
 ME-427  INTRODUCTION TO NUCLEAR ENGINEERING

PROBLEM SET 4

Due: 31 Dec 1984

Pr. 1. A fast rector core consists of a mixture of 50 % enriched uranium and liquid sodium. The 

uranium is present to 10 a/o (atomic percentage). The shape of the reactor is cylindrical 

(bare). The density of the homogeneous mixture is 2 g/cm3. The radius is 1.5 m.

(a) Determine the minimum height of the core so that the system is critical.

(b) Find the maximum neutron flux.

Use one-group neutron diffusion equation and the following data:

Isotope
Cross Sections in barns

γ η
σs σf σa σtr

Na 0.0008 0 0.0008 3.3 - -

U-235 0.25 1.4 1.65 6.8 2.6 2.2

U-238 0.6 0.095 0.255 6.9 2.6 0.97

Solution

For criticality  Bgeo = Bmat

         

 

Atot = (0.1) (236.76) + (0.9) (22.9898) = 44.367 g

 



     where   

 

 

 

 

(b)

 

-----------

Pr. 2. For a bare, hoogeneous, critical, finite, cyclindrical reactor, the flux function is:

Show that the constant A, in terms of the power P, is

Solution

 



 

Using  

      since  J1(2.405) ≈ 0.5184  (Table V.1, Lamarch)

-----------

Pr. 3. A bare spherical reactor 50 cm in radius is composed of a homogeneous mixture U-235 

and Beryllium. The reactor operates at  a powr level  of  50 thermal kilowatts.  Using 

modified one-group theory, compute,

(a) The critical mass of U-235

(b) The thermal flux throughout the reator

(c) The leakage of neutrons from the reactor

(d) The rate of consumption of U-235

Solution

(a) 

 

        where     

Substituting:  Z = 4.98

 

 

 



 

(b)

 

(c)

 

 

(d)

Rate of consumption of U-235:

    

-----------

Pr. 4. Consider a critical bare slab reactor 200 cm thick consisting of a homogeneous mixture of 

U-235 and graphite. The maximum thermal flux is 5 1012 neutrons/cm2.s. Using modified 

on-group theory, calculate:

(a) The buckling of the reactor

(b) The critical atomic concentration of uranium

(c) The thermal diffusion area

(d) The value of k∞

(e) The thermal flux and current throughout the slab

(f) The thermal power produced per cm2 of this slab



Solution

(a)

Buckling    

(b)

 

 

 

 

(c)

 

(d)

 

(e)

 

 

(f)

 

 




