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The Performance Evaluation for PZR End Cavity of SMART

gy A A A
WA f47 92%F 150
8 oF

2 =RdAe 9E A7), dEILAAA G dAHo glon FEfakd wet
xRz EHo] Wets 4 54& AU = SMART 9#=zel ts) 7147 S4eF
of Mzt 4eB7tE FASAT. Tl YAAMAY T4 Ay FEAHOE oASS
ol & AARYAA] Wrhgo] i F AL FUHAT WAL A i =
Al EAIRE el A W7 2ol AR fAE g RS, AR AAA W
&0 dF dAE AT FdaAe] v AR dAddy B3 TdeE AAA 2
A A 3| AALds SWs SR e AR FUEAY. 53 A 7
80%Y Bt= THeE AT ANV mEskA e Zlew BAHden, HF
a1ty Ao 49 SRl wel @A oF 50% A=(06 MPa) o] dedhs AR
A = AT

Abstract

In this paper, the performance for PZR end cavity of SMART has been evaluated in
which the passive cold PZR and PRHRS had been installed and the FW control
system that reactor power is controlled by FW flow rate had been adopted. After the
present analysis of the coolant volume of end cavity, it was evaluated that the
cooldown rate of reactor coolant is a little high if the secondary system is operated.
Therefore the factors of having an effect on cooldown rate is to be automatically
controlled in order to the cooldown operation of plant is normally maintained within
the operator response time. Also after the analysis of the gas volume, it was
evaluated that the results is much satisfied. Especially, it was analyzed that the peak
pressure of end cavity is raised only about 50%(0.6 MPa) as contrasted with the

commercial plants.
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AC Annular Cavity (333 %)

ADV Atmosphere Dump Valve (7]l H)

EC End Cavity (% &%)

FW Feedwater (5 5°)

IC Intermediate Cavity (F3F&%)

LOCV Loss of Condenser Vacuum (5% 7]%1-&42)

MCP Main Coolant Pump (57} A8 )

MSIV Main Steam Isolation Valve (F%7]Z2|¥ 1)

MSSV Main Steam Safety Valve (F%7]¢tdwiH)

PLCS Pressurizer Level Control System (7}47]59 Ao A1%)
POSRV Pilot Operated Safety Relief Valve (#4815 ¢chdwtEwn)
PPCS Pressurizer Pressure Control System (7}$47] %= Al o] A5 )
PRHRS Passive Residual Heat Removal System (3] 5% AAA%)
PZR Pressurizer (7}F471)

RX Reactor (Y#F=)

SMART System-Integrated Modular Advanced Reactor(‘aL-"4A})
TBN Turbine (E141)

UAC Upper Annular Cavity (333 %)
715 A

Base variables Subscripts
W Sum of rate of all mass flows G gas
P pressure A\ vapor
h specific enthalpy (averaged for L liquid

flows for multiple streams) total  total
T temperature T tank
Cp specific heat n property of flow into region
M mass out property of flow out of region
\% volume
P density

ZMW molecular weight of gas
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- Mass conservation equation for the liquid region

- Energy conservation equation for each water volume in UAC, IC and EC

- Mass and energy conservation equations for gas and vapor inside cavities

- Mass and energy conservation equations for gas and vapor inside the N2-gas tank

&7 A Aol kel =QdE #E WA A S tgd g

- Evaporation and Condensation model at the water and gas-vapor interface

- Heat transfer rates between cavities, pressurizer cooler, reactor riser, steam and
feedwater lines passing UAC

- N2-gas compressibility for the N2-gas inside cavities and N2-gas tank

- Gravitational head of water inside cavities

- Flow resistance at the N2-gas tank isolation valve
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1) 714
- Material is segregated in exactly two regions, one for liquid and one for water
vapor/gas. Both regions are always present.
- The liquid pressure is equal to the total pressure
- Gas and vapor volumes are equal
- Gas and liquid temperatures may be unequal.
- The liquid is distributed among three cavities.
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N

The basic conservation of energy equation applies to regions with moving
boundaries as well as those with fixed boundaries:

ﬁ - Win (hin - h)_ Wour (houf - h)+ q +idip
dt M p dt

For each of the three materials, the energy equations are:

dhfg _ Win,G (hin.(} - hG )7 Wout,G (hnut.G - hG )+ 9in,G + Ldi
dt Mg pg dt

dhy Wiy (hm,V —hy )* Wour,y (hmn,l/ —hy )* Qiny . 1 dp,

dt My, py dt

dhy Wit (in =)= Wors Viours =i )+ dins L L P

dt M, pp dt




The basic conservation of mass equation is:

am
dt

=Win = Wour
For each of the three materials, the conservation of mass equations are:

dM
dt

=Winc = Wour,G

aMm
dt

=Winy = Woury

M, _
d

in,L ~ Wout,L

We also need to find differential equations for the pressures. We integrate the
differential equations to calculate P, h, and M for the three materials. We use

state properties fits for steam and gas to calculate the densities.
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Table 1. RCS Design Parameter
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Figure 1. RCS Schematic Diagram
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Figure 2. FW Flow Rate-POWER Control Program
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