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A calculation is made for the heat generated in 

a slurry pocket at the edge of a homogeneous pile. 
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A calculation is made for the heat generated in 

a slurry pocket a:t the edge of a homogeneous pUs. 
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pipes full of slurry extending from the pile tank are to eome extent 

in the pile field and there will thus be fissions and heat generation within 

them. If a p~p and heat exchanger is cut out of ,service there will be . . 
stagnant slurry in the pipes between the tank and, the closed valves, and 

there arises the question as to the cooling that may be needed for SUch 

places. 

Let us suppose that t.he effect of the pipe is to extend· the pile 
neut,ron' . " . 

boundary (~here the/density vanishes} by a cylinder of radiuspa,and length 

'L'.: oj,)en at the pile end and closed at the outer end. 'rbe radius a is~a.? 

cm; or two larger than the actual' inside radius of the pipe. Let -A be the 

outward derivative of the neutron density at the pile.8urfacebefore the pipe 

was added,' i.e., for L ::: O. Then for L sma1-1 compared to~a; this value of the 

derivative,will perslst 'throughout the cylinder, and for the average value 

of the neutron, density throughout the c:rlil1derwe thus have 

<P ::!:. A 
2 

(1) 

As'L increases froID,zero the neutron density at the oPen mouth of 

the cyllnder increasss the flow of neutr~ns into the cylinder from the 

pile decreases. We thertlf Jrs overest imate the flux into the cyiinder in 
" 

taking i t. -to be the Saine it was for L :: 0, i. €I, before the cyl inder was 

I' 

added.' 

The solution of Q2rp+ b2f:; 0 which vap.ishes at x :::: L and at 1.' :: a is 

00 I , 

<f'=' £.. En sinh f'r\ (L-x) ;r 0 (A n r ) 
I 

'"'. ....,~.:..,.;. 
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Pipe's full of slurry extending from the pile tank are to some extent 

in the pile field and there will thus be fissions and heat generation within 

them. If a pu~p and heat exchanger is cut out of ,service there will be 
, \ 

stagnant slurry in the pipes between the tank and the closed valves t and 

there arises the question as to the cooling that may be needed for su~h 

places. , 

Let us suppose that t,he effeet of the pipe is to extend' the pile 
,neutron' ' 

boundary (where thejdens~ty vanishes} by a cylinder of radiuspa,and length 

Lo o,;;>en at the pile end and closed at the outer end. 'rhe radi,us a i6~a, 

cm~ or two larger than the actual' inside radius of the pipe. Let -A be the 

outward derivative of the neutron denSity at the pile ,surface before the pipe 

'I.'laS added; i.e., for L :: O~ Then for L small compared to~a; this value of ,the 

derivative,will persist 'throughout the cylinder, and for the average value 

of the neutron, densi ty throughout the cylinder ,'Ie thus have 

01 _ L A 
Y~2 

(1) 

As'L in.creases from,zero the neutron density at the oPen mouth of 

the cylinder increases and the flow of neutr~ns into the cylinder from the . . . . ' . 

pile decreases. We theri:~f Jre overest imate the flux into the cyiinder in. 
. ~. 

taking it 'to be the scune.as it was for L :: 0, 1. e before the cylinder was 

" added..' 

The solution of Q2cp+ b2tf ;; 0 which vap,ishes at x ;: L and at I' - a is 

00 I , 

<p -:, r.: En sinh f", (~-x) J"o {A nr! 
I 
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where theA :: ~ n are the roots of J (1\ a) ::; 0, and 
n - 0, 

a 

-.If n 2 :::; 1\ n 
2 

- b
2

, ( 3) 

The average of this throughout the cylinder is 

f :t~ ? LBn C06h--rnL~ Jl(OCn) { 4} 

/fnL Ol n 

The neutron fl1,lx into the base of the cylind~r is p,roportional to 

F ( n ) ~, ~ I . :: L En l' n ' co s h 1 nL . J a ( i\ n r). (5 ) 
J x x ::: 0 

and if this be pre-as,-"igned as the series 
00 

then 

F ( r) :: ~ An J ~ ( It n r) t 

Bn -
..Ii.. 

n 
)(nCOShi'nL 

al1d (4) becomes 

lfi - 2 L an _~~h1'nL"_l 
't' 'W' - ··::tTL coshi'nL 

J, (-x..n) 
<Xn 

If now we take F( r) ::: constant 'l!l A. \OTe obtain 

An :::; 2A 
. ~nJl(C(nr 

-1 
({J ;;; 1!:2' 1'2 Otn2 

L n 
'£2.EE:~L .. 1 

cQsh1nL 

( 6) 

-"';-< -:<~,:." 

( '7) 

( a) 

(9) 

(10) 

In applieation to practical cases it is found that" n»b so that with (~) 

we have "If n :;:: An ""Oln. Then }fuL .:;;C{n L~ and for L of the order of a or 
a a '. 

larger the above cosh terms, ar:;a > > 1 and we obtain . .. 

IlJ :: 4~2 A L I, .-,. a~ A, 
'r L Q 8r. 

(11) 

J 
1 

Ct· 
<I 

, '4 

" Jj , 

where the i\ n :.:: <>I.-1l are the roots of J '( A a) :::; O. and o. 
a 

The average of this throughout the cylinder is 

{ 4} 

The neutron fl1.,lx into the base of the cylind~r is p,roporttonal to 

F(n) "l: - ~I . !:L.'Bn1'n cosh1nL . Jo ( AnrL (5) 
J x x ~ 0 . 

and if this be pre-as.'>igned as the series 
(10 

then 

F ( r) :: LAn J ~ ( 1\ n r) t 

\ 

an c.". (4) becomes 

If now we take F(r) :: constant 'l!I A. we obtain 

( 6) 

( ?) 

( a) 

(9) 

(10) 

In application to practical cases it is found that).. n»b so that with (:x) 

we have "If n :;; 1\ n "" at n .. Then )( nL ;;; ~ n 1., and for L of the order of a or 
a a '. 

larger the above cosh terms. are> > 1 and we obtain . . 

( 11) 
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On the other h.,nd. for y':'< 1 we have cosh :v-I = t: and applying this in (10). ~ 
cosh y 2 ' ~ 

together withL: 1 ~ 1, leads again'to {I} for L small compared to a. 
ot.~ 4 . 

If to be the neutron density at the center of the pile, then at the 

edge ofa spherical pile wi tl1out' reflector and of radius R 

A '" (Po 
R 

and (11) becomes our principal result 

~ 
CPo 

2 
:: a 

-8RL 

(12) 

(13) 

~lliB gives an over-estimate of the mean density in the pip~ Since, as 

ment,ioned earlier, the actual flux into the cylinde:- Vlill be less (for e. 

pile without reflector) than here ass1Lllled. 

A typical set of dimensions is R ::: 200 em, a :::: 15 em.» L ,';: 30 em •• 8l"td 

this gives a half percent as the value of tb.e ratio in (i3). If the :~ne 

)_s operating at 12,000 kw, per ton of tank wat: ... 1". the 3.'ate of heat generatj.on 

at its center is about 10 caJ. per 8P.C •. per cm3 . e:ncl thus that :hl the pipe 

(r:t 2 
is .05 cal parsec. per em .... of volume or .4 cal per sec < per em" of surf'aee. 

1iJe -estimate that this heat can, be gotten rid of by natural eomrectton if the 

pipe wall is 160 colder than the slurry, the hea·t transfer coetficient being 

about .025 in this case, If the pipe be surrounded by water some 40° colde:f 

than the slurry, natural convection operating on both sidei': of the pipe wall 

would appear to suffice" 

J 

= 3 = 

On the other hand, for y<'<1 we have cosh y-l :: x: and applying this in (10)'~ 
cosh if 2 

together wi thL: 1 :!; I? leads again to (1) for L small compared to a" . 
otIi'2" "4 . 

If f 0 be the neutron density at the cen'lier of the pile. then at the 

edge ofa spherical pile without' reflector and of radius R 

A s tJo 
R 

and (11) becomes our principal result 

2 
:: a 

-BRL 

(12) 

(13) 

'I.·ilis gives an over-estim.ate of the mean density in the pip~ since, as 

mentioned earlier, the actual flux into the cylinde:- will be less (for 9. 

pile without reflector) than here assumed. 

A typical set of dimensions is R ~ 200 em, a ~ 15 cm., L ~ 30 cm~, ~Ld 

this gives a half percent as the value of the ratio in (i3). Ii' the 

is operating at 12,000 kw, per ton of tank wat~~. the ~ate of heat generation 

at its center is about 10 cal per sp.~" per cm3 ,a:D'::' thus that j.n the pipe 

(c.t 2 is .05 cal per sec. per cmv of volume or .4 cal per sec< per em of surface. 

lj~e estimate that this heat can, be gotten rid of by natural convect1.on if the 

pipe wall is 16° colder than the slurry, the heat transfer coefficient being 

about .025 in this case, If the pipe be surrounded by water some 400 colde~ 

than the slurry. natural convection operating on both sides of the pipe wall 

would appear to suffice" 
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