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INTRODUCTION

Pressure surges in the heat transport system of nuclear reactor plants can affect the safety and
reliability of the plants. Hence the pressure surges must be considered in the design, operation,
and maintenance of the plants in order to minimize their occurrence and impacts. The
objectives of this paper are to review various methods to control or mitigate the pressure
surges, to analyze these methods to gain understanding of the mitigation mechanisms, and
examine applicability of the methods to nuclear power plants.

PRESSURE-SURGE MITIGATION MECHANISMS

Review of various pressure-surge mitigation methods available from the literature revealed
that the mitigation results from two basic mechanisms. One mechanism is reduction of energy
born by pressure pulses in the fluid. The other mechanism is lowering of the amplitudes of
pressure pulses (with no change of fluid energy). The former mechanism however always
accompanies the latter mechanism.

The three methods belonging to each of the above two mitigation mechanisms discussed here are:

( 1 ) Fluid-Jet Device
( 2 } Deforming-Liner Device
( 3 ) Nonreflecting-Piston Device

as the pressure-pulse suppression (PPS) methods involving the pulse energy, and

(1 ) Accumulator
( 2 ) Muffler

( 3 ) Pop-Through Disk

as the pressure-pulse attenuation (PPA) methods affecting only the pulse amplitudes.

ENERGY OF PRESSURE PULSES
Energy of a pressure pulse is the work needed to generate the pulse. One way to generate a pulse
is to exert an external force to the fluid. If we were to generate a pulse with a finite amplitude
Ap and a small duration dt, the work involved or the pulse energy dE per unit area of flow is

dE = Apdx , {1 )

Here dx is the distance the fluid mass moves, and dx = Au dt and Ap = pc Au. Au is the fluid
velocity increment caused by the pulse, p the fluid density, and c the propagation speed. Thus dE
can also be expressed as
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Hence, for a continuous pulse with varying amplitudes, the total energy can be obtained by an
integration of Eq. (2) over the pulse duration.

Alternatively, energy of a pulse may be written as sum of the potential and kinetic energies:

dEp = - J <p-po)dV; (3)

( 4 )
2

Here V is the fluid volume. Using dV = c dt d(1/p), d(1/p) = [d(1/p)/dp]dp, dp/dp = -p2c2 ,
and other relations given above, it can be shown that the pulse energy is equally
divided between the potential and kinetic energies:

dED = dEK = —dE = ( p ) dt ( 5 )
2 2pc

All above expressions are of the form appropriate for pulses introduced by external forces. In
considering pulses present in a system in general, however, the energy may be more
conveniently expressed by sum of the potential and kinetic energies integrated over the region,
rather than over time. In addition, note that energies of the externally-generated pulses, as
expressed by Eqs. (1) through (5), are above the initial or the steady-state flow energies.
There are other cases in which pulses are generated internally such as by abrupt flow
disruptions. The pulse energies in these cases come from the fluid. In this paper however, we
will restrict ourselves to the externally-generated pulses for simplicity.

PRESSURE-PULSE SUPPRESSION METHODS

Fluid-Jet Device

The fluid-jet PPS method is based on forming fluid jets by which the pulse energy is dissipated
and removed from the fluid permanently. Figure 1 shows a schematic of the device. The pulse
diverted from the tee connection (not shown in the figure), which connects the device to a piping
to be protected, approaches the orifice plate and generates jets upon encountering a pressure
differential across the plate. Depending on the distance from the tee to the plate and the pulse
duration, the pulse suppression will occur in steps as the wave reverberates between the two
points. In an optional configuration, shown in Fig. 2, the orifice holes are placed right on the
circumference of the pipe; the pulse suppression occurs in a single step.

Attenuation of a step pulse in a piping has been analyzed (Shin and Wiedermann, 1989), and
verified experimentally (Shin et al, 1990). The analytical results shown in Fig. 3 indicate that
pulses with amplitude and duration of practical importance can be significantly attenuated. The
attenuation factor is defined here as the transmitted pulse amplitude divided by the incident
pulse amplitude. Fig. 4 shows results of energy analysis for a rectangular pulse with a finite
duration. The pulse energy is seen to divided into three parts; the reflected, transmitted, and
dissipated energies. There exists a certain compromise in application of the device. Normally,
it would be desirable to maximize the dissipated energy, i.e., design for attenuation factor 0.5.
However in many applications a factor lower than 0.5 may be required just to keep the pulse
amplitudes below an acceptable level. In some special cases, a factor higher than 0.5 will be
required if upstream of the device is of a greater importance.

Deformina-Liner Device



A deforming-liner device relies on plastic deformation of the metallic liner as means of
removing pulse energy from the fluid. As shown in the schematic given in Fig. 5., the gas space
behind the liner provides for the needed low back pressure. Under normal conditions, the liner
will not deform significantly. Upon encountering pulses of appreciable amplitudes however, the
liner is designed to deform plastically to absorb the pulse energy.

Nonmetallic materials as the liner have been considered (Ayres, Jr. and Dement, Jr., 1986).
Metallic liners would be of more interest in reactor applications however. To examine
effectiveness of the device, Type 304 stainless steel pipe filled with water at the reactor piping
temperature was studied for a rectangular pulse and a step pulse, and the results are shown
Figs. 6 and 7, respectively. A linear elastic and perfectly plastic behavior of the material was
assumed. The results were obtained using an ANL in-house computer program which accounts
for the needed fluid-structure interaction (Youngdahl et al, 1980). For simplicity, a high
system pressure is assumed to avoid cavitation. Here again the pulse amplitudes are seen
substantially reduced. Comparison of the two back pressure cases shows that the lower back
pressure allows more plastic deformation and exhibits a greater pulse attenuation. Location A is
at 1.5m upstream and Location B 1.5m downstream of the device.

Nonreflectinq-Piston Device

A nonreflecting-piston device is one that exhibits little or no wave interaction to an incident
pulse. A completely nonreflecting device will be a perfect energy absorber. Various means for
providing the needed resistance are shown in Fig. 8. Mass of the moving parts can exert
resistance to the pulse to cause reflection, at least for a short duration initially. An analysis
showed that the duration in which the reflection occurs is typically much smaller than typical
pulse durations; hence, the mass effect is not regarded to pose any practical problem.

PRESSURE-PULSE ATTENUATION METHODS

Accumulator

Accumulator is a PPA device that generates negative waves. A few variations of this device can
be found in the literature (Wylie and Streeter, 1978; Chaudhry, 1987). Fig. 9 shows a basic
configuration and waves involved for an incident step pulse. The result of analysis shown in
Fig. 10 indicates that the attenuation takes place in steps and depends on the ratio of flow areas
Ao/A (accumulator over pipe). Furthermore attenuation is seen to increases with increase in

the accumulator area. Note that there is no transfer of energy involved here.

Muffler

Muffler is a pulse attenuator placed right in the piping as opposed to the accumulator placed off
the piping via a tee connection. A physical configuration and the waves involved for a step pulse
are given in Fig. 11. The result of analysis is shown in Fig. 12. Here again the attenuation
takes place in steps as the waves reverberate in the muffle. Attenuation increases with the area
ratio Ao/A. Muffler is an effective pulse attenuator for short duration pulses. L in Fig. 12 is

the length of the muffler.

Pop-Through Disk

As seen from the accumulator and muffler, pulse attenuation results from expansion of fluid.
Another way to provide the expansion is via a thin disk that buckles upon a sudden increase of
pressure. A pop-through disk shown in Fig. 13 is a possible such PPA device.

CONCLUSION

Review and analysis of the PF S and PPA methods indicate that they all may be considered for
controlling or mitigating pressure surges in a piping depending on the specific applications.
There are a couple of features of these methods however that deserve special notes. The first is
the feature of the PPS methods that substantially reduces the energy of the pulse with the



consequence that the potential for later amplification of the pulse in the system is also reduced
in addition to the immediate local attenuation of the pulse amplitude. In contrast, with the PPA
methods only the latter is achieved. The other feature to be noted is the nondestructive nature of
those PPS and PPA methods, which has practical implications in applications.
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