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R. R . MILLER.7 It is of interest that similar friction factors
and orifice metering coefficients are found for the metals and
water but, considering the properties of liquid metals in general,
it is not surprising. The liquid metals are simpler in molecular
structure and should be more ideal than the customary liquids.
While we have done no work in connection with friction factors
of flow and relatively little on viscosity, the most unusual phenomena are those attributed to the condition of nonwetting. This
condition can be aggravated and perhaps extended b y the occlusion of gases in liquids as found by Boarts, et al. (reference 8 of
the paper), where decreases in density of mercury up to 12 per
cent were found to be clue to entrapped gases. It is not entirely
clear from the present paper whether or not gases could be
trapped during the operation of this apparatus. The entrapment
of gases and nonwetting appear to be the only characteristics
with which we are acquainted which could cause the variation in
the friction factors. However, these would appear to cause
variation only in one direction away from the water values and
it does not appear to be a complete explanation of the effects
found.
T . T R O C K I 8 AND R . A . E D W A R D S . 8
In this paper, the authors
have contributed some significant experimental work and they
are to be commended on it. The experimental program and the
test equipment were quite adequate to meet their objectives.
One question which arises in our minds is why a simple permanent magnet, magnetic-type flowmeter was not investigated
at the same time. For laboratoiy installation, a magnetic flowmeter should not be any more expensive than the orifice with
its instrumentation. It would be valuable to have more calibrations of magnetic flowmeters b y use of a metering tank.
Another question arises with regard to the control of temperature during these experiments. Some of the scatter may be
accounted for by variation of temperature among different runs
of the test.

AUTHORS' CLOSURE

Discussion
0 . E. DWYER.6 The authors have gone a long way toward
settling the question of whether or not the dynamical behavior
of heavy metals in flow equipment is the same as that for ordinary
fluids. Since degree of wetting was mentioned as a possible
factor in distinguishing between the behavior of the two types of
liquids, it would be desirable to have seen some discussion on this
question, with reference to the experimental results. For
example, to what extent, if any, did the Pb-Bi wet the pipe or the
orifice edges? We at Brookhaven have found that, in the case
of bismuth (about 200 ppm Zr and 100 ppm M g ) at 1000 F, high
velocity is capable of effecting complete wetting on steels.
The authors state that when their apparatus was once running
fairly constant results were obtained; but that from run to run
duplicability was not nearly as good. We have observed the
same phenomenon in a mercury loop at our laboratory; and the
Head, Chemical Engineering Division, Brookhaven National
Laboratory, Upton, Long Island, N. Y.
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The authors wish to express their appreciation to the discussers for bringing out some significant points which were not
covered adequately in the paper. In answer to Dr. Dw3 r er's
questions regarding wetting, visual inspection indicated that
the lead-bismuth did not wet the pipe or orifice plates. N o attempt was made to cause wetting by the use of additives, since
after the pressure-drop tests it was planned to obtain heattransfer data under nonwetting conditions. With regard to the
question of entrapped gas raised by both Dwyer and Miller, it
was pointed out in the paper that there were no indications of
such a condition during the present tests. Several of the present
authors had reported in 1951 (reference 4 of the paper) the severe
effects of small amounts of entrapped gas on the heat-transfer
performance of liquid metals and consequently extreme care was
exercised to eliminate, or at least minimize, such effects during
the present tests. However, it is possible that some small
Naval Research Laboratory, Washington, D. C.
Atomic Power Equipment Department, General Electric Company, San Jose, Calif.
7
s

Copyright © 1957 by ASME

Downloaded from http://asmedigitalcollection.asme.org/fluidsengineering/article-pdf/79/5/1083/6844642/1083_1.pdf by guest on 04 December 2022

BIBLIOGRAPHY
1 " A Comparison Between the Flow of Water and Mercury in
Pipes With a View to Testing the Osborne Reynolds' Law of
Similarity," by Jul. Hartmann, Danske Videnskabernes Selskabs
Skrifter, series 8, vol. 10, no. 5, 1926, p. 3S5.
2 "Heat Transfer Coefficients for Liquid Mercury and Dilute
Solutions of Sodium in Mercury in Forced Convection," by T. C.
Doody and A. H. Younger, preprint for Heat Transfer Symposium at
the 44th Annual Meeting, The American Institute of Chemical Engineers, December, 1951.
3 "Heat and Momentum Transfer in Turbulent Flow of Mercury," by S. E. Isakoff and T. B. Drew, preprint for Heat Transfer
discussions, London, England, September, 1951.
4 "Heat Transfer to Molten Lead-Bismuth Eutectic in Turbulent
Pipe Flow," by H. A. Johnson, J. P. Hartnett, and W. J. Clabaugh,
Institute of Engineering Research Division Report, University of
California, Berkeley, Calif., November, 1951.
5 "Heat Transfer to Mercury," by R. J. Musser and W. R.
Page, MS thesis, Massachusetts Institute of Technology, Cambridge, Mass., May, 1947.
6 "Flow Metering of Molten Lead-Bismuth Eutectic," by R. A.
Seban, W. T. Schrank, and D. Bartz, Institute of Engineering Research Division Report, University of California, Berkeley, Cailf.,
May, 1949.
7 "Effect of Wetting on Heat Transfer Characteristics of Liquid
Metals," by W. IC. Stromquist, Department of Chemical Engineering,
University of Tennessee, ICnoxville, Tenn., AEC Contract AT-(40-l)1310 Report, March, 1953.
8 "Effect of Wetting on Heat Transfer Characteristics of Liquid
Metals," by R. M. Boarts, H. Chelemer, and B. Hoffman, University
of Tennessee, ICnoxville, Tenn., July 31, 1953.
9 "Power Test Codes," ASME, part 5, 1949, chapter 4, "Flow
Measurement."
10 "Friction Factors for Pipe Flow," by L. F. Moody, Trans.
ASME, vol. 66, 1944, pp. 671-684.
11 "The Direct Measurement of the Film Coefficient of Heat
Transfer to Molten Sodium Metal in Forced Convection," by R. C.
Quittenton, PhD thesis, University of Toronto, Canada, March,
1953.

writer is of the opinion, in agreement with the authors' suspicion, that entrapped gas is mainly responsible; i.e., in the case
of a nonwetting system. In this connection, it is significant to
note that the friction-factor data for water scattered appreciably
less than those for the Pb-Bi. It would have been interesting
to determine the effect of wetting on duplicability from run to
run, by adding an alkali or alkaline-earth metal to the Pb-Bi
to induce wetting. The amounts needed would not have been
enough to change the physical properties of the Pb-Bi.
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worth while here since the metering-tank performance was quite
satisfactory.
With reference to the suggestion that temperature variation
may have contributed to the scatter, a review of the data reveals
that 52 per cent, for test section 1, was observed in the temperature range 350 to 370 F; 10 per cent at 400 to 450 F; and for
test section 2, 75 per cent at 370 to 390 F and 10 per cent at 400
to 415 F. The results for temperatures above 400 F showed the
same scatter and could not be distinguished from the results for
the temperature range 355 to 365 F. Although this indicates
that temperature is probably not a cause for the excessive scatter,
better temperature control is to be desired.
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amounts of gas may have been in solution in the lead-bismuth
and possibly these may come out of solution at the wall of the
tube. If one postulates such an occlusion of gases to be responsible for the random behavior of the pipe-friction factors, it is
difficult to understand why the orifice-metering coefficients were
not influenced in a similar manner.
A magnetic-type flowmeter, as suggested by Messrs. Trocki
and Edwards, was not tried in this Pb-Bi test loop since the
authors had been advised early in the development of the meter,
that its performance would be sensitive to a lack of wetting and
the electrical output response poor for Pb-Bi, as compared with
Na or Na-K. On the other hand, the authors certainly agree
that calibrations of the magnetic flowmeter would have been
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