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Measurement of Anisotropic Neutron Diffusion Coefficients in
the H,0-Al Square Lattices by Pulsed Neutron Method

. *
Yoshihiko KANEKO, Fujiyoshi AKINO, Yoshiro SUZUOKI ,
Kenji KITADATE, Ryosuke KUROKAWA and Kinji KOYAMA

Division of Reactor Engineering, Tokai, JAERI

{ Received 12 July, 1973 )

Neutron diffusion coefficients were measured for the light
water square lattices ( pitch 19 and 24 mm ) with aluminum chan-
nels ( dia. 15 mm ) in both the axial ( Daxial ) and the radial
( Dradial Ydirections, by means of the pulsed neutron technique.
The measured results were compared with those of calculation
based on either the 2-dimensional discrete S, or the Benoist
method, taking into consideration of the anisotropic scattering
by use of transport-corrected scattering cross sections. Fairly
good agreement was obtained between theory and experiment for
Daxialas well as Dradial The relation between extrapolation
distance and effective transport length in the axial direction,

I . and D _. / V was also studied. The ratios of I to
axial axial

3 Daxial / V were then numerically determined from the plots of
calculated neutron fluxes, which are slightly higher than the
widely used value of 0.71, This latter value has ever been

postulated in interpretation of the geometrical buckling of

axial

heterogeneous media.

* Faculty of Engineering, Nagoya University
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Table 2 ... Measured values of decay constants

Lattice pitch Trpe of assembly | Height , er (em) Decay constant ¢ ( sec™k)
1520 7780+ 100
17.12 7240 4 100
Axial assembly 19.00 6820+ 100
' 2092 6373 + 100
2282 6157+ 75
) 19mm pitch 1520 7352+ 100
17.10 6777+ 75
) ‘Radial assembly 19.00 6475 £ 75
21.00 6249+ 75
2290 6044+ 75
1440 7373 + 45
16.80 6774 + 30
Axial! assembly 1921 6405 + 88
2159 6183 + 98
24.0 967 + 73
24mm pitch
1446 7079 + 70
1686 6508 + 60
Radial assemhbly 19.26 6152 + 50
21686 6043 + 50
2406 6006 + 60

¥ The values are corrected far the diffusion conling effect.

Table 3 Calculated ratio of the exptrapelation distance
to the effeetive transport length in the experimental

assemblies

Tiattice Square Lattice

' (Cylindricalized) Slab lattice
Direction. Pitch 19mm Pitch 24mm H,0 8mm — AL Smm
ial
Axia 0.8 24 0.8857 0,78 9

(parallel)

Radial

. (0.71) (0.71) 0.7151
(perpendicular) .

unit in cm
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Table 4 - Group constants uséd in the fheoratical analysis

Material
B,0 AL
Cross sectian
Scattering cfnss gseetion
(transport corrected) 23551 009188
2y (em™)
Absorptina croass section
aveerpe N 001913 0.01246
2y (em™)
250000cm 8ec,

with neutron veloecity of
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Table 7 (Calculated valunes

JAERI-M 5351

for the various lattices

of extrapolation distance

Square lattice

Slab lattice

lleylindricalized) Hz0 8mm A£ 8mm
. (cm) {cm)

Direction "Piteh 19mm Pitch 24mm

Axial

axia 0.9 6 0.765 0.945
{paralled)

Radial

adia B B 05 5

(perpendicular)




Photo.] Axial assembly

Photo.2 Radial assembly




JAERI-M 5351

5]
&~ ~—--Cd piete ({.Omm thick}
-| _-Shield box
. Y — g 7 (BaC fem thick)
BFs counter ] 1 Al tank
. N ‘/_—-“'/
(upper ond ceﬁ?\_ Ha 0 — AR lattice ’-Ekfﬁﬂirr{_, Cd-plate (D.5mm thick )
) R d
BF, counter -————"{] . ‘ ; =
Cd plate (0.5mm thick) }
T target Extension tubs of
pulsed neutron source
Experimental assembly.
Fig. 1 Set up experiemntal assembly
Experimental assembly
BF3 counter p— —
 oe——— - i mng sing'e
Fre —amp. Multimode omp. channel analyzer
— T target
H. V. power
supply Inverter
ND 2200/ TMC
Pulsed neutron . ’
source Prinfer Time analyzer
Trigger
Puiser Scaler
Fig., 2 Block diagram of measuring system
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a

JABERI-M 5351

8000 a vs Bz2®
7000 -
6000~
Square lattice : lattice pitch 19 mm
dia. of A2 1.5cm
+ axigl assembiy
5000) {  radlal assembly
:
L | | |
4OOC)O 0.01 0.02 D0.03 0.04
Bz? (cm-2}
Fig. 5 Measured decay constant vs, buckling in the 2
direction for the axial assembly with pitc¢h, 19mm
2
8000} a vs Br
7000
u  6000|
]
2
Square lottice : lattice pitch 29 mm ,
-] dig. of Af I[.5cm
¢ oxial gssembly
50003, + radiol assembly
L - 1 i |
4009 0.01 0.02 0.03 0.04
Bz? (em?)
Fig, 6 Measured decay constant vs, buckling in the z

direction for the axial assembly with pitch, 24nmm




{arbitrary units}

flux

MNeutron

JAERI-M 5351

Neutron flux in HzO-Af square lattice

lottice pitech : 19 mm
'-5‘oocoo°o°° height : 24cm
“Poq a ‘5398 sec™!
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Distance from centar {cm)
a) with height of 16 cm
Nentron flux in HzO-AZ square lattice
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Distance from cenfer (cm)
b} with height of 24 cm
Fig. 7 Calculated neutron flux distribution in a slab of

H;0-Al e¢vlindricalized square lattice with pitch,
19 mm,
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Neufron flux in H:O— AL sguare lattice

tattice piich @ 24 mm
1.5 height 16 cm
000 g
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Neutron flux in HzO-A£ square lattice
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Fig 8 Calculated neutron flux distribetion in a slab of

H20-Al eylindricalized square lattice with pitch,

24 man,
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Neutron flux in Hz20-A#

JAERI-M 5351

slab lattice (paorallel )

1.5 lattice pitch : H,O 8mm AL Smm
“Poegq haight . 16¢cm
¢ ©o0, a : 7006 sec!
— °o° a Hy O
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a) slab lattice (parallel) with height of 16 cm
! Neutron fiux in HpO-Ag slab lattice (parallal)
lattice H. 0 8mm A2 8mm
800000, height = 24cm
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Fig. 9 Calculated neutron flux distribution in a slab of
H,O-Al slab lattice with pitch, 8mm,.
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Neutron flux in HzO—Af slab lottice {perpendicular)

loftice © H, 0 8mm AL 8mm

16
. tieight © 12 layers 12.2 cm
“uﬂc‘ % . ~
7= o ¥ mu“"p ¢ 1 5479 sec”'
e "oy . neufron  flux
— o Y,
£ . % o fittad poinfs by least sguare method
c 121 oF 3e
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=] o o
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2 o Ve
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o) slab lattice (perpendicular} with height of 192 cm

Fig. 9 Caleulated neutron flux distribution in a slab of
H-O-Al slab lattice with pitch, 8mm,

Change of extrapolation length of H.0-Ad square lattice with distance between assembly
boundories and Inltal spoce points for least square fitting

*0.98cm
o
} lattice pltch 19 mm
K- 3
—’ .
- /i 0.78¢m
Toet ; 0.78 em - } lattice pitch 24 mm
E rd
£ 0.7P
-]
-
2
©oet
, ) 5 He QO . haight 24 em
o8 b . AL | helght 24 cm
a Hy © , height 16 sm
[
wogl a AJd ., height 6 cm
Dla. of At {.5em
—
X . . . i

{ 2 3 4
Distance from boundaries (com)

Fig, 10 Change of the apparent extrapolation distance in
a slab of HpO-Al cylindricalized square lattice
with the increasing distance from its boundary
where the least squares fitting starts,
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Chonge of extrapolation length of HaO-Al slab lattice with distance between assembly boundaries
and initicl space points for leust squore fitting ‘

E

o -

M y o‘ssmbo,gq:m

e 'D i e = ) .

5 ,-W } porallal  assembly

w i

5

& 2-055cm

2 e

_3 5 ya o i ===g } perpendicular assembly

g osk—

= Key

- o HpO . height 24 om
* AZ , height 24 cm
&  HzQO , height (B cm
4 A2 |, height f6Bcm
O HpO , 12 layers

I I L ‘L s Af , 8 layers
0
Q 1 2 3 4

Distance from boundaries  {¢m}

Fig. 11 Change of the apparent extrapolation lengths in a
glab of HyO-Al slab lattice with the increasing
distance from its boundary where the least squares
fitting starts.

a- ZaV B:®
vs * Square laftice : diameter of Af ,1.5cm

{ parallel)
Sy caleulation with teansport approximation

lottice pitch
i . 3000} 19 mm
TU
L)
=2
> 24 mm
=
W
1
=]

Bff {rm2)

Fig 12 Calculated dependence of decay constants a on
buekling By for Hp,O-Al square lattice,




(sec™!)

a-ZaV

JAERI-M 5351

a - IgVv vs Bi Slab loflice : A Bmm H;O Smm
Ss calculetion with transport opproximation
4000 -
parallel assembly
3000 -
/ perpendicular assembly

2000 ~
o00

o 1 ! | J

oot ©oz 0.03 004 205

81%  (em?)
Fig., 13 Calculated dependence of decay constants « on

buckling By° for Hz0-Al slab lattice.
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