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TOM TAT: Bai bdo nay trinh bay két qua nghién ciru kha ning thiét ké cac mau tdi nap nhién
liéu t6i wu cho 16 phan iimg nghién ciru bang phwwong phdp mé phong t6i kim. Bién quyét dinh ciia bai
toan 16i wu 1a mau tai nap nhién liéu cho chu trinh van hanh tiérp theo sau khi lo phan ung két thiic mot
chu trinh hoat dong. Ham muc tiéu duoc thiét lap dé cuc dai héa thira s6 nhan hiéu dung kg tai dau chu
trinh van hanh dong thoi chita dung thong tin vé hé sé bat dong déu cong sudt. Mot thii tuc tim kiém 16i
chay trén may tinh cé nhan. Chwong trinh CITATION duwgc sir dung dé cung cap két qua tinh toan toan
16 cho bai todn 16i wu. Tinh todn dé fim mau tai nap nhién li¢u 16i wu doi véi chu trinh van hanh thir hai
cua lo phan vng hat nhan Pa Lat dwoc thuc hién va trinh bay trong bao cdo nay.

Tir khéa: M6 phong t6i kim, Toi wu héa, Lo phan iimg hat nhan, Mau tdi nap nhién liéu.

1. MO PAU

Sau mdt thoi gian van hanh, lugng nhién
liéu trong 16 phan g (LPU) khong con da dé
sir dung theo yéu ciu do nhién liéu da bi dbt
chay. Vi phan bd chay nhién ligu trong toan
ving hoat LPU 1a khong dong déu nén mot sd
bo nhién liéu (BNL) chdy nhiéu phai dugc loai
bo, mot s BNL chdy it dugc giir lai va thay
béng c4c BNL m6i. Tai cubi mdi chu trinh van
hanh, nguoi quan 1y LPU phai quyét dinh thay
thé bao nhiéu BNL, nhiing BNL nao phai dugc
loai bo va sip xép cac BNL moi va cil trong
ving hoat nhu thé nao dé dam bao LPU hoat
dong an toan, nhién liéu dugc st dung mot
c4ch hiéu qua. Quyét dinh nhu vy can dua trén
mot co s& khoa hoc chic chin va 1o giai cla
bai toan thay dao nhién liéu LPU cung cap cin

ctr khoa hoc cho quyét dinh do.

Trudc day, viéc thay dao nhién li€u thudng
duoc thyc hién theo so dd “out-in” hodc so db
“checker board” [1]. Cac so dd nap tai nhién
liu nay bao dam phan bd théng luong notron
trong ving hoat LPU 1a tuong dbi dong déu.
T nhitng nam 1980, viéc nghién ciru bai toan
thay ddo nhién liéu phat trién manh va hé qua
14 mAu tai nap do ro thip (low-leakage) dwoc
dé nghi thay thé cho cac so dd truyén théng [2,
3, 4]. Gan day, cac phwong phap tdi vu ngiu
nhién nhu thuit toan di truyén (Genetic
algorithms), phuong phap mo phong téi kim
(Simulated annealing viét tit 1a SA) ... duoc ap
dung thanh céng cho bai toan thay dao nhién
liéu LPU [5, 6, 7, 8, 9] da m¢ ra kha nang giai
quyét bai todn mot cach toan dién hon véi do
chinh xé4c tét hon. Trong cong trinh nay, chiing
t6i ap dung phuong phap SA dé tim kiém miu

tai nap nhién liéu t6i wu cho 10 phan éng hat

Trang 63



Science & Technology Development, Vol 14, No.T1- 2011

nhan nghién ciru. M6 hinh ciia bai toan t6i wu
duogc trinh bay trong phan 2, phuong phap giai
bai toan dugc trinh bay trong phan 3, phan 4
trinh bay cac két qua tinh toan dé tim mau tai
nap nhién li¢u t6i uu cho chu trinh van hanh
thtr 2 cia LPU nghién ctru Pa Lat va cudi ciing

1a phan két luan.

2. MO HINH BAI TOAN

Nhiém vu cta bai toan tbi wu hoa thay dao
nhién liéu LPU hat nhin 1d tim kiém cac
phuong an tai nap nhién liu dé dam bao nhién
liéu hat nhan dugc sir dung mot cach hiéu qua
nhét, an toan nhét trong sudt chu trinh van hanh
cta LPU. Do do6, cac muc tiéu cua bai toan la
kéo dai t6i da thoi gian vAn hanh cia mét chu
trinh, déng thoi bao dam tdi da sy an toan cia
LPU trong qua trinh van hanh. Mudn nhu véy,
can phai thiét 1ap cdu hinh wving hoat LPU
(mdu tai nap nhién liéu) sao cho hé sé nhin
hiéu dung ke cuia LPU dat gia tri lon nhét
trong khi hé s bat dong déu cong suit PPF
phai ¢6 gi4 tri thip nht. Trong cong trinh nay,
md hinh cta bai toan t6i wu duge thiét 1ap dé
tim kiém céc sap xép nhién li¢u trong ving
hoat LPU sao cho hé s nhan hiéu dung k¢ ciia
LPU dat gi4 tri cuc dai trong khi PPF phai théa
man cac gidi han an toan cho phép.

Bién quyét dinh trong m6 hinh cua bai toan
t6i wu nay 1a mot cAu hinh ving hoat LPU cho
chu trinh van hanh tiép theo. D6 chinh 1a cach
sép xép cac BNL méi va cii trong vung hoat
LPU, c6 thé dugc biéu dién boi tap hop {xm }»

trong d6 / chi vi tri trong vung hoat va m chi

loai BNL (loai BNL duoc xac dinh boi d¢ chay
nhién li¢u cia no):
1  néuBNL loai m & tai vi tri /
L = : Al vl (1)
" |0  trong c4c trudong hop khic

Ham muc tiéu duoc thiét lap dua trén
phuong phap ham phat [5] nhim cuc dai hoa
thira s6 nhan hiéu dung ke dong thoi chira
dung thong tin vé mot thong sd an toan quan
trong trong qué trinh tim kiém 1o giai 1a hé s6

bat dong déu cong suat PPF:

F = a(kesr - 1) - PMax[0,(PPF — PPF,)] =

maximum 2)

trong d6 o >0 va B >0 1a cac trong s6 ctia ke

va PPF trong ham muc tiéu.

Céc gi6i han gom c6:

- Hé sb bét dong déu cong suét:
PPF < PPF,p 3)

- B chay:

BU;<BUnw VI (4)

- Chi ¢6 mét BNL dugc dat tai mot vi tri:

z Zlm = 1 VZ
(5)
- S6 luong BNL loai m thoa diéu kién gidi
han:
D Xm<N, Vm (6)
1

trong d6 PPF,. la gia tri cuc dai cua PPF,
BUax 12 d@6 chay cuc dai, BU, 1a d§ chay cua
BNL tai vi tri /, N,, 14 s§ BNL loai m con dwoc
giir lai trong ving hoat. P6i voi mot tap hop
BNL dugc xac dinh thi BU,,, N, c6 gia tri

xac dinh.
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3. PHUONG PHAP GIAI BAI TOAN
3.1 Tinh toan toan lo

Céc déc trung vat ly cia LPU nhu ke,

phan b6 thong lwong notron ¢ thé dugc xic

- Dr,gAq)r,g + (Za,r,g + zzs,r,g—)g')q)r,g
g

Trong d6 @, la thong lwgng notron nhém
g tai vi tri r, D, 12 hé s6 khuéch tan notron
nhoém g tai vi tri 1, %, 14 tiét dién hap thu vi
mod nhom g tai vi trir, X, 12 tiét dién tan xa vi
mo6 nhom g tai vitrir, g, » g 1a tiét dién vi mo
chuyén notron tai vi tri r tir nhém g’ sang nhém
g, (V)i la tiét dién sinh notron do phan hach
nhom g’ tai vi tri 1, yg 1a phd phan hach notron
nhom g.

Trong cong trinh nay,
CITATION [10] duoc ding dé giai hé phuong
trinh khuéch tan notron nhidu nhoém (7) béng

chuong trinh

phuong phap sai phan hitu han. Trudc mdi chu
trinh van hanh cia LPU, mot tap hgp cac BNL
da su dung va méi véi cac do chay nhién licu
khac nhau dugc xéc dinh. D chay nhién liéu
cua tap hop d6 dugc xac dinh tir cac tinh toan
chay nhién liéu. H¢ s6 nhan hiéu dung va phan
bb thong lugng notron cua mot cu hinh sép
xép nhién ligu twong Gmg v6i mot miu tai nap
nhién lidu c6 thé duoc xac dinh béng viéc chay
chuong trinh CITATION cho c4u hinh d6. Sau
d6, hé sb bt df‘)ng déu cong suat PPF duogc xac

dinh dya trén phan bd thong lwong notron va

= z (zs,r,g'—>g +

g

dinh tlr viéc giai hé phuong trinh khuéch tan

notron nhiéu nhém [10]:

Zg (Vz)f,r,g' )(D '
k. g
eff

(M

phin bd chay nhién liéu. Nhu vdy, mot tinh
toan toan 10 bang chuong trinh CITATION s&
cung cip diy du cac thong s cin thiét cho tinh

toan ti uu.
3.2 Phuwong phap mo phong toi kim

Phuong phap mo phong téi kim [11] 1a mot
phuong phép tinh toan téi wu phong theo ky
thuat t6i trong luyén kim. Qua trinh tim kiém
161 giai coa SA dwoc S. Kirkpatrick phat trién
dua trén mot thudt todn Monte Carlo cua N.
Metropolis dé tim c4u hinh cin bing véi ning
luong téi thidu ciia mot tap hop cac nguyén tir
6 mot nhiét d6 nao d6. Thuat toan cia N.
Metropolis tim kiém trang thai can bing voi
ning luong thap nhét bang cach thay ddi vi tri
clia cac nguyén tir mot cach ngiu nhién theo
huéng khong chi 1am cho nang lugng ctua hé
thong giam ma con chép nhan cac thay doi lam
tang nang lugng clia hé thong voi mot xéac suat
phu thugc vao nang lugng va nhi¢t do cta hé
théng. Trong thuat toan t6i wu cua Kirkpatrick,
ning luong cua hé thong dugc thay bang gia tri

ham muc tiéu va nhiét d6 hé thdng tré thanh
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mot tham s diéu khién qua trinh tim kiém

Qua trinh tim kiém 10 giai toi uu ciia SA
¢6 thé dugc mo ta nhu sau: gia s ta dang tim
101 gidi X;.; tai lan can mat 161 giai X, néu gia
tri ham muc tiéu cia 101 gidi X 16n hon gia tri
ham muc ti€u cia 101 giai X; thi 101 gidi X
dugc chip nhan va qua trinh tim kiém s& tiép
tuc ¢ lan cén cua 101 gidi Xi.i. Trong trudng
hop gia tri ham muyc tiéu cla 101 giai Xj; nho
hon gia tri ham muc tiéu cua 101 gidi X; thi 1o1
giai Xi.; hodc bi loai bo hodc duoc chip nhan
vOi mdt xac sudt clru sdng nao d6. Xac sudt ctru
song cua 101 giai X;;, trong trudng hop sau phu
thudc nhiét 36 hé théng va muc do sai 1éch ham
muc ti€u cua 101 gidi X;; va X; va dugc xac

dinh boi cong thuec:
P = exp(-6C/T) ®)

trong d6 T 1a nhiét d6 cta h¢ théng va oC la do
léch gilra gia tri ham muc tiéu cua hai 101 giai
X; va X,

Khi bt ddu qua trinh ti wu, nhiét do hé
thong T dugc thiét 1ap & gia tri 16n, sau d6 T
giam dan qua timg giai doan. Chinh vi vay,
trong giai doan d4u cta qua trinh tim kiém, xac
suat ctru sdng P ciia mot 10i giai toi co gia tri
16n, do d6 SA c6 kha ning thoat khoi mot i
uu dia phuong dé c6 thé thyc hién tim kiém 1o
giai trong ving khong gian rong. Giéng nhu
trong t6i kim loai, thdi gian tim kiém cang lau
tuong g voi sy lam ngudi hé théng xay ra
cang cham thi chat luong cia 10i giai t6i uu

cudi cung cang tot.

Trong cong trinh nay, thi tuc tim kiém 10i
giai toi uu bang SA dugc thiét 1ap nhu sau:

1- Khoi tao ngﬁu nhién mau nap tai nhién
lidu ban dau,

2- Thyc hién tinh toan toan 10 d& danh gia
ham muyc tiéu cia miu nap tai ban dau,

3- Thuc hién dao ngiu nhién mot s6 BNL
dé tao ra mot mau nap tai mai (Candidate LP)
tir mAu nap tai ban diu (Base LP),

4- Thuc hién tinh toan toan 16 dé danh gia
ham muc tiéu Fc ctia Candidate LP,

5- Néu gia tri ham muc tiéu ciia Candidate
LP 16n hon gia tri ham muc tiéu Fy cia Base
LP thi Candidate LP tr¢ thanh Base LP,

6- Néu gia tri ham muc tiéu cua Candidate
LP nho hon gia tri ham muc tiéu cua Base LP
thi tinh x4c sudt ciru séng d6i v6i Candidate
LP,

7- Tao ra mét sb ngﬁu nhiénr, 0 <r<1, va
géan cho Candidate LP,

8- Néur <P thi Candidate LP tr& thanh
Base LP, néu r > P thi Candidate LP bi loai b,

9- Lip lai cac budc tir 3 dén 8 voi mot sb
lin duoc xac dinh, dwoc goi 1a chidu dai
Malkov,

10- Ha nhiét d6 hé thdng xubng theo quy

luat:
Ty =aT, 9

o dugc goi 1a thira s6 0 nhiét (annealing
factor), n 1a s giai doan U trong qué trinh tim
kiém.

11- Quay tr& vé bude 3 cho dén khi nhiét
d6 hé thong T giam xudng dudi gia tri gidi han
Tmin hodc tan s6 thay d6i cta Base LP tro nén

rét bé.
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Hinh 1 md ta thudt toan tim kiém mAu tai
nap nhién liéu t6i wu bang SA. Trén hinh 1, k

chi s6 mau nap tai nhién liéu duogc khao sat

trong mot giai doan, n chi sb giai doan dugc

ham muyc tiéu ctia Base LP.

Khoi tao miu nap tai (LP) ban dau
LP ban diu — Base LP

v

n=1

v

Dénh gia Fy

A

2

=1

v

CITATION

Tn+ 1= U«Tn

Dirng tim kiém?

Mu téi nap t&i uu

— Pao ngiu nhién mot s6 BNL
Candidate LP
Danh gia Fc <€
No
0 Tioh P = expC5CT)
v
n=n+1 k=k+1 .
Ye I Tao s0 ngau nhién r
i Candidate LP
— Base LP Ye
r<pP?
No

Hinh 1. So dd thudt toan tim kiém mAu tai nap nhién liéu t5i wru bing SA.

khao sat, K 1a chidu dai Malkov, Fc 1a gia tri

ham muc tiéu cia Candidate LP va Fp 1a gia tri
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4. KET QUA TINH TOAN VA THAO
LUAN

Mot chuong trinh tinh toan t6i wu hoa
thay d4o nhién liéu bang SA dua trén thu tuc da
trinh bay trong phan trén di dugc xay dung
béng ngén nglt Fortran, dugc tich hop voi
chuong trinh tinh todn toan 10 CITATION.
Trong két qua tinh toan dugc trinh bay sau dy,

10000k, — 1)~ 100(PPF — PPF.

Qua trinh tim kiém 101 giai t6i wu ddi véi
bai toan trén da tién hanh véi cac thong s6 SA
da dugc st dung kha pho bién ddi voi bai toan
t6i wu hoa thay dao nhién li€u 10 phén tng [5,
6, 7] nhu sau: nhi¢t d6 ban dau cua hé théng Ty
= 10, nhiét 6 gi6i han dudi T = 0.001, thira
s6 i nhiét o = 0.95, chidu dai Malkov bang 75.
Két qua tinh toan dugc trinh bay trén hinh 2 va
3. Hinh 2 biéu dién su thay ddi ciia hé s6 nhan
hiéu dung keg va hinh 3 biéu dién su thay dbi
clia hé sb bat dong déu cong suit PPF theo s6
miu nap tai nhién liéu dugc khdo séat. Hinh 2
cho thdy rang k. dao dong manh trong giai
doan dau cta qua trinh t6i wu nhung sau do
tang déu dan va dat dén gia tri cén béng cO

1,0663 khi qua trinh tim kiém 10 giai da khao

max

_{ 10000(k,, —1) if PPF < PPF,

chuong trinh da dwoc 4p dung dé tim phuong
an thay ddo nhién li¢u t61 uu cho LPU hat nhan
Da Lat ddi v6i chu trinh van hanh thir hai. Déi
voi bai toan nay, tai cudi chu trinh van hanh
thir nhat, 89 BNL di chay mot phan duoc giir
lai, 11 thanh berili & ngoai vi vung hoat dugc
thay bang 11 BNL méi tao nén mot cau hinh
ving hoat gdbm 100 BNL. Ham muc tiéu dugc
sir dung trong tinh toan dugc thiét 1ap nhu sau:

} >
if PPF2PPF.. o

max

sat khoang 8000 mau nap tai. Trong khi doé
hinh 3 cho thay rang trong giai doan dau, gia tri
cta PPF ciing dao dong manh, c6 xu huéng
giam nhung khong thé hién r& cho dén khi da
khao sat hon 5000 mAu nap tai. Mot bién dbi
dot ngdt da lam cho PPF giam gia tri tor 1,375
xuéng 1,323 rdi sau d6 gitr 6on dinh & mirc nay.
Diéu nay cho thiy kha ning thoat khéi biy cuc
tri dia phuong cua phuong phap SA. MAu tii
nap nhién li€u tdi uu co cac dic trung: Keg =
1,0663 va PPF = 1,323. So v&i mau tai nap
nhién liéu thuc té [9] v6i kegr = 1,0604 va PPF =
1,374 thi mau t6i vu tim dugc bang SA ¢ cac
dic trung t6t hon dang ké véi PPF giam mot
luong APPF = 0.051 va ke tdng mot luong Ap
=0.73 Besr-
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5. KET LUAN Y rang, ' : P

Cong trinh nay da 4p dung thanh cong
phuong phap md phdng toi kim dé giai bai toan
tbi wu hoa thay ddo nhién liéu cho 16 phan tmg

hat nhan nghién ctru. Két qua tinh toan cho

bang phuong phap ham phat va cac thong s6
tim kiém nhan cac gia tri phd bién, qua trinh
tim kiém 10i giai t6i wu bang phuwong phap mo
phong t6i kim ti€m can 101 giai t61 wu sau khi

chi khao sat mot phan nho khong gian 10 giai.
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MAu tai nap nhién liéu tbi wu tim duoc cho chu trung t6t hon dang ké so v&i mau tai nap nhién
trinh van hanh thtr hai cia LPU hat nhan Pa lidu thuc té.

Lat trong mot tinh toan thir nghiém c6 cac dac

OPTIMIZATION OF FUEL RELOADING PATTERNS FOR A RESEARCH
REACTOR BY SIMULATED ANNEALING

Do Quang Binh
University of Technical Education HCM city

ABSTRACT: This article presents results obtained from a research into an application of
simulated annealing method to the in-core fuel reloading pattern optimization for a research reactor.
The decision variable of the optimization problem is a fuel reloading pattern for the next cycle after the
present cycle finishes. The objective function maximizes the effective multiplication factor k. at the
beginning of cycle while it is established to include an important safety paramater — the power peaking
factor, in search process. A procedure for searching the optimal solutions was formed and a computer
code was developed in the Fortran language running on PCs. Nuclear safety parameters for the
optimization problem are provided from the results of the multigroup neutron diffusion theory
computation program CITATION. A sample calculation was performed to find the optimal fuel
reloading patterns for the second cycle of the Dalat research reactor and the results are presented in
this article.

Keywords: Simulated Annealing, Optimization, Nuclear Reactor, Fuel Reloading Pattern.
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