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Exercises of today
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Divide in groups of 5:

• I will leave you 10 minutes for Exercise 2

• We will go through the solution together

• I will leave you 10 minutes for Exercise 1

• We will go through the solution together

MULTIGROUP THEORY

10.1 Study of a very large fuel assembly

10.2 Two-group analytical model of a bare cylindrical core  



2. Two-group analytical model of a bare cylindrical core
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The first step will be writing the two-group diffusion equations:

−𝐷1∇2 Φ1 + 𝛴𝑟,1Φ1 =
𝜒1

𝑘
𝜐𝛴𝑓,1Φ1 + 𝜐𝛴𝑓,2Φ2

Leakage Removal Fast fission Thermal fission

−𝐷2∇2 Φ2 + 𝛴𝑟,2Φ2 =
𝜒2

𝑘
𝜐𝛴𝑓,1Φ1 + 𝜐𝛴𝑓,2Φ2 + 𝛴𝑠,1→2Φ1

Fission spectrum = 0

In the thermal range
Scattering source

We need then to set our boundary conditions:

∇2 Φ𝑖 + 𝐵2Φ𝑖 = 0

Geometrical buckling

This allows us to recast the leakage term …

Criticality condition with flux 

going to zero at the boundary
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Recasting the leakage term:

𝛴𝑟,1 + 𝐷1𝐵2 Φ1 =
1

𝑘
𝜐𝛴𝑓,1Φ1 + 𝜐𝛴𝑓,2Φ2

𝛴𝑟,2 + 𝐷2𝐵2 Φ2 = 𝛴𝑠,1→2Φ1

Solving for k:

𝑘 =
𝜐𝛴𝑓,1

𝛴𝑟,1 + 𝐷1𝐵2 +
𝛴𝑠,1→2

𝛴𝑟,1 + 𝐷1𝐵2

𝜐𝛴𝑓,2

𝛴𝑟,2 + 𝐷2𝐵2

You are interested in finding the critical size of the system … you set k=1 and solve for B.

𝑎𝐵4 + 𝑏𝐵2 + 𝑐 = 0 𝑎 = 𝐷1𝐷2

𝑏 = 𝛴𝑟,1 − 𝜐𝛴𝑓,1 𝐷2 + 𝛴𝑟,2𝐷1

𝑐 = 𝛴𝑟,1𝛴𝑟,2 − 𝜐𝛴𝑓,1𝛴𝑟,2 − 𝛴𝑠,1→2𝜐𝛴𝑓,2𝐵2 =
−𝑏 + 𝑏² −  4𝑎𝑐

2𝑎
= 0.00668

For a finite cylinder, the geometrical buckling is given by: 𝐵2 =
2.405

𝑅

2
+

𝜋

𝐻

2
 So finally, 𝑹 =

𝟐.𝟒𝟎𝟓𝟐

𝑩𝟐−
𝝅

𝑯

𝟐 = 𝟐𝟗. 𝟔𝟏𝒄𝒎.
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The first step will be writing the four-group diffusion equations:

• We neglect leakage because it is a large system

• We keep the fission source only in group 1 and 2 (why?)

𝛴𝑟,1Φ1 =
χ1

𝑘
𝜐𝛴𝑓,1Φ1 + 𝜐𝛴𝑓,2Φ2 + 𝜐𝛴𝑓,3Φ3 + 𝜐𝛴𝑓,4Φ4

𝛴𝑟,2Φ2 − 𝛴𝑠,1→2Φ1 =
𝜒2

𝑘
𝜐𝛴𝑓,1Φ1 + 𝜐𝛴𝑓,2Φ2 + 𝜐𝛴𝑓,3Φ3 + 𝜐𝛴𝑓,4Φ4

𝛴𝑟,3Φ3 − 𝛴𝑠,2→3Φ2 = 0

𝛴𝑟,4Φ4 − 𝛴𝑠,3→4Φ3 = 0

A Φ  =
1

k
 F ΦIn matrix form

As eigenvalue problem

A−1F Φ  =  k Φ

Let us assemble these matrices
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Let us assemble the matrix A:

A= [sigma_r1, 0, 0, 0; ...

-sigma_s(1), sigma_r2, 0, 0; ...

0, -sigma_s(2), sigma_r3, 0; ...

0, 0, -sigma_s(3), sigma_r4 ]

• Removal term on the diagonal

• Down scattering term on lower diagonal 

sigma_r1= sigma_a(1)+sigma_s(1);

sigma_r2= sigma_s(2)+sigma_a(2);

sigma_r3= sigma_s(3)+sigma_a(3);

sigma_r4= sigma_s(4)+sigma_a(4);
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Let us assemble the matrix F:

F= [chi(1)*nuf(1), chi(1)*nuf(2), chi(1)*nuf(3), chi(1)*nuf(4); ...

chi(2)*nuf(1), chi(2)*nuf(2), chi(2)*nuf(3), chi(2)*nuf(4); ...

0, 0, 0, 0; ...

0, 0, 0, 0; ...]

0.088 0 0 0

-0.0831 0.0613 0 0

0 -0.0585 0.0956 0

0 0 -0.0651 0.121

0.00552 0.00069 0.010178 0.106433

0.00408 0.00051 0.007523 0.078668

0 0 0 0

0 0 0 0

A matrix F matrix

Using either a direct or iterative solution, the largest eigenvalue and the associated fluxes are:

kinf=1.21500; Φ1=1; Φ2=2.4167; Φ3=1.4788; Φ4=0.7956

Remember: the exercise tells you to normalize for the fast energy group.


	Slide 1: Physics of Nuclear Reactors
	Slide 2: Exercises of today
	Slide 3: 2. Two-group analytical model of a bare cylindrical core 
	Slide 4: 2. Two-group analytical model of a bare cylindrical core 
	Slide 5: 2. Two-group analytical model of a bare cylindrical core 
	Slide 6: 1. Study of a very large reactor
	Slide 7: 1. Study of a very large reactor
	Slide 8: 1. Study of a very large reactor
	Slide 9: 1. Study of a very large reactor

