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Penoncello et al. Finally, we checked the two specific points

Problem conditions Recommended values considered with a predictive, extended corresponding states
(1) 0.1 MPa, 300K 772.1% 0.3kgnt3 algorithm[3] with a general uncertainty of 2% for pure fluid
(2) 20.0 MPa, 400K 702.9 1.4kgnt3 densities: the absolute deviation was less than 0.1% for the

point at 0.1 MPa specified above and about 0.3% for the
20 MPa benchmark.

Primary source of recommendation:

- N Determination of uncertainty:
The values indicated in this table were calculated from

the equation of state of Penoncello et[}. The overall uncertainty of the formulation of Penoncello

et al. is stated iffl] as 0.1% in density; this corresponds to
about 0.8 kg m? for the low pressure point and 0.7 kgth

The equation of state {i] contains the most accurate for-  for the point at 20 Mpa.
mulation for the thermodynamic properties of cyclohexane  To produce more refined uncertainty estimates, we have
currently available based on an extensive evaluation of prop-ré-examined the liquid-phase data over the temperature
erty data available in the literature. The formulation, in the range from 280 to 450K. For the 11 primary data sets used
form of a reduced Helmholtz energy correlation, was based in this region[1], the overall average absolute deviation
on temperatures on the ITS-90 scale. The work of Penoncellois 0.08%. However, the deviations are considerably better
et al.[1] considered more than 3100 measured data, includ-at the lower-temperature end; an overall average absolute
ing PVT data, isobaric and isochoric heat capacities, sound deviation of 0.05% is found for the data less than 330K.
speeds, and saturation properties. Their work summarizedBetween 280 and 350K, the saturated-liquid data from
the complete data set, including the primary data used in theNIST TRC exhibit a cloud of points with an absolute de-
final regression, and the references are not provided here. Viation of less than 0.05%; ignoring several outliers, the

For the current benchmarking exercise, we independently average absolute deviation becomes 0.034% for these data.
compared calculations based on the formulatiofilpfvith Considering these deviations, and the experimental uncer-
experimental data, emphasizing the liquid density data in tainties of the key data, we conclude that the uncertainty of
the region of current interest; we have thus confirmed the our benchmark point at 0.1 MPa and 300K is about 0.04%
ability of this formulation to describe the thermodynamic (corresponding to 0.3 kg ).
properties of cyclohexane. Further, we have located some Fig. 1 illustrates the deviations for the saturated-liquid
additional data, including those for the saturated liquid den- data; note that 300K corresponds to a vapor pressure of
sity available in the NIST TRC Source data syst@i this about 0.014 MPa, and 0.1 MPa corresponds to a saturation
source provided some 250 references with about 750 datatemperature of about 353.5K. At 300K, the change in lig-
points. The results again agreed well with the formulation of Uid density from saturation to 0.1 MPa is less than 0.01%

because of the very small compressibility of the liquid in

- , , this region. The critical parameters of cyclohexane are about

” Cor_1tr|but|on of _the Natlonal Ipstltute of Standards and Technology, 554 K and 4 MPa, well away from the state points of interest.
not subject to copyright in the United States. . .

* Tel.: 11-303-497-7939. To examine the pressure dependence of the equation of

E-mail address: ericl@boulder.nist.gov (E.W. Lemmon). state, especially at the higher temperature, we now consider

Justification for recommendation:
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Fig. 1. Comparisons of saturated liquid densities calculated with the equation of state of Penoncel[&]ebadxperimental data.
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Fig. 2. Comparisons of densities calculated with the equation of state of Penoncello[Ht tal.experimental single-phase data at 398.15K. Circles:
Rastorguev et al[4]. Pluses: Kerimov and Apadb].

the data from Rastorguev et g#] and of Kerimov and  is about 0.2%, corresponding to 1.4 kg®nas indicated
Apaev [5]. The experimental liquid-phase isotherms at previously.

398.15K are shown ifrig. 2 For the lower pressures on
this isotherm, it is seen th§4,5] exhibit a substantial dis-
crepancy (although there are other low-pressure data for
cyclohexane), but these two sources are in better agreemen[tl] S.G. Penoncello, A.R.H. Goodwin, R. T Jacobsen, A thermodynamic
near the pressure of interest. On the basis of this study,
we conclude that the uncertainty at 400K and 20 MPa
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