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Thermal Conductivity of Some Oxygenated Fuels and Additives in

the Saturated Liquid Phase
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The thermal conductivities of ethylene glycol monobutyl ether, dimethyl ether, methyl ethyl ketone, castor
oil, and vegetable seed oil in the near-saturated liquid phase have been measured in the temperature
range from (229 to 375) K by the transient hot-wire method with a bare platinum wire. The uncertainty
of the experimental results was estimated to be within +2.0%, and the reproducibility of the data was
better than +0.5%. The liquid thermal conductivities obtained have been correlated as a polynomial
function of the temperature, with an absolute mean deviation from the experimental data of less than

0.4% and a maximum deviation of less than 0.6%.

1. Introduction

As petroleum resources are becoming depleted and
environmental pollution is more serious, especially in
developing countries, it becomes an urgent problem to find
and develop new alternative clean fuels. From the research
of the past decade, it has been found that alcohols, ethers,
esters, and seed oils are potential alternative fuels for their
low emission or easy production. More researchers are
beginning to carry out research in this field,! but there is
little experimental data on the thermal conductivity of most
oxygenated fuels and additives. This data is indispensable
and required for thermal design in the diverse fields
mentioned above. In this work, the thermal conductivities
of ethylene glycol monobutyl ether, dimethyl ether, methyl
ethyl ketone, castor oil, and vegetable seed oil in the
temperature range from (229 to 375) K at the near-
saturated liquid phase are presented with an estimated
accuracy of +2.0%.

2. Experimental Apparatus

Measurements of the liquid thermal conductivities for
oxygenated fuels and additives were performed with an
uncertainty of less than +2.0% in a transient hot-wire
instrument with a single bare platinum wire. The funda-
mental working equation of the transient hot-wire tech-
nique takes the form

qldn

AT P) = qAT/d In ¢

(D

where q is the power input per unit length of wire, A(T}, P)
is the thermal conductivity of the fluid at a reference
temperature T and at the working pressure P, and dA7T/
(d In ¢) is the slope of a line fit to the temperature rise under
an ideal condition AT versus In ¢ data, where ¢ represents
the time. The principles of the transient hot-wire method
have been described in detail with all of the necessary
corrections in many other papers.2-6

Figure 1 shows a cross-sectional diagram of the hot-wire
cell with the pressure vessel that is similar to the ap-
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Figure 1. Hot-wire assembly.

paratus reported in refs 7 and 8. The bare platinum wire
of 30-um diameter and 160-mm length is used to decrease
effects due to its finite physical properties and its finite
length while retaining good tensile strength and unifor-
mity. The wire is welded with the upper and lower
platinum hooks with an axial stress of predetermined
magnitude by hanging a copper hammer at the bottom of
the platinum wire. To compensate for the end effect of the
hot wire, two voltage potential leads of the same platinum
wire are spot welded at positions nearly 12 mm from each
end of the wire. An aluminum-cell holder inserted into the
pressure vessel serves to reduce both the vertical nonuni-
formity in the temperature and the volume of the sample.
Between the two potential leads, with the constant current
through the platinum wire, the transient voltage rise,
which corresponds to the temperature increase in the wire,
is measured directly by a high-resolution, 7.5-digit digital
voltmeter (Keithley 2010). The calibration of the resistance—
temperature relation of the platinum wire was carried out
in the temperature range from (230 to 373) K during the
experiments. The maximum deviation and the absolute
average deviation between the measured values and the
correlated equation were 0.22% and 0.06%, respectively.
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Figure 2. Block diagram of the electrical system.

The transient hot-wire cell was immersed completely in
the thermostatic bath in all of the experiments. Alcohol
was selected as the bath fluid for the temperature range
from (193 to 303) K, and silicone oil was used for the
temperature range from (303 to 403) K. The temperature
stability of thermostat bath was better than +4 mK-h1.
The total uncertainty in temperature for thermal conduc-
tivity was less than +5 mK on ITS-90. The details about
the thermostatic bath and temperature-measuring system
have been described in previous publications.?10

Figure 2 describes the electrical system diagram used
in the present research. The apparatus consists of several
components: an industrial computer, a constant-current
power supply, two DVMs (one is an HP34401A for measur-
ing the current though wire and the other is a Keithley
2010 for measuring the voltage applied to the wire), three
electron switches, two ballast resistances, a standard
resistor, and the hot-wire cell with thermostatic bath
system controlled by another industrial computer that is
not shown in Figure 2. All data acquisition and instrument
control can be performed by the industrial computer via
the IEEE-488 interface.

The global uncertainty of the experimental thermal
conductivity obtained with the transient hot-wire method
was estimated as follows.!112 The length of the platinum
wire between the potential leads was measured by a
cathetometer, and 0L/L was accurate to 0.02%. The un-
certainty in the temperature coefficient of the platinum
wire was estimated to be within +0.2%, the uncertainty
in the heat generation of the hot wire was less than +0.2%,
and the uncertainty in the temperature-rise slope dAT/
(d In #) of the hot wire was less than +0.8%. Accounting
for the uncertainty in the deviations from the mathematical
ideal model and the uncertainty in the presence of other
modes of heat transfer, which were reduced to a small
magnitude for the properly designed instrument and the
well-chosen operating conditions, the overall accuracy of
the present thermal conductivity measurements was esti-
mated to be better than +2.0%.

To check the performance of the present transient hot-
wire instruments, the thermal conductivity of the liquid
toluene that has been recommended as a reference stan-
dard for the liquid thermal conductivity by the Interna-
tional Union of Pure and Applied Chemistry (IUPAC)3.14
was measured in the temperature range from (234 to 373)
K at saturated pressure before measuring the thermal
conductivity of the oxygenated fuels and additives. In the
calibration measurements, the mass purity of the toluene,
which was made by TEDIA Company, was better than
99.9%, and no further purification was processed. The
sample was taken directly from the bottle and filled in the
vessel. Figure 3 shows a typical recording of the temper-
ature rise of the wire. In this run, the natural convection
started at 4.5 s. As indicated in the Figure, the start of
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Figure 3. Typical recording of the temperature rise of the wire,
toluene (7' = 270.15 K, P = 1.465 W-m™1).

Table 1. Thermal Conductivity of Toluene at Saturated
Pressure

T/K  Aexp/W-m 1K™ Lef(W-m™K™)  100(Zexptt — Aret)/Aref

234.60 0.1477 0.1491 —0.94
254.58 0.1434 0.1439 —0.35
273.17 0.1374 0.1385 —0.83
293.23 0.1334 0.1325 0.64
314.68 0.1264 0.1260 0.25
334.99 0.1211 0.1200 0.84
354.89 0.1136 0.1144 —0.76
373.92 0.1105 0.1094 1.03

the natural convection was detected experimentally, so the
convective influence on the measurement of the thermal
conductivity was eliminated. The experimental results for
toluene listed in Table 1 in which each datum was the
average of four to six runs agreed very well within +1.1%
with the recommended data.’® According to ref 12, the
maximum expanded uncertainty (¢ = 2) of toluene is
+0.00213 Wem1-K-1,

3. Results and Discussion

The thermal conductivities of oxygenated fuels and
additives in the liquid phase were measured in the tem-
perature range from (229 to 375) K at saturated pressure
with the transient hot-wire apparatus. The mass purity of
ethylene glycol monobutyl ether, methyl ethyl ketone, and
castor oil (glyceryl monoricinoleate) was more than 99.0%
for each. The mass purity of dimethyl ether was better than
99.95%, and the vegetable seed oil was a mixture (C, 77.1%;
H, 12.1%; O, 10.4%; others, 0.4%). In this work, no further
purification was necessary. The thermal conductivity of
oxygenated fuels and additives is listed in Table 2. The
values represented here are the averages of four to seven
runs, whose repeatability was less than +0.5% at the same
temperature and the same pressure. In all measurements,
the temperature rise of the platinum wire was about (2.0
to 5.0) K, and the measurement time was (0.3 to 6.0) s after
the initiation of heating by adjusting the current through
the wire. The initial time of each measurement is mainly
determined by the thermal properties of oxygenated fuels
and additives and ends when convection starts. A period
of about 15 min was allowed between experiments. The
temperature fluctuation of the thermostatic bath was
controlled to be within £4 mK-h~! during all measure-
ments at the same temperature point.



104 Journal of Chemical and Engineering Data, Vol. 50, No. 1, 2005

Table 2. Thermal Conductivity of Some Oxygenated
Fuels and Additives at Saturated Pressure

T/K M(W-m~1-K~1) u() (k = 2)/(W-m~1-K~1)
Ethylene glycol Monobutyl Ether
283.96 0.1381 0.0024
293.67 0.1365 0.0026
303.56 0.1350 0.0026
314.25 0.1333 0.0024
323.88 0.1319 0.0020
333.98 0.1305 0.0024
344.05 0.1290 0.0023
354.63 0.1272 0.0018
363.59 0.1258 0.0023
373.84 0.1241 0.0021
Dimethyl Ether
229.67 0.1832 0.0032
244.98 0.1762 0.0034
254.60 0.1701 0.0028
271.55 0.1605 0.0027
281.76 0.1537 0.0030
291.33 0.1485 0.0026
Methyl Ethyl Ketone
284.48 0.1501 0.0028
294.42 0.1481 0.0022
305.02 0.1459 0.0028
314.26 0.1435 0.0023
323.96 0.1414 0.0026
334.71 0.1390 0.0026
344.54 0.1362 0.0020
354.33 0.1334 0.0022
364.46 0.1308 0.0022
374.56 0.1284 0.0024
Castor Oil
285.22 0.1752 0.0018
295.14 0.1741 0.0024
305.23 0.1729 0.0013
315.10 0.1716 0.0027
325.18 0.1710 0.0017
335.05 0.1702 0.0017
345.31 0.1690 0.0021
355.25 0.1678 0.0013
365.09 0.1671 0.0015
375.20 0.1661 0.0020
Vegetable Seed Oil
283.38 0.1587 0.0028
292.78 0.1573 0.0023
303.25 0.1558 0.0018
313.43 0.1544 0.0026
324.08 0.1534 0.0024
333.25 0.1522 0.0018
343.34 0.1508 0.0025
353.76 0.1495 0.0023
363.09 0.1483 0.0020
373.53 0.1470 0.0025

Table 3. Values of A and B of Equation 2 for Some Fuels
and Additives

Al B/
material formula (W-m K1) (W-m™1)
ethylene glycol CeH 1402 0.13972 —1.538 x 1074
monobutyl ether
dimethyl ether CoHgO 0.15195 —5.740 x 104
methyl ethyl ketone C4HgO 0.15345 —2.445 x 1074
castor oil C18H3403 0.17620 —-9.990 x 1075
vegetable seed oil mixture 0.15981 —1.280 x 107*

For engineering applications, the measured thermal
conductivity data were correlated by a linear equation in
each temperature range as follows:

AMW-m LK 1=A + B(T/K — 273.15) 2)

T represents the temperature at the saturated pressure.
Table 3 lists values of A and B of each correlated equation.

The departure of the experimental data from those calcu-
lated by eq 2 was less than 0.4% with the mean deviation
and less than 0.6% with the maximum deviation. Both were
consistent with the estimated accuracy. Because there were
no previous measurements of liquid thermal conductivity
for oxygenated fuels and additives found, no comparison
is presented here. The second series was carried out so as
to confirm the accuracy of the results after the first series
of experiments finished several days later. Data from the
two series of experiments agreed well with each other
within an accuracy of +2.0%.

4. Conclusions

In the present work, the thermal conductivities of some
liquid oxygenated fuels and additives, such as ethylene
glycol monobutyl ether, dimethyl ether, methyl ethyl
ketone, castor oil, and vegetable seed oil, were measured
in the temperature range from (229 to 375) K by the
transient hot-wire method with a bare platinum wire. The
uncertainty of the results is £2.0%, and the repeatability
is +£0.5%. The experiment data of each liquid were cor-
related as a function of temperature with a mean deviation
of less than 0.4% and a maximum deviation of less than
0.6%.

Acknowledgment

This research is supported by the National Natural
Science Foundation of China (grant no. 50306021) and the
National Basic Research Priorities Program of the Ministry
of Science and Technology of China (973 Project, grant no.
2001CB209208).

Literature Cited

(1) Ogawa, H. Approaches for Ultra Clean Diesel Combustion with
Newly Developed Fuels. Proceedings of the International Sympo-
sium on Clean and High Efficiency Combustion in Engines,
Tianjin, China, August 18—24 2002; Vol. A, pp 22—35.

(2) Healy, J. J.; De Groot, J. J.; Kestin, J. Physica 1976, 82C, 392—
408.

(3) Roder, H. M.; Perkins, R. A.; Laesecke, A.; Nieto de Castro, C. A.
J. Res. Natl. Inst. Stand. Technol. 2000, 105, 221—253.

(4) Nagasaka, Y.; Nagashima, A. Ind. Eng. Chem. Fundam. 1981,
20, 216—220.

(5) Kawaguchi, N.; Nagasaka, Y.; Nagashima, A. Rev. Sci. Instrum.
1985, 56, 1788—1794.

(6) Watanabe, H. Metrologia 2002, 39, 65—81.

(7) Gao, X.; Yamada, T.; Nagasaka, Y.; Nagashima, A. Int. J.
Thermophys. 1996, 17, 279—292.

(8) Gao, X.; Nagasaka, Y.; Nagashima, A. Int. J. Thermophys. 1998,
19, 415—424.

(9) Wu, d. T,; Liu, Z. G.; Huang H. H.; Pan J.; Zhao, X. M.; He, M. G.
J. Xi’an Jiaotong Univ. 2003, 37, 5-9.

(10) Wu, J. T. Development of the New Thermophysical Properties
Measurement System and Research of Thermophysical Properties
of Dimethyl Ether. Ph.D. Dissertation, Xi’an Jiaotong University,
Xi’an, China, 2003.

(11) Ramires, M. L. V.; Nieto de Castro, C. A. Uncertainty and
Performance of the Transient Hot Wire Method. Proceedings of
the Eighth International Symposium on Temperature and Ther-
mal Measurements in Industry and Science, TEMPMEKO 2001,
Berlin, Germany, June 19—21, 2001; VDE VERLAGGMBH: 2002;
Vol. 2, pp 1181—-1185.

(12) Labudova, G.; Vozarova V. J. Therm. Anal. Calorim. 2002, 67,
257—265.

(13) Nieto de Castro, C. A.; Li, S. F. Y.; Nagashima, A.; Trengove, R.
D.; Wakeham, W. A. J. Phys. Chem. Ref. Data 1986, 15, 1073—
1086.

(14) Perkins, R. A.; Roder, H. M.; Nieto de Castro, C. A. J. Res. Natl.
Inst. Stand. Technol. 1991, 96, 247—269.

(15) Ramires, M. L. V.; Nieto de Castro, C. A.; Perkins, R. A
Nagasaka, Y.; Nagashima, A.; Assael, M. J.; Wakeham, W. A. oJ.
Phys. Chem. Ref. Data 2000, 29, 133—139.

Received for review May 14, 2004. Accepted October 7, 2004.
JE049818G



