2005

(No.20)

.......................................................................................................... 2
(DHTGR e, 8
(2) e it ieiiereieeieiieieieeseiieeesesess 12
(3) Y [ T 17




37

37
21
(COE- INES)
52
(UCB)
ucs

17 8 9 11 3

COE
27 17

COE-INES

Jasmina Vujic

COE-INES

UCB



2006 8 9 8 11

52 7 9 0
13 0 14
21 COE
(COE-INES)
)
)
)
COE-INES

Numerical Methods for Solving Neutron Transport/Diffusion Equation

Jasmina Vujic

™)

Jasmina Vujic

*)



Sn

KUCA

SCM SCM



COE-INES
““Numerical Methods for Solving Neutron Transport/Diffusion Equation””

Jasmina Vujic

(MOC) (CP)
MOC cP

(UCB) Jasmina Vujic

UCB Vujic
ucB
ucB



37

¥128,000

¥4,000x9(

¥8,000x8 (

¥2,000%14(
7

) ¥6,000%0( )
) ¥1,000%0( )
) 13
1

¥968,500

¥19,100x49(2
¥21,100x1(2

3 ) ¥11,500x1(1
3 )

2

)

¥220,000

¥240,000

¥30,000%8

¥6,000

¥2,000%3

¥1

¥1,562,501

¥769,600

a0 ) ¥45,900

¥133,875

¥35,625

(¥2,625)

(¥33,000)

¥50,790

¥225,225

150

¥130,000

¥10,000%13

¥9042

¥840

¥1,392,797

¥169,704




37




1 HTGR

SRAC

(1) SRAC PEACO
(2)GA (Gulf General Atomic) MICROX
(3)Ledie Jonsson
Accretion ™ wimMsS
(4)APOLLO APOLLO-2 DRAGON CEA
2 4

(3)Ledlie-Jonnson (HAPOLLO

(3)Ledlie-Jonnson
Ledie Jonsson Accretion

W
P,J(|,k)=0£“05kJW—'P,J (1=13J)

P, (1,k) | | Ik



W,

P (1K) =Qy 1K)~ o (1 Py )ty

Q, (1,k)
I k
Q
(4)APOLLO
Diluent

APOLLO

Diluent

HTTR

-1
Fuel Cell Type Pinin Block Type (HTTR Type)
Fuel Type TRISO Coated Fuel Particle
Kernel Diameter [mm] 0.60
Packing Fraction [%0] 30.0
Compact Inner / Outer Diameter
|/ Sleeve Outer Diameter / 1.00/2.60/3.40/4.10

Block Inner Diameter [cm]

Fuel Cell Pitch [cm] 6.60

First Fuel Kernel Type/ Fraction [%)]

15% Enriched Uranium / 50

Second Fuel Kernel Type/ Fraction [%0]

Weapon Grade Plutonium / 50

Core Temperature [K]

1040

Block Temperature [K]

950




1 SRAC MVP

Flux Depression

MVP Leslie-Jonnson
APOLLO 2 MVP

MVP

-
>

i
~

!ﬁ
~

=
=)

o
>

MVP
”””””””””””” — SRAC(original)|” ~ ]

o
=

o
~
T
|
I
|

Flux Ratio(Fuel Compact/Graphite Block)[-]
o
=3

00 : : : : : : : : :
1E-03 1E-02 1E-01 1E+00 1E+01 1E+02 1E+03 1E+04 1E+05 1E+06 1E+07
Energy[eV]
1 SRAC Flux Depression
16

L

-
o

=
o

o
>

o
=

Flux Ratio(Fuel Compact/Graphite Block) [-]
=
53

o
~

00 S

G IER LE0L 1600 160 B0 160 1604 1605 160 160

2 APOLLO Flux Depression
3
Leslie-Jonsson Flux
Depression 4 APOLLO 10eV
107eV MVP
MVP

-10 -



g
o

Ing
~

I
N

g
o

o
o

Flux Depression
o
[oo)

— Ledlie-Jonsson | |

o
~

o
)

0.0 , , , ,
1E-03 1E-01 1E+01 1E+03 1.E+05 1.E+07
Energy[eV]

3 Leslie-Jonsson Flux Depression

16 L]_[J

Ing
~

I
N

[y
o

o
o

Flux Depression
o
(o]

o
~

o
)

0.0 \ \ \ \
1E-03 1E-01 1E+01 1E+03 1.E+05 1E+07
Energy[eV]

4 APOLLO Flux Depression

Leslie-Jonsson APOLLO MVP

MVP

[1] D. C. Leslie , A. Jonsson, “The Calculation of Collision Probabilities in Cluster-Type
Fuel Elements” , Nucl Sci Engin. Vol. 23, pp272-290 (1965)

[2] A. Hebert, “A Collision Probability Analysis of the Double-Heterogeneity Problem” ,
Nucl Sci Engin, Vol. 115, ppl177-184 (1993)

-11 -



37
(2)

Hide-yoshi

Windows

(11 hide@neutron.gse.tohoku.ac.jp

LabVIEWE]

Hide-yoshil2l

[21 HIDEKi and YOSHIkawa's nuclear reactor simulation game version 1.00

(81 LabVIEW

[5]

-12 -

[1



dg?) _ k(t)(l; p-1, i AC, (1) (1)
dc; (1) _ k() _ i—
= A AnO-ACO (=16 2
n(t) [n/em?]

Ci(t) [r/om?]

k(t)

I [sec]

X ™

o

[sec?]
k(t) n(t)
n(t)

Hide-yoshi

)
Hide-yoshi 1

(1) (2) (4)

I IRIRE IO AME.

:
i
i
i

o, EnEE i
i L
A v e

R )

EE & e FEHES
=

o
-

10
sl
&
n-
a
LH
w
EE
al
)
e

A

i

100-
wi
=
n:
@
w:
@
@
=
i H

i

100
%
w:
n-
@
g
)
w
H
e
B

)
30 -2664.1
BATKEE (T)

Toobite |t o
[ Zoroisif | e |
6 ISSION

!!f HITESE00KM, T EIGREE 250
L iiF )

= B @ & 4 2 2 8 2 8

bt
5EBEEEEE
§ i

1 Hide-yoshi

-13-



46 8 o []

N

) ( 5 )
Hide-yoshi

web site(http://www.neutron.qgse.tohoku.ac.jp/)

[RFHFEVI1L—8 Hide-yoshi BEERFER

AT
()
U (W]

\_ TR E

EEIEE

wst

it

2 Hide-yoshi

3 Hide-yoshi

-14 -



29

7 28

2005

Hide-yoshi

Hide-yoshi

100

Hide-yoshi

)

)

1

(

(4)

®)

-15 -



Hide-yoshi

Hide-yoshi
[1] : ,(2003)
[2] J : J .
(), ,(1980)
(3]
,(2004)
[4] Hide-kine2.0
,(2005)

[5] LabVIEW website http://www.ni.com/labview/ja/

-16 -



37

>
3 Krylov
2 )
Krylov
Krylov
Krylov
Krylov
Krylov
2
Fig.2.1
Gauss-Jordan , Gauss , LU , Cholesky |
Jacobi , Gauss-Seidel , SOR
Krylov

Fig.2.1

-17 -



21

(2.2)
AX=b
x=A"b
n n3 n2
2.2
(2.3)
— (k+1) — (k) -
X =MXx +¢cC
1 X A
2.3
(2.3) M c k
(2.4) k a p
- (k+1) — (k) —
X =X 4o P,
Fig.2.2 k
n n 100%

-18 -

2.2)

(2.1)
2.2)

(2.3)

(2.4)



N
d
Xo
!
1 Z;
=
Zl
iyt
X = Xo + 2
Z
Fig.2.2
3 Krylov
3.1 Krylov
N><N A \Y {v, Ay, A2y, ..., Am
v} Krylov Km(A; V) (3.1)
Krylov
K., (A;\?):: Span{;/,AQ,AZQ,---,Am‘1\7} (3.1)
3.2 Krylov
Krylov Fig.2.2 Krylov
X0 ro=b Axo ro A Krylov Km(A; ro)
m m Xm
Xm (32)
;m :;O +Em y EmEKm(A;FO) (32)
(3.2 Xm (3.3)
(3.4) Xm
fn=__mn B_A;(H (3.3)
xexm+K,(A;ro

-19 -



o LK, (A:To) (3.4)

Krylov Krylov
2 Krylov
(3.3) (3.4)
Bi-Conjugate Gradient Bi-CG Generalized minimal residual

GMRES Bi-CG GMRES

[1]
3.3 Krylov
SOR
(2.3) M
(2.1) A
[21.[3]

Krylov

SOR Krylov

4 Krylov

1.0

-20 -



PWR, 3LOOP (157 )

LU

2
SOR GPBIi-CG Krylov
SOR
Krylov
3
11 34>=34 PWR
2 1 10>=<10 1
156 1
31 10><10
4.2
421 1
1 10 8
Table4.1 GPBIi-CG if
GPBI-CG 1
Table4.1 1
1 2
GPBi-CG _ SOR |GPBIi-CG _ SOR
210 4249 271 1470
[s] 7 71 9 25
1 [s]| 3.33E-02 1.67E-02| 3.32E-02 1.70E-02

-21-



422 2

10 8 Table4.2
Table4.2 2
1 2
[em] | gpgice SOR GPBI-CG SOR
1.0E-02 116 357 145 129
1.0E-01 71 356 93 129
1.0E+00 61 355 79 129
1.0E+01 129 746 197 722
1.0E+02 408 10252 683 12860
1.0E+03 1124 107142 1755 140034
1.0E+04 2155 1076178 2699 1412750
1.0E+05 6173 10000000 6343 10000000
423 3
10 8 Table4.3
1 2 1 2
Table4.3 3
[cm] GPBi-CG SOR
1.0E-02 2 3
1.0E-01 3 5
1.0E+00 12 28
1.0E+01 125 1882
1.0E+02 247 89134
1.0E403 280 1218146
1.0E+04 292 10000000
1.0E+05 282 10000000
43
431 1
GPBi-CG SOR GPBI-CG
1 2 GPBI-CG
SOR 2 3 1 2
1
GPBI-CG
GPBI-CG
432 2
GPBIi-CG SOR

-22 -



GPBIi-CG

SOR
GPBI-CG
GPBi-CG SOR
433 3
2 GPBi-CG SOR
2 GPBI-CG
300 GPBI-CG
2 SOR
434
SOR
GPBI-CG
GPBI-CG
GPBI-CG
GPBI-CG
5
Krylov
Krylov SOR
SOR Krylov
GPBI-CG
Wielandt
[3]
6 _
2 3
[1]
GPBIi-CG Krylov

-23-



[1] , ,1996

[2] A. Yamamoto, “Convergence Improvement of Response Matrix Method with Large
Discontinuity Factors,” Nucl. Sci. Eng., 145, 291 (2003)

[3] T. M. Sutton, “Wielandt Iteration as Applied to the Nodal Expansion Method,” Nucl.
Sci. Eng., 98, 169 (1988)

- 24 -



