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Tém tit: Mot trong nhiing su ¢d quan trong trong 16 phan @ng hat nhan 1a sy c6 mit chat
tai nhiét (LOCA). Hé thdng l1am ngudi tdm 16 khan cdp (ECCS) ¢6 nhiém vu tiém nudc
lam mat vao thang 10 chiu &p luc nham duy tri ving hoat ngap nuéc va dugc lam mét lau
dai. Trong qua trinh nude lam mat ECCS dugc tiém vao thung 10 phan tng qua chéan lanh
va di vao khe bién (downcomer) s& c6 su phan ting nhiét d6. Thuc nghiém LSTF (Large
Scale Test Facility) duoc thiét 1ap cho cac muc dich nghién ciru thuc nghiém vé khao sat
cac hién tuong thuy nhiét va xac dinh hiéu qua cua ECCS trong qué trinh su ¢6 LOCA
nho va céc chuyén tiép trong van hanh.

Béo cao trinh bay mot sé két qua khao sat sy phan tang cua nhiét do tai chan lanh va
downcomer trong qua trinh tiém nudc lam mét cia hé ECCS dudi diéu kién d6i luu ty
nhién dong mot pha, dua trén hé thuc nghiém LSTF, thdng qua viéc &p dung phan mém
CFD FLUENT.
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I. MO PAU

Mot trong nhiing su ¢d quan trong trong 10 phan @ng hat nhan 1a sy ¢ mét chat tai nhiét
(LOCA). Trong su c6 LOCA, hé théng 1am ngudi tdm 10 khan cap (ECCS) c6 nhiém vu tiém
nuéc lam mét vao thung 10 chiu &p luc nham duy tri ving hoat ngap nudc va duoc lam mat
lau dai. O giai doan dau cua su ¢ LOCA, 4p suat trong thung 10 phan tng van con cao. Hé
phun cao ap dugc kich hoat thuc hién viéc dua nudce tir hé thdng ECCS vao thung 10. Nudc
dugc dua vao tir hé ECCS tao thanh mot hdn hop cé nhiét do thip ¢ dudi va dong nuée co
nhiét do cao hon & phia trén cua chan lanh. Hon hop nudc nay la sy pha tron giira nuéc phun
vao tir hé phun cao &p c6 nhiét do thap hon va nudc tir chan lanh ¢ nhiét do cao hon. Viéc
md phong duoc thuc hién tai chan lanh A vai gia thiét chd va xay ra & chan lanh B. Mic du
sau khi xay ra LOCA, 10 duoc dap, nhung do dong qua bom tai nhiét van dugc dua vao nho
quéan tinh caa bom. Chinh su pha tron gita hdn hop nudc & nhiét 6 cao va nhiét do thap nay
gay nén su phan ting nhiét do6. Pé xem xét hién twong trén, phan mém FLUENT duoc ap
dung dé tinh todn, md phong dong chay caa chat luu.

Nhu di néu trén, & giai doan dau cua sy ¢ LOCA, trong chan lanh van duy tri ché do
dong mot pha.

1. MO TA HE THUC NGHIEM ROSA-V/LSTF

Du an ROSA (Rig-of Assessment) duoc thuc hién tai Vién nghién ciru nang luong
nguyén tir Nhat Ban (JAERI), voi muc dich nghién ciu thaty nhiét ddi véi 10 phan tng nude
nhe (LWRs) trong su ¢c6 LOCAs va diéu kién chuyén tiép. Hé thuc nghiém LSTF (Large
Scale Test Facility) duoc sir dung dé nghién ciu cac hién tugng thay nhiét xay ra trong qué
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trinh SBLOCAS va trong qua trinh van hanh chuyén tiép dé danh gia hiéu qua hoat dong cua
hé thong ECCS.

LSTF(Large Scale Test Facility) md phong 10 phan tng Westinghouse PWR cong suat
nhiét la 3423 MW vei ty 1€ tuong duong ve chleu cao, 1/48 vé thé tich va 2 vong tuan hoan.
Hai chan lanh giéng hét nhau bao gdm céc dng thing va dng khuyu duoc néi véi may bom
nuéc 1am mat chinh. Hinh 1 md ta so d6 cac thiét bi chinh cua thuc nghiém. Voi phun ECCS
tai hai chan lanh khac nhau vé vi tri va hinh dang. Voi phun ECCS nhanh A vuéng goc Voi
dudng dng chinh, trong khi voi phun ECCS nhénh B tao thanh mot géc 45° so véi dudng dng
chinh caa chan lanh[4].

Hinh 2 md ta mat cat ngang cua thiét bi va vi tri cc cap nhiét dién thuc hién cac do dac
trong khi tién hanh thuc nghiém. Su phan bo nhiét do trong khong gian ba chicu ¢ dicu kién
nhiét d6 cao va ap suat cao duoc thyc hign trong hé dudi cac diéu kién doi luu tu nhién dong
mot pha, hai pha va trong su c6 LOCA v nho.

Trong bai nay, md hinh downcomer phia chan lanh A véi voi phun ECC vudng géc
dugc mo6 phong bang FLUENT.
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Hinh 2: Mit cdt ngang LSTF va céc vj tri cip nhiét[4]



1. MO PHONG THUC NGHIEM BANG FLUENT

Dua trén céac s6 liéu caa hé thuc nghiém LSTF/ROSA[1], ching toi tién hanh mé hinh
héa hinh hoc cua bai toan trén DesignModeler c¢6 s6 lidu hinh hoc nhu trong bang 1 véi 16i
vao cia hé ECCS cach thung 16 mot khoang 1.05 m va 1.46 m va chiéu cao cua chan lanh
cach day thung 10 mot khoang 1a 8 m. Pudng kinh ngoai caa downcomer 1a 0.64 m véi chiéu
rong khe 1a 0.046 m.

Bang 1: C4c thdng s6 hinh hoc caa thyc nghiém

Thanh phan | Budng kinh ngoai (m) | Chiéu dai (m) | Chiéu cao (m)
Chan lanh 0.207 3.5 -
Chén néng 0.207 3.5 -
ECC 0.02 250 -
Downcomer 0.64 - 1.8

M6 phong bang céch ldy phép ddi ximg bén trong phan mém FLUENT (hinh 3) cho
phép giam khoi lugng tinh toan va thoi gian thuc hién va khéng lam anh huong qua nhiéu dén
cac hién tugng vat ly quan trong & trong hé.

Trong mo hinh nay ving chat long duoc chia ludi voi 68000 phan tir ta dién dé giai hé
cac phuong trinh chuyén dong bao gom cac phuong trinh lién tuc, phuong trinh bao toan
moomen dong lwong va ning luong trén cac thé tich diéu khién nay. Hé cac phuong trinh nay
duoc giai bang FLUENT 14.0 véi hai md hinh rdi k- tiéu chuan, k-¢ realizable va céc gia tri
dau vao nhu nhiét do, 4p suat 1am viéc, téc do dong 16i vao va tinh chat nhiét cua nudc dugc
mo ta trong bang 2 va 3.

Bang 2: Tinh chét nhiét caa nuéc lanh (Tcold leg) va nuéc ndng (TECC) tai chan lanh va ECC

Diéu kién Thong sb
Ap suat (MPa) | 10.28
Teold leg (K) 454.6
Téc d6 16i vao tai chan lanh (kg/s) | 7.39
Teces (K) 299.2
Téc d6 dong 161 vao tai ECCS  (kg/s) | 0.936

Bang 3: Tinh chét nhiét ciia nuéc

Khéi luong riéng (kg/m°) | 998.2
Nhiét dung riéng (J/kg-K) | 4182
Hé s6 dan nhiét (W/m-K) | 0.6

Do nhot (kg/m-s) 0.001
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Hinh 3: Downcomer va chén lanh mé phéng bing FLUENT

IV. KET QUA TINH TOAN

Trong bai bao ndy chung t6i s& tap trung phan tich tinh chit nhiét va van téc dong chay
& nhitng ving hdn hop chit 1ong giita ECCS/chan lanh va giita chan lanh/downcomer dé danh
gia hiéu qua ctia ECCS trong viéc lam mat ving hoat khi sy ¢ LOCA xay ra. Pay 1a ving
Xay ra sb¢ nhiét do chénh 1éch nhiét do gitrta nudce tuan hoan trong hé tai nhiét va nudc phun
vao tir hé ECCS. Pé nghién ctru hién tugng ndy, can phai tinh dén cac tinh chat vat liéu cua
I6p v va cac qua trinh trao doi nhiét giita thanh 6ng va dong chat luu. Cac nghién ctru nay
khong nam trong pham vi ciia bai bao nay.

Vung chit 16ng dugc chia thanh 68000 phan tir ttr dién véi tiéu chuan dé do chit luong
phan tr ludi so v6i hinh dang 1y tudng ctia phan tir d6 “Skewness” c6 gia tri tir 0 dén 0.92, véi
gié tri trung binh 14 0.58, diéu nay cho thay cac phan tir udi c6 chat lugng kha tét.

Su phan b nhiét do va van tdc tai chan lanh va downcomer ¢ diéu kién dong mét pha
v6i cac mé hinh rdi k-¢ tiéu chuan, k-¢ realizable dugc trinh bay trong cac hinh 4 va 5.

Hinh 4: Dong chét 16ng tai 16i ra ciia chén lanh d6i v6i mo hinh k-¢ tiéu chuén:
(a) nhiét d9, (b) vén toc



Hinh 5: Dong chét 16ng tai 16i ra ctia chan lanh d6i v6i m6 hinh k- realizable:
(a) nhiét @9, (b) vén t6c

Trong tit ca cac truong hop, su phan bd nhiét do & hai mé hinh cho két qua kha giéng
nhau: dong chay trong 6ng chinh 1a dong chuyén dong do luc ndi. Nhiét do thap nhat dugc thé
hién be‘ing mau xanh cho nude cia hé ECCS va nhiét d6 cao nhét 1a mau do cho dong chét
long cta chan lanh. Nudc tir hé ECCS di xudng day ctia duong dng chan lanh rdi dich chuyén
1én phia trén ciia thanh dng tao ra hdn hop pha tron giita ching nhu trong hinh 4, 5.

Hinh 6 biéu dién cac két qua mo phong so sanh véi cac két qua thu duge tir phdn mém
OpenFOAM véi cung mot mo hinh dong chay k-¢ [1].

Temperature Measurement

Hinh 6: Triromg nhiét dg trén mét phing cat doc theo truc x: (@) FLUENT14.0, (b)
OpenFOAM [1]

Hinh 6 cho thay, su phan ting nhiét d6 quan séat duoc tir phan mém FLUENT 14.0 va
OpenFOAM mic du khong hoan toan gidng nhau nhung chiing déu cling chung maét quy luat
ctia phan bd nhiét do, sy khéng gidng nhau gitra ching cé thé xuat hién 1a do s6 cac phan ta
duoc chia trong vuing chat 16ng 1a khac nhau.

Truong nhiét do va van téc cua chat long tai mat cat ngang caa chan lanh duoc thé
hién trén hinh 7. Vi tri cia mat phang cat tinh tir miéng ong ECCS, céc hinh anh tir vi tri ung
véi moi 0.1m doc theo dudng ong chan lanh dugc hién thi tir trai sang phai caa hinh 7.

Tir hinh 7 cho thiy, truong nhiét do cia chét 1ong bén trong chéan lanh ¢6 sy pha tron
gira dong phun ECCS sau khi di vao chan lanh s& c6 nhiét d6 ting dan va c6 khuynh huéng
phan tang khi dich chuyén vé phia downcomer. Truong vén toc ciing cé bién thién twong tu,
cang di vé phia downcomer toc d6 dong s& cham dén.



Hinh 7: Truong chat long tai mat cat ngang cua chdn lanh: Nhiét do (phia trén), Vian téc (phia
dudi)

V. KET LUAN

Bai bao nay da tién hanh thyc hién bai toan 1-1 cta hé thyc nghiém ROSA bang phan mém
ANSYS FLUENT code nhiam khao sat sy phan ting nhiét d6 & diéu kién d6i luu dong mot pha tai
chan lanh cia 10 PWR véi cic mé hinh dong chay rdi khac nhau. Pong thoi ciing tién hanh so sanh céc
két qua thu dugc voi cac két qua duge tinh duge bang phan mém OpenFOAM véi cling mot diéu kién
dau vao va ciing mot mo hinh tinh toan. Sy so sanh cho thay, mac du cac két qua la khong hoan toan
gidng nhau nhung chung déu cung chung mot quy luat cua phan bé nhiét do, su khong gidng nhau
gitta ching c6 thé xuét hién 1a do sb cac phan tir dugc chia trong viing chat long 1a khac nhau.
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Abstract




One of a important accident in pressurized nuclear reactors is loss-of-coolant accidents (LOCA).
ECCS coolant injection into the cold legs and the core is totally covered with water for a long term
cooling. During cold ECCS water injected into cold legs and downcomer, the temperature
stratification will be occurred under single-phase natural circulation conditions. Large Scale Test
Facility (LSTF) simulated to investigate the thermal-hydraulic phenomena and to confirm the
effectiveness of ECCS during small-break LOCAs and operation transients.

This report will show that the calculations the temperature distribution in the cold leg and the
downcomer during ECCS water injection under single-phase natural circulation conditions was
analysed with the CFD FLUENT code.
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