









































































































































































































































































































































Al.1.1 Aluminum=Yatsr Test Section of 25.4 mn

(a) Run No. 1

Counting Time: 100 s

Actual Void | #low Regime Counts of Void Fraction
Scattered Neutrons

0. 95919
0.25% 0,01 1 78798 0.23+0.04
2 79992 0.21%0.04
3 73305 0.29%0.04
4 76486 0.25%0.04
6 80490 0.21%0.04
0.50%0.01 1 590294 0.483%0.04
2 58482 0.4o%0.04
3 52599 0.56+0.04
6 59952 0.47% 0,04
0.75%0.01 1 37233 0.76% 0,04
2 38939 0.,75% 0,04
3 33676 0.31% 0.04
6 39156 0.74% 0,04
1.0 air 11145
aluminum 19432
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R 2 Fafesy b 24 T Aoy ==
Al.2 Air-="ater Test

o A o L
weveral runs

Counting Time: 60 s

Average Volume Average Vold Average Scattered Vold Fraction
of from Neutron Counts from Neutron
Trapped Yater Trapped Water Scattering

A
569 + 7 0.0 10554 % 661
7= A ~y
310 % 66 0.54 20,12 6799 + 354 0.52 20,12
Tl 7 ¢
266 %39 .60 * 0.09 5884 + 98 0.65% 0,11
1158% 5 0.83%0.04 5310 * 566 .73 20,12
] ~ \
194 * 27 0.71%0.10 5935 2119 0.70% 0,12
0 1.0 3342 2296
(b) Run Mo, 2
Counting Time: 180 s
Average Volume Average Void | Averaze Scattered Void IFraction
of from Jeutron Counts from Neutron
Tapped VWater Trapped Water Scattering
(ml)
660 % 7 0.0 11026 * 114
535212 0.20% 0,01 9316 ¢+ 85 0.19 20,02
h28 2 8 0.36% 0.01 8200 # 131 0.31 20,02
300 %12 0.42% 0,01 7539 + 64 0:59.%2 0,02
20 4 27 O - L2+ .02 2108 + r)f{ﬁ N ho +n N>
376 &2 )43 % 0.02 7408 2 & : * 0,02
iz 2 4 0.09% 0,00 10159 % 52 0.10 20.02
0 1.0 2017 + 70
Wi7E
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~2

(¢) Run lNo. 3

Counting Time 60 s

Average Volume Average Void Average Scattered Void Frac
of from Neutron Counts from Neuts
Trapped Water Trapped Water Scattering
(m1)
69 2 7 0.0 11026 114
535 £12 0.20%0.01 9316 * 85 0.19 £0.02
L23 * 3 0.36%0.01 8216 £131 0.31 £0,02
290 £12 0.42 2 0.0% 7539 £ 64 0.39 £ 0.
378 %21 0.43%0.02 7408 £ 57 0.40 £ 0.02
612 ¢ 4 0.09 *0.00 10159 * 52 0.10 ¥ 2.0
0 1.0 2017 * 70
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In this run, the axis of the H33 detsctor was parallel
to that of the neutron beam and the detector was traversed

across the beam profile at intervals of 10 mm each.
flow regimes in the following tabulated data means that the

alunminum (void) is on the left and thus the water is on the

right from the view of the detector locking directing at the

- M A 19 At T v S £ o, 1 -~ -~ S o ol =2 = o N &
beam. The counting time for each scanning position 1s 30 s.
) = N.0
fa) a=z 0.0
T AT Aa+S<xra DA+t A te ey DA -3 =
elatives Detector Position Counts
(10 mn)
=30 22190
F € 742190
=2.0 S9l5Y 20
e \/ (o f™Y Ao \J
h W4 NR
= . Q/UD
~ ~NLAD i~
'—-’_I,J J\//?)
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Relative Detector Position Counts
(10 mm)
-0.5 32369
0.0 28396
8.5 28374
106 38326
Ls5 91078
3, 255378
3.0 591193
(b) a=257
Relative Detector Annular Inverted Annular Stratified
Position (10 mm) Flow Flow Flow
-2.0 327390 L8724 806340
~1:5 113926
~-1.0 L6hs3 L2874 hoz2645
-0.5 L8271 26118 192427
0.0 L8248 32767 Li61c
0.5 LL68L 32498 33081
1.0 50043 36517
1.5 56364 77664
&0 362L5lL 2112786
2.5 373912
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Annular Inverted Annular Stratifie

Plow Flow Pl ow
2 ot T ¢ 0 7
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(d) Continued
Relative Datector Annular Inverted Annular Stratifie
Position (10 mnm) Flow FPlow Tlow
1.0 303333 388742 ho655hL
1.5 288744 319997
1. 75 279858
2.0 370627 740868 280419
2.5 L22219
3.0 602121 588231

A3 SAMPLE DATA ANALYSE

A3.1 Alunminum-Water Test Section

The data'anélysis for the data point of simulated
annular flow with @=0.25 in run No.l of 25.4 mm aluminum-
water section is given as a sample. ‘

It was found that the reactor power did not fluctuate
for more than 1.0 %. There was thus no need to correct the
counts of scattered neutrons for the power fluctuation.

From the table in Al.1.1 (a), useful data are shown
as the following:

N(0) = 95919
N(1) = 11145

2

where N(0) = counts of scattercd neutron when the test
section is full of water (a=0).
N(1) = counts of scattered nautrons when the test
section is filled with air (a = 1).




N(1*) = counts of scattered noutrons when thoe
test section is filled with thz aluminum
specimen simulating air and a void of 1.0
N(0.25) = counts of scattered neutrons for a = 0.25
o

without correcting for aluminum ﬂcat;;rin;.
It can be observed that aluminum does scattsr nsutrons

to a certain =xtent, i.e. N(1) #£ N(1*). In order to corr=ct

for scattering due to aluminum in th2 specimen simulating the

void, it is assumed, to the first approximation, that ths

amount of scattering is proportional to the amount of aluminum.

Hence, thes number of scattered nesutrons corrected for aluminum

scattering, N(0.25), is then givén by

n(a)-[(17) - n(1)] e

n(0.25) - [3(1') b u(lﬂ . 0.25

= 73798 - (19432 -11145) x 0.25

N(a)

C. N(0.25)

= 78798 - 2072

= 76726

D
(.'l
(@]
W

ct

S
W
g
l._l
-3
4
3

To determine void fraction from neutror
use equation 16,

@ = (0) - n(a)

= (95919 -76726)/(95919 - 11145)
0

The same procedure hold for all data points in the

-1 !

runs fro the 25.% mm as 50.8 mm test section.

o1

A3.2 Alr-Water Test Section

=
1

The analysis for the first data point in Run No.

o5 e o S % g e 1 oy o g e 2 - SR ~ ma
for the air-water test section is given as a sanmp

5

1 = ¢ 3 .~ Le o - P 5 — . osias = a2 1%
The volid fraction was measured by (i) trasping thz
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water between the two quick-closing valves, and (ii) by neutron
scattering method.

(i) Trapning Water:

The volume of water trapped in 10 trials are listed
s 439, 380, 312, 338, 260, 2564223, 238, 331, and 329 ml.

The average volume V is then

¥V = i‘golvi/lo
= Jib ml
Since the volume of water in a full test section is
669 ml, the void fraction measured by trapping the water,
is then
v 310/669
= 0.54
(ii) Neutron Scattering

Corresponding scattersd neutron counts for the 10
trappings are 6518, 7151, 7007, 6989, %331, 7102, 6845, 6658,

6452, 6938, The average counts over each counting intsrval,

N is then
_ 16
0= Igl N, /10
= 6799

The average counts for a full and empty test N(O0)

and N(1) were obtained in similar manner.and were found to

bs 105 1 3342 respectively.
Using equation 15, void fraction measured using

neutron scattering is obtained as

a = N({g) = m{a?
N({D) = N(I)
= (10554 - 6799)/(10554 - 3342)
s .59
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The above procedure of analyses hold for other data

points in all runs for the air-water test section.

AL SRROR ANALY3IS

Possible errors for counting rates include the fluc-
tuation of reactor power, positioning error, and statistical
fluctuation in counting rate.

Reactor power may fluctuate during the course of the
experiment, especially if the experiment is performed within
a few hours after reator start-up.  However, the present work
was done at relatively stable reactor power. On checking
with the power monitor chart at the reactor control room, it
was found that the reactor power did not fluctuate more than
%. This was also confirmed by the reactor power monitor
counting rate obtained (fresgquent checkings for full tss
tion coﬁnting rate). Thus, a 1 % error was placad as an uppper
1limit on the error due to reactor power fluctuation.

Since ths beam width was larger than the diameter of

D

ths test ssction (see the beam profile in Figure 15), the

(

error assoclated with misalignment of the test section with

the becam is negligible. The only error arising from position-

N

. o p . . 0 - y
ing is the misalignment of the 90~ detector with the test

4

gsection. An upper limit of 0.5 mm was placed on the detection

width of the detesctor owing to misalignment. To the first

)

approsimation, it is reasonable to assume that the counting

rate is proportional to the detection width of thz detector.
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N

and 1 # for 50.8 mm test section.

Tor the aluminum-water test ssection, the error dus
to statistical fluctuation is given by the usual Jii estimate.
Tor the air-water test section, the msan of count rate read-

ings for the same void created was taken. The root-mean-square

ct

andard deviation) was taken as the error of

)]

deviation (one

the count rate given by (46):

a

N - D =
( 2 (2 -R)® /(N - 1))

i-l
statistical error

L4
]

where E
R, = count rate of ith trial
N = number of trials
The. error associated with the linear dimension in the
machined aluminum species is estimated to be 5 x 107~ mm. The
error of the mean of volume of trapped water is again the
rom the mean. A sample error analysis
is given both the aluminum-water and air-watsr test sesction.

AL.1.1 Aluninun-ater Test Seetion

Tha error analysis for the data point of 25 7 wvoid,

No. 1 of 25.4 mm test zection is

[

nted as a samplsz.

Loy
pres

2 2 A

a = w(R-r)/mR
2
= |I=(r/R)
vhare r = radius of specimen

R = I7 of s»pecimen tholder



1

2
Aa = A(r/R)

H
cr
S
>
) - -
n n n
=G >
48]
: Py
~J un
1]
5
= D
\j
N
—
-~ 1

o~
-
~
2
S
N
n
D
g
n
€D

It can thus be seen that an error of 0.01l can be put
as an uppar limit on the error of the known simulated void.
The error in the scattsred neutron counts is a

£ those due to reactor fluctua

2 B o s e e +-4a - B T .. RS - W TPy e — = e
tive error in the scattered neutron counts uncorrected

aluminum scattering is given by

AN = Jto.onf + 10.02'+ 111/78798)

=0.023

Similarly, relative error for N(0), N(1), and N(1')

> Y. 2 d DI -
0.024, and C.023 resvectively.

3 o

The scattered neutron counts corrscted Tor scalbtering

due to aluminum is given by

N(a) = N'a) - a(N(1")-N(1)) M
anas,  AN(@)= [ (ANT+a A (N(1)-N(1))F]
1/2
= {(0.023x78798 1+(0.25)1(0.023%194 32+ (0024 x 1145) 1)
= 1817



s
=
ON

(5

B
D
e

B>
ma

~
R

m

]

(T ANO) - Nl@)7, rANO) - NUDH /2
{[ (N(O)-N(a?‘)n]*[ 2N((0)) -Tv((llg))]}
1/2

2
(10023 %95019) + 18172+ (0.023%95919) +(0.024 x 11145) }
(95919 - 78798 )2 (95919 - 11145)°

0.17

or a = 0.23 + 0.04

~

Ab,1.2 Air-"later Test 3zction

The error analysis for the data noint of 54 5 void in

Run No. 1 for the air-water test section is given as a sample

The readings of volume of trapped water for 10 trials
¢ I ~t+naA3 o 9 297y 7 230 g2 ~rek ~Ann 5nQ an
are listed as 433, 300, 312, 330, 200; 2556, 223, 235, 331,
and 329 ml. Hence, the mesan volume of {trapped water V is

<1
]
nmMZ

1"
LD
3

\

and AT

—
=

i MZ &
Case
i
<31
-

I
— g
o M2
ON
t

The readings of scattersd neutron counts corrasponding

o ol - ot

to these 19 trials are 6518, 7151, 7007, 6989, 6331, 7102,
20) £Len £ 9 Annn Y T +
ghs, 6558, 6452, and 6933, In similar manner, using th



f——'
=

-3

neutron counts, { @) iz givsn as

-

Taking H(0) and N(1) as 10554 2561 and 3342 % 235
respectively, the void fraction determined by néutron scatter-

a_ iz found to be

& = W.522% 0:12

Al ,2 Neutron Transmission Measurement

ttad neutron

e

The error for each reading of transm
counts is taken as 4. Since the counts arz of the order of
105, the percentage errors are of the order of 0.3 % and is

negligible.
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