
Vahle
Cavitating and Fiashing liquids

Introduction SizingInformation
The procedure used to size control valves for liquid service
should consider the possibility of cavitation and flashing
since they can limit the capacity and produce physical
damage to the valve. This recommendation introduces a

critical pressure ratio factor, re, that not only broadens the
scope of our valve sizing techniques but also increases the
sizing accuracy. When used in Equation 1. re will help to
determine more accurately the maximum allowable pressure
drop for sizing purposes. In order to understand the prob
lems more thoroughly. brief outlines of the cavitation and
flashing processes are presented.

After the first vapor cavities are formed, the increase in flow
rate will no longer be proportional to an increase in the
square root of the body differential pressure. When suffi
cient vapor has been formed, the flow will become com
pletely choked. As long as P, remains constant an increase
in LlP will not increase flow. The following equation should
be used to determine the maximum allowable pressure
drop that is effective in producing flow. It should be noted,
however, that this limitation on the sizing pressure drop,

LlP(aIIOW!' does not imply that this is the maximum drop that
may be handled by the valve.

After LlP(a/lOw! has been calculated, it is used in the standard
liquid sizing equation. Q = Cy vi LlP/G to determine e.ither Q
or Cy. If the actual LlP is less than LlP/a/lOw!' then the actual
LlP should be used in the liquid sizing equation.

Equation 1 should also be used to calculate the body pres
sure drop at which significant cavitation can occur. It is re
cognized that minor cavitation will occur at a pressure drop
slightly less than that predicted by Equation 1. However.
any cavitation under that pressure drop condition should
produce negligible damage in globe valves. Follow the
recommendations for Vee-Balls® given in Section 1
page 1-132.

(1 )

liquid sizing coefficient
flow rate, gpm
body differential pressure. psi
maximum allowable differential

pressure for sizing purposes, psi
body inlet pressure, psi a
vapor pressure of liquid at body
inlet temperature, psi a
valve recovery coefficient-see
Section 1 of this catalog
critical pressure ratio-see Figures 1
and 2

specific gravity (water at 60° F = 1.0)G

Nomenclature

Cavitation

The first stages of cavitation and flashing are identical, i.e.,
vapor forms as the vena contracta pressure is reduced to
the vapor pressure of the liquid. In the second stage of the
flashing process, a portion of the vapor formed at the vena
contracta remains in the vapor state because the down
stream pressure is equal to or less than the vapor pressure
of the liquid.

Flashing

In a control valve, the fluid stream is accelerated as it flows

through the restricted area of the orifice. reaching maxi
mum velocity at the vena contracta *. Simultaneously, as
the velocity increases, an interchange of energy between
the velocity and pressure heads forces a reduction in the
pressure. If the velocity increases sufficiently. the pressure
at the vena contracta will be reduced to the vapor pressure
of the liquid. At this point, voids or cavities, the first stage in
cavitation, appear in the fluid stream. Downstream from the
vena contracta. the fluid stream undergoes a deceleration
process resulting in a reversal of the energy interchange
and raising the pressure above the liquid vapor pressure.
The vapor cavities cannot exist at the increased pressure
and are forced to collapse or implode. These implosions, the
final stage in the cavitation process, produce noise, vibra
tion and physical damage. In order to avoid cavitation com
pletely. the pressure at the vena contracta must remain
above the vapor pressure of the liquid.

'In flow
section of

~Inorifice, the fluid slff';Jmlines before find slightly after the orifice. The
diameter of the fluid stream after orifice is known as the vena contracta.
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Valve Sizing for
Cavitating and flashing liquids
Continued

Use this curve for water. Enter on the abscissa at the water vapor pressure at the valve inlet. Proceed

vertically to intersect the curve. Move hOrizontally 10 the left 10 read the critical pressure ratio, re,
on the ordinate.

Figure 1. Critical Pressure Ratios for Water
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Use this curve for liquids other than water. Determine the vapor pressure/critical pressure ratio

by dividing the liquid vapor pressure at the valve mlet by the wtical pressure of the liquid. Enter on
the abscissa at the ratio just calculated and proceed vertically 10 intersect the curve. Move horizontally

to the left and read the critical pressure ratio, re, on the ordmate.

Figure 2. Critical Pressure Ratios for Liquids Other than Water

. Fl)[ Vi:l!ves not listed, consu!1 an .appropriate reference book
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