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Abstract — We investigated design requirements of vent lines for Sodium-Water Reaction Pressure Relief System of
Prototype Generation-IV Sodium-Cooled Fast Reactor. We developed design requirements of areas of the rupture disks
of the steam generator, a diameter of the gas vent line of the sodium dump tank, a diameter of the gas vent line of the
water dump tank, a diameter of the water dump line of the steam generator. With the design requirements, we calculated
the time to vent fluid inside the steam generator and analyzed the transient pressure behavior, also evaluated the close
pressure value of the isolation valve of the water dump line. Our results are expected to be used as basis information to
design Sodium-Water Reaction Pressure Relief System of Prototype Generation IV Sodium-Cooled Fast Reactor.
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Fig. 1. Schematic diagram of SWRPRS. Component (C): Hot Leg Rupture Disk (C1), Cold Leg Rupture Disk (C2), Sodium Dump Tank (C3),
Back Pressure Rupture Disk (C4), Gas-Liquid Separator (C5), 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 (LS), 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 Isolation 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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dm[,STMH . . oy
= My sra s shet = My STMH > atm ™ M CV3 > STMH
dt

(i: STM,N,)

dm, ¢ . . .
—_——m. . —-m. - . +tm . .
dt My cp2—sshett™ My cv2— Fwe evapor,CV4 or FWC

gas

—->CV2

liq

dm; . . .
i, CV3_ +
—at My cy3 - stvar =My cv3 - Fwc,,, ™ Mevapor, CVS or FIVC,,,—~CV3

dm; FWC,.. .
LT .
dt i,CV2— FWC

o T M cv3 s Fwe,, ~ M Fivc,,

WD,

dm; ypr -

i - i
dt W, pyye,, »>wot,, Y0 wpr,, > atm ™ Mevapor, WDT,,—» WDT,,,

deW,CV4_ . .
i Mew, Fvc,,,—cva™Mevapor,Cva— 12

dmyy cps_ .
—dt = Mrw,cvs— Fwe,,, ™ Mevapor, CV5 - CV3

dmpy pye, - . .
—[dt =—MFW,FWC,,~Crat My cps —>Fwc,,” Mrw,Fiwe,,—»wpr,,

“Myyupor, FWCyy—>FWC,yy

dmyy, yp T, .
—_— = . —
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d .
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=D, ey
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CpdT, pwc
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+ Meyapor, WDT,,— WDTMAHM,;
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— Meyapor,cvs —>('V3AHvap
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TMey cps FWC,,qCpFWdTFW.(‘VS —FIC,,
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lig lig lig liq

7merapor. FWCy— FWCXESAHvap

d_t(mFW' worCVew T ew, wor) = Mew, pwe 5 worCPrwd Ty, i
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O Energy Conversation in Lines

Hjgellx 8] F= 9l 7IAS] viE &R, o5, WE T S
Ttk A& Sl A E A, A ATE
(critical flow)el] E2atEE J7 2 7]H 8] A& EE §A =50

Aol g0 AR,

A =v cross sectional _avg 1
itj,a—>p i), @ BB e [+./'>.l7',,7/p/Ma|'g
i+

m —v cross sectional _avg
itja>p itj,a=> BB %], Bntes

717 Al AR S50 % FEHAY slE-E
I EulEs gl 7| & 2 o)gshe 5719k 7kl tigt ok
E21e ofls} k.

avg 2

PSTM+ Ny, CViand shellV STM+ N, STMH—> shell P p
2 = USTM+N,,STMH ™ gas, shell

totalloss
_APSTAMJr N,STMH —> shell

avg 2
PsTM+ N, Cv2and shellV STM+N,,CV2— shell _ P P
2 — Y STM+N,,cv2 1 gas,shell

totalloss
_APSTMJrNZ. CV2—shell

avg 2
PsTM+ N, CV3and STMHYSTM+N,,CV3 —>STMH P P
5 = Fsrvn, cv3=Esrv+ N, sTve

totalloss
_APSTJ\/H»NZ, CV3—>STMH

avg 2
PsTa+N,, cv2and FWCVSTM+N,, CV2—>FWC
B = Psrarsn,cra=Psrars v, rwve

totalloss
_APSTJ\/H»NZ, CV3—>FWwC

avg 2
pSTM+N2, CV3and FWCVSTM+ N, CV3>FWC

2 PSTM+ N, CV3 ™ PSTM+ N,,FwC

totalloss
_APSTJ\/I+ N,,CV3I>FWC

2
PSTM+ Ny, WDTnozzleVSTM+ N,, FWC > WDT
2 =P STM+N,, FWC_P STM+N,, WDT

totalloss
_APSTJ\/I+ N,,FWC—>WDT
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2
pS’I'Mﬁ’VZ. vent auﬂztvS’l'Mﬁ’Vz. WDT—atm __ P P
2 — Y STM+N,, wDT— Y atm

totalloss
APSI M+N,, WDT —atm

O Pressure Loss Correlation
w7 9D 7A G FEHE A olUA] BE

2=
Aol S5 Qelea)
PN A
(AP)— ToRs A ol o et EAAFK)E Teks
PN
& 34, AT ) Fgel ZEsisint.
_ form loss
APSTA’\/[w‘NZ,S'TAMH%.shuII - APST}\/I+N2,ST‘MH%.\'halI
avg 2
_ Ksuddzn ex pansion pSTMﬁ’VZ.CVland shellVSTM+ N,,STMH —> shell
STM+N,,STMH — shell 2
form loss
APS‘TAM+N2,CV24}\I’ILII APS‘T\/{+N2 CV2—>shell
avg 2
— Sudden ex pansion PSTM+ N, CV2and shellV STM+N,,CV2— shell
STM+N,,CV2—> shell 2

_ form loss
APSTMw‘NZ, CV3—>STMH — APS‘T\/{+N2 CV3—>STMH
avg 2
_ Ksuddzn ex pansion pSTMﬁ’V:. CV3and STMHY STM+ N,,CV3—>STMH
STM+N,,CV3—STMH 2

form loss friction loss
APS‘T}M+N2,CV24}FW(‘ APS‘T}\/{+N2 CV29FWF+AP?TAM+NZ CV2—>FWC

sudden ex pansion fric(tube)
= (Ksrarsn,, cv2— rwe T Ksraren,, cva— rwe)

avg 2
PSTM+N,, CV2and FWCVSTM+N,,CV2 - FWC

2

form loss
APSI’\/HN, CV3—>FWC — APSI'/\/HNZ.CV3—>FWC'
avg 2
K/orm loss pSTJ\/I+NZ, CV3and FW('VSTM+NZ, CV3—>FWC
STM+N,,CV3—>FWC 2

_ form loss friction loss
APS’I'.’\/I+N2. FWC—>WDT — APS’I'M+NZ. FwC— Wl)7'+ APS’I'.’\/I+NZ. FwWC—>wDT

fric(pipe)

_ Ksudden ex pansion/contr action Kbend 1K
( STM+N,, FWC—>WDT STM+N,, FW('—)WDT)

STM+N,, FWC—>WDT

2
PsTM+ N, WDTnozz1eV STM+ N, FWC— WDT

2

_ form loss friction loss
APST}\/I+NZ, WDT—atm ~— APSTM+NZ. WDT— atm + APSY]’\/I+N2, WDT— atm

_ sudden ex pansion/contr action bend fric(pipe)
(KSTAMw‘NZ, WDT—atm + KS‘T\/{+N ,WDT—atm + KS‘T}\/I+N2 WDT— alm)
2
pS’I'Mﬁ’VZ. vent outletV STM+ Ny, WDT—atm
2

O Vaporization

CV5 = FWColA CV3§ S-S AL CV4 = FWCIA
CV2&E FHel= £ oF> CV5 55 Lﬂu E3F571943 V3
=719 o4 i}ﬂ“&% %ﬂa‘fzﬁ} I F 5719 $EH FrE
WHe| Z3FT|9e] T4 el ED"‘o‘FEﬂ 2QEE AR 117
7] g3l Zaks )%E?J?l'q' =80 A3 o7 AAsH= Gt
olE®E, 2 ?LOHHE SubE gholl w2 AR Ay} ZJol= 4-6. F
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nevapar, CVaor FWC,—>Ch2

sat

X(PFW (“V4_PS‘TM+N,,(“V2)VS'TM+ N, C VZZS'T\/[wLN2 cr2

RTSTMMVZ,CVZ

nevapar, CV5or FWC,—>CV3

sat

X(PFW (“VS_PS‘TM+N,,(“V3)VS'TM+ N, C VBZS'T\/[wLN2 cr3

RTSTMM’\Q,CV}

nevapor,FWC,,q—>FWC

gas

sat

}\’(PFWFWF, _PS'T\/[wLN2 Fwc, )VS'TMJrNZ,FWF ZS‘TM+N,,FWF

RTgrasen,, FWCyp

nevapor, wDT,,,— WDT,

gas

sat

7» (Prw,wp T, —Porvren, wo Tga:) Vs n, wo TmZS TM+N,, WDT,,,

RTgrasen,, WDT gy
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S/ A S 2EiEERE 99S U], 2w B Rk
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A9} e ke
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- SDT T:"HH Z A 03‘11
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332 A A Ak
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O Mass Conservation

dm;
i,SG _ - . ..
at MiswrTMsGso7 (i:Na,NaOH, Hy, Ar,N,)
dmi,SDT _ .
- My sGospr— My sprs am
dt
m; syr = Vi swrRMH,0, leak

O Energy Conservation in Control Volumes
Ao o e SV W BE Al 7HEskE)

AREE T 53 A glokar 7Pg st

d . .
d—t(zmi, s6Cv; T, SG):mHzO, teakAHgpr— Zmi, SG—)SDTCpidTi, SG>SDT

(i: Na,NaOH, H,, Ar,N,)

d .
d_t(zmi, SDTCViTi, spr)= Zmi. s6->s01CPAT; 56 spr
=3 5575 amCPAT 5075 am

O Energy Conversation in Lines
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lig, sGV lig, h, av,
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avg 2
X Plig, SDT(CLynozz1eV lig, SDT(CL)nozzle

-p totalloss
gas,SDT 2

+ APIlq SG(CLYy—->SDT

avg 2
Piiq, GV lia, b sy
2

avg
Poas.s6 +Puig, SGghliq.SG(HL)

avg 2
X phq SDT(HLYnozzle ¥ lig.SDT(HL)nozzle

-p totalloss
gas,SDT 2

+ Aphq SG(HL)—>SDT

2
Plig. SDT(HLYnozzleVlig, SDT(HL)nozzle
Pgu.\, SGT Pga.\', S'DT+ 2 +AP

gas,SG(HL) - SDT

vg avg
pgas. vent our[ervgas. vent outlet +AP

Pgas, SDT:Pgas,arm gas,SDT—atm

O Pressure Loss Correlation
WA D 7)FFAS] T2 HE Al 7AA oluR] BEA 6
T PHEUAPYS THH= AL ofeel 2et £

AT (K)
= TEh= ATAS 34, SAAIG AT Fo| 7)%sigi

form loss
+AP; SG(CL)—>SDT

ﬂJ

friction loss
AP:‘,SG(('L)—)SDT AP; SG(CL)—>SDT

_ fric(tube) fric(pipe) sudden changes
(Kl SG(CL)y—>SDT KI SG(CL)— S'DT+ KI S'(y(( L)— S'DT+KI SG(CLYy—>SDT

2
bend direction change rupture disk PiVi
+K; é(y(LL)—hSDT+K1 SG(CLY—>SDT Ki,SG(('L)—)SDT)

_ friction loss form loss
APl SG(HL)—SDT API SG(HL)—SDT +Apl SG(HL)—»SDT

fric(pipe) distri butor sudden changes bend
= (K;  SG(HL)—>SDT T K;  SG(HL)—>sDT T K;  SG(HL)—>sDT T K SG(HL)—SDT

+ Kduulmn change Kru/llum disk PiVi
i,SG(HL)—> S'DT i S'(:(HL)»S'DT)

— AP Sriction loss +AP! form loss

API,SDT—> atm i,SG(HL)—>SDT i,SG(HL)—>SDT

fric(pipe) separ ator sudden changes bend
- (KI SDT— atm + KI SDT— atm Ki, SDT— atm Ki, SDT— atm

rupture disk pl i
i,SDT— atm 2

+K;

O Equation of State

2 AT 25 S TRk APIRACKAE F4, ok,
Aol of ol thek AFegAg 22 o dTIA| e A AE A
St

Viass62 Pisc = RT s 563 Mis6

Vgas,SDTPgas.SDT = Vgas, SDTZPI', SpT RTgas, SDTZni, SDT

Vgas.SGpgas. SG =

3-4. A5 G
3-4-1. vPEREA A (K fric)

Dy
Ko = f"L—

(1) 2712487 ) Al Aole] A f%

16{_‘:: for Re<2100 (Darcy friction factor)

po 183188 o 2100 <Re<30000 (Blasisu friction factor)
Re™
0.184

for 30000 <Re (McAdams friction factor)

| oS AAL A 393

) v o] A e

f= 00032+ 2221

523; (Nikuradse friction factor)
Re

3-4-2. YEEAATF(K )
(1) A4 A 2] FH(tube support plate, TSP), -
[14a]

&l F(distributor)

Kisp or Kiispibutor =

5 0.375 -2

{0.5(14)0'7 +1(1-H ""+(1-D +fh0,eclih0'e}(;)

hole
T=10" (2 4 Jnote
rore

hol.

-1
6 =0.25+0. 535( d””’?‘) [0 05 +(d’w’“) }

hol, hol

(2) ¥ 5(sudden contraction, SC)[14b]

Aa ter cont 075
KSC = 05(1 - ) +Kfric,n‘zms

before coni

(3) 58 (sudden expansion, SE)[14c]

Apetor 2 A 2
KSE _ (1 _ [ Xbefore ex, n) +Kfrfc)f]‘ﬂns( lgbzlare exenj

after expn after expn

(4) == (bend)[14d]

Kyona = ABC

A=1.623(1-¢""%

B=0. 21( b‘"") o (f or Shend | 0)
pipe pipe

C =1 (for cirular — shape cross sectional area)

(5) e do] st 21915 (constant-area elbow)[14e]

2 4
Koyt = (0.95 +%)[0.95(5ing) +2.05(sing) }

*Above eqn is for smooth wall, sharp corner, constant area

(6) TERE7 15 (tee)[ 14f]

6=90"
Kree 1 ZKelbaw c4

(7) e Ao] Mak= 45 (varied-area elbow)[14g]
—2.3log ( meffﬂu]
AIZ fier contr
A before contr

Kelbaw.CA = ACe

A= 095+3%5

Lhei ht Lhei ht 2 Lhzi’ht 3
C= 1.44370.635(—L) +o.227(—L) 70.032(4)

width width Lwidth
Lpeign)*
ight .
+0.002(—“L) for rectangular cross se ctional area
width
C =1 for cirular cross se ctional area

*Above eqn is for smooth wall, sharp corner, varied area
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Fig. 8. Calculation of the vaporization rate effects on volume of liquids in the shell of the SG (a), pressure on the shell of the SG (b), volume of
liquids in the SDT (c), pressure of the SDT (d), volume of feed water in the tubes of the SG (e), pressure of the tubes of the SG (f), vol-
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Fig. 9. Pressure difference between tube side and shell side of the steam
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Nomenclature

: area after the sudden contraction

: area after the sudden expansion

: area before the sudden contraction

: area before the sudden expansion

: clear area of the grid plate

: area of total hole

: clear area before the rupture disk

: area of the rupture disk

: cross-sectional area at 3 inlet

: mole concentration of the material i in the control

volume o

: specific heat capacity of the material i in constant

pressure

: specific heat capacity of the material i in constant

volume

: specific heat capacity of liquid mixture in constant

pressure

: specific heat capacity of gas mixture in constant

volume

: diameter of a hole

: diameter of the separation outlet
: hydraulic diameter of the line

: diameter of the line

: friction loss coefticient

: friction loss coefficient at a hole
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: ratio of the clear area before the hole to the area
of the total hole

: gradational acceleration

: level of the material i in the control volume a

:level of liquid mixture in the SG based on the
height of the cold leg nozzle of the SG

:level of liquid mixture in the SG based on the
height of the hot leg nozzle of the SG

: height of the separation inlet

: enthalpy of sodium-water reaction

: enthalpy of vaporization

: friction loss coefficient

: friction loss coefficient at the sudden contraction
or expansion part

: loss coefficient of the mixture of the materials i
and j moving from o to B at bend

: loss coefficient of the mixture of the materials i
and j moving from o to B due to friction

: loss coefficient of the mixture of the materials i
and j moving from o to  at sudden contraction

: loss coefficient of the mixture of the materials i
and j moving from o to § at sudden expansion

: length of a hole

: length of the line

: width of conversing part

: mass of gas mixture in the control volume a

: mass of the material i in the control volume o

: mass of liquid mixture in the control volume a

1 mass vaporization rate of the water moving from
atof

: mass flow rate of water from tubes into the shell
side of the SDT

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

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

: average molecular weight of the mixture of the
materials i and j in a

: mole of the material i in the control volume a

: mole vaporization rate of the water moving from
atof

:mole flow rate of the mixture of the materials i
and j moving from o to 3

: pressure of the gas in the control volume a

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

: saturated vapor pressure of the material i in the
control volume o

: pressure loss of the mixture of the materials i and
j moving from o to § due to flow change

: pressure loss of the mixture of the materials i and
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j moving from o to B due to friction

AP,[:',"LI‘:‘[, : total pressure loss of the mixture of the materials
i and j moving from o to

AP;,Z“LZZ:} : total pressure loss of gas mixture moving from a
to B

AP,[,:',“Zﬁ}} : total pressure loss of liquid mixture moving from
otof

R : gas constant

Ryend : curvature radius of the bend

Tousa : temperature of gas mixture in the control volume a.

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

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

AT g0 : temperature change of liquid mixture from a to 3

ATy 05 : temperature change of gas mixture from o to

Vitj.ap : linear velocity of the mixture of the materials i
and j moving from a to

Ay : linear velocity of gas mixture at 3

Viig.p : linear velocity of liquid mixture at 3

Via : Volume of the control volume o

W : width of the separation inlet

Z; o : compressibility factor of the material i in the
control volume o

0 : angle of the bend (0°<6<180°; 0°: straight line)

o c : average density of the gas mixture in the control

volume a

Pits o andp : average density of the mixture of the materials i
and j between a and 3

Pﬁjg Bore : average density of the mixture of the materials i
and j at B inlet

Pl : average density of the liquid mixture in the control
volume o

A : vaporization rate of water

ViSWR : stoichiometric ratio of the material i in sodium-

water reaction
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Appendix 1. Major design parameters of SWRPRS
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Parameter Unit Value
SG sodium inlet temperature °C 500~550
SG sodium outlet temperature °C 300~350
SG tube side inlet pressure MPa 18~20
SG tube side outlet pressure MPa 15~18
SG tube side inlet temperature °C 490~510
SG tube side outlet temperature °C 220~250
SG feedwater flow rate kg/s 80~100
SG cylinder outer diameter mm 1000~1300
SG cylinder thickness mm 1~40
SG steam header volume m’ 0.7~1.0
SG feedwater chamber volume m’ 1.0~1.5
SG tube total length m 20~30
SG tube outer diameter mm 15~20
SG tube pitch mm 30~40
SG tube number EA 500~800
SG tube inner diameter m 10~20
SG tube support plate diameter mm 1000~1200
SG tube support plate hole diameter mm 10~20
SG tube support plate thickness mm 10~40
SG tube support plate hole number EA 1000~3000
SG tube support plate number EA 10~30
SG tube support plate pitch m 0.5~2.0
IHTS piping inner diameter m 0.50~0.55
SDT operating pressure MPa 0.11~0.15
SDT total volume m’ 100~150
SDT operating temperature °C 100~150
SDT gas vent line length m 30~50
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