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Iti tiit t*r.<?8**«.r study, a 14-ciWmtttl ed$e blockage^ i t located in a
19"j»i» sediua-eeeled elect riGallyheatttd bundle, which simulates the fuel
•ssee&l ies of the Clinch River Breeder Reactor (Cftitft). the objectives
«re twofold? (1) to determine ©Sinerieaafltaiiy i* an edge.blockage that
blocks approximately one*-third of the flow area wi l l result in s&diua
s e l l i n g and (2) t© assess quantitatively tite effect of a built- in leak,
between the blockage plate ®nd the duet wall, upon the tenperature r i tes
in the wake behind the blaefesge. A total of over tventy tests have been

with tl«? tjodiiw; velocity in the range of 1 to 8*M/» and the
fmttr |H?r pin in f.Ut* range «f Ift to 27 ktt/*»*

1 shevs the i»st?tt££ntai;i«n layout an«l the blockage profile
in tf& test b«t»ulft, tun tmn tnj«4Ie« w«r« used: TMORS Sundle 5A «ad
SundJe S3. In JJ«s*dle 5A» tt«« bldsksg^ plait* was held flush against the
ditet m i l vlihdue a leak. In Uundl# 5J»» bypass flow was intentionally
iHtJu*"-4 by 4is;»jj!3«:fft* th** hiectta^e »l.nc fr«jw the wall t t a normal distance
of 0.226 eat (0.61£ i*t.) fro» flat A aeid consequently at a normal distance
of 0.178 m (0.607 in . ) f r ^ f lats « and F of the duet wall. The large
circles shewn i» f ig. 1 rc{*r«s@nt the siiMilarced fuel pins with an identif i -
cation tiuslier in th@ center of each pin. The pins have an outside dianeter
of 5.(54 «» (0.33^ in.) and aŝ e wrapped by wire-wrap spacers, shown in
**-Ucr circJt:;,*.^ 1.42 •» (3.C5& i;v> ^£r.^tcr viil: s hc£ic?l pitch of
305 t*» (12 i n . ) . In order to have a tsore uniforin velocity distribution
in the bundle, fMn vive~in'ap Siimntut around the twelve peripheral pins
i s reduced to 0,71 *sa (0.63S in.) for those portions of the wires near
the &;et vai l , Tite nuisber in each of the stwaller circles indicates that
* themaeouplc junction i s physically located at so many "inches" above
the start of Kite heated sc&tion of the pins. The pins have a heated length
of 45? «nt (18 in.) with the blockage plate located between 102 w» (4 in . )
•ad 105 wi (4.i25 in.) dotMstreaw fr«a the st*»tt of the heated section,
the black dots inside the pins represent themal elements to Measure the



inner cladding tes^at^re of th« pins, and were operational In Bundle
SB only. They are not used In tine present study.

Xt is assumed in the present study, siallar to the model used in an
internal blockage study,1 that for turbulent flow in the bundle the heat
generated by the fuel pine in the wake behind the blockage is transferred
to the surrounding free stream primarily through the mass exchange, m,
between the wake and the free streaM with molecular heat conduction being;
neglected. The average wake temperature, T ., is calculated fro* the tem-
perature Measurements at various locations behind the blockage (as shown
in Fig. 1), and the average temperature of the surrounding free stream,
'?„» is taken to be approximately the bulk mean coolant temperature at the
**itldplance of the wake. The axial wake length, L, has been measured in the
XtfORS Water tfockup9 using air b'ubble injection. Since wake formation is

^fundamentally a hydrodynamic effect of the blc&age, the wake length in
.the sodiua flow is taken to be approximately the same as that in the water
at the s*ae Reynolds number and blockage si**. The volume of the coolant

T̂ ia the wake and its «ass, M, cm th«n be determined, Making the energy
—balance for the wake as a control volume yields, Q • A C (T v — T ) with
*Q being the total energy generation rate of the fuel pins in the wake and :

15 being the coolant specific heat. From this equation, the nass exchange
& is obtained. The residence time, T, is calculated from its defini-

tion of t • H/m.
TOIU »fiss cxci.ause m u , 4, between the coolant in the vsk* and its

surrounding free stream is shown in Fig. 2 as a function of the coolant
«**eloeity u . Mith increasing velocity, there is an increase in the tur-
bulent mixing and thus an increase in the wass exchange rate as. expected.
T h e blockage in Bundle 5A was held flush against the duct wall, and there-
lore its mass exchange rate is smaller tiian that of Bundle 5B in which a
-small bypass flow was intentionally located between the duct wall and the
-.blockage. Mote that the difference in w between these two bundles also
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Incrcnses with the velocity. The coolant residence time in the wake,

T, Is shown in Fig. 3 versus the mean coolant velocity. It decreases as

the velocity increases*

Introducing a, the characteristic length for the edge blockage, being

Che square root of the product of the longest lengths of the blockage in

the x and y directions, perpendicular to the direction of flow, the dimen-

sionlcss residence time is defined as T u /a. Its values are shown in
n

Fig. 4 for Bundles 5A and SB, and the sodium results of Kirschand Schleisiek*

for the flow in a blocked annulus. There is a good agreement between the

results of Kirsch1* and Bundle 5A. The dinensionless residence time is

less in Bundle SB than that of Bundle 5A due to the bypass flow in Bundle

5B. Two straight lines are used to correlate these results. This gives:

t u /a » 13 for edge blockage without a leak (Bundle 5A), and T u /a •
in a

8.6 for edge blockage with bypass flow (Bundle 5B) at 7.35*10** <. Re_ -
it

u a / v < 7.35*105. The corresponding flow Reynolds number, Re • u x

0. /v, is in the rrnge of 101* to 10s, and this insures that the flew is

turbulent in the bundle (D. is the hydraulic diameter and v is the coolant

'kinematic viscosity). The average temperature rise in the wake, Tw- — T w,

is equal to 13 nQ/(MC u ) for Bundle 5A, and equal to 8.6 aQ/(MC u ) for
p m p D

^Bundle SB* The interesting point is that the latter is only 66% of

the former. This indicates that the bypass flow between the blockage

plate and the duct wall in Bundle 5B has reduced the wake temperature

rise by 34%.

Xn conclusion, no sodium boiling occurred behind the edge blockage

(for either Bundle SA or Bundle SB) that blocks approximately one-third

of the flow area in a 19-pin sodium-cooled bundle with the sodium velocity

In the range of 1 to 8 ra/s and the average power per pin varying from 10

to 27 ktf/m. Furthermore, although the edge blockage is more critical

than the internal blockage in the fuel assemblies in general, a slight

bypass flow between the edge blockage and the duct wall will substantially

reduce the temperature rises in the wake behind the blockage.
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Fig. 2,. Mass exchange rates for the vake behind a l'»~channel edge blockage.
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P i g . 3 . Residence time for the wake behind a lH-channel edge blockage.
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Fig. 4- Dimensionlcss residence time for the vake behind edge
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