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T6m tit: Binh diéu &p sir dung trong 10 nuéc ap huc 1a mét trong nhitng thanh phan chinh
cuia hé thng tai nhiét 10 phan tng. Binh diéu &p c6 chic ning duy tri va kiém soat ap suat
cua hé théng trong gigi han cho phép. Ap suét cua binh diéu ap thay ddi do sy sinh ra bot
khi trong qué trinh néng Ién cua chat tai nhiét va sy ngung tu hoi trong qué trinh nuéc
dugc phun vao binh diéu ap.

Bai b4o nay md phong binh diéu &p 10 VVER-1000 bing phan mém RELAP/SCDAPSIM
va phan tich hoat dong thiy nhiét dién ra trong binh diéu ap vei cac kich ban khac nhau
nhu la: trang thai dung, trang thai chuyén tlep tang ap suat, trang thai chuyén tiép ting
mtc nudc va trang thai chuyén tiép giam ap suat.

Tir khéa: RELAP/SCDAPSIM, VVER-1000, binh diéu &p.

I. MO DAU

Cac 10 phan tmg nudc ap luc (PWR) dugc thiét ké va van hanh theo nguyén ly hai vong
tuan hoan. Nudc tai nhiét trong vong so cap thuc hién chu trinh 1am mat va do dé 1y nhiét tir
viing hoat caa 16 phan tng dé thuc hién trao ddi nhiét véi nudc trong hé thong tuan hoan thir
cap tai thiét bi sinh hoi. Nudc trong hé thdng thir cap sau khi nhan nhiét s& sdi va chuyén
thanh hoi va chuyén sang hé théng tudc bin-may phat, sau d6 hoi duoc ngung tu va quay tro
lai binh sinh hoi. Binh diéu &p su dung trong 10 phan tng nudc ap luc (PWR) voi muc dich
diéu khién ap SUat ctia vong so cap. Mot binh diéu 4p gom c6 mét thuing chiu &p hinh tru bang
thép dung thang ding dugc d& ¢ dudi day, chira nuéc ¢ phan khong gian phia dudi va chira
hoi & phan khong gian phia trén. Binh diéu &p thyuc hién chiic ning bang cach duy tri dicu
Kién bdo hoa bén trong binh diéu ap. Dé bu lai cho su thay ddi 4p suat va nhiét do trong sudt
qua trinh bién doi caa chat tai nhiét (ndng Ién va lanh di) binh diéu ap duoc trang bi bo gia
nhiét trong trudng hop p suat trong binh diéu &p giam va cc van phun, van an toan dé xa hoi
ra khoi binh diéu ap trong trudng hop qué &p xay ra. Hinh 1 mé ta so dd nguyén ly cua binh
diéu ap.

Céc qua trinh co ban lién quan dén viéc duy tri va dam bao ap suat van hanh cua 1o phan
ng theo thiét ké bao gom cac hién tuong chu yéu gan véi cac thanh phan thiét bi trong binh
diéu ap.

1. Bo gia nhiét : Muc dich cua b gia nhiét la han che viéc giam ap khéng mong mudn
bang viéc dun nong phan nudc trong binh diéu ap. Ap Suat trong binh diéu ap ting cung véi
viéc nhiét do va thé tich nude ciing tang 1én. Co ché truyén nhiét trong qua trinh nay 1a co ché
dan nhiét, dbi luu va c6 thé c6 s6i mang cuc bd do nhiét d6 gan véi bé mit bo gia nhiét cao
hon nhiét d6 bao hoa trong toan bo hé thdng. Bo gia nhiét con dugc kich hoat trong qua trinh
khoi dong 10 phan tng tur trang thai lanh 1én trang thai nong.

2. Van phun nuéc : Van phun nuée duoc ldp dat phia trén dinh cia binh diéu 4p nham
han ché su tang ap khong mong muon c0 thé xay ra. Hai hién tuong co ban xay ra trong binh



diéu ap la sy ngung tu do tiép xuc truc tiép gitra nuGC phun vao va sy dbt nong nudc phun vao
do truyén nhiét tryc tiép tir thanh cia binh diéu ap. Nhiét 6 cuia nuéc phun vao ting va nhanh
chong dat nhiét do béo hoa.

3. Sy dang ap : Su gian nd cua chat tai nhiét lam ting muc nudc trong binh diéu é&p.
Hién tuong truyén nhiét trong quéa trinh chuyén tiép véi su ting ap la sy ngung ty va dbi luu
tu nhién xay ra tai thanh cta binh diéu ap, sy pha tron hay phan tang cua nudc néng va lanh ¢
phan day cua binh va su ngung tu tai bé mat tiép giap giira hai pha.

4. Sy giam &p : Hién tuong co ban xay ra trong binh diéu ap khi giam ap la sy gian no
hoi, bién hoi nhanh va s6i trén thanh binh. Khi mre nudce trong binh diéu ap giam do giam ap
ctia nudce trong hé théng tai nhiét so cap, thé tich hoi gidn né va do d6 ap suat hoi cling giam.
Theo sau su giam &p, nhiét d6 bdo hda giam va nudc tré thanh qué nhiét va cé thé xay ra su
héa hoi nhanh chéng. Su hoa hoi nhanh ctia nudc gilp duy tri p suat va lam cham lai quéa
trinh giam &p trong binh diéu ap. Su sdi trén thanh cua binh diéu &p xay ra do nhiét do thanh
cao hon nhiét d6 bao hoa bén trong binh. Di luu cudng buc xay ra tai phan dudi cua thanh
binh trong qué trinh giam ap dudi bao hoa khi vung nudc nong di téi thanh binh dugc lam
mat trudge do boi nude dudi bdo hoa va qua trinh nay gidp lam giam hién twong hoa hoi nhanh.

Lo phan tng VVER ciia Nga thiét ké c6 nguyén ly hoat dong hoan toan tuong ty nhu
cac 10 PWR phuong Tay. Thiét ké tiéu chuan VVER-1000/V320 la thiét ké 10 phan ung cong
suit 1000MW(e) va hién dang duoc van hanh tai mot sé nha may dién hat nhan tai LB Nga,
CH Sec, Bungary. Trong nhitng nim gan day, thiét ké cua 10 VVER-1000 di duoc cai tién va
hoan thién thong qua cac du an o VVER-1000/V392 dugc Xay dung va van hanh tai trung
Quéc, An B¢ va Iran. Ngoai ra, thiét ké méi nhat VVER-1200 hay AES-2006 voi cdng suat
dugc nang cao hon da va dang dugc xay dung tai cac nha may dién hat nhan Leningrad Il va
Novovoronezh Il.

Viéc nghién ctu, tim hiéu cac qué trinh chuyén tiép trong binh diéu &p gidp cho viéc
hiéu biét sdu sic hon vé cac qua trinh, hién tugng thuy nhiét co ban xay ra trong cac chuyen
tiép xay ra trong hé thong tai nhiét so cap cua 10 PWR. Thdng qua viéc mo ta, &p dung mot sb
kich ban chuyeén tiép co ban vai cac mé hinh binh diéu &p 10 VVVER-1000/V320, md hinh nit
hoa binh diéu 4p va mot s6 két qua phan tich bang chuong trinh RELAP/SCDAPSIM duoc
thuc hién trong bao céo nay.

Il. DU LIEU VA MO HINH CUA BINH PIEU AP LO VVER-1000

So do nguyén ly cho mé hinh binh diéu &p c6 mot sé nhiing
dic diém can cha y nhu sau:

« C6 3 mién: Thé tich caa thung chiu ap duoc chia lam 3 mién
theo diéu kién pha va mic nang luong. Mién 1 12 mién hoi
va khi khong ngung tu. Mién 2 1a mién chat long bdo hoa
chura céc bot khi. Mién 3 1a phan nudc di vao tir duong dang
dugc ndi véi mot chan nong caa hé thdng tai nhiét 10 phan
ung.

« Ca 3 mién ¢ diéu kién can bang dong.

« Chi y téi mitrc nude thuc té va mie nudc bi xep lai.

« Chl y t6i cé4c hién twong thuy nhiét dién ra trong binh diéu
ap.
Hinh 1: So d6 nguyén ly cia binh
didu ap



Ngoai cac hién twong thity nhiét dién ra trong binh diéu &4p nhu da néu trén, duva trén so
d6 nguyén ly ciing nhu thyc té van hanh, can phai luu y dén céc van dé lién quan bao gom:

* Mo hinh ngung tu hoi khi van phun hoat dong.

» Su sinh bot khi. Trong qua trinh giam 4p, nudc ¢ trang thai dudi bdo hoa va hoi ¢ trang
thai qua nhiét sé dat dan téi trang thai bdo hoa. Cac bot khi dugc sinh ra trong qua trinh
giam &p & mien 2.

» Anh huéng cua Boron. Trong mién chat long ¢6 chira Boron, diéu nay 1am cho nhiét do
sOi cua chat long tang 1én. Vi vay can chd y téi su anh hudng caa Boron.

« Su ngung tu Va su $6i chat luu & trén thanh binh diéu ap.

« Sy truyén nhiét luong va khéi lugng gitra pha long va pha khi. Sy truyén nhiét giira
mién 2 va mién 3 duoc thuc hién boi phuong thirc din nhiét va déi luu. Trong sudt qué
trinh ting mic nudc trong binh diéu &p thi phan nuwéc dang Ién s& hoa tron vao phan
nudéc ¢ trong thiing chiu ap, phuong thic truyén nhiét déi luu chiém vu thé.

« Anh huong cua khi khong ngung tu. O mién1co the c6 khi khong ngung tu (nitrogen).

Sy truyén nhiét luong va khéi lwong gitra cAc mién va thanh binh diéu &p s& chiu anh

huong cua khi khong ngung tu.

Puong dang cua binh diéu &p sir dung trong 10 VVER-1000 dugc ndi véi mot chan
néng caa hé théng tai nhiét 10 phan ung va van phun dugc ndi véi mot chan ngudi cua hé
thdng tai nhiét 10 phan tng. Cac théng sb chinh cua binh diéu 4p 16 VVER-1000/V320 dugc
mo ta trong bang sé liéu sau day [1], [5].

Bang 1. C4c thdng sb chinh caa binh diéu 4p 16 VVER-1000/V320

Thong sb V320

Thé tich tong caa thang chiu &p (m°) 79
Thé tich phan chira nudc & diéu kién van hanh (m®) | 55
Murc nuéc & didu kién van hanh dung (m) 8.77
Chiéu cao cua thung chiu &p (m) 12.7
Do cao tinh téi day cua thung chiu &p (m) 22.03
buong kinh trong caa thung chiu &p (m) 3.0
buong kinh ngoai cua thung chiu ap (m) 3.33
S6 luong bo @6t trong bo gia nhiét 28
Cong suat tong cua bo gia nhiét (kW) 2520
Nhiét d6 van hanh (°C) 346
Ap suat thiét ké (MPa) 17.7
Ap sut van hanh (MPa) 15.7
S6 lugng van xa an toan 3
Téc do dong khdi qua mot van xa an toan, kg/s 50
buong dang ap 18

- Dai (m) 0.346

- buong kinh bén trong (m) 0.426

- buong kinh bén ngoai (m) 1.69

- Tong thé tich (m®)




So db sau ddy mé ta cac diém dat cua cac van va bo gia nhiét:
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So dd 1: So dd kiém soat &p suét caa binh didu &p 10 VVER1000

III. SG PO NODE HOA BINH PIEU AP

So d6 node hda cuia binh diéu 4p 10 VVER-1000 dugc md ta trong hinh 2 nhu sau:
V344

— .( )c345
— VI3E Rhct
. 3 p4—— - #OCW
— THE

B — C349

HE341-1

H5341-0
341

HE341-1

Hinh 2: So d6 node héa binh diéu 4p

Cac thanh phan thay luc dugc md phong trong chuong trinh RELAP/SCDAPSIM:
duong dang 1a thanh phan thay luc C343 chia lam 3 thé tich kiém soat (CV), thung chiu &p
duoc md phong boi hai thanh phan thuy lwc C341 va C340, c4c van xa an toan duoc md
phong bai 3 van (V344, V346, V348) va van phun dugc mo phong boi van (V338).



C4c cau trdc nhiét caa thanh dng duong dang, thanh cua thing chiu ap va bo gia nhiét
duoc mo ta bai cac cAu tric nhiét twong (ng la HS1343-0, HS1341-0, HS1341-1 va HS1341-
2 nhu duoc chi ra trong hinh 2. Qué trinh xay dung input file s& str dung s6 liéu cua binh diéu
ap 10 VVER-1000/V320.

IV. PHAN TiCH KET QUA

1. Trang thai ding

Trang thai dimg dugc m6 phong tuong (ng vai trang thai van hanh dung tai 100%
cong suat 10 phan ung. Két qua sau khi chay chuong trinh bing phan mém
RELAP/SCDAPSIM duoc so sanh véi gia tri van hanh thuc té cua 10 VVER-1000/V320
trong bang sé liéu sau:

Bang 2: Két qua & trang thai dirng

- Thong s6 ‘ Gia tri tinh toan | Gia tri thiét k& | Sai sb
Ap suat hoi tai dinh binh diéu ap, MPa 15.686 15.7 0.0016%
Nhiét d6 caa nudc, K 618.99 619.0 0.09%
M1tc nude, m 8.325 8.77 5.07%
Trang thai cac van an toan bong - -
Trang thai van phun bong - -
Trang théi bo gia nhiét Ngat - -

Vi gid tri ghi trong bang 2: sai s6 trong két qua tinh duoc khi chay chuong trinh &
trang thai dung so véi gia tri van hanh la nho. Bieu nay cho thay qua trinh md phong binh
diéu ap bang phan mém RELAP/SCDAPSIM la kha chinh xéc, két qua nay la chap nhan dugc.

2. Chuyén tiép ting 4p suit

Diéu kién ban dau cho qua trinh chuyén tiép 1a 4p suét tai dinh binh diéu 4p la 15.7
MPa. Hién tuong tang ap trong hé thong tai nhiét so cap co thé xay ra trong qua trinh khoi
dong hay trong cac tinh hudng su ¢d, vi du nhu sy ¢ mat nudc cap trong binh sinh hoi
(TLFW) két hop véi viéc khong dap dugc 10 phan tng (ATWS). Khi dé, ap suat trong binh
diéu 4p tang dan téi diém dat s6 1 cua cac xa an toan (18.6 MPa). Piéu nay dan dén cac van
Xa an toan ma. Sau khi cac van xa an toan mo thi &p suét trong binh diéu 4p giam dan. Ap
suit binh diéu &p giam t6i diém dat s6 2 cua cac van xa an toan (17.7 MPa), diéu nay dan toi
su dong lai ctia cac xa an toan.
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Hinh 3: Ap suét tai dinh binh diéu 4p Hinh 4: Téc @6 dong khdi qua c4c van x4 an toan



Téc d6 dong khéi lugng qua van xa an toan co gia tri Xap xi 50 kg/s (hinh 4). Gia tri
nay tuong &ng Vai gia tri thiét ké cua cac van xa an toan.

Hién tuong thay nhiét chiém wu thé dién ra trong binh diéu 4p khi 4p suit tang 1én 1a
hién tuong ngung tu hoi trén thanh cua thing chiu &p. Khi 4p suat ting dan dén nhiét do béo
hoa ctia hoi tang. Nhu vay nhiét d6 trén thanh cua thung chiu &p sé€ nho hon nhiét d6 béo hoa,
dan dén hién tuong ngung tu hoi trén thanh cua thung chiu ap. Nguoc lai, khi &p suat trong
binh diéu &p giam, nhiét do sdi cua nudc giam. Nhu vy nhiét do trén thang chiu ap 16n hon
nhiét d6 sdi cua nudce, dan dén hién twong s6i trén thanh cua thung chiu &p.

3. Chuyén tiép ting mirc nudc

Diéu kién dau cua qué trinh chuyen tiép 1 &p suét tai binh diéu &p 12 15.7 MPa va muc
nudc 1a 8.325 m (twong ung véi hé s6 pha long tai CVO01 den CVO05 cua thanh phan C341 Ia
bang 1.0 va hé sé pha long tai CV06 1a bang 0.25). Ap suét trong binh diéu 4p duogc ting dan
lén dan dén nude duge dang 1én trong binh diéu ap.

Qua trinh nudc lanh dang 18n trong binh diéu 4p (hay qua trinh ap suat tang) dan d&én
hién tuong ngung tu hoi trén thanh cta thung ‘Chiu ap. Hinh 6 m0 ta su tang hé¢ so pha long tai
CV06, trong trng V&I mic nudce trong binh diéu ap tang 1én.
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Hinh 5: Ap suét tai dinh binh diéu 4p Hinh 6: Ty s6 pha long tai C34106

4, Chuyén tiép giam &p suat

Diéu kién ban dau cho quéa trinh chuyén tiép 12 ap suét tai dinh binh diéu 4p 1a 15.7 Mpa.
Véi mot ly do chuyén tiép bat thuong nao dé dién ra dan dén ap suit trong binh diéu ap giam
tGi gid tri diém dat 15.23 Mpa. V&i gia tri 4p suat nay bo gia nhiét tu dong bat 1én. Nudc trong
binh diéu ap duoc dbt nong va 1am s6i nude. Su sinh ra cua cac bot khi 1am cho &p suat trong
binh diéu 4p tang 1én. Khi p suat ting va dat gia tri 15.34 thi bo gia nhiét s& ty dong ngjt.

Dién bién sy kién sau khi chay chuong trinh: dén gidy tht 15 thi 4p suat tai dinh binh
diéu ap giam tai gia tri 15.2 Mpa, twong (ng véi su hoat dong caa b gia nhiét. Sau khi bo gia
nhiét hoat dong thi ap suat caa binh diéu 4p duoc ting dan Ién. Téi gidy thir 45 thi dat gia tri
15.34, twong (ng bo gia nhiét ngat. Dién bién su thay doi 4p suit tai dinh binh diéu ap va
nhiét do cua bo gia nhiét dugc biéu dién trong hinh 7 va hinh 8.
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Hinh 7: Ap suét tai dinh binh diéu &p Hinh 8: Nhiét d6 tai tim va vo cua bo gia nhiét
V. KET LUAN

Bai bao trinh bay céac hién tuong thity nhiét co ban xay ra trong cac qua trinh chuyén
tiép khi van hanh 10 nuéc ap luc PWR ndi chung va 16 VVER-1000 ndi riéng. St dung sé liéu
binh diéu &p 10 VVER-1000/V320 dé m6 phong cac kich ban hoat dong cua binh diéu p:
Trang thai dung, trang thai chuyen tlep tang ap sut, trang thai chuyén tiép tang murc nudc,
trang thai chuyeén tiép giam &p suat. Dién bién cua cac kich ban dwoc md ta boi cac hinh vé tix
hinh 3 tgi hinh 8.

Cac két qua tinh toan, phan tich khong chi gitp cho viéc hiéu biét cac qua trinh co ban
Xay ra trong binh diéu ap, ma con gop phan vao viéc lam r6 va phan tich mot cach dung dan
Ccac quéa trinh chuyén tiép ciing nhu cac phan tich sy ¢6 nha may dién hat nhan sir dung 10
VVER-1000 bang chuong trinh RELAP/SCDAPSIM.

TAI LIEU THAM KHAO

[1] The dynamic modeling of the pressurizer surge tank transients in light water reactor nuclear
power plants. R.Zarghami, F.Jalali, N.Mostoufi, R.Sotudeh, K.Sepanloo, F.Dastjerdi and
Ahmari. Iranian Journal of Science & Technology, Transaction B, Engineering, Vol. 29, No. B5.
Printed in The Islamic Republic of Iran, 2005.

[2] RELAP5/MOD 3.3 code manual, volume Il: Appendix A input requirements. Nuclear Safety
Analysis Division. Information systems laboraries, Inc.Rockvill, Maryland Indaho Falls, Idoha.
December 2001.

[3] RELAP5/MOD 3.3 code manual, volume V: User’s guidelines. Nuclear Safety Analysis
Division. Information systems laboraries, Inc.Rockvill, Maryland Indaho Falls, Idoha.
December 2001.

[4] Pressurized Water Reactor Systems, Reactor concept manual. USNRC Technical Training
Center.

[5] VVER-1000 Coolant Transient Benchmark. Nuclear energy agency organization for economic
co-operation and development. OECD NSC2002-06.

[6] Training course “Introduction to NPP Technology”, Reactor Coolant System and Connected
Systems. Risk Engineering Ltd. Sofia, Jan 2012
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Abstract: The pressurizer is one of the main components in reactor coolant system (RCS)
of PWR and VVER designs. The pressurizer’s function is control and maitainance of the
RCS pressure within the limit values. The pressurizer pressure is changed by the increase
in bubble through heating or steam condensation through water sprays.

The paper presents about modeling of pressurizer of VVER-1000 by
RELAP/SCDAPSIM and analysis of the transient behavior. The transient scenarios were
modeled and analyzed, such as: the steady state, the pressure increase, the water level
increase and the pressure decrease.

Key words: RELAP/SCDAPSIM, VVER-1000, pressurizer.



