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ESDU DATA ITEMS

Data Items provide validated information in engineering design and analysis for use by, or under the supervision
of, professionally qualified engineers. The data are founded on an evaluation of all the relevant information, both
published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.
The whole process is subject to independent review for which crucial support is provided by industrial companies,
government research laboratories, universities and others from around the world through the participation of some
of their leading experts on ESDU Technical Committees. This process ensures that the results of much valuable
work (theoretical, experimental and operational), which may not be widely available or in a readily usable form, can
be communicated concisely and accurately to the engineering community.

We are constantly striving to develop new work and review data already issued. Any comments arising out of your
use of our data, or any suggestions for new topics or information that might lead to improvements, will help us to
provide a better service.
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SOUND IN LOW VELOCITY VENTILATION DUCTS

1 NOTATION

=3
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free cross-sectional areaof duct

free area of grille

damper blockage factor

duct height normal to damper axis

speed of sound in gasinside duct

direct sound pressure level directivity correction
direct sound pressure level distance correction
duct diameter (for rectangular ducts equivalent d = /4A/r)
characteristic dimension of duct cross section
flow noise spectrum function (see Section 4)
damper spectrum function

damper height correction

grille spectrum function

grille vane thickness correction

octave band centre frequency

duct resonance frequency (see Equation (3.1))
flow velocity function

octave bandwidth function

smaller cross-dimension of rectangular duct
room constant (see Equation (7.3))

damper total-pressure loss coefficient

grille constant (see Section 4.3)

sound pressure level

direct sound pressure level

reverberant sound pressure level
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ALpr reverberant sound pressure level multiple grille correction

Ly octave band sound power level

Lwe breakout sound power level

AL, octave band attenuation

I duct length

P perimeter inside duct

Apy total-pressure loss across damper

Q volume flow rate in duct
g R airborne sound reduction index
% Ry reverberant sound pressure level reverberation time correction
g R, reverberant sound pressure level room volume correction
g r distance from centre of duct outlet to observation point
g S Strouhal number (Sr =fd/V)
% Sp damper Strouhal number (Srp =fd/V,)
E Sra grille Strouhal number (Srg =ftg/V,)
Té Sro transition Strouhal number (Sr1=fd/V)
§ S surface area of duct
Eﬂ s, room surface area
§ T reverberation time
§ t duct lining thickness
ok tg grille vane thickness

mean flow velocity
o effective flow velocity

% room volume

X length of lined duct at bends (see Table 10.3)

o average reverberation sound absorption coefficient

p density of gasin duct
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Ps mass per unit area of duct wall kg/m?
0 damper vane angle deg
T static temperature of gasin duct K

Only the above Sl units should be used with this Item since many of the relationships that involve levels
in dB are specific to those units.
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2. INTRODUCTION

Thisltem providesessential datafor estimating the changein acoustical energy assound propagatesthrough
aventilating system. From a knowledge of this sound energy the sound pressure level that resultsin any
room served by the system may be estimated. From consideration of the estimated sound pressure levels
in the most sensitive areas of the building the amount of silencing required in the system to achieve
acceptable sound levels can be assessed. A guide to the types of silencers and their use in air-conditioning
systemsisgiven in ESDU 82002.

Dataare provided, in either graphical or tabular form, for the estimation of the attenuation of sound in ducts
and duct fittings and for the estimation of the sound generated as air flows through standard duct fittings.
A means of estimating the octave band sound pressure levels, due to the air-conditioning system, in aroom
isalso given. Other factors that affect sound in ventilation ducts (e.g. breakout) are discussed.

The primary noise source in ventilation systemsisfan noise; it should be noted that most areas serviced by
a system will be influenced by both delivery and exhaust fan noise. The energy input by a fan may be
obtained from manufacturers catalogues or estimated using the procedure given in ESDU 79037.

The calculation of noisein ventilating systemsis made in terms of sound power levels which are measured
in decibels (dB). The reference sound power level used in this Item is 107*? W and for sound pressure
levelsthereference sound pressurelevel is20 pPa. To ensurethat all frequencies, over therange of interest,
are considered, the data provided are for each of the octave frequency bandsin the range 63 Hz to 8 kHz.

Dataprovided in thisltem are applicableto low vel ocity air-conditioning systems. A guideto the maximum
air velocities that may be used in alow velocity systemis 10 m/sin the main risers, 7.5 m/sin the branch
ducts and 4 m/s in the ducts serving the grilles. For higher air velocities, considerable attention must be
given to the duct design to ensure smooth airflow paths and so minimise velocity generated noise.

For the flow generated noise dataiin this Item, it isimplicit that the airflow upstream of each fitting is not
greatly disturbed. If, for example, fittings are too close together so that highly turbulent flow emitted by
the upstream fitting flows into the downstream fitting, the noise from the downstream fittingsis likely to
be greater than predicted using this Item. Information on good duct design to ensure smooth airflows is
given in ESDU 82001.

The data provided are intended for use by engineers who are not acoustic specialists. In cases where very
low noise levels must be guaranteed, for example in an auditorium where the acceptable noise criterion is
likely to belessthan NC 30, flow velocities may need to be severely restricted and it is recommended that
the advice of an acoustics specialist should be sought. Noise design criteria are discussed in ESDU 82001.
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Examples on the use of the data in this Item are given in ESDU 82003.
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311

ATTENUATION IN DUCTS
Attenuation in Sraight Ducts

Assound propagates along arigid-walled straight duct thereisno attenuation other than that due to gaseous
absorption. This gaseous absorption is usually very small unless propagation distances are long when its
effects may be evident in the higher frequency sound. In practice, duct walls are not rigid and sound is
attenuated due to the energy lost through vibration of the duct wall (see Section 8). Part of thislost energy
is absorbed by internal damping within the duct wall and the remainder is radiated as sound into the area
through which the duct passes.

Thewalls of rectangular ducts are relatively less stiff than those of circular ducts so that at low frequency,
where sound transmission through the duct wall isinversely proportional to its stiffness, the attenuation of
sound is greatest in ducts of rectangular cross section.

Ducts of rectangular cross section

The attenuation against frequency curve for unlined rectangular ducts is characterised by a peak at low
frequency. Theattenuation dropssharply above and bel ow thisfrequency. The peak frequency isaresonance
phenomenon caused by the mass of the duct walls interacting with the stiffness of the enclosed air volume.
At this resonance frequency, f, ., the energy absorbed by the walls causes high attenuation of the sound
within the duct. The frequency of this resonant mode is given by

cC |pP
f = = [, 31
res 27 pSA ( )

where ¢ isthe speed of sound given by

c = 20.05./, (3.2

where t istheabsolute static temperaturein kelvin. It isprobablethat many of thelow frequency "rumble’
noise phenomena (see Section 8) are caused by this duct wall mode being excited by flow turbulence
resulting from flow separation induced by duct fittings (bends, dampers, etc).

Values of attenuation for unlined rectangular ducts are given in Table 10.1 in terms of theratio P/A. The
increase in attenuation in the octave band centred at 8000 Hz is due to atmospheric attenuation.

For internally lined rectangular ducts, the attenuation is proportional to the square of the frequency at low
frequencies, and variesinversely asthe square of frequency at high frequencies. For aduct lined with fibrous
liner boards of thickness t and density 32 kg/m3, the low frequency attenuation, over alined duct length
|, isgiven by

AL, = 026t"3(P/AfI, (33)

w

and the high frequency attenuation is given by

AL, = (E)(%’)ZL (3.4)

1 = 273.2 + temperature in degrees Celsius.
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The frequency range of applicability of the equations for AL, is determined by h, the smallest cross
dimension of theduct (i. e. minimum of width or depth of theduct freeair passage), andisgivenin Table3.1.

TABLE 3.1
Octave band centre frequency (Hz)
h (m)
63 125 250 500 1000 | 2000 and above
0.12t0 0.24 Calculate AL, using Calculate
>0.24t00.76 Figure 1 or AL, using Figure 2
>0.76 Equation (3.3) or Equation (3.4)

For ease of estimation, thevaluesof AL, given by Equation (3.3) areplotted against (Pl /A) f , for arange
of valuesof t,inFigure1; and AL, given by Equation (3.4) isplotted against (Pl /A) , for arange of values
of hf,inFigure 2.

If the lined duct is not periodically broken by flexible connections, the sound attenuation along the duct is
limited due to sound transmission within the duct walls (flanking transmission). If, in cases where flanking
can occur, the attenuation estimated using Equations (3.3) and (3.4) is greater than 40 dB in any octave
frequency band set AL,, =40 dB in that octave band. Thislimit isincorporated in Figures 1 and 2.

Figure 1 and Equation (3.3) are based on alining density of 32 kg/m®. For lining densities of 24 kg/m® and
48 kg/m3 multiply the estimated values of attenuation by 0.76 and 1.38 respectively. For the frequency
range covered by Equation (3.4) the attenuation is independent of lining density.

3.1.2 Ductsof circular crosssection
Few experimental data are available for the attenuation of sound in ducts of circular cross section. Until

more accurate data are availabl e, the approximate attenuation for lined and unlined circular ducts given in
Table 10.2 should be used.

ESDU Copyright material. For current status contact ESDU.

3.1.3 Effectsof external insulation

Air conditioning ducts are frequently provided with external lagging to provide thermal insulation and
prevent condensation. This external lagging does not affect the attenuation of sound in the duct at
frequencies of 1000 Hz and above. Duct external lagging increases the attenuation at low frequencies and
this may be approximately accounted for by doubling the attenuations found for the unlagged ductsin the
octave bands centred at 63 Hz, 125 Hz and 250 Hz.

3.1.4 Effect of flow velocity

For unlined ductsthere is no appreciabl e effect of flow velocity on sound attenuation below aflow velocity
of 25 m/s. For the case of internally lined ducts of rectangular cross section it has been found that for flow
velocitieslessthan 10 m/s, and at all flow velocitiesif the sound propagates against the flow direction, the
effect of flow velocity on sound attenuation isnegligible. If theflow velocity exceeds 10 m/s and the sound
propagates in the direction of flow, the values of attenuation rates given by Equations (3.3) and (3.4), or
Figures 1 and 2, should be multiplied by 0.9.
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3.2 Attenuation at Duct Bends

Sound attenuation at duct bendsand elbowsisdueto reflection of sound back towardsits source. Maximum
attenuation occurs at 90° elbows in rectangular ducts where the reflecting surfaceisnormal to the direction
of the propagating sound wave. In rectangular ducts the attenuation peaks at the frequency having awave
length equal to half the width of the duct. Values of attenuation for 90° elbows are given in Table 10.3.

3.3 Attenuation at Duct Branches

At duct branchesthereisno changein the total sound energy propagating away from the source. The sound
attenuation within the main duct is due to the division of energy between the duct branches.

The sound power level, in each octave frequency band, in a duct following a duct branch is obtained by
subtracting AL,,, from the duct sound power level immediately before the branch, where

(35)

cross-sectional area of duct

_ sum of cross-sectional areas of ducts after branch
AL,, = 10logg .

34 Attenuation at Duct Outlets

At an outlet into aroom some of the energy is reflected back down the duct. The amount of attenuation of
sound due to these end reflections is dependent on both the sound frequency and the duct outlet area. This
attenuation may be considerablein thelower octave frequency bands but issmall at the higher frequencies.
Outlet attenuations are plotted against total outlet area, for each octave band of interest, in Figure 3.
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4, FLOW GENERATED NOISE

Although fans are the major source of sound in aduct system, any obstruction or fitting within the duct that
disturbs the flow is capable of generating noise. Even without fittings, surface-induced noise is generated
by gas flowing over the duct walls athough this noise source is usually negligible compared with noise
induced by fittings. Through each duct fitting, the sound power levelsin each octave band depend on the
geometry of the device, the air turbulence and the air flow rate. It is not possible to provide a general
procedure for the calculation of flow generated noise but, in the following sub-sections, methods of
estimating flow induced noise for certain types of fitting are given.

The significance of flow generated noise through any component within the duct should be assessed by
comparison with the sound power level in the duct on the serviced-area side of the duct fitting. If the flow
generated noise, in each octave band, is more than say 9 dB below the ambient duct noise, it will not have
made a significant contribution to the duct noise in that octave band.

The method of flow noise prediction in this section is based on limited experimental data obtained from
ducts of square or rectangular cross section. Partly due to the inherent difficulty of measuring duct noise,
particularly at the low frequencies, differences between measured and predicted sound power levels may,
in some cases, bein excess of +£ dB.

The flow noise generated in each octave band for the fitting considered is estimated using the following
relationship

L, = F+G+H, (4.1

w

where F is a spectrum function for the particular fitting, G is a velocity function and H is an octave
bandwidth function. The bandwidth function is used to convert the octave band levels to spectrum levels.
Values of H for the octave bands of interest are given in Table 4.1.
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TABLE 4.1
Octave band centre 63 125 250 500 | 1000 | 2000 | 4000 | 8000
frequency (Hz)

H (dB) 164 | 195 | 225 | 255 | 285 | 315 | 345 | 375

The methods of estimating F and G are given in the appropriate following subsections.
41 Duct Bends

In Figure 4, the values of F are given for square cross section 90° bends with and without circular-arc
turning vanesand, in Figure 5, F isgivenfor onetype of rectangular cross section 90° bend without turning
vanes or with one central splitter. The values of F are given in terms of the non-dimensional Strouhal
number, Sr, based on the effective duct diameter, d.

Vaues of G aregivenin Figure 6 where A isthe duct areaand V is the average duct flow velocity.
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