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Introduction

The goal ©of this research program has been to add to
our understanding bf the breakup of molten fuel Jets
penetrating reactor coclant. Easily handled working fluidse
are used to simulate fuel jet breakup, so that detailed
observations may be obtained from a relatively large number
of experiments. The tools used for observing this behavior
are high speed metion picture photography, Flash X-
radiegraphy, and Xrray cine. Jat breakup lengths are
detsrmined from wotion picturea; the mechanisms by which the
jets are fragmentaed may be inferred from radiegraphs.

At the ond cof the last rsporting period, elght
experiments had besn completed. In each experiment, a
single jet of molten Cerrobend (a Bi-Pb-Sn-Cd alloy, melting
point 70 °C) was poured into a pool of room-tamperature
Freon=11 at roughly atmospheric pressure. Breakup lengths
in those experiments were in goocd agreement with the
enpirical relation obtained from earlier experiments with
water jets in Freon-11 and liquid nitregen by Saito et. al,
Preparations were underwvay for X-radiography using a flash

X~ray systemnm. ,
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Objectives snd Accomplishments

Our objectives for this year have been:

1) Obtain additional breakup length data to confirm

agreement with the correlation of Saiteo et. al.:

2) Obsaerve the breakup of an array of three jets:

3) Evaluate the efficacy of X-radiography by using a

flash X-ray system;

4) Observe the dynamics of jet fragmentation using the

X-ray cine system.

A Dbreakup length correlation applicable to high
jet/coolant density ratio systems is obviously a useful
benchmark for validation of fragmentation models. It was
therefore jimportant to obtain additional breakup length
data. This yeay, 23 experimcnts with single Jjets were
completed. Breakup lengths vers determined for 17 of thesea.
The data are in general agreement with the Sailto
correlation.

Oour interpretation of the physical basis of <this
correlation suggested that the breakup lengths for an array
of jets would be comparable to that of a asingle jet. In
order to test this interpretation, 17 experiments were
conducted using three jets placed 1.5 to 20 diameters apart.
No correlation of breakup length with jet spacing was
detectead. Breakup lengths ware comparable to those of thé
single jats.

X-radiography using a flash X-ray system has been used

in most experiments this year, with some success.



Frequently, the X-ray beam is too much attenuated by the
liquid Freon-11 to previde recognizable images. lowever, in
the few experiments whera thae path of the beam was highly
voided at the time of exposure, the <fragmenting Jet was
shown on 8x10 inch X-ray film with excellent resolution.
The radilographs suggest that erosion of the vertical
surfaces of the jet, due to Kelvin-Helmholtz instability, is
the dominant fragmentation mechanism.

Tha flash X-ray system was utilized in more experiments
than was originally anticipated, because it allowed
simultanecus motion picture photogréphy (gnd hence breakup
length determination), which is not poaaibie with the X-ray
cine system.

The results of the experiments completed to date arxe
summairized in the attached draft paper, %Breakup of Metal
Jets Penetrating a Volatile Liquid,* submitted for
NURETH-5.

Wwerk Planned

our experience with the flash X-ray system indicates
that useful images should be obtainable from the X-ray cine
system, although the resolution possible with high speed 16
mm motion picture film is not comparable to that of the 8x10
inch X-ray film. However, it is anticipated that X-ray cine
£film will show the dynamics of fragmentation, which will
complement the high resolution still images already
obtained.



A sna
11 number of experiments using this system are

planned for the balance of this research program

Sunnary

The ‘
experiments with single jets and related analysis
are ¢t

o be published in a Ph.D. thesis. The three-jaet
e
xperiments are .the subject of an M.8. thesis (in

preparation).

The present experiments have concentrated on the
breakup of a jet enshrouded by a large diameter wvapor
counterflow. However, the breakup of a jet separated from
the coolant only by a thin vapor film is alsc of interest.
This type of braeakup may occur if the reactor coolant is
under high pressura and/or is highly subcooled
Investigation of this breakup regime would be the 1og¥ca;

extension of the work completed to date.

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 of responsi-
bility for the accuracy, completeness, oF usefulness of any information, apparatus, product, of
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, of service by trade name, trademark,
manufagturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, ot favoring by the United States Government of any agency thereof. The views
and opinions of authors expressed herein do not necessarily stale or reflect those of the

United States Government or any agency thereof.
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