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CAVITATION IN VALVES

INTRODUCTION

Cavitation can occur in valves when used in throttling or modulating service. Cavitation is the
sudden vaporization and condensation of a liquid downstream of the valve due to localized high
pressure drops. When flow passes through a throttled valve, a localized low pressure zone
forms immediately downstream of the valve. If the low pressure zone falls below the vapor
pressure of the fluid, the liquid vaporizes (boils) and forms a vapor pocket. As the vapor flows
downstreamn, the pressure recovers, and the vapor bubbles violently implode causing a popping
or rumbling sound similar to tumbling rocks in a pipe. The sound of cavitation in a pipeline is
unrmistakable. The condensation of the bubbles not only produces the ringing sound, but also
creates localized stresses in the pipe walls and valve body that can cause severe pitting.
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Cavitation is a common occurrence in shutoff valves during the last few degrees of closure when
the supply pressure is greater than about 100 psig. Valves can withstand limited durations of
cavitation, but when the valve must be throttled or modulated in cavitating conditions for long
periods of time, the life of the valve can be drastically reduced. Therefore, an analysis of flow
conditions is needed when a valve is used for flow or pressure control.

CAVITATION ANALYSIS

Three levels of cavitation have been defined by AWWA.  [ncipient cavitation represents the
beginning stage of cavitation whers light popping noises are heard. Constant cavitation is a
slteady rumbling sound associated with start of possible valve damage. Choked cavitation is the
point where the vaponzation of the fluid reschas sonic velocity in the valve port and lirnits the
flow through the valve. Val-Matic recommends that the constant cavitation data be used when
judging the affects of cavitation on the life of the valve. If perfectly quiet operation is needed,
then the factory should be consulted for insipient cavitation data. Only special control valves
with cavitation trim (i.e. sleeve valves) should be used for choked conditions. A cavitation index
can be calculated to predict whether cavitation will ocour as follows:

o = (Py-Py)/(P,~Py)
where:
o = cavitation index, dimensionlass
Py = downstream pressure, psig
P, = vapor pressure adjusted for temperature and atmospheric pressure, psig
= «14.2 psig for water at 60°F, sea level
P, = upstream pressure, psig
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The lower the value for the cavitation index, the more likely cavitation will occur. As a rule of
thumb, manufacturers typically suggest that when o is less than 2.5, cavitation may occur.

CAVITATION DATA

Val-Matic conducted flow tests on butterfly and eccentric plug valves and developed cavitation
coefficients for the vaives as shown in the graph below. To use the graph, the required valve
angle must be calculated using the flow coefficient data for the subject valve. Next, the
cavitation index is calculated and plotted on the graph. i the point is below the graphed line,
then constant cavitation will occur and prolonged throttling at that angle would not be
recommended. Also, prolonged throttling below 10 degrees open regardiess of the cavitation
index is not recommended because high localized velocities may scour and wear the valve
seating surfaces.
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EXAMPLE APPLICATION

An 8" plug valve equipped with @ modulating motor will be used in a backwash system to limit
the flow rate to a sand filter. The upstream pressure is a constant 25 psig because the supply
source is an elevated tank.  The valve is mounted near the sand filter and will see a
downstream pressure of 5 psig while controlling the flow rate to 300 gpm. At this flow rate, it
was calculated that the valve must drop 6 psig. Therefore, P, equals 5 + 6 or 11 psig.

1. Calculate the cavitation index:

g = (Py-P )/ (Py-Py)
o = (11-{14.2))/(11-5)
o = 4.2

2. Calculate the required Cv:

Cv = Q/NAP
Cv = 300/ V6
Cv = 122

3. Determine the valve angle:
The full-open Cv for the 8° valve is 2070.
The percent of full open Cv is found by:

% Cv = 100 x 122 / 2070 or 5.9%

Referring to the valve characteristic curve $5-1394, the throttling angle will be 22
degraees open.

4. Plot the cavitation index of 4.2 on the cavitation graph with 22 degrees on the x axis:
The point is clearly above the cavitation line, so cavitation will notl be a problem.

CONCLUSION AND RECOMMENDATIONS

Valve manufacturers can perform an analysis to predict when cavitation will occur based on flow
test data. When cavitation is predicted, some available remedies include:

1. Increase the downstream pressure by throtiling a downstream valve or installing an
crifice.

2. Decrease the differential pressure by using two valves in series.
3. Use a small bypass line for low flow rates.

4. Install vacuum breaker ports immediately downstream of the valve to reduce the vacuum
pocket.
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