
• • /

IMPLICATION OF TRIO-O1 HEAT TRANSFER RESULTS

ON SOLID BREEDER BLANKET OESIGNS*

B. Misra, R. G. Clemmer, and P. A. Finn

Argonne National Laboratory
Fusion Power Program

9700 South Cass Avenue
Argonne, I l l i n o i s 60439

COIJF-840614—34

DE84 0067 43

Submitted for Presentation at 1984 Annual
Meeting, American Nuclear Society.

New Orleans, Louisiana, June 3-3, 1984

The submitted manuscript has been authored
by a contractor of the U. S. Government
under contract No. W-3M09-ENG-38.
Accordingly, the U. S. Government retains a
nonexclusive, royalty-free license to publish
or reproduce the published form ol th:s
contribution, or allow others to do so, for
U. S. Government purposes.

Work supported by the U.S. Department of Energy/OFE.

DISCLAIMER

This report was prepared as an account of work sponscrsd 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 responsi-
bility 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. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, 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.

T^TiGH OF Tilt* MCIJB£ilT *



IMPLICATION OF TRIO-01 HEAT TRANSFER RESULTS
OH SOLID DREEOER BLANKET DESIGNS

8. Misra, R. G. Clemmer, and P. A. Finn
Argonne National Laboratory

The greatest uncertainty in recent sol id breeder blanket designs*"3

i s associated with the thermophysical properties of l i th ium ceramics.

The thermal conductivity of a sol id breeder (K) and i t s dependence on

nuclear i r rad ia t ion can be a major design-l imit ing factor. The TRIO-01

experiment^ studied i n - s i t u recovery of t r i t i um from a miniature sol id

breeder blanket ( Y - L I A I C ^ , 65S dense). The data of the TRIO-01 exper i -

ment provide an ind i rect measurement of K of Y-LiA102« This paper

b r i e f l y discusses calculat ion of K from TRIO-01 data and i t s implications

on STARFIRE-type blanket designs.

The boundary conditions for the TRIO-01 experiments were that (1) the

nuclear heat generated in the capsule flowed rad ia l l y into the heat sink

(60°C water), and (2) the temperature maintained in the sol id breeder

(range 450-750°C) was control led by a gas mixture (He/Ar) in a gap

between an outer wall and an inner wall enclosing the y~LiA102. Two sets

of thermocouples measured the inner and the outer surface temerature of

the breeder at four axial posi t ions. The Mason-Saxena^ method was used

to calculate the K of the gas mixture from the individual thermal conduc-

t i v i t i e s . 6 These values were then used in a two-dimensional heat

transfer model to calculate the K of y-LiA102.

For the upper range (600-750°C), four data points, representing 02

*>Li burnup ( i n i t i a l period) to 332 &Li burnup (90 days), were the basis

of thermal conductivity calculat ions. The low temperature experiments

are currently being analyzed. After analysis of a l l of the experiments,
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the temperature dependence of thermal conductivity and the effects of

i r radiat ion w i l l be evaluated. An estimate of the effect of irradiation?

for other ceramics was a 402 reduction in thermal conductivity.

Our best estimate of thermal conductivity from the high temperature

TRIO data (600-760'C) is < = 1.4 + 0 . 1 W/m-K. This is in contrast to the

estimated K = 2.37 W/m-K used in STARFIRE design calculations. For

purposes of comparison, the thermal conductivity of Y-UA102 was calcu-

lated by the empirical equations** (Gurwell and Hollenberg) (with

appropriate correction for porosity). The experimental data agree with

Hollenberg's equation within 5%. The empirical equation of Hollenberg

appears to agree with the high temperature thermal conductivity. However,

the predicted thermal conductivity from Gurwell's equation is ^202

lower. The implication of < values lower than predicted for sol id breeder

blanket designs is presented below.

In order to assess how < influences the blanket design, the breeder-

outside-coolant tube designl»3 was used as the basis. One dimensional

calculations for pressurized water-cooled ( i n le t /ou t le t = 280/320°C)

breeder blanket (temperature window = 350/500°C) were used to size the

blanket region for each coolant channel (10 mm I.D. x 0.75 mm wall) in

the depthwise direction of the blanket. The blanket region diameter as a

function of the blanket thickness is presented in Figure 1 . Since the

coolant temperature is s igni f icant ly lower than the lower temperature

l i m i t (500°C), a thermal barrier was assumed to be present between the

coolant channels and the breeder material. Three thermal barriers (He

gas, stainless steel f e l t and Li'2ZrO3) were considered. The thickness

of the thermal barriers varied from 1-3.1 mm, 1.8-5.3 mm and 0.4-1.3 mm,



respectively for the above three materials. The volurae fraction (ex-

cluding containment structure, t ie rods, and thermal barr ier , etc.) of

the breeder was calculated for K = 1.5 k/m-K and K = 2.73 W/m-K. The

results are summarized in Figure 1 .

As expected, lower K values lead to more closely-spaced coolant

channels, which result in lower breeder fractions {see Figure 1). An

examination of data presented in Figure 1 shows that there is a 7%

decrease in breeder volume fract ion near the f i r s t wa l l , which is the

most f e r t i l e region for t r i t i um breeding. Signif icant reduction in

t r i t i um breeding ra t io w i l l result for sol id breeders that have low

thermal conductivit ies. To overcome the adverse effects of low thermal

conductivity, a number of design variables must be considered. These

are: (1) more dense materials—up to 85% theoretical density, which

increases the thermal conductivity; (2) wider temperature windows to

increase the interchannel distances which reduce the number of coolant

tubes. This is consistent with the recent trend in sol id breeder blanket

designs which incorporates 85% theoretical density materials over as wide

a temperature window as possible.3 Also, TRIO-01-type experiments with

other candidate sol id breeders could be used to establish the v i a b i l i t y

of sol id breeder blankets.
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