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Abstract
Experiments in jet acoustics require freefield conditions for obtaining comparable results. This paper describes the design
and construction of a mediumsize, lowcost anechoic chamber for conducting experiments in jetacoustics. The enclosure
satisfied
anechoic
properties
for frequencies
above 630 Hz, beyond 16 cm from the sound source.
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jets
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chamber.

The

threefold:
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to
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such
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requirement of providing a freefield; that is, to k e e p
the echo as m i n i m u m as possible, secondly to r e d u c e

jet

noise from external sources (outside the e n c l o s u r e )

aircraft and rockets are p o w e r f u l generators of noise

and lastly to reduce noise transmitted t h r o u g h the

of high

speed

which is environmentally unacceptable. While on

walls f r o m inside the c h a m b e r . This w o u l d e n a b l e

the one hand the aerospace industry e n d e a v o u r s to

experiments involving high s o u n d pressure levels to

increase the speed of passenger transport aircraft, the

be conducted inside the c h a m b e r without c a u s i n g

environmental

a n n o y a n c e to p e o p l e outside the lab. In j e t noise

standards e n f o r c e m e n t agencies

of

several nations have m a d e regulations so tough that,

experiments,

meeting both d e m a n d s has been a challenging task

essential

farfield

conditions

for c o m p a r i s o n

become

of results obtained

very
for

for the e n g i n e e r i n g fraternity. Hence, jet acoustic

different p o w e r settings (e.g., m o d e l and fullscale

studies are chiefly motivated by the need to reduce

jets).
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noise
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jets

work

penalty like for example, loss in thrust. The highly
complex nature of threedimensional jet f l o w fields
and the s i m u l t a n e o u s coupled influence of several

Design Considerations

noise sources like jet m i x i n g noise, shockassociated
noise and screech, m a k e a generalised prediction of
noise,

a

difficult

experimental
importance
experiments
conditions

task

investigations
in

the

study

to

achieve.
assume

obtain

jet acoustics are different f r o m those used for purely

lot

acoustic

of jetacoustics.

have to be conducted
to

a

comparable

T h e anechoic c h a m b e r s used for e x p e r i m e n t s in

Hence,
of
Such

in freefield
results.

example,

or

electroacoustic
calibration

of

experiments
a

like

microphone.

for
Jet

experiments involve air f l o w t h r o u g h the c h a m b e r ,

The

and since jets entrain ambient fluid, it is necessary to

enclosure which simulates a freefield e n v i r o n m e n t

provide ventilation f o r the entrained m a s s . Similarly,
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ventilation should be provided for the passage of jet
mass outside the enclosure. So, jet acoustic test
facilities are essentially jet test facilities augmented
for acoustic measurements.
The case presented herein is further complicated
by the fact that the jet test facility being used to
generate the jet flow is an already existing and
operational infrastructure in a big laboratory (see
Figure 1). Further, the same facility is being used to
test nozzles or slots of around 10 mm diameter, for
obtaining aerodynamic data. Hence it was necessary
to augment the facility for acoustic measurements
with little or no change in the existing facility. This
is possible only if the acoustic enclosure can be
attached or removed whenever necessary. So, it was
necessary to make an enclosure on wheels which

1.150 hp induction motor
2. Ingersoll Rand 2 stage
Reciprocating compressor
3. Activated Charcoal Filter
and Silica Gel dryer units

demands that the mass of the chamber be minimum.
Hence, polyurethane foam was used as the sound
absorbing material instead of the conventional
fibreglass crown. It may be noted that many
anechoic chambers use polyurethane foam as sound
absorbent. The thickness of the foam absorbent was
chosen
such
that
it
is
greater
than
onequarterwavelength corresponding to the desired
cutoff frequency.

Construction
The enclosure was constructed and calibrated
according to the guidelines of Beranak and Sleeper I
I I I . The construction was greatly simplified due to

5. Storage tanks
6. Jet test facility
7. Traversing system
8. Instrumentation desk
9. Movable Anechoic chamber

4. Water cooling unit
Fig. 1: Layout of the laboratory.
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the constraints mentioned earlier. The enclosure

absorbing layer. The inner layer consists of an array

basically consists of two sound absorbing layers:

of 30 cm χ 30 cm wedgelike blocks, made by
folding 15 mm low density polyurethane foam,

•

A 65~mm polyurethane foam layer, and

•

A convoluted 15~mm foam layer to simulate the
wedges used in conventional anechoic chambers.
An air gap of 11.5 inch was provided in between

the two sound absorbing layers. The chamber has
two openings; one to accommodate a small portion
of the stagnation chamber and the traversing system,
and the other to permit mass flow outside the
chamber. The construction procedure is described
below: The first step involved the construction of a
supporting frame assembled

from slotted

angle

frames, which was mounted on wheels. Wooden
cross members were provided for strength, and to
support the inner sound absorbent layers. To the
frame were attached, 4~mm card board sheets, over
which holes were drilled at regular intervals. Low
density

polyurethane

foam

sheets

of

65~mm

thickness were stitched to the card board layer, using
the holes. This formed the outer most

stitched to form a single block. The base to tip
length of the wedgeblocks were 230 mm. The
wedgeblocks are highly

simplified forms,

and

should not be considered in par with those used in
high performance anechoic chambers, which require
very long and carefully machined fibreglass crown
wedges,

whose

contours

are

fabricated

to

mathematical specifications. The wedge blocks were
stitched to an welded mesh iron grid (1" χ 1"),
supported by the outer frame by six supporting pins.
The iron grids of adjacent faces of the enclosure
were bound together, after covering the edge with
rubber (to avoid metalmetal contact at the interface,
thus eliminating vibration). The cross section of the
chamber, showing the details is shown in Figure 2.
The augmented test facility is shown in Figure 3.
The tip to tip size of the chamber, after construction
was 2.13 χ 1.37 χ 2.13m.

sound

Supporting element (wood)
Supporter (steel)
Slotted Angle Frame
Welded joint

Welded Mesh Grid

Cushioned
joint
Thermocole
spacer

Thick foam
sheet

Wheel
Supporting element (wood)

Fig. 2: Cut section of the anechoic chamber showing the absorption layers and supporting elements.
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Pressure
regulating
valve

Fig. 3:zyxwvutsrqponmlkjihgfedcbaTSPOLKIHFDCBA
Schematic view of the jet test facility and the anechoic chamber.

Performance Evaluation
Sound pressure level in a free field decreases
according to the inversesquare law. Therefore, the
anechoic chamber was tested for its adherence to the
inversesquare law. The performance evaluation also
includes the estimation of the cutoff frequency. The
microphone was mounted to a onedimensional
traverse, and pointed towards the sound source. A
correctly expanded sonic jet issuing from a 10~mm
diameter slot (disk nozzle), was chosen to be the
sound source. The distances from the sound source
have been expressed in terms of jet diameters. The
overall sound pressure level was measured along a
straight line at 90 degrees to the jet axis. The test
was conducted under ambient conditions at an
atmospheric pressure of 730 mm of Hg and

temperature 30°. The overall sound pressure level
(OASPL) was measured using a B&K model 4138
1/8 inch microphone connected to a Larson Davis
model 800B precision integrating sound level meter.
The microphone was calibrated using a Larson
Davis model CA250 acoustic calibrator. The
accuracy of the noise measurement, according to the
manufacturer's specifications is ±0.3 dB.
Figures 4 and 5 show the calibration curves. The
points represent measured values, while the straight
lines show the theoretical curves. In these figures,RD
R
is the distance from the sound source and D is the
diameter of the jet nozzle. Anechoic environment
can be said to be present in the region where the
points in the calibration curve are parallel to the
theoretical curves. It may be observed from the
figures that, this condition is satisfied after 16
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Fig. 4:

Inverse square law calibration of anechoic chamber. Top —Normal plot; Bottom  Logarithmic plot.

diameters, within 0.5 dB. For the determination of

Figure 5 shows the deviations from inverse square

cutoff frequency, the same sonic jet was used, and

law for various centre frequencies. Compliance

since the noise of the jet is of broadband nature, the

within ± 0.5 dB is observed for frequencies above

behaviour of the various frequency components can

630 Hz. However, it may be noted that since a jet

be studied to determine the cutoff frequency. The

source is not a very good uniform line source, the

1/3 octave analyzer of the sound level meter was

inverse square law measurements may be somewhat

used to obtain the decay of various frequency bands.

contaminated.
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Fig. 5:

Deviations from inverse square law for various frequency bands. Centre frequencies of 1/3 octave bands
are shown in legends.

The theoretical expected cutoff frequency can

to the test facility. The size of the chamber is

be roughly calculated from the onequarter wave

sufficient to carry out experiments on model jets of

length rule. The effective thickness of the absorption

size 1015 mm diameter. Jet exits (nozzles or slots)

layers composed of foam sheets of 65 mm thickness

of higher sizes would require a larger size chamber.

and the convoluted layer made of 15 mm sheets can

It has to be noted

that high

performance

be estimated as follows: Sheets measuring Γ by 6'

enclosures require very long wedge lengths of the

were convoluted to form wedgeblocks measuring 1'

order of several meters, to achieve low cutoff

by 1'. Thus, the effective thickness can be assumed

frequencies. Such low cutoff frequencies may not

to be 6 times the thickness of the sheet (15 mm), and

be required in studies on high speed modeljet

thus equal to 90 mm. This, in addition to the outer

studies, since most of the energy is contained in the

layer

higher frequencies.

measuring

65

mm,

makes

the

effective

thickness 155 mm. Assuming the velocity of sound

This simplified design features permitted the

in air to be 330 m/s, the quarterwavelength rule

fabrication to be carried out with locally available

suggests a lower cutoff frequency of 532 Hz. Thus,

materials. The cost of production was less than 400

the measured lowfrequency cutoff frequency of

US$. Therefore the factors like costeffectiveness,

630 Hz is found to be closer to the theoretical

easy availability of materials, simplified design, etc.

estimate. Therefore, this may be safely considered as

would make such anechoic chambers an attractive

the low frequency cutoff of the anechoic chamber.

proposition for small laboratories.

Discussion and Conclusions
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