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SN Method

Drawbacks of P  MethodL•
 Complicated
E h P h it t f ti

− z

 Each P  has its own set of equationsL−
hard to extend to higher order by a general subroutine→

Outlines of the S methodN•Outlines of the S  methodN

x y1)Discretize the solid angle into M segments (S for segment)
ˆ ˆ( , ) , ( )m M f Nθ αΩ →Ω =

2)Represent the angular flux within a segment with a representative value
ˆ ˆ( )m mϕ δ ϕΩ + Ω =

3) A i ht t h t h th t 2
M

∑
1

3) Assume proper weight to each segment such that 2

and represent the angular integral as the following summation:

m
m

M

ω
=

=∑

M M

4
1

ˆ ˆ( )
M

m m
m

d C
π

φ ϕ ω ϕ
=

= Ω Ω = ∑∫
Should be valid for isotropic flux 2

4m Cφϕ π= → =

1
2

M

m m
m
ω πϕ

=

=∑
1

m m
m
ω ϕ

=

=∑ % 2 : new variablem mwith ϕ πϕ=%
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Discretized Boltzmann Transport Equation

- Construct a balance equation for each with proper source and B.C.mϕ
Discretized Boltzmann Transport Equatio 2  tin ( )medπ•

1ˆ

- Solve for  m, then determine to update the fission source and scattering s= ourcem m
m

m φ ω ϕϕ ∀ ∑% %

1ˆ
2m m m mSϕ ϕ λχψΩ ⋅∇ +Σ = +% %

1

ˆ ˆ( , , ) ( , ) from all angles
M

m s l m lE
l

S r E E r E dEϕ
′

=

′ ′ ′= Σ → Ω →Ω∑∫ %

Simplification of Scattering source• p g

0 4
ˆ ˆ ˆ ˆ( , , ) ( , , )m mS r E E r E d dE

π
ϕ

∞
′ ′ ′ ′ ′ ′= Σ → Ω ⋅Ω Ω Ω∫ ∫

r r
%

( )1( ) ( ) 3 ( )r E E r E E r E Eμμ′ ′ ′Σ → = Σ → + Σ →
r r r( ), ,0 1( , , ) ( , ) 3 ( , )

4s m s mr E E r E E r E Eμμ
π

Σ → = Σ → + Σ →

( )0 , 10 4

1 ˆ ˆ( , ) 3 ( , ) ( , ,2
4

)s mr E E r E E r E d dE
π

μ ϕπ
π

∞
′ ′ ′ ′ ′ ′= Σ → + Σ → Ω Ω∫ ∫

r r r

0 10 0

1 ( , ) ( , ) 3 ( , )ˆ ( , )
2 mr E E r E dE r E J r EE dEφ

∞ ∞⎡ ⎤′ ′ ′ ′ ′= Σ → + Σ →⎢ ′
⎣ ⎦

Ω ⎥∫ ∫
rr rr r AdditionTheorem←
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Discretized Boltzmann Transport Equation

1
(Represent ( 2 ) simple with from now on. = )

M

m m m m m
m

wϕ πϕ ϕ φ ϕ
=

≡ → ∑%Multigroup Form•

1 1 3ˆ ˆ( ) ( ) ( ) ( )E E E dE E E J E dEϕ ϕ λχψ φ′ ′ ′ ′ ′ ′Ω ∇ +Σ + Σ → + Ω Σ →∫ ∫
r r

0 1( ) ( ) ( ) ( )
2 2 2m m m mE E E dE E E J E dEϕ ϕ λχψ φΩ ⋅∇ +Σ = + Σ → + Ω Σ →∫ ∫

1- Apply g

g

E

E
dE−

∫
1 ( )g

g

E

mg mE
E dEϕ ϕ−= ∫

1 ( )g

g

E

g E
E dEχ χ−= ∫

1 ( ) ( )g

g

E

m mg mgE
E E dEϕ ϕ− Σ = Σ∫

11 ( ) ( )g

g

E

mg mE
mg

E E dEϕ
ϕ

−Σ = Σ∫
Angle dependent total X-sec

1 1

1 1 1

( ) ( ) ( )g g

g g

E E

m xE Ex y z
g g g g g g

gx

E E J E dE dE

J

ϕ− −

′ ′ ′→ → →

′ ′Σ
Σ = = Σ = Σ

∫ ∫
Neglect direction dependency

tg mg mg mg tg mgΣ −Σ = ΔΣ ⇒Σ = Σ −ΔΣ

ˆ
m mg mg mg msϕ ϕΩ ⋅∇ +Σ = ˆ ( )m mg tg mg mg msϕ ϕΩ ⋅∇ + Σ −ΔΣ =m mg mg mg m ( )m mg tg mg mg mϕ ϕ

ˆ
m mg tg mg m mg mg mgs sϕ ϕ ϕΩ ⋅∇ +Σ = +ΔΣ = %

Xsec with no angle dependency
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Selection of Discretized Angle in 1-D

z
3μ

2μ

0, 0
x yα

∂ ∂ ∂
= = =

∂ ∂ ∂
in 1DN NS M→ =

2μ

1μ
- Suppose a polynomial expansion for true angular flux ( )ϕ μ

{

1

1
( ) ( )

M

m mdφ ϕ μ μ ω ϕ μ
−

= =∑∫
i d b

{
1m

mϕ=

0
( )

K
i

i
i

aϕ μ μ
=

≅∑
index begun 

from smallest 
iμ

μ 1Nμ μ= −

1N m mμ μ− + = −

- In order to have accurate integral upto the 2 -1 order: Gaussian QuadratureM
2 1 2 11 1 1

( )
M M

i id a d a dϕ μ μ μ μ μ μ
− −

= =∑ ∑∫ ∫ ∫
1

0 1 2 1
M

i id i Nμ μ ω μ= =∑∫ L
1 1 1

0 0
( ) i i

i i
d a d a dϕ μ μ μ μ μ μ

− − −
= =

= =∑ ∑∫ ∫ ∫ 1
1

, 0,1, 2 1m m
m

d i Nμ μ ω μ
−

=

= = −∑∫ L

2 1 2 1

( )
M M M M M

i i
i m m m i m m ma aω μ ω μ ω ϕ μ

− −

= = =∑ ∑ ∑ ∑ ∑
0 1 1 0 1

( )i m m m i m m m
i m m i m

μ μ ϕ μ
= = = = =
∑ ∑ ∑ ∑ ∑

1

1

idμ μ∫ 0 : 2
M

mi ω= =∑ 11: 0 ,
M

m m m N m m m mi ω μ μ μ μ ω ω− + − −= = → = − = =∑
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1m=
∑

: Roots of (2 1)th order Lengendre Polynomialsm Mμ→ −



Determination of the angles and weights in 3D

For NS
N

- Consideration of Symmetry in Angle

, , ξ η μ i i iξ η μ= = Only one set of 's requirediμ⇒
levels

2
in octant

Nn = z
y qiμ

:Polar angle, :Azimuthal anglem maθ

sin cos cosm
x m m m iθ α β ξ⎧Ω = = =

⎪

1η3μ

k
sin sin cos

cos

x m m m i
m
y m m m j

m
z m k

β ξ

θ α γ η

θ μ

⎪
Ω = = =⎨
⎪
Ω = =⎩

2η

3η

2μ

1μ
mθ m

j
k

β mγ

x y

( ), ( ), ( )m i m j m k m→

If 1 1 1i i j j or k k→ + ⇒ → − → −
ξ 1ξ

mβ mγ
2i j k n→ + + = +

y
2 2 2 2 2 2

( ) ( ) ( ) 1m m m
x y z i m j m k mξ η μΩ +Ω +Ω = + + =

2 2 2 2 2 21i j k i j kξ η μ μ μ μ+ + = = + + 2 2 2 2
1 1 for any i, j, ki i i jμ μ μ μ+ −− = − = Δ

3ξ 2ξ
1ξ

i

i j k i j kξ η μ μ μ μ 1 1i i i j+

2 2
1 ( 1)i iμ μ= + − Δ

2 2 2
1 1i j kμ μ μ+ −= + +
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Determination of the angles and weights in 3D

2 2 2 2
1

2

2
3 ( 3)i j k

n
i j kμ μ μ μ

+
+ + = + + + − Δ

64748
2

11 3
1n
μ−

Δ =

2 2
1 ( 1)i iμ μ= + − Δ

2
13 ( 1) 1nμ= + − Δ = 1n−

- For n levels, segments in octant
1Only need to be determined!μ

8
( 1)1 2

2
n nM n +

= + + + =L

8 4 ( 1) 4 ( 1) ( 2)N NM M n n N N= ⋅ = + = ⋅ + = +

1 2

3 4

3 6
3 3 1
ω ω
ω ω
+

+ + =

5n =

88 4 ( 1) 4 ( 1) ( 2)
2 2

M M n n N N= ⋅ = + = ⋅ + = +

 Symmetry in iω•

1n = 2n = 3n =
3ω

4n =

1ω 1 2 3ω ω ω= = ( )1 23 1ω ω+ =

1ω
1ω 2ω 1ω 2ω
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Determination of μ by Level Symmetry

 How to determine  and  (l=1, , L), L=f(n)i iμ ω• L
- Impose even moment conservation 

(old moment conservation already holds by choosing )μ μ=

2
11 3

1n
μ−

Δ =
−

81 2 2

0
1

1
2 1

M
k k

i i
i

d
k

μ μ ω μ
=

= =
+ ∑∫

(old moment conservation already holds by choosing )m mμ μ− = −

2 1 ( )n S− = 2
1 1 1

1 11,
3 3

ω μ μ= = → =

3 1∑42 ( )n S− = 1 1
1

13 1
3m

m
ω ω ω

=

= = → =∑
2nd moment 2 2 2 2 2

2 1 1 1 1(1 3 ) 1 2μ μ μ μ μ= +Δ = + − = −
8

2 2 2
1 2

1

1 2 1
3 3 3

M

m m
m
ω μ μ μ

=

= = +∑ 2 2
1 1

2 1 1(1 2 )
3 3 3
μ μ= + − =

4th moment

Valid!
2μ choose the lowest

4th moment
8

4 4 4 4 2
1 2

2
1 1

1

1 2 1 2 1 (1 2 )
5 3 3 3 3

M

m m
m
ω μ μ μ μ μ

=

= = + = + −∑ 1 0.737666
0 868890

0.350021
μ

μ

⎧
= ⎨
⎩

1μ
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Determination of μ by Level Symmetry

6 3 ( )n S• =
1 2 1 2

13( ) 1
3

ω ω ω ω+ = → + =

1

L ①
2

11 3
1n
μ−

Δ =
−

2 2 2(2 ) 2ω ω μ ω μ ω μ+ + +

2nd moment 2 2
1 1

2 2
2 1

1 (1 3 )
2

μ μ μμ= +Δ + −=

2 2
3

2
11 2 1 2μ μ μ−= + Δ =

3μ
1 2 1 2 2 1 3(2 ) 2ω ω μ ω μ ω μ+ + +

4th moment

2
1 2 2 1 1 1 2(2 2 ) 2( )ω ω ω ω μ ω ω= + + + + + Δ

2
2 1

1
2 1 3 1

2 3
:

3
holdμμ −

= + =

1ω 2ω

2μ

1μ

4 2 2 2 2
1 2 1 2 1 1 1

1 1 1(2 ) 2 ( ) (1 2 )
5 2 2

ω ω μ ω μ ω μ= + + − + −

1 2

6th moment
L ②

6 2 3 2 3
1 2 1 2 1 1 1

1 1 1(2 ) 2 ( ) (1 2 )
7 2 2

ω ω μ ω μ ω μ= + + − + −

6th moment

L ③

1

2

0.176126
0.157207
0 266636

ω
ω
μ

=⎧
⎪ =⎨
⎪ =⎩

①,②,③
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Finite Difference Scheme

( , ) : dependent on ,m x y x yϕ

 In 2D•

1jy +

mϕ

yΔ node l
ˆ2 ( , , )m x yϕ πϕ= Ω

m mm m
t sϕ ϕ ϕ∂ ∂

Ω +Ω +Σ =
jy

ix 1ix +xΔ
x y t m msx y

ϕΩ +Ω +Σ
∂ ∂

mξ mη

1 1Appply  j i

j i

y x

y x
dxdy+ + ⋅∫ ∫ ( ) ( )1 1

1 1 1 1

1 1( , ) ( , ) ( , ) ( , )

( , )

j i

j i

j i j i

y x

m m i m i m m j m jy x

y x y x

t m m

x y x y dy x y x y dy

x y dxdy s dxdy

ξ ϕ ϕ η ϕ ϕ

ϕ

+ +

+ + + +

+ +− + −

+Σ =

∫ ∫

∫ ∫ ∫ ∫
j i j i

t m my x y x∫ ∫ ∫ ∫
1 11 ( , )j i

j i

y x

m my x
x y dxdy

x y
ϕ ϕ+ +=

Δ Δ ∫ ∫
11 jy +

∫
, 1 , , 1 ,( ) ( )m m i m i m m j m j t my x x yξ ϕ ϕ η ϕ ϕ ϕ+ +Δ − + Δ − +Σ Δ Δ

1

, 1 1
1 ( , )j

j

y

m i m iy
x y dy

y
ϕ ϕ+

+ +=
Δ ∫

1

,
1 ( , )i

i

x

m j m jx
x y dx

x
ϕ ϕ+=

Δ ∫

ms x y= Δ Δ

, 1 , , 1 ,m i m i m j m j
m m t m m ms

x y
ϕ ϕ ϕ ϕ

ξ η ϕ ϕ+ +− −
+ +Σ =

Δ Δ
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Finite Difference Scheme

 Incoming flux condition given•

, ,and  given for 0 and 0m i m j m mϕ ϕ ξ η> > , 1 , 1, ,m i m j mϕ ϕ ϕ+ +

• Unknowns

 Weighted Difference•

, , 1 , , 1(1 ) (1 )m m i m i m j m jϕ ωϕ ω ϕ ωϕ ω ϕ+ += + − = + −
ω

1:  Step differencingω =
1 :  Diamond differencing (Linear Approximation of Angular Flux)
2

ω =

ω

2

, , , 1 , 1
1
4m m i m j m i m jϕ ϕ ϕ ϕ ϕ+ +⎡ ⎤= + + +⎣ ⎦

1
, 1 ,

1 ( )m i m m iϕ ϕ ωϕ
ω+ = −

,
, 1 , , ,

1 1 1( 1) m m i
m i m i m m i m m i

ϕ ϕωϕ ϕ ϕ ϕ ϕ ϕ
ω ω ω ω ω+

−
− = − + = − =

, ,( ) ( )m m m i m m m j t m my x x y s x yξ ϕ ϕ η ϕ ϕ ωϕ ωΔ − + Δ − +Σ Δ Δ = Δ Δ

, ,m m m i m m j
m

s V y x
y x V
ξ ϕ η ϕ

ϕ
ξ
ω

ωη
+ Δ + Δ

=
Δ + Δ + Σ

, ,=1: ,weighted average ?m m i m m j
m

y x
y x

ξ ϕ η ϕ
ω ϕ

ξ η
Δ + Δ

=
Δ + Δ
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m m ty x Vξ ωηΔ + Δ + Σ m my xξ ηΔ + Δ

, 1 , 1In fact, & first from 1-D, 

then from 2-D balance.
m i m j

m

ϕ ϕ

ϕ
+ +



Analysis of Difference Scheme

1D, Flat Source•

m
m t m m

d sϕμ ϕ+Σ = Δ

,m iϕ , 1m iϕ +

mϕ
S

m t m mdz
μ ϕ zΔ

m t m
m

m m

d s
dz
ϕ ϕ

μ μ
Σ

+ = ( )
t t

m m
z z

m
m

m

d se z e
dz

μ μϕ
μ

Σ Σ⎛ ⎞
→ =⎜ ⎟⎜ ⎟

⎝ ⎠
( ) (0) ( 1)

t t

m m
z

m m
m m

m t

se z eμ μμϕ ϕ
μ

Σ Σ

→ − = −
Σm m

,( ) (1 )
t t

m m
z z

m
m m i

t

sz e eμ μϕ ϕ
Σ Σ

− −

⇒ = + −
Σ , 1 , (1 ) (1)m

m i m i
t

se eτ τϕ ϕ − −
+ + −

Σ
= L t

m

here zw τ
μ

=
Δ

Σ

mμ⎝ ⎠ m tμ

, 1 ,( )m m i m i t m mz s zμ ϕ ϕ ϕ+ − + Δ ⋅Σ = ⋅Δ

Balance equation to find the average flux•

1 1 1 1τ−

, 1 ,( )m
m

m

t
i m i m

t

s
z
μ ϕ ϕ ϕ+= −

Σ
+

Δ Σ , 1 ,
1 ( ) (2)m i m i mϕ ϕ ϕ
τ += − + L

1 1
1(2) in (1): ( ) (1 )i i i ie eτ τϕ ϕ ϕ ϕ ϕ− −⎛ ⎞= + − + −⎜ ⎟

1 1 11 1
1 1

e
e e

τ

τ τω
τ τ− −− = − + = −

− −

for large 0τ ω =, 1 , , 1 ,(2) in (1): ( ) (1 )m i m i m i m i me eϕ ϕ ϕ ϕ ϕ
τ+ ++ +⎜ ⎟
⎝ ⎠

, , 1
1 1 1( ) ( )

1 1m m i m i
e

e e

τ

τ τϕ ϕ ϕ
τ τ

−

+− −= − + −
− −

for large 0

     smal 1 ?
2

l 

τ ω

τ ω =

=
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Analysis of Difference Scheme
2 3 3 4

2

2 3

1 (1 )1 2 6 2 6
(1 )
e e

e

τ τ

τ

τ τ τ ττ τ ττω
τ ττ

− −

−

− − + − + − + − + +− −
= =

−

L L 1
1

e
e

τ

τω
τ

−

−= −
−

(1 ) (1 (1 ))
2 6

e τ ττ τ τ− − + − +L

2 3 1 1
2 3 2 3
τ τ τ− −

2
2 3 2 3

11( ) 22
τ ττ τ

≅ =
−−

221 1 1 1 1 1 1 1( )(1 )
2 3 2 2 4 3 12 2 12

ττ τ τ τ τ≅ − + = + − − = −

10 !more weighting on ϕτω∴ ≤ ≤ − →

F L f Di i

, 10  !
2 12

step diffe

more we

rencing

ighting on 

 ( ) not reasonabl1 e!

m iϕ

ω

ω +∴ ≤ ≤

=

− →

→ ,m iϕ

ϕ For Left Direction•

, 1 ,(1 )m m i m iϕ ω ϕ ω ϕ+= ⋅ + −
A erage shifted to ard ϕ

, 1m iϕ +
mϕ
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Error Estimation

2 (3) 3 (4) 41 1 1( ) (0) (0) (0) (0) (0)
2 6 24

z z z z zϕ ϕ ϕ ϕ ϕ ϕ′ ′′= + + + + +L

2

2
1 ( )h

h

z dz
h

ϕ ϕ
−

= ∫
3 5

4)1 1 1 1(0) (0) 2 (0)2
2 3 8 24 5 32

h h
h h

ϕ ϕ ϕ(′′= + ⋅ ⋅ + ⋅ +
⋅ ⋅

L

2 4h h

- Backward (Implicit) Step Difference ( =0)ω

4)(0) (0) (0)
24 60 32
h hϕ ϕ ϕ(′′= + + +

⋅
L *ϕ=

21h hh

, 1 , 1, first from 1D,

then from 2D
m i m j

m

ϕ ϕ

ϕ
+ +

21( ) (0) (0) (0)
2 2 42SD
h hhϕ ϕ ϕ ϕ ϕ′ ′′= = + + +L

* (0) ( )
2SD
h O hϕ ϕ ϕ′− = + ⇒L

,m iϕ
, 1m iϕ +mϕ

h h
1- Diamond Difference ( = )
2

ω

2

2 (4) 21 1 1( ( ) ( )) (0) (0)( ) (0)( )h h h h′′

2
h

−
2
h

2 (4) 21 1 1( ( ) ( )) (0) (0)( ) (0)( )
2 2 2 2 2 24 2DD

h h h hϕ ϕ ϕ ϕ ϕ ϕ′′= + − = + + +L

* 2 21 1(0)( ) ( )
8 24DD h O hϕ ϕ ϕ′′− = − + ⇒L
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Negative Flux

 A weak point of Diamond Difference  Negative Flux• →

0
Negative

, , 1(1 )m m i m iϕ ωϕ ω ϕ += + −

g

 Negative Flux•

, , 1m i m iωϕ ωϕ += +

, 1 ,( )m m i m i t mmz s zμ ϕ ϕ ϕ+ − +Σ Δ = Δ

, 1 ,( ) ( )m t m i m t m i mz z s zμ ω ϕ μ ω ϕ++ Σ Δ + − + Σ Δ = Δ ,
, 1

( )m t m i m
m i

z s z
z

μ ω ϕ
ϕ

μ ω+

− Σ Δ + Δ
=

+ Σ Δm t zμ ω+ Σ Δ
- For Positivity

,( ) 0m t m i mz s zμ ω ϕ− Σ Δ + Δ > For step diff. =0. Always satisfyRHSω →∞⇒
0m t zμ ω− Σ Δ >

m
t z μ

ω
Σ Δ <

p y y

, 1
1For = ,if 2 can be negative
2 t m m izω μ ϕ +Σ Δ >

for various angles  more fine meshes→

SNURPL15 / 20
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Negative Flux Fix-up & Ray Effect

, 1 , 1If 0, set  to zero.m i m iϕ ϕ+ +<

Negative Flux Fix-up•

Negative

, 1 ,( ) ( )m m i m i t mzμ ϕ ϕ ϕ+ − +Σ Δ =

′ ′

, , 1(0 ) ( )m
m m i t m i m m

t

z s z
z

μμ ϕ ϕ ϕ+− +Σ Δ + = Δ
Σ Δ

mϕ′= m mϕ ϕ′→ <

Ray Effect•

Shi ldi bl d li i d b f di di- Shielding problems due to limited number of discrete ordinate 
low scattering, low density, localized source.
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Sweeping Strategy

Sweeping for inner iteration•

, 1 , , 1 ,
1( ) ( )
2

g g g g g
m m i m i m m j m j t ggm g g g g gy x x y Vξ ϕ ϕ η ϕ φϕ ϕ χ ψ φ′ ′+ +

⎛ ⎞
− Δ + − Δ +Σ Δ Δ = Δ + Σ +⎜ ⎟

⎝
Σ

⎠
∑

g
mQ% Self-scattering

, 1 , , 1 , 2m m i m i m m j m j t ggm g g g g
g

g
g

+ +
′≠

⎜ ⎟
⎝ ⎠

∑

,m jϕ
Q V y xω ξ ϕ η ϕ+ Δ + Δ

In-scattering

g
mQ

①

, 1m jϕ +

,m iϕ , 1m iϕ +

, ,m m m i m m j
m

m m t

Q V y x
y x V

ω ξ ϕ η ϕ
ϕ

ξ η ω
+ Δ + Δ

=
Δ + Δ + Σ

1

①

② , j

, 1 ,
1 ( )m i m m iϕ ϕ ωϕ
ω+ = −②

③ ④

- Inner iteration
Fi d d f i fi i d i tt ig gφ�Find   and  for given fission and in-scattering source
Multiple spatial sweeps are necessary depending of angular directions
Need to update self-scattering

g g
m mϕ φ�

�

�
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Inner Iteration Strategy

For iin=1 : Nin
For q=1 : 4

For j=jb(q) : je(q)

q
j i

begin end begin end

1 1 Ny 1 NxFor j=jb(q) : je(q)
For i=ib(q) : ie(q)

= (i,j)l l

2 1 Ny Nx 1

3 Ny 1 Nx 1

4 Ny 1 1 Nx

8
, , , , ,

, ,

, , , , ,

For m=1 :M

( , , )

( , , )

g l g g l in g l in
m m m x m y

g l out g l in g l

f Q

f

ϕ ϕ ϕ

ϕ ω ϕ ϕ

=

=, ,

, , , , ,
, ,

,

( , , )

or ( , , )
m x m x m

g l out g l in g l
m y m y m

l l g l
g g m

f

f

ϕ ω ϕ ϕ

ϕ ω ϕ ϕ

φ φ ω ϕ

=

= + ,g l
m

end ! of m
end ! of i

end ! of jend ! of j
end ! of g

g g
l l gg gQ Q φ= + Σ%
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end ! of iin



Acceleration of SN iteration

- Construct diffusion equation equivalent to the transport equation.

Diffusion Synthetic Method•

g g rg g g g
g g

D φ φ λχ ψ φ ′
′≠

−∇ ⋅ ∇ +Σ = + ∑
r

Sφ Di i Diff i C ffi i
N NS S

g gJ J
D DNS

g g gD Jφ− ∇ = , : Direction Diffusion Coefficientg g
g g u

g u g

D D
φ φ

= − ⇒ =
∇ −∇

 Iteration strategy for D.S. Method•

Outer IterationOuter Iteration
Group Sweep

Transport Sweep D ( )rr Diffusion Sweep ( )rφ r
Transport Sweep ,D ( )g u r Diffusion Sweep ( )g rφ

Fission Source Sweep
Multi-group Diffustion Sub-outer  (Multi-group Diffusion Solution)

Fission Source Sweep

Group Sweep Update eigenvalue, ψ
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Coarse Mesh Finite Difference

• CMFD Acceleration

ˆ( ) ( )NS
C l lJ D Dφ φ φ φ= − − + +% ( ) ( )C r l r lJ D Dφ φ φ φ+ +

( )ˆ
NS

C r l

r l

J DD φ φ
φ φ

− − −
=

+

%

r lφ φ

,
1

s
N

N

N
S
f s s

S s
C N

J h
J =

Δ
=
∑ ,

l
f i il

i
l

A

A

φ
φ =

∑
∑

1

sC N

s
s

h
=

Δ∑
l

il
i

A
φ

∑

g
f lφ

• Prolongation , ,
, , ,

,

f i lg CMFD
f i l l gprv

l g

φ
φ φ

φ
= ×

• Faster Convergenceg
- Global coupling between distant nodes or with boundary
   can be resolved quickly by solving CMFD which is an elliptic problem

SNURPL20 / 20

- Source convergence is accelerated as a result


