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Abstract

The temperature oscillation technique to measure the thermal diffusivity of a fluid consists of filling a cylindrical volume with the fluid,
applying an oscillating temperature boundary condition at the two ends of the cylinder, measuring the amplitude and phase of the tem-
perature oscillation at any point inside the cylinder, and finally calculating the fluid thermal diffusivity from the amplitude and phase
values of the temperature oscillations at the ends and at the point inside the cylinder. Although this experimental technique was intro-
duced by Santucci and co-workers nearly two decades ago, its application is still limited, perhaps because of the perceived difficulties in
obtaining accurate results. Here, we attempt to clarify this approach by first estimating the maximum size of the liquid’s cylindrical vol-
ume, performing a systematic series of experiments to find the allowable amplitude and frequency of the imposed temperature oscilla-
tions, and then validating our experimental setup and the characterization method by measuring the thermal conductivity of pure water
at different temperatures and comparing our results with previously published work.
� 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

The two main techniques to measure the thermal con-
ductivity of fluids are the transient hot wire technique [1]
and the temperature oscillation technique [2]. The transient
hot wire technique was introduced in 1974 [1]. In this tech-
nique a cylindrical fluid volume is heated electrically using
a current-carrying metallic wire stretched along the axis of
the fluid volume. The differential temperature rise of the
wire is calculated based on the change in the electrical resis-
tance of the wire at different time points, and then the
temperature differentials are plotted against the natural
logarithm of the time. This plot is expected to have a linear
region, from the slope of which the thermal diffusivity of
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the fluid can be calculated. The theory behind this tech-
nique is based on an infinitely long linear heating element.
However, a wire of a finite length and a finite diameter is
used to act as the infinitely long linear heating element.
That and some other factors such as the finite thermal dif-
fusivity of the wire, the temperature jump in the fluid adja-
cent to the wire, the existence of an outer boundary of the
cell, and natural convection, introduce inaccuracies in
the measurement of the thermal diffusivity of the fluid.
J. Kestin and his colleagues found methods to account
for these factors [3,4]. However, these corrections are valid
only after one has used a sufficiently thin and long wire of
sufficiently high thermal diffusivity, and the duration of the
measurement is neither very short nor extremely long.
Thus, the already complicated experimental setup, with
so many hard-to-satisfy constraints, make the transient
hot wire technique somewhat less attractive. It should be
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Nomenclature

B* ratio of complex amplitudes
G period of oscillation (rad)
T temperature (�C)
Tm mean temperature of oscillation (�C)
t time (s)
tp time period of oscillation (s)
u amplitude of oscillation (�C)
x distance (m)

Greek symbols
a thermal diffusivity (m2 s�1)
m kinematic viscosity (m2 s�1)

s non-dimensional time
x angular velocity of oscillation (rad s�1)
n non-dimensional distance

Subscripts

0 value at x = 0
L value at x = L
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noted here that we do not intend to present a detailed anal-
ysis of the relative advantages and disadvantages of the
transient hot wire technique and the temperature oscilla-
tion technique in this work. Instead, this paragraph is
intended to give a brief description of why we did not
choose the transient hot wire technique.

On the other hand, the simplicity of the temperature
oscillation technique makes it more appealing. In this tech-
nique, a temperature oscillation is imparted from the two
ends of a cylindrical fluid volume. As the oscillation travels
along the length of the fluid cylinder, its amplitude
decreases and phase lags and at the center, the amplitude
reaches the minima and the phase lags the most. The ampli-
tudes and the phases of the temperature oscillations are
measured at different points inside the fluid and the thermal
diffusivity of the fluid is calculated from those measured
values. The theory behind the temperature oscillation tech-
nique has been available in the literature since 1984 [2].
According to Santucci et al. [5] this method was first pro-
posed by none other than A.J. Angstrom in 1863. How-
ever, the technique was first used to measure the thermal
diffusivity of fluids only in 1986 [5]. After that very few
studies [6–8] have been reported where this technique has
been used. Both [6] and [8] explain the experimental setup
to some extent. There is no literature available, though,
which gives a detailed analysis and guidance about what
configuration, shape and size of the experimental setup to
choose, and also what values of amplitude and frequency
of the temperature oscillation should be utilized. This is
probably the main reason why people have preferred other
techniques to the temperature oscillation technique to date.
In order to evaluate the feasibility of applying this
approach to measure the thermal conductivity of nano-
fluids [9] and other novel engineered fluids, we critically
analyze its limitations, and through a careful series of con-
trolled experiments we enable the applicable range of
imposed temperature oscillation frequencies and ampli-
tudes to be ascertained.

Another popular method for measuring the thermal
conductivity of materials is the 3-x method, first proposed
in 1987 [10] and further developed [11] in 1990 mainly to
measure the thermal conductivity of dielectric solids. This
technique is similar to the transient hot wire technique.
The sample is heated with a thin and long hot wire or a
hot strip. An alternating current is passed through the wire
or the strip to heat it up. The main difference between the
transient hot wire and the 3-x method is that in the first the
time response of the temperature differential is used to cal-
culate the thermal conductivity, whereas in the latter the
frequency response of the temperature differential is used
to do the same [11]. The best part of this technique is that
it is insensitive to the black-body radiation. One require-
ment of this technique is that the sample volume should
be small. This in turn means that very small length-scale
measurements can be made using this technique, and
indeed it is widely used to measure the thermal conductiv-
ity of solids at very small length scales [12–14]. Although
this technique was used to measure the thermal conductiv-
ity of liquids as early as 1991 [15], it did not become very
popular for the measurement of the liquid thermal conduc-
tivity due to some unknown reason. The first among the
problems with this technique is the requirement for a
‘‘long’’ and ‘‘thin’’ heating wire similar to that required
for the transient hot wire technique and the uncertainties
associated with that. The second is the requirement of a
small sample volume, which for our purposes of measuring
the thermal conductivity of nanofluids, would not be very
suitable because the ‘‘wall effect’’ might be large on the par-
ticles and hence can affect the property of the nanofluids.

2. Theory behind the temperature oscillation technique

The measurement of the thermal diffusivity and the ther-
mal conductivity is based on the solution of the transient
heat conduction equation [6–8]:

oT
ot
¼ ar2T ð1Þ

where a is the fluid thermal diffusivity. The cylindrical fluid
volume considered for analysis is shown in Fig. 1. At the
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Fig. 1. Conceptual diagram of the cylindrical fluid volume at the two ends
of which the temperature oscillation is applied, and T1, T2, and T3 are the
three thermocouples.
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two ends of the cylinder, periodic temperature oscillations
are generated with an angular frequency, x, given by

x ¼ 2p
tp

ð2Þ

where tp is the time period of the oscillation. For simplicity,
here we assume and in Section 4 we justify that there is no
heat transfer in the radial direction, which means the heat
transfer is only in the vertical direction, and hence we
choose to use the one-dimensional form of Eq. (1). Now
we define the non-dimensional space, n, and time, s, coor-
dinates as

n ¼ x �
ffiffiffiffi
x
a

r
ð3Þ

s ¼ x � t ð4Þ

Using Eqs. (3) and (4), we can non-dimensionalize Eq.
(1) as,

o2T

on2
¼ oT

os
ð5Þ

For the general case of imposed oscillations of the same
frequency but with different amplitude and phase at x = 0
and at x = L, the boundary conditions are given by

T ðn ¼ 0; sÞ ¼ T m þ u0 cosðsþ G0Þ ð6Þ

T n ¼ L

ffiffiffiffi
x
a

r
; s

� �
¼ T m þ uL cosðsþ GLÞ ð7Þ

where Tm is the mean of the imposed temperature oscilla-
tions, u0 the amplitude of oscillation at x = 0, uL the ampli-
tude of oscillation at x = L, G0 the phase of the oscillation
at x = 0, and GL the phase of the oscillation at x = L.
Under steady periodic conditions, the solution of Eq. (5)
with boundary conditions given by Eqs. (6) and (7) can
be obtained by using the method of Laplace transforms
[7]. The solution can be written in complex form as [7]:

T ðn; sÞ

¼ T m þ
uLeiGL sinh n

ffiffi
i
p� �
� u0eiG0 sinh ðn� nLÞ

ffiffi
i
p� �

sinh nL

ffiffi
i
p� � � eis

ð8Þ

The ratio of the complex amplitude at x = 0 to that at
any point along the length, B�0, is given by:

B�0 ¼
u0eiG0 sinh nL

ffiffi
i
p� �

uLeiGL sinh n
ffiffi
i
p� �
� u0eiG0 sinh ðn� nLÞ

ffiffi
i
p� � ð9Þ

The ratio of the complex amplitude at x = L to that at
any point along the length, B�L, is given by:

B�L ¼
uLeiGL sinh nL

ffiffi
i
p� �

uLeiGL sinh n
ffiffi
i
p� �
� u0eiG0 sinh ðn� nLÞ

ffiffi
i
p� � ð10Þ

The real measurable phase shift, DG, and the amplitude
ratio, ru, can be expressed as:

DG ¼ ðGj � GðxÞÞ ¼ arctan
ImðB�j Þ
ReðB�j Þ

" #
ð11Þ

ru ¼
uj

uðxÞ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ReðB�j Þ
h i2

þ ImðB�j Þ
h i2

r
ð12Þ

where j = 0 or L. By measuring DG and ru, a of the fluid
can be obtained by solving either Eq. (11) or (12). Once
we know a, by knowing the density and the heat capac-
ity of the fluid, we can calculate the fluid thermal conduc-
tivity, k.

3. Experimental setup

The experimental setup is shown in Fig. 2. Fluid is
placed inside the cylindrical test chamber, the two ends
of which are closed with the help of the reference plates
which act as heat spreaders. We use two Peltier devices,
i.e., thermoelectric heaters/coolers, at the two ends of the
test chamber on the outer surface of the reference material
as the heating/cooling devices. These are used to supply the
input temperature oscillations. The two Peltier devices are
electrically connected in series so that they carry the same
current and consequently have the same temperature at
the load side (the reference material side). The entire system
is held together by the two endplates. The endplates also
act as heat spreaders on the heatsink sides of the Peltier
devices. Two copper heat exchangers are used as heatsinks,
and water is used as the heat transfer fluid in the heatsink
system. There are five thermocouples connected to five dif-
ferent points in the system as shown in Fig. 2. One of them
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Fig. 2. Schematic diagram of the experimental setup.
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reads the temperature of the load side of one of the Peltier
devices, and sends the data to the temperature controller.
The temperature controller, in turn, communicates that
information to a Labview program and based on that,
receives commands about how much current needs to be
supplied to the Peltier devices, and in which direction the
current should flow. Thus, any desired temperature is
achieved at that particular Peltier device surface. Because
of the series connection, the same temperature is also
attained at the load surface of the other Peltier device.
The other four thermocouples are directly connected to
the data acquisition device. One of them measures the tem-
perature at the center of the fluid volume (T2), two measure
the temperatures at the center of the end surfaces of the
fluid volume (T1 at x = 0 and T3 at x = L), and the fourth
one measures the temperature at the load side of the second
Peltier device (T4).
4. Optimum size of the test chamber

The theory requires that the heat conduction be one-
dimensional along the length of the cylindrical test cham-
ber. It can be achieved in two different ways. First, the
diameter-to-length ratio of the chamber should be greater
than 1. Second, the reference plates, which act as heat
spreaders at the two ends of the cylinder, should have high
thermal conductivity, and they should be sufficiently thick
to enable adequate heat distribution from the Peltier
devices. In our case, the length and the diameter of our
cylindrical test chamber are 5 mm and 40 mm, respectively,
and our reference plates are made of 6-mm-thick aluminum
plate.
The theory also requires that the only mechanism for
heat transfer within the fluid to be conduction, which
means in practice that natural convection must be avoided.
The onset of natural convection depends on the type of
fluid, the dimensions of the test chamber, and the ampli-
tude and the frequency of the temperature oscillation.
The rest of this section will address this issue.

The critical Rayleigh number, Rax,cr, where x is the
characteristic length, decides the onset of natural convec-
tion. For vertical heat transfer between two plates its value
is 1700, while for horizontal heat transfer between two
plates its value is 1000 [16]. Natural convection becomes
significant when Rax is higher than these critical values.
That is one reason why we chose to use a vertical cylinder
rather than a horizontal cylinder. Therefore, for all our
subsequent calculations we will use Racr = 1700. For the
system in consideration, where the same temperature oscil-
lation is applied at the two ends of a vertical cylindrical
fluid volume, the characteristic length would be half of its
length. The Rayleigh number for this system can thus be
expressed as,

RaL=2 ¼
g � b � DT � L

2

� �3

am
ð13Þ

where g is the acceleration due to gravity, b the volumetric
thermal expansion coefficient of the fluid, DT the tempera-
ture difference driving the natural convection, and m the
kinematic viscosity of the fluid. If we start with a fluid of
known properties, as for example water, we know g, b, a,
and m in Eq. (13). The value of the quantity [b/(am)] in-
creases with increasing temperature for almost all fluids.
For the present case we use the values for water at 85 �C
to account for the worst-case situation which we expect
to face: [b/(am)] = 1.21 · 1010 m�4 s2 K�1 [16]. Thus we
obtain:

DT � L
2

� �3
" #

max

¼ 1:405� 10�7 m3 K ð14Þ

using RaL/2 = 1700 so that natural convection is avoided.
To estimate the individual values of DT and L that would
satisfy the conduction equations we use the following
method.

Combining Eqs. (10) and (12) for conditions u0 = uL,
G0 = GL, and x = L/2, we can write:

ru ¼
uL

uL=2

¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Re cosh

L
2

2p
atp

i
� �	 
� �	 
2

þ Im cosh
L
2

2p
atp

i
� �	 
� �	 
2

s

ð15Þ

In the present situation DT can be estimated as the
following:

DT ¼ uL � uL=2 ð16Þ
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Fig. 3. (a) A no-oscillation situation at thermocouple T2, (b) a nice
waveform with clear phase difference, and (c) a situation where there is
no discernible phase difference.
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Combining Eqs. (15) and (16) we obtain:

uL

uL � DT

¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Re cosh

L
2

2p
atp

i
� �	 
� �	 
2

þ Im cosh
L
2

2p
atp

i
� �	 
� �	 
2

s

ð17Þ

uL depends on the amplitude of the input temperature
oscillation. For an input amplitude of 1.0 �C at the Peltier
device, uL turns out to be around 0.5 �C. For the sake of
the present calculation, we consider uL to be 0.5 �C. For
an arbitrary value of tp = 256 s we solve Eqs. (14) and
(17) simultaneously for L and DT using an iterative method
to find L = 8.7 mm and DT = 0.173 �C.

This means, while conducting experiments with water at
85 �C with tp = 256 s and input oscillation = 1 �C, the
maximum chamber length that can be used is 8.7 mm.
The effect of natural convection increases with decreasing
tp, with increasing input amplitude of the temperature
oscillation, and with increasing [b/(am)]. This was also ver-
ified experimentally. Since both our experimental setup and
the heating condition are symmetric in the vertical direc-
tion, in the absence of natural convection, temperature
responses at the two ends of the cylindrical volume should
be the same. If natural convection is present, due to anti-
symmetric nature of the convection with respect to the cen-
tral plane, a difference in the above-mentioned temperature
responses would be observed. Fig. 3(b) shows the tempera-
ture response of an experiment for which the amplitude
and the time period used did not allow any natural convec-
tion and consequently the temperature response at the two
ends of the cylinder are identical. In contrast, Fig. 3(a)
shows the time response of an experiment with a smaller
time period and a greater amplitude. Natural convection
took place in this case and consequently the temperature
responses at the two ends of the cylindrical volume are
different.

5. Data analysis and error calculation

We acquire two data points each second. Each of these
data points is the average of the 500 data points we capture
in half a second. We find the mean value of each of the
three temperature waves, T1, T2, and T3, at each time
point. Then we calculate the combined standard deviation
of the three means over four consecutive cycles. We con-
sider the four cycles to be in steady-state periodic condi-
tion, if the standard deviation is less than 0.07 �C. We
perform further analysis only on the steady-state data.
Fig. 3 shows snapshots of our steady-state data under three
different conditions.

We compute the Fourier transform of our data using
the fast Fourier transform (FFT) to obtain the amplitudes
(u0, u(x), and uL, respectively) and phases (G0, G(x), and
GL, respectively) of each of T1, T2 and T3. The phase differ-
ence between T1 (or T3) and T2 is used to calculate the
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thermal diffusivity of the fluid by solving Eq. (11). It should
be noted here that as a requirement for the FFT, we use
only those numbers as our time periods which are powers
of 2 [17].

Each measured point on the graphs shown in Figs. 4
and 5 represents the average of the values obtained from
three experimental runs. Error bars are given with all mea-
sured results. The error bars for Figs. 4 and 5 are deter-
mined following the procedure described in [18], and are
calculated based on three experimental runs for a 95% con-
fidence level. Since the sample size, n, is less than 30 we use
the Student-t distribution for calculation of precision
errors, eP. According to this method eP ¼ ta;m � ðSx=

ffiffiffi
n
p Þ

where ta,m is the value of the Student-t distribution for a
confidence level of a and a degree of freedom of m, Sx the
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standard deviation of the sample and n is the sample size.
Here, m = n � 1 and n is the number of experimental runs.

6. Results and discussion

6.1. Evaluation of the experimental technique and the
parameters involved

The most important parameters involved in this tech-
nique are the time period (tp) and the amplitude of the tem-
perature oscillation. If tp is small, the oscillation would die
out in the middle and no useful measurement can be done.
On the contrary, if tp is too large, there would be no phase
difference between T1 (or T3) and T2. Additionally, if the
amplitude is too high, onset of natural convection might
take place and consequently the result will be erroneous.
On the other hand, the amplitude should be large enough
so that the sinusoidal pattern is discernible. The time
period should be larger than the system response time,
[p(L/2)2]/a so as to allow the temperature wave to propa-
gate up to the midpoint of the cylindrical volume along
the length. However, this is a necessary condition for
obtaining a measurable temperature wave at the midpoint
of the volume, but not a sufficient one. As can be observed
from Eq. (12), uL/2 depends on both the amplitude and the
time period of the oscillation used. We performed system-
atic experiments to obtain a quantitative measure of these
effects and the results are summarized in Table 1.

In Fig. 3 we show examples of three different situations:
Fig. 3(a) shows a no-oscillation situation at thermocouple
T2, Fig. 3(b) presents a nice waveform with clear phase
difference, and Fig. 3(c) shows a situation where there is
no discernible phase difference.

Subsequently, we analyze the data and calculate the
thermal conductivity values for water at 20 �C using a
density of 998.4 kg m�3 and a heat capacity of 4.183 kJ
kg�1 K�1. As can be seen in Fig. 4, there is no clear winner
among the time periods of 128 s, 256 s and 512 s, and also
among the amplitudes of 0.5 �C, 1.0 �C, and 1.5 �C. Since,
as per the summary of Table 1, time periods of 128 s and
512 s are borderline cases, we choose to use 256 s as the
time period for our subsequent measurements. On the
amplitude side, 1.5 �C is the highest we can use to avoid
natural convection. To be on the safe side, we choose to
use 1.0 �C.

6.2. Validation of our experimental setup: thermal

conductivity of deionized water

The next step was to validate our experimental setup by
measuring the temperature dependence of the thermal con-
ductivity of pure (deionized) water and comparing our
results with tabulated data [16]. The result is shown in
Fig. 5. The measured values are within 2% of the tabulated
values, and therefore we conclude that one can obtain
fairly accurate results using our experimental setup and
the temperature oscillation technique.



Table 1
Summary of the effect of amplitude and time period on the room-
temperature measurement of the thermal diffusivity of deionized water

Time period (s) 
1.51.00.50.1

16 No oscillation captured by the middle 
thermocouple

32 Nearly no oscillation captured by the middle 
thermocouple

64 
Slight oscillation captured by the 
middle thermocouple – no result 

can be obtained

128 

256 

512 

Nice waveform on all the
thermocouples with visible 

phase difference between the 
middle and the end

thermocouples - the results
need to be studied to compare

these combinations

1024 

Irregular 
oscillation
on all the 
thermo-
couples 

No visible 
phase

difference

 Not
performed

 Not 
performed

Amplitude (°C)
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7. Conclusions

Measurement of the thermal conductivity of pure water
and fluids having [b/(am)] values similar to that of water
using the temperature oscillation technique is difficult if
one does not choose the parameters judiciously, but it is
a simple and reliable technique once appropriate values
of the concerned parameters are determined. A diameter-
to-length ratio of 8 for the cylindrical chamber, and using
6-mm-thick aluminum reference plates at each end of the
cylinder, can make the heat conduction inside the fluid
one-dimensional. For fluids having [b/(am)] values similar
to that of water, a cylindrical chamber of length less than
8.7 mm, a time period falling between 128 s and 512 s,
and an imposed sinusoidal temperature amplitude in the
range of 0.5 �C to 1.5 �C are recommended. For fluids hav-
ing [b/(am)] values largely different from that of water, an
analysis similar to what has been performed in the present
work can be done.
Acknowledgements

The authors gratefully acknowledge the support of the
National Science Foundation, through a GOALI award
(Award No. CTS-0353543), and the direct support pro-
vided by the Intel Corporation.

References

[1] J.J. De Groot, J. Kestin, H. Sookiazian, Instrument to measure the
thermal conductivity of gases, Physica 75 (1974) 454–482.

[2] L.P. Phyllipov, Temperature wave techniques, in: K.D. Maglic, A.
Cazairliyan, V.E. Peletsky (Eds.), Compendium of Thermophysical
Property Measurement Methods, vol. 1, Plenum Press, New York
and London, 1984, pp. 337–366.

[3] J.J. Healy, J.J. De Groot, J. Kestin, The theory of the transient hot
wire method for measuring thermal conductivity, Physica 82C (1976)
392–408.

[4] J. Kestin, W.A. Wakeham, A contribution to the theory of the
transient hot wire technique for thermal conductivity measurements,
Physica 92A (1978) 102–116.

[5] A. Santucci, L. Verdini, P.G. Verdini, Data acquisition system for
measurement of thermal difusivity and propagation properties of
thermal waves by a non-steady-state method, Rev. Sci. Instrum. 57
(1986) 1627–1632.

[6] W. Roetzel, S. Prinzen, Y. Zuan, Measurement of thermal diffusivity
using temperature oscillations, Therm. Conduct. 21 (1990) 201–207.

[7] S.K. Das, N. Putra, P. Thiesen, W. Roetzel, Temperature dependence
of thermal conductivity enhancement for nanofluids, J. Heat Transfer
125 (2003) 567–574.

[8] W. Czarnetzki, W. Roetzel, Temperature oscillation techniques for
simultaneous measurement of thermal diffusivity and conductivity,
Int. J. Thermophys. 10 (2) (1995) 413–422.

[9] P. Bhattacharya, S.K. Saha, A. Yadav, P.E. Phelan, R.S. Prasher,
Brownian dynamics simulation to determine the effective thermal
conductivity of nanofluids, J. Appl. Phys. 95 (2004) 6492–6494.

[10] D.G. Cahill, R.O. Pohl, Thermal conductivity of amorphous solids
above the plateau, Phys. Rev. B 35 (1987) 4067–4073.

[11] D.G. Cahill, Thermal conductivity measurement from 30 to 750 K:
the 3-x method, Rev. Sci. Instrum. 61 (1990) 802–808.

[12] Y.S. Ju, K. Kurabayashi, K.E. Goodson, Thermal characterization of
anisotropic thin dielectric films using harmonic joule heating, Thin
Solid Films 339 (1999) 160–164.

[13] L. Lu, W. Yi, D.L. Zhang, 3-x Method for specific heat and thermal
conductivity measurements, Rev. Sci. Instrum. 72 (2001) 2996–3003.

[14] D.G. Cahill, K.E. Goodson, A. Majumdar, Thermometry and
thermal transport in micro/nanoscale solid-state devices and struc-
tures, J. Heat Transfer 124 (2002) 223–241.

[15] J.S. Powell, An instrument for the measurement of thermal conduc-
tivity of liquids at high temperatures, Meas. Sci. Technol. 2 (1991)
111–117.

[16] W.M. Kays, M.E. Crawford, Convective Heat and Mass Transfer,
McGraw-Hill Inc, New York, 1993, p. 550.

[17] T.G. Beckwith, R.D. Marangoni, J.H. Lienhard, Mechanical Mea-
surements, Addison Wesley Publishing Company, New York, 1993,
pp. 143–156.

[18] J.W. Dally, W.F. Riley, K.G. McConnell, Instrumentation for
Engineering Measurements, John Wiley & Sons Inc, New York,
1992, pp. 533–537.


	Characterization of the temperature oscillation technique to measure the thermal conductivity of fluids
	Introduction
	Theory behind the temperature oscillation technique
	Experimental setup
	Optimum size of the test chamber
	Data analysis and error calculation
	Results and discussion
	Evaluation of the experimental technique and the parameters involved
	Validation of our experimental setup: thermal conductivity of deionized water

	Conclusions
	Acknowledgements
	References


