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ABSTRACT

The purpose of this paper is to investigate an analytical approach for opening performance evaluation of the nuclear pressure
safety valve based on standard codes such as ASME or KEPIC. It is well-known that safety valve is considered as one of
pressure relief valves for protecting a boiler or pressure vessel from exceeding the maximum allowable working pressure. When
pressure in a container reaches its set pressure, the safety valve commences discharging the internal fluid by a sudden opening
called as popping. Safety valve is usually evaluated by set pressure, full open, blow-down, leakage and flow capacity. The test
procedure and technical requirement for performance evaluation is described in international code of ASME code such as
BPVC. The opening characteristics of steam safety valve can be analyzed by computational fluid dynamics (CFD) and steam
shaft dynamics. First, the flow analysis along opening process is simulated by running the CFD models of the ten types of
opening steps from 0 to 100%. As a analysis result, the various CFD outputs of flow pattern, pressure, forces on the disc and
mass flow at each simulation step is demonstrated. The lift force is calculated by using the forces applied on disc from static
pressure and secondary flow. And, the effect of huddle chamber or control chamber is studied by dynamic analysis based on
CFD simulation results such as lift force. As a result, dynamics analysis shows opening features according to the sizes of

control chamber.
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Table 1 Specification of steam safety valve
Valve information Contents
Design type Conventional
Class 300#
Size Inlet 17, Outlet 2"

Set pressure 11.1 bar (1.11 MPa)

Relieving temperature 192 C

Overpressure Set pressure x 10%
Max. blowdown 4 %
Full lift 4.8 mm
Orifice area 285 mir
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Fig. 2 CFD model of fluid region in safety valve
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Wall condition
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Fig. 3 Boundary conditions for CFD analysis
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Table 2 CFD model information of steam safety valve

Category Contents
Fluid type Steam
Element number 350,000
Node number 650,000
Inlet pressure 11.1 bar
Temperature 192 C
Outlet pressure atmosphere
10, 20, 30, 40, 50
o , 20, 30, 40,
Open state [%] 60, 70, 80, 90, 100

£ 271952 9
g8 om, CFD Al g

3} ek

QAR By (o)) =0 M
FEPVA oo = pg— Vot v, @)
AR+ p 2t (V1) = V- (bAT)+ 3)

FRE YA o5 A (Eddy viscosity) 7S vhEe.
2 $AHA(,,) S theT} 2ol Holaty,

Hepr = 1T 1y (4)

Sprin

Gravity

N

Fig. 4 Force balance diagram for dynamic analysis



A7IM, we EFHEA

()ZF] BAE 2n|atH, ¢ &= k—e FHFEE
o1

o

i

L

[

18

> ot |z

off O |H = i i
KAl
o

ot |

=

cheat 2,

—k

spring (6)

mr= P}'luw T—mg

F

flow :EHSCJFFmv =P, Adisz‘+A

static

f d(m/l))sccnndary (7)

#slo]

L
Df]’ ksprin{]—‘:_

o

(explicit method)S 7]¥Wto =z t}&
sto] 4 (6= A
(At)2 107° seclo B Z7|ZAHS

=2 ggs

Z]A]

o 1 A

TN

AL ®

4.1, Jhdof|

o =
2 85 54

QramEe] getelo] Mgl EastEAl Uojuh
FEel We F719Ae SERAS Slstel Wne B
BN BelTES] SAAPLAAAE 108AEE 1}
tro} 339 OFD S8 4astoict, 2 eAe= o 2aeh
AES 717 Aol F/18A7E fEshe] Haame] g
8

1200

Flow

1000

800

Force (N)
8

8

I
3

Lift (mm)

Fig. 5 Driving force by steam flow along lifting
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Table 3 Case of huddling chamber size
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