, (b) method 2.
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Fig.3 Phase delay A@ plotted against square root of
frequency f¥2 of temperature wave in various
liquids by method 1. A: toluene, dO 45.6 um,
B: tetrachloroethylene,d0 42.9 um, C: pure water,
dd 26 um, D: ethanol, dO0 108.3 pum, E: glycerin,
dOd 124.0 um, F: liquid paraffin, dO0 123.5 um,
G: 2-propanol, d0O0 133.5 um.
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Table 2 Thermal

diffusivity and thermal conductivity of liquids by temperature wave analysis, method 1 and method 2.

a a A A A
(method 1) (literature value®) (method 2) O method 1)* (literature value)
[mm2 so1] [mm2 sP1] [W mot Koq] [W mot Ko1] [W mot Ke1]
pure water 0.140 0.147 (0.610)** (0.610)** 0.610
glycerin 0.093 0.092 0.300 0.315 0.287
ethanol 0.082 0.088 0.140 0.150 0.167
2-propanol 0.067 0.069 0.169 0.187 0.138
tetrachloroethylene 0.043 0.075 0.076
toluene 0.089 0.090 (0.133)** (0.133)** 0.133
n -heptan 0.080 0.083 0.127 0.137 0.127
benzene 0.093 0.094 0.140 0.151 0.143
carbon tetrachloride 0.078 0.077 0.105 0.114 0.104
liquid paraffin 0.063 0.064 0.132 0.137

a : thermal diffusivity

* A0 a (TWA-method 1) O c, (literature value) O p (literature value)
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Fig.4 In (fv2Amp.) plotted against square root of frequency

fu2 of temperature wave in various liquids by
method 1. A: toluene, dO 45.6 pm, B: liquid
paraffin, d0 123.5 pm, C: n-heptane, d0 124.0 um,
D: benzene, dO0 132.0 um, E: carbon tetra chloride,
d0124.2 ym, F: oleic acid, dO0 128.0 pm.
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Fig.5 In (fY2Amp.) plotted against square root of

frequency fY2 of temperature wave in various
liquids by method 1. A: pure water, d0 133.5
um, B: glycerin, d0 124.0 um, C: ethanol, dO
108.3 um, D: tetrachloroethylene, d0 42.9 um E:
2-propanol, dO 116.0 pm.
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Fig.6 Amplitude of temperature wave at x0 d plotted
against heat flux jo by method 2. A: liquid
paraffin, B: n-heptane, C: benzene, D: carbon
tetra chloride, E: toluene.
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Fig.7 Amplitude of temperature wave at x0 d plotted
against heat flux jo by method 2. A: ethanol,
B: 2-propanol, C: glycerin, D: pure water.
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