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ABSTRACT

Two blockage configuvations were installed on the upstream
end of a hexagonal grid in an 11:1 scale 39 rod bundle air model of
a liquid metal fast breeder reacror. Velocities were measured in
subchannels behind and adjoining the blockages. The region of separated
flow was found to be five times a characteristic height of the blockages,
consistent with other experimental results. The effect of the grids
on the length of separated flow was minimal. Flow rates in subchannels
centered downstream of the blockages recovered to 90% of the upstream

flow rates in the 28 rod diameter length between grids.
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I. INTRODUCTION

In a liquid metal fast breeder reactor (LMFBR) it is important
to know the length of the region of separated flow behind a blockage
in order to evaluate the likelihood that the "hot spot" behind the
obstruction will result in fuel cladding melting and eventually
shutdown of the reactor. One proposed design of a LMFBR employs
hexagonal grids for supporting fuel reds. In such a design the most
likely blockage would occur from the collection of debris suspended in
the fluid at the upstream end of a hexagonal grid. This investigation
examined for two different coniigurations of blockages the downstream

recovery of subchannel flow rate and the distance over which the flow

remained separated.



II. RESULTS AND CONCLUSIONS
The length of the region of separated or reversed flow behind

a completely blocked single subchannel was observed to be 5.4 times the

characteristic obstruction height, i.e., the distance from the subchannel
centroid to the clearance gap. Behind a blockage consisting of a central
channel and its three adjoining subchannels this length was found to be

4.7 times the characteristic obstruction height, in this case the

distance between the blockage centroid and the surface of the opposite
These results agree very well with

rod in the adjoining subchannel.
The

previous experimental results using similar blockage geometries.
effect of the presence of the grid behind the blockages was minimal.
The flow rate in che subchannel centered behind the blockages recovered

to 90X of its upstream value in the 28 rod diameter length between

grids.
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I1II. EXPERIMENTAL APPARATUS AND PRﬁCEDUREQ

The experimental apparatus with the exception of the blockages
has previously been described in Reference 1. Thirty nine 2.5 inch
diameter rods arranged in a hexagonal array wers enclosed by an aluminum
duct (Figure 1) forming part of an 11:1 scale air model of a 217 pin
fuel assembly (Figure 2). The rods were supported by three honeycomb
grids (Figures 3 and 4). To the upstream end of the middle grid were
attached two blockages constructed of 1/4 inch thick Plexiglas.
Configuration A blocked off completely one subchannel, configuration B
closed off in addition the three adjacent subchannels (Figures 1 and 5).

Three rods, instrumented with 0,0625 inch diameter pitot
static tubes facing upstream, were used to record velocities at axial
locations ranging from 22 inches upstream to 65 inches downstream of
the blockage. The cross-~sectional position of a reading was determined
as follows: the subchannel is designated according to Figure 6 and the
location wichin the subchannel is found according to Figure 7,

For each configuration two different experiments were made,
one to determine the region of separated flow by describing the locus
of zero velocity points downstream of the obstruction, henceforth to be
called "the zero velocity experiment". The other experiment determined
the recovery of flow rates downstream of the blockage, henceforth to be
called "the subchannel flow rate test".

Por the zero velocity experiment, readings were taken at the
positions indicated in Figure 7 in subchannel 2,3 of Figure 6. Fewer
data points were used for configuration A as the locus of zero velocity
points was found to occur within the grid where the motion of the pitot
tube was restricted. For the flow rate recovery experiment five readings
(Figure 7) were taken in each subchannel and used to estimate the average
subchannel velocity. Readings were taken in subchannels 2,2; 2,3; 2,4;
and 3,6 for both blockage configurations and in addition subchannels
1,43 1,5; and 3,1 for configuration B (Figure 6).
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11 to 1 Scale Test Grid

Figure 3.
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For the pitot tube used, there was a separation distance of
0.25 inches between statlc and stagnation taps. Pressure differences
were recorded using an inclined manometer with 0.834 specific gravity
oll, The calculated velocities were normalized with respect to the
mean velocity through the rod bundle as determined by measuring the
flow rate through the exhaust duct. TFor these experiments the mean
velocity was 78.07 ft/sec and the rod bundle Reynolds number was 71,100.

IV, EXPERIMENTAL RESULTS

A. Discussion

Use of a pitot static probe restricted readings to the region
outside of the recirculating flow. Therefore, velocities downstream
of this region were measured and the axial velocity profile extrapolated
upstream to find a locus of zero velocity points. The zero velocity
points can be used instead of the locus of points where the stream
function is zero, the usual definition for the extent of separated
flow, since for symmetric flow around a blockage the two loci coincide.
In the region downstream of recirculation, the flow is not
purely axial and therefore is not aligned with the pitot static tube.
Error in stagnation and static pressure increase rzpidly for angles of
attack greater than 5°, However, the modifie& Prandtl type pitot
static tube used in this experiment is designed so that errors in
stagnation and static pressure compensate each other, yielding velocity
readings accurate to 27 for angles of attack of up to 30 degrees.
Because the static pressure tap is 0.25 inches downstream from
the stagnation pressure tap instead of being coincident, an error arises
in determining the location of the locus of zero velocity points. If
there existed no axial gradient in static pressure, no correction would

be required. However, due to the observed axial variations in static
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and stagnation pressure, the uncertainty in the location of a zero
velocity point due to separation of taps is estimated to be * 0,4 inches.
- This uncertainty was determined by comparing the axial location where
the stagnation pressure equaled the static pressure versus the axial
location where the stagnation pressure equaled the static pressure

displaced to the tip of the pitot static probe.

B. Small Blockage Results (Configuration A)

1. Zero Velocity Experiment

Table 1 of Appendix A lists the rormalized velocity data for
the zero velocity experiment using the single subchannel blockage.
Figures 8 and 9 show the velocities for various locations downstream

from the blockage, where the pitot static probe was located .234 inches
radially from the surface of rod 2, From Figure 9 using the curve for
point 3,2; it can be seen that the zero velocity point occurs 4.%4
inches downstream from the rear of the blockage. fﬁis zero velocity
point occurs inside the grid and is displaced 10° counterclockwise
from the blockage center. The reason for the transverse displacement
of the zero velocity point from the blockage centroid and for the
asymmetry of the velocity profile in Figure 8 is the asymmetric
construction of the hexagonal grid. At 4.1 inches downstream from

the rear of the blockage there is a support dimple centered at -30°.
This dimple acts as an additional blockage and shifts the zero

velocity point counterclockwise.

2, Flow Rate Recovery Experiment

The recovery of flow rate downstream of blockage configuration
A is displayed in Figures 10 through 13, and the measured velocities
are listed in Table 2 of Appendix A. Figure 10 shows that at 28 rod
diameters downstream from the blockage the flow rate in the subchannel
behind the blockage is 90Z of the value 9 rod diameters upstream from

12
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the blockage. Figures 11 through 13 show that the subchannel flow
rates of the adjoining subchannels are also affected by the blockage.

C. Large Blockage Results (Configuration B)

1. Zero Velocity Experiment

Table 3 of Appendix A tabulates the results, displayed in
Figures 14 and 15 for the zero velocity experiment for the large
blockage of four subchannels. From Figure 15 the curve for position

5,3 shows that the zero velocity point occurs 11,28 inches downstream
from the rear of the blockage or just over three inches from the rear
of the grid. Figure 14 shows that the velocity profile is symmetric
with respect to the blockage centroid and that the reducsd centroid

velocities extend over 20 inches downstream of the blockage.

2. Flow Rate Recovery Experiment

The recovery of flow rate downstream of blockage configuration
B is shown in Figures 10 through 13 and Figures 16 through 18, with
the measured velocities listed in Table 4. As with confizuration A,
the subchannel flow rate in the channel centered behind the blockage
recovers to 90Z of its upstream value at 28 rod diameters downstream.

V. DISCUSSION

The most important result of this experiment is the calculation
of the length (L) of the region of separated flow, where L is measured
from the rear of the blockage. For configuration A the length of this
region was observed to be 4.94 inches, for configuration B - 11,28
inches. In order to compare these results with other blockage studies
these lengths are normalized with respect to a characteristic blockage
height (h), usually the distance from the centroid to the edge of the
blockage. We feel that if the values of L/h obtained experimentally are
similar to those of simpler geometries, for a first approximation the

19
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simpler geometry can be used for determining recirculation velocities

and heat transfer coefficients.
Reference 2 contains L/h values for various geometries where

the pertinent values are listed below:

(a) Two dimensional flow over a step of L/h N 6-8
depth, h, between two large flat plates
(b) Two dimensional flow over a sharp edged L/h = 4.6
rectangular obstruction in a free stream
(c) Three dimensional flow over a circular L/h = 5.2
sharp edged disk held normal to the flow
(3

Experimental work was also performed by Tang and Roidt
who examined two blockages, the first similar to configuration A, the
second a blockage of the six subchannels surrounding a single rod.
They employed a seven rod bundle duct and used thick tapered blockages
with no grids behind the blockage. Meausring an L' from the upstream
end of their blockages they obtained for L'/h 6.2 and 7.2 for the
smaller and larger blockages respectively.,

In the current experiment for configuration A, L/h was found
to be 5.4 where h is measured from the subchannel centroid to the
clearance gap (Figure 19-length a). This agrees very well with Tang
and Roidt's value of 6.2 for a similar blockage and with the results
observed for the simpler geometries listed above.

It is important to note that the entire region of separated
flow for configuration A occurs inside the hexagonal grid. It appears
that the restriction on crossflow posed by the walls of the grid is
counterbalanced by the mixing provided by interference with dimples
and flow through slots so that the hexagonal grid has no significant
effect on the length of the separated flow region.

For configuration B, three different blockage heights could
be used as indicated in Figure 19. Using length b we obtain L/h = 4.7

25
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which is consistent with the results for simpler geometries. For
configuration B about 757 of the separated flow region occurs within
the grid. As with configuration A, the presence of the hexagonal grid
does not appear to affect the length of the separated flow region,
Although the grid is asymmetric, the velocity profile behind the grid
is symmetric as shown in Figure 17.
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Measuring Position
(Figure 7)
3,2
4,2
52
6,2
51
53

TABLE 1
NORMALIZED VELOCITY MEASUREMENTS FOR ZERO VELOCITY EXPERIMENT
BLOCKAGE CONFIGURATION (A)

Duwg. nllbav)

Axial Distance from Rear of Blockage (inches

04

.000
71
129
.282
.20
140

191544159

329
410
393
.463
.39%
.378

.492
581
.608
.651
.582
5%

32

823
.850
1.023
1,083

.674

7

.9%60 1,030
.91 1.010
.9%8 987

.90 .980
912,907
8% 997

.780
156
135
724
.612
124

143




Subchannel Position [
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22
2,2
22
22
22
22
23
23
23
23
23
23
24
24
24
2.4
24
24
3,6
36
3,6
36
3,6
3,6

71
1.4
24
5,5
47
Avg.
7.1
1.4
24
55
4,7
Avg,
1,1
1.4
24
5,5
4,7
Avg,
7.1
7.4
2.4
55
4.7
Avg,

NORMALIZED VELOCITY MEASUREMENTS FOR FLOW RATE RECOVERY EXPERIMENT

TABLE 2

BLOCKAGE CONFIGURATION (A}

Ovg. 23CiS

Axisl Distance (rom Rear of Blockage

1012
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L2B
L1n
Liu
L4
Loz
1.291
Lo
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L1z
L1Y
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1221
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L1
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LB
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Ll

1.006
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L1l
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L8
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1. 156
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A1 80
L152 1.0M4
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.92
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8
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33
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[ X
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Measuring Position
Figure 7)
13
2,3
3,3
53
7.3
83
9,3
51
52
5,4
59
5,6
517
58
5,9

TABLE 3
NORMALIZED VELOCITY MEASUREMENTS FOR ZERO VELOCITY EXPERIMENT
BLOCKAGE CONFIGURATION (B)

588880%

L
~N
[

1

28588888

0.301

0.0167 .

0,000
0.000
0.075
0. 186

0.312 .

0.000

0.000 .

.000
0,000

0.000 .

0.000
0.000
0,118

34

413
.358
312
.301
327
.367
421

Axial Distance from Rear of Blocka

458
A13
31
.369
.365
422
470
.321
.363
.365
.346
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15 47 1.281 1,251 123 1103 1.027 1,065 1,027 1.119 1159 1217 L.178 1,176 1166 11501 L. 1S3 1,153 L1157 1.1
15 A, L1685 L3 LB7 L103 L08! L117 1,099 L1169 1163 L1S5 1135 1120 1. W05 1.093 L.0% 1100 L.111 .18
14 7.1 951 98 M1 934 .92 1.000 .995 .B47 .870 .882 .B37 .898 890 .80 .905 .918 950 .95
14 1.4 .47 1152 1.135 1,088 1,037 1,022 .977 .98 1.010 1.037 1,062 1.067 1.107 1113 1.131 L1049 LI78 1.18
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ABSTRACT: subchannel
Two blockage configurations were installed on the upstream end of a hexagonal grid in an

11:1 scale 39 rod bundle air model of a liquid metal fast breeder reactor. Velocities
were measured in subchannels behind and adjoining the blockages. The region of separated
flow were found to be five times a characteristic height of the blockages, consistent with
other experimental results. The effect of the grids on the length of separated flow was
minimal. Flow rates in subchannels centered downstream of the blockages recovered to 90%
of the upstream flow rates in the 28 rod diameter length between grids.
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SUMMARY (Purpose, Sponsor, Approach, Conclusions, Significance):

One proposed design of a LMFBR employs hexagonal grids for supporting fuel rods. In
such a design the most likely accidental blockage would occur from the collection of
debris suspended in the fluid at the upstream end of the grid. This investigation
examined the length of the separated flow region and the recovery of subchannel flow
rate with distance downstream for two blockage configurations.
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