Korean Chem. Eng. Res., 57(1), 28-41 (2019)
https://doi.org/10.9713/kcer.2019.57.1.28
PISSN 0304-128X, EISSN 2233-9558

— AL ol = — = o = = —_ =
AEYLTEE AHE AF-2 UIS AHJBIE M5 oM o7
HEM3S|T - SIKIR
VAl AT SFRAEAIA S
34057 EHX*JaLOﬂAl AT digo= 989ﬂ124_ 111
2018 62 159 <, 2018 8Y 282 FAHE A 2018 8Y 31 A

Investigation on Performance Analysis of Sodium-Water Reaction Pressure Relief System of
Prototype Generation-1V Sodium-Cooled Fast Reactor

Sun Hee Park’ and Ji-Woong Han

SFR System Design Division, Korea Atomic Energy Research Institute, 111, Daedeok-daero 989 beon-gil, Yuseong-gu, Daejeon, 34057, Korea
(Received 15 June 2018; Received in revised form 28 August 2018; accepted 31 August 2018)

e o

BT AFYAIAE 99 255 Uhg QUNEpIEe) A% ANe BHow dith S0 Agn
shetel] 18 Tt & Y Ak WA A, 3717) A9R VS0 B SrYEgae iEsa Az 95
AF W SANES AFUSYAR E & 0 fA9 AFS slele] AS HAlele] Aude Bt 3

) 9 52 s SUADAT 1) o] W ESn £asiis AR oF soxol, 37u4) e
% Z0) 47} B W) 2 RE AR oF 2557 AN, 37194719 SUAAAE U] #4071 §
= TS Ber A2l 22 e 4 5o e A o] 4 22 Aol Al Zo% et
L @S g 20% ANEIgct & Ao Avks SFR AR AF-B SRS A Bl et /)%

e 2§ ootk

Abstract — We carried out performance analysis of Sodium-Water Reaction Pressure Relief System of Prototype Gen-
eration-IV Sodium-Cooled Fast Reactor. We analyzed transient-dynamic behavior of fluids inside the steam generator to
vent into a sodium dump tank or a water dump tank when tubes in the steam generator were broken to cause a large-
water-leak accident. Accordingly, we preliminarily evaluated design requirements of our system. Our results showed that
sodium in the shell side of the steam generator and in Intermediate Heat Transport System was completely vented within
50 s and feed water in the tube side of the steam generator was completely vented within 2.5 s. It was analyzed that pres-
sure of the tube side of the steam generator was higher than pressure of the shell side of the steam generator, which
showed that sodium in the shell side did not flow into the tube side. Our results are expected to be used as basis infor-
mation to performance analysis of Sodium-Water Reaction Pressure Relief System of Prototype Generation-1V Sodium-
Cooled Fast Reactor.

Key words: Sodium-cooled Fast Reactor, Sodium-Water Reaction, Pressure Relief System, Performance Analysis

LM B A= GAEOITH1-5]. SFAIRE A 3
SWR)# A-E3H —o‘oﬂ g = Qe 3
A7 1E5E 98 2 (Prototype Generation-1V Sodium-Cooled Hol glt}. AF-= Hhgolw ?7 |24 7] (steam generator, SG) LH
Fast Reactor, PGSFR, SFR J?ﬂi)—— drZolA WA= 19 AgFo] SAEAY Fd= S w A
? S A2AA 54 B S ARstaL HE AR H S5O0% FEYo] FASkeE, sk H, £
jri‘:’i‘j— ﬂ‘r% ZoHAe] 4 4l Ae7|Re] v 5o Aol o= 4R N E T w A sk

= P’g(sodium-water reaction

23 ] Bolut 5717} &
So| Ag)ﬂg‘— =l

a2 5E A2FF LA E (Primary Heat Transport System PHTS)«]

TTo whom correspondence should be addressed. W22 AA ARAAES A5 7180 A5
E-mail: sunheepark@kaeri.re.kr Aol T @&k} ulebA ¢te 9k W 27|kl ) Tr7<ﬂ HHE gjﬂsal- ;

This is an Open-Access article distributed under the terms of the Creative Com-
mons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-
nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduc-
tion in any medium, provided the original work is properly cited.

28

TS AE -9 2H31 A (Sodium-Water Reaction Pressure
Relief System, SWRPRS)S] A1 @ 71e] tf$h A 53ll4o] F sl



AEWAIEE 982 AR
Z7T87] AG s &
W0l tgk A= 7150
Z7] ok 1& oyl Sk
System, IHTS), =7+ w371
To R tHut Mg A

b= 2 =2 e A
81 Bf Lo, th-e] @?—7]'}\]'.1_
A 275 (Intermediate Heat Transport
(Intermediate Heat Exchanger, IHX)
de= ZoltHe-10]. 571887 W A,
WA=, & 59 viEel B A7t AF- R vk gloy =
1 Zo] fA1E MiEshes A711,12], & S 1EH 5 e
v A ] R Sl QT ) Ea Aol
AT S Ay Al 22 E o]l FIOMASTERS: ©]&
3ol SFR A92) Z71A7 14 thifi & - Aba w4,
A vl g 14 W Aelte] e Eh AES Beow

)5}
<r

m*L

2 AF-BUISYURIEHIS
St Sl IE 0] AL Fig 139} 241, SFR 9822 ¢F

A AAZIEAR & sl S71E87] e s7) ofatatat
off 2%t thed-4 Aparel] tiH]sto] AleS AAR. Ale2] 24

=]
=

AT s A AT 2
AR e} 2THs).

S E7107) AR sl oja) el 1) Bo] el 4 S
A2ECR TE

Z{W AAlE e %@IOI *J%
%“Mﬂ AL T A2t
e AAC)I AL A J*(cz)J =
tdsto] A WY
pIAS Xﬂ =3 v ﬂPﬂ} 25 WiEIRH(LL, L2)S &3
A 59 2 IR ES SEEIRA)E E
J%ii HEE AN E T Fhe 2FEERAY
ZH7}4~Q o= 2y} &3

- 2 HEZRE W gl wiskuldsk(C4)e] v Al

gl wjstubd o] MY UA ehok=t TR V]

W] (C5), F233171(Co), 7102e]7] AW EH(L3), 712 &l
LAy AA 2712 8E

- A3 spd o] vz = 49, AL
AR VDE W AlE W 2F 2R

m&l

)

Fan=ae]
j=

O{

HE H

Fhof| A X ] ZH(LS5)2
WA B2 Wl E

Atmosphere

Nitrogen Supply
System

=) Main Steam

Steam Generator

Hot Sodium
d
r -
Cl 3
Argon Process < I
System
Atmosphere
c6 L1
L4
CcAH
Atmosphere Cold Sodium
d
r
m Vi C2
5
L3
L5
a3

«m Feed Water

Fig. 1. Schematic diagram of SWRPRS [5]. Component (C): Hot Leg Rupture Disk (C1), Cold Leg Rupture Disk (C2), Sodium Dump Tank
(C3), Back Pressure Rupture Disk (C4), Gas-Liquid Separator (CS), Hydrogen Igniter (C6), and Water Dump Tank (C7). Line (L):
Hot Leg Sodium Dump Line (L1), Cold Leg Sodium Dump Line (L2), Gas-Liquid Separator Connection Line (L3), Back Pressure
Rupture Disk Gas Vent Line (L4), Cold Leg Sodium Dump Line (L5), Feedwater Supply Line (L6), Small Diameter SG Water Dump
Line (L7), Large Diameter SG Water Dump Line (L8), and WDT Gas Vent Line (L9). Valve (V): Cold Leg Sodium Dump Line Isola-
tion Valve (V1), Feed Water Isolation Line Valve (V2), Main Steam Line Isolation Valve (V3), Small Diameter SG Water Dump Line
Isolation Valve (V4), Large Diameter SG Water Dump Line Isolation Valve (V5), and Nitrogen Supply Line Isolation Valve (V6).
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Fig. 2. Schematic diagram of PGSFR.
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Nomenclature
C, :mole concentration of the material i in the con-
trol volume o
Cp; : specific heat capacity of the material i in constant
pressure
Cv, : specific heat capacity of the material i in constant
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volume

Cpyq : specific heat capacity of liquid mixture in con-
stant pressure

CVgs : specific heat capacity of gas mixture in constant
volume

g : gradational acceleration

AH,,, : enthalpy of vaporization

Mgy o : mass of gas mixture in the control volume o

m,, : mass of the material i in the control volume a

my, o : mass of liquid mixture in the control volume o

' mass vaporization rate of the water moving from
atof

m vaporization,a—

My 0 joak : mass flow rate of water from tubes into the shell
2L

side of the SDT

m, syg : mass production rate of the material i by sodium-
water reaction

My o yp :mass flow rate of the mixture of the materials i
and j moving from o to §

n;, : mole of the material i in the control volume a

1y orization.asp - MOlE vaporization rate of the water moving from

atof

0o sp : mole flow rate of the mixture of the materials i and
j moving from a to

Posar : pressure of the gas in the control volume o

Puio : pressure of the mixture of the materials i and j in
the control volume o

P : saturated vapor pressure of the material i in the con-
trol volume a

R : gas constant

Tousa : temperature of gas mixture in the control volume o

T : temperature of the material i in the control volume o

Tiig. : temperature of liquid mixture in the control volume o

Z o : compressibility factor of the material i in the con-
trol volume o

A : vaporization rate of water
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