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EQF!"ROHUGTION
Vent syu noise arises from two main sourcest

a "pressure let down" nolse due to high veloolty flow at
points where sonic or near sonle conditions oeour, and

b turbulence nolse set up at the polnt wherse the vented

gas mixes with the atmosphere:
Theas are basie phenomene and, whilst they have similar origins
in a mathematical sense, they pmduco very different sorts of
noise in that the fomar is & line source end the latter a
point source, The following analysis ghows how the reaultant
nolse levels can be caloulated for a range of gases or mixturas
of gases after having first caleulated the sound power output,
A desoription of some methods of controlling the iwo types of
nolse is given: these are based upon technlques developed in
I°I which have been proved by direct use,

BASIC ROTATTONS

e sound power produced by both a let down or a vent can be
gelculated from the following equation which has besn daduoed
from published data:

Lw= B0logyy Vj* 20logqpd | * ZDIogw _:;1 ek SO |
Ly = sound powsr in d8Y re 102w fo

Vj = velocity at let down orifice or vent exit, n's

d = orifice or vent diameter, m

#j = rluid density at the orifice or vent exit, kg/m3

Py = density of fluid mixed with Jet from valve or vent
orifice, kg/m

The Pfrequency distribution for both types of noise 43 given in
a non-diménsional form in Fig 1; the frequency at which the
spectrum peaks is given bys

f°=013d P )

Having determined the value of fg the sound power in each of
the preferred octave bands (63,125 ... BOOO Hy) can be darived
from Fig 1 by application of the ecorrectlon to L, caloulsted
from agquation (1),

Experimantal evidence that is availsble from our own resources
suggests that, while the frequency distribution is often rather
flatter than that shown in Fig 1, it 1s sufficiently practical
to be used. In addition, experimental evidence supperts the
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correctness of the sound power equation within an aocuracy of

+ 4 dB,

Having derived the scued power, the sound pressure levels oan
be calculated by the methods outlined in the following sections,

PRESSURFE LET DOWN NOISE

8 13 very olten the major source of noise in vent systems
end examination of equation (1) shows that this can be expected
since the veloclity may be sonic and the actusl jet density will
often be much larger than the fluid density after let down.
For & sonie sondition

vj= f2f{ k Y9 R T MisS ... )
k+1 M
2 - M
Pj=(m)m1x:"71 hgimd
by = source pressurs, kg/ma

Ty = source temperature, oK
R universal gas constant = 8.5 J/X mol
M = mocleoular waight

k = isentropic index

In some vent aystems the sonic oconditiom oceurs at one or more
points other than the let down valve and thus there are two or
more points of large scale nolse production, This noise is
radiated from the vent pipe between each of the sonic let down
points: the final sonic let down nolse i3 radimted from the end
of the vent system, In many systems the finsl sonic let down
is nt the end of the vent system and it produces a sonic
turbulent mixing nolse. The fluid density after let down (Fo)
depends on the geometry of the vent system and the pipe
roughness factor: if the sonic let down is straight to 3
atmosphere then the density of air should be used (1.2 kg/m”).
The caleulation of sound pressure level at points outside the
vent plpework depends upon;
a pressure let down nolse energy trensmitted down the pipe,
which itself 13 a funstion of pipe gecmetry and the degree
of attenuation due to normal flow

b noise generated by turbulent flow downstream of the valve,
this in itself ocan be considerable if high velocities
exlst, Plpe turbulent flow noise can be a significant
source of plant noise and has been the subjeot of
separate study,

¢ attenuation of the pipe wall and any external laggzing
For vent 1ines up to 50 meiree long it can be assumed as 8
first avproximation that the internal acund pressure level in
the pipe is uniform and given by the following squation:

LpI=Lw-10|ogm£oA?ﬂ_o—ze dB.................. 18

where Ap = pipe cress section, m2
9 = sonlc velocity in fluid downstream of valve, m/s
Po = density of fluld downstrean of valve, kg/m”

The wall transmlssion loss (T,L,) can be caleulated using the
well known equation:

TL. = 15legyg mt- R das.................{8}
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The extarnal scund preasure level, LpE is caloulated frum
Po a -

Log L, * 10 logy, % 15logsy mf+ 5 8. A7)
At poaition. not exves 5 o from the plpe, oaloulations must
be mads assuning a line source 1f the looal zound pressure
level Lp is to be derived,
Lp = Lpg - 10logyg ?1’1 -1 A8
whore X o distanse of point of saloulation from pipe, m.

d = pipe diapeter, =.

m = mass per unit area k3/n2

1 a frequency, Hs
Por systems with a subsequent sonio flow oondition Lo is sal-
sulated from a oonaideration of the reverberation between the
two sonie points, It is necessary to allow for wall trans-
@ission loas and sttenuation due to distance, This yields the
following approxizate equation: ' 2x
Lp = L, - Wlogyy lwdd = 15legy, mf - 10l09,q 7*51 a8 ... (9}

18]

W
where | = distance between sonic points, m

With short vent systams most of the acoustic let down energy 1a
transmittsd straight to atmosphers and apparently appears as a
turbulent aixing noise: this is not an unusual oase and oare

_ muat be taken when defining the true sourve of the nolse,

b TURBULENT IIX%E NOI3R
This 1s & simpler case to deal with as the rolse source can

usually be treated as a point source; the valus Sr Po to be
)

ueed in saloulating Ly is that for air (1.2 kg/m”). Ths sound
pressure level (L) at a point distance X metres from the
source is caloulated from the equation:

= P * - - ‘
Lp © 60 fogyg vj* 20logyq 1_% 20Iog10d 2010910)( 12 dB.....[10)

The spectral distribution can be deduced from Fig 1, after
ogleulating f, . For large values of X dus allowance should be
made for eir attanuatlon.

Important features of the sbove equation are the ocontrol
exercised by velocity, density, distanos, and diameter on
noise 1evel: of these velocity and denaity are oconditioned by
dismeter and proper selsotion of the sorrect diameter is a
presondition of minimising noise generation, '

5 USE OF CALCULATED VALUES OF Lg
Sound pressure levels oalsulated from the equations in sactions
3 and 4 must bo assessed against the desired values of sound
pressure level at the position under sonslderaticon to determine
the need to apply the nolse sontrol measures outlined in the
following sections, The effectivanesa of these measures is
dependent upon their being pruperly sized and & knowledge of
the physical propertiss of the fluids being handled.

6§  CONTROL OF PRESSURE LET DOWN NOISE :
Yoot oF tho nolse 15 generated local to the valve by highly
turbulent flow and gpart from the obvious use of absorption
silpnoors there ia olearly a part to be played by arranging
the flow system in the most orderly manner. Papers on "silent
trin® velves in which the flow 1s controlled by multiple
orifice or multiple stepped valve trims have recently been
prodused {Ref 1 and 2}, These are little better than the
control arrangements desoribed in Pig 2,
An example of the performance of such an arrangement 1s
{1lustrated 4n Pig 3. It is interesting to note that they
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have been applied to gaseous systems whose rate varied between
BOO kg/hy and 120,000 kg/hr, The echieved attenuations hare
varied between 20 and 30 dB and this has been adequats for
most purposes,

There 15 a need to control the fluid velocities on the low
presaure side of pressure reduction systems or there may be
conaiderabls noise generated by turbulent flow downstream of
the valve; only too many systems seen in practice have received
spant attention to this aspect of their nolase producing
properties,

For such systems ome can acoustieally treat the pipe walls and
fit a silencer &t the atmospheric end of the vent: thls may be
the only practicel method of minimising nolse from HP vents.
HP pressure let down nolse is best controlled by:

a avoiding long lines after the pressure let down

b fitting the let down velve direetly on the silencer

inlet; the silencer exit should be dimensioned to

&vold velocities which can promote turbulent mixing

noise,
Fxemples of designs developed to satisfy these requirements are
outlined in Pig 4; these were devised to overcome relisbility
problems with commercially available silencers due to "sonic”
damage, high temperatures and the need to flare some of the
gases at the silencer exit. Fxperience has shown them to bave
a long 1life if correctly fabricated. Of the two types the
"Ring Paoked" type has been widely used for difficult
conditions and attenuationa in excess of 40 dB have been
achleved as i1llustrated in Pig 5., The "inverted bucket" type
has, in general, bsen employed on smaller vents: the largest
system using these vents up to 103,000 kg/hr of flammsble ges
from & LOO psig system and 1t has 'been satisfactory in service.

CONTROL OF MIXING NOISE

e essence o 8 15 in the reduction of the offlux velocity
to a level well below Mach 1 thus glving the added benefit of
reducing the jet density te 2 minimum, As previously mentloned
HP vent systems require suitable silencers to gvercoms the
nolse set up by high density soniec jets but they elso provide a
means of achieving the required low exit veloclty and density.
Ocoasionally there are dutles, e .z, venting pressurised CO2
aystems, which demand an ability to handle temperatures in
which "dry ice" can be formed thus providing a possible means
of plugging small orifieces: for auch dutles conventional
methods have been employed in conjunetion with plecolo
silencers and an example of this 1s shown in Fig 6.
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