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Abstract — We investigated design requirements of feed water drain and hydrogen vent systems for the sodium-water
reaction pressure relief system (SWRPRS) of the prototype generation IV sodium cooled fast reactor (PGSFR). We eval-
uated the areas of the gas vent pipe of the water dump tank and the length of the water drain pipe of the steam generator
to rapid drain of the water-steam inside the steam generator for the normal and refueling operations, respectively. We
also calculated the diameter of the gas vent pipe of the sodium dump tank which met its design pressure.
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Fig. 1. Schematic diagram of SWRPRS |[2].
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Fig. 2. FLOMASTER modeling for calculating the time of feed water drain.
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Table 1. Input conditions for the FLOWMASTER modeling [2]

- feedwater pipe: 240 °C, 18.0 MPa
- steam pipe: 503 °C, 16.7 MPa

- flowrate: 86.9 kg/s x 2

- feedwater pipe: 150 °C

Refueling Operation - steam pipe: 200 °C, 1.55 MPa

- flowrate: 23.2 kg/s x 2

- feedwater pipe: ID 0.20 m

- steam pipe: ID 0.20 m

Normal Operation
Operation
Condition

Pipe

- valve close time: 5 s

- feedwater isolation valve: ID 0.20 m
- steam isolation valve: ID 0.20 m

- steam vent valve: ID 0.05 m

Component

Specification Valve

WDT - volume: 19.14 m’
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Fig. 3. Feed water drain at normal operation along with various WDT gas vent pipe sizes.
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Table 2. Calculation results of feed water drain for 100 s at normal operation
Inner Diameter of the Vertical Length ofthe SG =~ Remained Amount of Water in the SG Temperature Pressure Density of Water
WDT Vent Pipe [in] Drain Pipe [m] Mass [kg] Volume [m?’] [°C] [bar] [kg/m”]
4 30 1664.2 1.95 248.1 38.5 865.4
6 30 1028.5 1.19 224.9 25.4 865.6
8 30 636.0 0.72 202.0 16.2 877.3
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Fig. 4. Feed water drain at normal operation along with various SG feed water drain pipe lengths.
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Fig. 5. Feed water drain at refueling operation along with various WDT gas vent pipe sizes.
Table 3. Calculation results of feed water drain for S00 s at refueling operation along with various WDT gas vent pipe areas
cross sectional area of the  vertical length of the SG ~ Remained Amount of Water inthe SG =~ Temperature Pressure Density of Water
WDT vent pipe [in] drain pipe [m] Mass [kg] Volume [m?] [°C] [bar] [kg/m’]
8inID x 1 30 4521.3 4.96 140.5 3.67 911.0
8inlD x 2 30 2923.5 3.18 126.9 2.46 918.8
8inID x 3 30 2652.6 2.87 119.7 1.97 923.1
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Fig. 6. Feed water drain at refueling operation along with various SG feed water drain pipe lengths.

Table 4. Calculation results of feed water drain for 500 s at refueling operation along with various SG feed water drain pipe lengths

Cross Sectional Area of the Vertical Length of the SG =~ Remained Amount of Water inthe SG Temperature Pressure Density of Water
WDT Vent Pipe [in] Drain Pipe [m] Mass [kg] Volume [m?] [°C] [bar] [kg/m?]
8 inlD x 3 10 2266.3 2.46 120.8 2.04 922.4
8 inlD x 3 20 2906.6 3.14 1153 1.71 925.7
8 inlD x 3 30 2652.6 2.87 119.7 1.97 923.1
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Fvent = Vvent x Avent [m3/S] (1)

—DHSDT 100 [mol%] @)

CH,vent = CH,SDT = T
Ny spr™ Ny spT

F,.. : volumetric flow rate of the vent gas [m’/s]

V,ene - linear velocity of the vent gas [m/s]

A, : inner cross sectional area of the vent pipe [m?]

WE7EA0) AEE (v, e A9 45798 783 momentum
balance® 7] T8It} ANRE AEE7F (A 2204 S50 £
3hd, Al UAR-E (critical flow) 545 Ho| B o] wjo] &
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© Wl tel] A AE it e sk 94 (0.3 MPa)RTH
ARE W WEEE 0% AXSITH2,6].
P P,

v, = /\/ 1 2k ( SDT.gage _ \ent,gage) [m/s] when v, <cp.
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3
AR 4 ARD (Avent)z
= A _ +1— -
KRD 0707 (1 Aven) : Aven/ ARD (7)

k : average ratio of specific heats for H, and Ar
Psprgage : gage pressure of gas in the SDT [Pa]
Pyt gage * gAZE pressure of vent gas [Pa]

pspr : density of gas in the SDT [kg/m’]

Pron - density of vent gas [kg/m)

cr : sound speed at the temperature [m/s]

R : gas constant [J/mol-K]

T, - temperature of the vent gas [K]

K, : total loss factor

Kiiction Kjie) + friction loss

Kyuprure aisk (Kgp) © 10ss at rupture disk

App : cross sectional area of the rupture disk [m?]

SDT®] 7R3 (Pspp) ™t B (pspr), &7 H20] (Pt A
(12), (13), (149)Z T3t} 48} o222 o d7|Alol] 77922
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my ;.. —m At
nH,SDT:( H,mIerM H,venr) [mol] (17)
H
My, iitial— Mr veniAt
nAr’SDT _ Ar,mlnaiv[ Ar,vent [mol] (18)
Ar

Korean Chem. Eng. Res., Vol. 55, No. 2, April, 2017



178 EREREEL

_ My e OV TgpAt—my, s6CVy T
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n.llAr,vent = Fvem>< CAr,vem>< pAr,vem [g/S] (21)

Py spr - pressure of H, in the SDT [Pa]

P,.spr: pressure of Ar in the SDT [Pa]

Vsprce : volume of the cover gas in the SDT [m?]
Vpr: volume of the SDT [m?]

Pp.spr: density of H, in the SDT [g/m?]

Prspr: density of Ar in the SDT [g/m’]

My, : molar mass of H, [g/mol]

M,, : molar mass of Ar [g/mol]

Prven - density of H, in the vent gas [g/m3]

P 4rvens - density of Ar in the vent gas [g/m’]

Toow:
Tgpr, : temperature of the cover gas in the SDT at time t [K]
T, ., : temperature of the inlet fluid into the SDT [K]

inlet
Cvy, : heat capacity of H, at constant volume [J/g K]

temperature of the vent gas [K]

Cv,, : heat capacity of Ar at constant volume [J/g-K]
g ;. - mass flow rate of H, at SDT inlet [g/s]
1, ;. : mass flow rate of Ar at SDT inlet [g/s]
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Fig. 7. Flow rate of the vent gas from the SDT along with various SDT
gas vent pipe sizes.
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Fig. 8. Composition of hydrogen in the SDT along with various SDT
gas vent pipe sizes.
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Fig. 9. Cover gas pressure inside the SDT along with various SDT
gas vent pipe sizes.

1y ., : Mass flow rate of vent H, [g/s]
1, ., - Mass flow rate of vent Ar [g/s]

My, 1, - Mass flow rate of Na at SDT inlet [g/s]
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