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Boundary Condition Processing Method
for MOC Calculation in Arbitrary Geometry
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Abstract: Boundary condition processing is one of the difficulties encountered in the
application of method of characteristics (MOC) to arbitrary three-dimensional geome-
try. In this paper, a boundary condition processing method was proposed, which not
only preserved the track continuity as cyclic track method, but also could be applied to
arbitrary geometry as the interpolation method. The MOC equation was derived under
the flat source approximation and an internal iterative method was proposed in which the
source term and the boundary angular flux were processed separately. It was proved
that the equation had a unique solution which could be constructed similarly to the cyclic
track method. The iterative calculation flow was given by numerical integration and
weight interpolation. Takeda benchmark, single uranium sphere model with water cavi-
ty and C5G7 benchmark were calculated to test the accuracy. The maximum error of k.

is 21, 319 and 138. 8 pcm respectively, which shows that the method is reliable. This
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method can be applied to arbitrary geometry without storing boundary fluxes and

performing boundary iteration.

Key words: neutron transport equation; method of characteristics; arbitrary geometry;

boundary condition
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Fig. 2 Boundary tracking diagram

TEIB A v B S 2 T RO R A (2)
LT ST/ T B/ 38 5 5 036 25 T IE LA
PRI O fif, o, BT DA E 2 L T A7 i, B ™
A AT B X 23D . TR RN T
T 1. HA A7 Has LA 5w, i LA 7R
3 b A R RS AR A /D b SR AT R
JET a8

X AT B IR 7 A w5 A Al Dy
S (1 s 20,0 = D g3 (Pl o 20,08(r 20,0

(24)
Hrb.o o AL

SR Q) FI 1) By X EL2S Y 5 5l
B L& e, By DL 53 0 B A 153 5
ki FLB RIS WA RS .

X B 73 B B A — A R AN 3 IR L BT
o Ry A XS, b A Sy S B B AR A
BEEBR AT SRR 1A i Gk B AR L 4 AR

B3 oAk R

Fig. 3 Explanation of separation algorithm



CERE: i I 7

A O T T AR R LA B RRAE 22 3100 5 A5 11 Ak By ik 2149

TG BEL B 0 J7 10 I Sk e o X TR
7SN R BRI — B I R S i - 2L
L EFUTHRBL - ERLA AL, FIEL T
R TR 4wz Jy F  #R A T E URE £ Y R
A S — BUR AR ARG RO TE N I B R
BN NIE R . XS EL EAB P Ha
i S5 5 ) U R M 4R L 214k A R T B £k T I B
BT H S kA ik, B a2k Gl ) A il
TR AL GO A . R R E
W R T AR . SRR L
FIEATM G228 58 N b 2045 b il 1 3% 2%
2 L0 AR A A A RIS BT R TR

TESE BRI L oA O I3 7 A B i 5o A
e S N AR R n B RO B XA
B 1 R &Ga B2 )G ATAREAT T —
VR T SGE B TR E AT R S e
B PR A0 4 T S B e e E e A
AT AT AR W AR B R T
N FG RIRA B ASBER FE PR FRAE 28— FE iR
[ Ji A A B 7 LA BR A
2.2 ZEEITE

2% [B) AR5 [l A S 5 3 AN i R Y &
S R A 7 A e TROR B A A i, AT R (13D
AR . (Hi TR WAAERENE. LR
R S 4 45 Bt R b A 205 28 19 SR FRV2H BB 1 |
FIL A E B QD EHasmsE., wmE 4
JIE 7R » BT 5 0 e B AR HE A I L X s ASS
SR R QKR LOFE R g
BT QAR Q. H. AR ZBES T L
WA AT B 5 AR AT U5 37 Hh i B 7 2R
A o),

4 RGTBITIEME A B 5 R B A

Fig. 4 Scheme of unmatched reflective segment

Shy I 3 AR 5 B B A N A5 (]
KRR, el AT MEEHG(E . th T4 KR ZH0K
FREH 1Y J7 67 1 o 1 50 43 A ) 0B — A5 ff 2 R
SHPAMAE B, B QWURARZH
BT o M, R Z 0] B 2R R B4y
I w, Fl o s WAT L

w(Q) = Lt K
Mntl 7 Ma

Mwuﬂ * "CU(/!“H agD)
Montl T M

< po < prai (25)
Hr o A, SRR ITHER
Pit1 — @

Pit1 i

s w ) +

wlp, ) = wp, ) +

@i

Qi1 — @i

10 B 25 TR BUR B w0 (v ) 28 (10)

VL, 4y T S AT R R (13) L 0

4497 16175 T SRR R RO R A B3Rk (26)
AT 52 R 75 T H R T

W @in) @ < o < @i (26)

zlng;ie§f;,s
P _ v, ’i
@g,p./ — %}wmyp,,(.ﬂm) W +
I,
D w@Y, (@ (Q.r) ¢k (2,r)
@27

2.3 ERIAERE

BT AR I 5 iR, XHEBRET
PIEAC A B o H AR ARSE B FUR A B s )
2 VREREROIE R . AN AR AR

TESE PR BUS P57 rp G 2 4% BUfR B #%
RTS8 R 4R AT I B 5 B (H U
G v (4 5 2ty T OT 46 I O R HOE 2B BR 2 K
PR T — b i 22 A2 B R A7 7 19 5 X
([ 5 hREZRAE) o LR B 3k 0 5 HL i 5 i
BEA I8 B dr /N i A 4K S S S O R E
P8 7 AR B A T DR AT 5 7 2R 8 U
JERTRAF M STEAR BT, 350 i T T
RS EEA RS BARGE B B TE 56 . HAT 5
ARARIN AT LR S A S IR S S g R AT 5

BEACIR G BT LR 1) 46 8 B 0, S5 X
A6 HEATA W F L R )5 i 1 AR B () Ja
Trtn i BB R . REZRAE T A3 ik /) 1R 5 B
AT QD B[R w4y X F A F



2150

JRTRERLERR  RSAE

B — B 2RI L 0 SR B R TR E fE U
PEAT — IR S4B B . AR A RGB B 58
A B B A i /N AR SEIE BR T — AR AR
I BB B R S I L T DL &l A R
Je W SR AT LA/ T 45 A BRE {H

A BRI T

| ASili A0, i) |

XL R

——————

_____________

- DR R AFAEY

K5 kAR R

Fig.5 Scheme of iteration calculation

WGy BTSRRI B 2 1 S G
YR A TR IR WA 7 ik R T TR W
B AR LA R A E RS . SRR AL
LT EAN L XA T AN 2 T — R R A R
HAFAEL T 5 AR B BAE . Hih TR A
IRIEIN R 0, FF A ERFFIE LR 7 20 o T I T
(] U o B B T BB T B LTBR . A L
FHARE T %I AN S TR 5 B 2SR A

AEAEL e 7% 2 ) A A D - T IR 2 SR AR AL
SR [ 7 1 » Fe (L T R HL— b

BEANZTT A PR 1) B ARAE 28
7 PR AL AT PR IE 301 5 4% PR IACB A f A7 fil 0
St AT AR 2) B AR R IR LY
JE ST AT B B A RS AR 2R R TG % L ) B
FEE AR R 04 ANt PRAT B % 38 [ o o i
BRI AT 5

3 HERIE
3.1 Takeda E 4|

K Takeda B /18] B 1 50 UE A SC 7
ERIERPE . Takeda B2 1 A4 = 4E 7 fL HE
OB AL, JUART A AN & 6 s .

25
20
g15

R3)
w10
5

0
250
1578

7 s 10
K o

RS

O

= %ib(casel)
Bz il ##E (case2)

20

00

K6 Takeda S [a) @ 1 JLfif 4554
Fig. 6 Calculation geometry of Takeda problem 1

Bl 6 x=0.y=0 F1 ==0 P K St il
FEM R AN R R R 2,
casel HVZLAHR 73 3 58 b B Ry 25 B, case2 Hr 4L
[ERGI S B S E N

A A SRR < W% ROTHCH 0.5 em,
SR B BEICH 0. 05 em X 0. 05 cm. 3K FL4] 645
SEE-D) LS SR B, 8 MM A 16 A
ko P B E5 R T 3% 1.8 R RRAE 26 1 1 5 25
K MPACT3D™ . i 1 o[ FH . ky i1 B 45
RARZR/N . BT 3 Fib k& fe e F- 3438
R E VBRI T &R 2,

xRl kaltHER

Table 1 Calculation result of k.

N N casel case2

ST b B2/ pem Fu %/ pem
EEg 0. 977 80(£60 pcm) 0.962 40(£60 pcm)

PRI FFAE LR 0.977 63 —17 0.962 53 13
Ry 0.977 59 —21 0.962 57 17
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Table 2 Calculation result of error of average flux
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Table 3 Flux comparison

with cyclic characteristics method
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Table 4 Calculation result of C5G7 problem

343 B R 22/ %
X0 RERE
B0 2 A2
casel 1 0. 20 —0.006 8 —0.088
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2 0. 40 0. 15 0. 39
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Table 5 k¢ calculation result

of single uranium sphere model with water cavity

K/ ke TR GR %/
(grem ®)  Scale BF  MOC R pem

1 0. 915 91 0.917 70 179

0.9 0. 905 83 0.904 95 —88
0.8 0.892 74 0. 890 06 —268
0.7 0.875 62 0.872 43 —319
0.6 0.853 01 0. 850 99 —202

0.5 0. 823 10 0. 824 36 126
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