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ABSTRACT

Since, in case of high energy piping, steam jets ejected from the rupture zone may cause damage to nearby
structure, it is necessary to design it into consideration of nuclear power plant design. For the existing nuclear
power plants, the ANSI / ANS 58.2 technical standard for high-energy pipe rupture was used. However, the US
Nuclear Regulatory Commission (USNRC) and academia recently have pointed out the non-conservativeness of
existing high energy pipe fracture evaluation methods. Therefore, it is necessary to develop a highly reliable evaluation
methodology to evaluate the behavior of steam jet ejected during high energy pipe rupture and the effect of steam
jet on peripheral devices and structures. In this study, we develop a method for analyzing the impact load of a
jet by high energy pipe rupture, and plan to carry out an experiment to verify the evaluation methodology. In
this paper, the basic data required for the design of the jet impact load experiment equipment under construction,
1) the load change according to the jet distance, 2) the load change according to the jet collision angle, 3) the
load variation according to structure diameter, and 4) the load variation depending on the jet impact position, are
numerically obtained using the developed steam jet analysis technique.

Key Words : High-Energy Pipeline (ZLoU1A] vl &), Steam Jet (57] A E), Jet Impingement (%] EZE), Dynamic
Load (53 3}%), CFD (Computational Fluid Dynamics, Z14H-4] 38}

7|&MH D,,... = diameter of the injection nozzle [m]
d, = diameter of droplet [m]
A = Antoine reference state constant (23.1512) D,,.., = diameter of the target disk [m]
. . . arge
B = Antoine Enthalpic coefficient (-3,788.02 K) H; 7., = enthalpy of water at saturation temperature
C = Antoine temperature coefficient (-47.3018 K) ' [/ke]
C, iz = specific heat of mixture[J/kg-K] .
P Hyp = enthalpy of steam at given temperature
D = diffusivity of steam [m%s] U/ke]
Dpirger = di f th li . .
Cyiinaer = diameter of the target cylinder [m] Lyygey = distance from nozzle tip to target [m]
T AR, 34, FALe m, = evaporation mass of single droplet [kg]
crchoi(@elsoltec.com _ 3
TEL: (031)203-5172 FAX: (031)203-5174 My, = mass of vapor that need to condense [kg/n]
* aEE P, = saturation pressure of vapor [Pa]
= gofeEl

s A B A T8} P pressure scale [Pa]
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Q = condensation heat [J/m’]
Sh = Sherwood number [-]
7., = saturation temperature [K]
T s = temperature of gas [K]
W, ... = molecular weights of the mixture [g/mole]
Wvap = molecular weights of the steam [g/mole]
X, = equilibrium mole fraction at the droplet
surface [-]
KXoy = mole fraction in the gas phase [-]
P = density [kg/m’]
;e = inclination angle of the target disk [°]
0n = tangential angle at impinging point of target
cylinder [°]
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Table 1. Analysis conditions for model I

Distance between nozzle

Inclinati le of
Case # tip and target disk chnation ang'e o

target disk (0inc)

(Ltar/Droz)
1-1 3 0°
1-2 6 0°
1-3 9 0°
1-4 12 0°
2-1 3 30°
2-2 6 30°
2-3 9 30°
2-4 12 30°
3-1 3 60°
3-2 6 60°
33 9 60°
3-4 12 60°

Table 2. Analysis conditions for model I

Diameter of target | Tangential angle at jet

Case # cylinder (Dey/Dhor) impact point (6 )
41 3 0°
5-1 6 0°
6-1 12 0°
6-2 12 30°
6-3 12 60°
7-1 18 0°
7-2 18 30°
7-3 18 60°
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