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<

ABSTRACT

Channel-to-channel flow distribution within Type 3 (SM-2) stationary and
control rod fuel elements modified for use in the SM-1, SM-1A and PM=-2A core
support structures and control rod-tubes was measured in single element flow
testing. - The- exper1menta11y determined flow maldistribution would be applied

inthermal analysis of Type 3 -elements. - Plots of channel-to-channel flow dis-

tribution and element pressure drop at various element flow rates-are given:
Flow distribution for the top=orificed-SM-1A and PM-2A stationary elements .

-was within the + 12% deviation’ from element average utilized in previous thex‘mal

analyses of these cores. Testmg of the bottom-orificed SM-1 stationary element
and'the' SM-1, SM-1A and PM-2A control rod assemblies showed.flow distribu-
tion exceeded +12% deviation from average. . Simple-meodifications to the SM-1

. stationary element indicated the poss1b111ty of improving flow distribution in. that

element.
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1.0 -SUMMARY

Channel-to-channel flow distribution studies were conducted on the stationary
fuel element ‘and control rod assembly of the SM=1, SM-1A and PM-2A, utilizing -
Type 3'(SM-2) fuel -elements in both cases: These studies were carried put as part
of Task 3. 0 - Reéplacemeért Core Development, of the AEC= Army PWR Support and

" Development Program. (1) The test objective was. to determine flow maldistri- -
bution to be used in calculating a maldistribution factor (deviation from average
channel velocity) for use in thermal analysis of the Type 3 replacement. cores for

:the SM-1, SM-1A and PM-2A. This thermal analysis will be presented in APAE"
No.. 105. (2 Previous thermal analyses were conducted using a + 12% mald1str1-
bution factor for both the stationary and control rod elements.

. Test results indicate that:

1., Flow distribution in the SM-1 statioenary fuel element with minimum-
orifice ranges from +44% to -55% of average channel velocity at de-
sign flow rate; flow distribution in.the maximum orificed element

. ranges from +6; 8% to. -8. 8% of average channel velocity at designflow
~ rate.

2. Flow distribution in the SM-1A stationary fuel element with mimmum
' ‘ ' - orifice - ranges from +6. 1% to -6. 1% average channel velocity at design
~+. - .flow rate.

3. Flow d1str1but1on in the PM-2A stationary fuel element with minimum
orifice ranges from +6. 2% to:-11% of average channel veloc1ty at de-
sign flow rate.

4. Flow distribution in the SM-1 control rod assembly ranges.from +23. 5%
to -27. 8% of average channel velocity at design.-flow rate.

5. Flow distribution on the SM-1A control rod assembly ranges;froml+14%
- to -23% (both extrapolated) of average channel velocity at design flow rate.

6. Flow d1$tr1but1on in the PM-2A control rod assembly ranges:from +13 2% ,
to -22. 8% of average channel velocity at des1gn flow. rate.

Some modification to the minimum orificed SM-1. stationary element should
~ be made if flow maldistribution in these elements is a problem. Testing has. shown
that improvements in flow distribution can be made with simple modifications to the

element.
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2.0 INTRODUCTION

2.1 BACKGROUND

As part of Task 3.0, Replacement Ccsre Development, of the AEC-Army =
-PWR Support and Development Program a single element flow test program-: -
. was performed in the Alco General Engineering Laboratory to-investigate channel=
to-channel flow distribution within Type 3 stationary and control rod fuel elements
modified for use in the'SM-1, SM-1A and PM-2A cores. Dataobtained from this
program-will provide information for calculation of a maldistribution factor-to be
used in calculating hot channel factors and burnout ratios as well as providing
important 1nformat1on on the present cores-now in SM-1, SM-1A and PM-2A.

The Type 3 fuel element differs from Tvpes 1 and 2 fuel elements used. in
. the original cores of SM-1, SM-1A and PM-2A in that the Type 3 fuel plates are
. 40-mils thick compared to 30 mils in the original cores, resulting in a 10-mil

- reduction in channel width from 133 to 123 mils. The increased plate thickness as
well as the increased . fuel concentration in the plate matrix results in.a significant .-
increase in total fuel inventory, thereby increasing the prespective core life.

2.2 DESCRIPTION OF REACTORS

~ The SM-1, SM-1A and PM-2A are pressurized water reactors-having APPR
.type cores with design power outputs of 10, 20 and 10 tMW respectively. Operating
conditions for the SM-1 are 1200 psi and 427°F reactor inlet temperature; for the
- SM-1A, 1200 psi and 423°F inlet temperature; and for the PM-2A, 1750 psi and
5000F reactor inlet temperature. The core array for each reactor is a basic 7 X1
_array with the four corner elements removed in both the SM-1 and SM-1A, and three
elements removed from each corner of the PM-2A.

The SM-1 is a bottom orificed core w1th 38 stationary fuel elements and 7
control rod fuel elements. The SM-1A and PM-2A are both top orificed cores with
the SM-1A having 38 stationary and 7 control rod fuel elements and the PM 2A
having 32 stationary and 5 control rod fuel elements.

2.3- APPROACH

“a

Statlonary element testing utilized a s1ng1e fuel element with. removable end
‘boxes, and various orifice platesfor each different core. In each case’'the mini-
-mum orificed element of each core was selected for testing because this orifice
has the greatest adverse effect upon flow distribution. Thus, the results of this

- report present the most adverse conditions of flow distribution within each core.
Control rod testing utilized a Type 3 control rod fuel element within the SM-1,
SM-1A and PM-2A control rod tubes.




The test loop used for both-stationary and control rod-testing was capable -
of delivering flow in excess of design for each respective test. In all cases, the
test fluid was water, maintained within a temperature range of 70-800F. ..

Similar single element flow studies performed on ETR,(3),' fthe"MTR(4)', and
_the SM-2(5) show results comparable to those achieved in this test program.
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3.0. CALIBRATION TESTING OF éONTROL ROD
AND STATIONARY FUEL ELEMENTS

3.1 PURPOSE OF TEST

Since the measured velocity readings taken at the centerline of the fuel ele-
ment ‘channels are peak or maximum velocity values and average velocity readings
are required for analysis, it was necessary to establish an average-to-maximum -
- velocity ratio. The purpose of this test was to experimentally determine this ratio
“for each channel and obtain an overall ratio for the entire element which. could be

applied ta data received from full fuel element flow testing. '

~ 3.2 DESCRIPTION OF TEST RIG AND II\fSTRUMENTATION

The test rig utilized in calibration testing consisted of two large plenum
chambers, a tube which held the fuel element, a surge tank to minimize flow
surges, and a standard meter tube. The meter tube consisted of a standard ori-
fice installation. City water entered the surge tank and from.there passed through -
-the standard meter :tube which was connected to a special channel adapter which
channeled all flow (leakage kept to minimum) th¥ough an individual channel. Flow
control was provided by a valve located before the calibrated flow tube. The test
rig is shown in Fig. 3-1.

For this. test the instrumentation consisted of both static and total probes
located in each channel of the element. Probes were fabricated from 0.065; in.
stainless steel tubing and located at channel center by an instrument rake. Each
pair of static and total probes measured a maximum channel velocity. An average
channel flow rate was measured by a calibrated standard meter tube. All mea- .
surements were recorded on U-tube manometers using Meriam blue fluid (sp.gr.
1. 75) as the indicating fluid.

3.3 TEST PROCEDURE-'

During early attempts to cahbrate each 1nd1V1dua1 channel, readings were in-
consistent, which indicated that instrument lines were not bled properly. A pres-
surized system was devised which allowed fast and positive bleeding of the instru-
-ment lines. :

For each 1nd1v1dua1 channel ca11brat10n the following procedure was followbd
The loop was filled and pressurized to approx1mate1y 30 psi. The loop pressure was . |
maintained by a valve controlling flow from the outlet plenum chamber. Upon dill- :
Jng, the loop, the manometers and 11nes were bled of all air and zeroed. )

- At various flow rates, as recorded by the méter tube, maximum channel velo-

city readmgs were recorded. Average readout time (time for readout instrument
to stab111ze) was from 12 to 15 minutes per flow setting. The range of channel flow

3-1
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Fig. 3-1 - Calibration Test Rig
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. was between 2 and 10 gpm, with readings being taken at three different flow rates

going up in flow and essentially the same flow rates going down in flow. This was

- done.to insure the repeatability of the instrumentation. All measurements were -

. recorded on'24-in. manometers and were read within + 0.1 inches of Meriam blue
fluid (sp. gr. 1.75). : :

3.4 TEST RESULTS

-~ A complete set of channel dimensions were taken prior to testing. Channel
measurements, taken at the point of velocity measurement, enabled calculations
of average channel velocity to be made from the established relationship of Q = AV,
where: :

Q = flow rate (ft3/sec) as measured by the calibrated.flow tube
A = calculated flow cross-section area (ft2) '
V = is average channel velocity (fps).

. At the point of measurement, three channel measurements were made; one at the

top of the channel (bordering side plate), one at the center, and one at the bottom

of the channel (bordering side plate). These three measurements together with.a -
measurement made across the side plates enabled an accurate calculation of channel -
area to be made by a trapezoidal approximation. The complete set of measurements .
.taken on the stationary and control rod fuel elements is tabulated in Tables 3-1 and 3-2
respectively. Calculated channel areas are presented in Table 3-3 and Table 3-4.

For each individual channel of the fuel element, a plot of Ah- across the standard:
meter tube vs. Ah channel velocity head was made from data recorded during the =~ -
test. A typical plot of the best straight line fit of recorded data is shown in Fig. 3-2. .~
Conversion of Ah-vel. head inches blue fluid into velocity (fps) was facilitated by ’
the graph shown.in Fig. 3-3. This is a plot of V =y2°gh; with a factor for conversion
of Ah from inches of blue fluid (sp. gr. 1. 75) under water to feet of water. Another
; pldty shown in Fig. 3-4, enabled the conversion of Ah-inches blue fluid across the
meter tube, into inches of water which was then converted into flow rate by referring
to a plot of flow rate (gpm) vs. differential (in. water) for the standard orifice in-
stallation. The data mentioned above was utilized in obtaining a correlation between
- average and maximum velocity for both the stationary and control rod fuel elements.

3.4.1 Stationary Fuel Element Test Calibration

Results of testing at three flow rates are tabulated in Table 3-3. These re-
-sults apply to all three stationary element assemblies (SM-1, SM-1A and PM-2A).
From this data a plot of average channel velocity vs. maximum channel velocity
‘'was made. This plot shown in Fig. 3-5, represents the best straight line fit of
data obtained.from the calibration of the 17 individual channels and is utilized in
obtaining average channel velocity from the measured maximum channel velocity
recorded during the flow testing of the entire element (Section 4. 0).

3-5
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Typical Channel

~ Sideplate _
g : - A ( top
S o TABLE 3-1 ) . " 2.792" ----1-center
o CHANNEL MEASUREMENTS FOR : i
LI ‘ ' - STATIONARY FUEL ELEMENT ~ y bottom
Side plate

Channel Letter

A B ¢ D E F G H 1 J XK L M N o b Q
1) 121 119 114 125 118 124 129 124 121 116 129 123 114 120 121 119 130
2) 122 - 116 116 125 119 124 130 123 121 116 128 123 115 120 120 119 130
122 122 119 124 122 125 124 124 122 123 124 123 Q24 122 122 121 122
3* 123 118 114 125 118 124 129 123 120 116 129 123 114 121 118 120 129
122 121 123 122 124 124 123 125 124 125 122 125 121 122 119 121 124
4) 123 “116 115 125 118 123 129 122 121 115 129 123 115 121 119 120 129
5) 123 117 116 124 119 124 120 122 122 115 120 123 115 121 119 120 129
123 121 120 ‘124 123 125 124 124 122 123 124 123 124 122 122 120 122

6)* 122 117 116 124 119 125 130 121 122 116 129 123 115 121 119- 121 128
122 -121 124 122 123 125 123 124 124 125 122 125 121 122 119 121 124

7) C121 117 115 125 118 125 129 123 122 115 129 123 116 120 120 119 130
v 8) 122 118 115 125 118 -124 130 123 121 116 129 123 115 121 119 120 129
9) 122 . 118 115 125 119 124 130 123 121 116 129 123 115 121 119 119 129

A 123 -122 122 123 124 125 ‘124 124 123 123 124 124 123 123 123 122 125
' 10)* 122 118 115 125 118 123 131 122 121 116 130 122 115 121" 120 118 130
124 122 123 122 123 124 124 125 123 123 124 123 123 122 122 119 125

11) 122 117 115 125 118 124 131 122 122 115 131 122 115 121 120 119 130
12) 122 118 115 124 118 124 131 123 122 115 131 122 114 121 119 120 128

13) 122 118 115 124 118 124 131 123 -122 114 131 122 115 120 119 121 128

124 -123 122 123 123 125 123 125 123 123 123. 124- 123 123 123 122 125 '
14)* 123 118 115 124 118 124 131 123 122 114 131 122 115 121 119 120 129
126 124 124 122 122 124 123 125 124 123 124 123 123 122 122 118 125

15) 123 118 114 124 119 123 130 123 122 115 130 122 115 121 119 ‘120 128
16) 122 119 114 125 118 123 130 123 122 115 130 122 115 120 120 118 129
17) 122 118 115 125 118 123 130 124 122 115 130 121 115 121 119 118 129

122 122 119 124 122 125 124 124 123 122 124 122 124 122 122 120 122
18)* 122 118 114 125 117 123 129 124 121 115 130 122 115 121 119 118 129
123 121 ‘122 121 123 124 123 124 124 123 123 124 121 122 120 120 124

19) 121 117 114 -124 118 123 129 124 122 114 130 122 115 120 119 117 131
20) 122 118 113 125 117 124 129 124 122 114 130 122 115 120 119 117 131
21) 121 119 113 125 117 ‘123 130 125 121 115 131 122 114 120 120, 117 130

124 121 122 123 124 125 124 125 123 124 125 124 123 123 121 124 123
22)* 120 118 115 125 117 124 128 125 122 116 131 122 115 122 120 120 129
124 121 124 "122 122 125 124 126 124 123 124 124 123 121 122 121 126

NOTE: 1st measurement 1-1/4" from inlét end of fuel plate. All others at 1" increments; measure-
ment given in mils. : 3-7

* All three positions - Top, center andbottom; all other measurements made at center.
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10)
11)
12)

13)*

14)
15)

16)

1)*
18)
19)

20)*

21)
-22)

23)
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TABLE 3-2

CHANNEL.MEASUREMENTS FOR

CONTROL ROD FUEL ELEMENT

Channel Letter

Typical Channel

Side plate

T

2.555" o __
|
. J_‘I ——1 Bottom

A

~ Top

. Center

\—Side plate

NOTE: 1st measurement 1/2" from inlet end of fuel plate, remainder at 1" increments

from 1st measurement, all measurements in mils.

123

124

125,

B C D E F G H I J K L M N O P
123 122 122 122 123 122 123 122 125 123 122 121 123 124 122
121 122 125 118 126 119 124 125 120 125 123 124 (122 124 127
123 124 121 122 122 122 123 123 123 123 123 125 125 133 124
118 122 124 117 126 118 123 124 120 125 122 121 117 122 . 124
121 119 126 117 125 119 123 124 120 125 122 122 116 122 124
121 118 126 117 125 119 123 122 120 126 121 -121 }16i 121 124
122 121 122 120 122 121 121 120 122 122 120 121 120 121 120
121 118 126 116 125 119 123 122 120 126 ' 121 121 -117 122 124
120 120 120 120 122 119 122 122 120 123 120 121 122 120 121
120 119 125 118 124 119 124 122 120 125 121 122 117 '121 124
121 118 126 118 124 120 123 122 121 125 121 121 117 123 124
121 '119 126 118 125 119 123 123 120 125 121 121 117 123
122 119 122 119 -120 121 122 120 122 121 121 119 119 120 117
121 119 127 117 125 119 123 123 121 125 121 121 117 123 124
119 119 120 119 123 120 124 121 122 123 119 120 123 119 121
122° 118 127 ‘118 125 119 123 124 119 125 121 121 117 125 124
122 119 125 118 125 119 123 1256 120 125 121 121 117 123 124
121 119 125 119 125 119 124 124 120 >125 122 120 118 122 125
120 120 . 121 121 - 121 121 121 121 121 122 120 120 119 -122 119
122 119 125 119 124 120 124 124 120 125 121 120 -118 123 124
121 121 120 120 122 120 123 122 121 122 121 121 121 121 121
122 119 125 118, 124 121 123 124 120 125 121 121 118 . 123. 124
122 119 125 119 124 120 124 124 121 124 121 120 119 \121
122v 119ﬁ 125 118 125 121 123 - 123 121 125 121 120 119 121 125
122 121 120 121 121 121 121 120 122 122 120 121 120 122 120
122 119 125 119. 124 120 124 123 121 125 121 120 119 122 124
©121 .121 - 120 120 122 120 123 122 122 122 121 121 121 121 121
122 120 .125. 119 124 120 125 124 121 125 121 121 119 121 "125
T122 120 125 118 124 119 124 123 121 125 122 120 119 121 -124
122 121 121 121 121 121 121 121 122 123 120 120 - 120 .'122° 12Q
122 1200 126 119 124 119 125 123 121 125 121 121 "117 122 125
121 120 120 120 122 120 123 122 122 122 122 121 121 121 121
122 119 126 118 124 119 125 123 121 124 122 119 "120,‘122 125
121 120 125 118 125 119 124 124 121 ‘126 122 119 119 121 127
120 123 125 121 125 121 124 124 121 126 121 120 122 125-

* Three positions; top, center and bottom, all other measurements made at center of -

channel.

-
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Fig. 3-2 - Channel K Calibration Ah Standard Meter Tube Vs Ah Vel. Head
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Multiply Velocity ]
Pressure by 10

Velocity - F.P.S.

Multiply Velocity Pressure
and Velocity by 10

Velocity Pressure --In. Blue Fluid (S. G. =1. 75) Under Water

Fig.3-3 - Velocity Vs. Velocity Head Measured Fluid - Water 80°F
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Fig. 3-4 - h-Inches of Water Vs h-Inches of Blue Fluid
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RESULTS OF STA“I‘IOEARY FUEL ELEMENT CALIBRATIO\I TEST

TABLE 3:-3 ' | -
\

‘Area ' '
(Caleulated) Q=3 gpm. Q=5.5gpm Q = 8 gpm
Channel Ft2 x 10-3 V | Viax V/Vmax | V' [Vmax V/Vmax | V| Vmax | V/Vmax|
A - 2.366 2.83 |[3.60 . 186 5.18 [6.18 . 838 7.53 18.70 | . 866
B 2,317 .2.88 ]3.56 .809 5.29 |[6.08 .870 © |"7.69 | 8.60 | .894 -
C 2. 307 2.90 |[3.64 797  15.31 |[6.28 . 846 7.73 | 8.90 ."869
D 2.399 2.79 |3.48 . 802 5.11 |6.12 | .835 7.43 | 8.75 . 849
E - 2.327 2.87 3.5 .165 5.27 |[6.45 . 817 7.66 | 9.10 . 842
F 2.414 -2.77 |3.60 .769 5.08 -|6.31 . 805 7.38 | 9.00 . 820
G 2,443 . 2.74 |3.61 . 159 5.02 |6.25 . 803 7.30 [-8.80 | .830
H 2.428 2.75 |3.48 S.790 5.05 |6.12 . 825 7.34 | 8.79 . 835
I 2.380 2.81 |3.52 . 798 5.15 |6.22 . 828 7.49 | 8.98 . 834
J 2.322 2.88 [3.49 . 825 5.28 ]6.15 . 859 7.68 | 8.70 . 882
‘K 2. 4717 2.70 }13.27 | .826 .[4.95 |5.68 . 871 7.20 | 8.09 . 890
L 2.385 0 2.80 [3.42 . 819" 5.14 |6.05 . 850 7.47 | 8.62 . 867 |-
M 2.307 2.90 [3.52 | .824 5.31 ]6.21 . 855 7.73 | 8.90 . 869
N 2.365 " 2.83 [3.50 | .809 5.18 |6.00 . 863 7.54 | 8.40 . 898
0O - 2.341 2.86 [3.27 | .85 5.23 |5.60 . 934 7.61 | 7.75 . 982
P 2.351 2.84 [3.45 . 823 5.21 |[5.88 | .886 7.58 | 8.22 . 922
Q 2. 457 2.72 13.29 . 8217 4.99 |[5.65 . 883 7.25 | 8.00 . 906
| Total: Flow. Area 40. 386 : ) _ , S ' " -
. Avg. . Flow Area 2.376 '2.82 [3.50 | .806 5.16 .{6.07 . 851 7.51 | 8.61 | .873
NOTE: All velocities in fps.
(7]
R
(]
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Vmax - Feet Per Second
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Results of Stationary Element Calibration
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) 3. 4.2 -Control Rod Fuel Element Calibra,tiqn :

A tabulation of results fr.opl calibration of the instrumented control rod fuel
element is given in Table 3-4. . A plot of average velocity vs. maximum. velocity,
representing the average. of a family of curves is shown in Fig. 3-6. This curve
was used to obtain average channel velocity in.the flow test of the contrel rod
assembly, The lattice passages, i.e.,; those formed by the outer fuel plate and .

_control rod tube, were not calibrated but the average channel velocity for these
.channels was arrived at by using the above mentioned curve (Fig. 3-6).

R

3.4.3 Effect of Reynolds Number on V/Vy oy

From. data obtained in thé two preceding sections an interesting correla-
tion between V/Vax and Reynolds number was developed. For each channel
of the stationary element, the ratio of V (average velocity)to Vmax was obtained
at different channel flow rates. The same ratio was developed.from control rod
data. . At the different flow rates, Reynolds number was computed by using average
channel velocity and average channel dimensions. ‘A'plot showing the relationship
.'between Vﬁvg’"/vmax vs. Reynolds number is given in Fig.3-17. '
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“RESULTS OF CO

. TABLE 3-4

NTROL ROD CALIBRATION TEST

Calculated

: Area Q= 3.25 gpm . QE5.35:gpm - Q=28.74 gpm
Channel Ft? x 1073 | V=FPS |Vpyax-FPS |V/Vmax | V-FPS {Vimax-FPS |V/Vmax |V-FPS [Vimax-FPS |V/Vmax| -
‘B .2.160 . 3.35 -4, 05 .827 | 5.52 | 6.56 . 841 9.-02 10; 40 . 867
C 2,173 | 3.33 | 4.10 . 812 5. 49 6.53 . 841 8.96 | 10.20 . 878
D 12,187 3.31 |_4.02 .823 | 5.45 6.50 ©.,838 |8.90 |.10.25 - .868 .
- E 2.130 " 3., 40 " 4.12 . 825 5.60 | 6.60 . 848 9.14 .| 10.35 . 883
F 2.206 13,28 3.93 - . 835 5.40 | 6.36 . 849 8.83 | 10.10° .. 874
G 2.142 | 3.38 |- 4.07 .830 | 5.56 | 6.53 . 851 9. 09 10.22 ° | .889
H . 2.196 ©3.30 |- 4.09 .807 |.5.43 6. 50 © . 835 8.87 | 10.12 " 876
1 2. 201 3.29 3,95 . 833 5. 42 6. 40 . 847 8.85 | 10.15 . 872
J 2.169 | 3.34 4.18 . 799 5.50 6. 65 . 8217 8. 98 10. 35 .868
K | 2.201 3.29 3. 92 . 839 5,42 6.31 - .859 [8.85 79.91 - | .893
L 2.177 3.33 4. 05 .822 |.5.48 6. 40 -, 856 8.94 | .9.95° |-.898
M 12,189 3.31 4, 05 . 817 5. 45 6.50 . 838 8.90 | 10.18 - . 874
N 2.179 3.32 4,05 . 820 5.47 | -6.56 .834 |8.94° | 10.40 .-860
0 2.192 3.30 | 4.06 . 813 5, 44 6.50 . 837 8.88 | 10.15 | -.875 -
P 2.212. | 3.27 4. 07 . 803 5.39 6.53" .825 [8.80 | 10.20 | .863
|Total 32.714- B
|Avg. 2.181 3.32 4, 05 . 820 5.47 6.50 | °.842 8.93 | 10.20 | .876 .-




12 T T T T — I T T T

Vmax'. Feet Per Second
[9)]
T
|

| | | 1 1 ! | | :
0 1 2 3 4 5 6 7 8 9 10

V-Feet Per Second

Fig. 3-6 - Vmax Vs Vave Results of Control Rod Fuel"Element
Calibration ‘
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4.0 .STATIONARY FUEL: ELEMENT FLOW TESTING -

4.1 PURPOSE OF TEST

The purpose of these tests was to measure: channel-to-channel flow dis-
tribution within.a Type 3 (SM-2) stationary fuel element modified to fit SM-1,
SM-1A and PM-2A cores. Overall pressure drop across the stationary element
was also required. _ :

4.2 .DESCRIPTION OF TEST RIG AND INSTRUMENTATION

This rig consists.of an entrance and exit plenum chamber, two flanged
5-in. tube sections, element supports and a.flow adjuster assembly. The test
. . section, shown in. F1g 4-1,was inserted into a‘flow loop.which has-a pump with capacity
~of 1500 gpm against a hydrostatic head of 196 ft. The assembled loop:is shown
in Fig. 4-2. . An exploded view of the test element and various internals of the
test section are shown in Fig.4-3. The angles and bands.around the element
were used to prevent any outer plate buckling due to a.pressure differential caused
by flow in the outer channels of the element. These were not an integral part of
the element. An-assembled view of the same cOmponents is shown in Fig. 4-4.

The loop-also has a heat exchanger capable of mamtammg an-almost con-
stant' loop temperature within.a range of 70-80°F. Loop pressure-was: mamtamed
at approximately 20 psi for all phases of testing.

4.2.1 Instrumentation

To measure velocity head in each of the 17 channels,. a bank of U-tube "

- manometers was assembled. (See Fig.4-5). The bank consisted.of 18 mano-
~meters with Meriam blue fluid (sp. gr. 1.75) used as the indicating fluid. Vel-
ocity signals ‘(Ptotal Pstatlc) Were transmitted from 0. 065 in OD static.and
.total probes: located at channel exit through a penetrated ring (See Fig. 4-6), and
oveT to the manometers by 1/8 ini’ OD copper tubing. . Each tube of the mano-
-meter had a.shutoff valve and air bleed valve.

- Loop: flow was measured by a standard orifice installation, with the signal

.. from. the orlﬁce be1ng transmitted to a mercury manometer for accurate measure-
‘ment.

4,3 . DESCRIPTION OF TEST SPECIMEN

The test element for this program was a standard Type. 3 (SM-2) fully welded
element fabricated by the Alco Welding Laboratory. The same basic element was
utilized in testing of the SM-1, SM-1A and PM-2A; the only difference in the three -

4-1




DATE

REVISION RECORD AUTH. | DR.|CHK.

7
STATIONARY
YELEMENT
I}
-t Fi i = g :
——————— e e e - = 8 7 | 1 |c9-50-1086 |FLOW ADJUSTER
; SR O e =
" T 7 6|1 | sk-1272 |oRIFICE PLATE
| § 5|1 | SK-1269 |ELEMENT SUPP'T-INLET]
4| || SK-1262 [TUBE SECTION ASSY
) PLENUM CHAMBER -
3 ]! | SK-1070 | center
§ 2|1 |SK-1266 |ELEMENT SUPPT-OUTLET
| I [ SK-127I ORIFICE PLATE
34z
8 i "%4/ vy HE: DESCRIPTION

NOTE:"'SK NUMBERS

REFER TO MECH. LAB. DRAWING NOS

589-50-1282

PART NO.

BREAK SHARP EDGES
REMOVE ALL BURRS

UNLESS OTHERWISE SPECIFIED
DIMENSIONS ARE IN INCHES.
TOLERANCES ON FINISHED
FRACTIONAL DIMENSIONS

TO BE %

OR MATERIAL

SCALE yd:,:

ALCO PRODUCTS, INC.

NUCLEAR POWER ENGINEERING DEPT.
SCHENECTADY, N. Y., U.S. A

DR. |B.PArkte| 9-29-¢/

MATERIAL SPEC.

TR.

i sy |9-29-G1

Aa 2-29-6)

APPR. 7

ae | /20 :/

FINISH AS INDICATED

IN MICROINCHES,
@ MACHINE FINISH - ROUGH
FLAME CUT OR SAW

uer Ao [2/5 ]
F=STATIONARY ELEMENT |

- TEST SECTION ASSEMBLY

PART NO.

BO-50-1282 ﬂ

€. B. CO.. NO. 350M

se1s



V-7

Fig. 4-2 - Stationary Fuel Element Test Section




Fig. 4-3 - Exploded View of Statationary Element and Internals of Test Section 1, 2,3,4,5,6,7,8,9,10 and 11
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@ MACHINE FINISH - ROUGH
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“ALCO PRODUCTS, INC.
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MATERIAL SPEC. TR
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A
OR SIMILAR P, B A Ll

TPENETRATION RING
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elements being the outlet ‘end box, which was mechanically fastened for test pur--.
poses only. The element assembly is shown in Fig. 4-7. The element was fabri-
catedto Type 3 specifications with all but three channels. falling within the required
channel width of 0.123 in. + 0.005 in. Complete channel measurements are given-
.in Table 3-1. The test element drawing exactly ‘duplicated the production drawings
-made for Task 3.3 of the PWR Support Program. The instrument rake was not -
permanently fastened to the element; it was held in place by the exit end:box which
was mechanically fastened to the element. The end boxes used were production -
units previously utilized in testing of the SM-1, SM-1A | and PM-2A cores. They
were mechanically fastened to the element so the same fuel element bundle could
be utilized in SM-1, SM-1A and PM-2A stationary fuel element flow testing.

Since reactor lattice passage dimensions c¢ould not be accurately simulated
_in this test, no attempt was made to mock-up the lattices and to measure lattice

velocity. A11 loop: flow was passed through the element (bypass leakage if any,
was. negligible). .

4.4 TEST PROCEDURE

Before each test was begun, all manometers were checked to see that all
air was removed from the instrument lines. This was done by checking each
manometer to see that it zeroed out properly at the no-flow condition. Any mano-
meter which did not zero-out properly was re-bled. All bleedlng was done at low
system pressure which facilitated the operation.

After all manometers were balanced (z-eroed), the loop pressure was in-
creased to the operating level of approximately 20 psi; no-flow readings were again
recorded to make certain each manometer remained zero.

Upon recording the no-flow readings, the pump was started and loop flow

. throttled to the first test flow rate of 50 gpm. Loop flow ‘was indicated on a mano-
meter.  After all manometers had stabilized (approximately 12-15 minutes), velocity
readings were taken by recording each column height of the U-tube manometer.

After all manometers were read, loop flow was again increased. to the next nominal
flow rate of 75 gpm. This same procedure was followed in testing at 100 gpm and
125 gpm. These target flow rates were met in testing of all configurations with the
exception of the minimum orificed SM-1 stationary element, and the SM-1 control
.rod assembly which had channel velocities exceeding the range of the manometers.

At each flow rate, the following .data was recorded:
1. Total 1001; flow --gpm

2. Water temperature - °F

3. Velocity pressure - in. blue fluid (ep. gr. 1.75)

4. Overall element pressure drop - in. hg
- 4-9
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-At least two cemparable runs were made at each different flow rate to insure
reliable results, ,

4,5 DATA REDUCTION

Test data, consisting of readings of two column heights for each manometer,
was reduced by calculating the velocity pressure differential represented by these
columns and then converting this differential into velocity (maximum) in feet per
second. .This conversion was facilitated by using the graph shown in Fig. 3-3
which is a plot of V =2 gh. -Once maximum velocity was obtained, average channel
velocity was determined by going to a plot of Vaye vs. Viyjax shown in Fig. 3-6.

- This plot represents the best straight line fit of data obtained from calibration of
-the stationary tuel element. ' '

4.6 SOURCES OF ERROR

" Although all precautions were ta.ken to minimize error in obtaining data,
some p0351b1e sources of error that were present are listed:

1. '=Veloc1ty probe misalignment - Alignment was checked prlor ‘to installa-
‘tion and after testing; no change was noted.

2. Leakage in instrument leads - a constant check was made to insure a

- tight, leak-free instrument system. . No external leakage was noted and
possible internal leakage could not be checked.

3. . Air in instrument lines - the source of error was easily detected since
it resulted in very erratic readings. Frequent checks were made to
guard against this possible source. ' ‘

‘These same sourees of error apply to eontrol rod testing.

4.7 TEST RESULTS

With the exception of the SM-1 element with minimum br1f1ce test results
showed flow distribution to be within the +12% of element average used. in pre-
“vious analyses. A complete descrlptlon of each test is presented in the following
‘sections.

4. 7.1 .SM-1 Stationary Fﬁel Element Flow Tests

The Type 3 stationary element for SM-1 was tested with two different ori-
fice selections. The first selection was the maximum orifice : 2.02in. diam
(element #54), the second selection being the minimum orifice : 1.19 in. diam
(element #12, #21, #27, #61, #67). The tolerance on these orifice diameters
was + 1/64", The or1flce locat1on for both these tests was at the element inlet.:
The core Iocationof the different selections tested is shown in F1g 4-11.
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4.7.1.1 - SM-1 Test with Maximum Orifice

Average channel velocity distribution for the maximum orifice (2. 02 in.)
selection is shown. in Fig. 4-12. The graph shows the flow distribution obtained
at nominal flow rates of 50, 76, 100, and 125 gpm. The actual flow rate prescribed

~ for this element in the SM-1 core is 106, 13 gpm. - At the prescribed flow rate maxi-

mum deviations of +6. 8% and -8. 8% were noted in channels D and J respectlvely
A complete tabulation of this data is given in Table 4-1.

4.7.1.2 SM-1 Test with Minimum Orifice

The results of this test are plotted in Fig. 4-13. Flow distribution was ob-
tained at nominal flow rates of 52, 75 and 87 gpm. Higher flow rates could not be
obtained because velocity readings in the center channels exceeded the range of
the manometer. The prescribed flow rate for this element in the core ranges be-
tween 43. 66 and 45. 60 gpm. . At the nominal test flow rate of 52 gpm, maximum

~deviations of +44% and -55% of average were recorded in channels G and A respec-

tively. A complete tabulation of the data is given in Table 4-2.

A marked difference can be seen when comparing flow distribution results
of the maximum and minimum orifice selections. A completely different flow
profile was obtained. This difference in profile can probably be traced to the
downstream movement of the vena contracta resulting from the increase in flow
velocity past the smaller orifice. The inlet end box of the element did not allow

 sufficient distance for the flow pattern to<recover from the vena contracta before

entering the channels; thus flow was starved in the outer channels and over-

-abundant in the center.

When. flow was increased from a nominal flow rate of 52 gpm to a nominal
rate of 75 gpm the flow profiles were very nearly identical; but, as element flow

. was increased further, a transition occurred and the profile changed. It was quite

apparent that this increase in flow velocity caused the vena contracta to move farther
downstream, thus causing the flow profile to become more peaked in the center
channels and more starved in the outer channels.

4.7,1.3 SM-1 Test with Minimum Orifice and Conical Diffuser -
"Proof of Principle"

Because of the poor flow distribution obtained in the SM-1 test with minimum

.orifice, investigation was-made to determine the effects upon flow distribution of

a flow device capable of being installed in.the element entrance. The first attempt,
a conical diffuser, 2 inches long with 1/2 in. top diam and 1 in. bottom diam, was

fabricated and located as shown in Fig. 4-14. For test purposes only, the diffuser
was attached to the orifice plate (attachment could have been made to end box) with

.the leading edge of the diffuser even with the leading edge of the orifice.plate.
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1.325

.Co re Position

— Element Flowré.te (gpm).

Fig. 4;-115; SM-1. Core Flow Distribution and Orifice Size

12+ 13 15 16
46.57 | .56.27 | 59.57 | 57.63 | 45.60
'1.190 | 1.345 | 1.380 | 1.325 | 1.220
22 23 54 25 26 97
67.13 | 89.64 || 94.34 || s88.28 | 66.75 | 45.60
1.500 | 1.750 1.720 | 1.520 | 1.190
32 33 34 |35 36 37
87.70 || 89.20 || 100.90 | 100.60 | 87.31 | 56.85
1.750 2.010 | 1.920 | 1.800 | 1.280
42 43 44 45 46 |47
94.69 || 106.13 || - 94.34 || 105.16 || 92.16 || 62.89
1.940 1.890 1.315
52 53 54* 55. 56 57
86.34 | 97.40 | 106.13 || 89.00 || 88.48 | 57.43
1.720 | 1.830 |- 2.020 1.780 | 1.270
62 63 64 65 66 67%
67. 91 92.75 94. 69 86. 93 67. 99 45. 21
1.500 | 1.740 1.750. | 1.500 | 1.190
2 3 |74 75 76
47.15 | 58.60 | 58.99 | 50.25° | 45.21
1.200 | '1.340° | 1.380 1.210

. *Positions: Tested
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- AVERAGE VELOCITY—FEET PER SECOND

77.3%]

+6.8% |

mil

A Q. =I00GPM
| | Elem ‘ |

H Q =I125GPM
H Elem

Q =76 GPM
I—lﬂ Elem

ABCDETFGHI J KLMNDOTPNOQ

CHANNEL IDENTIFICATION

Located at Inlet

F‘ig. 4-12 - SM-1 Stationary Element Flow Distribution - 2. 02" Orifice
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Fig. 4-14 - Location:of Conical Diffuser within Inlet End Box
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TABLE 4-1

SM 1 STATIONARY ELEMENT FLOW DISTRIBUTION - 2 02 In.. Or1f1ce at Inlet

Q = 100 gpm

® -% of Avg.

. L~ Q=50gpm Q =76 gpm Q =125 gpm
- Channel  Vigay' meas | Veorrect. | Vmax-meas Vcorrect " Vmax-meas | Ycorrect..| Vmax-meas| Vcorrect
" ‘Letter fps fps | fps fps fps fps . fps . fps
A - 3. 20 2.58 4. 66 3.82 6.21 5.32 - | 17.80 6. 77
B 3.35 2.12 4.95 4.15 6. 62 5.70 8.30 7.22
- C 3.37 2.73 5.01 4.20 6. 68 5.5 8. 38 7.30 .
D 3.45 2. 80%*- 5.11 4,29% 6. 80 - 5..84* 8.50 - - 1. 40%*
E 3.32 2.70 . 4.91 4.11 6.55 5.63 . 8.20 7.13
F 3.36 2.72 4,91 4.11 - 6.50 . 5.58 8. 07 '7.01
G 3.29 2. 67 4.90 4.10 6. 45 - 5.54 . 8.00 6. 95
H - 3.07 2.44® 4,55 3.76 6.03 5.14 7.49 6. 49
I 3.10 - 2.45 4,58 3.80 5.98 5.09 7.40 6. 40
J 3.10 2. 45 4,49@ 3.70® 5.85 4.99® 7.22 6.23®
K 3.29 2. 67 4,81 4,00 6. 32 5.41 7.80 6. 77
- L - 3.32 2.70 -4, 85 4. 05 6.-42 5.50 - 7,98 6,92
M - 3.21 - 2.59 4.73 3.93 6.30 5.40 7.82 :6. 80
N 3.42 | 2.178 5,02 4,21 6. 65 5.70 8.30 .22
O 3.40 - 2,176 5.00 4,20 6.62 5.69 8.25 - 7.15
P 3.22 2. 60 4.5 3.95 .6.:37 5. 46 7.78 6.75
Q 3.17 - 2.54 4.64 -3.85 6.14 5.24 7.65 6. 62
Average 2.64 ' 4, 01 5.47- » 6.89
* +% of Avg. __ 6.1 . 7.0 . 6.8 7.4
. 7.6 7.7 8.8 9.6




S TABLE 4-2 S :
SM-1'STATIONARY ELEMENT FLOW DISTRIBUTION

-1.19 In, Orifice at Inlet

: Q=52 gpm Q="T75 gpm Q= 87 gpm
Channel Vmax 1] Vmax v Vmax v
fps ~ips- fps . Ips: fps fps
A 1.84 1.289 2,41 1.80® | 2.10 .1,529 |
B 2. 28 1.68 2. 94 12,29 2. 65 2.01
C 2.6 2.10 3.70 3.00 3. 62 2.91
D 3.38 2.70 4.7 | 3.91 4,91 4,10
E 3. 97 3.25 5. 65 4.79 6. 40 5.49
F 4, 49 3.7 6. 48 5.55 8. 00 6. 95
G 4,91 4.10% 7.18 6. 19% 9. 47 8. 30
H 4,83 4. 04 - 17.09 6.10 9. 80 8.60
I 4,75 3.95 6. 95 5. 97 9.82 8. 61%*
J 4,55 3.7 6.78 5. 82 9.18 8. 04
K 4,64 3.85 6. 94 5.97 8. 90 7.78
L 4,35 3.59 6. 48 5.55 7. 65 6. 62
M 3.170 3.00 5.54 4,69 6. 01 5.12
N 3.23 2.55 4.75 3.95 4. 62 3.82
0 2. 69 2. 05 3.81 3.10 3.35 2. 67
P 2.10 1.52 2. 97 2.30 2.28 1.68
Q 1.89 1.31 2.73 2.10 2. 24 1.65
Average - : 2.85 4.30 5.05
* +% of Avg S S R S - 10,5
@ -% of Avg | 55. 58 70 *
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Flow distribution was obtained at nommal flow rates of 51 75 100 and 125
gpm. At the flow rate closest to the prescribed element flow rate (43 '66-45. 60 gpm)
maximum deviations  were +34% and -23. 1% of average in channels A and J re-
spectively.” The results are plotted in Fig. 4-15. A complete tabulation is pre--
sented in Table 4-3. By comparing Fig. 4-13 and Fig. 4-15 one can observe the
effect of the conical diffuser; a complete reversal in profile in which the flow in
channel A went from -55% to +34% of element average, and the flow in channel J-:.
went from +32. 6% to -23. 1% of the element average.. The low depression of chan-
nel flow in the center channels could possibly be improved by redesign of the element |
locating pin which goes completely across the end box, and is known to have an
effect upon center channel ve10c1ty distribution. «

Comparison of overall pressure drop (includingAP across orifice) before
and after addition of the diffuser cone has shown that pressure drop actually de-
creases with the addition of the conical diffuser. These results are given in
Section 4. 7.1.5.

4,7.1.4 SM-1 Test With Minimum Orifice and Perforated Plate-
"Proof of Principle"

A second attempt to improve upon.the poor SM-1 flow distribution resulted

in selection of a perforated plate - 1/8-in. thick with a series of holes 1/8 in. diam
and 3/16 in. diam arranged so the outer channels would receive 4 greater propor-
tion of flow than the center channels. The perforated plate is shown in Fig. 4-16.
‘The plate was fitted into the inlet end box just beforethe comb of the fuel element.
The effect of this modification on flow distribution can be seen in Fig. 4-17. A
complete tabulation of this data at nominal element flow rates of 50, 75, 100 and .
125 gpm is given in Table 4-4. The results of this test were encouraging, since
the modification does exactly what it was intended to do; re-distribute flow from
“the center channels into the outer channels. At the prescribed element flow rate -
of 50 gpm(an approximate value), the flow distribution was +21% and -29. 4% of
element average in channels H and P respectively. As flow rate increases, the
flow profile shifts slightly. This is probably due to the sh1ft1ng of the vena contracta
as the flow is increased.

4.7.1.5 Pressure Drop'TeSt of SM-1 Stationary Element

To accurately determine the overall stationary element pressure drop (across
element assembly only), a test was run with the velocity instrumentation and orifice
plate removed. Results of this test are tabulated in ¢olumn #1, Table 4-5. = A plot
of this data is shown in Fig. 4-18.

To determine the effect of the conical diffuser on pressure drop, a test was’

-.conducted with and without the conical diffuser. Since the conical diffuser was at-
tached to the orifice plate for test purposes, the pressure drop comparison also in-
cluded the pressure drop across the orifice. This data is also tabulated.in Table
4-5 and plotted in Fig. 4-18. Comparison of this data (column 2 and 3, Table 4-5).
shows that the conical diffuser actually reduces the total pressure drop across the.
element and orifice plate, probably -because it breaks up the vena contracta and re-
d1str1butes the flow.
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Channel Identification

Fig. 4-15 - SM-1 Stationary Fuel Element Flow Distribution
1.19" Orifice with Diffuser Cone Located at
Element Inlet
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Fig. 4-16 - Perforated Plate for SM-1 Element
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Q=125 gpm,
V=6.68
+28.9% (N)
-29.7% (A)

e— Q=100 gpm
V=>5.42
+29% (N)
-27.2% (A)

+30.1% (O
-36.2% (D)

Average Velocity - Fps

Q=50 gpm
V=2.62
+27% (O

-29. 4% (H)

- RETRE
— e " T X R A T
o

ABCDEFGHI J KL MN O P Q
Channel Identification

f————————————————————————

Fig. 4-17 - SM-1 Stationary Element Flow Distribution - 1.19" Qrifice and
Perforated Plate Located at Element Inlet
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, TABLE 4-3

SM-1 STATIONARY FUEL ELEMENT FLOW DISTRIBUTION
WITH DIFFUSER CONE LOCATED IN

EXTRANCE END BOX - 1.19" ORIFICE

Qelem = 100 gpm,

Channel Qelem = 51 gpm Qelem = 75 gpm Qelem = 125 gpm-
Vmax-FP§ V=FPS | Viay-FPS| ViFPS |Viax-FP§ | V-FPS| Vpax-FPS | V:FPS
A 4,43 [*3.66 5.94 *3. 05 7.58 *6. 56 9.30 - *8.15
B 4.20 3.46 5.82 . 4. 95 7.49 6. 48 9.10 7.98
e 3.73 | 3.02 5. 49 4.13 7.12 6. 12 8.51 7.46
D 3.44: 2.74 5.36 4,52 ' 7.00 6. 02 8.30 1.22
E 3.16 2.49 5.02 4,21 . 6. 60 5. 66 7.80 6.78
F 2.96 2.30 4,77 - 3.98 6. 40 5.49 7.42 - 6,41
G 2.94 2.29 4,54 3.78 6.18 5.28 7.18 6.20
H - 2.83 | 2.20 4.15 3.41 5.60 4.74 6.48 5.56
I 2. 86 2,22 3.96 3.22 5.40 4,56 6.18 5.28
J 2.72 E2.10 3.83 183,11 '5.15 @1, 32 6. 05 ®5. 15
" K 2.90 2.26 4.01 3.29 5.29 4,45 6.28 5.38
L 3.10 2.44 - 4,19 3.43 5. 43 4, 60 6. 63 5. 70
M 3.20 2.53 4,28 3.51 5.45 4,61 6. 82 5. 87
N - 3.173 3.02 4, 83 4,04 6.18 5.28 7.95 6. 90
@) 3.94 3.22 2.20 4,38 6.76 5,81 8.97 7.82
P 3.99 3.26 5.49 - 4, 64 7.10 6.12 9.52 8.35
Q 3.94 3.22 5.60 4,75 7.24 6. 25 9.45 8.29
Avg. 2.73 4,05 5.43 6. 74
* /% of Avg. 34 24.3 21 23.9
® -9 of Avg; 23.1 23.4 21,5 - 23.6




Pe-¥

' TABLE 4-4
‘SM-1"STATIONARY ‘FUEL ELEMENT FLOW DISTRIBUTION
. - 1.19" ORIFICE AT INLET
PERFORATED BAFFLE PLATE LOCATED IN ENTRANCE END BOX

Channel Qnom.= 50 gpm- Qnom.= 75 gpm Qnom. = 100 gpm Qnom. = 125 GPM
Vmax-FPS V-FPS Vmax-".FP§ V-FPS Vmax‘FP S V-FPS Vmax?FPS, V-F P§

A 3.35 2. 67 4. 90 4.10 | 4.74 ®3.95 5.53 ®4.70

B 3.88 3.16 5. 72 4,86 | 5.56 4.71 6. 46 5.54

c - 3.88 3.16 5.75 4.89 | 6.28 5.37 7.36 6.37

D 3.76 3.05 5, 51 4.66 | 6.95 5. 99 8.35 7.217

E 3.38 2.70 4,90 4,10 | 6.78 5. 82 8.16 7.09

F 3.04 2.39 4,36 3.61 | 6.10 " 5.20 7.36 6.37

G 2,79 2,16 3.94 3,21 | 5.78 14,92 7.20 6.21

H 2.45 [81.85 3.38 2.70 | 5.54 4,70 ".01 6. 04

I 2,49 1.88 3.20 ®2.53 | 5.53 4,69 | 7.10 6.11

J 2. 31 1,71 3.29° 2.61 | 5.60 4,75 7.12 6.12

K 2.68 2. 04 3.89 3.17 | 6.45 5.53 8. 02 6.98

L 3.47 2,78 9, 52 3.75 | 7.75 6. 72 9.56 8.39

M 3.17 2,51 4.70 3.91 | 17.77 6.75 9,57 8,40

N 3.84 3.13 5. 66 4,80 | 8.02 *6. 99 9. 80 *8, 61

o) 4,06  |*3.33 6. 03 *5.15 | 17.24 6.26 8.74 7. 62

P 3,89 3.17 5.92 5.04 | 6.01 5.12 7.20 6.21

Q 3. 47 2.78 5.11 4.30 | 5.47 4, 62 6. 49 5.56
Avg 2, 62 3.96 - 5.42 — 6. 68

* /% Avg: 21 30. 1 129 28.9

(® % Avg. 1294 T 36.2 | 27.2 29.7




The results of testing with the perforated plate are also tabulated below

and plotted in Fig. 4-19. A reading of pressure drop was not obtained at 125 gpm
‘because the signal was greater than the range of the: 1nstrument A compar1son o
of the results from this test with the results obtained from:testing with the 1. 19-in.
orifice shows that this plate adds.slightly-to the total drop across:the orifice and -
~element.” “However, at the low flow rate prescribed for this element, no 31gn1f1cant

‘increase:in pressure drop is noted. Only at higher flow rates was the increase
noted. : S -

FABLE 4-5
SM 1 S'I‘A’l‘lONARY EEEMENT PRESSURE DROP

1 9 4
ElementZE with ElementZXIs with
. Element Pressure ElementAPw1th T1s 19"-Qrifice & 1.19" Orifice &
Element Flow Drop - Ft HQO - 1.19" Orifice :Diffuser Cone Perforated Plate

Rate, gpm No Orifice Incl. Ft H)O =Incl. Ft HgO  Incl. Ft Hy0
50 114 8.18 6.18 | ~8?13
75 2.31 1?;95 13.29 . .18.81°
100 3.91 31.76 23.35 33.30
125 5. 95 48. 64 37.64 *53.30

* Extrapolated.from Curve.

4.7.2 SM-IA Stationary Fuel Element Flow Tests

The Type 3 stationary element for SM- 1A was tested with one orifice select1on
. the minimum orifice - 1..68 in. diam (element position #22). The orifice location for
+ this test was at the element outlet (corresponding to the top of the core support struc- .
ture) The minimum orifice was chosen since it has the greatest adverse;effect on .
flow distribution. The position of th1s element in the core is shown in Flg 4-20.

- 4, 7° 2.1 Test with M1mmum Or1f10e o - !

Results of this test at nominal element flow rates of 50, 75, 100 and 125 gpm
.are plotted in Fig. 4-21. At the prescribed flow rate of 127 gpm (see Fig. 4-20)
the maximum deviation from average channel velocity was +6..1% and -6. 7% in chan- .
nels D and A respectlvely A complete tabulation of this data is given 1n ‘Table 4 6.
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Test with 1. 19"
Orifice =
Test with 1.19" Orifice -
and Diffuser Core '
or Inlet x

Test with no Orifice o —

. | | ] | I Y I S I ‘,l
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Fig. 4-18 - SM-1 Stationary Fuel Element Pressure Drop - Ft HZO
Vs Element Flow Rate - gpm
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Fig. 4-19 - SM-1 Stationary Fuel Element (with Orifice and Perforated
Plate at Inlet) Pressure Drop - Ft H9O Vs Eleqle_nt Flow Rgte-gpm
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148 148 - 136
1.870 | 1.855 1.745
54 25 26 27
147 142 131 131
1.808 1.734 | 1.673
34 35 36 37
157 149 135 145
- 1.815 | 1.823 1.730 | 1.815
a 7y) 13 | 45 76 a7
148 147 | 152 147 || 155 147 148
1713 © 1.823 1. 864 1.833
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1.734 | 1.800 1.810 | 1.925 | 1.820

%X

XX X =
X XXX -

- JCore 'Pos'i‘tion_ , ~
| ° _—Element Flowrate (gpm)

Orifice Size (in)

*-Position Tested

Fig. 4-20 --SM-1A Core Flow Distribution gnd Orifice Size
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TABLE 4- 6

SM 1A STATIONARY ELEMENT FLOW DISTRIBUTION
S 1 68 In. Orifice at Exit

i Qnom:

Qnom Qnom Qnom
50,5 gpm 75. 8 gpm 100 gpm 125
Channel |Vyax-FPS | V-FPS |Vpyax-FPS | V-FPS | Viax-FPS [ V-FPS | Vimax-FPS| V-FPS
A 317 [.2.50® | .4.58 3.80% 6.00 5.12 7.39 6.38®
B 3.41 2.72 4.88 4.08 | 6.36. 5. 45 7.75 6.72
C . 3.53 | 2.85 5. 00 4.20 6. 60" 5.66. .| 8.00 | 6.95
- D 3.61 2. 91* 5.19 4. 35% 6. 80 5.85% | 8.35 7. 26*
E 3.56 | 2.88 5. 09 4.217 ' 6.69 5.74 | 8.20 7.12
F 3.56 2. 88 5. 09 4.27 6. 68 5.3 8.15 7. 08
G 3.59 2. 89 5.11 4.30 6. 69 5.74 | -8.18 7.10
H 3.41 2. 72 4,83 3.94 6.30 5. 40 7.70° " | .6.68
I 3.35 2. 617 4.81 3.91 6. 20 5.30 7.63 6. 60
J 3.23 2.517 4. 67 3.89 | 6.07 5.17 7. 40 6.40
K 3.41 2. 72 5. 01 - 4.21 6.51 5. 60 8. 00 6.95
L 3.56 2.88 5. 09 4.27 6. 64 5. 70 8.16 7. 09
M 3.47 . 2.79. 4. 96 4.15 6. 48 5.56 7.91 ~ 6.87
N 3.56 2. 88 5.15 4.34 6. 70 5.5 8.28 1.20
0 3.47 2.'79 5. 05 -4.25 | 6.51" 5.60 | 8.02 6. 98
P 3.29 2. 61 4. 77 - 3.8 |  6.15 5.25 | 7.51 6.50
Q 3.23 | 2.57 4. 62 73.84 | 5.99 5.102 | 7.37 6.38®
AvgV 2.75 4.11 5.51 6. 84
* +% of Avgi|- 5.8 5.8 6. 2 6.1
& -% ofihv 9.1 7.5 7.5 6.7




4.7.2.2 Test With. M1n1mum Or1f1ce W1th Element Locatmg Pin
Removed

When testmg both the SM-1 with.maximum. (2. 02 in. d1am) orifice, :and the

SM-1A with minimum orifice, a definite dip in flow through the center channels
-was noted. A profile such as this was entirely unexpected since results of MTR( )
and ETR(4) testing with similar endboxes show a profile peaking at element ‘center.
Since the only object obstructing flow was the 1/4 in." diam locating pin located ap-.
proximately 3-1/2 in. from the fuel plates, this pin was removed. ‘The effect of
the removal of this pin.can be seen by comparing Fig. 4-21 and Fig.  4-22. The
center channels are now above average while flow.in the outer channels has drop-
ped off considerably. In fact, flow maldistribution has increased to +12% and

=13. % in channels G and A respect1vely at the prescribed element flow rate of

127 gpm. Some irregularity was still noted in the center channels. A tabulation
of this data is presented.in Table 4-17. '

4.7.2.3 Pressure Drop Test of SM-1A Stationary Element

-‘Overall stationary element pressure drop (noAh across orifice) at flow rates
of 50, 75, 100 and 125 gpm is tabulated below.. These pressure drops are identical.
to those obtamed in testing. of the SM-1 stationary element since the two elements
are identical and no orifice pressure drop was included. -

4.17.3 PM,—ZA Stationary Fuel Element-_Elow Test

The PM-2A stationary fuel element differed from the SM-1 and SM-1A fuel
element in one respect; it had a different exit end box which.reduced the overall"
element length by 2 in. The orifice plate for this element is located at the element
exit (correspondlng to top of core support structure).

Once again, the smallest orifice -1. 83 in, diam - was selected for test pur-
-poses since this orifice has the greatest adverse effect on flow distribution. The
position of this element (element #22) within the core, together with the required
element flew rate, is shown in Fig. 4- 23 ~

Flow distribution results at nominal element. flow -rates of 50,. 75 100 and 125
gpm are plotted in Fig. 4-24. At the test flow rate nearest the requ1red element.
flow rate of 113 gpm, flow maldistribution is +6, 2% and -11.1% of average channel
veloc1ty in channels D and Q respect1ve1y The data is tabulated in Table 4 9.

. 4,.7.3.1 Pressure Drop Test of PM ZA Stat1onary Element

. Overall stationary element pressure drop (across element assembly only) was
obtained with the instrument rake and orifice plate removed. Data was obtained at
_flow rate of 50 75, 100 and 125 gpm. This data is tabulated in Fig:. 4~ ¥ and-plotted
Jin-Fig~4525. o . g RmRSRET
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ig. 4-22 - SM-1A Stationary Element Flow Distribution 1. 68" Orifice
Located at Exit - Locating Pin Removed
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TABLE 4-7

SM-1A STATIONARY ELEMENT FLOW DISTRIBUTION

1. 68 In. Orificeat Exit

No Locating Pin in Inlet End Box

Qelem = 51. 3 gpm Qelem = 75. 0 gpm Qelem = 100 gpm Qelem = 125 gpm
Channel Viax-FPS | V-FPS | Vi, -FPS | V-FPS | Vo -FPS V-FPS |V, ax-FPS| V-FPS
A 3.04 2.39 4,21 3.488 5. 55 4.70® | 6.80 5.85 ®
B - 3.20 2.53 4,38 3. 62 5.75 4,89 7.10 6.11
C 3.26 2.58 4.49 3.7 5. 94 5. 06 7. 34 6.35 .
D 3.41 2.72 4.79 3.99 6. 32 5. 42 7. 84 6. 80
E 3.47 2.178 4. 90 4.10 6. 47 5.55 8. 00 6. 95
F " 3.62 2.92 5. 08 4. 217 6.1 5. 77 8.35 7. 27
G 3.78 3. 08* 5.31 4. 49* 7. 00 6. 03* 8. 70 7. 60*
H 3.59 2.89 5. 04 4.24 6. 67 5.73 8. 28 7. 20
I 3.65 2.95 5.14 4,32 6. 81 5. 86 8. 49 7. 40
J 3.47 2.178 4.90 4.10 6. 48 5.56 8. 01 6. 96
K. 3.65 2.95 5.15 4.34 6. 84 5.89 8.50 7.42
L 3.59 2. 89 5.10 4. 29 6. 72 5.78 8.34 7.26
M .3.45 2.1 4.1 3.98 6.30 5. 40 7.79 6. 76
N 3.41 2. 72 4.85 4. 06 6. 35 5. 45 7.89 6. 84
o) 3.29 2. 61 4. 65 3.86 6.12 5. 22 7.51 6.50
P 3.10 2. 44 4.33 3.59 5..69 4. 82 7. 00 " 6.03
Q 3.00 2.359@ | 4.26 3.51 5.59 4.73 . 6. 88 5.91
Avg. 3.41 2.79 4.79 4. 00 6. 31 - 5.40 7. 80 6.8
*.+% of Avg 10,4 12.3 11.7 12.0
® % of Avg "15.8 13.0 13.0 13.17
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llnlet”

/Corer P_osition

XX

X X X

X.XX‘T

|__— Element Flowrate (gpm)
‘Orifice Size (in)

13 14 15
115 113 113
1.93 1.96 1.97
22% 23 24 25 26
113 109 110 113 115
1.83 1.93 2. 05 1.94
31 32 33 34 35 36 137
115 114 115 108 115 114 114
1.90 2. 03 1.99 1.99 1. 87 1.97 1.90
a1 12 43 17 15 G 47«
115 110 111 110 115 110 117
1.94 ’ 2. 05 2. 01 1.93
51 52 53 54 55 56 57
115 115 114 116 110 113 115
1.94 1. 97 2.03 1.96 1. 89 1.97 1.94
62 63 54 65 66 |
113 113 110 114 114
1.90 1.97 1.88 1. 84
73 74 75
109 118 115
1.93 1.94 1.87

*Position Tested

Fig. 4-23 - PM-2A Core Flow Distribution.and Orifice Size

4-47



AVERAGE CHANNEL VELOCITY- F.PS.
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Located at Exit
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‘TABLE 4-8
SM-1A STATIONARY ELEMENT PRESSURE DROP

Flow Rate ~ Overall Pressure Drop
gpm ‘ Ft HoO
0 1.14
(I | 2.31
. 100 3.9
125 ﬁl' < 5.95

4.8 CHECKS OF MEASUREMENTS

The following is a sample calculation of those made at each flow rate to
obtain a check on velocity measurements given in Section 4.7. Since all loop
flow passed through the stationary element, loop flow equals element flow. Any
difference would be due to-leakage past the element or to slight measurement
error. ‘

- SM-1A Stationary Element (1. 68 In. Orifice) - at 125 gpm.loop flow

Average channel velocity 6. 84 fps

. Flow Area

40. 386 x.1073 £t2

Flow = 6.84x40.386x10"3 = 276.24x 1073 cfs

_ 276.24x 10-3 _ 192
2.228 x10-3 123.98

= .124 gpm

This calculation ihdicates that at 125 gpm element flow, only 1 gpm is lost
due to leakage or possible instrument error and that data would be consistent.
Thus it can be assumed that the velocities repbrted are valid.
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TABLE 4-9

PM-2A STATIONARY FUEL ELEMENT FLOW BISTRIBUTION
’ 1. 83 In. Orifice at Exit

Q=50 gpm

o Q="75 gpm Q=100 gpm Q =125 gpm
Channel Vmax-FPS | V-FPS | Viax-FPS | V-FPS | Viax-FPS | V-FPS | Vmax-FPS | V-FPS
A 3.07 2. 42 4.49  |3.71 5. 96 5. 07 7.38 6. 38
B 3.32 2. 64 4.79 - |3.99 6. 33 5.44 7. 84 6. 80
. C ~ 3.38 2.170 4,90 | 4.10 6. 42 5.50 7. 97 6. 91

D 3.44 2,75 * 5.03 = | 4.23* . 6. 67 5. 72% 8.29 7. 20%
E 3.41 2.72 4.91 4,11 6. 52 5. 60 8. 09 7.02 -
F 3.32 . 2.64 4. 90 4.10 6.50 5.58 8. 05 7. 00
G 3.36 2. 68 4,91 4.11 6. 52 5. 60 8.10 7.04
H 3.23 2.57 4. 69 3.90 6. 20 5.30 7. 65 6. 63
I 3.20 2.52 4. 617 3.89 6.14 5.24 7.58 6.56
J 3.13 2. 49 4. 49 3.7 5.92 5.03 7.30 6. 30
K 3.32 2.64 4.88 4,08 6. 40 5. 49 7. 96 6. 90
L’ 3.36 2. 68 4,91 4,11 6.52 5. 60 8.09 7.02
M- 3.36 2.68 4,83 4. 04 6. 39 5. 48 7.92 6. 817
N 3.44 2. T5% 5. 02 4,21 6. 64 5.70 8.24 7.15
o 3.32 2.64 4,88 4.08 6. 48 5.55 8.00 - | 6.95
P 3.13 2.49 4,58 3.80 6. 09 5.19 7. 48 6. 417
Q 2.94 | 2.299® |. 4.24 3.50® 5. 67 4.82®| 1,01 6.03®
Avg. 2. 61 3.98 5.41 6.78
*+% of Avg | 5.5 6.3 5.8 6.2
@ -% of Avg 12.1 12.1 10.8 11.1

Co
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TABLE 4-10

PM-2A STATIONARY ELEMENT PRESSURE DROP

Flow Rate Overall Ele

ment Pressure Drop
gpm Ft H20
50 0. 929
75 1. 990
100 3.435
125 5.210
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5.0 CONTROL ROD ASSEMBLY TEST

5.1 PURPOSE OF TESTS

The purpose of this test was to determine channel-to-channel flow distribu-
tion within a Type 3 (SM -2) control rod fuel element installed in SM-1, SM-1A and
PM-2A control rod z}ssembhes ,

0.2, DESCRIPTION OF TEST RIG AND INSTRUMENTATION
)

-t

The test rig used for control rod testing was identical to the rig used in
stationary element testing with the exception of an extension piece added to house
the additional length of the control rod assembly. The test rig is shown in Fig.
5-1 and 5-2. -

The control rod fuel element was instrumented in the same manner as the
stationary fuel element (Sec. 4.2.1). Instrument lines were connected to a pene-
trated ring and out to manometers. Loop flow was again measured by a standard
orifice installation connected to a mercury monometer for accurate measurement.
Since all loop flow passed through the control rod, loop flow is equivalent to
element flow.

5.3 DESCRIPTION OF TEST SPECIMEN

The control rod fuel element was a standard Type 3 (fully welded) elenient
fabricated by the Alco Welding Laboratory. The instrumented element control rod
fuel element is shown in Fig, 5-3. Complete channel measurements are presented
in Table 3-2. This element was fabricated to Type 3 Specifications in accordance
with production drawings made for Task 3.3 of the PWR Support and Development
‘ Program . .

- The control rod assembly consisted of the following components: absorber,
fuel element, and tube and piston section. Absorbers and tubes were production
units previously utilized in testing of SM-1 and SM-1A and PM-2A cores. No

“control rod cap was used since this item was not available to the program and
proved to be too expensive to fabricate. Besides, the chief objective of the test

was to determine channel-to-channel flow distribution, which would not be affected
by the cap assembly located so far downstream. An exploded view showing the
SM-1A control rod components and test section is shown in Fig. 5-4. An assembled
view of the same components is shown in Fig. 5-5. This same test specimen was
used in PM-2A testing since the only difference between the SM-1A and PM-2A
control rod assemblies is the overall length, which would not affect flow distribution
- in the fuel element located so far downstream of the “exit’ of the assembly.

\[l
) 5-1
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Fig. 5-2 - Control Rod Asserably Test Loop
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Fig. 5-4 - Control Rod Assembly and Test Section - Exploded View







The SM-1 test specimen’ differed slightly from the SM-1A type in that
no flow holes were present at the bottom of the tube, thereby presenting a
different entrance flow condition than experienced in the SM-1A, PM-2A test,
The fuel element and absorber were inserted-and positioned in the tube as
centrally as possible. No special attempt was made to control the lattice
passages formed by the outer fuel plates and the tube.

5.4 TEST PROCEDURE

Control rod assembly test procedures were identical to those utiiized. in
testing of the stationary element (See Section 4.4). However, no overall assembly
pressure drop was obtained because the cap assemblies were not available for
these tests. The following data was recorded at each flow rate:

(1) Total loop flow - gpm

(2) Water temperature - Or

(3) Velocity pressures - in. Blue Fluid (Sp.gr.1.75)

At least two comparable runs were made at each different flow rate to insure

reliable results.

5.5 DATA REDUCTION

The method of data reduction used in control rod testing was identical to
that discussed in Section 4. 5 except that average channel velocity was: determined.
from Fig. 3-7 which is a plot Vyyo vs. Vmax, obtained from calibration of the
control rod fuel element.

5.6 TEST RESULTS

Test results obtained from the two dlfferent control rod assembhes are
presented in the following sections.

5.6.1 SM-1 Control Rod Assembly Test

Flow distribution within the Type 3 control rod fuel element for SM-1 at flow
rates of 50, 76,99, and 114 gpm is shown in F1g 5-6. A complete tabulation of
this data is presented in Table 5-1.

Required' control rod flow rates are shown in Fig. 4-11. These range from

89. 00 to 94. 69 gpm. The test flow rate most comparable to the required control
rod flow rate is 99 gpm. At this flow rate, average channel velocity-(lattices

/ ' 5-11
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. TABLE 5-1
SM 1 CONTROL ROD ASSEMBLY FLOW DISTRIBUTION
o Q= .50 gpm Q= 76 gpm Q= 99 gpm Q= 114 gpm
Channel ° Vmax'FPS V-FPS |Vmax-FPS| V_FrpPs |Vmax=FPS | V-FPS |Vmax-FPS| V_rps :
- A (Lattice) 3.10 | 2.50 4,28 3.51 5.49 4,56 6. 24 5.23
B 3.07 |2.47 4,117 3, 44*x 5.34 4, 42%% 6. 08 5, 09**
C 3,32 | 2.69 4,75 3,91 6.16 5.16 7. 05 5. 95
D 3.53 | 2.87 5,28 4,39 6. 86 5.78 7. 86. 6. 67
E 3,44 | 2.79 4,98 4,12 6.39 - 5,36 7.30 " 6.18
F 4,09 |3.34 6.10 5.10 7.93 6.75 9. 07 7.82
G 4,30 {3.52 6. 40 5,37 8.30 7. 09 ~9.50 8.23
H 4,35 | 3,57 6.59 | 5.54 8.58 7.36 . 9.80 8. 52
I 4,46 | 3.66% 6.70 5, 64* 8. 80 7. 56% 10, 10 8. 82*
J 4,38 | 3.60 6.59 5. 54 8.64° | 7.40 9.90 ~8.62
K 4,26 | 3.50 6.40 5. 37 .8.39 7.17 9. 60 8.32
L 4,11 | 3.36 6.15 5.15 8. 03 . 6.84 9.20 - 7.94
M. 3.59 | 2.91 5.18 4,30 6,72 5. 66 7. 65 6. 49
N 3.61 |2,93 5,25 | 4.35 6. 80 5,72 7.9 6. 61
o) 3,44 [2.79. 4,69 | 3.86 5. 85 4,89 6. 63 5,57
P . 3.04 | 2.45%% 4,31 3,54 5, 53 4, 61 6.28 5.26
Q (Lattice) - 2.68 [2/13@ 3,94 3.22 @ | 5,19 4,31 ®| 5,92 4,94 ®
Avg. (Inc. Lattice) | - 13.00 4,49 5,92 , 6.84
* 4% of Avg. | 2 25, 6 27,17 . 28.9
® =% of Avg. | " |29 Latt, -7 |28.3 27,2 27.8
Avg (No.. Lattlce) - 3710 . 4, 64 6.12 7.07
#% of Avg. - _ |8 21.6 23.5 24, 8
* =% of Avg 21 25.9 27,8 28
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o . TABLE 5-2
SNLIA AND PM-2A CONTROL ROD ASSEMBLY FLOW DIST?IBUTION

' , - R=50 gpm Q =15 gpm Q = 100 gpm Q = 120 gpm
CHannel |Vimax=FPS | V-FPS |V y-FPS| V-FPS |ViaysFPS | V-FP§ | Viyax-FPS V-FPS

A (Lattice) . 3.20 2.59 " 4,45 3.65 5.74 4.79 6. 82 **5, 73

' B : 3.23 | ®2. 63 4.55 | €3,75 5.88 ©4,91 6. 97 ®5. 87

C 3.38 2.74 - 4.91 4. 06 . 6.48 5. 44 7.73 6,56

D 3,84' 3.14 5,53 4,60 7.25 6.14 8. 69. 7.45

E 3.86 -3.15 5.56 4,64 7.30 6.18. 8.76 7.51

F 4,01 3.29 5.90 4,92 7.74 6. 57 9.31 8. 04

G 4,12 | 3.37 5. 97 4,98 7.85 6. 67 9.49 -{ 8.21

H 4.17 -3.41 6.05 5.05 8.00 - 6. 81 9.65 8-317

I 4,26 *3.50 6.18 *5. 17 8.18 =6. 98 9.88. *8, 60

J 4,20 3.44 6.15 5.15 8.10 6,91 9. 80 8. 52

K 4,12 3.37 6,08 - 5. 09 8. 00 6. 81 - 9,62 8. 35

L 4.12 3.37 6. 01 5.02 7.89 6.70 - 9.50. 8. 23

M- 3.89 | 3.17 5.69 . 4,74 7.43 6,29 8.94 7. 69

. N 3.7 3.07 '5.44 4. 52 7.14 6,01 8.59 7.36
O 3.59 | 2.91 5,19 4,30 6. 80 5,72 8.10 6.91

P 3.35 2.71 - 4. 83 4,00 - 6.27 5,25 7.52 6,37

Q (Lattlce) 3.10 [**2.50 4,43 ¥*3 64 5.74 **4,79 6.90 5.81

« Avg.(inc. Lattice) < 3.08 4,55 6, 06 7.39
* /% of Ave. 13,6 13.6 15, 2 16.4
- % of Ave, 18.8 20.0 21.0 22,5

Avg. (no Lattice) 3.15 4. 67 " B, 23 7. 60
_ * L0 of Ave, 11.1 10.7 12.0 13.2
® - G of Ave. 16.5 19.7 21.2 22.8




excluded) was 6.12 fps, with channel I bemg 23 5% above average and channel B
27. 8% below average. If lattices are included, the maximum deviations from
average channel velocity (5. 92 fps) now appear in lattice Q and channel I with
lattice Q being 27. 2% below average and channel I 27. 7% above average.

Although no particular effort was made to centrally position the fuel element
within the tube, the lattices show very good flow symmetry. Because of the
limited scope of the program no effort was made to determine the effect of non-
central positioning on flow distribution,

5.6.2 SM-1A and PM-2A Control Rod Assembly Test

Channel-to-channel flow distribution for this test is shown in Fig, 5-7 with
a complete tabulation of data presented in Table 5-2.

Referring to Fig. 4-20, the required control rod flow rate for the SM~1A
is 147 gpm. The test flow rate nearest the required flow rate is 120 gpm. A '
higher flow rate was not used since channel velocity measurements went beyond
the manometer range. At this.flow rate, average channel velocity, lattices ex-
cluded, was 7. 60 fps with channel I being 13. 2% above average and channel B
22. 8% below average. Maximum deviations from average become /£16.4% and
-22. 5% of average channel velocity (7. 39 fps) in channels I and Q respectively
" when lattices are included. The same analysis pertains to the PM-2A since the
required control rod flow rate is 114 gpm as shown in Fig. 4-23.

From the data obtained at different flow rates one can see that flow maldistri---
bution increases slightly as flow rate increases. To obtain a maldistribution
factor at 147 gpm, a slightly higher factor than reported here would have to be used.

By comparing Fig. 5-7 and 5-8, one can observe the effect of the: bottom
flow holes present on the SM-1A and PM 2A type assembly. At each flow rate a
definite improvement in maldistribution is noted. Velocity peaking in the channels
adjacent to the center channel was reduced while flow in the outer channels and
lattices increased slightly. '

5.7 -CHECK OF MEASUREMENTS

The following sample calculation was made at each flow rate to obtain a
check on velocity measurements given in the preceding Section 5.6, The sum of
the flow through the control rod fuel element and the active lattices (formed by the
outer fuel plates and control rod tube) should approximately equal the total loop flow.
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Any difference would be due to bypass leakage past the pontrol rod tube, or to
measurement error.

- SM-1 Control Rod Assembly at 50 gpm. |

Average channel velocity (lattices excluded) .

Average lattice velocity

Element flow area

Lattice (active) flow area

Element flow

= (101.41x1073) (4.488x 10

" Lattice flow
3

= (7.867x10°°) (4.488 x 10%)

Summation of the flows 45.51 £ 3.53 = 49,04 gpm

This calculation, with a total loop flow of 50 gpm, indicated an uncertainty of
1 gpm due to buildup of possible instrument errors or bypass leakage.

3.10 fps
2. 32 fps

32
32.714 x 107" ft

3.391 x 10°° ft 2

(32.714 x 1073) (3.10) = 101.41 x 1073 cfs

= 45.51 gpm

(3.391 x 1075)  (2.32) = 7.867 x 10”3 cfs

= 3.53 gpm
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6.0 CONCLUSIONS

6.1 STATIONARY FUEL ELEMENT FLOW DISTRIBUTION

6.1.1 SM 1 Stationary Element (Bottom Or1f1ced)

Testing of the Type 3 stationary element modified for SM- 1 w1th the

maximum orifice (2. 02 in.. diam) showed channel-to-channel flow d1str1but1on
" ranged from # 6. 8% to -8. 8% of average channel veloc1ty at the design flow rate.

This is well within the #12% maldistribution: factor used in. previous thermal analyses.
Testing with the minimum orifice (1.19 in, "diam) indicated flow distribution within
the element ranged- from # 44% to -55% of average cliannel velocity- (far above the
/12% target value). Because of the limited scope of the program, no intermediate
orifices were tested to determine at which point the target values were exceeded,

Preliminary 1nvest1gat10ns were.made to determine the effects of two element
flow fixes upon flow distribution. One was a conical diffuser, the other a perforated
plate; both were capable of becoming an 1ntegral part of the element . The investiga-
tion showed that definite improvement can be made in the flow d1str1but1on w1th1n
this minimum orificed element.

6.1.2 SM-1A Stationary Element (Top orificed)

Testmg of the Type '3 stat1onary element modified for SM-1A, with the
minimum orifice (1. 68 in. diam) showed channel-to-channel flow d1str1but1on rang-
ed from £'6.1% to - 6.7% of average channel at the design flowrate. This is well
within the assumed target value of ¥ 12% used in previous thermal analyses. Since o
the minimum orifice represents the. condition having the most adverse effect upon
flow distribution, :Qresumably flow distribution within the elements w1th larger
orifices is also within the acceptable limits of / 12%.

6.1.3 PM-2A Stat1onary Element (top orificed)

Flow d1str1but1on ranged from / 6.2% to -11.1% of average channel velocity
in testing the PM-2A stationary element with minimum orifice (1. 83 in. diam).
Since flow distribution in the element with minimum orifice was within the acceptable
limits, it can be concluded that flow d1str1but1on in all other elements of the core
is also within the acceptable limits.




6.2 CONTROL ROD ASSEMBLY FLOW DISTRIBUTION

6.2.1 SM-1 Control Rod Assembly

. Flow distribution within the fuel element ranged from £ 23.5% to -27. 8%
of average channel velocity at the design flow rate. This is much greater than
the assumed /£ 12% target value, indicating that some modification should be
made to the inlet end design. :

6.2.2 SM-1A and PM=2A Control Rod Assembly

Flow distribution ranged from £ 14% to -23.4% (both extrapolated) in the
SM-1A and from # 13, 2% to -22. 8% in the PM-2A, The slight improvement in
flow distribution over the SM-1 can be traced to the presence of additional flow

holes at the bottom (inlet end) of the control rod tube. Additional modifications

-should be made to the inlet end of the control rod tube.to improve the above
maldistribution, since it is still not within the acceptable limits.

6-2
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7.0 RECOMMENDATIONS

“An investigation should be made to determme methods of 1mprov1ng
- “the-poor: flow:distribution within the SM=1" stationary-elements with _

small orifices, and determine the feasibility of using such a flow
improvement device in all future elements of the SM-1 type.

A design study and test program should be initiated to determine a.
method for improving the flow distribution within the control rod
assemblies of the SM-1, SM-1A and PM-2A, :

An investigation should be made to measure local flow velocities and
velocity profile within a single SM or PM- channel to provide funda-
‘mental informationforusein thermal analysis. :

. “ A test program should be iniﬁiated t6 determine the effect on flow

distribution of non-central positioning of the control rod fuel element

‘within the control rod tube.

In future design of reactor cores, bottom orificing should be used only
if a flow test program is performed to estabhsh flow distribution pat-
terns within each element.
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