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Problem: - Given the nuclear constants, for fast and slow neutrons, of

the concentric materials composing a cylindrical reactor and the dimensions

of the cylindrical system, it is required to calculate the core) multiplica-

tion constant, k, the radial buckling constant 1 .0t and the valves of the

fast and slow fluxes and currents O f , Os ' Jf and Js respectively, at

the two cylindrical interfaces dividing the reactor into 3 regions. The

required values are to be calculated to six significant figures. The

given quantities are to be considered to have a precision of 1 in six

significant figures.

Sheets are attached that indicate how this problem may be

solved. This solution is based on Matrix theory. At the start sheet 3

is filled out and the Q matrix found for the outer or end region. Then

sheet 2 is completed and the Y matrix for the intermediate region is

found. The (0) matrix is found by the matrix multiplication of the

Q matrix into the Y matrix. Sheet one is for the core.

Both of the constants, for fast neutrons triad fi
are given

for the core. Only the diffusion constant, D el for the slow neutrons

is given. The other slow neutron constant,L
2, is determined when

that value ofas is found for which the reactor is critical. This

value ofas is found by an iterative process.

First a reasonable value of 	 as is assumed. The core

multiplication,k, is calculated from equation (2) on sheet 4 and the block

at the top of the sheet 1 is filled in. The quadratic in X may now be
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solved and veluea for M and M obteined. The vedues fer,e are to be

used for checking purposee. The core matrix iu then filled out with

---eee considered as au unkaovn.
je(kT.1

At this point the (CrYc ) matrix

is found by the metrix multiplication of the (4y) matrix into the

core matrix (Yd. The resuitine to by two matrix is to be considered

to be of rank one hence its determinent is set equel to zero and a

eulue of the urWeova la found. If this veeee of f' 	 Is meltiplied

by the eeliue r of the core, a trauecendentai et.ion whose ergumeut

J 	 ,lu der le obtained, the solution of which eeilds 	 ofvalue 	 since

r is knoen. The first approxematioa to the desired value of the rediel

buckling constant ee2 is thus obteieed. By uslne this value of 1 ia
) 	 ee

equation 	 on sheet 4 a second triel value of Al 3 is obtained fromfe
fle

which a second upproximetion to 2" is found by the proseso euat described

for sheet 1. After the third epproximetion to 	 hes been calculated it

can be seen that the first differences of the consecutive veiues of 0

are the first two mebbers of an elterneting sequence whose limit is zero.

efter the third or fourth approximation to deL" has been calculated it

is possible to eatimate en 	 that will give e k and a 	 for

which the value of the deterelnant of the (4/ c) eitrix will be oufficientl,

close to zero that the core wetrix Yc , may be :tiled out.

sheet 5 la for caiculetine the r eetrix eienente which are the

values of the rest aed sloe fluxes and currents at the core edge (radius).

en this sheet only A' neede to be calculated. 4r 4-
'af is taken as the average

of the two veiues obtained for it from the retioa , ane -. Sheet e
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is to be used for the calculation of the V
1
, catrix. the eiements of

yhich are the fast 4nd siow fluxes and currents at the intermediate

region ease (radius). This mattrix found by mitiplying the Y matrix

on sheet 2 into the V matrix on sheet 5.

A sawpie calculatioh is also attached. The ,ien quantities

in the blocks at the tops of the first three sheets are underscored.

The given quantities for four different reactors are as

follows. The core values are the same for all of this group of reactors.

Reactor 1

t . 44 	 r = 20 cm

- 1.243, 	 Ds - 0.264
	 H

z 	
7; cm sane for all

regions)

A suggested trial_ value of

Intermediate region

	

- 33- C-
	 2 	 ,

D4, 	 1.i43 	 0.167.

End region (outer cylinder)

. 2111

1.52
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r 	 20 ca,

R 28 cv

r = 28 c:r.

Intermediate region 2
Reactor

3 4
= 87 Dr . 0 .o4 4 r = 20 r = 20 r 20

L2 = 320.

end. Region

= 2139.

Ds = 0.530

1.4J

R= 32.5
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