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SUMMARY

Two important correlations have been obtained to calculate the maximum

coolant temperature and the Nusselt number in the wake (the flow recir-

culating zone) downstream of blockages in 19-pin sodium-cooled bundles.

These correlations can be applied to predict the maximum temperature rise

and the average heat transfer coefficient behind small non-heat-gener3ting

blockages in the fuel assemblies of the FFTF and the CRBR for a wide range

of flow and power conditions.

Experiments with partial blockages in simulated LMFBR fuel assemblies

have been performed at the THORS facility (formerly called FFM)1 of the Oak

Ridge National Laboratory. Nineteen-pin sodium-cooled bundles were used,

which had the same pin diameter and pitch as the CRBR and the FFTF fuel

assemblies. Two kinds of the blockages were investigated: (1) a 6-channel

central blockage (bundles 3A and 3B) *, and (2) a 14-channel edge blockage

(bundles 5B and 5B-d)2»3 for which the blockage was either held flush with

the duct wall or intentionally slightly displaced from the wall. The

correlations are derived from temperature measurements for single-phase

^Research sponsored by the U. S. Energy Research and Development
Administration under contract with the Union Carbide Corporation.
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flow in the wake with various combinations of the flows and powers.

Let D, = hydraulic diameter = 3.03 nun (0.1194 in.) for an internal

channel in the FFTF and CRBR fuel assemblies, K = sodium thermal conduc-

tivity, Nu = Nusselt number in the wake = q" Dh/(K(T — T fc)), q
1 = power

per unit length per pin in the wake, q" - heat flux in the wake ( - q'/(ird),

where d - pin diameter), Re ~ Reynolds number - U D, /v, Re^ = modified

Reynolds number = Re/(1 — 3)> Tw = bulk mean sodium temperature at the
is

blockage, T - maximum wake temperature downstream of the blockage, T =
IUctA vV

average temperature on the pin surface in the wake, T , = average sodium

temperature in the wake, U = mean sodium velocity in the bundle, v = kinematic

viscosity, and 3 = blocked fraction of the flow area in the bundle (g =

0.12 for the 6-channel central blockage in bundles 3A'and 3B, and 3 = 0.34

for the 14-channel edge blockage in bundles 5B and 5B-d).

Figure 1 shows the dimensionless maximum wake temperature vs the

modified Reynolds number. A straight line fits these data points fairxy

well and has the following form:

K ( Tmax-V / q l = 197° Re»°'79

The Nusselt number vs the modified Reynolds number is shown in Fig. 2

Similarly, a straight line can be used to fit the data. This gives

Nu = 0.0043 Re0*55 (2)
CO

It should be noted that from Eq. (1) a 14-channel blockage, made of

iion-heat-generating material, will not result in sodium boiling in the FFTF

or the CRBR fuel assemblies at the design conditions.

For a small non-heat-generating blockage in fthe fuel assemblies of the

FFTF or the CRBR, as a first approximation, the maximum temperature rise and
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the heat transfer coefficient in the wake behind the blockage can be easily

determined from the correlations obtained in this study (Eqs.(l) and (2)

respectively).

REFERENCES

1. M. H. Fontana et al., "Effect of Partial Blockages in Simulated LMFBR
Fuel Assemblies," Proceedings of the Fast Reactor Safety Meeting, CONF-
740401-P3, 1139 (1974).

2. J. L. Wantlaad et al., "Duct-Wall Temperatures Due to a Heated-Zone
Blockage in a Sodium-Cooled 19-Rod Bundle," Trans, Am. Nucl. Soc,
19,245 (1974).

3. J. T. Han et al., "Edge Blockages in 19-Pin Sodium-Cooled Bundles,"
presented at ANS Annual Meeting, New York, NY, June 12-16s 1977.



/"*•

4- -

Z -

! !

j j 0.8

0.6 f~
it

0.4 -

o.x-

0.1

1 1
4

-

-

•

•

*

Y

"V*

\
mm • *'

a »

.

JLJ

1 •
• m

-

m

* •

+

*

# k

•

•

-0.79

X

•

• •

•

•

? !

BUNDLE 3

D :
o ;

A
t A

A aa

•

• ; • • . •

• •
:

• • •

*

* •

•

• . .

• *

#

; - /

1 I , L

BUMDiE

•

•

*

•

*, *

m

\ \ ;

5 H
•JM J

•

•

* mum

m

• " * ^

• • • *

«

•

•

.8 ' 6 8 \ob

Fig. "X* DiwensionlecD maxinujn temporal-Ore r ino in the fcake behind a 6-cha
internal Vlockage '(TllOnS bvu^dlctf^ifijind in the vake behind a l ' t -c
od^c b3.ockti3o (bundles )3B & 5^-{l)" i» a 19~pin'sodivunrcooled bundl



\0

8

as"

0.6

J

-

-

_

-

I i

1 • 1

BuMRP. 3

n
o

A

*

53 fcW/>i

Xo
IG .

•

• • •

. *

i

•

•

i t i
'BUNDLE 5

* 16

•

X

X

• •

1

KW/m

• *

1. I I

o.oo43

•

I !

•

i .

•

8 lô S
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