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_‘AN EVALUATION OF sro . TIC vow MODELS
’ FOR BUBBLE WORTH CALCULATIONS

E. U; Vaughan__ and “_T.f J. Hoffman’

The ‘reactivity due to the co]]apse of a large number of small bubb]es in
a reactor core has been ana]yzed with Behrens method 152 Benoist's method 3
" and the probability table method-” Each ana]ys1s has used a d1fferent stochas-
tic model for the bubb]e d1str1bution within ‘the reactor core: the ‘Nicholson-
Go]dsm1th ca]cu]at1ons have emp]oyed a "c]osely-spaced holes“ mode] the
Ge]bard-Le]] calcu]at?ons have.employed a “random cube" model; the Hoffman-
vPetrie calcu1ations haue employed a'“nuclear modeI“;. However, any of the
models can be used w1th any of the methods In this paper, the three void
’.mode1s are evaluated. Based on th1s ana]ys1s the c]osely—spaced ho]es model
is reconnmnded as the most suitable for analysis of bubble co]]apse ina-
i molten, LMFBR core. j' o T -
To study the vo1d d1str1but1on, the moment-generat1ng funct1on is used:

G(q) I?:":1:"~L_<S">; | | _(1')-,»_

_where <s“> 1s the n-th moment of the next col]1s1on site d1str1but1on in the
f.'”;bubbly system._1§‘f'“fh*:uf‘f”h. o ”‘ | ,‘ “ A' |
t' " In'the Hoffman-Petr1e calculat1ons w1th the nuc]ear mode] an: exp11cit
:vf%express1on for the d1str1bution of next co]11s1on s1tes was obtained. Hitn f~,

“?”zt}athe subsfitution of this expression 1nto Eq 1 the fbllowing moment-generaf1nga-—;

;qunction is obtained for this model

1 e qlﬂt+’(f/'2t)[1- exp (—qd)] ( L




;”where zt is:the total macroscopic cross section of the compressed material

SRS

;'i‘unding the bubbles, z is a/d/(l—a), a is the VOld fraction, and d 1s the -

;mean chord length of the bubbles. ;*:?>__ ) n o
W_For the closely-spaced holes mcdel usually only the second moment of the:
lfnext collision distribution is calculated However, the procedures used to -

5 valuate the second moment can be extended to higher moments. In th1s fashion

we'obtain an expression for the moment-generating function 1mplied 1n the

5N1cholson Goldsmith calculations'-‘

h NG 1 + q/zt - (z/zt) %:%—)ﬂ-_d%

"tof'where <L"> 1s the n- th moment of the chord length d1str1bution for a:single
o ibubble. S ', R
o Equation (3) reduces to Eq (2) 1f

<Ln> = <L>n ':_ » : - . -(4)

_ Eincé:<LS :id The meaning of Eq (4) 1s that the variance of the chord-

length oistribution for the nuclear model is zero. Therefore, 1n the nucle

1. ll chord lengths through the bubbles are equal whereas fcr the

reas for the _;: \ |

\Since there is probably, in actuality,

adii; ne1ther model can be considered fully compre- v

is _robablyfless than the uncertainty due to the analytic representation

of:the actual problem On the other hand the assumption of constant chord-
length is far less natural than that of constant bubble size and seems to

give no advantage in implementation Therefore, the nuclear model appears e

lessiattractive than the closely-spaced holes model.

1fferencewbetween bubble”worths calculated with these models f)]’: - y'




However, these

to the random cube model of Gelbardjand Lell was obtained

"lf ble worth between these two models,;for a representat1ve problem, s s1m1lari
'r._to that between the closely-spaced holes and nuclear models s prev1ously

'v1nd1cated the d1fference 1s probably less than the uncerta1nty due to the

j;analyt1c representat1on of the phys1cal s1tuat1on Hence, repet1t1on of the
.relat1vely costly Monte Carlo calculat1ons for the random cube model 1s
’T-, not 3ust1f1ed " '

To determ1ne the nffect of these models on bubble worth the change 1n

“E'the mult1pl1cation constant due to bubble collapse ina molten LMFBR core

_x'?1s est1mated w1th Behrens' fornula

._where <sz>1 is the second moment of the next fl1ght d1str1bution for the
“':;system pr1or to bubble collapse and <$2>f 1s the corresponding quant1ty after
'”‘”af}bubble collapse Nicholson2 est1mated that kw for a large LMFBR would be
’véiabout 1. 3.‘ Table 1 conta1ns the bubble worth as calculated by Eq. (5) w1th
:ﬁ;kw_-~l 3 and a void fract1on ov,0a2 using each of the three models for

"'1,Cj<sz>1/<sz>f. Thehmrth 1s's'own as.a funct1on of the neutron mean free path
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comparab]e resu]ts_"'f Since the c]ose]y—spaced 'loles mode] 1s more reasonab]e

frcm ai» physica] standpoint than the nuc]eav- mode] and is easier to 1mp]ement
. than the random cube mode] we recorrmend its use for' bubble co]]apse e

’ca'lcu]ations of' =a'm01ten LMFBR core..




'T§B1é 14 Bubb]e Horth fbr,Void Fract1on4of 20% and;kw of 1 3 ;l-:;l

af Neutron Mean Free Path (cm)

bﬁzf';,Random Cube

o 'l--‘ﬁ’c‘°se1y-spaced Ho]es

o oo oo
0.0162 . 0.0108 ©0.0081.  0.0065 -
| ’-°"4t".’?1:4.4-:':“*"déﬁ069,6' o 0072 0,0058
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