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I. SUMMARY

This report summarizes the acoustical measurements done by

BBN under Task Order lio. 7 of the Master Agreement [AS1-955°

at the NASA Langley Research Center's Full Scale Wind Tunnel.
The purpose of these measurements was to supply NASA Langley
operating personnel with data indicating the types of acoustical
measurements which can be undertaken in the tunnel test section.
The series of measurements included:

1. Evaluation of the octave band ambient noise level in the
test section with the tunnel fans stationary.

2. Evaluation of the octave band noise levels in the test
section as a function of the air speed in three different
locations in the tunnel test section.

3. Mappina of the sound field of an omnidirectional continuous -
broadband sound source of known power cutput.

4, Measurement of decay rate in the test section and in certain
other locations in the tunnel.

An analysis of the measured data indicates that the test section
of the full scale wind tunnel has potential as an environment

' for performing some types of acoustical measurements. The
validity of the test results will be dependent upon the type of
noise source to be investigated, (i.e. upon the acoustical power
output, radiation pattern frequency spectrum and dimensions of
the source) the distance from the source where measurements to
be taken and upon the air flow conditions. Accordingly, there
are practical limitations in acoustical testing which can be
performed and care should be exercised in planning experiments
in order to insure that the results are valid. As presently
constituted, the tunnel test section has an acoustical dis- |
advantage. Because of the large tunnel openinas which act as :
completely absorbing surfaces while all the other boundaries are

T e T WRTNEY T i T I S
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hard, the sound ausorption in the test section is very un-
evenly distributed. Accordingly, the reverberant sound field

in the test section is far from being diffuse. This non-
diffuse nature of the sound field marifests itself in un-
certainties in prediction and interpretation of the measured
data.

Adding sound absorbing treatment to certain interior surfaces
of the test section would increase the utility of the tunnel
by causing a corresponding increase of the radius within which
meaningful acoustical measurements can be performed. In

order to obtain a cost-effective improvement it is recommended
that quantity and location of the required sound ahsorbing
treatment should be determined experimentally utilizing a
small-scale acoustical model of the tunnel test section,
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IT. ACOUSTICAL ENVIRONMENT

The plan and elevation of the full-scale wind tunnel is shown
schematically in Fig, 1. The two 35 ft. diameter propellers
enclosed in the shroud force the air to circulate. The air
flow enters the nozzle upstream of the test section throuah
airfoil-shaped turning vanes. The air flow reaches the test
section through the 60 ft. x 30 ft. exit area of the nozzle
where the test object is mounted on a 21-1/74 ft. high platform.
The 31 ft. x 3 ft. entrance section of the shroud auides

the flow to the propeller

The tunnel was not desianed to be used for acoustical measure-
ments. It does not contain any sound ahsorhine wall treatment
in the test section nor silencers in the path of air circulation
which would attenuate the fan noise before it can enter the
test section. Accordinqly, the amhient noise of the tunnel

is high. The sound energy builds up a reverberant field to

a level where the enerqy loss provided by the snund trans-
mission loss and viscous loss of the partitions making up

the boundaries of the tunnel and the air absorption balance

the acoustical power output of the drivina fans.

The acoustical environment of the test section is of particular
interest since NASA plans to carry out experimental research

on the sound aeneration hy aerodvnamic processes (i.e., vortex
noise of propellers). For such processes the nresence of the
dc airflow may considerahbly influence the power output of

the source (e.q., by preventing onc blade from cutting throuah
the vortex of the preceding hlade),
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The sound radiated by a test ol ject builds up a complex sound
field in the test section. In order to prepare the reader

for the interpretacion of the experimental results qiven in

the following sections of this renort, it seems appropriate

at this point to first describe the sound field in this section
of the tunnel in aualitative terms,

Depending on their direction of nropaagation, the sound waves
radiated by the test object either 1) hit one of the solid
boundaries of the test section or 2) enter the shroud or the
nozzle. The sound enerqy carried bv the latter waves can bhe
considered as practically lost for the test section (it does
not contribute to the buildup of the reverherant sound field

in the test section). Since these two acousticallyv "apen
windows" make up approximately 7% of the total wall surface
area (and an even larger percentaqe of the solid anale these
areas project on the surface of a snhere placed at the location
of the source) this eneragy loss, especiallv if the directivity
5f the radiation has a maximum in either the direction of nozzle
or the shroud opening, can be considerahle, Since one usuallyv
does not know the exact directivity pattern of sound radiation
of the test object, one cannot determine the corresnondinag
fraction of the power outnut of the source which immediately
escapes throuagh these openinas. Thus, it is expected that

one will not find a simple relation between the space average
socund pressure in the test section and the total power output
of the source as would be expected in well-bhehaved reverheration
chambers with evenly distributed ahsorption.

Most of those sound waves (rays) which were initially directed
toward the solid boundaries of the test section will reach

the nozzle or shroud opening after a certain number of reflec-
tions. It is expected that for an initial period of time

.
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the enerqgy loss through those waves exitina throuqgh the nozzle

and shroud opening remains larger than the enerqy loss suffered

by the waves when reflected from the room boundaries and that
these waves will control the initial slope of the decav rate
curve.

After almost all of the enerqy carried by those waves havina
a component in the direction of the nozzle-shroud axis is
lost, the snund field in the test section becomes dominated
by those remaining waves running in the two directions per-
pendicular to the shroud-nozzle axis. The decay rate of
these waves (i.e., the second slope of the decay curve) is
mostly controlled by the average ahsorption coefficient of
the respective partiiions perpendicular to these axes. The
sound field in the test section at this time is very far from
being a true three-dimensional, diffuse sound fiald, namely,
the waves with components in the nozzle-shroud axis are almost
completely missing.

In summary, the particular distribution of the sound ahsorbing
surfaces across the boundaries of the tunnel test section
(which is necessary to provide the required dc flow) is
expected to manifest itself in non-exponential decay rates

of sound and in a directional distribution of the sound

waves which do not result in a diffuse reverberant sound
field. Accordingly, the formulas to calculate the total

sound power output of a source from the space average sound
pressure level in the reverberant field and from the measured
reverheration time, which are based on the assumptions of

a truely diffuse sound field are not applicable for the tunnel
test section.

The total sound power output of an unknown source in this

environment can be calculated only by inteqratina the intensity

of the direct sound field over all directions on an imaqginary
surface enciosing the source.
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TIT1. AMBICNT NOISE IN THE TEST SECTION

The amhjent noise in the test section of the full scale

wind tunnel is the sum of the noise of interior sources
(such as fire comnressnr, air conditioninao eauipment, noise
of pressure reduring valves, etc.), the noise intruding from
the outside {e.a., takeoff, landina or runnup of aircraft
from the nearby airstrip or occasional construction noise),
and the aerodynamic noise qgenerated by the tunnel fans and
by the airflow impingina upon solid surfaces.

A. Ambient Noise with the Tunnel Stationaryv

The lowest ambient noise is obtained when the tunnel is sta-
tionarv and there are no takeoffs, landin~ or runun onerations
at the nearbv air force base. Fiaure 2 shows the measured
octave hand ambient noise spectrum for this situation with

the air conditionina and ventilatina svstem shut off. Measurinag
nearly the same ambient noise level at locations A, P and C
(see Fig. 1) indicated that the ambient noise level in the

test section has an even spatial distribution. Excent for

the noise of the intermittently oneratina fire compressor,
which reaches the test section throuqgh the structureborne

path, we were not able to identify any siqnificant noise
sources. Accordingly, for a stationarv tunnel the octave

band ambient noise level as plotted in Fig. 2 mav be reqarded
as practically the lowest achievable in the tunnel test
section. DBecause of the larae volume of test section, one
would, however, expect some variation of the ambhient noise

at high freauencies (above 1 kHz) due to the chanae of humidity
and temperature which affects the air ahsorption,.

3
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B. Amhient lNoise with the Tunnel fOperational

If the tunnel is operational the amhient noise in the test
section increases due to the vortex noise created at the tip

of the fan blades. The acoustical power outrut of a dipole-
type aerodynamic noise source, such as created by the interaction
of vortices with solid houndaries, is proportional to the

sixth power of the relative velocity between the airstream

and the solid surface. Therefore, it is reasonable to expect
that the ambient of the tunnel is controlled by the noise
qgenerated at and near the tip of the fan hlades, where the
relative velocity is much larger than at any other section of
the tunnel (e.q. at turning vanes, nozzle, etc.). Observations
and noise measurements made near the turninoc vanes indeer
indicated that the sound power generated v the turning vanes
is small compared with the sound power nenerated hy the drivinag
fans. Accordingly, the tunnel fans may he reoarded as the
dominant source of the ambhient noise in the test section,

Fiaure 3 shows the octave hand ambient sound rressure level
measured on the test platform (Position A) with the tunnel
speed as a parameter. As expected, the ambient noise increasecs
with increasing tunnel speed. 'leasurements of the amhient
noise at positions B and C agreed well with the noise measured
at Position A indicating that also for the oneratinae tunnel

the ankient noise in the test scction retains its nearly

even spatial distribution.

Since the general shape of the octave band amhient noise
levels vs. frequency curve was found to be very similar for
all tunnel speeds investiqated, and we expected a sixth powver
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der2ndence for the sound power output vs. tunnel speed (and
accoerdingly also for the ambient noise level in the test
section), we attempted to normalize the octave bhand ambient
noise level as:

where SPLN(OCT) = normalized octave band ambient sound pressure
level given in Ea., 1

octave band amhient sound pressure level in
dB re 0.0002 microbar measured for tunnel
speed UMPH

tunnel speed normalized to one mile/hour

[ .
SPL{OCT,Uypy)

Usspyy

Figure 4 shows the range and average value of the normalized
octave band ambient sound pressure level as a function of
the octave band center frequency. The level ranae bhetween
the two dotted lines contains all of the measured data for
Positions A, B and C and for tunnel speeds from 27 mph to

71 mph., 1In spite of the considerable speed ranae and the
spatial effects, the level range between the two dotted lines
remains relatively small indicating that not only the overall
sound power output of the tunnel fans but also the power in
each of the octave bands increases with the sixth power of
the tunnel speed. Accordinaly, the octave band spectrum of
the ambient noise level in the test section can be predicted
for each tunnel speed by Eq. 2, namely:

SPL(OCT,UMPH) = SPLN(OCT) + 60 log UnpH (2)

where SPLN(OCT) = the curve drawn as a solid line in Fig. 4

UMPH = tunnel speed normalized to one mile/hour
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Because of the relatively small scatter of the data points
around the solid curve in Fiq, 4, a Strouhal numher scaling
was not attempted.

IV. SPATIAL DISTRIBUTION OF THE SOUND PRESSURE LEVEL IN THE
TEST SECTION

If a sound source placed in a room is switched on, the radiated
sound energy spreads spherically. The sound pressure level decreases
by approximately 6 dB for each doubling of the distance hetween

the observation point and the acoustical center of the source

except for the immediate vicinity of the source in the so-called
near field where the decrease can be much faster.

'lhen the sound waves reach the boundaries of the room, they
are partially reflected. These waves suffering multiple
reflections on the room boundarie; build up a reverberant
field in the room which exhibits a spatially homcaenous pattern
for "well behaved" rooms. This reverherant sound field in
the room builds up until it reaches such a level that sound
enerqy lost during unit time through absorption at the room
boundaries and throuqgh air absorption equals the sound power
output of the source. If the sound field in the room is
diffuse, the sound power incident on a unit surface area of
the room houndary 1is given byv:

P?
rev
. = (3)
inc 4p°co
where p2 = space-time averaqge sound pressure saquared in the

room
Py = density of air
propagation sneed of sound in air

(g}
n
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The sound power dissipated by the total room houndary of

area S and averaqe sound absorption coefficient o

and the power loss througn air absorption must be equal

to the power output of the source, NO. This yields the relation-
ship sought between the power output of the source and the

space-time average sound pressure squared.

Y = N Sa. + 4mV (4)
0 Prev Kpoco
2
where V = room volume, m
m = air absorption coefficient, m]

Cremerléives the followina approximation for the air absorption
factor at room temperature:

170 2 -4
= 0 .
m m(f) x 1 (5)
where m = absorption factor in (meter)']
g = relative humidity in ¢
f = freaquency in kHz

The relation between the scund power output and the sound

pressure in the far field of an omnidirectional source in

distance, r, from the source's acoustical center is aiven hy:
! ' ’

4 s r—— A 1 0\ e - (f‘) )

v
0 PoCo

where n(r) sound pressure at distance, r

r

distance from the acoustical center of the source

10
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In order to obtain a measure for the extent of the direct
field for a source characterized by the directivity factor
Q(y), it is customary to calculate the so-called "hall radijus”
which is the distance where the sound pressure of the direct
field p(r,y) equals the space average sound pressure of the
reverberant field, Pray*

The hall radius, i is ohbtained by equating Ea. 4 with Eq. ©
considering the equality of Prevy and p(r,y) and solving for
r, yielding:

/ —
rH =\,Q(Y)// Sa -gw4m\! e-er/z (7)

directivity factor of radiation defineéggs the
ratio of the sound intensity measured in direction,
Y, to the sound intensity which would he measured
at the same distance for an omnidirectional source
of the same power output

where Q(vy)

The exponential term emrH/Zin Eqs. 6 and 7, which takes into

account the effect of air ahsorption on the direct sound wave
does not differ much from unity even for the highest freauency
of interest. Consequently, for our case we can nealect the
exponential term in Eq. 7. Further considering the definition
of the reverberation time:

TR - 2.163V (8)
Sa + 4mV
where V = room volume in m3
Sa = total absorption in m?

TR reverberation time in seconds :

11
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The combination of Eqs. 7 and R vields the hall radius:

. ) e
r, ~ 5.7 x 107 x [/ m (9)
H So(y)
T
where ry = hall radius in meters
V = room volume in m3

For the tunnel test section of 1.9 x 104m3 volume, equation 9

which is based on the assumption of a diffuse reverberant
field would yield the following prediction formula for the
hall radijus in the test section:

ry = ZLQEéQIET .m (10)
ar

Table I compares the hail radius values calculated from En. 10
by usino the initial slope of the decay curve and assumina
omnidirectional radiation [i.e. Q(y)=1] with those evaluated
from steady state measurements by fitting the standard SPL
vs. distance curve of Fiq. 5 to the measured data as shown
schematically in Fig. 6. The hall radius so evaluated is
plotted in Fig. 7 as a function of freaquency.

TABLE 1
COMPARISON OF THE CALCULATED AND MEASURED HALL RADIUS

f/H2 31.5 63 125 250 500 1000 2000 4000
TR/sec 1.1 1.2 1.3 2.6 4.1 4.6 2.9 2.1
rH/ft.

calculated 24.1 23.3 22.2 15.9 12.7 11.9 15 17.5
rH/ft.

experimental 37 28 22 28 22 16 23 35

12
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Observing the SPL vs. distance data for different directions

of the traverse, it was found that the hall radius did not

differ much in the various directions* so that the "experimental"
hall radius data given in Table I may be considered as repre-
sentative for all directions.

As can be seen from Table I the experimentally evaluated hall
radius values are generally much higher than the calculated
ones. This trend was expected to occur since, as already
pointed out in Section II, the sound energy radiated in the
direction of the shroud and nozzle openings contributes only
to the direct field but not at all to the reverberant field

of the test section. This then results in higher values of
the experimentally evaluated hall radius then one would expect
for a diffuse sound field. The non-diffuse nature of the
sound field in the test section violates our basic hypothesis
made in deriving Eq. 10 so that the calculated hall radius
values for a non-diffuse sound field are bound to be inaccurate.

In order to give an estimate for the approximate value of
the sound pressure level in the reverberant field of the test
section, which builds up if a steady state omnidirectional
source of known sound power output is elevated in the middle
of the test section, we have approximated the sound pressure
level in the reverberant field from the SPL vs. distance
curves, such as shown in Fig. 6. The reverberant sound pressure,
gFLREV’ is found as the sound pressure level where the SPL
vs. distance curve levels off. After correcting these

§FLREV values to correspond to 1 watt acoustical power of the
source, we obtained the so-called normalized reverberant
sound pressure levels given by Ea. 11:

*As expected, the traverses in the tunnel axis direction
yielded a somewhat larger hall radius than the directions
perpendicular to the tunnel axis. However, the difference
was not larger than the overall accuracy of the measurements.

13
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SPL

n,REV = SPLgpy - PHL, (11)

where SPLN REV the octave band reverberant sound pressure

level normalized to 1 watt acoustical
power output of the source
§FI§EV = the measured space-average octave hand
reverberant sound pressure level in dPR re
0.0002ubar procduced hy an omnidirectional
sound source of power level PHL,
the known octave band sound power level of

PNL0
the omnidirectional source in db re 10']2

watts

The expected octave band sound pressure level in the rever-
herant field of the test section produced by an omnidirectional
sound source of the octave band sound power level PHL can then
be approximated by:

§FFREV = SPLN,REV + PUL (12)

where PVWL = the sound power level cf the omnidirectional
source in dB re 10712 yatts

The normalized octave band reverberant sound pressure levels,
SPLN Rpy e are given in Tabhle II.

TABLE 11
NORMALIZED OCTAVE BAND REVERBERANT SOUND
PRESSURE LEVEL OF THE TUNMEL TEST SECTION
Octave Band Center
Frequency in Hz 31.5 63 125 250 500 1900 2000 4000
SPLN REV in db -33 =23 =29 =28 =27 -26 -30 -33

14
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However, the normalized reverbherant sound pressure level data
given in Table II should not be reqarded as an acoustical
calibration of the test section which enables one to calculate
the sound power output of an unknown source by measurina and
inserting the space-averaqe reverberant sound pressure level
into Eq. 10,

Equation 10 is valid only for an omnidirectional source suspended
at the center of the test stand. If the sound source has a
non-omnidirectional radiation pattern or is located at a
different position, Ea. 10 would result in a wronqg estimate

of the power output of the unknown source,

V. DECAY RATE MEASUREMENTS

Because of the high ambient noise lc¢vel in the tunnel, the
traditional ways of switching off a steady-state sound source
or bursting 'a balloon have not provided sufficient dynamic
range necessary for the proper evaluation of the decav curves.
Thus, a small 10 gauge cannon had to be used to yield the high
acoustical power output required.

As already discussed in Section II of this report, we expected
that the uneven spatial distribution of the sound ahsorbing
surfaces in the tunnel test section (i.e., the two large
openings of the shroud and nozzle at the upstream and down-
stream end) will cause an irreqular, non-exponential decay

of the sound energy. An exponential decay would require a
diffuse sound field which is obviously not the case in the
tunnel test section,

15
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The decay curves measured in the test section indeed show a
double slope as typified by the araph shown in Fia. 8, The
initial decay is controlled hbv those snund waves (rays)

whicih have a component in the direction of the tunnel axis
and, conseauently, deliverina enerqgv to the shroud and nozzle
openinqgs. After the enerqy of these waves is sufficiently
drained, the sound field in the test section and also the
tajil-end of the decay curve is controlled hy those waves
traveling in directiuns essentially nerpendicular to the
tunnel axis. For these waves, which never hit the nozzle

and shroud openinas, the rate of enerav drainage and the
respective rates of decav are smaller than the decav of those
waves which control the initial part of the decay rate curve.

Since we were interested in evaluatina how stronnly the non-
diffuse character of the sound field manifests itself in
producing a difference hetween the hall radius values evaluated
from the spatial distribution of the sound field for steady
state excitation and those calculated from Eq. 1N by utilizing
the measured reverberation time and pretendina that the

sound field wasdiffuse, we had to evalnate the "initial"
reverberation time. The "initial" reverberation times obtained
from the initial slope of the filtered decay rate curves
averaged from the recordings made at five different source

and receiver locations on the test platform are plotted in

Fig. 9. At low frequencies where the sound transmission loss
of the roof and the walls is low, the "initial" reverheration
time is in the order of 1 second. The hiakest reverheration
time of 4.6 seconds is reached in the 1000 Hz center freouency
octave band. Above 1000 Hz the effect of the air ahsorption
becomes noticeable and the reverheration time decreases

again with increasing frequency.

16
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Other areas of the full scale wind tunnel provide one with

the opportunity to observe rare acoustical phenomena. Though
these phenomena are only of secondary interest for this study,
NASA may want to know about their existence in the full scale
wind tunnel.

For example, a very peculiar decay curve is recorded at the
mouth of the nozzle (location D in Fig. 1), where except for
those sound waves which are directed vertically and so remain
"trapped" between the parallel hard surfaces provided by the
ceiling and the floor, the sound waves with all other directions
experience hardly any reflections and can leave this section

of the tunnel through the nozzle or the acoustically transparent
turning vanes. Accordingly, after a very short and steep

decay, the sound field is constituted by a flutter echo between
the parallel ceiling and floor. The decay rate curve recorded
at this location is reproduced in Fig. 10. The pronounced
flutter can be heard for approximately 20 seconds.

Another interesting acoustical phenomenon was observed in the
return air corridors. Here, following an impulse type of
excitation, the corrugations of the tunnel walls act as
periodically spaced reflectors for the high frequency sound
and the observer experiences a feeling as if the sound would
come from a source which gradually climbs up the wall,

17
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VI, ACOUSTiCAL MEASUREMENTS IN THE TEST SECTION OF THE TUNNEL

The first necessarv requirement to perform meaningful acoustical
measurements in the test section of the full scale wind tunne)
is that the sound pressure level produced by the test source

at the microphone location must exceed the level of the ambient
noise of the tunnel in the entire freauency reqion of interest.
The 1owest possible ambient ncise Tevel is obtained when the
tunnel is stationary. This 1lowest ambient ncise level should
be measured before startina each test run. The ambhient noise
lTevel with the tunnel operational can be predicted with sufficient
accuracy from Fig. 3 or Fig. 5. The extent of how much the
sound pressure of the test source at the microphone location
should exceed the ambient noise level depends on the souaht
accuracy. To measure a signal with 1 dB accuracy the siqnal-to-
noise ratio should exceed 6 dB.

As discussed earlier, the reverberant sound field in the test
section of the tunnel is not diffuse. Accordingly, one cannot
find a generally valid relation between the space-average sound
pressure level in the test section and the souird power output
of an unknown sound source. Because of the concentration of
the sound absorbing boundaries (such as the nozzle and shroud
openings) at certain locations of the room boundaries, the
portion of the sound energy which will contribute to the
buildup of the reverberant field depends strongly on the direc-
tivity .f the source (e.g., if most of the_radiated enerqyv is
directed toward these larage openings, the sound pressure level
in the reverberant field will be much lower than in the case
when the source would radiate predominantly in the direction

of solid boundaries).
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The approximate relation hetween the space-average reverberant
sound pressure level and the power level (aiven in Tahle II)

is valid only fnr omnidirectional sources suspended above the
center of the test platform, It is not valid for sound sources
with a directional radiation pattern,

In order to measure the total sound pnower output of an unknown
sound source located in the test section of the tunnel, one has

to measure the intensity of the direct sound field of the source
and inteqrate it over the entire surface of an imaginary enclosure
surrounding the source, In the far field of the source but well
within the hall radius, the sound intensity is proporticnal

to the sound pressure squared, namely:

2
Prms

5oC, (13)

o]

where Pems = T'MS sound pressure level

0 density of the air

0

c spead of sound in air

0

It is often convenient to measure the direct sound pressure

on the surface of an imaginary sphere of radius r << "y centered
on source location., In this case the total sound power output

of the source is ohtained by integqratina the squared rms pressure

over the total solid anqgle of 4w, namely:g/
r2 2n ™ 2
W= / / (0,€,r)sin0dode (14)

p
O PyCo =0 o0=p "MS

where prms(Q’E’r) = the rms sound pressure measured in distance,
r, from center of the source and in the
direction defined by the elevation angle 0
and polar anale g
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In choosing the measuring distance r, one sho»1d be sure to be
in a range where the direct field dominates - : reverberant
field. The hall radius as experimentally evaluated for an
omnidirectional source and plotted in Fig. 7 may serve as a
guide in selecting the proper radius. One :hould note, however,
that for a directive source the hall radius depends on the
directivity factor of the source so that in the direction of
maximum radiation the hall radius will be longer and in the mini-
mum direction shorter than the values obtained fo. an omni-
directional source. 1In order to measure the sound pressure level
of the direct sound with an accuracy of 1 dB, the measurement
distance should not exceed the half hall radius.

The non-diffuse character of the sound field in the tunnel test
section does not permit us to give a quantitative prediction for
the enlargement of the hall radius obtainable by providing a
certain amcint of sound absorbing treatment for the presently
hard room boundaries. However, a qualitative estimate can be
made based on Eq. 9 by assuiming that, at least,qualitatively, it
is also valid for a non-diffuse sound field. Equation 9 indicates
that an addition of sound absorbing treatment would enlarge the
hall radius by a factor approximately given by the square root
of the ratio of the average absorption co-efficient after and
before the treatment. Since the present average absorption
coefficient of the test section boundaries is in the order of

a = 0.1 in the frequency region from 500 Hz to 2000 Hz it may
well be possible to double the hall-radius in this frequency
range by covering certain presently hard surfaces with a rela-
tively thin (1 or 2 inches) layer of porous material such as
glass fiber, open cell acoustical foam or with a retractable
flannel curtain of proper flow-resistance. The sound absorbing
treatment should cover those hard room boundaries which have a
line of sight from the location of the test object.

20
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A

A quantitative evaluation of the offectiveness of a sound
absorbing wall treatment in respect of enlarging the hall-
radius should be determined in a small-scale acoustical
model (i.e. scale 1:20) of the tunnel test section where the
tunnel openings are represented by completely abosrbing
surfaces. In gradually adding sound absorbing treatment to
the various hard interior surfaces the optimal location and
the minimum amount of the sound absorbing material required
to yield a desired result can be determined.

The optimum combination of the amount and location of the sound
absorbing treatment determined in the model would assure that
the sound absorbing treatment in the full-scale test section is
designed in a balanced manner yielding maximum improvement for
the invested funds.

21
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