
ZJE • 173 1975 

0. Vtvwkt, V. Valuta, V. Krýti 

BOUNDARY CONDITIONS FOR CYLINDRICAL 
GEOMETRY IN NEUTRON TRANSPORT THEORY 

I. 

CIRCUUR VACUUM • CAVITY • BOUNDARY 
IN CYLINDRICAL SYMMETRY 

s> 
SKODA WORKS 

Nvctor Powtr СмйгасНм DtpartuMt, MtriMtioa Ctifrt 
PIZEŇ . CZECHOSLOVAKIA 



'I J I - I - 1 9 7 5 

O. Ye-vrrka, V. Valenta , V. Krýsl 

3 P I X ft Л !í Y С О : D I T I в t S F O B 

C Y H J I l H C A l G L O M E T R Y I N 

M H t 0 N T R A N S P O R T T H С О К У 

I . 

C I R C U L A R v л с i \: м - e A v i т Y * 

•: 0 i: X D Л К Y I X C Y L I I D B I C A L 

& V M M E ; ft Y 

Reg. ě. UVTEI 73307 

Nuclear 1'oncr Construction Department, information Centre 

I'LZI.S, CZICHOSU'VAKIA 



навйш|а|и|||т|ямг^|р||^ик|^|ааяцн^шм|а|мя|чаа|йви 

- 2 -

ABSTRACT 

Ift t h i s paper w« s i r e t h e . a n a l y t i c a l f o r m u l a t i o n 

of the bo«nd«ry condit ion for a c i rcu lar var.uifti-~ea\ity-bnunr]sry iv 
c y l i n d r i c a l s y m m e t r y . 1* i fc' 1»цк1»<1 to t'.e г«ч«Г» /2 / 
present ing the r e s u l t s of the. «xprrfuental research of n*ut< ег. pe.avY гат in* 
through » cav i ty of л radlu* £ and s length Я,шас1* i>y the re-:-,«í*reh ycrkcrv 

of the аК«Ш »МК5|РШ15,С7КСПОП1МЛК1А. The n u n e r l c a l 
a n a l y s i s of the problem convenient for p r a c t i c a l c a l c u l a t i o n ' i * 
given in the fo l lowing paper ( t o be publishMf}: 

0„ Veverka, V. Valenta , V. Krýt i 

B O U N D A R Y C O N D I T I O N S Г О К 

С Y i I N P К I С Л I G F 0 У t: Т К Y I K 

N F, U T H О S Т К А N S г О Г Г Т И F О И Y 

I I . 

C I R C U L A R V А С I' V С - C A V I T Y -

B O U N D A R Y I S С У I, J r, \, R j t: Л I 

S Y M M К T R Y 

The mathematical v e r i f i c a t i o n o f the mentioned experiiiieirt fr nrj vrn U» the 
paper ( to be publ i shed) : 

V. k r ý s l , V, Valenta , 0 . Veverka 

C A L C U L A T I O N OF К F l Г if 0 N Г f N V. 1 I! A T Y О f: 

T II R О Г G И A S T R A I G H T С 1 li С 1 I, Л R t Л С I V M 

с н А к ÍM: i i к (г , *> - a t о м У Т I: Y 
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ттт 
I n t r o d u c t i o n 

The task of th i s report and of the following set of papers i s to 
verify the above mentioned experimental resul ts and to develop an e f fec t ive 
method, simple enough, for calculations of neutron f i e lds in the v i c in i ty 
of a straight circular cavity naing the P-~appr«ximation in the form of an 
equivalent ef fect ive diffusion model or in the simple diffusion appro*!, 
nation in the two-dimensional ( r , s)~geometry and both the i sotfopical 
diffusion aodel with a scalar diffusion coeff ic ient D and the ar.isotroptcal 
diffusion model with a tensor dif fusion coeff ic ient (b , D ) . 

Tbe applications оГ the** formalat ioas cons is t , for instance, in the 
analysis of the neutron distribution in a reactor core ce l l including an 
enpty technological channel or in an ef fect ive oe l l of the axial neutron 
shield penetrated with technological channelss 

0oth the {^-approximation la W»m form of an equivalent e f fect ive 
dlffusion model and the sim.ple diffusion model here are written in the 
isotropics) diffusion approximation with the scalar diffusion coeff icient 
D. The generalization for an anisotropics! diffusion approximation may be 
eas i l y written writing the tensor component D together with the 
differential ' operator according to r and with the teaser component D 
together with the di f ferent ia l operator according to * , 

»otc: In the formulae for the group constants ( 2 . Ш to ( 2 Л 5 ) the lade* 
i defines the individual isotops and the index j defines the 
reactions, which are: 

£ * capture, f i s s i o n , e l a s t i c scatter ing, i n e l a s t i c 

scatter ing, ( n t 2n)-reaction, ( (n , 3n;-renction); 

L* the same; 

L> •• e l a s t i c scattering (v я 1 ) , ine la s t i c scattering 
( V e 1 ) , Л « , 2n)-reaction (V = 2 ) , ( (n , 3«)« 
reaction IV= 3) ) ; 

^ V * I 4 * " " s *b»n ( V Is a function of the energy of the 
primary ттШРФШ and of the Mission i<*otope). 

The Sormr»ae for the grottp eo*st»nts (2,'»1) to (2.Л') rnclude the 
integration according to ? across any homogeneous s«bregfon. The«e 
formulio are of course to» complicated and for practical calculations 
t lere are used some of the well-known s impli f icat ions . 

http://im.pl
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There i s given the boundary condition together with the symmetry conditions 
in the following approximations: 

i ) Infinite '•avity: 

General formulation: (1 .1) , ( 1 . 2 ) , (1 .3) . 
PN-«pproviawtion: (1.22J. 

r | 4»P Hre«i«»tioat (2.69), (2.70), (2.71) or (2.72) , (2.73). 
Diffusion approximation: (2.7*), (2.75). 

i i ) Finite cavity: 

General fo-rwlaAios: t 2 .1 ) , (2 .2 ) . 

P^^approxlnatioa: (2.13) to (2.27>. 

P -approximation (2.35), (2.3«), (2.37) , (2.38) , (£ .32) , (2.33), 
(2.3'H or (2.53), (2.50) , (2 .51) , (2.52). (2.57) to 
(2.62), (2.32), (2 .33) , (2.3*1). 

B4ff«5ioo approximation: (2.63) to (2.68), (2 .32) , (2.33), (2.34). 



I* i n f i n i t e c a v i t y 

Wc consider an i n f i n i t e c i r c u l a r vacuum channel i r r a d i a t e d with a 
c y l i n d r i c a i l y symmetrical neutron f lux «fur s i m p l i c i t y we do no* writ.-
the energy-dependenre of t h - neutron f l u x ) . I ir^t th»4 general Ь •;v.см -у 
condi t ion together with the s\..m.:etry conc'i t i ыч «;re ; l\c-n: 

Boundary cond i t ion: 

ччйдуэ-ччя'Лт-'У) for O^«T, 4 ^ < i 
i i ~ l - 2 . > from c y l i n d r i c a l i m i p t r y f o l i o * * 

НЧяДй-^О-.Ч'а^т;-^) for o é ^ ; - , O Í Y < I T , 

i.e. ЧЧИД'УЬНЧЪДТ-'НО f r o ^ i T . - i i V i J . U.ií 

Symnctry c o n d i t i o n s ; 
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2 . f i n i t e c a v i t y 

In t h i s chapter the ir.orc general case of a f i n i t e s t ra igh t c i rcu lar cav i ty 
of the ratlin? li «i»d the length II i s d i s c u s s e d . For В << H the cax i ty i s ' 
supposed to be i n f i n i t e and t h i s has been already di«cus.s>>d ii, the pre \ ious 
chapter. Further we suppose R ̂  II . Assuming the boundary of the cav i ty to 
be not irradiated from o u t s i d e the boundary condi t ion i s defined as 

ЧЧ*.,*.^)-
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/fW.x'.^.T-'Vp for ^ í ^ í ^ r l ^ í l . '2.1> 
1- - - a. 
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3 . Л P P e n d i x 
Here *P ;Íre point: to show the forunlae v l . ^ > ) . The vector current J ( r ) i s 
defined as 

ч; 
For the cy l i liiii-i ca 1 gcoaietry there иау be wr i t ten 

The components oi the vectoi Л.« [^i*rS-c«r T, ^ « v > a T i t » > i £ ] O Í I V Í " , o * ^ < 2 7 

woy be found using the d e f i n i t i o n of the spherical harmonics 
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