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Critical-flaw factor of control valve. a ratio

Flaw coefficient, m./(psi)%(£ar water, 661?.)

Frequency, cycles/sac. (32.)

Gravitatiml constant, £“l.‘../aec.2

Sound Pressure. 1b./aq.ft.

Static Pressure. pain.

Radial distance to-noiae scarce, ft.

Gas Property correction factor, 63 h

Sauna-mam level, db (Ru, 2 x 10’ micrchar)

Velocity, {tn/sac. '
Favor, ft.-1b./sec.

Fraction of mechanical pm canmaian (p1-p2/O.47 p1)
limit to 1.

Aecustical efficiency. a ratio

Man density lib/omit.

scripts

Acauatical

At vam cont-meta

Mechanical

downstream

Sonic

Vapor

Inlat

Outlet
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CONTROL VALEE NOISE '

Noise generated by control valves normally takes one of three
aspirate and distinct forms

1 Noise produced by mechanical vibration of the valve trim
2 Noise produced by cavitating liquids
5 Noise caused by aerodynamic throttling

It is quite important that these three noise sources be under-
stood so far as their generating mechanism is concerned. Only
then can their effective improvement or cure be made. Luckily,
mechanical vibration noise seldom happens simultaneously with
cavitation and aerodynamic noise. However, if this happens the
cure for one is usually the cure for the other.

1.NOISE mm BY WWW VIERATIUN

Two meclnnisms are involved: The first is mechanical vibration,
induced by pulsation and eddying of the fluid passing throudl the
valve. The frequency is usually low i.e. between 50 and 500 Hz.
However. if this turbulence induced vibration of the valve trim
approaches the natural frequency of the plug-stem combination,
than we have the second mechanism - resonance. This resonance,
occuring at frequencies between 2000 and 7000 Hz is most harmful
since it can lead to fatigue failure of the valve st or guide
post. It can also hammer sway solid stainless steel parts by
large amounts.

One can regard this as a good noise since it warns operators that
a mechanical failure is in the offing and some action is needed.

The phenomenon has become less common since the introduction of
top guided; single seat valves since they generally have less
clearance in the guide bushings also. the lower weight of a single
seat plug increases the natural frequency of the trim taking it
less susceptible to fluid induced vibration.

Possible cures for this type of noise include reduction or guide
clearances and increase in stem size (a 40% increase in stem die
doubles the undsmped natural frequency of the valve trim). Another
attempt to cure thisproblem can be made by changing the flow or
pressure conditions to which the valve is subjected. mite often,
changing the valve around in the line to give a reversal of flow
direction sufficiently alters the flow pattern to shift inducing
frequencies away from the trim excitation range.

ZHOISE PRODUCED BY CAVITAII‘ING LIQEE

Cavitation noise should never be heard in a well designedprocess
plant. hrdly anything destroys a, valve trim as surely as e
cavitating liquid. With the intodnction of special valve trims
having very little pressure recovery and special valves having
multiple velocity head loss trim, there is seldom an excuse to
have cavitation in a throttling valve (except, perhaps, for some
rather)large valve sizes where no anticsvitation trim is available
as yet .

With the present availability of good engineering data it is
possible to predict quite accurately whether or not a selected
valve will cavitste under a given process condition. One such
equation introduced by Masomeilan International in 1962 allows
the prediction of a critical pressure drop at which a given valve
will cavitate i.e. _

AFC!“ = 012 (p1 - Pv) - (1)
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If the operating pressure drop in the plant exceedsAp urit. then
the valve is cavitating. If that be the case, one should solve
for the required Critical Flow Factor 01‘, then select a valve from
the mmzfacturers catalogue that has a or factor equal to or higher
than the one calculated by the following equation}.

Cf .4191 - pmpl -- pv ) - (2)
Even thougi cavitation can be avoided in almost all cases there is
still interest in the prediction of cavitating noise. Our
laboratory investiytions indicate noise to be a Motion of: the
amount of decrease in downstream pressure beyond the pressure that
causes incipientcavitation, and the difference between downstream
pressure and vapour pressure. The peak in cavitation noise can be
expected where these two variables are nearly equal i.e. the noise
decreases as the difference between 172 (actual had 132 (incipient
cavitation) approaches zero, and if the difference between the out-
let pressure and the vapour pressure approaches zero. The latter
is understandable since the process of cavitation is converted into
a process of flashing.

To satisfy demnds. for an empirical equation to predict cavitation
noise we suggest:

SPL = 10 log (Cva) + a log (p2(cr't) -p2) + 20 log (p p.)
+ 53 am where 112 (crit) = p1 - c (pl—pv ) - (3?—

Note this equation is only reasonably accurate for water and when
using Schedule 40 piping downstream.

3W0 NOISE

This is the most important form of acoustical amoyanee so far as
control valves are concerned. Aerodynamic noise is a byproduct of
the reconversion of kinetic energy throng: turbulence into heat
downstream of the throttling orifice. There are two basic con-
tributory factors. the is the terminating shock front of a
supersonic jet generating from the vena contracts. of the valve
orifice (at hiyier than critical pressure drop). The second comes
from the general turbulence of the fluid boundary and is effective
above, as well as belowY choked flow in the valve orifice.

unfortunately, there is no N to avoid aerodynamic noise. since
we have not as yet invented a valve that can reduce pressure with-
out causing turbulence. Howver. the Gauss of noise generation
can be affected by various parameters.

The sound pressure measured in the proximity of a throttling control
valve is a result of pressure waves in the atmosphere. file
acoustical power that generates these pressure waves is created by
the supersonic shock front in a Jet and by turbulent boundary
layers within the valve. It is directly related to the mechanical
emery converted in the valve. This then makes the at. value a
direct function of mass flow or 0v since the latter is an expre-
ssion of flow capacity.

Commencing with anexpression for the mechanical power converted

in a “31"” um = (pi V311- (2.3 x 10'4)Cvct)/eg ft.lb/secz )
- 4

mtiplying by an acoustical efficicy factor yields the
acoustical power. “B = "m x 7 _ (5)
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Conversion into sound pressure can be made as follows:

P = (Na/co Vs/zurrzex)é lb/S’il-ft - (6)
Taking into account a transmission loss and a correction factor
for other gees gives the final equation for the sound pressure
level at art from the valve outlet and pipe wall :

SPL = 10 10510 @710" over p1 p2) — Iq + Sg - (7)
Comparison between calculated and measured SPL's has shown a large
measure of agreement on a variety of valves in a range of service
conditions.

lwnu TO DO ABOUT AERODINAFEIC NOISE

An important requirement in noise control is to keep the valve
outlet velocity below a certain limit, depending on the type and
size of valve, in order to prevent the acclrmnce of a secondary
noise sauce that might be even worse than that produced by the
valve itself. This is particularly important with valves having
special "low noise" trim.

If the calculated SPL- ereesds the limit by 5 to 10 db the following
simple cures are applicable.

1) Increase the pipe wall thickness downstream (doubling the thick-
ness reduces EFL by 5 db).
2) Use animation]. insulation downstream (can reduce SPL by 5 to

10 db

If the valve noise is more than 10 db above the limit a downstream
in-line silencer can attenuate between 10 and 20 db depending on
the frequency range.

Another approach recommended by Masoneilan is the use of noise
reducing expansion plates downstream of a valve. These absorb
some of the pressure reduction over the whole system. Thus,
preesmre mtio across the valve is kept below critical. The use
or multiple plates is recommended where overall pressure ratio is
more than 10:1.

Comment has often been Imde that it a valve is opeseting in a
remote area the noise problem can be disregarded. This is a
dangerous eimplioation since noise is simply audible vibration.
The vibration can cause considerable mechanical image to guess.
valve and pipe mounted instruments. Pipeline bolting st 2500 ANSI
rating has been-Imam to loosen under severe vibration.

Elimination of vibmtion 'is an important aspect that should not be
overlooked. Money spent for safety and for the reduction of
unintenanoe costs, is money well spent.

  


