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. To azrces the elfect of partiel flow blockages on the iscal terpsra-
ture distributions in LMFER fuel asserblies, several expevincars have bewn
carried out ac the ’ﬁnemél—lﬁyéuﬂh Out-of~Resetor Sa,!e:‘y (THORNS) Faeiliey
‘@t the Osk Ridge Mational Luboistory. Tvo kinds of flow blockages hsve
‘been Investigated: (l)six-ehmmel internal blockage for which the bleziad

;j - ghannela are ner mliacmt to the duer wall, and 2y iﬂ-eﬁamal edud bivetand
-for vhich sowe of tle block&d chennels are adjacont .zo the vall. The

larger edse dlockase is gmrany worc sovere than the interaal blechage due
to higher tomperature rises in the wake bohind the blockage. Invescivazions
o0 the internal blecksge have been reported!=2 earlier, and the experis:ntal
Tesulis oh the edge tloefkam are snalysed and preoscnced in “ehis tepo*‘t.

R *Ics@atch spensnud by the U, S. Ene:gy lesenreh and. Bcwl@paen:
Muinisiratim under contract with the Union Carbide Corporanm.




In the presead s:ﬁdy. a J4-channci edge tvlm:ia:a;;c:3 1is lecated in a
19-pin sodium-cooled eleetrically-hezted bundle, which siaulates the fuel
asseeblies of the Clinch River Brocder Reactor (CRBR). The objzciives
egre tvoefold: (1) to deteraise experiventally 1. an clge blockage that
blocks approxivatcly one-third of the flow area will result in sodium
bofling, and {2) 1o assess quantitsrively the eft_t:ct‘ of a built-in leak,
betuwoon the bl.@(‘:kﬁgﬁ plate and the dvet wall, upon the temperature rises
in the wake behind the blockage. A wotgl of over iveaty tests have been
perforeed with the sodivs veloeity in the range of 1 to 8'w/s and the
average pover por pin in the range of 10 to 27 kW/e,

Figure 1 shows the im;:tu;:;ﬁmatiaa layout and the blockage profile
fn the tost bundle., Two west bundies were used: THORS Bundle S5A and
Bunlic 58. InvBundle 54, the blockage place wag held flush against the
duet vall without a leak. In Bumdle 5B, bypase Tlow was intcationally
Induesd by dispiasing the hisckase plate from the wall at a normal distance
of 0.256 s (0.014 is.) from flat A and consequently at a normal distance
of 0.178 sz (0.007 iu.) fray flats B end F of the duct wall. The large
eircles shown in Fig. 1 reprasent the simvlated fuel pins with an identifi-
cation musber su the center of cach pin. The pins have an outside diameter
of 5.84 wa (0.230 in.) and are wrapped by wire-wrap spacers, shown in
s:32lcr CATCIEn,uf 1.42 wm (U.0%6 fn.) dismztor uizh a2 holizal nitch of
305 wa (12 in.). 1In exder ro have a wore unifora velecity distribution
in tlic bundle, the vive-wrap dismeter around the twelve peripucral pins
is reduced to 0.71 wva (6.028 in.) for those poriions of the wires near
the duet wall. The nusber in each of the smallee civelos indicates that
& theraocouple juuction is physically located at so many "inchoes" above
the etavt of the heated soxtion of the pins. The ping have a hcated length
of 457 mu (18 in.) with the blockase plate located between 102 sa (& in.)
and 105 mn (4.125'::;.) douvnztreanm frea the steyvt of the heated section.

. The bLlack dots inside the pins represzent thermal clements to measure the
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inner cladding tenpszature of the pins, and were operational in Bundle
SB only. They are not used in the present study.

‘ It it assuviacd in the prescont study, similar to the model used in an
internal blockage study,! that for turbulent flow in the bundle the heat
generated by the fuel pins in the wake behind the blockage is transferred
to the surrounding free stream primarily through the mass cxchange, &,
between the wake and the free stresm with molecular heat conduction being
neglocied. The average wake tupenwm. vk’ is calculated from the tem-
perature measurcments at various locations behind the blockage {as shown
-dn Fig. 1), and the average temperature of the surrounding free stream,
‘T, 18 taken to be approximately the bulk mean coolant temperature at the
- «midplone of the wake., The axial wake length, L, hag been measured in the

THORS Water Mockup? using air bubble injcction. Since wake formation is
-ssfundamentaily a hydrodynamic cffect of the blc';kage. the wake length in

vithe sodiun Flow is takel_t to be approximately the same as that in' the water -
a8t the sauc Reynolds nlmbcr and blockagc size. - The volume of the coolant: -

=dn ‘the wake and its wats, M, can then bde deiormined, lhking the enetgy
~-balance for the wake as a control volume yields, Q = i c (T -7 ) vith
Q being the total cnerpy generation rate of the fuel yins m the vake and
T_ being the coolant specific heat. From this cquation, the mass exchange
fntc ®m 15 obtained. The residence time, T, is calculated f::pn‘:l._t;s.d.eﬂni-
tion of 1 = N/#. - B
The sacs suchange tatu, %, betwoen the coo:ilnt 15 the wala and its
~gurrounding free stream is shown in Fig. 2 as a function of the coolant
-mpglocity uL- #ith increasing velocity, there is an increase in the tur-.
tulcnt uixins and thus an increcase in the mass exchange rate as expected.

“The blockage in Bundle SA was held tlush against the duct wan. and thiere~

-fore its wass cxchange rate is snuer than that of Bundle 5B in which a
~gmall bypass flow was :I.ntentionnny located betwecen the duct wall and the
“blockage. Note that the differcnce {n # between these tuo bundles also
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increases wltl‘t the velocity. The coolant residence time Zn the wake,
T, is shown in Fig. 3 versus the mean coolant velocity. It decreases as
the veloeity inercases.

Introducing a, the characteristic length for the edge blockage, being
the square root of the product of the longest lengths of the blockage in
the x and y direcctions, perpendicular to the direction of flow, the dimen-
sionless residence time is defined as < umla. Its values are shown in

- Fig. 4 for Bundles SA and 5B, and the sodium results of Kirschand Schleisiek¥
for the flow in a blocked annulus. There is a goéd agreement between the
results of Kirsch" and Bundle 5A. The dimensionless residence time is
less in Bundle 5B than that of Bundle 5A due to the bypass.flow in Bundle
5B. Two straight lines are used to corrclate these results. This gives:
T u /a = 13 for edge blockage without a leak (Bundle 5A), and T un[a -

8.6 for edge blockage with bypass flow (Bundle 5B) at 7.35x10% 5'ReB =
WNBIVqﬁ 7.35810%, The corresponding flow Reynolds npmbér, Re = u, x
Dh/v. is in the renge of 10% to 105, and this iasures rhat the flew is
turbulent in the bundle (Dh is the hydraulic diameter and v is the coolant
~kinem?tic viscosity). The average temperature rice in the wake, twk 9
4s equal to 13 aQI(Mcpum) for Bundle S5SA, and equal to 8.6 aQ/(MCpum) for
~Bundle 5B. The interesting point is that the latter is only 662 of
‘the former. This indicates that the bypass flow between the blockage
plate and the duct wall in Bundle 5B has reduced the wake iemperature

- rise by 34%. L :

In conclusion, no sodium boiling occufted behind the edge blockage

(for either Bundle 5A or Bundle 5B) that blocks approximately one-third
of the flow arca in a 19-pin sodium-cooled bundle with the sodium‘velocity
in the range of 1 to 8 m/s and the average power per pin varying from 10
to 27 kW/m. -Furthermore, althcugh the edge blockage is more critical

. ‘than the irnternal 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.



1.

2.

3.

4.

REFERENCES

J. T. Han et al., “Thermal~Hydraulic Correlations of a Six-Channel
Blockage in a Sodium-Cooled Simuliated LMFBR Fuel Assembly," Pro-
ceedings of the International Mecting on Fast Reactor Safety and

Related Physics, October 5~8, 1976 at Chicago, Illinois.

N. lanus et al., "Quasi-Steady State Boiling Downstream of a Six-
Channel Blockage in a 19-Pin Simulated LMFBR Subassembly, Ibid.

M. H. Fontana et al., Thermal-Hvdraulic Effects of Partial Blockasgses
in Simulated LMFBR Fuel Assemblies with Applications ‘to the CRBR,

ORNL-TM~4779, July 1975. A _ -

D. Kirsch and K. échleisiek, "Flow and Temperature Distributions
Around Local Coolant Blockages in Sodium-Cooled Fuel Subassemblies,"

Progress in Heat and Mass Transfer, Edited by O. E. Dwyer, Vol. 7,
Pergamon Press, New York (1973).




' el
. L]
) o -~ es  «  ORHLeDWS T3.817R2
. - ROYATION OF WIRE WRAP ¢ . . .
) THERMOCOUPLE JurcTion M S . .
POSITICKS IN WIRE WIAP . - 3 . .
INEMES FROM BEGINNING OF (% . ‘e .
HEATLD ZONE (3G0° =12 .} . oM
. - [ ] - -
. * BUNOLE CLAMP PARTING LINE
1) 27 N A ]
» . M A A4 . -
* CHANNEL NUMBER . -
. / * . ' ° . * T
o ® +  n THERMICOUPLES *
: 1K BUNOLE CLakP - . .
/ ‘ (oucTs .
(3 . .
2 os'-’% .t s
n 1% .
(3 : . s
. (Y INCHES FRGM START :
. OF HEATED ZONE .
<t E e . Leate ;-_: -{"’;
...‘ w© m - i: -
. o127y 30 . C e
. . “IHERMOCOUPLES *8 . $ . o
Yo i . (DAY BUNOLE QUILET . *
- {RAKE) M PO
St CoT 3) . . i
. . 00 »
e e - Oavi B . .-
e e 0 . e L
- B . % D 0 l,’& L4
. . - 49% \ T . . b
. " - \SHEXAGONAL DUCT SIDE T :
o . WDENTIFICATION e T2
- . . . &
. - n'.’ow gnggct;oun o « o <L )
UP OUT OF PAPE A L A Pot e
IS . ‘T RUNOLE INTERNAL BLOCYAGE PLATE B T,
. e e, " (LOCATD 4 in. FROM SIART OF MEATED 20NE) <t .
LI : * . . .. . . . ’ . '- . )
- SN ’ . ’ er st e TR g
. © "’A . - . .t ' . - " e .- -
“Fig. 1 Cross section of THRSbundles SA, and 5B showving the’ :
“soutline of the blockage plate in bundles 5A and 5B and all test section
. . ~temperature ins trumcnt:} ticn. The -heater-internal, thermocouples in' rods
¥ -26, -10, 15, 16, 17, and 18 were not operable in buadle SA. LTiL ot
. . . .' R T S o - .
. . .' - - - ) . = hd
. . . []
. . . .
. « ¥
¢ * - . .
‘e » N » *
. & .
L]




o. - *. . - .
4 I ' ° . H l
o BUNDLE 5A '
.. & DUNDLE 5B (WITH BYPASS FLOW)
0.3 S RSN RN,
0.2 : ) s ‘f'/
) : o )
1 z 03 . 4 5 . .6 . . T . . 8
T L Umtmss)
. -Fig. 2. Mass exchange rate for the woke behind a lh-channel edge blockage.
: .' ?3&‘ i : . . Co.
e
' p ' ..“__ Lt . .
.« e s . . ‘ .‘ . . B [ ] ) h-:‘:..:'u-...s . L ,..'v.‘ N.‘n':"'




.8 . :
© ' BUNDLE 5A _
" A BUNDLE 5B (WITH BYPASS FLOW)

S . - .. . .- . - - . - i . - Rt & :.- - -

2, 3. 4. § .6 -7
B G Cwfs) T L

Fig. 3. Residence time for the woke behind a Yh-channel edge blockage.
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Fig. 4 Dimen.,ionle 5 residence time for the wake behind edge
blockages 'in sodiwm-cooled pin bundles( FAB = blocked

fraction of total flow area).



