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ABSTRACT

In this paper the numericsl analysis of the houndary condition on a
finite circular cylindrical cavity with cylindrical symmetry is given, The
physical and mathematical formulation has been given in the previous paper
ZJE = 173, 1975. The formulation is given in both the.Pl - approximation .
and the diffusion approximation, The (r, z) = P, - approximation of the
problem is defined in an effective diffusion model with effective gonstants
and sources, Reblaclng these effective consyunts and sources by the usual
definitions we get the classic (r, z) = diffusion approxfmatiqn. This way
of the formulation is convenient for programming, as the Pl - approximation
code gives a poscibility to use it immediately as a diffusion code, The
description of the complete problem for a cylindrical cell with a cavity
together with a sample of caleuiation linked to the experimental research
of the probleﬁ made in the SKODA WORKS will be published, In this mentioned
paper we cive the formulation with a tensor diffusion coefficient (Dr' Dz)’
althoush fnto the programae the scalar diffusjon coefficient D = Dr = Dz =
= 1/(3 ztr) will be introduced due to the temporary infaniliarities of the
tensor formulae, Ve are going to study this problex for the case of a

cavity later,
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Introduction

The Loundary condition must be linked fnto the problem defined for a
selectod system of mes points, llence the height Il of the cavity is to
be devided into a system of subir‘orvals <'zj-l' zj) for 3 =1, 2, «a.,

by a systen of mesh points zj (j=0,1,2, eeey B). The flux PR, z)

between two necighbouring mesh points- is supposed to be either llnoar or
constant in accordance with the following pictuxes-
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A possible boundary between two different materials i& closen as a mesh
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A pos<ih1¢ boundary hetween two different mat ertzls §& cliesen as a mesh
po‘nf J 142 (J = l, 9 oee g “) .
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1. Li st o f dtscussced formulations of

t he problen
J. Finite cavity
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This formulation.may be written in an equivalent effective diffusion
approximation, eljminating the components of the vector current J g




- 6 -~

L

}-1
2 (et ] g e, ¢ W* 711,008t

s
[[/E'}]ﬂx ):i‘;. 31)}(14./‘:‘}2;‘: [E“-g,piv } gf‘*} r“‘{‘ |
P h.ﬁ
H;-‘l ‘
$ .4
(TP Fivier 3Dt Zruﬁ’*':,':"-‘?“ VTl
pet
3

31

. 5}-33;2&},'3 ¥ et 5“-31)}[[ ;:H St.2 g}

het
A

H
CP(Q XY+ Z\U“% [ —-Q(r z)} . S\(,(x,z‘)d}*@,x‘).&x’ ,

y " .
’Z_SK ’(xx\ ¢<rz }Jz*Z)
het o het
SFE( )

K ‘}‘_zbhi‘h»}.‘
KA R, x" ) o= Dh R b iy x|

Kh.;(l\“) ".DLL I«‘"} KsCx, 2,

l

*
Fr(R z).-3 ZK\“* ShR ) KR, XY |
hod

K¥CR x) - 37

l)S (R x"HyJz' -

mx‘)S"lcn‘x‘).‘z']\

g
3L

‘ 108)

(1,0

(L1

(1,1

(x x)[u.dpcnx)hm

(1.13)
(1.14)

(1.15)

(1:16)

(1.17)




C

e ———— T -

l‘z.}'* !
“-4
k"“‘*--ci"‘*-rc’“’*" AR (1.18)
llll
& = 4( g2, 1-"
"k.." 2 . 1' k.’ k-. . ‘
< 3D us ATy | (1.19)
.'
D} .
3 (1.20)
2. Diffusion approximation
! 3 :
. 2.2, + Ot h h
D}{Sr”’ or 91 ]¢ z""‘ S——'z }¢ L_Jg’v’zh¢ S*
k-4
141 (1021)

SHr oy KEH ]| CPcrn] K,cx 'y Qrem oy dx's

Ve Wi 2 ot | |
K} "C"-‘>1La,¢(".l‘)hll’ K" (x, z)[ cb(nx)]Jul-'*cu x)

.\,\I
& NN [ N N

(1.22)
K3, .2D% o (1,23)
KU Goxy s -DP Ko (e e (1.2%)
KE (e )= Dok (x,x') | (1,25)
FRR X)) -3 K% Sh( xy | (1.26)
p*. 1 . (1.27)

3T




v 11, Infinite cavity

t 1, Pl-ayprn%i;aiion
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leapproximntion in the enuivalent effective diffusion model
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Note: Tn (1,31) the offective sourrn function SE‘ is defined by the (1,11)
vith the exception that in (1,31) there is _4 ss =0,
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2 Nuwm er i cal analysis of the boundary

condition in the P‘ ~approximation

The Pl-npproximntion of the problem is considered in tne form of the

equivalent effective diffusion approximation (1,8) to (1,20), and (1,.5),
(1,6), (1,7)c M operations are performed analytically with {he only
exception that the neutron flux between any two neighbouring mesh points
i: considered to be either lincar or constant., Then the intecrations
(1.5), .FY, (1,7) according to the azimthal angle 'Y may be performed
by using the el¥iptic fntesrals .

2

EGiz a) - 514 Mok 1Y (2.1)

52
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SR ]l ey (2.2)

the values of which are given either in tables or by some anatytical
approximations, In / 3 / there gre given the following ap;roxiuations;

4 4
t ; L
- s 4 '8 - 2 2
E(n/z'A) }J)ﬁ’.\*-A ) ZS—L(“-A ) l"l('{"\ ) £.| ‘2“3)
Lo fed
[E] € 2 - 1’0‘8_
fo =1
Al = L9125 11462 }l = ,2%998 368310
B, = 00260 Gr122o }o = 09200 180037
py = SONTRT ARG /}3 = L04069 697526
By = -"1726 206431 T = 00526 419639
¢ " :
’ 2 il
-y 2 2
F('.2,/\3-‘/;_.)31H-M - §J %H"\) fuq- a4y £, (2,4)
[:o lzo
lels 2. 1078
/So = 136629 16112 /}0 = L5
/31 = LUU6G6 21259 '}1 = L1498 593507
Po = L0350 02383 ho = 06580 248576
/5.} = LU1TL2 563713 by ® 03328 355340
P, = <0151 196212 by, = #00H41 787012

o —as

¢ e o M W b v pn ¢ W ARRE € e b

e . R

et vy g Ao




EN L L
A)Linear approximatifon of t he neutr

flux

on

L]

The height of the channel is to be divided into subintervals (zJ._l, z].)
J =1, 2, ess,l by a system of mesh pointe 0 = zo < ‘zl < *-0 z“ = 7‘40
The only liuitation of the selection of the mesh points is that a jossible
boundary hetween two different materials (perpendicular to the chansel} i~

to be closen as 3 mesh pnirt, Furthernore we define another sysiren of

z +tz, T.+ 2
o = !i..l j Al j+l . cwvs
subintervals <zj-l/2' 1j+l/2>- < 3 . 5 > by a systen of

z

=1 * %3 |
= for j=1,2, ool o The desiecnaticon

Aji-1 = 2y = zj-l is used, The course of the neutvon flux # and of the

anisotropic terms of the source function betwecn any two neighbouring wesh
points is supposed to be linear

mesh points z.j.l/2 =
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The constant diffusjon paramncters within the subinterval <z, 1° z.Y are
fodexed with j~1/2 : ‘ J= J
el (2.5)
peii : o2
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As any of the mesh points zj for J = 1,2, eaey li=l may separate two
different meteriais, an effective value of the constant K “E 1n the point -

’j is defined:
. ko, . "\0}.
o B Ko+ S Ko
, . (2,8)
i b . : °
te A;'.;,..q + Al“"'t

Ve define two points g -1 (symmetrical to . z, aceording to z = 0),

Zie1 (symmetrical to 1 according to zH). Now the formula (2.8) may

he h.
be used also fn the points 2 and z,, defining K 15; = 1/5 ,
heg

h-g - gh-g heg
"nn/' Kpa1/2 o Therefore Ky 0o = Kysz o Ky er Kll-l/" .
For the definition of the boundary condition the neutron fluxcs ”El in

g
the point L and ﬂ“” in the point Zu are needed. These must be
defined using the boundur; conditions on the boundaries z =0 and z = M

e
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hence the boundary conditions (2.9), (2.10) mnry be written as
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the following deflnitionq are beineg used :
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being lﬂz‘gl "Bh‘gﬂ the inverse wmatrices.of 'A:’gl' ’ IA:‘SI

the solutions of (2,18), (2.19) may be written as-

} .
VRLITD DS N - R M
hoe 4

%ﬂ n e . | h
cb:u (R)- L‘B"‘ ' F“ lL q>:-4 |¢:-4 \ “!¢N"‘ 1 \ (2,25)

had
B
-~ . .
3o g q-lag 7 1-%< > .r'}/, }'f"%‘ (2,26
B .- A% -, AL 3! [ ‘
Led
ST

l o a2 qu 4/1. -
R E S g B St dp:m

vkoL\

4 ¢ _ch 34/1 Kz

2 € Esh
not ——-Duz k2

OIM 6an S (V) ]

+
/ i W “h
=i ‘“ D-’/z K12
" | (2.27)
BE5 4
v <vy-b 5
T cde - R il Sl L
Brh a3 AR grer ) e
As
osdi,; 2 ) 1 }'4 i
h lko
-:———D
n 1 h Byua it Kuetiz | 4y
r" [®M.4 , ¢n-4 L ¢u-4 }'. .h.h ¢~.m( R)’
A -D”ﬂ MedlQ
2 G Tah
b ~ Du-4/'1 kn 12
,L' S hoh L¢_(n) GAH»HSg H(n)]
D k’
i‘;: A neqia (2.29)
Thus o8 = 51. o5, ..., 95, 2,30)

REL ’u-l' RN Mg ) (2.31)

v o

© Lo LT




——

- 14 -

Now the boundary comdition (1,12) may be written as
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-1 for 4,
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. 1

IA;jI A g
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so far the A13 =z =z, vas suppesed to be noneequal to zerv; for

Y ]
Aii T 0, i.e, Aii = 1 the following table and the linit-
~fornulae are to he used: '
it i ii fi it ii it
Kl K2 l(3 K,* K':'v K6 K7
: (2.72)
n "_2 X __13 on o -
an 2R 8R
E(Y/2,1)=1, (2,73)
P( F/21 1) - X , ) 207"1}
Mm FO5/2, A)aA"=0, n=z=2;3. (2475)
A = O
(>»=1)

Tierefore, to get the (cefficients in the boundary condition (2.,32), the
following must be calculated:

1) (2,€6%) *o (2,71), using (2,3), (2.4);

2) to (2.57): for J =1 the table and the limits are to be used;
3) (2.4C) to (2,51);
) (2,280) te (2,50);
5) {2,23) to (2.27).
In the boundary condition (2.32) both the ﬂo and the @, are eliminated
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usinz (2:.24), 12,260), (2,27), 12,10), and (2,25), (2,28), (2,209), (1,'1)
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