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at Brown University, and the instrument seems to have per-
formed without any flaws, having been operated for about five
weeks without interruption under thermostatic control with the
circulating pump operating continuously. At the present time
we have evaluated the results from Series 3 in a very preliminary
way only, and the discusser shall confine himself to discussing
Series 2, and to a short remark about Series 3.

The results obtained in Series 2 are shown compared with the
author’s in slide 2, from which it is seen that the agreement is re-
markably good. Individual values, except along the lowest iso-
therms, agree to within a fraction of one per cent, and the trends
are identical. The combined results provide a sufficient number
of experimental points to give reasonable confidence in the ex-
trapolations to zero pressure and to the saturation line.

The preliminary results from Series 3, which I cannot show on a
slide because they were completed only last week, do not seem
to agree quite so well with those of our Series 2 and the author’s
Series 1, but even so, the diserepancies do not exceed 1 per cent.
The important point, however, is that at the lower temperatures
the viscosity of steam still decreases with increasing density along
an isotherm, lending support to my previous microscopic hypothe-
sis. The slope increases in the vicinity of the saturation line and
decreases as the temperature is increased. However, the most
important feature of Series 3, not visible in either Series 1 or 2, is
the circumstance that by increasing the upper temperature limit
of operation to 285 deg C we succeeded in locating the isotherm
along which the viscosity remains constant (at 270 deg C) and
one along which the density coefficient of viscosity is positive,
(285 deg C), as it presumably continues to be at higher tem-
peratures.

In accepting these results the discusser wishes to emphasize one
point made in the paper, namely, that most uncertainties in the
determination were functions of temperature and that, conse-
quently, the relative values measured along one isotherm were
very precise, being burdened with errors of the same magnitude,
and differing, therefore, by at most 0.2 per cent.

The discusser wishes to record here the debt we all owe to
Prof. F. G. Keyes with whom we had many profitable ex-
changes and to the ASME Committee on Steam Properties which

continued to provide not inconsiderable funds for this work. I
should also like to mention the name of Prof. W. Leidenfrost
now of Purdue University, who suggested several essential modifi-
cations and that of Mr. M. Mello of the staff of the Brown Uni-
versity Engineering Laboratory whose skill kept us in operation
through many difficulties.

Author’s Glosure

Equation (6) was obtained by a Jeast-squares correlation of all
low pressure data available until 1958, using a modified Suther-
land equation in the form suggested by Prof. F. G. Keyes, [57].
Details of the correlation are described in reference [2]. The
points chiefly responsible for the curvature have all been obtained
at temperatures below 200 C. It is entirely possible that in the
range indicated by Professor Bonilla, the simple Sutherland equa-
tion would fit the experimental data equally well or better than
equation (6). Inview of Professor Keyes’ experience with several
gases [57] one would tend to conclude that at lower temperatures
the failure of the Sutherland equation is not restricted to polar
molecules.

Tt is interesting to note that equation (6) represents quite well
the most recent Russian data of Shifrin,® as shown in Fig. 10.

With regard to the question of accuracy it is this writer’s be-
lief that the oscillating-body viscometer offers at least an equally
precise alternative to the efflux viscometer and should provide a
very useful confirmation of the data obtained by the latter
method. The reproducibility and relative accuracy of measure-
ment appear even to surpass those achieved in the most precise
measurements using a capillary.

In extending the range of the instrument to higher temperatures
two major difficulties will have to be overcome. The first is the
parasitic damping of the suspension wire, which increases quite
rapidly at elevated temperatures. The use of quartz fibers and
tubes, currently being tried at Case, offers some hope of eliminat-
ing this problem. The second difficulty is the largely unknown

8 A. S. Shifrin, ‘“Viscosity of Steam at Atmospheric Pressure,”
Teploenergetika, vol. 6, 1959, p. 22. English translation by Morris D.
Friedman, Inc.
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Fig. 10 Comparison of measured data with those of Shifrin
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nature of the secondary motion. It is hoped that a study now in
progress will shed sufficient light on this problem to permit pre-
diction of conditions under which these secondary motions occur.

It was very gratifying to hear that the somewhat unexpected
results and data reported in the paper were confirmed by subse-
quent measurements. It would indeed be surprising if the very
close agreement of the present data with those reported by Pro-
fessor Kestin and Dr. Wang were merely coincidental. The hy-
pothesis of agglomeration or clustering of the molecules, sug-
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gested to the author by Professor Xeyes and discussed by Pro-
fessor Kestin, appears to be supported by, e.g., x-ray diffraction
measurements,® and also to some extent by the conclusion of
Dorsey® that temporary clusters of double molecules exist in
steam at densities in excess of about 0.03 gm/cm?.

» F'. G. Smith, “Review of Physical-Chemical Data on the State of
Supercritical Fluids,”’ Economic Geology, vol. 48, 1953, p. 14.

10 N, E, Dorsey, ‘“Properties of Ordinary Water Substance,” Rein-
hold, New York, N. Y., 1940.
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