)38 2 48 ActaPhys. Sin. Vol. 61, No. 7 (2012) 070201

ANA RHEP B R A W R e o B

K& B BOUR

(B TRERERER 5 TR R, BIX 430033)
(2011 4 5 F 21 Fe); 2011 4 8 / 16 H g BM& k)

BT H AN A R b7 3 ) 2 TR A SR I ARAS AT A, A SC s RS 0 W v N N G kb 13l
JIREAL ISR, AT 1€ IR AT, I SR T i SR AT SR BEAT T A6 45 SRR WY, i GO AT i SR N
TSI [ARURS 5 A RETA 21 TR NI (1 5K, R BT S N rb 13 g 242 R K e ok 0 A Ay o5

KR FMC T, Hraliis, s Re, SNA% KT

PACS: 02.60.Ch, 25.85.Ec, 28.20.—v

175

RHER T3 ) 5 5 R A — A NI o) T
T4, XEER M TR T Ew S SR T
(¥ 73 iy 22 ) vl ik 4, 5 AN gL 12 O T s iR A
HErb 73 0 2T R LRI IR L, [ A Sh a5 T T
TYVFZWEIT, JEm T s NI E 1 & Tk, bk
o APEAIT At o 2 O RV R YR il AL 1Y) e A7 R iR A 2
— P8I R H ORI, AN AL ) ) T
VISR TCTE IR BT A 57, [ 0 T 7 V2 3 T4
T P R AR R0 — FE A 2 T e A Ayt AR 2
A GRG0 —FloBr ik, E Ak e 1 i A
Tk, PR T RN R ) 3 o B ik — N ARt )
AR IRy g A 101U AN ] R Uk L AR T AR I
R 02381 RSO AR A3 W 5 VESIN T s 5
AISRAE, AT T NA 730 0127 T REAL i 2 K
AT e, 8 A 5% 5450 36 UE 2 WY, % K T A AT
SIS T RIURS B2 L A8 REAS 1) R N K.

i

2 [T R
M AR 10 T T3 S0 T AL

M
WO 2Py 4 MG+, @
dC;(t)

dt :%n(t) - )\ZCZ(t)ﬂ (l =12,--- 7M)7 (2)

b, n(t) R, AR N HE T K5 ¢
AL p 9 SN, B AR T A B N i
AR ARG N A @ AOER T TR AL
R LB R Ci(t) 5 i gkt
TOCWAZ IR S, g b b IS5, M %%
KT SR

W1 RHE R Bl A R AT DU, X
T M+ 1A TTRRAR Y JTREAL, M > 2
I, AR P AT (0 7 5K 5 RE I, — A L g
HE vk kg 1.

XTI A RO BIE T, T I J ARNE, TE
LA R LG B RS SN b IR K N AL g R T
(Y150 3 25 Oy RE AL ¥ i pfr ik = 9]

n(t) = Aexp(wt), (©)
Ci(t) = Asexp(wt), (4)
o wp;
p:lw—l—zwﬁ_)\‘- ©)
i=1 ¢

JiFE (B) & MRFIE 2, B RIESEL w 5 I
PVREESHL p, 1, B AT N Z IR BRI OC R. H ATk
Ttk (5) RIIEMETIM, w1, wa, -+, wr, HEE
SRAFILAAR. FRAE 72 (3) 5 (4) 1 n(t), Ci(t) I
NIER, ATRLEFEFE R B {t"exp(—rt) |n >0}, 7
Sy S A 1101,

I [EAS 23 A 5 ik, A B e PE 51 L, N W]
b/ IR

* ER ARRIEE S ([ES 10575131) FIiREZE T RE K% H ARRE% 3k 4 08 O (A U .

1 E-mail: cwz2@21cn.com

© 2012 fEHEFS Chinese Physical Society

http: //wulizb.iphy.ac.cn

070201-1



¥ IBE 4R ActaPhys Sin.

Vol. 61, No. 7 (2012) 070201

L[n(t,p)} - ot - i n(tvp)a (6)
NG = PP i),
(i:1727"'76)7 (7)
n<0 p) = No, Cl(Oap) = Cio' (8)
Hr BATER
L [C’lexp <¥t>] =0, 9
N[CZ,i eXp(_Ait)} = 07 (Z = 17 2a T a6)7 (10)
Hrb, €1, Cou(i = 1,2, ,6) AW REL

K3 S A 07 B, 7 R (D) A1 Q) T
A5y (1

(1 =p)Lin(t;p, h1, ha) — no(t)]

= ph {&L(t;péthl’ ha) _lp ; el n(t;p, ha, ha)
M
— > XCiltsp, ha, ho) — Q} (11)
=1
(1 —=p)L[C;(t,p) — Ciy ()]

{phs {8018(?19) — %N(t ) + NCilt, p)]
:07 (i:1727"'76)7 (12)

Hrf, p BIKASEL, by, he ZIEFHFEAL S
W/\f%ﬁz hi, he W EMR IS Mk NS
¥ p =0, (12), (12) 2UIBAR A Ze oy T F

Lln(t;p, h1, ha) — no(t)] = 0, (13)
N[Cz(tvpuhlahQ)_Czo(t)} :07 (221727 76>7
(14)

(13), (14) AR HEME BT KA.
MR ANSE p = 1IN, (12), (12) 2XIBAR A 5k
T TR (1) A (2). A SR T RE IR i
n<t) = n<t; 17 hla h2)7 (15)
Ci(t)zci(t;l,hl,hg), (i=1 2 6), (16)
n(t; 1, hy, hy), Ci(t; 1, hy, ho) B LLIE I 28 8 2 JT
i n(t; 0, hy, ha), Ci(t; 0, hy, hy) Fos.

4%‘ n<tap7 h17h2)l Cl<tap7 h17h2) %Ep =0 }#‘):ﬁ
BENPHRETT, RN

t 3D, hluhQ

anthlahQ )

(17)

Ci(t; p, hn, ho) Z Ci, (t; b1, ho)p™,
(i=1,2,---,6), (18)
/\Ei:‘
1 0™ n(t p,hl,hg)
N (t; h, he) = oo apm lp=0, (19)
) 1.0™Ci(t;p, hay ho)
Ci,, (t;h1,ha) = oo apm p=0
(i=1,2,---,6).(20)
Hp=1I,
n(t; 1, hy, hy) = n(t Z N (t; he, he),  (21)
+oo
Ci(t;1,h1, ho) = Ci(t) = Z Ci,. (t;hi, ha),
m=0
b5 R N HERT AR IR BES 5E, n(0) = ng, W
dn(t) | no + 26:)\ +4q
t= 0 iCig )
dgt 5 = =
t i
dt<)‘t 0 =70~ ACi, =0
3]
dn(t) | P 4
at t=0 = lno q,
Bino
Ci(0) = Cio (24)
Al
dC;(t
dt< ) li=o = 0.
H (24) XA EPIaa &R R N
ono(0; hy, h
no(0; h, ha) = no, % = ?no +q,
) 51 0C;,(0;hy, ha)
Clo (07 h17h2) Czo )\ l 8t _07
(’L: 1527"' 76)a
(03 ha, ha) = Cy,, (03 hy, he) = 0,
anm(o; hluhQ) _ 3Cim(0; h17h2) -0, m>1,
ot ot
(i=1,2,-+,6).
(25)

070201-2



#) 38 2 4R ActaPhys. Sin. Vol. 61, No. 7 (2012) 070201

N T 3RAF no(t; ha, ha), Gy, (t; ha, he), 485G ¥IUH %
1 (25), KfE T BN T RERI A

Lino(t)] =0, (26)

S A1

no(t) = ng exp (%t) ) (28)
C. (t) = 6_ Y =
i Y lno exp(—A\it), (i=1,2,---,6).
(29)

K (17), (18) sUAAA (10), (11) IR L E p
(1 m ORI R BT AF 2] m B AR T R DT (8

MWhy=—1hy =101
Onm(t) _ (p 8).
ot ZA Ci
My N
+(1 = Xm) < n atlm e : mnm_l(t) _ q) |
(30)
80%‘87?(04_)\1»0% (t)= %nm_l(t), (i=1,2,---,6),
(31)
o = 0, (m < 1), @
" 1, (m>2).

5 GIR%AF (28), (29), BEAZ KA (30), (31) F1(32)
3 FTRATHELE nyy, (8),C5,, ().

F1 RGN po = —0.007, ¢ = 1(MWIs) N5 1s W1
TR (mW) Bt ] A8 £k

AT IR TSR AR AT AR, KB
Mgl it — 2R om i R g

W2 Kt

= lim g Ny (
n—-—+o0o

= lim g g a; ettt
n—-+4oo J ’

i=0 j—=0
=(p-=08)/1, bi=X, (i=12,---,6),
(33)
Hb, g R IERER w, FE AT PSR 208
BB n. BEASBURAR G T3 8 T AR embit 1R
Ak

3 T HE L FIFn A

DA -7 HE R 01, TF 55 A 0 R B BR
N EET NG TR n(t) BRI ¢ AR (BT
FOAR R AL RN HE Ty 3 K7, v () A H 2D
KA, HAHESH | = 2 x 107°s, § = 0.007,
Br = 0.000266, B, = 0.001491, 85 = 0.001316,
Bs = 0.002849, 85 = 0.000896, B = 0.000182;
A = 0.0127s71, Ay = 0.0317s™%, A3 = 0.115s71,
A = 0.311s71, A5 = 1.40s7!, \g = 3.87s7 L
SN n(0) = 1.0mW, C;(0) = n(0)8;/1/Ni. 25 ]
ARSCFTIR T 15 SR B A AT R, JL 45 R 5 Hermite LA
I Gear JiikMBUASE Ry B T3R 1 25K 3. %
THRETIE SRS Rt E 1 2 3.
ASCHFH Hermite EHL A = 0.0001s 3K 43 135 {DUE
BG4,

# 2 MrERIERMNME po = 0.003,q = 0 NG 1Is N TT)
R (mW) BE I A 22 4k

I 5 15 Y REU% 20 8 Hermite 7k Gear V4

) 5 B g8 15 gl 20 YR80 Hermite 7: Gear 72

0.0 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000
0.2 0.4824509 0.4824561 0.4824561 0.4824561 0.4824548
0.4 0.4667824 0.4668171 0.4668171 0.4668171 0.4668146
0.6 04534326 0.4535298 0.4535298 0.4535298 0.4535295
0.8 0.4416778 0.4418715 0.4418715 0.4418715 0.4418733
1.0 04310892 04314112 0.4314112 0.4314112 0.4314136

0.0 1.000000  1.000000 1.000000  1.000000 1.000000
0.2 1850614  1.851268 1.851268  1.851268 1.851274
0.4 1942632  1.947593 1947593  1.947593 1.947603
06 2023125 2037922 2037922  2.037922 2.037923
0.8 2094025 2124831 2124832 2124832 2.124828
10 2156744  2.209839 2209840  2.209841 2.209832

#3 WMERIERNE po > B8 =0.007, ¢ = 0 HIAJG 1s W HFFIIR (mW) BEITAI 1251

(] 5 B EiR 15 fr g £ 20 M R Hu i Hermite % Gear %
0.0 1.000000 1.000000 1.000000 1.000000 1.000000
0.05 95.63974 95.64079 95.64079 95.64079 95.78333
0.10 1409.895 1410.422 1410.422 1410.422 1417.518
0.15 19783.52 19828.51 19828.51 19828.51 20010.35
0.20 275995.0 277962.7 277962.7 277962.7 281741.4
0.25 3.834490x 106 3.895881x 106 3.895881x 106 3.895881x 106 3.966912x 106
0.30 5.303262x 107 5.460344x 107 5.460344x 107 5.460344x 107 5.585867x 107

070201-3



)38 2 48 ActaPhys. Sin. Vol. 61, No. 7 (2012) 070201

W 1, 2 W LA, TR 20T I i AE W 2
AL T, ARG HOREE. 3R 3 Al E i, 78
BORIE S N PEIE A B o0 1, J5 BERTRIPE CAS
8, TR 22 Con E 2P, AR o B s vE S
R TE R, BTV SRR IR A,
RN, WA BANVE AR W ) 0 2 e v W) i)
oL, e M 5 W 0T Gear vA 55 H ML AL
(B39, 15 B GBI AR (10 LU 58 Ak 1) 7RG

0.9 5 M BEE
E — 20 TR
------ Hermite 3B fi#
= 0.7 F
g
S~
€ 05F
0.3 & : L : y
t/s
K1 BRSO SN, 5s N R BUE TR S Hermite
HAE I b
2.2F
1.8}
% 3 - 5 Mr SR
£ — 20 M REE
N at Hermite $U{Efi#
1.0k L : L : !
0 0.2 0.4 0.6 0.8 1.0
t/s
K2 BrERIE RO TSN, 1s R EURITRS Hermite

HAH AR LL AL

5F
S 5 Br e
2 — 20T RER
th) b5 2N Hermite ${{Ef#
T2
1 -
ok : i - - \ .
t/s
K3 KIERMYEHRA R, 0.3s WZEURITR S Hermite
HAH AR LA

s 02
IFE 1,2, 3 FTLAR th, BV 5 G L0
BEARAL T 3 G047 SR ORI, (LA B T
I, K546 W, S ATEIE AR by, By
A BOR LR

4 % i

SR VTSI TR ANV SORS 2 B, #R AT
Ui A2 56 B AR 5 2. SCH R by, hy EHUAANI%
A0 7 S WEHR, A BEAT AL, R AL
W Ry, ho BOAE, WIRTLAZEREAR N AR [ B O R B
IEIRERE. RS 3 A 7 ik S R g vt HLAT S i
PR, & PIORS BERLAT 38 T R AR SR A s HE R T
BN J15A T RER A, AT LT RONHE Bl
RIBETE 7 A AT AT A

[1] Huang Z Q 2007 Kinetics Base of Nuclear Reactor (Bei-
jing: Peaking University Press) p174 (in Chinese ) [##H 74 2007
W N HER) J) 2 A (et JEst KA i kAL) 25 174 1]

[2] Chen W Z, Kuang B, Guo L F, Chen Z Y, Zhu B 2006 Nuclear
Engineering and Design 236 1326

[3] ChenW Z, Guo L F, Zhu B, Li H F 2007 Progress in Nuclear
Energy 49 290

[4] LiHF ChenW Z, Zhang F, Luo L 2007 Annals of Nuclear Energy
34521

[5] Zhang F, Chen W Z, Gui X W 2008 Annals of Nuclear Energy 35
746

[6] LiHF Shang X L, Chen W Z 2010 Chinese Science Bulletin 55
4116

[71 LiHF ChenW Z, Zhang F, Chen Z Y 2010 Progress in Nuclear
Energy 52 321

[8] LiHF ChenW Z, Zhang F, Shang X L 2010 Acta Phys. Sn. 59
2375 (in Chinese) [Z2¥5i, MR ICHk, KL, RI4F) 2010 43R
1t 59 2375)

[9] Liao SJ2003 Beyond Perturbation: Introduction to the Homotopy
Analysis Method(Boca Raton: Chapman & Hall/CRC Press)p20

[10] Yamashita M, Yabushita K, Tsuboi K 2007 J. Phys. 40 8403

[11] Liao SJ, TanY 2007 Sud. Appl. Math. 119 317

[12] ZhuQ, LiHF LuoL, ChenZY 2010 Atomic Energy Science and
Technology 44(s1) 303 (in Chinese) [, 22k, B %%, Rk~
2010 JRTHERIEHIR 44 (s1) 303]

[13] Ye W C, Li B, Wang J 2011 Acta Phys. Sin.60 030207 (in Chi-
nese) [M28 )1, 2%, F £ 2011 HEE~44i 60 030207

[24] LiHF, ChenW Z, Luo L, Zhu Q 2009 Annals of Nuclear Energy
36 427

070201-4



#) 38 2 4Rk ActaPhys. Sin. Vol. 61, No. 7 (2012) 070201

Homotopy analysis solution of point reactor kinetics
equations with six-group delayed neutrons*

Zhu Qian Shang Xue-Li Chen Wen-Zhen!

(Department of Nuclear Energy Science and Engineering, Naval University of Engineering, Wuhan 430033, China)

(Received 21 May 2011; revised manuscript received 16 August 2011, China)

Abstract

Homotopy analysis method is a new method to form approximate analytical solution for non-linear system by using various base
functions, which is different from traditional analytical methods. So far, the analytical solution of the point reactor neutron kinetics
equations with six-group delayed neutrons has not been obtained yet. In this paper the homotopy analysis method is employed for
solving the point reactor neutron kinetics equations with six-group delayed neutrons. The series analysis solutions are obtained using
the homotopy analysis method, and the relevant algorithm is given and analyzed. The results show that the computation time and
accuracy satisfy the engineering requirements. This analysis method can be applied to the design, the analysis and the simulation of
reactor control.
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