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The thermal conductivity of gaseous 1,1,1,2,3,3,3-heptafluoropropane (HFC-227ea) is reported over the
temperature range from 13.87 to 68.58 °C at pressures up to 1.289 MPa. A transient hot-wire instrument
with two anodized tantalum wires was used as the heat source. The uncertainty of the results is estimated
to be less than (3%. The results are correlated as a function of temperature and density. The thermal
conductivity of the dilute gas and the saturated vapor are obtained by extrapolation.

Introduction
The expected worldwide ban on many common chloro-

fluorocarbon (CFC) and hydrochlorofluorocarbon (HCFC)
products has prompted a vigorous search for alternatives
with zero ozone-depletion potential (ODP) and lower global
warming potential (GWP). HFC-227ea (1,1,1,2,3,3,3-hep-
tafluoropropane) has zero ODP. It is useful in fire sup-
pression, refrigeration, sterilization, and propellant appli-
cations. It has been used as an alternative to Halon.
Mixtures containing HFC-227ea were developed as poten-
tial alternatives to HCFC-22 and R502. Effective use of
HFC-227ea requires that the thermodynamic and transport
properties be accurately measured, but there are very little
data available, especially for the transport properties.
Robin (1994) listed the thermophysical properties of HFC-
227ea including estimated transport properties on the basis
of experimental data of Salvi-Narkhede et al. (1992). Huber
et al. (1996) developed a database, REFPROP, to calculate
the thermophysical properties of refrigerants and refriger-
ant mixtures, which can be used to estimate the thermal
conductivity of HFC-227ea along the saturation line. But
no reliable experimental data for the thermal conductivity
of gaseous HFC-227ea has been published, so research on
the thermal conductivity of HFC-227ea is of great interest.

In this paper, the thermal conductivity of gaseous HFC-
227ea was measured with a transient hot-wire instrument
at temperatures between -13.87 and 68.58 °C and pres-
sures up to 1.289 MPa. The uncertainty of the results is
estimated to be less than (3%.

Working Equation
Healy et al. (1976) described the theoretical basis for the

transient hot-wire technique for gas thermal conductivity
measurement. According to the theory, the thermal con-
ductivity of the fluid can be obtained with the following
equation

in which

where ∆Tid is the temperature increase of the hot-wire
under ideal conditions; ∆Tw is the temperature increase of
the hot-wire under the experimental conditions; δTi are
various correction terms; Tr is the reference temperature;
Fr is the density of the fluid at the reference temperature
Tr and the primary pressure P0, λ is the thermal conductiv-
ity of the fluid at temperature Tr and pressure P0; Fo is
the Fourier number (Fo ) kτ/a2), where k is the thermal
diffusivity of the fluid surrounding the wires, τ is the
heating time, and a is the wire radius; and C is a numerical
constant, C ) 1.781‚‚‚‚‚‚. T0 is the equilibrium temperature
of the fluid before heating, and ∆T1 and ∆T2 are the
temperature increases of the hot-wire at the beginning and
the end of the temperature measurement period, respec-
tively.

The various correction terms, δTi, were identified (Healy
et al., 1976) and all are rendered less than (1% of ∆Tid

except the correction term induced by the thermophysical
properties of the hot-wire. When the heat capacities of the
fluid and the wires are not the same and the heat transfer
coefficient of the wires is limited, Joschke (1977) suggested
that the real temperature increase could be expressed as

where ∆T is the real temperature increase; h ) 2πλ/H,
where H is the heat transfer coefficient of the wire to the
fluid surrounding the wires; w ) 2(Ff × Cpf)/(Fw × Cpw),
where Ff × Cpf and Fw × Cpw are the heat capacities of the
fluid and the wires, respectively. Ignoring the effect of H
and only considering the effect of the heat capacity of the
wire, eq 3 can be rewritten as

When eq 1 and eq 4 are compared, ∆Tid can be calculated
with eq 5:
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From eq 1, an essential feature of the correct operation
of the instrument is that the measured ∆Tid should be a
linear function of the logarithm of τ. Once the temperature
increase of the hot-wire is measured as a function of time,
the gradient of the linear function of ∆T versus the
logarithm of τ can be used to calculate the original thermal
conductivity of the fluid around the hot-wire. Then, using
eq 5, the temperature increases can be corrected. With the
same theory, a new set of thermal conductivity data can
be obtained, which reduces the effect of the heat capacity
of the hot-wire.

Instrumentation

The thermal conductivity instrument used in this work
was previously described in detail (Sun et al., 1997; Duan
et al., 1997). The cut-away view of the cylinder is shown
in Figure 1.

The instrument uses two 25 µm tantalum wires as hot-
wires to eliminate the errors caused by the finite length
(Kestin and Wakeham, 1978). The wires were anodized to
form a layer of insulating tantalum pentoxide on their
surfaces. All electrical connections to the hot-wires were
made of 0.8 mm diameter enamel-insulated copper wire
which extended outside of the pressure vessel. The tanta-

lum wires were kept vertical and under constant tension
by a copper block attached to the bottom of each wire. The
mass of the copper blocks was chosen to keep the tension
of hot-wires at 25% of their yielding strength (Menashe and
Wakeham, 1981). The wires were very carefully connected
to eliminate contact resistant in the measurement system.

The wires were carefully calibrated to determine the
resistance temperature coefficient of the tantalum wire.
The tantalum wire resistance, R(Ω), was represented as a
polynomial function of the temperature t over the temper-
ature range from -15 to 70 °C. A least-squares analysis of
the data yielded

where R0 represents the resistance of the hot-wires at the
temperature of 0 °C.

The resistance changes caused by the temperature
increase of the wires were measured with an unbalanced
bridge, Figure 2. With this bridge, the difference between
the resistance of the two wires can be written in the
following form by assuming that the two wires are identical
except for their length.

in which

where Rl is the resistance of the long hot-wire; Rs is the
resistance of the short hot-wire; ll is the length of the long
wire; ls is the length of the short wire; R1 and R2 are the
resistance of two adjustable resistors; V0 is the voltage of
the power source; VE is the measured voltage across the
bridge; and R3 and R4 are the resistance of two standard
fixed resistors. Resistors R1 and R2 were carefully chosen
to ensure a uniform energy input in the experiment. The
bridge voltage VE was measured with a Hewlett-Packard
3852A data acquisition unit at a collecting rate of about
30 points/s. The temperature increase of the hot-wires was
about 2 to 4 °C in the experiment. The instrument
uncertainty was estimated to be less than (3%.

The pressure measurement system included a piston-
type pressure gauge, a pressure transducer, and an atmo-
spheric pressure gauge. The accuracy of the piston-type
pressure gauge was less than 0.005% in the range 0.1 to 6
MPa. A very sensitive, diaphragm pressure transducer
(405T) separated the sample from a nitrogen-filled system,
which was connected with the precision piston-type pres-
sure gauge. The accuracy of the transducer was 0.2%, the
pressure difference was adjusted over the range 6-38 kPa,
the temperature range was 233-400 K, and the maximum
allowable pressure was 17.8 MPa. The accuracy of the
atmospheric pressure gauge was 0.05% over a pressure
range of 1-160 kPa. The whole pressure measurement
system had an uncertainty of (500 Pa.

The bath temperature could be varied from 223 to 452
K. The temperature instability was less than (5 mK per 8
h. The overall temperature uncertainty for the bath and
temperature measurement system was less than (10 mK.

The instrument was tested by Duan et al. (1997) by
comparing measured values of the thermal conductivity of

Figure 1. Instrument schematic. 1: Holes for wire extension; 2:
copper block; 3: test fluid charging hole; 4: mount for wires; 5:
gold strip; 6: tantalum wire; 7: copper compartment, 8: pressure
vessel; 9: aluminum ring; 10: flange plate.

Figure 2. Unbalanced bridge for measuring wire resistance.
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nitrogen near the isotherm of 23.55 °C with values calcu-
lated from an equation recommended in the literature
(Stephan et al., 1987). The pressure ranged from 436 to
2059 kPa. The recommended equation has an accuracy of
(0.8%. The mass purity of the nitrogen sample was
99.95%. The measured results deviated from the calculated
values by a maximum deviation of less than 1% with a root
mean square deviation of 0.42%. The results showed that
the instrument was in a good condition and that the hot-
wire method could be used to measure the thermal con-
ductivity of fluids with a high accuracy. The author also
used nitrogen to practice experimental steps and the skills
to handle the experimental data.

Results and Analysis

The thermal conductivity of gaseous HFC-227ea was
measured over the temperature range from 13.87 to 68.58
°C at pressures up to 1289 kPa. The mass purity of the

HFC-227ea sample was 99.9%. The vapor densities were
calculated using the Martin-Hou equation provided by
Robin (1994). The specific heat at constant pressure was
calculated by the database REFPROP.

Figure 3 shows the pressure range and temperature
range of the experimental points. Figure 4 shows the
temperature increase ∆T and DΤid versus the logarithm
of time τ for a typical run using HFC-227ea. The data were
correlated using a least-squares analysis. The relative
deviations of the experimentally measured temperature
increase from the linear function in Figure 4 are shown in
Figure 5 for HFC-227ea in the conduction region. No
curvature or systematic trend is apparent and the maxi-
mum deviation is less than (0.5%. Similar plots were
prepared for all of the measurements described in this
paper. The lack of any curvature or systematic trend as

Figure 3. Temperature and pressure ranges for experimental
points.

Figure 4. Temperature increase of the hot-wire and its linear
function versus the logarithm time. ]: Experimental data before
correction; 4: experimental data after correction; - - -: the linear
function of experimental data before correction; s: the linear
function of experimental data after correction.

Figure 5. Deviation of temperature increase of the hot-wire from
the linear correlation: 2: Experimental data before correction;
]: experimental data after correction.

Figure 6. Thermal conductivity of gaseous HFC-227ea versus
density near different isotherms. The temperatures of the iso-
therms are -13.81, -3.87; 6.80; 16.50; 27.40; 37.83; 48.40; 58.49;
and 68.37 °C.

Figure 7. Deviations of the experimental thermal conductivity
from eq 6.

Figure 8. Thermal conductivity of saturated vapor and dilute
gas of HFC-227ea.
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well as the small magnitude of the deviation indicates that
no radiation correction is necessary for the temperature
range considered (Nieto de Castro et al., 1991).

All of the results are given in Table 1. The thermal
conductivity data were fit to the following equation

where a0 ) 10.9104, a1 ) 5.04303 × 10-2, b2 ) 4.07168 ×
10-3, b3 ) -6.80027 × 10-5, and b4 ) 3.42578 × 10-7. The
density of HFC-227ea was calculated by the Martin-Hou
equation provided by Robin (1994). Figure 6 shows the
thermal conductivity of gaseous HFC-227ea as a function
of density near each isotherm. Figure 7 shows the devia-
tions of the experimentally measured HFC-227ea thermal
conductivity from eq 6, where λexp represents the experi-

mental results and λcal are the values calculated from eq
6. The maximum deviation of the experimental results from
eq 9 is 1.0%. The standard deviation of the experimental
data from eq 9 is 0.44%.

Because eq 9 contains no linear density term, the effect
of density on the thermal conductivity is greatly reduced
close to the dilute gas state (Ff0), in accordance with the
kinetic theory of gases which states that the density effect
should vanish at low densities. Equation 9 permits deter-
mination of the thermal conductivity of both superheated
gas and gas at saturation conditions (Figure 6). For
practical calculations, the thermal conductivity of saturated
vapor as well as for the dilute gas is of special interest.
The thermal conductivity for these conditions is plotted as
functions of temperature in Figure 8. The results were
extrapolated along isotherms because the density range did
not extend to these two thermodynamic states. However,

Table 1. Measured Thermal Conductivity of Gaseous HFC-227ea

t/°C P/kPa F/kg‚m-3 λ/mW‚K-1‚m-1 t/°C P/kPa F/kg‚m-3 λ/mW‚K-1‚m-1

-13.64 108.17 9.014 10.560 48.44 367.34 25.485 15.138
-13.71 108.17 9.017 10.534 48.45 367.94 25.529 15.148
-13.84 108.17 9.023 10.535 47.99 265.85 18.004 14.389
-13.87 83.52 6.875 10.347 47.99 266.45 18.047 14.315
-13.84 83.52 6.874 10.462 48.03 267.41 18.114 14.374
-13.86 83.52 6.875 10.401 48.21 125.18 8.193 13.558

-3.88 161.44 13.200 11.243 48.22 126.19 8.261 13.610
-3.94 161.44 13.205 11.247 48.22 127.04 8.318 13.653
-3.84 161.44 13.198 11.244 57.88 1045.60 85.595 19.458
-3.96 91.53 7.240 10.918 57.76 1045.42 85.931 19.452
-3.99 91.53 7.241 10.918 57.57 1045.58 85.805 19.431

6.94 233.09 18.693 12.227 57.77 1045.66 85.681 19.410
6.80 232.75 18.676 12.230 58.24 769.93 57.065 18.245
6.80 232.61 18.663 12.258 58.36 715.92 52.181 17.791
6.91 150.80 11.671 11.776 58.39 715.03 52.093 17.734
6.78 150.86 11.683 11.790 58.35 716.39 52.224 17.779
6.67 150.88 11.690 11.807 58.58 579.34 40.617 17.017
6.80 89.83 6.788 11.346 58.57 575.86 40.337 17.063
6.78 89.83 6.789 11.375 58.60 573.62 40.152 17.042
6.79 89.83 6.788 11.429 58.47 461.35 31.412 16.138

16.55 328.31 26.131 13.379 58.52 461.39 31.409 16.070
16.50 328.17 26.126 13.376 58.50 461.37 31.409 16.120
16.50 99.71 7.276 11.894 58.61 347.12 22.998 15.351
16.50 99.71 7.276 11.894 58.60 347.14 23.000 15.295
27.36 454.51 35.941 14.967 58.59 347.12 23.000 15.288
27.23 454.51 35.968 14.949 58.58 347.12 23.000 15.299
27.38 331.85 25.040 13.878 58.59 347.12 23.000 15.250
27.33 332.09 25.067 13.877 58.57 347.12 23.001 15.221
27.31 332.13 25.073 13.911 58.60 208.77 13.423 14.440
27.33 246.93 18.102 13.143 58.66 209.29 13.455 14.324
27.59 247.04 18.090 13.198 58.59 209.09 13.445 14.522
27.58 247.12 18.097 13.206 68.50 1288.76 106.580 22.458
27.46 113.36 7.968 12.529 68.50 1289.00 106.611 22.483
27.40 113.48 7.978 12.521 68.23 1289.00 106.862 22.504
27.35 113.56 7.985 12.538 68.50 1289.34 106.654 22.530
38.18 609.97 48.150 16.594 68.19 1119.99 87.208 20.076
37.99 609.97 48.205 16.586 68.38 1120.03 87.097 20.033
37.89 610.03 48.242 16.571 68.43 1119.97 87.056 20.100
37.99 529.05 40.557 15.837 68.29 919.13 67.203 18.958
37.89 528.75 40.553 15.941 68.37 918.67 67.127 18.980
37.85 528.75 40.561 15.959 68.47 918.51 67.074 18.940
37.84 419.37 30.991 14.926 68.43 704.41 48.643 17.948
37.71 419.35 31.011 14.951 68.40 701.75 48.436 18.110
37.70 419.45 31.020 14.917 68.43 699.97 48.285 18.115
37.65 316.84 22.694 14.254 68.39 700.83 48.362 18.102
37.70 316.84 22.694 14.125 68.48 427.21 27.718 16.337
37.81 316.86 22.695 14.238 68.13 426.63 27.715 16.276
37.69 81.59 5.480 12.824 68.22 426.99 27.731 16.185
48.23 684.08 52.245 17.249 68.30 303.88 19.247 15.372
47.97 683.12 52.232 17.239 68.22 303.86 19.251 15.383
48.14 682.36 52.108 17.225 68.23 303.84 19.249 15.313
48.34 464.85 33.136 15.808 68.41 109.51 6.688 14.527
48.36 464.75 33.125 15.824 68.58 109.50 6.683 14.495
48.35 464.55 33.110 15.870 68.45 109.47 6.684 14.513
48.47 366.82 25.442 15.123

λ/mW‚m-1‚K-1 ) a0 + a1(t/°C) + b2(F/kg‚m-3)2 +

b3(F/kg‚m-3)3 + b4(F/kg‚m-3)4 (9)

Journal of Chemical and Engineering Data, Vol. 44, No. 5, 1999 885



the density range is wide enough for extrapolation and the
errors caused by extrapolation are negligible. The thermal
conductivity for saturated vapor λ′′ can be extrapolated as

and the thermal conductivity for dilute gas λ0 can be
extrapolated as

The coefficients ci were determined to be c0 ) 12.0081,
c1 ) 9.33044 × 10-2, c2 ) -3.45433 × 10-4, and c3 )
2.61499 × 10-5. The coefficients di correspond to the
coefficients ai in eq 6. Figure 8 shows that λ′′ and λ0 are
nearly equal at -10 °C, but begin to deviate as the
temperature increases. This further indicates that both the
temperature and density have an important effect on the
thermal conductivity.

Conclusion

An instrument containing two hot-wires was carefully
developed to measure the thermal conductivity of fluids.
The thermal conductivity of gaseous HFC-227ea was
measured from -13.87 to 68.58 °C at pressures up to 1289
kPa with an uncertainty of less than (3%.
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