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Al DATA FOR VO I;J 

Scatt er ed neutron flux readings and the voi d f rac -

s uch r ea dings are renorted for both 

the alumi num- vater tes t secti on and the se c -

ti on in the following subsect i ons . A s ampl e data analys i s 

i s given in Appendix AJ . l and a s ampl e err or analys i s for 

the a ssociated error r eport ed in the subsequent sections i s 

in A4 . l . Zrrors quot ed in data tables ar e 'one standard 

errors ', i . e . 68% confidenc e l evel . 

Al . l ·:res t Section 

In the foll owing tables , different flow regimes ar e 

designated by a code numb er a s sho\'fn in th e f ollowing : 

Flov.,r Regime 

Annular 

I nverted Annular 

Stratifi ed 1 

Stratifi ed 2 

Stratifi ed ':l 
_) 

Stratifi ed 4 

Code 

l 

2 

3 

4 

5 

6 

Configurati on 

@ 
e 

* See r elative detec t or pos i tioning on 1 and 19 . 



Al . l . l Alu~inu~- ··~t9r Test 3ecti on of 25 . 4 ~n 

(a) i"lun I ·~ o . l 

Counti ng Ti me : 100 s 

Actual Voi d .? l ow Regi me Counts of 
Scatter ed Neutr ons 

o. 95] 19 

0 . 25 ± 0 . 01 l 78793 

2 79992 

3 73305 

4 7 6 L~86 

6 8 0L~9 0 

0 . 50 ± 0 . 01 l 59294 

2 58482 

3 52599 

6 59952 

0 . 75 ± 0 . 01 l 37283 

2 38939 

3 33676 

6 39156 

1.0 a i r 111L~5 

a lu!lli num 19L~32 

101 

.foid ::'ra ct i on 

0 . 23 ± 0 . 04 

0 . 21 ± 0 . 04 

0 . 29 ± 0 . 04 

0 . 25 ± 0 . 04 

0 . 21 ± 0 . 04 

o. 48 ± o. oL~ 

0 . 49 ± 0 . 04 

0 . 56 ± 0 . Olj, 

0 . 4? ± 0 . 01+ 

0 . 76 ± 0 . OL~ 

o. 75 ± 0 . 04 

0 . 31 ± 0 . 04 

0 . 74 ± 0 . 04 



1Cl2 

( 1 -, 'T ? o .. \un ·, o . __ 

Counti~g Tima : 100 s 

Actual Void :21•)W Regi .. ne Counts of Void ~:-raction 
Scatt er ed Neutrons 

0 . 901J5 

0 . 25 :t J . 01 1 73.305 0 . 2J :t 0 . 03 

2 73951 0 . 22 :!: 0 . 0.3 

3 76993 0 . 29 :!: 0 . 03 

L~ 72229 0 . 24 :!: 0 . 03 

6 7520J 0 . 21 ± 0 . 03 

0.5 ± 0 . 01 1 55611 0 . -1-7 ± 0 . 04 

2 56071 0 . 47 :!: 0 . QL~ 

"' L~9239 o . 55 :t o . oL~ ) 

'+ 54147 0 . 49 ± 0 . Ql~ 

6 56702 0 . !.}6 ± j . '):+ 

0 . 75 ± 0 . 01 1 3606'~- 0 7L• + 0 0'' • t' - • _) 

2 35963 1). 7 I ± 0 . OJ 

3 .32383 0 7o + r Q"? • J - U • .J 

Li- J~-90S 0 . 75 :!: 0 . 03 
/ 

.J '? 11 LJ. 0 . 72 :!: 0 . 03 0 

1 . 0 air 9539 

a 1.u.nL1u~n 16669 



lOJ 

(c ) 2un No . J 

Counting Ti~e : 100 s 

Actual Vo i d ?lovv 1egime , ' 1.., oun-cs of -r oi J _•racti on 
~catt •::!r 8::l ::-reu tr ons 

0 . 0 1 )8J?6 J . 20 :!: 0 . 05 

0 . 25 ± 0 . 01 2 374JO 0 . 19 :!: 0 . 05 

J 8J 07J v . 27 ± 0 . 05 

4 35293 0 . 2J ± 0 . 05 

6 87661 0 . 20 ± 0 . 05 

0 . 50 :!: 0 . 01 1 73270 0 . 45 :!: 0 . 05 

2 71370 J . 48 ± 0 . 05 

J 6811-J-7 0 . 5J :t 0 . 05 

4 71798 0 . 48 :t 0 . 05 

6 73101 0 . 1~6 ± 0 . 05 

o :75 ± o . o1 1 58061 0 . 72 ± 0 . 05 

2 59273 0 . 70 ± 0 . 05 

J 5J36J 0 . 79 ± 0 . 05 

l..j- 58778 0 . 71 ± 0 . 05 
/' 

5831~-'+ 0 . 72 ± 0 . 05 0 

1.0 air 33;339 

alu:ninu~n l.J-211+-7 



A1 . 1 . 2 \1u~inu~- nate~ T2st Section of 50 . 8 mm 

(a) :tun : o • L 

C0u ti~g Time · 200 s 

.c t _al "hi :i 

. 25 :t 0 . 01 

.so ± 0 . 01 

0 . 7 5 ± ') . 01 

l_ . 0 

--:1 1 "1'' -,~ " 0' ; r~ -
- L v , , \ l .... . _-, L IJ , 

air 

1 

2 

J 

4 

5 

6 

1 

2 

J 

L~ 

5 

6 

1 

2 

J 

L!-

5 

6 

alu:- i nu·-.1 

Counts of 
-: ca tt ered :;eutron3 

10LH81 

85460 

87850 

76692 

83210 

90234 

63535 

7712 

53 416 

61622 

72068 

41190 

4J7JO 

32.368 

46.316 

l]JJLI-

20 - -

i id Fraction 

0 . 23 ± O. OJ 

0 . 21 ± Q, OJ 

O. J2 ± 0 . 0J 

:J . 26 :t O. OJ 

0 . 25 ± 0 . 0J 

0 . 17 ± O. OJ 

0 . 49 ± 0 . 03 

'J . 60 ± . OJ 

. 55 :t l . OJ 

~ . 51 ± ': . OJ 

O. J9 :t O. OJ 

0 . 7 5 :!: 0 . OJ 

0 . 72 :!; 0 . OJ 

0 . 85 :t . OJ 

n 70 + " J ,I • / - -l • 

0 7 ~ + rJ J f u - . . J 

'J . 69 :t ) , OJ 



l05 

(b) 2un = ~ o . ? 

Coun ·ti~~ TiDa: 200 s 

:,ct .al '!oi j ~low 'J oo·i ·1 " _ _._ vi l \.-....
0 

.11...,. Counts of VoiJ 7ractiJns 
..... cat ter ed I-Teutr ons 

0 . 0 10;723 

0 . 25 ~ 0 . 01 1 85697 0 . 22 :! 0 . 03 

2 87323 0 . 20 :!: 0 . 03 

0 . 50 :!: 0 . 01 1 66440 0 . 45 :!: O. OJ 

? 661J7 0 . 45 :!: 0 . 0J 

0 . 65 :t 0 . 0 1 5/.-i-3JO 0 . 59 :!: 0 . 0J 

2 54J 50 o.So :!: 0 . OJ 

") 42450 0 . 72 :!: O. OJ ...) 

L~ 4'-i-863 0 . 70 ~ 0 . OJ 
,.. 

51'-1·l~ 7 ) 
0 /~. 

. 0.) :!: - . OJ 

6 60LJ-5J 0 . 5J :!: o. o;. 

0 . 75 .± ) . 01 1 h523 7 c . 70 :!: . OJ 

2 4~JOJ ~ . 7 + r OJ - J. 
. 90 ~ !) • 01 1 J2200 0 . 36 :!: 0 . OJ 

2 ; 66 7 0 . 36 :!: 0 . OJ --' 

..., 
25 '.- ')0 0 nJ + n O"J .J • .J _ u • ./ 

1-:- 269LW 0 . 92 ~ 0 . 0.3 

5 JlOJJ 0 . 87 ~ 0 . OJ 

6 J22J J 
Q/ .. o :!: 'J . OJ 

1 • 0 air 10310 

a . u:~1inum 1926J 
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8evera1 runs were cor p13tad to investigat~ the feaoi -

O.i i ty of the t3chnique of '1.eutron scattering in. ,.1,::: a surin3: 

voic1 i::1. an air- "Ta t 2r test '"'ecti on . J.i.esu1t s sho·;m in ?i.;ure 2C 

are the co··:T'')OSi te of these runs . 

( a) rtUl1 ~·~ 0 . 1 

Counti ng TL·ae : 60 3 

:Average Volume Av:3ra,:re Void Average Scattered Void Fraction 
of from i~eutron Counts from Neutr on 

·:rater Tranued 
• ~ ( ml) 

Trapped ':Ta ter .S cattering 

669 ~ 7 0 . 0 05Sl~ ~ 661 

310 ~ 66 0 . 5Li- ~ 0 . 12 6799 ± J5'.J- 0 . 52 ~ 0 . 12 

.266 ~ 3) 0 . 60 ~ 0 . 09 58 4 ± 98 0 . 65 ± 0 . ll 

115 ± 5 o . 83 ± o . oL~ 5310 + 66 0 . 73 ± 0 . 12 

194 ± 27 0 . 71 ~ 0 . 10 5535 ± 119 0 . 70 ± 0 . 12 

0 l. O J3L.t-.2 ± '296 

( b ) Run ~; o . 2 

Countin3 Ti~~ = 130 s 

,'l_verage Volu'ne :~verage Voiu :\.vcra:;e .Scattered Void :?raction 
of frO 'i1 :Teutron Counts fro 'n r ,utron 

Ta~)ped ~·rat3r Trapped \'later S cat t eri ng 
(ml ) 

6~(' + 7 0 . 0 11026 ± 1ll~ 
/ 

535 ± 12 0 . 20 ± 0 . 01 9316 ± 85 0 . 19 ± 0 . 02 

4?.8 + ':l O. ) i5 ! 0 . 01 g200 ~ 131 O • .J1 ±{'\ . 02 

J')O ± l? O. lP ~ 0 . 01 7539 + 6'-~ O. J) ± ) . 0?. 

J73 ± 21 O . l~] :!: 0 . 02 7'4-08 + 57 0 . /.p + '"\ ,2 - J • 

";1-:2 + h 0 . 0') ± 0 . 00 1015~ + 5~ 0 . ~0 ± n. 02 

0 l.O ;017 + 70 



(c) 2un ~i o . J 

Counting Time 60 s 

Average Volu:ne Avera ge Void Average Scatter ed Void Fracti on 
of from ;;;eutron Count s fro.a i\eutron 

Trapped ·:rater Trapped ~'lat er Scattering 
(ml ) 

669 :t 7 0 . 0 11026 ± llL~ 

535 ± 12 0 . 20 ± 0 . 01 9.3 16 ± 85 0 . 19 ± 0 . 02 

423 ± 3 O. J6 ± 0 . 0l 8216 ± 131 0 . .31 ± 0 . 02 

390 ± l2 o . L~2 ± o . o1 75.39 :t 6L1- 0 . .39 :t 0 . 02 

.378 ± ~ l 0 , L~ J ± 0 . 02 7408 ± 57 O.l-1-0 ± 0 .02 

612 + 4 0 . 09 ± 0 . 00 10159 + 52 0.10 :! ') . 02 

0 l.O 2017 + 70 

I n thi s r un , th e a~~ i s of the HeJ d9t9 ctor .?as uarallel 

to that of the neutron beam and the detactor vras traver s ed 

acr oss the beam profil e at intervals of 10 mm each . Stratified 

flo·;: r e.si:nes in the follo :ring tabulated data means that the 

aluminum (void) is on the left and thus the wat er is on the 

right from the view of the detector loo~ine directing at the 

beam. Th ~ co1ntins time for each scanning position i s 30 3 . 

(a) a= 0 . 0 

~ _. lati V3 ':>::t-::ctor :?o :; ition Counts 
(10 n.r.'1 ) 

- 3.0 71·!- 21)0 

- '2 . 0 22h_20 

, ~ L~670S - ~ . _..I 

- l. 0 J:SJ.?.') 



108 

(a) Con t i n 1ed 

~1e1ati V8 !Jet ector ,-.. • t . 

_~ o3l "Llon Count3 
(10 l:lm ) 

- 0 . 5 32369 

0 . 0 .2S396 

0 . 5 2837'+ 

1.0 }3326 

1.5 91078 

2 . 0 255378 

J . O 591193 

( b ) a = 25 , ~ 

~(elati ve :Jetector i1.nnular Inverted Annular Stratifi ed 
Position (10 mm ) Flow Flow Flow 

- 2 . 0 327390 458724 806340 

-1.5 113926 

- 1.0 L~645J L~2 8 74 '-~026l!,5 

- 0 . 5 48271 36118 192427 

0 . 0 48248 32767 44619 

0 . 5 44684 32498 3J03l 

1.0 5ooLJ,J J6517 

1. 5 56364 77664 

2 . 0 362454 2'+2736 

2 . 5 373912 



(c) Ci = 50 ·~ 

:\e lative Det~ctor !mnu1ar lnverted "''.nnu1ar ~trati:fi ed 

:'ositi on (1 0 :nm) 0'1o ·; 2J.ow :?low 

- 2 . 0 311097 618157 871682 

- . 5 10. Lj.L~5 

- 1.25 94820 

-1. 0 102527 156L~51 758003 

- 0 . 5 116758 L~800 5 

0 . 0 120590 lH.297 407279 

0 . 5 114288 51395 203981 

. 0 98029 131996 5'-no2 

1.25 98615 

1 . 5 101.~730 8J921 

2 . 0 2lJ-26Jl SlJ-2459 253292 

J . O 550223 636724 

( d ) a = 75 ~ 

::telativG Jetector Annular J.nvert cd Annular .3tratified 
:?ositi on (1 0 :in ) ~low Flow Flc\·; 

- 3 . 0 77L(J.34 

- 2 . 0 J759J5 766747 3701JL~ 

- 1.5 261694 

- 1.0 J03039 38'+099 814821 

- 0 . 5 J2 •662 173327 

- 0 . 25 l 082Lr6 

0 . 0 ;.JJh l6 )'2JL~ J 799766 

0 . ?5 12'4 965 

n ~ 
J • ,/ l?.7l09 2 OJ 21~-2 
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( d ) ContL1ued 

Re lative Det e ctor :\nn.ular Inverted Annular Stratified 
Position (10 mm ) Fl o ·r :5'lOV/ FlO''! 

1.0 JOJJ3J 3<.38742 1+9655h 

1.5 .'288 744 319997 

1. 75 279858 

2 . 0 370627 711-0868 2801.!-19 

2.5 422219 

3 . 0 602121 588231 

A3 SA11PLZ DATA ANALYSES 

A3 . 1 Alur.1inum- Wat er Test Section 

The data analysi s for the data point of s i mulated 

annular flow with a= 0 .25 in run No .1 of 25 . 4 mm aluminum-

wat er secti on i s g iven a s a sample . 

It was found that th e r eactor power d i d not fluctuat e 

for mor e than 1. 0 %. Th er e v.,ras thus n o n e8d to correct t he 

counts of scattered neutr ons for the power fluct u-ation . 

From the tabl e in Al .l. l (a) , us eful data ar e shovn 

as the f ollowi ng : 

N( O) = 95919 

N(l) = 1111}5 

n ( . 25) =78798 

; ( 0) = c oun t c of s ca tter Gd '' e l tron ·:~lv:m t:1 "') t ~ :::; t 
.Je c ci'J~1 i :::; full of water ( a= 0 . 

3(1 ) = co~l~t3 o: s~2.ttc:.~ ~ n ;; 1tron.3 when the t 8st 
s t=: ction is fill e d wit~l a l r ( a= 1 ). 



l l l 

N( l I ) = counts of scat ter ·::' i :'1:;utr 8~.; -··h·?:"l. tl :: 
test section is fL l ·.::d '.'rith th~ alu:-:1:..n1r-!1 
speci~2n simulating air ~n- a v0id ~f ~-~ 

2H0 . 2.5 ) = C·Jun-:s of scattered neutrons for a= J . 25 
without correcting for alu~inum s_a t t ~ in; . 

It can be observed that alu~inum does scatt a~ ~~utron3 

f or scattering due to alu~inum in the specimen s i mulating the 

void , it is a3sumed , to th e first approxi ma tion , that th~ 

amount of scatt~ring is pr oportional to the amount of a l uminum . 

Hence , the numb er of scatter ed n9utrons corr ect ed for aluminu~ 

scattering , N( 0 . 2_5 ) , is then given by 

N( a ) = n ( a ) - [ ~ (1 ' )- N( l ) ]a 

N( 0 . 2_5 ) = n ( 0 . 2.5 )- [ : (1 ' )- :J(l)] : 0 . 2_5 

(194)2 - 1114_5 ) X 0 . 2_5 

= 787?3 ·- 2072 

- 76726 

Ta deter~ine void fraction from neutron scatt ~r i~3 . 

use equation 16 , 

= ~ T ( n ) - ~T( a ) 
~H o - ~H 1) 

= (95919 - 76726 )/ (9.5919 - 11145) 

= 0 . 2) 

The s a11e -pr o e"lure hold :or all data -po i nt3 i n th-:: 

runs fro th3 25 . 4 mm as 50 . 3 ~m test s3ction . 

' ' <Jl . . ·"'rac+i n,.,., · ,..., ""' ."' a ·~ ·r "' --1 1...,-, (! ' ·--~·1·- ~_ ! .., 
I; -- .J.. lJ - -....:. ..1. , t-.1,-..) 'it _, ..) 1 __ \.... -· ·J L I v- ... __ ... -- - ._) 
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\'Tater bet1..vae:':1 t he t wo qui c 1 c - clo ~ing valves , an:J. ( i i) by neu t r on 

s catter ing method . 

The volume of water trapped in 10 trials are listed 

as 4J3 , 380 , 312 , 338 , 260 , 256 , 223 , 238 , JJl , and 329 ~1 . 

The average volume V is 
10 

then 

v = 2: v . j1o 
i = I l 

= 310 ml. 

.Since th e vo l ume of 1Nat er in a fu l l t es t section is 

669 ml , th e voi d fraction measur ed by trapping the vvater , 

is then 
-
y = 1 - 310/669 

= o . SL~ 

( ii) Neutron Scattering 

Corresponding scattered neutron counts for the 10 

trappings are 6518 , 7151 , 70 7 , 6989 , 6331 , 7102 , 6845 , 6658 , 

6452 , 69J8 . The average counts ov er each counting int erval , 

N is than 
I~ 

N = ~ ]\T I l 0 i.;-1 ,j i ( .. \ 

= 6799 

The aver age count s for a full and empty test N( O) 

and N(l) were obtained i n s inilar manner and were found to 

be 10554 and 3342 r espec tively . 

Using equation 16 , void fraction measured uslng 

n~utr on scattering is obtain~d as 

a = 

= (10554 - 6799)/(10554 

= 0. 52 



llJ 

The aoov . 9rocedurs of analy:.:>es hold for other data 

po ints i n all runs for the air - ,~ter tes t section . 

A4 '~· ~0? ,1.iTALY.3I S 

- os.::; i le error s f or counting rates include the flue-

tuation df reactor power , pos iti oning error , and stati stical 

fluciuation in counting rate . 

Reac tor power may fluct1ate during the course of the 

exper i ment , especially if the experi ment is performed within 

a few hours after reator start - up . However , the present work 

was done at relati vely stable reactor power . On checking 

with the power monitor chart at the r eactor control r oom , • ,J.. 

l v 

was found that the reactor novter did not fluctuate mor e than 

l ~ . Thi0 was also confirmed by the r eactor power monitor 

counting rats obtained (fr equent chec~in;:;s for full test 3ec -

tio.:-1. counti l1g rate ). Thus , a l ;0 error ·.vas t;lac ·2d a.: an uppper 

l i mit on the error due to reactor po Ner fluctuation . 

Si nce the beam \vid th was larger than the di amet er of 

th :J tes t s2ction ( se e the beam profi l e in .i?i gure 15) , the 

error associated Dith mi salignment of the test s.ction with 

tha b::;am i s negligible. The only error arising from position­

ing i s the .. ni salign::1ent of the 90° tlet ector with th8 t 8st 

"ridt!1 of t;1 'J i8 t ::: ctor o•:tin; to misali 6 n.nent . ·ro the fir s t 

a-ppr :Li "nati:n , =..tis r easonabl e to as.::;'J..1.J that th e countin6 

at ·::; i s Jrc::ort i Jnal to t:1·J lett::ction wi j th of th ; :l::; t3ct:or . 



and l ~ fo~ 50 . 8 m~ tea t section . 

::?or t 1s alu:ninu:n- 't/8.t er t e . .:> t s3cti O{J. , -t:12 ..:;rr or 1u~ 

to statistical fluctuation is 2:iven by the ~1 0ual ~ e.:::tL.1at e . 

7or th .J air - ';Jat er t ::;s t section , the ~ean of count rat~ r ead-

ings for the same voi d cr eat eJ was taten . 'r~'l.e r oo t - ·nean- .::>quare 

deviat i on (one standard deviation ) was t a ken a s the error of 

the count rate given by (46 , : 

N 2 
~ = c 2: ( . ~ . - l1 ) I C ;r -

i =I J 

•:1her~ E = -, ta tis tical 8l ... I' 0 C' 

Ri = count r ate of i t h trial 

N = number of t r i a ls 

The . error a~soc:ated wi th the l i near dimension in t h e 

machi ned alu::tinu:.1 speci es is es timated to ~e 
_ ? 

5 X lC - . Jl . 1'~~ 

err or of the :nean of volu n·e of trapped ','later is a gaL:. ..L 
0 lJ 

~tandard 1eviation ~rom the ~ean . A sam,le error analy0is 

i s 6iven bo-ch t e alu:.1inu::1- water anJ. air - vat:;r t8st se cti ~~1 . 

Th~ err or anal ysis f or th e data Doint of 25 ~ voi~ , 

annular fl o• . ., z iv ::m in :;.un ·~o . l of 25 . 11. lim tsst secti on .is 

or essnt od 3.8 a sam~la . 

Th~ simulated vo i d , a is gi ven by 

a = 1T ( R
2

- /)I 1T R.?l 

r 

2 
= 1-(r/R) 

= taJ i ~s of s~e ci ~en 

R = 



wi th 

2 
~a = ~(riR) 

( r I R )
2 Vz ( ~ r I r )

2 + 2 ( ~ R I R )
2 

} 

~r = ~R = 0 . 05 r:1iTI 

r = / ')5 O . j :r:n 

R = 12 . 7 rn:n 

115 

( r I R )
2 

= 0 . 250 

Thus ~a. = 0 . 250 ± J . OOJ 

It can thus be 38en that an ·3rror of 0 . 01 can b3 put 

as an upp2r limit on th e r;rror of the lmO'/m simulatsd void . 

The error in the scatte· Gd. neutr on cour..ts is a 

composite of thos~ 1uc to reactor fluctuation (l ~ ), positi o~ 

( 2 ~ ), an:! statistical fluctuation ( 1/ / 7 ) . 'l'hus , th ~~ r? a -

tiv~ ~rror in th~ scatter2d neutron counts uncorrect~i f ~~ 

~N' j 2 2 :z v = (0.01) + (0.02) + (1/./78798) 

= 0.023 

Similarly , relative 8rror fo. ~ ( 0 ), N( l) , and ~ (l') 

ar2 :foun:l to be 0 . 023 , 0 . 02':-, a rl.l C. 02J res"9ectively . 

c..u~ to 

·~ · -.. "',..., 
- - .;. J. ...... ; ' 

?he scattered nGutron counts cor:''::!C ted fer scatt ~?rLl~ 

alu~inum i3 given by 

N(a) = N'(a)- a(N(1')-N(1)) 

~N(a)= [ (~N't+a2~(N(1 )-N(1))~(z 
2 2 2 2 J./2 

= {(0. 023 x78798) + (0.25) [ (0.023 x194 32) + (0.024 x 11145) ]) 

= 1817 
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then 
2 2 1/2 

f:j,aE/ aE = ·{[ 6 {N(O) - N{a))] + [6(N(O)- N{ I))]} 
(N ( 0) - N {a)) ( N { 0) - N (I)) 

2 2 2 2 t/2 
= co.023x95919) +1817 1" (0.023x95919) +(0.024x11 145) } 

(95919-78798)
2 

(95919 -11145)
2 

= 0 .17 

or = 0.23 ± 0.04 

AL:- . 1. .2 Air- -·Jate· Test 3-:ction 

Th~ error analysi s for th e data ~oint of 54 ~ voi d in 

~un r o . l f or th e air - VTat er t 2s t secti on i s given as a sa:nple 

err or analys i s . 

Th<:; r 3a dings of volu~n ~ of trapped •:1ater f Jr 10 trials 

are li s t ed a s 433 , ]80 , 312 , 3J3 , 250 , 256 , 223 , 239 , 331 , 

and 329 ml. :-I ·3nc f! , th ~ :n2an volume of tra-o'Jed .:rater V is 

e;iven by 
N 

v ::; L v. I N 
i=1 l 

= ( L~ J J + ] '3 ~') + :__. 12 

= JlO 

N 
{ L (V . 

- ") 

I and l:l .I = vr-
. 1 l I= 

N ") 

= t ~ (V . 31o r-
i =1 l 

= 66 

(i'T - 1)} t 

I .; }-} 

Ths r?a in~~ o~ ccatt rr e~ neutr on counts corr~spondinJ 

to those 10 trials ar . 6518 , 7151 , 7007 , 6?39 , 633 - , 7 . 02 , 

~ tan~ard ~~viati on a3 tho arror in the c oun ts , tha ~catt ~r ~ i 
I 
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n r>_ .utr~ on cou-.t_..,+-:._· , ':7 r ' • • • a ·- "u · . , a ; lu ,Zl V '~n .'3 

r espective y , th e void fraction deter~in ed by neutr on s catter -

i ng aE i~ found to be 

a = 0 . 5? ! 0 . 12 

A4 . 2 Neutron Transmi ss ion ~-~easurement 

The err or for each r eading of transmitted neutron 

counts i s ta\en as ..r-.. 3i.ncJ th e counts are of the order of 

105 , the perc entag e err or s are of th e order of O. J . ~ and i. s 
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