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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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Reports and Papers Pu011sned unoer

MIT Fuel- Coolant Interactlon PPOJeCt'

(;hls progect was funded unt11 June 30, 1975 by'ANL and reports
issued as 31-109-38-2831-XX; startlng July 1, 1975 reports were
1ssued as C00-2781-XX) o ' '

'Pro~ress Reports (Avallable from Vatlonal Technical Informa ion

Service, U.S. Department of Commerce, .
'Springfield, Va.  22151)

W.F. Lenz, G. Shiralker and N. Todreas, Fuel -Coolant Thermal
Interaction Project UC 79P, C00-2781-1, Nov. 1975.

W.F. Lenz, G. Shiralker and N. Todreas, Fuel Coolant Thermal

Interaction Project UC 79P, C00-2781-2, Feb. 1976.

G. Shiralker, W.F. Lenz and M. Corradini, Fuel Coolant Thermal
In teractwon Project UC 79P, C00-2781-3, April 1976.

G. Shiralker, W.F. Lenz and M. Corradini, Fuel Coolant Thermal
Interaction Project UC 79P, COO-2781—5 Oct' 1976

G. Shi“aTkof, W.F. Lenz and M. Corradini, Fuel Coolant Thernal

Interaction Project UC 79P, C00-2781-10, D° . 1976

¥i. Corradini, Fuel Coolant Thermal Intoractlon PrOJect UC 79P'

- C00-2781-12, Jan 1977



Reports Issued under this Contract

- Topical Reports (Available from National Technical Informatien

Service, U.S. Department of Commerce,
Springfield, Va. 22151)

Mujid S. Kazimi, "Theoretical Studies on Some Aspects of Molten
Fuel-Coolant Thermal Interaction,” 31-109- 38- 2831 1TR, MITNE-155,
May 1973.

.Charles E. Watson, "Transient Heat Transfer Induced Pressure

Fluctuations in the Fuel-Coolant Interaction," 31-109-38-2831-
2TR, MITNE-156, August 1973.

Trond A. Bjornard, "An Experimental Investigatioh of Acoustic
Cavitation as a Fragmentation Mechanism of Molten Tin Droplets
in veter,” 31- 109 38-2831-3TR, MITNE-163, May 197&

Glen Bjorkoulst "An Experimental Investigation of the Fragmentatlon
of Molten Metals in Water," 31-109-38-2831-4TR, June 1975.

Roland B. Knapp, "Thermal Stress Initiated Fracture as a Frag-
mentation Mechanism.in the UOp-Sodiuz: Fuel-Coolant Interaction,"
31-109-38-2831-5TR, May 1975. : '

Micnael Cor radlnl, "Prediction of hlnlmum UOp Particle Slze Based
on Thermal Suress Inlflated Fracture Model " COO 2781-47
August 1976.

M. Kazimi, C. Watson, D. Lenning, W. Rohsenow; N. Todreas,
"Acoustic Cavitation .as a Mechanism of Fragmentation of Hot
Molten Droplets in Cool Liquids," C00-2781- 6TR, November 1976

Cauuam S. Shlralkar "An Investlgation of the Fragmentation- of
Molten Metals Dropped into Cold Water " CO0~ 2781 TTR,
November 1976.

William F. Lenz, Jr. "Ml*Jng Requirements for the Limiting
Fuel-Coolant Interactions in Liquid Metal Fast Breeder

" Reactors," C00-2781-8TR, November 1976

M. Corradini, A.A. Sonin, N. Todreas, "A Proposed Heat Transfer

lfodel for the Gas-Liquid Heat Transfer Effects Observed in the
Stanford Research Institute Scaled Tests,'" C00-2781- 9TR,
December 1976.

Corradini, W.M. Rohsenow, N.E. Wodreas, "Application of
Spontaneous Nucleation Theory to Tin-HpO Interactions," COC-
2781-11TR, January 1977.



" Conference, Tokyo, 1974.

Reports Issued under this Contract

Papers and Summaries

M.S. Kazimi, N.E. Todreas, D.D. Lanning and W.M. Rohsenow, "A

Criterion for Free-Contact Fragmentation of Hot Molten Materials

in Coolants," Transactions of th® American Nuclear Society,
Vol. 5, No. 2, p. 835, November 1972.

M.S. Kazimi, N.E. Todreas, W.M. Rohsenow and D.D. Lananing, "A
Theoretical Study of the Dynamic Growth of a Vapor Film Around
a Hot Sphere in a Coolant," Fifth International Heat Transfer

T.A. Bjornard, W.M. Rohsenow and N.E. Todreas, "The Pressure
Behavior #Accompanying the Fragmentation of Tin in Water,"’

‘Transactions of the American Nuclear Society, Vol. 19, pp 247~
258, 1974, -

. R. Knapp and N. Todreas; "Thermal Stress Initiated Frasture as

a Fragmentation Mechanlgm in the UOp-Sodium Fuel-Coa! -nt Inter-
aCulon," Huclear Engineering and De51on 35, pp. 69-8%, 1975.




I. Mechanisms Responsible for‘Fragmentation
in Molten Metal Droplet Experiments
" (Michael Corradini)
The work in this area has been submitted in a topical
'report C00-2781-11TR, "Application of the Spontanéous Nucleation.
Model to Tin Water Experiments". The major4thrust of thé report

is to:

|
~—

Review-the'large amount of‘ekpefimental data

.aocumulated for the tin-water system.- A-number.

of ihdependenﬁ variables have been identified

"which affect the degree of'intefactioﬁ (exteﬁt

of fragmentation and beak pfessure generation)}

for tin—Hzo; inifial‘fuel temperature, initial

coolant temperature; size of mass, shape of the

.mass of tin, and the effects of externél-triggers

on the‘interactioﬁ. ﬂ |

ii) Review'the theories‘advanced tb_explain this
behavior with Speciél emphasis dn the spontaneous
nucleation model. | :

iii) Compare the tin-water results to'fhe four'criteria

of the spontaneous nucleation model.
Spacifically it has been observed in the UCLA tin dropping
experiments that the tin noticeably defbrms in shape before the

interaction occurs. In fact the interaction begins at these



extended.projéctions'ffom the bulk and then prbceeds to rest
"~ on the tin mass. One of the criterioﬁ of the Sponﬁeneous
nucleation model for an eﬁergetic FCI is to have the fuel—A_”
coolaht'interface temberature above the sponeaneous nucieatién
temperature and below the éritical-tempefature of the'éoolant.
The upper bound of thié criterion was compared to tin—watef
results by performing a transient cooling'aﬁalysis on the tin
mass. - The projections werelidéalized as cooliﬁg fins.” The
results indicated that the tin—water'interface does cool below
Tcritioél for water before the interaction was_initiatedAat
the fin projection. The origin of these‘projecfions appear
to be caused by'either'dfop deformation due to inertial forces
or tin-~oxide sﬁrface formation; subsequent cracking and_drop
'deformation. o

Based on this short analysis it appears that the-sét of
necessary criterion for an energetichCI from the,spontaneduS'

nucleation model are consistent with tin4H20 data.



II.- Thermal Stress Initiated Fracture

No additional work 1is planned in this area.

“— — v -

IIT. Possiﬁle Mechanisms of Heat Transfer to
Cold Walls and Fluid in Reactor Vessel

(Michael Corradini)

No additional work has been done in this area during this

reporting period.




