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Abstract
The current safety scenarios of Liquid Metal Fast

faule propagation include the stuiy of a hypothetical

an external debris porous bleckage In a furl subasgembly.

In this preliminary experimental and analyrtizal {nvesti:acion, a nea-heat-gencraring
porous blockage was postulated to cover 18 flow channels of a 37 pin Fast Tost Feacisr (FTR)
The tlockare m2:erial 1s

type fuel subassembly. The avial extent of the bleckage 15 50 mm.

stainless steel (S5 316) with 30 percenr average porosity (purcent void

The blockage and the pins were modeled with a finite element technigue and the
field in the blockage was predicted. This thermal field was vtilized to ds a ;lanar thermal

stress analysis of the postulated tlockage.

d the thermal-lwdraulics ¢

To verify the analytical mecdel and also to better understa
such a porous blockage out-of-pile tests were coaducted in a sodiun loop.

of-pile tests was utilized to calibrate and improve the analyvtical model.
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1. Introduction

The current safety scenarlos of liquid metal fast breeder reactors (LMFER) under the
local fault propagation include hypothetical accidents fnitfated by the formacion of a
blockage around the fuel plne In a given fuel subassembly. Thermohydraulic phencmena in the
subassembly upon formarion of a hypothetical planar blockage have been the subject of many

experimental and theoretiral studies to date [1 to k)

More recently, however, the matter of the hypothetical formatlon of non-plarar hlochages
in subassemblies has been brougnt into the safety arguments [7 to 10]. Such blockages can be
heat-generating or non-heat-gencrating depending on the assumptions reparding the source of

the hypothesized particulate debris. The porusity s deteruined by the size and the shape of

the partirulat. marter. The radial and axial extent of the postulated blockage is determined
largely by praseatic arguments on fallure and/or detectibility [2 to 10]. Presently, a# 50 mn
long ponrons blockage covering flow channels arcund a basic seven-pin cluster in a 37-5in test

bundle [11]) has been favered in the experimonts. A variation of such a postulazed hlowba e

which covers 14 flow channels in a 37-pin Fast Test Reaccor (FTR) twvpe subaswua

in Figure 1. The particular configuration cf the blockage was chosen to assure a planned pin
failure in a propused Sodium Loap Safety Facility (SLSF) in-pile experiment [16].
+ I3

Unlike the case of the planar blockages, thermohydraulic and thermal stress aspects of

such 3D porous blockarzes are ant well underctood to asiure successful in-pile teses. Firse,
the norous nature of the sintsred steel (SS 316) model blockage introdutes uncertainties in
the mechanical and phvsical properties for pretest casculations. Second, non-boiiing and
boiling heat transfer in such thick porous redia irmersed In a sodium strzanm is virtually

:nt case of sintered wick heat pipes. In the prescnt

unknown except for the not-so-reles
case, the heat is applied to the blockage internally by the pins (Figure 1) as discreet
cylindrical heat flux sources. Third, as it 15 intultively expected that rather large

thermal gradients will be induced within the blockage both radially and axially, thermal

stresses need to be assessed s0 as not to cause a premature failure of the blockage jeopard

izing objectives of any prospective in-pile LMFBR safety test.

In order to find answers to some of these questions analytical and experimental efforts
have been undertaken and this paper reperts the preliminary results from these <fforts.
2. The Blockage and the Test Section Geonetry

The model blockage is shown in Figure 1. 1t is made of sintered stainlesc steel uwith
approxinately 60 um spherical particles with a measured average porosity of ¢ = 3o + 2 per-
cent. The blockage is 50 nm Jonz. 1t 1s machined to accommodate 16 nominal size FTR type
pins of 5.84 mm diamcter with + 0.0254 mm clearance tolerance at room temperature so that
when it is heated to about 810 K temperature (the expected average operational temperature in
the reactor) the clearance closes up and no sodium leakage between the pins aad the blockage
can occur. The inner four pins are completely surrounded by the blockage whereas the peri-
pheral three pins have only 2/3 of their perimeter covered by the blockage with the remaining
nine are 2/3 exposed to the flowing sodium (Figure 2a).

The inner seven pins were heated electrically. The peripheral nine pins were dummy
pins. The heated pins had a 305 mm long heated length at a maximum rate of 10 kW per pin.
Each pin had four chromel-alumel thermocouples groinded te the inside of 0.38 mm thick
stainless steel clad., Two of these thermocouples could be located within the blockage zcne

with the remaining two located upstream and downstream of the blockage. Additional thermo-
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Couples were located strategically externazl to the pins 1n the test sectlon t. ceasure up-

stream, downstreaz (wake) and the bulk temperature of the coolant sodius along the <ides of

the blockage.
The test section was made of a 50.8 c= rozinal tube «ith 50.4 =3 ID. Three threaded

stainless steel rods wlth the same diazecter 25 the heated and cu—v pins held the tlaochage -

d f{ran the bdlociaze

pin asse=bly together using three clazmped templates far rezow

e
Additionel thernmocouples, pressure senscors, two electro=asneric

acceleroneters {to detect boiling 1in f{urure tes:is) coo

instrumentazion. This test section wvas cc

section plenum was f{lled with argon gas which could be regulaced
pressure.

3. Out-of-Pile Te-ts

Out-of-pile tests werec planned fo run

checkout runs and non-bo!lling low power tasis. Oace

transfer within the blockage are well understoo. tha sacend “Ill be
coaducted. 7o date, only the first stage h2as been cempleted ATy
results are available.

HE A S T

The low power tests werc run with 1.6 ¥W/m to 7.0 W/z pin poeer at
ranging frow 570 Kg/hr to 1900 Kg/hr in ¢t
In Figure 2, typical data obtained b:

shown. The Figure ‘2 depicts sche

couples within the blockage.
cao be identified in Fizure 2b, which is 2

the center plane of the blockage contains

1s located 19 m= below the ceater plane an

and 22 tm above the center plane. Two tharzoceuples

temperature close te the side surface and three othe

pair of these only 1.6 mm away from the downstreas f2:e and ¢

it.

Comparison betwern tho measured and

will be discussed in a latur section foll

4.  Aunalytical Model

The blockage and the heater pins were nmodeiled using =

with an automatic ncde generation capabilizy {127,

model sinulates one sixth wedge of the blsctkage .

version of the same wedge is shown in Figure 3.

Figure 3 are represented, respectively by the lower pin er
to the right of it. The upstrean faze of :he blockaze is e
£
whereas the downstreaz face is cooled by a recircula:z f
wodel surfaces are assumed adiabatic excep: those surfaczes swept by the sodius
- .
2

blockage is represented by five axial segments resulting Zn a
& P 3 &= &

the porous blockage only conductive heat traansfer is allowed.

the sodiux saturation sintered steel blockage is computed by
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Here, Lst and ks are the temperature dependent thermal conductivities for steel and sodiun

respectively. All thermal properties for materials in the blockage assembly are tesperature

dependent. The ccolant tezperatures at the upstreaz and the downstrean faces of the blockage
were obtained from the experilsental measurements.

peraturas

5. Comparison of Predizted and Measured T

The analytically predicted temperature fiozld in the zid-plare of the blockage corres-

’

ponding to the experimental case of Figure 2 is depicted in Figure 4. This sazple case 1is

typical of all the tesults obtained so far for various flow-power-inler temperarture cozbina-
1

tion. In this particular cass, the flow 16 1900 Kg/hr, pin power ig 7.0 ¥%/z an: the in

sodiun tecparature is 706 F. The prediced temperature of 98
from data by about 19 ¥. The two thermocouples in the next pis

icatel respecuivelw 9674 K and 595 i compared o>

the blockage

K for the former and 865 K (a.erage value befween the two large
latter. The other two thermoc-uples in the remaining heater pin rea
pectively. Again aversping the two nodes wa sbtaln a predicted temperature o
these compafisons one can conclude that althou.h the agreement betweon o
tions is reasonably good, overall the radial texperature gradilent Iin the center planwe is

somewhat vverestimated by the model. It should also be noted rhat the maximun temperatures

in the blockage should occur cdownstrean of the center plane. This is due to thermal

2r wike replon comparad

asymmetry in the blociape largely becauss of the existence of a war
to a cocler stapnation region at the upstrear face. Secondly, the axial convective heat
trausfer on the srides o{ the blockage also contributes to this phencuenon. The model indi-
cated this rather well. The axial nodes above the centar plane for the central regica of the
blockage are at somewhat higher temperatures.

It is also expected that tamperatures at the central region ¢f the blockare should aos
be very sensitive to the mapaitu:e of the convective heatr trarsfer aszsumed at the ends of the
blockage. The core temperatures are somewvhat core sensicive to the sidewall heat
coefficient since the blockage has an aspect ratio of L/D ~2. A 50 nercent incresn

sidewall copvecztive heat transfer coefficient reduces core reglcn teaperatures by ~8 to 10 K,

A decrease of the model blockage length from 50 ma to 40 mm has no affect on the computed

center plane temperatures.

The su.cess of the analvtical model is be-r. tested by a comparison of tho measure! axial
temperature gradients against the predicted onns. The mapnitude of the axial temperarure
gradient relative to tha radial gradieat 1is also important in justifying the use of a plane
straln assumption in the calculation of the thermal stresses. From the limited Caza evailakble
it seems thaot the upper halfl of the blockage has relatively flat axial temporature profiles.
Much greacer axial temperature gradieats exist in the lower half of the bl&ckago. This 15 In

good agreement with the predictions.
Prediction of the plu power level to produce boiling in tle blockage 1s another objective

of the tests. This power level is regarded as a "failure threshold"” since continued increasc

’n the power level beyond the threshold will presumably fnitilate pin failures. In the non-
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boiling tests, the pin power level was gradually in-reased in steps of 7.5 kW for

thermal hydra:lic test conditlions. The tomperature rise in Ihe center pin (hottest el

correspoading to the power step was extrapolated to predict the power level vhere bolll
the blockage could occur. Extrapolation of the experimental data yielded a pin p
11.40 kW/z which 1s within 10 percent of the amalytically praldicted value of 12.72 ¥iW/o.
These will be verified by future boiling tests.

6. Therzal Stres.es
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An asscssment of the thermal stresses in the blockege is neade
failure of the sintered ste&l bl 2 1o the in-plle or out-cf

2
without the benefit of the prese

acka
]

earlier analytical simulaticn {14

to "flne-tuna' the analytical mzdel resuliod in the temperuture

Figure 5. The Cezperatures are for a cross-swciion slis ahbove

blockage vhere the caximun temperatures wire ;-eficted te olcur at the cf
boiling in the blockape under FTR conditicns.
This abcve temperzture {icld was used to do a thermal sire,s analviis on tie o2

blockage. Tor this purpese a wod.fied vers

PLAST [15] was used. This madel consiscs ¢

strain was assumned and the porouc

e 3 i

and the computed stress field correspendi
shown in Figure 6. To maintain clarity ia the

by shaded arezs. The location cf calculared maxim

pins. Currently available limited test daZi o

reveals that the yield stress is highly tezperature dependent ond tepresentative

as follows: 68.9 Mra a2t 2311 ¥ and 11.7 to 12.4 MPa at 1in9d K. In view c

it is elear from Figure % that, the planar thermal stressces

£
I
"
it

are below the yield stress at the correzpending temper:

will not cause premature failure of the blockage. ailure
P g

voom
by

¥}

r

¢

™

b

ever, through celring of tha pin cladding and possi

7. Conclusions

Several conclusions have been drawn {rom
tests and the analvtical predictioas:

The radial tesperature gradients im the blocwage are
¥ £ £

dicted. The upper half of th: blockage cxhibits substan:
profiles. The lover half of the blockage {5, however suhjected Tt 3

ture gradients. With the beneriit of expori

aobserved in the tests.
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