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Sizing and Performance Analysis
of the Self-Pressurizer for Small Integral Reactors

Sin Kim*

ABSTRACT

Many small integral reactors adopt self-pressurizers which do not use heaters nor sprays for passive

operation. In this study. working mechanisms of steam-. mixture-. and nitrogen-type self-pressurizers are

compared and the sizes of the primary systems that can accomodate the operating conditions are determined

for each types of self-pressurizer. Also. the reactor coolant system conditions after thermal load transients are

calculated and the performances of each type self-pressurizers are analyzed.
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Table 1 Type of Self-pressurizer in Various Integral

Reactors

Reactor Nation Type
AST-130 Russia Mixture
AST-500 Russia Mixture
ABV Russia Nitrogen
ABV-6 Russia Nitrogen
NHR-5 China Mixture
NHR-200 China Mixture

CAREM Argentine Steam

SPWR Japan Steam

q8 FHE A% F UEE HE2Y AW F
71 g2 F5e A Fseg o) §& 43
oz 38 442 fA8 942 AT FHL2
LR P 25 e EAF7IUE HAG
o, AN E ity uwgo) g dA=24
€ EFsHA 257 3718 AL 4Y &4
AYHA HeEz 4 FRdMe 4339 7127
dgg 712E A4sid e ZIH st
71 W 2712 F7HAD, A Mg 2Ad
71 W 371 OA §35H YAAE HsEch
23X AAY ASE /7] EdEg 58 d&4dol
A&Aoz gojyrz 37| F 4¥e o2 94 &
25 #3E Few 37 4Pl 5% v
ad 942 AES ol Fvhsn, vdo Fed
= g0 ZasA B clHF AP& EF A
o] A% e A w2t A7) AHe WFo)
dAgse A% 4AY <4 JAB fAHA 8ot

o] W49 AN E dA R Mo e &
&3tk FHo) oy k49 uFo] HEHE
2 24 9549 4A A] olof diF a2t YR,
Af&0) ¥ FPde YALREAN =2 54
o] gonz df&o] e e LA HEo] 7t
Soitke @3] Atk

22 EEIIN LY

327 9 NIUAAE o8¢ ERVIA F4Y
A7 £457 $49 A7 @3l
x4 HE M54 E wAEs] ssted skl Wl 7t

81



22749 £LVE YA AFL NMgEd =4
Mo HFE YA F Uk gA2ZHE ER4E 9
A "Fol obd 3% RH L 5l dAZ ¢HE
71 Aol A 7Hsdrlel E71E FFeH. 7
9 AP T HAG B &l g8 28 F
717 422 g

337 g o) & AYE W49 uFo
S&=B2 Q29 e wale g} F7) Y4
o] ¥yl mE wgld, EHUA e Agre=
3719 Aol dA Fdel 9slnz, fHx A
H&H 7717 W gae Aol JAHog Ao

ER37) $A9 Advle BANAE ARE7I

aFojA N PWztAe] Bz AA Al o
nASA gow Ar|Ng RE0Z Y77}
A2 HAEY ¥4 WEg 8% 4+ gA 20 2
7149 Bz e 2529 4FY FPgolEg 25
9 49 Wde FAVAE FE KHAANAY
g9 2L7 714 Bdz mA g, mebs, ¢
M AFHECl Fie LAFL zesiA godw
71719 49 WaE AdE A28 ¢+ A 9o
I3 F5EYH 2udM 942 FHL7) W
A AP FarAe 4dg e Pesie 9ge &
Agrch §3). 4129 4Fe) F43) gade A&
G WA= AlZ Ao AA7A9 49 2 AHLS
AL HdAA FFE vA =49 FHPA F
8% 8 nA 7540l Jeng old it A
3 duldo] avdch: gHE 23 U

2.3, TterE 4 YA

AL B K A ALgats B4 ]
e 7IEE A2 GEET) Wl A"
Rol ohje} 7129 ge2olMs Lo] oiro] WE
2 2490 942 GHEINA WEe YojuA
QYEZ W42 AFS Y Juz A, R
438 A 9Le BN 4T s @ e
he 2E7 HES dal Al EAde Wz
A GA Y gz AN g7 o w2

82

9 esst yong TR AL A9 LAY et
7l dEe A2rAY gEoz BFE 4 U o
FAAAE 3247 IBF B 53 def 0
S XAE AW E5od UY WSS 9%
2o Bk, HER4 B9 A 9 ge
e 99T B3L ANE 537 2 EWIA A
st 2o 98 YA 23 Andy g
sm2 Weol 4dHoz sk Fyol AUt 2
AU FH871E SHete MBo) EAEE LOCA
24 A54e AT F gk A% ¥ g
Be LY WE Eg Fo)7] AANE e 2

29 /I94 937 37bz Badoe 48 93

°z g & U

. XK YW 37| 2F ¥ A
S atef A

ZHE717 4E 87 ol fAsis 948 94
AEe A AolM FHgrlg 37 BRL 48
71 AR 271 2PH NE F8 71719 sjHof 3
HALz J¥E nABE AE d4 dARY AE
o 73 3 oY WEg AP 88 F U= 7}
4719 =27 BF FYol W ook @1 o7l
Ae 2 71 M & BEdE 3ed A7) 84
2EE MEstz F4ed A 2983 4y HIE
ANt AFo) A= Fg 9 4y HEE F8Y
T Ae 7MA71Y 2r1E FAFsden, A7)71$H]
o FEE S48 vz

31. 7t

A9 HolE Y8 UMY W2 FYgI)E
e FAAAHez HFaden, WdA g 7
719 4988 e Walwg nelsn $ARY A
F2 AMskx Atk ¥ eEE st &%
2 QEFREY. ALY B9 dae JE e
MM WaAe] %3 Wt A ¥z
B AA7} e} LEE Z2ids AEe v
Holt}. 3718 ERes
g 27174719 Aol

Pt

£rE7 2 EENA Py
71 Xsbded dn



Z2Y YHEUAROL ABEE X2\7107| IWY ¥ 4SHN

peten, P79 AL B9 AN
od AiE olP71A FHPAAE f2E AR
ARsgn R PN F719 ot 7h
FL PN e Aag FY AN} FAE 2
=& ZEda Hgsd fH8uc 2d3 LY
g8 nshA) st

3.2 XHpLEA

87 W WA 2 22VA 2749 AFS
doqe3 g W3E AYshs FAAX BEHO oL
ok wekd A 7t A9 4H 1 2§ Jerd
o3 @ o ZFL o9 BAHE BEIHo} Pt

Muree + Msp + Msgei = M, (1a)
Mz = Mgas - (1b)

od7loA Az WTRS STME ¢4HE€7] W 4A
el 23 7149 F718 Jerd®. SRGE 4
2 744729 surgeg vebdch 183 NITe 2
27148 Yehi 2, GASE WS4 714 AME U
Bdd, duyz] BEo2 P

(Mwrrtwrre + Msneusne +
Mspausre + M vt nim2)
2)

—(Muyrmuwrr + Msnnusna + Msrausra +

M ynu Nm) = QsovrcE — Qross

& gk AN, Qsorer & Qross® AF @

g ds 7t B¢ AN A4HT /188718
8 AAL ¥ oAiAZe dehdoh

. g8l Fois WEA ook JER
029 Azl F7Han:

Murrvwrei+ Mstuivstn + Msreivsrci= V., (3a)

Murvan = Msoai¥stui - (3b)

agn, o] d9%y WyEe JHLFAE ©
Z#fof At

AL 4 PoysE 7HA719 44 #3ee
d, /4471 B bt g vz F71 2 AL
UE 22 s AgHER 93 go] 2FE
t} ol A47t AHRHA FEUR Pyr=00°th

Psysi = Psns + Py . (4)

3.3, aliAd
31T

ool AN e o gstal A7|7IANY A7
2 7} g¥dz FARHAL. £537) 4 ERIA
gAe 2770 e 9A2 Gt e
g 23 (HZP : Hot Zero Power)old i1 A &9
(HFP : Hot Full Power)= #Ho] & o AES 49
&3 A HAE £8% & Ae ¥RY 7IUNY
2718 T

a8y, A4 B49 3% A9 F F%e
g2 FIsdol do IR : AMTIE 4

Table 2 Operating Conditions Used in the Calculation

Coolant temperature control model T 4 control
Mass of promary coolant (ke) 20000
Core outlet temperature at 100% power ('C) 300
Core inlet temperature at 100% power ('C) 260
QOperating pressure at 100% power (MPa) 15 (*8.592)
Operating temperature of nitrogen self-pressurizer (‘c) 80
Surge amount of nitrogen self-pressurizer at CZP (kg) 0

(*) The operating pressure- will be the saturation pressure at 300°C for steam-type self-pressurizer. -
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Table 3 Reactor Operating Conditions

. . Condition
Pressurizer Type RCS variables

CZP HZP HFP

Core temperature ('C) 280 280

Steam Pressurizer temperature('C) - 280 300
System pressure (MPa) 6.420 8.592

Core temperature (C) 280 280

Mixture Pressurizer temperature('C) - 280 300
System pressure (MPa) 12.93 15.00

Core temperature ('C) 20 280 280

Nitrogen Pressurizer temperature('C) 20 80 80
System pressure (MPa) 0.1 15.00 15.00

Table 4 RCS Volume and Required Nitrogen Mass

i Required
Pressurizer Coolant volume () Steam and nitrogen volume RCS volume ‘ equlire
. () nitrogen mass
Type (m)
CzZp HZP HFP CZP HZP HFP (ke)
Steam - 26.48 26.28 - 3.721 3.918 30.20 -
Mixture - 26.14 25.97 - 3.304 3.476 29.45 131.0
Nitrogen 20.03 20.03 20.03 4.839 4.839 4.839 2487 5.561
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Table 5 RCS Condition after Thermal Load Transients

Pressurizer Condition
RCS variables Heat up Cool down
Type HEP (+ 1000MJ) (-1000MJ)
Core temperature ('C) 280 290.0 269.8
Steam Pressurizer temperature('C) 300 310.0 289.8
System pressure {MPa) 8.592 0.824 7.427
Core temperature ('C) 280 290.8 269.3
Mixture Pressurizer temperature('C) 300 310.8 289.3
System pressure (MPa) 15.00 17.63 12.87
Core temperature ('C) 280 302.2 262.5
Nitrogen Pressurizer temperature('C) 80 80 80
System pressure (MPa) 15.00 39.37 4.908

Table 6 RCS Condition after Thermal Load Transients for Nitrogen-type Self~Pressurizer with Gas Tank

Thermal Load Additional gas tank volume ()
M) RCS variables -
0 1 2 3 4 5 6
1000 Core Temperature ('C) 302.2 302.9 303.4 303.6 303.7 303.9 303.9
System Pressure (MPa) 39.38 26.60 21.91 19.81 18.63 17.93 17.45
1000 Core Temperature ('C) 262.5 259.5 259.6 259.7 259.7 259.7 259.7
System Pressure (MPa) 4.908 9.814 11.62 12.48 12.98 13.32 13.56
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NOMENCLATURE
M mass
p pressure
T temperature
u internal energy per unit mass
v specific volume
v . volume
Subscript
GAS noncondensible gas
NIT nitrogen
SGR surge from/to gas tank for
nitrogen-type self-pressurizer
STM steam
SYS system
WTR water
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