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INTRODUCTION

In the design of mechanical ventilation systems, the building services
engineer 1s often confronted with the problem of regenerated noise, amonyst
other aerodynamic problems. The term regenerated noise is used to describe
the noise generated on the supposedly quiet side of attenuators fitted to
control fan noise. This type of noise would not present much problem if it
could be predicted with any measure of accuracy, at the design stage, when a
suitable remedial treatment could be prescribed.

Although extensive research on flow generated noise has been conducted over
the past two decades or so, this has had a strong emphasis on jet engine
noise. The air speeds associated with jet engines are very close to the speed
of sound, and information related to the nolse they generate is of very little
benefit to the heating and ventilating engineer who handles air of very much
lower velocities. Thus there is a lack of reliable information on which the
design of the acoustics of air distribution systems in buildings can be based.

Research on noise generated by ventilation system components has tended to be
of an ad hoc nature where the objective has been to acquire a catalogue of
element characteristics (1). Some investigators have attempted to produce
generalised prediction techniques with a Jimited amount of success {2-5). The
difficulty in arriving at generalised methods is that the range of parameters
which require investigation is large and the conventional techniques employed
are both laboricus and time consuming.

The conventional method of determining the relationship between the sound
power generated by a duct element and the air speed, is based on measurements
of the noise level in a reverberation chamber for a number of different air
speeds, An alternative wmethod, one which permits data to be rapidly acquired,
$s described in this paper based upon wmeasurements of sound power generated by
a decaying air flow.

In the decaying air flow technique, the plenum chamber (anechoic room) acts as
a large reservoir of air which is pressurised by the fan (Fig. 1}. On
switching off the fan this air is discharged through the duct element under
test. This makes 1t possible to investigate the effect of a whole range of alr
flow rates in a short time since both the regenerated noise and the air speed
decay exponentially. The following expression, which is based on reverberant
field theory, 1s used for estimating the sound power:

M1-a) = 5% 4 v

where W = acoustic power, ¢ = reverberant energy density in the room,
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average room absorption coefficient, s = total room surface area,
room volume, ¢ = speed of sound and &c/8t = rate of sound energy decay.

< Q1

Results of applying this technique to a 300mm x 300mm duct fitted with a single
blade damper inclined at different angles, are reported below.

OUTLINE OF METHOD

After the fan s switched off, the decay of the sound level in the reverberant
chamber is recorded simultaneously with the decay of air speed. The sound
level decay is recorded on one level recorder and another level recorder is
used to record the decay of air speed which is measured using a calibrated duct
length and a Setra pressure transducer. The above procedure is followed for
each frequency band of interest. Ffig. ¥ depicts a schematic of the

measuring system.

RESULTS

The results obtained by the conventional and decaying flow methods are compared
in fig. 2a,b, for a damper setting of 30°. The agreement between the two sets
of data is consistently good, Fig. 3a, b and ¢ show the sound power spectra
for blade angles of 09, 159, and 30°, based on the decay1n3 flow method. They
follow the same genera1 form as the spectra given by Ingard et al {1).

CONCLUSTON

The decaying flow technique offers a quick method of investigating flow
generated noise in air ducts. This method could form the basis of an
automated technique by incorporating a suitable real time analyser controlled
by means of a desk top calculator. This would make it possible to sample at
regular intervals, during each decay, ali of the 31 third octaves covering
the audio frequency range. Data thus acquired could make it possible to
investigate a wide range of parameters and possibly arrive at a more accurate
technique of pradicting regenerated noise in ventilation systems than is at
present available.

REFERENCES
1. U, INGARD, A. OPPENHEIM and H. HISCHORN 1968 A.S.H.R.A.E. Transactions
No. 2068, 74. :

2. C.G. GORDON 1968 A.S.H.R.A.E. Semi-Annual Meeting. The problem of duct
generated noise and its prediction.

3. M.J. HOLMES 1973 H.V.R.A. Laboratory Report No. 75. Air flow generated
noise Part 1 : Grilles and dampers.

4. M.J. HOLMES 1973 H.V.R.A. Laboratory Report No, 78, Air flow generated
noise Part 11 : Bends with turning vanes.

5. E.Y. YUDIN 1955 Sov. Phys. Acoust, 1, p. 383. The acoustic power of the
noise created by air duct elements.




Proceedings of The Institute of Acoustics

Anecholc Room Raverberation Chamber

| \

\\ Spoter "
Sna
o N

PT=Pressure
transducer yused,
o monitor oirflow

M'Kll'up one
High speed
kvel recorders

N
]
L_I Audio frequenty speciromsler

Figureh Schemallc of measuring system

i
0
9 oY
P2 ¥ %
- //./’
g |_» //: ﬁ
g F 1 1T Oecaying] Flow,
E -] Pl’/ o Sigady. [Hz |
H el
£G - r | =g
‘ 4 Jao0o[Hz
de 'Fm
3 4 5678090 0 3 & 5
Air Yelocity in mys
Figure ZA. Sound Power produced by a damperin o 300 mmx 300 mm
ucl _ggainst air veloclty
8 T
£ l'l‘l“‘
3 7 A0
E E g D:ci%inc J.lﬂw_
[T o158z
e af X I: 2504
L i
£ =2

.
&
@
o
-3
@
)
3
&

X L0 %
Ajr velocity in ays

Fiaure 2A.




Proceedings of The Institute of Acoustics

80 0
\ L
EG - [~ T v 6o AL ] NI
0 N 4 = 7 AN
ISERENZNNAE
” M~ \ Nd 3 \ \
ﬁﬁﬁ ~] P £ 50 N
s OV TN f \
3 N ol <
) ANY 3., \
E | Velekitied are inmN\{f '§ Yelocit nrzrin rws
@ 2
830 { 839
8 - Yol %= | T
1 -— - k]
Jo <
20— 15 750 500 W0 0 400 Ao 0 63 125 750 500 1000 2000 4000 8000
Frequency Hz Frequency Hz
Figure JA, Sound powar specira Figure 3B

produced by a single damper in
a 300 rmm x 300mm duct o 3 ongles.

-1
™~
. ?80 // I~
4 el B
[~
v B
™
.i vl —--._..-\\K
— [ \
e Valotities)are if \
b
] iz
'g o | “Q‘ \
40
6 115 250 S0 000 2000 4000 &UD
Frequency Mz
Figure 3C -

250




