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1.0 INTRODUCTION

Volume 2 of the final report is used to outline four computer
programs which were developed during the grant period. All were coded in
FORTRAN IV Language for usage on the University of Washington CDC 6400
digital computer.

The discussions here are primarily user input instructions. Tor two
of the programs, ROTOR and AIRFOIL, the background models are developed
in some detail in Volume 1 oi the report. Program TONE is developed herein
and SPDATA is outlined here with reference to the literature where the
detailed development requires a book to describe. The function of each
program is discussed below.

(1) Program AIRFQIL: This program computes the spectrum of

radiated sound from & single airfoil immersed in a laminar
flow field. The m.chanism is force fluctuations which are
related to the unsteady wake momentum. Inmput required 1s the
aerodynamic properties of the turbulent wake,

(2) Program ROTOR: The purpose of program ROTOR is to provide an

extension of the single airfoll In AIRFOIL to a rotating
frame. This 1s z model for sound generation Iin subsonic
rotors. The only broad band mechanism currently in the pro-
gram is the airfoll wake mechanism. Program ROTOR also
computes tone sound generation due to the steady state ferces
on the blades (the Gutin result). Input requirements arve

similar to those for AIRFOIL.
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(3) Program TONL: A moving source analysis is used to generate
a time series for an array of forces moving in a circular
path as would be the case for a rotor. This analysis has
great flexibility in that arbitrary blade spacings, blade
forces and source motions can be easily accommodated. Broad
band effects have been included using autoregressinn methods.
The resultant time series are Fourier transformed using a
Fast Fourier Transforin to present the sound radiation in
the mere normal spectral form, With some study, a user can
make this program a very valuable tool in sound generation
investigations.

(4) Program SDATA: This program is a standard time series analysis
package. It will read in two discrete time series and form
auto and cross covarlances and normalize these toc form
correlations. The program will then transform the covariances
to yield auto and cross power spectra by means of a Fourler
transformation., The spectral data are presented in terms of
amplitude snd phase as well as the coherency spectrum.

A final note on these programs is in order. These were developed as
tools to be used in the work performed under the grant. There was no
intention to provide the programs a; complete packages for general usage.
The content is peneral enough, however, that with some effort a user should
be able to employ the progrars to advantage. He is cautioned to understand
the analytical mode)s before he becomes teo involved in turning around
decks. No program is a substitute for this understanding. Tools must be

skillfully used.



To the end of providing a usable tool the programs are coded in
variable names which read very 1ike those of the physical variables they
represent. For example the density will be RHO and the longitudinal
turbulence covariance will be UlUl, ete. This should facilitate the
reading of the program listings.

Each of the programs is discus:2ad in the following sections.
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2.0 PROGRAM AIRFCIL

The fortran program AIRFOIL is used to compute the sound radiated
from a single airfoll due to those mechanisms related to the airfoil wake
turbulence. A development of the model was presented in detail iu Vvolume
1 of this report. Through the model,the sound radiation is related to
the turbulent structure in the wake of the airfoil.

The caunation which forms the basic result of the model and that pro-

grammed here is

2 2
Gp(ﬁ:m) = izl jél 16 S Li(uiuj,m) Lz(uiuj,w) LB(uiuj,w)

" —
w Jyz AiAj uiuj(yz,m) dy2

with: sin ¢/ (4mad %N

e
i}
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Q
A, = p U, cos w/(éﬂag % .

I .wenclature used here is the same as that of Volume 1.

The integration noted above 1s performed using a Lagrangian method.
This subroutine is part of the University of Washington Computer Library.
Any simple numerical integration scheme may be substituted for this sub-

routine. In the program the subroutine is labeled LAGRAN.

2.1 Propram Input

AIRFOIL is a simple computational program. It consists of three sub-
programs, The maln program is AIRFOIL in which the actual computations

ere made., The next is subroutine DREAD in which data are read into and
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conditioned to form the variables used in the actual computations. Finally,

ek TRt =l S

3
;
'

DWRITE in which the results of the computations are written out.

e T

Input to the program is accomplished using IBM cards. In the follow-

ing we will list each card type, the variable names and their descriptions.

CARD 1, FORMAT(7F10.2)

PATM atmospher : static pressure (atm)

TATHM " "  temperature (°c)
; SPAN airfoil ength (cm)
A
: XLAM length in the stream direction (this is
- a dead variable in the current program so :

any input is okay (cm) 2

3 DEL wake thickness (em)
: 4 by
; RAD distance from airfoil to sound obseyver (m) é
| i
é CARD 2, FORMAT(2I5) :
' ) NPT number of frequency points where data will ;
: be input 4
? NPY number of positions in the wake where data {

will be given

CARD 3, FOKMAT(7F10.2)

AR et 3y e

Y(I} positions in the wake measured relative to ¢
I = 1,NPY the wake centerline (cm) é
Note that if more than 7 entries are needed, additional cards will be i
:
: required for this variable. g
| %
{; CARD 4, FORMAT(7F10.2) 4
¥ ;
; . FREQ(I) frequencles at which the following il
¥ correlation lengths are to correspond (Hz) i
|
. XL(I) correlation length in stream direction for :

# the longitudinal turbulent component (cm)
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6
YL(I) correlation length across the wake for
the longitudinal turbulence component (cm)
ZL(L) correlation length in the span direction
for the longitudinal turbulence component {cm)
CARD 5, FORMAT(7F10.2)
FREQ{I) same as for CARD 4
Xr(I) same as for CARD 4, but for the transverse
turbulence component (em)
YT(I) same as for CARD 4, but for the transverse
turbulence component (cm)
ZT (1) szme as for CARD 4, but for the transverse
turbulence component (cm)

Notice that CARD's 4 and 5 are read inside a DO loop. The statements

are
DO 16 I = 1,NPF

READ(5,3) FREQE),XL(I),YL(I),ZL(I)
16 READ(5,3) FREQ(I),XT(I),YT(I),ZT(I)

Certainly more than just the two cards will be required here since more
than one spectral point will generally be required. For this outline, we
will continue with CARD 6 keeping in mind that CARD 6 reofers to a new input

type of data rather than the actual number of the card in the input file.
CARD 6, FORMAT(7F10.2)

XI(I) ratio of wake velocity at Y(I) to the velocity
1= 1,NPY in the free stream UMEAN {(—)

CARD 7, FORMAT (7F10.2)

NDBL(I) ratio of spectral level at FREQ(I) to the RMS
1 = 1,NPF level; this is for the longitudinal compoment
of turbulence (dB)

i |
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DDB1 can be interpreted from the equation for its usage which is

uj(f) = ui * 10, **(-DDBL(I)/10.)

ui(f) is the actual spectral level sought, and

ui is the BMS level for the longitudinal component of turbulence.

CARD 8, FORMAT(7F10.2)

DDB2 (1) the ratio of the spectral level at FREQ(I)
I = 1,NPF to the RMS level for the shear component
of turbulence {dB)

see the note for DDB1

CARD 9, FORMAT(7F10.2)

DDB3(I) the ratio of the spectral level at FREQ(I)
to the RMS level for the transverse component
of turbulence {dB)

CARD 10, FORMAT(7F10.2)
U11(rn) spatial distribution of the RMS level of

I=1,7Y longitudinal turbulence across the wake,
normalized with UMEAN

CARD 11, FORMAT(7F10.2)

U1t(1I) spatial distribution of the RME level of the
T = 1.NPY shear stress across the wake, normzlized
* with UMEAN

CARD 12, FORMAT (7F10.2)
U22(1) spatial distribution of the RMS level of the
transverse turbulence across the wake, normal-

ized with UMEAN

This completes the inya. for the program.




Program output consists of a listing of the input variables and of
the spectral distribution of the radiated sound pressure at each radia-
tion angle 0° through 180° in 10° increments. The radiated sound is

presented in dB by normalizing the pressure with a reference ZOpN/m?.
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' CORRELATION ANu:s‘tLTRAL UATA G4 VN FOR
'-1tLORRuLATIONS IN THE WAKES Of # SlﬂuLt AbRrolL

- DA A;PI/3ﬂ14LJ9/

VfIATM

{o__.:_‘p_f

. DIMENSION. x1m15(11;,x1NT1(11).x1NT(11;‘ |
“M;NbIUN FRE'(ZU)sXL(Zv)sYL(Zu).LL(zu),u1u1(11s2u);X1i11)r'_

&UZ(}lrdU)'Y(ll)9AN(lll!XUmEu(ZU)9_

zPaD(éU),aPL, )yVCL(ZU}!VCI(2u)|VAN(3)?K1(Zu)

' READ N DATA

STATIC PRtSSURE (MM HG)
"STATIC TEMPERATURE (VEG €)

| SPAN. = ALRFOIL LENGTH (CM)

XLAM = STREAp INTEGRATIUN LENGTH (CM)

PATHM-

- bEL kAKL TﬂlCKNEab (Ci) -

thAh FREE STREAM VELOCITY (m/StC)

RAD = leIANCE TO OBSERVER (i)
‘NPF = NUMpeR OF FREQUENCY POLINTS N SPELTRUM
NPY = NUMoLR OF SpATLAL POINTS IN WAKE

Y = LOCATIONS OF THE POINTS IN THE WAKE (CM)
-FREQ = FREQUENCY ARRAY. (H4)

XKL= aTRtHM CORRELATION FOR ulul (CM)
YL = CORR:LATION ACROSo lHe waKe FOR Ulul (UM)
ZL = SPAN CORRELATION FuUKk JlUl (Cwm) .
"XT = STREAM CORRELATION FOR v2uZ (CM)
YT = CORR-LATLIQON ACROSS THE WAKE tOR uU2u2 {CH)
LT = SPAN CORRELATION FOR Uzuz (Crh)
XI = RATIO OF WAKE VELOCITY Tu UMEAN
T pDBL = RATIU OF SPECTRAL LEVEL TO w88 — Ulul (Do)
wuss = RALLO OF LpECTRAL Ltvil TQO RMos = wiuZ (uw)
"LLp3 = RATIQ OF SpECTRAL Lbvel 10 wMma = w2u2 (Do)
ull = RMo VALUE OF Jlul (PERCENT)

Ulz = RMS VALUE OF UlU2 (PERCENT)
V22 = RMS VALJE OF u2U2 (PERCENT)

CALL DREAU(AU’RHdsPI!BM!KUMEGvVCLsVC1’bPANvXLAMiDEL,XM9
1RAU!U1U1301UZsU2u2sNPF9NPA9NHrsA;:$rNtuaHA]M!IAIM’AL1A[)

COMPuTt‘RHulATION PATTERN

COEF1=(RHO/ (4« #PI%RAD) ) ¥%2
COEFZ= COEFl*SPAN*BM**Z

DO 2000 KR=1519

UKK=KK

CODE1=UKK

THETA=-90e+1U ¥ {UKK~1, )
TH:T THETA*PI/ 18y,

- ST=5IN(THET)
. CT=COS(THET)
S STS=ST*%2
CTS=CT#%2

STCT=ST#CT . . _ REPRODUCIBEITY OF THE
: : ORIGINAL PAGE IS POOR
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AL

© COEF3=COEF2

A ‘CuMPuTE SPECTRUN

| fbo 1600 K= lsNPF'l_‘?'." I
"fcumpurs INTEuRALs OVER THE WAKE VOLUME

: ”XINT(K) Uo -
DO 30U IS 1;3
bu. lOU I= lsNPY
Pl VARtl)_bTa*U101(&gI)**Z*VcL(h)*XL(&}
= VAR .;STLE*UIUZiKsI)**2*(VCL(K)+VC](&))/2.*(tha)+XT{$;)f2.
. VAR(3)=CTo®U2U2(Ky I)**Z%VCT(R)*XT(K)

'*f 1Ob“x1NTG(1; VAR{II)

10 F ORMAT(TEld.Z)

‘“ CALL LAGRHN(Y’XINTG’ﬁPY’l’l!usANo9IHKUK)

'fgdcfxan(K> SANSHXINT (K}

 PSDIK) = XINT(K)*COFFB*XUMLG**4
PSD{(K)=ABS(PSD(K))
WRITE(6»11) ANS. -
11 FORMAT(4H ANS  LE2ve5)

| 10UQ aPu{n)=IU. *ALuGlU(P5D(&)/4uu E-12)

C

CALL DWRIIE(AU’HHO;PIsBM’KUMLb!VCL,VCT-aPANstAn’uEL,
lXkaADsUlUlleU&:UZUZsX Yy THETA>» PoDsSPLNPY s NEXSNFE S
2FREGsCODELsPATHM» TATM »XL o XT?

2000 CONTINUE

STOP

END -

SUBKUUTINL DREAD LAQ s RHUSP I3 BMs XUMEG s VEL s VCT s 0P ANs XLAMy DEL » XM»
IRADULUL»UlUZ2sU2UZ s nPFsNFXsnE Y 9 X Y s FREWsPATM TAiMe XL s XT)

THIS SUﬁROUTINE READS ANV CONUVITIONS INPJT DATA

DIMSNSION FRbQ(ZU);KL(ZU):YL(ZU)-LL(ZU)vululillszu)sXIlllls
101U¢(11s2u)vuauzt11-¢u)-r(11}-xm(11)sxquGtzu).
2 PaD(2u) soPLli2u)sVCLI2v) sV 2u)
viMENSION UDbL(ZU)vUDdZ(cu)9UUDJ(4U)’Ullill)vulc(ll)t
1w22(11)sDF1{2u)»DF2(20) 2DF3{2v) X1 (20 sYT(2u) Ll i2u)
DATA CRsCusGAM/288s vl eVslals/
READL{S»1) PATM’TATM’aPAN’XLAMthLtUMEAN!RAD
1 FORMAT(7F10.2)
CMFT = 0328 ’
PATM = 21184%PATM
TATM*(TATM+32.}*9./5.+460.
-_bPAu=$PAN*CMFT .
KLAM=X] AMXCMFT .
DEL=DEL®CMFT
--UHEAN = UMEANSCMFET#100, -
RFD = RAD*CHFT*IOO.
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‘ jD5CALE 1140
“ﬁﬁAOHbQRT(GHM*CR*Cb*TATM)
‘RH ”PATM/tCG*CR*TATM;

18

"W-{iﬁf

READ{542}

“Bi= UMEAN/HL
NPFvNPY
5F0RMAT(315’ o
jREAD(5’1) (Y(I}'T ]’NPY)
D018 I= 1’NPY
'Y‘I)-NMFT*Y(I)

-DJ 16 I= l!NPF :
READ(533) FREu(I)!XL(I)#YL{I)QLL(I)
RLAD(593) FRtU(I):XT(I)!YT(I)’LT(I)

‘ﬂoo 10 K= lsNPF

'XD%EG’R)—Z HPTHFEREGIK)

RﬂQ(&)/USCALE
GUE) SAUMEG LRI /DSCALE"
*CUEF:A:/Ic.EQ%lZ.) o
XL(R]—XL(R)*CUEF '

o YLKy =YL TR #COEF.
LGRS ZL IR Y ¥CUEF

XTIKy= XT(\)%COFF,
YT{RYy=YT{N)*¥COEF

LT R =ZTA 8 ) *¥CUEF

| READ(5,1)

U READ(SST)

12

e VCL(&)WXL(E)WYL(&\*AL(K)

.yg1p$)-xT(glfYT(&;*LT}»}

AXIUT) 2 1=15HPYY.

-,;_ffDo 13 I=1sNPY
13X

4(11—U4EAN*XI(I)/A
RaAD(5,1) (DDB1(K)sK=1sNPF)
. (DBB2 ks k=1 sNFF ).
READ(S5s1) (DDB3(KYsK=1sNPF)
DD 12 K=1sNPF. ,
DFL{K}=10**{~-DDRT{K)/2ve)
DFZ (KY=1U0%%(~DDB2 (K)/20a)
DF3(K)=10e%%(-DDB3 (K} /2us)
READ (5 1y {GlillysI=1sNPY)
READ(5s1) (UL21131sI=1sNPY)
READ(S21) (U22(1)s]=1sNPY)
D0 15 K=LsNPF
DO 15 I=1s>NPY
u1u1(&,r)-DF1(&)*u11(1)
U1UZ UKy 11=DF2 (R *¥U12{ 1)

v'uzuz(K,I) =DF3{K)1*y22(Ty

_FORmAT(AFlu.Z)
RETURN - »
END

gUBRUUTINt DWHITE(Au;RHusP[,burnumEQQVCL’VCTsthN XLAM!DELBKM!KAD’
lulu;sUlU&;UZUd’A,YrTHETAsPaD:aFLshPY!NPX:NPF!FNEJ:CUDEI-

ZPATMyTATN!XL!KT]

REPRODUCIBILL
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OIMENSTUN FREWlZ2u) s XL (2uTaYLldul sl (20} sdlul{lls2u)sXlill)e
1ulug{lleZulsuu2(1iogu) oY {11)sXM(LLl) sAUMEGI2U) »
2 PoD{2uU)solPL{20)syCLiZw) eV CTI2u)

IF(CODE14GTels) GO TO 21 .

WRITE{&s1)
1 FORMAT(1HL»8uvH SOUNV RAULIALION FROM A SINLLE ALIRKFOIL AS RelLATwu TO
InwAKL AEROVYNAMIC PARAMETLRS PR

WRITE(G692) PATMsTATMsSPANsXLAMIUEL s KAD f:
2 FURMATI(L7H AMOBIENT PRESSURE LFiUaZs2uvH AMBIENT TeMPERATURE i

Ll LlQe2/ /7201 LIMENSIONS OF INTecuRAlTLON /7130 ALRrOlL oPAN .

2l620e59 L0Ke17r STREAM DIRcCTION lr2ueb/ Lo wAKL THICmNLbb

31L20ab//71Y.. RADIUS TO OpSERVLR Lle2ve?2/l/ /)

WRITE(693) (Y(I)sI=19sNPY)
3 FORMAT(3UN STLAUY FLUW Maun NJMueR FlolLu/Zlin STRenm wiRelT1ON
13uXs0bH ALRUSS THE wARE  /Z2vAsluFlvae&/)

WRITE(G6s4) (XMIIysI=1sNFY)
4 FURI'-AT(5X91F10.‘+55X’10Flu.5)

DO 20 K=1sNPF
wWRITE(A26) FREQIg ) svCLIK)svLTLK)

6 FURMAT(LIHLs1luR FREQUENCY lbduebolyrd CURR VULUeE {(LUNGY? ledwebs
1i9h CURR VULUME (TRAN) LEZ2vebv//)
WRITE(Gs 7Y {(Y{I}sI=1sNFY)

7 FORMAT{ 541 LONGITUNINAL TuRSULeNCe CuUmMPUNENT 77170 STREAM DIRLLTIO
iN 3UXeluH ACRULS 1HE wAKE/2uwAsluFluaed/)

wRITL(6s4) (UIUl(Ksl)sl=1anNPY)

wRITE(698) (YLI)sI=1aNPY)
8 FURMAT{//2H TRANSVEKoE TuHowLENCE CuwmPomtEnl /711 oTKeAam birecTlun
13uXs16H ALRUSS TiE wARE F2uAsluFlue2)

ARTTE{Gsd) {UU2(KsIrsl=isnrY)

wRITE{629) (Y{I}sI=1eNPY) :
9 FQRMATI//27r oftAR TuRbulLLNtLL COMPONENT //717m OTRoAM UIRLCTLION
L3uXsléoH AWROSS TriE WAKE /2dXxslubluel/)

wRITE(Gs6]) (UTUZ (KaTl)eI=19s0PY)

20 CONTINUE
21 CONTINUE

WwRITE{6»11) THEIA . '
11 FORMAT({1rH4925h PREDICTED >0uNv 2PeCTRuM  /Z/7161 KALITATION ANULG
1LF1l0e2//00H FREWUENCY 1uXslfnt RAULATEY SPLILD) )

DO 12 I=1sNPF : - -
12 WRITE(6513) FREW(I)sSPLII) 1
13 FORMAT{1F1lU02+1UX51F1062} '




2116,
1.0
6
« 08
5000.
Y000,
750U,
1900
lUUUOn
10000,
15000,
15000.
20000,
200UQ0,
30000.
3u0u0e
092
laa
20
23
«0055
Ne )
U005

RETURN
ENU

D30,

5
“004
26
59

5

« 26
ab

52
« 43
58
o2
258
08
« 40
=
15,5
20a

21

015
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3.0 PROGRAM ROTOR

The purpose of developing program ROTOR was to provide a method for
the prediction of sound generation from turbomachinery rotors. Aerodynamic
operation was limited to the subsonic flow regime. Both tone noise and
broad band effects were inecluded. The tone noise part of the model was
simply the steady state forces on the rotor blades. The broad band mech-
anism was taken as the force fluctuations which were relatable to the
wake turbulence of the individual airfoils of the rotor. The mathematical
model used for the basis of the sound radiation was that presented by
Ffowes Williams and Hawkings*.

To use the program one must supply the aerodynamic parameters for the
particular design. Program ROTOR then computes the spectrum of sound
radiated by the machine due to the mechanisms noted above.

Tﬁe program is divided into five subroutines. A brief discussion of
the contents of these subroutines will be given to provide some familiari-
zation with the program structure. The names of the subroutines are:

DATAIN, WAKE, ORTH1, TCNE, and ORTH2.,

3.l Subroutine DATAIN

As the name implies, DATAIM is used to read and condition the inmput
data. The data input can be listed with the required FORMAT and

physical units. The following are the only inputs requirad to rua the
program.
CARD 1, FORMAT(7F10.2)

RPM rotor speed {RPM)

R1 distance to observer (M

10, 1, 1969.

et T A

"Theory Relating to the Noise of Rotating MWachinery,”" J. Sound if Vib.,

e T
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Ui

XLAM

RS

FMAX

15

number of rotor blades
blade relative velocity
blade stagger angle
source radius

maximum frequency in spectrum

CARD 2, FORMAT(7F10,2)

¥R

Ulule

UluZn
U2Uln

U2U2B

magnitude of force on each blade

RMS turbulence level for the longitu-
dinal component, normalized with Ul

RMS shear turbulence, normalized with Ul
RMS shear turbulence, normalizeu with Ul

BMS turbulence level for the transverse
component, normalized with Ul

CARD 3, FORMAT(7F10.2)

ZL

YL

blade span or other span length used to
define the length of the source in the
span direction

thickness of the airfoil wake

CARD &, FORMAT(1I5)

HF

In the remaining inputs a TORMAT(7F10.2) is used but if more than NF = 7

is used then more than one card will be needed for each of the input

variables.

number of frequency points to be used to
input random data for wake related sound
generation

be required for the input.

-
(M/SEC) 3
(DEGREES) ;i
)

aiz) ggz

(0
™)

()

Here we will list the variable arrays as if only one card will Q;
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ALL FOLLOWING CARDS, FORMAT(7F10.2)}

The following variables, UlUl, UlU2, U2U1l, and U2U2, are spectral levels
given in dB relative to the RMS levels for the component.
this procedure will be:
down from RMS on a 1/3 octave spectrum then the radiated sound will also

be 1/3 octave,

also.

F(I)

CORR(I)

XL(I)

YLL (1)

ZLL(I)

XLT(I)

YLT(I)

ZLT(I)

Ui1(1)
Uiu2(1)
201(I)

us2u2(1)

array of frequency values

an arbitrary spectral shaping factor,
normally set equal to 1

correlation length in the stream direc-
tion, based upon the longitudinal
component of turbulence

correlation length in the direction across
the wake, based upon the longitudinal
component of turbulence

correlation length in the span direction,
based upon the longitudinal component of
turbulencs

correlation length in the stream direction,
based upon the transverse component of
turbulence

correlation length in the direction across
the wake, based upon the transverse com-
ponent of turbulence

correlation length in the span direction,

based upon the transverse component of
turbulence

longlitudinal component of turbulence
shear stress component
shear stress component

transverse component of turbulence

(H2)

(==

(cM)

{CcM)

(cM)

(cM)

(cr)

(cM)

The result of

i1f these turbulence quantities are given in dB

If 6% spectra ars used then the radiated sound will be 6%,

(dB)
(dB)
(dB)

(daB)
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All input data are nyinted out in the physical units used in the

computatlons.

3.2 Subroutine WAKE

This subroutine computes the wake related sound generation by the
rotor. The model used to relate the force fluctuations on the rotor
blading to aerodynamic variables 1s the single airfoil model. The
expression which results and is here corputed is
& B

2 - 1 w2
= — =)
16n2 r2 nglm kél a,

p(X,uw)

~wR_ sin ¢

%
- - 2SS
d (8, £-n@) d_ (8, £-nf) JI( a ) .

For the present case, the force fluctuations are

*
- — = - 2 .2
dr(ek, f-n) dr(ek’ E-nQ) 5 ﬁm (w-2mn) Py

3 3
NN [EE——
L1 T,T, 16 Li(uyu 0} Lyluy,u,e) Lolug,u ,e) v ().
£=1 m=1
where: § = span, Gw = wake thickness, L, = correlation lemgths (i = 1,3),

—_—

v = spectral level of turbulent stress, w = radfan frequency, Q = rotor

speed, and f = frequency in Hz. Jn is a Bessel function of the first kind

of integer order.
The output from this subroutine is the radiated sound pressure level

»
expressed in dB relative to a reference pressure of 20 uN/m?.

3.3 Subroutine ORTHL

This subroutine computes the components of the position vector of the

sound observer in the coordinate system relative to each of the rotor blades.

S R A T
.

PR RS R

s L0 gites 8 R gt <iete ST R
L e T LT e T EIY

e

LY N T IR DR ) '_'-\‘.’{"'m
W .

-

5

-
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A T

Thr product of these components with the force components on the blades

yields the force in the direction of the obsexrver. To do this the position y

vector must first be expressed in terms of the rotor coordinate system.

AIATERREY TPV S A8

It must then be rotated by the blade stagger angle to be in thz blade

coordinate system.

L1

| The observer position vector components for a typical blade now may

be written:

' R
f r, = {(r sin ¢ - Rs cos 8)/[r(1 - ?§ sin ¢ cosf)]
Rs
1 r, = - 's sin 8/7r (1 - -;-sin » cos 8)]
R_ '
Ty = cos $/(1 - < sin ¢ cos 8)

The chanpe frum the observer coordinates to those of the rotor blade can

be expressed in the rotationm

AR AR e T

- 5in@ cos9® 0

0 0 1

g g iy T e e

4

f \ cosd sing O

]

; and the further rotation by the stagger angle, 3,

L sinA  cosx O g
{ ~cos) sinx O ;
1 0 01
L b
j The stagger angle, A, is the angle between the airfoil chord and a radial f
f . plane passing through the axis of the rotor. 3
E i
£

|

[ |
e g e — —— e E—
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3.4 Subroutine TORE

Subroutine TONE as currently set up computes the sound generation
related to the steady state blade forces. This is the "Gutin" mechanism.
The program has been developed for a rotating steadyvstate stress term also
but as yet it is not known how to model this in terms of aerodynamic
desipn parameters.

The expression which is computed for the rtadiated sound pressure is

pGw |2 = —E — (232 ?j cf n® F2 (8, ,w) J2 (mRS Siw)
l ? I 16722 RS k=1 e r "k’ mB a_
where: B = number of blades in the rotor

Fr = blade force in the direction of the dserver

RS = source of radius

¢ = observer angle to rotor axis

r = distance to the observer

w = radian frequency

3.5 Subroutine ORTH2

ORTH2 does exactly the same computation to the blade force as ORTH1

did for the random blade forces. The procedures are parallel.
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3.6 Program Listing

FRUGRAr uTur{InrUTovuliPulsTares=InPul s TAPCG=wulFUT)

“ ACROUYNAMLIL 30uUe GrikERATLION FROM MuLTloLAube <ul0ORo
(" evo [ RAwLIATLL SOUNU oPLlTRum 1S PRowilicy LADEL
. ON STEAUY LOALS AaNL ALRFUIL wade olA&TIoliual PROPERI looses

DImENnSIUN UlUl(Bu);ulUZ(Du)suZUL(bu}sUZU?(buisF(bu)sFT(Zuu}s
IBRHUT(20G0) skt (3u ) s CURK I s ALLIBU) s ALTIou) o VELIBL) s VL F{3u)

L il The uoRoultNe 19 inPul Ae WONULLELON (e omin
Cree DAlALlULUL sl Ve sudvlsucwesFsnPosRirgsu]) sACAM RO sFMAASEL tiuf »
1L s YL XLL s XLTavCL o VI TaCnin)
CALL wARE(FsviUulsl1uZ2sudulsucuZoinl skPoskmARsRSsnHUS D9
1 IcloXLArisULloZbsYLs XL s XL ToVCavlTsluning .
|
3 w WRakL COMPoTLY ORUAL ANV suuilty v ieikAal 1O
b LAk TunitinlsceruaRnul sAaLiaronrosiRosular i}
! L Fune COmPUTLS LEVTLD OF Mure Tuint uvinesnliow oY nulaTilu
g C olLnuY ohreubl rokee ANL mkndy vinboebo ur olrioo TLNOUK
LTaP
END

wobiuoe T Ihe UAalaln{ululsdivdrveviswZuZsbsnarosnlsnsul sALAmsKas
IFmAXsFRelbksdloYi s XLLsaALisvCusvClatunn)

RLHaba ANU CONULIT1iAND uain

fl

Olmbie Tuim UlUlibuysidlU2ibulevZullinoul su2u2(BulesbibHu)
DTENSTUN VO30 srOman (3w ) s XLl 30y srLi3c) el (Fu)s
ZALTIOU ) sYu lU3u) s £ TI3U)svCHldwyavCL {30}

AP = ROTUR SPELL RPM)

Ri = ObooeVER RAviuvo (M)

L = Nubock OF RSITPR oLAwLO

Ui = opLmsvt RLLAT: Ve VeLOGETY (M/one)

AL = 51AGLER AMGLL = MLaldUhow FROM FAN AXIo (wLiu)
RS = SOURCE RaADIUS (i)

FAAX = MAXT Wi FoarWduENCY oF INTERESLT (HZ)

Fs = nbLALs FORCE (KG)

vivio = Rets LUNGCITULINAL TusbulkinCe — munmAllLtoe wlTm Jl
uluen = Ro ontArr - NORkMALIcco willn ul

Uetio = Red SHEAR = NGRMALlerw wlln Ul

vdden = Rup TRANMOVERSE TusguientE = AukeALILZLL «@1To ol

2L = SPAN DIMLNSINN {Cw)

ZL = wAKE TIICKNESS (CM)

CHD = HLAVE CHORw {CH)

NF = NUMBLR OF FREQULNLY POINITo

FI{I) = FRoWJENCY ARRAY (HZ)

CORR{ 1) = n SPevIRaL witwnTinu rUNCTLON UNOIKMALLY oNilY)

nNOoNACcaracanNNANANONCCC e C e

. ALLII)} = oTREArm LORRELATIUN LenoThn Fur ululy
YLLEL) = WORMAL CORRLLATION LeNuTit FOR wlulo (LM}
ZLL(ILY = OPAN CURRELATIUN LbnsTn FPOR Jluls (M)
cLIlL) = OTREAM UNRReLATION LLHNGTH FOR v2u2e  {Lid)
YLTUI) = NORMAL CORRELATION LeNuTAa FOR u2u? tim)
LLTLI) = oPAN CORRELATION LuNuUlA FGR w2u2 (M)

REPRODUCIBILITY COF THE
ORIGINAL PAGE IS POOR

= TEEELIPE SNTRNE

N eRTE

e e e e e




[aNaEaYA]

2L

J1ul(ly = DB DUwN FROWM vidlb  (Rmd)
Jldell) = DB DOwn FRumM UlJd2d  [nkmo)
V2Ulll)y = DB LOwN FRUM J2Ulys  (RMo)
GZuZil) = DB DOwN FRuUM L2U28 (KM2)

DATA AO»CusPi/342,9)laUs3eltloz/

READ(D9l) RPMsR1aBsUlsXLArIRIIFMAR
RELAU(D s L) FoswlulBesulu prudurbrdudp
READIS S 1) ZLs YL s AL sCHD
CAFT = L0328
RI=RI¥CAFT¥1luu,.
Ul=ul#CMFT#100,
RE=RS*¥CAFT#100.
Fi=Fix2,21
LL=L1.5CAF ]
YL=YLECAF )
Crib=CnbaCHk T
1 FUORMAT(T7F Lve2)
TPI=Z %P ]
ALAA=XLANTFP /18U
RPo=TPI#Rrr./60.
READ(S52) NF
2 FORMATILILY

30

READ({591) (F{Ire1=12NF)

SEAD(591)  (CURRIT)Y2I=1sNF)
RECAL(Ss1) (KebLtlysI=1sNF)
READ(Ss1)  (YLL({IysI=1sNF)
READ(DBs1) (ZLL{Tys1=19NF)
READ{Ss1) (ALT{TysI=19NF)
READ(539 1) {(YLT{IysI=1sNF)

READ(B»1)
READISs 1
REAL{5s1)
READ(Ss1)
REAGISs 1)

INTRUDUCE

(ZLT (T ysI=1sNF)
{ululitrysI=19snF)
(ULU201Ysl=1snr)
lu2UdliTysl=1snF)
(U2U2{1)121=19sNF}

SCALING FACTURS

SCL={CHD/ 2au)#%ua 8% {UL/1Duve ) *¥(—ue2)
OCF={UL/1oue ) %% a2¥ (CHD/3eu ) vH{=uae8)
FAR=FMAK*GCF

AL=XL#*s5CL
YL=YL¥oCL
LL=2L%5CL

DO 30 I=1sNF
FUI)=F(I1}%%CF
ALL{T)=XLLE 1) #5CL
YeL(Iy=YLL(])#5CL
LLLUIy=ZLLETIY*5CL
XLTUE)=XL3i (1} *5CL
YLILTy=YLT I )*5SCL
LLT{Ty=ZLI (I 1#5CL :
DO 20 I=19NF ‘
VCL(I ) =Bo®ALL (I #YLLIT)*LLL{L)Y/28B35v.

20 VCT{I V=B ®XLTII YL T %L T{1:/28350v,

it

PRV

R
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< wRITE TIk INPUT UATA

AEITe (a3 RTIenPmsFBrsALAMIBonosul sl mAAsLLlulpgevliueBrvZuldsululp
3 FORMAT{LlhLs54h ACROUYNAMLL SUUNY ULNERATION Fiun MULTIoLAvEY <QTGR
1o//723H OooERVER wISTANCE (Lid) 1F7e291uX212it ROIOR SPeED
2iFL0ag/lyn STeADY BLKUE FORUE LF2ilegslursevin DLAUE STAGGER ANoLE
3irloe2/170 NUMBLR OF BLAVLS Lr3devsl2uAslind wQuRbt RAULIUS .
+rFuvec/dar pDLAUE RELATIVE VolulllY  troelaluvasiuvi mAXe FREwUENCY :
51t loe2d/lun UIULIRME)Y  lEsvesr2aslod JivelRKpo) Lltlue3shasy
6luH v2ullmmd) 1E10e395Asiur w2uZ{nma) itlues3//i/lly :
WRITE(699) LLyYL i

9 FURMATIZ1H WAKE VOLUME  LI{Z) = 1015¢935Xs
18H L(Yy = ~"1E15«8//) ’
WRITE(6411) i
11 FORWMAT (1ULUH FREQUENCY LiL) Ly .
1 LEX) stualR FACIOR ) '

WRlitliss]le) (FlLy el LD Yo YRLUE Y gAL (T Y osCURKNIL ) s l=1aiNt)
‘ adlTh(Bsle) (FULyozlilysvliaysAbtil)sCunrntiiysi=1snik)
.12 FORMAT(BE2uUus5) -
: WRITE(G6s4)
4 FORWAT{L4H SPECTRuUM UlUl  //)
WwRITE(AsD) (FII)alul{l)osl=1loinF ) ‘
5 FORMAT(4(LF1lue331F2ved)) ‘ ' j o
wRITE(Ss6) ‘
6 FURMATU/ /714 GPECTRwm wivZ2 217
wilITE(&25) (F{l)ysulw2(l)»i=1sinF)

WRITE(6s7T) i

v 7 FURMATU//7714H oPEcTRUM v2ul /7)) i
ARITE(Be5)  (FL1)sU2UIlI)sl=1suF) :

WRITE(6+8) i

8 FORMAT(///16H SPECTRUM U2u2 //) ;
WRITE( e ) (Fillysuzuw2l{l)sl=1sNF) i

A

. CONwlTION TuRDULLNCE vais 10 LINEAR otlsll

DO 10 I=1»sNF i
ALLLT)=XLLIT)/(2ec4s%®124) ﬁ .
ALTOIY=XLI{1)/(2484%12,) : .
Viull{l)=ulLlp/{luve®¥lululi]l)/2ue))
UluZ{li=uluB/ (lu# % lUlue(]1)/2ua))
V2ul{l)sueulp/ (lu #F G20l l])72ve})

10 wau2il)=deu2B/{lu ¥ ¥ (U2u2(1)/2vae))
RETURN
END
GubBruuT INE WAREIF sUlulsUluZsuzuisuiu2 sNFsRPOosFMAAIRSsrHUD 93 s
1lsXbamoul s ZL sYLoXLL o XLTavCL VT sCunk)

C COMPJTES aUUNY RADIATION riRum amklL TuRouLEnGEL PRUPERTILIES

DImbEnsTun FL30)sulUL{30 ) sulouatsu)su20l (30)sU2J2(30)sBES(Ludv)s
IBEN{Lluuwu) sPHI(20) 35X (3us3)s01i3u)o
ZRHUS(30) 2V (3)sVC (33U ) »CURR(3v) s

FALL{30) s ALT (33U svL(3CG) sVCT (3w

WATA CGoAQ»PlsRHO/12U¥342a9%218159216175/

v § mavveonrioy Fomwhownte § oot - - WY e acim e < et e o ﬁ.-‘.vh.-T-',_”.‘ .
: e = . !




S e —— e — — = e T~ T R
N . - - M
*

g PREF=20 e E~UB/AQH# 2 %
: PREF=PREF *PREF :
“ Cl=le/ 4P [#AQRK#R] ) ¥H2 !
i TPI=2.%P1 | _ : ;
C2=C1%(RHG/CG)##2 |
REV=RPS/TP1 1
ATOT=ZL*¥YL i

C CUMPUTE ThE RADIATION RATTERRN
DO 100G KK=1,3

PHI{nR) =40 ¥FLOAT (KK-1)
PHIP=PHI(AA)#PT1/180a

e e

C CUAPUTE TAL 3PECTRUM

vd Ll I=LaNF
PDVL=VCL{I)#ATUT#CORRI 1)
DVT=vITUIN*RATOTHCORKT)
CVL=30RT (LvL)
OVT=SURTLDVT) :
DV=0.0 |
Al s1)==ulul ) #¥nvL*oGRI(ALLLT)) f
oX{Ta2)1=v2u2liy¥pyT*ourTlaLI{L})
VU 40 J=123

40 wRITe(6s41l) oX(I1aJ}

41 FURMAT{lur SX(19Jdy = 1E2ved)
D0 32 J=1s3

32 VI(Jy=5X{l+0)
V3i=uluz({l
Va=u2ul(l)y
FRA=SFII)y*1PT

Pr o ot A g a4 S g 0 s

——

CALL URTAHL{VIsFRAsVIaVa4sPHIFsaLAMrgdsKlanosDD)

11 51¢1y=DD
DO 2000 <X=1sNF
C3={TPI*F{R)/ADQ)*%2¥U%¥2

C TAE ARGUEMENT FUr Tric BeostEl FunCl1luN

ARL=—TPI*r { ) *RI*SIN{PHIPI /AU

C NanX 15 Tin MaXleUM NECELOSARY Valuono OF § rUR Thic prootl FUNCILION

NAAXS IFIX(FMAXFTP I /RPS ) #241
NemAX=250
IF(Nl'le.G[-“UU} NMAX=4uU
IF{aARLeNEovay) up TO be
BES(l)=1.V
DU 61 LL=Z9sNMAX

61 BES(LL)=0WU

| GO TO &2 i
] 60 CONTINUE ar Ty OF THE i
. DO 63 LL=lsNMAX : UCIBIL i3
| N BB  PAGE 18 POOR i
15

" !‘-—-» .

B,



63

62

4y

13
14

15
12

31

50
2090

1 FURMAT(AHL#37H oPeCTRAL DISIRIBUTIUN uF mruTur oudiD
130H wAkte TURLULENCE RELATzu S0OUND
210XsL0H FREWUENCY 1UXe8H SELIDB)Y

10

2

24

BES(LL)YSveu
CALL NBESJ{ARGsNmMaXst3ES)
CONT INuE

OQUARE THe BEoaEL FuNCTIUNG

DO 44 J=1sNMAX
BEN(J)=(~Lla)®*(J=1 1 ¥PES()
BEolJy=BEwlJ)#BEL(J)
SEN{J; =sEd{J)¥BEN{])

PROUVIDE Trik SuMMANDS

3UM1=0-0

DO 14 N=1sNMAX
FP=F{KI+FLOATI{N-1 )¥%RLY
IF{FP.GTFAXY un TU 13
Durtl=l8LUul(FPsFso121s5iNF)
Duril=DUM1I#* (TPI%FP %% 2

GO TU 14

DuMl=0,0
SuMl=5JM1+DUMI¥BES(N)

DO 12 N=22NMAX
FN=F{¥)-FLOATIN=-1 ) #REV
IF{FNeLT a—=FiiAR} o0 10 15
FiN=ABS{FN)
Duril=TBLULLIFNIFs012 19NF)
DUMl=DUMI* (TPI#*FN)#%2

GO TO 12

DUI’““l:O-O
SUMLl=5UMI+DUMLI*BENTIN)
WRITE(6931)  5HuMlsDunml
FORMAT(S5H ouMl  1E2veHsom Dumli

THIo COMPLETz> THE vlpPoLe Tieim

wRITE TAE wmODuLus OF THE KADIAIzD SUUND DENSITY

VARL=C2%CI%SUM1/PREF
#RITE(H95UY FI{K)sVARI
FURMAT(IFLua3s1E2045)
RHUS (R ) =C2#C3%5UMT
wRITE{G6:1) PHI(KK)

DO 1o I=1sNF

VAR1=RHOS (1) /PREF

IF(VARLLTL1e0) GO Tu 1u
RHOS{I1=1Ue*ALOGL10O({VARL)

CONTINUE :

WRITE(692) (FUI)sRHUSII)sI=12NF)
FORMAT{12X91F10e2s1UX3s1ELuet)

1000 CONTINUE

RETURN
END

F/1Tm RALEAT LON ANGLL

T e
.
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25

SUBRULTINE ORTHLI({SAsKkPLosUlUuZsulul sPHI2ALAMBoR1I»x03DRDR)

COMPUTES Trie auM oF Tt “OMPUNCHTD LN Trib UlRLCTLION OF  Idid
DorRVER  FROM BEALH wlAvek OF Tnc ROTOR

DIMENSION ZY(393) 4TAE(3u)aYX{333)20X(3)325YY{323)sK(3)9VI(3)
LNTROuut e ToL COMPOMLNTS OF Trc FIRST RGTATION

PI=3,1415%
LY¥{1alY=0INIXLAM)
LY (1s2y=CUSTXLAM)
ZY¥{193)=0aU

LY (261)=—CUS{XLAN)
LY (2+2)=SINIXLAM)
LY(Za3)=Usu
AY(391)=UOU

LY (392)=Ueu
ZY{393)=1lev

THe NLXT ROTATION wiPENUSL CN Tvic INLTIAL oLAvE POSLTLION AL wiLo
TH: OBSERVER RAulyS VECTUR

NB=IFIX(8)

DROR=uUeV

DU 10 K=12Ng

THE(AR} =36V /O¥FLUATIR)

THET=THE (~)#P1/18N,
DzN=R1#(1e—RS/RI#SINIPRIY#COatTRET )}
RE1)=(R1%¥oINIPHI)-RS*¥CUS(ITHET Y ) /DEN
R{E2)=(=RO¥5IN{THET))/DFEN
RI3)=(R1%COS{PHIY/DEN
YA{1s1)=—0oIN{IHET)
YX{192)=CUa{THET)

fX{lea3)=uvev

YX(221)1=0eu

YX(232)=UaV

YX(233)=10a0

YX(3s1)=CuS{THET)

YX(392)=bINITHET)

YX(393)=0eu

NUd SUM On Tre CupPulbeNTe Tu woT FiNAL VALLLO I QoscrVer FrAamo

DD=0.0

DO 11 1=1+3

Vi1}=0.0

DO 11 J=1s3

DO 11 L=193
VIT)=R{LY®LY(1aJ)®YAalJdsLY+VII)
WRITE(6s30) (VIIjsl=123)
FORMATISH VIB) 3c£15.3)

LETLRMINE THE COMPONENTS IN Trnt DIRcCTION OF THE OBSERVER

DIPOLE TERMS

e e B LR 8 ARl b LA 2

LA e SRR S S W

b w3 b

¥

1+ retimans e e R hasa A o s b b
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131
12
10

20

DO 12 =192

DO Lz J=1lsl
IF{IetQalOANDantQOZl wd T L3
LFlJetQoeleANDeloQed) WO TO L31
VARLI=5X({T1}#5X(J)

GO TO 12

VAR1=-U1UZ2%%2

Gu TO 12

VARl=—=u2ul¥#%2
DOsDD+VIT ) *VARI*vV (J)

DRDR:= “RDR+DD

wRITE(6520) DRDR
FORMAT(1E20.5)

Tuls CoMPLLTzo COMPUTATLON OF ThL COMPONCNTS IN Toc
UIRLCTION OF THez nBSERVLR

RETURN
END
SJIBRUVUTINE TUNEIR] sBsFBoltHUsXLAM L ailosUL sF)

COMPUTES PURE TUNFS GENERATLUL LY OHToAuY bLACE FuRCES ANu
TrL MeAN VALGES OF THE olRboo TENoOK

UBlmbenvolun beEo{2uu)scA(3) 207V 1393)sTA{Zuv) s TYY(20ulaFi2uuy)s
IRHUL200) sPHI(20)2TTE3u) 2D (30

DATA ADsIP1 CH/ 3403 e)lb4l0Ys5 a0/

PREF=20,E-U6/A0%# '

PREF=PREF*PREF

RATHM=1,175

RATM=0,690

NB=IFTIX(3)

PROVIwL Tk TeNoOR ANU FURLL COMPUNENTS

Cl=ule/ (2, #PIHAQH%¥2#R]Y ) *¥%2
REV=RPS/{co*P])
FAX=0.05%FB

FT=0,95%F0

DU 1 I=153

LX(I)=UaV

SX({1)==FAXK

SX(2y=FT

DO 2 I=14+3

DO 2 J=1+3

OYY{IsJ)y=0au

5YY(lsl)=lau

DU 100U KA=1al
PHI(KK)=3Us+1us¥FLOATIKK)
PHI(KRK)=6U+10«*¥FLOAT (KK)
PHI({KK)=8U.
PHIP=PHI(AK)*¥PI/180
C2=(B/RoH1%%2
C3a=(B¥RATMH#UT*¥UL/ {AO¥RS*¥OIN(PHIP )y %%




a¥a

27
COMPUTE THE »PECIRUM
CALL ORTHELOBXsSYYSPHIPsALAMIs<LanssDDs11)
LOMPUTE 5 HARMONICS OF pLAUL PAasSAuL FREQUENCY

NH=10
DO L0 N=1sNH
FIN)=FLOAT{N)*REV%B
ARG=2#P I #F (N)#Ro#SINIPRIP) /AU
NN=IFIX(8)¥N+1
CALL NBESJ{ARGeRNsBES)
WwRITE{6s30) ARGsBES{NN)
30 FURMATI( 160 BESSEL FUNCTIVN 2E2Ue5)
TYYIN)=0,0
TX{N)=Vu
DU 40 K=1sNB
DU 40 L=1+NB
TAINY=TA{ra}+BESINNIFUES TRNYSuLpin) *#pO{L)
40 TYYIN)=TYY{NI+REOINN)#3Eo AN #TI (a3 T T {L)#2,#PI*FIN)

Trlo COMPLETe> TnE oPLCTRAL Luvol «UHPUTATIUN - NOW CALL ROWTINL
TO PERFZRi COORUVIMATL TRANOFURMATLIQNS

VARL=CLI#C<*TX{N)V/PREF
VARZ=CL*Co¥TYY (i) /PRLF
wnlTE{G6s20) F{nN)sVARISVAR2
20 FORMATUA(1IFIVa292F1l543))
FNN=FLOATUIN)#r LCATIN)
10 RHUINY=CLl#C2¥FNN#*TX (N}
A#RITE(&:9) .
5 FORMATELHLe37r SPFCTRAL viaTRIvuwTIuN Uk xUOTUR swuld /)
DO li I=1eNH
VARz=RHQ( 1) /PREF
[FlvaRZsL1olav) O TO 11
RAQ(T)=1ue¥ALOGIV{VAR2)
11 CONTINUE
WRITE{6s3) PHIIKK)
3 FORMATI(//7/7/736H SPECIRAL vloirlouTluN F Tunsk ouwond /77
1170 RaADIATION ANGLE 1F%e2///
29H FREGQ(HKZ) 11X+8H SPLDB) /7
wRllclasy) (FIIYsRAUGITYal=1anm)
4 FORMATUIA4(LF1uvae29e1lr2uae3y)
10u0 CONTINUE
RETURN
END
SUBKUOUTINE ORTHZIGX aoYYsPHI s XLAMsBsR1IsKOIDEDRs TRTR)

COMPUTES ThHE SUM of Tilo <«OMPUNLNTO LN Tobn wikelTION OF Trc
QuERVER rROM bAuLH wlAuc O Thne ROTOR

DIeinSTuN LY (33) s THEL(SW ) aYAL353)90A(3) eSYY(3e3)sr({3)sV{3)
DIMENSION DRDR{3u3)sTRTR{3u)

EINTROOUCE THe COMPONENTS OF Tt FIRST ROTATION

REPRODUCIR
ORIGINAL pyg Y OF THE

P
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20

12
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18
10

PIl=3,1415Y
ZY(1el)=0IN{XLAM)
LY [ 1s2)=CUS{XLAM)
£Y(193)=Uey
LY{2s1)1=-COS(XLAF)
£Y(252)=SIN(XLAM)
LY¥{2s3)=0aU
£Y(331)=0s0
LY{392)=Vau
ZY(393)1=1eU

THe NEXT ROTATION DocFENwS ON Tno INITIAL sLAbE PUSISTION AS wucd

THE UBSERVER RADIUS VECTuR

NB=TIFIX(8B)

DO 10 K=1sNB
THE(K)=36Ue/d#¥FLOATI(K)
THET=THE(K}¥P1/1680s

DEN=R1%¥(1s=RS/R1*SINIPHI}Y®*CualTAEL))
RI1)=(RI*SINIPHI)-RS¥COL(THET })/DeN

R{2)=(-RS*¥SINITHET) ) /DEN
R{3)={R1#COS(PHI})/DEN
YX{191)==SINITHET)
YX(1s2)=CUDITHET)
YX{1ls3)=veu
YX{dsl)=UeV
YX(2§2)=UQU
YX(293)=]ev
YX{3s1)=CuUS{THET)
YX{392)=0INITHET)
YX(3’3)=OOU

28

NOo Su¥ ON THe COMPONENTS T wil

DD=0,0

TT=0e0

DU 11 I=1+3

V{II)I=0e0

DO 11 J=1+3

DO 11 L=193
V(I):R(L)*YX(J:L)*ZY(I’J)+V(i)
wRITE(60220) fvilysI=123)

FURMATI/Z/31n ObSERVER VELTUKR IN pLALE bADID
VETERMINE Trnt COMPONENTS (N Trc DIRLCTION OF

DIPOLE TERMS

DO 12 I=192
DR=DD+V(I1%SX{])
WRITE(6+30) DD
FORMAT( L&in FORCE COMPONENT
WUADRAPQOLES

DO 18 =192

DO 18 J=132
TT=TT+V{IVASYY (s )¥V(J)
DRDR(K)=DD

TRTR{K)y=TT

Trls COMPLLTES COMPUTATION OF lhe COMPGONENTS

BIRECTION OF THo OBOSEF vER
RETURN
END

iE2ueb)

FAINAL VAL uLo 1N QDLOLRVLR FRAML

/3e2veS//)
Te ObSERVER

H
1
i
D
i
1
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4.0 PROGRAM TONE

This model was set up in a computer program so that direct numerical
computations of the time series described by the equation for the radiated
sound could be made. This direct approach of calculating the actual time
series is the difference between the present approach and those of other
rotor models. Typically the analytical results for the rotor are Fourier
transformed and reduced to a closed form (such as program ROTOR described
herein). This approach normally requires that simplifications be made so
that the closed form can be obtaired. The advantage of the present
approach is no simplifications in the analysis need be made.

The time series is computed for a suffiecient number of values so that
a good statistical sample will result. The time series is then Fourier
transformed using a Fast Fourier Transform algorithm to yield the spectrve
of the radiated sound. In other words, the model is used to generate a
time series which is handled exactly as one would handle experimental data.
Very complex source histories can be studied with no more effort than the
very simple steady force case. For example, rotor wobble can be simulated
in order to study how it affects the generation of sound; the individual
blades can be allowed to vibrate as might ocecur in flutter cases; or each
blade can be assigned a different value of force to determine the effect
of such blade to blade differences as might be caused by manufacturing
impexfections.

0f most impdrtance, is that complex random effects can be included in
this model, alsoc. Such mechanisms as farce fluctuations related to wake

turbulence, inflow turbulence, or even rotating stalls can be studied. The
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way this must be done is to express the force fluctuation in a time

series that has the required statistical nature. If the spectrum of the
force fluctuation relative to the blade is known, then it is possible to
generate a random time series which will give the same statistics as the
known result. The methods for generating an auto-regres .on analysis can be
used to simulate the spectrum of the force on the blades. Once the time
series are known, the results from the different blades may be combined in
different ways to simulate different mechanisms of sound generatiom. TFor
example, the effect of large scale turbulence can be simulated by allowing
several of the blades to experience the same force fluetuation, or allow all
of them to experience it. The case where there is no blade to blade corre-
lation would model the wake related sound generation.

The idea of the model is to provide a tool where the various mechanisms
which might produce appreciable sound generation can be evaluated. In addi-
tion, it is sought to set up the model in such a way that its usage will
be reasonably simple and straightforward. As an example, if one wants to
study the effect of different forces on each of the blades, he werely reads
in the array cf steady loads he wishes to yotor to have, and that is all,
Rotor wobble is accounted for by replacing the velocity of the source,
the rotor velocity, with a time dependent function describing the wobble

characteristics.

4.1 Tone Noilse Generation Model

The generation of pure tone sound due to the steady state forces on the
rotor blading 1s studied in the model. In addition, an auto-regression
method is used to write a time series which approximates a random forece dis-

tribution resulting in broad band noise generationm.
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The model is based upon M.V. Lowson's development for rotating point
forces*. The development is done for a force per unit volume. In this
representation only the point force case will be considered. Extension to
the distributed case can be treated as an array of point forces where the
array is distributed along the span as well as circumferentially. This has
been done by the author and the mechanices are straightforward but the
expense in computer time is correspondingly increased.

For a point force, the radiated sound in the far fleld can be writtem:

oF F, 8M

x i i Iy
Ty

-y
p(R,t) = [ ; i -
41’!&01: (.1."Mr)

gt * 1-M_ 3t
r

R

where the evaluation of the source terms of the retarded time

R a
o
th = time of sound generatiom
S o
t = time of observation, and [x - y[/ao = propagation time,

-t

e
The position vector r'==;iy can be written in the form

- 3 - -
r=={ (xi-yi) ey in rectangular cartesian coordinates.
=1

The Mach number Mr is the component of the source Mach number in the direc-

tion of the observer. It may be writtem

P Y.
Moo= M T/ |

or in components as

"The Sound Field for Singularities in Motion," Proc. Roy. Soc., A, 236,
559, 1965.
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3 L
= 121 M, (x -y ) /[

The components of the blade force T can be chosen to represent the

thrust and torque loads on the individual blades. Using the blade stagger

angle, £, write

Fl = =¥ cos £
FZ = «F gin £ sin 6
F3 = F sin £ cos 9.

Take the time derivatives of these force components:

aFlfat = 0
3F2/8t = ~-FQ sin £ cos 8
BF3iBt = ~FQ sia £ sin 6.

The components of the position of the observer are writter in polar form as

xl =r cos ¢
Xy = T sin ¢
x3 =0 .

The location of the source is also written in polar form:

y, =0
y, = By cos 0
¥4 = RS sin 6.

Finally, the components of the source Mach number are
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. Ml = 0
Mé ==M gin 6
Ms =M cos 0.

The value of the source Mach number is
M =R @/a .
s s o]
The Mach number component Mr may now be computed:

3
Mo LW Gxoyie
1=4

Substitution yields

Mr = (rl cos ¢)Y(O)/r + (r1 gin ¢ ~ RS cos 9)(~Ms sin 8)/r

o
- -(rllr) Hé sin ¢ sin 6 + (RSIEA,H:?:DS 9 sin 8,

’ so that to the first order

Mr = -Mg(rllr) gin ¢ sin 9.

The time devivative of the Mach number becomes

h
4
i
3
¢

BMr/Bt = -Ms(rllr) Q sin ¢ cos 6.

? All the terms required for the computation of the pressure radiated are

now complete. The radiated sound is

i s b e & 8k e e P S8 b
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= ¥ rl gin ¢ - Rs cos@
p(x,t) = [ { {(-Q sin £ cosd)
’ éﬂaorz (1—Mr) 2 r

- Rs sin © 1 BMr r1 cos ¢
= {(~ Qsin £ sin 0) + 1"Mr AT I = {- cos E)
rl sin ¢ -~ RS cos O -RS ein €
+ = (- sin £ sin 8) + —~———— sin & cos e1}l.
And, expanding:
F -ry 1 sin ¢ sin £ cos B
p(R,t) = [ =
4ra_r(l-M_)2
o T
R Q sin £ M  -r, cos ¢ cos E
s 2 2 1 1
+ = (cos%6 + sin%g) + 1"Mr 5T I -
-ry sin § sin ¢ sin ©
1.

Tr

The solutlon reduces to the form

p(X,t) = F [¢ sin § (RS - Ty sin ¢ cos @)
Anaorz(l-ﬂr)z
1 aMr
iyl e (rl cos ¢ cos E + T, sin £ sin ¢ sin 6)].
T

This will give the radiated sound from each of the blades. The above

expression is to be evaluated at the retarded time. This will require some

further manipulations.

t. =t r/a where ¢ = |®-7

square the distance r

g G A R S S 8 =0 ek e e
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2 o (xev }2 = 2 b = 2 2
r (%-y;) (x; cos )% + (xy sin ¢ = R cos 6)% + (R_ sin 8)

= e = 2
rl 2 ¥y RS sin ¢ cog O + RS -

Now, T, >> Rs, so it will be sufficient for the far field solution to

write

2 = 2 _

T r3 2 Ty Rs sin ¢ cos @8
or, equivalently,

e = (rl - Rs sin ¢ cos 8)2 - R: sin2 ¢ cos? 6 .
For the far field solution we can therefore use

r o Ty - Rs sin ¢ cos & .
The retarded time can be written as

tp =t - rl/ao + Rslao sin ¢ cos [0] ,
where the [0] is the retarded value of the blade location.

This source position may be written as

R
- _ 5
(el = ac, + B“R=° = Q(e - r;/a ) + a_ sin ¢ cos [6] + etR=0 .

Now in the solution for the radiated sound substitute e for t and [0] for 8,

the radiated sound pressure ~ ~comes

F
4ra_r?(1- _1)2

pKfﬁ,t) = {@ sin E(Rs—rl sin ¢ cos [G]k)

T M
- DT el (cos € cos ¢+ sin € sin ¢ stn (o))
Tk
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where: r=r; - R sin 4 cos [9]k
EHf]k = -M_ sin ¢ sin [B]k

[BMﬁrlat]k = -M_ @ sin ¢ cos [B]k '

withs [el, = a(t ~ rlfao) = (R Rs/au) sin ¢ cos [6], + Bk,tRfO

Bk,t 0 - location of kth source at tR =0 .

Ti:ie total sound from all the rotor blades becomes

B
p(X,t) = J pk('i?,t) .
K=1

4.2 How to Use Program TONE

As was seen in the previous section, the model used to predict the
sound radiation generates a disicrete time history using the solution for a
rotating array of forces, then “reats that history in the same way one
would treat experimental data.

We previously mentioned the flexibility of this approach. This flexi-
bility is achieved in the program by changing the program listing. A
multiple option approach could have been taken but this is wasteful of
computer time and assumes one knows all the options which will be needed.
The reason for this approach was to provide a flexible tool; however, it
does depend upon the operator's ability to change the Fortran statements
used to geperate the time series. This is easily donme since the equations
are short and the program is straightforward. The part of the program

actually used to generate the time series is about 20 cards long.

PRESIN




. 37

The form of the program set up here is for the case where the force

e et et

on each of the blades is the following function of time
F(t) = FB 1+ Cdx(t)) L

where FB is the steady state blade force, Cd is a dynamic loading coefficient, ¥
and x(t) is a time series simulating the unsteady force fluctuations on the
blade. Depending upon the particular mechanism, x(t) can be chosen to

Simulate either wake related force fluctuations or the fluctuations caused %

by inflow turbulence interacting with the airfoil. Processes of this type

can be represented using autoregressive processes, This will be discussed

in section 4.5 below. é

4,3 Program Inputs

Input to the program is done using cards. TFour cards are required to

run the program in its present form.

CARD 1, FORMAT(1I5)

! NOPT

0, ne plots

1, plot the time history

2, plot the sound spectrum s

3, plot both the history and the spectrum

NOPT controls the type of output desired. Two CALCOMP subroutines are
contained in the program so that the time history for the process can be
examined and/or the spectrum of the radiated sound can be plotted. If

neither plot is desired then listings of the time history and the spectrum

will be the only output.

et e e o I ‘ e SO,
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CARD 2, FORMAT (7F10.2)
' ’BE bandwidth desired in the spectrum

FMAX ' maximum frequency in the spectrum
See Section 4.4 for the implications of these selections.

CARD 3, FORMAT(7F10.2)
ZR number of rotor blades
XI blade stagger angle, ueasred from blade

chord to radial plane passing through
rotor axis '

POT radiation angle, measured from inlet
rotor axis

RPM rotor speed

RS radial distance to source

Rl radial distance to observer

F magnitude of foree on each kliade

CARD 4, FORMAT(7F10.2)

CDYN dynamic force coefficient
Al autoregression coefficient
A2 autoregression coefficlent

(Hz)

(Hz)

(DEG)

(DEG)
(RPHM)
(M)
(€))

(KG)

See Section 4.5 for a discussion of the selection of the autoregression

coefficients.

4.4 Time Sampling

The settinhg of FMAX and BE determines the sampling rate and the total

number of required samples. Letting

£ = FMAX
max

B = BE
e

AR I o A
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we can illustrate how this isdbne. First, estimate the number of samples

required as

N=2f _[B.
max e

Since we will use a Fast Fourier Transform to find the spectrum, the number
of samples must be of the form N' = 2™ where m is an integer.‘ We choose m

such that

2™y < o™,

Then compute N' = 2" samples of the time series. The new bandwidth

becomes

B'=2f /N'o
e max

The sampling rate for the time series is

H= 1/(2fma ) .

X

4.5 Use of Autoregression Processes

A second order autoregression process is used in the current form of
the program to represent the force fluctuations. This process may be

written
x(t) = ay »(t-1) + a, x(t=-2) + Z(t)

where aq and a, are the autoregression coefficients (Al and AZ in the pro-
gram, Z(t) is a random number selected using a randum number generator.
A time series is generated separately for each blade. If there is to

be no correlation between different blades (av for wake related forces) then
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Z will be taken from a different random series for each blade. If correla-

tlon iz desired between blades then the time series can be selected to

reflect the correlation. Correlation would be expected to exist between
blades for the mechanism of inflow turbulence.

The madn idea is to fit the time series to represent what is desired,
then let.the program compute the resulting sound radiation.

4 The spectrum for the second order process above can be solved for

directly. The spectrum is

o g2 2 4 a2 . - -
Gxx(f) ch/(l + at + a 2a1(1 az) cos 37FH - 2a, cos 4nfH)

1 2 2

- 1/210 < £ < 1/2H.

Selection of ay and a, gives the spectral shape to be expected from x(t).

A plot of a, and a, for differeut spectral shépes is shown below to

1

give an idea of the values of the coefficients needed for particular

sShapes.
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A peaked spectrum is what we would expect for a wake related sound genera-
tion mechanism. A low frequenmcy spectrum would be expected for the cases

of inflow turbulence. The frequency where the peak will occur is givey by
cos 2u£0H = -8, (1L - az)/4a2 .

As may be expected, some experimentat;on will be required to fit the process
to an actual experimental spectrum.

To obtain more complicated power spectral shapes higher order processes
nay be needed, These can be handled as easlily as the above on the computer,
but the preliminary efforts to get a particular gpectrum increase,

For a good general discussion.of the above method the reader is referred
to SPECTRAL ANALYSIS AND ITS APPLICATIONS by G.M. Jenkins and D.G. Watts
(1969).

If more simply definable fluctuations are needed these can be used for
x(t). TFor example, inlet'distortion or the effect of another blade row can
be simulated by a TFourier series representation of the foree fluctuation
resulting from the distortion. A simple cosine with period equal to the
stator spacing will give a good qualitative model of blade row interaction
noise.

The model can also be extended to account for span distributions of the
blade foree. This is straightforward but the computer time required

does increase substantially.
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4,6 _Program Listing

aNaNaNaNaloaNaNaNANAN RSN

M

[a¥aNaka

PRUGRAM TUNE{INFUTewUTPUT s TAPES=IRNPUT»TAPEG=LUTFUT )

CuMPUTE SUUND RADIATION FrOd A ROTATING ARRAY
JF POINT FURCES

COMPLEX C

DIMENSTUN PRAD(1100) »THEP(20)sTHE(2u) s THFERI20 ) s ITHERP(2V)
DIMLNSION Cl1024) 3sBleoludt)slnvi2o6) s 3)s0(256)2AMPLT1VZ4)
1UPL(1024) sFRE@(512) s PRA{ L u24) 9401024 ) 90X {as1u24) sDATO(204E)

FQUIVALENCE(CsB)

MiAR = mARMONLICS TO ubk ANALYZLLY

NOPT = OPTION

v, = FReQUENCLY canbWwiuTn VEolRou

LR = NUMBLR OF RUTOR BLAvVLES

XL = S5TAGWER ANULEs MEASURLEY FROM raN AXLlL (vcb)
Pl = RADIATION ANGLE -~ mEAouRovu rRUM FAN AXI>
R = ROTwR SPEEU (RPM)

Rao = LOURLE RADIUS (i)

Rl = OdotRVER RAvIJo (M}

r = FOReE ON wiawrl ROTOR olawve {(su)
COYN = OYnNANIC LOADING = Por CeNT oF TUTAL rFuRCo
Al = ALTO-REOGRESSION CONOTANI
A2 = AUTO-REGRESSLION CUNSTANI

XlJdely = AL¥X{Js1-1) + A2¥A{JsI-2) + L(I1)?
L{I1) = RANDCK VARIAULLE

DATA PILsAU/3elb199s34c4/

ENPOT M1 <UCH TnAT € HAS LENGTH N=Z2##K1

READ{Ds1l) NHAR2NOPI
FORMAT(212)
READ(59¢2) BL

OPTIUON = U NU PLDTo )

UPTIlulNn = L PLOT TlIwibk HISTuUxY

OPTION = £ PLOT SPLCTRUmM

GPTION = 3 PLCT BCTh Tlimt nioTORY ANU SPLECTRUM

READ(SHs2) LRsAIsPHI sRBPMsKOsKLF
READ(S92) CDYNsA1sAZ
FURMATU(TFLue?Z)

CONUITION INPUT DATA

CMFT = 3.48

Ry = RO®CHFT

R1=R1xCMFT

FeF%Z.21

FMAX=FLUOAT INHAR)®RP#/bue¥in
FMAX=10000.
N1=IFIX(2e*FMAX/BF}

Do 75 I=1s10

REPRODUCIBILITY OF THE

ORIGINAL PAGE IS POOR

e e TR T L S Y
o




I it

=

A

75
71

20

Ze

23

10

NZ2=2%%#]

IFINZaGTaNL) GG TO 71
CONT TiNUE

NoAMP=NZ

|"‘il=I

IHE MAXIMoY NUMBER OF POINTO ARE Z2#%%1uv (1u24)

BE=2e ¥ FMAA/FLOAT UNDANMP)
XUI"iEC3=RPs'|*2a*PI/60.
XIP=XI#P1/18ua
PrAlpP=PHI#P[/15Je

s InPHI=SINIPHIP)
CuuPrl=CUx(PHIP)
SDINXI=SINIXIP)
CILXI=COLIXIP)
AosidoRXOMEG/AD

NZR=LR

RAaNwGd runct UN Ttk ROTUR obnevew puvtlivw oY Uiicuitkab sl eo
SECULND ORvER PRUCESS ;
[X=2%%264+2

NRAND=NSAmP

Du 31 J=lshdr

IX=[A+]v

CALL RANUDITuUsIX9) oNRANDS2)

Alds . ) =lq\J

Aldscg)slavu

DJ sl I=39N5AMP

Aldasl )=Al®xA{Jsel=11+A2%X U] -2)+2(])

ARITE INPul DATA

Wl T (He2U) LRIATexMMesFsRosrrlaikL
CORMATClAacsS 1l RADIATION UF ouunu Frid A ROTAT L AaRKRAY UF FUpoilw

LA//eart NupiR O RPOTUR owlavio it oeau/zeuvit LLnue alAuulR nNulL
dlF5az/18 ROFGR Spkiuv (RP) lejve2/1e vl rORCE IFlvel/
3ot RADIAL LOCATION CF Pulwl bunxCi lroed/

4161 RAVIATION ANuLE  1r5%e2/1biv QuourRVER RAaviuve [Fhel/s//)

WRITE(6.24) FMAX,BE
FORMAT (/7518 MAXIMLM FReguonCY

LlecOe3o Lo LANUWIDTN (H2) LFrlueel//)

-URITh(ésZJl CDYNoALAZ
FURMmnT (270 RANDUN FunCe FrLucluml luno /7

1370 X{T) = AI#X{I=1) + AZ®XU]-2) + (1) /
deéan uYNaMLL CoErFICLLyT = trive2 /
3oH AL = LFlus3slOXeoil A = LFLlued /)

INITIALLZe oLADe pOolTIONo

Uu L0 I=LlahiRr
ul=1I
THE(I =2 #¥PI/ZR¥(YI—-1a

COMPUTE TIME SERIES uvAsty ON RulALININGD SUFFICIENT
INFORMATION FOR 10 HARMONICS evoas
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3G0
2v0

21

40

30

5u0

&4

a0 SAMPLL AT 20 SAMPLLES PEK uwLAauc SPACING
ol TIME LNCRLMENT

Fu=F

BT=0e5/FHMAX

D.: 200 K=lsNSAMP
JE=K
T=0T#{URk~1a)

wariPulh OUUNu ReclaliCN Frdm Diie olLrave ARRAY

PRALIK)=UsU

OW 300 J=1aNIR

vJd=J

IF{nenNLal) GO TC 201
THERL{JY=THE (D)

ud Tu 302

THer (Jy=TnkERP ()

& wunT INJE

THER(Jy =X EGR I T-R1/Av+no/AurolnblPn]>*Cual THEF LU ) 1+ 1 HF LJ)
THERP{J)= THER L)

AcRz=Xqo®ko INPHI*oINLFALR{JY )

VAR =X Lo XOMLOs o TNHFR TS Cunl b a))
R=R1-RokaINPHI®COSTIHERIJY)
FaFolk(lat+lDYNRALUS9L 1)

VARL=F /(G P IHAURRKAER2 )% L o—And) w2

VAR ZsXAsdEwislnwbPil s tno=nl ol aPtid v Cub (Thentf gy
VARIZ=RIRVAR/ (I s =XMRI¥ (LU oA L oPai+
TolaAT RO ThFHEFSIN THLER LD )
PoLAuL=vaRLIE#IvARZ+VARY)

PRACTIK) =PRADIY+POL ALY

CulNTIuE

oo wumbLLive CovibolalTlon o Tow Time ouslico 1ron
Uivt. RALTATION aNuL L

a]l TE{os L) {ITaPRPAD(ITY I =1smnuAmP)
FURMAT (A 1oX21]593Xs181543))

UoAMPENSAMNP
Flouw TAE rieAN VALUE

Podm=ugl

VO 400 I=LlsNSAMP
PSUM=PSUM+PRAL ()
PAEAN=PLUM/USAMP

wRITL{B6s3u) PHMEAN

Fukial (/772911 wEAN kaDlA R ouunl) Phroadbust luduebnr /)y
DU 50U 1=lsNoAMP

PRA{TLI=PRADLIIN /P AN

IFINOPTeEWa1} GO TO 7Vl
[FINOPTsEded4) GO TO 7yl

LU ¥ R

s
por 1 1oy

o,
b
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70l

600

702

40

10

al

50

60

ol

62
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wd) Tu 702

CUNTINUE

CONWITION THe waTA FOR 'rie tise PLOT

FLNe MAXTAUM AanL MINLVUY VaLuco IN TRe PRoosoURL »RRAY
PHAX=-999 & PiIN=09Y

by 6Uv I=1sNSANMP

AEUPRACEYaLTePMINY  EBrlN=prall)

TE{PRA(I) e GTaPMAX) PRAX=EPRALL)

COnNTINUE

PLOT Trk NURMALIZTU ACUULTIC PRLSaUKLS

CALL TPLU) FPRAsnuaSPsuT s aliiskmnXeiai)

CTUNTINUE

PROVIUE AKRAY C

DO 40 I=1l»oNSAmP

II=2%]

LATO(II~1)=PRADII1

NNN=Z#NoAmP

ARITZU6e4L)  ADAICUTI) »1=1 218040N)

CALL FOURLIUATC»HS5ANPs—1)

Pu 70 T1=1sikSAnP

I[Il=es]

CUI)=CAPLAIDATOlI 1=1)24TOl L))

ARRAY O NOw CONTAlMo Tho FRUGUERCY COMPONENT O

COMPLTL AMPLITuoL ANL Prnbi aANubLE | ORM

allTelessl) {(Cl{Il1s1=135u) _
FUuRGATIZleuXsibloe3suaslelbhen)) ;
NF=N2AMP /2

DU 50 I=LlapnF

AmPlIY=CAuSlCLI )

AAP (T y=AWMP LI /NP
GPLLIT)=2Ce#ALUGIVIANMP{T)/2ve®L~0g)

voi FASLT FCURIER TRANSFUORY TU CAPKLOD IN JTikdo uF FROGULNLY

CudPuTE The FREWUFENCY ARKRAY

FriaX=1le/{ca®DT)
DF=FmMAX¥ 2 /FLOATINSACP)
DO 60 I=1sNF

wl=1]

FrREWET ) =BE®Ul

RITE(696))

FORWAT L/ 724H RAVDIATED 2UUNU 2FPECTRUM 17} f
WRITE(626c) (FREGUI)soPL(I)al=1sNF) ;
FORMATI4ILF1U.299%21F1vecsn X)) {

REPRODUCIBILITY OF TI™
ORIGINAL PAGE IS POOR

s gt
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IFINOPTaEQe2Y GO TG Tud

IFINUPT 4Ewed) Gu TU Tu3

wd TO 1iuwu

ConTINUVE

Nuw PLOT e oPLlCTRu:s OF e RAawisaloy oQuNu
“ONvITION Inme uATA rOR T 3PLCIRAL PLOT

NF=NOAMP/ &
CALL FPLCI (OPLsFREGINF)

CUNTInUE

alub

END

ougRuU | IND FuuRlinmAiAsnelolGN)

A olMPLE rAST FOurlck TRAaNOEUKRM

glmeNoTlun DATALLULE)
PI=ACUol—L1a)

TRPI=Zo%P]

IPO=¢

IPs=IPu*xN

[3Rktv=1

Du Y0 13=1ls1P3sIPp
IFUI3=-13REVIIUe2uq92u
TErn=DATAL] 3)

TSP I=DATALI3+]1)
SATALI3)Y=uATALI3n"Y)
PATACIS+1=DATACI3RIV+])
UATALI2RCEV ) =TLMPK
DATACTARLV+I) =TL P

IP1=1P3/2

IFCISREV=IPL}) SusbHuos.
[3rkbv=]3RLV-iVF1

IPL=]IPl/¢

LF{IPLl=1PU)SVe3us 3y
I35Lv=13Rbv+IP]

IPl=1PU

IFLIP1-1P3) {0eIN0Os1ICU
iPZ=1P1*2
THLIA=TRPI/ZFLOATLISIGAR]IP /[P
oInla=olivl THETAZZ 4)
nolbis—ce®olidlH*GININ
AuTPl=oIntTHETA)

WR=1la

u'!I::Oa

00 90 Il=L:IP1lsIPn

DG 80 13=11s1P3+1P2

[2A=13

[2B=12A+iF]
EriPR=wR¥VATAlLIZo)=nl®*wAlAal]lZe+])
TeoPl=aR#vATAL] 20+l ) +wl*walalien)
DATACIZ2B)=DATALIZAY~TEMPR
vAalal 12+ ) =UATALIZ2ZA+ L) =TcmP ]
DATAL{IZ2AY=DATALIZA )+ TEMPR
VATALIZ2A++)=0ATAL I 2A+1)+TEAP]

R s« e s 4o 48 AV AR A A B S LI o e W T gh A TR R

- imrn A e s At A
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TEAPR=WR
Wi RRERNSTPR=A I 0o TP I +0ik
90 wl=wl¥WSTrR+TEMPREGSTPI+w]
Ipl=ipP2
80 TO 60
160 RETURN
oiND
OSUBRUOUTINE TPLOTIPRADsnoAmPsDT sPHINsPAAXsNFAS)
DI-ENSIUN FRAD(1I10QU) sTl1lvw)

C INITIALLZe The PLOT
CALL PKNTUN

PLOT SIZE T0 oE 5 3Y 7 InCnted
ol OBJECT SPACE

aNal

o NPro 1o loe NULLR OF bLnuvie ProoAvLo I¢C ve PLCYIGw

JPAL = NPRo
[ AAX=UPALR2uewDT

CALL 5T0u2ui(2e9%es2e370)
cabl slovedlugeiviAXsrmINsFaAA)

C CuinelduCi AAE<

CALL wliaplvila2)
CALL AXLILL
CALL SAXLLT
CALL BAXLIR

C LABcL oCALES

CALL oTndlv (1929
CALL STNuzCilv)
CALL ROoLIY
CALL NOoLIL

C TITLE SCALES

CALL STNChxI111)

CLbh TIThowofllld TloMe (OEL) )

CALL oTNCHR{Z29}

wnll TiTLebliZ2yh FAR Flebv aludal le Prooduke )
C GENERATE THE TIMz ARRAY

nNT=NPALEZO

[1=UOU

Du 10 I=LlsinT

ul=1]

10 T =TI+DI#{Ul~14)

C PLUT THE VATA UsING oSTRAICGIHT LINED

P ot o R i e et S AT LT AR TR SR = mAm S e

¥ e et i b <A

s e Bt e e

e e o e S e AL Y e
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CALL STNPIS(NT)
CALL SLEILI{TsPRAD)

TERMINATL PLOTTING

wALL EXITPL

RETURN

LND

oupruuTINe FPLOT(SPL sFiKLwshF)

DImENSTIUN BPLITv24) sFkEwiluZy)

inlilaLlZe The PLOT

CALL olCCunNl4dnd 1oaNc NOlor ubewirhallunN SHFLCTRuUM
PLOT LIZE TO #E 5 BY U InCnbo

ot vodel !l oPACL

CALL <wlozunidesYasZ2erTe)
CALL SToudd(lueslCUvuwesDueriove)

CUNSTRUCT AXES

CALL 0iNDIVI3us2uy
CALL ARLGLI
CALL oAXLwl
CALL OAXLIK

cABEL S5CALES

CALL LTNDIVI(3s1u}

CALL oTNDcClu)

CALL ACoLIL

CALL NOLGoOL

IT1LE oCAcko

CALL STNCnRI(15)

CAck TITLEE(LS FROWUENCY (itg) )

CALL =INCHRI(37)

CALL TITLeL(3/M KFDIATLY 9PL luu ikt Z2uv miQRU w/ a%&2)
Prul THL vATA JoING oTrALuAl winBo

CALL OTNPtoiNF)
CALL SLLOLI{FREWsSPL)

TERAINATE PLCITING
CALL eXITPL

RETuRN
END

i
H
:
H
H
H
H
b
$
H

ERIPERPRC
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5.0 PROGRAM SDATA

Program SDATA is used to perform correlatiorn and spectral analysis
on discrete time series., The particular operations carried out on two
given time series are:

1) Autocovariance function for each sample and cross covariance
between the two samples

2) Autocorrelation function for each sample and cross correla-
tion between the two samples

3) Autospectrum for each sample

4) Magnitude and phase representation of cross spectrum
between the two samples

5) Squared coherency function

The analysis used as the basis for the program is that presented in
SPECTRAL ANALYSIS AND ITS APPLICATIONS, by G.M. Jenkins and D.G, Watts. The
method used is exactly that recommended in this reference.

Two input possibilities exist. The first is to input two time series
of arbitrary length. For this case the program will compute all the above
covariances, correlations, and spectral quantities., The second possibility
is to input two covariance functions, In this case the program will only
carry out the spectral analysis. Some electronic instruments have become
available recently which quickly compute correlation functions. This
program can be used in conjunction with these instruments to obtain the
spectral representation of the data.

A classiéal Fourier transform was used in the program. For this reason
long samples, in terms of correlation lags, will require substantial computer
time. Therefore, a Fast Fourier Transform program should be used for large

samples.
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5.1 Qutline of Computations

This outline is substantially the same as that presented by Jenkins
and Watts (pages 382 and 383).

Two time series of data, Xq and Eigs sampled at increments of H sec for -
a total of N points. For convenience H is assumed equal to one. The
frequency range is then 0 < £ < 1/2 Hz. Tor non-unity values of H the

frequency range is 0 < f < 1/2H. The actual spectral levels are also to be

e R e s ot

multiplied by P to obtain quantitatively correct values.

The computations are:

R

(1) For the X data:

(a) the autocovariance estimate is

N-k

1 - -
e () =§ I GGy ®;) 0kl

t=1

where M is the number of time lags in the estimate and the 3

mean value is 1
7 -17 x
1 " t=1 it

(b) the smoothed spectral estimate using a Tukey window
M--1 k
) =2 {e (0 +2 § e, (k) w (k) cos iy o« j<F
11 11 4, 11 F -_ =
k=1
T is a measure of the spacing of the frequency points. The
smoothed spectral estimates are to be computed at 0,1/2F, ...,1/2

where F is of the order 2 to 3 times M. The Tukey window w(k)

is defined by

o




'4.::-,,. - 1
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w(k) = -:2'1'-'- (1 + cos 1—%)
=0

(2) For the %, datas

2

(a) the autocovariance function estimate

, ¥k _ _
Cp () = 7 ,__21 (g3 (g p)

with the mean value

N
;2 =% ) Xop *
t=1

{b) the smoothed spectral estimate

M-1

&, (1) = 2{c,,(0) + 2k£1 e,y () w (1) cos B} 0

k] < m

k] > M.

where the same window is used (Tukey) for w(k).

(3) For the X and the %, g data:

(a) the cross covariance estimate

1 W=k _
el =3 t_él (xpp7%p) (g5

1 H-k

0K = egp () = L Crypg T Gy %)

t=1

0 <k M1

(b) the even and odd cross covariance estimates

2,00 = 5 (e, + ey (1)

12(

=

445 (k) {egplk) = e y(~k)}

0 <k <Ml

0 <k < M1

St et T b e i
D N I S M WO P

0<k <M1
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(c) the smoothed co- and quadrature spectral estimates

M-1

L,(3) = 2 {2,(0) + 2 Z 215k} w (k) cos J-} 0=3<F

M=-1

lefj) = & X qu(k) w (k) sin ~i§ 1<j<F-1

note that q12(0) = 0 and that QlZ(O) = le(F) = 0,

(d) the smoothed cross amplitude spectral estimate

A, =TI, + 8,0 0 < 3

(e) the smoothed phase spectral estimate

FlZ(j) = arctan {- = } 0<3
(1) -
12

(f) the smoothed squared coherency spectral estimate
A%, (3)
e T 2
R2,(§) = =22 0 < j
€14 () Sy (D)

5.2 Correction for Bias Error Reduction

When there is a large delay in the correlation a large error can result
in the coherency and phase spectrum. This blas error can be reduced by
shifting the cross covariance function so that the maximum correlatibn oceurs
at zero tinme lap.

The way this correction is made in he present program is to search for
the time lag corresponding to the largest a lute value of covariance., A

new covariance function is then generated such t. t the peak occurs at the

R T R SRR A s s

e Lt T e B R
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zero time lag. This function is Fourier transformed and the phase shift
Introduced by the time shift is applied to the spectral estimate to correct
it back. A consequence of the generation of a new covariance function is
that it necessarily will contain fewer terms than the original. This results
in a wider frequency bandwidth In the spectral estimate. This is why the
program will seem to generate different bandwidths for different batches of

data even when the same number of lags are called out in the input.

5.3 Input to Propram

Two possitilities exist for input to this program. The first is to
read in two time series of variables for which correlation and spectral
computations are required. This is obtained frem data card one by setting
the variable OPTION = 1, FORMAT(1I5). If OPTION is not set equal to one the
program will read in the data as if it were covariance functions. Input
for OPTION = 1 is described in Section 5.3.1 and for OPTION # 1 in Section
5.3.2,

CARD 1, FORMAT(115)
OPTION = 1 read in time series

# 1 read in covariance functions

5.3.1 nNPTION =1

CARD 2, FORMAT{215)
NEBAMP number of points in the time sample
MLAG number of time lags desired in the covariance functions

typically MLAG is chosen to be approximately one tenth as larpe as WSAMP.

CARD 3, FORMAT(1F19.2)

DELT time incresent in samples {Sec)

R . T T 2 A S e s ™= ST s e

S e TR 3T
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The remaining inputs under this option are the actual values of the variable
in the time series. They are read 7 values to each card in the FORMA?(?FlO.Z).
The number of cards required depends upon the size of the sample. Thé com-
puter call is
DO 10 I = 1,2
10 READ(5,2) (X(J,I,,I = 1,NSAMP)

This is the total input required for this option.

5.3.2 OPTION # 1

CARD 2, FORMAT(2F1N.2)
XLAG nurber of valunes in the covariance function samples
DELT time increment in the functions (Sec)
The remaining cards are used to read in the covariance functions. Tn the

present format the functions are read in as follows.

]

ho 10 T 1,2

DO 10 J

1,2
10 READ(5,2) (COV(K,I,J), ¥ = 1,M1)
where M1 = XLAC + 1 and the Indices I,J mean the following:

0,

,l

1l

COV(K,1,1) = Cll(k) = autocovariance function for series 1, k

COV(K,2,2) = C,?(k) = autocovariance function for series 2, k = 0,M

cov(l,1,2) = Clz(k) = pross covariance function for positive time
lags, k = O M

cov(lz,2,1) = C?1(k) = gross covariance functlon for negative time

lags, k = O M
The format used to read In these functions is FORMAT(7T10.2). This completes

the input requirements for this option.

e
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5.4 Program Input

The output of the present form of this program is simply a listing of
each of the functions computed. The list of functions computed was pre-

sented in Seection 1.0.

b e T e W e s - P e s S e ey
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5.5 Program Listing

o

aNaNaks!

aNa XA

10

40

50

21
22

ot

PRUGRAM SOATALTIRPUT sUUTFUT s TAPES=INPuUT s TAPER=CUIPUT)

A STATISTLICAL UATA ANALYald PROURAM writld COMPulto Tre runCl TONS
AUTU COVARIANUE ANL CRUSS LuVArRLANLES AS JWoll no

AJTO AND CRODO SPECIRUI4

DImENOTIUN Atlugg-239CUVitvlasgsld)sll2u)

READ IN THE TIME SERIES

NSAWP = MumBER OF TIwmE SAMPLES

MLAL = NJMEER OF CORRELAILION LaLS

JELT = TlmE INCRowENT (5cC)

AlIsd) = I1HE 1we SAMPLEo 14U bt ANALYLED

DATA PI1/3614159/
READ(5s1) OPTION

OQPTION = 4 REAv Tk ScRicdS OlncReiol Reav LOVvARLIANLLD

FF{OPTICMNeEQe1lY GO TO 5v

REALR(S5s1) NSAMPHYLAG

REAR{592)  DELT

DO 10 I=1.2

READ(Be2)  {(X({JslysJ=1sNoAMP)
WRITE(6940) (IQX(I;l),X(igz),lzl,NSAMp,
FOUWATI2(bX911595X32E2vab))

FORM LOVAKIANGES ANv CORKLLATIONS
CALL CuvAas{NoamPsXesLUVemLAU)
LOSAPUTE Trhie LROSD POwER oPLUIRAL wiNolLTY

GO TO 22

REAG(592) REAGsUrLT
MLAG=]FIALXLAG)

M1=MLAG+1

LU 21 J=ls2

DO 21 1I=1s2

READ(5+2) {(COVIKsIsJ)sK=1aM1)
CONTIMNUE

COVARIANCLS ARE REAL IN Trb ORKDER 1213120192150 291)5(222)

CALL CROPLULICOVIMLAusueL i sNorMP)

FURMAT(21D)

FORMAT{TFlua2d)

>TOP

END

DUBRUUTINE CUVARINSAMP s XsCUVIMLAG)

UDIMe NS ION SMI2) 99X (1Udas2)sCuviiulelds2)suCUVIilula2e2)s
1Cuikilula2e2)eDCur(lule2ed)suuri2ysimi2)

THE AUTU AND CRU5S CuVARIANLLo my scLL mo Tre AulO ANUD
CROSYS CORRELATIONS ARE CumPuTty
COMPUTE MEAN VALUES

REPRODUCHHLHH?
Cr fadi
ORIGINAL, PAGE I8 POOTED

2
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15

15

17
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DO 1 J=1»
SUM{J)I=0,0

DO 2 I=1sNoAMP
sumlJd)=SumlJ)+X {1 +J)
Xty =5dmlJ) /NSAmP

PRINT MEAN VALUED

WRITE(6210) ,
FORMAT{IHLs 301 RESULIS UF CURRELATIUN CumPulATIuNDS
NRITE(B11) (AaMigyad=192)

FURNMAT(//724H MEAN VALUE otRIbo ONE =  LEcvey /

124n MEAN VvALJUL StRlco Twu = le2uab //)

COMPUTE woVIATIONS rROM Tric MEAN

DY 3 J=lad
DO 3 I=1aNSAMP
AlTedy=A0EesJy=Xmi )

CurmPUTE CUVARIANCES

Ml=MLAG

DO &4 K=1loml

DO & U=l

DO 4 L=1s2

SuUMl=ugaU

MZ=NOLAMP~~

JO 9 [=1lemd

SUMl= Al T e J)EX(TH+K =1 2L }+0uUN]
COVIKedesL1=0UMI/FLOAT {NSAMP)

COMPUTE OIFFERENCED COVARTANCES

20 6 L=19d

DO 6 J=1+2
DCWV(ledsl)s—CUvi2atedy+eeiCuvilsdo )—CuViZrdsrl)
Mm3s=Ml=1

DO 6 K=2em3

DCUVirnasdel y==COviK=1sJsL)+2e*CuVIRsJaL)-CuVvIi&+1sJsLl)

WRITE(G9]12)

FORMAT(31r TABLE nF AUTO COVARIANLE (1-1) )
WRITE(6914) (hoCOVIKslal)on=19mT)
FORMAT(4(119595Xs1F15a595A))

wRITE(6alb)

FORMAT(310 TaoLk pF ~UTO LOVARLANLL (2-2) }
WRITELGBe14) tksCOVvIRe292)sn=19m])

wRITE(6s16)

FORMAT (32 TABLE nF CRO9> COVARIANCE (1-2} )
WRITE{G6a14) (KsCOVIKalsl)sn=laml)

wRITE(B17) .

FURMAT (3211 TABLE OF CRUSS CuVARIANCE (<2-1) )
WRITE(B914) (KeCOVIRs29l)sR=1amM])

OUTPUT DIFFERENCED COVARLANCES

P
i
,
i
v
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WRITE(6s18)
18 FORMAT(LHLs46R VIFFeRENGCLU LOVARIANCES (DAML QRVELR Ao ABQVe) //)

COMPUTE CURRELATIONS NORMALLZLY COVARIANCES
o0Tn NORMAL AND viFrcReNwocuw rUORMS

DO 20 L=1s2
DO 20 J=1ls2
COVmM=5QRT (COV{1sd,,J)%CUV 1oLy |
DCOVM=SQRIIDCCV (1 s ey %DCOVIL1eLsL))
DO 20 K=1lsMl
CORIKesJoL}=COVIKes JsbL)/COVM

20 DCUR{Ks JoL}=DCOVIKsJaL ) /LCOVIM

PRINT THt CORRELATIONS ANt TriciR viFFoReNCil FORMS

wRITE(G21)

21 FORMAT(1Ls50m AUTO ANv VRO CORRLATICNS aANv virrocRoNCeow rORMS
17747450 AUIG LCORRLLATION (wlla viFroeReNCeey rORMY (1-1) /7))
WRITE(S914) (KesZQRIKs1I91l)sR=191])
awRITE{6s22) :

22 FURMATI{ /7430 AUTU CURRELATIUN (2-2) )
WwRITELBs1E) (KsCORIKe292)9n=1rm])
wRITE(Gs23)

23 FORMAT(//7/725H CROSS CORRLLATICN (i=2) )
WRITE(Hs14) (KNsCORIKNILsZ2)an=1sril)
wikITE(6s24)

24 FURMATL///25r CRUSS CuRktlAlluil {e-1) }

wilTE{6214) (KsCCRIKRs231)sr=13M]1)
TrHlos COMPLETLs THE COURRELATLICK PHAoL

RETURN
END
JUBROUT ING CROPLUC{CUV sMLAUswE LT s NorntiP )

THE {kuoo Fualk oPECIRAL vewellYy 1o Cumbulcou

DImbenholulN CuVilvls2es)sCuivPliv]i)oaoPeCPi3uv3)eoPell3u3e2)oFtbwl(3ul)s
1IEVILI0YL) s XwD(1uvl)esulau3taCuorLi3dui)swalrbECl3vid)srrdAcE (30l
2CUHLI{ 3031 2ASPECI303s2)suuidleud) sLdP 202

CIMENSION CSPEC{303)sFRELC(3v2)

DATA PI/3.14159/

M1l=imlLAG

Fifhe 5 wiitRe o 185 TriE Number OF Tive LAud TO RAiLtoN o TaQ
PrROCEoSES wWITH mAXImuM CURRELATION AT £ERO
UETERMIN: LAUL TIME FGR bSeRlad ALTONdeNT

WRITE(EsTU) (CUV(I3ls2)sCuvilaZyi)al=lam])
D2 21 K=1sMLAG
21 DumiK)y=CUVIMI4+1l=Ks251)
Dw 22 A=29m1
22 DUALMLAGHEN=1)=CUV(Ksl92)
M= 2%#MLAG-1
wRITE(E926) (T1sDUMIT)sI=1smim)
REFRODUCITLITY OF THE
OQRIGINATL ©AGI IS POOR
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26

24
23

25

1o

L1
20

40

59

FORMAT (4 (5X311555XsLE15e2) ) ,
XMAX=~999 ]
DO 23 K=1smM :
DUP (K)=AB< {DUM(K) )

[F(DUP(n)eGToXMAX) GC Tu 24

G0 TG 23

XMAX=DUP (K )

153K~M1

CONTINUE

WRITE(6925) IS

FORMAT(//722H ALIGNMENT LAG WUWGER  111u///)

CONUITION The wAlA FUR THo LaLCulATLION CF Trc :
CRUDYS SPeCTrum ¢

M2=ml=-TAJIL(ES)
CONPITION Tiic UATA FOR AUTOSPavTRUY CALLULATION

DO 20 K=1is¢

DU 10 I=18%1

CuVvPlE1=Cuv(lskoKk)

CALL AvoaPoClmMmLAusHELTl sCUvPsobeCParkews o)

2TURe AUTULPECTRUM

nNF=2%02+1

DY 11 I=13NhF

OPLC{Isn)=uPLIPl)

CONTINUE

cvil)=0ud(MI+I3)

AGD(1)=0a4U

00 40 K=2sm2

MuisMl+ [oFa-1

rudti= il + [ o=K+1
SVIK)YI=Ue SR (UMt +hum Leruarin))
AuD{R)=zve LUk Lovadl ) = Sum bomirin ) )
I Te{6s7v) (EVIiT)sAuDtL Yo l=1rm2)

OO0 THE FOURILR TRANOFDIR L
fﬁ*
CALL CRCOUSPECILVoANDsCOLPECowOFLEU s L ALY LELLT IO}

CuAaPUTE PHIASE ANuLE ANV CunbriNCE FUNCTTUN

ReTURN wRLLS LPEUTRWM TU uiontE Tk rGRA

D0 60 I=1sNF
ARu=PI*#FLDATII~1 1 #FLOAT( L)/ P LOAT(NE
CN=CUS{ARG)

wNza N (ARL)
VUML=COSPLCI I #oN+GSPECI T I #Liy
DuM2=CooPcClI I #CN=QSPEC( L) %o
COSPECI I =0buit2

WGSPEC( I ) =0UML

N, . - P e _ . - e e . s . IR
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80
81

22

51
53

55

60

61

70

A2

65

63

64

60

SR{I)=CoSPECIL}%CASPLCl ) +QuPe (] ) *QoPECI])
IF(COSPEC{])sEQapel) Gu TU BU

PHALE(T)=ATANZ (—wSPEC{I)sCOLPECLT )

GO TO 81

PHALE(I)=PI/2.

CONTINUE

PHASE({I)=PHASE(l)%#18uv./PI

COPEC(I)=SQRTISQLT )}

CuHOI{ I ) =0l 1)/ loPFC({1+1)%05FECITs2))
IFIOPECII®»1)elEaUL,0U) GO TO 51

Go TOU 55

CunT INuE

IF(OPEC({L92)aEov,u) GU T 53

Gu TU 54

ASPECI(Is11=-100.

GO IC 52

ASP 7~ {I+2)==100.

GO U 60

CUONTINUE

ASPECITa1)=ALUGIVISPEC(I1))

ov UL 52

CONTINUE

ALPLCHT 92)=ALUGLIUISPECITIs2})

Cunil INUE

GLALRATE THE FREQUENCY ARKAY

DL=ie33/ (FLOAL (mLAG) *DELL)

U 4l I=LlsiNF

FReGIL)=FLCATHI -1y /(2o LTRFLUAT{NF~11))

wiRlIToe THo oPLUTRAL Lbvels (CRLLo PsoD) 2PhRALGE aANu COHIERLALY

ARITE(6:61)
FORMAT(1HE235H ReESULTS OF PUntR LPcUCIRAL ANaALYolo /77

1lyH AUTOOPECTRUM (1-1) /7))

FURMAT(3( 53431 FluaéesDXalELSegn))
WRITE(6s7u)  (FRLQ(IVsoPLClIsi)s]=]sNF)
WwRITE(636<2)

FURMAT(/Z/7719H AUTCSFECTROm L2-2) /77
ARITE(6sTU)  (FREQ(I)sSPEC(Is2)sl=1aNF)
WRITE(6965)

FORMAI(//7/18H CRU3S wPECIkuM /17
wKITE(6sTU) (FREQUI)sCOPECILYsI=1sNF)
WRITE(G6363)

FURMAT(///12H PHASE ANGLE 177
wRITE(HsT7U) IFREQ(I) aPHAsE (LY s I=LsNF)
WRITE(6+64)

FORMAT(///11H COHFRENCY 177
ARITE(&sTU) (FREQUI)sCOHSQLI)s1=1sNF)
RETURN -

END

CuBRUUTINE CRUSPECIEVSXULSCUoPLL swoFECsriLAGIDEL T (D)
OIAENSION EVIIUL) e X0L{2lul)sluwaPeCl3uv3)swoPECTI3ustanllvl)

COMPUTES SMOOTHEY DO- ANY QUAU~ SPELTRA ANU oQuUmRLuaMPLITUuL




20

30

10

10

21
20

61

DATA P1/3.14159/
Mi=MLAG
M=dil-TABSIIS)
M2=M-1

NF=2%#M+1

COMPUTE wrIGHTS3 uSINL TUuhLbY wlauOw

DO 20 J=Ll»M2

WlJ)=U e (L o +COLIPTHFLUATLI)/FLUAT MY )
DU lu I=1sNF

oUMl=0e0

LUm2=Uau

DO 30 K=LsM2
ARG=PI#FLOAT{KY#FLOATII-L)Y/FLOAT{NF-1)
aN=LIN{ARG)

C5=COS({ARG)

Suml=sUML+EV In+ 1) ®a &) ®CYH
ouMZ=buM2+X0D R+l ¥ w iKY ¥ ON
CuoPrClI)=2«*%pELI#lev(i1)}+2e*Fouml)
WoPCCll)=4 *¥DELT*SUMZ

RETurRN

EnD

GIBRULTINE AULPEC(MLAGsDLLIsCuVasrECsFREWs I 0)

COMPUTE AUTOSPECIRUM OF LOVARILIANCLD

DIAENOION COVIiIvlysnllvitanPeCloual)sbREutlud)
DATA PI/5.14159/

THE TUKcY wINDOw IS USED FUR DATA oMULUTHING
CumPJT wEIGHTS

Ml=yILAG

M=MI-I1ABol1D)

Md=m—~1

NF=2%4+1

DU 10 [=1si

wlI)=u e 9%l Lo +CO0(PI*FLOATLTY/FLUAT LMY

CALCULATE A SMOOTHEU AUTOSPLLTRAL boTIMATE

MM=M-1

JU 20 I=19NF

oUM=0eu -

DO 41 K=1lsiwM
ARG=PI*#FLOAT(KI*FLOAT({I-1)/FLOATINF~1)
VAR=COVIK+1 ) *¥w{ K1 *COS{ARG)

SUM=5UM+ VAR

LPECLI =2« ¥DELTHICOVI1)+2a%¥SUm)
COMPUTE BANOWIDTH ANU VouwREED> OF FREEVOM
RETURN

END

T
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