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SUMMARY 

This report contains a comprehensive description of a computer program developed for 
the numerical evaluation of the helicopter noise equations derived in USAAVLABS 
TR68-60, "Studies of Helicopter Rotor Noise."   It is completely self-contained in 
that the program details are described, starting from two basic acoustic equations and 
covering methods by which these equations are applied to the rotor noise problem. 
Program flow diagrams and a complete listing are presented together with input instruc- 
tions and sample inputs and outputs.   The program is written in FORTRAN IV for the 
CDC 3300 Computer. 
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1.0  INTRODUCTION 

The rotor sound field is calculated according to the general acoustic equation for aero- 
dynamic forces in motion which is derived in Section  3.3  of USAAVLABS TR 68-60: 

P(t)-Pr 

(> y-) 
9F. aM 

>i n M \2  2   at      i -M    at 
4TI(1-M ) cs    I s 

(1) 

This equation is written in tensor notation, where the   i   denotes summation over the 
three component directions, and fhe brackets denote evaluation at the appropriate 
retarded time   t'   =  t - s/c   which is the time at which the source generated the sound 
reaching the observer at time  t. 

p(t) 

i 

is the instantaneous acoustic pressure, 

are the coordinates of the observer, 

are the coordinates of the source. 

M is the component of the source Mach number in the direction of the 
observer. 

(xi - yj i ^ 
s c     dt 

F. 

is the distance between source and observer, 

are the components of the aerodynamic force, 

is the speed of sound . 

In addition, the near field pressure fluctuations are calculated according to Lowson' 

as follows: 

P'W-P, 
F.(x, 

2 .2 4it(l-Mr s' s 
(1-MJ    hiMi (2) 

1 .   Lowson, M.V., "The Sound Field for Singularities in Motion",   Proceedings of the 
Royal Society, Volume A286,  pp. 559-572 (1965).   (Equation 18). 
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where     M    is the source Mach numbe 

and M.   is the component of  M  in the  i-direction. 

In all case« the sum of Equations (1) and (2) is calculated, but as shown in 
Section 6 of USAAVLABS TR 68-60 the component due to (2) is negligible at any 
significant distance from the rotor. 

Equations (1) and (2) are solved by a numerical method which has been programmed 
for digital computation.   This solution is exact to the extent that no approximations 
are made.   The accuracy of the solution is only limited by that with which the real 
loads and motions experienced by the rotor dynamic system can be represented by the 
model used.   The sound field for the simulated system is calculated accurately at any 
point in the near or far field. 

The sound generated by a rotor blade In motion is the result of the distributed aero- 
dynamic pressure acting over its entire surface.   Rotational noise, which is the subject 
of this study, is defined as that component of the sound field which Is directly attrib- 
utable to the lift and drag forces acting on the btads.   Strictly, the entire spanwise 
and chordwise distributions of these components should be taken into account, but for 
the sake of numerical expediency it is necessary to simulate the actual distributions 
by a discrete set of point loads.   The implications of doing so are fully discussed in 
Section 5 of USAAVLABS TR68-60.   The spanwise 
loading distributions are divided into a 
number of segments, each of which is 
represented by two single force components, 
lift and drag.   This model is illustrated in 
Figure   1.   The point of application of each 
force pair then becomes an acoustic source 
which generctes sound according to Equations 
(1) and (2).    The F- in those equations 

are the forces acting upon the air and are 
therefore opposed to the lift and drag forces 
acting upon the blade. 

If an arbitrary set of orthogonal axes X^Z 
are defined. Equations (1) and (2) can 
be combined.   Using also a more 
convenient notation, 

Figure 1.    Discrete Representation 
of Aerodynamic Loading, 

^—>. 
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Ap(t) 
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Ap(t)   is the observed sound pressure at time   t  due to the aerodynamic forces acting at 
any particular point on the blade whose components in the  X , Y and   Z  directions, 

at the retarded time   t , were  Fv, F.,  and  F-,.   The dot denotes differentiation 
C AT Z. 

with respect to time.   The quantities  x, y   and  z   are the coordinates of the observer, 
relative to the source in the X, Y and   Z   directions.   The negative sign accounts for 
the use of the blade loads which are equal and opposite to the forces which act on the 
air. 

It can be seen from this equation that the force generates sound in two ways:   through 
its fluctuation in time and its i'luctuations in position which cause its accelerations 
toward the observer    (M).   The term  (1 - M )   in the various denominators is essen- 

tially a Doppler effect which amplifies the sound radiated in the direction of motion, 
-2 

Dipole sound (the term in  F )  is amplified by the factor  (1 - M )       and quadrupole 
-3 s 

sound (the acceierative term in  F • M^   by   (1 - M^) .   Thus the second term becomes 

increasingly important as the velocity in the direction of the observer increases. 

The elements of the method of computing the sound field of a complete rotor are as 
follows: 

(1)       Define the geometry, blade loading and resulting blade motions of the 
rotor as a function of time. 



(2) Define the position, attitude and velocity of the rotor with respect to 
the observer at the time   t . 

(3) Calculate the orientation and magnitude of each of the elemental blade 
airloads at its appropriate retarded time. 

(4) Calculate and integrate the observed sound pressures due to all the S' s. 

(5) Repeat operations  (2)   through  (4)   for a series of successive time int s 
t   to construct a time history of the acoustic pressure amplitude and 
harmonically analyze this to obtain its frequency spectrum. 

A computer program has been written to perform these operations taking account of the 

following variables: 

(a) Number of rotors . 

(b) Number of blades. 

(ci       Rotor diameter. 

(d) Helicopter position in space with regard to a fixed observer 

including: 

1. Rotor hub vertical displacement. 

2. Rotor hub horizontal displacement. 

3. Rotor shaft inclination. 

(e) Rotor hub motion including: 

1. Linear velocity. 

2. Roll angular velocity. 

3. Pitch angular velocity. 

(f) Rotor blade tip speed. 

(g) Articulated blade motions. 

(h)      Blade motion resulting from flapping bending, edgewise bending, 
and twist about the elastic axis. 



-»wawiw-i"' ! 

(i)       Phase relationships between rotor angular positions for multirotor 
vehicles. 

(j)       Time d-oendent blade loading for at least  20   radial blade segments. 
The blade loading includes loading normal to the hub plane, radial 
loading in the hub plane, and tangential loading in the hub p'une. 
These loadings are treated as loads at a chordwise point on the blade 
element with direction determined by orientation of the blade 
element in space.   Variation in disc loading is considered as a 
function of variation in blade loading with the number of blades 
and blade chord held constant. 

This program, code-named   HERON   1, is described in detail in Sections  4 and  5. 
The axis transformations and outlines of the computational steps are discussed in the 

following sections. 



2.0   COORDINATE SYSTEMS AND TRANSFORMATIONS 

2.1      Rotor Axes x^y'^z' 

Since blade motions are measured relative to the rotor shaft it is desirable, for the 
direct utilization of experimental data, to specify all blade responses, including 
flapping, lagging and elastic deformations with respect of a set of "shaft axes". 

Figure 2.     Shaft Axes (x'^'.z')  and Flight Path 
Coordinates (x,y,z). 

Accordingly, a set of right-handed orthogonal axes x', y', z' are chosen with the z' 
axis coincident with the rotor shaft and positive downward (Figure 2). The longitu- 
dinal axis x'   lies in the vertical plane through the aircraft velocity vector  V . 

2.2      Flight Path Axes  x,y,z 

This system is introduced merely to simplify the transformations between the  x'jy^z' 
and  X, Y, Z systems.   The origin of this system is coincident with that of the rotor 
axes.  However, the x  y   plane is horizontal with the  x  axis in the vertical   V-x' 
plane.   The aircraft rotation is specified with respect to this system in the following 
sequence  (Figure  3). 



w/ 

Figure   3.     Pitch and Roll Rotations. 

(1) The pitch angle  6   is measured clockwise about the positive  y  axis, 
rotating   x   to   x'. 

(2) The roll angle $' is then measured clockwise about the  x' axis, rotating 
y   to  y'   and   z   to  z'. 

(Vehicle angular displacements are measured in pitch and roll only,since rotor yaw is 
simply a shift In azimuth reference.) 

The shaft inclinations to the vertical   z   axis, measured in the  x z   and   y  z   planes, 
are   9'   and  ^, so that (Figure   4)   9   =  91 and tan (|)   = cos  9 tan   $'. 

Figure   4.     Shaft Inclinations. 



(4) 

The transformations between shaft and flight path axes are: 

x   =   x' cos 9   + y' sin (j> sin 9  +  z1 cos (j> sin 6 

y    =   y1 cos <(»   -  z' sin <p 

z   =   x' sin 9   + y' sin 4» c?i 9   +  z' cos q cos 9. 

2.3     Fixed Axes  X^Z 

This coordinate system is used to define the aircraft and observer positions in space. 
The axes are fixed in space with arbitrary origin, and XY is the horizontal ground 
plane.   Z   is measured positive vertically upwards. 

The  X Y and  x y   planes are thus parallel, and the angle between the x and X 
axes is defined as X . 

Y 

1 

XHYHZH 

Figure 5.   Fixed Axes (Plan View). 

Thus, if the rotor hub coordinates are   X,,, Y,,, Z^, any point in the X, Y, Z 

system is defined by 

X = XH + x cos X + y sin X 

Y = Y + x sin X - y cos X 

Z    =   ^  -    z (5) 



The coordinates of an observer at  X  ,Y  ,Z   , with respect to the source at  x,/^. 

are 

x    -    X    -X 
o 

y  = Y0-Y 

z    =    Z. (6) 

The distance  s   between source and observer is 

2 2 2 
s     =    (x     +  y     +   z )' 

2.4      Blade Element Displacements 

(7) 

The x1, y', z'  coordinates of each specified blade loading point are calculated as a 
function of azimuth angle, flapping and lagging angles (where applicable), and 
normal and in-plane elastic displacements.   The rotor azimuth angle is measured from 
the negative x'  axis, clockwise about the positive z'  axis, y =   ftt. 

NOTE 

e. moy be > or < «. 

View on 'A' 

Figure 6.     blade Element Displacements in 
Rotor Axes. 
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I 
Referring to Figure 6, 

nT(r) 

is the flap hinge offset from the shaft centeriine. 

is the lag hinge offset. 

is the lag angle projection on the  x' y'   plane (positive in the direction 
of rotation) . 

is the flap angle between the undeformed blade axis and the  x'y'   plane, 
positive in the negative  z'   direction. 

is the elastic displacement of blade station  r  parallel to the  x1 y1   plane, 
normal to the undeformed blade axis and positive in the direction of 
rotation. 

nKj(r) 's tta elastic displacement normal to the undeformed blade axis, in the 
plane containing the z'   axis and positive in the negative  z'   direction. 

These coordinates thus take account of all possible motion of the blade axis upon which 
the point aerodynamic loads are assumed to act. 

If the flapping hinge is outboard of the lagging hinge, the coordinates of the radial 
station  r  are: 

x    = '   =   -   c.  cos t)) - |(r - e ) cos p +  (e   - e.) J cos (tji + ^) 

+  riT sin (iji + C) + q j. sin Q cos (i|) + s) 

y'    =   -    £J sin qi - {(r - e.) cos ß + (e. - tt)\ sin (t|i + C) 

+   r),. cos (t|i + ^) + H M s'n 8 sin (iji + Q 

z'    =   -  (r - ef)   sin ß   - nN   cos   ß 

If the flapping hinge is inboard of the lagging hinge, we have 

(8a) 

10 
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x'   = -   (e   + e^   cos ß) cos (|) - (r - e*) cos ß cos (iji + C) 

+  HT s'n ("j» + ^) + HKI s'n P cos (♦ + ^ 

y'   =   -  (e   +   t* cos ß) sin iji - (r - e*) cos ß sin (ij) + C) 

-   q- cos   (t|) + M + n KJ s"n ß sin (qi + S) 

z'   =   -   (r -  ef) sinß   - n N cos ß (8b) 

It is now possible, using Equations (4), (5) and (8), to find the fixed coordinates 
X, Y, Z of any blade station, defined in convenient rotor coordinates as a function 
of time, and subsequently, using Equations (6) and (7), the displacement components 

x, y, z and s of the sound Equation (3). 

2.5      Blade Element Velocities and Accelerations 

We also require the velocity and acceleration components defined in the sound Equation 
(3) as  M,  Ms  and   Ms      which are the source Mach number and rate of change of 

Mach number in the direction of the observer.   Resolving the source Mach number into 
its three components we have 

M =  ^   +    M2
Y   +    M^' (9) 

M    =   * MY   + i- Mv  +   - M7 (10) 
s          s       A        s        Y         s       Z. v    ' 

and                       M    -  -  Mv +-^  Mv   +  - M-, (11) 
ssXsYsZ y    ' 

X     Y Z 
where   MY,MV,   and   M7   are simply   —, — and —   respectively;   that is, the 

AT ^. C C C 

velocity components of the source, relative to the statiooary air, expressed as a 
fraction of the atmospheric speed of sound.   To obtain the first and second time 
derivatives of   X,Y,   and   Z   it is necessary to differentiate Equations (5), and 

subsequently Equations (4) and (8).   From Equation (5), 

11 



• • 
X   = XH   + ä cos x  - * x sin x + y sin x + y X cos x 

= XH   +  (x +  y x) cos x +  (y - x )Ö sin   x 

Y  =  YH   +  x sin x + xxcos x -  y cos x +  yxsin x 

:::  YH   "   (y  "  xx) cos x +  (x + yx) sin x 

Z  = ZH   -  z (12) 

• 2 
X   =  XH   +  (x  +   2yx - xx    +  yx) cos x + Cy " 2xx -yx   -xx) sin x 

Y   =  YH   -   (y - 2xx - yx2  - xx) cos X + (x + 2yx - xj^2 + y x) sin x 

z = zH + 2 

and from Equation (3), 

(13) 

x   =  x' cos 9 - x' 9 sin 9 - (z'(j) - y') sin $ sin 9 

+  (z1 + y'(J>) cos ()> sin 9 + y' 9 sin <p cos 9 + z' 9 cos (j) cos 9 

y   =  (y1 - z1 $) cos <p  -   (y1 (j) +  z) sin (j> 

z   =  z  -   x' sin 9  - x*  9 cos 6 +  (y1 - z'^) sin <p cos 9 

+   (y'(j) +   z') cos <|> cos 9 - y'9 sin (p sin 9 -z'9   cos (j) sin 9        (14) 

(x1 - x'Ö2) cos 9 -   (2il9 +  x'Ö) sin 9 

+ (2y,<t)9 +  2i'9 + z'9) cos (f cos 9 

+   (y1  -  y' {^   +92)   - Iz'q - z''<p) sin (j> sin  9 

+  (2y^ + y1^ + z1 - z' ((j)2 + 92) )cos 4) sin 9 

+ (2/9 + y'Q - 2zl(j)9) sin $ cos 9 

12 
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..i2 y   =  (y1 + yV - z'i») cos (j> - (z1 - z'^ + y'^) sin $ 

z   = - (^ e + x1 e) cos e - (x1 - x' e2) sin e 

+ (2/' 4) + y' $ + z1 - z" ((J)2 + e2) ) cos <|> sin 9 

- (2yl9 +yl9 - 2z4)9) sin <p sin 9 

- (2yl qQ + 2i, 9 + 29) cos $ sin 9 

+ (y1 - y' (<j.2 + 92) - 2^ (j) - z' $ - z' $) sin $ cos 9 (15) 

Expressions for the derivatives of  x', y'   and  z'   are not derived explicitly for 

reasons which will be explained in  Section   3.0. 

2.6      Aerodynamic Forces and Their Derivatives 

The aerodynamic force components in the sound Equation (3) are derived from the 
components   F. .   and   FT   which act directly on the blade.   F..   is defined as the 

component of the aerodynamic load on the blade which nets normal to the blade axis 
(in its deformed condition) in the plane containing the ihaft axis  z'.   It acts in the 
same sense as the lift on the blade.   FT   is the tangential component, again acting 

normal to the blade axis but parallel to the   x' y'   plane.   Its sense is opposite to the 
blade drag force.   Referring to Figure 6, we see that the blade force components in 

the   x', y'   and   z'   directions are: 

F  ,   =  FT sin (tji + ? ) +   F     sin ß' cos (i|) + C ) 

i i 

F  ,   =   -  FT cos (HI + S ) +  FN sin ß' sin (tj) + S ) 

"V = - F
N cos ß' (16) 

where   ß1 and   £    are the blade slopes relative to the  x' y'   plane and the radius 
at azimuth   (jj   respectively.   That is. 
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P'    =      ß 

C    =    C + tan (17) 

The transformations which are required to obtain the components Fw, Fy and F7 in 

the fixed coordinate system are identical to those used to convert x', y1, z' to 

X, Y, Z (Equations (4) and (5)).   The derivatives Fw, Fy and F7 are also derived 

from the rotor axis values using similar transformations (Equations (12) through (15)), • • • 
and again the derivatives in the rotor coordinate system F i# F . and F i are not x      y * 
derived explicitly for reasons outlined in the following section. 

14 
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3.0   METHOD OF SOLUTiON BY DIGITAL COMPUTER 

The technique for calculating the helicopter rotor sound field is best explained by a 
description of the computational steps of the program HERON   1.   Figure  7 is an 
illustration of these basic steps in flow diagram form.   The program is divided into 
two phases.   The first processes the input data into a convenient form for storage and 
the second competes the sound pressure level at a preselected number of field points. 

Phase II  of the program Is repeated in its entirety for each required observer position, 

0 '      0 '      0 

3.2.1       "Observer Time"  t 

The sound field observed at the position  X , Y , Z     is calculated as a time history 

of the acoustic pressure  Ap at the "observer time" intervals 0, At, 2 At,  ... T, 
where   T   is the fundamental period.   The sound harmonic amplitudes are then obtained 
through a Fourier analysis of this time history. 

The fundamental period T, to an observer moving with the aircraft, is the blade 
passage period  2ii/)»2 B.   However, for a stationary observer this thifts by the factor 
(1 - M )      where M   's ^« aircraft Mach number component in the direction of the -I 

observer. 

15 

3.1 Phase  1    Initial Pota Processing 

For each rotor, the blade loading and motion data is read by the program either as a 
number of arrays, listing their values at a discrete number of points over the rotor 
disc, or as a series of Fourier coefficients, one set for each radial station.   To reduce 
the volume of later computations, this initial phase of the program calculates and 
stores the displacements of each loading point with respect to the rotor axes x', y', 
z' according to Equation (7).   The three force components F ,, F . and F , are also 

x      y z 
using Equation (16).   These calculations are performed, upon the input data in which- 
ever form it comes, at a predetermined number of azimuth stations.   The history of 
each of these six variables around the azimuth is then harmonically analyzed for every 
radial station, and the Fourier coefficients are stored.   This operation is carried out for 
one blade only since it is assumed that all blades are loaded and respond in identical 
manners.   From the stored coefficients it is possible for later elements of the program 
to interpolate for all required blade loading and motion variables at any arbitrary 
azimuth station. 

3.2 Phase II    Calculation of the Sound Field 
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One approach is to calculate r e observed period which can then be divided into an 
appropriate number of intervals.    However, because of the aircraft motion, a slight 
error is introduced by this procedure which results in the computation of something 
slightly less than a complete period.   This error increases with sound harmonic number 
(which is equivalent to a reduction of wavelength). 

The alternative which has been adopted in the program is to calculate the time history 
at a point which "moves" with the same velocity as the rotor hub but which has the 
average position   X0,Y ,Z0   during the period  T.   The only modification required for 

the final result is to correct the observed frequency for the Doppler shift factor 

(1 - M   )     .   The quotation marks are used because at each time increment the sound 
pressure is still calculated at a stationary point which has simply moved the same 
distance as the rotor since the previous time increment.   All relative velocity effects 
in the acoustic calculation are retained. 

For each observer time   t, the sound pressure    Ap   is calculated at the effective 
observer positions: 

X    + 
0 

xH(. 

Y1    =    Y    +   Y    (t - -) 

-   Zo + zH (t -1) (18) 

To calculate the Mach number component 
M , and hence the Doppler shift correc- 

tion, it is first necessary to calculate the 
sound propagation time   T    as follows: 

The position of the rotor hub at time   t 
is   Xu, Yu, 7.      and the distance 

n       M       n 
between the hub and the observer at 

X0,Y0,Z0/ according to Equation (6), 

is 

Y i Y1 71       y    Y    7 
Z   A      H   H   H        H   H    H I 

xcYoZo 

Figure 8.    Velocity Diagram for Sound 
Radiation by Moving Aircraft. 
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s - (x    + y    +  z) 
o      'o        o 

However, the sound arriving at the observer at time   t  was generated at the retarded 
time   t - T0    when the hub was at  X' ,¥',2'       The corresponding velocity triangle 

is shown in Figure   8.   The resultant aircraft velocity is 

v = (*H + ^H + ^nf (,9' 

and the propagation time   T      is given by 

T. = - 
(x0XH + y-0YH + z-0ZH) + ^(x0XH + y0YH ^Z/.s2 (c2 - V2) 

0 c2   -   V2 

(20) 

From the propagation time the ■      ixordinates at the instant of sound emission can be 
calculated.   The component hub to observer separations are  x', y'    and  z'    where 

x,o   = xo + XHTo 

y*  = ^o + ^H To 

z"o   = £o + Vo (21) 

Hence, the required Mach number component is 

M0 -  (22) 
c   To 

3,2.2    Retarded Time 

The retarded time of each blade loading point KJS to be calculated independently for 
each observer time instant.   This requires solution of the transcendental equation 

20 



V2 12 2 ' 
X    (t - T) + y   (t - T) + z   (t - T) (23) 

Thii equation can only be solved by Iteration, starting with some realistically chosen 
value of T and successively substituting newly calculated values into the right-hand 
side until the solution converges.   The right-hand side of Equation (23) is in fact a 
very lengthy expression which includes Equations (4), (5), (6) and (8).   The following 
procedure is followed to minimize the computational time involved. 

For the most inboard blade loading point, the rotor hub retarded time (t - T.) is used 

as a starting value.   The RHS of Equation (23) is calculated using the first harmonic 
Fourier coefficients of x1, y1 and z' .   As an example, 

tji   --    i}i (t - T) 

x' ~    a  , (r)   -*   a  , (r) cos iji +   b , (r)   sin i|) 
x0 X| x) 

The values of   y'   and   z'   are calculated similarly and the necessary transformations 
applied to compute   x ,y   and   z.   These are substituted Into Equation (23) to 
yield a second approximation to the retarded time.   The iteration proceeds but a 
successively greater number of harmonics Is admitted In the calculation of the x1, y1, z' 
coordinates In successive iterations.    By the time convergence is reached, the pre- 
determined limiting number of harmonics is admitted.    It Is found that this method 
considerably reduces the volume of computation (through avoiding a large number of 
Fourier summations) without increasing the number of iterative cycles to convergence. 

The calculations for the next radial station use the final value of   T   from the first 
radial station, and so on. Experience shows that an average of four or five iterations 
Is required for a convergent solution with an error of less than 10      seconds. 

3.2.3    Blade Loads and Motions 

The Fourier representation of the load and motion distributions enables the required 
displacements, velocities, accelerations, forces and rate of change of forces to be 
computed with a minimum amount of effort.   From the retarded time   t - T, the rele- 
vant blade azimuth angle ip   is obtained and the motion and load variables in the 
x', y1, z'   system are synthesized as shown in the following example: 

i|>   '-'  i|) (t - f) 
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x' =  ax.     +Xr l^1  COsk(|, +   bx'    Sinkl,) 
0      i k k=l 

, i   _ ^ y      Ma,    sink^-b,    cos bi|j > 

k=) (    Xk Xk ) 

x'   =  - Q' 
K        ( \ 

22  k2 . ax,    cosk^ +   bxl    sink,}, 

k=i (      k k ) 

The transformations listed in Section   2.1.2   are then applied to derive all the 
necessary components of the sound Equation (3) . 

3.2.4   The Sound Field 

The observed sound pressure increment generated by each loading point is calculated 
according to Equations (1) and (7) .    The inciements due to all loading points on 
all blades are then summed ro give the total pressure increment at time   t.   The entire 
process is repeated for successive time instants until a history is obtained for one com- 
plete (blade passage) period.   The final step is to Fourier analyze this time history 
into its sine and cosine component harmonics  (a   and b ).   Each harmonic sound pres- r n n 

sure level is then expressed in decibels by performing the transformation 

SPLn    =   MO log J a2 + b2     f 124.6 J   dB re .0002 p Bar 

3.2.5   Multiple Rotors 

In its present form the program computes the sound harmonics at each field point for 
each rotor and outputs the results independently.   If the rotors have the same funda- 
mental blade passage frequency then the sound harmonicsdue to the individual rotors 
reinforce each other and the in-phase and out-of-phase components are simply added 
together separately.   If the rotors have different fundamental frequencies (for example 
the main and tail rotors of a "single rotor" helicopter), then the individual harmorics 
do not interfere and the sound spectra are merely superimposed.   The final block in 
Figure 7 is drawn with a broken line since the program does not perform this function 
automatically.   However, sufficient information is output (namely the frequency, 
cosine and sine harmonic amplitude in lb/ft   and sound pressure level of each har- 
monic) to enable the necessary summations to be performed rapidly by hand. 
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1 

4.0 PROGRAM FLOW CHARTS, EQUATIONS AND LISTING 

The computer program HERON 1 is written in FORTRAN IV for the Control Data Corpora- 
tion's CDC 3300 utilizing the SCOPE operaf'      -ystem .   The minimum hardware 
configuration required is as follows: 

1 .    3300 series computer with 32,000-word core storage. 

2 .    Card reader. 

3. Line printer. 

4. One scratch tape unit (LUN2) 

A complete description of the program is contained in this section which includes the 
following items: 

4.1 A detailed flow chart for the program .   The noted equation 
numbers correspond to list 4.2 . 

4.2 A complete list of programmed equations. 

4.3 ^ program listing. 

4.4 A list of program symbols and definitions (Table I). 

23 
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List of Equations Computed by Program HERON  1 

Equation No. 

1 a)      x'    = - e, cos (j) - |(r - e ) cos ß + (e   - fc,)| cos (iji + V) 

+ r|_ sin (tji + C) + ri^, sin ß cos (i|j + C) 

I I r b) y1     = - «^ sin m -   (r - ef) cos ß + (ef - e,)  sin (i^ + S) 

- r|_ cos (i|) + M + 1 Kj s'n ß s'n (41 + ^) 

c) z'     = -   (r - e ) sin ß - r| KI cos ß • 

2 a)     x1     = - {t   + e. cos ß) cos i|) - (r + e.) cos ß cos (i|> + S) 

+ rj- sin (iji + C) + r]      sin ß cos {i|j + S) 

b) y'     = - (e   + t. cos ß) sin ijj - (r + e*) cos ß sin (41 + s) 

- r\- cos (t|) +C) + r\     sin ß sin (i|» + C) 

c) z'    = -  (r - ef) sin ß "   nN cos ß. 

3 a)      dnN/dr   =    (nN(n+l)-nN(n- l))/(r(n+  l)-r(n- 1)) 

b) dnN/dr = (nN{2)-   nN(l))/(r(2)  -r(l)) 

c) dnT/dr = (nT(n+   l)-nT(n- l))/(r(n + l)-r(n- 1)) 

d) dnTdr = ^{2)-^/{y{2)-r{\)) 

e) dnN/dr = (nN(n)-nN(n-l))/(r(n) -r(n-l)) 

f) d^/dr = (nT(n)   -^(n- l))/(r(n)   -r(n-l)) 
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a) ß' -    ß+ tan",(dnN/dr) 

b) ?' =    C' + tan"' (dnT/dr) 

a) F  , = T sin (ij) + C )+F     sinß'cos (tj, + C) 

b) F  , - - F    cos (n) + C) + F     sin ß' sin ((ji + C) 

c) F2, = -   FN cos ß'  . 

M 
3)   ao„(<j)   =   TäIL u 

m 

b)     ai(, (u)     =    T7  /       u cos ((m " 1) * 2iTk/M) 

c)     bk (u) 
M 

y^    u sin ((m - 1) • 2Tik/M) 

a)     a.  (F.) 
0n    ' 

b)     a^F.) 

J_ 
M 

M 

E 
m ^i 

^ ^   F.cos((m-l). 2^^) 

:)   bk {?-) =   M" Z) lvin((m-l)-2lTk/M) 

8 a) 
H H 

x,, - x: 

b)     Yu   =    Yu   -   Y: 
H "H 

c) "H   =       H 
Z..   -  Z' 

9 SH   = VX"2H + y2H+z"2H 
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10 

11 

iK7 *H +  ^H 

2 a)    X'H   - »H + XH T'o 

b)    /'H   = ?H + VH T; 

c)    Z-'H  = £H + ^H Vo 

\3 M0   = («"Hi(H + ^H + ^H^ 

14 a)    X'H  = XH - XHT; 

b)    Y^   = YH "   ^n 

c)   rH - ZH -   h Vo 

15 o)     1     = 2VÖB 

b)    AT   = 2ir/liM 

16 a)    X0   = x;(i> + ;cH(" ■T) 

b)    Y0   = = Y'0(j)^H(t 2 

:)     Z, 

17 

z;« + ^H l* - i) 

n +¥- b 

t=0(AT)   T -AT 

b = l(l)B 

32 



18 

19 

20 

21 

a) 

b) 

c) 

d) 

e) 

f) 

g) 

h) 

4. =   ij.    + fit1 

XH = 

YH = 

ZH = 

9 

x    + xHf 
0 

Y      +   Y   t' 
Ho        H 

ZH0 
+ ^H^' 

e0 + et' 

<p     =    tan     (cos 9 tan (|>) 

y' -    cos  $ (^ cos 9 sec   (j> - 9 sin 9 tan (j)) 

a) u'    =    u' +  a,   (u1) cosktj) + b.   (u1) sin kqj 

b) u'    -    u' -Va 

c) Ü' =   ü' - k2 Ü2 

a,   (u1) sin k iji -b,    (u') cos kip 
n n 

a,   (u1) cos k iji + b.   (u1) sin k iji 

a) x      ' 

b) y     - 

c) z      = 

x' cos 9 + y' sin $ sin 9 + z' cos (j>' sin 9 

y' cos $   -   z' cos (j)' 

-   x' sin 9 + y' sin $' cos 9 + z' cos $' cos 9 

a) x      =    x' cos9 -xl9sin9 - (z'^' -y') sin ()>'sin9 

+   (z' + y' (J.1) cos 4»' sin 9 + y' 9 sin (j)' cos 9 

+   z'Q cos $* cos 9 

b) y     =    (y* -z'^') cos^' -(y'^' +i,) sin^.' 
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22 

23 

24 

25 

c)     i 
. i'sme-x-e cose+(y'-z't')-V ^e 

+  (yy + zO cos V cos e-/e'sinV sin e-z-e'cosine 

cos 

a)    x     = ( 

b) y 

c) I 

a) 

b) 

c) 

a) 

b) 

c) 

a) 

b) 

c) 

,1_>(.e
2)cose-2x'esine + (2yve+2i-e)cos,' 

+ (y..y.^2 + e
2)-2^)sin^ne + (2yV^-z' 

^ )) cos V - e+(2y'e-2z^e) sin,' cose 

.2x■ecose-(x'-xe2)sine + (2y'i>' + z
, 

.z^
2^))cos,'sine-(2y'e-2z>'e)sinVsine 

-(2y'<i.ie^2k,e)coJ^sine + (yl-y,^2+e2) 

-   2'i'<p') sin ,' cose. 

x    =   \-  XH   -XCOS   X'ySinX 

Y   -   Y      - x sin X   - y C0S x 

y   -  Yo      H 

i   =   Zo-   ZH  + Z- 

(^ 
. 2 

X   = 

Y   = 

X 

• » 
Y 

X    +x  cos X  +y sin X 
H 

Y    + i sin X   -   y cos X 
H 

x cos X +   '/ sin X 

.-   y cos X   +   ><   sin X 

-2 + z 
26 
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27 

28 

29 

30 

31 

a) 

b) 

a) 

b) 

c) 

a) 

b) 

M 
=   (xX+y^ + i^/SOj 

^    =   (xX + yY + iZ)/Sa0 M 

=  a 
(F)+a   (Fjcosk^^  (F^smkq, 

o    i       kn    . n 

=   -k^   a,    (F.)sink*-bk   (FOcosM 

=   F   cosG  +F   , sin ^ sin 9+ Fzl cos V sine 

x     x1 y 

=    F  , cos V - Fzl sin tf 
y 'F  , si„9 ^F,,, sin V cose+F2, cos Vcce 

. F.cose-F.esine-CF^-V'""»'5 
in 6 

COS 
B + F  .Bcos^cose 

+ (Fzl + F  ^cosf sine + FyiesinV 

Fy=   (Fy(.Fz^)cosf-(Fy.t'^z.)^V 

•      =. F  . sine - Fxl 9 cos e + (Fyl-Fz^ sin,'cose 

Z
+(F-1 + F,) cos .•ccse-Fyiesin,sine-Fzie cosine 

32 

33 

a) FX  = 

h) FY = 

c) fz- 

o) fx = 

b) fy  = 

F   cos x +  F    sin X 
X 7 

F   sin X   -   F    cos X 
x y 

F   cos X -'- F^ sin X 
x y 

F   sin X   -  *    cOS X 
x y 

F, = 
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34 

35 

36 

37 

38 

39 

40 

a) 

b) 

c) 

Ap = 

XT    =   M    + a  (1 -M2)/s 
T s ov " 

XK\  =   XT   - X^ 
s 

XM =   XT   " ^ 

s 

;(FxtFX-XMj+?(VVYM)+I"(fz+fZZ^ 

!4E,(l.M$)2aoS2 

p.(t)    =   p.(t)   + Ap 

a)    C      = 2B p.(m) co$(m-l) k.2iiB/M}/M 

m = l 

Vp   p. (m) sin (m -1) k 2Tt B/M j/N 

) P.L     = [& +    S2 

^ V        Pjk Pjk 

b)    S      = 2B 

Pjk   =   20 lo9,o Pjk  +  ,24-58- 

fk     =   ki2B/2it. 
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•BQUENCE,    16 
QPiRATON 

PROGRAM HERON 1 
I 

COMMON Kl,K2,KSF,KSX,u,-SI,M,N 
COHKQK BET(72)«ZET(72).rN(7^il2:«rT(72il2> •DMD(72)  «0(22) 
COMKON PSIO.K,    COM        .AM 
COMMON XO.YO.ZOiXDH.YDHtZDH 
COM«ON XHO|VHO|ZHCITHO«THD|PHIOIPH|D 
COMKOM 10(72   )|AK(36|72)|BK(36l72>tr(3)iFD(3) 
COMKON XD(72)i YD(72>>ZD(72)iMP(3),WDP(J) 
COMfQK UDDP(3) 
COMHON BETP(72.l2)iZETP(72,12> 
OIMSNSION CARD(30)»RN(12) 
DIMENSION rr(72),CPw<72»,8PJ{72),PJ(72)iALPHAJ(72) 

C,PJM(72» 
EQUIVALENCE (TAUOiTAUO>«(XD. CXU).(V^,CYD)«(ZDi CZO). ( D(1).RN(1)> 

ECU I VALENCE (CYDH,YHH), ( C7DW, ZUH),(BET,fF),(ZET,CPJ) 
s 

PI»3,1415926936 
NRITE(61il) 
REAC(60i2)C*RD 
WRITE(61(3)CARD 
REAC(«0il027)IHiJCON,C<RHO READ1 
oo eoo I1»1.1H 
REAC(«0il028)OMN,R,Bü,EPr,EPLiHSlO READ 2 
OM«CMN*6,263lB5307/60, 
REAC (60il00fl)H,N      itNDi KSF,KSX  <K1,K2 READ 
KK»HAXltKSXfKliK2J*l 
KF«KSF*1 

AMi)(M»rLOATF(M) 
ZZ«2,/XM 
DT      ■6I283185307/(OM«AM) 
TT      ■6,283185307/(OH*BB) 
DPSIa6,2S3l89307/XM 
TT»TT-OT 
MFT«M»1 
DHO(l)aO, 
DDS1«3«0,/XM 
00   409   J«liMPT 

409     DMD( J*l)»DMnU>*DDSl 
REAC    (60,10?b)   (0(1)<I>1|N) READ   4 
00   10   Iil.N 

10   RN(T)"R*D( I » 
RFAC<«0ilO28)XH,YHiZH,TM,PHl,XUH,YOH.ZOK,TMO|PHlD READ  5 
in XON, EQ , YPH, AND, YON, EO.ZOH, AND, ZOH.EU, 01083« 1064 

1083 V«0. 
00   TO   1089 

1084 V«SCRTiXDH*XDH«   YDH*YnH*ZDM«ZDM) 
1089     CONTINUE 

l9airiX(B8) 
HRITE(61,4)I9,R,OMNltPF,EPU.PS10|TH,PHl,XDH,YOH«ZOH,V 
MRITE(61.5)XH,YHIZH 
URITE(61.6) 
SINPD»SINP(PHID) 
COSPD<COS(PHID) 
XHO»Xf< 
YHO«Yh 
ZHO>ZH 
THO»TH 
PHIC«PM1 
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CHIiATAMVDH/XOH) 
1F(XDW,13,0,111,12 

it |r(VDM,BO,0.)14.19 
14 CHI«0. 

GO   TO   it 
15 CHIiPI/2. 
12 COSCHl«COS(CH!) 

SINCH|iSlN(CH!) 
WRITE(61,9)N 
HR|tE(61.6t)H 

16 

18 

20 

25 

30 

S5 

111 

112 

40 
42 

N IS NUMBER Or RADIAL STATIONS 
M IS THE NUMBER Or AZIMUTH STATIONS 
X, Y, Z IS THE POSITION OP OBSbRVER 

BET IS THE PLAPPINQ ANQLE, 
ZFT IS THE LAO ANGLE, 
BETA AND ZETA ARE INPUT IN DE6KEES, 

00 TO (16,18) IND 
CONTINUE 
HRITE(61i7) 
REAC(60il02A)(aET( I ), 1«1|H) READ 6 
REAC(60il02aMZET(I)«I<liH) READ 7 
hRITE(61,67) 
HRITE(61,6B)(DMD(I),BET(I)IZET(l),Iit,M) 
00 TO 20 
CONTINUE 
WRITE(61.B) 
CALL INPUT (1) 
CONTINUE 
DO 25 l9tl,H 
BET«I3)«BET(I3)*0, 01745329 
ZET(I3)»ZET(I3)*0,01745329 
REWIND 2 
GO TO (30,40) IND 
DO 35 Jil.N 

THE FOLLOWINQ STATEMENTS INPUT THE ET*N AJQ ETAT ARRAYS INTO THE PN AND 
FT STORAGE LOCATIONS, THESE S*ME LOCATIONS WILL LATER BE USED TOR THE PN 
AND FT ARRAYS, 

(FMI, J) , I«l,Mt 
(fTUf J).|*liM) 

REAt (60,1028) 
REAC (60.1028) 
MRITE(61.69) 
MRITE(61.63) 
WRITE(61,64)(RN( I ), l>liN) 
DO HI J«1|M 
WRITE(61.65)((DMD(J)i(rT(JlI)ll*liN) 
HRITE(61.1091) 
HR:TE(61,71) 
MRITE(61,63) 
HRITE(61.64)(RN(I)»I>liN) 
DO 112 Jil.H 
MRITE(61i65)((DM0(J><(FN(JlI)ll>l/N) 
HRITE(61,1091) 
GO TO 42 
CALL INPUT (3) 
DO 70 I5il,N 
PSIiO,0 
DO <0 |4il,M 

READ 8 
READ 9 

)) 

)) 
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a 

8 

94 

C0SB*C0S(8ET(I4)) 
C0SPZ»C0S(PS1*2ET(141) 
SINPZ>S1N(PS|*ZET(I4)) 
S1NP»SIK(BET(|4)) 
COSP»COSF(PSI) 
SINP<SIKF(PSI) 

RELATIVE COORDINATE OF BLAUE STATION, 

58 

60 

TO 

lF(EPr,0T,EPL>54l98 
T«(BN< I5>.EPP)*C0SB*EPF»E^l. 
XD(|4)i.EPL*COSP-T»COSPZ*FN(I4;IS)«S|NB*COSPZ 

C*FT«!4II5»*SINPZ 
YClMJ^.EPL'SINP-T'SINPZ-rTCM, 15) «COSPZ^FNdM, 15 )«SlNB*SINPZ 
ZD(I4)«-(RN(I5).EPF>«SINB-FN(I4,I5)*C0SB 
GO TO 60 
X0(t4>«-(EPF»EPL*C0SB>«COSP.(RN(15)*EPL)*CQSB«C0SP2*FT(14,151 • 

1S]NPZ*FN(I4II5)*SINB*C0SPZ 
yD(I4)«'(EPF«EPL*C0Sa)*SINP<(RN(15)*EPL)*COSB*SINPZ"FT114»19 )«COSP 

1Z*FK(I4,I9)*SINB*SINPZ 
ZD(l4)a-(RN(I5)«EPF)*S|NB-FN(l4» I5)*C0SB 
PSltPSl»DPSI 

(XD(I4»#l4«l1M) 
(TD(I4),I4«1,M» 
(ZD(I4)iI4«l.H) 

f 
■ * 
I 
C 
• 

83 
84 

88 
69 

90 

• 1 
92 
93 

94 

95 

1112 

WRITE 
WRITE 
WRITE 
00 93 
00 93 

(2,1003) 
(2,1003" 
(2,1003) 
^•l.N 
I4«1,M 

AERCDVNAHICS FORCE COMPONENT, 

XDiFXC » YD'FVD i ZD»FZD IN THc FOLLOWING COMPUTATIONS, 

IF (N.EO.l) 91,83 
IF(I5,EG.1)84.88 
DNDR>(FN(I4i2)aFN(14,l))/(RN(2)-RN(l)) 
DT0R"(FT(I4,2)«FT(I4,1))/(RN{?)-RN(1)) 
GO TO 92 
IF(15,EQ,N)89I90 
DNDRa(FN(14il9)>rN(I4ll9-l))/(RN(I5>.RN(I5««)) 
DT0B«(FT(I4,I9).FT{I4II 5-1))/(RN(I 5».RNd5-1)) 
GO TO 92 
DNDRi(FN(I4,I9«l)-FN(I4lI9«l))/(RN(I9*l>-RN(I5-l)) 
DTDR»CFT (I4,19*l>>fT(|4|l5at))/(RN(I9*l)"NN(|9-i)) 
GO TO 92 
DNDR'DTDRiO, 
BETP(I4iI9)>BET(14>*ATAN(DNDR) 
ZETP( 14,15»•ZET(14)*ATAN(OTDH) 
GO TO (94,96) IND 
DO 95 J'liN 
REAC (60.1028) (FN( I, J),I«l,M) 
REAC (60.1028) (FT ( I, J),1»1,M) 
WRITE(61.«2) 
HRITE(61.63) 
WRITE(61,64)(RN(I), I«1,N) 
D01112 J»1,M 
HRITE(61.1091) 
WRITE(6ll65)((D«D;j),(FN{J,l),I«l,N)      >) 
WRITE(61.66) 
WRITE(61.63) 
WRITE(61,64)(RN(I),I»1,N) 
D01111 J*1.H 
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HR|TE(61.1091) 
till  NRITE(61i65)((0H0(J)|(FT(Jin.l«l«N)      )) 

00 TO 97 
«6 C*LL INPUT (2) 
«7 00 160 ISil.N 

PS1«0, 
00 100 14*1,H 
2P«7ETP(I4,I5> 
BEsBETFMM, 19) 
X0(l4}«rT(|4|IS)*SIN(PSI*Z£  )*FN(J4,f5)«StN(9fc  )*COS(PSI*ZE  > 
YD{!4)«-mi4,I5)*C0S«PSl*26  ) ♦FNC U, l5)*SIN(fifc  )*S!N(PS|»ZE  > 
Zn( M)»-rN( l4,I9)*COS(8f-  ) 

100  PS|»PSI»DPS' 
WRITE(2l1003)aD(I4), !4«ttM) 
HRITE(2,1003)<YD(I4),J4«1,M) 
NRITi(Sii003)(ZD(I4)fl4aliH) 

160  CONTINUE 
END TILE 2 
REMIND 2 

9 
•• CALCULATE   HARMONICS •••••♦♦••••♦••*• 
C 

|7>0 
DO   190   12.1,2 
00 TO (1691166) 12 

169 KSP*KX 
00 TO 167 

166 KSPiKF 
167 If (KSP.LE.O) 168,1*9 
166 KSP'l 
169 DO 190 13*1.N 

00 190 14-1.3 
I7»I7»1 
REAC (2|1003) (BET(I9)«I9*1,M) 
SUM1>B, 
00 172 I9»1,M 

172 SUM1«SUM1*BET(I9) 
A0(I7)«SUM1/)(H 
DO 190 16«1,KSP 
XX«CPSI*FLOATr(IS) 
SUM3>SUM3*X>0, 
DO 180 ie>l.M 
SUM2aSUM2*BPT(18)*COS(X*XX) 
SUN9aSUH'<*BET(|S)«SIN(X*XX) 

B     WR|Tc(61l1044)SUM2|SUH3 
1B0 XaX«l, 

AK(I6,17)«SUM2*ZZ 
BK(I6«|7)aSUM3*ZZ 

190 CONTINUE 
I 
!•••••« ••••**•*  BEQIN PART 2 -.- CALC, Of SOUND FIELD ♦•**•♦**♦*•*• 
f 

13>IFIX(BB) 
HR|TE(61,7B) 
DO 700 II1>1.JC0N 
I7»0 
REAC (60>1016)X0P|YOPlZOP 
lX|Kf*XOP*XH0 
SVB»<««YOP*VH 0 
IZlNa>ZOP*ZH0 
|r(tXBH,EOlSYBH,ANO,SYBHllOlSZBMlANDl8ZBHlEO,Ql>1073l1072 

|973  SKaO, 

40 



I 

00   TO  1075 
1071     SM»SQBT(S*BM.SXBH*SrHM*SYBH*SZHM»SZBH) 
iCI7S     QO«   S)(8M*X0M*SyBH*YDH*SZBH*7DM 

0T«C«C"V*V 
QS»CQ«QQ*SH.3M*OT 
ir(CS,EO,0,)l071l1092 

1071     T*UeP««QO/QT 
QO TO 1069 

1092   TAl.UP»(-0iJ*30RT(0S))/üT 
1069  CONTINUE 

XPHiXMO-XDH*TAUOP 
YPH»YMO-YDH»TAUOP 
ZPHiZMQ-ZOH'TAUOP 
3xaPH>SXBH«X0H*TAU0P 
SY8PH«SY9H«YDH«TAU0P 
S7BPHiS7BH«ZDH*TAUOP 
BHO«SXBPH«XnH*SYBPH«YDH*SZöPH*^DH 
BMOiBHO/C/C/T*UOP 
TTi«,2831853/(0H.8Ö» 
DT««,2831853/'(0M«4M) 
T»0, 
M9»f/IFIX(BB) 
00 <00 MS=1,MB 
I7»!7*l 
X0»X0P*XüH*(T-TT/2,) 

Y0»y0P*VDH*(T-TT/2l) 
Z0«Z0P*ZDH*(T=TT/21) 
Pj(I7)aO. 
DO 350 I2«1,I3 
PNEU «PS I 0*6, 28310'  tL0»Tf"(12-l i/BB 
TAU1«TAU0P 
1I»0 

DO ""SC I4ml,N 
e 
9* «TE HETARDEn TIME       • • « . . 
8 

. -.' 

210 T»UC*TAU1 
TP»T.TAU0 
TAUt»Sf"«TP.KK,14,PN&H,CHl)/C 
I«I*1 
IF (I.GT.SQ) 260,220 

220 EflaABST'TA 1.TAU0) 
IF (ER,GT,,D01) 2?bi228 

225 KKH 
GO TO 250 

228 IF «EP.GT, .0001) 230,?32 
230 KKa3 

GO TO 250 
232 IT (ER.GT. ,00005) 23^,236 
234 KK*10 

QO TO 250 
236 IF (EP.GT, .00001) 238,242 
238 KKs20 

QD TO 250 
242 IF (KK.EO.KX) 260i254 
250 ir<KX»KK)251,210,210 
251 KK«KXt GO TO 210 
254 KK.HXJ GO TO 210 

860   CONTINUE 
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.--,.   ■>, 

8 
8 
C 

TP»T«TAU1 

ÖEQIN  CALCULATION   Of   VtLOClTlES  AND   ACCELERATIONS, 

PSl»PNEH*OM«TP 
XM«>HO*)(ÜK«TP 
YH»VHC*YDH*TP 
ZH«IHO*ZOH*1» 
THiTHO*THD*TP 
PHt»PWIO*PHID*TP 
COSTiCOSr(TH) 
SlNTtSlNFtTH) 
TANP^TANFtPHU 
PHlP»ATAN(COST*TANP) 
S1NPH1P»SIN(PHIP) 
COSPH!P»COS<PHlP) 
PWlCP«COSPHlP*COSPHlPMPHlD*CObT/«COSMPHI ) »«a ) ■«THD*S 1 NT«T ANP ) 

10*5  FOR^ATIÖX,   6HPS1X8»,12E10,9) 
DO  265   15«1.3 

WP(!55«AO( in 
XK«!, 
WDP(l5)«wDDPn5)«0, 
DO  263  KL»1»KX 
APQiXK*PSl 
COSMPiCOSCARQ) 
SINKPISIN(AHQ) 
WP(15)»WP(15)*AK(KL.1 l)«COSKP»bKtKL,I!)«'        ^P 
WDPtI5)«WDP(l5)-XK*OM*(AK<KLiM)*SINKP»BKtKL.t1)        «COSKP) 
WD0P(15)«WDr)P( 15)-XK«XK*0M*0H«IAK(KL, I I ) «COSKP ♦BK (KL i 1 I )*S1NKP) 

263  XKiKK*!. 
265  CONTINUE 

I 
THD2»THD*THr) 
P2«FHIDP*PH1DP 
X»HP(l)*C0ST«WPt2)*SlNPHlP*SINT*WP(3)*C0SPHlP*SlNT 
Y»WP(2)*C0SPH1P»WP(3)»S1NPH1P 
Zm.P(l)*SlNT*WP(2)*SlNPM!P*C0ST*WP(3»*C0SPHlP*C0ST 

! 
XD«KÜP(l)*C0STcWP(li«THD*SlNT»(wp(3)*PHlDP»WDPt2))*S1NPMIP«S1NT« 

1(WDP(3)*WP(2}*PHIUP)*COSPHIP«SINT*WP(2)*THD*S1NPHIP*COST*WP(3)« 
2THD«CCSPMtP«C0ST 
TÜ»(WCP(2)»WP(3)*PH1DP)*C0SPH1P»IWP(2)«PH!ÜP*WDP(3))»SINPH1P 
ZD««WCPlli*SlNT-WP(l>*THD«COST*(»lDP(2)"WP(3)*PHtUP)*SINPHIP»COST* 

l(WP(2)*PHtDP*WDP(3))*C0SPHIP*CÜST-WP(2)*THU*SINPH1P*S1NT.WP(3)* 
2C0SFH1P«SINT 

I 
XDU«(WDCP(1)6WPU5*THD2   ) *COST»2 , «rtpr1 d ) *THD*S I NT ♦ ( 2 , «WP ( ? ) * 
lPHlCP*THD*2,*WDP(3)«TMU)*CQSPHlP»CUST*(WDDPm»wP(2)MP2* 
2TH02   ).2,*WDP(3>*PHlDP)*SlNPHlP*SlNT*(2,*WDP(2)*PHinP*wDUP(3)- 
3WP(J)*(P2   ♦THD2 n*C0SPHIP*SlNT*l2,*W0P(2)*THD-?,*WP (3) 
4»PH1DP«THD)*S1NPHIP*C0ST 
YDDt(WüCP(2)*wPl2)*P2 )«COSPHIP-lwüüP(3)-wP(31*P2)«SlNPHlP 
ZDD»- 2l*wUP(l)*TH0*C0STs(wDDPll)-wP(l>*THÜ2   )•SlNT»(2,»WOPC3» 

1»PH1DP*WDDP(3)CWP(3)*(P2*YHD2 ))«COSPHIP«SINT«(2,«WDP(2 
2)*TWD"2,«WP(3)*PHlUP*THD)*SINPHlP«SlNT«(wPl2>*PHinP*«r)P(3))*COSPHl 
3P*S!NT»2,*TMD*(WDDP<2>«WP(2)«(P2*ThD2 )-?,*WDP(35*PHlDP 
4)*S1NPHIP*C0ST 

XRAKai(0-XH-X«COSCMl»Y*SlNCHl 
Y9AK«YO-YH-X«SINCHl*Y*CriSCHl 
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a 

9 

0 
8 
8 

ZBAHiZO'ZH*Z 

CXD»XCH*XD*C0SCH1*YD«SINCHI 
CVD« VDH*XD*SINCHI»VD»COSCHI 
C7D« IDHmlQ 

C)(DC»XDD*C0SCH1*VDU*SINCH1 
CYDC»«YDÜ*COSCHI*XDD«SINCHI 
C2DC««ZDD 

DO 275 I5il,3 
JJ«JJ*1 
r(I5>«AO(JJ) 

XKil, 
DO 270 !6«1,KF 
COSKtCOSF(XK*PSI ) 
S1N*»SINF(XK«PSI > 
F( 15>ir(15)*AK( 16, JJ)*C0SK*flK(I6,JJ)»S|NK 
FD(!5)»FD(I5).0M*XK*(AK(I6,JJ)*SINK-BK(I6.JJ)*C0SK) 

270  XXiXK*!, 
279  CONTINUE 

} 
FX»F(1)«C0ST»F(2)«SINPHIP»SINT*F(3)*C0SPH1P*SINT 
FYIF(2)*C0SPHIP»F(3)»S1NPHIP 

FZ».F(1)«SINT*F(2)*S1NPHIP*C0ST*F(3)*C0SPHIP*C0ST 
I 

FDX»FD(1)*C0ST«F{1J«THÜ*SINT.(F(3)*PHIDP-FD(2))*SINPHFP »SI NT* 
1 (FD(3UF(2)*PHIDP)*C0SPHIP*SINT*F(2)«THD»SINPHIP* 
2 COST*F(3)*COSPHtP*COST*THD 
FnY«(FD(2NF(3)*PHlDP)»C0SPHIP«(F(2)«PHIÜP*FD(3))*SINPHIP 
FDZ»»FD<1)*SINT»F(1)*THD*C0ST*(FÜ(2).F(3)»PHIDP>*SINPHIP«C0ST* 
1(F(2)*PHIDP*FD(3)»•C0SPHIP«C0ST-F(2)*THD*SINPHIP«SINT«F(3)«C0SPHIP 
2«SIKT«THD 

I 
FX»FX«COSCHI*FY*SINCHI 
FY»FX*S1NCHI.FY*C0SCHI 
FZ«-FZ 

FDXiFCX*COSCHI*FDY«SlNCMI 
FDY»FCX*SINCHl-FDY*COSCHI 
FDZi-FDZ 

BEQIN SOUND PRESSURE CALCULATIONS, 
XT«XHDS*C*(l,«''MASJ/SS 
XMXS»XT«XO/X8AR 
XMYS»XT-YD/YBAR 
XMZS«*T-ZD/ZBAR 

TEMP^l^XMS 
TEMP2»TEMP*TEMP 
TMP»-l,/(4,«Pl*TEMP2*C*SS*SS) 

DP»(X9AR*UDX«FX*XMXS/TEMP>«YBAH*IFÜY4FY*XMYS/Ti 
1XMZS/T'-<(P»)*TMP 
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Pj(I7)iPjtI7)»DP 
330 CONTIKUE 
390 C0NT1KUE 

TiT*DT 
400   CONTINUE 

a 
I HARXOMC   ANALYSIS   OF   SOUND  FIEUO, 
I 

Fli2,*BB/XM 
F2i2,*PI*HB/XM 
F3iCM*BB/fPI*PI) 
P4«aOl*|4342944a 
XHB>XH/P8 
BHiXHe/2, 
8M2«FL0*T(M8/2) 
IF (SH.GT.BM?) 6Q5,A10 

609 KMAXaH/(2*|FIX(BB)) 
QO TO 615 

610 KMA*«H/(2*IF|X(BB>)«1 
619 XL«0, 

DO (80 Ll'liKHAX 
XL«XL*1, 
SUHl«SUM2"X«0i 
DO #60 MMal.HB 
SUMl»Süf«l*PJ(MM)«COS<X«F2*XL» 
SUM2«SUH2*PJ(MMUS1N<X»XL*F2) 

664   FCRKAT(2X,2l2i9(JX,F10,5)> 
660 XiX*l, 

CPJ(L1)»F1«SUM1 
SPJ(L1)«F1»SUM2 
ALP^AjiLD'ATANlSPJtlD/CPJdD) 
IF(CPJ(L1),EO,0,)661,662 

661 ALP>>AJ(Ll)»P|/2, 
662 9P«(Ll)iABSF(SPj(Ll)) 

CP.(Ll)»ABSr(CPj(Ul)) 
PJK(L1)«S0HT(CPJ<LU*CPJ(L1»*SHJ<L1>»SPJ(H)) 
PjK(Ll)»F4«ALOQ(PJK(Ll))*124|9e 
FF«L1>"XL*F3     /(l,«BMO) 

660   CONTIMJE 
WRITE   (61.1030) 
WRITE   (61,1032)    IlliXOPiYOP.ZOP 
MRITE(61,1029)XPH,YPW,2PH 

WRITE   (61,1030) 
WRITE   (61,1033) 
WRITE(61,79) 
DO 700 LH1.KMAX 

700 WRITE (61,1034) LI. FF ((.1). CPJ( LI), SPj( Ul). PJM LI ^ 
WRITE (61,1030) 

800 CONTIMJE 
WRITE (99,1002) 
WRITE (61,1030) 
WRITE (61,1002) 

1 FOHI>AT(1H1,60XI16HPROOHAM   ,M6HON   1) 
2 F0RI»AT( 10A8) 
3 FORI'AT(3(28X,10*8/) ) 
6    FORfAT(1H0,2BX,63HBLADE LOADINQ AND MOTION DATA (PARALLEL AND NORM 

1AL TO TWE SHAFT//) 
4 FORMTdH ////|28Xi22H GEOMETRT OF RQTOR H ,,110  ,11X 

1 .6kBLADES/.lH ,50X,i:lO, J.5X,3Hr r.^X.Ö^KAÜlUS/.lM , 50X, ElO , 3, 3X , 
26Hft.P,M,/,lH ,90X,E10,3i3X,3HFT1,4Xl17HFLAP HINUE OFFSET/,1H ,90X, 
3E10,0,3X,3HFT,I4X,17HDRAQ HINGE OFFSET/.1H ,90X,ElO,3,2X , 7HDE0REES 
4,14»' AZIMUTH PHASE/,IM , 90X,E10 , 3, 9H  DEGREES,27H REARWARD SHAFT I 
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9 

61 
7 

a 
67 

68 
^9 

63 
64 
65 
71 

1091 
62 

66 

78 
79 

1029 

1032 

1000 
1002 
1003 
1016 
1077 
102B 
1030 
1034 
1033 

5NCUN* 
«BOARD/ 
6.1=10,3 
86HFT/S 
90w  RE 
FORMAT 

1»3X|3M 
200 CRC 
FORMT 
f OB^iT 
FORMAT 

IS//) 
FORMAT 
FORMAT 

IE//) 
FORMAT 
FORMAT 

1TO THF 
FORMAT 
FORMAT 
FORMAT 
FORKAT 

1TO THE 
FORMAT 
FORfAT 
FORCAT 
FP1^: AT 
FORMAT 

lilSKOL 
2aHlF .S 
FORMAT 

l,4MYPh 
FORMT 

U 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FOR^AT 
FORMAT 
END 

TI0N/.1H .SOXElü.S.PH  DtüREES,31H SHAFT INCLINATION TO STAR 
.SOX.ElO.S^X.ÖwfT/SfcC^ÜH  VELOCITY IN X-DIHECT lON/i 1H ,50X 

.2X,6HFT/SEC.25H  VELOCTIY IN V.UIRECTION/.1H ,90X,EIO,3,2X, 
EC,2!>H  VELOCITV IN Z-D I HfcCT ION/, IH , ^QX , ElO , 3. 2X, 6HFT/SEC, 2 
SULTANT VELOCITY/) 
(1H ,50X,E10,3,3X,3HFT1,18H    X HUB ORDINATb/.lH i50X,E10,3 
FT.dflH    Y HUB ORDINATE/,1H ,50X,F10,3,3X,3HFT ,, 18H    7   H 
INATE) 
(IH ,?8X,27HNUMBfcR OF LOADINü ST AT IONS»,I 6//) 
(1H ,28X,37HNlJMBfcR OF AZIMUTH INTEGRATION PO I NTS« , I 6//) 
(IH ,28X,49HF0RM OF INPUT, SPANWISE/AZIMUTHWIS6 DISTRUBUTION 

(IH ,?8X,23HF0RM OF INPUT, HARMONIC//) 
(IH ,//2ax,l3HAZJMUTH ANÜLE»7X,10HFUAP ANGLF.lOX, 9HLAG ANQL 

(IH , 
(IH , 
SHAF 

'IH , 
(IH , 

(IN . 
(IN , 
SHAF 

(/) 
(1H1 
(IH , 
(IH > 
(IH , 
T OF 
, F ,). 
(IN , 
s,616 
(IH i 

(2014 
(2X, 

( 8E1 
(8F1 

(214, 
(RFIO 
(/) 

(SOX, 
(32X, 

28X,E10,2,10X,F7,3,13X,F7,3) 
///28x,t>7HBLADF ELEMbNT ELASTIC DISPLACEMENTS PARALLFL 
T,'/) 
2X,13HAZIMUTH ANGLE,30X,14HR/(DIAL STATION//) 

isx.iono.s) 
5X, riO,3   |10E10,3) 
///28X,b7HBLADE SLEMENT ELASTIC DISPLACEMENTS NQRhAL 
T//) 

.28X, 
///2fl 
///48 
2ax, 
PHASE 
10X,8 

///2fl 
.a,ix 
///28 
2HJ = 

) 
10 HEN 

6,8) 
0,0) 
?X,6F 

,0» 

26MBLAUE THRUST LOADING (LÖS)//) 
X,18HBLAUb DRAG LOADING//) 

X,20HCOMPUTFD SOUND FIELD//) 
8HHARMÜNIC,6X, 9HFREUUENCY,flX,14rtIN PHASE HRES,,5X 
PRES, »SX^OHSUUND PRESSURE LEVEL/»30X,3HNO,I31X, 

H(P,S,F,),9X,2bH(DB, RE, ,0002 DYNES/SÜ,CM,)) 
X,25HRhTARüED HUB CO.ORDINATES,10X,4HXPH»,bl6,8,IX,4HYH 
,4H2PH«#616,3) 
X,21H0BSERVFR CC-OHDINATES, 4X, 
,I4,&X(3HX0s,E16,8,2x,3HY0s,E16,ö,2X,3HZas.E16,ej 

D OF RUN) 

10,0) 

I4.4E20,8) 
1HK,13y,4HF(K) l13X,6MCPj(K),1bX,6HSPJ(K).14X,5HPJ ( K> ) 

SUBROLTINE   tNPUT    (II) 

COMMON   K1,K2,KSF,«SX,DPSI,M,N 
COMMON   0£T(72),ZET(72),FN(72,12),FT(72,12)   ,DMD(72)      ,D(22) 
DIMENS1CN2R0?(12)#CFN(12,12)1ZB03(12),CFT(12,12),E(1?),SFN(12,12) 
U I HENS I ON   2R01(l),CHfcT(72),r;GG(l),bHET(72),HHH(l),SFT(12,l<:) 

CALL 

C«LL 

CALL 

PARAMETER 

PAR'MF-ER 
PA«AMt :t:R 

(61,1S05) 

OF 1 RETURNS BETA AMD ZETA ARRAYS ONLY. 
OF 2 RETURNS  FN AND FT ARWAYS ONLY, 
OF 3 RFTURNb ETAN AND ETAT ARRAYS ONLY, 

WRITE 
1=0 

77   FORMTdH 

GO TO (50.110,120) 
5 0 CONTINUE 

,?ÖX,34wdLAl)b 

II 

LAGGING   HARMONICS    (DFGHbES)) 

COMPUTE   BETA   AND   ZETA   ARRAYS, 
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74 
76 

64 

60 

REAC 
XJ«1, 
FOHKA 
FOHf A 

MR I 
WRITE 
RPAC 
FORXA 
wRHE 
XJ«8, 
Xi-1, 
DO «0 
XiX»l 
PSI«X 
B6T( I 
r»o, 
DO «0 
Y«Y*1 
YK«PS 
BETC 1 

75 
B5 

70 
79 
78 
72 

no 

120 

12b 

(60,1026) (CHbT(KK) .KKM.Kl) 

T(1H ,32X,lH/k,12,7X,  EIO.J) 
T(1M .28X,34HBLADt FLAPPING HARMONICS (DEUHfcESU 
TE<61,76) 
(61.74)(J,CBET(J)iJtltKH 
(60.1028) (SBkT(KK),KKil,IU) 
T(1H ,32X(lHB,!2i7X,  ElO.S) 
(61.84)(J,S8ET(J)iJ»l|Kl) 

11*1.M 

*ÜPSt 
l)«C8ET(!) 

12«1.K1 

I*V 
l)sBET(Il)*CHbT(12)«CüS<Yn)*SbFT(l2)*5>IN(yK) 

COMFLPTfeS COMPUTATION UF BETA AHRAY, 

FOHV A 
FOHHA 
REAC 
XJ»3, 

WRI 
WRITE 
REAC 
XJ»4 , 
WP1TE 
X»»l , 
Un 70 
x»x*i 
PS1»X 
ZET( 1 
T«0. 
DO 70 
Y»Y*1 
YKaY* 
ItU 1 
FOR»-A 
FOR»-A 
FOR^A 

T(1H ,28X,3lHÜLADt DRAG LOAD HARMONICS (LBS)///) 
T(1H ,28X,33HäLADfc THRUST LOAD HAHMÜNlCS (LBS)///) 
(60,1028) (CRbT(J) , JM,K2) 

TE(61.77) 
(61,74)(J(CBET(J)»J«1 »K2) 
(60,1028) (SPtTlJ),JeljK?) 

(6ii84)(JiSBET(J».J«l|K2) 

13=1," 

• DPS! 
3)sCRtT(1) 

KK   5l,i<2 

PS1 
3)»ZET(l3)*CBbT(KR)*COS(YK)*SB6T(KK)' 
T(1H   ,32X,1HA,I2,7X,10E10,3) 
T(1H   ,32X,1HB,12,7X,10EXO,3) 
T(1H ,?8X,14HHAU1AL STATIÜN,F10,3) 

SIN(YK) 

COMFLFThS   COMPuTATlOM   O*    ZfcTA   ARRAY, 

GO   TÜ   1200 
KSTFsKSF 

KF»1 
GO   Tu   12b 
KSTFsKSX 
KF»2 

DO   130   SN»1,N 
REAC    (60,1028)    (CFN<NN,J),J»I,KSTP) 
X J **5 
RFAT    (60,10?8)    (SFN(NN,J),js1,KSTP) 
Xü»< , 
RFAÜ    (60,1028)    ( CF T ( NN , J > , J= 1 , i^STP ) 
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XJi7, 
RFAC (60»1028) (SFT(NM»J)i J»1»I'.STP) 
XJ«?, 

130      CONTlNUb 
69   FOHfATdM ,///2ÖX,S7MaLAUt 

1TO THE SHAFT//) 
71   FORVATdH ,//.'28X,57Hai.AÜE 

ITO THE SHAFT//) 
IF( KFjEO.l   )101i502 
WR|TE<61»8S) 
GO TO 503 
WRITE(61»7l) 
WRITE(61,72)( ü(K),Ksl,N) 
UO 104 J»(.KSTP 
WRITE(61i79)<J,CFN(NN,J),NM=l,N) 
DO 105 J«liKSTP 
WRlT6<61i78)(J|SFN(NN,J)|NN«1,N) 

ELEMENT ELASTIC DISPLACEMENTS PARALLEL 

ELEMENT ELASTIC DISPLACEMENTS NORMAL 

101 

502 
503 

104 

105 

102 

504 
505 

107 

106 
126 

140 

10?8 
mo 
1500 
1505 

IF( KF.EQ.l   )102.504 
WRITE(61,75) 
GO TO 505 
WRITE(61,69) 
WRIT£(61/72) ( D(K).K»1,N) 
DO 107 JsIiKSTP 
WR1TE(61»79)(J|CFT(NN|J»jNN»l,N) 
DO 108 Jrl.KSTP 
WRITE(61,78)(J,SFT(NN,J)|NN=1,N) 

CCNT1NUE 
DO 140 NN»1,N 
XsQ. 
DO 140 MM»l,M 
PSI»DPS!*X 
XsX+1, 
FK{fH,U\)«CFNINN, 1 ) 
FT(»<M,N^ ) «CFT (NN, I ) 
YsO. 
ÜÜ 140 I4»l,KSTP 
Y=Y*1, 
ARQ»Y*PSI 
SlN*RGsSIN(ARG) 
COSARGsCOS(ARG) 
FN(yM,NS)*FN(MM,NN)*CFN(NN,I4)*C0SARG*SFN(NN,I4)*3lNAHG 
fT(fM,NN)eFT(MM,NN)*CFT(NN iI 4)*COSARC*SFT(NN»|4 ) «SINA«G 

COMPLETES FN AND FT OR ETAN ANü ETAT CALCULATIONS, 

FORNAT (8F10,O) 
HFTLRK 
FORMAT (10X,7E16,8) 
FORMT (/) 
END 

FUNCTION SF(TP»KK,NUM,PNEW,CMI) 

8* 
a 

COMMON Kl,^?,KSF.KSX,DPSI,M,N 
COMMON fiET(72),ZET(72)iFN(72,l^),FT(7?l12) 
COM^OK PSI),K,     C,OM        ,AM 
COMMON XO, rO,ZJiXDH,YDHiiDH 
COMMON XHO,VHO#ZHO|THOITHD|PHIOIPMID 
COMMON A0(,'2    ) i AK ( J6,72!,RK(36, 72) ,F ( 3 ) ,Fn(3) 
DIMENSION WiT) 
CALCULATED SOUND SOURCE TO OBSERVER DISTANCE, 

,UMU(72)  ,D(2?) 
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900 

«0 
100 

PS1« 
XHa'i 
YH»y 

TH«T 
PHli 
PH1F 
DO 1 
no 
MP*« 
XKil 
DO C 
FORK 
WP«k 
XKSX 
W( !1 
COST 
SINF 
S1NT 
COSF 
S1NP 
COSP 
X«U( 
YiW( 
Za«Vi 
W(l) 
M(2) 
M(3) 
SF»S 
RPTL 
END 

PKtta«.OH*TP 
H0«XÜH«TP 
HO*yDH*TP 
M0*7DH*TP 
MO*THD*TP 
PK10»PHIO*TP 
«*T»N(COSf(TH)*TANF(PHI)) 
00 Il«l,3 
•(NUM»1)*11 
0(11) 

0 12 
AT ( 
P*AK 
K*l, 
>»HP 
• COS 
HIP» 
■ SIN 
HIP« 
«SIN 
«COS 
1)*C 
2)«C 
(!)• 
«xo« 
«YO- 
■ 20- 
OPT( 
RN 

»liKK 
5X,«HSUB DATA.bX.Tklt.ö) 
(I2,in*COSF(XK*PSI )*BM 1 2 , I I ) «S IN< XK'PS l) 

F(TM) 
SINF( 
F(TH) 
COS(P 
FICHI 
F(CHI 
OST*W 
OSPH! 
SINT* 
XH.X* 
YH-X« 
ZH»7 
w(n* 

PHIP) 

HIP) 
) 
) 
(2>«SINPHIP«SINT*H(3)«COSP^1P«SINT 
P.W(.T) «SINPHIP 
rt{2)*SINPHlP*COST*w(3)«C0SPHlP»C0ST 
C0SP*Y«SINP 
S1NP*Y«C0SP 

W(l)*H(2)*W(2)*w(3)*w(3)) 
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TABLE I. MAJOR FORTRAN SYMBOLS USED IN PROGRAM 
HERON   1 

(Other Symbols WhlcH i Appear are Generally Used for Local Calculations and have 
Self-Evident Meanings) 

PROGRAM 
SYMBOLS 

ALGEBRAIC                                         ncciK.iTinKi 
SYMBOLS                                           DEFINITION 

1H H Number of rotors 

JCON J Number of observer positions 

C c'ao Atmospheric speed of sound (ft/sec) 

RHO Po Atmospheric density (slugs/ft ) 

OHM i2N 
Rotor speed (rpm) 

R R Rotor radius (ft) 

BB B Number of blades 

EPF ef 
Flapping hinge offset (ft) 

EPL 
e/ 

Lagging hinge offset (ft) 

PSIO ^0 Azimuth reference angle (radians) 

OM Q Angular velocity of rotor (radians/sec) 

M M Number of azimuth stations 

N N Number of radial stations 

IND IND Indicator:     If IND   =   1,  loading/motion read as span- 
wise/azimuthwise   distributions 

— — If IND   =   2,  loading/motion read as Fourier 
coefficients 

KSF Kf- 
Number of force harmonics read 

KSX 
X 

Number of displacement harmonics read 
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1                                                     TABLE I-Continued 

PROGRAM 
SYMBOLS 

ALGEBRAIC 
SYMBOLS 

DEFINITION                                       * 

K 1 K, t^umber of flapping angle harmonics read                            { 

K2 ^2 Number of lagging angle harmonics read 

|    KX K 
X 

Number of displacement harmonics calculated 

1    KF Kf 
Number of force harmonics calculated 

DT At Time increment between sound pressure values in final j 
time history (sec)                                                                         i 

TT T Fundamental blade passage period (sec) 

1  DP:I bslf Azimuth increment (radians) 

1   D(l) x(n) i^ radial station (nondimensional)                                         j 

R(l) r(n) Radial distance of   ith station -   R • D(I) 

XHO 

|   YHO 
1   Hub coordinates relative to fixed ground axes (ft)       < 
/  at time    t   =  0 

i    ZHO ZH. ) 

1    THO % Pitch angle relative to aircraft trajectory coordinates 
(radians) at time   t = 0                                                               i 

PHIO % Roll angle relative to aircraft trajectory coordinates ; 
(radians) at time   t = L                                                                1 

;    XDH kH ) 

i   YDH VH 
1   Hub velocity components in fixed coordinate                1 
/   directions   (ft/sec) 

ZDH 
*H )                                                  | 
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TABLE I - ConHnued 

PROGRAM    ALGEBRAIC 
SYMBOLS       SYMBOLS 

DEFINITION 

THD e 

PHID 
• 
4> 

V V 

CHI X 

XH XH 

YH YH 

ZH ZH 

BET ß 

ZET C 

FN FNor,1N 

FT FTornT 

XD x' 

YD y' 

ZD z' 

DNDR dnM/dr 

DTDR 

AO 

AK 

BK 

N' 

ir^/dr 

Pitch and roll rates (radians/iec) 

Resultant hub velocity   (ft/sec) 

Azimuth angle between  x  and  X   axes (radians) 

Rotor hub coordinates at retarded time   t' (ft) 

Flap angle (radians) 

Lag angle (radians) 

Normal section loading (lb) or elastic displacement (ft) 

In-plane section loading (lb) or elastic displacement (ft) 

Coordinates in shaft axis system (ft).  [Also used for 
blade section force components in same system (lb) ] 

Local blade slope with respect to plane of rotation 
(radians) 

Local blade slope with respect to nominal blade azimuth 
(radians) 

Fourier coefficients of blade section force and dis- 
placement with respect to rotor axes (ft) 
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TABLE I - Continued 

PROGRAM    ALGEBRAIC 
SYMBOLS      SYMBOLS 

DEFINITION 

XOP 

YOP 

ZOP 

SXBH 

SYBH 

SZBH 

SH 

TAUOP 

XPH 

YPH 

ZPH 

SXBPH 

SYBFH 

SZBPH 

BMO 

T 

XO 

YO 

ZO 

x,oO) 

no) 
ZOO) 

X"H 

z 
H 

S 
H 

H 

H 

"H 

VH 

y'H 

r 
H 

M 
c 

t 

Nominal observer position in fixed coordinate 
system (ft) 

Position of rotor hub relative to observer at time  t 
in fixed coordinate system (ft) 

Distance between hub and observer at time  t (ft) 

Time of propagation of sound from the rotor hub which 
reaches observer at time  t  (sec) 

Hub coordinates in fixed axis system at retarded 
time  t' (ft) 

Position of hub relative to observer at retarded 
time  t' (ft) 

Hub Mach number component in direction of observer 

"Observer" time  t 

Coordinates of "moving observer" at time  t 
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TABLE I - Continued 

PROGRAM 
SYMBOLS 

ALGEBRAIC 
SYMBOLS 

DEFINITION 

PNE/^ 
*o 

Rersrence azimuth angle for particular blade 

TAU1 Ti Sound propagation time 

TP f Regarded time   t' = t - T 

PS1 ♦ Blade azimuth angle (nominal) at retarded time  t' 

XH XH ) 

YH YH \ Hub coordinates (in fixed axes) at retarded time  t1 

ZH ZH 

TH e Pitch angle at retarded time  (radians) 

PHI * Roll angle at retarded time (radians) 

PHIP 4»' Roll angle at retarded time (relative to vehicle) 
(radians) 

PHIDP i' Roll rate at retarded time (relative to vehicle)(radians/sec) 

WP(I) w' Coordinates of blade station (rotor axesKft) (w =x,y or z) 

WDP w' Blade element velocity components (ft/sec) 

WDDP w' Blade element acceleration components  (ft/sec ) 

X X ) 

Y ( Aircraft flight path coordinates (x is flight azimuth 
y I direction) (ft) 

Z z ) 

XD X 

YD y 
Aircraft flight path velocity components (ft/sec) 
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TABLE I - Continued 

PROGRAM     ALGEB'JAIC 
SYMBOLS        SYMBOLS 

DEFINITION 

ZD z 

XDÜ X 

YDD 
• • 
y 

ZDD z 

XBAR X 

YBAR y 

ZBAR z 

CXD 
■ 

X 

CYD 
• 
Y 

CZD Z 

CXDD X 

CYDD Y 

CZDD Z 

ss s 

XMAS M 

XMS M 

XMDS M 
! 

F(I) F: 

L 
FD(I) F. 

Aircraft flight path velocity component (ft/sec) 

Aircraft flight path acceleration components (ft/sec ) 

Coordinates of blade element relative to observer at 
retc,43d time (ft) 

Velocity components of blade element at   "warded 
time  (fixed axes)(ft/sec) 

I Acceleration components of blade element at 
retarded time (ft/sec ) 

Distance traveled by sound (ft) 

Square of absolute Mach number of blade element 

Mach number of element toward observer 

Rate of change of Mach number toward observer 

Aerodynamic force component relative to rotor axes (lb) 

Rate of change of aerodynamic force component relative 
to rotor axes (lb/sec) 
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■ 

TABLE I -Continued 

PROGRAM    ALGEBRAIC 
SYMBOLS      SYMBOLS 

DEFINITION 

FX F 
X 

FY F 
y 

FZ F 
2 

FDX F 
X 

FDY F 
y 

FDZ F 
z 

FX Fx 
FY FY 

FZ FZ 

FDX FX 

FDY FY 

FDZ fZ 

DP A 
P 

PJ(I) P.(t) 

CPJ(I) 
^ 

SPJ(I) 
S* 

PJ^I) pik 

Aerodynamic force components relative to aircraft 
flight path axes (lb) 

Rate of change force components relative to aircraft 
flight path axes (lb/sec) 

Forces and rate of change of forces relative to 
fixed axes  (lb, lb/sec) 

Acoustic pressure increment due to forces and motions of 
blade element (lb/ft2) 

Total acoustic pressure at time t (lb/ft ) 

In-phase harmonic pressure component  ('b/ft ) 

Out-of-phase harmonic pressure component  (lb/ft ) 

Harmonic pressure amplitude (lb/ft ) 

Frequency (Hz) 
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5.0 PROGRAM INPUT/OUTPUT 

Table II describes the preparation of the input data cards for HERON 1 .   This is 
fol'-wed by an example comprising a complete set of data written on coding forms. 
In conclusion, the computer output obtained for the example is presented. 
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SAMPLE OUTPUT 

The following pages give the program output for the example case presented previously. 
This output is fairly self-explanatory, although the following points are worthy of men- 
tion. 

The results for the first two field points only (11 were requested) are included for the 
sake of brevity. 

It should be remembered that the program calculates the sound field observed when the 
helicopter rotor is positioned at the nominal position    X,., Y,,, Zj..   This sound was 

actually generated by the rotor when It was in some other position (at the retarded 
time).   This position is denoted in each case by the "retarded hub coordinates." 

Four sound harmonics ore calculated since   M was specified as 36  so that (A^2B) = 4.5. 
The Doppler shift effect ccn be noted in the slightly different frequencies observed at 
the two positions. 
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•i'H   IN   LcVeL   FtliHT   AT   4Ü   KTS. 

MROrtKAH   ,hl:HOH   1 
CASE     H,l,i»l. 

DATA  FROM   NASA   T",   «>952   TABLE   S, 

vitJMcTwir of  tinjoH 1                     4 BLAUES 
2,aoot at rT, RADIUS 

2,l/nb 0^ RtP.H, 
l.OOOfc   Ot) FT. FLAP   H1MUE   OFFSET 
1,0006   00 FT. JHAG   HINGE   OFFSET 

0 ÜFüREES AZIHuTH   PHASE 
•l,3'0t-a2 UEIJHEFS «EARWArtD   SHAFT   INCLINATION 
•l,'J706-()2 ÜFÜREFS SHAFT   INCLINATION   10   STARBOARD 
b.mt   01 FT/SFC     V6L0CITV   IN   X.DIRECTION 

0 FT/SEC VELOCTIY   IN   Y-OIRECTION 
0 FT/SEC VELOCITY   IN   Z-BIHECTION 

6,7S0b   01 FT/SEC WFSULTANT   VELOCITY 

0 FT. X   HUd   OROINATE 
0 FT, Y   HUÖ   ORDINATE 

2,000E   Of FT, I   HUB   ORDINATE 

dLADc   tOAUINu   ANO   MOTION   ÜATA   (PAfALuEL   ANJ   NORMAL   TO   THfi   SHAFT 

^UIHbH   üt-   LOADING   STATIONS! 7 

KU.IrtkH   OF   AZIMJTH    INTFURATJON   POINTS« 34 

rÜ^M   OF    INPUT.    HARMONIC 

öLADfc   FLAP^I'^G   HAKMOMICS    (ÜEÜHEES) 

A10 

rtlO 

3.3 0 
3,J6 

1,40 
1.^)0 
7,70 
n, no 
.^.PO 
1.40 
?,ftO 
A, no 
i ,PO 

-6,72 
fl,70 

-ft,SO 

•4,90 
;.4o 
A.no 

-4,00 
?,oo 

7b 00 
Ob-01 
Ot-02 
0E-01 
Oe-02 
Ob-03 
06-02 
Ot-02 
Oe-02 
0t-03 
0b-U2 
Ot-01 
Ofc-02 
Ot-02 
Oe-02 
Ob-02 
Oc-02 
0f03 

0 
0b-03 
06-03 

bLADe     LAGSING   HAfMONlCS    (DFURbES) 
A   0 -7,000b   00 
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■ 

et»Dfe   fcLf-Mt-Nl   EL*SnC   DISPL»C6MfcMS   NORMAL       TO  THE   SHAFT 

R»Dl*L  STATION 
A  0 

7,000 11,200 15,400 21,000 23,H0O 25,200 26.^00 
o o o o o o n 

bL»D6   ELFhfcM   6L*STlt.  ÜISPL »CfeMENTS  PARALLEL  TO  THE   SHAFT 

HADIAL   STATION 
A   Ü 

7.TOO 11,800 15,400 21,000 23.800 25,200 26.AO0 
oo on ooo 

blAUt   THKU81   LOAD  HAHHüNlCS   (LDF) 

Al    STATION             7,0ün 11. ^00           15. 400         21, 100 23, 300 25,200         26, SOO 
A    0 1.47lt   02   3 ,3i4b 02   5,66lib 02  8,ti83b 02   4 ,5436 02   3 0146   02   3,0816 02 
A   1 •1,3086  01   3 .0246 00   ?,65?E 01  l,3eib 01-1 .7796 01-6 1666   00   6,350E on 
A   2 2.7,11t   01   5 ,690b 01   9,555E 01   1,293b 02   6 4496 01   2 3406   01-5,6786 00 
A    i -B,fc65t-01   1 ,Ti9t 01   3,1046 01   6,637b 01   7 .7296 01   6 8766   01  6,693E 01 
A   4 5,VB3b   00-2 .117b 00   7,8776 00   l.OSI-b 01   8 .8206 •01   1 1426   01   3,7626 01 
A   b 6,483t  0 0   2 ,52nb 00   5,8756 -02-2,1826 01-1 8936 01-2 4016   01-2,9066 01 
A   6 -3,157fc  00   4 ,9401: 00   1.763b •01   1,7746 01   1 ,9406 00-1 2431:   00.2,9676 01 
A   7 -5,54()t  on-i ,2Ü4b Ul   1,2006 01   1,2706 01   4 3856 00   1 1046  01  1 ,0206 01 
A a -7,314b   0Ü-3 3256 00-4,5286 00-1,9256 01   3 3776 00   2 0166-01   2,0906 01 
A   9 h,761lb   Od   7 8606 00-1,570.6 01-3,6286 00   3 7806 • 01-3 5626 00  1,4286 00 
A1Ü frx.150b   00-4 23?b 00   1,0056 01   1 ,567b 01   5 4686 00   2 4706  00-1,1096 01 
U  1 "H,ll5b   01   9 5blfe 01   1,085b 02-3,7306 00-4 6126 01-4 7536  01-4,0006 01 
b  2 I,WE   00   5 3«>0b 00   1,0176 01  1,2256 01-2 0416 00-6 8546   00.1,4036 01 
» i ?,133b   01   1 0576 00   1,3506 03-9,8786 00-7 2656 01-5 1586  00.1,3686 01 
a 4 fr,593b   00-1 1/96 01-1,2886 01-1,4116 01-2 0216 01-1 4706  01  1,7146 on 
b  ü -2,5<t7b   ün-9 2236 00-1,5826 01-3,2866 01-1 048fc 01-1 7911.   01-1,7396 01 
b   6 -5,h5llb   00-1 4266 Ul«l,682b 01-V,336b 01-2 1046 01-7 3426   00.2,0266 01 
b   7 7.755b-01-l /64b 00-ö,935b 00   6,552b 00   2 2936 on 3 2266  00  2,5206 on 
b   b 3.713t   on   1 ?ö3b 00   1,5286 00-6,3006 on i 0216 01  1 764h  00  1,4/26 01 
b  V .';,2ibb on i 764b 00-5.2326 00  5,8466 on-i 0236 01  1 1/66  00  6,7876 on 
bin -1,441b   0O-1 260b 00-9,23nb 00   3,5286- 01-5 6456 00-1 7616  00.9,6106 on 

U\.ADh  DWAÜ LOAD  HARMONICS   U.BS) 

H«DI AL   SU1 ION 7,noo 11,200 15,400 21,000 23,80(1 25,20 0 26,600 
A   0 n u 0 n 0 0 0 
A   I ü 0 0 n 0 0 0 
A   2 n II 0 n u 0 0 
H     J 0 0 0 n n 0 n 
A   «I n 0 0 0 n 0 n 
A   5 n n 0 n 0 0 n 
A   b 0 0 0 0 n 0 0 
A   / 0 n 0 n i) 0 0 
A  8 ll 0 0 n V 0 0 
A   9 n II 0 0 n 0 n 
A1Ü 0 0 0 0 n 0 0 
b   i 0 0 0 0 n 0 n 
b  2 3 0 0 0 n 0 n 
b  i '1 0 0 n 0 0 0 
b 4 i u 0 n c 0 0 
b   3 0 0 0 n 0 0 0 
d   6 1 0 0 n n 0 0 
b   7 n J 0 n n 0 n 
b  8 1 J 0 n n 0 0 
b   9 n 0 0 n Q 0 0 
blO 'i 0 0 0 n 0 0 
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