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ABSTRACT

-
- - . -

E/fhe static and dynamic characteristics of shrouded,

acoust1cally controlled turbulence ampllilers=are71nvest1gated

- The static characterlstlcs study includes a varlatlon of

shroud diameter, gap length and supply flow conditions.

Existing analytieal and empirical relationships are

‘evaluated for the purpose of predicting these charecteristics.

It is found that' the énalytical procedure employed by Bell
<
(Ref. 14) for. unshrouded flow controlled turbulence ampl1f1ers
* |
reasonably describes the laminar jet pressure reCOVery of

shrouded turbulence amplifiers. Bell® s approximate methodr

) L

for quickly determining the maximum pressuré recovered Wlth a

L

laminar jet is modified for operating points which are-lower‘

&

/ . R — - ; : ) o
than the maximum..” The turbulent jet recovery pressure glveg;”

by Bell's procedure is nqt in agreement with the experimental -

* [

results of this investigation.

A "Jump" in the characterlstlc frequency occurs as

+

the Reynolds number 4F the emitter tube is ir®reased. The

. & - - -
Jower characteristic'frequenéy’can be predicteo by an advanced

~~

Helmholtz resonator theory. -:' P

) It.is also shown that the acoustlcallflcontrolled /;
unlike the flow controlled, turbulence ampfif1er can be.
'operéted in the proportional.mode™Qyer a limited range of *

control varlables

L
+

A dynamic characterlstlc study is performed for -

o : iii

r-



w
[}

one geometrlcal shape W1th varylng supply flow condltlons.

LU

"‘Both the lamlnar - turbulent ("sw1tch of£”) and the .

‘turbulent 1am1nar ("sw1tch on”) characterlstlcs ate

P - -
s - = f

investigated: ' - K)? o . -
’ The "switch on" aud "eswitch off” characteristics of

.the aCoustlcally controlle& turbulence amplifier are more

-equal and less-erratlc.thqn the flow controlled turbulence

. <

amplifder. The éxisting theoqetiqal und'empirical-studies
of these response times, originally -deyveloped for the flow
controlled turbulence amplifiéf, dgree with the present

experiments only in general trends. -

o
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v CHAPTER T .
| ‘INTRODUCTION
“In general the pr1nc1ple of the turbulence anpllfler
. is based upon’ “the fact that a normally lamlnar Jet can be made
turbulent by subjectlng it to certain external dlsturbances.‘
The method employed to disturb the laminar jet is one criterion
used to dlstlngulsh between dlfferent types of turbulence
\\amplifler. S f L ' .
1The,basic configuration of the turbulence enplifier
consists of two, small diameter, tubes located on a.common
centerllne, with a gap between them, as shown in Fig.1l(a).
The longer tube serves as a sbpply tube (emltter] from which
a laminar jet is directed across the gap towards a second
(collector) tube. This laminei jet wilL'naturally become
turbulent at some distance qunstream afi¢ therefore the g
gap spac1ng must be less than-this‘natural iaminar length.
The lamlnar jet hlttlng the collector causes a relattﬁely -
high pxessure to be recovered;—Rths condition 12;;eferredf
to as the "on" state of the turbulence amplifier.

The presence of a control signdl disturbance causes
the 1aminar-turbulent transition position to move towards -
the. emitter.._ﬁsually, only a small disturbanee is needed " q@?
to cause the laminar- turbulent 1nter£ace to be shifted to a
stable position close to the emltter exit as shown in
Fig. 1(b)  Because the turbulent jet spreads more than the

laminar jet the pressure that is ' recovered at the receiver

is considerably lkss. This condition is referred to as

- B

e e



ﬁhe t"offf‘ stéte of the turbﬁlencecémplifier. }
' | The mosthpmen methods used to disturb the laminar
jet are'by impinging a control jet onto the main jet,
transversly, near . the . emitter exlt or by subjecting the main
jet to sound at this position. . These types of turbulence
amplifiers are referred to as "flow controlled"and
Vicoustidally controlled" respectively.

Another distinct classification can be made depending

upon whether the main jet is enclosed in a protective cover

referred to as a ”shroud“

g ) The main obJectLVe of this study is to investigate
some of the characterisfics of "shrouded, .dcoustically
controlled"'td?ﬁu;gnce mplifiers. These characteristics

may be discussed in term3,of two types static and dynamic.
The static characterlstlcs 1nvolve the determination

of the output pressure varlatlon with such varlables as the

supply pressure, gap length, shroud diameter, control

sound pressure level.and frequency.

The dynamic characteristics involve measurement of
the switching times from the "on" to the "off" state and vice

versa for certain static-characteristic settings referved

]

v

to as opera&ifg conditions,

PRPRESRLN SR
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CHAPTER 'II
'LITERATURE SU%\EEY - :
. “\ b )

" The material presented in th}s'section summarizes -

"

.- briefly the existing literature which is pertinent to the’

study of acoustically controlled turbulence amﬁliﬁiers.

2.1 Flow Controlled Turbulence Amplifier

' Auger. (Ref. 3) introduced the turbulence amplifier
in.1962. In this and his subsequeht papers (Ref. 4 and 5)
emphasis was on deécribing the basic princiﬁle of the devicé
and possible Means of control (including acoustic). He also
listed several advantages, disadvantages and‘pqssible
applicaﬁions. However, no rational analytical or experimental
procedure was gifen to predict the operatiné chéraéteristics‘
of the device.

Because of the relative ease with which an operable

turbulence amplifier could be constructed, a variety ‘of devices

wete manufactured, marketed and applied. These included both

planar and axisymmetric, shrouded and unshrouded configurations.

2.1.1 Analysis of Static Performance

Oels,‘Boucher and Markland (Ref. 30) were the first
to publish results of a systematic experimental study of

axisymmetric, shrouded and unshrouded turbulence ampliliers

They presented some design guidelines concerning the emitter

length to diameter ratio L and the maximum output pressure

5
available.

/

e e ———— L Py 41
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f

Verhelst (Ref. 41) presented an experimeptal design. -

- procedurE for choosing the operating. condltlohs of an

amplifier of certain fixed geometry. However if the
geometry was'changed 'a new set of exper®mental curves was
required to determine the operating points.and predict the

amplifier performance.

Bell (Ref. 13 and 14) was the first to comsolidate

“theory and experiment to produce -an analytical procedure that

- reasonably describes the unshrouded, flow controlled

turbulence amplifier. e separated the ‘turbulence amplifier
info its characteéeristic sections considering the tﬂbe flows,.
laminar jet, turbulent jet and receiver pick up. To model
the flow in the tubes (emitter, collector and coﬁtrol) of
the aﬁplifier, which in most cases is deveioping, he used
Hornbeck's (Ref. 26) open form solution, To avoid the open
solution he interpolated from a table given by Hornbeck.

For the laminar jet he used SChlichfing'g (Ref. 34)
point source model, employing'centefline felocityhmatching
to approximate the jet issuing from.a "source of finite size.

For the turbulent jet he used the Goertler jet

model (Ref. 34) with the condition’ that the virtual origin

was at the jet exit. This wds to account for the fact that

the control jet which caused the jet to beconme. turbulent was
located at a distance of 2 nbzzle diameters downstreanm, aﬂd
the exact position where the turbulent jet began, after the

control, was not accurately known,

T U TSP Vs




1

Bell célﬁulated the blocked load output pressure in
: ‘ 1

the receiver knowing the centreline velocity of the jet

at the mouth, This decision was based on previous work

c;ted'in his 'paper.

. The only characteristic which could not be predicted

‘analytically was the natural laminar length of the jet. To

-aid in determining this value he presénted‘h;s experimental

results and those df two other investiga;ors}' Other
researchefs such as Gradetsky (Ref. 22}, Vﬁ? (Ref. 407,
Marsters (Ref. 27) and McNaughton and Sinclair (Réf. 28)
have studied this problem and éan be consulted for further
information.

The computer program that was wriﬁ;en to perform
calcuiations using ‘Bell's anafﬁtical procedure 1is givén in

Appendix D.1l.

2.1.2 Dynamic Performance

Several early investigators {(Ref. 3,4,5, 235 and 41)

‘quoted approximate values for the switching times of £flow

controlled turbulence amplifiers.
Siwoff (Ref. 35) demonstrated that by "inbuilding"
an edge between the emitter and collector such that this edge

almost touches the laminar jet, the switching time could

" be reduced.

L]

Ha?és (Ref. 23) was the first to perform a comprehensive

experimental study of the geometricai and flow variables'

affecting the response time. He also developed an analytical




ﬁodel to predict rhe switching times'of turbulenee emplifiere.'
The resulting'equatidns for the model are presented in
Appendmx D.2.
Experiments indicated that the shroud geometTy of

the amplifier affected the switéhing times con51derably.
The lamlnar turbulent switching time was not equal to the
turbulent-lamlnar time. This difference 1ncreased as the
gap ifength was nadé larger or the shroud diameter smaller.
It was also noticed that the turbulent laminar switching time
was quite erratic, This uncertainty increased with gap
1engtn and decreased with shroud diameter.

 Abramovich and Solan (Ref. 1) found experimental
correlatienslfor the laminar-turbulent and turbulent-laminar
switching tiﬁee for a jet and described how these could be
applied to the flow controlled turbulencefamplifier. The

correlations obtained are given in Appendix D.3 .

7.2 Acoustically Controlled Turbulence Amplifier

Auger (Ref 5) nogiced that his turbulence ampllfler
was sensitive to sound at frequencies of-approxlmately 8 XHz
and the sensitivity to sound increased with a larger gap
between the emitter and collector. He delt’mainly.uith
applications of the device in the remainder of the paper.

Generally, in the literature, two attitudes were
prevalent regarding the sensltivity of the turbuleuce

amplifier to sound. The first one involved the identification

4
of the problem areas of a flow controlled turbulence amplifier
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. S e L
'~_<;L - {responsé-tq,@#%?rnal noise) (Ref.‘lz and 23).J-The other-
\inﬁolved é direct use ofuthe phenomenon as an aéoustic-fluidic
transduéer or a switch. In this survey emphasis is given to
+ the: papers concerning -the second attitude mentioned.
Also, some investigatoré-studied'the-bistable‘fluid
aﬁplifier as an acoustic-fluidic 'switch (Ref. 15, 21, anﬁ 393.

-However, these references will not be discussed as they do

not pertain to the turbulence amplifiér.

2.2.1 Analysis of Performance
In 1968 Gradetsky (Ref.ZZj experimentally studied two
récoustiéally controlled turbulence amplifiers. He measured
the output pressure drop with control sound over a frequency
range from 200 - 10,000 Hz, At the same time the sbundj=-~
pressure level inside the cavity was._measured. He noticed
that the output pressure dropped appreciably at resonance
conditions inside the cavity. However, these resonant
- frequencieé did not corréspond to those predicted using the
basic Helmholtz formula (without the correction factors).
; Nomota and Shimada (Ref. 29).studied what éan best be
described as an electric-fluidic transducer based upon the
principle of acoustic control of é.lahinar jet. They showed
that the laminar jet could be segsitive to frequencies uﬁ £0
50 KHz. The sound pressuye }evels used in the study were not
measured. Also it was noted that the acoustically controlled.
turbulence amplifief switching time was small, without giving

any numerical values.



Beeken (Ref. 11) described the commercial form of

an acoustically controlled turbulence amplifiet and an

acoustic generator. He mentioned possible meéthods of using

* these ‘devices in vardious applications

Tryburdy (Ref. 37) did amore’ comprehensive study
. \
of displacement and proximity sensing applicationms. A i
generator and senéor similar to Beeken’s were used; Hé
studied the maximum separation djstance and the sen$itivity

of the devices as a combined unit.

2:3 Jet-Semsitivity to Sound | -
| As mentioned by Rayleigh (Ref? 32) the .acoustical
sensitivity of jets has been the subject of scientific study
since 1858 when Leconte first noticed the "jumping" mnature

of a coalgas flame in response to certain'ﬂétes being

played on a musical instrument. Initially, the phenomenon

was associated only with burning jets. However, it was

shown by Tyndall that combustion-was not a necessary

;ondition for ‘the phenomenon. Rayleigh's personal contribution
was to theoretically show that inviscid plane.jet flows are
always unstable.

Subsequent to these early investigations, a considerable
amount of work was done on both twu-dimensionai and axisymmetric
jets. Although there is a sipilarity of behaviour in both
cases, emphasis it on the axisymmetric case in the remainder

of this section because: of the present experimental arrangement.

Papers‘conéerning_the instability of axisymmetric jets due to

i




disturbances. = °

very small 1nterna1 disturbances are 1ncluded because of

thelr d}rect relatlonshlp to the instability caused by sonic
Batchelow and Gill (Ref. 7) solved the inviscid

stability equations for an ax1symﬂetr1c parallel Jet. They

determined that a point of inflection in the velocxty proflle

is a necessary condition for any disturbance in the~Jet to be-

amplified. Such-a point always exists downstrgam in a jet.
This condition occurs closer to the nozzle it for a flat
ve10c1ty profile than for a parabolic one.

- V111u (Ref. 42) experlmentally determined, using flow

visuellzatlon, that for a real jet, a minimum Reynolds .

number exists below which'the-jet is- always stable to small
disturbances., He found this value to be approximately 11.

ad

Frey@uth (Ref. 20), using a hot-wire technique, ;
experimentally studiéd the growth of small.sonic disturbances
in a jet issuing from a.nozzle with a filat velocity profile
except for the boundary layer. He noticed that transition

of the jet to a turbulent state begins very near the nozzle
exit. The effects. of jet supply pressure, compre551b111ty,
viscosity and sound frequency were investigated 1n terms

of nondlmen51onal parameters, The characteristic length

and velocity used were the 1eca1 momentum thickness and

the centerline velocity respectively. The only term which
hed.an-impprtant effect on the transition was the Strouhal

number. The wavelength of the vortices produced in the

jet increased as the Strouhal number decreased.




b

‘the experimental correlation shown beiow: | i

J

- v

Becker and Massaro (Ref 9) used smoke photography,
stroboscoplc observation and a 11ght scatterlng technlque
to study a Jet emerging from a nozzle. The dlsplacement

thickness at-theinozzle exit (6) could be determined from

8 0.9

— mm

ds e

---2.1

ﬁ'

They noticed that as the jet velocity increased, the
maximum sensitive frequency increased in a stepwise manner.
They attributed thlS to refonance effects in the supply tube.

A correlation for the Strouhal number of maximum jet

" censitivity and the Reynolds number was found and is given ’

below:

fmsds . | B
= = 0.012JRe 2 1000<Re< 10,000 /- ---2.2

Their. Strouhal number was based on the frequency of sodﬁd?
for maximum sensitivity to the. sound, the jet average

\ N .
velocity and the diameter of the jet.

They also measured the growth and frequency of the

o

‘vortices that occur in the jet due to natural causes and

found that the above correlation also held for this case.
Hence, -the effect of sound is maximum when the sound wave-
length is approximately equel to that of the vortices which
occur naturally (An). A correlation for A A was found as
well as £o;*ﬂb,.2he wave—bre;king length defined as the

distance from the nozzle exit to the first vortex.

¥t



These expressions are given below:

B
:

» Qb o= 107 2.4
- ds

[re
It‘was'also noted by obser§iﬁg equations 2.1 and Z.2,.
choosing as the characteristic‘lengph'in the Strouhal
number that this value would be a constant ahd independent of
Reynolds‘number. It was theﬁ speculated th{k because a
parabolic velocity profile has a coﬁ§tant ratio of
displacement thickness to nozzle diameter, the Strouhal
number based on the diameter of them}étjshould be the.constant.

‘A discussion of the jet issuing from a square-edge
orifice was also given. In this case it Qas:pointed out
that in the flow through an orifice there would be an eddy
between the shoulder and the separating flow rounding the
shoulder. The eddy size-would be proportional to the widtﬁ
of tﬁg orifice wall. They postulated that this wall
dimension might-determine the dispiacement thickness at the
.jet exit and hence Be independent of orifice diameter.
Such a case was studied by Beavers and Wilson (Ref. 8)

’ and they'found the Strouhal number based on orifice diameter to

be a constant value of 0.63 over a Reynolds nﬁmber'range

of 600 to 3200.

Bell (Ref. 12) studied the sensitive frequency range

of round tubeé of various Ps/ds. However, he did not
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determihe the particular frequencies associated with maximum
sensitiv%ty. Jet sensitivity was indicated by the decrease

6 ® P o
in total pressure measured on-the centerline'of the jet'at the

' downstream end of the laminar jet length. He found an upper

Strouhal number limit_of approximately 0.5, ?he lower llmlt

~increased with Reynolds number:’ o

’ }J' j,_‘j’ﬁ . _ '\ | . ; . . | \ /
%f“’_‘ 2.4 Helﬁholtz Re;Znators ‘_;3 0 ﬁ

- : i
The Helmholtz resonator shown in Figl 2 essentially
F

cons1sts of a relatively large cavity with a narrow Opening

(neck) connectlng the fluid inside to the §urround1ng
medlum,. When the opening is subjected to Ln acoust1ca1 51gnal
the‘frequency of which correspgnds to the/natural frequency
of the'fesonator the amplitude of the sdend signal‘inside-
the caVLty lncreases above tnat of the 1mpressed sound.
| A the01et1cal model of the resonator was: developed
about one hundred years ago, according ﬁo Ray]elgh (Ref. 32)

i
and 1is given- ‘bélow.

. 3 : ’ .
_g__fAn l ' . e
f = 57 [ Vein /' 2.5

This ¥s essentially a lumped parameter model

assumlng téii-fﬁf\enly mass being acceldrated is in the necx

-

of the resonator. “~The fluid 1n51dethe volume is c0n51dered
as a spring aﬁd the resonant frequency is considered-to be
independent of the shape of £his cavity v;1ume. |

Not long after this formufe was develeped it was
found to be in considerable error in predicting the resonant

b

‘e
.

9 . > .o T
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C A correction factor was added as 1nd1cated ‘below, (Ref.36)

13
s |

£requency when the length of the neck was shorL.\ This was'e

dttrlbuted to the fact that the flumd just 1nsmde and that just

-out51de of the neck was also under601ng some accelelatlon.

f =;-—C— -——-—--———-An : !:1' -'. . .‘ ) === 2.0
r- 2mf{Vc (2n+B) - :

It was shown that foprecks approachlng the
configuration of an orifice in a ‘plate the value of
pemdn . (Ref. 36). . |

Alster (Ref 2) showed that the shape of the

resonator does affect the resonant frequency and developed a

b

~complicated theoretical formula to account for this. The

géneraf formula -that ﬁas deveioped hhs the restrictions that

any- dlmen510nof the reqoqator <<, 2r. and h< dn J ‘,
The partlcul%g éxpre551on for a circular cyllnder w1th a oS
centred lateral hole along with the definitions of terms used

&
are given in Appendix D.4.

. g

B




‘fabricated. /n axisymmetric, as opposed ¢

. " CHAPTER ITU
| EXPERIMENTS
3.1 Objeetivés | |

Althaqgh acougtibally cénthllcd turbulence amplifiers
can ‘be  obtained commercially; litgle work has been published. i
on a systematic experimental invcstiéation of this device.

The present investifation aims to provide infqrmatidn

-

of primary importance to the operation of shrbuded, acoustically

controlled turbulence amplifiers. This_ involves the

determination of:

(a) the effect of the shroud on the output pressure

with no sound.

{(b) the control sound.frequency to which the device ,

is most sensitive (denoted as the characteristic

frequency) as a function of The shroud geonetry

and flow vargibles.

s

(c) the effect of the sound pressurc level on the
_ ~
output pressure of the device at the charactekistic
frequency.

(d) the'dynamic switching times .

3.2 Test Facilities

-

To accompjish the objectives described in the previous

3.2.1 Turbulence Amplifiers

section three turbulence amplifier shrouds were designed and

tQ_a planar, geometry

was chosen because of the manufacturing easejand availability

r

-of theoretical analyses.

14
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L\‘\wﬁwz, " The shrouds are {dentical except for the diameter and
;

" made of plexiglass. #ach consisted of two SOCthnH a barrel
and an end plate.- A schematic dlagram with pcrtlncnt dlmen51onq
is shown in Fig. 3.

The barrel was made so that‘if“?“% tightly over the
emltter tube at.the lowest position. To allow for fine allgnmght
of the emitter and collector the hole for the emitter tube, in
the barrel, was dril;ed slightly larger th%n the emittor
outside diameteé ovef‘;pproximately 7/8 of the length of the

hole,

In order to providc'a means of moving the harrel
for alignment two -sets of thumb screw tlghteners werge. attached~
to the end plate with an angle of 120° between them. The other
. ends of.the thumb sérewsqgere rigidly attached to the settling
chamber which is describeﬁ later.
In order to vary the gaprlength between the comitter
and the collector the hole for the collector wias machinpd
slightly larger than the tube. A set screw was provided for
fastening the collector. |
A modified DISA subminiature hot-wire (5 micron dia.;
0.45 mﬁftlength) was mounted such that the hot-wire was on the
~centerline of the collector, approximafely 0.25 mm. in front
of the mouth,. fhe hot-wire was also held in position by a

-

set screw fastener.
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3.2.2 Test Facility
Figﬁre 4 showé a schematic*didgram of the generél!

ekpériméﬁfﬁl'f#cility that wéé%ﬁsed to test the amplifiers.
Air from the building c%mprcssed air facility was passed
through a 3 micron filter, pressqfe regulatofs, needle valV;

and rotameters before enterlng a largc settllng chanber °
(approxlmately 15.24 cm. dia.; 50. 8 cnm, 1ength) Wthh

contained screens, flow straighteners and-pressgre taps connectéd
to an inclined manometer for measurement of tue supply

pressure (Ps). A bellmh&it—iffrance led“to the inlet of the
emitter tube of the turbulence amplifier, Further information
concerning the settling chamber, bellmouth- and emitter tube
construction can be found in ﬁé?.'40. f

The output pressure (Po) was measured by connecting
the collector tube to a second inclined manometer . il
‘ The control sound w;s provided by passing the 51gna£
from a sine wave oscillator through an electronic switch power
amplifier and speaker. The frequency of this signal was mea%ured
wigh an electronic counter. A speaker was mounted on a trip%d
(not shown in Fig. 4) in such a way that it was aligned |
with the control hole opening of the turbulence amplifier
and approximately 5c¢m. in frént of it., A trigger signal, uneeded
in the dynamic response tests, was taken from the electéonic
'switch. \ . -
» The gound measuring equipment consisted of a

standard BEK miq&&ﬁhone (Type 4138), preamplifier (Type 2618)

and measuring amplifier (Type 2607). The microphone wasx held




- ! -

' %o, '

in pdsition approximatelyrsmm.‘in front of and 2mm. to the
side of the'controijopening. The microphone ﬁaé-sccured by
me&ns of’a ;peéially designed holder (mot shown in Fig. 4)
'which fastened onto the settling chamber. - The holder allowed
positioning of éhé microphone at various positions in front

of the control opening. A traverse of the area arounl

the control opening‘indicatcd a uniform sound field, hence,the
position of the microphone mentioned previously., was found
to be acceptéble.

The signal from the measuring amplifier -was
displayed on one channel of a dual beam oscillogcopc. The
second channel was connected to a DISA Type 55i10 h8t-wire
anemometer for the'dynémic tests.,

“In order to provide'a controlleg acoustic environment
for the turbulence amplifier the items shown within the dashed '
lines in Fig. 4 were kept insiﬂe-a "so0ft" room énclosure.  The
tubes and,wipes rgquired for tha’éuxiliary eﬁuipment, that was
kept outside of the ro@m,hwefe?pgssed through'a small hole
in the enclosure. This hole was then-plugged with plasticine.
The 'soft" room enclosure was a modified "walk-in' refrigerator.
The inside dimensions were 2.79 m. by 3.38 m. by Z.29m. high.
The walls, ceiling, floor and door of the refrigerator
consisted of thin sheetS of steel separated by approximately
7.62 cm..of stxru—foﬁh insulation. In addition to the existing
structure approximately 7.62 cm. of polyurethane foam was ;dhered
to the inﬁef“walls and ceiling of the refrigerator and also

around the refrigeration unit which occupied one corner of R
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the room. Thé same thickness of foam was laid on the floor,
however, it'wds not ;dhered in order to facilitate movement
of the tripod and settling chamber. Both éhe tripod and
. settliﬁg champer were‘sit;ingpsolidly on the.main_floor of
the refrigerator with polyurethane foam around them.
"A complete list of the standard equipment and ’
instruments mentioned in this section is given ih Appendix A
along with the pgr:inent.information concerning them.
3.3 Experimental Péocedurc
The matgfial in this section naturally falls into the
following categories; calibration, setting up the turbulence
amplifier with alignment of the emitter and collector, static
characteristics and dynamic characteristics. The geometrical
;arighles and a summary of the test programme are given in
Table I.
3.3.1. Calibration

The three types of equipﬁent which are considered in

this section include the rotameters, sound measuring equipment

and the hot-wire. )

Two rotameters were used in this study, the .

ROTA L10/400‘: 6185 and the ROTA L2.5/100 - 3485. Both of

these were calibrated by installing a precision wet-test

L)

meter in series with them. The calibration curves for thes

N .
twonzptameters are shown in Fig. S and 6. z/— | 3
“. The sound measuring equipment which required

calibration included the B§K microphone, preamplifier, and

*

measuring amplifier combination. The procedure that was used’

B
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t

Tis a standard one given in Ref.6 usinyg the B&K Tyﬁe‘4220
- pistonphone and therefore will not be wepeated here. This
calibration was pcrforme& eath‘tlme_;he equipment was used.

In this study:it was not necessary to calibrate the

st e o st i

particular hot-wire anemometer to obtain a relationship

between velo;ltyiandévoltage because velocity was not actually
measured; Only time rcadings were taken, hencejit‘was only
necessary that the hot-wire and anemometer respond fast

enougii. Therefore, the standard procedurc given in Ref. 18

for adjusting and measuring tlie time constant was performed.

The time constant measured was approximately 2 microseconds.
' I

N
3.3.2 Setting up the Turbulence fmplifier “

A standard procedure was developed for setting up
the turbulence amplifier shroud on the test stand and aligning
the emitter and collector. This procedure was followed for
each turbulence amplf%ier to assure consistency.

After a particular shroud was fitted onto the
common emitter tube, the exit of the emitter tube was observed
under a microscope to determine if any dirt particies were
present.. Any such particles were brushed away using a small,
clean paint Lrush of the type artists use.

? The emitte} tube-shroud assembly was then bolted onto

ther settling chamber using vaseline as a sealant.

The dimensions C and D in Fig},S were neasured using
a vernier caliper and the dimension E calculated tc obtain
the_réquired ;ap setting. ) This value wvas tPen set

~byv positioning the collector tube and fastening it with a set

e A LV
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screw. For the static Characteris;ic study the hot-wire
) ! - ( . [
hole was plugged so that theinsi&é_surface was smooth,

For the dynamic characteristi¢ study the hot-wire was

, positioned. at. a smali.(but safe) distance from the mouth of

the colleétor (approximately 0.25 mm.). It was centered

4

over the opening by observing the setting under a microscope.

In both cases the end plate was then attached to

~the shroud by means of three screws, two of the screws were

used to secure the adjustable thumb screws to the shroud as
shownin Fig. 3. |

The supply pressure was théﬁ increased until the
output pressure dropped, indicating that the jet had become
turbulent. The collector tube and shroud were moved by
means of the adjustable thumb screws until the output
pressure rose above the value before the Brop. The supply
pressure was increased again until another outﬂut pressure
drop occurred. This procedure was repeatéd until it was
not possible to increase the 6utput pressure by any further
adjustmeﬁt of the alignment.

This was an extremely tedious procedure, taking as
long as 3 hours to be reasonably sure that the proper

alignmént had been achieved.

3.3.3. Static Characteristic Study

(A) Output Pressure wersus Supply Pressure
For all the geometrical combinations given

in Tables I, the ouput pressure PO and supply

¥
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Flow rate were measuréd for different values

*-bf'supply pressure Ps. This was done until Py

* dropped and began to increase again;

-Results from these tests were used to
obfain the P§ versus Ps piots and select tbe'
different operating conditions for Ps;
Output Pressuic versus Sound Variables (Constant Re)
With Ps set at a particular value, Pp was
measured for different values of the control
sound frequency f and pressure level Pc. For all
the geometrical combinations, the conditions
used were: Pg = 660 N/m‘2 (Re = 895); Pc = 90,
100, 110, and 120 db;‘and‘170¢.f<.18000Hz.'
This portion of the investigation was done with
the specific aim of holding éhe Reynolds number
constant, so that the effects of shroud geometry
could be brought out more clearly. .
Qutput Pressure vérsus;Sound Frequency (Different Re)
For a given value—of Pé, Po was measured for
different valueé of.f and Ps or Re in order to
study the Réynoldé number effects. However, this
type of experimentation was carried out for two
geometrical configurations;only. With the

de = 0.95 cm. and g = 1.27 cm. configuration

Pc

110 db. and for the dc = 2.54 cm. and

g = 3.81 cm. configuration Pc = 100db.
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It should be noted that the ambient pressure,
tempefatufe and noise level were meaeured at the
beginning.of all the tests mentioned'aboee.
. 3.3.4 Dynamlc Characterlstlc Study |
This study was conducted only for the dc = 2. 54 cm.
‘and_g = 3.81 cm. geometrical combination. | |
| | The dynamic characterlstlc study con515ted of the
measurement of four response times, characteflstlc of 1:he‘w
turbulence amplifier, These times are the laminar-turbulent
delay time TA.d., laminar-turbulent fall time Tf_ , turbulent-
1am1nar delay time Tt.d. and the turbuleﬁt-laminar Tise time
T,. and are defined in Fig. 7. These definitions are similar
to those used by Hayes (Ref 23).
o
The response times were measured by photographing the
trace of the hot-wire signal and the microphone signal which
‘were simultaneously displayed on the screen of the dual-beam
scdpe. At least three traces were photographed for each
experimkntal condition studied. Slides were made from the
film and displayed on a screen for measurement.
Such measurements were taken at a supﬂ&y pressure
of 1120 N/mA (Re = 1244), with control sound pressure levels
of 100, 95 and 90 db. Five frequeneies.were chosen for study,
the characteristic frequency (3100 Hz) and two frequencies on
each side of this (2200, 2609, 3700 and 4400 Hz}.

To investigate the effects of Reynolds number,

T~
measurements were also taken at a frequency of 3100 Hz and

e it e A e Bt e Bk b T e Tk
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sound pressure lovel of 100db for additional supply
- pressures of 1220 N/ 2 (Re = 1332), 1030 N/ .2 (Ro = 1153)
and 834'N/m2 (Re « 991).”



CHAPTER IV
RESULTS AND DISCUSSION
Eg)some of the figures discussed in this chgpter a few
data p01nts have heen omitted in order to. ‘avoid’ overcrowdlng

' However, this omission does not affect the 1nterp;utatlon of
the results.
4.1 Static Characteristics

Because of the £;$gq numbérxof readings the university
I.B.M. 360-65 compﬁter and the on line Calcomp 565 plotter
were used to reduce and plot' the expeyimental data,
4.1.1 Emitter Tube Characteristics n s

The varlatlun of the supply flow WIth Lhe supply =
pressure:is shown in F1g 8 along with Bell s predlction.
'Thié éharacteristic is not of‘much 1ﬁ;ortance to this study -
as'the emitter tubc was not altered th;c;ghout the experiments.
However, it does serve to show that the analytical procedure
given by Bell for predicting the emitter tube characteristics
holds fdr this case with about 7.5% difference from the present
experimental dafa._
4.1.2 Output Pressure versus Suppiy Pressure

The dimensional plots df the output pressure versus
the supply pressure for the variﬁus diameter skrouds used and
a gap setting of 3.81 cm. is shown in Fig. 9 (a),Bell's
-analyticaluprocedure was used to calculate the laminar

recovery pmessure for this case and is shown as a dashed

line. It should be noted, however, that the suppiy pressure
24
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at whlch tran51t10n occurs cannot be predlcted from the -
"analytlcal%grocedure Similar plots for gaps of 2, S4 and
1.27 cm. are shown in Fig. 9(b) and 9(c)-respect1ve1y.

It can be seen that the 1am1nar pressure recovered
compares reasonably well with ;he analytlcal result havmng
a maximum difference of approximately 12%.
| TS,obtain a reasonable estimate of the output
pressure for a given turbulence amplifier Bell sugggsted,én
approximate graphical meﬁhbd (Ref. 14). He plotted P4/Ps
versus Rg/KGLg, using only those Qalues of Pg/Ps near the
P, versus Ps peak. In this method it is assumed .that the -
albmpl‘j,ufier is. to be dp_e"d near the peak. In .some-cases
‘this may not be desirable. It was decided to atfempt to
obtain a correlation for the laminar pressure recovery without
the above mentioned restrictiomn.

. A plot of PO/PS versus Re/KGLs was madé as a first
attempt. This graph is shown in Fig. 10. In the present
infestigation Lg is a constant and thg jét miﬁphing-ﬁarameter
K éﬁly-variéd 2.5% according to Bell's procedﬁre: Hence

both were considered constant. The:lines through the data
_ Py . ;

points are Bell's ﬁrc&iction for-each gap length. Obv1ously,;
these scaling parameters are not adequate to descrlbe the
phenomenon.
It was decided to attempt a correlation of th{_form"’
Po/Ps = ARePGC. Multiple linear fegressidn yielded;
- A =1.14 X 107
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| B = 1.2 o | - A
.-

-0.27

A plot of thlS correlation along with the data p01nts

1nd1cated*that the exponent C = -0.27 is adequate to.merge
e the three curves in Flg. 10e%gto one. Further the Reynolds

=

number dependence is -not of the form lndlcated above.

An attempt to fit a curve of the form

:?G+0.27 PEl/PS= 'A. + BRe + CREZDRéS b oo __4.1

wasJundertaken usi g-a-standard I.B.M. program package. A

_ second order pol&homial-was indicated with no further

improvemeqt obtained by going- to a third order. The | i

. constants were

A= -0.2

8,3 x 107% o Lo~
~ ( . | . |
c=1.22 x 1007 - &

-9 . &
A plot of the experimental 60-27pg/Ps versus the

GO'Z7P0/P3 estimated by the equation is shown in Fig. 11
indicating that the agreement is good. \\;

Altﬁgégh the different laminar-turbulent transition

\\iefiths cannot be predicted analytlcally, they can be .

compared with correlations: and the data fo other

investigators. A method of indicating thl comparison is to

o

plot G for transition versus Re. This plot is shown=-in
s . o
Fig. 12 and contains curves Yound for free and shrouded jets.

£
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It can be secn that even for.the unshrouded free jet

large dlscrepanc1es exist nat only in the magnltudeq but in

- the-

.upon a large number of variables suchasfneentrance

conditions of the supply jet, ambient noi

shapes of the cunﬁes. The free jet transition depcnds

sa and the

mefhod of measurement. These are not taken into account

in a qlmple plot of the type shawn in Flg. 12. It would

be expectpd that the present data would best be described by

»

vk

Vaz's (Ref.40) correlatlon, due to the fact that the settling ' H

chamber,

also used in the present study.

exists in thls partlcular comparison also, 1ndyca£1z§.;ha;”

the

4.1.3 Qutput Pvessuae versus Frequéncy

the
and
the
'The

Jet

shr ond has a algnaflcant effﬂct

bullmouth and qupﬂly tube used in that experiment were

However, & large disc: cpancy

.,,,g... e e

(A) Effects of Cevanetrical V"rlﬂb'ec (ﬁe = constani)

The dimensional plots of ovput pressure versus

sound frequency at vavious control-sound pressure Jevels

a4 constant supply pressure of 4640 n/mé (Ee = 885) for al
‘ . .
geometrical configurations testeéd are shewn in Fig. 13.

1

straioht'dashed 1ine is the value of Po for the tugﬁulent

obta:ned from Bell's procedure. It can be seen thet in

some of th plots *here are two and in, otnPr fthere 15 one -

substantial.frequency range where thé¢ output pressure drops

significantly. Also it is

pressure level is veduced, the

N
-

narrower and in scme cases disappears.

ticed that as the congrol sourd =

. . . & )
ensitive {reéquency range becomBQ\

e ey
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The following points can be investigated using the

information from these plots: '

(1) the variation of the characteristic frequency
(defined in Section 3.1) with the geometrical
véfiables dc and g. ‘ |

(2) the effects of the control sound preséurc level
on the output pressure -at the characteristic \\,
frequency.

(3) a comparison between the ”off" state (turbulent
jet) pressure recovery and that.obtained using
the analytical procedure of Bell..

The characteristic frequency 1is de%inedlas the frequency

at which-the output pressure drops the‘greatesﬁ percentage

¢f the undisturbed level. In each of the plots in Fig. 13

this is just -the frequency at whlgzég% is the lowest value. N

To reduce the error in obtaining fchar. for each geometrical

comblnatlon the value of fcha{ was obtained for each sound =

pressure level plot that had 3151gn1f1cant drop and then

averaged. This value was then expressed in terms of a Strouhal

number - (£char. ds) and the geometrlcal terms in G = g/as and

D = dc/ds. Tie plot of Strouhal number versus D for various

G values is shown in Fig 14. The lines shown are the éﬁ&ouhal

numbers calculated using the frequency obtained from the i

theoretical formulas for Helmholtz resonators given in the

literature survey and Appendix D.Z (Equ. 2.5, 2.6 and D.2.1)

using the appropriate velocity and emitter diameter. It can be

seen that G has no significant effect as the three points
- .
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for differernt G valucs at each vﬁluo‘oﬁ D lic approximatoly
at tho same point. N |
Comparison with tbq theoretical formulae show thét yhd
simplc'exprcasion (Equ. 2.5) overostimates the Strouhal nuwhber.
The addition of the theoretical ceorrection factor B(Equ.z.b)
overcompensates so that iowcr values are predicted. The
theoretical formula of Alster (Equ. U.Z.i) agrees quite weltl
with the experimental data, even though the effect of the vent
holes is ignored. Theh max imum deviation occurs at D = 6.94
with a difference of 12%. This may te expected as Alster
pbints out that evrors occur when ar./4 is less tuan the largest
Aimension of the cavity. Although the condition i3 not violgted
in this case it 1s bciﬁg approached. .
A standard way of showing the effect of the
control signal on a flow controlled turbulence amplifier is
to plot Po versus Pc at tlie operating Reynolds number and

-

characteristic frequency. ’

"Plots similar to this are obta§d for the present
investigation Ly taking gross-plots of the Po versus f
plots shown in Fig. 15 at the characteristic frequency in each
‘case. The cross plots are shown in Fig. 15. The dasied line
in each casc indicates the output pressure with cnly the back-
gfound noise level present. The output pressure is unaffected
by the control signal until.a certain level of contrci’

\}s-;eachcd. The output pressure then decrrases with increasing

control to a value which does not change for further increases,
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It was not possible to obtain the entire curvo

for all of the geometrical configurations duc to the upppr_iimlt
: : \

imposed Ly the speaker used wnd the lower limit set by the - ¢

1oss of accuracy in measurcment of the control sound pressure .

level ncar.thc background noise level. towever, some general
observa}ions can be made.

It is-kﬁown that the trausiticn from the '"on' state
to the "o%fﬂ stute of a flow controlled turbulence anplifier
requires only a small change in the “control pressure signal
and it is difficult to maintain an intermediate position
between "on" ghd Moff", Also within this range ‘the &
output has been ngggced to consist of large, erratic flucuations.
These characteristics have led to the use of the flow controlled

turbulence amplificr only as/a digital device,

As can be scen a4 Fig. 15, the éutput pressure
decreases gradually as the control soun& pressure level increases.
It was also noted qualitatively that thére were no large erratic
output pressure fluctuations.

The above discussion leads to the possibility of oper-
ating the acoustically controlled turbulence amplifier as a
proportional device. To do so the output pressure versis control
pressure plot should have a straight portion. The lines passiﬁg
through the data points in.Fig. 15 indicaté that this is approx-
imately true for certain geometvical configurations and sound

pressure level ranges. More data points would lacrease the

confidence in this observation and hence additional
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. G . .
experimentation was done for one particular case. The
resdlts_arc shown in Fig. 16 which indicatc\that for the
dc = 0.95 ¢m. and g = 1.27 cm. gecmetry with Ps = 660 N/m2
(Re = 895) and. ' 101< Pc <112 db. a proportional mode of

opefation is possible. The gain is -2.64 N/m2 per db. The

gain obtained by expressgng the sound pressure as a 7100t mean

2 .
square pressure in N/m” is -18.5.

In order to compare the "off" state turbulent pressure

recovery with the analytical procedure mentioned previously

it must be insured that the jet is fully turbulent. The criterion

used to determine whether this condition is satisfied is to

observe the change in the output pressure at the characteristic

frequency as the control sound pressure level is increased

(see Fig. 15). If there is no substantial.change the jet

- could "reasonably" be assumed as fully turbulent. The value

]

of the output pressure for 120 db,. was then taken
as the "off " state pressure. The corrvesponding values for

the geometrical configurations which complied with this

criterion were recorded and Bell's non-dimensional

parameter G>Po Wa}\cgjculated using an experimsnta]‘va1Ue
: 11.0Pc.L.

- : .- ‘
of Pc.e.= 1/2.9 (2U¢)“ Figure 17 shows this parameter as a

h_functio% of N along with the constant value predicted

from the analytical procedure., Unlike the unshrouded flow

controlled turbulence amplifier case, the present data lie con-

sistently above the predicted value. Tihis could perhaps be

L
!
|
3
1
i
4
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_indicate that
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explained by the assumed location of the virtual origin'in the

‘analytical procedure or by the effects of the shroud. Howefef,

‘ I . - . . .
thie number of data points are considered iunsufficient for further

analysis at this time. .

(R) Effeets of Reynolds Mumber (Pc = constan )

L. The dlmen51ona] plots of the variation of Po thh f
for two geometrles at various Reynolds numbers are shown in
Fig. 18. The line indicating the analytical turbulent "off"
pressure is not shown as only one sound pressure level is ﬁsed
in each case. .

The chalqcterlqtlc frequencies at vardous Reynolds
numbers were taken following the definition mentioned
previougly and:plotted.agaiugt Reynolds number as shown in -
Fig. 19. The ljne going to a Re of 400 is shown dotteed to

é?characteristic frequenc} was not evident at
Pc = 110 db. When Pc was increased to 120 db. a characteristic
frequency was found.

Tt is seen that & frequency"jump"occurs for. each
geometry considered. This is a result of the definition used.
to dotermine the cparacteristic frequency. Wien the output
pressure drop at any frequency becomes larger than the one at
the cha;acteristic “requency, this new frequency becomes tlhe
characteristic. At the discomtinuity, the pressure drops
for both frequencies. would hé the same, hencebfchar_would_bc

double valued at this Reynolds number.



. . The ld@erh}wo fnequencies correspoﬁd t?lthose found
from Alstor's Hblmholtz equation for a circular cyllnder_
with a latelal hole (Equ. D.Z.l). The upper frequency is not
-:h harmonic of“the'jower. Neither supply tube resonance nor
fesonances related to the cavity could satisfactorily

4

account for the higher characteristic frequency. .
By calculating cha;acteristic Strouhal numbers from
the.frequency data this informééion can be cémpared-to'the
upﬁér and lower limits of‘jet sensitivity to sound féund in
Ref. 12. Although the investigation cited was not detailed
it can serve as a reasonable estimate of the &ensifivity'of
ets emitting from tubes of large Ls. Figure 20 indicates
\“this plot. The upper and lower limits are‘denoted by
CTOSS Hatched lines. The solid lines join the data points
of the characteriéﬁig frequencies taken from Fig. 19. Tt

"can be seen that almost all the Stroubg numbers lie within7

the limits.
- A plot of Becker and Massaro's correlationI(Equ. 2.2}
is d?aJ;‘Sh Fig..ZO. Although there is an order of magnitude
agreement of Strouhai number values, the Reyuolds number depen-
dence indicated byﬂthé experiments is upposite to that of the
gk .Correlation. It is believed that this discrepancy could be
attrlbuted to some modesnof cavity resonance. 1t +is wor{%
recalling that the lower characteristic frequency 1s related

to a Helmholtz type resonaace.

/ ' n
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4,2 Dynamic Characteristic Study
The v¢1latlon of the switching t.imes with the conLrol
sound frequency and pressure levél is shown in Fig. 2{. Tt
can be seen that within .the experimental range and accurac&,
he four response times are almost independent of the control

sound variables. Perhaps a possible exception is that the

turbulent-laminar rlqe time Tr. has a very weak dependence on

the frequency. Further, the laminar-turbulent delay,tlne decreases

slightly but consistently with an increase in the control

pressure level.

The mean of all the experfmental ¥Walues taken for the

four response times are given below along with the standard

eviation in each case. From these mean valges it can be

=

T2d = 2.24 msec. (S = 0.171 msec .)

il

Ttd = 2.40 ' msec. (S 0.287 msec.) -

Tf€= 0.487 msec. {5 = 0.130 * msec.)
‘ Tr.= 0.606 msec. (S = 0.263 ,msec.)
ceen that the two delay times'are almost equal and the

difference between the fall time and the rise time is not

significant. Thus the acoustically controlled amplifier tested

has more équal switch "on" and switch "off" dynamics than the
flow controlled turbuleunce amglifisrs studied by Hayes {(Ref.
This point is more ewmphatically made coasidering that llayes

found a large increase in the<difference between the SWltCﬂ

‘mgn' and switch “off characteristics with increasing gap

.

length. The Jargest gap considered in Ref. 24 was Z.44 cm.

'l' .
b - . .
- - - +
.

24}
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ﬁhila the present, as noted pchLHuqu is 3.81 em.’

From the standard deviations given above an indication
of the érratic'nnture of the response time cen be felt. Hayes
. did -not express the erratic behaviour in tlis manﬁer. He
- produced multiple traces of switching. The multiple traée E
phiotograph of the "on" and "off" switches for the present
study are shown in Fig. 22. The lacl. of crratié behaviour in
the position of the rise and thqﬁfalf'portions,of the traces
can be seen. Hayes multiple trace of the switch “on” dynamics
for dc = 1.27 cm., g = 2.44 cm. and ds = 0.074 cm. is shown
in Fig. 23. (teken from Ref. 23). The extremely great
variation in the position of the rise bortion 6C the trace
‘{s evident. Hence the acoustically contr=oliled turbulence
amplifier d&namics ¢an be seen to be less erratic than the flow
controlled mode of operaticn, !

The variation of the vesponke tlwes with supply
préssure are shown in Fig. 24 conpared to lieyes theoretical
and Abramovich's empirical equations (Ref. 75 and 1 respectively)
for the fiow contreiled turhbulence ampliifler. Within the
range tested the present data agrees with both of the ¢bove
mentioned relationships in general irends only. dayes
theory predicts the laminar-turbulent delay fime Tgd, more
closely than the otier thrce times. Abramovich's relalionship
predicts the turhu1ent -laminac rise Tr, time and the
laminar-turhulent delay ‘time Igd quite well but the other two

times are of considerably dlffcxent magnltude




(a) Bell's
W

(2)

(b) Static

(1)

* CHAPTER V

CONCLUSIONS

Analytical Approach

I
~—
e e i LS

Bell 5 analytlcal procedure can reasonably predict
the characteristics of the laminar jet in a
shrouded, turbulence amplifier. However, for the

turbulent ﬁet the Tesults of the procedure are not

in agreement with the present experimental data.

The approximate method put forward by Bell for
determlnlng Po/Pg at an operating point near the

peak of the Po versus Ps curve is extended to

include operatlng-p01nts in the 1am1nar portion.

The following equation was obtained by curve

fitting

+0.27 py/Ps = - 0.24% 8.3 X 1074 Re + 1.22.X 10-7 ReZ
Characteristics |

A "jump" in charaeteristic frequency occurs as

the Reynolds number of the emitter is increased,

the ﬁpper characteristic frequency is yet to be

_predicted.

., (2)

The characteristic frequency of a shrouded,
acoustically controlled turbulence amplifier may
be determined for low Reynolds number using
advanéed‘Helmholtz~resonatef theory such as
Alster's (Ref. 2).

36



(4)

(c) Dynamic

(1)

(2)

(3)

Camplifier.

37

The Strouhal numbers at which shrouvded, acoustically

qontrolled,turhuleﬁce amplifiers respond, fall /-
i ' - ‘ S
within the limits of the. sensitivity of a free
fet_given'by Bell (Ref 12). ~’

The acoustically controlied turhulence amplifiéf,

¥

unlike the flow “controlled Turbulence amplifier

can be vperated in a proportional node under
certain conditicans of shroud geometry and

control variables. -

Characterisicics

Within the experimental range studied, the
switching dynamics of the acoﬁstiﬁally

controlled turbulence amplifigr is almost
independent of the control sound frequezgy and
pressufe level.

The two delay times (Tgd. and Ttd) are almost c&ual
and the fall and the rise time (Tf.and Tr) may
also be considered equal. |

The switching dynanics of the sound coﬁtrolled
turbuience amplifier. tested is less erratic and

-

move equal than a flow controlled turbulence




a -

-amplifier should. besundertaken vhich wouid extend Bell's

{2)

(5)

CHAPTFR VI
RECOMMENDATIONS -

. : ’ ' ’
An analytical and experimental study of the turbulence

prdcedure. to accoqﬁt for'the‘cffect uf a shroud on‘fhe
laminar~jet 1ength and the turbulent jet ouiput pressure.
Further work should be dore to determine the nature of
the frequency "jump" and the higher characteristic

~
frequency that occur when the Reynolds number is
increased.
The mauy studies that.have been condycted concerning the
maximum sound sensitivity of jets issuling from short
nﬁ?&ﬁes should be eitended to cover thoseg issiing

frow flong, straight bore tubes.

S
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/g LT APPENDTX A
' DIMENSIONAL ANALYSTS .
The quant1t1es whlcn are pertinens to the DIVSLHL
study are listed below along with their symbols and it
_dimensions according to the MLT system. |
Quanfify hﬁ\L Sywmbol ~Dimepsion
supply tube diameter ' . ds L | Y
output tube diameter s} L
shroud diameter | dc L .
tthldﬁ ‘hole diameter .
(ﬂeck ‘diameter) - dw L
fent-JOJe Jdiameter ' dv L
" number of vent holes | N -
supply tube length - A4s L
output tube 1éngth ﬁo L
| gap lengtn ﬁ g L
contrnl hole thiclkness. -
(neck length)
vent hole thickness1 .
supply pressure ]Tiz
output pressure. Po ML 72
control sound pressure T pee ML-IT_:
average supply tibe Jeloéity Us LT_l .
’ average outbut tube veioc%ty gd Lot
*ffequéncy of sound € -1
*NOTE: The dimersions of f are actually cycles/:en,hOhever this
. can be converted to rad/sec or T~

- .
©

B1 ‘

S B St A T L,

ISR




.- ‘.‘ ‘ t . ‘ o
K k ‘Iu ' T - 82
‘ ﬂ‘ - ) - - © ~ ‘
: . dynamic ‘viscosity - - - E T 11 A
S den;}ty .‘ , . P | ~ .- ML
' lamlnar turhu]ent delny tlme Ted.s T T
SN ‘1am1qarfturbulent fall time ) Tﬁf T
- : .turbulent4lﬁmiﬁaf-delayﬁtiﬁc Ttd, T
or T turbulent-laminac rise time . Tr. . _ T . .
- . i * - The physicil pheqdmenon of intereSt cah be represented
' . by Wlltlng rhe 23 quantltles Jn the fol]owlng fofm.
g\ | 5 function (ds,‘do,,dc; dn, dv Y s, ,Lo &s on, £N, ; 'ﬁ
R ; Ps, Po, PC},_US, UO, £, 05 By T.d, TE, Ttd Tr)=0
. X --Chbbsihg the repeating variables u?lj - |
- g c f ‘ds, Us, P o
e | the follnw1no non- dlmcn51onA] groups can be found [by - -
h “v ' W - ‘ ! v - o'_:hﬁ.':"- -
‘Jns{.‘-ectlon. . . ) - o é’,
v ) . ) - . ) k4 . ::
o . + o dc, dn, dv N, ls, Lo, g, ﬁnr Ry .
- ds ds | ds ‘13 E ds ds ds Is . ds -
' Usingiﬁe Euckinguamfrmethod'thé remaiﬁddrubf-the'grcups-
, S B : C o o , - . . N
. isted below can be found , _
s P . S - . .-
‘ : Ps Po Pc' = -7 Al .
. T o - 2"' " 2’ Usd | . o : . ‘
};' f U 5 ? s 9 ) o, . .'-;‘ , K . -
. /' Te.d.Us Tf Us Tt. d.Us Tr.Us ~
! - HEE I - T i . a
Lo et ~ T S ds . ds dS g ,- dS“ A
lge o+ fds Vo f
. - C e, Ty — . - ‘ -
e . ce .; ‘ ) US ‘Us = - ? D . ' o _
' 19 ;] ALl of ,he q¢untltlds 11 ted wsre_n:t varied in *hé'
~ - a p{ sent “nyrlmvnbr Those that were arie aré:l sted belcu: :
. ) . . ' . ’
. s dc- . :_g: Ps =~ - "Po P Tg.d.Us
. : v . . “.-——-T 9 g )' ) ‘ U 2 .’ . ds
QLa.T_. ... as L QUS QUS 9 s :
' o ‘[\\\Y = : ‘ ~
- . - CTN



st e = —

| - : . p TE
cw o TfUs O Tt.d.Us - Tr.Us ofds plUsds: -
. e - 1 - 2 i\ -’.-—- ,_....-———'? .. . . .
- o ( ds . ds ¢§\_, Us :
e ﬁ Thv norn-d ymuns*ong} g uugs thal were actually uséd

R & p:bbCAu dﬁleS S are glfcn bolow with their respective

" symbols;
4 - i
: O = dc
; ' ds . )
. 5T = fds;
- s
) . The non- dlmenwlovﬂl respoiise times were not used in order
to wake conpall sous with information in the literature.
. " ! " . ' . . : . ) - ) .
The term D¢ ) was net used due to the prefesence of
7 ﬂ-exple sing the sound n;ess':e 1eve1k?n dec1bels with 4
standard.reférence-prcssvre (Pr) of 2 X 10 J-N/m as
defined below. S S »
' . . '- ) .. . 7 - . , K
. _ PE = 20 log. "Fc  (db) e . B
N ‘ v . 0 pr . o -
- : . N .
S ' [
n
N E ] -
S . a ) R
i L & * ] ‘ i
4 -~
R 4 T |
.- T a\ -
! \:r\'-t ' ' - L
S - . .
» .
= _
- - A ¥
- — _ s N
*
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‘ '-.ﬁNCERTAiNTY'KﬁgLisgéqj:‘

An uncertalnty a;21y§}s of the experlmentaliquantltles f

is glven below for. one Ebmplete set of experlmental condltlons

f

of the amleflers. Throughout the ana1y515 2 double

- apostrophe after a symbol denotes the uncertalnty in the..

" quantity (1e, Re'"). The conditiomns for which the’ uncertalnty

analféi%;is’doné_éie- iven below. 7 o :'f%“}'fﬁ%ﬂ”-*f
f "i dc]; 12. 7 X 107 3m. s T
‘ » ‘.ds’= 1.37 X% 1073m. - \\1.. *
X gt 12 7 X10° 3 -
N " bs = 660 N/n2 (Re ; 395)f' 3
,i  i.   N glfchar. 1554 Hz. _ .
) ' e ‘VPQ % 21 N/m? _~ . o
Qs ="14.9 X 10 m3/sec ST -f - -
‘Pc = 120 db. _\f" o SR e \'
v = 0.1547 X 10° 4m2/sec R
{a) SuPPlynPreSSure, | _ _:j | . ' .
"Ps = "9.78 Rs'51n e N/m 2 .0 };f‘ f"-f '.‘ .
s '6607!/111 | S i 7
T A I
_ yherg - 7 I I l» - o 3@5"
Rs = manometer reading = 135°mm.Hz0 _ -
.e = ménometer slobe' = 309 ‘;‘ e ’ ) T _-,ff
]Ré"xf'; lmm. ) -
" = % 0.250 (o 00436 Tad. ) - i
: Ps = [ 8Ps Rs" (5Ps_e7 2] 1/2 | '
o g \% =
84 ‘k';' - . E

*F



_u ‘_

| | - o ;
-~ ‘...; i"“ . ’ 'g
o 85 o
. ',;‘P'S = 9;7‘55 sin@. = —, , i
-{Ps = 9.78 .Rs' cosd
ée ’ 8 - 4
. ps" =.7.0 N/m?
S ps™.X,100 1% - ” e
‘J_P'; , T * ¢ R
(b) Output Pressure '
7 Po = 9.78 Ro (S.G _
where :
Ro = Output mamometer reading = 13 Y
.8 = 'mandmeter slope factor = 5
S.G. = m'anome'ter_fliuid' specific gra\_r‘it)f: 0.827 g
. po =21 N/m° _ ‘ 1
e i . ]
L Re"=g0.5mm. ] | N
. 1 ' = assumed equal to 0 due to-standard .slbp_e fixtures
' holdlng the tube in place e
- S , ' o S |
I o S (S G. )" = 29 = 0.016 el Aoy ‘}J"Cg ' :
- } : ! Ty e 3:' L |/ .
2
[(5?0 Ro" (.Spo (s h)") ] \
| JRo §(5.6.)
. Po £ 9.78.(S.0.) = 1.62 N .
o o - S : . me “mm. }120 B
R . “ 7. ) o . E
§Po 9 78R0 25.4 EI-Z -
. J'S G) m
' ' Po" O 91 N/n B
. po" X100 = 4.3%
) * .P—O- . » - . o ' _ .
“ _ . - 6 . . LI
'-(c)‘. Reynolds _Numbér I L b
 Re.= 4Qs ‘=895 ‘el o
- p .
t "V . A - L=




] 1}

N Ke™

"JRe =

- 0.1-°X 10'5

m3/sec. -
0.03 X 10-3 m. . -,
s et

0.03 X 10”6 2/sec Qi

Tger) " o) *@F’”f}“

4 - = 6.0 X 107 . sec.

SG
JRe

"

wds V- y ms— o

l—q,. =-'

y 8:15
‘......_ c{Re

fi

\-6.5 X 105 m"3
Tvds* u‘ - ot

24Qs T 5.8 X 107

u

e
Reﬁ
(d) Non -
SE .
ﬁc"
 dsh
D".

o -
dds

Dll' ‘ .

D

(e) Non - -
G
g"

- -5.8 | s%c§h7
qrdsvz v .. om
- 20.4 '

i

2.3%

-

X 100

‘Dimensional Shroud Diameter °

- dc £ 9.27 :
. IE - T 7
= ¥ 0.05 X 1075m. '

= 4+ 0.03 X 1673m

.d =

a
[

= +£%0.15 X 1073 m, .

$Dds" 2 4 éDdc” -] 1/2 - .‘:5 0'
g (I
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It
'-—v-..._‘k
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wla
g
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S
f""-\
Q-\
njcy
g =
m—-
Y
L——J
P—l
- e
&

© m{m m\m‘ o
) = 1] . ._A?_“ .
il
i
wn
™3
I
£
F=Y
Lo
(7]
w
=
[=

S S 100 £ 2% S

(£) Non - Dimensional Qutpiit.Pressure

. po. = O. 0318 * . | )
P‘g N !

(_%.;_ " [(Jé(Pg/Psg pon) (ﬂfﬁ‘;’?F} |

J(Po/Ps) = ;}*= 1. 515 X 10 -3
: énPO ' ; PS;,

§(po/Ps) =1 _Bo = 482 X 1070 m?
é. $ L P—_Z - ) “ -\ . .N
(Po ' '0,00142 | |

Ps
- (Po WX 100 5. A4.5%

Po. . ° - g

il

P

Y T

Ps om0 | Har

(g}\GO 27 Po (let thls term be called Z 1n
Ps _ .

, L = 0. 0530

R )

Sz 023 67073 o - 0.00169
S ’ PSS ke :
ST TR g
Z":. g.0026 , - Y2
e X7 100 4.5% -

W

ey

[ ]

UL SIS
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(h) Characterlstlc Strouhai Number d & T
‘Stcharu = fchar.ds = fcharﬂds ,
SR - Us ‘o EQs
fchaf._ﬁ,'1554,- |
" Stchar. = 0.211 . C T
Cfchar." = & 10Hz ‘ -
S,tc'har.'f-" = (JStchar . fchar") 2 4 - (G(Stchar. ds')
- ® chﬁar ; _
) ! chhan Qs” Zj 1/2
. A - _
© 4 Stchar -l ='.1.35 1074 sec.
thﬁar - 4d v L : L
..?;Stchar = 3dsl4r fchar. = 461.m";" : " :
st T s > L - )
'sJStchar ‘=__fcharnrd23 = '-14136 sec. :” |
. ,'&QS : _4 QsT . m 3 |
Stchar" =0 pro139 ' .

(1) Response Tlmes

St;char;ﬁ X 100 2 6.6%

”,;gt. cﬁart

i‘ .

| ‘ .
: The response tlmes could be measured- w1th an unceqﬁalnty

of £ 0

1

.2 msec.con51der1ng the sweep time of the osc1lloscope o

(lm;sec./bm.) and possible lerrors involving the attainment

B R

values

of a reading'attording to the definitions of the times.

‘ (J) Control Sound Pressure Level

Based ofi’ the callbratlon procedure used to obtaln these

and the p051t19ﬁ'o£ the mlcrophone in front of the

control hole openlng the. uncertalnty (Pc") is estlmated as

+ l .db..

Lt T ot

e A A Ao e e e 1T L L



2 L
G Po -
(E) 41 Pc.g. o

27

G"Po .-
Only certaln varlables were used to calculate E_I"Tc_ﬁ

The folloW1ng data con51sts of the 1nformat10n requlored to

-

¢ obtaln_ one- of the points 'in Fig. 17. ‘ , o
“..ds' = 1.37 X, 07 m. - “fchar. = 780‘?Hz-. )
' dc-=_2I5.£‘1x 1073 m. . "~ Ro = 3 mm. -7
=381 x 1073 m os=a2s T
QS = 14.9.'X‘_.1.0"-6 ms/sec..‘, S.G..r =% 16 | R
Ps = 660-ﬁ/m2_ e 9"= 1}189 Kg/m3 |
| ot =k z;oggg'io‘3-ggym3
"It .can bé"shown using the p'{ei}'ious meth.ods _thét S

" Po = 0.97 N/m, Po'' = '0.325 N/m%

27.8 and G" = 0.619

[#p]
i

n

"pPc.l. = 8—?%;%5'—".=-24.-0 N/mz'
wdas® .
' B oPc.l . 2. | d pe. £‘, -
Pe.g .t = \:c—é—-——g") T QS")
- . 9 J Qs
: dPC .t.r.
o : Jds -
o J Pc. 8Qs - N, m .
gPc.b. - ‘-9-?- = 20.2 .
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(G) 'Calcuiate Ps_estimate'from‘ -
LR T ) _ |
2’ Ps, estimate = ‘ste] 6 _ o D.1.4
R ! EEF%_I o T

. .
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Ls 7s
. 1hls pontlon of Bell's p10cedﬁ1e was used to
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.(13) Caqu?nmcaRe' From _' ) | o o o
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DATA f“(ll"l|Mt2!")!"1‘3l“]'MI“"!"'IM(E’!")'M((‘)“]!H('r"",ll""“l")l_‘

1 M(‘Jv*'clyl‘”lnf‘O’|M(1]o’*}r“(12|‘rl;Hll3|,‘1)v:"‘l1""'.)sM‘l“')v"v)H‘“lﬁo‘f)/
? e . 1.820001. 812041 L0241, 190 1. TH2h,
31-72“"114&”31{1.hl“l‘tl-5-12.flv1-512031.52‘)9|1-377011-3124v1-2?_b97
4 1.1503,1.0000/ o

AA 1“‘11!’,vﬂ(?,tb)i"'|315)'m“llb'vl"”5|'5'vf’\(h'.‘”‘MITvsjll"‘H!S’l
1 M(‘)o‘.‘i)n"(]ﬂo'.),ql'llll'b"M{lZob'ﬂ”13!51""“1"’|5,|Hl|5"‘}'|M‘lf1751/
2 . , ‘ o 1.bﬂuu.g.uvhﬁ.l.hvzl.l.hﬁuu,l.hbuq.
K l.ﬁﬁﬂh.].bﬂ?Bql.ﬁh?bq!-535"-l-ﬁQUZ-l-“Zlﬁv1-3733;1-3115;1.226ﬂ|
4 1,1503.1.0000/ ot e ’ .
NATA H(l.(‘)qM(?-ﬁ)|M‘3vfﬂ|Ml"phl-?’1(51()%"”(‘!(),vM|7|ﬁllh“hb'9

1 MI9yAlFLL106) (1Y) M2 ob’fﬂ“\!l'jvbla“(l‘Hh]oi"{-lslflll“(lﬁlfﬂ-[.

Leb0UN] e 6990, 1 4990, 1 6UR1,1.0962,
l;ﬁQPT-].ﬁHThv1.0751|lfkh23.1.4393;1,3959|1.3596|1.30“8.I.Z?hho
1.1603,1.00007 C . e

nala f“lv'llol'”z?-l'Iv"t—iq?"f’”"i?l|M(5v71uM(f\u.f)|M‘7'7)v_"”.“-7’o
l'H“iiq,'v"(lnv?,v“{ll97]lf‘”lz'-"]lf‘l(13!7)1"1‘ll‘v.f)'lM{l‘t)v'f)lMll"‘i-”/
2 - l-ZHUUQI.Z"I“!1-2”"‘091-2"7.‘)!102‘“’3!:
3 1.303&.1.3125.1.3245.1.33un.1.33u9.1.32"2.l.51hu.1;2uh?'1-2£30(
4 1.1502.1.00007 ° ' - . ‘ .
DATA ML H1M SUBT M A B MEG B MG, B MUA BT MIT B Mot

T MR R) LML )t"‘.lllI'H'|M‘12vﬂ"|‘”13'")!M(l‘n"’v"”].5°|"1|"[lf'I“]f'
2 : 1.0200,1.0279, 10264, 1.0321,7.0434,
3 1.ubﬂuvl.ﬂ?b?.1.10?3-1.1218.1.1%70.1.lhlﬁ.l.ZUOO.Irhlhﬁ.l.zulh-
h o 1.188%,1,0000/

NDATA M(l.‘.-l.MIR-‘H-l’ii‘.‘))-“(‘n‘!).Hi':.‘!]-Mh.v).HIT"-H'MIHAH.

1 M(‘Jy"'n“(lﬂv‘]_’cﬁ(llv‘”!_Mtlzc‘J]|F‘1[13"'”|H‘1'lv93lel'."vq,""tl“‘v"”,
? . L U.'IZUU.(1.7229.H.'!?h'j,ﬂ.'l'jIH.H.'M?Q.
3 (1.'lbﬂ'uD.‘l?'aﬁ.ﬂ.’-,ﬂll’oll'[J-HZhhU.lsbub.u.‘il(!'!_.u.vbl1|l.(lll‘m.l.ﬂ‘15(!.

Poaa W

4 1.17293.1.0000/

I‘H\TJ\ M{1.,10) 0“(2010Il"‘(ntlnl)lf"l"lrln) Ml%y 100 leleO’v"}(-fnlnlr
1ML, 10) v, 10) YMLLOL 1) sR{1ls1GYodl12,10) YRELALL0) Ml Y4, 100,

2 MELh 100, MEL6, 100/

3 T 03000 .n%dl*,n. AHAD O ERTT 003967, .

L0 A0T 30,4199 ,0,&36R,0.4896,0,4720,0.51
5 DLHA R0} L,0000/ ‘
DATA HI].!]).M(?.]II.“IB-ILJ.Mlu.lll.MIS.lllmhlﬁplli-“l?-lllv
1MlHs 11} lu.lll.Nllo.ll1-Hlll.lll,ﬂlll.lll'hllB.lll'H!lﬁ-!l)'
2 MIlbha 111N 16,1107: :

SN LHG1T 0. Y08, 06097,
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8 00U, D L0000/ ‘
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122 - s g =), mhm o
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) . i
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1 V.use.0, 9u0, 0, 9974l Unu.l U02,1.0U2+41.001,1.001,1. nOrl.Uul
124 MDIM = 1K
135 Ll o= 1 . MBI : -
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137 1 CuMI Mk - T
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| HAYES' THEORETICAL SWITCHING TIMES

LY

B Hayes (Ref 13) derlved theoret1ca1 relatlonshlps to
descrlbe the varlous sthchlng tlmes assoclated w1th the
turbu&ence ampllfler. He assumed that the veloC1ty proflle

_at the emltter exlt was parabollc. SChllChtlng s p01nt

- v |

asource»model (Ref 34) was used with centerllne Veloclty

_“”fmatchlng, to model the 1am1nar Jet " To obtaln an estimate’

°

‘:- of the "so called" 1nv1sc1d core - length E.l c., he assumed
'51m11ar1ty between planar and ax1symmetr1c free laminar

jet spreading and nso called" 1nV1sc1d'core length He also".
assumed that the control ‘action ;as concentrated at the
7p01nt where the control Jet hit the supply Jet.,Such an.
_assumptlonjls not - reallzed in ghe present case “and therefore

1
“the control action was assumed to occur ‘at. ‘the th exit,

The equatlons obtalned are shown below converted to the

terms used in the present 1nvest1gat10n. ST L™
Xo = 0.0624 ds Re = | ---D.2.1.
© fi.c. = 0.00762 ds Re- S ~ ---D.2.2

| T4. d Tt d.=LZi.c. c. + g-fl c.|Xo+ g—ﬁl c.l--D.2.3.
- 20s 2Xo Us S}

Tr: = TE. ='1.10g . o ---D.2.4.
2Us ' o _ i
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' ABRAMOVICH'S EMPIRICAL SWITCHING TIMES

Abram0v1ch (Ref 1) found experimental correlatlons
forqthe sw1tch1ng times of the lamlnar jet. The deflnltlons
.for tﬁti., TE. and Tt d. are 51m11ar to those of the
present study. the rise time-is based on 70%- of the o
-partlcular velocity rise. Slnce,the veIoc1ty versus”the
time in this region was,appeoxihated Ey.a'straighelline the
time correebonds te 7U% of the Tr. definition used in the

present study. The emp1r1cal equatlons for the swltchlng

 times. converted to account for the present definition are:

~ given below.’

. G¢ - 6% as? . |
T g[A——-_ + B — | ———— . . ---D.3.1.
L Re Re | 2v/Re o . ;
R A : B
.. L ‘
Tt.d. 1.58 1.48
Tr. - 0.39 . . .0.17
TZ.d. 0.69 - 0.76
Tf. 0.60 ' 1;20.‘
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. 4'% - APPENDIX D4~ o
| ALSTER‘S HELMHOLTZ FORMULA'

The equatlons that were glven by Alster (Ref. 2) to

predlct the resonant frequency of a c1rcular cyllnder w1tha -

““a centered lateral hole are glven on the next page and the
computer program. used to calculate the resonant frequency

' ‘follows in the remainder of thlS sectlon., "‘

4
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Sy

1. 21(Vc+Vn) Ve h Efff£n+£°1](l*llZ[(Vn*V“) fn+¢

' ¢\'n*V helnel,y R ~c Y " n ..
F— — VL
’_'7( - i . '.
» +1f3 Vnﬂ'ox ﬂn-rﬂol +p . ' o rmem==- D. 41"

Ve h o2 - .

where!

~ v = form factor

BhVc 3 [d_"c 7

- .
h = effective depth of the chamber - _ -
= 1/2{dc+Jac?-dn?)

Ve = effective volume of the chamber

'-_,_&:_Eln/dcz-dnz +_d_n_ 1/1 e +dn
-2 5 L2 dc 81\'

Bo1vfo2 = two ﬁarts of the tntal end correction

factor duc to the notion of the gas
outside the resaonator é_mpi.ric'ally

deternined to be .201- 02" 0.24

L

‘.J_dn. s!__lif_{'__t;_(/dch-hz ‘ hl- :) _d_é_(d.“‘.sinq (lg_éi;)) .
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2 : EXPERIMENTAL DATA S o
In general the significant flgures Shown in fhe RN

f

i ‘ba51s of the Uncertalnty Ana1y51s (Appendlx B).

~

. £
A St
¢

l L

E.l Output Pressure Vs Supply PreSSure
E.2 Output Pressure Vs Sound Varlables
N

- E.3 watchlng Tlmes
. - E P
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APPENDIX E.L

OUTPUT PRISSURE VS. SUg%LY PRLSSU

\\

S

. LR
S . t
dc = 0.95 cm. ‘
A -' I e ) \(’
h i .
’ p . "Po .
ovmdy | am?) (m3/58c, %
. S R : ‘ 106
g = 1.27 cm F 248 L) 734 6
= KO0 H T84 10.3
Ta = 23.90C A3 L H 17462 FEE T
. k IWH.0 | aloe S 22.3
_ Pa =-748.28 }A93 .6 O S 30 .5
! : . Hg. 200444 109 3.0° S 3h.0 .
CPRIH L7 - 1442 .7 L) .6
E.N.L. =66db S 7H13.3 1729-“‘i- a3 3
, - 079 .4 TlBARZLG th,l
IPRRLH Z0HL.5 G4h.3
35927 2262.0 51.1
BRLT L4 225047 53.3
LanKrn., 18AD A, bheb
‘ 217.1 9.7 Aol
p = 2.54 cm.| 37HL4 al .7 HoH
_ HEH, 4 Yo, h 17.6°
la = 23.90°C Tty o4 17199 165 o
. : YA, b 2.9 20,7
Pa.=.749.3 1116 .64 NI 27.5
mm. Hg. | 1129.0 374.3 22.71
: 1172.5 282 b T 22.3
R.N.L. = 660} 17246.9 TR 267
: db.| j420.6 161 .4 270 4
- 17““.10 1H1l.h Al .
- - T 7733 T bl
g *3‘81 CMel 3040 16,9 CHLO
Y 0 Hhihy .- Chidy g b 1.3 -
Ta'= 23.97C VALY T SWINE
pa - 75.84 - ("63-H ]].‘5.“ 1”9 -kj.
: TOT W7 1244 1.6
Comme Hge b ST 128" 15,9
W.N:L. = 68 TR0.6 114.0 ’ Lot
db. TR N Thael 172
: R3745 T0.7 . 17.49
S HO3 L Y 1H .7
GH0.2 TO.2 20.2
3 }' 1N73.2 Tl e S 217
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L R 0

dc =, 1.27 cm. \ o .
S 1 (N/m2) (N/mé) [m3/sec.. x
g - 1.27 'Cm-‘ '2‘16-] . ?l .7 ‘f\.og *
. N 441.3 L Thatt 10.5
lta 2 24.4%c | S 6h6-2 R U L P A 15°.0 -
e | "1 94201 331.0 | 1v.7 ,
pa = T45. 1200.9 ° 492 o2 |- 2a.1
e < zesuas | e | e G
B T BTl 19107 1005.0 L 22.Y
' - 1985,1 Q0670 < 33,9
B.N.L. g%_ ?215§.H-'\" 12035 L 2bib
. 77H9.1 \\‘13uu.9__ Y s
Tpaab Y N laan .4 : b .Y
265247 iblue? 411
2704 .8 1748 ¥ 42 .4
085,09 L 1RO} ,4 .
“1A5.0 20K} .& '
3376, 5 206N
- CEepyL,2 0 b 2Einae
IH07.A 2475.0
CET0T .k SICLTT
A905.7 L 19T70.3 3 -
4094 ,3 11747 BCT I8 e R
CalRlL? 1HRY O BTN &
g = 2.54gmJ ' 210.9 . 19T w G
: ' - 272.7 |- 8.7 o H.8 T
ra = 25.6°C 565,9 S 9n? 17.6
° - TE2.0 TV 112.7 162
pa = 751.08 | - QAT.H 290.5 _ 20.¢2
' ‘mm. Hg, | 1203.5 ] 4Bk T p 0 2w.D i
s ] 14m4.0 N 27.9
8 N.L. =65db] 19%2.% BGLERL P
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N 21684 CoAx4 .9 | n.l
,‘ PHEHLD 351.0 oAyt
' - 210.9 T IR
g = 3.8L cml " 372.2 - | . 2.4 CHon
o Bah,9. 1 T3k O 12.6
Ta = 26.7°C £3A2 .8 YRS T IS TS|
S B L PV 10L.7 : " 15%.6
fpa = 749.55 1 Tua.a o 119 .4 16 .6
vo o omm. Hg.l . 794.1 113.8 17.2
S |1 woa,z ! S AN 18T
B.N.L. = 66 930.5 . | 1ll.e 19.4
dbi| 1029.8 103.% . 209
R C116A.3 ] Ube? 23.2
B - T A ' 817 - 2h.Y
1538.56 | 79.9 | 2n.Te
1799.0 | . te.r 31.8 - ;
v 209806 8243 35,0 o
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A

d; = 2.54 cm;

.?} -
Ps  Bo . Q
(N/m2) (N/m2) (m3[sgc.‘x
' . ‘106
. , ‘ 2.7 B H TR
g = 1.27 cmf Tabo b 2l10.49 1tve &
1703.5 . NN 24 )
Ta = 23.9°C | 1799.0" YOhT | 32.2
. -, s |- 2n%2.9 1112.0 5.0
" Pa = 751.84 2729046 12071 37.8
- mm. Hg.] 2556.7 160407 a0
* _ ‘ : 2813.3 HU3.1 & 43,3
b N.L.=68 db: SFNAY LY 104y R 6.1
F = | 217-1 Hel- . 6-0
g = 2.54emd 36,0 ¥l BN
- 9 or | . 945.9 90l 12.6
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APPENDIX/ E.2

| IOUIPUT PRESSURB VS. SOUND_VARIAELES
_dc =_0.95 cm. . ' |

P = 660 N/m? -

15%0.000
1700010

1HGO OO

184y 00U
18 . 000

174,200
174300
117700
171 .100
167.900

2035000

20770 ,000 -

2”‘)“.(]“(!
2127 U000
217%2.000

163,000
167 900
1692500
L7160
112700

1 19U JP00

16000000
IHogo o060

Lafnigo 000

. . } ) . e . | -
g = 1.27 cm, o Qg = 14.9x 10 6 13/sec.
Pc £ Po ) 1 o, £ Po_
1(db) (Hz) (N/m 2), (H (N/m“) | (I—lz‘)‘f (N/m?2)
90 | 180.000 | 174.3u0]2300.000 . 300 | HE00L000 | 174,300
500L000 | 174,300 2900000 | 174,300 [11400.000 174,300
YO . VOU Ve300 3700000 1762300 [1a750.0007 || 174,200
1200.000 176 .300 14500.000 174, 200 1 6ALL 00U 174,400
) 1500, 000 1762006000000 176,300 JLAOGE, 000 174,300
‘1100 170,000 L?a:?uo 1947 .000 | 1582001 29004004 176. 300
g 520,000 | 1742300 [1958.000 1 156,600 | 265060 000 174,300
110000 | L UTas 200 | TyioL 00U Las. 900 ansd. ool | 17ae. 200
g0 000 J 174300 1982000 153,300 1 ST .000 [-174,.300
1150.6000- | 174,300 [ 1997000 1oh. 6007 s206.000 J 174,200
1450 .000 174.300 [2010.000, 159, HUD | Ba00 000 174,300

L7as200

174 LA00

17746, 2000}
rya, 300 L

1928000 L 161400 272 34.000 174,300
1110 | 1s6.000 174,400 | 1909 .000 ANSR0O0 | 266H.000 166,600
&50.000 | 174,300 1924.000 KOWTOU| 2736.000 | 169,500
700000 176,300 [ 1938000 72 600 2771000 141 .1ub
UL . UL 1r4. 200 ] 1958000 b6.200) pulr 000 | 171. 100
1000.000 174300 | 1960000 Ab OV 2049 000 171100
1 1200.000 174.300 [ L979.000 RO, TUD| ZHIBL 00U - 172 . 100
1400000 174,300 | 1989000 62900 ] 2912 .000 SRy T
1500« UL 174,300 2004.000 ~11.000 2961 .000 1172700
- 1591 .000 172 .. 700 12021.000 T9.100 | 3113.,00V 1 /6400
162%.000 | 171.100]|2053.000 ( 3,600 3245,000 LRV IY
16H2.000 | 169,500 | 2077.000 FORLIO0 L 3352 .,000 114,300
1420.000 | 163.000] 21260000 | 1227001 3500000 114,300
1749.000 | 1%4.900 [21K2.0U0 135600 | 4800,000 174,300
1780000 | 194.900)2242.000 145,200 7600.000 176,300
Ar06.000 | las.900 |2301.000 146900 | 8500 .000 176,300
| 1828.000 140,400 2393.000 159800 L0500 000 | 1 76,300
1857.000 | 129.100 [2448.000 14,600 [j4300.000 | 174,300
1873.000 | 117.800f72521.000 L67.900 16200000 | LTa, 20U
1888 .000 ] 106,900 | 26Ke.000 169,500 1 700U 000 174 .300
1894, 0U0 g h00 ) 2625840 | 164.600118000.000 § 174,300
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’ \ 112
“de = 0.95 cm. IS = 660 N/m" .
‘ ‘ : e o
g = 1.27 cm. Q. = 14.9 x 10~ m3/ sec.
ol O > S . ‘
. . v
Pc f Po_- e Po f Po
@) { L) | ovmdy (L) 7 3 (N/md) (H,) (N/m?)
120 175000 176,300 | 14%0.000 2h, 7200 quu,ubu 154.9Qu
000U e 200 [ 1918000 2020l 2ustJong 163,000
b LT 7 ) 174,300 1 1939,000 194 404 3(_\()9.000 1ha (A0
#2HJuou Lea.dun | 1947 .000 LOa900 | 302 . 000

1030 . 000
1126000
LY7H,000

1213. 000

139l 000
Loz o 0
14HHE UUU
1547 000
129 (.000
1 Afts o ULKE
1710 ..000
17534 . 0UL
17 19000
1H1Z.000
1H Y 000

12vv .00
1250001

174,300
16,200
174,300
1772100
T7l.100
1n7 900
1h3?nuu
194, Uy

Labh 20
Tl1Aat. 200

124. 100
113,000
Hik ,H0O0
Th, 200
HT KO
alvfy o O
33,100

1y93,.000
2021.000
2061.,000
2106000
27718 o0l
2313.000
2295,000

2439 ,000

2019 LU0
Zhla 000
AhEb,Uue

2627000
2670000
2717 .00U
2ta 000 0
Znld.oun

ZHa60. 00U

16,900
LY. 4a0U
23,400
21000
3 UU0
42 JHOU -
633 HUN
T9.100
STV
1008, 5EH)
114,008
H3 100

102 . HU,

114 .ﬁk:ll
171 .90
1A% ,.A00
LA, AL

ATau.hub

31ab.000

AZ207.000
37267 .000
43 335.000
dalH L O00
Ah 049 000
3529 .0100
4601 000
G480, O0OU
HTuU 000
R0 . LUn
(UL LOGU
HUuuR DU

1a~ou.unrl)
1700000
THnNn0 000

163,000
164000
164,000
167 .900
1649, S0U
171.100
Jlisaouu
L73.000
1 1&,0u0)
174,300
L7400
174,300
17746, 200
174,300
Lrd e 4t
L1440
17744 “O)
174 7400




de = 0.95 cm. -

g = 2.54 cm.

S

P. = 660 N/m%

113

Q * 14.9 x 1078 m¥/sec.

: T g \ ~
Pc ﬁﬁPO‘ £ Po - f Po
(dp) | () (W/m2) | (1) (N/m?) (H,)  J (N/@2)
z w . ‘
g0 175000 | 1an.no0 | 1us0 000 5. 5001 2349.,000 | 121.100
&25, 000 38,8001 1RYZ2.,000 24,400 2401 ,000 12K,300
aZ25.000 13H KOO | LUD4 00 - 27.600] 2669000 | 133,200
1025.000 L3, 00 l42h 000 N 400 | 2%63.000 L34 . KO
1114.000 138 HOU | 1937 . UV0 2Yon0ls]| 2646000 130,700
1400000 FAH,HON L l945.000 20,200 | 264,000 134,000
F673.000 | 137,200 1959,000 20,7200 2732.000 135.600
1544.,000 124,000/ 1969000 21,000 ) 28330000 ~l 36, 400
1602 000 132 .300 | 1o83.000 272 000 | 2934000 137.204
1ATS L OU0 133700120001 000 21000 4040, 000 137,700
1729 .000 179,000 ) 20l 000 AR A1 %% 000 13K . 000
1755000 127700 2027.000 47,600 1 3200,000 L oH . BOD
17496.000 116,700 ] 2053000 hH.GOD | 4625.000 13K RUO
1HOB OV 10%. 700 | 20734000 11 .400 LHZ 5,000 L 4H, RUL
IH14.000 100,100 § 2097000 9. 100 HIES.000 §° 13K.HOO
1HZ1 . 000 Ya, 60| 21 53.000 i, 4 1 1seb. 000 |° ;1 2R HUD
JH31.000 K2 L300 | 2180000 101706 lah66.000 13K .HUO
1#ad . OU0 62.900] 272 10.000 111.400 |[18000,000 13K KOO
. 1R 66 GUY 45,7200 | 2266000 117,000 ]
100 175.000 L3H.Buug luos. 000 . BHalUO | 2796.000 Y, e
420,000 1as, 100 1937000 T.300 b 280G3.,000 | -10x.900
N FAVRTIIY; Lak HUO | T9HD 000 He 1007 2RAY 000 116200
HUL 00O 134,00 | 70427 J000 S AVIEEE I TR PR TYONY) 127 700
CHTZ2 000 13 HOU) 20nH . 000 11,20 PRTCYN S SYITY) | A,
Gh0) L0 138800 21 30.000 12900 1 sonal, 000 At ot
101H . 0uD L3RRV 216000 1ALEOU L 5044 .00 ARSI IYT)
1126.000 13u 1} ] 235,000 IREO {1 4] 35,000 1446 S KOO
1203, 000 138,000 227000 THo 600 406,000 135.600
12 54 .000 135 .600 | 2340000 27«00LD ) 32 24,000 1 36.4600
1301,000 .| 133,200 22715000 PR, 200G 3279000 156,400
1354.000 130,700 | 2602 2000 37.900 1 ga20.000 | LAt.200
1413, 060 L724, 200} 2445000 lebUO T yap4.000 L27.200
Cievz.v00 111.400 ] 2481000 TH000 | gt 000 138000
\ 1524 . 000 Bb, 200 20un.0UY Hew 20U 3h6m.000 12K HUD
1565000 67,000 | 2540 ,660 HALOOU | as00.000 L3, HLY
1627.000 SHe U [ 2542000 HOLHU0 | s, 00U L 4K HUO
1683.000 | 69,200 ?2rin.000 S6 500 | yus0 000 | LAR.KOO
1702.000 7. 000 2632000 470000 115450 0G0 1 4K, KO
1755 .000 21800 | 2682 .,000 Bl L300 [ yust o LM RO
1RO, DUY 1K, 6001 2702000 15,900 1) wopo., 000 1 28, HOU
IHan 000 17 900 | 2724000 KHLOOD

<
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. ~—
dc = 0.95 cm. b, = 060 N/m?
: PECT . -6
‘g = 2.54 cm. - Qs = 14.9 x 19 m3/sec.
P
. . ~—

Pc f- Po - £ Po f )
@) vy | oum2)y | () [(/mE) ) () (N/m2)
110 175,000 AanJHUO | 1as0 000 202001 30871000 67 Ny

400,000 14H,BDO F16w27 000 17.140001 343,000 ALY ST
150 00 Lad HOU | | wpes . 0000 Lo, 2on] 3177000 - 15.100
WYk 000 138000 1 1h02 ,000 13,700 ) 3224000 HY L 6
W L U00 133,200 107,000 7] do.spu] 37299000 o 100,900
G20 .000 129100 1706 .,000 : 0“.q“()' ) j%id SOuUh 10K, 900
940.000 L7275, 900 | 179,000 7300 3289.000 106 e 200
YUhh 000 175,900 1 1n22 000 AonUD } H42 3,000 1071 700
Do) 000 17sa100 01917000 HGurgu] Aanh,.DuL 17244540
WiIZL000 LZ21a%u0 | 19ty .000 G kG | A9 000 137,300
YK 3000 1243000 20602,000 G.Hul] 3R13.000 126, K00,
Y40 i25.000 1 27119,000 o600 | 3583.000 | 13s.600
Loz6h o | LZHa200 | 2225, 000 TR, HUGT ARl 0ul | L3T.200
1(l?fr.|llil.' l?.LP.(-JUU 23(:'5,()()(1' e BP0 37 ht;.“““‘ 1AH 00U
LOG 7000 | 12607001 a5y 00U Hotor] auje,ou0 FoLze, 000
1104 004 123.500 | 24482 .000 MEEEAPRTIVITE BCL R W AN VR 13RL000
11s4anon 117006012511 .000 11.200[ 4065,.000 13K, 000
1152.000 Low o0 fosys ,0uo | 12.900 ) aloa.000 13R.000
1177 a000 | 10100 5ok, odo 112300 400,000 Last, KU
’ 1708000 Y1700 157 16,000 17000 eru0.000 | 13k.n00
17"“"“.’” RO. TU0 ALY 15500 Shu0.000 7 ] 2H, 34
1744 .,000 oYl L 2RE S 600 21 R0G0 L 7300.000 -] 13%. k0D
129 ttatr iUl | 2H6Y . 00U 372200 H2UO 000 1 =0, Moy
1464600 Atau) 2920 0000 1,200 10300000 IR
143,000 29100 2yst 00U Sh,TOU L ARUO . D0 C et e

l4al) 00t 23,600 | 4012 0uls fde JAUT T HDD (G PR, et

120 | l75.000 Lad om0 | 1019000 | 69.600 ] HOY.00Y LO /4200

263,000 130, Huo | 1028,000 63, HUO H37 . 000 Y4, 400
1LY 000 14r.nun | 1060000 YH .00 HYH OO0 17 .600
“HY.L000 13K.K00 | 1 0an . 000 514 6UD Slu.000 HH. 100
529.000 | 13# ko0 1059000 | - @w2osou | Y17-bub an,2u0
6115000 L3H, 800§ 1073.000 40,400 Y43.000 20,700
7Tun.oun | 13K.r00 | 10Ys.000 36,3001 Y3l.000 ML 200
Tt o DU 1aH. 0y {1121.000 30,700 ] Yen.utd 19,400
TH3.000 LA7.700 | 1158.000° 23.604 ] Ybe.UL0 21.000
Th2 .« U 12l.500 | Elvla.tdo0 14,600 YiZ.000 3H. 10U
THH L OUO 129,900 f172a.000 15300 GHL.LOD 1,600
HUG, OD0 132,300 ] 1280.000 12,900 YR L GO M. 200
H22..001) 12K, 300 | 1321.000 10.,500] 9v5.000 37.900
paz g | 119,600 | 1409000 H.100) 1000000 4R, 40U
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0195 cm. P = 060 N/m?
g 2.54 cm. Q - i4.9° x 107° m3/sec.
. ' [N
N .

PC £ Po [ Po . IRTE
(@b)| () (N/m2) (1) . |(N/m2) (i) (N/m2)
120 |1482.000 6500 | 3044, 000 E2.9001 4129.000 93.600

1515.00U 6,500 3174.,000 | 16,9001 4167,000 1024500
1592000 5.600 | 3257.000 21800 «214.000 1049 100
170000 4, HBUQ | 3323.000 276001 42061.000 L17.000
1R07..000 4,000 | 3289000 36.300 4305 L OO0 U 124300
1913,000 4.000 | 3421.000 46,400 | 43771000 | 129,900
1992 .000 AL,000 | 3484 ,.000 wy,Tuut 44%4.000 131 .500
2094 ,000 4,000 ] 3530.,000 66,200 G445 000 131,500
2165.000 4,000 ) 3bHZ.000 T 0] avss 000 ] 130,700
22%4,.000 45000 3635000 75,100 avpn, 000 179,100
2368.000 4,000 [ 3693,000 GOLAH0 | aRzZbL,000 | 171,300
2425.000 4. 00013741 .000 HbL 300 | a6y 00 Lt U
2469 .000 4,000 | 3731000 Y A0 afZB 000 137.200
251 H.000 4 HOV | 30672 000 93 600 a0 L OH) 12K, 000
25471.000 5,600 ] 3H83.00U ST RGO | 4750000 | 13KROG
271712 .000 5. 600390y .000 101700 e HI L 0 1 3K, RO
2H18.000 6,500 | 3934.000 LOKL QU0 | 7500060 | T13H RGO
ZH4E 000 #g,100] 4000000 117,000 GHD0 LU0 1 4K KOO
ZHHY L0 H,100 40200000 1162600 147 50,000 RS TIT
2927 . 0UL 9,700[4062.000 106,100 [ 1ATH0 . 000 ] sty Mt
2991 ,000 12.100] 4092000 Uhe, 200 [LHOOL 00 14 et
“ L]




. de -‘0.95.cm.

g = 3.81 Chl.

]

P = 660 M/m?

Qs =

116.

14,9 x 10-9 m3/sec.

Pa_

£

29 .900

Pc | £ . Po f Po
@wy| @) | /md) (Hy) | (N/m?) (H,) (N/m?)
80 | 110,000 | 1170200 [1nb0a000 IR 600 | PRl 000, 67 KOO
Z00 000 112200 | 1900000 11 200 A67ha0u0 13,400
! LU0 LU0 112,200 |19 29000 KLU0 2A92.000 Teév, TUL
O L oL 117.200 1947 .00 g, 100 22T Ui Yk, HUUO
YOO OOV 1172.2u0 [l9at.000 G U0 | 2T HsL.000 101 . 700
1221 « QU 117.200 | 20200000 1. by | 2191.000 LOR. 10U
135000 111 0002067000 2h00p AR .00 | REATIPRIATY!
16249 « VOO 14,900 12166000 2T.un0 ) Z2ulu.ow 110,600
1444 00U L3400 | Z2741.000 a0 L r00 | 0an.00U 111.400,
Layt 00 LU0 L1000 | 2297000 I PTHIR IS UL 1172.2U0
147y 00U JO1 700 2443 000 Ta.000 | 4200000 112,200
1497 o000 yi . aun | 2ekT 000 YALOGD ] 6000 ..0U0 112.7200
1H09 000 . U2 Hut 2% 34000 108 700 1 8000000 112,200
1604 . DU Yhotun b 2R 000 1 LOSLTONFIZ20040 000 1172.200
164000 e 0 2598000 Luacunf) [16000 000 117 .7200
16985 . GUL A3 HU0 12601000 LO3 . 200 i sO0n. 00U L172.72u0)
17 66000 4 L0 76172 00 Hé KOG
120000 24,0 ZhKH.nuUH T, 100
90 170 .000 112.7200 1370.UQB/_ S0 LK | Z2h2 7,000 At.100
T hY6.0OUU 112.200 1415, 000 371001 295K 000 e 8 HU
"HHBS.000 1172.200 | 1enl 000 47 JAU0 | 2% TR LU0 H2. 80007
YUK, (G0 117.200 }1536.000 27001 2608000 =, OO
C9ss.000 | 1120200 [ 1568000 20,900 | 2625000 SuL
Yo, 0 | 108,900 [ 1583000 14,600 2637000 S, UL
Biv.ou 93 .60U [1AabUUU 16100 | Z6bH.0U0 AN NI
gy, 40 Ha 700 1 1ruh 000 12.900) 2Z6TH.000 RS
1001 000 HT.900 |17 76000 He-luu | 2700000 S, 710
1017 ..000 102,500 | 1853, 000 h.HU0 ] 2730.000 460200
1028 .000 | 108,500 [ 19132000 h.600 | 27 51,000 40 . 400
1044 . 000 110, 600 19771 . UYL 4o RUOL ZHZ2 000 S50 HOU
1062 .000 110.600 [2032.000 S.ht ] PUlb.b0n H0 LS00
1084 . U0 108,400 [ 2110000 e HUL] B0O1%H 000 ThHa T
I1W17.000 106500 2115000 Mol | 309K.000 9}, 60
ileb.uuu Yh,2UU | 2744000 10, R0 | 3150000 100,900
1196000 Ra . J0u |2317.000 17,900 | 372 32.000 LO%,. 700
1721.000 THL300 [ 2287000 16900 2218.000 10K Y00
1276000 b6 .900 | 2430.000 21800 ] 3370.000 | 110.600
1317.000 Y000 [ 26719060 3412.000 111le600

o Ak g e



e

g = 3.8l cm.

de = .0.95 cm.

P = 660 N/m2

117

Qg = 14.9 x 107 m¥/sec.

. -t
e

(-3
@) | @) amdy | ap  oumd | (N(PQQ
90 | 35¢%.0u00 111600 | 1AD0L.L00 117.,200[15000.060 112.700
. 360000 1172.72001 Bh00.000 L1272 .200 18006, 000 11724200
5400 .000 1177200 [lunou.ouu 112,700 o
100 170000 117700111 %4.000 4) LHO0 L 2R3 000 16901
750 . 000 L17.700 1193, 000 2h 600 Z2vll.uon 2h. 000
337,000 117.200 | 17221.000 27.6001 2ub3.000 24,900
460, GOU 117.700) 1279.000 LHLH0O] 249098 O1H) 26,710
657000 | 1172.200 | 1318.000 1h.300] 30a7.000 | 360300
626,000 117.7200] 146,000 13,100 3124000 41,200
7O LU 117200 | 140v 000 11.3607 31 79,000 44,700
THT L0 117,200 lans.uu LS AVIFR B P F TR STV LY H L HU0
Th L 00 1o, 100 lavnatun I TVIVN I VR BN ATOTY b, 10t
THH L OU0 1072.%00 | L5<Z6.000 Ha OO 245,000 SH L)
TYa . 000 100900 | Lhaf.000 tJ300 | 3alha0nu 77 500
Kla . 000 104,300 | 1579, 000 To3uu) 3wl 0l | w200
H32 000 Lo, 1o0 | 16baa000 SN VTER B TR 1 = SN FIV AN TYvL. A0y
Hi b o U MHLHUD | T avhoUUuo - g AL RN UL 104 . 940
Rea 000 T7.500.F 1754000 e HDU | Anan 000 TOM Tl
HiZ U0l hY . 00 B ERIIVIS) Ha UL -4t 0060 R ETEILIRY
914000 LRG0 | 1840000 AL HOU T SR 20 00 IREEN TS
944 . UULY H L HUO } L906.000 4 BGD| 3Tve.0un L1, aun
YN SIS an 700 | 19v3.000] A BOU | arza 000 111 000
T NI 6,700 205060000 N RODT B g 11/, ar
YTHLG00 33,100 | 216l .000 hoROU | eTuti oot V1T 00
- | 990,000 3h.500 1 2251000 4,k0U| RaDO DU T, Ao
1001 .00 41,900 | 2362.000 4,Ku0 | 1RO0 L0600 117 7200
1017 .000 476001 2400000 b 60U | HeLD,GOL t12.700
1Y 30 000 57,500 | 2695000 1300 ) vnoo . oun 117 .200
1055, 000 wa, o) | 2539000 G ut oo ogn J12700)
1063.000 52500 | 2621 .000 fo40b Hobou o i172.200
1074, 000 sth.ryo | 2v13.000 Ho100 [1A%00 . 000 112.200
1096000 45,700 12799 .000 10 500 (LHOL0 000 tlz.200
1117 .00l A9, N0 20 00 1A, 71
IO 175.000 | 111400 | sl7.000 | 1On 900 | 60,000 42 8O0
238,000 | 111.400 | #31.000 | 103.400 | Ay5.000 K9 000
322.000 111.400 6ot QUY Y0, 400 | 106000 KO, 700
473.000 | 111.400 | ge2.000 Y0400 1 7T19.000 13.400
564,000 111.400 665 .00U0 93,600 T8 . U0 70,200
6U0.000 111.400 6712000 Y4 LU0 § Ty 00U f3 K00

at oy A R
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Pg-= 660 N/m?
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dc = 0,95 cm.
Ck
g = 3.81 cm. 0g = 14.9 x 1078 n¥/sec.
 Pc £ . Po £ " Po f ) Pg
@)l o) | ovmdy | o) [ oumd) 4 () | (N/m5)
110 T3 00U SR 100 1510000 TR YA 4. 900
TH2..000 BYa 00 | 1e3n, 000 ° aJHODT 243000 44 60
Ri3Y .. 00U T s HOO |17 30000 ‘o 00 | 4% 1. 000 PRYEATIY)
HZ21.000 T4h.900 1YL 000 6,000 36006.000 H4,900
He (o000 40,400 | 1836.000 L0000 ) denu.OU0 bh,. Al
Bol.0O00 33.100 | 1901.000 4, 0001 30D U th o0
ey LU 26600 12014000 4 GO (Y Bras 00U B o R
911.000 20,4900 | 2139000 - a, 000 4ryz.auw G RO
Qb o OEH) 1ha. -.40(1_ 2722721 UU GO0 AL U0 106, SUY
1 96000 10.500 | 2322.000 G000 $Hpa  LH)U 108.100
CYBe 000, 17.900 | 24208000 4,000 3493%.000 LUH. 100
gy 3.000 1R300 | 2501. 000 H,.000] 398 LUDU N RS IV
1009, 000 L HUU L 2612000 G000 HoY 2, Ln. 10OH, SO
1030000 23,6060 1 2he 00U 400U 40y iuy 104U, Hut
1069, 00U 20,900 128148 ,.00U 4.HO0 | 4 11.'()““- ‘ 1(,‘“.9’0()
1060000 17.000 | 2916.000 “oauu] ArZlo0a0 | 1100600
[0s6.0LU 14,500 ] 2986,000 T.300 | wxab.000 111.400
1108.000 12100 | 303186000 7,300 s4l7.000 | 111600
1164000 Ha 900 [ 41 33,000 w000 | avze.ouo |11l Aun
11940000 Ho100 3144 GOU 10 860 | sezt000 111 st
17222.000 To200 ] 32 40 U0 17100 4150000 1) . it
17263.000 6500 | 32949, 000 16100 | rovo.son | d1leene
1215.000 ~HLHV0 3330000 THa AUl [ 11000 0ut 1H] .
1344 ,000 5o bUO g6, 000 24,200 L7000 | e
Lalr.tGuo A R0l 4 21,000 e Ter {LArhG el IR
120 TH AL O P09 U0 348 000 HT L utto bA L, Lige® PitH, 106
' 1v2 000 103,300 Hod . VUL HT.200 Thea 00U uH LS00
207 000 by, 300 | 3sa.0U0 KRR K(i) hWhH OO0 nh. H0U
2600l Y6 000 Hal . 0Uh Yi) o U SH6Y 000 172 60U
2726 .,U00 Y2, 8001 412.000 GG L) L4 72 , 00U G0 e 40O
? 39,000 9P 00 | 4264000 R 00| wy2 000 2 100
250 000 91,7200 432 00 106G 9001 ° Al 6000 w4, 100
PRI G3,.600 G4y , DU LO6 .00  AZ3.000 50 000
el 0u0 Y2 MUl | 492,000 1074300 LY AT RRVINY 4144900
284,000 100,900 Ly o (YUL) 102 . 560 A3 000 36300
295,000 Y1 A | 4r0 000 L e o SUU 57 JO0U 194 h00
300 L300 Uh 22Ul 4B . QU0 1UH, YUY 66l .00 41 o400
“la0un | ousLsu0 493,000 11l1.600 611 UL 41,200
324 .000 Ui.oon ] 512.000 1172.72001 AH2.000 41 2200
BA4 , ul) HA . 20D 24 LU0 111 0000 AL G 4. 1on
5
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o l\wk\‘ldc = O.QS.Cm.

P = 660 N/m?

119

g = 3.81 cm. Qs = 14.9 x 10 6 n3/scc.
Pc £ . .Po £ Po . Po
any| g | (v/m?) (i) Aoy | Qi) (N/m2)
120 | f21l.000 57 . 300 | 21 haanou A 000 | anluLtou 61 300

a0 . 000 29,100 | 2274000 O] IR TIIY, PR TN}
T63.00UV 26,200 2376000 Lo,0nn 4h 16000 67 S0

ENREUSLY 20,200 Z2ant 000 H.000 1 abHT L 0u0 w1, 000

RO O0C 16100 2518000 L0000 ] 66t 000, 61.900

Ha? ,OUU g, 700 | 200000, TS GhYHy H0U 4R 40
YL L0 fo b0 | 29418000 Hh Hfth 000 WH L9000

425.000 40U} 2106000 PARETRTS I AT AP VTN VI 11000

G H() LOUN 4.000 | 3761000 PR NN R Y YH M0

GRS L0, 5,600 | 3250000 4,0001 1% .0u0 LK 100
1011 6LV W ALO 13411.000 FABETISTFIN O Y A S STV 1Ny, KO
100504 OH) 6, 1m0 | 3026000 Mo 100 | arab, 000 110,600
1103.000 4,000 3516000 Mouul [ enby 00U 111 L4400
115%.000 4,000 | 3bnb 00 la. 500 ] H012.000 111.400
_l?Wo.(JUU CA 000 14T hh 000 20 HuD “Whan 00U 1171 «% UL
149000 4,00 | 3nan.000 ZHLD00 | HTL0.00Y 111.t.mn' )
1495.000 4,000 330,000 24,2001 ablu.00d 111 400
1565.000 |7 4.000]aD1T.000 27 600 HOUOL00U 1114060
175,000 4,000 [4119.000 19.400 112000000 111.400
17198, 000 ATV IVE R RS PRSI 74,600 | L6000 .0V 111. At
1907.000 6,000 |&30T000 2 L0 [ THOGU LDV 111 a0

’ 2027 ..000 4,000 | 4260000 449,700
3
LY
!

e el S B B



dc -_1.27 cm.

P, = 660 N/m

120

1105, 000
1203.000

1256000
1282.000

137000
1 409,000
la24.000

lag6 000

L323.000

14364000 N

1r1.000
171 .000
171.000
1700000
Lok, 000
163,000
157.000
145 .000

1614 .000
14l 000
lAb6.000
1695, 000
1727.000
1757« 300
1784 000
I1H55, 00U
1941 .000
2050000

HOY 000
LO7.0U0
129.000
laz . 0u0
148,000

BLY NN

161 ..000
LAB, QU
1AH, 000
1AH 00

)
1

3264000

ALB0.000.

3N, 0u0
4033000
47217000
6330.,000
SG00 . 00
HOUU LU0
20004000

HO00 000

g = 1.27 cm. Qg = 14.9 x 1076 m3/sec.
¥

3

Pc £ Po f Po . f Po
(db)]  (Hy) | (N/m2) | (Hp)- (N/m2) | (Hy) (N/m2) .
90 2004000 L1, 000] 11200000 Lelauul a200,000 1 L11.000
HeU 000 1710001 LhH2.000 1710000 youu,op0 171 .00U0
K000 LY1.000]-2600.000 |- 171.000)1%000.000 171000
G50 .000 L4100 ] 310000 171000l x000 000 L1 .000
100 | 1vu.uun V71,0001 1504000 | 166.000| 1625,000° 16H.000
TOU0U0 | 1M .000] 1521000 1650001 1660.000 170 .000
1200000 171.006| 1543.000 1630000 1102000 171.000
1252 ..000 L71.000] 1hb2.000 L6000 1u1i,.000 171.000
L*4%. 000 171.000] LYoea . 000 163,000 3000000 L71s0un
14Oy .O0U 171000 157H 000 Lob 000 woog.o0u 171.000
LaeZa. 000 Lo, oonl LssoLudo Lo, 000 IAUUDJUUU Y L 000
Jleesove | reroon 1600000 | 1ee000|{nnoo.auir | 171.000
134 | 180000 171,000 | 162,000 118,000 21%2.000 | 170.000.
. 350.000 171,000 1482000 107,000} 2252,000 170000
40000 171.000 | 1500.0U0 YHL, 000 | 2360000 170 000
T00. 000 171.000]15L4,000 HEO00 | 2550000 L70.000
HaO .00l L71.000 | 15264,000 17.000] 27%0.000 170,000
OT1.000 171.000[1%5] L0000 65.000 | 2916000 170,000
AqLOOY LO0ul 171,000 | 1587000 TT.000) 3112.000 170 000

171000
176,000
17 0000

170 000

[0, 040
P71 .000
Tl o O

P11 L0010

1]« 040

141,000

137.000
\Z/N .()‘UU

-
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de = 1.27 cm. .

g = 1.27 cm.

.....

P, = 660 N/m?
Q = 14.9 x 107% n3/sec.

-r

121

pc| £ | Po- £ Po £ Po
@] (Hy) | W/m?) (Hy) | (N/m2) (Hz) (N/m2)
1201 175.000 173,000 ]1502.000 29,000f 3781.000 171.000
\ AC0.000 | 173.000]1554.000 21,000 | 3888.000 {1 171.000
400.,000. | 173.000 | 1625.000 27.000| 4033.000 | 171.000
H0 U « ODO 73.0001644.000 . 31,000 | 4108.000 | 171.000
600,000 13,000 | 1663.000 | 2 34,0001 41%6.000 | 170.009.
] 667.000 | 173.000[1741.000 50,000 | 4193.000 | 168.000
‘ 736.000 173.000 §1793.000 69.000| 4230.000 166.000
» 818.000 173.000]1830.000 H6.000 p 4290.000 158.000
~ ) 912.000 173.000 | 1893.000 97.000 | 4322.000 160 000
L 950,000 171.00011944.000 107.000 4235,000 163,000
t) 997,000 173.600 | 1985.000 111.000] 4374.000 | 164,000
“1104y.000 | 173.0002032.000 129.000°| 4446,000 | 171.000
' 1041 .000 171.000 | 2109.000 140.000} 4513.000 171 .000
1109.000 170.000]2153.000 140.000 | 4613,000 171.000
1148.000 | 16R.000 |2316.000 |-144.000| 4761.000 | 171.000 |
1183.000 166.000 [2492.000 157.000 | 4u5%, 4,00 171.000
1215.000-"] 161.000 |2529.0007 | 161.000| 5041.000 | 171.000
1235.000 } 153.000(|2569.000 163.000 | 5276.000 L7000
1251.000 | 145.000 [2R18.000 1A5.000 ] STU4.000 171 .000
1267 .00U 137,000 |Z897.000 | 166.000 | 6159,000 | 171.000
1295.000 126,000 | 2946000 168B.000 | 6463.000 1/1.0uG
g 1325.000 |-113.000|3044.000 168,000 | #000.000 1rl.0uy
{1355.000 Y2 .000 | 3147000 168.000 11006000 | 171.000
11375.000 77.000{3239.000 170.000 [14000.000 L71.000
1404 ,000 61.000 [3361.000 | 171.000 16000000 | 171.000
1427 .000 48,000 [3434.000 1 171.000 |18000.000 171,000
11672 .000° 36.000 [3590.000 171,000 : :
RY
%




AFE

l

1é2'

S, : : - .
dec = 1.27 em. . - P =660 N/mz:'. .
&g -2 2.54 enm. Qs = 14.9 x 10-6 m3/sec.
Pc . £ Po ’ f . ' Po ) f. PO
(db) (H,) (N/m2). | (Hp)  |(N/m?) ) L) | (N/mE)
" 90 140.. 000 140.000) 1537.000 | -qn.n&u 2234.000 140.00Q,f
o 50000 | 140000 1559, 000 Wi ono| 2401.0000 - 140,000
HOO 00U | L140.000] 1583.000 Gr.000 1 2505.000 | 140,000
4 L0iaL000 140000 | 16072000 73,000 | £6§3.0007 1 140 000
“11i04.000 140,000 1628 000 : VA OO0 2696.000 | . 140.000
1250.000 | 140.000]1662.000 115,000 2772.000 |- 140,000
1295.000 139.00011 694,000 127,000 | 2964.000 |- 140,000
1349 000 | ].BHV.OUU 1793.000 143,000 3245000 140 ._“()U-‘ o
1606.000 | 125.000|1ry3.000 |. 136.000 | 7000.00071 140,000}
1448 .,000 | 123.000! 1943, 000 137.000 [ .13000.000 140,000
1486.000 | 106.000]2010.000, 138,000 | 17000.000 140G.000
15044000 #2.0001 200,000 | 139.000] :
| 15225000 5A.000]2202.000 | 140000
| 100 175 olo140.00 [1512.000 | 15000 | 2694.000 |- 125.00
o ] 269.000 | 140.00 | 1552.000 11.00 | 2754.000 146,00
476,000 | 140,00 |1613.000 15,00 "1 2818.000:] L3K.00,
634,000 1] 140,00 | 1657000 20,00 | puzy.ond | 139,00
100000 | 140400 11732.000 3%.00. | 3115.000 | - 140,00
753,000 | 140,00 | 1789.000 47,09 3371.000 | 140,00
1008.000 | 139.0u0 |1832.000 }. 64:00 3543, 000 | 140.00
122,000 139.00 | 1862.000 HO.00 | 3H00.000 140 .00
2010« 000 136.00 [[1938.000 | 99.00 4054, 000 140.00
1234,000 | 132:00 [2047.000 | 114.00 | 4l68.000 | 140,00
1305.000 112.00 [2115.000 119.0u 4752.000 4 139.00
1338.000. H3.00 [2269.000 |, 123.00 | 4309,000 | 139.00
f13b55.000 |} 69.00 [2330.000 -4{52:00 6100000 140,00
; 1384.000 | 53.00 |2464.,000 130,00 JOOU .00 1400,
1421.000° | 31.00 }552.000 | 13500 [ 11000.000 | 140Gy
1444 000 23.00 | 2605.000 | 136,00 | LHOUU.OVO LA0 LI
SRR PV 18.80 f2ela 00 | 137,00 . - : :
110 | :175.000 | 140.00 jLOl4c000 | 129,00 | 14l2.000° § 10,00
- | %00.000 | 140000 {1032.000 | 132.00 | L460.000. 7.00
450,000 | 140,00~ |1057.000 |'129.00 | 1499.0004 6.00
- AL L 0L L4000 [1073.000 | 12700 1572 .00 5.00
THHL00U ] 140,00 (105,000 [.118.00 1601000, H.00
Tra.0000 1 138,00 11112.000 | 110.00 1654 «OUL 6. 00
790000 | 140,00 [1135.000 99,00 | 1700.000 R.00
. K02, 000 140,00 {1152.000 HELOU [ 17b4.000 ] 10.00 -
HZ2B.000 | 140000 [1173.000 | T4 00 [1821.000 13.00 .
"5 CRY2.000 | 140,00, .|1190.000 61.00 | 1y44.000 18,00
914.000 | 138,00 -11210.000 48,00 |2045.000 22.00
945,000 135400 112 38.000 37.00 12152.000 25,00
973,000 . 132,00 {1278.000 28.00 |2262.000 28.00
Y4 3. 000 127.00 §1317.000 21.00 (2298.000 25.00
993.000 1126.00 f1264.000 | 14.00 |2408.000 AP .00
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dc =.1.27 cm. P =.660 N/m?

g = 2.54 cm. Qs = 4.9 x 10°6 m3/sec.

Pc N A - Po - . Po, .| - £ -Po_~
c@by| ) | m2) ) (Hp) (N/m?) ¥ (Hg) (N/m?)

- - —&— ) - P - i . .
110 | 25174000 | 54,001 32¢6. ~000 120.00 4386, 000 137.00
T 2894000 68,00 | 3232.000 | 134.00 | #415.000]  139.00

2800, 00U 17,00 | 3385.000 137.001 4514.000| 139,00
.. f:2837.000 K7.00 | 3540000 | 13R.00 | 6000.000 | 139,00
“29f9.000 W0,00 1 Zugg.000 ! 1s9.00]0 8000.000 [ 139.00.
© 1 3010.000 |, 98200 | 470,000 139.00f 12000.000°] 139.00

vl 3048.0000) 0 77.00 4122 .000 138.00 l\lb‘()l)() « 080 139.00,
T 3143.000) . Ha,04 . '42 30 .00U 136,00 1‘117()(1(1 L0000 ] L3900
£ | 3172.000 | 594,007 4313000 | 13t.00' - T
) 3189.000 106,007 | 4345.000 | 133.00 L .
120 | 1753000 | 143.60 [ 1246.000 9,001 3916.000 4 139.00
" 219,000 | 143.606 | 1300.000 B0 U 3963.000 | 134,00

400,000 1 143060 | 134T.000 9,00 3996000 | 12H8.00
500.000 143,60 { 1423,000 4,001 4013.000 121.00
C600.000 1 143,60 | 15364000 3001 4022.0001 103,00
; ¢ | R6TL000 | 142.00 | 1664000 3.00 4039 , (), CH2.00
- 718000 |- 140000- | 1raEL 0007 5 00| 4056.0T0 6600
e 2. 000 129,00, | 1rbé4.uov 0’ 41u7.000 524 00
Vol 7eY.000 | 115.00 | 2031.000 ﬁf 4137.000] 44.00
769 .. 000 100,00 | 22:27.000 9.00 4253, 000 3100
779.000 | . ¥5.00-1 2212.000 G,.00% 4300.000f  ZH.O0
THY . 000 105,00 | 2341.000] 9,00 0 4364,000 ). 46,00
. AU3.000 | 113.00 | 2495.,000 .00 43sluuuo ) 82,00
K1Y, 000 [~ 119.00 | 2549.000- 14,00t]  437H.0067) Llb.hu
CRE3.000 YH.0U 27196 .000 19,00 4399, 000 | L2HR.0OM
B79. 000 T4.00 | 2946.000 23.001  4416.000 133,00
903.000 |* SH.0U [ 3126.000 31,00 - s489.006 ] 163,60
‘ 923,000 |- 44,00 | 3202.000 349,00 4576 QU0 PAA g
) Y42 000 34,00 37296,000 h4,00 SO00G.000 Fad  hin
977 . OB 29,00 | 3388.000 69,00 | ro00c0u0 | 163060
11021 .0600 Ae 00 | 3459,006-" 104,00 10000 .000 143, 601
-1*10b51. 000 31.00 3&10:04§# 130 .00 1jnun.nu0\ 143, 60
1085.000 23.00~ | 3687000 | 139.00 [ 1600050004 143,601
1120.000 18,00 | 37sa.000 | 14700 ) 18000000 | 1430607
T183,000 17.00 | 38u9.000 R ATV Y
. ‘4 : b
Pk «"1 . .
/




dc = 1.27 cn.

g = ‘3.81-(‘;111.

4

'Pg = 660 N/m2

’

124

L 2

Qg = 14.9 x 1079 m3/sec.

N

-

pc | £ Po_ £ Po oI ey . Po
@by | oy |l ovm2) | () /n2) | Gig)s |, (N/m2)
4
90 400. 000 95. 2071 2a60H.000 HOLAO | 3a60.000 95, 24
500 .00U Yb.20 0 zroz.000 ] wzo00 | 369,000 Q6 o KO
10548, 000 92 KO ov65.000 92,80 | 3732000 Yha2U
L177.000 720U |+ 3n4n.000 91.70 | 3R00.000 | =F6NO
1281.000 1 - 742200 427,000 | . 96,00 | 3937.000 Y64 N0
1325.000 41420 | 3242.,000 95420t | 3961.000 L 9680
1636.000 11.30 1 3362.000 Y6. RO | 4036.000 Y6e MU
f 11973.000 4280 | 3426.000 | 95200 200,000 97 460
- | 2leo.000 10201 '34%2.000 46,00 | satn.onn | ysL RO
FEH6L000 | THe90 | 3540 ,000 Cys ROV 4434000 945,20
2423.000 G200 a4y, 000 Y%, 20 /mr‘_b-(}()() Wh, 20
2590 .000 92200 | w622 .000 UG P PAGAGE 000 Y2 RO
- 400,000 | 959.20 | 2423.000 _ 664,000 Yh, BO
100} 540,000 Y45.20 § 2590.000 31750 P 3494 000" 46,00
T900,000 95.20 1 260H.000 23.40 | 3732.000 Cha HO
927.000 T7.50 | 2702.000 2580 17 3800000 Hiv Bl
964,000 53.30 ] 276%.000 AR, 10 39%7 DO Yh o RO,
99 LO00 43.60 | 3045.000 66200 | 3961 .000 K . 50
1058, 000 50.00 3122.000 HloHI | 4036.000 96 .HU,
1177.000 25,8001 3242.,000 RHWHOC L 4200000 | 99.30
1241,000 15.30 | 3362.000 | 96.80 | 4400.000 | 96.8u0
1325.000 11.30- | 3626.000 96.80 | 4438 .000 Gh 20
1636.000 4.80 | 3472.000 Y600 | 44185000 952U
1973.000 17.141 3542 000 TYALON La00 000 L uziiro
2100.000 16.10 | 3549, 000 Y600 1 <
Co [ 22p6e000 |16 LG 3622000 YA RO 5
1 1104 400.000 | 96.80 | Z256.000 bahs | 3622000 R ETY
“l 662,000 95.20- | 2423.000 faab | Be64 000 9TIe0 .
694,000 B3.90 | 2590.,000 . 1. 50 | 3694.000 YK, 50
T32.000 T2 .60 2608.000 R.900 } 3732.000 BRI
768000 4402702000, R.90 | 3800.000 ST
H46.000 32.20 | 2785.00(® 112300 | 3937,000 | 100,900
915,000 | 11.30 | 30a5.000 FEE25, 80 | 3961,000 | 100,90
f v 110%8.000, 14,50 | 3122.000 ZH200 | 036,000 99,30
1177.000 Be90 | 3242.000 43.60 | 4200.000 | an.i20
1281000 S bebl -y 3362000 Y ¥ I NT 40U 000 - | 96 HG:
1325.000 3426.000 Y10 | 4434.000 | 95,20
1636.000 3472 .00 Y600 | agls 000 Yue 20
|1973.000 3542.,000 97v6u | ee00.000N] Y2800
T12100.000 3suy.000 | ur.s0 0 | T ‘
] )
\ . . ( > Y |




de = 1.27 cm.

g. _w 3.81 CM e«

.‘/(;

4

Py = 660 N/mZ

125

' 6 o3
= 14.9 x 10°% ™/sec.
Qs _ . ,

Pc - f Po f Po_ f Po
(db) (Hy) | (N/m2) °|  (Hp) (N/m?) (Hz) (N/m2)
120}. 17%.000 YUh AU NN 24.40 3622000 G 6L
400 . 000U YiahUu Tob. 000 "1h. 3V 4t e o (UL 14,20
00,000 Gt L 44 HUbL.00U0 11.30 1 3ay4q.000 B4, TO
HUY . OUL . 47,70 HoU 00U HoOF ENEY RN YiY, 4}
520,000 YL 2t VZ2.000 b, b0 AHOD JOU0 9h 20
540 . 00U y2.00 | 950.000 o KO BB OU0 T1eHG
Hel 000 YT.60 ] LOUL.ULY 4,001 3961.000 43, h0
5% 54 000 RHLT0 | 1200.000° 32720 4036.000 13,70
S90.000 | /9.90 | 1500.000. 3.20 | @w?20u.00U G, HU
A3 . 000 A1 B0 3000.000° R0 4400, 000 11.20
hgbhuou .30 3420000 | v 1780 | 4434 300 2h.2U
643 D0 aveoN]| 3avz.000 29,10 aanvn,00u e )
HhbZ 000 al) L b0 3542 ,000 an 44 4600 L 00U Y7 LR
HH 4. 000 ) I 1Y 3589 , 000 LY AT § LHOBO OO0 |« 95,20
b}
. . - 2
dc = 2.54 cm. P 660 N[m
g. = 1.27 cm. Qs = 14.9 x 1076 n’/sec.
gob - NtOULD ~173.,00,) 4000000 114.00] 11060000 ISERAE
- BpULOBOE 13,0 700U L0060 173.00 | 15000.000 Liraaoni
1450 .000 173 .( YO0 VLU 173.00] 17000.,00U 173 .00
' 1 18000.000 173,00
100 190.000 173.00 | 3060.000 1r3.00] 10000000 1 173,00
ROOLOBUY  173.00] &6C0U..00U 173,001 13000000 L. 173.00
1500 ..000 173.00 HNUU, QUL L73.001 16000000 1 r4.00
. 1RO 000 L7400
110 1sv.0v0) 173.00 773,000 1op.20 L 1Hu0.000 1* L43.00
40U QU0 173,00 TRZ 000 Lea. 60| 2200000 | 74,00
AOULGOU| 173.00 78y 000 Ihn,20 1 4rob.buy L73.00
S I20.000 173,00 RO OO0 16790 6200004 L14.00
S T7e3000) 1T73.000 RenO00 tAY.9u | 12000.000 173.00
TS .000 171410 K33, 000 171,10 ] LBOLOVLOLY Iv3.00
7%9.000| 1e9.50 | 40,0000 173.00 | -
7654000 167.90 | 1100. 000 132000

~




de -‘2.54 cm,

W

P, = 660 N/n’

126

g = 1.27 cm. Qg =-14.9 x 10-"6 m3/soc.
' A
Pc £ " Po 3 Po K3l ~ Po,
W@y - ) b (vmdy | (Hy) (N/m?) (Hz) (N/m2)
20| 172-000 1 EY3.00 1 wen,000 | 1533300 3221000 T 173,00
34000 ) 173,007 gz21.000 lbb . 80 34172000 173,00
Ga g 00U 174,00 Y3y, Vol 161, a0 4850 . OO 1',3‘.(}.0
563.000 | 1173.007° 1 grs,0ua | 166,20 3050000 173,00
~ 611,000 | 173,00 1 J01b.00U L6950 3156000 174,00
Cale LG ] LTLLL0 ) 1155.000 | 0 17030 3792.000 1711
EYAL00 | 16950 | ek 000 | 1TL.l0 | 3RZ8.000 | 169,50
TUL 000 1aT.90: | 1476000 | L7110 |7 3HSK.000| 167,90
11000 16660 1641.,000 171,10 36724, 000 169, 50
723.000 | 159,60 | 1re2.000 | 171000 397e.000f 171010
132,000 | 153030 | 1wsz.ooo | vrioto | s0l7.qoo | L11L10
141,000 143,60 1900 .000 171.10.] stizy.uo0 171.10
50000 | 137,20 1 1965, 000 171.10 | @1ua.000 | 173,00
‘ Co b rol000 ] 129000 | 2029000 | L11.10.0 4210.000 ] 173000
T 000 | 121410 | 2156 000 | trlala] 4ss3.000 1 T173.00
THZ JDOO 119.40 2242 GUO 171 .10 Ladh 300 173.000
197000 121,10 | 253,000 171 10| a6715.000 173,00
R11.000 127 .70 24t 000 1 1/71.10, SO0, 000 174 .00
H35. 000 125.90 | 2700.000 171.10 B0 W 000 173,00
653,000 | 130,70 | 2615.000 (. 171,107 | 11000600} 173,00
CB64L000 | 137.20 | 3000.000 | 173,00 | 1HO0QLU00 | 173,00
R79.000 | 16850 | 3y50,000 § 173.00 | :
2z S p. = 660 N/m2
dc = 2.54 cm. s | :
g = 2.54 cm, _,,, Qs = 14.9 x 107° n®/sec.
e )
90| leb5.000 146,00 T8 . 000 E23.10-0 2300000 136, 00
Ae0.u00 134.00 7492000 134,70 L0 JUUU 136,00
Yg ) SO 1 26.04 HUOZ . 0OUQ 135450 600 000 |7 136,00
B0 000 13n.00 BlU 000 13h 400 THUL LOUD 136,00
TUU 000 136,00 HUY . GOV 13A.00 | 11500.000 | 136.00
J23.000 d 13600 gr2.000 | 136,00 1 13750000 146 .00
Taba 136,00 | 1031.000 136,00 | 16750000 136,00
771000 | 136,70 | 1350.000 | 13600 | 1s000.000 | 136,00
Triewoh | TA3, 090 | 1550000 146,00 1
Jul.oun 143,90 1450000 146,00}




L 4
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. 2
dc = 2.54 cm. P = 660 N/m®
' -6 3
g = 2.54 cm. 3 Qs. = 14.9 x 1077 m*/sec.
\ -
Pe I3 Po ) 3 Po 2 £ Poz
. (db) (H,) . (N/m*) (1) (N/m“) (He) (N/m*)
100} 180O.000 L4550 Y. OO The O L260.000 | L2550
170000 144 .40 | 7472000 RO IIE 1408000 14h.50
450 00 1445, b YT LU0 b, ) el 000 125, %0
520,000 134 o8 ROT00U I TTY 1baU 000 149,00
605 000 135,507 HLlG.0U0 112,10 laly.oul 135,50
PRTYSRCII 145,50 Hed. 000 | 116,20 122000 1346 hu
10 L 000 | A6, T HAL. |18, 10 LUty (100 Laha b
126000 | 134,100 |- w3000 121 0 20490 .00 L4%.h0
TAb L L0, 1o Ha3, 00 L74.00 | 2182000, Lab. b
- Ta44,.000 175 .1 Hau 110 17500 N Z3ln.000 145 .50
151000 L1K.hU | 7 Ko4.000 12K, =0 25a 000 L#h.50
To8.000 | tou,7o | #0000 ) 130070 2033000 | 135,50
—- T4, 000 S 20 | NDR 000 Lar, s | 29281000 135,50
ol 000 HX . TOr UZHh Ul 144,10 000000 139,50
LU0 Wi, T tah , JUL 1 =a, 0t VLT INRIVIY) 135454
T i 000 TN RTINSV 135,50 10500000 136, 510)
Tab . o0 17400 1O J0uU 126, =0 | 16500.000 13h. 00
THA000 Thauwg | Ll alb 000 LG 0t [ THOOULO00 L4h . i)
110 l7n.0u6 146,00 He 000 A | 2132 .00 10u. T
“hy() . (00 14k, 06) WEZ LOUD S 000 770%.000 114 . ALY
450,000 146 000 HYH O AH L 2306000 117« Hip
SO L D00 136.00 412000 thorip| 241100 171,40
600 00D 134 .00 L2494 DU Kl.60 ] 2504000 1 12500
Hrt o U0 YA T vaf 000 Yl L2 254 U0 128,30
- 6l U 137 .30 Ytrbr, GUU gun.ou | 23000 ] L7e Y0
FOYL 000 | TH0 L TO SRTUNY T P L PN B T
BHZ 000 175 .00 L0GZ . 00U 106,00 | 2023.000 L
; AU L U00 117,90 | 1030 L0000 LOK. 9ol 3031000 L>4arn
/1 705.000 105 .70 1059 . 000 109,70 | 3191.000 L4610
& 11000 1 usno | 10we.000 ] 10w re] 32e0.000 | LEb0be
717.000 TR R SR L, 90 | 3399 900 135,50
122 . OUt br.ryg | 11212000 10890 | 44714000 13600
Y9000 53 L 4{) 1227 .000 1OH. 10 3668000 136.00
138,000 39,850 | 1321.000 LOT 440 3790000 13h.100
748000 24810 14124000 LOTL30 | sma6.00G0 136 .70
TR3,.000 0.4 d4a14.000 1045 .70 A8h6,000 ‘ll, YR L 90
T4l 000 149,30 1 42v9 .. 000 LiYa oty 4400 600 135,50
CTH0L000 17.70 1597000 104 .04 HOGO.OUU | L3600
792 000 15,50, | 1622.000 | 103,30 | Bovo.ovo | 13600
ROY ., 000 20,10 | 17334000 | 104,90 |12000.000 136,00
H20.000 23 40 | 1122.000 1 10650 [18000.000 | 136.00
H32 . 000 21,20 | 1941.000 {1 106,500 ’ o
Ra9 000 2024.000 107 .20 -

A, AN
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dc = 2,54 cm.

P = 660 N/m?

128

Qq = 14.9 x 1079 n3/sec,

g = 2.54 cm.
Pc f Po_ £ - Po 3 Po2
@by [ ) v/m2) () (N/m2) ar,) (N/m2)
120 F 5. 00U 136,00 Y4t . OO 13,761 3171.000 Y4y.20
‘ 33000 136,00 GHULOUU 19.30 3208 .00U0 10650
460 . DU 146,00 Yt 00 16490 37249 .,000 113.80
LEZ2 000 14600 LOUH 000 1RG50 3312.000 123 .4
05,000 1*%.50 Toan. 0wy Tue 20 A2oh ool 126070
HY36 000 133.90 LOYH .O0uL) 14943 3AH4 000 124,30
CROd4 . OUD 14150 11 l.000 19,30 3632 .000 120,707
SR 000 12°1.4h0 1264000 19,30 3463 ..000 137430
S ADU L 000 Llae b 128,000 20,10 3504 .000 134,70+
612000 1 102,50 | 1442 .000 20.907] 23%45,000 | 135.50
623,000 a4 | 1595.000 20,90 | 3620.000 136.00
A36,000 THL20- | 1AY6..000 20,10 | "3729.000 | 136.00
642 OIHY fh. Y0 1R10,000 20049071 3787000 135,50
651 .00U hh 60 | 1933.000 21.H0-1 3K18.000 | 133.90
ht 3. (100 Aha e | 2008, 000 27400 3R35,000 12H, 30
615000 |7 3550 | 2136000 77 el 345,000 YH L 40
a3, 000 2R, 20 | 22/6.,0u0 24,20 IR52, 000 6,20
695.000 272%60 | 234] 000 24.700| 3869000 60 .5
Tl 000 TH50 1 24440000 2a.20/ 1 3BIH.OU00 HO .70
7284000 I6100 | 2480000 2H .2 3HH3 000 112.90;
Tady QU0 13.70 | 2538.000 Slesu | 3894000 124,30,
o000 17,90 | 2562.000 36430 3924.000 133.10
5. 000 12,00 | 280,000 aY.7u | 3945.000 135.50
782000 11.30 | 2r96.000 ) 620901 4000.000 | 136.00
Hla.000 11.230 { 29%72.000 13.40 T000,.,000 126,00
e Rab 00U 11.30 | 3060.000 THL,20 | 11000000 136.00
HEL.00U | 12,001 30904000 S H3,90 | 17500.000 | 136,00
916,000 12.90 | 3136.000 Yh, 4 :




@

dec = 2.54 cm,

-

P_ = 660 N/m%

129

g = 3.81 cm. Qs = 14.9 x 1076 m3/sec.
. » ' /
Tc g , FPo S N Po, £ . Po
@v) | . @) | ovmd) | (H) wmd) | gy | ov/m?)
go | lww.oon | 111.00 wirooou ] dn.00] 1536.000 | Ton,oo
THh0L,000 111.00 HU3.0UUj . 65,00 1691 080 109.00
AU LU0 Ill.0u H1H,000 63.00" L7788 . 000 104.00
_bHY 00U 109 .00 "H34.000 H? o fH} THY1.000 109,00,
114,000 107,00 K4l o 000 G700 2023, 000 110400
725,000 L4000 1- BoT.000 a0 2294 .000 110,00
TAH OO0 YH OO B9, 000 | T L0000 2594000 111.0u
Tan 000 |+ yl.00 448,000 101.00 | 2600.000 | 111.00
753,01 K, 00 YH 3. 000 103,00 HH00 LU0 111.00
7499 .000 65,00 1044 .000 s .00 T340 000 111 .0
T62.000 61,00 | 11310000 % Loa, 00 F 8600000 111.00
T6B.000 | . 41.00 1722 000 1t.00 | Flson.000 | 111 .00
TI5.000 | . 36,00 1¥20.000 tod.0u | Eas0.000 111.00
Th2Ww000 11,00 | 1e2e000 | to7.0n | Ieoononn 11 .00
100 1 1 000 111 .00 Rel, 000 12.60 1419 .00 HOLOU
YOO . O t11l.06 rhGOUD 17 .30 ZUOLTH, 110 b0
WY LUUU | 110,00 Y172 .Ut ;/“-.Lp_ ZUKZ2 00 G0 .00
620,000 | 109.0L 9ol.000 |7 32.00.7 2154.000 Y1 .00
) Af4d.000 | 107,00 Y93, 000 32,00 227¢5.000 | 100.00
S hG0.0OUY 103,00 | 1028.000 40 .00 242040600 105.00
676000 Y400 | 1054000 43,00 | 2499.000 107.00
ART 000 B7.00 | 1069.000 47,00 | 2561.000 108,00 |
699 000 70,00 [.1094.000 62,001 2655.000 107,007
TO6 L THIO 55.00 | 1190.00U0 4] A0 2T20.000 10x. 00
T20.000 36,00 1298.000 43,30 | 27ou.000 100,00
134000 Z7.00 | 1393.000 47,30 | 29lz2.000 L1 O
753.000 TJe.t F 145,000 - 50,60 3724920040 111.00
s 00@ 4,720 15841 .000 57 .00 a0 000 L ELLL0On
T 000 4,20 1611.000 H3,0p 1 900,000 AR RN
. R11.000 5.20 | 16664000 66,00 150004 006 RN
Haz 000 H 60 1823000 HH L 0 JHnnu.pup 11) .00
110 170.000 | ‘112.00 720,000 5.20 | 1A3K.000 9,00
4. 000 112.00, 743,000 2.90 | 1795.000 9,40
500,000 | 111.00 158.000 1.90 | 1890000 10 « 90
538.000, | 110,00 | 787.000 .60 | 19s0.000 - 11.60
55H .00 107.00: A58,000 1.90 | 2084000 Fh.a
SI8.0U8 | (101,00 Ry3.000 2.90 | 2199.000 13.70
603,000 9N L 0. Y4000 4,20 | 2266.000 14,50
S 61Y.000 Ta4,00 |- 1017.000 H.h0 | 2214000 15480
628,000 59,00 | 1124.000 T hL10 | 2459.000 19.00°
644,000 42,00 | 1231.000 T.10- | 25064000 23.20
. 658,000 26,00 | 1312.000 T.70 | 2589.000 | 25.50
676,000 15.00 | 1442.000 K00 | 2603.000 2?7.60
702.000 RO .| 1520.000 LAY 2(\9(,_()(19 L0700




de = 2059 cm.

g = 35.81 cm.

)

]

Pg = 660 N/m?

130

o

Qg = 14.9 x 107% m3/sec.

- =
Pc £ Po £ Po : £ Po2
(db) (i) (N/m2) (H,) (N/m2) § () - | (N/m?)
110 271v.000 za.40 | 3207.000] los.oof T38Y2.000 109,00
2741 .00U 32.60 3411.000 110.00] - 3913.000) 110.00
2776.000 37,10 | A500.000 110,00 3YnY . 010 111.00
2009000 . 43,60 3614.000 111,00 4082.000 111 .00,
291H.000 T0.L 00 371 .000 111.00 4120000 »111.0U
2950 .000 Ha U | 3BUB.000| 11l1.00) 6500.000 111.00
2987 000 YH, 00 | 3844000 111,00 « BOOULO0Y 111.00
3042000 1 101.00 3R 000 110,00 14000.000 111.00
3105.000 | - LOAL00 | 388 3.000 110,00 ] lHot0. 000 | 111400
120 170,000 113.00 1 644,000 1.9t AHZ2T D00 108.00
"Z251.000 111.000 ) 1#19.000 1490 IRGT OO0 100,00
202.000 112.00 | 1ylv.000 Y2..320 3HHH 000 14400
A0 000 L1200} 2039 ,400(0 7 .30 AR 6 000 34 00
H2.000 L11.00 | 21us.000 2o00] 3HYH.000 14%.00
405.000 | L11.00H] 2445,000 2 2.90-] "3w0l.000 19.00
434,000 109.00 | 2544,000 3.60 3410, 000 23,00
457,000 | 10600 | 2664.000 “e?0 3913.000 (Y00
LB 5000 94,00 | 2760000 4RO | 3924.,000 Y . Ol
L0100V OO0 | 2H50.000 Al | 39464000 107.00
517.000 6700 | 2465, 000 BETY 3UH6 .00 109,00
“h31.000 48,00} 3014,000 TR AY 40271.000 1 "110.00
552.000 2H.00 1 3109.000 11.90] &111.000 | 111,00
SHT.000 15.00 | 3218.000 19.80 | &220.000 [ 111.0u
02, 000 10001 3247.000 19.00{. 4326000 11t.00
632 000 6,00 | 3293,000 ZRGTO] caa25 000 111 .00
C 660,000 4,00 | 3237.000 37,40 4072 OO 1172500
T01.000 200 33862000 672 .00, HAUH SO 117 .00
TH0, 000 2.00 | 3294,000 55400 [ . 4 ryH 000 117,00
B35.0U00 2 .00 3417.000 61.00 L4 e LG 117 .00
HE 5,000 1o30 | "3433,000 h6, 00 5204 4 U0 112,00
914,000, .90 | 3460.000 HY .00 Hivhb U0 112 .00
1L006. 000 1.00 | 3491.000 ¥s,00 1 el2Z.000 | 112.00
1122 .000 1.00 | '3520.000 1 107.00 | royunooo | 112000
1725000 1,00 3%69.000 10A.00] 11000000 | 112,00
1328.000 1 .30 3594 ,000 107.00 ] 19000000 1172 .00
1435.000 1.60 365H.000 109.001 18000000 112.00
1546.000 1.60 | *37492.000 116500 -




13}
dc = 2.54 cm. .
g- = 3.81 cm.
Pc = 100 db. :
, Psz ‘ f‘ Po2 . £ Pa ‘ £ Po
N/m2Y -(Hy) (N/m) | () ] (NW/m#) (i) (N/m?)
834 LN AT U0 Y4 .00 117,90 6600000 1AT 490
Shil, 0N 1HT.40 1100, 000 111 .60 A1 0 O 167,490
AARNDLUDN 16790 140,000, w200 200 U0 1AA20
Y 700,000 137.20 1AL, 000 H, N 200, 000 | 67 o 41}
L0 LN nu,an | THSD 000 T 80 FANT 0L V6T U
. Th0 OO0 26,20 1 2000000 Bt 1) WO O 6 (RN AR
T 0u lu.an]. 2200.000 wir 00 10000000 167,90
THO LN oM | 2RD LU thantr 12000, 000 VAT, G0
HOO L (HI0 2hL70 A1 0,000 saa un] 1wnna. 000 1AT 49N
Hat, ofn a2oun | Amncant | Tataibg vonnr.nnn VAT 40
92‘(') ast. 0l 201 , AN 40000 16790 BB L O 200,10
Y AP TALS! 2001 . HE) 1100 a0n 1H1, /0 Ay, 0 A1 oH00
A g 1310 2] W H0 1400 (N 17700 H200.000 01 1O
Ty, Lo Tl THno, 00 119,00 h?n().“tili 21, Kb
T4, nne Yh, 20 1 HRel i {70 THHO UL 01 S HO
760,000 b4, 40 000,000 fl.301  swann,nin PR AT
TIOLO00 37001 2200000 Son.on] 1 eoniooe 201 KO
THOL OO0 47,30 | 2A00 000 M, 10 wnnu_'..n(m ‘/Hj_.HN"
HOOL 000 Hhaht [ 31000000 ha,90 1HOD0L000 201 KO
Mo non 117,490 0 pun Jo 1A% 00 Toannt, ?t)l_.aﬂ':
1030' LR OO0 Pa6.att | wet.non 21A.30 aan, 00 { 1771.50
L0, 000 Zah,u0 1 P100.0040 dui.an ARG, 000 73T 30
. THAN . 000 266,90 | 13000000 ] 1aTa0 K200 ,000 206,10
700,000 246,60 | Th%0, 000 106,90 | 67000000 LR
T40.000] 124.10 ] 1B50.000 up.an | TAOLLOREH Pan, U0
TeuLonn 172.60 | 2000.000 T8, 40 N . nor Aok M
TN .000 Ah R 220000010 WA w0 E0O00 000 24 A, 890
THOL DO Hh.‘_lﬂ LAA0. 000 Lu .70 | 17000, 000 . Tk M
RODLO00 102,30 | 31000010 67,60 | 19000000 rah 0
o Ra0, 000 1A7T.90 1 3TN0 00 Tan.on | 20000 o0n | oad i
1120 wno o] zas.oo | 11000000 ] 22RlT0] wrua. G Lt
S hhlauth dElaot A0, 000 | AT f 2 e 0N sh g iH
A, i 2R 00 ] 5500000 11350 ) Tanatu b g UL
Tut)e ARSI VITE I T TS PN VLY Liaeo TNTITPRINY: b U
Tl . Lt 1474 50 o0 (i 1o 1201 5(«%.:}”' Ly e (a0 EICUNTTY
TH0Luin K140 Zouu.uto TRTSRSTN I A P NV, r«f\.m;
Tub 0o Taautl 3100.000 47,0 f 1o, o e it
Wi aogis LRSS YR EWIETEN TS 19| ATATSCITE BTN S RIS INEY Al ent? 1
‘ HaO ) o 10 RTS8 angu, 000 NAIWALE AR R TIRVIvIE Y
Yept) o L HIL. AL=.10 ARSI IOLT e g 0ot . T
) -
.
w r -




-

221,490

132
dec = 2.54 cm. .
g = 3.8l cm. )
Pc = 100 db. -
P52 P Po2 £ - Po f Po
q/m2) o) | ym2y | @) L avedy |y | e
1220} sepn.000 KV N Y40, 000 FLuo60 | 460000 frhe /)
. WaO, 000 | 327.60 | 110G.000 ) d0h.00 | ARDGLOUD YE L B0
L6000 421,60 | 1300,000 sha 0 | R200.000 179430
o oo | avt.ed | 1Thsnennn | 20 an | 62000000 1 319,60,
an.oon | vrr.and 1weol000 [ e an | TenoLn00 - 327 60
T60.000 | 1A7.90 | 200oi000 ] Tanceo | HennL000 o A2 60
SO LG00 142,30 1 2200,000 S Y K,H0 | LD0B0L000 AT 60
THO 00 wu, to | 2e00L 000 Hb, 20 f 17000000 127 .00
CROO OO0 192,30 | 31000000 30,90 | 1an0o.unn | 32T 600
e, a0 | 227 70 | 3TN0 000 Mg iy | 20000000 32760
dc = 0.95 ¢cm .
g = 1.27 cm,
Pc = 110 db. '
260 | 175,000 25.80 1 1600.000 2500 | 60000600 25,80
S 20700001 254801 1HUOLOU0, 25,80 | HOOO,000 2580
4HU 00U 25480 11900000 29,80 | roouu.ouo 25 HO
6H0 L UO0 T 25480 2000.000 25 HL) 12000.000 25.HU
HYU .00 25.80 1 2200,000 25.80 { 14000.000 25 .HO
1050000 25.8u | 2600.000 259,80 [ 16000,000 25, RO
1200.000 25.K0 1 3700.000 25.80 | 14000000 AT
1400,000 25.H0 | 4n00 000 25, R0 o
974 175.000 338,90 | 1925.000 204,80 2ahh, 000 Atk nn
. 4anu.noon F4H.0 ] 1951, 000 1HY . AL 269,000 R TTITY
AOD.000 1 33R, 490 19 a1, 17750 yhZ29,. 0100 WA, W
Hﬂl).tj:()i" 4R o) _] DG4, 100 1M1 0000 AT ~ 4L U
1000.000 330,40t 200A 000 | 1wt rn | 2hEoe a0, e
17200000 | - 338,907 2021.000 213.40 2hud e R A, ®)
1400, 000 334,90 | 2032.000 721,40 . 2610000 RPP L HO
1ann 000 | 33u,un | 2053,000 | 2ez 10 | 26270000 ALAL 10
1as0.000 Age . a0 2076000 762,50 | 2669000 3le.70
Lrio.uen w44 ,q0 | 21100000 2TR.460, 2AR7 000 A4
1771.000 | 330,80 ] 2173600 2un.n0 | 76T4.000 | RTRRO
1R21 L0000 ALKLHO | 2205000 302 .60 2ART L) 422000
1843,000 INALTN | 7248000 AL B.RD 27110000 A6, KO
1864 .000 286,50 | 23000000 1 314,70 | 2745.000 1 326,80
rR7v.000 | zer.s0 | 2zis.000 | R1o.ro | 2795.000 1 330,90,
T RO GO0 266,10 1 2404, 000 314,70 ] 7814000 330 .90
1915.000 2603 ,000) LY LR AFRITVIS 130,90

B




A

“dc -‘0.95 cm.

133

g = 1.27 cm,
Pc = 110 db. wiy
+
Pg . - Po £ Po J Po;
N/m2)} () (N/m2) [ (H)) (N/m2) | ) | (N/m)
. [~ . |
974 | ?Hv1l.000 . B34 ,90 | 2444 000 23,40 hh 13,000 \,310.7“
791%,000 A6 LN ] AR2H, 000 LR LU HT0 4, 0N 36,70
2962 000 336,90 ] a0, 000 Akt 4 hG L0 A727 .10
30149000 i, 90 | ATno, oo dan g un | atyitooun SRASTR S
A0l J0n ER R IH00 000D nwn,bn ARS] L A0 ,490
Gl 4K, 10 Ay, a0l 3an0, 000 CRTUPETITIE RS B B 0L A 80
AT L0000 %L, U0 | ANN0 000 4,00 | evile000 34,90
3240, 000 10, g0t AV as. 000 TAM 1) SO0, D00 | 334,40
3266 ,000 330,90 | azna . non V4400 KR 00 | 43R0
AZ9%.. 000 AR L YR a2ua (10 X YARNET AOOD, B0 4K, G0
3311.”(}“ I33H.‘)(l 434K, 000 ?,3(]"(”] SRR RN NN FIFEY) A9 p 450
3335 ,000 338,40 | 44y h, 000 494 K10 | 17000000 BRI
FAN2 L U00 43,00 | 4upyionn | azv.an | 18000L000 F A3RL40
A3 nh, 1106 T3 L] A s, 000 34, (0 1RO, (1D 4R, 40
410,000 FIvLon] antaLonn | ana o L o 1
FLA3, (00 A3, 00 I A S AT A LYRT IR A
1253 1 68000 W26 ,60 | 2025,000 407,50 | 3H64.000 | bH24.60
ALY SZ24,60 ) 2041 ,000 427,710 4060 .000. S24, 6
37000 sPh 60 | 2054000 439 . HU .| 4165.000 520 .50
Y6000 | H24,60 ] 2063.000 451,90 A185.0U00 1 Hlh.50°
Yot JOUO | HPe.60 | 20714.000 464,00 4712 .000 H16.50
- 674 . 0UG w60 ] 2096000 GH0 G200 | 4287000 Y172.40
(747000 924 .60 | 2131,000 4u?2 .30 | 4366000 SGH. 60
833,000 | *v24a.60 | 2188000 504 601 § 4395,000 500420
QOH LU0 b4 . 60| 2224000 508,40 | «429.000 a7 .30
CLOT0.000 WPa.60 | 2304.000 50K, 60 | 4469.000 | «7h.iu
1128 .000 hoto A0 2603,000 H12.40 4535 ,000 a2 o
1176 .000 LRt AU 2660,000 Y16 .50 H505, 000 ALY
1328.000 W24 .60 ] 2525000 20 .4y 4609 000 A I R
1400000 »24.60 ] 2554.000 526,60 | 4Atl.U00 s le 00
1533.000 %24 .60t 26104000 bla.s0 | re6v0.000 | om1L.0U
160000 524,60 | 2631.000-] 512.40 424, 000 Y )
L703.000 1 - 24 ,.601] 2675,000 Bl17.60 | #TT0.000 | 41160
1742.000 | 520,50 | 2T02.000 516450 | @77 .000 “« 43,90
1785.000 $16.501| 2744.000 520,50 | 4Hl4.000 409,90
T1815.000 | 512.60 | 2798.000 | 20050 | ARTB.000 | at6. 10
S1BEO L0000 696,301 2H38.000 520450 4913.000 aHA L2000
1847 .000 464,00 | 2910.000 524 .60 5002.000 00,30
917,000 439,81 | 3050.000 524,60 | S051.000 | w4 60
1939.000 ] 407,50 [ 3164.000 | bS24.60 | Sone,000 | “ne,4u
1972.000 | 379.30 1 32642.000 | 526.60 | 5129.000 ) %1030
1947 .000 3KR3L20 L 3379 .000 S24 .60 | 5161.000 50, 30
2008.000 3RT 40 | 3565.000 w24 6n | B216.000 | sn0.3g)

L 4




)
3 _
i 134
dc = 0.95 cm.
—
g = 1.27 cm. ) '

Pc = 110 db.

P. - £ Po_ ) f Po £ Po_.
N2 ) | aum®) | (Hg) (N/m2) (7). | (V/md)
1253 | 5267.000 504,60 | HT06.000 | 520,50 |- H40OL000 | 524.60

9326.000 S04 .40, | DTHHEL 000 520.50 | 11400.00U 524 460
94904 UU0 504,40 | S874.000 520 .50 | 13700.000 524 ..hU0
b4l 000 | ws0k.a0 |7 D9HE OV L2050 | 1aS00..000 924,60

. HhYy L OO ble 50 | 6H1U.000 D76 .00 | 1H000.000 | 526460

1898 | 1he. 000 YU, 49n G44H T 00U . Y0 G20 6RTY 000 960,44
209,000 YTy, 96 | 44Z29.000 Yyhh.hb 7028000 9y5h . ho
234,000 WYL 96 | A6t 000 | Y0t 2T T2l 000 1 940,02
G4H 000 979,96 1 4514, 000 YR T2 HHLOUD A0 JHE
ALK L 000 979,467 4h6l.0U00 K27 +hH T4 0uU Yall.be
HOBL000 | Y79.96 | asuB.0u0 K17.592 TH 14000 | 930 Ko
G060 DO Y19, 90 | 4660.000 17 Jhe Tely.0uu 921,10
1050.000 | vr9.96 | avla,000 BU? W10 767K .000 HHE .63
11H0.000 Styavue | arst.0u0 H1Z o5e 1141000 H42.10
1350.000 Y79.96 | 47u3.000 KeZ.un | TrhH.000 HAZ S 34
1500.000 9T79.496 | 4r18.,000 M4z 10 TROOLOW) HZ27 .51
1650000 979.96 {1 a8b7.000 | HTl.hy 1 TRa3,000 H37 .72
1791000 | 97996 | angy 000 HHA .63 THhy 00U L I
LR 00000 ), vtu,48 44929, 000 911.03 THHEL,000 HHA:63

1. 183K,.000 Y15.08 | 4997000 | Y35.74- TY06. 000 | 904,490
1856.000 965.32. | s0Y8. 000 Y45, hHi T954 )0 Yal 621
1902.000 | 950,68 | 5173.000 | 940,62 | 7998000 | 955,567

. 195%.000 430 .86 | 5265.000 Y4h. b HO34 000 Yhh 37 -
1972.000 |, 92110 | 5360.000 Y3b.Te H113.000 Ubhbh, 12
1990.000 | 916.22 | 5505.000° | 940.62 | H1b6JU0U [ G604
2004,000 | 930,86 | 5596.000 | Y50 .hb BK230.000 | YhO AR
2020.000 Gan A2 | HT2L.000 | YHh.Hb H3A17.000 Yhh S
2061.000 950 .68 | ARY1 5000 CLT¢RN ) SHaZ2T LO00 Yy

2087 .000 Y60 L 44 | 60264000 935,74 | shHTv.0un EARTYES
2148000 Yeho32 | 6063.000 930, He 1 HTUY9.00U MAh .Ml
2180000 7020 | 6071.000 ] 92%,.98 | BRT3.Q00 T
2703000 Y7508 | 6095.000 Y4 62" |, 9000000 13N, T
2237.000 | 979.96 ] 61al.000 | 9b0.An | 9149000 | nb b
2500 .000 YTy.46 | 6210000 Y3h, Ty G748 000 ahhL B
2600.000 979.96 | 6231000 | yzs.98 | Y4ZY.000 | T rhhah0
27004000 979,96 | 6331 .000 Y35, T4 YAHD . DU HAhJ TG,
ZROO 000 Y79,96 | 6455000 | Y3b Te UHZH 000 | 940 .62,
3000.000 | 979,96 | 6458.000 | 930.He § H9RT 000 Yh5. 56
+3200,000 979.96. | HRIBLOU0 | 925098 | LOOYH 000 TN
3400.000 | 979.96 [,6544.000 Yas.74 | 10253,000 165,72
3600.000 979.96 | 6578.000 955,56 | 10387.000 Ybb .32
3800.000 | 979.96 | 6631.000 1 955.50 [ 10A17,000 1 970,20
4000.000 Y79.96 | 6663000 ya0.62 | 10780000 375,08
4150.000 | 979.96 1 6711.000 | 948,50 J10o9s0.000 | 979,96
Jde302.000. 1 979.96 | 67Y0.0L0 955,h6 | 110GO.OGYQ 79 .96,
4246,000 | YT75.08 | 6RZT.000 ' ‘

965.32




‘,dc = 0.95 cm.

g = 1.27 cm.

+

135

Pc = 110 db. ) .
. . . - §
R .
Pl £ 'PS , £ Po2 ' £ - Po
(N/RZ)  (Hj) (N/m?) | (H,) (N/m?) | () (N/m?)
1898|13000.000 919,96 |
_ 1 HO00D 000 YTy, 46,
LHODO,, 0D N IR BT
2647 150000 | 1eno.uu | 4996000 19494, 70 9 a27 . 000 1396,1J\
_ A00.000 F Le00 b0 1 5025.000 1600 .9(]' Ynpbl .(JU.U 1352 .70
AU « DO lo0n.9y | ©200.000 F 160090 2100000 1290, 60 |
, RU0.000 | 1600 .90 | 5400.000 | 1660.90 YTHALO0U | 1IR3 IO
1000.000 | 1600090 | "o2H0O0.000. 1600, 9 YrZh, 000 | Lau2. 30
- 12700.000 | 1600,490 | ©300.000 | 1600490 Y9 65000 | 1433.40
12400.000 | 1600.90 § 6BUD.UO0 T 160090 | 10068.000 § 1aTh.HY
| 1e0v.000 | 160090 | 700UL00 F1600.607] 101 14,000 | 1501460
800,000 | 1e13.30 | 7200.000 | 160090 | 10204.000 | LH3R. KU
- 1EsK000 [ Llelu.se | T3T0L000 L5690 10326000 | 153HIKY
1497.000 | 128,70 § 7800000 | 1HRHGBD | L0ATZ.000 | 1532460
1981 .000 | I1976.10 T6H3IG,000 | LSRR N0 | LUAZ29 000 1976000
2026, 000 1h8K. 00 T RH4, 0L LYnA,th LOBZU. U0 |  1545%.60
et 000 | 1o07.00 | 7670000 |LI53RR0-{ 11066.000 | 15380
2051.000 | 1ol3.00 | 7AB6.000 1 1a9h,40, | 117267.000 Yhah, 00
2300.000 | 160090 | (705000 1142720 | 11390.000 | 153K KU
2400.000 | 1600,90 | 7716000 | 128990 | {1yu7.000 | LY45.00
2600000 | 1600.90- | 7748.000 | 130310 | 11619.000 | 1932.60
2R00.000 1 1600,50 | TTH4.000 L1910 T1RT3.000 | 153K.80.
‘5()()(1.(‘):)() 1600 .90 "{HZ']_.U(JU ],U_"J?.]fj 11976._‘(_)0() I a5 .00
- 3200000 ) 160050 | T859,000 1290.60 | 12032.000 | 155120
| 3400.000 | 1600.90 IRB2.000 | 1493,60 1 12215000 | Lhatosa
3K00.0U0 | 160090 | 7HYS.00Q | 1lake, 20 | 12=12. 000 | Iaadain
200,000 1600 ,90 T9a3.000 [ 1956370 12450 000 Fogdati th)
4400000 | 1600,90 | BOOZ.000 | 1588507 | 12620.000 Sthe 14
H4avya 000 L 1ste.1u H111.000 f1594,.70 12H 36000 | 1582, 40
4530000 |'153H.HL HZ200,000 15HR,. 50 130342 . 000 TaHH, Y
45 16.000 1433.60 | H2B6.000 1576410 13336.000 | F9va 7
4592, 000 14649, 110 K400 000 llb-lh.]_.() ]_'_‘Hd')_").UUU 19494, 1.
4615.000 | 992 40 [YEABT7.000 1557050 | 14152000 | 1600900
4623, 000 YhHh7, 6 HS67.0U0 | 1526.460 | 164500000 | 160090
46%9.000 F1110.70 | HRA0000 149560 | 150000001 1582 .30 |~
annt u0u | 1261000 9004000 | 1482,90 15069.000 1 1542, 30
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" ~ APPENDIX E.3 .
- SWITCHING: TIMES':
= 2.54 cm, | _ v ,,
g = 3.81 cm. -
"p.. = 1120 N/m2 (Re = 1244}——
P= .
Qs = 18.7 x 10 ° m"/sec. .~ ,
- f - P To.d. 1 TE. Tt.d.e | TT.
(Hy) (db.) -y (m.;sec.) |(m,sec.) (m.sec.) (m.sec.)}
. 2200 90. 2.4 0.4 2.4 | 0.4
2200 o5 - 2.3, 0.5 2.4 . 0.6
2200 - 100 2.2 0.4 2.8 0.9
- 2600 - 90 / 2.0 | 0.4 | 2.4 0.7
2600 95 2.4 |' 0.5 2.0 0.5
2600 - |, 100 2.3 0.6 2.5 | 0.9
3100 - 90 2.4 .| 0.5 .| 2.2 0.5
3100 - & 95, 2.2 0.6 | :2:3 - 0.6
3100 100 2.2 0.7 2.5 0.8,
3700 90 . 2.3 |. 0.5 2.4 0.5
3700 95 2.2 0.3 . | 2.2 0.5
3700 100 2.1 0.5 2.7 | ‘0.6
4400 90 2.2 0.3 2.3 0.4
4400 95 2.2 | 0.3 2.4 0.2
-4400 - 100 2.1 0.7 2.6 0.5
; ~ ~
‘ i . )
‘,
:K’ | , 3
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: 2 1‘54 ' Chi.

100.db.

3100 Hz.

i

e
Ps . | . Qg Tp.d. | TE. Tt.d,
(N/m2) (m3/sec.x -
. 1076)
1220 23.5 . 2.0 7\0.3 2.4
1030 20.5 2.0 . 0.5 2.7
920 ©19.3 2.3 0.8 |_ 3.0
834 . 17.5 2.7 0.4 7 3.0
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