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INTRODUCTION

The pressures of rapidly escalating fuel costs have renewed interest in
turboprop aircraft because of their higher propulsive efficiency. However,
the high noise levels associated with the propeller at the blade passage fre-
quency and its harmonics has generated concern about the acceptability of such
aircraft and the weight penalties associated with interior noise control.
This, in turn, has.1ed to the requirement for a better understanding of the
phenomenon of noise transmission through~the sidewalls of the fuselage. In
this spirit, the following is an analysis of the field-incidence transmission
loss of infinite orthotropic and laminated composite panels which are treated
by the use of various layers of noise insulation. The excitation is a plane
wave incident at an oblique ang]e. Mixson, et al.l, have shown that this may
be a satisfactory first-order approximation to the noise input from a
propeliler. Additionally, the effects of forward speed are also included. To
make this analysis self-contained, sound propagation js analyzed from first

principles, except for the equations used to model the fiberglass insulating

blanket. These are taken from the appropriate papers by Beranek.2»3

LIST OF SYMBOLS

c propagation speed

dp depth of air gap

dg | depth of blanket

Dx,DxysDy orthotropic bending stiffnesses

Dij composite plate bending stiffnesses
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LIST OF SYMBOLS (cont.)

f frequency, Hz

J /-1

k structure factor of blanket
KixsKjyseos wave numbers in the ith layers

K ‘ compressibility of air in blanket
mp mass/area of panel

mt mass/area of septum or trim panel
M Mach number of external flow

p sound pressure

P pressure amp]itude\

R1 flow resistivity of blanket

t time

u media particle velocity

v external flow velocity

W panel displacement

W panel displacement amplitude
X,Y,2 coordinates

Y porosity of blanket

JA impedance

n loss factor of panel

0 incidence angle (measured from normal)
PO density of air in blanket

Pm bulk density of blanket

w = 2If circular frequency



MATHEMATICAL MODEL

For the sake of a specific example, attention is first given to an
infinite orthotropic panel having a multi-layered treatment consisting of an
airgap, a fiberglass blanket, and a septum (see fig. 1). Relative to the
coordinate system shown, the incident plane wave is inclined at angle 9, to
the normal, and makes an angle ¢ to the x axis. The airgap has a depth d and
the blanket a thickness ds. Other symbols are defined in a separate List of
Symbols included in this report.

The equations for each of the layers are as follows:

Panel:
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Airgap:

b?%l 37%: thg _L. Qﬁg (2)
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Equation (3) is consistent with the model formulated by Beranek?>3 and

is derived in Appendix A.

The incident plane wave is taken in the form

$;: MF[—J (w4, - ,y -4 5 3 )]

and the reflected wave is

po B wp[i(t-dc Ay +453) ]

The corresponding solutions to equations (1)-(5) are then:

Panel:

vz W, np [ 4t oy X~ Y) |

Airgap:

2 © PZ brp [vi(“’t"kﬂ X "éz‘y ;7 -'ézg 3')]

1]

B B op [ ¢ (i b2 oy 3 +4153) |

Blanket:

ta: = P3 Sxp [:l(wzl ‘ésrx ""63‘7 3‘)]6.'6‘3;

(6)

(7)

(8)

(9)

(10)

(11)

(12)



Septum:

iz W, owp [J(wt-4y, % -4, 0] (13)
Interior:

By B[t -dyx by b -0 (14)

In equations (6) and (7),

kix = ky sin 81c0s ¢
kiy = ky sin eysin ¢ (15)
kiz = k1 cos 63

where, via the convected wave equation,

/élsz/cl)/(/f”’//l—u:\@m?b) (16)

and M; is the Mach number of the external flow (in the positive x-direction).

Matching trace wavelengths requires that

Jéi"xg’ézy : '43x Ly * 'é,x = A avn 6, <00 B

(17)
&M =’£m ”é3a-"£% ”éﬂ- 2 4 a0 s
and if
oy = Ao pk O 00 P
| (18)
»&-g =B amB am® |, ir 2,34
then
/é- v O = /é. A 6 (19)



or
A G = (<c 1) p 0, /[/‘fM/ M91m¢) (19a)

where kj = w/cj.
Equation (19a) gives the angles (to the normal) that the wave makes in each
layer.

Further, satisfaction of the wave equation, equations (2) and (5), also

requires that

R 2 2 - .
/é,ix 1‘%4‘,- 7 /6‘3'?%4 = (M/CA‘) (20)

or
’é"}: /éﬁ' me,{_ , A=z /)2’ or ‘/' (20a)
For the blanket, equation (3) requires that

2 2
Ay = A Aoy + &:,, (21)

or

2 2 .2 (21a)
’6'3’ V,Z— + (‘U/ff) Sm 0
where b is Beranek's complex propagation constant (see Appendix A, eq.
(A-6)) for a flexible acoustical blanket.
The analysis is started by considering the trim panel first. Writing a

force balance across the trim panel gives



—e" m, u :(7%&+7°3r'7’40( (22)

where d = dp + dj.
Matching velocities at the interfaces between blanket, trim panel, and

interior gives

(ﬂ;,‘ + usr);so =dw Wi = (04)3"£ (23)

Now, the particle velocities "in the blanket" are related to the pressures by

Usi= Bifzn , Uy = Br/2a (29)

where

Za=~{ [K“ég
oY
is the characteristic impedance of the blanket. Similarly, for the interior,

Uy = (A [h0) By (26)

From equations (26) and (23),

Pl./ < J [ﬂ/wz/”é‘l?) M (27)

Substituting P, into equation (22),

) * (25)

P3A.l + Psr = /6\) 23 m (28)

*See Appendix B



where

(29)
Zy = Py tyy = fyCu/Cos by -

Z3 is the input impedance into the trim panel (also the terminal impedance for

the blanket), Ztlis the impedance of the trim panel (assumed here to be a

septum), and Zj, is the input impedance into the interior.

One can also write, from equation (23),

[Fs; - @r)/Z,., o A M (30)

or,

e ~Bp=d% W, 2,

(31)
From equations (28) and (31),
Po s 3 (2 + 2a)j 0 W
Br= 4 (2-2,)/ =" (32)

Next, pressures are to be matched at the airgap-blanket interface,
PR Y
3=dy, ? 3=d3 (33)

o '-J:£L 4@ JApy A -bd A
Bye 3%.p e 3'2:@;6'6i 3+73,.c:8}3 (34)



Matching velocities at the airgap-blanket interface,

-4, 4 Jb, d 4 4 4.4
Z{;; e 2 %+ e 5 %2 _ : 2 R 43 ¢ ZQ(;p e 393

ar

The velocities and pressures in the airgap are related by

He _ _ Op,
fo 5% = 53

which gives

U, - ('423,/,920) Poi 5 Uy =\"(‘é,,/fzw) Por

Substituting equations (37) and (24) into (35) gives

~14a ds Sy, da d
PR e g [, 554 2.6

where

2= Ao ‘ézzz,q

Solving for P,5 and P, from equations (38) and (34)

A

~ b, d,
=t %) By e (1-2.) ke é&; 4

\i dz ..,J-d
Taking th‘;2 ra%:?oe &23 = (”7—#) PB& e’ 4 (I-I-Z,z) @re

45 ds

~—

> ~Jj24,. 4
_2! = ’QZ e Z} z
P

(35)

(36)

(37)

(38)

(39)

(40)

(41)



where

3‘/3

—6’3 ds (42)

6Z'55z;)zzi é: ‘{1L (/lf-iig) 4,
02 &, (o2

Substituting for P3j and P3. via equation (32), it can be shown that

R, can be recast into the form (see Appendix C for details)

[/—16 23)/[/ ;é,,,,z =) (43).

where
2, Za coth (b d; + %)
= input impedance into the blanket
Y- th” (Z3/24)

Equation (41) can be rewritten as

-J z‘ég cp

Now, attention is shifted to the panel. Writing a force balance across

(44)

an element of the panel gives (via equation (1)),

J W Zp W;, = Pt B o+ (Py +Pz,»>3=o

(46)
where Zp is the impedance of the panel and is given by
P ¢ 2 52 4
Z - J‘wm /_ {/TLJ.?) D"f 'kpx +2-Dx§ épx /\’,’ +Dy‘ép’ (47)
P I> m <
w
4
where n is the loss factor of the panel.
Matching velocities at the panel-airgap interface gives
Uni +Uar = J@ Wp (48)
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Substituting for velocities via equation (37),

bi- Ry = o/.[fzwz/’éq)wP

and using equation (45) in (48),

and

so that

After substituting for R, via equation (43), it can be shown that

where

J. [Fz. k)z/’é-:.})

. = s W
24 /_ £Z e”J 2—423,6[2 l>
_Jzh d
gl 22
27 'kz} /- 6 éJ zrkz} dz

Rith, = ‘/.(

—J‘ZAzy d2

/izu’) I+Ry €

—J2.Aa d
%23/ /’Eze 30"

fég +.F;r.::¢f40 FV; éﬂ

Z=( fzw/&,_})c;o-tl, O‘I/{’z}éfz + ’l,/J,,_)

= input impedance to airgap
\, = Cd'ﬂ\—, (‘&z; Zz/fz “’)

Z,=terminal impedance of airgap

=1

B

(for this problem)

(50)

(53)



Combining equation (53) with (46),

. %

‘/“)MZF = B +A (56)
where

Z;t= va‘-Z,

(57)

= input impedance to panel

Finally, it remains to match displacements at the exterior surface of the
panel. Letting &£, be the acoustic particle displacement in the external

flowing media, then

> i3 Y _
(-9—2- -\‘-\/ax) g, 3 - _ﬁ; ;;'i‘ (58)

3=0

where p = pj + pp. Taking &) = gjpexp jlwt - kyyx - klyy - ky,2)

gives
;,,, = ’J 'é-;, (P; -R")/f, (& - Vﬂéx)z | (59)

Matching displacements at the exterior surface of the panel requires that

wp = £10, SO that
M:"J‘é} (E{'Pr)/ﬂ/w’\/‘é/x)z (60)
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Substituting for k;, and ky,

Cn 6, (/-/-M dim @, <> )
Wpe 2= L8P o p) o
J £c, w
or
(JwWp)p e
F=F - (62)
Co36, (144, aump, Co )
Substituting for P. in equation (46) gives
2P = +W[ + A2 (63)
Rl 7[%p 8, (1+M, 4w B, Co> )

where ﬁp = Julp, and Py = Pyi + Por = fluid pressure on the

transmitting side of the panel.

Now Z; is the impedance on the terminating side of the panel, so that

(64)

or

(65)
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Substituting equation (65) into (63), the pressure drop across the panel

(Pj/Py) becomes

L T LI—Y
P Z, 08, (1+M,5m0, cn@)  Z,

Transmission Loss of the Treated Panel

The transmission loss of the treated panel is given by

7L = /C’aééf;o ‘/% Cy { A/

7<) Py (67)
2
_ P ERR.PA
-/0/0(7/0 ﬂ"c’:)-f IOEOJ,/P 7R 7’4./

_ P |®
o dy, [ G) ¢ 10y, }.';}+ /oﬁojw]é/

P | P |
L3 I3
+ID£0‘9“’/73] 0 ZOJ’D/ Pz,:/ (68)

Equation (68) says that the total TL is the sum of the TL contributed by each
layer and that due to the fluid impedance mismatch. All that remains to be
done is to compute the pressure ratios from layer to layer.

14



The pressure drop across the airgap is

_E'_ - (ﬁl&. +,)2r>3:0 PZ.{ * ’sz‘
N = _- - (69)
P?- (Pzi + 7’2')3:‘{1 PZ,{ eJ&zsﬂz 4 P,_y- eJﬁez} 60;
Using equation (41),
P' eJ *&zs JQ 4 Rz éJ '623‘ Az
A /1Ry (70)

Substituting for R, from equation (43) yields, after some straightforward

manipulation,

P ok (iby it W)
P tnh Y (71)

where

Y- eoth’ [2,3%13, /f,_ w) (72)

and Zg is the terminating impedance of the airgap, given by equation (44).

The pressure drop across the fiberglass blanket is given by

> beds e«g d3

f:_._: (7’3; +793r)3=43 % + Br
f (%”7)3")3=0 B + Por

(73)
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Using equation (32), one gets (after a bit of manipulation)

& c(n,ﬁ\,(,gyf;*-‘/’;)

——,
-

P b W

(74)

where

V, = coth (s /2a)

(75)

Z3 is the terminating impedance of the blanket and is given by equation (29).

Finally, the pressure drop across the septum is

(1’34‘ *7’3»’)3‘:0 ) K. + Par

E/— (7’4)3 = B (76)

wY

Using equations (22) and (26) and (27)

o Jw(2.+24) W / 2y
—_— = . = + —
I Jw 2, W, Z, (77)

where 7, is the impedance looking into the interior and is given by equation

i

(29).

Extension to an Arbitrary Arrangement of Layers

The above results can be reinterpreted so that they can be applied to an
arbitrary arrangement of blankets, airgaps, panels, and septa. The generali-
zation goes as follows:

16



(i) Airgap

The TL across the air gap is given by

where
ﬁ-‘ C’é[’ (Z-r/?-z)

i?T = terminating impedance of air gap
ZI = input impedance to airgap
= (%—&‘)‘ )CO'L’A(J.‘%:@ d “‘Wz)
¥
O(A - depth of airgap

(i) Fiberglass Blanket

The TL contribution from the blanket is

cooh (4da + %) |
ch v |

ATL=0bg,

(78)

(79)

(80)

(82)

17



where

Y= coth (25 fz,)

(83)
253 = terminating impedance of blanket
Z4 = characteristic impedance of blanket
=~ [/(44'3/&) Y)
(84)
043: thickness of b]anket
(iii) Septum
The TL increment provided by a septum is given by
Zg|*
AT =/o%gm,l+ 3
“ (85)
where
Z-t :J.A)M_t = impedance of septum (86)

5?4_3 terminating impedance of septum

(iv) Orthotropic Trim Panel

For a trim panel, equation (85) is still valid, but now

Ezt = impedance of trim panel

=j WMy L’ - (Dx'hpi +2 ng 'h;x &F;-f- lep‘;)/(mtw)\] (87)

24 = terminating impedance of trim panel

18



(v) Bare Orthotropic Panel

The TL increment of the bare untreated panel is given by

4, e + 2
AL =/o/o(;,o[; 2z emalrmsit d) | Z [
where
iZ,: terminating impedance\of panel
Zf': impedance of panel
. Jwmp [/ = (1/n) (D, ;6’,;’ + 2 Dyg #on, f,,;
4 2
+D‘7 ng )/(h\,,w )J
(89)

where n = loss factor of panel
f/¢i= characteristic impedance of external air

P1|= external flow Mach number

n\F: mass/area of panel

19



(vi) Extension to a Laminated Composite Panel

Equation (88) can be extended to include a laminated composite panel if
the panel impedance, Zp, of equation (89) is suitably modified. The
differential equation for a composite panel is

94 3t
D” ox + 4~D/( 9)(393 +2'[-DIZ*2~D&‘).—>X7'9‘()7’ r %‘ o x 3(7

4 dur
+b,_7_'§574 e o¥* 7’(‘:(,;1;0

(90)

where Dij are the anistropic plate rigidity values that relate the internal

bending and twisting moments of the plate to the twists and curvatures they

induce. The expressions for Djj are well known and given in standard texts

(e.g., ref. 4, p. 155).

Corresponding to equation (90), the impedance for a laminated composite

panel is given by

. 2
ZP = Jwm, {I-(lfj-ﬂ[’.b,,«&;{ + 4Dn /ér 4

2 (Dt 2060 ks fp 44 Doy, /é,o; 2,4, .7]7
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Field-Incidence Transmission L0SS

From the pressure drop across the panel and across each individual treat-

ment layer, the transmission coefficient t(6, ¢, w) can be defined as

— o e,

Fﬂ Pz f%

TUg,pw)> (Fg(:) PoPRe I

(92)

where the subscript E refers to conditions on the incident (exterior) side and
I to the conditions on the transmitting (interior) side. The field-incidence

transmission coefficient T(w) is then computed from (ref. 5, p. 262)
T &

f/t(e,,séw) Cr2 6y 516, A6, 4P

3¢ ¢ 0 870

/ 60'3 9, S 6; &a, d¢

20 gz
The integral in the numerator of equation (93) has been evaluated numerically,

(93)

that in the denominator was integrable in closed form. Thus, equation (93)

can be put into the form

27
/
Tlw) Py //’E{e,);&,w) Sin 26, 46, 49 (94)
0 o

In the numerical integration, Simpson's 1/3-Rule was used with 15° - angular*
increments in 6; and ¢. @) is the "limiting angle of incidence" and is

taken as 78° for field-incidence calculations.

*Early runs were made with 5° intervals, but 15° intervals were found to give
comparable accuracy and used Tess computer time,

21



Finally, in order to compare with experimental results, there must be a
conversion to 1/3-octave frequency bands. The transmission coefficient in
equation (94) is calculated for a single frequency. The conversion to 1/3-
octave values was accomplished in the same manner as done by Mixson, Roussos,

et a1®,7, wherein the 1/3-octave band transmission loss was computed from

TL = w[% - (95)

o
C. T Sk AS
4

where f = w/2m = frequency, f| and f, are the lower and upper bounds of

the 1/3-octave frequency bands, S(f) is the narrow band experimentally-
determined power spectral density of the incident pressure, and Af is the
width of the narrow band. The transmission coefficient was evaluated at the

center frequency of each narrow band of data.

CONCLUDING REMARKS

The preceding model has been applied to a number of cases, and the numer-
ical results compared with available test data. In all of these cases, the
external flow was zero.

Figures 2, 3, and 4 are comparisons with test data generated by F. Balena
of Lockheed-California Company and reported in reference 8 as figures 42, 44,
and 45, respectively. These cases consist of panels treated with fiberglass
blankets with, and without, trim panels. The trim panels are modeled as

22



septa, and there is an airgap between the skin panel and the fiberglass blanket.
Appropriate dimensions and properties are given on figures 2, 3, and 4. Agree-
ment between the calculations and the Lockheed data is seen to be fairly good.

The model was also compared with experimental data reported by Mixson,
Roussos, et a]s, in figures 5 through 11. The experimental data in question
is presented in reference 6 as figures 15 and 17 (Figures 12 and 13 of reference
7). In general, the theory dbes predict the trends observed experimentally. In
some cases there is good agreement, e.g. figures 5 and 6; in other cases, there
is lesser agreement, e.g. figures 9, 10, and 11. This may be due to un-
certainties in some of the properties usgd for the plywood trim panel and for
the fiberglass blanket.

A list of the physical properties assumed in these calculations is given
in Table I. Fiberglass blankets were assumed to be in two layers, each layer
consisting of a 2.54 cm (1 in.) layer of fiberglass terminated with a vinyl
septum. When a fiberglass blanket was employed, it was assumed that there was
a 4.06 cm (1.60 in.) airgap between the skin panel and the blaket. When pre-
sent, the plywood trim panel was assumed to be in contact with the terminating
side of the fiberglass. Numbers run with an airgap between the blanket and ply-
wood trim panel did not at all agree with test data and predicted TL's higher
than those obtained experimentally. It was only when the trim panel was in
contact with the fiberglass blanket did the model predict TL's consistent with
experimental values. For this reason, the airgap between the blanket and the
test panel was taken to be the distance between the test panel and the trim
panel, 9.14 cm (3.60 in.), minus the thickness of the blanket, 5.08 cm (2.0
in.).

23



Figures 12, 13, and 14 show a comparison between calculated TL and experi-
mental values for three typical laminated composite panels, viz., Kevlar/epoxy,
graphite/epoxy, and fiberglass/epoxy. These figures have been presented as
figures 5, 6, and 7 in reference 9, but are repeated here to make this document
self-contained. Each figure shows comparisons for 8-ply and 16-ply panels, and
also a comparispn with TL computed using eqﬁations appropriate for field-inci-
dence mass-law behavior. Agreement between the infinite panel theory presented
in this report and the test results is seen to be quite good for all three
materials, and even includes the dip in TL which occurs when coincidence effects
become important and mass-law predictions breakdown. The fiber orientations for
the 8-ply panels were balanced symmetric layups of [0°, 90°, 0°, 90°], and for
the 16-ply panels balanced symmetric layups of [45°, -45°, 45°, -45°, 45°, -45°,
45°, -45°7].
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APPENDIX A

Derivation of Equation (3)
Beranek, in equation (9) of reference 2 has shown that the sound pressure

in the tile/blanket can be written as

[D’—Z,[D- ‘_’”YZ) [JG)Z'/;[’ Y)J wZ‘,zY }13 o (A-1)

where D = 3/3x and jw = 3/3t (for harmonic motion). The quantities K, Q, Y, T12

have the same meaning as in Beranek's paper.

Equation (A-1) can be rearranged into the form

¢ 2~ -
%@D —JUDZZZK*ZOYQ“(I'Y)TR /(] _ ywz(z'_zz_z.; Y)f? =0 (A-2)

The characteristic equation has roots

2 - [ ZK4Z YR+ (DT K ]) L LI, QY72 2 y)
>\ ’/“’ 2-2 Z, (A-3)
KR | 2K +ZYQ+(1-y) Tk

For 4KQY(Z1Z2 - t21,Y)Y <K[Z2K + Z1YQ + (1-Y)112K], Beranek gave a binomial
expansion of the radical. Two roots were obtained, viz., A = *a and A = b,
where

’

a =(iva) ] [2.+C-9) T )y’ (A-4)

25



%

e YV Yz -TY)
¢=(0k) 2, 4(-Y) Ton )

In equations (A-4) and (A-5), K > 20Q (for most common materials, K >
100Q). When (wpm)2 is large compared to the square of the real part of Z,,

Beranek has shown that

b 200 (e jor )Y -

Equations (A-4), (A-5) and (A-6) are Beranek's equations (13), (14), and (15) of
reference 2.
Equation (A-2) can be factored into the form

(>~ a®) (- t)p =0 (A-7)

the general solution to which is given by*

e A+ B2 4 c e D™ (1-5)
where a and b can be seen to be propagation constants. Beranek (ref. 2) states
that when K > 20Q (for a soft blanket) "... one of the two waves, expressed by
the propagation constant a, ... is highly attenuated, travels with low velocity,
and usually may be neglected." Thus, in its principal physical effect, equation
(A-7) can be replaced by

(D)7 o

(A-9)

*Multiplication of p by eJut is understood

26



[}1_ j—,‘;—)—\-/[ﬁ 9L 4)]}° <0 (A-10)

Replacing D by 3/3x, and juwt by 3/3t, the sound pressure equation is given by

% _ Ry
L =Y A b} (A-11)
dk?* :&, by -+ ﬁ;g &, ;ﬂg;-

This is the one-dimensional equation for sound-wave propagation in an
acoustical blanket. For three-dimensional propagation, equation (A-11) can be

expanded to the form

(A-12)

% L %2 dp_sr b
ax=+9_éfz;*ag"—*=(féy)“*w)éz

Equation (A-12) is equation (3) in the main body of this report.
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APPENDIX B

Derivation of Equation (24)

According to Beranek (ref. 2), if u is the particle velocity for the acous-
tical blanket (treated as a continuum), u; the particle velocity of the air and
up, the velocity of the fiber material, then (ref. 2 after eq. (20))

u= - fYZJ, + (r-Y) a;}’ (B-1)

where Y is the porosity of the blanket. For a soft acoustic blanket, Y 1, so

that
w2 -Yu \ (8-2)
From continuity considerations (Beranek's equation (3)),
/-
24 L 3P _[__Z);Jf_‘,-o (8-3)
o3 ot QY7 ot

where p is the sound pressure in the air and p, the "average excess pressure
exerted by a sound wave against the matter contained in the material." For Y =

1, equation (B-3) reduces to

M _ 1 op (8-4)
DLy K Jt

Combining equationé (B-2) and (B-4),

_)_u_ = s 9-2 (B-5)

Finally, substituting

28



U= Uh’ .e/w,az}(ut-»é,,x - ,é" })] 66'3(3"“’)

(B-6)
y Lslz -4
e EZ: ¢4ﬁbZC;{th.”A§xx - 4&,:{)j762 3(7-4)
into (B-5) gives
y .
r&—s u;, = —K- Jw P?A
or
(Wl | P
L{Bt K'd:; /ZA\ (8-7)
where
K4 ./ KA
A 5—5) (8-8)
Jw7 Y

Equations (B-7) and B-8) appear in the main text as equations (24) and

(25), respectively.
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APPENDIX C

Calculation of R,, Equation (43)

As per equation (42),

-4d .
("52)7934'3 + (142 )r €

2 = iy
(t22)p; %2 & (-2) 7, e ¥4

where ,65{ = ,@—5 0'3 .

'7_73_{_2731‘2A 2_{_[

Fer  Z3- 24 /1 -2

where A

Z = 2,9/23

Substituting equation (C-2) into (C-1) results in

[+ 2 Tomh Lot ~ 2, fomh Ld - 3 2,

k 142 Aok A + 2y fanh LA + 2 2,

or

/‘ ZRM[W'F%)

K, =

where
VB = Ca'H\—'/i’s /Zﬁ)

30

(C-1)

(C-2)

(C-3)

(C-4)

(C-5)



Substituting for Zp as per equation (39) gives

(C-6)
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TABLE I.- PHYSICAL DATA EMPLOYED FOR FIGURES 5-11

Skin Panel: Dy

9754, Dyy = 5.3, Dy = 31940 N-m
mp = 4.06 Kg/mz, n

0.05 (undamped)

0.10 (damped)

3
o
I

= 5.51 Kg/m?, n

Airgap: dp = 4.06 cm (1.60 in.), Pa 1.25 Kg/m3, Cp = 343 m/s

Blanket* (each layer): Y = 0.99, po = 1.25 kg/m3, k = 1.01, dg = 2.54 cm
RT

4.1 x 10* mks Rayl/m(104 cgs Rayl/in.), pp = 19.6 Kg/m®>

1.07 Kg/m? (one per layer of fiberglass)

Septum: mg

Trim Panel: TDy = 90.8, TDxy = 22.58, TDy = 11.67 N-m

mg = 2.10 Kg/m2, n = 0.10 (undamped)

m¢ = 3.54 Kg/m?, n = 0.15 (damped)

* The value of K, the compressibility of the air in the blanket, corresponds to
figure 10.6, p. 254 of Beranek (ref. 6). K ranges from 10° N/m? (isothermal)

at low frequencies to 1.4 x 10% N/m? (adiabatic) at high frequencies.
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ONE-THRD OCTAVE BAND TRANSMISSION LOSS
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Figure 2.- Panel transmission_loss; 7.6 cm (3 in.) wall spacing

with a 19.2 Kg/m3 (1.2 pcf) blanket.



LE

ONE-THRD OCTAVE BAND TRANSMISSION LOSS

50

40

10

00 1000

FREQUENCY, Hz

SKIN

AIRGAP

SEPTUM

POROUS BLANKET

SEPTUM

SEPTUM

THICKNESS 0.070 in.
& BULK DENSITY
2756 kg/m3

(172.00 1b/1e3)

THICKNESS 2.5 cm
(1.00in.)

SURFACE DENSITY
0.049 kg/m2
{0.01 1b/112)

THICKNESS 5.1 cm
(2.00 in.) & BULK
DENSITY 38.5 kg/m3
(2.40 1b/t3)

SPECIFIC FLOW
RESISTANCE

630 MKS RAYLS/em
{160.00 CGS RAYLS/in.)

SURFACE DENSITY
0.049 kg/m2

(0.01 1b/t12)
SURFACE DENSITY
244 kg/m?

{0.50 1b/t12)

—  EXPERIMENTAL TL
......... CALCULATED TL

10000

Figure 3.- Panel transmission_loss; 7.6 cm (3 in.) wall spacing
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Figure 5.- Insertion loss of fiberglass treatment; no initial treatment.
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Figure 6.- Insertion loss of fiberglass treatment;
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10000



87

IS ADDED.

dB  WHEN FIBERGLASS

INCREASE OF TL,

25

20

10

wm

o

ONE-THIRD

Figure 7.- Insertion loss of fiberglass treatment;

initial treatment is trim panel.

Y O
O
)
0]
(3)
¢
© o o
O
©
O EXPERIMENT
O CALCULATED.
0]
O

. 1 -1 . -
100 1000 10000

OCTAVE BAND CENTER FREQUENCY, Hz



A

IS ADDED.

dB  WHEN FIBERGLASS

.

INCREASE OF TL

23)

20 §

15

10}

© © EXPERIMENT
— CALCULATED

100

1000 10000
ONE-THIRD OCTAVE BAND CENTER FREQUENCY, Hz

Figure 8.- Insertion loss of fiberglass treatment; initial treatment
is panel damping and damped trim panel.
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Figure 9.- Insertion loss of damped trim panel treatment;
initial treatment is fiberglass.
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Figure 10.- Insertion loss of damped trim panel treatment;
initial treatment is panel damping.
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initial treatment is panel damping and fiberglass.
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Figure 12.- Noise transmission loss for kevlar/epoxy panels.
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Figure 13.- Noise transmission loss for graphite/epoxy panels.



8t

50
40
. 30
TRANSMISSION
LOSS,
dB
20
10
0

MASS LAW 16 PLIES 9
———INFINITE PANEL THEORY 4.70 kg/m
O MEASURED DATA 0.201 cm

———MASS LAW 8 PLIES 9
—————|NFINITE PANEL THEORY 2.21 kg/m
0O  MEASURED DATA 0.102 cm

1 1 1 1 ] 1 1

b 1 1
100 1000 10000

ONE-THIRD OCTAVE BAND CENTER FREQUENCY, Hz

Figure 14.- Noise transmission loss for fiberglass/epoxy panels.
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