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MECHANISM OF WHISTLE-LIKE TONE OF THE CONTROL VALVE
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1. INTRODUCTION
Industrial control valves sometimes cause a peculiar noise under low prawn

in addition to the use of high pressure. The noise generated under low
pressure is similar to whistle tone and its frequency is about 4 kHz We (all it a
peculiar noise or a whistle-like tone. The med'ianism of the phenomenon has
not been very well known. However once it occurs, it causes people quite a bit
annoyance. Recently, papers about similar noise of this phenomenon have been
published. One of them treated a whistlelike tone generated by a jet from a
redsngular slitIl] l The other discussed a subsonic-jet noise with discrete tones
issued from a nozzle with exit divergent angle[2]. The purpose of the present
study is to clarify the mechanism ofthe whistle-like tone and to design a control
valvethatdownotgeneratethe tonelWesetupamodelpipelinebyusinga
variety ofglobe type valves with a characteristic oquual percentage type. The
experiment has been carried out by using clean and cold air,at pressures raging
from low 100kPa. Flow directioninthebodyofa valve wasadjustedboth
ways, forward and backward. Experimental results showed that the noise is
generatedinlimitedrangesofthelengthofaseat-ring, thestrckeofavalveor
gap width between a plug and a seaming and the velocity at the gaps We
established empirical formula between lower fiequency of this tone and the
seat-ring length.

2. EXPERIMENTAL
Apparatus.
The experimenml apparatus {or testing control valve diameteristiw consisted
of a compressor, plenum climbers, a settling chamber, a test section and a
bmk pressure loading section (Fig. l). The test section was composed of a plug,
asestrringandabmicontainingthem. Aaylicresinwasufilimdasfllepanelof
the box to make optical observation of the internal flow. The used valve was a
globe type. We have studied geometrin efi‘ects ofa plug and a mat-ring on
fluid dynamic and acoustic characterisfiis of the globe valve. Especially, we
sddressedwreelvestothechangebythelengthofaseat—ring. Wealsomsde
investigation offlow past the used plug. For the measurement ofstatic pressure
aroundthe surfiaoeofthe plug, we perfmatedhclesofohnmindiameterata
pcintonsix geners’trimsbesideone atthespexcfthsplugwhidiwasusedfct
measuring a stagnation pressure.
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The angle between each generatrix was 60deg. The plug was turned by GOdeg
to obtain a static pressure distribution along a generatrix The pressure taps
were conneded to water manometer with 21ch tube (Fig.2). The length of
used seat-ring are listed in Fig.3. Actually, the type of 20mm long seat-ring is
anartideofpradriml use. Sinoewe haveuseda modelofpradimlpipe line,
careful auention was paid to prevent an unwanted noise from any part of the
pipe line other than test section, Then the air was concluded to the section from
a plenum chamber through a silencer and a settling chamber. A gauge pressure
at the settling chamber was regulated from 10 to 100kPa at the step of lOkPa
through a motordriven control valve. It was confirmed by preliminary
experiment that this type of control valve dose not generate any noise under the
present test condition. A 1/4 in B&K microphone was set 0.5m apart from the
test. section facing normal to the flow direction and downward by 30deg from
the horimntal. Acoustic measurement was made on linear scale followed by
spectrum analysis. The stroke of the tested plug was manually controlled at the
step of 1. 0mm at each tested pressure (audition. When the port of the valve
was full open, the plug stroke was 16mm . When the stroke became shorter
than 10mm, no noise was generated. Thus the stroke lengthmnged from 16 to
10mm. The flow direction was set. both way, namely from seat-ring to plug and
vioeversaletusmlltbefonnerduecfionFI‘OGlowtoOpen) andthelater
FTC (Flow to Close). In the present paper, the tested plug was of Equal
percentage type. For each length of a seat-ring. fluid dynamic and acoustic
mvesfigatiuns were carried out for a variety of plug stroke and inflow
stagnation pressure.
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Fig.1 Experimental apparatus Fig.2 Apparatus of testing valve
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Fig.3 Shape & size ofseat-ring
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3. RESULTS AND DISCUSSIONS
Velmity Profile Over a Plug in a Globe Valve
Aflowoverapluginaglobevalve isconsideredasakindofanannularwall

jet It was observed that the fluid dynamic features depended on the length of a

seat-ring and a plug stroke besides the stagnafion pressure of the inflow.

Furthermore, the flow profile over the plug is changed by the direction ofvalve

flow, seat-ring to plug ( FPO ) or plug to seat-ring ( FTC ). For example, in wee

of F'I‘O, seat-ring L—20 gave the fastest flow among all tested ones, while seat,
ring L45 generated the slowest flow (Fig. 4).The cited values were averaged
velocities measured at SP2 and SP3. In other three cases, flow profiles were
almost the same. The velocity diHerence may be caused by the difference of
pressure drop through each seat-ring. Remarkable distinction was noticed at

the points SP—2 and SP-3. Those points were probably located near vena-
contracta of an jet issued from a seat-ring of the valve. The variation
depended most on the length of a seat-ring and the flow profile for each seat-
ring shaped similar even when the inflow pressure was changed while keeping
the plug stroke constant. For F'I‘O at a constant plug stroke, relative velocity at

SP-2 to one at SP-3 decreased as the seat-ring became longer. In case of the
longest seat-ring, 60mm, the velocity at SP3 became greater than one at SP2.

Odierwise,theflowwasfastestatSP2.0ntheotherhand. forFI‘Cata

constant plug stroke, relative velocity at SP2 to one at SP3 ina'eased as the

seatrring length increased. A higher relative velocity at SP3 to one at SP2 may
correspond to a flow being accelerated as shed downstream. The phenomenon
may occur when the flow is attached to the surface ofthe plug.
Spectrum and Sound Pressure Level of Tone
Valve noise contains variable frequency componentsfl‘ig 5). In the present

experiment, a used valve caused a whistle-like tone (WLT) offrequency about 4

kHz (less than 4kHz) and other high frequency components of lOkHz. We

classified those two groups as low-Frequency -Tone (LP) and High-Frequency-

Tone (HF). The former has frequently been noticed when a plug stroke was set

close to full opening. Sound pressure level of WLT seemed not to depend on the

Leluity but on the seat-ring length. It seems to be lowered as the seat-ring gets

user.
The mechanism ofWhistle - like Tone
For F10 and FTC case, we studied the wave length ofWLT as a function of

seat-ring length. The obtained result is shown in Fig. 6. Apparently, the wane
length depends on seat-ring length. Then the WLT may be mused by a

disturbance at the annular slit between a plug and a seat-ring. Generated noise
propagates upstream to reach the end of the seat-ring. Due to the difi'erenoe of

impedance, the noise propagating up to the end of the seat-ring is reflected

there and propagate back to the original annular slit where it excites

disturbances. Hence a particular frequency is amplified The fiequency should

correspond to WLT.

4. CONCLUSIONS
(1) Whistle-like tone (WI-IT) is generated within a limited range

governed by conditions about seat-ring length, width of annual exit

and exit velodty at the port ofa valve.
(2) Wave length of WLT is proportional to seat-ring length.
(3) Seam-ing length influences not only thefrequency of WLT. but

also sound' pressure level and velocity profile over a plug of a
control valve ofEqual percentage type.
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Fig.6 Measured W'LT frequencies emitted from five different seat-rings.

Each strip corresponds to frequencies of a seat-ring noted at the bottom.
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