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ABSTRACT

This report is an engineering guide to the use of the Dyer method of manual
computation and to several computer programs for determining turbulence-induced
vibration and radiat.on of finite plates in air and in water. Both simple and clamp-
ed boundary conditions are treated. The Dyer method and the computer programs

are presented in a series of appendixes:

A. Bolt Beranek and Newman Manual Method (Dyer)

Boeing Program I (Masestrello)

Electric Boa* Program (Izzo)

Underwater Sound Luboratory Program (Strawderman)
Boeing Program Il — Finite Element (Jacobs and Lagerquist)

meEo®

The documentation is intended to facilitate the performance of flow-induced
vibroacoustic computations as well as to furnish the groundwork for future research.
It should also act as a theoretical guide for experimentalists. In the broader view,
the documentation represents the initial steps of an effort to use computer pro-
grams to bridge the gap between vibroacoustic research results and design needs
for structures that are subject to excitation by turbulence. Research tending to im-

prove and extend the present program is recommended.

ADMINISTRATIVE INFORMATION

This study was sponsored by the Naval Ship Systems Command (NAVSHIPS) Code 037.
Funding was provided by NAVSHIPS 0311 under Subproject S-R003 10 01, Task 11701.

INTRODUCTION

For several years, the Naval Ship Research and Development Center (NSRDC) has been
corcerned with computing the vibration and acoustic radiation of plates excited by fully de-
veloped turbulence. As indicated in Reference 1, the naval need for achieving a. curate meth-
ods of computation exceeds the current state of the art for performing such computations.*
Accurate computational methods for plates can provide a useful foundation for extension to
more complex naval structures, e.g., ribbed sonar domes.

It is of interest to document the flow-induced vibroacoustic digital computer solutions
that have been the subject of investigation by researchers outside NSRDC and that are ger-
mene to naval needs. These constitute a convenient reference for application and a base for

*References are listed on page 313, Technical notes are ordinarily not used as formal references in NSRDC re-
ports. However, Reference 1 was authorized for inclusion by the Head, Department of Acoustics and Vibration

and 1s releasable on request to him. This review of the state of the art shows that accurate methods of predic-
tion have not yet been confirmed because of the lack of experimental deta, particularly for plates in water. The
rationale motivating the present study is discussed and corresponding experimental studies are recommended.
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further development. Accordingly, the primary objective of this report is to present a docu-

mentation that provides

1. Theoretical methods of computation for immediate application by researchers who are

interested in comparing theory and experiment, observing trends, etc.
2. Theoretical methods of computation for use as a guide in designing experiments.

3. Computational frameworks that can be modified and extended through additional re-

search to meet naval needs in an increasingly realistic manner.

4. Initial steps of an effort to use computer programs to bridge the gap between vibro-
acoustic research results and design needs for structures that are ’subject to excitation by
turbulence. J

The documentation is essentially a user’s guide to the Dyer method of manual computa-
tion and to several digital computer programs for determining turbulence-induced vibration and

radiation of finite plates. Simple and clamped boundary conditions are treated, and the fluid 3

medium surrounding a plate is either air or water. The following titles identify the manual
method and the computer programs treated and indicate their location in the report:

Appendix A — Bolt Beranek and Newman Manual Method (Dyer)

Appendix B — Boeing Program I (Maestrello)

Appendix C — Electric Boat Program (Izzo)

Appendix D — Underwater Sound Laboratory Program (Strawderman)

Appendix E — Boeing Program II — Finite Element ~ (Jacobs and L.agerquist)

Each appendix includes the appropriate notation, the mathematical development of the
equations underlying the program, descriptions of input and output data and of units, computer
program listings, the time required to run particular computations, flow charts and operations
and rules of the computer program. Methods are also presented for determining computer pro-
gram input data from either experimental or analytical results. Test runs are incinded to verify
the results (published response curves) of the original developers of the programs and hence
to indicate the successiul operation of the programs at NSRDC.

The physical foundations on which the development of the equations rest are no‘ in-
cluded. The references cited in the present report direct the interested reader to appropriate
literature.

The report has been organized to meet the needs of the program user.

DISCUSSION AND RECOMMENDATIONS

For convenience, the salient features of the documentation are summarized in Table 1
which identifies and compares the various methods. This table makes it easy for the potential
user to identify the various features of a program that are of interest to him and to select the
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program that most nearly meets his needs. Of course evaluation of the capability of a pro-
gran for making accurate predictions with respect to naval problems requires comparison be-
tween theory and actual experiments in water.

Based on an evaluation of the computer program presented herein as well as the inves-

tigation made in Reference 1, the following recommendations are made:

1. Immediate applicution should be made of the programs considered to be most relevant
to naval needs. A range of geometric, structural, and flow data representing naval plating un-
der actual operating (or scaled) conditions should be submitted as input to the programs. The
results of a variation in parameters should be analyzed and evaluated. Comparison of such
rosults from different programs may yield mesningful qualitative information or trends. The
conclusions drawn from such trends may provide insight into the physical nature of the prob-
lem and/or act as a guide to the design of associated experiments. Moreover, when compared
with corresponding experimental results, the theoretical results will yield guaentitative infor-
mation on the degree of accuracy of the methods of computation. Thus, the theory in conjunc-
tion with the experimental results may lead either to modification of the existing analysis or
to determination of correction factors for the theoretical results. It may also lead to determi-

nation of scaling factors for different geometries and medis.

2. The methods considered to be most useful for solving naval problems should be modi-
fied and extended to include improvements that enable incorporation of the following param-

eters, structures. and effects:

a. Radiation resistance

b. Internal damping

c. Fluid loading (added o~ virtual mass)
d. Shear and rotary inertia (thick plate theory)
e. Convection velocity
f. Ribs

g. Rough plates, protuberances, onenings, and indentations
h. Orthotropic plates and inhomogeneous plates

i. Combination of plate materials (composite plaies)

j- Complex structures

k. Boundary conditions (other than fixed or simply supported)
1. Cross-modal coupling

m. Surface curvature and fairness

n. Reverberant and nonreverberant (anechoic) media

Improvements in the theory should result in the evolution of design data for selecting
rlate matericls and geometry and structural arrangements for sonar domes and submarine hulls
that will have minimum vibratory and acoustic response to turbulence excitation. In particu-
lar, design charts of vibroacoustic response as a function of structural paramoters (properties
and geometry) can be obtained by using a computer. These charts can be useful in estab-

lishing acoustical design criteria.
4




CONCLUSION

The Dyer manual method and several computer programs for determining fully developed
turbulence-induced vibration and radiation of finite plates have been documented. The treat-
ments include simple and clamped boundaries, and the environment of the plates is either air
or water. Methods have also been given for determining computer input data from either exper-
imental results or analysis. The methods are useful for immediate aprlication by theoretical
and experimental researchers and also provide a basis for modification and extension to more
accurate programs that are capable of meeiing naval needs in an increasingly realistic and
practical manner. These achievements can be attained (1) through a better understanding of
the physical foundations of the problem and hence an improved representation of the models
used and the quantities to be included in the analyses, (2) through improved (new) methods
of mathematical analysis as well as practical extension of presently used methods of analy-
sis, and (3) through improvements in computer programing techniques and computer

capabilities.
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APPENDIX A

BOLT BERANEK AND NEWMAN MANUAL METHOD (DYER)

APPENDIX A1 - MATHEMATICAL ANALYSIS
APPENDIX A2 - SAMPLE PROBLEM
APPENDIX A3 - METHOD FOR DETERMINING INPUT DATA




NOTATION J
4 Correlation area
A, (rg0) A coefficient
a', . Total modal damping due to structure and fluid coupling
. Modal structural damping, positive and real
. . ENS
B Bending stiffness equal to e
12(1 - 0?) . .
Cg Free flexural phase velocity for a thin plate equal to w2 (B/M)I
¢ Velocity of sound in fluid
e Longitudinal bar velocity (17,000 ft/sec in steel or aluminum)
qu A coefficient
d Displacement boundary thickness
E Young's modulus
F Force on plate due to external and sound pressure fields
f External pressure field
f. Sound coincidence freguency
Foasof 2 Root-mean-squate and mean-square boundary-layer pressure,
respectively
G(r%9,0) Green function, which is Fourier transform of impulse response ¢
g Acceleration due to gravity

g " Nor g LAl Impulse response of plate
forto %o1Y0rto

A coefficient

Hmn
h Plate thickness
! n® Time correlation integral
k Acoustic wave number equal to w/c
kon Wave number equal to V&% - F,fm
1 Py
L Equal to -2-(L J.:Ly)"'
Lx,Ly,L . Dimensions of plate along 2,%, and 2, respectively, as shown in

Figure 1,
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ES

My
M,

m,n O P, g OT p,v

N, ) AN, )

mn)’

ol )
2
Pmn

P2
Pmn

=l

00

Ui - ¢)

V(2,y,2,0)

wm, n(z’y’t)

w(r,?) or w(2,y,t)

Plate structural mass per unit area

Total effective mass per unit area of plate due to structure
and fluid coupling

Free-space added mass per unit area

Added mass per unit area associated with coupling to sound
waves in the closed liquid-filled volume

Mode numbers

Number of modes included up to wave number I, = and

average number of modes in a frequency bandAv, respectively

Modal density
Modal mean-square pressure (a time averaged quantity)

Spatial average of the modal mean-square pressure P,i n
(a space-time average quantity)

Equal to me AN, the average mean square pressure for all
modes AN in a frequency band Av

Sound pressure on either side of plate at 2= L,

Represents coordinate position 2,y

Area, differential area equal to dzdy
Radiation efficiency

Time

Free stream velocity of fluid external to plate

Unit step function

Equal to the sum of the plate modal velocities

Plate modal velocity

Mean convection speed along the positive 2 direction

Hydrodynamic coincidence speed
Normal mode for plate

Displacement of neutral plane of plate

Weight of steel plate per square foot

Coordinate system for plate (see Figure 1)

Plate modal impedance




a Convection frequency equal to mav/L  and interpreted as the
frequency at which the turbulent field is convected past a length
of plate equal to the m modal wavelength

B Damping coefficient, including both viscous and hysteretic
damping

Bo Damping coefficient, representing viscous damping of plate
structure only

B, Damping coefficient, representing added viscous damping due
to radiation of energy in the fluid away from plate

| R Eigenvalue for plate, taken to be real N

Yokt Coordinate syster: for plate (see Figure2) ]

& Dirac delta function

Blw Kronecker delta function

€7 Positive quantities

¢ Equals 2z - 2*

1 Loss factor

0 Mean statistical lifetime of the turbulent state

K Measure of the inverse radius of the turbulence eddy

v, Av Frequency and frequency band, respectively

¢ Equals y - %*

P Fluid density

Ps Density of plate steel

o Poisson’s ratio

r Equals ¢ - ¢’

@ mal@:9) Plate eigenfunction

¥ (2,9,2,0) Velocity potential; the space ¢ = 1 is taken to be free from
boundaries except at 2 = L, and the space ¢ = 2 is a closed
space with reflective boundaries

r ¥.(z,y,2,0) Fourier transform of  (@,y,2,?)

© Circular frequency of vibration

w, Sound coincidence circular frequency of vibration

©omn Damped resonance frequency, positive and real




®g Characteristic frequency

<eveed> Symbols for time average operation
* Demnotes complex conjugate
¥ Symbol for Fourier transformation
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APPENDIX A1 - MATHEMATICAL ANALYSIS

H The differential equation governing displacement of a thin plate due to turbulent bound-
ary layer pressure excitation on the plate surface (Figure 1) is 2-~4

2+B"_="f"(p1'pz)z=Lz=—F(xvyvt) (A1)

The solution of Equation (A1) is® t

t
w(r,l) = f dt, [ dSy gr,t/14 485) F(rrty) (A2) }

where g, the impulse response of the plate, is the solution to 3¢ the equation

2

9 9
BV4g+Ma—§+B-b—‘:]-=-8(z-zo) 8(y - ¥g) 8(z - 2,) (A3)
¢

The normal mode W, for the plate, which has the form

[-a t-zwmntl

Wmn (z1yib) = ¢mn (z’y) e mn (A4)
satisfies the homogeneous equation for the freely vibrating plate
2
B(1-in)P* W+ M ’ w"'"+/3 aw’""l-o (A5)
I mn atz 0 at

where explicit division is shown of the damping into its hysteretic and viscous components.
The solution to the nonhomogeneous Equation (A1) will be found by obtaining ¢, for
inclusion in Equation (A2), in terms of a superposition of the normal modes or eigenfunctions,
Equation (A4), satisfying the homogeneous Equation (A5).
Substitution of Equation (A4) in (A5) yields the following equation for the eigenfunctions
¢mn

g 4
¥ vt Dmn~ Umn Pmn =0 (A6a)

where

[M(amn+ iwmn)z - ﬁO (amn + immn)]

rd --
mn B(1 - ip)

(A6b)

The eigenvalue I is taken to be a real quantity. Multplying both sides of Equation (A6b)
by B(1 - ip) and equating imaginary and real numbers, we obtain

12
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Figure 1 - Geometry and Coordinate System for
Boundary Layer Excitation
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B TnnBr

( =2 e—— A7
‘mn oM " oMe, (A7)
B B
2 4 2 ~ 4
wmn=:ﬁ.rmn— amnsﬁ lmu (AS)

Equations (A7) and (A8) represent two simultaneous equations for ¢, , and w, = as
functions of the eigenvalues 1’ , which, as will be shown, are determined by the boundary
conditions. Equation (A1) is also to obey these conditions.

The Fourier transform pair relating the impulse response ¢ to the Green function @ is

1 g —iw(t = ty)
g(rt/ 1geg) = P G(ryry,w) e do (A9a)
L) ﬂ —oo
0 io(t ~ 20)
G(r1g ,0) =f g(nt/ry,t)e dt (A9b)

dn
Taking Fourier transforms of both sides of Equation (A3)* and noting that ?(——g)-»
de®

00 —iw(t—t,)
p"G(w), where p = - iw, andf 5(t-¢ty e dt = 1, we obtain

- 00

-o(z- zo) 8y - 3/0)

‘e-T¢= Al
v B(1 - in) (A108)
where
] 0’ M +ie Bo
Me—_—— A10b
B(1 - %7) ( )

Assume that the Green function G can be expanded in terms of the eigenfunctions ¢, . Then

G(""o’w) =2Amn(70"”)¢mn(’) (A11)

To evaluate the coefficients A, ., substitute Equation (A11) in (A10a); using Equation
(A6a), multiply by ¢pq and integrate over 8, interchanging the summation and integral and

norinalizing the eigenvalues for convenience thus:

f¢,,m(r) Fpg(NdS=5,, 35, (A12)

*Equation (A3) modified to show explicit division of damping as in Equation (AS5).
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where

5 & =0 mEporng g
) an'—'l m=p, n=4g

These steps give (noting that the summation is dropped, since the final expression is tcue
for all m,n)

4 -t Panle) (A13)
mEp(1 - dn) F:zn_ [4
Substituting Equation (A13) in (A11), wz obtain
D mnl? ¢mn(’o)
G(1,75,0) = "7)2 (A14)
Using Equations (A6b) and (A10b), it can be shown that
1 1 1

B(1-in) T4 _ 4 " M(p - ia) Lp - (- i@ + By/M)]

where

a= (Omn— zamn

We also use the approximation, which ignores the hysteretic term B, /M =22, ; see Equa-
tion (A7). Fourier transform tables 7 can now be used to fiad

¢mn (r) ¢mn(r0) -a_  _(t=1t)
gqrt/1g 4 ) = e ™ sine, (t-1)) U(t-ty)

©na M

E (A15)

1 where the unit step function U(¢ - ¢,) corresponds to 3(¢ ~ ¢,) i~ the excitation.

For a finite plate immersed in a low-density fluid (e.g., air), the radiation reaction on
the plate may be neglected, i.e., p, - p, << f. Thus, for zero fluid load, Equation (A2)
becomes

¢
w(r,&):f dtof dSy qnt/1g,ty) (g2, (A16)

—on $

: The cross correlation of the displacement is®

15




t I
<w(rtyw*(r’,t’y > =f '”of d?c;f AN f dSg g(r t/15 &)
—e0 -00 S S

Gt rg sty ) <f(rg st * (T sts ) > (A17)
where Dyer uced 2-*

<f(rt) f2(r%¢7) > = Af2 8(L - vT) S(E)e—-ig—l (A18)

We assume simply supported boundaries at the plate edge

92w
W= ——= ata:=0,Lx

dz?

92w
W= ——=0 aty=0,Ly (A19)
3y2

The eigenfunctions (normalized solutions of Equation (A8a) that obey Equation (A19))

and the corresponding eigenvalues, neglecting the effect of damping, are’
6 (9 2 sin mazr ., nny (A20)
N = sin
mn (LxLy)1/2 Lx Ly
2 2
ma nw
x Y

Equations (A18), (A20), and (A21) are now used to determine the plate vibrations, Equation
(A17) . Equation (A17) involves the product of two doubly infinite sums; a typical term is

represented by the cross product of two modes (m,n) and (p,q)

Af $pa(N b, (r) [ v
<w (rd) w¥(r',t’)> f ddof aty

mn pq =
’ wmnwqu2 ~

-.a,nn (t" to)- apq

(¢t = :6) - .ILQ.I.
: f ds, f 4S5 b pnp (10) $,0(75) | @ f
S S

- Si0 @, (¢ ) Sin @y (¢~ ) 8(4y = 2 Ty) B(E) (A29)
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If the slope of the plate displacement is small compared to unity, then Equation (A22) is
essentially the correlation of the plate normal displacement . Because of the delta function
8(&y) = 8(yy ~ ¥g)» the yy, ¥y space integrations readily yield the term ‘6 L )/2. Fur-

RgTY
L
3 . . x
ther, if it is assumed that v 6 <L, the z;,z; integrations yield the term Smp ? cosa, 7,,
where
mmv
a = (A23)
m L

4 (5, L) L
Thus the result for the spatial integration is (AL_:L;' K ";—!.](Bmp -2: cos a, 7,)

=cos @ T8 p 5, g and Equation (A22) may now be written

AP b (N B,,(r) [ ¢
<u(r,t) wH(r’, ¢’)> f dt, dt,

mn,pq "~ M2

wmnwpq

., |7o|
[ T A tO)_apq(t — ) T
[

+sin w, (¢-¢,) sin wpq(t'— to) S 8pq cosa, T, (A24)

To facilitate integration, a new coordinate system y, p is introduced, where y and p
are related to the coordinates % s ty as follows

(= tg) = (b= ) =7 -7

= (8= tg)+ (¢~ 8) (A25)

The differentials of the y, u and %31t coordinate systems are related by means of the
Jacobian

I gty
3t t5) v - =
dt, dt; vdy =| F T aydy dydy
(1y7) % ‘?_tg o
ay ay p 2
1
di dty == dy dy (A26)
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Determination of the limits of integration for u and y is intricate. The limits are deter-
mined from construction of the p,y coordinate system as shown in Figure 2. The figure shows
that the limits are ~u to u for y and 0 to » for p.

Then (letting 5’*’ f_’f by virtue of the delta functions) Equation (A24) becomes

Af ¢ (D) D pnl??)
<w(ryd)w*(r’y ) >, = lpa(T) (A27)
4(0;" M2 ]

B

o e

where for the correlation integral I {7)
[y+7]

00 © [- %m nt 0
I n(T) =J. dyf dy e cosa(y +7) [cosw,, ,y~cosw, u]l ; *>0
0 ~p

(A28)

Because of the absolute value sign in the integrand, Equation (A28) must be integrated ;
in separate regions, depending in part on whether y is greater or less than -7(i.e., 7y> 0 or
T, <0). Figure 2 shows the regions within which the integral must be evaluated. Thus, Equa-

tion (A28) becomes
00 ~T ] 3 I [
lnn(T) = f f dy e +f dpf dy e
v -p T -7
-y~T

T [ [T] l [_amnl"]
+J; dyf dy e ’ e (A29)
K

y+T

0

0

.cosa(y+7) [cos @, ¥~ cos w,, pl, r>0

For 7<0, r is replaced by —Tin Equation (A29).

Equation (A29) is laborious to evaluate in generality. Dyer gives the following results
for I, . (7) for special cases. The resu..s are not directly applicable to underwater problems
because the plate is assumed to be immersed in a low-density fluid. However, with modifi-
cation, they cen be used for underwater problems.

MEAN-SQUARE RESPONSE
AT COINCIDENCE

The time integral is now specialized to T = 0 as well as a,=w,_ ., i.e., v= vy = Cp

an 2= 1/2 5 V4
[1 +( 7 ) ] where v, is the hydrodynamic coincidence speed and Cp = w"""(;{-) .
m
y
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Figure 2 -- Coordinate Systems and Regions of Integration in the Time Domain
Note to Figure 2:
Yo't = (t=tg) =ty = i1y =ty =
Pt =t e (t=ty)sr=t~t’

Hence y = u = 0 corresponds to bo=t ty=t: The line corresponding to pu = 0 is t"= {5 = £, ~ ¢ which has the

dt; dt;
0 . 0
slope ('— =~ 1. The line corresponding lo y = 0 is ¢’~ ¢5 = ¢ ~ ¢ which has the slope (— =4+ 1,
dty dt, °
® - 4
dty dtg dy du
The lines are perpendicular because | — — =(~1){(1) =~ 1. Since| = }J=+1, = J =~ 1 the positive
dt, . dt, o at, at,
pe Y=

directions are those shown in Figure 2. Whenp = r =t~ ("= ('~ ¢ )+ (L = ¢,) then £ = 2°— ¢, ropresents a

de;
e 0
line with intercepts ¢, = 2¢", t; = 2° and slope - " 1.
0
When y = poor (£°~¢5) = (¢=ty) = ('~ tg) = + (¢~ ¢,) then ¢, = t. Similarly when y = = u then {5 = (.
When y = ~r,ry = 0or ¢5 =¢t’s
prr=e,e>0

Consider Rogion AA’BB’
y==r=n.7>0

yrum2(t’~tg) orym=~u+ 2(°=t5)Ormrmpm=(r~c)+ 2(t/=t5) OF £~ m

a negative numbar.

~(n+¢)
p)

Hence ¢; > ¢t*s Figure 2 shows that &5 > ¢’y p = r=¢, y < - r defines the rogion AA’BB". Sincery «y+r then

y < ~r implies r, < 0 for this region,
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Notes for Ffigure 2 (Continued)

nr=~¢;¢>0
Consider Region OA’ACC’ prrma e
y==r+n;n>0

-
ym=p+2(°=t5)or —r e~ (r-e)+ 2= t(;)ort’-t(;--"—é- {o > 'y p=r—¢,y=~r+n corresponds to
rogion OA“A  t5 <ty prnr=¢, y=~r+q corresponds to region OACC’. Sincery = y + r then y > - r implies
1o > 0 for region OA’ACC’,

“rte} 0
Consider Region ACDD* ‘ porreae>
y==r+n; >0

+ € e
IRV ERIOCY4 TR ERTETES TSN A --’L-é—-tposmve number. Hence {5 < Cypumrie,

y = =r +y; define the region. Sincery =y + r then y > ~r implies 7, > 0.

- H > 0
Consider Regions (AD“D*+ AD*’D*") {" rreie
y==r=nin>0

yomut+ Y= tg); 0=ty --‘—-;-2; tg <t pmr+e,y==~r=~n corresponds i region AD’D*. Since ry = y +r
then y < ~r implies ry < 0. If¢] < ¢° then y > ~p (see Figure 2). If l{g > ¢’ then y < =~y which is an invalid con-
dition since y = ~u is the lower limit in the integral, Equation (A28), corresponding to ¢; = ¢’. Hence region AD’
D** is exocluded in the integration, From the Figure it is clear that the limits of y depend on the upper limits of

both ¢, and ¢;. Ttus when ¢ = ¢ {a limit in Equation (A24), y = ¢ and when {5 = ¢*, y = =u. The limits of 4
in Equation (A28) are obviously from 0 to = as ¢, and ¢; range from the upper limit ¢, = ¢, {5 = t’ to the lower
limit ¢y = = w, ¢ =~ in Equation (A24). That is, the limits are:

-ptop fory
Otoe forpu




Then

I (0) 4 62 [2 - a’mne] o> 1
) i ' ) [ >
mn amn(amno + 1) (amno + 1)2 + 4(0%"‘ 92 4(0,2,”.62 mn
(A30) |
e 3
,mn(o) = " 3 amn 6<<1 (lOW dampmg) (A31)
mn
! 2al0) i
) ’ e >> 1 hi h fr e i A32
" mn(amno +1) ©mn (high frequencies) ( )

MEAN-SQUARE RESPONSE
BELOW COINCIDENCE

The time integral is specialized to 7= 0 as well as a, <<w,,, (i.e., v << ;). We get

o 962 [w,ﬁnoh(am,,on) 1 ]
= +
e 1 +wfnn02 (.)3”'02+(amn0+1)2 @ f ;
992 a,.0+1 (- ]
+ - - , a, <<wmn (A33)
1+a? g2 [wgmeﬂ +(a,,0+1)? w20
26 1 .
I, .(0)~ a, .0 <<1 (low damping) (A34)
%nn 1 +w2 62
mn
2 1 1 . .
I, (0)~ 1+ + s w,,,0 >>1 (high frequencies) (A35)
(oin amne 1 +03' 92
DISPLACEMENT CORREL ATION
BELOW COINCIDENCE
Here, 7% 0 and @<<w,, ,is considered .
- T
9 € “mnl |cos @p,T
la(?) = — - ) @, .0 <<1 (low damping)  (A363)

mn 1+w? 62

P O

Whon substituted in Equation (A27) the results give the cross correlatior of (if 7= 0) mean-
square displacement. For the latter case (7= 0)
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20 1

2 g2’
mn

l,.0) = - a,,9 <<1 (low damping) (A36b)

mn 1 +ow

Now the radiation of boundary layer noise into the closed space shown in Figure 1 is
considered, particularly the underwater case. The sound field on either side of the plate is
governed by the nondissipative linear wave equation of acoustics for a homogeneous, loss-

and source-free medium at rest.

a2y
2, 1 71
v l/ll = op (A3T)

1 o0
Within the closed space, let j = 2. The Fourier transform ¥,(2,y,2,0) = -2-—f ¥ ,(2,9,2,0)
n
— 00

e” 'tdt of the velocity potential Y, satisfies the Helmholtz equation

%y, I, 9%y,
P2y, + kY, = + + + kW, =0 (A38)
dz? dy? d22
d4y
since ?(___%) > - wz‘Pz and k& = ?—
at2 c

Except for the plate, all interior surfaces are assumed to be pressure release surfaces. There-

fore, the boundary conditions are

z=0, L,
\P2 =0{ y=0, Ly (A39)
2=0

Assume a general solution for Equation (A38) in the form of normal modes p,¢

¥,(2,9,2,0) = 2 Dp' q ¢p' q(r) sin kp'qz (A40)

P q

it will be shown that Equation (A40) satisfies the boundary conditions in Equation
(A39). Substitution of Equation (A20) in Equation (A40) and the resultant equation in Equa-

tion (A38) gives
2 2
. ” qm
B2 4 - [(__L” ) : <._L )] ¥ -T2, (A41)
x y

where Bpg and l"pq are the eigenfunctions and eigenvalues given in Equations (A20) and
(A21), respectively.
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Equation (A37) is coupled to Equation (A1) by the continuity condition on velocity

oy oy
d 1 2
a2 - — (A42)
dé dz 2= Lz dz z = Lz
Hence
oy 9 ,
-2 = _l-f_if (2,y,2,0) e *©dt
dz 2= Lz o a¢ 7= Lz

= V(w’y’z’w) = ‘ ; an = _Zﬁmn ¢mn (A43)
m,n m,n

where H,, . ¢, , is the plate modal velocity. Using Equation (A40) in Equation (A43)

D P Add
mn—- kmncos kanZ ( )

Substitution of Equations (A44) and (A20) in Equation (A40) gives

H
2 mn . mmz | nny
¥, (2,y,2,0) = - E sin sin sink, 2
2\W11%
(L [7)1/2 n kmn cos kanz L L mn

m, * y
(A45)
which satisfies the boundary conditions Equation (A39).

#5279 on the modal transform i
Since the pl'essul'e Pz (z,y,z,&) =p .____?t_—— 9 en € modsa pl‘essure ransiorm 18

E‘_ " ?_‘/I.E —iot g
Ppmweedlm=gn ) P30 © 7 %],

=~tw p[‘y2(3’,yaz9“’)]mn

Using these equations as well as Equations (A40), (A43), and (A44), the plate modal imped-
ance (at z = L ) is obtained

P (2,9,2,0) P,,,,,(w,y,a,w) - iw p[\PQ]mn -twp

. Z,, (@Y 20) = = = =
' e an -Hmnqsmn —Hmn¢mn km

tan kL, =~ioM,

n

(A46)
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From Equations (A41) and (A8) as well as the definition of Cp

M\V2 w2 @9,
2 2 2 2
kmnzk -an =k -(‘—) Dmn ™

B ;-2- 05

Defining a sound coincidence frequency w = w, correspording to ¢ = Cp then

which is real for w,, <w_, and imaginary for v, >w . Equation (A46) then yields

ptanh| kL |
M,= p s Opp >, (A4T7a)
(-

P
M, = -k——tan L7 7 0 <O, (A47b)
mn

The added mass M, of the free space external to the cavity, provided the mode number
is not too low, is taken to be

) Wpp <O, (A48)

When the mode number is low, the resistive impedance (viscous damping coefficient) is taken
to be

By=pcs (A49)

where

1 1/2
L=s(LL)

Equation (A27) gave the modal displacement correlation for a plate in a low-density

fluid. The cosrelation for a high-density fluid is obtained by replacing the structural mass in
Equation (A27) by the total mass




. Sl

M= M+ M, + M, (A50)

where ¥ is the plate mass,

M, is the free space added mass given by Equation (A48),

M2 is the added mass due to the
(A47a) or (47b).

and
enclosed fluid given by either Equation

Analogously, the damping in Equation (A7) and, hence,

tn Equation (A27) becomes for
a high-density fluid

» 30 F?nan N B] A5 )
a T o ——— e —— 1
"hoM oM oK (

where the first two terms represent the original viscous and h

except that now M + M, and the last term is the added vis
by Equation (A49).

ysteretic damping for the plate,
cous damping where B, is given
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APPENDIX A2 - SAMPLE PROBLEM

An example will be given to show how to determine the mean-square pressure (7= 0)
in the liquid-filled cavity (M + ¥ ) adjacent to the plate. Two alternative methods of compu-
tation will be treated.

DISCRETE FREQUENCY METHOD

The modal mean-square pressure P,fm at the plate is determined from Equations (A46),
(A27), (A28), and (A20) as a time-average quantity.

2 ; 2 . 2 4 a2
PI'21n=<Pﬂlll Pmn>=Vr?m ZI'I‘ln== (_“"’wmn) (—sz2) =W3xn wmn M2

2
A M2 mnre | nm 2
= 2 —-—(——7) [sinz---——snn2 -——y]w I (0)
LxLy M L, Ly mn'mn

The spatial average of P2 is

5 R 4 M, 2 .
Pmn =f 4L L ;;: Dmn ,mn(o)

where* /""==(6><10"3 . PU3)2:

00| »

A=gl,'and

X
N

b
]
afro

For & steel structure in water, let

1
h = ~in y

2
L =Ly-5ft,
L,=1ft,

U, = 20 ft/sec = 12 knots,

d =0.02ft,

0 +3x10"2sec,

*See Appendix A3,
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7 =102 (Q = 100) , and
p =64.2 1b/ft3.

At coincidence (Cg = ¢, © = @)

B B
= w?

w/g ° ph/g

B
4 2
CB=C4=“’¢: F=w3
Mence, ignoring Poisson’s ratio ¢, the sound coincidence frequency is
02 psh/g c2 12ps
fe=%r Vinsrs = am v g9E

(4910 ft/sec)? 12(490 1b/ft3)
2n(1/24 ft) (32.2 ft/sec?)(0.4175x 1010 Ib/ft2)

= 19,230 cps

Now
2 F2
kmn = k2 “Ytma

see Equation (A41). From page 174 of Reference 10, we see that for w,, <o, Cg < c and
[ pn > % (note: £y and £, in Reference 10 respectively become I', . and % here.) Hence, for
frequencies less than 10,000 cps, |k,, may be approximated by I, . Further, restricting
attention to frequencies greater than 200 cps, from Equations (A47b), (A48), and (A50)

M =Ml +My=H+

+

mnl mn

7 tan kanz

But

kpn=tT . ttan 2 = tanh iz, tanh 2 = - tanh - 2

Hence,

M2='1f tan Z‘anl‘z=[:p tanh (-T'p,,L ) = d tanh ') L,
m

4 n mn an
P 'y \1/2
= tanh \/{— L
lkmnl (B) Dmn z
27
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; (Note: In the NSRDC

mnl

1/2
for w,, , sufficiently high tanh (E) Wu, L,+1and¥, -

is used when making computations.) Thus

system of units, M, =
g kmal

2p
M =M+ M
T

mn

Also, as can be calculated from Equation (A49), for o . sufficiently high, we get 8, ~ 0.

For these conditions and using Equation (AB),

< M2>2 <P//rmng>2 ( o >2 p/g 2 P2/92
w/) T\ u “A\wr B va N
nd (ﬂ) 2 <_‘1) o W2
B mn B g
but !
1/2
B\
i (ignoring o )
Hence,
1/2
(M) V12
B - CL
and
ple b pic h
2 2
(M2) 1 92 1 92 1 P CL]l
" 2 12 2;2 |12 2
12 wmnM psh ©OmnPs h?
wmn.__
gz

Finally, from Equations (A8) and (A21) for any mode

2 B\ .4 B mn \? nr \2 )2
Omp =l o7 an *\7w T + -Z—
M M x y
is calculated, and /_ (0) can be calculated from either Equation (A33) or (A34). In these

equations, Equation (A51) is used, noting that in this problem 8, ~ 0, ¥'~ M, B = EA3/12,
and B, = 0; see page 170 of Reference 2.
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L,-
Figure 3 ~ Modal Lattice and Constant Wave Number
Contour for Simply Supported Plate
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There is now sufficient data to compute all of the quantities in the equation for Pnzm.

Finally, from Equations (A46) and (A40) and using % =-:I" _ ;

I’mn(x,y,z,m) = - i(up‘l’mn (m,y,z,w) = - iwp Dmn¢mn Sin( - i[‘mnz) )

=wpD, &, sinhl 2

Hence, P;"M« sinh I‘fnn; therefore, the modal mean-square pressure for a location away from

the excited plate would be reduced by the factor
(73]

", [sinhlg,z

[p’in] [sinh ranz]

z2=1L

z

MODAL DENSITY METHOD

We now determine fﬁ, the mean-square pressure as measured by frequency analysis in
bands of width Av. The modal density of a plate found by considering the area included by

the quarter circle of radius I', , (Figure (3) ) is

mn”x"y

dr,,, 27

aN(r,,) T,.L.L
()= =

see page 135 of Reference 10. Hence, using Equation (A8) and the relation ¢ =

m B 1/2
hM]
previously shown, the number of modes included up to wave number I"  is

(M)l/2

- L

] LL, \g) Ly VBL,L,

AN(L ) = D@L pp — = o=
2 47 L

dv

where dw =2n dv.

Thus, the average number of modes A N in a band A v is approximately
VaL,L,

‘L

AN =

Av

M
A 2
Using the relation ¢; 4 = 3 LxLy Zﬁ and the relation for <M_> , previously derived, the

’

equation for the modal mean-square pressure per mode is
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Ay
2
3L L
pa 1 P VPLL T )
T4 L, V12 2 Omnlmn()
=y O Ps

For all modes AN ir the band, the average mean-square pressure is

— 24 [p\?
P2=P’%nAN =;]:2—(;-) c“’mnlmn.(o)AV
< s

where o, . is now considered to be a continuous frequency variable.

n

Since all data are known (cee Discrete Frequency Method), then for a given frequency
bandwidth Av, P2 can be computed. The results of the computation are given for A v = 1

in terms of spectrum level, SL =10log,, 1.)_ @b, where reference pressure p, = 1 pbar =
: P2 ¢
1 dyn/cm? in Reference 2, Figure 7. 0
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APPENDIX A3 - METHOD FOR DETERMINING INPUT DATA

Dyer used the following estimates of input data for the boundary-layer pressure field

ff. m. s.

1
=6x1073 ;pUi

based on measurements by Willmarth!2

kd=2
d
0 =30 —
Uoo
v =080
wgy = KV

based on a comparison of Equations (A18) and its Fourier transform, which is the spectral

density s(w) = 2f <f(r,t) f*(r’,¢°) > e *“T dy with measurements,' 213

- 00

To determine the cross correlation or mean square pressures, geometric and structural

data must also be given as in the sample problem.
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APPENDIX B

BOEING PROGRAM 1 (MAESTRELLO)

APPENDIX B! — MATHEMATICAL ANALYSIS

APPENDIX B2 - METHOD FOR DETERMINING INPUT DATA
APPENDIX B3 — PROGRAM IDENTIFICATION

APPENDIX B4 - TEST RUNS
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m,n

p(x,y,¢)
P’
R(&n,T)
k(r)

Lt

NOTATION

Constants

Length of panel sides

Plate modal damping

Amplitude of temporal fluctuation for unsteady convection
Bending stiffness

speed of sound in fluid

Young’s modulus

8#
Equals —
quals U

c

Plate input-response function
A function

Panel thickness

Integrals

Equals V-1

Jacobian

Bending-wave speed
Constants; wave numbers

Characteristic length of pressure field for semifrozen flow
(1ength over which a given turbulent pressure pattern remains
distinguishable)

Plate mass

Mode numbers

Constant, for piston radiation N = ¢
Panel perimeter

Total length of panel ribs

Sound power level for mn mode

Turbulence wall pressure fluctuation

Mean-square pressure
Correlation coefficient for pressures
Normalized autocorrelation for pressures

Time; times at which displacements are measured at points
z,y, and z’,y’, respectively
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u(t-¢)

(=9, (2,9
(%91 Yo ) (30’,3(0’)
Y(2,y,¢)

Times at which pressure measurements are made at points
z,,Y, and 2;,ys, respectively

Broadband convection velocity

Free-stream velocity

Local flow velocity

Unit step function

Frictional velocity

Volume displacement for a mode

Distance from leading edge of plate

Points on the panel at which displacements are measured
Points on panel at which turbulence pressures are measured
Panel displacement

Root-mean-square of displacement

Mean square displacement

Eigenfunction or orthogonal mode of plate oscillation
Distance from wall nomal to flow direction
Acoustic-damping coefficient

Critical damping

Structural damping coefficient

Eigenvalue

Boundary layer displacement thickness

Total damping ratio

Equals y - y*, lateral partial separation

Equals y, + y,

Eddy lifetime for steady convection, i.e., time in which value
of correlation coefficient obtained from envelope of correlation
maxima (maxima-maximorum) drops to 1/e

Eddy lifetime for unsteady convection
Kinematic viscosity of fluid near wall

Equals 2 - z’, longitudinal partial separation
Equals z,+ 2y

Density of fluid

Density of fluid near wall
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Uy, 0, Standard deviation of distribution

T Equals ¢ - ¢”, time delay

T Equais ¢, - ¢; !
T Equals ¢, + ¢ '
T Local wall-shear stress :

& (2.Y) or B(2) B (¥) Plate eigenfunctions

w Circular frequency equal to 27 f .

w, Circular frequency of temporal fluctuation

w Plate modal frequency :

'y 2%y 9%y
74 Equals ~— + + —
dz%  dx%9y? oyt

<> Symbol for time-average operation
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APPENDIX Bl - MATHEMATICAL ANALYSIS

Two models were taken from experimental datal®'15 to represent the cross correlation
of the turbulence wall-pressure fluctuations in a broad frequency band. The models, desig-
nated as Model A-convected semifrozen pattern and Model B-unsteady convection-will be con-

sidered in turn.

MODEL A-CONVECTED SEMIFROZEN
PATTERN (U_ = CONSTANT)

The normalized cross-correlation finction of the pressure fluctuations for this model in

a moving frame of reference is represented by the sum of two Gaussian distributions

-((E-Uum?+9?%]

- ‘1—
<p(2,9,t) p(z+ Ey+q,L+7)> ()I 20
R(&mr) = = ‘ ‘ = e Ae
p2
- [(¢£-~ Uc‘r)2 + 72
2022
+4,e (B1)

corresponding to measurements made with a series of constant time delays and variable spa-
tial separation; see Reference 16 Figure 4. The convection velocity, obtained from Equation
(B1), is defined by

IR(E, £
L—a%—:)-=0, when U = il

(B2)

Alternatively, the normalized cross-correlation function may also be represented by

€| -{(¢- Uc'r)2+172] -{(€-Uumn? + 52
X 2012 2022
R(émT)=¢ Ale + Aze (B3)

corresponding to measurements made with constant spatial separation and variable time de-
lay; see Reference 16 Figure 3. The convection velocity obtained from Equation (B3) is
defined by
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Lip e b

L) ¢ B4

=0, whenU, =
ar Trax

Since most data were taken at constant spatial separation, the autocorrelation function

obtained from Equation (B3) by setting £ = n = 0 is

2_2 22
-lUeT Uz

2 2
201 202

R(r)y= 4 ¢ +4,e (B5)

and the corresponding power spectrum is (use Fourier transform Pairs 708 of Reference 7)

—0202 202

olw 0’2(1)

2 2

T Ajo, 2U; A0, 2U;
e (B6)

1 [
X — dy =
P(w) 2nf R(r)e r Uc o e + Uc e

Comparison of theory and experiment shows that the high-frequency resolution of
Equation (B3) is poor; see Reference 14 Figure 1. Hence a more satisfactory empirical rep-
resentation of the cross correlation of the pressures is constructed as follows from the quto-
correlation obtained from the measured power spectral density, with decay in a moving frame
of reference. This representation corresponds to a broader range of frequency components
than the previous one; see Reference 14 Figure 2. The measured dimensionless power spec-

tral density can be represented by

f(?;lj'= dye et dye e 4e T (B)
w
where
4, = 18
4,~ 1.2
4, =12.0
F =35/U
K = 0.470
K,= 3.0
K, =14.0
38
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di ek

Using Fourier Pair 632 of Reference 7, the normalized autocorrelation is found

’(T)

R(‘r) - unnomalized

R(O) ’ 3

Ky

KE+(v/P)? K2+ (v/F)2 K2+ (7/F)? ]
A 4, 4
<.—’-+ 2. —3-) (B8)

-1l

By introducing the spatial decay e ° and moving frame of reference (£ - U,7),
the normalized cross-correlation function of the pressure becomes (by analogy with Equation
(B3) ) with respect to symmetry about the £ and r axes:

-1¢l

vl A K

B(gm,m) = e - r L

y=1 K2+ (1/FU)[(£~Um)? + n?]
3 A
E = (B9)
y=1Y
, 1, Il : .
By changing the decay rate from 75 to - in Equation (B9) , (the Taylor hypothesis), the

C
functional form of R(£,n,r) still fits the experimental results.}” Hence either form of the ex-

ponential may be used to describe the decay of the wall pressure correlation.

MODEL B-UNSTEADY CONVECTION
(U, # CONSTANT)

For unsteady convection, the normalized cross correlation has the form

~[(¢-um)?+ 2
-\ -\l
0. ) 2012

1 1
R(&mr) =4 (e +ae sinw |7]) e

~[(¢-v,m)2+ 92

-7 ~|7|
% A 20
+ A (e + a,e cos w, |T]) e (B10)
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and the normalized autocorrelation (5 = £ = 0) becomes i

- y2r2
=il =il ¢ i
9, & 2"12 |
R(r) =, (e tae sin w, Irl) e

-ylr2 i
~I7| -7l v !

a 2
02 g, 20, z
+ 4,(e +a,e CoS w,T) € (B11) ;
?

STRUCTURAL RESPONSE TO
TURBULENCE EXCITATION

The displacement cross correlation of a plate due to the cross correlation of a random

pressure <p(Zy.¥g.t) P(ZgrYgste)> has been given by Dyer;? see Appendix A

t ¢’ a b a b
<Y(z,y,t) Y(2',y's¢")> = f dt, f dt(;'[ da:of dyoj. dzéf dyy
0 J0 0 0

-~ 00 - 00

s g eyt 2y Yo by) 9(2 Y vy, Yo b))

“<P( %y Ygrty) P(Zg1Ygst0)> (B12)

Using Equation (B9) with LUQ- |7] = |ty = ¢ | » the unnormalized cross correlation for

[
semifrozen flow becomes

"|‘0“(;|
—_— 0
— pte
<P(ZgrYorty) PU%rYp,84)> = ——=
— 3 Ay
yveal KV
3 4K,
;: K2+ (1/FU)2 LU=y = 2g) = Uylty = 8512 + (3 - y(;)z‘ (B13)

As in Appendix A1, the homogeneous equation for plate vibrations has the form
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a2Y(z, ¥, ¢t)
r——————)

aY(z,y,t
By*Y(2,y,t)+ Mi - (%99 (B14)
at*

+ (ﬁac+ ﬁst)*'—r—‘ =0

where

Ymn(¢,y,t)~¢mn(x,y) ¢ (B15)

is the normal mode solution to Equation (B14). Substitution of Equation (B15) in Equation
(B14) yields

P bma(®y)~T, 0 (2y)=0 (B16)

where

- M(- Cmnt i':"mn)z - (Bac + ﬁsl) (-amn + iwmn)

4
Ton= 3 (B17)
Equating imaginary and real quantities in Equation (B17),*
ﬁac+ﬁst 8mnwmn
= = B18
“mn oM 2 (B18)
and
B
w,fmzoﬁ ri. (B19)

* Forced response of a mode to a sinusnidal force or 3dB method was used to measurs damping. For small

@, -0
) St - 1
damping, if,3=ﬁac + B, the decay ratio svem= w et = = s, where @, ond w_ are circular fre-
¢ 2 Ypy 2 wpy

quencies of vibration, when response differs from extreme value by ratio of \,’5 {equivalent to 3dB). In Reference

14, Equation (13) Maestrello defi.ied the total damping ratio by ) =, Hence

mn "~

mn

B 1M smn B %mn amnwmn
e I aatettt T2 mmre 32 e T2 e 20 amn=

B, 2w 2 2Mo,, o, 2

see Reference 18, pages 14-16.




For low damping, the impulse response function was found (see Appendix Al) to be

¢mn(m’y) ¢mn(x0’y0)
A, Yt/ By Yo s ly) =
’ 0'JC* 0 © M

mun mn

[ —applt - f)
.le sin o, (¢~ to)] u(t=ty) (B20)

Substituting Equations (B13) and (B20) in Equation (B12) and ignoring cross-coupling

) E B n(®Y) 6 pa(@59)

<Y(z,y,¢) Y(z’,y’,t’)>- 3

mn
.._.M2
1I(

terms,

v= 14

t t’ a b a b —a,.( t’
f dt, f dt(;f dwof dyoj' dxo’f dyg ¢
0 0 0 0

-0 -~ 00

-—amn(t-— to)
Asinw, (t7-t5)u(t'=t5)] e (sin w,, (¢ = &) w(t - t)]

-l =11

e r————

mn(‘”o’yo)¢m,,(w0,y0)¢4 K e
2K2+(1/FU )2‘[(33 —-:to U(t —5)12*‘(3/0‘:70)]

(B21)

Also (ses Appendix Al)

2 . mnx _ nmy
sin Sin —— (B22)

mn =~ (ab)l/2 Q

By trigonometric manipulation,

o mu( @, - &3) ma (2, + a5)
¢mn(moayo) ¢mn(x0’y0)=;; lf!OS p ~cos P

~ €0Ss (B23)

[ n (Yo = Yo) (Yo + y(;)]
T b
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2ol

The space integral in Equation (B21) may then be written

b b a a
I, =J- dyoj dy(;J‘ dxoj dig
0 0 0 0

1 ma (o = &) ma( @y + &) (Yo = Yo) na(yy + ¥o)
cos§ ——mmmm—r ———ee e cos

-l - COS - cos
a a a b b

K2+ (1/FU,)* ‘[(a:o —20) - U (ty ~ t)2 + (3, - y(;)2’

b b a a
-[ | [ ey [ oy 0005292 (B24)
0 0 0 0

To simplify computation of Equation (B21), the variable of integration is changed, thus
reducing tha number of operations for the integral.

Let

’ ’ ’ -~ 17’+17 ’ ’

=Y+ Y 1"+ =2y, .1/0-—-—2—~=91(mn,«f=0,£ = 0)
’, 4 d ’ r”—n d ’

7 =% =Y 7" -1 =2y, Yo =—2—-=92(mn,§=0,€=0)

Id rd 4 E"“f rd ’

=y + g £+ &=22 % =5 = 93(n=0,7"=0, £,¢7)
4 ’, ’ rd 6’—6 rd ’

§ =2y -3 £ - ¢ =275 % =% = g,(n=0,"=0, £,£)

In Appendix A1, following Dyer, the transformation of two variables in a multiple in-
tegral had the following form. Let

= b (u, ) ¥ = (u,v)

Then
dxz dz
fff(w,y) dwdy=”f[¢(u,v)¢(u,v)] du v du dv
J dy dy
Py

A similar formulation may be made for any number of variables of transformation.!?:20
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g

1 =Jf_/(x)dz=f _f[g(z)] J (0 dt (B25)

x g_l(x)

where 2 = g(¢) and ¢ = ¢~ ! (2) (the inverse function). In this case, from Equation (B24)

/(2) ’f(y()’y(;’w()’zo’)

1 mn(z, - z(;) ma( zy + z(;) am(y, - y(;) nn(y, + y(;)
pry co§ —————s €08 . 1|08 m—————— - 0S8 ——————
a a

K2+ (1/FU)? [[(zo ~2) - U (t, - 66).2 + (¥ - y(;)z]

also

flg(®) =l 94 (mm " &,€%), '92(%7]” &€, 93 (mn "6 &), 94(7]977" &¢0)]

) (n7-n) (£7+€) (£°-¢)
'f[ 2 ' 2 ' 2 7 2 ]
Substitute in f(z)

T -Z =&t gy =& Y=Yy =M Yt Yy =0

to obtain
1 d rd
— I CcOS m—"f- -Cos ﬁri cos m—cos -n—m]—.
ab a a b b
gt =—= — —— (B26)
K2 + (1/FU,) [{f—uc(to—t(;)l +n]
also
dg, dg, dg, d 11
AN i 1o
dn dn’ 3¢ 9¢° 2 2
dg, 99, dg, 692 _1 1 0 0
o 9091:92195:94) | oy oy’ 06 9¢’ 2 2 L Ben
dnp dn’ 9€ 9¢° g2 2
094 994 994 99, 0 0_}_ 1
dyg dn’ 9¢ ¢’ 2 2
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b

To obtain the new limits, transform the limits in the y,, y, plane (for the transverse

coordinates) to corresponding quantities in the 5, n " plane and the limits in the z,, z; plane
(for the longitudinal coordinates) to corresponding quantities in &, £’ plane. The transforma-
tion is shown in Figures 4 and 5. From these figures, the limits for the Z to T planes are set

to

z=9(¢)=(3/0,!/6,%a26)2Osyosb,osyésbaﬂswoSG,OS%SG

t=g Ha)=(n156E):-bsngblnl < n'< 2 -], -e<é<a, 1€ <€c2a~ ]

(Note: For g Z 0,7 =28 ¥ 5, respectively, or equal 26 - | 5| along upper branch. For 3 ZO,
’= % 7, respectively, or equal |7 | along lower branch. Similarly for £7.)

Substituting Equations (B26) and (B27) in Equation (B25) and using the limits for £,

&’y n, n’ derived above, we get

mné nwé’ [ nmy nm’
CO8 p—— —~COS COS «—— —COS w——
20~|ﬂ 2 b""l a a L b b

1 (° b
[ = | d¢ dn I -delél ~dglnl L d
v dab I L €] 171 K2+ (1/FU,)? [{E-Uc(to-tg)}z +n2]

Integration with respect to 5" and ¢7, in turn, reduces the integral to

mrf o mn|f nry b . amg|
b [(a |£]) cos - + ——sin p ][(b—|x;|)cos—b-+;—;sm-—-—-b )

2 [
IV = e— j ——— — n df
aJ s L% [K§+(1/FU¢)2l“f-(/c(eo-t(;)]z +,,2]
(B28)

where

b b
I -+ f since the trigonometric functions are even functions of their argument and are thus
-b 0

unaffected by the signs of £, 5.
Equation (B21) is rewritten

e . 2 ’ ’
<Y(@yt)Y(z',y"s¢")> = 7 qumn(w’y) $mal®’s9)
3 p .
(ﬁi) MZ ma w;ln
Z K

(Equation continued on top of page 48.)
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, ¥ zeygin)
@ (-5,8)
%'0”.( I“ '12 }‘o-b

tag g
. 'l
0 Yo = 0 [ Yo
Figure 4A = Ornginal Coordinates and Figure 4b — Transformed Coordinates and
Region of [ntegration Region of Integration

Figure 4 — Transformation of Transverse Coordinates and Region of Integration

Note to Figure 4-

Lina !, whore yo = 0 transforms W n° - g
Linal, where y, = 5 transforma to n“ ¢ n = 2b bocause Yot ¥y 295 Wor Vo %o )
Line £, where y; = b transforms to "y = 25 PR Vz-l (Y0295 » %+ ’o')
Linef, whete y, = O transfoma ton’~ - n
Thus these hmit points of Equation (B24) for the region y, , y; denoted by Xl in Figure 4a transform
into the hines enclosing the region T, shown in Figuro 4b. The Limits for 5, n° obtsined from the later are

based on the following relationabips.
Alongf,. 0 <y, < b nTmn el
YJ'O ’I’“yo'yo"yo
. . dn’
Hence 7” ranges from 0 to b with slope - 1.
)

Where ] - ¥ -y‘;l = 0 then "'l -0;
=0 =0 =0
where | =Y ~ Yo = bthen n = 5.
yonb ‘%-b
. . . d’
Alongf,: 0 syg < b r;n,-szbcrq-eb-qlndz,--—l
Yo =) vty by
,

dy
Hence 5’ ranges from & to 25 with slope -d-',- -1
n

Whereny , wy, -~y =y, =& then p°* - b;
”'70"0 Yo yo|6 Yo "'y‘;-o

wh"””’é. 'yo"yo‘ly‘;.b"b-b~0thﬂlq"y’-.-26.
0

b

dn’
Alongl,: 0 gy, s & n°=n = 2% and #-1

Vo=t Tevwtyg ey b
Hence 5’ ranges from & to 26 with alope;ﬂ-- 1.
4

Waotre " 'y°"y‘;|yo.o"b“‘°" ,’:l b

Yo" 0 10.0

-b

whamn;’o Yo"yo‘|’o-b.b—b-0thenrp'|’ .,
0

’

Along f,: 0 g yg 5 & 7°= ~ 5 and ;:....1
Vo 0 ) =n+yw-y
dn*
Heace q’nngeshomﬂlobwithslope;"—.-l,
n
Where n, , ¥ ~¥s1 » = 0th iy -0;
'I|’°_o Yo y°|70'° enqua_o 0;

whete ) , =y, -yt «-bthen n° , b,
I’o.. 0 0 ' "lfo-o

lyg =
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z=g(!)

(~a,a) (a.a)
-
t=g 12
0 z'; =0 a zy £
Figure Sa — Original Coordinates and Figure Sb — Transformed Coordinates and
Region of Integration Region of Integration
Figure 5 — Transiormation of Longitudinal Coordinates and Region of Integration
Not» to Figure 5:
Line f, where z; = 0 transforms to ¢“= ¢
Linet, whore z;, = a tranaforms to £+ £ = 2a b Emzg+ 2y =97 (Yg 1 ¥0 1 %0+ %0) ;
. , cause , 3
Line {, where zJ = a transforms to {’~ { = 2 ¢ "o“‘\;"g;‘ (9 ¥ 120+ 25) 3
Linof, where z, = 0 tranaforms to £°= - 3
Thus the limit points of Equation (B24) for the region z, , z; denoted by Zz in Figure 52 transform into the

lines enclosing the regicn T, shown ir Figure 5b, The limits for §, £* obtained from the latter are based on the
following relationshipa:

’

Alongl,: 0 <zy < a f’-fand%-l.

26-0 6"’0”0"20

d ’
Hence ¢’ ranges from 0 to a with slope —€- -1,

d
Where ¢ ""'o"’o'l then f'lxo.o.o;

gono :O-O
'hemél, -a-z"-“;lx _a-athenf'-a.
0 0 i
Along!z:OSz.;sa 6’*6-2aor£’~2a-fand-:l—€-n-l

. » .
Ty a =z gm0+ zg
’

Hence ¢’ ranges from a to 2z with slope Es—l.

Wh vz -2 =z, = a then ¢° =-a;
eref|‘6.° ) o|‘6'° ) f|,(;_°

‘”“°’°f|‘6_a-%"’6'“‘“'0‘h°“5'|,6_a'9°'

.

d.
Alongl,: 0 < 2 E'-E-Qaund-d—i--l

1788
Q

zg =0 E'may+ay=a,+a
.

Hence £’ ranges from ¢ o 2a with slope }-(— = 1,

Where ¢ T, -2 = - g then ¢° = g;
lyg=o ~ 707 7ol |

% =0 =0
where 6] -2z, - 26| = g -a =0 then f'l - 26,
*o-a xo.ﬂ So-ﬂ
4

d
Alongt4:0<zo'5a f’--fund-‘é--l

’» ’ L
z, =0 £ ~xy + 79~ 2
’

d
Hence ¢’ ranges from 0 to @ with slope ;g— --1
-z -z - ’ - 0;
Where fl,‘;-o z, xol";-o 0 then ¢ |x6-o H

- - =~ then ¢’ - a,
where Elx&-a 2, c“‘xé-a fl;‘;-o
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] ¢’ ) = Bpnlt=tfg) -amn(t'-t'o). o -
. dty aty fe sin @, (6= )u(t-t,) e sinw,  (¢'=¢5 ) u(t"- &)

it oy e

=l

3 a b e b P un(®pr Y0) PualZor ¥p) €
. AVI(VJ' dzoI dyoj dz(;f a4y, =2 7 .n, i TSY) Y]
Z 0 0 0 0 K2+ (1/FU)? [ 1(Z0=2g) = U (l ~25) 1 +(3 - ¥g) } i

vel
:-.

(B29) :

where the space integrals are given by Equation (B28).

Having transformed the space coordinates, now transform the time conrdinates. First,

change the variable of integration and find the Jacobian

G o S o e s oy oran

‘r(; +r
70=t0+t° 2&0=‘r0+-r0 t0= =gl(-ro,‘ro)
, , T~ To g
To =t - 2 =Ty~ Ty ty = —2"'"‘ = 9,(75>Tg)  (B30) i
!
dg, 99, 1 1 '5
207l = e = - == (B31)
(T, 2
| (Tor 7o) dg, 99, 1
L, 81'0 a'ro' 2 2

As for the space variables, now obtain the limits of 7, r; in the transformed (T, )

plane. The transformation of the limits in the ¢, ¢; plane to corresponding quantities in the
Ty» T Plane is given in Figures 6a and 6b where the limits from the 2 _,to T, plane are

shown to de

T.g= {(ro,ré): T =20 ST S U =Ty, e <7y S L t” (B32)
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1y e
(1=t t") o
o - 3
(-c,t) ﬂ (N
fy
. — =N
I g A (t+d, t-d) 3
f, 'z == . ]
“‘ . .Ill”///// “c ¥
% (~t'~c,"-¢) ,ﬂ}”l i, ]
{ ¢
1
3 7
(-¢,-d) (t,~d) N\ _
Figure 6a — Original Coordinates and 5 .‘,
Region of Integration o 7 F
(-ce+d,~c-d) :
Figure 6b = Transformed Coordinates and 3

Region of Integration .

(~00, —o0) ! (ted, t-1r)
rg=-o ALONGTHISLINE |  OR(w,-=)ASduw
HENCE rg =15~ %"= ~» ATPOINTE = 7 ~ 7

Figure 6¢c — Subdivision of Region A into Two Parts, Q and Q’

Figure 6 —~ Transformation of Time Coordinates and Region of Integration

The time limit points of Equation (B29) for the region ¢, , ¢; denoted by X, in Figure 6a, where ¢ + ~,
d + o, transform into the lines enclosing the region T, in Figure 6b. The limits obtained from the latter are
based on the following relationships, using Equation (B30):

Line ¢, where ;= —d, - ¢ < ¢, & t transforms W0 1) = by =~ d, 1y =ty 4 dy 15 =1 ~2d

Linelzwheretont,-dgt(;st’ transforms to r, = t—t‘;,r‘; - f#l‘;,ro-2t-16

Line £, where lg=tht2ty2-c transforms to sy = o =7y 15 = by + LT 10w 10+ 2t’
Line £, where {; = - c, U2ty 2 ~d transforms to 1y = - ¢ - o r6-~c+ to’, 16--20-10
In Figur} 6b, the points of intersection {corners) representing the new hmits are found by solving rimul-
taneous equations thus:

Point A": rg=~15=2¢c mrg +2d yields rfe-c-dyrym=-c+d
Point B": ry = rf +2d =2~ 1g yrelds rjmt-d, 1y =t+d

Point C%: 1y =2t —~rj=ri -2t yields ettt rgmt=t’

Point D ry =1y =2t - ¢/~2¢c yields 1 = R

The limits for the transformed variables rg, 7o’ are now obtained from Figuro 8b by subdividing the rec-
tangular region into three regions 4, B, C, over which the integrations aro to be performed. From the figure and
g letting ¢ + w, d + =, we have:

152 S g8 -1y

For Region A {

[
t-dg 1] S t+t” becomes ~w <1 & L4 L

0
To=2" S g Srgt2d

, ’

g Sl-ds~w<rg < me. Since the limits for
1o coincide they will yield a zero contribution to tho total
1 intogral. Therefore those limits are not considered.
~rg=2c 1y S g+ 2d

For Region B {

t'-cgr

For Region C ‘
~c=d g 15 S '~ ¢ becomes ~w <1 K=

Again, these limits are not considerod.
Since only the limits for Region A contribute to the toial integral, they alone are to be considered.

49




The hmits for 7', shown tn Figure 6 correspond to integrations for Region A only, which
i> the only region that need be troated. To perform the integration in Region A, it is con-
ventent o subdivide the region in two, Q and Q” as shown in Figure 6c. The limits are then
reestablished so that the first is integrated with respect to 7 in Region Q (the inner inte-
gral) and then with respect to 7, in Region A; similar action is taken for Region Q’. The
Limits are (letting (~-¢"=7T)

In Region Q [-—cn <7g < T+ 2t
~= <7y < t-t'=T
In Region Q ‘-ao Sres2-74

t-t’.foOSN

The transformed time integral is now obtained from Equation (B25)

I"= ff(z)d“ f flg(dl J (o) a (B33)

L ¢ '®

using Equation (B29) to obtain

~lty- gl
— ceaalt-gl -oan(t ) . ,
flg()} = ¢ ¢ ° sinw, (8- t)u(t-¢t)e * sin w g (t7- 45) u(e" - ¢)
“lro- 51
R P (R N S|
--;-e i ¢ ok (CO8 W, (L4 87~ ty ~25) ~CO8 @ (£~ 8 = by + bg)] - u(t=tg) ¥ (¢~ &)
=15 - gl
T A =T (Tg +75) (ro~T75)
- -lc 6 ¢ * ° fcos w (zyt‘-r‘;)-cosm_.(r-ro)l -u[t— 9. 0 ] u [t'- 2 o]
2 mna 2 2
(B34)
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and Equation (B31) to obtain
1 b
= e :4 :
Jg(t) 5 (B35) :
The time integral /’ then becomes 3
i T+ 2t L (= 207,
I'xll'+l£-»2-f J flg(t)) dr; dro+-2-f f flgt)ldry | dm, ]
Y oo - r A ;
For Q For Q°
1 T To+2" ~a, (t+t°=T) Tot2t
=_Z; j f e cosw, (t+t' ~77)~ §
-7 ]
-, (t+t'=T]) ~ ;
. e cos w, (T-7o)|e dry [ d7, ;
]
1(® 2t=T, —amn(t+z'—76) 2t-7,
-;—‘ e cos w, (tL+ ' ~T7) -

-] -0

-|r|
—a, (t+t'=7T)) X

0
e cos w, (T-7) | ¢ dr; | dr,

(For convenience the u’s are omitted.)

Using Formula 414 of Reference 21 to obtain the first and third integrals(the second
and fourth integrations are simply performed)and noting that ¢ + ¢~ 71, - 2" =t~ t' -7, =

T-voand ¢+t ~2t+r =-t+t"+T =T  ~T, we get

=7l
T - - - - 3 -
1 . s e, 1 8mn (T~ Tp) [amncos ©ma(T=Tg) = @pp8in 0y (7 TO)} 0
5 / =ll +12=--— e e dr.
4 2 + ol 0
- mnt QP mn
‘Irol
T - -
1 Smn(To ~T ]
+ Ta e cos w, (T-17)) ¢ dr,
mn *=oo




We define

ma | ¢ |

a

mré a |
h (f)'(a‘|f|)cos'a—+;l-;sm

f (b ~Iql) 2 2l
= - C — o — G
2 (m) 7l) cos — —sin —

(B38)

Then

mn

2 B mnls V) b a5 ¥")
<Y(z,9,0)Y(2°,958)> = ——
3 mn w2
v M2

2

v=1 v

dndé (1] + 1]

Z'AVKV ;i—_f fl(ﬂf: f,(n)

V= Klzl + (l/FUc)z [{f _ Uc(to _ t(;) l2+ 7,2] (B39)

or

7 ¢mn(z’ y) ¢mn(z” y') ,
<Y(z’ya t) Y(a:',y’,t’)> = [11 +12]

3 A 2ad 2
_‘i) w O
KV

7= (B40)

where

I = 3AKfaf(§)[bf(n)dq]d§ iy
v=1 Y : 0 ’ K32/+(1/FUC)2 [’f-uc(to_t(;)}2+7’2]

©mn a b 3
e helf he S,

v=1

T 0T TO){ Pmn

-
r e sinw, (T-7)) + —— cos “’mn('r"’o)] e
mn
- f dr | dy | at

2 K2+ (1/FU )2 [{f- Uc(to“o')} e ”'2_]
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3 a b '] 412'
Iy= E'A,,K,,f fy (6 {f fz(n)dnJ 3 ;
I, 0 K2+ (/FU.)? [‘f—Uc(to—t(;)} +,72:|
wmn @ b 3
-—"— [ w0l ra Sk,
afnn*.wrznn -0 0 v=1
"I’b‘
=0T~ T) O mn (7]
e ‘sin Oua(To=-T)+ cos mmn(-ro—'r)] e
: j = - dry | dn | d¢
T K2+ (1/FU)? [{g-uc(zo-z(;)} +1,2]
(B42)

The time integral in /, and /, can be further simplified by changing the limits of
integration. In Equation (B41), for /, let

"|‘ro|
-~a_ (T=T) (. Opn
™ " ’ Slnwmn(r-fo)+-¢;—cos ©pn(T=Tp) [ ¢ E%
i(-l = J‘ 2 dTO ;
oo K2+ (1/FU )2 [(g_ U r)?+ ,72] !
let 5
F=1-1, Ty =T-T dz = - dr, i
when
i To =T =0
: ‘ro = —oo,?l,'-: oo
; ] .
substituting the previously mentioned quantities in K, and noting that —j =j
s Y0
1 _ -3
f " %mn* . - Dmn - 9
e {sm W, 4 cos o, , T ’e
| K r o (B43)
h L - di
0 K,2,+(1/FUC)2 [([‘f"UcT]+Ucz)2 + 7’2:,
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Similarly, for the time integral in /,, set 7= T~ T To= T+ % d7 = d'r0 , and note that when

Ty =, ¥ = o whereas when r, =, Z=0. The substitutions yield

0
_I T+ x‘l
—a £ _ o _ g
. e *mn* {sin TR amn cos wmnml e
K, =j - e g7 (B44)
0 K2 + (1/FU ) [(lg—ucrl—uc 3)2 + ,72]

When Equations (B43) and (B44) are substituted into Equations (B41) for /, and (B42) for /,,
respectively, Equation (B40) becomes

— 2 Dmn (B9 a(2,9)
<Y(zy, 8)Y(2',958)> = 4 "

2012' (_f_) M2 mn ("mn(amn+ c‘)?nn)
K
v

v=1
-7 -x|
0

A K e

a b ) 3
S ne|[ ol ae
a Io S P 2 K2+ (2/FU)? {[(E—Ucr)+Uc'5]2+n2

{7+ 7|
0 -
4K e
+ , > ” - d | dy | d¢
K2+ (1/FU,) {[(f— U,7)-U 732 + ¢ }
(B45)
where
-a_ X i
g,(H=e ™" {sinmmna’Hamn cos wmn-‘i} (B46)
mn
and it is important to note that
= T-7,; d¥ = d7y for the first terms in the time integral
T = 7, -7; d¥ = dyy for the second terms in the time integrai (B47)
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e

Let

- 1o

- g by . maé az
Y=——Orj=e—; 2 =r—orf=—
b nm a ma

then

T COR e = ey c—— 4 — SiD
a mn [/

a mn

/(&) mné 1 (mn]f[)cos mré 1 mm|&|
a

a

; az
.\ TS T
f14(3) = =008 2 +—( - |Z] cos Z +sin |Z])
ma
() nmp 1 [an|g| amp 1 . nnjg]
22" = cos - — cos + +— sin
b i nn b nr b

[, =

-t 1 . ey -— -
"= cos § +— (sin|¥) - 7] cos F)
nr

Note that f, (¢) = af,(2) and [, (n) = bf,, (3)

also when
§=-0,Z=-mn
E=a,2=mn
n=0%=0
n=25,%=nn
and

, b . a . ab _ _
dn = —dy, d¢ = — dz, dndf = —— dy d3
ne ma —

(B48)

(B49)

(B50)

(B51)

Substituting Equations (B48) through (B51) in Equation (B45), the final result for the dis-

placement cross correlation is
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B B A A

P P2ab 2 ¢mn(zy)¢mnz"y')
<Y(z7y’t)y(x’y ’t’)>= 2

on [23(:—41)]»12 mn mn wmn(a?nn+w,2nn)
K
v=1 g
-l7- %]

. mf“(%’) n”fn(z‘/) myl(‘a':) 3 } AV:;-:C 2 7\ 2
2
o O O e (- o] )]

mm

-|7T+ Z|
0
AVKVe - - -
+ 3 dx] dy] dz (B52)
2 2 [ a¥ - i 2}
K, +(1/FU) ;z—”--UC T)—Uca: + —

(Note that in Reference 15, Equation (28), £, (2) » /(2), /,,(3) » /(3) and 9, (@) + 9(2) .)

If the second form of decay is used (for constant partial separation and variable time
delay) for the cross correlation of the wall pressure for semifrozen flow, then in Equation (B13)

a?

“lo-l  Ax-xgl €]

v o ve
e UL VS L U,

Imn v.o

so that following a procedure similar to that used in deriving Equation (B52), for this case

p2ab ¢mn(w7y) ¢mn(z’?y’)
<Y(z,y,t) Y(z~y°5t")> =
3 mn 2 2
2n2 E "y2 M@ (Gt 0p,)
v=1

‘ fmrr f“(;)[Jmn le(i)[Iw 9, (’5)23' r A:KV : -
“mn 0 0 v=1 lk3+ (1/FU)? [([g- UJ]+ Uﬁ) + (g) ]

4K, ] _] -
+ dé | dj | d5  (B53)
az _\? by \?
K2+ (1/FU )2 [([7{" Uc'r] ~UE) + = ]

nmw
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where

az - 1 - -, -
fl=—] cos 2 +~—(~|2| cos z +sin |2])
mm mn
fll(.z-)- b = a?
_l_._.l
mrn U 0
e
L
by

nmr - 1 . - - -
fa(® === 08 ¥+ — (sin [§] - |7} cos 7)

-

(4]

-amnx mn
g,(Z)= e [sm wmn:c+-;-- cos wmn’j]
mn

Equations (B52) and (B53) have similar numerical results.

If the pressure covariance is used for unsteady convection (Model B) given in Equation

(B10), the response of a panel including modal couplings is given by

¢ I a ¢ b b
<Y(@Y,H)Y(x",y',t')> =f dt, J- dt(;J dxo} dzé‘[ dyo-“ dy,

¢mn(zvy)¢mn(zo’yo) “Smalt=¥y)
. — e [sinwmn(t-to)u(t—to)],

e {sin wpq(t’-t(;) u ('~ t&)]}

, ¢J,q(¢'1y')¢p.q(x6,y6) —apq(t'—t(;)

l‘o""(;l. "‘0"‘0'
—_— f—p———§
‘—2 01 01
-p° {4, Le +ae -sinw, 4 -t
’ ’, 2 N2
- -x)=U (t,~¢ + - , .
{(xg = %) ¢ (= tg)) (vo =) } ~lto=151 ~Jeo=t51
3 —_—
20, 6, 9'2 )
e +4, e + aye +C08 w, (25— tg)

~{ Uz = %)= Uy (g = )12 + (55~ 7$)?

2
202

e (B54)
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e fT e s e i i dehaned

Using the modal volume displacement

PWRPUYWORLE)

a b
A [ s@swaa (B55)
0

0

the modal acoustic power radiated in a reverberant field can be calculated

NolpcK2 . 2P + P[ fafb
PHLpn = — y? 5 U' ¢6,@] I¢,)l dz dy] 3
p 0vo

"

(B56)

Finally, using Equation B9, the normalized power spectrum of the turbulence pressures is
computed for case of n = 0. The normalized correlation coefficient is defined as

Y(z,y,t)Y(2",y°,¢")

[T ewa? Y(z',y',t')z]

Ry(f’ﬂ, T) =

1/2

The normalized power spectrum is then

N e ~-(Ké+o7)
P(K,,0)~ R(£,0,7)e ' 1 dédr  (B5T)
l (2m)? L L
-la
u,0

IR S a g, e[ —22TAT e,
vy J—ec K2 F'Z ( f)2

+ [r-=

Y U

c

(B58)
y=1

From Pair 632.2 of Reference 7, with p = iw and B8 = K yF, the quantity in brackets equals

- -K},F|w| -iéw/U,
— . Hence

- 1|
PK, o) = — : A Z,A ~lo| K F J‘w \ up .e-iKl'df (B59)

- 00
—— y:

y=1

@
where K1’= —-+K1.
[+
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1 .
Using Pair 444 of Reference 7, with p = il{l' =i (212‘ 4 I(l) ,and B = ﬁ’ the integral

c r
-2 0 20,0
equals =
(KD - (LU0 1+ 0% (0 + K, U)?
3
Hence -lw| K F
2 4.e 4
6 =1 Y
P(K o) = (FU, /2m) —~ y (B60)
1+ 6% (0 +K,U)? Z, y)
K
<}’=1 Y

which agrees with Reference 16, Equation (6).

COMPUTER PROGRAMS

Computer programs for either Equation (B52) or (B53) and Equation (B60) are designated
as Subprograms A and B, respectively. Reference 22 presents equations similar to Equations
(B52) and (B53) and gives Fourier transforms to yield the displacement cross spectral density;
(see Reference 22, Equation (27)). Since the method of derivation is similar to the method
presented in this report, the details are omitted here.* The corresponding computer sub-
programs are designated as Subprograms C (modal coupling excluded) and D (modal coupling
included). The latter subprograms treat simple and clamped supports and uncoupled and
coupled modes.

APPENDIX B2 ~ METHOD FOR DETERMING INPUT DATA

The foliowing data are furnished to the computer

Flowdata: U, 7, ,58%=FU,w,p%,0,4 K, where v=1,2, 3
2Pr+Pp

Panel data: a, b, 4, 5,,,,,15’ M, ¢mn’ @ £, Ny Ty My N, 3;. N, pcKi, » @y Y, Ty .1/'

P
The method for determining the data is now described. Either the data are arbitrarily
selected by the user, i.e., the values are chosen to represent the range of interest, or the
selections may correspond to experimental values for a parameter.

*The mathematical form of the model representing turbulence excitation pressures used in Reference 22 is
slightly different from that used by Maestrello in his earlier works.

80

adkiioia




YT

Parameter

A, K,
a,b,h
E
M

z,y¥ 2,y
3

5% (=FU)

*Our equation agrees with that given by Jacob.

Desctiption

Prescribed constants used in Equation (B7)
Prescribed quantities

A prescribed quantity

A prescribed quantity

Presc'rib‘ed data

Determined as described on page 434 of Reference 15.
Maestrello assumed piston radiation for which N = 4.

Equal to 1 for a place without ribs

o0

Equals{ P(w)dw, where P (w) is obtained from Equation
0

(B7). This quantity can also be measured directly.

A parameter whose values are prescribed by the user,
U, =0.8U_ ; see Reference 15 page 427 . A method for

measuring this quantity by experimentation is given by
Equations (B2) and (B4) or alternately for ¥, » space by
equations given in Reference 15, page 414.

Prescribed points; the cross correlation of the displacements
are computed for these points.

Determined by taking the square root of the calculated
mean-square displacement.

Equals 0.37/8 (U, z/v)~ '/5; see Reference 25, Equations

(21.6) and (21.8),Tables 1.1 and 2.1 of that reference give
values of v in air and water. Using this equation, values
of &* for a given fluid can be prescribed over a range of U_.

Total damping ratio obtained in accordance with the methods
of Section 3.4 of Reference 14 and further described in the
footnote to statement preceding Equation (B18). Note thatin

-~

Reference 15 Figure 19, a_ =¢ ,,0,,/2 , whereas deter-

mination of @ in Figure 16 of the same reference is made from
the formula a_ = 0.5((»,“)1/3 , which is based on £/ Baroudis

data. The latter was considered acceptable for thin plates. In
general it is preferable to use the former method in making a
theoretical calculation. Value of a,,, may be prescribed by the
user to determine the effects of damping variations.

in Equation (59), of Reference 34 letting Uc= 0.8 Mc(M = Mach

Number and ¢ = sound velocity) and noting that é should be 1n milliseconds 1n that equation. “Our equation differs
from that given in Reference 14, Equation 7, by a factor of 10-3 , see also Appendix E.
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Eoper
pCK?

‘bmn(‘”y)‘f’mn(x”y’)

C‘orresponds to the time in which the value of the measured
correlation coefficient of the fluctuating pressures at the wall,
obtained from the envelope of the correlation maxima, drop to
1.’e. Plots of 0 versus Mach number for broad- and narrow-band
frequencies are given in Reference 14, Figure 5. From Figure 5*

¢ - 1.37x 1073 U.+ 1.15 where 0 is in milliseconds and U,

in feot per second. Thus, 0 = §(U,) may also be prescribed for
various values of U_; ¢ may also be obtained from the plot cf

U/ ,0/8* versus the Mach number given in Reference 15, Figure 6.
Prescribed data

The numerical value of this quantity for air has been computed and
included in the program. For a water medium, it is necessary to
modify this value in the ratio of (pC) /(pC). . by adding

an instruction to the program.

water air
Determination of this quantity is based on the law of the wall
described in detail and shown in Reference 23, Figure 1. The
Maestrello data given in Reference 24, Figure 2 , lie along the
universal curve representing this law. (Note that for incompress-
ible flow, the vertical coordinate of this figure equals u /u ).
Yuy 4 YU
From either of the figures, =——/ === —— = constant = inverse
v! uy wr,
slope of the curve, which is measured. Hence if the velocity pro-
file of the users data agrees with the universal curve, thep for a
known value of v  , selecting a value of u corresponding to a

value of y yields the value of u,’ By definition =, = p,, 42 .
The data required for the computer program are calculated by the

digital computer for a range of prescribed values of m,n,z,y,2’,
and y°.

Prescribed in Equation (B7) to obtain P (w)

For a plate of given geometry and structural properties, this
quantity is computed by hand for a plate with rigid or fixed bound-
aries using Equation (A7) of Reference 14. For a simply supported
plate, use Equation (IV.5.16) of Reference 10.
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APPENDIX B3 — PROGRAM IDENTIFICATION

A program is presented for computing mean-square displacement (Subprogram A) of
a simply supported rectangular panel excited by a turbulent boundary layer and the modal
acoustic-power radiation of the plate in a reverberant field. The program also computes the
turbulent pressures on the plate (Subprogram B) and the cross spectral density of the dis-
placement for simple or clamped boundaries without modal cross coupl’ing (Subprogram C) and
with modal cross coupling (Subprogram D); see Tables 2 and 3. Computer running times for
sample problems are as follows:

Subprogram Computer Time
A IBM 7090 The Simpson rule of integration
at 4 modes (m =1, 3, 5, 7, with 2 = 1)
NSRDC 1 convection velocity U,
Approximately 28 min
B IBM 7090 48 frequencies
at 8 spatial separations
NSEDC Approximately 2 min
C IBM 260/91 Gaussian quadrature (9 point) .j
at 4 modes (m =1, 8, 5, 7, with n = 1) i
Applied Physics 10,
Laboratory )
Johns Hopkins Approximately 9 sec
University J
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T

' ———--‘b-—..“ o b,‘)me
7 [P al COMPUTER RESULTS
10° %'d PR AR I
~P / {
N,
4
/ (7.1) MODE
(NSRDC CURVE | MANUALLY
ADJUSTED ~ SEE NOTES 1 ond 2)
7 ==L /
10-8 Z —~ 10!
~
g / V‘ I
M v/
>
,/
MAESTRELLO
COMPARE WITH FIGURE 7
_ OF REFERENCE 16 s
10 e NSRDC 10”
10-10 1077
161 1 10 2
2nL€/A = wld
Note 1: For Curves [ and II, use ordinate scales to left and right, respectively.
Note 2: NSRDC Curve [ was obtained by selection of a value of p7 « 13.72 Ib/in.* which yielded a curve

spproximating that of Maestrello Curve I. Msestrello’s actual value of;f (Figurel, Reference 16) is
unknown. NSRDC Curve I was then manually adjusted to give the same value of y2 as that given by
2al

Maestrello at = 1. (This should be equivalent to using the same value of p? as Maestrello.)
mn

The replot is shown as Curve [I. QObserve that in view of the scaling errors involved in copying the
Maestrello curve, the curves shown in the replot are in good agraement.

Figure 7 — Variation of Modal Mean Squaie Displacement with Eddy Lifetime for

a 36- x 6.5- x 0.04-Inch Panel
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Figure 8 — Computed Modal Mean Square Displacement for a 36- x 6.5- x 0.04-Inch Panel
Compare with Figure 19 of Reference 15. The trend of curves there is similar to curves drawn here, but
differences appear to be due either to 2 normalization factor of 47 “ or to the use of different values of p2

than those used here,

axiot?
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Figure 9 — Contours of Constant Turbulence Pressure Spectrum Level
for Convected Semifrozen Pattern

Compare with Figure 5 of Reference 15.

65




TR/ 0t (™) 4 WAYLI3dS INIHIDVSIA

Wit

e g

—_—
<]
=]
-]
a.
E
=
3
T 100 it N g P —_
3 T [ e : : _ =
.m“.. " =< i H - ) |1 - .
= Eg A IR 2 =
= N ] =z o g T - 2 < T
o HAFr 288 £ £9 = L€ e
= J4..].. wn NN x o - =
— W N = w2 i -y
& 1L SsSEs 5228 1 TS <
o rr8888s58uwasa S ;
(=] 11 H N e oo, O 82 & ST
g -+ 1- 497 %2381 I o w
=) ] LI N T A A | O i it T
RaN . v eT RNLN JU DO UG OSSN A S i !
X 8 »OD D xla o CU" 3
' [ — .. -
© 0 o Il B - —t -} -] ”.~ |4 ] W
N 000 0 U ot S A O RN ISR Y ¢ : S
g Hb 2
o o -1 s it B v e— - r - [P
— g g A o Y DR RO S b : 3
s @ 1 N iﬁr;..mn T T
& g . - == m
S g =37 ek 2+ :
2% 2 PR T B = k]
=) . JUE I B I 7 4 - - - -1 ] .
s N a1 - w - - B R - B A : -
e m b A m\’V - T T - : - - ™ “r1rI T |\”. [
2 gl I S S B i o o w e — - 3
— U SR Y B A A U I T A - T2
- [ - =z - - P
g & g O et 1 o e et B o Lz
< 5 - - 15 1 B Seliathadet o Sl el ac I ol 1=t 4
O ~ i5- =1 "t =ttt s s {1 e 8 e ey e =
m.w - 1- =l w Ss e e - B Rt - o e bl - — —
20T 0 B e = o B Rl o —— D
- 8 [} . — )} I . I S faume gu b
58 H-- o0t ] s
g s LA R St o o iy At O i s B 1 (s i 2 :
s Y E e R . - LNA et 1 I I - el -} = G - :
A 1 - 2 e e S - ol el s ——— B ;
& ' s
c. B I %S S 1S5 I O M ' ot same - w T
& SR =F = T o 5
Q B o et B T — 3
- = e BE SR o i B SR B o Eial Renis b o i e Neai AR
S L I Do UG DT S U E [ EEalY B i Nt JER M !
JI O S O QDU (oI SIS F SO R S ~fet-}e SONUNIN 4 o fed .
S o o O -«-ﬂl - - ——t11-1 - " - u — oo T
Q.
= e = o R 2 o 2 =
i~ P bown~ o n < - -~ [ © - IS 5
o Ceoxn ¢ + = - ~ - - - -
I
<
—
&
e
=S
218
=
<9

>,

2500

f(Hs)

Figure 10a — Result Using Both Parts of Subprogram C

i . N " ek

66




DISPLACEMENT SPECTRUM ¥ (w) in.2/Hz
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Figure 10b —~ Results Ignoring the First Part of the Solution

Notes for Figures 10a and 10b:

To compute the power spectrum, without coupling, Subprogram C first uses the Warburton method to determine
the eigenfunctions and eigenvalues. Hence the user must submit the coefficients for the boundary conditions he
desires. The program comes in two parts: the first solves for the peak response at w = @pn and the second
solves for the spectrum, varying @ around @pnt

Figure i0a shows a narrow bandwidth for some modes, such as (5.1). This means that if the user were to run
the program only for w # Dpn (as 1n Figure 10b which ignores the first part of the solution) he could bypass

the peak response. The curve shown in Figure 10a is a result of both programs, where DW, the interval used in
the computer program, was 100, for the case @ # @y The curve was then extrapolated to its peak value at
W=, . !

mn

Input data for Figures 10a and 10b were obtained from Maestrello, he computed his modal frequencies for Ap

= 0,06 and 14 psi and used experimentally obtained values of damping. The relations Uc =0.8 Ue and p* = 12 ruf

were used. Input dimensions of length are in units of feet, whereas by means of a conversion factor in the pro-
gram, the corresponding output is in inch units.

In Figure 10b the static pressure Ap = 14 psi is introduced into the program by modifying the value of 2T

obtained at Ap = 0.06 psi = 0 psi from the Warburton equation for clamped boundanes. Since Dpog = X and
m

approximately k « E, then Wpoq 1S proportional to the square root of E and therefore the stiffness k If origi-

nally we have EAP =07 0.21 X 108 psi, then modifying E in proportion to the change in stiffness which was

measured with a strain gage on the panel under static loading, we get EAP =0.33 X 108 psi. We then

=14 ps1
recompute the value of Wreg corresponding to this value of E.
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APPENDIX B

TABLE 2

Identification of Subprograms A, B, C, and D — Maestrello

This table includes identification input and output date
units (in foot — pound — seconas), flow charts, order of
data, and sample data, Computer subprogram listings are
given at the end of this appendix as Table 3.

Subprogram A:

Subprogram B:

Subprogram C:
Subprogram D:

Computation of Plate Vibration and Acoustic Response
for Model A (Semifrozen Convection)

Computation of Cross Spectral Density of Turbulent
Pressures for Model A (Semifrozen Convection)

Computation of Cross Spectral Density of Displacement

Generalization of Subprogram C to Include Modal Cross
Coupling
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TABLE 2 A

Input Required for Subprogram A to Compute the Plate Vibration and
Acoustic Response for the Semifrozen Convection (Model A)
and Corresponding Qutput

(Units are given in foot-pound-seconds)

Data

Description

Symhol Used

Type in Program
Flow Characteristics (Subprogram A)
U, Broadband convection Decimal ucm
velocity
;7 Mean-square wall- Decimal PB2*DPB2(I)
pressure fluctuations,
which vary with U,
5*U,
(FU,)? Quantity o Decimal FUCSQ
squared where:
5* = boundary-layer
displacement
thickness
U =free stream velocity|
KKK, Universal constants: Decimal AK
K, =0.470
K,=3.0
K,=14.0
Al’Az’Az Universal constants: Decimal AN
4,=16
4,=172
4;=12.0

(*PB2 would represent a unique value of p2 if p2 were independent of U{,. It enters the program

(1.e., data cards) once only. _Since p“ actually varies with Uc’ a correction factor DPB2(I) 1s entered

with every value of UC-Thul p2 as a function of UC is accounted for by the quant:ity PB2* DPB2(I).
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TABLE 2A (Continued)

- Symbol Used
Data Description Typo in Program
Plate Characteristics
h Panel thickness Decimal H
y? Square of plate mass Decimal FM2
a,h Lengths of panel Decimal ZUP,YUP
sides
L Total damping ratio Decimal DAMP
- Modal frequencies of Decimal OMEGA
the plate
Additional Quantities
Range of plate mode First m mode number, Integer MLOW
numbers for which last m mode number, Integer MUP
calculations are interval hetween m Integer DM
desired mode number, total
number of m's Integor MSTEPS
Same information as Intoger NLOW
previously described, Integer NUP
with respoct Lo 7 mode integer DN
numbers Integer NSTEPS
r Time delay Decimal TAU
Numbor of values of Integer KUC
U, to be calculated
Set of reference 2U .0 Decimal PARAM
points against where
which mean-square m,n
displacement &and 0 - eddy lifotime;
acoustic power A, n~ acoustic wave
will be tabulated length for mode
(m,n)
Number of values of Integer NP
PARAM specified
o \Yo Coordinates of a point Docimal X0, YO
on plate at which mean-
squaro displacementand
acoustic power are
calculated
x5 Yo any point on plate Decimal Xop, YCP

different from z,, ¥,
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TABLE 2A (Continued)

Data

Description

Type

Symbol Used
in Program

Calculated Output in Inch-Pound-Seconds

Pm,n

Value of eigenfunctions
of mean-square dis-
placement

A value of EIGEN is
computed for each mode
(m,n) with three values
of total damping;

1/10 a

m,n ’am,n ;luam,n

Decimal

EIGEN

m,n

Values of total damping
associated with each
mode (m,n)

Decimal

FA (m,n,1) for compu-
tation; A (m,n, DAMP)
in output

Vol

VoY

Volume under each
eigenfunction

Decimal

VOL

I(m,n)

Triple integral of
Equation 1.13: integral
of cross correlation

Decimal

IXY?2
I(m,n)

Mean-square displace-
ment for values of
1/10 @y 230 IOam' n

m,n’

Decimal

ANS
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Output 1= printed for a given convection velocity U, for the modes of interest. The
I”z_xsl four columns of the output respectively represent Y2 for 1/10 [ J— Y2 for @, and
Y2 for 10a,, , for chosen PARAM. Since this program was written, Maestrello has developed
methods of computing damping, but here he chooses the magnitude of @ according to the
w0 region of the curve that .nterests him. For example, Figure 7 plots Y2 against w .0 .
In the region w - €@ = 107! to 1.0 he uses a,  /10; however, for w - 0 = 1.0 to 40, he uses

a, .. Also, Y2 corresponds to the value of PARAM closest to « 0 where 6 corresponds to U,.
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TABLE 2A (Continued)

®

Q)

WRITE

—=~4  Values ju~t

Calculated

CALL

SUBR

@ CALCULATE
_ READ AND WRITE CALCULATE abp?
START | INPUT =] VARIABLES USED | —
DATA INSIDE LOOPS 9,2 42 X L
vk
DOUBLE DO LOOP ON 10
m and n Vary
O - A2, Y0 - B/2
i —J
Yes
YO - A2 - /(2m) '
IS EVEN ' YO B2 - B/2n )
DO on 45
Set up
for 3
1damps
-, 1,10
10
CALCULATE for each damp
2 P n(H¥) ¢ (2'y7)
mn mmn [amnz + "’mnzj
45 CONTINUE
i0 CONTINUE
SUBROUTINE VOLUM
‘Bt
Calculates 1 per m,n
om + rr 2no l
16 ab 144 sin( - sln 3 -
Vol -

" 7
(2n + 1)-5(2m+ )= |1+

WRITE answers
RETURN

n n
sin(2m 1)- s (2n l)-é-

sinh(2m + 1) = sinh (2n 1)?2-

(ll S |
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TABLE 2A (Continued)
@ ovom Vary U,

CONST () - DPB2(KU)
WRITE U AND CONST

@ DO 778 m Vanes

@ noO 779 Setup #°s
719 0 PARAM () /m/U, * A

Sot upper and lower limits for 2.y, 2 ntograls
determine no. of steps for oach Integral and
the step size for each

@ DO 11

Calculatos coofficients for
Simpons Rule

@ -
sot variable of intogration = lower limit on 2
Calculatos function of 2 values

/ J"’ mnz 1
- €o8 == ¢ «— s3I0
o J, a mm

mm2| | mns mn2
— - Sem— cos — dz
[ | o e

® v
Sot variablo of integration » lower himit on y
Calculates function of y values

b’ nny 1§, /nn any nny
[”)- , {2y oo To ; sm(-b—- —b-cos —b-

[Jo

@ Sot up and initislize to zero, tho array
for summing on outisde integral

® «
Set variablo of intogration = tower limit on X
Calculates function of X varying y and 3 and
summing up parts proviously calcuiated

mn

3 AK,

.- G
4 -a,.2 mn
foal fylma—re T s 0 o b2t = cOs (@pal !
(v oly) ab a

1
-1 2
TR,
<

B I

)] RELY

de

® WRITE

Answers of =8 IXYZ

triplo intogral
—

@ COMPUTE AND WRITE
ANS = I1XYZ * EIGEN AND CONST

778 CONTINUE
117 CONTINUE

*

STOP
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COLUMN HEADINGS FOR INPUT FORMS ON DATA CARDS

TABLE 24 (Continued)

TAU 60 70
H 10 60 70
X0 10 60 70
Yo 10 60 70
Xop 10 60 70
Yop 10 60 70

FucsQ@ 0 60 70
PB2 10 60 70
M2 10 &0 70

AK() 10 60 70

AK(2} 10 60 70

AK(3) 10 60 70
i

AN() 10 60 70

AN(2) 10 60 10

T T
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TABLE 2A (Continued)

(]l N)l .

«+ ¢« (m, N) to complete OMEGA (m,n) array.

76

ANG3) 10 2 3 40 50 60 70
—— -0 70
TITLE
KUC 10 20 » 40 50 60 7
uc( 0 oPBAN 20 2 40 50 60 10
Number of cards needed for U_ , DPB2 arrays is equal to KUC
we 10 2 2 0 50 60 10
YUOP Y0 2 ) 0 50 60 [
Hoo0 2 ) © ) &0 0
MLOW 10 HUP 20 DM 30 MSTEPS & % ) 10
NLOW 10 NUP 20 DN  NSTEPS & 50 60 70
OMEGA (1,1) 10 0 ) ©0 0 6 n
OMEGA (2,1) 10 20 ) ) 5 I 60 70
With the order of cords (1,1}, 2,1}, ..., M1, (1,2, ..., (WD, ...,




TABLE 2A (Continued)

DAMP (1,)) 10 . X 4 50 60 L)

DAMP (2,1) W 20 ¥ & 0 60 Ly

With the order of cards (1,1}, 2,0), . .. (m,1), (1,D), ... (m,D), . . .(1,n), . .. (m,n) to complete the DAMP (m,n) errey.
NP 10 2 X L 0 ] 70

PARAM(1) 10 0 X o9 5% 60 7

Tire number of cords nseded 1o compiete PARAM orray is equal to NP.
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TABLE 2B

Input Required for Subprogrem B to Compute the Cross Spectral Density
of Turbulence Pressures for the Semifrozen Convection (Model A)

and Corresponding Output

(Units are given in foot-pound-seconds)

Data

Description

Symbols Used

Type in Program
Flow Characteristics
0 Eddy Lifetime Decimal THETA
¢ z -2z’ (Plate separation Decimal 81
in z direction)
T Wall shear stress Decimal W
w Frequency Decimal FR
8 Boundary-layer dis- Decimal DSTAR
placement thickness
Ky K, oy Universal constants: Decimal D
K,= 0470, X, = 3.0,
K,=14.0
A, ,A2,A3 Universal constants: Decimal A
Al = 1.6 A, = 7.2,
4, =120
U, Broadband convection Decimal ucC
velocity
Calculated Output in Foot-Pound-Seconds
R(r) Normalized autocorrelation Decimal RAUTO
of the pressure; see
Equation (B8)
R(¢é,n,7) Normalized cross correlation Decimal RCROSS
of the pressure; sec
Equation (B9)
P(w) U Dimensionless power spoctrum | Decimal POW
7 e of wall-prossure fluctuations;
Tw 8 see Equation (B7)
P(w) Power spoctrum; see Decimal PDW
Equation (B7)
P(K,.w) Normalized cross-power Docimal PKW
spoctral density, using
longitudinal space-time
cross corrolation of
semifrozen model
P(w) Power spectrum, correspond- Decimal PW

ing to I’(Kl,m)

78




Ty EE T ST TR R .

i

T”t (oY) ’ney sosiop o
dGLs @°X)d 31NdNOD Q1o vivg

EBREL) din 13s

” &
0N 05 o sdoo 0g

14 m:u

‘(o) g YIM0d S3ION3ND3IYS
@lll n ASV d ]
31NdW0D avay

31Rm

(4d) sy vo 0g

® SSPAUDY SSPUOY |
ETRITY 31ndwod ®

(s 0e
(Nv1) §¢ uo sdooy Og

79

1yt=2
pinvy VL jo enpep 2T ew vonsjaue) ssar)
@..I. 00 30 p1NVZ v o€ puo ciny ioj
ETRRTY sisjn0) sdoo 0Q pisul pesa viva av3y
$8|qOUDA 3p[ndj0))

(NV1) 5T wo doo g

6 34notd4 (2 'y g
({8) NOILYND3  WNELD3dS ¥3MOd
(68} NOILYND3  NOILYI3¥Y0D $S0¥)
(88) NOILYND3  NOILYT13¥d000L0Y

(penunuo)) gz a1gvy,

A B




S P 34

* PO i COREIONAMINRS -3 b AE P ity S LA L) s 5N z s i e 2L U oAl Aom i

08 99 143 A4 ot 81 9 Ml

(SZ) ¥3 Aowo a49(dwod o} papasu so spio> Aupw sy

te 99 09 4] 8 44 9€ 0t | £4 81 TL)dd 9 (1)ad

L @IS g9 WIS ¥S (9IS Sy ©)IS s¢ WIS L € st @IS 6 (nis

(e
a0

08 99 ¥S 4 ] 9% an ¥C dvisa Vi3HL

08 99 ¥S 143 ot Y2 €©)d 91 @a 8 (1)a

08 99 49 or 0t v 9 @v 8 (v

08 cLOL 09 0s o 0c o 1]

- Ul

SQYVYD Y.LVQ NO SWIO4 LNdNI ¥04 SONIGYIH NWN0D
(penunuo)) gz ATIVL




TABLE 2C

Input Required for Subprogram C to Compute Cross Density Displacement

and Corresponding Output

(Units are given in foot-pound-seconds)

Symbol Description g;‘fgii"
Flow and Plate Characteristics
and Additional Quantities
ARG (D) Gaussian quadrature ARG(I)
WGT (1) Weights and arguments; NW of them; WGT (I)
in this problem 9 points
NW Number of points in Gaussian integration NW
K Universal constants; NAK of each; in AK ()
A this case, 4 (supersonic) AN(D)
NAK Number of A’s and K’s; 4 (supersonic) NAK
TITLE Alphanumeric title --labels the TITLE(I)
output; User’s choice of words
z z Coordinate position on plate X
z’ Second z coordinate: ¢ = z ~ 2” XP
y y Coordinate position on plate
y’ Second ycoordinate: 5 =y -y’ YP
a Plate size - z direction
b Plate size - y direction
U, Free-stream velocity UE
M Plate mass FM
o* Boundary layer displacement thickness DEL
;2‘ Mean-square wall pressure fluctuation PB2
U, Convection velocity uc
] Eddy lifetime TH
MLOW First mode of interest for m MLOW
MUP Last mode of interest for m MUP
DM Increment between m modes DM
NLOW Same as described but for n modes NLOW
NUP Same as described but for n modes NUP
DN Same as described but for n modes DN
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TABLE 2C (Continued)

_ . Program
. 'mbol Descriptio
5 Symbo cription Symbol .
¥ in Y , GM i
Warburton ° jfor ¢ (&) to define '
3 i (&) KM .
v, plates with fixed edges, for m,n GN t
: des, respectively. :
k. modes, respectively KN ‘
W, Plate modal frequencies WMN (M,N) 1
i (- Acoustical damping, obtained FA(M,N) }
experimentally ;
i
Following Symbols Are Used Only in Program for o # o, ,
Wi Lower limit of frequency to WI
vary around a given o, .
WF Upper limit for w # @, WF
DW Increment size for intervals DW
f between WI and WF
-
' Calculated Output in Inch-Pound-Seconds
3
y 5 2 } ] Plate shapes, by Warburton method EIGEN (M,N)
abm*n b’ )d(¥)Sy)
P(w) Power spectrum: . POFW*
(-K,08*/U,) 525«
1 pcé
Ae
| £, 7
Y(r,y52%,y ) Equation 27 of Reference 21: cross ANS*
spectral density, assuming panel modes
well scparated.
Equation 27 x w* PWRSD*
1 (AMN? + (0, ,~ ©))(AMN? + (0, ,+ ©)?)|  DEN
) *POFW, ANS PWRSD have real and imaginary parts printed out.
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-= DO 778

‘_—’DO ]w

TABLE 2 (Continued)

Read and Write A’s, K's, no. of
Goussion points, ARG’s, WGT's

a, b,’F.2,8*, ,/ley's,q's,wmn's,amn'

0 50 M

Do 45 N

COMPUTE AND WRITE EIGEN
45 CONTINUE
50 CONTINUE

o

N

Set up integration {imits;

WF - Wi
NWW =

+ 1= Twhenw=aw,,)

NWW 1

CNMPUTE
P(w), DEN

500 Gaussion integration
X0

DO
DO forx, 2’; SUM 6

DO 400 Gaussian integrotion
DO 200 fory, y"; SUM 5

i

COMPUTE ANS AND PWRSD = ANS* ¢!
WRITE ANS AND PWRDS
Wi=W+ DW

l

= 150 CONTINUE

- 176 CONTINUE

o 718 CONTINUE
L
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TABLE 2C (Continued)

Column Headingy for Input Forms on Data Cards

5 10 30 50 60 80

NW | NAK

ARG(1) ?

And as many cards as neaded to complete the ARG(NW) orrey (NW cords). ‘3

0 30

WGT (1)

And o3 many cards es needed to complete the WGT(NW) arroy (NW cards).

80
TITLE (from column 1 through 80)
12 u ¥ 48 60 72 80
X xP Y YP
12 r] ¥% 48 &0 72 N
AK(Y) AK (NAK} N
12 r{] % 2@ 60 1 80
AN(‘) v s e o s AN(NAK)
12 U4 3% 4 60 12 80
A [} FiA UE DEL PB2
12 24 80
g uc TH
) L) 15 2 25 %
MLOW] MUP | DM |NLOW] NUP | ON
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TABLE 2C (Continued)

12 yl] 3% 48 60 72 80
] 1
GM(1) GM(2 ond as'mony cords (6 nos/card) to complete GM(MUP) N
) A L |
12 24 ¥ 48 80 12 80
! I 1§
GN{(1) GN(2) and as many cords (6 nos/card) to complete GN(NUP)
1 1 -3
12 24 3¥% 48 60 72 80
R4
1 MUP
KM (1) KM(2) as ma.y to complete KM(MUF) ( I3 ""d’l
12 24 36 48 &0 72 80
. | NUP
KN(D KN(2) os many to complete KN (NUP) \7§ cords
10 3 60 80
wAN(LY)
10 3% 60 80
WMN(2,1)
10 3% 60 80
WMN (MUP)
10 % 60 30
WMN (MUP, 1)

WMN (MUP,2), and 50 on, until MUP x NUP cords are used 1o complete WMN (MUP, NUP) array

10

FAQ1Y)

10

FA(MUP, 1)

FA(1,2), and s on, in WMN array, i.e., use MUP x NUP to complete FA (MUP,NUP) array

For cose

@ # @, only: 1cord for each (Mid): (1,1), (1,2}, <« .(LN), (2,0), - - - so0n

12

24

¥

wi

bW

WF
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SUBPROGRAM D

Subprogram D represents a generalization of Subprogram C to include modal-cross

coupling. Data descriptions of the subprograms are identical, except that Subprogram D re-

quires a second set of modal input data. These data are:

TABLE 2D

Generalization of Subprogram C to Include Modal Cross Coupling

(Data descniptions of Subprograms C and D are identical except that Subprogram D
requires a second set of modal input data as indicated below)

Symbol for Cross- Symbols for
Coupled Modes Uncoupled Modes*
PLOW for p modes MLOW
PUP for p modes MUP
DP for p modes DM
QLOW for ¢ modes NLOW
QuUP for ¢ modes NUP
DQ for ¢ modes DN
GP for p modes GM
GQ for ¢ modes GN
KP for p modes KM
KQ for ¢ modes KN
WPQ(P,Q) WMN (M,N)
APQ(P,Q) FA (M,N).
*Analogous to data in Subprogram C.
Note: The output will now include the additional eigenvalues EIGN (P,Q)
for the (P,Q) ntodes. DENCOM is the denominator of Equation (26),
Reference 22.
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TABLE 2D (Continued)

READ AKD WRITE

INPUT DATA

CALCULATE CONSTANT
144 (32 2)7r7'»2

CALCULATE EIGEN (M.N)
DO 50 M~ MLOW, MUP, DM

CALCULATE BOUNDARY CONDITIONS 2 - USE COS AND COSH TERMS

7"BOUNDARY CONDITION
ON z- USE THE
SIN AND SINH TERMS

r—-@o 45 N = NLOW, NUP, DN)4—————

CALCULATE BOUNDARY CONDITIONS y - USE COS AND COSH TERMS

BOUNDARY CONDITION
ONy - USE THE
SIN AND SINH (ERMS

CALCULATE EIGEN (M,N)
WRITE QUT

45 CONTINUE

50 CONTINUE

1

CALCULATE EIGN (P,Q)
DO 55 P = PLOVW, PUP, DP

CALCULATE BOUNDARY CONDITIONS z° - USE COS AND COSH

BOUNDARY CONDITION ON = - USE SIN AND SIND

DO 545Q = QLOW, QUP, DQ
CALCULATE BOUNDARY CONDITION - y*~ USE COS AND COSH

No Yes
BOUNDARY CONDITION ON y’~ USE SIN AND SIND

CALCULATE EIGN (P, Q) WRITE OUT

545 CONTINUE
5% CONTINUVE




Pl et o oy

ETTY

bo 7178

00 7181

prme—meeems DO 776

00 7761

TABLE 2D (Continued)

M= MLOW, MUP, DW

P - PLOW, PUP, OP

N« NLOW, NUP, DN

Q- QLOW, QuP, DQ

READ CAI..CULA'I'Ex

o A, Rw, Ndy, Ry, DO 150 MM] = 1, NWW
it | ny, 'nyg i Initialize onswer 1o 0

Colculate DENCOM

Cn* Gpg Gy ¥ 8 ©pn wnz ]
(B0t i0) [“’mn“‘pq (——2—)] 1O pg {(———2———) - (-—2—) - (T)

+

TRV 2
(Bpptio) +wq,

2
) Gpnt Gpq am+a”) (wm") (“’pq)
(apq-uo) [wmnwpq[('—r—)]*“pqwmn (——-—2———- + =/ - ..2._

— 4 —kwd
PZs T
Plw)~ — Ay e e
Ul’
k-1
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TABLE 2D (Continued)

CALCULATE SPACE INTEGRAL USING GAUSSIAN QUAD
D00 30011=1, NXO

CALCULATE B0UMDARY CONDITIONS ON # USE COS AND COSH

USE SIN AND SINH for
BOUNDARY CONDITIONS

pemeee D0 00 K1 1, NXOP  enng-
CALCULATE BOUNDARY CONDITIONS ON 2* ~ USE 70S AND COSH

No Yes USE SIN AND SINH for
) BOUNDARY CONDITIONS

b0 CONTINUE g
b 500 CONTINUE
e DO 400 J 1= 1, NYO
CALCULATE BOUNDARY CONDITIONS ON y - USE COS AND COSH

CALCULATE BOUNDARY
CONDITIONS USE SIN AND SINH

=00 00L1=1 NYOP <agg—
CALCULATE BOUNDARY CONDITIONS ON y* USE COS AND COSH

No i E Yos CALCULATE BOUNDARY
Qis Eves CONDITIONS USE SIN AND SINH

Lv 200  CONTINUE ~ug
400 CONTINUE

ANSWER = SPACE INTEGRAL * CONSTANT * P(w) * EIGEN * EIGN * DENCOM * 4/ab

{

WRITE

onswers

w=w+tdw

1% CONTINUE

7761  CONTINUE

776  CCYTINUE

7781 CONTINUE

778 CONTINUE

89
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TABLE 2D (Continued)

Column Headings for Input Forms on Data Cards

5 10 30 80
NW | NAK
2 80
ARG(1)
And as many cords as needed to complete the ARG (NW) array (NW cards).
2 80
WGT(1)
And as mony cards as needed to complete the WGT(NW) orray (NW cards).
80
TITLE (from column 1 through 80)
12 rl} 3 72 80
X Xp Y YP
12 yl} % 12 80
AK(1) . . ces .. AK(NAK)
12 r} % 72 80
AN(1) . o . AN(NAK)
12 U4 3% 72 80
A B FM UE DEL PB2 N
12 yZ} 80
uc TH
5 10 15 2 25 30
MLOW] MUP J DM I NLOW| NUP | DN
90
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TABLE 2D (Continued)

5 10 15 20 25 X 80

PLOW| PUP | DP jQLOW] QUP | DQ

12 24 % 48 60 72 80
| 1 |}
GM(1) GM(2) GM(3)  And so on, six numbor: per cord, to have MUP values of GMN
1 2
V2 24 3% 48 60 72 80
¥ h j L
GN(Y) GN(2 And 30 on, six numbers per card, to have NUP valyes of GN. N
) 2 Iy
12 U4 % 43 60 72 80
[ | | | 1
Ga(n GQ(2) And so on, six numbers per card, to have QUP values of GQ. N
- 2 Iy
12 24 3% 48 60 72 80
1 1
KM(1) KM(2) And s0 on, six numbers per card, for MUP values of KM. N
2 I 1
12 ] ¥ 48 80 72 80
I T
KP(1) KP(2) And so on, six numbers per card, for PUP values of KP.
12 24 3% 48 6 72 80
T T
KN(Y) KN(2) And 30 on, six nwancrs per-card, for NIUP values of KN N
12 /) 36 48 60 72 80
1 T
KQ(1) KQ(2) And 30 on, six numbers per card, for QUP volues of KQ. M
12 24 A 4 60 72 80
T . —
GP(1) GP(2) And so0 on, six numbers per card, to have PUP values of GP. N
' 2 Il
10 80
. 10 80
) 80
91
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TABLE 2D (Continued)

10 80
Py oy oy o —eay
WMN (MUP,2) And 30 on, one number per card, to have MUP x NUP values of WAN
—e, —ha
10 80
g o P o~ ey ey
WPQ(1, 1 One number per card, from WPQ(1,1) 1o WPQ(PUP,1), WPQ(1,2) to WPQ(PUP,2).
- ke ndecs. ————

And s0 on, to WPQ(PUP, QUP), i.e., PUP x QUP cords.

10 80
T
FA(LY) One number per card, MUP x NUP cards. Cycle as for WMN.
—— —nbecT -
10 80
APQ(1,1) One number per card, PUP x QUP cords. Cycle as for WPQ.
e —e

12 24 36
w ow WF

One card for each cross mode of interest; cycling for (m,n, p, q).
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APPENDIX B4 ~ TEST RUNS 3

Results obtained from the computer programs of Table 2 are indicated in Figures 1
7-10. Figures 7 and 8 are obtained from Subprogram A, Figure 9 from Subprogram B, and
Figure 10 from Subprogram C. The figures show test runs for modal mean square displace-

LEa¥ batam it

ment, turbulence pressure spectrum levels, and displacement spectral density.
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TABLE 3
Computer Listings for Subprograms A, B, C, and D — Maestrello

Table 3A — Computer Listing for Subprogram A
(Semifrozen Convection — Model A)

3IBFTC TURAD

C
C
C

REORGANISED PROGRAM FOR COMPUTING TRIFLE
INTEGRAL
USING SIMPSONS RULE
DIMENSION VOL(20+10)
DIMENSION F3(3)9ANS(3)
DIMENSION IXYZ2(1041+5093)91Y2Z(2091)01Y(1)s
162{401420)19G3(1191)9YY(11)9TEMP1(11)+G5(4000)
DIMENSION PARAM{101)sTHETA(101)
DIMENSION AK(3)sAN(3)eTITLE(20)
DIMENSION OMEGA(204,10)9DAMP(20910)
DIMENSION FA(2091093)9FC(2091043)9EIGEN(2091093)9FUDGE(20+1093)
DIMENSION UC(20)4DPB2(20)
REAL IXYZoelYZslY
INTEGER DMsDN
READ(5413) TAU
13 FORMAT(F10,0)
WRITE(64801) TAU
801 FORMAT(1H14/5H TAU=E1546)
READ(59103) HeXOeYOsXOPsYOPIFUCSQePB29FM20AK s
1ANSTITLE
103 FORMAT(14(F1040/)9(10A6}))
WRITE(64201) TITLE
201 FORMAT(20A6)
WRITE(64203) FUCSQyPB29FM29AK9ANSXO9YOy
1X0P» YOP
203 FORMAT(14HOFUC SQUARED= E16489
X 8H RHO=BAR 9H SQUARED=E16489 .
1 11H M=SQUARED=E1648/ 5
24HOK1=E164894H K22E16e894H K3nE( 648/
J4H A1=E164694H A2=E164894H A3xE1648/
44H XO3E164894H YOzE164895H XOP=E164895H YOP=E16e8)
READ{59102) KUCs(UC{TI)sDPB2(1)oI = 1eKUC)
102 FORMAT(110/(2F1040}))
WRITE(6+204) (UC(I)eDPB2{1)9s]l = 14KUC)
204 FORMAT(1HO7X2HUC13X4HDPB2/(1H 2E1648))
99 READ(591) ZUPsYUPsHIMLOWsMUP 9DMIMSTEPSyNLOWsNUP 9DN9NSTEPS

94

00 +
0010

20

30

40

50
0060
0070
0 80
0090
0100
0110
0120
0130
0140
0150
0160
0170
0180
0190
200
0210
0220
0230
0240
0250
0260
0270
0280
0290
0300
0310
0320
0330
0340
0350
0360

ey
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TABLE 3A (Continued)

1  FORMAT(3(F10e0/)9s(4110))
WRITE(692)MLOWIMUP 4OM9MSTEP S yNLOWINUP sDNoNSTEPS
2 FORMAT(9HOM FROM I5+4H TOI5+7H DM=i5
112H A TOTAL OF 1597H STEPS/9H N FROM 1594
24H TOIS»TH DN=I5912H A TOTAL OFI5¢7H STEPS)
WRITE(64202) ZUP:YUP4H
202 FORMAT{3H A=E164895H B=E1648¢5H H=zE1648)
READ(59101) ((OMEGA(MsN) sMx1420) sN=143)
101 FORMAT(F10.0)
WRITE(64205) ( (OMEGA (MoN) sM=MLOWSMUP DM} o
1N=NLOWsNUP sDN}
205 FORMAT{THOOMEGA=/(8E1648))
DO 7 N=1»NUPsDN
DO 7 M=1sMUPsDM
7 DAMP (M§N) =401
READ(59204) ((DAMP{MyN)sM=1920)9N=193)
104 FORMAT(F1040}
WRITE(69206) ((DAMP(MyN} yM=MLOW sMUP9DM) ¢
IN=NLOWSNUP¢DN)
206 FORMAT(6HODAMP=/{8E1648))
N1l=8
READ(59207) NP#(PARAM(IP)9IF = 14NP}
207 FORMAT(110/(6F1040))
A=ZUP
B=YUP
BlsAK(1)##2#FuCsQ
B2=AK (2] ##2#FUCSQ
B3mAK(3)##2%FUCSQ
B4=AN(1)#AK(1)#FUCSQ
BS=AN(2)#AK({2) #*FUCSQ
B6=AN(3)#AK(3)#FUCSQ
B7=AN(1)/AK(1)
B8=AN{2})/AK{2)
B9=AN(3)/AK(3)
Cl=4o,Q/(A%B)
C223414159265
C3=14/C2
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0370
9380
0390
0400
0410
0420
0430
0440
0450
0460
0470
0480
0490
0500
0510
0820
0530
0340
0850
0360

570
0580
0590

600

610
0620
0630
0640
0650
0660
0670
0680
0690
0700
0710
0720
#1730

ks

faka a® s LD
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43

L)

45
10

TABLE 3A (Continued)

Co4mC2%C2
CS5x(ARBRPB2)/(240#CanFM2#{BT+B8+B9))
C5FCE#32,2#3242%124%120

C68C4/(A%B)

DO 10 Mz=MLOWIMUP ¢DOM

DO 10 N=NLOWsNUP DN

XM=

XN=N

XOsA/24

YOsB/2.

IF({M=M/2#24NE+0)GO TO 43
XO=A/26=A/(XM%24)

IF(N“N/2%#24NE40)GO TO 44
YOSB/24=B/(XN#*24)

XOP= X0

YOP=YO

DAMP (MsN)=DAMP (M9N) /10

DO 45 L=193

FA{MaNsL )=DAMP (MoN ) /24 #OMEGA(M9N)
FAIMINoL)=FA(MoNoL ) %005

FC{MoNoL }sOMEGA(MIN) /FA(MaNoL)

FUDGE (MoNoL ) mXMXXN®OMEGA (MaN)#(FA{MaN oL ) #%2404+0MEGA (MIN)} #%240)
EIGEN(MyNsL)=C1/FUDGE (MoNsL I #SIN(XMRC2EXO/A)#SINIXNRC22YO/B)*
1SIN{XMRC2%#XOP /A)#SIN{XN®C2%#YOP/B)
DAMP (MaN)=DAMP (M9N) #1004

CONTINUE

WRITE(641003)

1003 FORMAT (23HOXO=XOP 3 YO=YOP yAND THEY VARY WITH

46
A7

1174 THE MODE NUMBERS)

DO 46 L=1e3

WRITE(693) ((EIGEN{MoNIL) sM=MLOWsMUP 9DM) s N=NLOWINUP 9DN)
FORMAT { THOEIGEN=/(8E1648))

CONT INUE

DO &7 L=l43

WRITE(6948) L (FA(MoNoL ) 9sMaMLOWoMUP sDM) gN=NLOWsNUP 9 DN)
FORMAT { 13HOA(MeNsDAMP )=/ (B8E1648))

CONTINUE

96

740
0750
0760
0770
0780
0790

800

810

820

830
0840
0850
0860
0870

380

390
0700
0910
0920
0930
0940
0950
0960
0970
0980

990
1000
1010
1020
1030
1040
1050
1060
i070
1080
1090
1100




303

779
780

500
501
502

510
511

513

TABLE 2A (Continued)

CALL VOLUM(A9BsMLOWIMUP ¢ DM e NLOWNUP9DNyVOL)
NUPM=NUP=1

DO 777 KU=1sKUC

CONST=C5%DPB2 (KU)

WRITE(64303) UC(KU)»CONST

FORMAT (4H UC=9E164898H CONST=9E1648)
DO 778 M=MLOWIMUP DM

XM=M

DO 779 1P=14NP
THETA({IP}=PARAM{ 1P ) /XM/UC(KU ) *A
WRITE(69780) (THETA(IP)sIP = 14NP)
FORMAT(7H THETA=/(T7E1648))
IF(THETA(IT)«GTel100s) GO TO 999
XLOW=04

DX=1e/{204#OMEGA(MsNUPM) /2+4/3414159265)
TUP»54 /DOX#THETA(NP) +14
IFtIUP,GT,3599) IUP= 3599
IF(IYP=TUP/2#2) 50195004501
IUP=IyP+1

1UP = IYP +400
DX={THETA(2)=THETA({1))/2s

ZLOW==~A

JUP#20%M+1

2JUP= jup=-1

DZ=24%#A/2JUP

YLOW=O

KUP = 10% NUPM + 1

YKUP=KUP=1

DY=B/YKUP

DO 11 I=1slUP

G5(1j=1,

IF{14EQ4401)GO TO 11
IF(1eNEs1¢ANDeIsNESIUP} GO TO 510
GO TO 511

G5(1)=G3(1)#2,

IF(1=1/2%24EQs0) GO TO 3513

GO TO 11

G5{1)=G5({i}#%#2,

97

1110
1126
1130
1140
1150
1166
1170
1180
1190
1200
1210
1220
1230
1240
1250
1250

1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
=430
1440
1450
1460
1470

NP

ey
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11

520
521

525
21

530
5

%33

30
n

39

TABLE 3A (Continued)

CONTINUE
2s2L0W
00 21 J=lyJuUP
XM=M
D1sXMRC2#2Z /A
D2=COS{01)
G2(JsM)I=D241 6/ (XMRC2I#(SINIABS(D1))=ABS(D1)
1#D2}
IF(JoNEs1eANDeJoNE+JUP) GO TO 520
GO 70 521
G2{JeMI=G2( JeM)#2,
1F{J=J/2%2,EQe0)GO TO 525
GO YO 21
G2(JoM)12G2(MeM) %2,
2=2+402
Y=YLOW
DO 31 K=1,KuUP
DO 30 N=NLOWsNUP3DN
XN=N
D3aXN®C2#Y/B
D4=sCOS{D3)
GA(KINI=Da+1a/7{XN#C2)H(SIN(D3)=D3*D4)
IF(KeNEs1eANDoKeNESKUP) GO TO 530
GO TO 531
G3(KaNI=G3(KoN)#2,
[F{K=K/2%#24,EQs0) GO TO 533
GO TO 30
G3(KsNI=GI(KeN)#*2,
CONTINUE
YsY+0Y
Y=YLOW
DO 39 K=lyKUP
YY(K)nY®Y
Y=Y+DY
DO 40 Li=l,y3
DO 40 N=NLOWINUP DN
DO 40 IT=alyNP
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1480
1490
1500
1510
1520
1530
1540
%50
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
1740
1750
1760
1770
1780
1790
1800
1810
1820
1820
1840

o AQUNITN | e




40

630
632

50

60
70

90

100
110
120

130
1601

akut]

TABLE 3A (Continued)

IXYZ(MsNsITsL1)=0,

KAPPA=0Q

X=XLOW

DO 160 1=1,1UP

IF{TAU +EQe0.0) GO TO 630
El = UCIKU)*{TAU=-X)

GO T0 632

E1 = UCIKU)#X

CONTINUE

DO 50 N=NLOWsNUP DN
IYZ{MsN) =04

2=ZL0W

DO 120 Js=1l.JUP
E2=(2~E1)%*(2Z2~El)

E4=B1+4E2

E5=B2+E2

E6=B3+E2

DO 60 K=lyKUP
TEMP1{K)=B4/(E4+YY(K)}4+B5/(E5+YY(K))+B6/{E6+YY(K))
DO 70 N=NLOWsNUP DN
1Y(N}=0,

DO 90 X=1lyKUP

DO 90 N=NLOWsNUP4DN
IY(N)=TY(N}+G3 (KNI #*TEMP1(K)
DO 100 N=NLOWsNUP DN
IY(N)=IY(N)®DY/3s

DO 110 N=NLOWsNUP DN
TEMP=IY(N)
IYZ(MIN)2IYZ(MoN)+G2(JoM)* TEMP
2=2+02

DO 130 N=NLOWsNUP DN
IYZ(MoN}=IYZ(MINI#D2/3,
CONTINUE

DO 140 N=NLOWINUPsON
TEMP=IY2({M4N)

XM=M

XN=N

99

1850
1860
1870
1880
1890
1900
1910
1920
1930
1940
1950
1960
1970
1980
1990
2000
2010
2020
2030
2040
2050
2060
2070
2080
2090
2100
2110
2120
2130
2140
2150
2160
2170
2180
2190
2200
2210




-

i

QI s E A

634
636

137
140

160

141

602

142
601

TABLE 3A (Continued)

FlaXMeXN®#C6

F2sOMEGA(MsN) *ABS(X)

DO 1672 L1=1,3

F3{LII=FA(MINILI)#ABSIX}
IFIF3(L1)aGTe55)GO TO 140
Fo=F1#EXP({=F3(L1))I#(SIN(F2)+FC{MsNIL1)*COS(F2)}}
DO 137 IT=s14NP

IF(XeGT¢Se#THETALIT)IGO TO 137
IF(TAULEQe040) GO TO 634

G6 = DEXP(=DABS{(TAU=X)/THETA(IT)))

GO TO 636

G6=DEXP (=DABS{X/THETALIT)))

CONT INUE

Gla2 o #FERGo#GS5(])
IXYZ(MoNoIToL1)=IXYZ(MoNsITOLY)+GI#TEMP¥DX/ 34
CONTINUE

CONTINUE

IF(KAPPASNES0)GO TO 160

IFt1sNEJ401)1GO TO 160

KAPPA=]

DX=21e/(204#OMEGA (MoNUPM)/24/3014159265)
GO 10 1001

X=X+DX

DO 601 N=NLOWsNUP9DN
IF(THETA(IT)eGTe100s) GO TO 999
WRITE(69141) MeN

FORMAT {3H1M=I5+3H N=215//45X6HI (M9N)38X9e18HI (MIN}#EIGENRCONST//
12XSHTHETA4X11HOMEGA*THETA6X11HDAMP=14/1045XTHEAMP =1 4 9X8HDAMP=100
28X11HDAMP=14/1005XTHDAMP=1 e 9X8HDAMP =106 7XSHPARAM)

DO 601 IT=1sNP

DO 602 L2x193
ANS(L2)=IXYZ{MsNpIToL2)#EIGEN{MIN9L2)*CONST
TesTHETA(IT)*#OMEGA{MN)

WRITE(69142)THETALIT) oTo (IXYZ{MINIIToL2)90L23103) 9 (ANS(LZ)sL2%193)s

1PARAMUIT)
FORMAT(1X9F9e69E144696E164892X9F1045)
CONTINUE

100

2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
2330
2340
2350
2360
2370
2380
2390
2400
2410
2420
2430
2440
2450
2460
2470
2480
2490
2500
2510
2520
2530
2540
2550
2560
2570
2580




TABLE 3A (Continued)

778 CONTINUE 2590
777 CONTINUE 2600
999 STOP 2610
END 2620
$I1BFTC VOLUME 2630
SUBROUTINE VOLUM(AsBeMLOWSMUP ¢DMsNLOWsNUP#sDNoVOL } 2640
INTEGER DM¢DN 2650
5 DIMENSION VvOL (20410} 2660
3 P123,14159265 2670
DO 10 N=NLOWINUP DN 2680
XN=N 2690
DO 10 M=MLOWIMUP ¢DM 2700
XM=M 210
1 VOL({MsN)=0, 2720
IF(N=N/2%24EQeG)GO TO 10 2730
1F(M=M/2%#24EQe0)GO TO 10 2740
GAMMAN= {24 #XN+1e ) #P1/24 27150
GAMMAME {20 #XM+1¢ ) #P1/24 2760
1 XKN=sSIN({GAMMAN/24 ) /SINH(GAMMAN/24} 27170
XKMsSIN(GAMMAM/24) /STNH{GAMMAM/2 ¢ } 2780
VOL(MoN)=164#A%B/GAMMAM/GAMMAN/ (10 +XKM) #1444 2790
1/7(1e+XKN)#SIN{GAMMAM/24 ) #SIN{GAMMAN/24) 2800
10 CONTINUE 2810
WRITE(6920) { (VOL(MsN) sM=MLOWIMUP sDM} s NuNLOW sNUP 4DN) 2820
20  FORMAT(28HOVOLUME UNDER EIGENFUNCTION=// 2830
1(8E1648)) 2840
RETURN 2850
END 2860
3
101

r T
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Table 3B - Computer Listings for Subprogram B
(Semifrozen Convection — Model A)

$IBFTC ACCROS

DIMENSION RAUTO(100) sRCROSS(89100)sPOW(25) 9 CAKI(3)
DIMENSION RCRO(84100)9CROSS(89100)
DIMENSIOM POW(25)

DIMENSION SI1(10} TAUL100)9FRI25)9D{3)9A(3)9AD(3)9ADD(3)9DA

X{3)9XCORD(25)9TITLE(12)

1000
1001
1002
1003
1010
101~
1014
1015
1016
'2000
2001
2002
2003
2004
2007
2010
2012
2015

2016
2020
2022
2030
2031
2032
2041

C

C

C

DIMENSION P{2500!}
DIMENSION SKNE(500)sW({1000)
FORMAT (12A6)
FORMAT(3FBas)
FORMAT (3F844)
FORMAT(3F1246)
FORMAT (8F946)
FORMAT{12F640)
FORMAT (14)
FORMAT({6F1245)
FORMAT(F6e2)
FORMAT (1H1412A6)
FORMAT(//TH A(1) = FBebys8H Al2) = FBe49BH A(3) = FBe4)
FORMAT(TH DIl1) = FBe4aTH D{2) =FBe4s8H D(3) = FBe4)
FORMAT(8H THETA = F1246+9H DSTAR = F124698H UC = F12.6)
FORMAT { 8H1 TAU +17H AUTOCORRELATION /(F94¢692%9F1248))
FORMAT(1H142X91HJ93X919H CROSS CORRELATION /{3X¢13¢2X+8FB8s4))
FORMAT(10X93H S1/{8F946))
FORMAT(1X910F640)
FORMAT({1H132X910H K=WAVE NO92X910H 2PI#FREQs92X910H K~WAVE NO92X+
110H 2PI1#FREQe12X910H K~WAVE NO9s2Xs10H 2PI#FREQe/ {1Xs6F1245) )
FORMAT (//6H TW = F542)
FORMAT{1H144Xs7H XCORD 918X95H PSD 918Xs7H POWER )
FORMAT{4X9F9e6914XeFFe6914X9F9e6)
FORMAT(//2X93H 195X99H POWER K +9X9s9H POWER W )
FORMAT{3X93F1246)
FORMAT(3X9I504X9F12e99TX9F1249)
FORMAT(1504E1546)
LIST OF VARIABLES AND COMNSTANTS
RAUTO = R{TAU)
RCROSS = R{SIVETA»TAU)
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0010
0020

0040
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TABLE 3B (Continued)

POW = P(W)U/(TAUR#®2%DELTA~STAR)
DSTAR = DELTA-STAR
DIy = K(I)
FR = FREQUENCY
Pl = 341415926
READ(591000) (TITLE(I)»I=1412)
WRITE(6+2000) (TITLE(I)s1=1912)
READ(591001) (A({I)el=143)
READ(591002) (D(I}y 1=1¢3)
READ(591003) THETAsDSTARIUC
WRITE(692001) (AlI}s1=193)
WRITE(6+2002) (D(I}sl =193}
WRITE(692003) THETAsDSTARIUC
READ(541010) (SI(1,9eI=148)
WRITE(642010) (SI{IVel =148;
COMPUTE AUTOCORRELATION
SI = 0y ETA = 0
AKC = 040
DO 10 1=1,3
CAK(I) = A1) /D)
AKC = AKC + CAK(I)
U = UC/0.8
F = DSTAR/U
FOUC = (la/(F%UC))%x2
GO TO 400
TAU{1) =040
D0 25 U=1,4100
RAUT = 040
DO 20 I =193
ADD(I) = (A(L)%*D(I))/(D(TIN*24(TAU(JI) /F)#22)
RAUT = ADD(I}) + RAUT
RAUTO(J} = RAUT/AKC
TAU(J+1) = TAU(J) + 0400001
CONTINUE
WRITE(642004) (TAU(J)SRAUTO(J)9J=14,100)
COMPUTE CROSS CORRELATION
ETA = 040
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TABLE 3B (Continued)

DO 16 I =1y 8 0740
16 SI(L} = S1(1)/12s 0750
00 35 U = 14100 0760
DO 33 I = 148 07170
RCRO(14J) = 060 0780
DO 30 IM = 1,3 0790 1%
AD{IMY = (A(IMISD{IM))/Z(D{IM)#%2+FDUCH(ST(T)=UCRTAU(J) ) %2} 0800
30 RCRO(IsJ) = RCRO{IsJ)+ADI(IM) 0810
CROSS(19J) = RCRO(IWJIXEXP(=ABS(SI(I))/tUCHTHETA}) 0820
RCROSS{19J) = CROSS(19J)}/AKC 0830 4
TAULJ+1) = TAU(J) + 0400001 0840 .
33 CONTINUE 0850 |
35 CONTINUE 0860 )
WRITE(692007) (Je(RCROSS{I9J)e1=19819J=15100) 0870 X
COMMENT F1Ge2 EQTNe & SEMI=FRPZEN CASE 0880
C COMPUTE POWER 0890
400 CONTINUE 0900
READ({5+1012) (FR{I)sl=1425) 0910 ]
WRITE(6+2012) (FR{I)el = 1925) 0920
READ(591016) TW 0930
WRITE(642016) TW 0940
TW = Twan2 0950
WRITE(642020) 0960
DO 45 J = 14925 0970
POW{J) =060 0980
DO 40 1 = 1,3 0990
A1) = A(TI*EXP({=D(1)1%642832*%FR(J)*F) 1000
POW{J) = POW(J) + DA(l) 1010
40 CONTINUE 1020
XCORD(J)}=(642832%#FRIJ)*NSTAR) /U 1030
PDW(J) = POW(J)*DSTAR*TW/U 1040
45 CONTINUE 1050
WRITE(692022) (XCORD(J)sPOW(J)oPDW(J)9J =1925) 1060
GO TO 500 1070
COMMENT COMPUTE P(KlsW)} 1080
COMMENT SKNE IS WAVE NUMBER K=ONE 1090
COMMENT CORRESPONDS TO GRAPH IN MAESTRELLOs PAGE 4153 FIGe59 FOR 2#P1 1100
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TABLE 3B (Continued)

#FR VS P(K=ONE)2#P[#FR)
Wl = ~48000.
SKI = w!
WF = 48000,
SKF = WF
DW = 2000,
M= (WF=WI)/DW + 1.
DSK = DW
N =M
SK = SKI
DO 50 I = 1M
SKNE(T)} = sSx
WW = WI
DO 49 K = 1N
WiK) = ww
FAC = (THETA#F#UC)/((1e+THETAXTHETA® (W(K)+SKNE(T))*#2)%2,4P|)
ARF = 0,0
DO 55 J = 143
FAR = A(J)*EXP(=ABS(W(K)1*D{J)*F)
ARF = ARF 4+ FAR
CONTINUE
PKW = FAC®#ARF/AKC
PW = PKWHPI®{1e+THETARTHETA*(W(K)+SKNE(1))#%#2/THETA)
WRITE(6+2041) TsPKWoPWeW(K)9SKNE(T)
WW = WW + DW
CONTINUE
SK = SK + DSK
CONTINUE
CONTINUE
STOP
END
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Table 3C -~ Computer Listings for Subprogram C
(Semifrozen Convection — Model A)

COMMENT REMOVE CARD 103044 ¢READ (543%) WIsDWsWF  oes FOR CASE W = WMN
COMMENT NO iBFTC CARD FOR RUN AT APL
COMMENT NOW RUNNING AT APL ON I8M 360/91

C MULTIPLE INTEGRAL PROGRAM NOs FOR LM BY FG
¢ USES GAUSSIAN QUADRATURFON FOUR INTEGRALS
C GENERAL CASE wITH NO COUPLING
C ANSWER IS IN INCHES SQUARED PER SEC.
C
IMPLICIT REAL#8(A~Hy0-2)
INTEGER DMsDN
REAL KNsKM
COMPLEX #16 ARGCOMSE29FV4sSUMLIFVS59SUMSFVE9SUMEANSsANSINT +PWRSD
DIMENSION GM(20}sGN{10)¢KN({10}¢KM(20)
DIMENSION TITLE(20)sAK{4)sAN{4) sWMN(20910)9FA{20910)eFC(20910}
1EIGEN{2002C)sWGT(21)9ARG(21)
C READ AND WRITE INPUT DATA
C NOe OF GAUSSIAN POINTS AND NO OF TERMS IN SUM OF A AND K

READ (599 )INWINAK

READ({5+33) (ARG(1)s1=1eNW)

READ(5+33}(WGT(1)s1=19NW)

33 FORMAT(D2048)

P1=3414159265358979323

P12x22.%P]

Pl3=pPur3

READ{Ss1M{TITLE(T)s1=1920)
1 FORMAT(20A4)

WRITE(6+2V(TITLE(T)+121,420)
2 FORMAT (1H1920A4)

READ(S+31XeXPsYeYP

READ (543} {AK{T)s1=14NAK)

READ(5+3) {AN(1}s1=19eNAK)

READ(5+3)AsByFMaUEWDELPB2
3 FORMAT(6F1246)

FM2oFM#*FM

READ(5+3)1UCsTH

ALPH1=2402%7504/DEL

ALPH2=3,8/DEL
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TABLE 3C (Continued) |
i
THE1 e/ (ALPH1#UC*DEL ) 0370
WRITE(éoﬂAoBoFMZ;UEoDELsPBZoUCcTH 2380 )
7 FORMAT(3HOASF10s49SH  B=F1044915H MASS AQUARED= E15,6 0390 ;
111H U SUB E= E15.6/5H DEL=E1546417H P BAR SQUARED= E1546 0400
26H  UC=E154694H TH2E15.6/) 0410
READ (559 ) MLOW sMUP s DM s NLOW s NUP s DN 0420
9 FORMAT(1615) 0430
READ(593) {GM(M) sM=1 sMUP) 0440 3
READ(543) (GN(N) ¢N=1+NUP) 0450
READ(543) (KM(M) ¢M=1 4MUP ) 0460
READ(5+3) (KN(N) yN=1sNUP) 0470 ]
DO 2000 M=1,MyP 0480
2000 GM(M)=GM{M)*P] 0490 ]
DO 2001 N=1y4NUP 0500 :
2001 GN(N)=GN(N}*P] 0510
READ(5012) ((WMN(M3N) M1 4sMUP) yN= ) 4NUP ) 0520
12 FORMAT(F1042) 0539
WRITE{6.13)lthN(M.N)oMaMLow.MuPoDM)oN:NLow,NUP.DN) 0540 ;
13 FORMAT(7HOOMEGA=/{1X+8D1445) ) 0550 ;
READ(55121 ((FA(MAN) sM=1 sMUP } sN=1 sNUP) 0560
WRITE(6918)((FAIMIN) yM=14MUP) yN=]sNUP) 0570
18 FORMAT(BHOA(MyN)= /(BE14e6)) 0580
Clzae/(ARB) 0590
17 FORMAT(TH CONST= E15.6) 0600
CONST=1440%3242%324 264, #AXARBEB/ (P]3%FM2) 0610
WRITE(6417)CONST 0620
DO 50 M=MLOWsMUP +DM 0630
XMaM 640
XMPI =XM#P] 0650
GMXA2=GM (M) *(X/A=45) 0660 i
GMXPA2=GM (M) % (XP/A=y5) 0670 4
SXMC2A=DCOS(GMXA2) +KM (M) ¥DCOSH( GMXA2 ) 0680
IFlM-M/Z*Z.EQ-O)SXMCZA!DSIN(GMXAZ)+KM(M)*DSINH(GMXA2) 0690
SXOPCA=DCOS (GMXPAZ } +KM(M)*DCOSH( GMXPA2) 0700
IF{M-M/Z*ZoEOcO)SXOPCA!DSIN(GMXPAZ)+KM(M)*DSINH(GMXPA2) 0710
SINXXP=SXMC2A*SXOPCA 0720
DO 45 N=NLOWsNUP ¢DN 0730
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TABLE 3C (Continued)

XN=N
XNPIaXN#P!

OGASWMN{MyN)

FC{MsNI=OGA/FA(MpN}

FUDGE = XMEXMEXN# XN
GNYB2=GN{N)®*{Y/B=a5)

GNYPB2=GN(N)#{YP/B=s5)

EIGEN({MyN}=C1/FUDGE#SINXXP* (DCOSI{GNYB2)+KN{N)#DCOSH{GNYB2)}#
1(DCOSIGNYPB2)+KN{N) *DCOSH{GNYPB2))

[F(N=N/2%#2,EQeO)EIGEN(MyN)=C1/FUDGE#SINXXP#
1({DSIN{GNYR2)+KN(N)#DSINH{GNYB2) ) *{DSIN{GNYPB2)+KN(N)*#DSINH
2(GNYPB2))

WRITE(G6e16)XoYsMINJETIGEN(MaN) oFA(MN)

FORMAT {1HO2F12e6921446E1346)

CONTINUE
CONTINUE

WRITE(6419)

FORMAT{1H] 93X 9 1HM 93X o 1HN 914X s 1HW 911X 9 4HPOFW 912X 93HWMN 912X »3HDEN
1/18X+8HANSINT Ry 7X9BHANSINT 1910X95HANS R 10X95HANS 148X s THPWRSD
2R¢8X s THPWRSD 1 /)

UCTH=UC*TH

DO 776 M=MLOWIMUP DM

XM=M

XMPIsXM#P]

AMPIsA/ (XMPI#UCTH)

DO 776 N=NLOWsNUP#DN

XN=N

XNPIsXN#P]

BNPI=8/(XNPI#UCTH)

READ(5+3 )Wl sDWoWF

NWWs (WF=WI) /DW+1,

NXOsNW*M

NYOSNW#*N

NXOP aNw#M

NYOP=sNW#N

OGA=WMN (MyN )

0GA2=0GA®0GA
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120

300

500

TABLE 3C (Continued)

FALI=FA(MN)

FALI2=FAL1#FALZ

W=w}

DO 150 MM1=1sNWW

ANSINT=0.

W2sWew
DEN=(FAL12+{OGA=W ) ##2) % (FAL12+{0GA+W)#%2)
SUMAK=0,

DO 120 1S=19NAK
SUMAK=SUMAK+AN{ IS ) #DEXP (~AK { IS ) *W*DEL /UE)
POFW=SUMAK#PB2#DEL /UE

SUM630,

DO 500 I1=14NXO

110=(11-1)/NW

T1RsI1~NW#*]1Q

XOzPI*( 5+¢5*%ARG(T1RI+FLOAT(11Q))
XOARGM (M) #(XO/XMPI =45

SFX0=DCOS (XOA)+KM(M) #DCOSH( X0A)

1F (M=M/2%24EQe0)SFXO=DSIN{ XOA}+KM(M) *DSINH(XOA)
SUM&4=0,

DO 300 Kl=1¢NXOP

K1 Q=(K1w=1)/NW

K1RsK1-NW¥#K1Q
XOP=PI%({45+¢5*ARG{KIR)+FLOAT(K1Q))
XOXOP=X0=X0P
E1=DEXP{~A/XMPI*ALPH1%DABS{XOXOP})
ARGCOM=DCMPLX (0eD0y=W*A/ (UC*XMPI)%*X0XOP)
E2=CDEXP { ARGCO!)

XOPA=GM(M)# (XOP/XMP J=45)

SFXOP=DCOS (XOPAY+KM (M) *DCOSH({ XQPA}
1F{M=M/2%2+EQeC)SFXOP=DSIN{ XOPA)+KM{M)*DSINH(XOPA)
Fvé= SFXOP*E]1*E2

SUML=SUM4+FVARWGT (KIRI*PTI/2s

CONTINUE

FV63 SUM4#*SFX0
SUM6=SUME+FVE*WGT{I1R)I*PT/2

CONTINUE
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200

400

20
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150

776
7178

END

TABLE 3C (Continuad)

SUMS=30,

DO 4C0 Jl=1sNYO

J10=(J1=1)/NW

JIR=J1-NW*J10

YO=PI#{ ,5+,5#ARG(JIRI+FLOAT(J1Q))
YOBEGN(N)#{YO/XNPJ=s5)
SFYO=DCOS(YOBI+KNIN})#DCOSHIYOB)
ITFIN“N/2#2,EQeO0)SFYO=DSIN(YOB)I+KN(N) #DSINH({708B)
SUM3s0,

DO 200 L1=1sNYOP

L10s(L1=1}/NW

LIRsL1-NW#*L1Q
YOPSPI#({45+45%ARGILIRI+FLOAT(L1Q))
YOYDP=YQ=YOP

BNPI=8/(XNPI#UCTH)
E3sDEXP(=B/XNPI#ALPH2#DARS(YOYOP))
YOPB=GN(N)}#{YOP/XNPI~e5)
SFYOPaDCOS(YOPR)+KN(N)#NDCOSH{YOPB)

IF(N=-N/2%#2.EQe0)}SFYOP=DSIN(YOPB)+KN(N)*DSINH(YOPB)

Fy3=SFYOP®*E3
SUM3=SUM3+FV3#WGT(LIR)*PI/2
CONTINUE

Fy52SUM3*SFYO
SUMS=SUMS+FVS*WGT(JLIR)*PI1/2
CONTINUE

ANSINT=SUME*SUMS
ANS=ANSINT#COMNSTRPOFW*ETGEN(MoN) /DEN *#C1
PWRSD=ANS#W##4
WRITE(6420)IMoNsWsPOFWIETGEN(MaN) 9DEN
FORMAT(1X92i446E1546)
WRITE(6922VANSINT 9 ANSsPWRSD
FORMAT(11X96E15¢6/)

W2W+DW

CONTINUE

CONTINUE

CONTINUE

STOP
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Table 3D — Computer Listings for Subprogram D
(Semifrozen Convection — Model A)

MULTIPLE INTEGRAL PROGRAM NOs FOR LM BY fG
USES GAUSSIAN GQUADRATUREON FOUR INTEGRALS

COMMENT GENERAL CASE WMN AND WPQ

C
C

s n

33

w

ANSWER IS IN INCHES SQUARED PER SECs

IMPLICIT REAL*B(A=-Hy0~2}

INTEGER QLOWsQUPsDQsPLOWSPUPsDP¢PyQ

INTEGER DMyDN

REAL XPsKQ

REAL KNsKM

COMPLEX#16 DENCOM

COMPLEX # 16 COM1,,COM23sXNMRTR

COMPLEX #16 ARGCOME29FV49SUM&LIFV59SUMSsFV69SUMb ANSsANSINT9PWRSD
DIMENSION EIGN(20910)

DIMENSION. APQ(20+10)sWPQ(20910)9GP(20)9GOL10)9KP(20)9KQ(11)
DIMENSION GM{20)sGN{10)sKN{10})oKM{20}

DIMENSION TITLE(20)sAK(4)9sAN(4L)sWMN(20910)9FA(20010)9FC{20+10)
1EIGEN(20510) 9WGT(21)9ARG(21)

READ AND WRITE INPUT DATA

NOe OF GAUSSIAN POINTS AND NO OF TERMS IN SUM OF 4 AND K
READ (599 INWsNAK

READ(5933) (ARG( 1) 9I=1eNW)

READ(5933) (WGT(1)91x1eNW)

FORMAT (02048}

P1=23414159265358979323

Pl2=2,#P]

Pl3spP]an3

READ(Se 1) (TITLE(I) 11920}

FORMAT (20A4)

WRITE(642Y(TITLE(T)91=1920)

FORMAT (1H1920A4)

READ(S593)X 9P sYsYP

READ(593) (AK{1}91=14NAK)

READ(593) (AN{1)s1=19NAK)

READ(5+3)A9BsFMIUEsDEL +PB2

FORMAT(6F1246)

FM2=FM®FM

111

0000
0010
0020
0030

40
0 50
0060

70

89

90
0100
0110
0120
0130
0140
0150
0160
0170
0180
0190
0200
0210
0220
0230
0240
0250
0260
0270
0280
0290
0300
0310
0320
0330
0340
0350
0360




TABLE 3D (Continued) |

READ(593)UCHTH 0370 i
ALPH1=.02#750¢/DEL 0380 I
ALPH2=3,8/DEL 0390 I
TH®14/(ALPH1#UC*DEL) 0400 X
WRITE(6yTIAsBsFM24UEIDEL 4PB29UCS TH 0410 ;
7 FORMAT{3HOA=F10e495H BzF1044915H MASS AQUARED= E15469 0420 i
111H U SUB E= E1546/5H DEL®E15.6317TH P BAR SQUARED= E15¢69 0430 g
26H  UC=E15¢694H TH2E1546/) 0440 i
READ (59 ) MLOW ¢ MUP » DM ¢ NLOW s NUP 9 DN 0450 ;
READ(559)PLOWPUP s DP s QLOW9QUP »DQ 0460 ,
9 FORMAT(16185) 0470 :
READ(553) (GM{M] yM=; sMUP) 0480 :
READ(543) (GP(P)4Px19PYP) 0490 .
READ(54+3) (GNIN) sN=1sNUP) 0500 '
READ(54+3) (GQ(Q)+Q=1sQUP) 0510 :
READ (593} (XM{M) yM=21sMUP) 0520 s
READ(543) (KP{P)yP=1sPUP) 0530 5
READ(533) (KN(N) sN=1sNUP) 0540 N
READ(5+3) (KQ{Q)$Q=19QUP) 0550 o
DO 2000 Mx1sMUP 0560 b
2000 GM{M)=GM{M)#P] 0570 u
DO 2001 N=1sNUP 0580 G
2001 GN(N)=GNIN)*P1 0590 ?
DO 2002 P=)yPUP 0600 N
2002 GP(P)=GP(P)#P] 0610 ,
DO 2003 Q=1,QUP 0620 f
2009 GQ(Q)1=GO{Q)*P1 0830 ]
READ[S912){ (WMN{MsN ) sMx]9gMUP) yN=1sNUP) 0640 {
READ(5+12) ( (WPQ(P10Q) sP=1sPUP} 90=19QUP) 0650
12 FORMAT{F1042) 0660
WRITE(6913) { (WMN{MyN) yM=MLOWMUP 9DM) s N=NLOW s NUP sDN) 0670
13 FORMAT{12HOOMEGA(MsN)= /(1X98D1445)) 0680
WRITE(6¢23) { (WPG({P+Q) sP=PLOWIPUP yDP) 9 Q=QLOW s QUP sDQ) 0690
23 FORMAT(12HOOMEGA{P Q)= /{1X#8D1445)) 0700
READ(5412) L [(FA(MsN) sMulsMUP) sN=1 4NUP) 0710
WRITE(6418) ({FA{MIN) sMz] 4MUP) ¢N=1sNUP) 0720
18 FORMAT(BHOA(MyN)= /{BEl4e6)) 0730
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TABLE 3D (Continued)

READ{5912){ (APQ(PsQ)eP=1yPUP} 9Q=1»QUP}
WRITE(6918)((FA{MoN) sMEMLOWSMUP sDM} sN=NLOWINUP»DN)
WRITE(6928)((APQ(P Q) oPxPLOWIPUP»DP )} »Q=QLOWIQUP DP)
FORMAT (8HOA(PsQ)= /(1X98E14e6))

Cl224/DSQRT(A%B)

FUXAAT(TH CONST= E1560)

CONST=z144e%3242%42,42 RARARBHB/ (PI3RFM2)
WRITE(6417)CONST

DO 50 MxMLOWsMUP DM

XM=M

XMPIzXM#P]

GMXA2=GMLM)#* (X/A=e5)
SXMC2A=DCOS{GMXA2) +KM{M) #DCOSH{GMXA2}
IF(M=M/2%#2¢EQe0 ) SXMC2A=DSIN(GMXA2) +KM (M) #DSINH(GMXA2}
DO 45 Nx=NLOWsNUP DN

XN=N

XNPIsXN#P1

OGAsWMN (MsN)

FC(MoN)=OGA/FA(MsN)

GNYB2aGN(N}*(Y/B=e5)

FUDGE> XM#XN

EIGEN{MsN)=2C1/FUDGE#SXMC2A* (DCOS(GNYB2)+KN(N)*DCOSH(GNYB2))
IF(N=N/.*2:-EQeO)EIGEN(MyN)=C1l/FUDGE#SXMC2A#
1(DSINIGNYB2)+KN{N)#DSINH(GNYB2))
WRITE(6916)XoYsMeNSEIGEN(MoN) 9sFA(M9N)
FORMAT{1H02F12¢6921496E1346)

CONTINUE

CONTINUE

DO 550 P=PLOWsPUP»ODP

XXP=p

XPPI=XXP#P}

GMXPA2=GP(P)®(XP/A=e5)
SXOPCA=DCOS (GMXPAZ }+KP{P)*DCOSH|{GMXPA2}
IF(P=P/2%2+EQe0)SXOPCA=DSIN(GMXPA2)+KP (P )%#DSINH(GMXPAZ)
DO 545 Q=QLOWsQUPDQ

XQ=Q

XOPI=XQ#P]
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26
545
550
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TABLE 3D (Continued)

OGPEWPQ(PQ)
0GP230GP#OGP
FUDGE=XxP#XQ
GNYPB2=GQ(Q)I*(YP/B=45)
EIGN(P+Q)=C1/FUDGE#SXOPCA*{DCCSIGNYPB2)+KQ(Q)RDCOSH(GNYPB2) )

IF(Q=Q/2#2+EQ40)EIGN(P3Q)2C1/FUDGE®SXOPCA* (DSIN{GNYPB2 1 +KQ(Q)*#VSIN
1H{GNYPB2))

RITE(6+261XPoYPsPsQyEIGNIP 9Q) s APQ(PQ}

FORMAT(1H 2F1246921496E1346}

CONTINUE
CONTINUE
WRITE(6419)

FORMAT({1H1 93X 91HMe3X 9 1HN914Xs1HWs 11X 9 4HPOFW 912X e 3HWMN 9 12X 9 3HDENY
1718X+8HANSINT Ry TX9BHANSINT Is10Xe5HANS Rp10Xe5SHANS 128X e THPWRSD
2R98XeTHPWRSD I /)

UCTHsUC*TH

DO 778 M=MLOWIMUP DM

XM=sM

XMPlxXMaP]

AMPI=A/ (XMPI#UCTH)

DO 7781 P=PLOWsPUP,DP

XXPsP

XPP]aXXP#P]

DO 776 N=NLOWsNUPsON

¥N=N

XNPI=XN#P|

BNP1=B/(XNPI#UCTH)

D0 7761 Qs=QLOWQUP,DQ

X0=Q

XOPI=XQuP]

READ(5¢3)W1sDWeWF

NWWe (WF=W] ) /DW+1e

MXO=NW*M

NYOSNW#*N

NXOP sNW#*P

NYOP asNW#Q

OGAZWMN (MyN )
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1310
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TABLE 3D (Continued)

0GA2=0GA#0GA

FAL1=FA(MyN)

FAL12=FAL1#FAL1

OGP=*wPQ(PyQ)

0GP2=0GP*0GP

FAL2=APQ(P»Q)

FAL22=FAL2#FAL2

w=wl

DO 150 MM1=1,Nvw

ANSINT=0.

W2sWey
DEN'((((FALI+FAL2)/2.)*‘2*05A2/4.+OGP2/4¢)’*2
1~CGA2%OGP2 /44 } #0GAXOGP
COM1=FAL1+DCMPLX(04D0 W)
COM2=FAL2=DCMPLX{04D0yW}

FALL12=(FAL14FAL2) /2,
XNMRTR=(COMI*(OGA*OGP*FALLIZ)+OGA‘OGP*(FALL12’FALL12~
110GA2/4., ~0GP2/44} 11/ (COM1%#COMI+0GA2 ) +(COMD#
2(OGA*OGP.FALL12,+OGA*OGP"FALL12’FALL12+°GA2/40’OGPZ/46"/(COMZ*CO
3M2+0GP2)

DENCOM=XNMRTR /DEN

SUMAK=0,

00 120 1S=14NAK
SUMAK=SUHAK+AN(IS)*DEXP(-AK(IS)*W*DEL/UE)
POFW=SUMAK #PB 2#DEL /UE

SUM6=0,

DO 500 I1=14NXO

110=({11=1}/NW

T1R=[1-NW#]10Q

XO*PI*(.S*.S*ARG(IIR)+FLOAT(IIO))
XOAZGM(M)#(XO/XMP =45 )
SFXO‘DCOS(XOA)+KM(M)*DCOSH(XOA’
IF(M-M/Z*Z.EQ.O)SFXO=DSIN(XOA)+KM{M)*DSINH(XOA)
S5UM4=0,

D0 300 K1=1sNXOP

K1 Q={K1=1}/NW

K1R=K1-NW#K1Q
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300

500

200

TABLE 3D (Continued)

XOP=PI#(,5+5%ARG(KIR)+FLOAT(K1Q))

XOX0P=X0=X0OP

E1xDEXP(~A/ PI®#ALPH] #*DABS{XO/XM=XOP/XXP})
ARGCOM=DCMPLX(0eD0 s =W#A/ (UCH*PT ) # {XO/XM=XOP/XXP) )
F2sCOEXP(ARGCOM)

XOPAxGP (P ) #{XOP/XPP1~e5)
SFXOPsDCOS{XOPA)+KP (P )#DCOSH({XOPA)
IF(P=P/2#2,EQeQ)SFXOP=DSIN{XOPA)+KP(P)#DSINH(XOPA}
FVa4s SFXOP®E#E2
SUML=SUML+FVAL*WGT(KIR)I*P1/2,

CONTINUE

FVé63SUM4RSF X0

SUM6aSUMG+FVO#WGT(T1IRI*PTI/ 2.

CONTINUE

SUMS=0,

DO 400 Jl1=19NYO

J1Q=(Jl=1)/NW

JIRsJ1=-NW#J1Q

YOsPI#{,5+,5#ARG(JIRI+FLOAT(J1Q})
YOBaGN(N)#{YO/XNPI~=e5)
SFYO=DCOS({YOB)}+KN(N)#DCOSH(YOB)
IF{N=N/2%2,£Q40)SFYOSDSINIYOB)+KN{N)*#DSINH(YOB)
SUM3s0,

DO 200 L1x=1,NYOP

L1Os{L1=1)/NW

LIRsL 1=NW#*L1Q
YOP=aPl#((54+.5%ARG(LIR)+FLOAT(L1Q))

YOYOP=Y(O=YOP

BNPI=B/(XNPI#UCTH)

E3sDEXP(=B/P] # ALPH2#DABS({YO/XN=-YOP/XQ})
YOPB=2GQ(Q)*#(YOP/XQPI=e5)
SFYOP=DCOS{YOPB)+KQ{Q)*DCOSH{YOPB)
IF(Q=~Q/2#24EQeO)SFYOP=DSIN({YOPB)+KG(Q)*DSINH(YOPB)
FV3sSFYOP®E?

SUM3IsSUM3+FV3*WGT(LIRI*PI/2.

CONTINUE

FV5eSUM3I#SFYO

TABLE 3D (Continued)

SUMS=SUMS+FVS*WOT{JLIR)I#P1/24

400 CONTINUE

ANSINT=SUMS#SUMS
ANS=ANSINT#CONST#POFWHETGEN{MoN)#EIGN (P 9Q) #DENCOM®CL2C]
PWRSD=ANS#WH#4

WRITE(6020)MeNsWoPOFWIETGEN(MaN) »DEN
WRITE(6420)PsQsXNMRTRIEIGN{P+Q) s DENCOM

20 FORMAT{1X921496E1546)

WRITE(6421)ANSINT 9 ANS»PWRSD

21 FORMAT(11X96E156/)

WaW+DW

150 CONTINUE
7761 CONTINUE
776 CONTINUE
7781 CONTINUE
778 CONTINUE

STOP
END
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APPENDIX C

ELECTRIC BOAT PROGRAM (1ZZ0)

APPENDIX C1 ~ MATHEMATICAL ANALYSIS

APPENDIX C2 ~ METHOD FOR DETERMINING INPUT DATA
APPENDIX C3 - PROGRAM IDENTIFICATION

APPENDIX C4 ~ TEST RUNS
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b

a,, bm. (‘m,dm

a".bn,Cn,dn

(
Imn

B
b
C D

mn*"" mn

WIS
(mn

9( )

4
mn”‘mn

L)

Lol

M

m,n, p,q, 18

NOTATION

Correlation area of turbulence over which the mean square
pressure p° is constant

Coefficient used in series representation of deflection
Normal acceleration of plate

speed of sound in water

Constants

Modal damping function
Equal ton /2

Bending stiffness

Constants defined in Equation (C27)
Coefficient in Equation (C34)

Greens function (impulse response of plate at point
r, due to forcing function P et r, ) defined by Equation (C10)

Plate thickness

Refers to properties on the side of the plate where the
fluid is in motion (i.e., turbulent) and where the fluid is
stagnant, respectively, as shown in Figure 11.

Time correlation integral defined by Equation (C24)

Constant

Modal amplitude factor
Constants defined in Equation (C27) and (C28), respectively

Linear differential operator defined in Equation (C12)

Lateral dimensions of plate along the z and y axes,
respectively

Mass per unit area of plate
Mode numbers

Acoustic pressure

Mean square pressure at surface beneath turbulent
boundary layer
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)
R,()

R, (1r%r)
B (f0s%7)
RS
E,()

’ ’
1ty r9s T

- - - -4
o (zO ' Yoo a0) N

oL r(;, t(;
S, SO’ Sé
Sp(r, 'y w)

Sp(r, ©)

§(r 1", )

T

8ty tortas by b

U (t=2y)

Uc

Uy :
U

Vn ! Vn’

w

X (2) Y (¥)

3}'

’
z, &', 2, T,

0
%y %o 3/0'

’ ’
Zn,Zn,Z,Z

Surface pressure beneath turbulent boundary layer
Space-time correlation of plate accelerations
Space-time correlation of acoustic pressures
Space-time correlation of turbulence pressures
Space-time correlation of plate velocities
Space-time correlation of plate displacements

Radius vectors defined in Figure 11

Space-time coordinates of the forcing function p

Surface area of plate (d§, = dz, dy, etc)
Cross spectral density of acoustic pressures

Power spectrum of acoustic pressures at a point r along
the normal through the center of the plate

Cross-spectral density of plate displacements

Kinetic energy of plate

Time variables
Unit step function

Average convective speed of turbulent pressure field
(or pattern)

Ship spead; free stream velocity

Velocity component, at any point y in the boundary layer,
parallel to the z axis; see Figure 1i

Potential energy of plate
Normal velocity of plate

Plate displacement
Mode shapes of the plate along @ and y, respectively

Space coordinates defined in Figure 11

Normal displacement of plate
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.

Y. it
5,06

8( )

P qu

Equal to ma UL,
Plate viscous damping (resistance coefficient)
Radiation damping coefficient

Functions of the time variables as defined by Equation (C 22)

Beundary layer thickness and boundary layer displacement
thickness, respectively

Dirac delta function

lform=norp=gq

Kronecker delta equal to Oforménorp#éyg

1 formn=rs

delt lto
Kronecker delta equa 0 for mn £ rs

Loss factor (plate hysteretic damping)

Temporal decay factor of turbulent boundary layer
associated with eddy decay

Measure of the inverse radius of the turbulence eddy

Eigenvalue

Poisson’s ratio
Dernsity of plate material

Fluid density
o~ To

Dolay times equal to ¢’ ~ ¢, ¢t"'~¢ + —> and ¢, - ¢,

respectively i

Spectrum shape factor

Eigenfunction

Circular frequency, equal to 2r f

Undamped natural modal frequercy

Symbol representing the complex conjugate

Symbol representing cross (space-time) correlation function
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APPENDIX C1 ~ MATHEMATICAL ANALYSIS

Equations are now derived for the space-time correlation and spectral density of the
acoustic pressure in the near and far field on both siles of a turbulence excited vibrating
plate.26

The Rayleigh formulation?” of the velocity potential in the acoustic field resulting from

1 ds, To
¢ (nt) = - :‘_),-; —r— Vn oo t—;: (Cla)

The corresponding acoustic pressure is

9% _Pi ds, av( ’o)
. Fo,t ==
9t 2n rg Ot

a vibrating plane is

Figure 11 shows the coordinate system used for this formulation. The space-time correlation
of the acoustic pressures are

P; dS av, o
<P(’)5)P("t)>"R(’vrsf) S _——<0’t“‘—"
2n Jg 1, 9 a,

as, 9V, To
—_)—_ =, ~-—]> 2
2ng 1ty Ot (0 a‘.) (c2)

where t' =t + r.

The integration and ensemble averaging processes may be interchanged to give

J‘J‘dso ds; dv, N avn( o
B, (1,7, ——~<— PR ) A
(ryr'yr) = r—' P (o ai> Ey o a>> (C3)

47255 To 7o i
Now
9%z, 9%z, v, av/
< et > -<-—--——->=<AA’>
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Figure 11 — Coordinate System
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may be written as 28

To o
’RA ’b,“z";ro”t’- _—) (C4)

Hence

f f dS, dSq a4 4t %
R, (r,r ,f)=.._ = S (ro,t---; o,z--—) (C5)
P 4725 o 7o i é;

Assuming a stationary random process, we can shift the time origin by an amount r, /a; with-
out changing the results of averaging. We get

p} {[ 48, dS; 44
P (ry r,r)---—-—-j — =R (rg 651", + 1) (C8)
472 55 fo "o 94
£, -t

o 4]
where r" = r + ~—oemm.

e;

The Wiener-Khintchine relations batween the crogs-correlation and cross-spectral den-
sity of the acoustic presaures are

1 ;
8, (r,r',w)=-2—”-J dr Rp(r,r',r) e tOT (CTa)
R, (1" s7) ..f do §,(r, 1", ) €7 (CTh)
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3 Substituting Equation (C5) in (C7a), we obtain*

4 2 4
w'p 2 [ [ dS, dSg ’
4n? — — 5,(nr0) (C8)

Sp(r, ryw) =
sso To

Equation /C6), (CT7), and (C8) desuribe the acoustic pressure resulting from the vibra-
tion of a plane surface in a semi-infinite medium. The equations are a function of R, only
and are applicable to any type of plate with any type of boundaries.

The method for determining plate response to turbulence excitation is identical to that
of Dyer except that more general boundary conditions are included here. However, because
the notation is somewhat diffsrent, the relevant equations are outlined for the benefit of the
computer program user. The reader is referred to Appendix A1 for a more detailed develop-
ment. The differential equation of motion of the linear system Lz = - p has the solution

-

t S — — — ——
Z(rg,t) = f dtojdsog(ro , 83 ro,to)p(ro,to) (C9)
S
where

Lg=-8(r-719) 8ty - t5) = ~8(zy = 25) (¥ - %) Bty %) (C10)

For turbulence excitation (random pressures), the ensemble average or cross correlation of
the plate displacements can then be expressed in terms of the correlation of the turbulent
pressure forces by

t ¢t _
<2(rg s ) Z*(rgs ) > = B (15,195 7) gf dty f dtO'Js- dsoj; , dsy”

— o—- — a———e —— d— — ow—

<_(]("0at3 ’osto)g*(ro"t'; ’o'a 56) > <p(’o ’ to) P*(’o' 9‘0’)>

¢ t’
=J dtof dto'deofa’So'g(ro,t ST o) g*(rg 5875 1y s tg)
- — o0 S N

'Rtp(TO’rO'”) (C11)
* 6432
(5,
grt
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For thin plate vibration

51— 1ot %), 5 20) .
@ =inp* )+ Mot By == L) (C12)

The Green function satis“ying Equation (C12) has been shown to ke represented by

¢ mal7o )SD ) o (-1 - -
Koy 85 70 b ) = _5_ T T i (- T U~ T

(C13)
where ¢ ( ), the orthonormal set of eigenfunctions, satisfies the conditions:
Lo, =0 (C14)
and
£¢mn¢pqu- Smn qu (C15)
and where*
Cpp=t—1 |{1 + 1 ‘+r;2) -1 (C16)
mn 1 A wmnu J
b /2 ,
Opp = 'AT) A (C17)

*Equation (A7) of Appendix A can be written in the present notation os

© A 2 2
mn Bn mn 01
amn = v Tommsnset, | f—— 1 -1
n Mo, 2M(o3m

Expanding this equation and assuming, with Dyer (£quation (12) of Reference 2), that n<1/3 and
2

<1/3

wmn

as well as using Equation (A8) in the expansion, we obtain Equation (C16).
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When radiation damping is also included. we write

50 n Bl
amn=~2—ﬁ; +§w"‘"+—2-ﬁ-{- (CIS)
In this analysis, it is assumed that B, and 8, are negligible* so that
_n
%nn _'Q-wmn=8“’mn (C19)
Using Dyer’s equation for the pressure correlation
Rl
T 451 ST o, .
R,p(r,r)=p Ab (a:o—a:o)— T8y ~¥) ¢ (C20)

Using Equations (C12), (C13), and (C20), we obtain the working expression for the
displacement correlation function for a plate excited by a turbulent boundary layer. It is
applicable to arbitrary boundary conditions provided expressions can be obtained for the

eigenvalues and normalized eigenfunctions.

, N S R TR [ i
R(rgst5:7) = —_— @ mnlT0) dt, dey ) ds,
Pq n@pM T

- 00
mn o, S

|' - ., = 7ol
o _ _ L-amn(z-zo)-apq(z—zo)—-e—-
as, ¢mn(r0)¢pq o) €
S

csin o, (¢- f)sine, (8- 1) 8((z, = 25) - Ur18(yg ~95)  (C21)

Performing a spatial integration of Equation (C21), then introducing the transformation
used by Dyer

y = (t'~ to')—(t—to)=ro—r

= (- ) (E- ) (C22)

*1f values or relations for BO' ,31 are known, we can include these tems in the analysis and program.
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followed by a temporal integration yields

(fg279>7) = ZZ e b mn(70) D ma(76) I nl?) (C23)

where

ly+r]
o« R T Cpalt~ 0
1,7 =J dy f dye cos @ (y+r)[cosw, y-cos w, pul, >0
0

-
(C24)

where a=mnnsl, /L,
I761

o B . -

Since @ is small, then for |7, | >0, e +0 so that from Equation (C21) B (75 ,7y,7")~ 0.

Hence, with small error, we need consider only the value 7, = (g - .t-;") = 0. With this

approximation we perform the integration in Equation (C21) to obtain the displacement corre-

lation below coincidence. To render the analysis tractable for the integration, it is also

maU,
assumed that U 60<<L ,

<<w,,, i.e. the correlation length of the pressure field is
X
nuch smaller than the length of the plate and the convection speed of the turbulence is small

compared to the modal wavelength, and a__ € << 1 (low damping); see (A22), (A23), (A36),
and (A26b) of Appendix Al. The result for the displacement correlation function, which is

independent of plate boundary conditions, is*

*It is important to note that although the same symbols gbmn(ro) and qun(ro') are used,

(L )1/2 ,

mn( i )

(LxLy)l/z
= B o)

Eq (C25) Eq (C21) Eq (C2S) Eq (C21)

’

i ¢mn(r0 )

¢mn( rO)

The value of the normalized eigenfunction qunused in Equation (C21) agrees with that used by Dyer That the
(L L2
value of ¢mn used in Equation (C25) differs from Dyer’'s results by a factor —————— can be seen by compar
2

ing Equations (C35) and (A20) for the case of a simply supported plate. Thus, we see that Equations (C25) and

Equation (A27), where lmn( r) is given by Equation (A36), are in agreement.

127

i

‘.
’
,
-



24692 4
Ix’:(ro.ro’,r)= -
m n L

Lot a M1+ 02 6%)

x“y mn mn

_lamnlr”

* ¢mn(r0) ¢mn(r0') € cos Omp? (C25) ;
For the plate mode shape, assume that ‘
S malD = X (2) Y (9) (C26)

where

X (%)= a, cosa, z+ bm sina,z+ c, cosh a,T+ dm sinh a,z

Y, (¥)=a, cosa,y+b,sina,y+c, cosha y+d sinhay (C26a)
From Equations (C4) and (C6), we see that Rp(r, r’, r) is a function of

4
;';R;(rg”'o’af) = RA(ro)ro’af) y
r

Page 99 of Reference 28 shows that the correlation of the plate acceleration for 7> 0

can be expressed as* ;

bt -a T
RA (rO 1T s r) =kan¢mn(r0 )¢mn(r0’) e ™" [Cmn COS @, 7 + Dmn Sin wmnr] :
mm 3

;>0 (c2en
where
— 240p*
Kinn = 2 42 2 g2
LxLywmnM (1+w;,0%)
2 4
Cmn = wmn_ 6 wmnamn+ amn
2
Dmn = 4amn wmn(amn - wmr)

*Footnote on following page.
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*Footnote to preceding page. Using Equation (C25) and the relationship between RA and Rz we have

o Mr-a_ |
RA’_Rz=K —[e mnl I]coswmnr

374 ar4
where
2A9p2 ,
K= 2 2y 2 ¢mn('0)¢mn('0)
m n LxLywmnamnM (1+mmn9 )
Let o .= 6 0, = b Then
= e—a|r| cos br = ¢%7 cos brfor T <0
=e % cos brforr>0
or
=e % cos br=u.v wherea = —aforr <0
a=aforr>0
ur) = e~%" and v(r) = cos br

The Leibriz theorem is obtained by differentiating u vy, with respect to 7, ntimes. When n= 4, come-
sponding to the fourth derivative, the theorem gives

rr 12

/I‘ ’r (T) =u v+4unl v'+6u” v”+4u' vlll+ uv/;

,

a® ™% cos br+4(-a) e" T (< bsin br) +6a2 e %7 (=b?) cos br

+4(~a) e~ 2T 3 sin br+ b% 677 cos br
= @t -6a2b2+b2) f(r) + sabel - ) g(r)
= (a4-6a2b2+ b4) f(n +4ab(a2— b2) g(r)forr>0

= (a%-6a2b24+ 8% f(r)~4ab(a®=b2) g(r) for 7 <O

where f(7) = ¢ %7 cos brand g(r) = ¢~ %7 sia br= e-aI 7| sin b7

The results agree with those in Appendix II of Reference 29 determined there by use of Heaveside func-

tions. We note that the first derivativeof f(7) has a finite discontinuity at the origin so that the second and
higher order derivatives will have infinite discontinuities at this point.
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Reference 29 also shows that Equation (C27) satisfies the Wiener-Khintchine relations,

Equations (CTa) and (C7b), thereby establishing the derived expression for 'RA(rO yTo s ) 88
a valid correlation function.*

3* 1(n)
*To show that

and therefore Ra satisfies the WienerKhintchine relations, consider the Fourier cosine
grd

a*pn

transforre of

)
. Because

is an even function, the Fourier sine transfom of this function vanishes.
drt ard

Since the fourth dertvative is a continuous function, we integrate by parts to find

r a* fcr) & f(n) %) RO > ‘
cos wrdr = cos wrdr+ @ r—— sin WI—~@ ‘a——cos T
0o dJrf ar4 dr? T 0

T aftn
—a)ss —— sin wrdr
o r
f(7) and all of its derivatives are zero at r = o , Also, odd derivatives of f(7) over the range —oo < 7 < c0 are

odd functions of 7 so that the value of these derivatives at the point of discontinuity (i.e., origin 7=0) is zero
Hence, this equation reduces to

y

o0
° 84 9] e a 7)
j K cos wrdr =-w° J ._{S... sinwrdr -l f(hcosawrdr
o ar* 0 or 0

-

after integration by parts of the bracketed integral, Substituting f(r) = ¢

~alr| cos br in the last integral we
obtain

e e

y
* (94]'(7) a w? ot % '
— 0S5 wrdr =~ +
o art 2 |P+(b+w)?  a? 4 (b~0)?

The 1nverse Fourier cosine transform of this expression is

|
i
¥
i -
i
1 (% a ot w* ] !
— - + cos @rdr ¥
2mdy 2 L2+ b+ w)? a2+(b—w)2..| |
3 }
=(a? - 60252 + W) f(r) + 4 ab(a® - b%) g (1)
i
3 i
' d4f(n e w? i
which we have previously shown to be for r> 0. Thus, the terms and ~ + 4
4 dr# drt 2+ (b+w)? i
3 © i
3 2 are Fourier pairs. These results are obtained with somewhat more rigor in Reference 29.
a“+(b- a))2 z
; i
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Substitution of Equation (C27) in (C6) yields the following expression for the cross
correlation of acoustic pressures*

ds, ds; —o s
Bp(r,r'yr) Zmn” o Pmnllo) Sralg) e ™"

. [Cmn cos w, "+ D,. sin wmnr'] (C28) :1

where

and

(1‘0 - 1‘0')

r':r-}-—-——_.

Equations (C28) and (C7) represent working expressions for determining anywhere in
the field the desired statistical properties of the acoustic pressure resulting from the vibra-
tions of a turbulence-excited finite plate of arbitrary boundary conditions. The mode shapes
of the plate ¢ _ (r) in these equations implicitly represent the dependence of the acoustic
field on the boundary conditions.

The method of analysis used by Young(39) (the Ritz method) is used to determine the
eigenfunctions and eigenvalues of vibrating rectangular plates with continuous spring-type
boundary conditions. This treatment allows for various combinations of clamped and free
boundaries.

The Ritz method consists of equating the maximum potential energy of the plate

2
2 2 2 2
4 I s sl e
dy? dz? ay

plate
area

*Note that whercas in the statement below Equation (C264) the term was implicitly included in the

% rn=r’

variables o ro' of the function RA (ro , ro' » 7), in Equation (C27) the term 92 0 is linked with 7 to formr”,
a.
i
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to the maximum kinetic energy of the plate

w? H w? dedy (C30)

;
2 plate 1
area

to obtain an expression for the frequency of the vibrating system

., 2 |4
N (C31)
A olate w2 dxdy
area

The natural frequencies are determined by finding expressions for w that satisfy the boundary
conditions and minimize Equation (C31). The Ritz method consists of assuming the deflec-
tion w(r,y) as a linear series of ‘‘admissible” functions (see Reference 30) and adjusting
the coefficients in the series so as to minimize Equation (C31).

For a rectangular plate with edges parallel to the z- and y- axes, the series approxi-
mation for the displacement function is taken in the form

p q 3
w(z,y) = 2 2 ;A,,,,,X,,,(fv) Y.(9) (C32)

m=1 n=1

and substituted in Equation (C31). We get

|4
P LEE A X (@Y (o) dedy

or

K Ph pi[£ ZZA X (%)Y (y) dzdy !1

This expression is minimized by setting the partial derivative with respect to each
coefficient equal to zero. This yields

av wzpb J J.
04, 2 04

w? dedy = 0 (C33)

rs plate
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where A__ is any of the coefficients 4, . Equation (C33) represents a system cf linear
homogeneous equations in the unknowns 4, . The approximate natural frequencies of the

plate w,, @ . . are obtained from Equation (C33) by setting the determinant of the sys-

tem equal Lozzero.
The functions X, () and Y (y) inserted in Equation (C33) are the mode shapes of a
beam supported by torsional and transverse linear springs along its boundaries. The charac-
teristics of the springs along each side are constant. These spring-type edge conditions allow
the effects of edge rotational and edge translational constraints to be analyzed on a quanta-
tive basis. Once the mode shapes are known or determined — for the clamped-clamped plate,
we use the functions given by Equation (C26) and (C26a) as the mode shapes X(z) and Y (y)
of a beam with its ends clamped in the Ritz method --all of the integrals in Equation (C33)
cau be calculaved. Then as explained in Reference (30), the set of integral Equations (C33)

can be reduced to a set of linear algebraic equations of the form*

P
2 2 [0,,’,3,2 -Aa;l;]Amn =0 (C34)

where

575 - 1 formn = rs
mn 0 for mn # rs

A = w?phL3L, /b (proportional to w?)

In Equation (C84), r assumes all values belween 1 and p and s assumes all values be-
tween 1 and ¢g. The eigenvalues and therefore the natural frequencies w _ are found from the
condition that the determinant of the system of Equation (C34) must vanish for nontrivial solu-
tions 4, . Once the eigenmatrices of Equation (C34) have been determined, the mode shapes
of the plate are obtained from Equation (C32).

Reference 29 compares the spectrum of the sound pressure level for a clamped-clamped
plate with that of a simply supported plate. The comparison suggests that a simplified and
realistic approack to the investigation of plates with nonsimple supports would be to calculate
the modal frequencies considering the true (clamped-clamped) end conditions but to use the
mode shapes considering the end conditions as simple supports. Comparison runs using this
approach, which requires much less computation, and the exact approach (clamped-clamped

*The general functional form for C,;‘;is given in Reference 30.
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frequencies and mode shapes) produced results in very good agreement.2? In connection with

this aspect of the problem, the following equations were developed to obtain the sound radiated

from simply supported plates.
For a simply supported plate of dimensions L _, Ly and thickness A, the normalized
eigenfunctions (mode shapes) and corresponding modal frequencies are 2 (see footnote for

paragraph preceding equation (C25)) E:

mnx nmy

G mp = S0 sin (C85)
x Ly
A2, .
o2 =(H> A2 (C36) :

where
2

Az <Tl>2 +<T—.>
mn Lx Ly

Substituting Equation (C35) in (C28), we obtain fo locations in the far field on a nommal
through the center of the plate (r, - 1" = 0 ; more generally 7, = o’ = r, see Figure C1, and

consequently 7" = 1)

n n f2
L L L L i
x mu *  mmz nay y nm
sin dz sin » dz sin —= dy sin —dy
0 x 0 Ly 0 y

Now

L
*  mnz L, L,
sin dz=——=[—cos mn»l] =”-;;-[-1(—1)”'-1]

0 x mn

and similarly for the other three integrals. Hence, the product of the four integrals yields the ;

I 2

‘ L

term : [-1(-1)"-1]2 . X {-1(-1)"-1]% and the auto correlation of the acoustic
m2rr2 n2n

» pressure at r is
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RP("J) = 2 —— [C’ n €08 @ r+ D sin wmnr] .

2 2
.e-amnr W 4 [(—l)m-llz[(—l)n"lj2 (C37)
"4m2 112

The power spectrum of the pressure at r is

~| or 2
Sp(r,w) = 2-—"-J;° Rp(r,r)e"“"

1
“112[(~-1y"=-1]2 =.
114((~1)"-1] o

® -a r . - iwr
J‘ e mnl |[CmnCOSwmnr+Dmnsmwmnlrl]e dr

-]

Note that Equation (C27) and what followed held for 7 > 0. To obtain S, here, we treat r in

the infinite range (-, ) hence 7+ || above. Using Table 3.3 of Reference 31 we obtain
directly the value of the integral as*

[amncmn + dmn(w + “’mn) %nCmn —dmn(w - wmn)]
=t

a? +(w + o, )o a,2nn+(a>—wmn)2

and from Equations (C19) and (C27)

c0? —60? a2 4 _ 4 _ 4,4 -u% (1-6B24+ BY
Cmn_wmn men mn+a “wmn 680) +B mn wmn(l 68 +B)

2 2 _ 2 2 2 2
mn mn mn(amn_wmn)_ 4men(8 c‘)mn—“‘)mn)

Substituting the values of @, , C_ ,&na D __ in the equation directly above and
dropping terms of higher order in B, i.e., 0(B%) and 0(B3) reduces this equation to

*We take one-half the value given in this table since we use - o < <o here whereas Reference 31 gives the
one-sided power spectral density function.
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w w
4 —-3 3+ 4t
(‘)mn wmn
w3 B -
0 V¥ ) \2
B2+(1+r—— 82+(—-—-:
@ mn mmn}

b

Using this value and the value of K K ., given by Equations (C28) and (C27), respec-

mn’
tively, we get

1 LL.pzA()z;;
_ el i —(=1YP12[ 1 —(-1)"]2 .
Sy(ryw) = 7<r2 ) e zm Z,. (1-(-D)"14“[1-(-D"]

47
4 -3 344 —

1 Dma Dmn
) 2 2,22 2 2

(1+0p,67)m 2+<1-1> B2+<1+-—>

wmn wmn

In accordance with Reference 2, we take
2 2 5% )? 3086 —

4= il ="( ) ,0=A——U ,p2=(3x10-3)2pi2u4

K (e/em? 2 o o

Substituting these values in the equation for Sp(r, w ), the nondimensional power spectrum at
r is then represented by*

$p(r, ) 33.75x10-6<LxL><p 5*>2 :
P = y 13 Y mi2 i - n 2
- . Mzmzn[l(nlu(n]

27113
P2y 350
=K
®
4 -3 3+4
1 Dnn Omn
2 2.2 2
(l+w,, 0)mn 82+<— w) B2+<1+ w>2 (C38)
Yma Dmn

*Note that Equation (C38) does not agree with Equation (6-38) of Reference 26 which appears to contain a
typrographical error.
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or
5, (no) = 2,,. EK'(wmn) ¢<;:'—n> (C39)

Thus ,-S;(r, ) is the product of a modal amplitude factor K *(»,,,) #nd a spectrum shape

factor d>(-—a-,—4)

wmn

APPENDIX C2 - METHOD FOR DETERMINING INPUT DATA

The method for determining input data for the Electric Boat Computer Program is the
same as the Dyer method (Appendix A), and the system of units is consistent with Dyer.
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APPENDIX C2 - PROGRAM IDENTIFICATION

This program computes the space-time cross correlation and cross-spectral density of
the acoustic pressures resulting from the vibration of a turbulence-excited finite plate of

arbitrary boundary conditions.
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APPENDIX C
TABLE 4

Identification for Electric Boat Program — 1ZZ0

This table includes input and output data identification, flow chart, order
of input data, and computer running times. Computer program listings are
given in Table 5.

Table 4A: Input Data
Table 4B: Output Data

Table 4C: Flow Chart (Electric Boat) for Turbulence — Excited
Clamped and Simply Supported Plate Problem

Table 4D: Input Formats
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TABLE 4A
Input Data
l[';t::j.l. Descenption Type i:;(:l::'l"
Descrption for Main PProqram

M Onder of m-mode numbers fntegor MM

N Order of n-mode numboers Integer NN

M w1° m'<and n's are read as a Integer M

vector

= MM: m's and n°s are read as a
matrix such a« A(1.1). A(1,2)
A(5.3), A(Z.1), A(2,2), A(2,3)

IN NN Integer IN
NXYZ Number of cases 1n autocorrelation Intoger NXYZ
KXYZ Number of cases in CROSS1-correlation | Integor KXYZ
LXYZ Numhor of cases in CROSS2-corrolation | Integer LXYZ
NAUTO | f. Access to avtocorrelation fnteger | NAUTO

o No
NCROSS | 1+ Access to CROSS1-correlation Integer | NCROSS
0: No
NCROST | 1: Accoss o CROSS2-correlation {ntegor | NCROST
0: No
XL Upper-hirst-integration limit Decimal XL1
(plate dimension x)
XLO Lower-firat-intogeation lrmit Decimal XLO
Yia Upper-socond-intogration hmit Decimal YL1
(plate dimension y)
YLO f.ower-socond-intogration limit Decimal YLO

Al &pecd of sound in Muid Docimal Al

B B, , =damping coclficient ~ a_ Decimal B

Y Constant a) 3:mply supported plato Docimal C

b) non«imply wupported
[ Decnay constant w 8% /U Decimal | THETA
p2° (rmu pmuq.)z Docimal P2
(Ih/E) 2 a8 x 1073 1/2p02)?
whero p & masu donsity of fluid
@ n Frequencies for (m.n) modes (radians) Docimal w
MAM m-mode shape numbers Intogor MAM
NAN n-modo shape numbers (MAX-50) Intoger NAN
N Normalizod cigenfunction Decimal | ALMM
a, paramotors; used only Decimal AMM
b, & 12 the general Decimal BMM
Cr (1.0., clamped) caso; Decimal CMM
dMJ for m-mode Decimal DMM
a Decimal ALNN
a, Docimal ANN
Same a« above,
by \ Docimal BNN
only for n-node . .

“n Docimal CNN
'!"J Decimal DNN

*Force=1b,

force b
hence mass &

acceteration  [t/aec

This system of unite is conalstent with thet of Dyer.

= m— alao length = (t and time = sec,
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TABLE 4A (Continued)

Input A Program

Data Descrniption Type Sytabol
Description for Subroutine Autocosrelation

(Time and Frequeney Dependent)

r Coordinater of point Decimal X

y for correlation Decimal Y

2 measurement Decimal Z

o Intvial value of ¢ Decimal TAU

Ar fncrement of ¢ Decimal DTAU
NTAU Number of 1« Integor NTAU
EPS Convergeneo constant (tost value) Decimal EPS
NMAX Maximum numher of iterations Integer NMAX
NWA Number of specified frequencies Integer NWA

WA Specihed frequencies (rachans) Decimal WA

chosen hy user according to his
houndary specification«

Comment: There are NXYZ <ots of data cards for thi« ~ubroutine.

Desenption for Submutine Cross Correlation
Space Dependent

y Coordinatex of fixed point

MXP Number of variahle points
MTAU Number of r's

EPS Convergence constant
NMAX Maximum number of tterations
r Value of 7
"
Yy Coordinates of vanable points
2
NOR =9

Decimal
Decimal
Decimal

Integer
Integer
Decimal
Integer
Decimal

Decimal
Decimal
Decimal

Integer

XX
YY
77
MXP
MTAU
EPS
NMAX
TAU
XP(I)
YP(I)
ZPQ)
NOR

Comment There are KXYZ sets of input cards for this subroutine.

Desenplion for CROSS 2 Correlation
(Time and Frequency Dependent)

y Coordinate of fixed point

MXP Number of vanable points
TAU Initial value of »

DTAU Increment of Ar

NTAU Number of r'«

EPS Convergence constanl
NMAX Maximum number of iterations
NWA Number of frequencies
-
y’ Coordinate of vanable point
2
NOR =0
WA Different frequencies (radians) chosen
by usor

Decimal
Decimal
Decimal

Integer
Decimal
Decimal
Integer
Docimal
Integer
Integer
Decimal
Decimal

Decimal

XX
YY
77

MXP
TAU
DTAU
NTAU
EPS
NMAX
NWA

XP(1)
YP(
ZP(I)

NOR

Comment: Thore must be LXYZ =els of input cards.
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TABLE 4B

Output Data

Doscription

Program Label

Gutput Label

Description for AUTO 1  Autocorrelation with Two Op
NWS - no. frequencies)

(1. NTAU - no. points of time; 2.

tions

Number of time increments K NTAU
Point of time at which auto- ATAU TAU
correlation taken
Nommalized autocorrolation of RPBAR(K) NORM. COR. OF
acoustic pressure over time, i.o., ACC. PRES.
RP(z -, .1} /RP (2, - 2,,0)
Autocorrelation normalized by PRP(K) RP(K)/P2
rms pressure
Nomalized factor RP(1) for RP(1) NORM. FACTOR
RPBAR(K). 1.0, RP(z, - 2,,0) or
Ry, {0,0)
Comment: Above not printed out if NTAU - 0
Number of frequency K K
Specified frequencies WA(K) FREQ
WA (K)/2n RAD RAD/SEC
Cross spectral density FKK) CROSS SPEC. DENS.
10 LOG(FI(K)) + 127.8 PHI DB(RE0.0002)
Comment: Above nct printed out if NWA 0
Description for CROSS 1 (for Various Times in Space)
Indicates time 1 I
Point of time at which cross- TAU(D) TAU
correlation computed
Indicates space J J
XP(J) XP(J)
Space coordinatos YP(J) YP(J)
Z?(J) ZP(J)
Normalized crosz-correiation CRPBAR(l,J) CRPBAR(LJ)
Nomalization factor - CNORM CNORM
CRPBAR(1,1)
Description for CROSS 2 (Time Variable)
Number of time point K NTAU
Point of time TAU TAU
Normalized correlation of RPBAR(K) NORM. CORR. OF
acoustic pressure, by ACC. PRESS.
RP (2, -z,,0) or R, ,(0,0)
Corrolation normalized by RP(K)/P2 PRP(K)
ms pressure
Normalization factor RP(z, - 2,.0) RP(1) NORM. FACTOR
Number of frequency K K
Specified frequoncy WA(K) FREQ
Frequency /2w RAD RAD/SEC
Cross spectral density FI(K) CROSS SPEC. DENS.
10 LOG(FI(K) + 127.8 PHI DB(RE0.0002)
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Interpretation of Data Output and Computer Running Times

The following information is useful in interpreting the program.

The program generally yields results normalized by p2 or by the correlation of two
points at r = 0.

The Electric Boat program consists of two parts which represent the simple case and
the general case. The simple case, Equation (C(35)), uses only simply supported boundaries
for the plate modal function although frequencies for clamped boundaries may be used. This
procedure yielded Figure 12 (see page 154). The general case uses mode shapes represented
by Equation (C(26)). In addition the program requires either of the following values for C

PE 4p?
Cs — (simply supported boundaries)
2n?M2L, L
Y
PZ Ap*
= (clamped-clamped boundaries)
8m2y2

Figure 12 (Figure 17 in Reference 26), is normalized by R, ,(0,0), that is, the auto-
correlation function of the fixed point 2, at r = 0. Therefore, the nonnormalized correlation
for each A z,r desired was abstracted from the program and divided by R, ,(0,0) to yield this
curve. Similarly, calculations were necessary to obtain the data in the form used in Figure
13 (Figure 15 in Reference 26); see page 207 of this report. The program yields a normalized
answer in CROSS2, which is not in suitable form for representing the curve as shown. There-
fore, the normalized program result is manually multiplied by the NORM FACTOR to give a
ron-normalized quantity R, ,(A X, r); see equation below. More precisely, this is accom-
plished by first multiplying the number in the upper right corner labeled “NORM FACTOR ="'.
by the corresponding quantity in the column labeled ‘“‘NORM. CORR. OF. ACC. PRESS,"".
Only 7 = 0 was used for this curve so that the corresponding quantity would appear in the line
for TAU = 0. The second step is to get the normalization factors from AUTO 1, which must
have as many cases as there are variable points in CROSS2. R, ,(0,0) refers to R(z, -
7= 0) for all cases where 11 is a fixed reference point in the longitudinal direction, but
R,,(0,0) refers to R(z,~=,, r=0) where 22 is any other point in the longitudinal direction.
The coiresponding cross points are denoted by 12 in the correlation function, i.e., R, (Azyr).
The quantity to be used from AUTO 1 is labeled ‘‘“NORM.FACTOR="’.

The total function plotted then becomes

1’

NORM.CORR. OF ACC.PRESS. (from (CROSS2)) x NORM.FACTOR (CROSS?)
V' NORM.FACTOR (AUTO1 with X,) x NORM.FACTOR (AUTO1 with X,).
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The major subroutines results and runring timos on the IBM 7090 are:

AUTO 1

CROSS1

CROSS2

1. Autocorrelation

. Cross correlation

keeping time constant

. Cross correlation, varying

time and/or space

2. Auto power spectrum

Not Applicable

. Power spectrum for

first point

Approximately 3 min
per case (i.e., point)

Approximately 3 min for 1
point, 1 time (see CROSS2)

Approximately 1.5 min per
variable point over 120
time increments

The printout yields intermediate results, such as integration sums and nonnormalized,
noncumulative results for each mode. For example, 37 modes would imply 37 sets of these

results, followed by the normalized answers for each of the major subroutines. For the auto-

gpectrum final results, the labels FREQ. and RAD/SEC should be interchanged.
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TABLE 4C

Flow-Chart (Electric Boat) Turbulence-Excited, Clamped and
Simply Supported Plate Problem

( START ,

READ MODAL DATA,
FLUID DATA,
INTEGRATION LIMITS

- CO—C-C
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TABLE 4C (Continued)

PLATE DATA:
SPECIFIED FREQUENCIES

COMPUTE VARIABLES i
DEPENDENT ON ‘
ll)m.n 4
DINT
[fdzdy X(2) Y(y)
{
}
£
%
COMPUTE i
SPECTRAL DENSITY ;?
P ia
| I
ll
COMPUTE
CORRELATION OF
ACOUSTIC PRESSURE RP
WRITE ANSWERS
( RETURN > COMPUTE
MODAL SPECTRAL
DENSITY FIT NORMRAPLIZE
WRITE ANSWERS WRITE ANSWERS

PHI = 10LOG(FIT)
+127.6

WRITE R, FIT, WALK

‘ RETURN ’
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TABLE 4C (Continued)

Vi

PLATE
COORDINATES

COMPUTC VARIABLES
DEPENDENT ON

Dn

DINT

[l&edyX (@)Y ()

COMPUTE SPECTRAL
DENSITY 5P

COMPUTE CORRELATION
OF ACOUSTIC PRESSURE
RPN (TIME DEPENDENT)

WRITE:
$P, RPN

COMPUTE AND NORMALIZE
TOTAL ACOUSTIC
CROSS-CORRELATION

WRITE ANSWERS
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TABLE 4C (Continued)

(r PLATE DATA
COORDINATES

SPECIFIED FREQUENCIES

DEPENDENT ON

D,

COMPUTE VARIABLES

COMPUTE
SPECTRAL DENSITY
5P

COMPUTE MODAL
SPECTRAL DENSITY
FIT (w -DEPENDENT)

COMPUTE TOTAL S.D.
PHI = 10LOG(FIT)
+121.6
WRITE ANSWERE
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COMPUTE
CROSS-CORRELATION
OF ACOUSTIC PRESSURE
RPN (r - DEPENDENT)

COMPUTE TOTAL
CROSS-CORRELATION AND
NORMALIZE RPN

WRITE ANSWERS
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TABLE 4C (Continued)

\/

SET UP GRID FOR
[ dedy

FFF
X(2)Y(5) EXPSIN

COMPUTE SUM2 =
{f dedy FFF

NK=NK+1

v

WRITE
NK, SUMI, SUM2
‘ RETURN ’
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TABLE 4D

Input Format for Main Program, General Case

TITLE -
10 20 30 4 50 60 70 80
TITLE 70
10 20 k] 40 50 60 70 80
Columns 140, below, contain respectively, in 4-column blocks: MM; NN; I\M; IN; NXYZ; KXYZ, LXYZ;
NAUTO; NCROSS: NCROST
4 8§ 12 1 20 4 B 32 W A 60 30
XLl 12 XL0 24 YLI % YLO 48 60 80
Al 15 B 30 C 45 THETA 60 P2 15 80

IMxIN sets of 6-column blocks are needed for the W(IM,IN) array: w(l,1); w(1,2); ... ; w(1,IN); w(2,0); ...
w2, IN); <., w(IMIN)

Warray 6 12 18 4 30 36 42 48 54 60 66 72

oo
(=]

(MM + NN) /20 cards are needed to complete arrays MAM(MM) and NAN(NN): MAM(1); MAM(2); .. .;
MAM (MM); NAN(1); NAN(2); ... ; NAN(NN)

4 8 12 16 20 24 28 32 3 40 44 48 52 56 60 64 6B 72 76 80
MM cerds are needed to complete the following arrays: (used in general case only)
ALMM(Y) 15 AMM(T) 0 BMM(1) 45  CMM(Y) 60 DMM (1) 75 80

X

ALMM(MM) 15 AMMMM) 30 BMM(MM) 45  CMM(MM) 60 DMM (MM)

75 80

X

NN cards are needed to complete the following arrays: (used in general case only)

ALNN(1) 15 ANN(1) 30 BNN(2) 45 CNN(}) 60 DNN(1)

75 8

o

X

ALNN(NN) 1§ ANN(NN) 3 BNN(NN) 45  CNN(NN) 60 DNN(NN)

75 80

X
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TABLE 4D (Continued)

INPUT FORMAT FOR SUBROUTINE AUTO1 NTAU EPS NMAX NWA
X 12 Y rZ Z ¥ TAU 48 DTAU 60 64 70 74 7880

RTINS

NWA/12 cards are nseded to complete the WA (NWA) array:
WAL) WA(2) ... ven WA(12)
6 12 18 !} K'i} ¥ 42 48 54 60 66 72 80 3

> «

INPUT FORMAT FOR SUBROUTINE CROSS1

NTAU
XX 12 YY 2% 12 36 MXP 42 48 EPS 60 NMAX 66 72 80
MTAU/6 caords are needed to complete the TAU (MTAUY) erray:
TAU(L) 12 TAU() u ... ¥ ... @$ ... 60 TAU() T2 80 :
MXP/2 cards are nesded to complete the following arrays: 1
NOR(1) XP(2) NOR(2)
1 XP(1) 12 ye(l) M P() % & 52 YP(2) & ZP(2 76 80
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TABLE 4D (Continued)

INPUT FORMAT FOR SUBROUTINE CROSS 2
Mxe NTAU

NMAX NWA

XX 12 Yy U 1z ¥ TAU Ll DTAU 63 66 EPS72 75 78 80

MXP/2 cards ore needed to complete the following arrays:

NOR() NOR(2)
XP(1) 12 YP(1) 24 ZP(1) % 40 XP(2) 52 YP(2) 64 ZP(2) 7% 80
NWA/N2  cards are needed to complete the WA (NWA) array:
WA(1) WA(2) . 7 YA 7]
6 12 18 %4 K i} % 42 48 54 89 6 7 80

X
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APPENDIX C4 ~ TEST RUNS

Test runs for the power spectrum, longitudinal correlation function, and longitudinal
space-time correlation function of the acoustic pressures are plotted in Figures 12, 13, and
14. The computer programs used to obtain these results have been given in Table 4, and the
computer listings are presented in Table 5.
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Figure 12a — Clamped-Clamped Steel Plate

This subfigure is based on the use of frequencies obtained for a clamped-clamped plate but
modes obtained for a simply supported plate, (see statement following Equation (C34))
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Figure 12b ~ Simply Supported Steel Plate
3 This subfigure is based on the use of frequencies and mode shapes
- obtained for a simply supported plate.
1 Figure 12 — Longitudinal Space-Time Correlation Function for a 2-Foot x

2.33-Foot x 3/8-Inch Steel Plate
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TABLE 5

Computer Listings for Electric Boat Program — Izzo

Table 5A — 3imply Supported Boundaries

SIBFTC TURAD2

C
C

C

on

1000
1001
1002
1003
1004
1005

2000
2001

2002

2003
2005

2006

FORMAT {12A6)
FORMAT({1014}
FORMAT{4E2246/5E1548)
FORMAT(12F6.0)

FORMAT {2014}
FORMAT(5E1548)

FORMAT(1H1910X9»6HF ePoSe915X912A6/722X912A6////)

FORMAT {1HO929X945HORDER OF M (MUDE NUMBERS) ese0osss00csee MM 5yl
16/30X945HORDER OF N (MODE NUMBERS) sssecetesssese NN =916/30Xs
245HNUMBER OF CASES (XYZ) IN AUTO CORReee NXYZ =916/30X945SHNUMBER
30F CASES (XYZ) IN CROSS CORRee KXYZ =916 / 30X 945HAUTO CO
4RRELATION CONSTANT eesveesese NAUTO =916/30Xs45HCROSS CORRELATION
SCONSTANT ssecoseeee NCROSS *916/30X945HLIMITS OF THE 1-ST INTEGRAL
6 sos0sd0cees XL1 =9F1144/30X945H
7 XLO 29F1164/30X945HLIMITS OF THE 2=ND INTEGRAL sseeescseee Y
8L1 =9Flle4/30X945H YLO =9F1
9144/30X945HSPEED OF SOUND IN WATER ssescesesssseses Al =9pF13,6/30X
AphSHDOAMPING CONSTANT secstessssscsccsossssseces B =9F13,6/30X945HC
BCONSTANT seccavccscocessstscsssescosese C =9F1346/30X945HTEMPORAL D
CECAY FACTOR OF TURBULENCE THETA =9F11¢4/30X945HReMeSe PRESSURE o
Desessscssscocssssocscss P2 =9F1346//730%X92110)

FORMAT{ 1HO 940X 9 3SHUNDAMPED NATURAL FREQUENCIES W(MaIN)//{10X910F8.0
X1}

FORMAT(1HO0 950X 9 12HMODE NUMBERS//{40X91015))

FORMAT(1HO 940X 9 35SHNORMAL IZED EIGENFUNCTION PARAMETERS //7(15X95E18e
18) )

FORMAT{ 1HO 9 29X s 45HNUMBER OF CASES IN CROSS CORRe (TIME)es LXYZ®)
116/30X945HCROSS CORRe (TIME) CONSTANT sesseeese NCROST=916//
230X92110)

COMMON /AAA/A(4000)
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0000
10
20
30
40

0#50

0 69

070

0 80
90

0100

0110

0120

0130

0140

0150

0160

0170

0180

0190

0200

0210

0220

0230

0240

0250

0260

0270

0280

0290

0300

0310

0320

0330

0340

0350

0360
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TABLE 5A (Continued)

EQUIVALENCE (A(1)aMM)o(AC2) oNN) o (AL ) oIMIo(ALL) s IN) 9 LALIS) INXYZ Yy
1(AL6)IKXYZ) 9 LALTIoNAUTO) o L ALB) sNCROSS) s LA(9}eMI 9 LAL30)sN) »
2(A111)oLXY2) 9o (A(12) 9NCROST,

EQUIVALENCE (A(21)oXL1) 9 (AL22)9XLOY o (AL22)9YL1)a(A(24)9YLO)
1CA(25: 9AT) 9 LA(26)9B) o {A(2T7)9C)o{A(28)sTHETA)9(A(29)9P2)9(A(30)sP])

29(AL31) X 0 (A(32)9Y)slA(33)9Z)s(Al34)+EPS)s(A(35)sNMAX)
3UAL36) oWMN) 9 {AL{37)9AMNY s (A(38) 9SUML) 9 (A(39)9SUM2)

EQUIVALENCE (A(101)sMAM) 9 (A{151)sNAN} 9 (A(1001) W)}

DIMENSION TITLE(24)sW(20450) 9MAMI50) oNAN(5O0}

REAL KMN
READ AND PRINT TITLE

READ (5+1000) (TITLE(I)}sI=1424)
WRITE(642000) (TITLE(I)s1=1924}

READ AND PRINT GENERAL INPUT CONSTANTS

READ (5+1001) MMoNMN»sIMs ININXYZsKXYZ 9L XYZ sNAUTOsNCROSSINCROST
READ(5+1002) XL1eXLOsYL1aYLOsAI9BsCoTHETAWP2

READ (541003) ((W(IoJ)auxlsIN)el=19IM)

READ (541004) (MAM(T)9I=1aMM)p(NAN(T)sI=19NN)

WRITE(6942001) MMsNNINXYZ sKXYZ9NAUTO9NCROSS9XL19XLO»YLI9YLO )AL SBy

1Co THETAWP2

WRITE(692006) LXYZ9NCROSTsIMyIN

WRITE(642002) ((W(lsd)eJd=1sIN)sI=1pIM)
WRITE(692003) (MAM({I)pI=1oMM)p(NANC(TI)9oI=1oNNI

Pl=3,1415%9
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0370
0380
0390
0400
0410
0420
0430
0440
0450
0460
0470
0480
0490
0500
0510
0520
0530
0540
0550
0560
0570
0580
0590
0600
0610
0620
06130
0640
0650
0660
0670
0680
0650
0700
0710
0720
0730




TABLE 5A (Continued)

C AUTO CORRELATION 0740

c 0750

1F (NAUTOsEQe1) CALL AUTOL 0760

c 0770

c 0780

C CROSS CORRELATION 0790

c 0800

IF (NCROSS+EQel) CALL CROSS1 0810

3 ¢ 0820

c 0830

C CROSS CORRELATION {TIME) 0840

c 0850

IF {NCROST+EQe1) CALL CROS$S2 0860

c 0870

c 0880

STOP 08 0

END 0900

SIBFTC XAUTOL 0910

SUBROUTINE AUTO1 0920

c 0930

¢ 0540

c 0950

i c 0960

! C AUTO CORRELATION) X=XP y YaYP y 2=2P 0970

i c - 0980

c 0990

3000 FORMAT(5E12464149E6024214) 1000

3001 FORMAT(12F640) 1010

¢ 1020

4000 FORMAT(1H1950Xs16HAUTO CORRELATION///30X+1HX+30Xs 1HY 30X 9 1HZ// 1030

122X9E1448927X9E1408+17X9E1408//10X95HTAU =9E140895X9s6HDTAU =9E14e8 1040

295X06HNTAU =9 I495XSHEPS =9E140895Xs6HNMAX =914 95XoSHNWA =914 /) 1050

4002 FORMAT(1H198H PNT CNT»12Xs1HX912X91HY912Xs1HZs12Xs1HMs64X 9 1HNsSXs 1060

1 4HFREQy5X921HMeSe SPECTRAL DENSITYs4Xs20H DB(RE0002) 7 1070

- 216910X90F90b 34X 9F90b04X9FIeh911091593XsF60005X9E160896X9E1648/7// 1080

- X40X 1090

‘ 39 1HK 48X 3HTAUS 15X s OHRPMNTAUY //) 1100
1
3

k 159

s
4

S U 1)

TS SRV




—

T

(s X2 TN o TN g}

TABLE 5A (Continued)

4003 FORMAT(1H 930Xs1109£16484E2048)

4004 FORMAT(1HO¢50X912HINTEGRATIONS // 33Xs9HINTe NUMes5Xs 8H MESH
15X96HM Ne10Xs 4HSUM2916Xe 4HSUML)

4005 FORMAT(1H1,30X944HNORMALIZED CORRELATION OF ACCOUSTIC PRESSURE///
110Xs GHNTAUs10Xs 3HTAU$10X925HNORMe CORRs OF ACCe PRESe910X»
28HRP (K} /P2912X914HNORMs FACTOR =9E1448//)

4006 FORMAT(1H o 8Xs1498X9sFBeb6910X9E1648911X9E1648)

4010 FORMAT(1H1+7E1648)

4011 FORMAT(1H1,30X923HAUTO SPECTRAL DENSITY /7712X+91HK910Xs 4HFREQ
110Xy THRAD/SEC»10Xs1THCROSS SPECs DENSe910Xs11HDB(RE«0002)//}

4012 FORMAT(1H ¢8Xel4ys 8XeF64008X9F94492(10XsE1408))

4013 FORMAT(1HO0»30X»18HCHOSEN FREQUENCIES //(10X910F1040))

4014 FORMAT(1H1930X9»1HK 910X s4HFREQ» 10X 0 THRAD/SECs10X917HMODAL SPECe DEN
15¢910%+11HDB{RES0002) //)

4015 FORMAT(IH +21Xe11098X9F60098X0F94432(8X9E1649))

COMMON /AAA/A(4000)

EQUIVALENCE (A(1)sMM)Yo(AL2)oNN) s (A(3)sIM) o (AL4Y2IN) o (A(S) 9NXYZ)s
1(A(6)oKXYZ) 9 LA(T) oNAUTO) o {ALB)INCROSS) 9 (A{9) oM} o (A(10) 9N}
EQUIVALENCE (A(21)9XL1)o(AL22)9XLO)o(A(23)9YL1)a{A(24)9YLO)y
1(AC25)sAT o (AC26)9B) ot A127)9oC)o(AL28B)9THETA) 9(A{29)9P2) 9 (A(30)sP])
20 (AL31)oX e {A(32)9Y) 9 {A(33)92)s(Al34)sEPS)9(A(35) sNMAX)

3LA(36) sWMN) 9 (AL3T7) 9AMN) 9 (A(38)9SUML) 9 (A(39) 9SUM2}
4LAL40) 9 JA) 9 (A(41)eUB)

EQUIVALENCE (A(101)sMAM) o {A{151) sNAN) s (AL1001)9W)

DIMENSION MAM{S50) sNAN(50)9sW{20+50) sRP{110)sRPBAR(110)sPRP(110) »
1WA(110)4FI(110}

REAL KMN
CONVT = 600004

DO 5 II=14NXYZ
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1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470




TABLE 5A (Continued)

C 1480
READ {593000) XoYsZoTAUsDTAUINTAUIEPSINMAXsNWA 1490 E
d 1500 4
WRITE(6+4000) XsYsZsTAUsDTAUINTAUIEPS sNMAX s NWA ;513
C 52
IF (NWA) 201942 1530
C 1540 ]
2 READ (593001) (WA(K)sK=1oNWA) 1550 b
WRITE(694013) (WA(K)sK=19NWA) 1560
C 1570
C 1580
1 ATAU = TAU 1590
C 1600 ]
DO 6 IAs]1yNTAU 1610 3
6 RP(IA) = Os 1620
o 1620
DO 7 IA=1oNWA 1640
T FI{IA) = O, 1650 :
C 1660
DO 10 Ix1l9IM 1670 3
DO 10 J=1sIN 1680 :
JA = U 1690 E
JBsy 1700 3
IF (IMsEQeMM) JA=] 1710
M=MAM({JA} 1720
N = NAN(J) 1730
C 1740
WMN = W{ls.J) 1750
c 1760
KMN = CHTHETA /7 (B#*{1e+W(I9J)Ru2%THETAR#2])) 1770
AMN = BaW(14J) 1780 l
CMN = W{JsJI®(1e=64%BR%2 + BRE4) 1790 !
DMN = 4o#BaW(19J) % (BR%2=14) 1800 1
C 1810
WBAR1= (B##2+424) /(BRN{19J)#(BRR2444)) 1820
WBAR2 = B#WBAR1 / (B##242, ) 1830
r CBAR = KMN®#W(]sJ)#P2 1840

161
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TABLE 5A (Continued)
]
- i
¢ 1850
WRITE(6+4010) KMNsAMNCMNsDMNsWBAR1sWBAR29CBAR 1869
WRITE(644004) 1870 ‘
C 1880 {
PHASE=1,5708 1890 3
KKK=22 1900 '
CALL DINT (AMN3sPHASE sKKK) 1910 i
CAP2xSUM2 1920 <
C 1930 E
KKK=] 1940 !
AMNS ~AMN 1950 %
CALL DINT (AMNsPHASE KKK ) 1960 4
CAP1=SUM2 1970 ;
¢ 1980 {3
KKK=5 1990 :
PHASE=0, 2000 ‘
CALL DINT (AMNsPHASE $KKK) 2010 £
CAPS=SUM2 2020 {
C 2030
KKK=4 2040
AMN==~AMN 2050
CALL DINT (AMNsPHASE KKK} 2060
CAPA=SUM2 2070
C 2080
c 2090
§P = CBAR® (WBARI®#CAP1%CAP2 + WBAR2%CAP1%CAP4 ~ WBAR2%CAPS#CAP2 + 2100
1WBAR1#CAPS#CAP4 ) 2110
C 2120 ¢
- IF  (SP) 11511912 2130 }
§ 11 PHI = 0, 2140
; GO TO 13 2150
~ 12 PHI = 104% ALOG1O0(SP) + 12746 2160 1
1 13 WRITE(6+4002)119XsYsZoMsNoW{10J) 9SPPHI 2170
IF (NTAU) 229421922 2180
22 AU = ATAU 2190
7 C 2200
g DO 15 K21yNTAUY 2210

162
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TABLE 5A (Continued)

TH1 = CMN#COS{W(TsJ)*TAU) + OMN * SIN(W(IsJ)*TAU)
TH2oCMN#SIN(W( 1o J) #TAU)=DMN®COS(W( T s J)#TAU)

RPNsKMNR®EXP (~AMN#TAU) # (TH1#CAP1#CAP2 + TH2%#CAP1%#CAP4 = TH2
1%CAPS#CAP2 + THI#CAPS#CAP4)
RP{K)=RP(K}+RPN

WRITE(6+4003) KeTAUSRPN
15 TAY = TAU + DTAU

21 IF (NWA) 14910414
14 WRITE(644014}

00 20 K=1sNWA

RAD = WA(K)/(24%P])

DD = {(BA#2#W(1oJ)%%2 + (WlIoJ)=WA(K))HN2}% (BHRRW{[sJ)R%2 +
W(IJ) + WAIK))%®2)

AAMN = (BHW(LoJ)u(BRN2%W(T9J)#%2 + W(IpJ)nu2 + WA(K)#%2)) / DD
BBMN = (W(loJ)u(Buu2uW(loJ)¥#%2 + W(IgJ)"%2 « WA(K)*%2)) / DD

TW1 = CMN®#AAMN + DMN#BBMN
TW2 = CMN#BBMN = DMN#AAMN

FIT = KMN # (TWI®CAP1%CAP2 + TW2=xCAP1%CAP4 = TW2#CAP5#CAP2 +
1TW1#CAPS®RCAPS)

FAT = FIT
IF (FIT) 19919917
19 PHI = 0,
FIT = 04
GO TO 18
17 PHI = 104%ALOGIO(FIT) + 12746
18 WRITE{644015) KeWA{K)9RADSFATHPHI
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2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
2330
2340
2350
2360
2370
2380
2390
2400
2410
2420
2430
2440
2450
2460
2470
2480
2490
2500
2510
2520
2530
2540
2550
2560
2570
2580
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TABLE 5A (Continued)

20 FI(K) = FI{K) + FIT
10 CONTINUE

IF (NTAU) 52451s52

52 WRITE(6+4005) RP(1)

2 2N 2 TN o NN o TR o )

DO 30 K=19HTAU

RPBAR(K)=RP(K)/RP(1)

PRPIK) = RP(K)/P2

WRITE(6+4006) KsATAUIRPBAR(K) ¢PRP(K)
30 ATAU=ATAU+DTAY

51 IF (NWA} 6195461
61 WRITE(694011)

DO 40 K=21eNWA

RAD = WA(K)/{(24%P1)

IF (FI{K)Y 71971041
71 PHI = 0,

GO TO 40
o
41 PHI = 10e% ALOGIO(FI(K)) + 12746
40 WRITE(6+4012) KoWA(K)9RADSFI(K) ¢PHI
5 CONTINUE
C
C
RETURN
END

$I1BFTC XCROS1
SUBROUTINE CROSS1

C

C

C
C CROSS CORRELATION} TIME = CONSTANT
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2590
2600
2610
2620
2630
2640
2650
2660
2670
2680
2690
2700
2710
2720
2730
2740
2750
2760
2770
2780
2790
2800
2810
2820
2830
2840
2850
2860
2870
2880
2890
2900
2910
2920
2930
2940
2950
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TABLE 5A (Continued)

C

C

C
1000 FORMAT(3E124602166E1246416/(6E1248))
1003 FORMAT(2(3E1246914))

(4

2000 FORMAT(1H19+50X912THCROSS CORRELATION///20X+s1HX920X91HY 220X ¢1HZ 920X
13HMXP 9 10X9 4HMTAU10Xs 3HEPS910Xs 4HNMAX //12XeE14e892(TX9E14e8)
214X9 1499X0 149 5X9E12e60TX913/7/ SXoTHTAU(I)=295E1648//12X95E1648//)

2001 FGRMAT(1HO930X#2HXP 920X9s 2HYP 920X 92HZP 910X 93HNOR//(23X9E144848X+E14
1e898X9E244895X0s13 ))

2002 FORMAT(1HO»1HI 94Xs3HTAU94Xs THPNT CNT95X9s2HXP 910X 92HYP 910X 92HZP s
110X» 6HM NobXs4HFREQ » 5X91THCROSS SPECe DENSe95X911HDB(RE«0002

1 2) 95X IHRPMN{TAU)//120E11e59149E14069E12069E224692X921592X9F60404

3 36X9sE140894X92E2448 )

2004 FORMAT(1H194X91HI98Xs 3HTAUS12Xe1HJIs 10XeSHXP{J) 99X sSHYP(J) s 9X»
15HZP (J) 912X 92 1HCRPBAR(1¢J) 910X 91 2HNORMe FACTOR/// 1695X9E10e59
24X91503X93E14e69E20089E2268/(25X91593X93E24069E2008+E2248))

2005 FORMAT(1HO950X912HINTEGRATIONS 7/ 33X99HINTe NUMes5Xs 8H MESH »
15X 96HM N910Xs 4HSUM2916X9 4HSUMI)

{ 2020 FORMAT(1H1+TE1648)

C

C

COMMON /AAA/A (4000}

EQUIVALENCE (A(1) oMM} o lA(2) 9NN} o (A(3)oIM) o (ALY osIN) o (ALS)eNXYZ)s
1CAL6)0KXYZ) o {ALT) oNAUTO) 9 {ALE)sNCROSS) o LA(9)sM) 9 (A(10)sN}
EQUIVALENCE (A(21)eXL1)9(A122)9XLO)9(A(23)9YL1)9(A(24)9YLO) s
1(A(25)0A1) o (A(26)0BY s (A(27)9C) 9 (AL28)9THETA) 9 {A(29)9eP2)9(A(30)sP])
20(A(32)9X) o (AL32)9Y)s(Al33)92)9(Al34)9EPS) 9 (A(35)INMAX)

BCA(36) sWMN) o (A(3T) oAMN) o (AL38) )SUML) 9 (A{39)9SUM2) s
4LALA0)9JA) 9 (ALA1)9JB)

EQUIVALENCE (A{101)9MAM) 9(A{151)9NAN)»(A(1001)sW)e(A(2001)9DIX1)
1{A{3001)4D1XS5)

DIMENSION TAV(110)sXP(50)eYP(50)92P(50)9sNOR(50)9MAM(50)}
f INAN(S50)sW(20+50)+DIX1(20050)sDIX5(20050) 9»CRPBAR(50)
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2960
2970
2980
2990
3000
3010
3020
3030
3040
3050
3060
3070
3080
3090
3100
3110
3120
3130
3140
3150
3160
3170
3180
3190
3200
3210
3220
3230
3240
3250
3260
3270
3280
3290
3300
30
3320
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TABLE 5A (Continued)

REAL KMN

CONVT = 600004

DO 5 11=14KXY2Z

READ (541000)XXsYY sZZ ¢MXPsMTAVIEPSINMAX s (TAV(I)9Im14MTAY)
WRITE(6+2000)XX8YYsZZsMXPIMTAVIEPSINMAX (TAV(I) 9l=19MTAV)

READ {5+1001)(XP{11eYP(I}eZP{1)eNOR(I)»
WRITE(652001) (XP{T)sYP(I)sZP(I)sNOR(I)y

DO 10 I=1s MTAV

DO 20 J=lyMXP
CRP = 0,

DO 30 K=lyIM

D0 30 L=1sIN

JA=L

JB=L

IF (IMeEQeMM) JA=K
MaMAM({JA)

N=NAN{L)

WMN= W(Kol)

KMN =

AMN = BaW(KslL)

CMN = W(KsL)#{1e=5,%B8"2 + 3HR4)

OMN = &,#BRW(KoL )% (BN#2=14)
WBAR1=(BR##2424 )/ (BiW(KsL)I#(BRR2444))
WBAR2= B# WBAR1 / (B##2424)
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I=)oMXP)
I1=19MXP)

CoTHETA / (BR(1.#W (KoL) RE2#THETAR%2))

3330
3340
3350
2360
3370
3380
3390
3400
3410
3420
3430
3440
3450
3460
3470
3480
3490
3500
3510
3520
3530
3540
3550
3560
3570
3580
3590
3600
3610
3620
32630
3640
3650
3660
3670
3680
3690
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31

TABLE 5A (Continue.)

CBAR = KMN # W(KsL) * P2

WRITE(6+2010) KMNsAMNSCMNIDMN9WBAR] 9sWBAR2»CBAR
WRITE(642005)

IF (JeNEel) GO TO 31

X=XX
Y=YY
2822

PHASE =145708

KKK=1

AMN =-AMN

CALL DINT(AMNPHASE yKKK)
DIX1(KsL) = SuM2

PHASE = 04

KKK= 5

CALL DINT(AMNIPHASE 9KKK}
DIXS(KsL) = SUM2

AMN = <AMN

X=XP(J)
YsYP{J)
2=2P(J!}

PHASE =145708

KKK = 2

CALL DINT(AMNPHASE ¢KKK}
CAP2 = SUM2

PHASE = 0,

KKK = &

CALL DINT{AMN3sPHASE 9KXK}
CAP4 = SUM2
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3700
3710
3T20
3730
3740
3750
3760
377¢C
3780
3790
3800
810
3820
3830
3840
3850
2860
3870
3880
3890
3900
3910
3920
3930
3940
3950
3960
3970
3980
3990
4000
4010
4020
4030
4040
4050
4050
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TABLE 5A (Continued)

SP = 45€+20
PHI = o85E+20

IF INOR(J)) 39432432
39 SP = CBAR # (WBAR1#DIX1{KsL)#CAP2 + WBAR2#DIX1({KsL)#CAP4 ~WBAR2#
IDIXS (KoL )R#CAP2 + WBARLI#DIXS (KL )*CAPSG )

IF (SP) 37437433
37 PHI s 0,
GO TO 32
33 PHI s 10+4® ALOGLO(SP) + 12746

32 TH] = CMN®#COS(W(KsL)*#TAV(
TH2 = CMN®#SINIW(KoL)*TAV(

+ DMN#SIN(W(KoL)}#TAV(I])

) }
I}) = DMN#COS(W(KsL)#TAV(I})

RPN & KMN®EXP (=AMN®TAV(1))#(THI#DIX1(Kotl.)*CAP2 + TH2#DIX1(KsL)#®
1CAPA ~ TH2#DIXS({KoL)*CAP2 + THI#DIXS(KoL)®CAP4)
CRP = CRP + RPN
34 WRITE(692002) TeTAVIE s aXPLUYsYPIJYIZP(J) sMaINIWIK L) »SPePHIWRPN
30 CONTINUE
IF ({1+4J)4EQe2) CNORM =CRP
CRPBAR(J) = CRP / CNORM
20 CONTINUE

WRITE(642004) T9TAVII)e{JeXP(J)sYP{J)s2P(J)sCRPBAR(J) 9CNCRMy
1J=19MXP)

10 CONTINUE
5 CONTINUE
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4070
4080
4090
4100
4110
4120
4130
4140
4150
4160
4170
4180
4150
4200
4210
4220
4230
4240
4250
4260
4270
4280
4290
4300
43190
4320
4330
4340
4350
4360
4370
4380
4390
4400
4410
4420
4430
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TABLE 5A (Centinued)

[aNaXa!

RETURN
END
$IBFTC XCROS2
SUBROUT INE CROSS2

[a¥a¥aXaXal

1000 FORMAT(3E12¢691392E12489139E6029213)
1001 FORMAT(2(3E1246914)}
1002 FORMAT(12F640)

«

2000 FORMAT(1H1950X924HCROSS CORRELATION (TIME)///30X0o1HX930X91HY 930Xy
11HZ9/7/74X93E31e8//74Xy SHMXP =41494Xs SHTAU 29E146894X9 6HDTAU =y
2E14eB894Xy 6HNTAU =91494Xy SHEPS =9E144894Xy) O6HNMAX m91494X95HNWA =
3414 /)

2001 FORMAT{1HO3930Xs2HXP 920X92HYP 320X s2HZP +10Xs3HNOR//(23X9E164898X9E L4
1e4898X9E144825X013 )}

2002 FORMAT{1HOs SHCASE NUMe#5X911HINTEGe PNTas 5Xe2HXP910X92HYPs10Xy
12HZP910Xs 6HM Ns5X94HFREQ 95X 921HMeSe SPECTRAL DENSITY#5Xs
211HDB(RE0002)//15910X91593X93{3X0F9eb)stX921593X9F6e093X92E2008
3/7/740X91HK 98X 93HTAUS15Xs SHRPMN(TAU}//)

2003 FORMAT(1HO9 9HCASE NUMes5X911HINTEGe PNTes S5X92HXP910X92HYP»10Xs
12HZP»10Xs 6HM NsSXe4HFREQ //15910X9159 3X93(3X9F9eb}:4X021593Xy
2F6e609/77/60X91HK38X93HTAUS15X 9 9HRPMN( TAU) //)

2004 FORMAT{IH »30Xs1104E16e89E2048)

2005 FORMAT(1H1450X912HINTEGRATIONS /7 33Xs9HINTe NUMe 95Xy BH MESH
15X 96HM N910X9 4HSUM2916Xs 4HSUMY)

2007 FORMAT(1H1930Xs44HNORMALIZED CORRELATION OF ACCOUSTIC PRESSURE///
110Xs 4HNTAU»10Xs 3HTAU910X925HNORMe CORRe OF ACCe PRESs910X»
28HRP (K) /P2+12X s 14HNORMs FACTOR =9E1448//)

2008 FORMAT(1H 9 BXosl&oBXsFBe6910X9EL16eBs11X9C2648)

2010 FORMAT(1HO930Xs18HCHOSEN FREQUENCIES //{10Xs10F10401})
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4440
4450
4460
4470
4480
4490
4500
4510
4520
4530

CROSS CORRELATION (TIME) (AUTO CORRELATION INCLUDED FOR THE FIRST POINT)4540

4550
4560
4570
4580
4590
4600
4610
4620
4630
4640
4650
4660
4670
4680
4690
4700
4710
4720
4730
4740
4750
4760
A770
4780
4790
4800
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TABLE 5A (Continued)

2011 FORMAT ({1H19+30X923HCROSS SPECTRAL DENSITY ///12Xe1HKs10Xs 4HFREQs

110Xs THRAD/SEC#10X91THCROSS SPECe DENSe910X»11HDB(REL0002)//)

2012 FORMAT(1H +8X314+8X9F64008X9F9e492(10X9E2448))
2013 FORMAT(1H1930X9s1HK 910X94HFREQ910X9THRAD/SEC»10X 91 THMODAL SPECs DEN

1S¢910X+11HDB{RES0002) //)

2014 FORMAT(1H ¢21X9s1109s BX4F60098XeF9eb92(8X9EL16481))
C

NN (a) on (e XaNa TN

COMMON /AAA/A{4000)

EQUIVALENCE (A(1)oMM) 9 (A(2)oNN} o LA )9IM) o (ALL) o IN) 9 (A(S)INXYZ) Y
1EACO)oKXYZ) » LALT)oNAUTO) o (ALB) sNCROSS) 9 {A(9)9sM) 9 AL10) 3N} »
20AL11)9LXY2Z) e LA{12) oNCROST)

EQUIVALENCE (A(21)sXL1)o{AL22)9XLOY s (AL23)9YLL1)9(A(24)9YLO}s
TUAC25) sAT) o (A126)9B) o (A(2T)9C) o (A{28) s THETA) 9 (AL29)9P2)9(A(30)9PI)
25 0A031)0X) 0 lAL32)9Y)o(AL33)92Z) 9 (AL34)9EPS)o(A(25) sNMAX Y)Y
3LAL36)5WMN) o LA(3T) sAMN) 9 (AL38)9SUML Y 9 LA(39)sSUM2)
A(A(MOY9JA)s(ALA1)9UB)

EQUIVALENCE (A(101) sMAM) o (AL151)sNAN) 2 (AL1002)9W)9(A{2001)9DIX1)y
1(A({3001)+D1IX5)

DIMENSION MAM(S50)sNANIS50)eW(20+50)sRP(110)sRPBAR{110)+sPRP(110}s
IWA(110),F1(110)
DIMENSION XP{50)sYP(50)+2P{50)9DIX1{20+50)+DIX5(20+50)+NOR(50}

REAL KMN

CONVT = 600004

00 5 Il=lyLXxY2
READ ({5+1000) XXsYY9ZZsMXP s TAUsDTAUINTAUSEPS sNMAX s NWA
WRITE(6+42000) XXuYYSZ2oMXPoTAUSDTAUSNTAUIEPS oNMAX 9NWA
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4810
4820
4830
4840
4850
4860
4870
4880
4890
4900
4910
4920
4930
4940
4950
4960
4970
4980
4990
5000
5010
5020
5030
5040
5050
5060
5070
5080
5090
5100
5110
8120
5130
5140
5150
3160
5170




TABLE 5A (Continued)

5180
ATAU = TAU 5190
5200
READ (591001) (XP(I)eYP(I)9ZP(I)sNOR(I)s Im1yMXP) 5210
WRITE(6+2001) (XP(I)oYP(I)sZP(1)sNOR(1)y [=m)yMXP) 8220
5230
IF (NWA) 84198 5240
READ (591002) (WA{K)sK71sNWA) 5250
WRITE(6+2010) (WA(K)sK=19NWA) 5260
5270
DO 10 JJ=14MXP 5280
5290
DO 6 IA=14NTAU 5300
RP(1A) = 0, 5310
5320
DO 7 IA=1l4NWA 5330
FI(IA) = 0. 5340
5350
DO 20 I=1y41M 5360
DO 20 J=1yIN 53270
JA = J 5380
JB=J 5390
IF (IMeEQeMM) JA=] 5400
M=MAM{ JA) 5410
N = NAN(J) 5420
5430
WMN = W{lsJ) 5440
5450
KMN = CHTHETA / (B#(le+W{I19J)#u28THETARS2)) 5460
AMN = Ba*W(IsJ) S470
CMN = W(lsJ)®({1e=6oRBUR2 + BE#4) 5480
DMN = 4,%BuW(I9eJ) % (BH%2=14) 5490
5500
5510
WRITE(642005} 5520
IF (JJeNEW1; GO TO 21 5530
5540
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TABLE 5A (Continued)

X=xX
Y=yy
2=22

PHASE 2145708

KKKs]

AMN =~AMN

CALL DINT(AMNIPHASE yKKK )
OIXI(lsJ) = SUM2

PHASE = 0,

KKKs §

CALL DINT(ANN.PHASEOKKK}
DIX5(1sJ) = suM2

AMN = ~AMN

X=XP(Jy)
YeYP(JJ)
2=2P{uJ)

PHASE =145708

KKK = 2

CALL DINT{AMN s PHASE sKKK )
CAP2 = 5uM2

PHASE = 0,

KKK = &4

CALL D!NT(AHN’PHASE!KKK)
CAP4 = M2

IF (JJeNEs1) GO 1O 24
WBAR1n (B##2424) /(BaW(1,,
WBAR2 = B#WBAR] / {B##242
CBAR = KMN®W(1,J)up2

SP = CBAR # (WBARI#DIX1(T9J)#CAP2 + WBAR2#DIX1(1s.2)2CAPS

J#(BeR2+4,))

¢ )
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3550
5360
8370
8580
5590
5600
8610
5620
5630
5640
5650
5660
5670
5680
3690
5700
5710
5720
5730
3740
5750
5760
5770
5780
5790
5800
5810
5820
5830
5840
8830
8860
8870
5880
5890
5900
5910
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22
23

264

25
39

30

3
29

TABLE 5A (Continued)

1IDIXS({IsJIRCAP2 + WBARI#DIXS(I9J)#CAPA

IF (SP) 28428422

PHY = 0,

GO T0 23

PHI = 10e% ALOGIO(SP) ¢ 12746

WRITE(6+2002) 115JJeXPLUI) o YP{UI) 9ZP (IS aMaNsH L 1) 9SPoPHT
GO TO0 25

WRITE(692003) 11eJJsXPLIIYsYP(JIIZP(JIJ)aMINsW(T9J)

IF (NTAU} 39431939

TAU = ATAU

DO 30 Ks1yNTAU

TH1 = CMN®COSIW(IsJI®#TAU) + DMN # SIN(W(1sJ)#TAU)
TH2uCMN#SIN(W(19J) #TAU) =DMN*COS(W{19J)#TAU)

RPNSKMN#EXP {=ANN#TAU) # ( THI#DIX1( 19J)#CAP2+TH2#DIX1({ 19J)#CAP&-TH2#
IDIXS{1+J)%CAP2 + THLI#DIXS(19J)#CAPS)

RP(K)=RP{K)+RPN

WRITE(6+2004) KsTAUIRPN

TAU = TAU + DTAU

IF (NWA) 29920429
WRITE(692013)

DO 19 K=1lj)NWA

RAD = WA(K)/(2e%P1)

DD = (BHR28W(1s ) %82 & (W(IsJ)oWAIK))RR2)8 (BRE2WW{ToI)NE2 +
UUWToJ) + WAIK)IER2)

AAMN = (BRW(ToJ)#(BRR2¥N(T1o )82 + W(I9J)H#"2 + WA(K)I®®2}) / DD
BBMN = (W(IoJ)®(BRR28W(T ,J) %82 + W{]9J)#82 = WA{K)}#%2)) / DD

TW1 = CMN®#AAMN + DMN#BBMN
TW2 = CMN#3BMN = DMN®AAMN
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5920
5930
5940
5950
5960
3970
5980
5990
6000
6010
4020
6030
6040
6050
6060
6070
6080
6090
6100
6110
6120
6130
6140
6150
6160
6170
6180
6190
6200
6210
8220
6230
6240
6250
6260
6270
6280
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TABLE 5A (Continued)

C 6290
FIT = KMN # (TWI#DIX1(19J)#CAP2 + TW2#DIX1(19JI#CAPS - TW24DIXS5( I, 6300

1JI%CAP2 + TW1#DIXS(14J)#CAP4) 6310

c 6320

FAT = FIT 6330

IF (FIT) 71971917 6340

71 PMI * 0, 6350

FIT = 0, 6360

GO TO 18 8370

3 17 PHI = 104%ALOGIO(FIT) + 12746 6380
i 18 WRITE(692014) KeWA(K)sRADSFATsPH:2 8390
3 c 6400
1 19 FI(K} = FI(K) + FIT 6410
c 6420

20 CONTINUE 6430

c 6440

IF INTAU) 47545447 6450

4T WRITE(642007) RP(1) 6460

TAU = ATAU 6470

C 6480

; DO 40 Km1sNTAU 6490
RPBAR{K)SRP(K)/ RP(1) 6500

PRP(K) = RP(K)/P2 6510

C 6520

WRITE(6+2008) Ks TAUSRPBAR(K) sPRP(K) 6830

40 TAU = TAU + DTAU 6540

! C 6550
3 A5 IF (NWA) 74410474 6860
74 WRITE(642011) 6570

, c 6580
g DO 50 K=1sNWA 6590
: RAD = WAIK)/{24%P1) 6600
IF (FI(K)) 7547551 6610

75 PHI = 0, 6620

GO 10 50 6630

3 C 6640
\ S1 PHI = 10e% ALOGIO(FI(K)) + 12746 6650
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TABLE 5A (Continued)

50 WRITE(6+2012) KeWA(K)9RADIFI(K)sPHI
10 CONTINUE

S CONTINUE

NN N NAO

RETURN
END
SIBFTC XDINT
SUBROUTINE DINT (SAMN»SPHASE sKKS}

C
C
C DOUBLE INTEGRATION SUBROUTINE
C
C
COMMON /AAA/A(4000})
C
EQUIVALENCE (A(9)sM)o{A(20)oN)o(A(21)sXL2) 9 (AL22)9XLOYo(A(23)9YLL)
19(Al24) s YLO) 9 LAL34)2EPS) 9 LAL35)sNMAX) 9 (A(38)9SUML) o {A(39)9SUM2)
C
C

DIMENSION P(5)eww(5)

DATA (P{I)oI=105)o(WW(I)9eI=195) /44530899231~44530899234426923465%
19-02692346559000902%011846344392%423931433590284004444 /

C
2000 FORMAT(1HO0928H ####% NO CONVERGENCE #%###%s5Xe14910Xs1405X014015
12E1848)
2002 FORMAT(1HO933X9sl14910XsIa0s4X015+1592E1848)

NnNonNn

NKs=2
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6660
6670
6680
6690
6700
6710
6720
6730
6740
6750
6760
6770
6780
6790
6800
6810
6820
6830
6840
0850
6860
6870
6880
6890
6900
6910
6920
6930
6940
6950
6960
6970
6980
6990
7000
7010
7020
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29
28
27
26

30
25

TABLE 5A (Continued)

BINC1=XL1=XLO
BINC2aYL1-YLO

DO 25 K=19NMAX
SUM1=SUM2

SUM2=2040

CNK = NK

DINC1 = BINC1/CNK
DINC2 = BINC2/CNK
H1 = XLO + DINC1/2,

DO 26 I=1yNK
H2 = YLO + DINC2/2,

D0 27 J=14NK

DO 28 1l=1,45

ABS1=DINCI#P{11)+H]1

DO 29 JJ=105

ABS2=DINC2#P(JJ)+H2
SUM2aSUM24+WWI( T 1) #wWW{JU)#FFF(ABS19sABS2 9 SAMN ¢ SPHASE)
CONT INUE

H2=H2+DINC2

H1sH1+4DINC1

SUM2=SUM2#DINC1#DINC2

IF (KeEQel) GO TO 30

IF (ABS{(SUM1=SUM2)/SUM21=EPS) 31931430
NK=NK + )

CONTINUE

WRITE(692000) KKSsNKsMoN9SUM29SUM]
SUM2 = 0.

GO T0 32
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7030
7040
7050
1060
7070
7080
7090
7100
7110
7120
7130
7140
7150
7160
7170
7180
7190
7200
7210
7220
7230
7240
7250
7260
7270
7280
7290
7300
7310
7320
7330
7340
7350
1360
7370
7380
7390
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TABLE 5A (Continued)

31 WRITE(642002) KKSINKsMoN 9 SUM2 9 SUM1
C
32 RETURN
END
SIBFTC XFFF
FUKCTION FFF(X09sY0sFAMNsFPHASE)

DOUBLE INTEGRATION FUNCTION

COMMON /AAA/A (4000}

[a BN e NaNaNa¥alal

EQUIVALENCE (A(7)9NAUTO!Q(A(B)oNCROSS)o(A(9)oM)Q(AlIO)oN)0
llAlZIDQXLllo(A(ZZ)’XLOlo(A(ZB)oYLl)o(A(Zk)’YLO)o(A(ZS).AI)y

2(A(30)oPl)olA(31)9Xlol‘(32)aY)olA(BB),Z)t(A(36)9NMN)olA(4O)’JA)1
3(At41) 408}

INTEGER WeWMN

RO=SQRT( (X=X0) #%2+ (y~y0) #52 + PALEY

[a} [aXa¥a¥a¥a!

M =M
CN =2 N
PHX = SIN(CM#PI*X0/XL1)
PHY = SINICN4PI#YO/YL1)

FFF = PHX # PHY # EXP{(FAMN/AT)I®*RO) # SINEIWMN/AT ) #RO+FPHASE) /7 RO

RETURN
END
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7400
7410
7420
7430
7440
7450
T460
T470
7480
7490
7500
7510
7520
7530
7540
7550
7860
7870
7%80
7590
7600
7610
7620
7630
7640
7650
7660
7670
7680
7690
7700
7710
7720
7730




Table SB — Clamped-Clamped Boundaries

$IBFTC TURGEN
C

C

C

nn

1000
1001
1002
1003
1004
100%

2000
2001

2002

2003
2005

2006

FORMAT (12A6)

FORMAT (1014)

FORMAT (4E1246/5€E1548)
FORMAT (12F640}

FORMAT (2014)

FORMAT (5E15,.8)

FORMAT {1H1 910X 9s6HF ePoSe 915X 012A6/22X012A67//7)

FORMAT (1H0929X945HORDER OF M {MODE NUMBERS) sescesnsscccee MM 341
16/30X945HORDER OF N (MODE NUMBERS) ssse0e0esccsee NN =916/30Xs
245HNUMBER OF CASES (XYZ) IN AUTO CORRese NXYZ =916/30X945HNUMBER
30F CASES (XYZ) IN CROSS CORRee KXYZ =916 / 30X 945HAUTO CO
ARRELATION CONSTANT cvesestcce NAUTO =916/30X945HCROSS CORRELATION
SCONSTANT ececescese NCROSS ®916/30X945HLIMITS OF THE 1-ST INTEGRAL
6 se0escasses XLY =3F1144/30X945H
7 XLO =9F1164/30X9ASHLIMITS OF THE 2=ND INTEGRAL ss0ssc0000s Y
BLY #oF11e4/30X945H YLO =9F1
9104 /70XsABHSPEED OF SOUND IN WATER essscescececcecee Al =4F13,6/30X
ApASHDAMP ING CONSTANT sooecec0ecescccccnccccoce B 39F13,6/30X945HC
BCONSTANT cecccocccoscsscatecsnctcssces C t9F13,6/30X945HTEMPORAL D
CECAY FACTOR OF TURBULENCE THETA 33F114/30X945HReMeSs PRESSURE o
Doevesetcsscsscncsosecens P2 29F13,6//730X%X92110)

FORMAT { 1HO » 40X 9 35HUNDAMPED NATURAL FREQUENCIES W(MsN)//(10Xs10F840
X))

FORMAT (1HO 50X » 1 2HMODE NUMBERS//(40X+1015))

FORMAT ( 1HO 940X s 35HNORMAL 12ED EIGENFUNCTION PARAMETERS //!15X95E18.
18) )

FORMAT { 1HO0» 29X ¢ 4SHNUMBER OF CASES IN CROSS CORRs (TIMEj}es LXYZ=y
116/30X¢45HCROSS CORRe (TIME) CONSTANT eseseceee NCROST=916//
230%02110)

COMMON /AAA/A(4000)
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10

20
0 30
0 40
0050
2060
0070
0080

90
0100
0lio
0120
0130
0140
0150
0160
0170
0180
0190
0200
0210
0220
0230
0240
0250
0260
0270
0280
0290
0300
0310
0320
0330
0340
0350
0360
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TABLE 5B (Continued)

EQUIVALENCE (A(1)oMM)olA{2) sNNYoC(A(3)oIM) o (A(A)9IN) o (A(S) 9NXYZ )y
1CALE)oKXYZ o (ALT) sNAUTO) 9 (AL8) 9NCROSS) o (AL9) oM} 0{AL2D) N} »
2(A012)9LXYZ) o {AL22) oNCROST)

EQUIVALENCE (A(21)eXLY)o(A(22)9XLO) 9 (A(23)9YL1) 9 (A(24).,YLO)s
TCA{25)Y ALY o (A(26)9B) o lA(2T)9C)s(A(28) 9 THETA) s(A(29)9P20(A(30)sFPI)
29 (A(32)0X) 9 (A(32)sY)o(A(33)92Z) o (A(34)9EPS)e(A(I5)INMAX Y
3IA(36)9sWMNY 9 (A{37) 9AMN) 9 (AU38)9SUML) 9 [A(39) 9 SUM2)

EQUIVALENCE (A{101)sMAM)9(AL151) oNAN)s(A(1001) W)}

EQUIVALENCE (A(201)9AMM)o(A(251) s ANN)9(A(30154BMM) o {A(351)+BNN)s

1CALH01) 9CMM) 9 CALAS1)9CNN) 9 (ALSO1) sDMM) o {A{551)9DNNI o (AL601)9ALMM)
2{A{651) 5ALNN}

DIMENSION TITLE(24)sW(20+50)eMAM(50) oNAN(50)
DIMENSION AMM({50) 9 ANN{50)sBMM{50} +BNN(50})sCMM(50) sCNN{50) sDMM(50}
1IDNN{50) sALMM(Z0) sALNN{50)

REAL KMN
INTEGER W

CALL STARTR
IF ACCUMULATOR OVERFLOW o

READ AND PRINT TIT E

READ(591000) (TITLE(1)sI=1s24)
WRITE(692000) (TITLE(I)91=1324)

READ AND PRINT GENERAL IKPUT CONSTANTS

READ (5910017 MMsNNoIMs INSNXYZIKXYZ oL XYZ 9oNAUTOINCROSSsNCROST
READ (591002) XL1sXLOsYL19YLOSAI#BeCoTHETASP2
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0370
0380
0390
0400
0410
0420
0430
0440
0450
0460
0470
0480
0490
0500
0510
0520
0530
0540
0550
0560
0570
0580
0590
0600
0610
0620
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0650
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0680
0690
0700
0710
0720
0730
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TABLE 5B (Continued)
' f
3 READ (591003) ((W{leJd)eJ=loIN)olnlyIM) 0740
: READ (%541004) (MAM(1)ol=1oMM) 4INAN{T)oI=10oNN) O;50
C 0760
WRITE(692001) MMsNNINXY2 sKXYZaNAUTOSNZROSS o XL 1o XLOoYLIsYLOWAL 4By 0770
3 1CoTHETA P2 0780
' WRITE(6+2006) LXYZsNCROSToIMoIN 0790
WRITE(6+2002) ((Wlled)oJmlsIN)elnlpIM) 0800
WRITE(692003) (MAM{T)ol=2oMM) o (NANLTI)sl=LoNN} 0810
C 0820
C 0830
Ple3,14159 0840
C 0850
C  AUTO CORRELATION 0860 ¥
C 0870
IF  (NAUTO) 1343413 0880
f < . 0890
y 13 READ (541008) (ALMM(I)YoAMM{ I} oBMMIT) oCMM(I ) oDMMIT)oInl oMM}y 0900
> TCALNNC LY oANNCT) oBNNCT)oCNN( T sDNNLT) oIl sNN) 0910
WRITE(642005) (ALMM{TI)oAMM{ 1) oBMMET) oCMMIT) sOMM(TI)olnloMM)y 0920
1CALNNCT) sANNI17oBNNCT)oCNNIT) 9DNN(T) 911 sNN) 0930
C 0940
CALL AuTOl 0950 i
C 0960 j
C CROSS CORRELATION (SPACE) 0970
C 0980
3 IF {NCROSS) 1046410 0990
10 IF (NAUTO.EQe 1) GO TO 8 1000
C 1010 J
READ (591008) (ALMM(I)oAMM(I)oBMM{T)sCMM(T)oOMM{T)pTnl oMM}y 1020 i
TCALNNG T oANNCT) oBNNCT)oCNN{T) oDRNIT) 9 I=19NN) 1030
3 WRITE(69200%) (ALMMCT)oAMMET) oBMMET ) oCMM(T) oDMM(T) s TInloMMYy 1040
LOALNNIT) o MNCTHoBNN(T)oCNNIT)oDNNIT)sI=19NN) 1050
C 1060
5 CALL CROSS! 1070
C 1080
f C 1090
C CROSS CORRELATION (TIME) 1100

™

PR
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TABLE 5B (Continued)

6 IF (NCROST) 1848918

18 IF ({NAUTO+EQe1)eORe(NCRQSSeEQe1)) GO TO 7
READ (541005) (ALMM(T)oAMM{T) oBMM{I) oCMM{T) oOMMIT)oIx19MM)
1(ALNNCT}oANNUI) 9BNN(T)oCNNET) oDNN(T) pI=1 9NN}
WRITE(692005) (ALMM(I)oAMM{I) sBMM{1)oCMMIT)oDMMEI)oIn1oMM) s
1(ALNNCI)9ANNC I} oBNN(T)oCNN{T) 9ONNLT 9 1=19NN)

7 CALL CROSS2

8 S§TOP
END
IBFTC XAUTO:
SUBROUTINE AUTOL

AUTO CORRELATION) X=XP o YaYP o 2=2P

3000 FORMAT(5E1269149E6429214)
3001 FORMAT(12F640)

4000 FORMAT(1H1450X916HAUTO CORRELATION///30X91HX930Xe1HY 930X 91HZ//
122X9E1448917X9E14eB91TX9E140B//10Xs5HTAU =9E144895X36HDTAU =9E1448
295X96HNTAU =9 1495X9SHEPS =9E14e895X96HNMAX =914 9s5XeSHNWA =914 /)

4002 FORMAT(1H198H PNT CNT912Xo1HX912X91HY 912X 1HZs12X91HMs4X s 1HN95X s

1 4HFREQ+5X921HMeSe SPECTRAL DENSITYs4X920H DBI(RE«0002) //
2180IOXoF9o4’kX9F90404X0F90k0110915’3X’F6o0’5X0El608o6XoEl608//l/
X40X

391HK 98X 93HTAU»15X9 9HRPMNITAUY 7/}

4003 FORMAT(1H 930Xs110+E166489E2048)

4004 FORMAT(1HO+50X912HINTEGRATIONS // 33X+9HINTs NUMe 95Xy 8H HMESH
15X 96HM Ns10Xs 4HSUM2916X9s 4HSUMY)

4005 FORMAT(1H1930X+44HNORMALIZED CORRELATION OF ACCOUSTIC PRESSURE///
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1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
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1410
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TABLE 5B (Continued)

110Xs 4HNTAU»10Xs 3HTAU#10X925HNORMe CORRe OF ACCe PRESe910X¢
28HRP (K)/P2+12X914HNORMs FACTOR =4E1442//)

4006 FORMAT(1H o 8Xola98XsFBe6910X9E1668911X9EL1648)

4007 FORMAT({1H1s40X94O0HTIME ELAPSED IN AUTO CORRELATION (MINs)sF10e4}

4010 FORMAT(1H19TE1648)

4011 FORMAT(1H1430Xs23HAUTO SPECTRAL DENSITY //712X91HK910Xs 4HFREQ»
110Xy 7HRAD/SECs10X+17TNCROSS SPECe DENSes10X911HDB(RE«000237/)

4012 FORMAT(1H +8X9sl4y 8Xe1508X9FTes92{10X9E1448)}

4013 FORMAT(1HOs30Xs18HCHOSEN FREQUENCIES //(10X910F1040))

4014 FORMAT(1H1930X9s1HKs10Xs4HFREQ»10Xs THRAD/SECs10X 91 THMODAL SPECs DEN
1S¢910X»21HDB{RES0002) //)

4015 FORMAT(1H 921Xe110s8XsF64098X9F94492{8XsE1648))

COMMON /AAA/A(4000)

EQUIVALENCE (A{1) oMM o(AL2)sNN) 9 (A(3) oIMIs(ALA)oIN) 9 (A(S)eNXYZ)s
1(AL6)9KXYZ) o LALTYINAUTO) s {A(8) sNCROSS) 9 {A(9) oM} s {A(10)9N)
EQUIVALENCE (A(21)sXL1)9(AC22)9XLO)o(A(23)0YLL)olA(24)9YLO)s
TOAL25) 0Al) o (AL2609B) s (A(27)9C) o (A(28) s THETA) o(A(29)9P2)s(A(30)9PI)
29 (A131)eX) s tAI32)9Y)s(A133)92Z)s(Al34)+sEPS)s(AL35)9NMAXY

3CA(36) sWMN) 9 (AL37) sAMN) 9 (A(38)9SUML) 9 (A(39)9sSUM2)
4(AL40)9JA)s(ALA1)9JB)

EQUIVALENCE (A(101)sMAM)9(A{151)9sNAN) o{A(1001) W)

DIMENSION MAMIS50) sNAN(50)eW(20950)sRP{110)sRABAR{110)sPRP(110) »
IWA(110)4F1(110)

INTEGER WoWMNIWA
REAL KMN

CONVT = 60000+
CALL CLOCKIMTIME)
DO 5 I1Is1eNXYZ
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1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1380
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1110
1720
1730
1740
1780
1760
1770
1780
1790
1800
1810
1820
183¢
1840
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TABLE 5B (Continued)

READ (5+3000) XsYsZoTAUsDTAUINTAUSEPS sNMAX ¢ NWA
WRITE(6+4000) XsY9ZsTAUsDTAUINTAUIEPS sNMAX sNWA
IF (NWA) 1151911

READ {543001) (WA(K)sKs1sNWA)
WRITE(6+4013) (WA(K)oK=19NWA)

ATAU = TAU

00 6 1A=14NTAU
RP{IA} = O¢

DO 7 IA=19NYA
FI(IA) = Q4

00 10 I=lyIM

DO 10 JU=1sIN

JA = J

JB=J

IF (IMeEQeMM) UAsI
M=MAM(JA)

N = NAN{J)

WMN = WilsJ)

KMN = CHTHETA / (B (1e+W({I9J)#u2RTHETAR#2))
AMN = B¥W(1yJ)

CMN = W(loJi#(1s=6,%B%%2 + BR#4)

OMN = 4,#B#W([9J)#(BH#R2=14)

WBAR1x(B##2424) /(BHW{IsJ)%(BR#2444))

ABAR2 = BW¥WBAR1 / (B##2424 )
CBAR = KMN#*W(19J)#P2

183

1850
1860
1870
1880
1890
1960
1910
1920
1930
1940
1950
1960
1970
1980
1990
2000
2010
2020
2030
2040
2050
2060
2070
2080
2090
2100
2110
2120
2130
2140
2150
2160
2170
2180
2190
2200
2210
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TABLE 5B (Continued)

WRITE(6+4010) KMN4AMN¢CMNoDMN ¢WBAR1sWBAR2 9 CBAR 2220
WRITE(6+4004) 2230

C 2240

c 2250

PHASE=145708 2260

KKK=2 2270

CALL DINT (AMNsPHASE ¢KKK) 2280

CAP2=SUM2 2290

c 2300

KKK=1 2310

AMN= =AMN 2320

CALL DINT (AMN9PHASE ¢KKX) 2330

CAP1=SUM2 2340

c 2350

KKK=S 2360

PHASE=0, 2370

CALL OINT (AMNyPHASE yKKK) 2380

CAPS=SUM2 2390

C 2400

KKK®4 2410

AMNs=<AMN 2420

CALL OINT (AMNsPHASE oKKK ) 2430

} CAP4=SUM2 2440
3 C 2450
c 2460

, SP = CBAR® (WBARI®CAPI#CAP2 + WBAR2#CAP1#CAP4 - WBAR2%CAPS#CAP2 + 2470
3 IWBAR1#CAPS#CAP4 ) 2480
: C 2490
IF (SP) 949412 2500

9 PHI = 0, 2510

g GO TO 13 2520
12 PHI = 10e% ALOGIOISP) + 12746 2830

C 2540

c 2550

4 2560

13 WRITE(6040021 T1aXsYsZoMeRaW(T0J) sSPePHI 2570

IF  (NTAU) 22421922 2%80

—

4 184
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TABLE 5B (Continued)

TAU = ATAU

DO 15 K=lyNTAU

TH1 = CMN#COS(W{I+JI#TAU) + DMN # SIN(W(IsJ)*TAU)
TH2uCMN®SIN(W( 1+ J ) #TAU) =DMN*COS(W( 19 J)#TAU)

RPNSKMNREXP (~AMN#TAU) # (TH1#CAP1#CAP2 + TH2#CAP1®CAP4 - TH2
1#ZAPS#CAP2 + THI®CAPS#CAP4)
RP(K)=RP{K}+RPN

WRITE(6+4003) KeTAURPN

15 TAU = TAU + DTAU

21
25

19

IF(NWA) 25910425
WRITF(644014)

DO 20 K=1sNWA

RAD = WAIK)/(2%#PI)

DD = (S##2#W(1oJ)#%2 + (W(IoJ)=WAIK))N22)# (BEIBW(ToJ)Re2 +
HW(TeJ) + WAIK))#®2)

AAMN = (BR#W(ToJ)R(BRN2RW (]9 J)#42 + W(IoJ)®##2 + WA(K)#%2)) / DD
BBMN = (W(IoJI*#(BRRE2RW(TJ)#E2 + W(leJ) W82 = WA(K)%®2)) / DD

TW1l = CMN®AAMN + DMN#BBMN
TW2 = CMN#BBMN = DMN#AAMN

FIT = KMN # (TWI1#CAP1#CAP2 + TW2#CAP1*CAP4 = TW2HCAPS5*CAP2 +
1TW1#CAPS#CAP4)

FAT = FIT

IF (FIT) 19919417
PHI = 0,

FIT = 0,
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2590
2600
2610
2620
2630
2640
2650
2660
2670
2680
2690
2700
2710
2720
2130
2740
2750
2760
2770
2780
2790
2800
2610
2820
2830
2840
2850
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2870
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2390
2900
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17
18

20

10

92

30

51

27

45

41

TABLE 5B (Continued)

GO TO 18
PHI = 104®ALOGIO(FIT) + 12746
WRITE{6+4015) KeWA(K)oRADIFAT9PHI]

FI{K) = FI(K) + FIT
CONTINUE

IF (NTAU) 52951452
WRITE(694005) RP{1)

DO 30 Ks1lsNTAU

RPBAR(K)=RP(K)/RP(1)

PRP(K) = RP(K)/P2

WRITE(694006) KsATAURPBAR(K) 9PRP(K)
ATAUSATAU+DTAU

IF (NWA) 2745927
WRITE(644011)

00 40 KslyNWA

RAD = WA{K)/(2+%P])
IF (FI(K)) 45945441
PHT = 0,

GO TO 40

PHI = 10+% ALOGIO(FI(K)) + 12746
WRITE(6+4012) KoWAIK)sRADIFI(K) sPHI
CONTINUE

CALL CLOCK(NTIME)
TIME = (NTIME=MTIME)/CONVTY

WRITE(6+4002) TIME
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2960
2970
2980
2990
3000
3010
3020
3030
3040
3050
3060
3070
3080
3090
3100
3110
3120
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3140
3150
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3170
3180
3190
3200
3210
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3230
3240
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3260
3270
3280
3290
3300
3310
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TABLE 5B (Continued)

RETURN
END

SIBFTC XCROS1
SUBROUTINE CROSS1

CROSS CORRELATION) TIME = CONSTANTY

2 XaXaXaXaXaXal

1000 FORMAT(3E124602169E1206016/(6E1248))
1001 FORMAT(2(3E12e6014))
C

2000 FORMAT(1H1450X9s1THCROSS CORRELATION///20X91HX 020X 9 1HY 920X 91HZ 920X
13HMXP 9 10X 9 4HMTAU910Xs 3HEPS910X9s 4HNMAX //12X9E14e892(7X9E140e8)
216X91499Xe 149 S5XeE12669TX913/7/7 SXoTHTAU(1)=95E16648//12X95E1648//)

2001 FORMAT(1HO 930X 9 2HXP $20X s 2HYP 920X 92HZP 910X 9 3HNOR//(23X9E144898X9sE14
1e898X9E244895X013 ))

2002 FORMAT(1HO9IHI 94X93HTAU4Xs THPNT CNTs5X92HXP910X92HYPs10X92HZP
110Xs 6HM No4Xs4HFREQ o 5X91THCROSS SPECe DENSe95X911HDB(RES0002
2)95Xe SHRPMN(TAU)//120E11¢59149E14069E12069E120602X921592X9F6409
36X9E14e894X92E1448 )}

2004 FORMAT(1H144X91HI98Xs 3HTAU¢12X91HJI910XoSHXP(J} 99X oSKYP(J)s 9X»
15HZP(J) 412X 91 1HCRPBAR(I+J})910X912HNORMe FACTOR/// 1645X9E1065
24X91503X93E14069E20e89E2248/(25X01593X93E14063E20689E2248))

2005 FORMAT({1HD950X9s12HINTEGRATIONS 7/ 33Xs9HINTs NUMes5Xe 8H MESH
15X 96HM N910Xs 4HSUM2916X9s 4HSUM1)

2010 FORMAT(1H1sT7E1648}

2100 FORMAT(1H1940X941HTIME ELAPSED IN CROSS CORRELATION (MINe)sF10e4)

C

C
COMMON /AAA/A{4000}

C
EQUIVALENCE (A(1YoMM)p(A(2)oNN) 2 (ALY sIMYo(ALS) o IN) 9 (A(B)INXYZ)
1(A(6)9KXYZ) 9 (ALT) sNAUTO) 2 (AL8) sNCROSS) 9 (AL9)sM) 2 LAL10)sN)
EQUIVALENCE (A(21)oXLY) o (AL22)9XLO) o (AL23)oYLL) 0 (A(24)9YLO)
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3330
3340
3350
3360
3370
3380
3390
3400
3410
3420
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34640
3450
3460
3470
3480
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TABLE 5B (Continued)

1UAU25) oAl o (AG26) 4B o (AL2T12C) o (AL28)sTHETAY2(A(29)eP2)9(AL130)sPI) 3700

20 (A1) 0X o lA(32)0Y) 0 AL33)92Z) o (AI34)4EPS)o(A{35) sNMAX) s M0
I(LAL36) sWMN) o (AL 37} 0AMN) 9 (AL38) sSUML} o (A(39) sSUM2) s 3720 ;
4(AL40Y e JA) s tA(H1) 9 JIB) 31730 :
EQUIVALENCE (A(101)+MAM) »(A(151) sNANY+(A(2001)sW) o {A(2001)9DIX1}s 3740
1(A{3001}+DIX5) 31750 !
C 3760 :
DIMENSION TAV(1101+XP{50)sYP{50)sZP{50)sNOR(50)sMAM{50)s 3770 1
INANCS0) oW(20+50) sDIX1(20450)+D1X5{20050) »CRPBAR{50) 3780
C 3790
c INTEGER WoWMN 3800
REAL KMN 3810
4 3820
4 CALL CLOCK{MTIME) 3830
c © 3840
C 3850
CONVT = 600004 3860
C 31870
C 3880
DO 5 Il=lekXY2 3890
C 3900
READ (501000)XXsYY sZZsMXPoMTAVIEPSINMAXs (TAV(I) o181 9MTAV) 1910
WRITE(6+2000)XXeYY 22 sMXPsMTAVoEPSsNMAXs ( TAV(I) o [214MTAV) 3920 a
c 3930
READ (501001)1(XP(T)sYP(I}sZPL1)sNOR(1}s Im1yMXP) 3940
WRITE(642001){XP{I1)oYP(1}9ZP{1)sNOR(1)y I=1yMXP) 3950
C 3960 !
DO 10 I=ly MTAV 3970 :
c 2980 g
DO 20 JalyMxpP 3990 ;
CRP = 0, 4000 i
4 4010
DO 30 K=lolIM 4020 i
DO 30 L=1lsIN 4030
JA=L 4040
JBsi 40%0
IF {IMeEQeMM) JA=K 4060

188
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TABLE 5B (Continued)

MaMAM{ JA)
N=NAN(L)
WMNs W(Kol)

KMN = CHTHETA / (BR(1o+W(KoL)#U2¥THETARNZ))
AMN = BaW{KoL)

CMN = W(KsL)#{1e=64%BNN"2 + BENA)

DMN = 4,#BR¥W(KsL ) (BER2=14)

WBARI= (B##242,4)/({BOWI(KIL)#(BR#2444))

WBAR2= B# WBAR1 / (B##2424)

CBAR = KMN ® W{(KsL) #* P2

WRITE(6+2010) KMNsAMNsCMN9DMNsWBAR] ¢WBAR29CBAR
WRITE(6+2005)

IF (JeNEel) GO TO 31

X=XX
Y=Yy
=22

PHASE =145708

KKK=1

AMN =~AMN

CALL DINT(AMN¢PHASE oKKK}
DIX1{KsL) = SUM2

PHASE = 0.

KKK= 5

CALL DINT{AMN¢PHASE 9KKK)
DIX5(Kel} = SUM2

AMN = =AMN
X=XP(J)

Y=YP(J}
I=2P(J}
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4080
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4100
4110
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4140
4150
4160
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4300
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4320
4330
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TABLE 5B (Continued)

4440 H
PHASE =21,5708 4450
XKK & 2 4460
CALL DINT(AMNPHASE oKKK ) 4470
CAP2 = SUMZ 4430 i
4490 H
PHASE = 0, 4500 Y
KKK & & 4510 }
CALL DINT{AMNPHASE oKKK) 4520 H
CAPA = SUM2 45130 H
4540 i
SP = 45E+20 4350 !
PHI = 85E+20 4560 :
4570 %
IF (NOR(J)) 39432432 4580 {
4590 H
39 SP = CBAR * (WBAR1#DIX1(KsL)#CAP2 + WBAR2#DIX1(KsL)RCAPA =WBAR2® 4600 :
1DIXS (KoL YHCAP2 + WBARI#DIXS(K+L)I®CAPA ) 4610
4620
IF (SP) 138438433 4630
4640
38 PH! = 0, £650
GO TO 132 4660
4870
33 PHI = 10¢% ALOGIO{SP) + 12746 4680
4690
32 THY = CMN®COSIWIKIL)®TAV{1)) + DMN#SIN(W(XsL)®TAV{IY) 4700
TH2 = CMN®SIN{W(KsL)®TAV(I)) = DMN#COSIW{KsbL)#TAV(!}) 4710
4720
RPN = KMN#EXP(~AMN®TAV(I})®{THI®DIX1 (Kol )RCAP2 + TH2#DIX1(KoL)® 4730
1CAPA ~ TH2RDIXS(KsLI®CAP2 + THINDIXS(K)L)*CAPA) A4T740
47%0
CRP = CRP + RPN 4760
4770
34 WRITE(642002) ToTAVII)oJeXP(I)aYPLI)s2P ) sMaNoW (K 9L ) 9SPoPHI9RPN 4780
4790
30 CONTINUE 4800
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C
C

C
C

C

2000 FORMAT{1M1950X924HCROSS CORRELATION (TIME)///30Xe1HX930X»1HY»30Xs
11HZ9 /74X 93E31e8///74Xe SHMXP 2plhsbXe SHTAU =9E144894Xs 6HDTAU =y
2E14e894X9 6HNTAU =9 ldodXe SHEPS =9E144894Xs GHNMAX =91494X9e5HNWA =

TABLE 5B (Continued)

1F {(1+J)eEQe2) CNORM =CRP
CRPBAR( ) = CRP / CNORM

20 CONTINUE

WRITE(6920048) TsTAVIINe(JeXP(J)sYP(J) 2P (J)sCRPBAR(J) »CNORM)

1J=19MXP}
10 CONTINUE
5 CONTINUE

CALL CLOCKINTIME)

TIME = (NTIME ~MTIME}/ CONVT

WRITE(6+2100) TIME

RETURN
END

IBFTC XCROS2
SUBROUTEINE CROSS2

CROSS CORRELATION (TIME)

4810
4820
4830
4840
4850
4860
4870
4880
4890
4500
4910
4920
4930
4940
4950
4960
4970
4980
4990
5000
5C10
5020
5030
5640
5050

(AUTO CORRELATION INCLUDED FOR THE FIRST POINT)5060

1000 FORMAT(3E124641392E12289139E602421%)

1001 FORMAT(2(3E1246414))
1002 FORMAT(12F640}

3914 /)

2001 FORMAT(1HO930X#2HXP 520X s 2HYP 320X 92HZP 310X +3HNOR//(23XsE148¢8XcE1M

1e898X9E14e805X912 ))
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807¢
5080
5090
5100
5110
$120
5130
5140
8150
5160
51710
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TABLE 5B (Continued)

2002 FORMAT (1HOs 9HCASE NUMssSXet11HINTEGe PNTes 5X92HXP910X9s2HYP910Xs
12HZP 310Xy EHM NsSXs4HFREQ 95X 921HMeSe SPECTRAL DENSITY9S5Xy
211HOB(RE0002) /71591072159 3Xe3(3XeF9e4)94X021593X9F6e003X92E2048
3/777760Xs2AK 98X 93HTAU15Xe 9HRPMN(TAU} /)

2003 FORMAT(1HOs 9HCASE NUMs 95X 11HINTEGe PNTes 4Xe2HXP910Xs2HYP 10Xy
12HZPy1CX9 6HM Ne5X94HFREQ /7/15410Xe159 3Xe3(3XoF9e4)0b4X021593Xy
216 7/7/7740%91HK 98X 93HTAU» 15Xy 9HRPMM(TAUY//)

2004 FORMAT(1H $30X91104E16089E2048)

2005 FORMAT(1H1 950X 912HINTEGRATIONS /7 33X99HINTe NUMes5Xs 8H MESH
15X 96HM N310Xs 4HSUM2916X9e 4HSUM1)

2007 FORMAT({1H1930X9s44HNORMALIZED CORRELATION OF ACCOUSTIC PRESSURE///
110Xs 4HNTAU$10Xs 3HTAU»10X925HNORMe CORRe OF ACCe PRESe910X»
2B8HRP (K) /P2 412X 9 14HNOPMy FACTOR =3El4e8//)

2008 FORMAT(1H o 8X91498XeF8e6010X0E1668911Xe¢E1608)

2009 FORMAT({JH) 940X s40HTIME ELAPSED IN CROSS CORRO(TIME) (MINe)sF1004)

2010 FORMAT{1HO9»30X»18HCHOSEN FREQUENCIES //(10X+10F1040))

2011 FORMAT(1H]1 +30X923HCROSS SPECTRAL DENSITY ///712Xs1HK910Xs 4HFREQ,
110Xs THRAD/SEC9+10X91THCROSS SPECe DENSe»10X911HDB(RE«00021//)

2012 FORMAT{1H »8Xslty 8Xs1698X9F9e492(10X9E1428))

2013 FORMAT(1H1930X9s1HKy10X94HFREQ910X 9 THRAD/SEC»10X 91 THMODAL SP~Ce DEN
1Ss910X911HDB{REC0002) //}

2014 FORMAT(1H »21Xe11098X9F66098X9FQe492{3X9E1648))

C
COMMON /AAA/A(4000)
C
EQUIVALENCE (A(1)oMMYo(A(2)oNN) o (ALB) 9 IM) s (A(L)9IN) 9 (A(B)INXYZ )
1(AC6)9KXYZ Yo (AL{T) sNAUTO) s {A(B) sNCROSS) s (A{9)sMIs({A(L0) 4N} »
2(A011)sLXY2Z19e(A(12)9sNCROST)
EQUIVALENCE (A(21)eXL1) o (A022)oXLOYolA(23)sYL1) e (A(24)9YLO)s
1CA(25)9AT 1o {AL26)98) o lA(2T)9C)o(AL28) s THETAY 9(A(29)9P2)s(A(30)sP1)
20 (A(31)eX)olAl32)9Y)a{A(33)02)s(A(34)sEPS)s(A(35)9NMAX)
BLA(I6) sWMN) o (A(3T)sAMN) 9 (AL38)9SUML) 9 (A(39)9SUM2)
4(ALL0Y9JAY 0 (ALLL) 9 UB)
EQUIVALENCE (A(101)oMAM) 9 {A(151) oNAN) 3(A(1001)eW)o({A(2001)4DIX1)»
1(A{3001)eDIXS5}

DIMENSION MAM({50)¢NAN(50)oW (20950} sRP{110)9RPBAR{1101sPRP(110)
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5180
5190
5200
5210
5220
5230
5240
5250
5260
5270
5280
5290
5300
$310
5320
5330
5340
$350
5360
5370
5380
5390
5400
5410
5420
5430
5440
5450
3460
5470
5480
5490
5500
5510
8520
5530
5540
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TABLE 5B (Continued)

IWA(110)sFI(310)
DIMENSION XP(50)9YP(50)sZP(50)s0IX1{20950)901X5(20950)sNOR(50)

INTEGER WoWMNoWA
REAL KMN

CALL CLOCK(MTIME)
CONVT = 60000,

DO 5 1l=1sLXY2Z
READ (5+1000) XXsYYsZZoMXPsTAUSDTAUCNTAUSEPS sNMAX 9sNWA

WRITE(642000) XXsYY9ZZoMXPoTAUsDTAUSNTAUSEPS sNMAX sNWA

ATAU = TAU

READ (5910013 (XP(I1)aYP(I)92ZP(1)9NOR(1})s Im1eMXP,
WRITE(692001) (XP(I)sYP(1)sZP{I)sNOR(1)s I=]19sMXP)

IF (NWA) 29192

READ (5+1002) (WA(K)sK=1¢NWA)
WRITE(642010) (WA(K)sK=]19NWA}

1 D0 10 Jy=1.MXP

DO 6 IA=1,NTAU
6 RP{IA) = 0o

D0 7 IA=19NWA
T FILIA) = 0o
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5550
5560
5570
5580
5590
5600
5610
5620
5630
5640
5650
5660
5670
5680
5690
5700
5710
5720
5730
5740
5750
5760
5770
5780
5790
5800
5810
8820
5830
5840
5650
5860
5870
5880
5890
5900
5910
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TABLE 5B (Continued)

00 20 I=1yIM

DO 20 J=14IN

JA = J

JB=J

1F (IM.EQeMM)} JAsl
M=MAM({JA)

N = NAN(J)

WMN = W(lsJ)

KMN = CRTHETA / (B#(le+W(19J)RE2RTHETANS2))
AMN = BeW(1sJ)

CMN = WlsJ)®{1e=6e%BRN2 + BE#4)

DMN = 4o#B%W(1oJ)*(B#"2=],)

WRITE(64+2005)
IF (JJeNEWl) GO TO 21

X=XX
Y=YY
2=22

PHASE =145708

KKK=1

AMN ==AMN

CALL DINT{AMNsPHASE sKKK)
DIX1(lsJ) = SUM2

PHASE = 0.

KKK= 5

CALL DINT(AMNIPHASE+KKK)
DIX5(Ivg) = SUM2

AMN = =AMN

21 X=XP{JJ}
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5920
5930
5940
5950
5960
5970
5980
5990
6000
6010
6020
6030
6040
6050
6060
6070
6080
6090
6100
6110
6120
6130
56140
6150
6160
6170
6180
6190
6200
6210
622¢
6230
6240
6250
6260
6270
6280
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TABLE 5B (Continued)
k|
Y=YP(JJ) 6290 P
Z2=2P(JJ) 6300
C 6310
PHASE =145708 6320 3
KKK = 2 6330 E
CALL DINT(AMNPHASE 9KKK) 6340 3
CAP2 = SUM2 6350 ]
C 6360
PHASE = O, 6370 3
KKK = 4 6380 ]
CALL DIMT{AMN¢PHASE skKK) 6390 ]
CAPS = SUM2 640C
C 6410
IF (JJeNEel} GO TO 24 6420
WBAR1= {B##2424) /{BUN{1 )% {B8#2444})) 6430 3
WBAR2 = B#WBAR1 / (B##242, ) 6440 3
CBAR = KMN#W(19J)%P2 6450
C 6460
SP = CBAR # (WBARI#DIX1(14J)#CAP2 + WBAR2#DIX1(19J)#CAP% ~WBAR2W 6470
IDIXS(14J)%CAP2 + WBARI®DIXS(19J)*CAP4 ) 6480
IF (SP) 11911922 6490
i1 PHI = 0, 6500 k
C 6510 ]
GO TO 23 6520 E
6530
22 PHI = 10e% ALOGIOISP) + 12746 6540
6550
23 WRITE(692002) 119JJsXPlIJIYsYPLII)eZPLIJ)sMaNsW(19J) 9SPyPHI 6550
GO TO 25 6576
6580
24 WRITE(692003) I19JJeXPUII) o YPLJI)eZP{JIJ) sMeMaW (10 ) 6590
C 6600
25 IF (NTAU) 32931432 6610
32 TAU = ATAU 6620
6630
DO 20 K=19NTAU 6640
C 6650
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30
31
33

7

17
18
19

TABLE 5B (Continued)

\J
TH1 = CMN®COS(W(I90)#TAU) + DMN * SIN(W{1sJ)*TAU)
TH22CMN#SIN(W(TsJ) #TAU)-DMN#COSIW{ 19 J)%TAU)

RPNSKMNSEXP (~AMN#TAUJ# { TH1#DIX1(T9J)#CAP2+TH2#DIX1( 1o J) #CAF4=TH2®
10IX5(1+3)1#CAP2 + THIRDIXS(19J)#CAPS)
RP(K)=RP(K)+RPN

WRITE(642C04) KeTAUIRPN
TAU = TAU + DTAU

IF (4WA) 33920433
WRITE(692013)

DO 19 K=1sNWA

RAD = WA{K)/(2e%P])

DD = (Bue2#y(lo )42 + (W(IsJ)=WAIK))HR2 )% (BUR2¥W(TI9J)n%2 +
1(W(Isd) + WA(K))#22)

AAMN = (BRW(ToJ)u{BRu2#W(]sJ)®u2 + W{IeJ)#42 + WA(K)R¥2)} / DD
BBMN = (W(lpJ)®(Buu2¥w{l,J)®%2 + W(loJ)¥#2 ~ WA(K)*%2)) / DD

TW1 = CMN®AAMN + DMNEBBMN
TW2 = CMN#B8BMN = DMN®*AAMN

FIT = KMN # {(TWI#DIX1(14J}#CAP2 + TW2#DIXI(I+sJ)RCAPA ~ TW2%DIX5(1s
1J1#CAP2 + TW1#DIXS5(1+J)%CAPS)

FAT = FIT

IF (FIT ) T7e77:17

PrY = 0.

FIT = 0,

GO TO 18

PHI = 10%ALOGIO(FIT) + 1275
WRITE(6+2014) KoWA(K) gRADIFAT9PH]
FI{(K) = FI(K) + FIT
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6660
6670
6680
6690
6700
6710
6720
6730
6740
6750
6760
6770
6780
6790
6800
6810
6820
6830
6840
6850
6860
6870
6880
6890
6900
6910
6920
6930
6940
6950
6960
6970
6980
6990
7000
7010
71020

e
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20

47

40
45

49

53

51
50

10

TABLE 5B (Continued)

CONTINUE
IF (NTAU) 47045447

WRITE(642007) RP(1)}
TAU = ATAU

DO 40 K=1pNTAU
RPBAR(K)=RP(K)/ RP(1)}
PRP{K) = RP{K)/P2

WRITE(6+2008} Ks TAUsRPBAR(K) sPRP(K}
TAU = TAU + DTAU

IF (NWA} 49910949
WRITE(6+2011)

DO 50 K=14NWA

RAD = WA(K)/(2e%P1)

IF (FI(K}) 53953451

PHI = 0,

GO TO 50

PHI = 10e% ALOGIO(FI(K)) + 12746
WRITE(692012) KoWA(K)H RADSFI{K)9PHI
CONTINUE

CONTINUE

CALL CLOCK(NTIME)
TIME = (NTIME=MTIME)/CONVT

WRITE{642009) TIME
RETURN
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7030
7040
7050
7060
7070
7080
7090
7100
7110
7120
1130
7140
7150
7160
7119
7180
7190
7200
7210
7220
7230
7240
7250
7060
7270
7280
7290
7300
7310
7320
7330
7340
7350
7360
7370
7380
7390
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TABLE 5B (Continued)

END
$IBFTC xDINT
SUBROUTINE DIN{ (SAMNsSPHASEsKKS)

C
C
C DOUBLE INTEGRATIOM SUBROUTINE
C
C
COMMON /AAA/A(4000)
C
EQUIVALENCE (A(9)sM)o(ACL0) oMY o (A121)sXL1) o (AL22)sXLO) s (A(23}sYL1Y
1o (AL23)oYLO o {A(34) oEPS) s (AL35) 9NMAX) o {A(38)9SUML) 2 {A(39)sSUM2)
C
C

DIMENSION P(&]oww(5)

DATA (PU1)el=105)0(WW(1)9oI=195) /04530899239=44530899:344269234655
192026923865390c092%#411846344392%423931433544288804444 /

C
2000 FORMAT{1HC:2EKR #an#s NO CONVERGENCE #auusoSXoI14910Xe1405XsIas15
12E18.8)
2002 FORMAT{1KQ+35XKs14s20X01494X015+1502E1848)

non

NK=2
BINClaXLi~XLO
BINC2=YLI-VLD

DO 25 Kulgituay
SUM1=SUZ

SUMZ=045

CNK = NX

DINCY = STuC1/CNx
DINC2 = 85s5C2/7CNK
Hl = ALO + DINC1/2.
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7400
7410
7420
76430
7440
74590
T460
7470
1480
7490
7500
1810
7520
1530
7540
1550
1960
7370
7980
7590
7600
7610
7620
7630
7640
7650
7660
7670
7680
7690
7700
7710
7720
7730
7740
7750
7760
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TABLE 5B (Continued)

D0 26 Ix14NK
HZ = YLO + DINC2/2,

c
00 27 JU=14KK
DO 28 11s145
ABSI12DINCI#P(11)4H]
DO 29 Juxiys
ABS2=DINC2#P( JJ) +H2
29 SUMZ'SUMZ#HH(II)'HH(JJ)*FFF(ABSIoABSZoSAMNoSPHASE)
28 CONTINUE
27 H2mH24DINC2
26 H1=H+DINC1
SUM2sSUM2#DINC1#DINC2
o
C
IF (KeEQel) GO TO 20
IF (ABS((SUMI*SUMZ)/SUM?)‘EPS) 31931930
30 NKaNK + 1
25 CONTINUE
C
WRITE(64+2000) KKSsHKM9N s SUM2 9 SUM2
SUM2 = 0,
C
GO TO 32
C
C
31 WRITEl6+2002) KKSaNKsMgN 9 SUM2 9 SUML
C
32 RETURN
END
$IBFTC XFFF
FUNCTION FFF(X0sYO0yFAMN FPHASE)
C
C
C DOUBLE INTEGRATION FUNCTION
C
c
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1770
7780
7790
7800
7810
7820
7830
7840
7850
7860
7870
7880
7890
7900
7910
7920
7930
7940
7950
7960
7970
7980
7990
8000
8010
8020
8030
8040
8050
8060
8070
808¢
809¢C
8100
8110
8120
8130
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TABLE 3B (Continued)

COMMON /AAA/A(4000)

EQUIVALENCE (A(T)sNAUTO) o (A(B) sNCROSS) 9 (AL9Y M) 9(AL10)sN)
1EAC211oXLE )0 (AL22)9XLOYo(AI23)sYLI) o tAL28)sYLO) s (A(25)9Al)
20A(30)oPT) o (AL31) X alAI32)0Y)o(AL33)sZ)s{Al36)sWMN)o(A(LDYIJA)Y
3(A(41)908)

EQUIVALENCE (A(201)9AMM) 9 {A{251)9 ANN)o(A{301)9BMM)s(A(351)+BNN)s
T(A(L01)oCMM) 9 (A(451) oCNNI 9 (A{S501)9DMM) o (A(S51)sDNN)»(AL601)9ALMM)»
2{A{651)4ALNN)

OIMENSION AMM(50) s ANN(50)+BMM{50)9BNN(50) sCMM{50)9sCNN(50)sDMM(50)s
1DNN{50) sALMM(S0) s ALNN(50)

INTEGER WoWMN

ROSSORT{ (X~XO )} ##24(Y=YO)#¥#2 + Z%%2)

PHX = AMM(JA)#SIN(ALMM{JA#X0)+ BMM(JA)®COS(ALMM(JA)®#X0) +
ICMMIJA#SINHIALMM{ JAY#XN) + DMMIJAY#COSHIALMMIJA)#X0)

PHYs ANN(JB)I#SINIALNN(JB)#YO)+ BHN(JB)*COS{ALNN(JB)®*YO) +
1CNN{JBI#SINH{ALNN{ UBY®YO) + DNN(JIB)*COSH(ALNN(JB)#YO}

FFF = PHX # PHY # EXP({(FAMN/AII#R0O) * SIN((WMN/AI)*RO+FPHASE)/ RO

RETURN
END
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8140
8150
8160
8170
8180
8190
8200
8210
8220
8230
8240
8250
8260
8270
8280
8290
8300
8310
§320
8320
8340
8350
8360
8370
3380
8350
8400
8410
8420
8430




APPENDIX D
UNDERWATER SOUND LABORATORY PROGRAM (STRAWDERMAN)

APPENDIX D1 ~ MATHEMATICAL ANALYSIS

APPENDIX D2 - METHOD FOR DETERMINING INPUT DATA
APPENDIX D3 —- PROGRAM IDENTIFICATION

APPENDIX D4 - TEST RUNS
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El ]
Fqlst(xl 1Ty Yo y2)

fqrst(Q)

G

ns
Gpnl@™)

@ kmn (%10 Y1 ¥y)
9,kmn (211 251@)
H(zz’ 9,y o)
h(z2”,y,y°,6)

i

K

jkmngrst
k
kx
k"!
ko k, (@)

NOTATION
Equal to 0.75 x 10~ 5 o2 pf Uloe

Plate and acoustic cavity dimension in z-coordinate
(longitudinal) direction

Plate and acoustic cavity dimension in y-coordinate
(1ateral) direction

Dimensionlecs plate and acoustic cavity dimension
defined in Equation (D68)

Arbitrary constants

Speed of sound in acoustic medium

Dimensionless speed of sound defined in Equation (D77)
Plate flexural rigidity

Dimensionless plate flexural rigidity

Acoustic cavity dimension in z-coordinate (depth)
direction

Dimensionless cavity dimension defined in Equation (D77)
Denotes ensemble average

Defined by Equation (D51)

Defined by Equation (D52)

Defined subsequent to Equation (D21b)

Defined by Equation (D72)

Defined by Equation (D54)

Defined by Equation (D55)

Complex frequency response of plate
Plate displacement response to a unit impulsive force
Square root of ~1

Defined by Equation (D80)

Acoustic wave number defined in Equation (D33)
Acoustic wave number in the 2-coordinate direction

Acoustic wave number in the y-coordinate direction

Acoustic wave number in the z-coordinate direction
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m,n, etc.

P

n
P} (")

P

2
Pa

Qaal®1 F2Y1 Y20 2192,
£ 1ty)

Qpp(®11%2:911Y55%)

Q¢¢ (zlyzz) 3/1: 1/2, tl" t2)

R

m

B} (o)

8,0(®4 985, ¥y0¥5 %)
2,,0)

Spp(f’ 7”(‘))
S¢¢(z1 18y, Ygr Yy 1)
T

mn

Tr (o)

Dimensionless acoustic wave number in the z-coordinate

direction
Dimensionless fluid mass defined by Equation (D88)
Mode numbers

Defined subsequent to Equation (D21b)
Defined by Equation (D73)

Turbulent boundary layer wall pressure
Cavity acoustic pressure

Cavity acoustic pressure cross correlation

Plate pressure cross correlation

Plate velocity cross correlation

Defined subsequent to Equation (D21b)

Defined by Equation (D69)

Effective plate damping coefficient per unit area

Critical plate damping coefficient for the m-n th mode

Dimensionless plate damping coefficient defined in
Equation (D68)

Dimensionless critical plate damping coefficient for
the m-n* mode

Cavity acoustic pressure cross spectral density

Turbulent wall pressure cross spectral density
Plate velocity cross spectral density

Defined subsequent to Equation (D21b)
Defined by Equation (D74)

Time cocrdinate
Time at which impulsive force occurs

Free stream velocity of flowing fluid in 2-coordinate
direction
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U, Mean convection velocity of turbulent boundary layer ;
vt Dimensionless free stream velocity defined by Equation (D68) ;
Ulmn(@®) Defined by Equation (D78) ]
% Acoustic phase velocity vector }
u, Acoustic phase velocity in the 2-coordinate direction
u, Acoustic phase velocity in the y-coordinate direction
u, Acoustic phase velocity in the z-coordinate direction
Vimngs Defined subsequent to Equation (D21b)
W"mqs Defined by Equation (D23)
W;nqs(nﬁ) Defined by Equation (D75)
w Plate displacement in the 2-coordinate direction
X j g (@) Defined by Equation (D40)
z Longitudinal spacial coordinate
zt Dimensionless longitudinal spacial coordinate defined by
Equation (D88)
y Lateral spacial coordinate
Al Dimensionless lateral spacial coordinate defined by

Equation (D68)

3 Spacial coordinate normal to the plate
2t Dimensionless spacial coordinate defined by Equation (D77)
a A dimensionless constant
E a, (2,y) Plate normalized natural mode shapes
| 8,0 Kronecker delta
X S(w-Q) Dirac delta function
é o* Turbulent boundary layer displacement thickness
f st Dimensionless turbulent boundary layer displacement
3 thickness defined by Equation (D68)
‘ E(za’yy,y7,0) Plate velocity response to a suit inpulsive force
n Relative lateral coordinate (y-y”)
3 0 Relative time coordinate (£ - ¢°)
:
’: 204
3




Lo

An Phase angle defined subsequent to Equation (D21b)

p Effective mass of plate per unit area

Vo Phase angle defined subsequent to Equation (D21b)

£ Relative longitudinal coordinate (2 -~ z”)

Pf Mass density of flowing fluid

Pay Time average mass density of acoustic medium

fa Instantaneous mass density of acoustic medium

t Time difference (¢, - ¢,)

®(w) Turbulent wall pressure spectral density

éT(w) Dimensionless turbulent wall pressure spectral density

04 (2,9, )or ®(z*,y*,0*) Plate velocity spectral density

d%(:c*, y*,0") Dimensionless plate velocity spectral density

®,(2,9,2,0)or @ (a*, y*, Cavity acoustic pressure spectral density

PN
@Z(w‘* 25 0h) Dimensionless cavity acoustic pressure spectral density
¢ Plate velocity
¥ Acoustic velocity potential
® Radial frequency
ot Dimensionless radial frequency
O Natural frequency of m-n mode of plate
w‘;m Dimensionless natural frequency of m-n mode of plate
74 Bihar.nonic operator
] X (w) Defined by Equation (D53)
Q Radial frequency
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APPENDIX D1 - MATHEMATICAL ANALYSIS

The equations for the plate velocity and cavity acoustic pressure spectral densities
and cross correlations are now derived3? for a plate (Figure 15) subject to turbulence exci-
tation.

The differential equation governing the displacement of the plate due to turbuleat
boundary layer pressure excitation on the plate surface is

4 dw 2w
Dy w+ r—i+pi— =p . (2,y,2) (DY)

Following Dyer (see Appendix A), the equation for the free undamped plate

4 9%w
DVPVPw+py—i=0 (D2)
9t

has the normal mode solution, satisfying the simply supported edge conditions (Figure 15),
given by

W(2,Yyl) = Qo (®,Y) Sinw, L (D3)
where
2 . mwny | nne
a, . (2,y) = ——sin — sin — (D4)
p a a
2 2
‘/-5 mm nw
el |(7) (5) ] oo
and

b ra
J’ f amn(z’ y) aqr(z’y) dz d:l/ = amq anr (De)
¢ "0

The solution to Equation (D1) for any deferministic pressure is then assumed to be

w(z,y,t) = amn(z9 )] Tmn(t) (D7)

nn Mg8383

S 3
[N
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< 3 SIMPLY SUPPORTED .
l/ ; PLATE !
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: - ]
]

Figure 15 — Illustration of the Theoretical Model
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Substituting Equation (D7) in (D1) and using Equation (D), we find 7', _(¢) must satisfy

a* Thn # dTmn 2 1 b pa i‘:
-—-d-2-—- + “-‘- = top T, -l; Pt(z’ Yst) am“(z)y) dz dy . (D8) z
t o “o !

For later use, we consider the following two cases.

CASE I: Concentrated load applied at (z"y”) varying sinusoidally in time

p,(2,9,t) = 8(z~2") B(y-y7) ' (D9) }

Substituting Equation (D9) in (D8) results in the following solution for Equation (D7):

o0 amn(z’ y)amn(z’)y')
irw
LK [(wﬁ.n“"z)‘f T:]

where H (z,2°,y,y" ), the complex frequency response,32 is

et = H(z,2’,y,y’",0)e' @t (D10)

/

, , 1 o0 amn(w’y) amn(z”y')
H(z,2",9,¥" 0) =~ > + ira)_-. (D11)
EE (PR
N
CASE II: Inpulsive loading at time ¢” applied at (2", ¥")
; P, 8) = 8(2-2") 8(y-y")8(¢~¢) (D12)
' Define
O=t-1’
:
w(z,y¥,t) >0
; h(za’yy,y°,0) =

Substituting Equation (D12) in (D8) results in the following solution for Equation (D7)
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~10
-
E

Gemr—d o0
e a (290, (2°,9) )
? T e sinlfe? -(—) 8 650

Mz’ y,y ,0) = w,y,t) v —~—
B m=t L/ ) ( ’ )1
[/ - —
mn %

n =1
(D13)

By superposition, the rasponse for any deterministic pressure field may be written

¢ b pa
w(z,y,t) = f f J' p,(z',y',t')h(z,z’,y,y',e) de’dy ' dt’ =
-0 Y0 Y0

00 b a 4
jff P, (@7 ,6=0) b (2,2°,4,4°0) de” dy’ d6 (D14) |
0 Y0 Y0 3

Since the velocity of the plate, rather than displacement, is required for the boundary
value in the acoustic problem, we define the velocity response of the plate to impulse loading

thus
-0
s ’ 2”’ : a (2 )a (z; ,)
. 3 Mz, 0) e ¥ .y
{ (2 ,50y7,0) = L CX TR 142- s m,., mn
at b me1 =
Pt (g)
2 Y 2 r 2 , - 2
~[{+—) cos - (=) 6 - —sin S B
Dpn (2#) mn (2#) o wha (2,,1)

(D15)

And o define the velocity field of the plate as

aw(x’y’t) = b ¢ ’ , , ’ ’ ’,
95(3,3/76): ""—aT_- = p,(:c 'Y t=0)8 (22 Y,y ,0) dz dy do
0 0 Y0

(D16)

We define the turbulent wall pressure cross correlation by (E denotes the ensemble average):

Qpp(zl 1%59Y1 1Y, ) =EK [Pt(‘”l 1 ¥4 ’t)P;(zg a?/gat)] (D17)
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‘The plate velocity cross correlation is then

b pa pb L6 poo po
Q¢¢(zl,x2,yl,y2,tl,&2)=E[(ﬁ(itl’yptl) qs(zzayz,zz)]'E[j I _" I j I ‘
070 Yo Jo Yo Yo

‘P;(z{ ’ yistl'ol)pg(zé ,yé,t2—02)8(z1 ’31',?/1 ’y; ) 01) .
(2,2, 1 Y1 Y5+0,)d0, A6, dz] dy] de; dy;]
b pa b pa poo oo
-j' j J j 5 j Qpp(z{ ’xé ’yl"yé’tl_el’t2-62)4(‘”1)3; aylyy{’ol)
0 0 Y0 Y0 YO 0
«{(2y1251Y,1Y,,0,) d6, d0,dz] dy{ de, dy,

bra b G poo poo
-J J J‘ j j j Qpp((',n',r+6‘—02)C(zx,z{,y1,y;,ol)
0 Y0 00 Y0

§(29525,9559510,) 46, 40, dey dy| dz; dy; (D18)

In obtaining Eguation (D18), we took account of the fact that since the plate velocity
impulse function is not a random quantity, the ensemble average applied only to the turbulent
pressure field. Also, since the turbulent boundary layer pressure is assumed to be a homo-

{ geneous stationary process, @ pp is a function of the difference between the spatial and
3 temporal coordinates rather than the coordinates themselves 33,

The plate velocity cross spectral density is then (multiplying and dividing Equation

- 6, -@
] (D18) by e ‘o (8y = 6,) to obtain the third member below):
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PR

i e

1" .
Spg (B8 Y1y Ypr ) = \/—é—_\J Qg (21 +29 YysYgpr)e” WTdr =
7 Y=o

b a b a ] oo 0o
1 ., —w(r+f -0,)
I J‘ f f J' I f Qpp(f,r),r+91-92)e 1772
0Y “0Y0Y0 Yo \/277 -0

iwl , ,
-d(r+ 01—02) C(wl,&'l',!/l,yl'el) e ! ((232,332,!/2,?/2 ’02) :

- 106
e U2 ag dg,de], dy; de; dy;

b a b a 00 1(1)6
=I f ff S,,,,(f',n',mf £ (®ys2],¥,,0,)e " Ydo, .
0o Y0 Yo Yo 0,

* - iwo ’ 4 Id ’
j {(zy 1) sy, Y5,0,) € 2 dp, dz/ dy/ dz,dy,
0

b pa pb pa
-=I I I J wzspp(f',n', w)H(z 2], ¥,¥{~0) H(2) 2),¥,, ¥, - 0) de] dy| dz; dy,
0 Y0 Y0"Y0

(D19)

where, since {(2,2’,¥,¥’, w) is zero for < 0, the semi-infinite limits in 6, and 6, have
been replaced by infinite limits and as can be shown (see Equation 2.11 of Reference 33)

@ - iwd . , ,
f é(mz)wéyygiyé’og)e 2d62=7'wH(z21w2’3/2’y2"w)

* ’ ’ lmol . ’ ’
g(zl,wl,yl,yl,ol)e df, =—toH (2, 2],y Y]~ )

(D20)
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The mathematical model for Spp used by Strawderman and discussed in detail in

Reforonce 32 is*

@) w
Couns |2 M0 I i
-5 2 2,3 Ve be be %
Spplésmw) = 0.75 x 107° a o Ug 8% |e € e ;0 £1.256 >
-o.us]a-)fl -o.7|a-,£|_| - w—f

PR yS v, U, U, U

= 1.5x107%22. L0 |e e e ; @ >1.256 —

w35*? 5*
(D21a)

where a = 1.0 for water and a = 3.0 for air.

Substituting Equation (D21a) in (D19) and using Equations (D11) and (D4), we obtain
after extensive, but routine, simplification (see Reference 32 for details):

. . | Mmmz,  fmy,  gme,  sry,
sSin + SIn sin S
16402 = s 5 e "
S¢¢(z1;zg ’3/1 9?/2) = "—Tzf > 3 * .
wiaot m=1g=1 TnaTqsPaP By Ry
U
0
.GV

< 1.256 —
8‘

maZ, nry, gnzz smy,
) 00 00 8in ~~—= gin = s§i 1 —
s ( .y ) 32Aw2 05" 3 ; ; in p sSin b Sin '—Pa sin b
Tp e YpYy) = 7
b 12022\ U/ m=y ge1 TmnTqsPuP B R,
n=al] s=1
%
<G anqs; » > 1.256 > (D21b)

n-gg;a;ior;k(p2<lia) r;&;esents a Tnthfemaﬁcal fit to the Corcos model whichis bagsed on experimental data.
e Skudryzk and Haddle expression for the turbulent wall pressure spectral densit w) is i
this model, See Equation (3.1) of Reference 32. ® Y ¢( ) 18 incorporated in
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where

A=0.75x10"° azpzf Ul s

2
rw
2 2 L.
Tpn = ‘/(“’mn“"z) +(._a“ ) ; similarly for qu

2

w
P {07 —
- (017)

nr\2 .
+(-b—) ; similarly for P,

) o2 2 o 4
Rm = \/(-a—-) -0.987 (-U—) + 0.0529(‘;) ; similarly for Rq

c
wb © an sm\2
Gpe = 0852 5, 2(0.7 =)+ (_b_) . (.b_)

n8ﬂ2
by —_ [1 - am] [(—1)" -1)° -1
62

'w b
-0.7(—-)
1181!2 Uc

+ — {2~ [(—1)" + (—1)"]e
b2

wae
anqs= 8mq 1.0066 F—Rm (v, —0.4637)
[
mgn? [(-1)™(-1)7 - 1] i - emgn 2
+(1_3mq) gr” [ (-D7CD [12 ewq—R e Ym + man -cos(uq+vm)
a? [ymm\2 (qn)2 a?
(%) -G
5((;)a) foa (wa
-0.115{ «— f—+vVv_ +v =iy— +v _+v A
m g2 U, o\, o "‘) v, 9 "'> ‘\Amn"‘qs)
- e (-1)"e +(-1)7 e e
aZ
2
0.23( =
UC
v_=tan 1! ; similarly for Va

" [(A";—")z - 0.987 (;j‘i’-)z]

[
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'leg

-1 R . .
Ay, =tan & ————} similarly for A,

- w
wmn

The power spectrum of the plate velocity <b¢ (z,y,w) is found as follows. First let

T =Ty =2 Y =YY in Equations (D21b); since ®(2,y,w) must be a real, even function

then the summations in the resultant equations must be real if they are to be considered as

valid solutions for <l>¢(:c, y, ). Then substitute anqs from Equation (D21b) in the equation
for ®¢ (z,y,w). After rearranging this equation and taking G, = G ;> since G,  is a

symmetrical matrix, we find (see Reference 32 for details):

0. ( S ) 16 4w? °2° ;
Ty Y, ) = Zy 38 Y V@) =
¢ ¢ g202b2 m=1 g=1
n=1 s=1
. mnz | nmy | 4w sny
sin sin —— sin =— sin ~—= U
’ 2 L < 1.256 —
;g L —
Ton Tgs PoP BB, ns mngs 5*
mnz n s
2 \3 *  gin — sin.—zzl sin I sin il U
3240 (w'o“) 3 3 a b a b oW 1,256
= —_— ;0> 1,256 —
;L2(z2l)2 Us m=1 g=1 Ton qupn P, Rqu nemnas o*
n=] s$=1
(D22)
where
wa
Winngs ™ 1.0068 -&—qu R, cos (v, - 0.463n7) cos Apn— Aqs)
[
omqn? mgn? [(-1)"(-1)7-1

+ — cos (v, + vq) (cos A, Aq,) +(1- qu)

“ “-®)]

+ (R, cos (Mg w Ay, ~Ag,) - Ry cos (Vm*Age ™ Aol
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Ny

wa
~0.115 ——
man? L,
gm c m @a A A
....T.e (-1) cos(rl-j—-+vq+vm+ — qs)
a c
q @a
+(-1) COS(T+Vq+Vm+'\qs—)‘mn) (D23)
c

We now find the cavity acoustic pressure due to an arbitrary plate velocity distri-
bution. From this we will obtain the cavity acoustic pressure cross correlation and spectral j
density. :

We start with the equations governing acoustic phenomena and the boundary conditions
for Figure 12.

Momentum equation: p %;Z +yp,=0 (D24)
Continuity equation: -(?:Ta * Pay V- u=0 (D25)
Equation of state:  p_=c?p_ (D26)
Boundary conditions: u,(0,y,2,t) = 0 (D27a)
4,(a,y,2,¢) = 0 (D27b)
uy(x,o,z,t) =0 (D27¢)
uy(m,b,z,t) =0 (D27d)
u,(2,¥,0,¢) = 0 (D279)
U (2,Yy~ dy0) = (2,Y,2) (D27f)

Since Equation (D24) was derived for an inviscid fluid, the acoustic field may be
assumed to be irrotational. Hence the acoustic phase velocity may be defined in terms of
the velocity potential

u(2,9,2,8) =V (2,4,2,t) , (D28)

Equation (D28 specifies ¢ to within an arbitrary function of time. To uniq.ely specify &
define, in addition
9y (2,9,2,t)

) (D29)

Po(@)y,25t) = “Pao
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Substitution of Equations (D28) and (D29) into (D24) satisfies the latter equation. To sat-
isfy Equations (D25) and (D26), we proceed as follows:

Substitute Equation (526) into (D25) to obtain

1 dp, _
ot Pe V=0 (D30)
Substitute Equations (D28) and (D29) into (D30) to obtain the scalar wave equation
in
1 9%
Vi - —=0 (D31)
c? at?

which, by virtue of the separation of variables technique, has the solution
Y(2y,2,) = [Cy sin kg + C,cosk, &l [Cysink, y+C, cosk,yl

(Cgsink, 2+ Cqk, 2] C, ek (D32)
where
k3+ky2+kf-/c2 (D33)

Substituting the boundary conditions, Equations (D27a—e), into Equation (D32),
using Equation (D28), we obtain

C;=Cy=Cg =0 (D34)
k,= ks j = integer (D35)
a
ko £ni
=7 = integer (D38)
Defining o=k C (D37)

and using Equations (D34), (D85), and (D36), we have

o0

oy jnz fny ;
U (2,,8,t) = ,-fo 02]_ cos P 042 cos -3--06 cos (k‘jﬂ 2)C, glot (D38a)
=0

Combinins the constants, we assume that the solution for  (2,y,2,¢) has the form
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-]

oy Z 4 i Y/ j
U(2,y,2¢)= X cos 72 cos liy{f Y.¢(w) cos (k,  2) et (D38b) ;
. a b - Y ]e 9 ¢
J]=0 00 m
=0 !
Equation (D38b) satisfies the wave Equation (D31) a:: can be seen by substituting :
Equation (D38b) in (D31). Also, by applying the above arguments, Equations (D27a —e) are
satisfied. It remains only to satisfy the boundary condition (D27f), u,(=,y,~d,t) = ¢ (2,9,t)
_ Y (2,,2,*)
dz
z==d ;
Hence ‘:
]
% imx ¢ * .
d(z,yt)= Z cos-]%. cos -:;-y. Yif(w) -kzie sin [kz)_e (-d)] glwt G
j=0 =00
020 Yo
[ . e o0 )
= 3 cos ™ cos ¥ I X jp(w) et (D39)
j=0 @ b ). on
=0
where
X]-g(w)=Kzie(w)YI-g(m) sin (k’jﬂd) (D40)

i £
Multiplying both sides of Equation (D39) by cos = cos ,_%2_ and integrating over the area
a

of the plate, we find by virtue of the orthogonality principle that*

00 . dw 4 b fa jne  Lny
X.p(w) e'®¢ P, f f 2,Y,t) COS —— 0§ ——dz d
f_m je@) Vor o1+ 86;) 1+ 38,00} Jo @0t a b v

é (D41a)
3 N sin2jm 27 sin 2jm
*By L' Hopital’s rule, lim = === 1, henca = ‘o‘(, « Similarly for 803 .
j+0 2jm  2nm um /
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Transformation of Equation (D41a) yields

Lny at

X p(w) = d(2,y,¢) cOS ——CO8 — . €~ dz dy.
it ab(1+8,) (1+8,0J 0 Jo Jo a b Var

(D41b)
Thus, from Equation (D40)
p(w) = - |
j @(1+3,)Lrdop )k, sink, d) )y g
j £ . dt
- b (2,y,t) cos % cos _’;3( e~ ' dp dy —— (D42)
a

Ver

Substitution of Equation (D42) in (D38b) yields

2 w - ¢ 00 cos %, ez
i ,

¥ (2,Y,2,6) = —— I cOs 7 os ﬂj ]: —
=0 ¢ bl (1489)) (1+3 )k,  sink, ,

f=0

00 b fa : ] . .
f J. J' & (2,y,¢) cos 272 cos -—Z—q et dz dy dt } et do (D43)
-0 JO 0 a

Substitution of Equation (D43) in (D29) yields the cavity acoustic pressure for an
arbitrary, deterministic plate velocity

-2 k
P, (#,9,3,0) i S cos M eos LY |7 o e
2,y 2,0) = s 0S8 ~— €08 =— -
a (%Y 3 im0 a b Jow (1+80i)(1+802)kz]_zsmkzied
=0

o0 b a H 2 ) .
J- J' J' ¢ (2,¥,t) cos 07-2—2 cos --?» et drdydty] et do
~o00 v 0 0

(D44)

If now ¢(2,,¢) is considered to be the only random quantity in » o then the cavity
acoustic pressure cross correlation is
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Qaa(zl,zz’ypyz’z 2008 tg)"‘E[Pa(ml,ypzptl)pa(zyyz,zzatg)]

a oo 00 ]ﬂml ¢ ﬂyl r rm:2 12 17?/2
= p %  cos cos cos cos
m2a22 j=0 r=0 a b a b
f=0 t=0

o cosx zl cosk 2,
rt
J:w J:_x (1+801)(1+8°g)(1+80,)(1+80)k (Q)sinkziedsinkznd

o o b ra fb jnz, lry, rnz,
J' I [¢(:rl,y1,t ) (25,9550, )]cos —— COS == COS =
~00 J= JO 0 0 JO a b a

MY, ~iwr - wt, i

it 11941
cos ¢ e  ldw dy dz,dy,dt,dt,|e e ?dwdQ
(D45)
In Equation (D45), we note that from Equation (D18)
E[‘ﬁ(zlv .'/1,51) ¢(x2’y2»52 ) I Q¢¢ (zl’zz)yl’yz )7) (D46)

. . . ® —iw+
Also, since r= ¢, ~ ¢ , then using Equation (D19) and noting that f Pak CRIUIH &,

=275(0+Q)

I e —iwt, -
J‘ f Q¢¢(a’1 7z2’y1’3/27r) € le 2 dtl dtz

©0 00 - Q
=" Q..(z, ,x ) ity e dt
¢¢ 1! 2’.1/1’:’/2’7 4 1

00

~io+Q)¢
=Yen S¢¢(z1,z2,yl,y2,m)f e bty = (2n)3% 8y (20,2019, D) 8 (0 + Q)

(D47)
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Substituting Equation (D47) in (D45), integrating over , and using the identity
r=t, -t yields

o :-; ; inz, Lny, rnz, tny,
-— c c cos
Qa0 (®11%0¥11¥21 21925, 7) Vel so reo C0§ ~—— €08 = COS —— COS —
£=0 ¢t=0
2
Jw 1* cos kiie 2, cos kz" 2,
—~ (1+80i) (1+85¢) (1+8,,) (1+80t)kzﬂ(—ﬂ)kz”(9) sin k’iﬂ dsin lcz"d

b fa rb fa jme, bry, riz, tny,
) J; . S¢¢(xl,zz,yl,y2,ﬂ)cos —a-o cos-—-b—v cos—a—- cosb—-

de, dy, dz, dy, [ 'Y do (D48a)

where from Equations (D38), (D35), (D36), and (D37)

w? fja\t (ln 2] . (D48b)
b= [;;‘ 5 -)
Hence
ky (@) =k, (-0 (D48c)
zjg zjg

The cavity acoustic pressure cross spectral density is

00

- -iwr
Saa(zp‘"y?/l’yz)zl’zz’w) = "2""‘ Qaa(a’pxyyl’?/zazpzz,")e dr
r J-oo

(D49)

Substitution of Equation (D48a) in (D49) with S¢¢ given by Equation (D21b) yields

(after reassigning the subscripts such that. j,k,m,n apply to the acoustics problem and ¢,r,s
and ¢ to the plate)
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85 = =

[
8 46 (®11%9Y11¥5 2112,50) = ) z D G ikmn (¥19%5:91195)
n2“b* jmp m=g
k= 0 n=(Q

o0 oo g]kmn(zl’z2’9)
s
U (1+80i) (1+38,,) (1+8,,) (1+8;,)

: : b pa pb pa

3 p Io j'o J‘o ,[0 Fq,.s‘(zlaw2’y1)y2)fq,sxﬂ) Gikmn(wl’zZ’yl’y2)
g=3 s=1
r=1 ¢t =1

de, dy de, dy, | e 0 da} emior g,
1 %y 9%, 0y,
8 2 00 00 0 00
Pao o0 o0 0 ) ijmn ‘”1"’2’3/1’3/2)

= — 3 p3 b b3 -
7a?b2 jm=0 m=0 g=1 s=1 (1+8;) (1+8,) (1+8p,) (1+8,)

k=0 A=0Q r=1 t=1

r b aa pb pa
l_f I ,[ I F orst(®19%55919¥2) G jkmn (219%90915Y,) d2, dy, dz, dy,
070 70 79

f f 9jkmn(2112909) X(@) £, (0) e ¥ aQ BT gy (D50)

-0 -00

where
qnz, my, snz, iy,
qust(“’l’”z’yvyz): sin - sin 3 + 8in - sin 7 (D51)
G (DY s dD)

= T P () P @ (R @) (0%9)
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16402 Uo |

Q < 1.256 *—*— :
#2a2b2 f:
X(@) = (D53) j
!
32402 [Q6%\3 Uo 3

— — Q> 1.256 ren

jnzl knyl maa, nry
G’,"M(:z:1 1@51Y11¥,) = COS . cos > cos . cos ) (D54)
02 coslcz]_hzl cos Iczmnz2

9 ikmn(Z1r2:82) = - - (D55)
JEmntT172 kzikm)k’mn(ﬂ)Smk’;‘kdsmk’m d

n

Integration over frequency § of the bracketed term in the right member of Equation
(D50) results in

V2r 9ikma(2y290m) X () Tarst(?) (D58)
where
f(r) = LT Flo) ‘9T do (D57)
o Y=o

Substitution of Equation (D56) in (D50) and integration over 7 yields the final expres-
sion for the cavity acoustic cross spectral density:

2 00
16pa : : 00 :
Saa(zng’yl,yzﬂpzz’w) = —— 3 3 p p

T

a?b? j=0 m=0 g=1 s=1
k=0 n=0 r=1t=1

Cas o n e i ot by

Gjl;mn(zl,32,3/1,?/2)91-,"""(21 1291 0) X (@) fqrst'(“’)‘

S T
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1 b fa bJ‘a
. F r T 3Z Y, Y )
(1+30i) (1+50k) (1+30m) (1+80n) J-o J.O J; 0 qst( 1% ¥15Y,

Cl.kmn(azl,azz,yl,yz) dz, dy, dz, dy, (D58)

Integrating over the spatial coordinates, using Equations (D51) and (D54), we obtain
by means of standard integration techniques

2 00 00 00 00
16pa 00 00 [+ o0
840 (®11%01Y11Y912118950) = ——st Xw) Z z 3 3
n4 j=0 m=0 g=1 s=1
k=0 n=0r=1 t=1
Gikmn(xl 9m2’y1 ’y2) gikmn (211227(‘)) fqrsz(w) Klkmnqrst (D59)

where G ikmm gl.kmn,fqr”, and X(w) are defined in Equations (D54), (D55), (D52), and (D53),

respectively, and where

(1-8,)) (1-5,,) (1-8,,) (1~8,,) grst [1-(- )~ 1)"] [1-(— 1)’ (- 1)k]
(L+8, ) (1+8,,) (148, ) (1+8,,) (4% -72) (**-#?)

K

jkirngrst =

, --v¢ o] [1--v'e '] (D60)

(s*~m?) (62 ~n?)

The cavity acoustic pressure spectral density obtained from Equation (D58) is

16pa2

0
(Da(zly?/papw) = Saa(-’cl,?’pyl,yl,zl,zl,w) = '_-;—" X(w) -
m

(-] 00 -] o0
00 -]
z z z z G'kmn(xl’zl’yl’yl) g'kmn(zl’zl’w)f rst(w)K ikmnagrst
=0 m=0 g=1 s=1 ! / q9 ] q
=0 n=x0 r=1 ¢=1]

(D6 1)
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Setting z, = z,, ¥, = y, in Equation (D54) and 2, = z, in Equation (D55), we have

G,kmn(zl’xl’yl’yl) = Gmnlk(zl’zl’yliyl) = lemn(xl’yl) (D82)
9, kmn(2192199) = Imnjn(21:219) = 9jkmn(2110) (D83)

Also
Kjkmnqrst = Kmnjkstqr (D84)

Hence using (D52), (D53), (D62), and (D63) in Equation (D61) and dropping the subscripts on
spatial coordinates , we obtain

2,2 o o ot %
256Apao @ ; ozo 020 °z° Gikmn(z7y)gikmn Z,(O)Gr'(a))
¢ (zY,2,w) = 1
ol2:Y12,0) 42022 jm0 m=0 gm1 s=1 Tg(@) Tod0)P (@) PL)R (@)Ry(w)
k=0 n =0 r=1 t =1
UO
) K]kmnqrst Vqrst(w); ® < 1'256‘8_#‘
2 2 o 00 00 0o
5124p, o <w a'>'3 - = ; o G ikmn (B 9jkmn(210)G (@)
- {— 2 &
a2\ jm0 m=0 gm1 s=1 [gd®) T {0)P (0)F ()R ()R (@)
k=0 n=Q r=1 t=1
UO
. Kjkmnqrst Vq’sz(w) » > 1.256 3—: (D65)

As for the case of the plate velocity spectral density, the cavity acoustic pressure

spectral density must be a real, even function of frequency. Thus by substituting Vqrs,

(as given below Equation (D21b)) in Equation (D65), rearranging Equation (D65) first for the
Uy %
frequency range o < 1.256 -é—:, (see Reference 32 for details) and then for w > 1.256 =

and using Equations (D62), (D83), and (D64), we finally obtain
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25611pa2 0wt = o0 0 o0

0 oo oo o0 oo G‘ z, . z,w G ®

<ba(z,y,z,w) = z b pA S lk””‘( 3/) gl"mn( ) rt( ) .

ﬂ4}l2a2b2 j=x0 m=0 g=1 s=1 Tqr(w) Tst((") Pr(w) P‘(m) Rq(w)ﬂs(w)
k =0 n=20 r=1 t =1
UO
W oot K jkmngrses @ < 1.256 =
2 2 oo ) o0 00
o | §I2APa00_(w5:)-3 020 ; ozo ; Gikmn(z,y)gikmn(z,w)G"(m)
2,Y,2,0) = 1 +— .
* ’ n #20262 UO j=0 m=0 ¢g=1 s=1 Tqr(w) Ts,(w)P,(w)Pt(w)Rq(w)Rs(w)
k=0 n=0 r=1 t=1
UO
‘ qusz(w) Kjkmnqrst w > 1.256 ST (D66)

For practical utility, the plate velocities and cavity acoustic pressures are expressed
in nondimensional form. The nondimensional expreasions given below are the working ez-

pressions used in the compuier program.
The nondimensional form of the plate spectral velocity is defined as

(D¢(z.:-yt“’+) -2
Q; (ztvt.h) = =4.38x 1074 H2%5 0wt
a? U,a
iyt | sayt
- w sin mrz" sin gret sin MY sin 7Y Gl m+)W;nqs(m+)
00 20 »t pt .ot
p 3 " ; o0 87 < 1932
m=1 g=1 Ta(@ N T ()P (@ Pl Ry (0*) B (o)

-2 -5
=3.2x 1073 M28" ot

s 3
nnMmMes
[ZI~ ]
N MMge

.’.

n syt
sin mra* sin gna* sin ;’f sin %G:s @ )W)
T8t > 1,932

T (0N T} MPIe PR (@R (") (D67)
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where the dimensionless input parameters and spatisl and frequency variables are defined

as follows
P a
M-—I—. z+a—-
U
U
0
U+”Zj'— y+=‘!'
e a
*
5+ 2 w0’ 28,
a U,
b*‘.f.
a
. wmna
(0] =
mn Uc
ra
f+=l-———=l
rU,
r a
N mn mn
r = =
‘mn uU, U,
D
DY = (D88)
thcza2

The quantities defined below Equation (D21) for R, ,Rq,um,vq,hmn,z\gs, Gher Pp P, T

qu, and Equation (D23) have been rewritten in dimensionless terms as follows:

272 R 1/2
RY(w*) -’"-Smﬂ)z-o.987w+ ] +0.05%0t } (D69)
[ 0280t
v,= tan (D70)

(mn)2 - 0.887w*?

A =tan~!| e o (DTY)
" ()2 - (0*)?
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Gh (o) = 0.850*0*5 [2(0 Tw*b*) 2+ (mr)? + (nrr)] ]
+,+ J
+ man 2 [(~1)"‘(-1)"—1] [1-5,,,,,] + mnn? (2- [(-1)"' + (—1)"]e’°~7‘° b } ;

(D79)

2

PY (0t = (mr)? + (0.T0*8") (D78)
2 231/2 k
(u+ 2 + %1- ;

r* (o%) = (._l”.f.) 1 +pI— 22 (D74)

ot rr ot
mn

mn)

,kmn(“’+) 1.0088w + 5, R} cos (v - 0.4637) cos (A;,~ A

Zmn2[(-1)i(—1)"'-1] E

+ 2jmn? cos (v +v,)cos A -A )+ (1-8
Ik [(jm)? - (mm) 2]

jm)

4+
.[R;’ cos (um+)\’.k-/\m) -!2; cos(ui +'\mn"\jk)] ~jmn2e~0-115@

.[(- l)i coc (0t + Vit Yy + /\).k— A + (=1)7 cos (@*+ Vit Vgt — ’\jk)]

(D75)
The nondimensional form of the cavity acoustic pressure spectral density is defined as

o, (zfyTatoT)a _ 7.008x 1073

2
+
o, (zTyh2Te™) = - - pt MIs* .
ZFZUCS 7
o0 [+, oo oe +
0 it g e (“’ )qu”(m )Kjkmnqrst
. E 2 2 2 L re
j=0 m=0 g=1 s=1 U,kmn(‘” )
k=0 nm=m0 r=1 t=1
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Toag.

kﬂy+ nrry+

cos jnz* cos mnz* cos cos cos k} 2% cos k} 2*
b+ b+ jk mn
;otst < 1.932
THeY) T Ple®) Ple™) By (@) R (o™)
5112x 1072 2 -2 ,-3 2 ©  ® *
-t M2t Te? : = = 3
nt j=0 m=0 g=1 s=1

k=0 n=0 r=1 (=1

GhehH Wi, (oMK

grst jkmngqrst
+ +
Uikmn(w )
kny* nmy*t
cos jmzt cos mnz" cos Y cos ¥ cos k. 2*cos kY 2t
»t pt ik mn
"k <5 08t > 1,982

Th®) T e*) Ple®) PRo™) Rjl?) RY (o™
(D76)

Equation (D78) is obtained from Equations (D66), (D69) through (D75), and the follow-
ing definitions for the dimensionless input parametors and spatial variable:

p. a
C+ -bc—-‘ P+ = ‘—ag-—
UC
a*t = 2 = s (D7)
a

which are used to form the following dimensicnless quantities

0*\’ {kn\? H2
+y - (i) 2 ~{ e
PG )—[(—;.—) (jm) \“) ]

Ubpa(e™) = kjik (M)k;‘m (0*) sin k*;ik d* sin k‘;mnd'* (D78)

+
jkmn

228




APPENDIX D2 —~ METHOD FOR DETERMINING INPUT DATA

The following data are furnished to the computer:

1. Dimensionless input paramsters to determine the dimensionless plate velocity sprectral

density:

U
0
Ut = ulr (See Figure 4 of Reference 32; U™* was taken to be constant,
¢ equal to 1.54 in Reference 32.)

The values for the data used in determining the input parameters may be either arbitrarily
prescribed or measured by methods similar to those presented in Appendix C.*
&
The range must also be specified for the spacial and frequency variabies z* = =

yt = % yand 0ot =wa/U,

2. Dimensionless input parameters to determine the dimensionless cavity acoustic pres-
sure spectral density.

In addition to the foregoing parameters, it is necessary to specify the following

additions:

4

C+ W by
Uc

r a
N wmna N “mn 2a)mna ' N N
*Additional input parameters Opp = = and A = — are functions of D" and b only,
U, mn 10, A

hence need not be independently specified.
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z
and the range for 2% = —.
a

The values for these data are either known from the geometry and properties of the

actual structure and fluid or are arbitrarily specified.
Reference 32 gives dimensionless input parameters which fall in the range of interest

for submarine sonar applications.

—y ”
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APPENDIX D3 - PROGRAM IDENTIFICATION

This progrum computes the plate velocity power spectrum and cavity acoustic pres-
sure power spectrum resulting from the vibrations of a turbulence excited finite plate with
simply supported boundaries. The program is designated as TURB3. It consists of two sub-
programs, [ and II. Subprogram I computes the plate velocity power spectrum and Subprogram
II the cavity acoustic pressure power spectrum. Both use similar notation. There are slight
differences in their inputs and in the interpretation of their output. See identification below.
A time estimate of the computer running times on the IBM 7090 is given below.

Figure No. | Subprogram | Frequency Range Running Time
min
16 I 1< ot < 1000 9.13
17 I 1< ot < 1000 12.0
18 I 1< ot < 1500 442.0
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APPENDIX D
TABLE 6

Identification for Subprograms I and II — Strawderman

‘This table includes input and output data identification,
flow chart, and order of input data, Computer running times
have been given on the previous page. Computer progam
listings are presented in Table 7.

TABLE 6A:
TABLE ¢B:
TABLE 6C:
TABLE 6D:

Input Data
Output Data
Flow Charts

Input Format
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TABLE 6A

Input Data
(Dimenasionless Units)
Symbol Identification Program
at Dimensionless longitudinal spacial X
coordinate 2/a
yt Dimensionless lateral spacial Y
coordinate y/a
z* Dimensionless spatial coordinate 2/a zZP
bt Dimensionless plate and acoustic BP
cavity dimension b/a
dt Dimensionless cavity dimension d/a | DEPTH
where d is acoustic cavity dimension
in 2-direction
ot Dimensionless plate damping DAMP
— coefficient divided by dimension-
vt less critical plate damping for the
M m-nth mode
ot Dimensionless radial frequency OMEGA
eU*
- — Dimensionless speed of sound CP
Uc UO
Dt Dimensionless plate flexural rigidity DP
M Dimensionless fluid mass CAPM
st Dimensionless turbulent boundary DELTA
layer displacement thickness
a Constant mult. factor; changes for ALFA
different fluids; a = 1.0 for water
a = 3.0 for air (See Interpretation
of Data Qutput)
Largest frequency of interest, i.e., TIP
catoff frequency at which program
is to stop
Convergence criterion in Equation TOLH
(D76) with TOLH > 1.0 (Case Jonly)
Convergence criterion in Zquation TOLL
(D76) with TOLL < 1.0 (Case Ionly)
pt Dimensionless fluid density equal to RHO

Paoa/y
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Ty Drvase 1Ty T

TABLE 6B

QOutput Data

e

Symbol Identification Program

@ pn Modal natural frequencies PNOME (1,J)

P 2
ler6)
oun /2] (&) + (3
¢t @ty &t o) Subprogram II: Equation (D76)
Dimensionless form of the cavity

acoustic spectral density. NOTE:
PHIP was multiplied by (p*)? =

Pay 2\’
~— | to agree with (D76); see
u

Interpretation of Data Qutput below

10.0 LOG , (PHIP)/2.302589 PHIDB
Corresponding frequency to PHIP OMEGA
ard PHIDB

Subprogram [. Equation (D67) PHIP

Dimensionless plate velocity
spectral density

10.0 LOG, (PHIP)/2.3025859 PHIDB
Number of terms needed for conver- ITOP
gence for each PHIP

Subscript indicating how many times MU
summation gone through before

convergence.

Interpretation of Data Qutput

Comment: Subprogram I involves eight nested do-loops which means that the inner oper-
ations are done a minimum of 28 times; the next index on the loop would be 48,68, . . .
atc. until convergence. Case I involves only four nestad loops.

Spacial Instruction: Sense Switch 4 is turned on by operator at beginning of program.
Curves — Three Examples
Example 1 (Figure 16): Subprogram I, Equation (D67) is used for this curve. The com-

puter results for the plate velocity spectruin were then changed to dimensional form and final-
ly converted to the ratio of displacement spectral density to turbulent pressure spectral
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density. The subprogram uses Bull data. The form of the final response is 10 Log, ,
[(®4(w) / ®,(w))] plotted against /. The following conversions were made manually.

a. Use the program to compute ¢’f¢ (w) Equation (D67) multiplied by a2

¢ (@)
b. Convert ¢$ (@) = !-U—a—f , where a2¢$ (w) is the quantity appearing in the pro-

[4
gram. This quantity is then multipiiad by U @ to yield ¢¢ (w).
Py (@)

c. ®,(0) = 6—?2—-4 (from velocity to displacement).
@

d. ¢,(0) = ¢p, Equations 3.1 of Reference 32. Use first of Equations 3.1 of Reference

1.2580,
32 since the Bull data yield maximum frequency w = 12,566 cps but @ = ~——— =

8 *
47,272 is cutoff point in this equation.

e. Other urit conversions:

(1) m+to/‘byw+=?£f—a-
Uc
(2) 5% = as*
UO
3) U, = t-(;:
. gd(w)‘ = Pp(@) => 10 Log 2@ 10 Log 2o, =
D, (v) 0%, (o) ®, () 0?3, ()

10 Log (¢4 () ) - 10 Log (0% ¢, (@) ) =
10 Log (U, a8 (@) ) - 10 Log(w? ¢ ,(w) ) =
[10 Log (U @) + 10 Log (3 (@) ) = 10 Log (0% ¢, (<) )]

[10 Log (U,a) + 10 Log (¢$ (@) ) - 20 Logw~ 10 Log qu(co)] .

Plot this versus f.

As an alternative, the foregoing results may be obtained by a simplified procedure.
This option eliminates most but not all of the manual computations.
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For subprogram use, the Buil data are nondimensionalized (see Figure 16). Note that
for this frequency range in the figure, the value of ¢p is a constant. This makes the correc-
tion simpler. The following FORTRAN lines, in which the constants are dependent on the
Bull data, are inserted into the Strawderman program to yield direct results for plotting Fig-
ure 16. These lines are inserted immediately after Statement 212 in the program. The curve
was plotted with RESP (PHISUBD/PHISUBT) against FREQ. It should be noted that the
curve is about 6 dB lower than Strawderman’s, since he originally used 116 (an arithmetic
error which he corrected following publication of Reference 32) instead of 110.392; see sub-

routine above.
Col. 7

PHIC=PHIDB+110.392
OF=OMEGA*190.986
OFW=0F*6.2318
WRITE(6,240)PHIC,OF ,OFW
240 FORMAT(1X,6HAPHIC=E17.8,6HAFREO=E17.8,10HA20LOG(W)=E17.8)
RESP=PHIC-OFW
WRITE(6,241)RESP
241 FORMAT(1X,17HPHISUBD, PHISUBT=E17.8)

Example 2 (Figure 17): Subprogram I is used. Computer result PHIDB is plotted against
OMEGA. This gives representation of Equation (D67) directly, i.e., PHIDB represents the
dimensionless plate velocity spectral density corresponding to values of ot

Example 3 (Figure 18): Subprogram I is used. Computer result PHIDB is plotted against
OMIZGA. Note: for agreement with Equation (D76) (cavity acoustic spectral density), the

resuit PHIP must be multiplied by (p *%) = (pao a/p)? or20Log,,p" must be added to
10.0Log, (PHIP) /2.302589 = PHIDB.* In Figure D4 the convergence criterion was a toler-
ance of 20 percent, with TOLL = 0.8 and TOLH = 1.2.

It is important to note that the original subprograms gave the following results:
a 2%’; (2t y*,0%) and a?®* (z*,y*,3%, 0*) rather than (D(;'(a:"', y*,o*) and @i(2*,yY,
2t ,0%). By setting a = 1, the subprograms have now been modified to yield the nomalized
results ¢$(z+,y+,w+) and &% (z*,y*,2%,0%). The unnormalized results oy (zt, y*ot)
= q? Uca<b$ (2t 0*) and © (2%, ¥, 2% 0t) = a2p2U3 0% (2%, v, 8%,0") are then ob-

tained manually for water (a = 1) or air (a = 3), i.e, Set a = 1 or 3, accordingly.

*This operation was performed in order to manually compensate for the inadvertant omission of (p")2 from the

program. Subsequent to the computation of Figure 18, the program was corrected to include (p+) 2. Hence manual
compensation is no longer necessary since the true results are obtained directly from the computer.
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Flow Chart fer Subprogram I — Plate Velocity Power Spectrum

START

READ DATA (DIMENSIONLESS)
X,V, BP, DAMP, DEPTH, OMEGA,
CP,DP, CAPM, DELTA, ALFA, TIP

* 3
CALCULATE: CONSTANTS, BOUNCARY 1

CONDITIONS, AND NATURAL FREQUENCY ;
PNOME(1,J)

Iy

AN

STATEMENT 160 3
INITIALIZE VARIABLES, ORDER ;
FREQUENCY, SET LIMITS ITOP; MU

CALCULATEGy, T, P, CAPR,,
0.23012
ARCTAN[
2% = 0.9870* 2

2 DAMP .PNOME,, -OMEGA
ARCTAN
PNOME(I,J)* - OMEGA 2

DO 714 J =), ITOP
DO 713 K =1, ITOP
e—= D0 712 M =1, ITOP
—— D0 711 N1, ITOP

CALCULATE W,

PNUM, = SNXCS)SNY(KISNXIMISNY(N)G(K,NIW, 0

DEN )y = T KITGANIPKIP(NICAPR(J)CAPRIM)
ITOP ITOP PNUM

Suv = Y
sk wn DEN

- 711 CONTINUE
L 712 CONTiNUE

ve———fi~ 713 CONTINUE
m—emeeeiim= 114 CONTINUE

237




PHIFY(MN) = (4.38 x 107* o2m? PHIFY(MU) = (3.2 10~ 302 M2
8."'.-2)SUM 5*—2(11—5)5{]“

ITOP ~ 1TOP + 2

RESET Q,
ITOP, MU

WRITE:
INPUT DATA
PHIFY (MU), TOP, MU

!

PHIFY(MU)

CALCULATE RATIO = smemeeo—ee
PHIFY(MU-1)

RATIO: 0.97

PHIP = PHIFY(MU)
PHIDB - 10LOG, (PHIP)

1

WRITE:
PHIP, PHIDB, OMEGA, | TOP, MU

ITOP = iTOP+2

OMEGA: TIP

sToP
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Flow Chart for Subprogram II — Cavity Acoustic Pressure Spectrum

START

READ DATA (DIMENSIONLESS)
X,Y,BP, DAMP, ZP, DEPTH,
OMEGA, CP, DP, CAPM,DELTA,
ALFA, TIP, TOLH, TOLL, RHO

!

CALCULATE: CONSTANTS, BOUNDARY
CONDITIONS, AND NATURAL FREQUENCY
PNOME(1,J)

STATEMENT 160
INITIALIZE VARIABLES, ORDER FREQUENCY,
SET LIMITS ITOP, MU, CALCULATE ACRES(,J)

!

CALCULATE G, T, Py, CAPR;,

0.230+2
ARCTAN et sonn————
i2n? - 0.987 5+ 2

2-DAMP-PNOME”-0MEGA>

ARCTAN(
PNOME? - OMEGA?
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00 N2
DO 1

00 824
DO 823
D0 822
——— D0 82

00 714 =1, ITOP
DO N3 K=, ITOP

M- 1, 1TOP
N- 1, ITOP

CALCULATE W

Ja-1, 1mop
KR=1, ITOP
MS- 1, ITOP
NT -1, ITOP

JKMN

CALCULATE PNUMJQ,KR.MS,NT,J,K,M,N

CALCULATE DENJ,K,M.N,JQ,KR.MS,NT

ITOP ITOP ITOP 1TOP PNUM

z Z Z e

M. ';& NT

SUM= 3
J.K

- 821 CONTINUE
b 822 CONTINUE
b 823 CONTINUE
g~ 824 CONTINUE

711 CONTINUE
- 712 CONTINUE
—a 713 CONTINUE
—me- 714 CONTINUE

p?x SUM) /n ®

PHIFY (MN) = (7.008 x10" %2 2425+ +

t5ti1.932

N

240

!

PHIFY(MU) = (5,112 x 10~ 22 22+
5+-2w+—392 SUM)/n 4




WRITE: INPUT DATA
PRIFY (MU), TOP, MU

———

|

CALCULATE RATIO =
PHIFY (MU)/PHIFY (MU- 1)

ITOP = ITOP + 2

RATIO: TOLL

< >
PHIP = PHIFY (W) _
PHIDB = 10L0G, , (PHIP) RATIO: TOLH
WRITE:

PHIP, PHIDB, OMEGA, ITOP, MU

(A%

RESET Q,

OMEGA: TIP
ITOP, MU
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TABLE 6D

Input Format

CASE |
X 10 Y 2 P 3 BP 40 DEPTH 50 60 70 80
10.8
DAMP 10 OMEGA 20 CP 30 DP 40 CAPM 50 60 70 80
10.4
DELTA 10 ALFA 20 TIP 30 TOLH 40 TOLL 50 60 10 80
10.4
RHO 10 20 K] 40 50 60 70 80
10.6
CASE 2
X 10 Y 2 8P 30 DAMP 40 DEPTH 50 60 70 80
OMEGA 10 e 20 oP X CAPM 40 DELTA 50 60 70 80
ALFA 10 TIP 20 30 40 50 60 70 80
242
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APPENDIX D4 — TEST RUNS

Results obtained from the computer programs of Table 6 are given in Figures 16—18.

A test run for the dimensionless plate veiocity spectral density ¢; (2*,y%,0%) con-
verted to the ratio of displacement spectral density to turbulent pressure spectral density
(¢d(°’)/(¢f(w) is plotted logarithmically in Figure 16. Test runs for the plate velocity
power spectrum and the cavity acoustic pressure power spectrum are plotted in Figures 17
and 18, respectively, Computer listings are given in Table 7.
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PP R S

+ 10 §:

0
(COMPARE WITH FIGURE 9
~ OF REFERENCE 32)
w -0
")
[- 9
-
3 S0 - 0.242
E\ v’ - 05 \J
Pand + =
3 b 1.0
o -} I Il
A —_— . 0.005
3 e /
pw] mn
2 © dt - 0.0026
- o' (INITIAL VALUE) = 1.0
ct -c/U, cU'/U0 = 3.0857
p* =~ 17x107?
-5k
Mo - 00 \J
5t~ 0.0
a « 3.0 (FOR AIR)
-60 —

200 1000
o
—_ H
2a f ()

4 Figure 16 — Computed Response of a 3.5 x 3.5 x 0.1-Inch Steel Plate to
Turbulent Boundary Layer Excitation

See pages 56--57 of Reference 32 for source of data used here.
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ey

r

0L0G,, @;(1/2,1/3,0,0*%)

~9%

-
-10 - \%
Lt |2t - 15
yt =13
i (COMPARE WITH FIGURE 12 | 0* = 10.3
é. OF REFERENCE 32) N =189
S 5t « 0021 —
g . 0.6867 \
+
® AN \
° +
8"‘ ""mn
.‘?-.l ~1%0 et a4
@* (INITIAL VALUE) = i1.0 N
a = 10(FORWATER) \\
d* = 0.3 N
R P11 ]
10 100 1000

+
@

Figure 17 — Computed Dimensionless Plate Velocity Power Spectrum at Dimensionless

-10

-2

-8

-100

Coordinates (1/5, 1/3); 10 Percent Critical Damping
See pages 60, 61 and 75 (Table 2, Case 1) of Reference 32 for source of data used here.

— ]

(COMPARE WITH FIGURE 25

OF REFERENCE 32)

B - 0867

¢ - 03 N

"

2 N
+

w*(INITIAL VALUE) = 11.0 \
ct - 454

0* -3

T

5 - oo

¢ = 10 N
ot =189 ™\

100 100
o

Figure 18 — Computed Dimensionless Cavity Acoustic Pressure Power Spectrum
at Dimensionless Cavity Coordinates (1/2, 1/8, 0)

See page 75 {Table 2, Case 1) of Reference 32 for source of data used here.
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TABLE 7
Computer Listings for USL Subprograms I and II — Strawderman
Table 7A — Plate Velocity Power Spectrum
SIBFTC STRTR2 o #
DIMENSTON PNOME(204+20)¢4FREQ{20+20) s TMINO(20)sPHIFY (100} sSNX{20)9 0020
ISNY(20)9CSX{20)9CSY{20)9G(209020)9T(20920)9eP(20)9CAPR(20) 0030
DIMENSION PNOND(20+20)9GNU(20)9sPLDA{20+20) 0040
DIMENSION IDUMP({18) 0 50
402 READ (59403} XoYsBPsDAMP 4DEPTHIOMEGA »CP»DP s CAPMIDELTA 0060
1ALFASTIP 70
403 FORMAT{5F1048/5F1044/2F1004) 0ceo
406 Q=040 90
P123,14159265 0100
PISC=PI##2,0 0110
E=26471828182 0120
IPEN=+80000 #130
SINEX=SIN(PI#X) 0140
COSEX = COS(PI#X) 0150
SINEY = SIN{(PI®Y)/BP) 0160
COSEY = COS{(P1%Y)/BP) 0170
IF (ABS(SINEX)=10¢0%#(=740)) 80048004801 0180
800 SINEX=0,40 0190
801 IF (ABS(SINEY)=10,0%##(<7,0))802+802+803 0200
802 SINEY#0,0 0210
803 JF (ABS({COSEX)~10s0%#(=740))80498049805 0220
804 COSEX=040 0230
805 IF (ABS(COSEY)=10,0%##(~7,0))80698069€07 0240
806 COSEY=0.0 0250
807 CONTINUE 0260
SNX(1)=SINEX 0270
SNY{1)=SINEY 0280
€SX{1)=COSEX 0290
CSY(1)=COSEY 0300
DO 701 I=2420 0310
Jsl=l 0320
SNX{1)=SNX{J) #COSEX+CSX(J)I*SINEX 0330
SNY(1)2SNY(J)#COSEY+CSY{J)#SINEY 0340
CSXUT1)=CSX{J)#COSEX=SNX{J) #SINEX 0350
CSY(1)=CSY({J)#COSEY~SNY(J)#SINEY 0360
1F  (ABS{SNY{1})=10e0##{=7,0)) 80980481 0370

TR
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TABLE 7A (Continued) 1

¥
80 SNY(I)=040 0380
81 IF (ABS({SNX(I))=1040%%(=740))82+82+83 0390
82 SNX{1)=040 0400
83 IF (ABS{CSY(I))=10,0%##(~7401)84+84985 0410
84 CSY{11=040 0420
85 IF {ABS(CSX(I))=1040%%(=740))86+8687 0430
86 CSX{11=040 0440
87 CONTINUE 0450
702 CONTINUE 0460

WRITE(647) 0470 k

7 FORMAT{1H1/26HWs STRAWDERMAN JOB NO 0775) 0480 ]
DO 100 I=1920 0490
D0 101 J=1,420 0500
Fxl 0510
H=J 0520
PNOME( 1oJ)2(DPR%05)#(((FAPI)¥%2,0)+( (H*PI/BP)*%#240)} 0530
101 CONTINUE 0540
100 CONTINUE 0550
CALL SSWTCH{49KOOOFX) 0560
IF{KOOOFXeEQe2) GO TO 521 0570
520 WRITE(6¢5221X9Y¢BP +DAMPyDEPTHeOMEGA+CP4DP ¢ CAPMgDELTA 0580
1ALFAsTIP 590
522 FORMAT(5F10e8/5F1064/2F1044) 0600
521 CONTINUE - 0610
WRITE(66142) ( (PNOME(T9J)9J=1410)91=1+10) 0620
142 FORMAT(10E12¢4) 0630
160 DO 106 K=1920 0640
0O 107 L=1420 0650
FREQ{KsL}x040 0660
107 CONTINUE 0670
106 CONTINUE 0680
DO 102 =120 0690
DO 103 Um1920 0700
IF (OMEGA~PNOME (19J))10491039103 0710
104 K=l 0720
L=J =730
FREQ{KsL)=PNOME(KsL} 0740
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TABLE 7A (Continued)

GO TO 102 07s0

103 CONTINUE 0760
102 CONTINUE 0770
DO 70C 1x1520 0780
TMINO(1)=0,40 0790

700 CONTINUE 0800
M=0 #810

DO 109 t1=1,420 0820

DO 108 Us1420 0830
IFIFREQ(1+J))999110s111 0840

111 M=M+1 0850
TMINO(M)=FREQ(I4J) 0860

110 CONTINUE 0870
108 CONTINUE #880
109 CONTINUE 0890
SsTMINO(1) 0900

00 112 =119 0910
IF{S=TMINO(L+1))11291214121 0920

121 S=TMINO(L+1) 0930
112 CONTINUE 0940
00 130 L=1y20 0950
TF(S=TMINO(L})13041329130 096C

132 N=( 970
GO TO 180 980

130 CONTINUE 990
180 DOMEG= {S=OMEGA) /440 1000
Z=N 1010
ITOP=Z+145 1020
My=] 1030

300 CONTINUE 1040
DO 2171 1=1,100 1050
PHIFY(1)20,0 1060
2171 CONTINUE 1070
217 CONTINUE 1080
SUM=0400 1090
TOP=0:0 1100
EXPBSE®#(«=0¢7#OMEGA#BP) 1110
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TABLE 7A (Continued)

DO 702 I=1420 1120
DO 703 J=1,420 1130
B=1 1140
D=J 1150
IF(B=D)11s12»11 1160
11 GUIsJ)=BRDHPISCH{ [ {(=1e0)*R]}R{ (<100} %8J)=140)+(260=({(=140)%0]) 1170
14((=140) %)) ) #EXPB} ) 1180
GO TO 703 1190
12 Gl19J)=(0e35%0MEGA®BP ) %[ 240%{ (04 T*OMEGARBP | ##2,0)4PISQ*((BR*#2,0)+ 1200
1(D#%240)) }+BUDHPISQ#(260=(((=1e0)R%])+{{=100)0%)) ) *EXPB) 1210
703 CONTINUE 1220
702 CONTINUE 1230
CALL OVERFL(J) 1240
IF{JeEQe2) GO TO 751 1250
750 WRITE(69752)1EXPB 1260
752 FORMAT(012) 1270
751 CONTINUE 1280
DO 705 I=1420 1290
DO 704 J=1,20 1300
PNOND( 19J)sPNOME (] 9J) /OMEGA 1310
TOIoJ)=({{(PNOND(TeJ)#%2 }J<140)%%#2 §+(2+0%DAMP#PNOND( 19U} )42 ) 1320
184045 1330
704 CONTINUE 1340
705 CONTINUE 1350
DO 706 1=1,20 1360
A=] 1370
PlI)={A#®2 1#PISQ+(0¢THOMEGA#BP )} #%2 1380
706 CONTINUE 1390
DO 707 I=1,20 1400
A=l 1410
CAPR(I)={(((A¥®2 )%PISQ~0e98TH{OMEGA®%2 ) )#%2 )+040529%(OMEGARS® 1420
14 ) )#%045 1430
707 CONTINUE 1440
PNGNU=0423% {OMEGA®*2) 1450
DO 708 I=1420 1460
A=l 1470
DGNU  =(A*#2 )#P1SQ=0,987#{OMEGA#®#2 ) 1480
1
1
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TABLE 7A (Continued)

CALL ACTNIDGNU  »PNGNUGNU(1)¢I0TA} 1490
1F(I0TAI13414913 1500
13 GO TO 216 1510
14 CONTINUE 1520 !
708 CONTINUE 1530 ;
D0 710 1=1,20 1540 |
00 709 J=1420 1550 r
PNLDA=2 4 0#DAMP#PNOME ( 1 4J} #OMEGA 1560 |
OLDA=(PNOME(T4J) 022  )={OMEGA®##2 ) 1570 |
CALL ACTN(DLDAsPNLDASPLDA(IsJ} 9 ILDA} 1880 ‘
IF{ILDA)19920419 1590 ]
19 GO TO 216 1600 i
20 CONTINUE 1610 :
709 CONTINUE 1620 :
710 CCNTINUE 1630 |
740 CONTINUE 1640 ;
DO 714 J=141TOP 1650 |
DO 713 K=141TOP 1660 %
DO 712 M=1,1TOP 1670 i
DO 711 M=141TOP 1680 {
Asy 1690 |
BeK 1700 !
CuM 1710
DaN 1720
TMAX = AMAX1(A9B9eCsD) 1730
IF(TMAX=TOP) 71197114737 1740
737 CONTINUE 1750
TFISNY{N))T169715,716 1760
715 PNUM=0.0 1770
DEN=®140 1780
GC TO 310 1790
716 IF(SNX({M})T189717:718 1800
717 PNUM=0+0 1810
DEN=140 1820
GO TO 310 1040
718 IF(SNY(K))T20+7199720 1840
715 PNUMZ040 1850

LS
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TABLE 7A (Continued) ;
E
DEN=140 1860 k
GO TO 310 1870 b
720 IF(SNX(J))1T72297210722 1880 3
721 PNUM=0.0 1890 i
DENs140 1900 :
GO TO 310 1910 3
722 CONTINUE 1920
1F(J=M)21922921 1930
21 WA®CHPISO#(240%#(COSIGNUIJI+GNUIM)))*#(COS 1940
X{PLDA(JoK)=PLDA(MIN)) )+ 1950
10({=140)#%J)#((=1,0)##M) =140 )% (CAPRIJ)*{COSIGNU(M)+PLDA(J9K)~ 1960
2PLDA(MoN) ) ) =CAPR(M)*(COS(GNU{J)+PLDA{MsN)=PLDA(JeK))}) 1970
X/7{PISQ*{ 1980
3(ANI2,0)=(CH#240)) ) )={ (EX*(~00115%OMEGA) }# 1990
X({(=1e0)##J)#(COS{OMEGA 2000
4+GNU(J) +GNU(MI+PLDA(J oK) =PLDA{MIN) ) )+ ({~140) 0 2010 1
XM)#{COS(OMEGA+GNU(J 2020 b
5)+GNUIM)+PLDA(MaN) ~PLDA{ J9K)} )} )) 2030
GO TO 33 2040
22 W = 140066%OMEGA®CAPR(J)#{COS(GNU(J1~0s463%P])) 2050
X#(COS{PLDA{JU9IK)~ 2060
IPLDA(MIN) } Y +ARCRPISQR (2, 0% {COS{GNU{J) + 2070
XGNU(M) 1) #(COS(PLDA(JsK}= 2080
2PLDA(MANY )y =( (E##(=0s115%0OMEGA) ) #{((=140)nuJ)n 2090 1
X{COS{OMEGA+GNU(J)+ 2100
3GMUIM)+PLDA(J9K)=PLDA(MoN) ) )+ { (=140 ) *2M)#{LCOS 2110
X (OMEGA+GNU( J) +GNU(N) 2120
44PLDAIMoN)=PLDA(JIK} )} ) 2130
33 CONTINUE 2140
PNUMBSNX{J)#SNY(K)%SNX{M)}*SNY (N)#G(KsN)*W 2150
DENST(JoK)#T(MoN) %P (K)XP (N)*CAPR(J)#CAPR(M) 2160
310 SUM=SUM+({PNUM/DEN) 2170
CALL SSWTCH(29XKO0OFX) 2180
1F(KOOOFXeEQe2) GO TO 501 2190
500 WRITE(6+23) SUM¢PNUMIDENsGIKIN) sWoT(JoK) o T{MaN)oP(K) 2200
1IP(N) o CAPR(J) sCAPR(M) sA9B9CoD 2210
23 FORMAT(S5E17.8/5E1748/5E174877/) 2220
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TABLE 7A (Continued)

501 CONTINUE 2230
CALL SSWTCH{6+XOOOFX) 2240
IF(KOOOFXeEQe2) GO TO 51 2250

50 WRITE(G69521SNX(J)oSNY{K)oSNX(M)eSNY(N) 2260
52 FORMAT{4E17.8) 2270
51 CONTINUE 2280

711 CONTINUE 2290

712 CONTINUE 2300

713 CONTINUE 2310

714 CONTINUE 2320
IF{{OMEGA®DELTA)=14932)20292029203 2330

202 PHIFY{MU)=4438#( 10,088 {=4,0) )% (ALFARR2,0)%(CAPMM#2,0)*DELTA*(OMEGA 2340
188 (=2,0) ) #SUM 2350
GO TO 204 2360

203 PHIFY{MUIR342#({1040%%#({=3,0) )% {ALFARR2,0)%({CAPM#R2,0)#(DELTARN{=2,0 2370

1} )4 (OMEGA#® (=5,0) } #SUM 2380

204 CONTINUE 2390
CALL SSWTCH{41XOO00FX) 2400
IF{KOOOFXsEQe2) GO TO 531 2410

530 WRITE(6+4532)X9YsBPoDAMPyDEPTHIOMEGASCPoDPsCAPMIDELTAY 2420
1ALFATIP 2430

532 FORMAT{S5F10+8/5F1044/2F1044) 2440

531 CONTINUE 26450
CALL SSWTCH{4¢KOOOFX) 2460
IF(KOOOFXeEQe2) GO TO 505 2470

504 WRITE(69502)PHIFY(MU)sTOPIMU 2480

502 FORMAT(2E17489112) 2490

505 CONTINUE 2500
IF({TOP)2064+2054206 2510

205 CONTINUE 2520
TOP=1TOP 2530
MU=MU+1 2540
1TOP=ITOP+2 2550
GO TO 740 2560

206 CONTINUE 2570
KsMU=1 2580
RATIO=ABS({(PHIFY{(MU)}/PHIFY{K}) 2590

1 2592
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510
512

515
511

207

208
209
210

211

4001
4000
4002

212

3000
3001

215

TABLE 7A (Continued)

CALL SSWTCH(42KOOOFX)
IF{KOOOFX4EQe2) GO TO 511
WRITE(69512)RATIONPHIFY (MU sPHIFY(K ) sMUsK
FORMAT(3E17481212)

WRITE(64518) (PHIFY(J)9J=1910)
FORMAT(8E1748)

CONTINUE

1F{RATI0=0497)207+2084208

CONTINUE

TOP=TOP+2,0

1TOP=ITOP+2

MUSMU+1

GO TO 740

CONTINUE

IF(RATIO=1403)20942094210

CONTINUE

GO 10 211

CONT INUE

TOP=TOP+240

1TOP=1TOP+2

MU=MU+1

GO TO 740

CONTINUE

PHIP=PHIFY (iu:1

CALL SSWTCHI(19#KOOOFX)
IF(KOOOFXsEQe2) GO TO 4002
WRITE(644000)PHIP 4 OMEGA

FORMAT (2€17.8)

CONT INUE

PHIDB = (1040%#ALOG(PHIP))/2430258509
WRITE(64212)PHIP »PHIDB ) OMEGA+ 1 TOP yMU
FORMAT{3E17485212)

IF (PHIDB) 3001930005 3000

PHIDB20,0

CONT INVE _

1F(OMEGA=TIP) 21542169216

CONT INUE
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TABLE 7A (Continued)

}
i
1FIQ=340)21302149216 3060 §
213 OMEGA=OMEGA+DOMEG 3070 l
Q=0+140 3080 :
1TOP2Z+145 3090 ¢
MUs1 3100 |
GO TO 300 3110 '
214 OMEGAZS40,001 *DAMP 3120 J
Q=040 3130 !
GO TO 160 3140 :
216 END FILE & 3150 ;
WRITE{693009) IPENS IPEN 3160
3009 FORMAT(216) 3170
END ILE § 3180
END FILE & 3190
sTOP 5 3200
99 STOP 7 2210
END 3220
SIBFTC ACTN REF ACTNOO10
CACTN ACTNOO20
SUBROUTINE ACTN (AsBeTHETASI) ACTNO030
1=0 ACTNO040
IF (ABS(A)+ABS{B)) 27928427 ACTNOOS50
27 THETAs ATAN(ABS(B/A)) ACTN0060
1F (A} 224214923 ACTNOOTO
22 IF {B) 3242431 ACTNO08O
23 IF (B) 33425034 ACTNO090
24 THETA=341415927 ACTNO100
GO T0 34 ACTNO110
25 THETA=040 ACTNO120
GO 10 34 ACTNC130
21 IF (B) 26428429 ACTNO140
26  THETA=447123890 ACTNO150
GO T0 34 ACTNO160
29 THETA=145707963 ACTNO170
GO T0 34 ACTNO180
31  THETA=341415927-THETA ACTNO190
GO TO 34 ACTNO200
32  THETA=THETA+341415927 ACTNO210
GO TO 34 ACTNO220
33  THETA=64283154=THETA ACTNO230
GO TO 34 ACTNO240
28 WRITE (69315) ACTNO250
315. FORMAT (&OHOPROGRAM=CANNOT=CONTINUE»ARCTAN OF (0/0) ) ACTNO260
I=} ACTNO270
34 RETURN ACTN0280
END ACTNO290
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Table 7B — Subprogram II — Cavity Acoustic Pressure Power Spectrum

SIBFTC STRTR1 00 0
DIMENSION PNOME(20+20)sFREQ(20+20)9TMINO(20) +PHIFY{100)9sSNX(20)s 0010
1SNY(20)9CSX(20)9CSY(20)9G(20920)9T(20+20)eP(20)sCAPR(20) 0020
DIMENSION PNOND(20+20)sGNU(20) +PLDA(20+20) 9CKAYZ(204+20)9SINKD(20s 0030
120)9COSKZ(20020) 9ACRES(10410) sCOKAP(204+20)9COGNU{20+20) 0040
DIMENSION IDUMP(18) #* 50

402 READ(50403) XsYoZP+BPsDEPTHDAMP ¢OMEGASCP sDP s CAPM9DELTA 0060
1ALFASTIPeTOLHeTOLL * 70
403 FORMAT(5F1048/5F1044/5F1064) 0080
READ(5+410) RHO 0 85

410 FORMAT(F1046) 86
406 Q=040 90
P1%3414159265 0100
P1SQ=PI##2,0 0110
Ex2471828183 0120
EXPARE®#(=04115*OMEGA) 0130
I1PEN=+80000 0140
SINEX=SIN(PI#X) 0150
COSEX = COS{PI*X} 0160
SINEY = SIN((PI®#Y)/BP) 0170
COSEY = COS{(PI#Y)/BP) 0180

IF (ABS(SINEX)=~10s0%#(=7,0)) 80048004801 0190

800 SINEX=0,0 0200
801 IF (ABS{SINEY)}=1040%#{=740))802+8020803 0210
802 SINEY=0,0 0220
803 IF (ABS(COSEX)=1040%#{~740))804+8049805 0230
804 COSEX=0,0 0240
805 IF (ABS(COSEY)~10e0%##{~7,0))806+806+807 0250
806 COSEY=0,0 0260
807 CONTINUE 0270
SNX(1)=0e0 0280
SNY(1}=0e0 0290
CsXi11=140 0360
CsY(1)=140 0310

00 701 182420 0320
Jel=1 0330
SNX(1)=SNX(J) #COSEX+CSX{J) #SINEX 0340
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80
81
82
83
84
85
86

701

101
100

520

522

590
521

142
160

107
106

TABLE 7B (Continued)

SNY(1)aSNY{J)#COSEY+CSY{J)#SINEY
CSX(I)=CSX(J)#COSEX~SNX{J)*SINEX
CSY({1)=CSYJ)#COSEY~SNY(J)#SINEY

IF  (ABS{SNY(1))1=10s00#({=7,0)) 80980981
SNY({1)"0e0

IF (ABS{SNX(]1))=10,038({~740)182982483
SNX{1)=0.0

IF (ABSICSY(1)i=10,08#8(=T740))84¢84985
CSY(1)=040

IF (ABS(CSX{I))=10.0%#{=T740))86486987
CSX(1)=060

CONTINUE

CONTINUE

WRITE(647)

FORMAT (1H1 726HWe STRAWDERMAN JOB NO 0775)
DO 100 11420

DO 1U1 J=1420

F=!

HaJ

PNOME( I oJ) s (DPRRO,S)R{((FRPL)%NR2,0)+((H*P]1/BP)##240))
CONTINUE

CONTINUE

CALL SSWTCH{&49JSSTCH)

IF(JSSTCHeEQe2) GO TO 521

WRITE(6+522) XoYs2PsBPIDEPTHDAMP ¢OMEGASCP9DPoCAPM
IDELTAWALFASTIP
FORMAT(S5F1068/5F10+4/3F1044)
WRITE(69590) RHO

FORMAT(1XsF1046)

CONT INUE

WRITE(6+142) ({(PNOME(T9J)0J=1¢210)9121910)
FORMAT{10E1244)

DO 106 K=1,20

DO 107 L=1420

FREQ(KsL)=040

CONTINUE

CONTINUE
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0365
0370
0380
0390
0400
0410
0420
0430
0440
0450
0460
0470
0480
0490
0500
0310
0520
0530
0540
0850
0360
esTo
0580
0590
0600
0610
0615
0616
0620
0630
0640
0650
0660
0670
0680
0690
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104

103
102

700

111
110

108
109

121
112
132

130
180

TABLE 7B (Continued)

DO 102 I=1,y20

DO 103 U=1420
IF;OMEGA-PNOME(loJ))10601030103
K=

L=J
FREQ{KsL)=PNOME (KoL)

GO TO 102

CONTINUE

CONT INUE

DO 7C0 I=1,20
TMINO(1)=0,40

CONTINUE

M=0

DO 109 1=1,20

DO 108 J=1420
IF(FREG({1+J})19941100111
M=aM+1
TMINO(M)=FREQ{ 1)

CONT INUE

CONTINUE

CONT INUE

$=TMINO(1)

D0 112 L=1419
IF(S=TMINO(L+1))11241214121
S=TMINO(L+1)

CONTINUE

DO 130 L=1420
IF(S=TMINO(L) 113091324130
N=L

GO TO 180

CONTINUE
DOMEG= { S~OMEGA} /340
Z=N

ITOP=Z+145

My=]

D0 901 =110

DO 900 U=1,y10

257

0760
0710
0720
0730
0740
0750
0760
0770
0780
0790
0800
0810
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0840
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TABLE 7B (Continued)
Asl~1 1070
B=J=1 1080
ACRES(19J)sPIoCP®( (ABS2 )+((B/BPI##2 })#80,8 1090 ﬁ
900 CONTINUE 1100
901 CONTINUE 1110
WRITE(64902) ((ACRES(1+J)sJs1+10)s1%1410) 1120
902 FORMAT(//10E1244) 1130 ;
300 CONTINUE 1140
DO 2171 114100 1150
PHIFY(1)2040 1160
2171 CONTINUE 1170 ¢
217 CONTINUE 1180 ;
SUM=20400 1190
TOPs040 1200
EXPBSES® (=04 7#OMEGA®BP ) 1210
00 702 131520 1220
DO 703 J=1420 1230
Bal 1240
D=J 12560
1F(8-D)11s12+11 1260
11 GEIoJ)=BRDRPISGH((((=140)#81)8((=100)%#J)u100)4{260=01(=140)%#1) 1270
14{ (=140)#8J) ) #EXPB) ) 1280
G0 T0 703 1290
12 GUTsJ)=(0c3SROMEGASEP ) #(2,0%( (04 THOMEGARBP ) #82 )4+P1SQW( (BRe2 )+ 1300
1(D##2 1)) 4BRD#PISQ#(20-{ ({=540)#81)+{(=140)#4J) J*EXPB) 1310
703 CONTINUE 1320
702 CONTINUE 1330
CALL OVERFL{J) 1340
1F(Je€Qs2) GO TO 751 1350
750 WRITE(64732)EXP8 1360
752 FORMAT(012) 1370
751 CONTINUE 1380
00 705 Is1420 1390
DO 704 Js1420 1400
PNOND{ 14J) sPNOME (1 4J) /OMEGA 1410
TU1oJ)o({((PNOND{1,J)}##2 )=140)%%2 )4(2,0%DAMP*PNOND(T¢J))#%#2 ) 1420
100045 1420
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TABLE 7B (Continued)

Suda b £y

704 CONTINUE 1440
705 CONTINUE 1450
DO 706 121420 1460 ]
Asi 1470 ;
P(I)m(ARN2 ) #PISQ+(04T#OMEGA#BP )%+ 2 1480 :
706 CONTINUE 1490 1
DO 707 121520 1500 '
Azl 1510
CAPR(T)=((((AR#2 )#PISQ~0+987# (OMEGA®*2 ))##2 )40,0529%(OMEGA** 1520
14 ))##0.5 1530 ]
707 CONTINUE 1540
PNGNU=0423% (OMEGA%#2) 1550
0O 708 1=1,20 1560
Asl 1570 ]
DGNU  =(A#%2 }#P150=04987#(OMEGA%#2 ) 1580 3
CALL ACTN(DGNU  ¢PNGNUsGHU(1)910TA) 1590
IF(10TA) 13414413 1600 .
13 GO TO 216 1610 |
14 CONTINUE 1620
708 CONTINUE 1630
DO 7080 1=1,20 1640
DO 7081 J=1420 1650
COGNU{14J) & COS(GNU(T)+GRU(J)) 1660
7081 CONTINUE 1670
7080 CONTINUE 1680
DO 710 121,20 1690
DO 709 J=1,20 1700
PNLDA=2, 0#DAMP#PNOME ( 1 4J)%OMEGA 1710
DLDA=(PNOME(19J)#%2 )=(OMEGA¥#2 ) 1720
CALL ACTN(DLDAsPNLDAsPLDA{T9J) s TLDA) 1730
IF(ILDA)19+20019 1740
19 GO TO 216 1750
20 CONTINUE 176¢
709 CONTINUE 1770
710 CONTINUE 1780
CQR= (OMEGA/CP ) ##2 1750
DO 811 I=1,20 1800
I
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812

813

810
811

5004

5003

4002

4001
%005

%006

TABLE 7B (Continued)

DO 810 J=1920

Asl=]

8s j=]

EQRaPISQ®((A®S2 ) +((B/BP)N"2 })
IF(EQR=COR) 8128124813
CKAYZ{14J)n{CQR-EQR)##0,5
ARGDSCKAYZ (19 J)®DEPTH
ARGZ=CKAYZ(19J)#2P
SINKD{1eJ)sSIN{ARGD)
COSK2(14J)aCOS{ARGZ)

GO 10 810
CKAYZ(14J)s(EQR=CQR)#%0,5
ARGD=CKAYZ (19 J)*DEPTH
ARG2ZaCKAYZ(19J)82P
SINKD({IsJ)s(0s5)0{ (ERRARGD)=(ER® (=ARGD) )}
COSKZ{14J)e(0s5) % (ERSARGZ)S{E##(=ARGZ)))
CONTINUE

CONTINUE

DO 5002 1=1420

DC %5001 J=1,20

A=l

BaJ=1

Xsl

LsJ=1
1F(A=~B)50034500495003
COKAP{14J)20eD

GO T0 %001

AHAFs(A+B) /2.0

IHAF s AHAF

AlH= IHAF
IF(AHAF=AIH)4001,400254001
COKAP({14J)3040

GO T0 5001

IF(B) 5005+500695005
DlJsls0

GO T0 %007

D1J3240
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! TABLE 7B (Continued)
4
8007 COKAPLIsJ)mAR{1,0=({=140)R8K)#{(=140)%0L))}/(DIJR((ARR2}=(BE%2))) 2180 3
3001 CONTINUE 7190 ?
5002 CONTINUE 2200 i
740 CONTINUE 2210
D0 714 Jsi,170P 2220
DO 713 K=1s1TOP 223¢ 4
DO 712 M=1l,1TOP 2240 3
DO 711 N=1s1TOP 2250
Asy 2269
B=K 2279
C=M 2209
D=N 2290 ;
IF{J=M)21922»21 2300 g
21 WeA®RCEPISQ#(2,0%COGNU(JIoMI®#{COSIPLDA{J9K)=PLDA{MIN)})+ 2310
1({{l=260)88J)% (=101 #8M)=]120) % (CAPR{J)*{COSI{GNU(M)+PLDA(JsK)~ 2320 E
2PLDA(MN) )} ) =CAPR(M®(COS(GNU{J)+PLDAIMsN)=PLDALJsK) })) /LPISOR 2330 ;
F(ARR2)=(CHE2)) ) )={EXPAR( ({=140)%%J)%{COS(OMEGA 2340
4+GNU(J)+GNU(MI+PLDA(J oK) =PLDA(MN) ) 1 +( (=140} %*M)#{COS(OMEGA+GNU(J 2350
53+GNU(M)+PLDA(MIN) =PLDA{J9K) )V} )} 2360
GO TO 33 2370 4
22 Wn1e0066%OMEGA#CAPRIJ)}#(COSIGNU(JI=04463%P1))1#{COSIPLOA{JIK )~ 2380
1PLDA(MIN) ) ) +ARCRPISQR ({2, 0% COGNU(JoM)# (COS{PLDA(J9K )~ 2390 :
2PLDA(MIN) })=(EXPAR (({=1,0)#%J)#({COS(OMEGA+GNU(J)+ 2400 3
3GNU(M; +PLDA{J 9K} =PLDA(MN) ) )+({(=140)%2M)#{COS{OMEGA+GNU{J)+GNU(N) 2410
44PLDA{MyN)=PLDALJI9K) ) ) ) )} 2420 3
33 CONTINUE 2430 Z
DO 824 JQ=14ITOP 2440 3
DO 823 XR=141TOP 2450 ;
DO 822 MS=1,!TOP 2460 ¥
DO 821 NT=1,1T0P 2470
AQ=J0 2480
BR=KR 2490
CS=MS 2500
DT=NT 2510
TMAX = AMAX1{As8 +CsDsAQsBRICSHDT) 2520
IF(TMAX=TOP 182198214737 2530
737 CONTINUE 2540
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TABLE 78 (Continued)

IF{CSY(NT))IT169715 #7116 2250
715 PNUM=040 2560
DEN=140 2570
GO TO 310 2580 )y
716 IFICSX{MS))7189717,718 2590 1
717 PNUMs0.0 2600
DEN=140 2610
Go T0 310 2620
718 IF(CSY(KR))7204719+720 2630
719 PNUM=0.0 2640
DEN=140 2650
Go TO 310 2660
720 TF(CSX(JQ))T2297214722 2670
721 PNUM=040 2680
DEN=140 2690
GO TO 310 2700
722 CONTINUE 2710
IF(COKAP(J+JQ)) 60246019602 2720
601 CKAPA=0,0 2730
PNUM=20,0 2740
DEN=140 2750
GO TO 310 2760
602 IF(COKAP(KsKR)) 60446034604 277°
603 CKAPA=0,0 2786
PNUM=040 2790
DEN=140 2800
GO T0 310 2810
604 TF(COKAP(MyMS))1606+6054606 2820
605 CKAPA=0,0 2830
PNUM=040 2840
DEN=140 2850
GO TO 310 2860
606 TF(COKAP(NsNT) 6084607608 2870
607 CKAPA=0,0 2880
PNUM=04+0 2890
DEN=140 2900
Go To 310 2910
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TABLE 7B (Continued)

608 CONTINUE 2920 !
CKAPA=COKAP{J9 JO)S#COKAP(K¢KR) #COKAP (M yMS ) #COKAP{NINT) 2930 H
UQRST=CKAYZ(JQoKR ) %#CKAYZ (MSoNT ) #SINKD(JQ9KR)#SINKD(MSoNT) 2940
PNUM=CSX{JO)®#CSY(KR)I#CS5X(MS)I®CSYINT)*COSKZ({JQ+KR) #COSKZ {MSyNT) 2950

1#G(KoN ) #WRCKAPA 2960
DENRT{JsK)®¥T(MeN)#P(K)#DIN)%CAPR(J)*CAPR(M)#UQRST 2970

310 SUM=SUM+({PNUM/DEN) 2980
CALL SSWTCH{2#JSSTCH) 2990
IF(JSSTCHeEQe2) GH TO 501 3000

500 WRITE(6923) SUMsPNUMsDENsG(KoN) sWoeT(JeK) o T(MaNI9sP{K)» 3010

1P (N} sCAPR(J) 9 CAPR(M) s CKAPAYUQRST s JOIKR sMSsNT o Je KoM N 3020
23 FORMAT(5E1748/5E1748/3E1748/8110//) 3030

501 CONTINUE 3040

821 CONTINUE 3050

822 CONTINUE 3060

823 CONTINUE 3070

824 CONTINUE 3080

711 CONTINUE 3090

712 CONTINUE 3100

713 CONTINUE 3110

714 CONTINUE 3120
IF((OMEGA#DELTA)=14932)20292029203 3130

202 PHIFY(MU)=T,0C8%(10s0#%(~340) )% (ALFA#%2,0)%({CAPMR%2,0) #DELTA*SUM 3140

1#(RHO##2) /(P15Qx%2) 3150
GO TO 204 3160
203 PHIFY(MU)=54112%(10e0%%#({~2,0) )% (ALFAR%2,0) % (CAPM®#2,0) % (DELTA%® 3170
1(=260) ) #(OMEGAR®(~340) ) #SUM #(RHO*#2)/({PISQ##2}) 3180

204 CONTINUE 3190
CALL SSWTCH(&¢JSSTCH) 3200
IF(JSSTCHeEQe2) GO TO 531 3210

530 WRITE(69532) XsYsZPyBPyDEPTH9DAMPsOMEGACP 9DP9CAPM,y 3220
1DELTAWALFASTIP 3230

532 FORMAT(5F1048/5F1044/3F10s4) 3240

531 CONTINUE 3250
CALL SSWTCH(4»JSSTCH) 3260
IF{JSSTCHeEQe2) GO TO 505 3270

504 WRITE(69502) PHIFY(MU)sTOP MU 3280
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502

505
205

206

510
512

515

S11
267

208
209
210

. TABLE 7B (Continued)

FORMAT(2E17484112)

CALL SSWTCH(44JSSTCH)
IF(JSSTCHeEQe2) GO TO 99
CONTINUE
1F(TOP)206+205+206
CONTINUE

TOP=1TOP

MU=MU+1

ITOP=1TOP+2

GO TO 740

CONTINUE

KsMU~=1

RATIO = ABS{(PHIFY(MU})/(PHIFY(K)))
CALL SSWTCH(49JSSTCH)
IF(JSSTCHeEQe2) GO TO 511
WRITE(6+512) RATIOWPHIFY(MU) 9sPHIFY(K) sMUWK
FORMAT(3E17489212)
WRITE(64515) (PHIFY{2ieJ=1s10)
FORMAT(5E17.8)

CALL SSWTCH{4+JSSTCH)
IF(JSSTCHeEQe2) GO 70 99
CONT INUE

IF{RATIO=TOLL 120702084208
CONTINUE

TOP=TOP+240

ITOP=ITOP+2

MUsMU+1

GO TO 740

CONTINUE
IF(RATIC-TOLH)20942094210
CONTINUE

GO TO 211

CONTINUE

TOP=TOP+2+0

ITOP=ITOP+2

MU=MNU+1

GO TO 740
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3290
3300
3310
3320
3330
3340
3350
3360
3370
3380
3390
3400
3410
3420
3430
3440
3450
3460
3470
3480
3490
3500
3510
3520
3530
3540
3550
3560
3570
3580
3590
3600
3510
3620
3630
3640
3650




211

212

3000
3001

215
213

214

216
3009

99

CCNTINUE
PHIPSPHIFY (MU)

TABLE 7B (Contj nved)

PHIDB » (lO‘O'ALOGI?HlP))/20)0258509
WRITE(64212) PHIT 4 PHIDB ¢ OMEGA s I TOP y My

FORMAT (3€174P4212)

CALL SSWTCH(44JSSTCH)
IF(JSSTCHeEQs2) GO TO 99
IF(PHIDB)3001+43000,3000

PHIDB=0,0
CONTINUE

IF(OMEGA=TIP) 21542165216

CONT INUE
TF10=240)2139224¢214
OMEGA=OMEGA+DOMEG
QvQ+1,0
ITOP=Z+145
My=1
GO TO 300
OMEGA*S+04001#DAMP
D3¢0
1 T0 160
END FILE 4

WRITE(64+3009) IPENSIPEN

FORMAT (216}
END FILE 5
END FILE 5
SYOP 5
STOP 7

END

SIBFTC ACTN REF

CACTN

22

23
24

25

21
26

29
31
32
33

28
315

34

SUBROUTINE ACTN {AsBsTHETA»1)
I=0

IF {ABS(A)+ABS(B)) 27,2827
27 THETA= ATAN(ABSIB/A))

TF (A) 22421423
IF (B) 32424431

IF (B) 33425434
THETA=341415927

GO TO 34

THETA®0,0

GO T0O 34

IF (B) 26428429
THETA=447123890

GO TO 34
THETA=145707963

GO 7O 34
THETA=341415927~THET
GO TO 34
THETA=THETA+3,141592
GO TO 34
THETA=64283154~THETA
GO TO 34
WRITE (64315)

FORMAT {40HOPROGRAM=
I=1

RETURN
END

A
7

CANNOT=CONT INUEy ARCTAN OF tos0)

3660
3670
35680
3690
3700
3710
3720
3730
3740
3750
3760
3770
3780
3790
3800
3810
3820
3830
3840
3850
2860
870
asso
3890
3960
3910
3920
3930
3950
ACTNOOLO
ACTNOO20
ACTNOO30
ACTNOO4O
ACTNOOS5Q
ACTNOOSO
ACTNOO70
ACTNOORO

ACTNO090
ACTNO100
ACTNO110
ACTNOl20
ACTNO130
ACTNO140
ACTNO150
ACTNO160
ACTNOLTO
ACTNO180
ACTNO190
ACTNO200
ACTNO210
ACTNO220
ACTNO230
ACTNO240
ACTNO25C
ACTNO260
ACTNO270
ACTNO280
ACTNO290
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APPENDIX E
BOEING PROGRAM Il (JACOBS AND LAGERQUIST)

APPENDIX E1 — MATHEMATICAL ANALYSIS

APPENDIX E2 - METHOD FOR DETERMINING INPUT DATA
APPENDIX E3 - PROGRAM IDENTIFICATION

APPENDIX E4 — TEST RUNS
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Cp(&m5e)
(Cp (@)
[ Co(a)
D
E
{r o)
g

H (i), HEB (i)

{1}

L] (iw)]

NOTATION

Diagonal matrix of elemental arees on structure associated
with nodal points

Elemental area on structure associated with ¢, j, and £ node
points (in.?)

A constant, A1 =26.5, 4, = 7.0, A3 =0.5

1/U 6 (in. ™ 1)

1/0.85% (in.” 1)

/U, (in.” h

Damping matrix

Force co-power spectral density matrix (Ib? . sec)

Force co-power spectral density (co-PSD) acting on plate pairs
i and j (12 . sec)

Local coefficient of frictions 7/ ¢

Pressure co-power spectral density function (psi? .sec)
Pressure co-power spectral density matrix (psi? - sec)
Deflection co-power spectral density matrix (in.? . sec)

Diagonal matrix, real factor in admittance matrix
Diagonal matrix, imaginary factor in admittance matrix
Column force matrix (ib)

Structural damping coefficient

Complex frequency response function defining deflection at j
due to unit harmonic forcing at 7 and &, respectively

Column matrix, Laplace transform of force column matrix with
unit impulse at particular point, zero forces at other points

Complex frequency response matrix
V=T

Finite node points

Stiffness matrix

2 3 4

Equalsﬁ—; also equals ' — = 9.56 (a normalization
rfv n=1 Kn

constant for power spectral density)
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K

n

k(7)

(L (5)]
M
(4

FONNON X0

p? or <p?>

[Q p(“‘) ]
Q[."I(“’)

Qp(fﬂ);w)
(@, (@)

q(t)
{a (0}

R k(f)
519,

§
8
t

U
v

[

Y

A constant; K, = 6.1, K, = 0.91, K, = 0.26

Impulse response function defined at time ¢ due to a unit impuise
applied r time units eariier

Matrix of tha Laplace transform of the deflection
Mach number
Mass matrix

Generalized wass

Integers used to denotc separation distance between the 7 and
j node in z and y-directions respectively

Number of frequencies used to define the pressure cross power
spectral density

Integer denoting spectral component; allowable values are 1,
2, and 3
b

Pressure at positions j, 1, and 2, respectively
Mean square fluctuating pressure at the wall in turbulent
boundary layer (psi?)

Force quad power spectral density matrix (Ib2? . sec)

Force quad-power spectral density acting on plate pairs ¢ and
i (ib? .sec)

Pressure quad-power spectral density function
Pressure quad-power spectral density matrix (psi? . sec)
Deflection quad-power spectral density matrix (in.? . sec)

Dynamic pressure (psi)

Column matrix of principal coordinates

Cross correlation of pressures at points j and % (psi2)
Cross correlation of deflections at points ¢ and r resulting
from loads at points j and k respectively (in.2)

w8* /U, Strouhal number, dimensionless frequency
Laplace dummy variable

Time (sec)

Free-stream air flow velocity or aircraft speed (in./sec)
Convection velocity (in./sec)

Cartesian coordinates (in.)
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Z;Y; Cartesian coordinates of ith node point (in.)

K
Y (K. S, Y, (i—l> A correction factor (equals 1 unless otherwise defined)

BU, ‘

y CP/CU, ratio of specific heats of air, 1.41 when p_ = 14.7 psi
4 Critical damping ratio
{L_', (t)} Column matrix of deflection distance of structure normal to the

surface of the structural plate (in.)
o* Boundary layer displacement thickness (in.) ;
n Separation distance in y-direction (in.)
7 n/0.8K , &* , normalized separation distance
n’ n+n;-7;(in) ]
Nis M Distance in y-direction between node and dummy variable on

ith and jth nodal areas respectively (in.) J
Rt n;/0.8K 8%, 7;/0.8K 8%, normalized separation distance
1o Smallest basic separation distance in y-direction (in.)
'?o no/0.8K 8%, normalized separation distance
6 Eddy lifetime (sec ™ 1)

wk Modified Bessel function of order zero with argument K S

ko (K 1S) %o (BUc) and «K  /BU_ respectively

A Propoidionality factor between damping and stiffness and
inertias respectively

¢ Separation distance in z-direction (in.)

¢ £+ ;- ¢, (in)

£ Distance in z-direction between node and dummy variable on
tth and jth nodal areas respectively (in.)

¢ Smallest basic separation distance in a-direction

szj(iw) Normalized cross power spectral dersity of forces acting on

plate pair i 8d j, a complex function of w(sec)

g (i) nth component of normalized cross power spectral density of
Y forces acting on plate pair ¢ and j, a complex function of w (sec)

I1, (¢ n; iw) nth component of the normalized pressure cross power
spectral density, a complex function of w (sec)

(&,; i) Normalized pressure cross power spectral density, a complex
function of w (sec)

I(w), 1 (o) Normalized pressure power spectra! dzusity and the nth compo-
nent of normalized pressure power spectral density respectively
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paléinin)
o(&amir)
r

T
u

[(DI_.(MJ)I
¢F“(w)
. (lw

2 "(’ )
¢p(f7 ns I‘”)
@P(m)
{o]
s}

v

w

(17
()
(")
(")
()
)

nth component of pressure cross-correlation coefficient (psi?)

Cross-correlation coefficient, -1< p(&,957) <+ 1
Time delay (sec)

Local fluid shearing stress of air measured at wall (psi)

Yorce cross power spectral density matrix (1b? . sec)

Force power spectral density acting on the ith structural plate
(r” . sec)

Cross power spectral density of forces acting on plate pair ¢
and ;, a complex function of w (Ib? . sec)

Pressure cross power spectral density function (psi? . sec)

Pressure power spectral density (psi? . sec)
Matrix of eigenvectors

Eigenvector column matrix (rth normal mode shape)
Phase angle (radians)
Angular frequency, 2~ f (radians/sec)

Eigenfrequency of i th mode of structure, modal frequency
(radians/sec)

Frequency and a set of frequencies respectively at which pressure
cross power spectral density is defined (radians/sec)

Angular eigenfrequency or eigenvalue (radians/sec)
Transpose of matrix

Complex conjugate

First derivative with respect te time

Second derivative with respect to time

Time average

Vector

Denotes diagonal matrix
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APPENDIX E1 — MATHEMATICAL ANALYSIS

This section presents equations developed by means of a finite element analysis 34=%7

for the deflection cross power spectral density response of a simple ¢clamped panel to a turbu-
lent voundary layer.

Consider a plate idealized into a finite number of discrete structural elements con-
nected at node points having prescribed freedoms (Figure 19). The physical properties of
the plate are assumed to be lumped into individual elements. The equations of motion of

each panel element is writlen in the form of a matrix equation!3

(M1 15 (2) b+ (C11B(0) Y + (KT E8(e) ) = LR(e) ! (E1)

where 5(f) and F(¢) are column matrices of time dependent nodal displacements and
applied forces, respectively.

The square mattices [M],[C], and (K} are inertia, viscous damping, and stiffness coef-
ficients, respectively.

Elements of the inertia matrix [#] correspond to inertia forces associated with the free-
doms at each node. For small panei deflections, rotary and inplane inertia forces are small
in comparison to the forces corresponding to translational freedoms. Hence the inertia of the
elements are treated by assuming their masses to be concentrated at their respective nodes,
thereby diagonalizing the inertia matrix. The accuracy of the concentrated mass assumption
depends primarily on the number of elements used to represent the panel; accuracy increases
with the number of elements used (for some quantitative data on accuracy, see pages 22, 23
and 34 of Reference 34).

The viscous damping is assumed to be proportional to inertia and stiffness; the signif-
icance of this assumption is discussed below.* Hence

(¢l = ulM) +AlK] (E2)

where g and A are proportionality factors.
For the jth mode:

C’=uM’+)\Ki

It is convenient to represent the damping factor (I which represents the fraction of
critical viscous damping for the jth mode

Ci Ci le + AKI.
2(; = = = = — )\wl- (E3)

\/-R_)W’_ M’.w’- Miwl ©,

or 24']-&)] =4 + )\wzi

*Viscous and structural damping are forms of damping which allow the equations of motion to be unzoupled when
displacements are expressed in terms of normal mode shapes.
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Figure 19 — Random Pressure Loads




Alternatively, when structural damping is used, the equations of motion for this damp-

ing are (see pages 83—86 of Reference 18) *

(M ES() 1+ (1 + ig) [K118(2)} = LF(e)} (E4)

When the structural damping coefficient is small (¢ << 1), then (see page 88, Equation XI
and page 16, Equation (27) of Reference 18) the coefficient g is related to an equivalent vis-
cous damping factor

g=2¢ (E5)

Total panel damping includes both acoustic radiation and structural damping. This
total damping based on experimental panel-displacement power spectral density measure-
ments is assumed to have the following mass-proportional viscous-damping representation as
in Equations (E2) and (E3) (see pages 24—25 and 34 of Reference 34)

The symmetric stiffness matrix [K] for the plate is generated by a computer program
based on the displacement or stiffness method of static matrix structural analysis.3” Both
applied loading and ineitia forces of the panel correspond only to translational freedoms,
bu: the stiffness matrix is formulated with all freedoms included. Through matrix manipu-
lation, the stiffness matrix can also be expressed solely in terms of translational deflections
of the panel. Obtaining this ‘‘reduced’’ stiffness matrix in no way restrains the displace-
ments of the unloaded freedoms;3” thus the accuracy of the stiffness coefficients is unaf-
fected. In the displacement method the panel is idealized as a system of finite plate ele-
ments coennected at node points. For any point on the plate

Fr=Kr181+Kr252+ vt K 8+t K )

rn n

where the K s are force influence coefficients that relate the external force at one point
on the plate to deflections at that and cother points. The collection of these force equations
is represented as

F Fkll Kyg o+ Kin 9
F, Ko Kzz e K2n 8,
1 = L
(ES6)
\Fn L an "'KnnJ a

*See footnote on page 271,
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or

FFY=1K1 18} (E6)

where the matrix of force influence coefficients is called the stiffness matrix and the individ-
ual terms in the matrix are called the stiffness coefficients. The coefficient (or element)
K,, of (K] is the static force at nodal point / corresponding to a unit displacement at point

J, all other points held fixed. The foregoing is more fully discussed in Reference 37.

We determine the system response from the equations of motion, (E1) or (E4), for an
excitation random in time using the frequency response method of analysis. The method epec-
ifies the characteristics of the systems behavior by a matrix of complex frequency response
functions, i.e., the admittance matrix now derived.

Let §(¢), the response at time ¢ due to a unit impulse applied at an earlier time ¢,
be expressed by a unit impulse function A(¢-¢").33 Then the response to an arbitrary input
F(¢’) is, by use of the superposition or convolution integral

t
5(¢) =f F(t) h(t=t") dt’
0

since A(t~-¢’) =0 for £’> ¢ and since F(¢°) can be defined for all negative ¢”, the limits of
integration can be extended (see Equation 2.8 of Reference 33) so that

8(¢) = r F(t’) b (£=-t") de’

If Ry = ei@!”  then

5(t) = f h(t-t") e @t gp’

-0

o 00

r 00
Letr =¢~¢’, ~dr=dt’. Then since —J oo dr =J. « s o dr,

8(¢) = glowt f h(r) e” i1 gy = plt0? H(iw)

-~ 00

where H (iw) = f h(r) e~ '“" dr is defined as the complex frequency response function

-=00

= 27 times the Fourier transform of the unit impulse response function.
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The Laplace transform of Equation (E1) is

,e[w] (5) 1+ [CMB(0) } + LK1 8(0) ;] - RIF ()]

where £{ F(¢) } =j F(t) e *tdt, s being the Laplace dummy variable.
0

For a system at rest at time ¢ = 0, this may be written

[82[»41 + 510 +[K]]£! 5 1= 21F()

If & unit impulse is applied at time ¢ =0 to one load point of the structure, then since
the Laplace function of a unit impulse function is unity

[32[M] s slcl + [m] e15()} = 11}

where {1} is a null column matrix except for a unit entry corresponding to the excitation point.
If a unit impulse is consecutively applied to each load point and the resulting displacement

column matrices are arranged in a square matrix, then3®
~1
[2(5)] -[s2um + ster + (K]

Let s » iw. Then £(5) =I 5(t) e~ @t dt =f 8(r) e~ dr  and H(iw) =
0

0
f h(7) e ‘@7 dr=f 5(r) 2797 gr =j 5(r) e~ "7 dr since as previously stated A(r) =
-0 - 00 0
8(r)=0for¢’> torr<0. Thus,
-1
[H(iw)] - lim [L('o‘)] - [-J[M] + iwlCl] +[K]] (ET)

S IwW

is the admittance matrix which is a square complex matrix dependent on {requency w. In
general (for a large number of elements), the evaluation of this matrix inversion involves ex-
tensive computer time. The inversion can be avrided if we assume the damping to be propor-
tional to inertia, to stiffness, or to both (see Equation (EZ) ). This assumption permits the
displacements to be expressed in terms of the normal modes, thereby uncoupling the equations
of motion. The decoupling of the equations of motion results in the diagonalization of the ad-
mittance matrix, thus eliminating matrix inversion.

The following procedure is used to find an admittance matrix (4 ({w)] which will not
involve matrix inversion when the equatinas of motion are decoupled, the displacements being
expressed in terms of the normal mode shapes. The mode shapes are determined from the un-

damped, unforced equations of motion!®
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(MEs) ) + [K118()) =0

The solutions to this equation are expressed in terms of normal modes

(5(0)) = g ] ¢ Y

Substitution of the latter into the former equation yields
i(w, t+
[1r1 - 2] 15001 97 o

Equating the determinant of the square matiix to zero yields the nontrivial solutions to the
classic eigenvalue equation, i.e., set

| (K] -02(H]] = 0

Corresponding to each degree of freedom of the system, we can solve for an eigenvalue w? .
Associated with each eigenfrequency o; is an eigenvector { ¢(1) }.

8

By use of a coordinate transformation,!® we write

{8(¢)1 =[] [g(¢)]

where each column of [$] is a normal mode { (/) } and { g(¢)} is a column matrix of coordi-
nates called principal (or generalized) coordinates!8. Substituting this equation into Equa-
tion (E1)* and premultiplying by the transpose of [ ¢ ] results in

(1T MG G(e) s+ [B1TICIIB] Lg(e) } + ) TIRIIBN g(e)} = [ITHF(£)} -

Since the modes are assumed orthogonal with respect tc inertia and stiffness, the generalized
inertia and stiffness matrices become diagonal (see page 132 of Reference 18). Since the

damping matrix [C)] is proportional to [M], [K], or both (Equation (E2) ), it also results in a
diagonal matrix, i.e.,

(p17 (M1 (4] = =M~
(1T KV [g) = [=K;d = [To? M
(BT 101 (4] [~c, -

where M Kl = wlz. M, and C’l. are the generalized mass, stiffness, und damping, respectively.

Hence, substituting these quantities into the previous equation of motion, we get the
decoupled equation of motion

P T T

*Recall that Equation (E1) includes wiscous damping.
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o

=it tg(e) 1+=cdtg ()} + ofHdtg()} = () T{F (1)}

Thus, if viscous damping is used, then by means of the unit impulse excitations and the
Laplace trancform as in the derivation of Equation (E7), the admittance matrix is found from

the foregoing equation to be

N 1

[H(iw)] = [¢] - - - (417

-—w Mi + ‘LwC’l + ; M;

N 1

= [¢] . (p)7
Mj(—wz+ zw(yv«)\a)lz-)-kw?) (E8)

(viscous damping)

where p and A are constants, ®, is the jth natural circular frequency of the plate, and each
column of {¢] is a normal mode { ¢ ¢/)}. The term M. is the jth generalized mass defined by

M, = Fo Tt (E9)

Since ; and ¢;(and therefore [¢] and [¢]1T) are solutions to the classic eigenvalue
problem and [M] is a known quantity, then for each value j,  is computed from Equation (E9)
as a number lying along a diagonal'® and H(iw) is obtained from Equation (E8). Note that in
Equaticn (E8) the quotient of a scalar quantity, i.e., 1/ [Ml( -w2+iw(p+)\a)12) + wiz)] )
for a given value of j is quite easily determined by a computer for a range of w’s. Hence
evaluation of the product of the three matrices in Equation (£8) is generally much simpler
(requires less computer time) than the evaluation of the inverse matrix, Equation (ET).

If structural damping is used as in Equation (E4), then since wlz M;= K, the quotient
in the first of Equations (E8) becomes

1 1

-—sz}. + w’.Z M].(1+ig) Mi(—w2+igw)2.+ w}?)

so that

(H(fw)] = [¢] ! (417 (structural damping)
MI(-w2+igw2j+w2;) (EIO)

Equations (E8) or (E10) are decoupled admittance matrices and do not involve matrix
inversions,




The admittance function will now be used in determining the response to turbulence
excitation which is treated as an ergodic stationary random process. For such processes the
relationship between response cross spectral density and pressure-loading cross spectral
density of the turbulent boundary layer pressures is obtained as follows:

As in the derivation of H({w), the displacement of point ¢ of a plate to a pressure 2
applied over an area Al at point j is (see Figure 19)

a{l(z)=AJ_ Pt (e~ ]) e’

Simiiarly the displacement at point r due to pressure at point £ is

8.5(t) = Akf p(t;) hEce~t)dt’

- 00

The cross correlation of the two responses is

T
T 1 j k
Ra{{s’;(') - lim_ 5?J:qu(t)a, (¢ + 1) dt

T s
—AAkf_w L l;pxg—T- P (6= €,) By (ter = &) de]. BI(E)) RE(E,) d€ d,

L I T AT AUITAL TR

- 00

where the order of the integrations has been interchanged and £, = ¢-¢,&,= ¢~ ¢, +rand

RP . is the cross correlation of the pressures at points j and £.
]

The cross spectral density of the two displacements is the Fourier transform of this

quantity

g -iwr

1
o . k(iw)=——J R, ,(ne dr
828'_ 2n 8{18,

- 00

1r> -0 (1~ At i o -i
=A,Ak§";£m Ry =&yt Edre ‘fz*‘fl’f b{,(f,)e“’gldrflf_ ey e e,

-
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= Al.Akd)pl_k(iw) kT (i) - H¥ o)
where <I>p L is the cross spectral density of pressures j and % and H{I‘ is the complex conju-
!
gate of H’q.

When all points of the structure are loaded, the displacement at point ¢ is the sum of
the components resulting from each load

5,(0= = al"l(c)
j=1

where 7 is the number of load points. The cross correlation of two displacements when all
points are loaded is therefore

n n
R5q (r)= 2 2 R

i 1,(’)
T ]=1k=1 BFISS

and the corresponding cross spectral density function for displacements at ¢ and r is

n n
q) . = 2 AA (b . I'# ;L ke
Sqr(zw) =z k§=)1 i %, (tw) Hq (te) H (i)

which can be expressed conveniently in matrix form for all pairs of node displacements*

[@(i0)] = [H* (1)) [~A-] [ ¢ ,(iw) ] T4 [H(iw))T (E11)

where [¢5(¢w)]and [(¢p(iw)] are cross power spectral density matrices of displacement and
pressure, respectively. The diagonal elements of the resulting matrix in Equation (E11) are
pov'er spectral density functions of the displacements. The off-diagonal terms are displace-
ment cross power spectral density terms.

Now substituting Equation (E3) into (E8) we get

H(iw) = [¢] N ! \ (p17
Mi((w? -—w?) + iw(2 Clwi)/
R (0 -~ 0?) -2, 0,0
= 1¢] d L (g7
|, (w]"-’ ~0)?, (24, 9; w)?

*The matrices in Equation (E11) are easily expanded to yield the foregoing summation.
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= {¢) [l\ bl -iPE\l] ($)7 (EL2)

where
. w}z - ?
Dl =7
) (0] - 0h)?+ (265050)?
1 2(_,'1(0}&)
EI =—AT

Both pressure and deflection cross power spectral density matrices are Hermitian matri-
ces which can be decomposed into a real symmetric matrix (co-power spectral density) [C(w)]

and a skew symmetric imaginary matrix (quad-power spectral density) ¢[Q(w)]
[9,(0)] = [C,(@)] +i(Q, (@) (E13)

(5 @)} = (C5(@)] + 1Q5(w)) (E14)
Pre-and post-multiplying by {~A4-1, we have
(@ p(@)] = [Cp(w)] +i[Q p(0)] (E15)
where
[0 p (@) = =4 [ ()] 4]
(€ p(@)] = A [0 (@) T4
[Q (@) = ~A-1 (@, (@) [~4-]

Substituting Equations (E12) and (E15) into Equation (E11), we get (noting that [¢],
(417 are real quantities)

[@5(iw)} = [C5w)) + i[Q5(w)]
* T
] [{¢1 [oa-it & 1][¢1T] (€ p(w) + i@ ()] .[[qS][[ D1-il E 1][¢1T]

-t [ 01wl £ ]G vie 191 [U 0 1-it £ 1]tgT
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The equation consists of the sum of eight terms. Consider one of these terms [¢] [~DJ
(¢} T[C'F] {¢] =D {4] T, For convenience we treat the term as a 8 x 3 matrix. The results
can then be extended to an m x m matrix.

Thus
D, o 0 1)1 0 0
(gl DJ (81T = ¢f 0O ¢T (¢] 0 0)(s)7 +
0 o 0 0
0 0 0 0 0
(31{0 D, 0 [¢]7‘+[¢1 0 0 }ia)7
0 0 0 0 D,
1 0 0 0 0 0
=D Ig1{0 0 o)A +n,0¢l {0 1 0) (41T +
0 0 O 0 00
0 0 0
D, [¢}fo 0 0 }ls]
0 0 1
It
¢11 <;512 ¢13
[¢] 9521 ¢’22 ¢23 i (¢(1) ¢(2) ¢(3)>
¢31 ¢'32 <}1‘33
where

-3

‘;b(‘)) ' = (¢11 ¢12 9613) ) [¢’(2), = (¢12 P22 ‘7’23) ’ ¢(3)} ' = (¢13 b3 ‘/533>

then
$11 Pa1 Py {¢(1)}

[¢]T » ¢12 ¢22 ¢‘32 {¢(2)} ) ¢,k ¢k,
¢13 ¢23 ¢33 {95(3)}
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Hence

] "Sll ¢12 <*"’13 100 d)ll <1)21 ¢31~
ol o181l =D 6, &,y bS53 J{0 0 0 )N b1y B0 P32 )s...
"631 é32 "633 000 9513 ¢23 <"533

¢, 0 0 11 %21 P31
=Dy ¢y, 12 P2z P32 |t -
é31 b13 P23 P33
¢121 ¢14 29"’21 11 P31
=D ¢ 41 $21 P21 b3y jrecce .
4

-, {¢(1)j {¢<1>} d +D, {d,(z)] {¢(2)} . D, {¢<3> {¢,<3)} d

which is the sum of dyadic products.* Hence

*We have shown that if 4, B, C, D, E, F are vectors and a, b, c are scalars in a diagonal matrix then

a 00 DT
(ABOIO b 0 ET = aADT+ bBET+ cCFT. And the dyadic product p. qT of two vectors
T
0 0 cf \F
Py Py Py P19 P19 P %
. T .
p={pr, ) 9={ q )is P9 ={ P, (9 9, q3) ={ Py Pr% Py ) The dyadic product should
P3 3 P3 P39 P39 P39;
%
not be confused with the inner product of two vectors p + ¢ = Pyt Pyt P3Gy = (p‘ P2P3) D )= PT *q.
93
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l¢) =Dl ¢ ]T[CF] (o] I~ JTed T=<D1 {1y ;¢(1);T+ng¢(2); g¢(2)(T+1)3g¢(3)”¢(3)(T)

(€] (Dligs(l); T o D, (6P 1T 4 03*¢‘(3)f ;9,)(3);1)

3 .
2 DDy Ce0 ()
=1

where [CF(ik) (w)]= {¢(D } {¢(i)}7‘ [Cp(w)] {¢(k)‘ w)(k) 1T

Extending these results to an m x m matrix or summation and treating the remaining
seven terms of [¢>6(iw)] in a similar manner, we get

(95 (iw)]

it

[08(“’)] + i[Qs(w)]

m

s {(DI.Dk + E;E,) 1 CUP ()]

i
M3

j=1 k=1

+

D;E, ([Q,,-(i")(w)] +[g:99 (W) T)

+

i [DkE'i ([C’F(ik)(w)] - (048 ()] T)

+

: \
(DiDy + E; Ey) [Qp""’(w)l}i (E16)

vhere

[CpUP (@)1 = (gD} { DT [Cp ()] 1o PN 1N T

(@9 (0)1 = 18D {UNT[Q p(w) ] 1gp P} 1N

The summation in Equation (E16) is over m normal modes.
Equation (E16) can be approximated for lightly damped systems. The cross product
terms (j # k) Dl D, EjEk’ and DjEk’ which involve coupling between modes, are considercd

insignificant for small damping. Neglecting these terms and since (@ (‘7] = ¢ due to the skew
symmetry of (@ ¢], whereas [CF(ii)] = [C;.i] T due to the real symmetry of [Cp] (this will be

shown later), we have
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——

m
l(t’s(lw)l zlf'ﬁ(m)] ~ 2
,=

(D2 + B2 1D gD T T
1

The average value of the product of two distinct responses at locations ¢ and r is

o0
6(16r =J b5 (o) do
qr
where 8(15, is called the joint deflect.on moment of the two responses ¢ and r and denotes
the space cross correlation (zero time delay) of the two rasponses.* The joint deflection mo-

ments for all responses can be considered at once and written as a matrix integration

E,}s“, =L (@5 (w)] do (E18)

where the elements or[S(Iafl are joint deflection moments for all pairs of structural node
points. The diagonal elements are mean square values of the deflections, and the off-diagonal
terms are time averages of products of deflections at different node points. For small un-
coupled damping, {¢5] is given by Equation (E17) and the response is predominantly narrow-
band occurring in the regions of the natural frequencies. Ii broad-band excitation is assumred,
the variation of the excitation cross spectral density is small compared to the response vari-
ation near the natural frequencies and the force cross power spectral density can be treated
£s a constant near each natural frequency. Thus we have

m o0

[aqa,] = 2 WD T(Cp (0 )1 i) Tf (D} +Ef)do  (E19)
=1 0

For small damping, and from the definitions of D] and Ei , this equation is evaluated as (see

page 63, Equation (2.14) and page 72, Equation (ii) of Reforence 18).

57

]

(E20)

LI Col-

o T [Cp(w)) gD gD} T — -
1 ‘}m]- “’j .;l-

The Maestrello mathematical model for the space-time cross correlation of the fluctu-
ating turbulence boundary layer pressures measured in brnad frequency bands for Mach num-

bers ranging from 0.52 to 6.57 i< (see Equation (B9) and the correspon-ing notation as well
as Equation (E23) below)

*For j # K, evaluation of the joint responses is given in Appendix II of Reference 37,
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el7l76 |3 Ak, 1
plémyr) = ———— { 2

g f_'l. n=1 K2+ B2(£-Ug)? + 9?] (E21)

n=lKn

€

where
-1< P(fﬂ?;r) <1

A4

n

K,

7

=K2=9.56

I Mw

n=1

2 3k

and the mean (broad hand) values of 6 as a function of Mach number M is given in Figure 16

of Reference 34*; see also the method given later in this Appendix for detemining computer
program output.

The corresponding normalized pressure cross power spectral density is

ﬂ(f,n;iw)=-”1~f p(&mir) e”Tdr; (0<w <) ]

. (E22)

1 (]
= ;—f p(Emsr) e dr; (~0 S w K +o0)
T o0

(multiplying the second of Equations (E22) by 2 yields the cross power spectral density in the
positive frequency domain).

It has not keen possible to solve Equation (E22) using p as defined by Equation (E21).
However a solution ispossible if we take au alternate approach which makes use of the fro-

zen turbulence model known as the Taylor hypothesis, i.e., assume space and time variations
are interrelated sccording to

[l _ 1€l

—_—=— 23
6 UJ9 (25)

Thus if the time decay is described as & spacial decay,the Maestrello space-time corre. ntion
function p has the form

*Measured values of § for frequency band width centered at 1200 and 4800 cpe sre also plotted in Figure 16
of Reference (34),




AT VT R IRES

. ) e'lfl/UCO 32' AK,
p(&mir) =
956 lu-1 K2+ B2 [(f- U,n)?+ ,,2]
3
= X P (&ms7) (E24)
n=1
where
- ve
4K e €170,
pa(&mir) = - : (E25)
9.56{1{; +B2[(¢£- U, 1?2+ ,,2]}
Then
3 1 00 .
nin)= 2 —-f Pabmir) e”Tdr (0 € w < +w) (E26)
n=1 Tde oo
and the nth component of the cross power spectral density is
; 1r” - iwr
m,(¢n5iw) == pallmin) €7 ®Tdr (0< @ < +e) (E27)
Substituting Equation (E25) in (E27) and putting Equation (E25) in the form
- /U0
4K e FIREA .
P, = . yields upon taking the Fourier
9.56 82U 2 K2 + B2y? £V
Er
B? Uf c
transform
: /2
_igl e [x2+32,,2] /2wt
vo Bu, L" U,
A, K, e e
”n(f!n;u‘)) = ) 2 5 1/2
9.56 BU, [Kn +B%y
(0 g w < +) (E28)

Dimensionless forms of 7, are plotted in Figures 19 and 20 of Reference 34. The three com-

ponents defined in Equation (E28) are used in Equation (E26) to define the fluctuating pres-
sure loading function.
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From Equation (B7) we have

DTS- RV VP WP PV PR

¢ (0)U
I () = —

and by definition

J (w)do = 1=——f b (w)do = P
2 oF p 2 oF
0 7,0 70

T o
Hence
rZ] 8* —_
= pz
U
or 1
® (@) — 1
N(w) = = o () = 2% (o) E

4

R —.1/2
but in accordance with the experimental results shown in Figure 14 of Reference 34, [(p?)

/7,} = K(M) is a function of the Mach # so that 737: K,i 73) . Thus, the power spectrum in

nendimensional form is described by:

eV 2wy Mw)UK: 3
" = . = 5*, = E Aﬂ €
rf} & ruf S n=

~K , (0d*/ V)

1

(see Equation (B7) and note that Figure 2 of Reference 15 and Figure 2 of Reference 39 are
equivalent.); however, see Appendix E2 with respect w the value K used in practice.
Hence, using Equation (E28) and noting that 1/9.56 ¥ 0.105

0, (Emiio) = C, (Em30) + 1@, (Em30) = PP (&m3io)

@ ”
18]t -k gty
tk(yr 32 vd v, 3 A Ke €
=——BT——— 2 0.105 b3 ;
- 1/2
¢ n=1 (Kn2 + 82772)
(0 < wg +e) (E29)

Figure 3 of Reference 34 shows graphs of this function.
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The complex pressure cross power spectral density describes pressure loading as a
continuous function of separation distances in the z- and y-directions. Pressure loads from
boundary layers are small in spacial scale. The load can change appreciably within a few
inches or even less. Figure 21 of Reference (34) shows the variation of cross power spec-
tral density over an element.* These rapid variations cause problems in nsing QP(f,n;iw)
to define a loading matrix for use with finite element structural methods. Matrix finite struc-
tural analysis methods generally assume that the pressure loads vary slowly over the distance
of one element, i.e., that approximately constant pressure acts over the element. ¥hen this
is true, pressure at the node points can be multiplied by area to approximate forces on the
elements. But when the loads vary rapidly over an element, as do boundary layer pressure
loads, the method is invalid since it results in large overestimates of the total forces on the
clement.

This rapid variation causes problems in trying to define a matrix of cross power spec-
tral densities acting on pairs of finite element node points; proper application of the matrix
would require a very fine grid of elements. Hence an alternate method has been developed to
correctly calculate the cross power spectral density of net forces acting on pairs of finite
structural elements. Terms of this type are gathered into a cross power spectral density
matrix that is compatible with the structural idealization; the number of elements chosen is
such that the desired number of modes can be adequately resolved. The infinitesimal forces
are then summed to calculate the net force cross power spectral density on finite element
pairs, i.e., the elemental loads are determined by summing the contribution of each infini-
tesimal area within an elemental pair.

We now evaluate the force cross powar spectral density and construct matrices for its
real and imaginary coefficients.

Consider the geometry of a pair of finite plate elements (Figure 20) and tne more de-
tailed drawing of &-direction separation distances (Figure 21); similar relations hold for -
direction separation istances. Let &, and 5, be the dimensions of the finite elements in the
z- and y-directions, respectively. The area of the structure represented at each node is
(é,n,)- The separat.on distances between the nodes are

3

(2= 2;) = 06

-3
5

2 (3/,' "y,‘) = MMy

The infinitesimal normalized cross power spectral density of the net forces acting on the
infinitesimal areas d4; and dAj (which are on the finite areas 4; and Ai associated with the

node points , i.e., nodal areas) is

*In Mach 0.52 (0* = 0.155 in.) flow in the Boeing boundary layer facility, the 990-cps frequency cross power
spectral density varies by a factor of more than t2n between pairs of points on an 0.75-in.-long finite element.
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Figure 21 — Coordinates and Separation Distances in the 2-Direction
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Aty ) = 1G] = =), (9]~ ¥, i) (d2] dy)) (de] dy))

where H[(ml’—- z)), (ylf— y/)] is the normalized pressure cross spectral density; (z;, y;) and
(.z:,’, yl’) are points on the i th and jth elements, respectively, whose elemental areas are

dA; = dz] dy] = d¢, dy;
d4; = de, dyl. = dfl. dql.

The net force cross power spectral density on the (%,7) pair of nodes is then

g (o) = J fH[(zf—z;)(y’—yi’)iw]dA.dAi (E30)

i 1
where 4; and Ai are areas associated with the ¢ and j nodes.

Figures 19 and 20 show that
f""‘(z;"z;) = ni}"fo + (‘fl"“f,‘); £=",]‘§0
77'3(3/;“?/:) =™ ‘*'(Wj’ﬂi); N =m;ilg

where nyj and m,; 8re the integral numbers of incremental separation distances in the - and
y-directions, respectively.

Hence the force cross power spectral density of the net forces acting on the (Z,j) pair
of nodes is

(E31)

Now rewrite Equation (E28) using the variables of Equation (E31), i.e., replace the
separation between nodes £, by the separation between infinitesimal areas &+ 'fi - ¢
nen, =m0, respectively. Then
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g

If*‘fi"fil ©
A K o T i'U— (f‘*‘f/"f,)

—— € e :
9.56BU, y j
Nt o @ p

®

» 1/2
- v [K3+ 82(7]+n]-nl)2]
e BU.

1/2

M0(6+£-€)s (n+n, - n;)ie]=

0< o g =) E392)

[’(,2,*“ B2 (q+n, - n,)z]

~ v

is the nth component of the pressure cross spectral density. Equation (E32) shows that the
integrand of Equation (E31) is divided into parts so that the integration is over @ 7 only,
@f only, @ constant. The first two parts are now discussed.

The integral of@ in Equation [E32], which involves 5 integration only, is

1/2
+ + 2
.19. _77_0.. ——~K3+Bz(7]+n—ql)2
BU 1

2 2 c d d
J‘ J- ) 2, p2 2]1/2 T E33)
=NMo "o [Kn+B (77“’771‘77,')]

2 2

To generalize the analysis, the following dimensionless separation distances are
defined

A _ 7 _ Mo
" T 08K 5* 0.8k, 0"
A = "0
o = 0.8x_s*
A T
T 0K, o
A T
i 708K, 6%
A A
y = 7], 771
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w © wd*

Since - " T S, Equation (E33) may be rewritten as
c e
0.85" U
211/2
B2 2 '7/ /]
+15 9 -K. S |1+ =5 9° {1 +
=2 "l K 7

dn dn.

jz .“2 e

2
- - B2 n,= 1,
o = ™o Knl+---—1/2 <1+ ! ‘)

Y]

but

i 2
B? (0.88*)

___-q =

K2 K3

n

(0.8K ,5*%)2 = 42

dn; dn; = (0.8K %) di; df,

and the variables of integration are transformed by use of the Jacobian

o, o
A A on; 97,

NP DALLILY YOS Bl PR
an; df; = | == y dy; = yan;
a(n;»¥) a,’;i a,‘;)

oy
10 .
= dy d; = dy dn,
-1 1

Hence dp dn,;~ (0.8K ,6*)* dy dn;.

A

. To A n; T M9

For the limits when 5, =4+ —, 7, = # =+ = § —
2 0.8K 5* 2(0.8K ,5*) 2
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the upper and lower limits of n,8re £ ﬁo / 2 respectively. Hence for the y(= 4]‘1 - 17\,.) vari-

able of integration, since 7 remains as a variable in the inner limits, the inner limits,
A

the inner limits are y = + _'_gl - ,’,,‘i.
. A
Hence the previous integral in terms of the new coordinates y,7;is

A A -
7 ool5 T KaSlieaen
Jd e
(0.8K  5%)2 dy dy,
n A ~ - A 2172
~To ["70 N RIS
2 Lz M
Now let R
y'=n+y
dy’ =dy 1
A A
U] n
when y=4+ -2-0 - Ai’ ¥y =+ ?0 + - ﬁ‘i y hence the equation becomes 1
A A N ]
+y [T L A_A ,ooq 172 |
e TN ksl 02
n e
(o.skna*)zj_ﬁ j'-f,‘ - e dy’ df,
0 0 "2
— —2-+$_$i K, [1+(y")?2)

Since y“is a dummy variable, we let y*» y so that the equation and symbols conform to those
in Reference 34. The integral is thew

2 e A
. y ;7
(0.8K  5%) dy d7t  (E34)

Equation (E338) or its equivalent Equation (E34) cannot be integrated in closed form.
For the general case, a numerical approximation of this integral is necessary. For the spe-
cial case of the integrand approaching small values within one incremental separation, a
closed-form approximation is possible. Thus for § and ﬁ‘o not too small and assuming 7 = 0,
the integrand of Equation (E34) is a rapidly deceying function. That is, we assume that the
sphere of influence of all pressure points on the ith finite element does not extend beyond
the element; the approximation is good when the boundary layer thickness is small compared
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to the element size. We can then extend the limits of integration from - to +e and take

o0

o
= 2J since the integrand is an even function. With these approximations, Equation
0

-0

(E34) is equal to

N
+go 1/2

—_— —1\'"5[1 + y2]

2 )

€ A
2(0.8Kn8*)2j n j 7 dy dy, (E35)

- 2

Mg 4O K, [1+y°]

2
Equation (E35) may then be written as

a
o 9172
— -K,sl1 + y%]
osk o02( dr?r ‘ 7 ¥
- N 2
" -, o K [1+y%

2

The value of the first integral is 1?0 and the value of the second integral obtained from Ref-

1. -
erence 40 (page 342, item 3.479.1 with z= 3%, 8 = K,S and v = é-) is k, (K §) the modified
Bessel function of order zero with argument K S. Hence the solution to Equation (E35) is

1.28 K (8%)% 9, xo (K ,9) (E36)

When the Bessel function approximation is used, it is assumed that the force cross
power spectral density is approximately zero for all (,¢) pairs of finite elements except pairs
(&,2)-

The integral of @ in Equation (E32) which involves ¢ integration onl, must be handled
as two special cases

Casel: ¢=0

Casell: £>0,¢£<0
When £ = 0, the region of integration is divided into two regions to properly represent the
function with absolute value sign. The £ >0 and £ <0 cases have been reduced to a single

expression which describes both cases.
Now rewriting Equation (E29)

@ (&) = p7 11 (&n5i0) (E29)
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Similarly, using 1l (iw) as defined in Equation (E31)
i
. - .
(DF‘_’ (iw) = p* 11 Fiy (iw)

where i and j are node points with incremental separation distance in the # and y-directions

z, -7 ¥~ 9,
such that ¢ = "ij‘fo 2 =My s where N T and m, = n; end m_ are

J LN 3 ]
0 o

integers so that all nodes are separated by increments of leagth &, and 5, in the z-directions,
respectively. But the force power spectral density is the sum of three spectral components
as defined by Equations (E21) and (E32)

— — 3
O, (i) = 2 My () = 2 [il [IF(n)i)(iw)] (E37)

where

€y & g *ug
4K, J‘T J‘_z_ J’T 2

n 1 = ———— .
Fm,; ) = BT &, J-g, Jn, Jn,

2 2 2 2
|ni.§-' +&-€1 . 1/2
J >0 j i 110} @ 2 2 2
- - —(ni.§0+f.— fi)— ——-[Kn+ BS(m g+ 1n;~n))
u.6 v, Y ! BU, ! re J
e
. dr,’. dy, dcf';- d¢;

172
[’(3; +32(m;; Mo *+ 1, n,-)"]
(E38)

(0w < +w)

The integral of Equation (E38) is determined as discussed above. Final equations for the
power and cross power spectral density of force acting on node points of a structure are sum-
marized below 4! (because of the preseuce of the absolute value signs, evaluation of the in-

tegrals requires separate consideration of the various domains; see statement preceding
Equation (E29).*

*Correction of the boundary layer load equations originally presented in Refercnce 34 were made by the authors

of the present report. These corrections as well as certain other minor modifications were adopted in Reference
41 and the correct final results are given here.
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FORCE POWER SPECTRAL DENSITY (n;;=m; = 0)

T s vy o o

A A A
Op (0) = @) =K Pla) D

i
A R
Cl~‘“ (w) = K" P(w) ¢ ; QF“ (w) =0 (E39) {1
FORCE CROS5 POWER SPECTRAL DENSITY (2, # 0, m;, £ 0)* %
¢DF‘_I (iw) = ®(n; , m, ; iw) = CF”- (w) + 1 QF” (w) (E40) E
FORCE CO-POWER SPECTRAL DENSITY (n,, £ 0, m; £ 0) i
A AA =ln. i 1
Cp (@) = Cplngomys ) =R G &bl (B41) f
i) 4
FORCE QUAD-POWER SPECTRAL DENSITY (n;, £ 0, m; # 0) &
A’ AN _ln a f l E42 ;
QF” (@) = Qpln;nmzw) =K' Qe Lmy 2% (E42)
)
~ —
where K’ = constant = p2n0/4.78 Uch .
PRESSURE POWER SPECTRAL DENSITY
Setting ¢ = 5 = 0 and letting (K (m) 1(w)]? = 1;5. in Equation (E29) and using the fore-

goir.g equation for K, we obtain

Kn(u an
T =3 “BU. Dp n BU
14 . K’'B
¢ (W) m —————oo 2 4 e = ——— 3 e (E42A)
P 9.56 BU, .y " T n=1

P (w) (power spectral density, dependent on §)

i Lag,(a® + b?) + (8% - a?)[1~ e %o cos (b¢,)} -2 ab e—aéosin(bfo)!
(a” +5%)
(E43)

{ ¢ = that part of Equation (E37) with dependence on .

A AA
°If m, = 0, m'i# 0, then CF‘, ()= K'PQ and QFU = 0.
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There are two options for @ thus:

1. ®(w) (uses Bessel function approximation)

N wK wK
= X A K Y, (——)K0< (Phi Hat Option 1)

n=1 BU, BU,
(E44)
2. $(w) (uses numerical methods)
B N
= 2—%— )21 AnKnZn(mij,w) (Phi Hat Option 2) (E45)
n=
1/2
+n, +7 )
,_0_ 0 —B-—I.Ki-!- Bz(miln0+nl—7]l)2]
2 "2 e ¢
Za(mijr0) =J_ J_ -2 24 2172 o, @, (E46)
‘_772 -1(3 (k% +B (miin0+7)l.—17i)]
2 2
A A .
C, @ = those parts of Equation (E87) with dependence on ¢
CI'\ : (v b¢ W si bs
T @i (n;j6&) + W sin (n;,55,)] (E47)
G= —— W cos (n, &) - V sin (n, b¢,)] (E8)
= ———— [Wcos(n, b)) - V sin(n
(a? + b%) 2 1o 1one
or
h S
¢ 4 [V W][cos(nilbfo)
A I ee—————
el @®+H)2lw-v sin(nijbfo)]

, . (b2 - a?) :
V = ab sin (b§) sinh (af) + — (1 - cos (b¢)) cosh (af;)]

(a®- %) _ .
t vy sin (5¢,) sinh (@€) + abl1 - cos (b¢;) cosh(a;)]l  (E49)

1
— b=

(]
U8 U, (E50)
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The € and @, matrices are each constructed separately by ordering terms to match
the ordering of terms in the structural stiffness matrix, thus making the final expressions for
the turbulent boundary layer loading function compatible with the finite element methods of
structural analysis. If 1wy 1is the set of frequencies with N total frequencies, then there
are N  matrices [CF(“’K)] end (@ (wg)] as follows (for simplicity, the F subscript is
dropped .n the terms in the matrices so that C’,,.” (wg) » C” (wy,) ete.).

Fzyn(“’k) Cialog) Ciyloy - - - f"1rr:(“’k)m1

Cor (@) Chplwp) Chs(wp) — ~ = Cyplwy)
(Cplo)) = [C3y(w) Chylop) Cy(ay) = = = Cyplay)

£as) Casod Cuglo = = = Carlon] 5

r_Qn wp) Qo) €0 -~ = Q1m(“’k)1

Qo (@) @y, (0 @y3(0p - - = @,,(wp
(Qp(op)] = [@;, (0p) @3,(wp) @33(wp) — = = @;,(0y)

Qni(wp) Qua(o) @50y - — ~ Qmm(mk)J (E52)

Since [® ;(iw)] is Hermitian, then [® ,(iw)] = [Q;.(iw)] T or [Cp(ep] = [CF(wk)]T;

[Qpw)) = ~ [QF(m)]T and terms in the matrices have the following properties

CF;i(wk) = Cpu_(wk) = q)p((‘)k) (E53)

CF;‘;(“’") = CF“(“’I:) = C(n;jym, 5 0) = C(n; =~ = njp myi= ~m; wp) (E54)
QF;j(wk) = Qpl,l(wk) =0 (E55)

Qpil,(w,,) =~ Qpl.i(wk) (E56)
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Hence
. wda
[0 Cip(e) Cp3(@) = = = Cpp(ep
Cia(wp) Pwy) Cos(wp) = = = Cyp(ey)
[Crlepl =| Ci3(@p) Cps(ep @wy) = = = Cya(0y) ;
Cim(wp) Copley) Cyp (0p) — = = ©(wy) _f (E57)
[0 Qe @) - - = Glep)] |
=@, (@) 0 €3 (0 — — = @yu(wp :
[Qp(ep] = =Q3(wp) =Cp3 (@) 0 - = = @3pley
;Ql,,,(wk) Q@) ~Quley) - - - 0 | (E58)

Diagonal terms of C ;. are the collections of power spectral densities at all node points.
Because the turbulent boundary layer is approximately a homogeneous random process and
its thickness changes very slowly within a panel length, these diagonal terms are all equal.
The [C p(w)] and (@ (w)] matrices are symmetric and skew symmetric, respectively.
The diagonal terms of the [® . (¢v) ] matrix are the diagonal terms of the [ ()] matrix,
Equation (E57); hence the diagonal terms of the [Q F(co)] matrix are zero.
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APPENDIX E2 — METHOD FOR DETERMINING INPUT DATA

In using the program described herein, it is necessary to calculate numerical values 5
for boundary leyer parameters 8* , 0, <p%>, and U, 41 These parameters and the associated ’
quantities required for their calculation are defined below. The definitions assume incom-
pressible flow and, therefore, are restricted to subsonic conditiens. The Maestrello method

(Appendix B2) may be used for computing additional input data.

Parameter Description E
¢ Free-stream speed of sound (in./sec)
Cf Local coefficient of ckin friction (dimensionless), equal to
0.059 R; /S
K Ratio of rm5s fluctuating pressure to local wall shearing stress

(r.e., <p?> 12 /1,=38.1)

M Mach number of the free stream
P, Ambient pressure (psi)
<p?> Mean square fluctuating pressure (psi)?, equal to K2 13]

Dynamic pressure (psi), equal to pU/2/2

r, Reynolds number based on z (dimensionless), equal to 2/ /v
R,s* Reynolds number based on &* (dimensionless), equal to 6*U /v
U, Mean convection velocity of pressure fluctuations in the boundary
layer (in./sec)
z Distance from leading edge, or nose, of body (in.)
y Ratio of specific heats, 1.4 at sea level; equal to cp/cv
b ‘ Boundary layer thickness (in.), equal to 0.37 2R, 175
o* Boundary layer displacement thickness (in.), equal to §/8
0 Mean eddy lifetime (sec)
M Viscosity (Ib force sec/in.2)
v Kinematic viscosity (in? /sec), equal to pu/p
p Density of free stream (Ib force sec? /in.)
T Local wal: shearing stress (psi), equal te Cfg -g— C,PA M?
3 4,
b % Equal to 9.56
n=1 fp
The system of units is in inch-pound-seconds.
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1/2 . . . -
Measurements of the rms fluctuating pressure <p2> nondimensionalized witk. re-

spect to the wall shear stress r, show considerable scatter (Figure 22). Different investi-
gations show different relationships between <p?> 1/2/rw and Mach number M, so it is
difficult to predict the influence of Mach number on the rms pressure. [t is assumed here that
<p?> l"2/rw has the value 3.1 for all subsonic and low supersonic Mach numbers, and the
model for the pressure power spectral density function, as shown in Figure 23, has been cho-
sen accordingly. The value of (< p%>) /t1,was chosen to be close to the values measured

in the majority of the investigations.

TOIRTVE L SR ¢ PO T I

In the frequency domain, the convection velocity U and the eddy lifetime 6 are func-
tions of frequency. When the overall values of U, and 6 are considered, it is found that the
effective values change with distance from the reference point. Complete representations of
U, and 6, which describe the spacial variation, greatly complicate the boundary layer model
and, as a simple alternative, values of U, and 6 are chosen for a particular separation dis-
tance. Corrections to U, and 6 are proposed, depending on the frequency range of interest

for the particular structure under consideration.

The mean convection velocity ratio U,/ U, taken as the asymptotic value for large
separation distances, is not very sensitive to Mach numbe: in subsonic and low supersonic
flow. A valueof U_ /U = 0.82 can be assumed {ir subsonic conditions as shown in Figure
24. This figure also indicates variation of subsonic convection velocity with frequency. The
mean value is much closer to the low frequency value than it is to the high frequency value.

The mean eddy lifetime is shown in nondimensional form U, 6/8* in Figure 25 as a
function of Reynolds number based on displacement thickness 6*. The variation of § with
frequency is shown in Figure 26 where the results refer to measurements by Maestrello in
fully developed turbulent pipe flow. The data in Figure 26 show that the low-frequency eddy
lifetime will be longer by factors of 1.5 or greater than the mean lifetimes predicted in
Figure 25.
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Figure 22 — Summary of Boundary Layer RMS Pressure Fluctuations

.

This figure 1s reproduced from Reference 41. The reference numbers indicated
on this figure are those given in Reference 41.
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Figure 23 — Dimensionless Pressure Power Spectra
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Figure 24 — Convection Speed Ratio
This figure is reproduced from Reference 41. The reference numbers
indicated on the figure are those given in Reference 41,
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This figure is reproduced from Reference 41. The reference numbers

indicated on the figure are those given in Reference 41.
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Figure 26 — Eddy Lifetime

Taken from Reference 14.
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APPENDIX E3 - PROGRAM IDENTIFICATION

PargrhediOs POy

The reader is referred to References 36, 37, and 41 which present an extensive and

detailed document of the computer program.
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APPENDIX E4 ~ TEST RUNS ?

The computer printout of boundary layer input data is shown in Table 8a. Correspond-
ing sample printouts of the computed force co-power spectral density matrix generated by
these data are shown in Table 8b and 8¢c; note that the frequency associated with one sample \
differs from that of the other sample. The mean square displacement and displacement power 4
spectral density of a 2024 aluminum alloy rectangular plate subject to this excitation are
shown in Figures 27 and 28, respectively.*

*The set of force cross-PSD matrices define loads on a structure with certain geometric charactenstics. Com-
, patibility between the temms of both the loading and structural flexibility matrices can be achieved by using
some of the structural geometry information and by specifying flow direction and the direction of cyclic struc-
tural node numbering (see page 25 of Reference 41 and References 36 and 37). For the convenience of ths
reader, a description of the numbering schemes used to achieve compatibility is given in Figure 29,
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Note to Figure 29:

The area (12x 7in.2) of the rectangular plate used in obtaining the results in Figures 27 and 28 was divided
into 72 equal rectangles (1 x 1,167 in.) numbered consecutively in the y-direction as shown (1 through 72). The
constraint conditions for each of the six degrees of freedom (Ox, 8., 2’ 8:‘, , z) are given for each node
(free, fixed cr attached to a spring). 36, 37, 41 The present example originally had 91 nodal points as shown (1
through 91), but only 55 of these nodes (inner nodes) have deflection 62 frze, which represent the retained free-

doms. These (retained) nodes are renumbered in the y-direction as shown (1 through 55). The sizes of the solu-
tion matrices are determined by the number of retained freedoms, 55 in this example. Thus we use a S5 by 55

matrix. Note that the heavy line (centerline) in Figure 29 is the line along which the responses shown in Fig-
ures 27 and 28 were obtained.

The grid s1ze (60 X 7o) and the nuwber of retained freedoms must be identical in Phases I and II of the com-

puter program for compatibility to exist between the terms of both the loading and structural flexibility matrices.
In the absence of compatib:lity, only the force co-power spectral matrices (Table 8) are generated, i.e., the com-
puter will not generate response dete, e.g., Figures 27 and 28.

Figure 29 — Cyclic Ordering of Nodes
(Area = £ X 1) = 1.167 in. 2
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