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Coarse Mesh Finite Difference Method with Interface Coupling Coefficient Correction
for Real Time Analysis of Space-Time Dependent Neutron Diffusion Equation
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Abstract

A 4-cycle real time analysis methodology was developed to solve 2-group 3-dimensional space-time
dependent neutron diffusion equation, using coarse mesh finite difference method with interface coupling
coefficient correction. Comparisons with higher order nodal method were performed by steady state and
transient analyses of Yonggwang unit 1 cycle 15 reactor. For the steady state core within the typical operating
moderator temperature range, the differences of core reactivity and radial power distribution are less than 100
pcm and 1 %, respectively, and no attentive difference was observed in the results of the transient analyses

coupled with system calculations.



NPA (Nuclear Plant Analyzer)

, (FDM - Finite Difference Method)

, 4
FDM
3
MASTER MASRS
s MASTER RETRAN
&
RETRAN MASTER
0.25
, 4
ANCE rRocg”
(CMFD — Coarse Mesh Finite Difference)!®
4 0.25
CMFD
FDM
FDM
(NLANM-Non-Linear Analytic Nodal Method)™®
(ANM) (CNCC - Corrective Noda Coupling Coefficient)

(ICCC - Interface Coupling Coefficient
Correction)
ICCC NLANM
CMFD
NLANM , ICC



ICCC 3

NLANM
1 15 M
ANC
1.
2 3
i%:{(l_ﬂ)‘//+sd_L1_Zr1¢1’ g=1 1)
v, dt Zpph—L—Z0, ,9=2
Y S

g

L= > L= 2 %(35—33) @

u=X.,y,z u=Xx.,y,z

h, NN SN (current)
(FDM) 2
u (interface current) ju

ju :_Su(¢r _¢€) (3)
s B,

u D, D!

hoh
~ 2D! D,

4



(CMFD) (3
J,=-D,(#"—¢")-D, (4" +9¢"). ®)

5 3

u u

R TH ~ Y
5 ' +B,¢ ~¢) ©

u ¢I‘ +¢(/
m u @ ©
Ll =a¢™ +as" +as™ . )

m-— m+ m / r m
a

0 1 ~/ N

a,=——(D,—Dy),
h,

a, =%[55+55 +B.-B), (®)

1 =~ ~
a, =—— (D, + D).
h;

CMFD (5) @)
@) (tri-diagonal) FDM
(outer iteration) . (6)
( ICCC) FDM

Iccc :
(6) 4)

O
Il

Dh, (dg|" ¢ -¢' ©
¢ +¢'(duls b )



ICCC

dg|” ¢ -¢'
du|g h,
D__h (dg]"_dg|
D ¢ +¢'|duls dulg
ICCC
D/D
ox ox ox
S =3(By, Ty Dpo) + = AB+ — = A e
( 0 fo 0) aB a\/f aD
+AZ 1 (By, T, Do) + 6A8|23CR AB + OAZ

(12)

wllwh

[l

v

0
7\
wliwl
o;/

_l_

0
7\
wllwh
—

a\/TTRA\/f+

. ICCC

AT r ADm'
D

, A

ICCC

(10)

(11)

(12)

ICCC

(13)



L=0 L=1

Iccc 3
( CMFD_H)
IccC
Iccc
( CMFD_C)
I,
CMFD_C

ANC (12)

L=

NLANM

CMFD_H

2

15

L=3

150 MWD/MTU

ANC



A A
SA SA SC
C B B
SC SB SB
B SD SD A
SA SB SB SA
C C D
SA SB SB SA
B SD SD A
SB SB SC
C B B
SC SA SA
A A
2. 1
1. ANC
D) (ppm) (g7cm*) o
1 0 500 0.74335 291.7
2 1 0 1000 0.74335 291.7
3 2 0 1 0.74335 291.7
4 100 500 0.74335 291.7
5 200 500 0.74335 291.7
6 1 0 500 0.59572 320.0
7 2 0 500 0.64768 320.0
8 3 0 500 0.68008 320.0
9 4 0 500 0.81195 250.0
10 5 0 500 0.89646 180.0
11 6 0 500 0.96536 100.0
12 7 0 500 0.99999 27.0




(12)

IccC
CMFD_H CMFD_H
CMFD_C Iccc
CMFD_C Iccc
1.0 2
CMFD_C CMFD_H
IccC
CMFD C  CMFD_H
2. CMFD C  CMFD_H
(PCM) (P>1.0) )

ARO ARI ARO ARI
7.1 32.7 0.57 0.86
1 3.4 23.7 0.31 0.84
2 16.7 50.1 0.90 1.08
1 16.3 37.0 0.74 1.07
2 16.2 35.7 0.72 1.06
1 -43.4 -99.0 1.88 1.48
2 -25.9 -50.5 1.15 1.31
3 -15.1 -22.5 0.31 1.19
4 36.6 96.4 1.96 1.47
5 88.5 189.1 3.93 3.56
6 155.5 287.6 5.85 3.68
7 202.8 350.7 5.07 4.45
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0.924 | 1.257 | 1.079 | 1.302 | 1.035 | 1.148 | 0.577 | 0.366
0.2 -0.1 0.3 -0.2 0.2 -0.5 -0.2 -0.0
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— CMFD_H (0.05 )
O CMFD_H (0.25 )
® CMFD_C (0.25 )

9.
3.
CMFD_H 0.016 0.062 0.438 0.516
CMFD_C 0.016 0.062 0.094 0.172

() Intel Pentium IV 3 GHz CPU
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