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TOM TAT: Bai bdo nay trinh bay két qua ddnh gid hang sé nhém déi véi nhién liéu va cdc vat

liéu quan trong trong vung hoat cua 1o phan ung hat nhdn MNSR va hé $6 nhiét dg chat lam chdm cia

@@ phan vmg ciia 16 phdan iing nay thong qua tinh todn toan 1o. Trong nghién ciru ndy, hang sé nhém

dwoc tinh todn bang chwong trinh WIMSD va tinh todn toan 1o diege thiec hién bang chiong trinh

CITATION. Cong trinh nay ciing trinh bay mét phuwong phdp ddnh gid hé sé nhiét @ chdt lam chdm ciia

do phan ung tai cdc nhiét do khdc nhau va gid tri trung binh cia né trong mot khodang nhiét do truc tiép

thong qua gid tri ciia nhiét dé chat lam chdm doi véi 1o phan g logi MNSR. Phuong phdp ndy cung

ccfp mét bidu dién todn hoc thudn loi cho cdc tinh todn dong hoc va ddnh gid an toan 1o phan wng hat

nhan.

Tir khoa: 16 phdn vng hat nhin, MNSR, h&ng $6 nhém, hé sé nhiét dg chat lam cham cia dé

phdn g, WIMSD, CITATION,

MO PAU

Lo phédn tng hat nhdan MNSR (Miniature
Neutron Source Reactor) [1] la loai 16 phan (rng
nghién ctru cong sudt thip (cong sudt danh dinh
12 30 kW), do Trung Quéc thiét ké va san xuét
dwa trén thiét ké cta 10 phan tng hat nhan
SLOWPOKE cuia Canada. Day la loai 1o phan
tmg bé boi (tank-in-pool), 1am cham va tai
nhiét bing nuwdc nhe, phan xa bing beryllium
va thanh didu khién dugc lam béng vat liéu
cadmium. Vung hoat 16 phan ung c6 347 thanh
nhién lidu, 4 thanh néi (tie rod) lam bang thép
khong ri va 3 gia thanh (dummy rod) bing
nhdm. Loai nhién li¢u dugc sir dung trong 10 la
UAL,-Al v6i mat do 3,456 g/cm3 va do lam

giau 25U 12 90%. Cic thong s6 quan trong cia

loai 10 MNSR dugc tém tat trong Bang 1. Cau
tric ctia 10 MNSR dugc mo ta trén Hinh 1.

Bang 1. Mot s6 thong sb chung ciia loai 10

MNSR
Loai 1o Bé boi (tank-in-pool)
Cong suat danh dinh 30 kW
Chat tai nhiét Nudc nhe
Chat lam cham Nudc nhe
Chat phan xa Beryllium
Thanh diéu khién Cadmium
Nhién li¢u UAL - Al
Po lam gidu U 90%
Khdi lugng U trong mot 288 ¢
thanh nhién liéu

Bdo céo ndy trinh bay két qua tinh todn mot

théng sd an toan quan trong cta 10 phan tng
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MNSR la hé sé nhiét do chat lam cham cua d6
phan @ng bing hé chuong trinh tinh toén toan
10 CITATION [2] va chuong trinh tinh toan 6
mang WIMSD [3]. Trong d6, chuong trinh
CITATION c6 nhi¢ém vu gidi h¢ phwong trinh
khuéch tin neutron nhidu nhém ning lugng
bang phuong phdp sai phan hiru han dé xic
dinh cdc dic trung vat 1y toan 1d va hing sb
nhém ciia cdc loai vat lidu trong 10 dugc chuin
bi bdi chuong trinh WIMSD.

Chuong trinh CITATION duoc xdy dung tai
Phong Thi nghiém Quéc gia Oak Ridge,
Tennessee, USA; dung dé giai céc bai todn lién
quan dén biéu dién sai phan hitu han Iy thuyét
Xa”ip xi khuéch tén ciia phuong trinh van chuyén
neutron. Chuong trinh con duoc thiét ké dé giai
cdc bai todn chdy nhién li¢u trong vung hoat 10
va cdc bai toan dong luc hoc néi chung, cung
voi hodc khong két hop véi bai toan thay thé
nhién liéu dé phén tich da chu trinh nhién ligu.
Trong tinh todn toan 10, nguoi st dyng phai
cung cap sd liéu dau vao mo ta ciu tric hinh
hoc, thanh phén vat liéu, di liéu van hanh cua
10 phén trng, lva chon md hinh va phuong phéap
tinh todn ... Chuong trinh CITATION duoc viét
bang ngdn ngit 1ap trinh FORTRAN va gém

210 chuong trinh con. Phién ban dugc st dung

trong tinh todn nay la CITATION-LDI 2.
Chuong trinh WIMSD duoc xdy dung va phat
trién boi T6 chic Ning lugng nguyén tir
Winfrith, diing dé tinh todn 6 mang ctia 1o phan
tmg. Chuong trinh nay dwoc viét bing ngdn
nglt 1ap trinh FORTRAN va dudi dang cic
module, bao gdm mét chwong trinh chinh va 16
chuong trinh con. Ciu tric ctia chuong trinh
WIMSD bao gém ba phan: tinh todn nhiéu
nhém ndng luong, tinh todn it nhom ndng
luong va hi€u chinh. Trong nghién cuu nay,
phién ban WIMSD-5A dugc st dung cung véi
thu vién s liéu WIMS “1986’, trong d6 ning
lugng neutron tir 10 MeV dén 0 MeV duoc
chia thanh 69 nhém. S6 liéu ddu vao cho
chuong trinh nay 13 cdc thong sé hinh hoc va
vat liéu ciia 6 mang nhién liéu va lua chon mo
hinh tinh todn.

He¢ s6 nhiét d6 ctia do phan tng o dic trung
cho tc d6 thay déi ciia do phan tng theo nhiét
d6 chét 1am cham va dugc tinh bing cong thirc
[4]:

- 2
oT ko aT

_ap: 1 ak"ﬁ (1)

ar

Trong d6, p 1a 6 phan tng, ke 12 hé s6 nhan
hiéu dung cua 10 phan tng va T 1a nhiét d chét

lam cham.
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Hinh 1. Céu tric 10 phan tng hat nhdn MNSR

PHUONG PHAP
M0 hinh tinh toan ciia bai toan 6 mang
Trong nghién ctru nay, phuong phdp toa do
gidn doan [5] va mo6 hinh 6 mang pincell trong
chuong trinh WIMSD dugc st dung d6i voi bai
todn 6 mang. Tinh todn nhiéu nhém sir dung 69
nhém ning lugng chuan ciia thu vién chwong
trinh WIMSD. Tinh todn it nhém sir dung bén
nhém nang luong. CAu triic ciia bén nhém nang
lwong nay nhu sau: nhém mét tir 10 MeV dén
0,821 MeV; nhém hai tir 0,821 MeV xubng
5530 eV; nhém ba tir 5530 eV xudng 0,625 eV

va nhém bdn tir 0,625 eV xubng 0 eV.

Nhién lién
Nhom Vo boc

Chat lam cham
Thép khong 1i

Hinh 2. M6 hinh mgt 6 mang nhién liéu trong bai

todn 6 mang

0 mang nhién li¢u (Hinh 2) dugc tinh twong
duong véi mot thanh nhién li€u. MO hinh
pincell cia mdt 6 mang nhién liéu bao gdm
nam 16p, chira cdc thanh phén 1an luot 13 nhién
liéu, vé boc, chit 1am cham, nhom va thép

khong ri. Thanh phan nhém trong 16p thu tu
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gibng v6i cdc thanh nhém (dummy rod), con
thanh phan thép khong ri trong 16p thir nim
gidng vai cdc thanh ndi (tie rod) trong viing
hoat. Ti 1€ dién tich gitra cic 16p duoc gilt
nguyén nhu trong thyc té. Dién tich cua 1op
chit lam chidm trong 6 mang bing dién tich
chit 1am cham thuc té trong vung hoat chia cho
sO lugng cdc thanh nhién ligu trong viing hoat
(347 thanh). Dién tich 16p nhom va thép khong
ri ciia 6 mang bang dién tich cua cic thanh
nhom (ba thanh) va thép khong ri (bdn thanh)
trong ving hoat chia cho s lugng cic thanh
nhién li€u. Véi cich tinh nhu vy, ban kinh
ngoai cua céac 16p trong 6 mang nhién liéu nhu
sau: 0,215 cm; 0,275 cm; 0,61820 cm; 0,61873
cm va 0,61971 cm.

O mang thanh diéu khién bao gdm sdu 16p:
cadmium, vé boc thanh diéu khién, 16p nudc

nhe twong tng véi thanh diéu khién, 16p nudc

-D AP, +(Z,,, +Zzs,r,gﬁg.)cp,
8

Trong d6, A la ky hiéu todn tir Laplacian
hinh hoc, ¢, la thong luong notron tai vi trf r
v6i nang lugng thugc nhém g, X, ;. 1a tiét dién
hap thu vi mé nhém g tai vi tri r, Xoreme 12 tiét
dién tdn xa vi md tr nhém g dén nhom g’ tai vi
trir, D ., lahé s6 khuéch tan notron tai vitrir
ddi v6i notron nhém g, VI, la tiét dién sinh
notron vi mo, ¥, la phan notron nhém g duoc
tao ra tir phan ung phan hach hat nhan, k. 1a
hé s6 nhan hiéu dung cua LPU.

Chuong trinh CITATION duoc xiy dung dé
giai phuong trinh (2) bang phuong phap sai
phan hitu han trong hinh hoc tdng quat. Trong

nhe tuong tng véi nhién li€u, vo boc nhién li¢u
va nhién li¢u. Ba 16p dau s& duge tinh nhu mot
ving va hang s6 nhém cua ving nay dugc st
dung nhu hang sb nhém ciia thanh diéu khién.
Bén kinh ngoai cua céc 16p trong 6 mang thanh
didu khién 1in Iuot 1a: 0,195 cm; 0,245 cm;
0,575 cm; 0,8632 cm; 0,9600 cm va 1,0949 cm.

O mang nudc nhe va 6 mang beryllium c6
cAu tric gibng nhau, gdm séu 16p, nam 16p dau
tuong ty nhu trong & mang nhién li¢u dong vai
trd 12 ngudn neutron, 16p thir sdu 12 nuéc nhe
hodc Beryllium.

M@ hinh tinh toan toan 1o

Bai todn toan 10 giai hé phuong trinh khuéch
tdn notron nhidu nhém trong mdi trudong 1o

phén Ung [2]:

'

8 eff

Z (VZ) 7.8
=D (E,, o P . LD, o)

nghién ctru nay, hinh hoc dugc sir dung trong
bai todn toan 10 13 hinh hoc hai chidu (R, Z).
biéu kién bién phan xa duogc sir dung theo
chiéu cao Z tai dwdng trung tim cia ving hoat
con tai cdc mat bién khdc 1a diéu kién bién
ngoai suy.

Theo chiéu ban kinh R, 10 dugc chia lam sau
vung véi kich thude lAn luot la: 0,575 cm;
10,975 cm; 0,6 cm; 2,35 ¢cm; 7,25 ¢cm va 30 cm.
Theo chiéu cao Z, 10 dugc chia lam tim vung
v6i kich thude 14n lwot 1a 19 cm; 1 cm; 0,75
cm; 0,85 cm; 12 ecm; 11 cm; 5,1 cm va 20 cm.

Hinh 3 mo ta sy phan vung 10 phdn Gng trong

Trang 8
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Hinh 3. Mo hinh cho tinh toédn toan 10 bang chuong trinh CITATION

Nudc nhe
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KET QUA

Két qua bai toan 6 mang

Két qua ctia bai todn 6 mang dugc trinh bay

¢ day l1a hang s6 nhom cua céc loai vat li¢u doi

voi 4 nhém ning lugng. Két qua nay dugc st

dung cho bai todn toan 10. Bang 2 va 3 trinh

bay két qua tinh hing sb nhém ciia cdc loai 6
mang cua 10 phan tng MNSR tai nhiét do 20
oc. Trong do, D, 1a hé¢ s khuéch tdn nhém g;
.. 12 hé s6 hdp thu nhém g; vy, 1a tiét dién
sdn sinh neutron nhém g va X, ., X, 0,
Togo3 Zegos lan luot 12 tiét dién tdn xa tir

nhém g dén nhém 1, 2, 3 va 4.

Bang 2. Hﬁng s6 nhém cua céc loai vat lidu

Loai 6 mang Nhém niing lugng g D,(cm) Tag (cm™) VEp, (em™)
Nhién liéu 1 2,248100 7,77622.10* 1,06855.10°
2 1,188900 6,65789.10* 1,21476.10°
3 0,684209 1,08263.107 1,49489.107
4 0,210507 1,11783.10™ 2,00513.10™
Thanh diéu khién 1 1,984330 6,12168.10* 0
2 1,095480 1,27875.10° 0
3 0,598309 1,38115.107 0
4 0,213999 3,62198.10" 0
Beryllium 1 1,523790 0 0
2 0,615631 9,21669.10° 0
3 0,484121 2,80964.107 0
4 0,445616 5,55273.10* 0
Nude nhe 1 2,133560 4,04460.10™ 0
2 1,075340 9,27828.10° 0
3 0,580353 9,34747.10* 0
4 0,157778 1,87768.10> 0

Bang 3. Tiét dién tdn xa cta cac loai vat liéu

Loai 6 mang Nhém niing lwgngg | X, (cm™) 2.2 (cm™) 2.3 (cm™) g (em™)
Nhién li¢u 1 0 9,35398.107 5,55658.107 0
2 0 0 1,06761.10™ 1,03303.10°
3 0 0 0 1,01535.10"
4 0 0 4,91624.10* 0
Thanh diéu khién 1 0 9,74437.107 592169.107 0
2 0 0 1,05260.10™ 1,01094.10°
3 0 0 0 8,83936.107
4 0 0 1,39438.10° 0
Beryllium 1 0 6,89230.107 0 0
2 0 0 1,57782.10™ 0
3 0 0 0 1,23376.10™
4 0 0 2,95701.10™ 0

Trang 10
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Nudc nhe

AW =
S o o O

1,13048.10™"
0
0
0

7,02058.10™

1,40484.10™
0

1,28207.10*

0

1,36645.107

1,37015.10""
0

Thira sb6 nhan hi¢u dung ciia 16 phan ing

Két qua cua bai toin 6 mang duoc sir dung
dé giai bai todn toan 10 dugc thuc hién béng
chuong trinh CITATION. Trong céc tinh todn
thira s6 nhan hiéu dung duoc thuc hién ¢ day,
thanh diéu khién trung tim duogc rdt hoan toan
khoi viing hoat 16 phan @ng va cdc tim phan xa
beryllium phia trén ving hoat dugc thay bing
nude. Két qua tinh thira s6 nhan hiéu dung Keg

tuong ung voi nhiét do chét 1am cham khic

nhau dugc trinh bay trén bang 4. Hinh 4 biéu
dién bing d thi sy bién ddi cua thira sé nhan
hiéu dung theo nhiét d chit 1am cham. C6 thé
nhan thay rang thira s6 nhan hi¢u dung ke
giam tuyén tinh theo nhiét do T cua chit lam
cham. Su phu thudc nay cé thé dugc biéu dién
b&i ham khép binh phuong t6i thiéu dang tuyén
tinh nhu sau:

ko =—0,000121xT +1,006307 (3)

Bang 4. Su phu thudc cia hé 6 nhan hiéu dung 1a hé sb nhiét d6 cua do phan tng vao nhiét

chit 1am cham

T ('C) Ker ot (mk/’C)
20 1,003908 -0,125
30 1,002576 -0,129
40 1,001557 -0,132
50 1,000204 -0,135
1.005
1.003 1 \\\
b 15\
1.002 1 S
i ket = -0,000121xT + 1,006307 .
.
1.001 + \‘\_
\\
.
1000 T T
! 10 20 30 10 50 60
T (OC)

Hinh 4. Bién ddi cua thira s6 nhan hiéu dung ke vao nhiét d6 chit lam cham T

Trang 11
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H¢ s6 nhiét do ctia dd phan wng trinh bay trén ¢t 3 bang 4. Két qua cho thay hé
Dura trén ham biéu dién sy phu thudc kg vao s6 nhiét do cua do phan ng ting nhe theo nhiét
T da thu dugc trén day, theo cong thirc (1) c6 do chét 1am cham.
thé xdc dinh hé sb nhiét do chit 1am chim coa Trong van hanh va tinh todn phéan tich an
d0 phan rng oip nhu sau: toan, gid tri trung binh cua hé¢ sb nhiét d6 cua
—0,000121 -0,000121 d6 phan ung oy trong vung nhiét d¢ van hanh
T kfﬁr (1) - (-0,000121xT +1,006307)* cua 16 phan ting thudng duge quan tam. Gid tri
) trung binh cta oy trong khoang nhiét do tir T,
Két qua tinh todn hé sé nhiét do chat lam dén T, c6 thé duoc xdc dinh bsi phuong trinh
chdm cua d6 phan tng o theo nhiét d duoc sau:
T, ko (72)
6_UT:TziTlJ.OZTdT:TZiT1 k%dkeﬁ T iT [k 1(T)_k 1(T )1 ®)
Ui ko (1) " 2 TR a2

Str dung phuong trinh (3) s€ thu duogc biéu

thure:

_ —-0,000121

T 7 (C0,000121 xT, +1,006307 ) 0,000121 x T, +1,006307 ) ©

bPéi voi khoang nhiét d¢ lam viéc cua chét MNSR c6 dac tinh an toan néi tai. Day la mot
1am cham 10 phan ttng MNSR tir 20 °C dén 50 trong nhitng wu diém cia loai 1o MNSR.
°C gid tri trung binh cta hé s6 nhiét do cua do KET LUAN
phan (g xdc dinh tr cong thirc (6) 1a @7 = - Két qua tinh todn di cho thdy thira sb nhan
0,121 mk/°C. Két qua nay phi hop tét véi bdo hiéu dung ke ctia 10 phan img MNSR giam din
cdo phan tich an toan SAR nhu duogc trich din khi nhiét d6 chét 1am chdm ting 1én va hé s
trong cong trinh cua I. Khamis va I. Sulieman nhi¢t d¢ cua do phan ng c6 d9 16n tang nhe
[6] khi hé sb nhiét d6 chit 1am cham cua do theo nhiét d6 chit 1am cham. Gi4 tri trung binh
phan ung dugc danh gid dbi voi khoang bién ctia hé s6 nhiét do chat lam cham cia d¢ phan
thién nhiét do tr 20 °C dén 45 °C 1a @ =- 0,1 Ging x4c dinh d6i v6i khoang nhiét do 1am viée
mk/°C va véi két qua tinh todn cia A. Hainoun ctia chat lam chdm tir 20 °C dén 50 °C Ia @ =
va céc cong su [7] bang chwong trinh Monte - 0,121 mk/°C. Két quéa nay phit hop tét v6i két
Carlo MCNP cho thiy trong khoang nhiét d¢ tir qué tinh todn cua tic gid khdc trong cic cong
20 °C dén 50 °C hé s6 nhiét do chat 1am chdm trinh [6, 7] d6i voi loai 16 phan tng MNSR, va
cta do phan ung la a; =-0,11233 mk/°C. Gia c6 gid tri cung bac véi Kkét qua tinh todn va thuc

nghiém dbi véi 16 phan tng hat nhan Da Lat sir

dung nhién li€u loai VVR-M2 [8] (ar = -0,15 +

tri 4m ctia hé s6 nay cho thay loai 16 phan tng
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-0,45 mk/°C). Gi4 tri am cua hé sé ndy cho thdy
loai 10 MNSR c6 tinh an toan noi tai. Két qua
tinh todn ciing cho thiy phwong phédp dénh gid
hé sb nhiét do chét 1am cham cia do phan ung,
két qua va md hinh tinh todn cuia bai todn 6
mang va bai todn toan 10 dbi v6i 10 MNSR da
xay dung trong cong trinh nay la phtt hop va tin
cay.

Riéng dbi v6i loai 10 MNSR, khi sy bién dbi

cua thira s6 nhan hiéu dung kg theo nhiét do

chit 1am cham c6 dang tuyén tinh, viéc sir dung
bidu dién todn hoc dang (4) va (6) cho phép
dénh gid hé s6 nhiét d6 chat 1am cham cua do
phan ng o tai tirng nhiét 36 xac dinh va tinh
todn gia tri trung binh @; trong mot khoang
nhiét do nhit dinh truc tiép thong qua gid tri
nhiét do dau va cudi. Két qua nay cung cip mot
biéu dién todn hoc thuan loi cho cdc tinh todn
dong hoc va tinh todn ddnh gid an toan 1o phan

ung.

CALCULATION OF THE MODERATOR TEMPERATURE COEFFICIENT OF
REACTIVITY FOR MINIATURE NEUTRON SOURCE REACTORS

Do Quang Binh”, Nguyen Hoang Hai®

(1) University of Technical Education Ho Chi Minh City
(2) Research and Development Center for Radiation Technology, Ho Chi Minh city

This paper presents results of the evaluated group constants for fuel and other important
materials of the Miniature Neutron Source Reactor (MNSR) and the moderator temperature coefficient
of reactivity through global reactor calculation. In this study, the group constants were calculated with
the WIMSD code and the global reactor calculation is accomplished by the CITATION code. This
work also presents a method for evaluation of the moderator temperature coefficient of reactivity at
different temperatures and it’s average value in a range of temperatures directly through the values of
moderator temperature for MNSRs. This method provides simple analytical representation convenient

for reactor kinetics calculation and reactor safety assessment.

Keywords: nuclear reactor, MNSR, group constants, moderator temperature coefficient of

reactivity, WIMSD, CITATION.
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