
HAL Id: hal-03492561
https://hal.science/hal-03492561v1

Submitted on 22 Aug 2022

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial 4.0 International License

Reduced order models in reactor kinetics: A comparison
between point kinetics and multipoint kinetics

G. Valocchi, J. Tommasi, P. Ravetto

To cite this version:
G. Valocchi, J. Tommasi, P. Ravetto. Reduced order models in reactor kinetics: A comparison
between point kinetics and multipoint kinetics. Annals of Nuclear Energy, 2020, 147, pp.107702.
�10.1016/j.anucene.2020.107702�. �hal-03492561�

https://hal.science/hal-03492561v1
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://hal.archives-ouvertes.fr


© 2020 published by Elsevier. This manuscript is made available under the CC BY NC user license
https://creativecommons.org/licenses/by-nc/4.0/

Version of Record: https://www.sciencedirect.com/science/article/pii/S030645492030400X
Manuscript_089032b137f8b62a2f0b24427138a141

https://creativecommons.org/licenses/by-nc/4.0/
https://www.sciencedirect.com/science/article/pii/S030645492030400X


SN

{

1
v

∂ψ

∂t
+Aψ = Fpψ +

∑

i
χi

4π
λiCi

χi

4π
dCi

dt
= Fdiψ − χi

4π
λiCi

,

F A
χi λi



i− th ψ
Ci

F
p di i− th

d

keff

(

A−
F

keff

)

φ = 0 .

(

A∗ −
F∗

keff

)

φ∗ = 0 ,

∗



ρ = 〈φ∗(F−A)φ〉
〈φ∗Fφ〉

Λ̄ =
〈φ∗ 1

v
φ〉

〈φ∗Fφ〉
β̄i =

〈φ∗Fdiφ〉
〈φ∗Fφ〉

β̄ =
∑

i β̄i c̄i =
〈φ∗

χd
i

4π
Ci〉

〈φ∗ 1

v
φ〉

{

dT
dt

= ρ−β̄
Λ̄
T (t) +

∑

k λkc̄k(t)
dc̄k
dt

= −λkc̄k(t) +
β̄k
Λ̄
T (t)

,

T

〈.〉
φ∗

t = 0

ψ

0



Aφj =
1

keff
Fjφ A∗φ∗

j =
1

keff
F∗
j φ

∗ ,

j

n n2

n

{

ljk
dSjk

dt
= kjk(1− βjk)

∑

m Skm − Sjk +
∑

i k
d
jk,iλiCki

dCki

dt
= −λiCki + βki

∑

m Skm
,

Sjk
j k



kjk =
〈Fjφ〉〈φ

∗Fjφk〉

〈Fkφ〉〈φ∗Fjφ〉
keff kdjk,i =

〈Fjφ〉〈φ
∗Fdikφ〉

〈Fikφ〉〈φ∗Fjφ〉
keff

ljk =
〈φ∗j

1

v
φk〉

〈φ∗Fjφk〉
keff Sjk =

〈Fjφ〉〈φ
∗Fjφk〉

〈φ∗Fjφ〉

βjk =
〈φ∗jFdkφ〉

〈φ∗jFkφ〉
βki =

〈Fdikφ〉
〈Fkφ〉

Cki = 〈
χd
i

4π
Ci〉k

kjk =
〈GjFkφ〉

〈Fkφ〉
kdijk =

〈GjFdikφ〉

〈Fdikφ〉
lj =

〈Gj
1

v
φ〉

〈Fjφ〉
βjk =

〈GjFdkφ〉

〈GjFkφ〉

βij =
〈Fdijφ〉

〈Fjφ〉
Sj = 〈Fjφ〉 Cki = 〈

χd
i

4π
Ci〉k

A∗Gj = νΣfj ,

j

{

lj
dSj

dt
=

∑

k kjk(1− βjk)Sk − Sj +
∑

i λi
∑

k k
d
ijkCki

dCki

dt
= −λiCki + βikSk

,

Sj



dS

dt
= MS ,

S M
S n M n × n

S

n
S 9n n 8n

(8 + n)n n2

8n
M

M

lj
dSj
dt

=
∑

k

kjk(1− βjk)Sk − Sj .



B4C
UO2 UO2

UO2

β
ρ



keff

kij









0.88923 0.29334 0.15291 0.05134
0.03203 0.12125 0.07372 0.02288
0.12134 0.28680 0.38487 0.19834
0.16048 0.41637 0.56683 0.77045









kij









0.89357 0.28779 0.15006 0.05032
0.03211 0.12127 0.07364 0.02286
0.12139 0.28695 0.38502 0.19824
0.16864 0.43211 0.58580 0.75710









keff kij keff

1.11706

keff kij

βij



Λ µs

lj µs









0.3125
0.4241
3.7227
28.232









lij µs









0.2465 0.3491 0.3935 0.4495
0.2938 0.1370 0.2646 0.6829
2.8120 2.5776 2.4007 4.2755
17.8861 18.8878 19.1796 25.4637









Λ lj lij keff

βeff

βij









332.4 1097.1 497.3 299.2
119.3 289.9 170.0 194.4
339.8 1486.3 776.3 715.0
304.2 1371.8 727.6 807.3









βij









332.7 1097.1 496.7 298.4
119.2 289.9 170.0 194.3
339.8 1486.1 776.2 714.7
307.7 1390.7 738.7 809.4









βeff βij



kij keff
kij

keff

lij

10−5s



10

−7

10

−6

10

−5

10

−4

10

−3

10

−2

10

−1

Time [s]

1.0

1.2

1.4

1.6

1.8

2.0

2.2

2.4

[
a
r
b
i
t
r
a
t
y
 
u
n
i
t
]

Avery 4 regions

Avery 6 regions

Kobayashi 4 regions

Kobayashi 6 regions

PK

10

−7

10

−6

10

−5

10

−4

10

−3

10

−2

10

−1

Time [s]

0.0

0.1

0.2

0.3

0.4

0.5

R
e
l
a
t
i
v
e
 
d
i
s
t
r
i
b
u
t
i
o
n

Kobayashi F

Avery F

Kobayashi B

Avery B

Kobayashi C

Avery C

Kobayashi T

Avery T



0 2 4 6 8 10

Time [s]

10

1

[
a
r
b
i
t
r
a
t
y
 
u
n
i
t
]

Avery 4 regions

Avery 6 regions

Kobayashi 4 regions

Kobayashi 6 regions

PK

M

−λi



−10

6

−10

5

−10

4

−10

3

−10

2

−10

1

−10

0

−10

−1

0

10

−1

[1/s]

Ave6

Ave4

Kob6

Kob4

PK

Fam

< −102 s−1

10−8

−5 · 102 s−1

2π/3

β ρ



M



10

−7

10

−6

10

−5

10

−4

10

−3

10

−2

Time [s]

2.5

5.0

7.5

10.0

12.5

15.0

17.5

20.0

[
a
r
b
i
t
r
a
t
y
 
u
n
i
t
]

Avery

Kobayashi

PK

10

−7

10

−6

10

−5

10

−4

10

−3

10

−2

Time [s]

0.30

0.32

0.34

0.36

0.38

0.40

0.42

R
e
l
a
t
i
v
e
 
d
i
s
t
r
i
b
u
t
i
o
n

Kobayashi region 1

Avery region 1

Kobayashi region 2

Avery region 2

Kobayashi region 3

Avery region 3



0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00

Time [s]

10

2

10

3

10

4

10

5

10

6

10

7

10

8

10

9

[
a
r
b
i
t
r
a
t
y
 
u
n
i
t
]

Avery

Kobayashi

PK

−10

6

−10

5

−10

4

−10

3

−10

2

−10

1

−10

0

−10

−1

0

10

−1

10

0

10

1

[1/s]

Avery

Kobayashi

PK

Families

< −102 s−1

10−8 −5 · 102 s−1










