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Dear coworkers and potential coworkers around the world, 

As the number of coworkers is increasing, we are issuing a circular letter to communicate about the matters of general interest to the FBNR project.  Please consider this as a personal letter to yourself. Those who are not involved in the project as yet may participate at any appropriate moment. The project has manifold aspects including scientific, technological, economical, political, and sociological.

A new era of nuclear energy is emerging.  The International Atomic Energy Agency has committed itself to “Help to ensure that nuclear energy is available to contribute in fulfilling energy needs in the 21st century in a sustainable manner; and to bring together both technology holders and technology users to consider jointly the international and national actions required to achieve desired innovations in nuclear reactors and fuel cycles.”- IAEA-TECDOC-1362. 
The objective is to develop an innovative nuclear reactor to be inherently safe, passively cooled, small, modular, and simple in design with integrated primary circuit. Safety is achieved by design, and has reduced adverse impact on environment. It is to meet the requirements of GEN IV and IAEA-INPRO as being economic, safe, proliferation resistant and sustainable. 
The FBNR may be called People’s Reactor. It is intended to be developed by the peoples for the peoples of the world in the spirit of cooperation and service to humanity.  It is intended to be a near term deployment project.  Let us form an international consortium to develop this reactor where all members are stakeholders.
An IAEA Coordinated Research Project (CRP) includes FBNR in its program.  Participate in the project.
FBNR Letter 12A     November 11, 2004

The solution offered by Dr. Raymond Murray (USA) to the problem posed in the FBNR Letter No.12. 
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Farhang Sefidvash
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Dear Frank,

1 received your inquiry about a finite hollow multiplying shell in a pool of water. In
this note I will outline the approach I would take to determine criticality. I will take the
view that one has calculated the neutron group constants for the materials involved, and
seeks to find the critical dimensions of the shell

Itis always a good idea to solve a simpler problem first, then extend the method to
a more complex system. Thus, consider a finite circular cylinder in the infinite water pool
Use a modified one-group technique, but solving for the fast flux. To account for the finite
height H of the shell in an infinite reflector above and below, assume an axial buckling B,
= (W/H')? where H' s a dimension larger than H by twice an axial reflector saving S ~
1/, where T is the age of neutrons in the core. This allows one to view the system as
effectively bare above and below. The materials buckling of the core is

B?= (k- )t )

and the square of the inverse fast diffusion length of the water reflector is
K=/t @

where 7, is the age in water. The diffusion equation for the core fast flux is
del’p + B2 =0 @)

where the radial buckling is
B’=B’-B;. @)

‘The water reflector equation is
delPgu - k2 o
where we assume that the radial kappa s found from
K=+ B ©)
'I_Uhe solution of equation (3) in cylindrical coordinates involves an ordinary Besscl
nction

©)

. = AJ(Bi) )
while that for equation (5) is the modified Bessel function
= CKo(ker) ®)

with A and C arbitrary constants.
Apply continuity of flux and current at the interface r = R,
(R) = pu(R) ©
JR) =] (R) (10)
where each current is of the form -D¢, with D a fast group diffusion coefficient. The
result is the pair of equations

AJBLR) = CKo(kR) an

-DB, AJ(BR) =Dy CK(kR)  (12)
The two equations in the two unknowns A and C will be compatible if the 2x2
determinant of their coefficients in equations (11) and (12) is zero, viz,
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Now for the three-region problem. I would define the inner radius of the shell as R;
and the outer radius Ro. One of these can be specified and the other determined. Apply the
same one-fast-group approach as before, distinguishing fluxes by h (hole), ¢ (core), and w
(water). Thus write the fluxes

bn=ATo(xr)

e = C Jo(Bir) + E Yo(Br)

b = F Ko(ier). )
Apply continuity of flux and current at R; and at Ro. This is straightforward, leading to
four equations in the four unknowns A, C, E, and F, and the critical determinant to be set
equal to zero, as follows:

Jo(B.Ri)y Yo(BRi) - To(kiRi) =0
DB/ JiBR;) DB, Y(BR)  Duwk Li(kRi)

Jo(B:Ro) Yo(BRo) -Ko(kiRo)
DB, Ji(BRo) DB, Y (B:Ro) - Dy Ky(%:Ro).

One must be careful with signs in taking derivatives of Bessel functions. In the carly days
of reactor physics, one had to look up Bessel functions in tables. Now, one can call on
Maple 9 or Mathematica to do the work, and probably solve the determinantal equation
Please let me know if the above information is useful. Best regards
Sincercly,

iz

Dr. Raymond L. Murray

Professor Emeritus, Nuclear Engineering
N.C. State University, Raleigh, NC 27695
(919)847-5030

(919)676-4734 fax

murray@eos.ncsu.edu
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