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1. Introduction

The International Thermonuclear Experimental Reactor (ITER) has identified critical research

and development needs in Fusion Nuclear Technology. These needs are necessary for

developing an engineering design of ITER. The R&D needs identified for ITER are also very

important for demonstrating the long range potential of fusion as a competitive and attractive

energy source.

Over the past several years, the UCLA program has played a key role in serving the national

and international fusion program. Through the use of technically innovative and cost-effective

approaches, the program has sought to resolve critical issues in a number of selected areas. In

particular, the program has developed analytical and computational predictive capabilities that

have been used in important areas of ITER design and analysis. UCLA has also proposed

ideas for and constructed low cost, high payoff experiments. The results of these experiments

provided crucial data for resolving critical issues on ITER such as predictability and control of

the thermal resistance region.

This document is a proposal for a three-year research program entitled, "Predictive

Capabilities, Analysis and Experiments for Fusion Nuclear Technology; and ITER R&D."

Section 2 summarizes progress during the past year. Section 3 gives examples of recent

publications. Section 4 highlights the proposed research for FY92. Section 5 presents the

proposed budget. The proposed Unit Cell Experiment for thermal resistance is described in

greater detail in Appendix A_
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2. Progress During the Past Year

2.1 Tritium Modeling

Tritium analysis of the US ITER solid breeder blanket under transient conditions was per-

formed using MISTRAL as part of the CDA phase activities. For this analysis, MISTRAL

the comprehensive computer model for tritium transport in solid breeders developed at UCLA

over the past years - was modified to include a simple model for the formation of LiOT in

Li20. The results indicated a reasonably low inventory in the blanket and acceptable tritium

behavior during cyclic operations. However, a key assumption was that LiOT precipitation

and decomposition occurred instantly once the pressure of hydrogen species in the pore was

higher or lower than a critical pressure based on temperature and estimated from experimental
data. :'_ ;:_ :' i:_'--::. - " "_
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MISTRAL was then selectively improved to extend its usefulness as au analysis tool for ITER

in preparation for the EDA phase, and, in particular, to better account for the effect of LiOT

formation and dissolution. In this regard, a dissolution flux at the bulk/surface boundary was

included in the system of rate equation for the surface. This flux provides the link between the

surface coverage (influenced by the outside tritium or hydrogen concentration) and the trapped

bulk concentration (due to dissolution or LiOT formation). It is believed that the model will

then help in interpreting available experimental data usually based on dissolution induced by

outside concentration for application to blanket cases where, dcpemdin_on the conditions,

dissolution is generally driven by bulk generation. It is thought that this is particularly

important in the case of Li20 which is a major solid breeder candidate.for the ITER driver

blanket.

MISTRAL was also used to analyze the tritium release from LiA102 in the TEQUILA exper-

iment. The objective was to model the tritium release for four different transient cases

involving increases and decreases of temperature and of purge flow hydrogen content and to

obtain a consistent set of property data and input parameters. These could then be used for

analysis of blankets or ITER test modules using Li_-K)2 materialsimilar to the TEQUILA

sample analyzed. In that respect, a col!aboration was _tiated .v0'th CEA, France, for the
analysis of their LiA102 test module undER/NET cyEIic conditions using the MISTRAL

input parameters obtained from the calibration analysis of the TEQUILA sample.



A detailed analysis of tritium transport in solid breeders was performed with the aim of provi-

ding a more complete picture of the conditions under which bulk diffusion, surface processes

and pore diffusion become rate-limiting. An interesting result from this analysis is the major

role that pore diffusion can play depending on the solid breeder microstructure. The paper

documenting this analysis is included in the references in Part 3 of this proposal.

The tritium inventory in Be is an important issue in particular for ITER blankets, and develop-

ment of a model for tritium transport in Be was also initiated. The objective is to have a model

which would help to interpret the available experimental data and provide input parameters

which would then be used for blanket tritium release analysis.

Q

A. R. Raffray attended the Third International Specialists Workshop on Modelling Tritium

Behaviour in Ceramic Fusion Blankets in Karlsruhe, Germany, on June 10-11, 1991.

2.2 Liquid Metal Blanket Modeling

Most of the work at UCLA on liquid metal blankets was brought to completion during FY91.

Three major areas were finished and presented at the US/USSR Workshop on Liquid Metal

Development for Fusion Systems at ANL, Nov. 1990:

- Heat transfer in slotted ducts

- Full solution (KAT) code development

- Core solution of slotted duct with anchor link.

In addition, comparison of the core solution with the full solution in asymmetric and multiple

adjacent ducts was performed and presented at the 2nd ISFNT.

Late in 1990, Dr. Kathy McCarthy completed her 9-month stay in the Soviet Union and re-

turned to UCLA to finalize and document her work. In Feb. 1991, Tomoaki Kunugi finished

his work on the full solution code development and returned to Japan.

2.3 Free Surface Liquid Metal Studies

Initial model development for the stability and growth rate of a free surface LM flow was

completed and applied to the case of the ITER divertor in both the "quasi-longitudinal" and

"quasi-coplanar" configurations. The model computes the required flow rate for removal of the

surface heat flux without violating any temperature limits, and then uses this flow rate to
q

examine the MHD flow behavior of the film. The work was presented at the 9th Topical



Meeting on Fusion Energy and at the US/USSR Workshop on Liquid Metal Development for

Fusion Systems at ANL, Nov. 1990. This work is funded primarily through a MFE fellow-

ship.

Development of a more sophisticated model has begun. This effort will expand the model to 2-

D, including a more detailed treatment of boundary layers. In addition, the need for experi-

mental validation was identified, and the characteristics of the required facility were described.

During June 1990, Nell Morley travelled to Leningrad and Moscow to exchange information

and results, and to plan future activities.

2.4 Thermal Conductance and Thermal Control Experiments and Modeling

Particle Bed Experiments

In 1988, our group proposed the use of metallic particle beds as an actively-controllable

thermal barrier region in solid breeder blankets. At that time, the feasibility of this approach

was questioned, and a program of experimentation and model development was initiated.

During 1991, we completed data collection for the effective thermal conductivity over a wide

range of operating conditions for single-size and binary beds of aluminum having several

different porosities, and He and N2 gas pressures ranging from 0.1-3 atm. A smaller amount

of data for the wall conductance also was collected. Results show that substantial (as high as a

factor of 4) changes in thermal conductance can be achieved through active control. The results

of this work have been openly shared with the U.S. and international ITER teams, and

presented at the 2nd ISFNT in Karlsruhe.

Work performed during FY91 used the upgraded test assembly, and supplemented earlier data.

Good reproducibility of the data was demonstrated, giving confidence in the data itself and in

the ability to provide predictable behavior in a blanket. Careful measurements of the wall con-

ductance were performed. Wall conductance measurements are difficult to perform because the

magnitude of the resistance is much smaller than for the bulk conductivity, and because the

technique for measuring it involves a small difference between measured and extrapolated

temperatures. Results show that the variation of wall conductance with pressure is small or

non-existent. This suggests that the wall region is dominated by conduction through the solid

particle contact points, rather than gas in the Smolukovski zones.



Thermal Control Modeling

Model development and analysis was performed in conjunction with the experiments described

above. Values of effective thermal conductivity of packed beds of Be and Li20 over a range of

temperatures and pressures were estimated for both binary and single-size beds based on the

model developed at UCLA. These values were made available to designers for ITER blanket

application.

Interface contact conductance was analyzed based on semi-empirical models from Shlykov et

al., and Lemczyk and Yovanovich. Key parameters include the surface characteristic and the

contact pressure. Application of these models to the case of Be block/steel interface in the

proposed US ITER solid breeder blanket indicated the importance of properly accounting for

these parameters as well as for the effect of Be block deflection. The analysis suggested that

the characterization of contact conductance be done experimentally using prototypic materials

from which an experimentally-based model can be developed for blanket analysis.

Finally, an assessment was made to examine thoroughly the features, including advantages and

disadvantages, of a number of alternative schemes for thermal control in solid breeder blankets.

These include He gaps, solid Be regions, Be metallic felt, and Be particle beds. Results were

compiled in terms of allowable wall load ranges and region thicknesses for the different

schemes. This work was presented at the 2nd ISFNT in Karlsruhe.

Interface Conductance Experiments

Experiments are being carried out to study the contact resistance between two dissimilar metals.

This work supports the U.S. CDA-phase solid breeder blanket concept for ITER, which uses

Be blocks in a stainless steel clad. One of the major issues with this concept is uncertainties

associated with thermomechanical and radiation-induced deformations during pulsed operation.

These experiments will help characterize the contact conductance between Be and steel under a

range of operating conditions with externally-applied contact pressure, thermal defo_,n'nation,

and a range of base gas pressures. One of the key parameters is surface roughness, which will

be in the range 10<_5<_50I.tm. Follow-on experiments are being considered in which the effect

of cracks and contact between spherical surfaces can be examined.

Design of the experimental apparatus was completed, the apparatus was assembled, and initial

shakedown completed. The figure below shows the configuration of the experiment. "Heat



flux of --10W/cm 2 will be provided, with expected contact conductance in the range of

200<h<20,000 W/m2-K. Be specimens were obtained with the appropriate porosity and

surface characteristi,.s. Initial data will be taken for the contact conductance as a function of

contact pressure in a He background gas.
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