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Abstract: This paper will present the thermalhydraulics parameters of FBNR small
reactor by Computational Fluid Dynamics (CFD) method. FBNR is a type of spherical
fuel reactor, operated by a large capacity pump to bring fuel pellets from the storage
chamber to the active core to achieve a critical state. This mechanism helps the reactor
have a very high passive safety. However, this mechanism also makes analytical
calculation methods difficult to research thermal processes in the active core. In the
paper, the authors used the CFD method to analyze the basic thermalhydraulics
parameters of FBNR using TRISO fuel elements such as temperature of spherical fuels,
and temperature, pressure and velocity of the coolant. The results are highly accurate and
intuitive, helping us to better understand the processes of heat generation, thermal
conductivity and heat exchange of spherical fuel pellets.
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Tém tat: Bio cao nay s& trinh bay vé cac thong sb thuy nhiét cua 1o phan tng cong suét
nho FBNR bing phuong phap tinh toan dong luc hoc chit luu (CFD). FBNR 1a loai 1o st
dung nhién liéu hinh cau, hoat dong nhd mot bom cong suét 16n nhiam dua cac vién nhién
lidu tir budng chira dén ving hoat dé dat dugc trang thai to1 han. Co ché hoat dong nay
gitip cho 10 phan mg c6 d6 an toan thu dong rat cao. Tuy nhién, co ché nay ciing khién
cho cic phuong phap tinh toan giai tich gap kho khan khi nghién ctru cac qua trinh nhiét
trong vung hoat. Trong bdo cao, nhom tac gia da sir dung phuong phap CFD dé phan tich
cac thong s6 thity nhiét co ban cia FBNR nhu nhiét do vién nhién liéu, nhiét do, ap sut
va vén toc cua nudce tai nhiét. Cac két qua thu dugc c6 do chinh xac cao va truc quan,
gitip cho chiing ta hiéu 1d rang hon cic qua trinh sinh nhiét, din nhiét va trao ddi nhiét
cuia cac vién nhién liéu hinh cau.

Twr khoa: FBNR, TRISO, CFD, Thuy nhiét lo phan tng hat nhan.

1. MO PAU

Trong nhiing ndm gan day, cac nghién ctru vé 10 phan tng cong suat nhod dang duoc
trién khai tai nhidu nude dudi su hd tro tir Co quan Ning luong Nguyén tir Qudc té (IAEA).
Nhom nghién ctru tai Truong Dai hoc Dién lyc ciing tham gia cung voi cac nhom nghién ciru
khac tai Brazil va Thé Nhi Ky dé nghién ciru vé 16 phan (mg cong suat nho khong phai thay
thé nhién liéu tai chd (FBNR). Hién nay, céac nghién ctru dang duoc trién khai dén giai doan
nghién ciru khai niém va da c6 nhiéu bai bao vé cac thong so vat 1y cia FBNR duoc dang trén
cac tap chi khoa hoc quéc té ¢6 uy tin. Giai doan tiép theo 1 can phai nghién ctru vé dong hoc
ctia 10 FBNR, trong d6 cac van dé vé thiry nhiét dong vai tro quang trong. Cac nghién ctru nay
s& cho thay 1y do tai sao 10 FBNR lai c6 d6 an toan thu dong rat cao va an toan trong qua trinh
hoat dong.



Noi dung cta nghién ctru ndy ciing gop phan vao viéc dio tao ngudn nhan luc, giup cho
cac nha khoa hoc tré va sinh vién nganh k¥ thuat hat nhan tai Truong Pai hoc Dién luc c6 co
héi hoc hoi, nang cao ning luc chuyén mén, gbp phan vao sy phat trién chung cua nganh hat
nhan trong nudc.

2. NOI DUNG
2. 1. P6i twong va Phuwong phap

Lo phan tng cong suat nhd FBNR 1a 10 phan nudc nhe c6 cong suit va kich thudc
nho (218MWt - 70MWe). Bac trung cua 10 1a ¢o thiét ké don gian, an toan thu dong, chiu
duoc an mon héa hoc va va dap manh. Mot diém hoan toan khac biét cia 16 phan tng cong
sudt nho 1a ¢6 vién nhién liéu hinh cau [1].

Lo phan tmg gdm ba phan riéng biét: tim 1o & gitra, binh sinh hoi phia trén va budng
nhién li¢u phia dudi. Thung 10 hinh try c6 duong kinh 2.14m, cao 6m, va day 15mm. Bén
trong thung 10 chtra binh sinh hoi va tam 10, v4i vung hoat hinh tru duong kinh 1.7m va cao
2m. Trong qué trinh van hanh 10 phan @mg cac vién nhién liéu hinh cau dugc giir lai boi chat
tai nhiét tao nén tam 10 lo limg. Chat tai nhiét chay doc 1én 6ng din bén trong va di qua cac
vién nhién liéu, va di thang 1én binh sinh hoi. Buong nhién liéu du trir phia dudi 1a 6ng c6
duong kinh 60cm, dugc 1am tir hop kim hap thu hap thu notron cao, duoc ndi truc tiép bén
dudi vung tam lo.
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Hinh 1: Sor do ciia 10 phan 1ing FBNR.

Bom tuan hoan day chat tai nhiét di v6i toc do dong 1a 220 kg/s, twong tng voi van
tbc 1.5 m/s trong budng chira nhién liéu dy trit, mang cac vién nhién liéu di 1én ving tam 10
va tao thanh dang 6n dinh. Tai van toc khi dang van hanh 6n dinh 1 7.23 m/s twong mg véi
téc do dong khdi 1060 kg/s, cac vién nhién liéu duoc giit chat voi nhau boi ap suat 0.188 bar
gy ra ap luc gap 27.1 1an trong luong cua chiing. Chat tai nhiét chay qua ving tam 10, sau dé
hap thy nhiét tir vién nhién liéu va chuyén tdi binh sinh hoi phia trén. Sau d6 chat tai nhiét
quay tro lai bom va ctr thé tao thanh vong tuan hoan khép kin. Khi ¢ bat ctr hoat dong khong
binh thuong nao cia 10 phan tng, dién s& ngat khoi may bom va chit tai nhiét s& ngimg luu
thong, cac vién nhién li¢u s€ roi khoi tam 10 theo lyc hép dan va duoc lam mat thu dong trong
budng chira nhién liéu.

Vién nhién liéu hat nhan TRISO: Vién nhién liéu hinh cau c6 duong kinh 1a 15 mm
dugc bao boc trong mot 16p chét nén SiC va mot 16p thép khong gi co bé day 1a 0.5mm. Vién
TRISO c6 thanh phan cdu tao 1a 60% la nhién liéu UO, va 40% la chéat nén SiC. Céc nhan
UO; nho c6 dudng kinh 14 0.5mm dugc boc boi mdt 16p vo Carbon dﬁy 0.1lmm. Lép vé cac
bon niy c6 nhiém vu chinh 1a luu giir cac san pham phéan hach tai trang thai c6 nhiét d6 cao.



Mét do cia UO2, Carbon va SiC lan luot 1a 10.97 g/em®, 1.0 g/em?®, va 3.2 glem®. Lép vo thép
khong gi c6 mat do 1a 8.03 g/cm3 duoc cau tao tir 70% Fe, 19% Cr, va 11% Ni.

Bdng 1: Cdc théng s6 ky thudt ciia 10 phdn iing FBNR
Dai lwgong Gia tri Dai lwgng

Gi trj

Cong suat nhiét 218 MWt Puong kinh ngoai cta vién 15 mm
nhién liéu
Cong suat dién 70 MWe S6 vién nhién li¢u trong 1o 1,62 triéu
Chat 1am mat so cap Nudc nhe Do giau nhién li¢u 5%
Chat lam chdm Nuéc nhe | Chu trinh nhién liéu 25 thang
Chu trinh nhiét dong Rankine Do chay trung binh nhién liéu 15.3 MWd/kg
Chiéu cao vung hoat 2m Tdc do chat tai nhiét so cép 1060 kg/s
Puong kinh 10 1,7m Ap suit 16 dang van hanh 16 Mpa
Mat d6 cong suat trung binh | 45 MW/m® | Nhiét d6 1i vao 290° C
Nhién li¢u TRISO Nhiét d¢ 101 ra 326°C

Trong nghién ctru nay, nhom tac gia su dung phuong phap CFD dé tinh toan cac qua
trinh sinh nhiét trong vién nhién liéu, dan nhiét tir vién nhién li¢u ra nudc va qua trinh dong
chay rdi ctia nudc, cuing voi do sut ap suat khi nude di qua ving hoat. CFD dya trén nhiing 1y
thuyét vat 1y nhu dinh ludt bao toan khéi luong, dinh luat bao toan nang lugng, dinh luat bao
toan dong lugng dé xay dung nén mot h¢ gém nhiing phuong trinh dao ham rieng chi phéi sy
van chuyen ctia dong chét luu va sy trao doi nhiét. Hé nhitng phwong trinh nay thuong duoc
nhic dén véi tén hé phuong trinh Navier-Stocks. Sau d6 nhimng cong cu toan sé nhur phuong
phap thé tich hiru han (FVM), phuong phap phan tir hitu han (FEM) s€ dugc ap dung cho viéc
tim ra nhiing tinh chat chi ph6i dong chay nhu van tdc, ap suat, tbc do dong chay hodc toc do
dong nhiét [1].

Phuong phap thé tich hitu han c6 thé hiéu don gian thé tich hitu han 1a mot don vi thé
tich khong gian khéng I6n qua, cling khong nho qué. Vi du nhu trong vat ly khi khoanh ving
vat chit dé xét, ta chon mot vung vira phai dé né du nho, dé cd thé xem tinh chat cua cac hat
nam trong pham vi dang xét gan gan nhau. Trong mién tinh toan, ta chon mot thé tich hitu han
V duoc bao boi mit kin S. Trong trudng hgp mét chiéu (hai chiéu néu tinh ca chiéu thoi gian)
thi thé tich V duoc thay bang mién D va mat S duoc hiéu 1a bién G cua mién D. Thé tich hitu
han va mat bao cua n6 duoc goi 1 thé tich kiém soat va mat kiém soat. Lay tich phan phuong
trinh dinh luat bao toan khéi luong ta dugc phuong trinh dinh luat bao toan khéi luong dang
tich phan:
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C6 nhiéu cach khac nhau dé chon thé tich kiém soat, trong truong hop don gian nhat
mat kiém soat sé chon trung vagi cac mat cua o ludi tinh toan. Trong truong hop bén dudi
cong thue tich phan ¢ cong thac trén dugc viet lai nhu sau:
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bay 1a mot vi du trong viéc khai trién phwong trinh bao toan dong luong trong phuong

phap thé tich hiru han. Cac phuong trinh khac cling dugc ap dung tuong tu dé tién hanh cac
tinh toan theo yéu cau.

2. 2. Két qua

Sau khi tién hanh x4y dung mé hinh chinh x4c cua vién nhién liéu bang chuong trinh
ANSYS ICEM CFD, ghi toan by mo hinh s& dugc nhap vao chupng trinh ANSYS CFX d¢
tien hanh céac budc thiét 1ap thong so tinh toan va phan tich. Cac két qua thu dugce tir phan tich

cho d6 chinh x4c cao, bao quat hét cac qua trinh nhiét ciia 10 FBNR trong khong gian 3 chiéu
[1,2].

Hinh 3. Phdn bo nhiét do trong vién nhién liéu hmh cau TRISO.
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Tu két qua thu dugc, chung ta nhan dugc gia tri nhi¢t d6 nho nhét cta nhién liéu UO,
la 541.68 °C, nhiét d6 16n nhat 1a 950.11 °C va nhiét do trung binh 13 698.90 °C. Tuong tu dbi
v6i 16p chét nén SiC, gid tri nhiét do nho nhét 1a 533.60 °C, nhiét d6 16n nhat 1a 945.73 °C va
nhiét d6 trung binh 13 663.73 °C. Cubi cung 1a 16p vo ngoai thép khong gi, gia tri nhiét do nho
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Hinh 4. Phdn bé nhiét do theo ban kinh ciia vién nhién liéu.

nhat 1 380.14 °C, nhiét 6 16n nhat 1a 645.70 °C va nhiét d6 trung binh 1a 456.31 °C.

Khi cac vién nhién liéu dugc sip xép ¢ dinh trong ving tim 10 va dat duoc trang thai
hoat dong 6n dinh, nhom téc gia da tién hanh phan tich vdi cac diéu kién cong suat nhiét khac

nhau.

Khi thong lwong nhiét ¢ gia tri 1a q"=3.06 (MW/m?), phan b nhiét do, do sut ap va
toc do dong chay doc theo mit cit va theo kénh tai nhiét khi sir dung cac mé hinh chay rdi

khac nhau nhu sau:
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: Nhiér dé theo mat cat doc theo chiéu cao va theo kénh tai nhiét.
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Hinh 6: D¢ sut &p sudt cia cac mdt cat doc theo chiéu cao va theo kénh tdi nhiét.
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Hinh 7: Toc dé dong chdy tai mat cat doc theo chiéu cao va theo kénh tdi nhiét.

Khi cac vién nhién liéu sap xép so le trong ving tdm 10, kénh tai nhiét khong duoc
phan tach rd rang va diéu nay 1am cho viéc di chuyén ctia nudc vo ciung phirc tap, dong thoi
qué trinh tai nhi¢t kém hiéu qua hon. Do vay khi q"=3.06 (MW/mZ) 1a khong dap tmg du didu
kién dé nudc 16i ra c6 thé dat 325°C. diéu nay bat budc ching ta phai van hanh 16 v6i cong
suét nhiét cao hon.

Khi thong lugng nhiét c6 gia tri 1a q"=3.5 (MW/mZ), phan b nhiét do, do sut ap va
tde do dong chay doc theo mat cit va theo kénh tai nhiét khi sir dung cac mo hinh chay r6i
khéac nhau nhu sau:
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Hinh 8: Phan bd nhiér d6 theo mdt cat doc theo chiéu cao va theo kénh tai nhiét.
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Hinh 9: D¢ sut &p sudt cia cac mdt cdt doc theo chiéu cao va theo kénh tdi nhiét.
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Hinh 10: Tdc d6 dong chay tai mat cat doc theo chiéu cao va theo kénh tdi nhiét.
Khi tang thong luong nhiét cia mot vién nhién li¢u 1a q"=3.5 (MW/mZ) thi nhiét do 16i
ra dat 325°C va nhiét d6 cao nhit tai bé mit vién co thé dat duoc 1a 415°C. Ap sudt giam voi
d6 giam ap sudt trung binh 1a AP = 26.01 (bar).

3. KET LUAN

Tir nhimng két qua thu dugc, nhém tac gia c6 dua ra mot s6 nhan xét nhu sau: Phuong
phap CFD la phuong phép tién tién, phu hop véi phan tich thuy nhiét trong linh vyc 16 phan
ng hat nhén no6i chung va 10 FBNR noi riéng. Két qua nhan dugc tir phuong phap nay rat
truc quan va cé do chinh xac cao; Cac gia tri vé nhiét do, do sut ap va van toc dong chay cua
nhién liéu va chat tai nhiét trong 10 FBNR trong cac diéu kién van hanh rat phu hop véi cac
gidi han vé an toan. Ngay ca khi tinh toan trong diéu kién van hanh v&i cong suat 16n hon thi
cac thong sd van dam bao dudi mic ndng chay cia cac thanh phan vat liéu, ciing nhu an toan
vé ung suat khi xét dén do sut ap toan 10.

Tir két qua trén, nhom nghién ctru khang dinh 16 phan tng FBNR dat d6 an toan cao
trong céac dicu kién van hanh binh thuong va ké cé khi xdy ra su ¢6 co ban nam trong thiét ke.

Trong thoi gian to1, nhom nghién ciru s& tiép tuc tinh toan cho cac diéu kién van hanh
va khi xdy ra cac su cb bat ngd dé xem liéu ring cac dai luong dac trung cua 16 FBNR c6 bi
vuot qua gidi han an toan hay khong. Nhom tac gia hi vong rang nhiing két qua thu duogc tur
nghién ctru s& gop phan mang dén cho cong chung cai nhin khach quan hon vé an toan cua 16
phan ung FBNR ndi riéng va di¢n hat nhan néi chung tai Viét Nam.
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