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DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.
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IGAL NOTICE

This document was prepared under the sponsorship of the United States Atomic

Energy Commission pursuant to the Joint Research and Developmept Program

established by the Agreement for Cooperation signed November 8, 1958 between

the  Government  of the United State 8 of America  and the European Atomic  En-
., .

ergy Community (Euratom). Neither the United States, the U. S. Atomic Energy
Commission, the European Atomic Energy Community, the Euratom ,Commis-
sion, nor any person acting on behalf of either Commission:

A. Makes any warrady or representation, express or implied, with respect to

the accuracy, completeness, or usefulness of the information contained in
this document, or that the use of any information, apparatus, method, or

-2 process disclosed in this document may not infringe privately owned rights;
or

B. Assumes any liabilities with respect to the use of, or for damages resulting
from the use of any information, apparatus, method or process disclosed in
this document.

As used in the above, "person acting on behalf of either Commission" in-
cludes any employee or contractor of either Commission or employee of such
contractor to the extent that such employee or contractor or employee of such
contractor prepares, handles, disseminates, or provides access to, any infor-
mation pursuant to his employment or contract with either Commission or his
employment With such contractor.
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P
STATEMENT OF PROBLEM

--.    The objective of the work is to establish experimentally the effect of a ultrasonic field
on the maximum nucleate  heat  flux (i.e. , burnout  heat  flux)that  can be sustained by boiling
water in a flow system. The water will flow in the direction of sound propagation within

an annular flow channel bounded on the outside by a glass tube and on the inside by a stainless

steel element  of *-inch diameter  with a heated length  of  5  to 6 inches. Experimental  work

will be done at atmospheric pressure. Preheating the water will allow investigation of the
- boiling phenomena under both subcooled and net boiling conditions.

SUMMARY OF PROGRESS TO DATE

The program was initiated near the beginning of the quarter. Activities to date have been
directed toward design and procurement of the apparatus to be used in the experimental

1..4

program.      As a result  of this effort, the electric power supply  is on order and inforination

on appropriate electroacoustic transducers is being received from different vendors.      The
1 essential design features of the test section have been defined. Detailed design of the test

section awaits selection of the transducer.

DISCUSSION OF PROGRAM

The only known previous work on the effect of a sonic field on the burnout heat·'flux
was reported by Isakoff,1 who used a resistance-heated platinum wire suspended in·-Water

at the saturation temperature. The sonic transducer was located J inch below the wire and
2

operated  at a frequency  of  10, 000  eps and about 2 watts/cm     at the oscillating diaphragm.
With this apparatus, the burnout heat  flux with the oxpillator operating was increased about

50%.    No effect of the sonic field on boiling phenomena was measured or observed at heat
2fluxes below the burnout point. In experiments reported by Kovalenko,   the heat transfer

surface was vibrated at frequencies from 700 to 3,000 cpm and amplitudes from 0. 15 to

0.35 mm. Again no effect of the vibrations on the boiling phenomena was visually observed

or measured. In these experiments, the effect of vibrations on the burnout heat flux was not

1.    Isakoff, S. E., "Effect of an Ultrasonic Field on Boiling Heat Transfer, " 1956 Heat Transfer
and Fluid Mechanics Institute, Preprints of Papers, Stanford University Press.

2.    Kovalenko, V.  F., "An Experimental Investigation of the Influence of Vibration on Heat
Transfer During Boiling, " Teploenergetika, 1958, No. 2, pp 76-77.

' -1-

ADVAnCID.=&06„ [ABORATORICS
A DIVISION OF AMERICAN-Standard

CO -3
L -



49
reported and presumably the heat fluxes used were below the burnout flux. Because of the

lack of effect of vibrations on the below-burnout boiling phenomena noted in these two

investigations,   it is planned to restrict the experimental  work  on the present program  to

measurement  of the influence of ultrasonic vibrations  on the burnout  heat  flux.     Thus,   no
measurement of the temperatures of the heat transfer surface will be made.

Because the heating element will be heated by conduction of electric current between the

ends of the thin-walled tube forming the element, burnout will destroy the element unless a

burnout :detector is used.   For this reason, it is presently planned to use a burnout-detector
3

design successfully proven in other boiling heat transfer work. The detector compares the

electrical resistance of the top portion (water exit end) of the heater element with the resistance

of the remaining portion  of the element. Upon inception  of film boiling, which will occur toward

the upper end of the element, the local-element temperature increases and hence the electrical

resistance of the upper portion will increase. This resistance increase unbilances a bridge,

two  legs of which are formed  by  the two portions  of the heater element, and thereby generates' ·5
a signal used to stop power to the element.

The electrical power supply will consist of a saturable reactor in series with a low-

impedance transformer required to match the low impedance of the heating element.  This

combination will permit stepless variation of power from essentially zero to a full power of

50 kw, at which the current delivered to the element will be about 2000 amperes.
The ultrasonic transducers will operate at a frequency within the range from 20 to 30 kc

and have a power supply steplessly variable from essentially zero to 50 to 200 watts.  The

indefiniteness of the upper power limit is due to the available range of commercial ultrasonic

units and will be fixed upon selection of the most appropriate unit.

3.    "Studies in Boiling Heat Transfer, " University of California, Department of Engineering,
Los Angeles, California, AEC Contract No. AT-11-1-Gen-9, March 1951.
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PLANS FOR FUTURE WORK

During  the next quarter, the program schedule calls for completion  of the experimental

apparatus and performance of initial check-out  runs.

PRINCIPAL INVESTIGATOR

The technical supervisor on the program is Dr. Fred E. Romie.
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