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SUMMARY

Computer programs have been developed to implement the computational scheme
arising from Van Holten's asymptotic method for calculating airloads on a helicopter
rotor blade in forward flight, and a similar technique which is based on a discretized
version of the method. The basic outlines of the two programs are presented, followed
by separate descriptions of the input requirements and output format. Two examples
-illustrating job entry with appropriate input data and corresponding output are included.
Appendices contain a sample table of lift coefficient data for the NACA 0012 airfoil
and listings of the two programs.

- INTRODUCTION

The computer programs described in this report were developed during the course
of an evaluation of Van Holten's asymptouc method (ref. 1) for the calculation of
airloads on a helicopter rotor blade in forward flight. The validity and computational
feasibility of the approach were investigated (ref. 2), and numerical results for specific
flight conditions were compared with corresponding experimental data and
computations based on other analytical methods. Program ASYMPI! was written to
implement the computational scheme of reference 1 (the relevant equations and
expressions are given in ref. 2). As an extension of this investigation, the above
computational scheme was made more efficient by dlscretlzmg the variation of the
doublet strength distribution, g(rb, ‘l’b), utlhzmg both piecewise constant and piecewise
quadratic representations for the spanwise variation. The details of the discretized
scheme are presented in reference 3 and the corresponding computational method is
applied in Program ASYMP2.

The general organization is similar for both programs, since the two schemes
differ only in the manner in which the velocity induced by the blade pressure field is
calculated The basic unknown to be determined is the doublet strength function,

Its solution is effected by a collocation technique. In the original scheme

15) this unknown function appears as a continuous modal representation for the
spanw1se variation and a finite Fourier series for the azimuth variation. In the
discretized scheme the unknowns are the values of g at the midpoints of the spanwise
segments, with a finite Fourier series for the azimuth variation of each. In either case,
the solution reduces to the determination of the coefficients in the collocation
representations, which is accomplished by setting up a system of simultaneous
equations.

The main programs and the various subprograms will be discussed in the next
section, but the general sequence of program steps is as below.

(1) Read and write input; define auxiliary parameters required for the
computation.

(2) Start loop for collocation points.

(3)  Test the tangential velocity Uy if Up <(Up) ., set up the condition for
zero lift and go to the end of the collocation loop.

(4) If airfoil data tables are used, determine the lift curve slope for the current
collocation point.

(5) Start loop for the number of blades and define the first azimuth interval.



(6) Cdmpute the induced velocity contributions for the current interval and add
to the corresponding coefficient matrix elements in the system of equations.

(7) Increment the azimuth interval; if the azimuth limit has been reached, go to
the the next step; if not, go to Step 6.

(8) End loop for number of blades.
(9) End loop for collocation points.
(10)  Set up the extra equations for the blade motion parameters.
(11)  Solve system of equations and write solution.
(12) Compute and write output.
Some mention must be made of the way in which the airfoil data are used in the

computational scheme. The basic equation to be set up at any collocation point is of
the form

(D

where Yin is the velocity induced by the pressure fields of all the blades and w,_ the
normal velocity due to blade motion at a collocation point (rb o’ ‘Pbo). This is rewritten

as

W ¥ho) = Wing

vy 2D 2D
Wh(rhos ¥ho! = (Wing)™ ™ + [wind - Wind ]

(Wind)ZD + Aw (2)

where (w. d)ZD is the induced velocity corresponding to a steady, two-dimensional flow.
Accordinérly, corrections based on airfoil data are only applied to this term and, after
modification, equation (2) becomes

_ 2D
b ¥ho! = Wind'mod * AW
_ 2D ZD]
i} [(wind) mod ~ ¥ind” | * Wind 3)
For steady, locally two-dimensional flow,
2D

At the local incidence and Mach number corresponding to the collocation point, the
airfoil data are interpolated in the form of a locally linear relation given by

Cg‘ = ag + Czo

To account for such a relation, the expression in equation (4) is modified as




> 21 8% ¥ho Ceo

(w. - U, — (5)
T

indmod = "3 pU

Using equations (4) and (5) in equation (3), the modified form of the boundary condition
is obtained as

C
_ (27 -a) g(rbo’ bo) 2.0
Wplrpgr Ypo) = [ 2 o7 YT = |* Vind )

Comparing equations (1) and (6), it can be seen that the modification due to the airfoil
data is purely an additive term that is easily incorporated into the basic computational
scheme.

The next section presents an outline of the main program and the various
subprograms for ASYMP! and ASYMP2, listing the input and output of each subprogram
along with a brief description of its function. The sections following this deal with
descriptions of the input and output for the two programs, and samples of job entry with
the corresponding output.

PROGRAM OUTLINE
Program ASYMP!

Main Program. - The program steps listed in the previous section will now be
discussed in more detail.

(1) The details regarding input data and the format in which they are to be
entered are given in the next section. The data include parameters describing rotor
geometry, the flight condition and blade motion. Specification of the blade motion
parameters (collective pitch, coning angle and the two first harmonic flapping
coefficients) is optional. If they are not specified, they will be calculated as part of the
solution by generating additional equilibrium equations. The input also includes the five
spanwise locations of the collocation points, the normal and reduced azimuth intervals
to be used for the numerical integration, the minimum value of the local onset velocity
below which the zero lift condition is to be used and an integer specifying whether
airfoil data are to be used. The program then writes the input data as part of the
output and defines auxiliary quantities such as the induced velocity from simple
momentum theory and certain factors occurring in the induced velocity contribution
from the trajectory segment immediately adjacent to the collocation point.

(2) The collocation loop consists of an outer loop for the eleven equally spaced
azimuth locations and an inner loop for the five spanwise locations.

(3) For the current collocation point, the local onset velocity (UT) is compared
with the specified minimum value (UTMIN). If UT> UTMIN, the next step is executed.
If not, the zero lift condition is set up and the next collocation point is taken up.

(4) If airfoil data are not used, this step is skipped. If they are used, the local
values of a/2 7w and CR. are mterpolated from the tables. The local values of Mach
number (MLOC) and incidence (ALOC) are first defined. Subroutine TABSCH is called
to find the position of MLOC and ALOC in the arrays MCL and ACL that were read as
part of the input. The required values of a/2m (SLCR) and Ceo (CL®) are then
determined by linear interpolation.

(5) As mentioned in reference 2, the near field has a square root singularity




corresponding to the leading edge, and this is dealt with by stopping the numerical
integration just in front of the leading edge and accounting for the remainder

analytically. Before starting the numerical integration, therefore, this contribution is
entered into the coefficient matrix, A. The system of equations is of the form

AX:B

where x is the array of unknown coefficients (A.., B,y eq (9) of ref. 2 ) If
UT <UTMIN, the zero lift condition is set up at this pofAt. )

In order to start the numerical integration, a loop for the number of blades is set
up. For the current blade, Subroutine DMIN is called to determine the positions along
the fluid particle trajectory at which it is directly over the blade, within a distance
DMAX. Around these locations (stored in array PMIN), the reduced azimuth interval
DP2 will be used. The first azimuth interval is defined with its ends at PB1 and PB2.

(6) For the current azimuth interval, a loop is set up for the 5-point Gauss-
Chebyschev integration (p. 12 of ref. 2). With 55 unknown coefficients, 4 blade motion
parameters and one right-hand side, there are 60 integrations to be carried out over
each interval of azimuth. The corresponding functional values are sequentially obtained
from function FUN2.

(7) PBl and PB2 are incremented for the next azimuth interval. If the azimuth
limit PLIM has been reached, the integration is stopped and the next blade is taken up.
If not, the interval is tested to check if it includes one of the "close" locations stored in
PMIN. If it does, the reduced azimuth interval is used.

(8) At the end of the loop for the number of blades, the terms in the blade
normal velocity, wb(rb , ‘i’b ), are entered in the corresponding coefficient matrix
elements. o o

(9) At the end of the loop for the collocation points, certain spanwise integrals
required for the total blade lift and the moment about the hub due to the lift are
calculated (p. 42 of ref. 2).

(10) To close the system of equations, four additional equations are set up (eqs.
(E8), (E9), (E10), (E11) of ref. 2). If the four blade motion parameters are specified in
the input, these equations are replaced by equations of the form

eo = (60) input

o * (ao) input’ etc.
(11) The completed system of equations is solved by calling Subroutine GELIM.
This is a library-supplied routine that uses the LU decomposition. The solution is
overwritten on the vector B and the program prints out the values of the collocation
coefficients and the blade motion parameters.
(12) With the basic solution complete, the program computes and prints out
various output quantities in tabular form. The output format is described separately in
a later section.

Subroutine DMIN. -

Input: MU(y), LAM(}), DB(A‘{’j), RB®(r, ), PBAY, ), PLIM, DMAX

Output: LP




Comments: This subroutine locates those azimu%ml positions along the fluid particle
trajectory at which the particle is "close" to the j blade. The x, axis is fixed to the
blade and rotates with it (fig. 1 of ref. 2) so that the x, coordinate along the trajectory
periodically goes to zero whenever there is an intersection with the z, axis. At some of
these locations the particle may be too close to the blade (within a specified distance
DMAX). These are the locations (I in number) that are returned in the array P. The
routine locates the positions by scanning the trajectory with small azimuth increments
checking for a change in sign of the x, coordinate. When such a position is located, the
distance from the blade is compared with DMAX.

Subroutine TRAJ. -

Input: R@AR /R,), AR(A), MU, LAM, RB@, PB@, DB, PB(Y,)

Output:  R(r), SX(sin x), CX(cos x), SHP(sinh ¥), CHP(cosh ¥),
ST(sin 6), CT(cos 6), SHE(sinh n), CHE(cosh 1),
SP(sin ¢), CP(cos ¢) - returned through common block TRAJ!
Z5(zp/s)
Comments: Given a point ¥_ on the trajectory relative to the jth blade, the
corresponding coordinates in “various ooordinate systems are calculated. The

coordinates (r,x, z,), (¥,8,%) and (n,$) are respectively of the point in cylindrical,
prolate spheriodal and plane elliptic coordinate systems.

Function FUNI. -

Input: R@, AR, I
N(n), PI(w) - through common block MAIN1
R, SX, CX, SHP, CHP, ST, CT, SHE, CHE, SP, CP - through
common block TRAJ1

Comments: The values of various functions required in FUN2 are calculated.

Specifically, the six derivative expressions D, to D (Appendix C of ref. 2) are returned
. . 1 6

for values of I from 1 to 6 in the input.

Function FUNZ2. -

Input: R@, AR, TW(e), MU, LAM, RB@®, PBQ, DP(A‘I’b), DB,
x(‘i’bi, p- 12, ref. 2), I
N, PI - through common block MAIN1

Comments: As described in Step 6 of the main program, the coefficient matrix
elements corresponding to the various unknowns and the right-hand side require
numerical integration, for which the necessary functional values are returned by
function FUN2. Given the azimuth position X, Subroutine TRAJ and Function FUNI are
used to set up the relevant expressions. The value, I =1, corresponds to the function
multiplying A_ (eq. (9) of ref.2). The value, I=2, corresponds to the function



multiplying A o(n = 1,2,3,4). The values, I =3,4,5,6,7, respectively correspond to the
functions mul'%lplying 6y 3y 3y, b, and the right-hand side. The forms of these
integrands are given in Rppendix lC otl reference 2 as induced velocity coefficients. The

_nonintegral parts of these expressions are the result of analytical integration of the
near field over a small interval AY¥_adjacent to the collocation point and are defined in
the main program (Step 5). Over t?nis interval, therefore, the near field contribution is
skipped in Function FUN2.

Function FUN3. -

Input: R@, AR, X, I
N, PI - through common block MAIN1

Comments: The expressions for the total bladF l'&ft ?ndzthe moment about the hub due
to the lift involve certain spanwise integrals (I, I, I, I” (n = 1,2,3,4) see p. 42 of ref.2)
and the corresponding integrands are set up i’ FON3. The radial ;ios'giorf, rb/R 1’ is X.
The notation, I = 1,2,3,4, corresponds respectively to the integrals Io, Io, In, In.

Function PNM. -

Input: N(n), M(m), X(x)

Comments: This function generates the associated Legendre function PM(x) over the
ranges 0 <n <4, 0 sSm<3, |x |<l. Although the relevant recursive relations could be
used, the function defines P n explicitly in terms of x for all the above values of n and
m (Appendix D of ref. 2).

Function QNM. -

Input: N, M, X

Comments: The associated Legendre function Q™M(x) is calculated over the ranges
I<n<4,1<mg2, x£> 1. As listed in Appendix D of reference 2, the exact definitions
are used for |x |<3 and asymptotic expansions are used for |x]|>3 to avoid the
accumulation of roundoff error.

Subroutine TABSCH. -

Input: X, N, XT
Output: 11,12, INT

Comments: This routine searches an array X, of dimension N, for the position of a
value XT. If XT lies between X(I1) and X(I2), INT = 0. If XT is outside the range of X,
the subroutine returns INT = -1 for XT<X(1) and INT = | for XT >X(N) (it is assumed
that the elements in X are arranged in increasing order).

Program ASYMP2

Main Program. - Here again the previously listed program steps will be discussed




in more detail.

(1)  This step is similar to Step | of Program ASYMPL1. There are some changes
in the entry of input data (described in the next section). Instead of spanwise
collocation point locations, the program reads the spanwise locations at which the blade
is divided into segments for discretization. Collocation points are located at the center
of each segment. The integer, ISEL, specifies whether a piecewise constant or
piecewise quadratic representation is to be used for the computation. Following the
reading and writing of input data, some arrays that will be required later are set up.
Arrays FX1 and FX2 contain the average values of the factors

T—x . YRl'R& VY1 - x?
—— and A

l+x 2R1

over each chordwise segment. These values will be used in the near field calculation.
Array GF relates the endpoint and midpoint values for the spanwise segments in the
piecewise quadratic representation. If p .(j =1,. . 6) represent the ends of the 5
spanwise segments (pl =R, Pg = R;) and rj(j' = 1,. . 5) the midpoints, then '

)
g(pi) = 2 (GF)i' g(r‘) (i = 2’3,4,5)
j=1 17

(2-5) These steps are generally the same as the corresponding steps in Program
ASYMPI.

(6) For the current azimuth interval, the slopes and intercepts for the linear
approximations to x, (¥,), yb(‘l’b) and r (‘i’h) are defined as XBI, XBS, YBS, RBI, RBS.
The far field contrR:u ion Is computecrl) using Subroutine FFINT. For computing the
common part and near field contributions (which are both dependent on the local
spanwise dipole strength) it is necessary to divide that part of the interval (PB1, PB2)
which has the trajectory within the blade span into subintervals such that each
subinterval has a trajectory wholly within one spanwise segment. This is done by calling
Subroutine SUBIVL. The common part and near field contributions are then computed
respectively by calling Subroutines CPINT and NFINT, summing the contributions over
each subinterval.

(7-12) Comments on these steps are the same as for Program ASYMP]1.

Subroutine SUBIVL. -

Input: RBI(r RB2(r, ), PB1(Y PB2(Y R(Dj,j =1l,..6)

b1’ b2 b1 b2

Output: I, P1, P2

Comments: As explained in Step 6 for the main program, the azimuth interval must be
subdivided so that the trajectory segments within each subinterval lie completely within
one spanwise a,‘egment. This is done by comparing the endpoints for each segment (p.,
P for the j segment) successively with the spanwise coordinates at the ends of t

ir)terval, r and r,,. The terms I, Pl and P2 are all arrays of dimension 5,
corresponding to the number of spanwise segments. For the segment J, I(J)=1 or 0
depending on whether a portion of the trajectory does or does not lie within that



segment. If 1(J) = 1, the azimuth positions corresponding to the ends of that portion of
the trajectory segment are stored in P1(J) and P2(J).

Subroutine NFINT. -

Input: Pl, P2, X, ISEL
X1, XS, YS, RI, RS - through common block MAIN1

Output: Tl, T2, T3

Comments: This subroutine computes various integral terms required for the near field
contribution over the azimuth interval (P1, P2), with X being the chordwise location of
a segment over which the surface pressure has been averaged. The terms Tl, T2, T3
correspond to the terms n , N, n in Appendix C of reference 3. For the piecewise
constant representation, ISEL = 0, only T! is used.

Subroutine CPINT. -

Input: Pl, P2, ISEL
XI, XS, YS, RI, RS - through common block MAIN1

Output: Tl, T2, T3

Comments: The terms required to set up the common part contribution over the
azimuth interval (Pl, P2) are calculated. The terms Tl, T2, T3 correspond to C 1’ C,,
C, in Appendix C of reference 3. For the case ISEL = 0, only the term Tl is relevan%.
Tee common part is singular at the collocation point, although the complete pressure
field is regular due to the singularities in the far field and common part cancelling out
in the limit. Since this has been established, when P2 = 0 (corresponding to the
collocation point) the routine sets all the terms to zero. '

Subroutine FFINT. -

Input: Pl, P2, R, ISEL
XI, XS, YS, RI, RS - through common block MAIN!

Output: Tl, T2, T3

Comments: This routine calculates the terms required for the far field contribution
over the azimuth interval (Pl, P2) with R being a boundary of one of the spanwise
segments (p., j = 1, . . 6). The expressions for Tl, T2, T3 are derived in Appendix C of
reference 3./ As pointed out above, the singularity in the far field gets cancelled out in
the limit. However, unlike the common part, there is a finite residue left over after
cancellation.

In addition to the subroutines listed in this section, both programs make use of
Subroutine GELIM to solve the system of simultaneous equations. This routine uses
direct Gaussian elimination with pivoting and details can be found in the Langley
Computer Programming Manual.




DESCRIPTION OF INPUT

The input data required for the programs can be divided into two parts. The first
consists of data pertaining to rotor geometry, flight condition, blade motion and some
additional parameters relevant to the computational scheme. These are assumed to be
a part of the INPUT f{ile; that is, they must be entered after the job control statements
when the job is submitted for execution. The second part consists of airfoil data (if
required) and these are assumed to reside in a file called AFDATA which must therefore
be available (if the data are to be used) when the job is executed. The format for the
airfoil data is described separately following descriptions of the basic input for the two
programs.

Program ASYMPI

The READ statements for the first part of the input are given below, followed by
explanations of the data items.

READ (5,*)R , AR, NB, TW, MU, ALR, CT, MINF
READ (5,%) NI, N2, N3, N4

IF (NL. EQ. 1) READ (5,*%) THC

IF (N2. EQ.0) READ (5,*) GAMA

IF (N2. EQ. 1) READ (5,*) A®

IF (N3. EQ. 1) READ (5,%) Al

IF (N4. EQ. 1) READ (5,*) Bl

READ (5,*) (RB@(D, I = 1, NSP)

READ (5,*) DPID, DP2D, UTMIN, NAFD

Each READ statement corresponds to a line of data input. It may be noted that all the
above statements specify free format for the data entry so that the different items in a
single line of data can be entered in any convenient format, separated by commas.

RQ® = root radius/tip radius
AR = aspect ratio
NB =  number of blades (integer)
W = built-in linear twist (€, ref. 2)
= pitch angle at root minus pitch angle at tip
MU =  forward speed/tip speed (floating point)
ALR = inclination of tip path plane to flight path, in degrees
(forward tilt positive) _
CT = rotor thrust coefficient = T/p (TR 12) @R l)2



MINF =

N1,N2,N3,N4

Bl =
Note:
RBY =

DPID, DP2D

UTMIN

Note:
NAFD =

Mach number corresponding to forward speed (note: this is used only
for interpolating from airfoil data; if airfoil data are not used, this
item is not needed and can be set to zero)

= integers associated with the four blade motion parameters (THC,
AQ, Al, Bl respectively) - if a blade motion parameter is to be
specified in the data, the corresponding integer is set to 1; if it is
to be calculated by the program, the integer is set to 0.

pitch angle at blade root in degrees
coefficient representing blade flapping inertia

27 (air density) (chord) R u/(mass moment of inertia of blade about

‘flapping hinge), to be specitied if the coning angle is to be calculated

blade coning angle

first harmonic longitudinal flapping coefficient
first harmonic lateral flapping coefficient
Flapping angle = AQ® - Al cos ¥, - Blsin ¥

array (of dimension 5) containing the spanwise locations of the
collocation points, as fractions of the tip radius, e.g., 0.3, 0.5, 0.75,
0.85, 0.95

= normal and reduced azimuth intervals to be used for the
numerical integration (step 6 of the main program) in degrees,
e.g., 15.0, 5.0

minimum value of local onset velocity at a collocation point for using
the normal velocity boundary condition (see step 3), as a fraction of
the tip speed

Local onset velocity at (ry, » ‘Fbo) = (rbo/R1 + W sin ‘i’bo)

integer related to use of airfoil data:
NAFD = 1 - airfoil data used
NAFD = 0 - airfoil data not used

Program ASYMP2

Much of the input is identical to that for ASYMPI, as can be seen from the READ
statements below.

READ (5,%*) R®, AR, NB, TW, MU, ALR, CT, MINF
READ (5,%) NI, N2, N3, N4

IF (Nl. EQ. 1) READ (5,%) THC

IF (N2. EQ. 0) READ (5,*) GAMA

IF (N2. EQ. 1) READ (5,*) AQ

IF (N3. EQ. 1) READ (5% Al

10




IF (N4. EQ. 1) READ (5,%) Bl
READ (5,*) (R(D), I = 2,6)
READ (5,%) DPID, DP2D, UTMIN, ISEL, NAFD

R = array (of dimension 6) containing the spanwise locations (as fractions
of the tip radius) marking the division into 5 spanwise segments

(R(1) = R@, R(6) = 1.0) |
e.g, R(,1 = 2,6 — 0.5,0.7,0.8,0.9, 1.0

ISEL integer specifying choice of piecewise representation:

ISEL = 0 - piecewise constant representation
ISEL

1 - piecewise quadratic representation

DP1D and DP2D are the normal and reduced azimuth intervals, in degrees, over which
the induced velocity contributions are summed. Typical values are 30.0 and 10.0,
respectively.

Airfoil Data

The data used in this case (if NAFD = 1) consist of lift coefficients, over a range
of incidences and Mach numbers. ‘

NXL = number of Mach numbers in the table
NZL = number of incidences in the table
MCL = array containing the NXL Mach numbers (ascending order)
ACL = array containing the NZL incidences (ascending order)
CL =  two-dimensional array (of dimension at least (NZL, NXL) ) containing

the lift coefficients
. The format for data entry is as below.
Line 1: ~ NXL, NZL (30X, 212 format)
Col 131-32 NXL

33-34 NZL

11



Col 8-14 MCL (1)
15-21 MCL (2)

64 -70  MCL (9)

If NXL is greater than 9, additional lines are entered with the same format until all
NXL entries have been made.

Lines 3(a),(b)...ACL (1), CL(l, D, I = 1, NXL (F7.0, 9F7.0 format)
Col 1-7 ACL (1)
8-14 CL(1,1)
15-21 CL (1, 2)

64 -70 CL(1,9)

If NXL is greater than 9, additional lines are entered as below (7X, 9F7.0 format).

Col 8-4 CL (1, 10)
15-21 CL(1,11)

64 - 70 CL (1, 18)

Lines 4, 5, 6 ... are identical in format to line 3 and contain the data with
ACL (2), ACL (3). . .ACL (NZL).

DESCRIPTION OF OUTPUT

The presentation of output is basically the same for Programs ASYMPl and
ASYMP2. Each page of output is formatted to fit within letter paper size (11" x 8.5").
Given below is a page-by-page description of the output.

Page 1 contains the input data and some auxiliary parameters, as well as the
locations of the collocation points at which the normal velocity condition has been
replaced by the zero lift condition. Page 2 contains the basic solution for the
collocation coefficients used to express the variation. of the dipole strength function
g(r,, ¥.). These are 55 in number, corresponding to the coefficients in equation (9) of
reference 2 for ASYMP! and to the coefficients in equation (E3) of reference 3 for
ASYMP2. Also presented on this page are the blade motion parameters (8 , 3, a;, b P

12




and the computed values of the rotor thrust coefficient and the moment coefficients
about ,the grofor X -and Y - axes. Page 3 contains the distribution of sectional lift
/[(p ° R,”) in tabular form, at 5 radial and 24 azimuth locations. Page 4 contains a
similar table of sectional lift*RZ/thaust per blade. Pages 5 and 6 contain tables of
sectional pitching moment/(p “ R,’) and the center of pressure locations. Page 7
presents the variation with azimuth of the total blade lift, the moment due to lift about
the hub and the radial location of the centes of,lift. Pages 8 - 15 present the
distribution of surface pressure differential/(p 2° R 1 ) at 5 spanwise and 10 chordwise
locations, for every 15 degrees of azimuth.

EXAMPLES OF JOB ENTRY, INPUT DATA AND OUTPUT

The current versions of ASYMP! and ASYMP2, written in Fortran IV, are intended
to be run on the Cyber network at the Langley Research Center inasmuch as they use
subroutine GELIM which is to be accessed from the subroutine library FTNMLIB. With
appropriate changes, therefore, they can be run on any other system with a Fortran IV
compiler. In order to compile and execute the programs, the basic sequence of job
control statements would be as follows.

GET, ASYMP1 (or ASYMP2).

GET, AFDATA = airfoil datafile name. (if airfoil data are used)
MAP, OFF. (if load map is not required)

FTN,1 = ASYMP! (or ASYMP2),L =)

ATTACH, FTNMLIB/UN = LIBRARY.

LIBRARY, FTNMLIB. | o

LGO. '

The control statements must be followed by the relevant input data. Examples are
given below for two conditions: (A) data for program ASYMPI, applied to Case 1,
u= 0.29 (see p. 16 of ref.2) and (B) data for program ASYMP2, applied to Case 2,
u= 0.29 using the piecewise quadratic representation. In each case the input data is
followed by the corresponding output listing. : '

Example A

Line 1: 0.17, 5.43, 2, 0., 0.29, 6.7, 0.00394, 0.
Line 2: 0,1,0,0

Line 3: 0.

Line 4: 0.3, 0.5, 0.75, 0.85, 0.95

Line 5: 15.0, 5.0, 0.1, 0

e

In the first line"MINi:' has been set to zero since airfoil data are not going to be

13



used. The second line specifies that & , a, and b, are to be computed while a_ will be
input. Since this example involves a teetering rotor with no coning angle, the tRird line
specifies a, = 0.

14




ROCT %AQTUS/TIP &ADIUS= 17330
ASPECT 2ATICx  5443C00

NUMGER iiF 3LABESs 2

LINEA< [WIST(260T TO TIP)=  9.00000 DEGREES

FORWARD SPESD/TIP SPEEDT 429000

ROTI9 INCIDENCE(FORwARD TILT PISITIVE)s  9.70000 DEGREES
FRCESTREAM MACH NUMBER® 0400003

THRUST COSFFISIENT= 430394

CUNING aWGLE=  C.00GU) LEGREES

TOTAL INFLUW RATIGE 424079

MININUM UT= W 1GCJG(ZED LUFT CONDITION APPLIED ELCW THIS VALUE)
NOnMal AZIAUTH INTERVAL= 15.00000 DESREES

RECUCCD AZIAUTH INTE?VAL=  2.0G0G) DEGREES

ALRFOIL JATA TA3LES NOT U3SED

R= e300 P3Ls £2G40J910Z3REES UT= U8Bl ZE20 LIFT CONDITION aPPLIED
Rs’ ¢330 PSI= 261.8130232CES uTs= eUl3 ZERD LIFT CUNDITICN APPLIED
Pa e300 PSI= 2944543De0REES UTs «036 ZERD LIFT CONDITION APPLIED

15



SCLUTIIN FOR CuEFFICIENTS

(Gullly[=LeN5P)

=e2058EC=32 =e4373E=02 =¢e1425E=U2 =¢1I72E=C2 =44996E=03
(GC(Lru)sdalsNAM)»121si5P)
—e3242¢E=U3 =441 9E=03 =41377E-03 =41375c-03 +£E41l0E=24

«2011E-02 ~e035Bc=02 =4430LE=03 ,1363E-02 -,257CE-23

&L
<

e 4l33E=00 - i0218=02 =43519E=03 ~4B74E-03 =.G557E~06

9L23=03 =¢3772E-C3 -4136%5-03 =-41949S-C3 L3eB7E-v3

ne

[}

CI0L1E=03 =¢3411E=03 +1142E=)3 (30156=03 =,406628=03

(GS(I»d)rpJdalsind)elslyN3P)

¢2307E=33  o1Z245E=03 (1927E=d4 =,1273E~-33 —-,1254c-33
—e2526E=92 0lC3c=(3 =.3314E=92 ,3499c-03 ,7783:-03
“e4435F=03 «1l160E=C2 =41548%-03 =4e1594E-02 =.20923E2=03
e6233k=03 =¢3151E=C3 =4 luldE=01 42088BE=C4 =u4UTCE-D3

0292338=03  42€49E=03 =49271E=-)3 -.2J013E-05 .3877€-03

PITCA ANGLE AT 3LADE w3QT= 7¢069346DEGREES

COMNING ANGLES D.0330) DEGREZS

FLAPPING COEFFICIENT, Als 4e 27211 DEGREES

FLAPPING COEFFICIENTs 31= «J33638 DEGREES

COMPUTED THRUST COEFFICIENT= ,394CE-02

COMPUTED MIMENT COEFFICIENT A3JUT RITOR X-AXIS5S=-=.3092E~-16

CUNMPUTZY MOMENT CCOEFFICIZWT a43UT RITIR Y=-AXIS= ,3313E-17




TAWLE 1 = SZCTIGNAL LIFT/Z(RAI*(INEGA**2)}*%(RP1*+13))

/21t

31540
3309

345,.J

«30CCe+e)

0e2246GE=02
LY0GE=u2
W18t 4r=02
e1456E=02
e4232L-03
—e7d5£:=03
~el322€=02
~d12647E~02
~eZICLE=C%

W15E2E=22

L27T3LE=u2

e 28%3E=(2
«lILHE=D2
.DQC?E-Oé
=e1817E=-03
~+1C7CE=-03
«2586E-03
+1985E-03
~e2695E-03
~e3925E-93
+3837E-03
«16875=02
«26L0E=V2

«26€0E~02

«3JJIE+0D

o 7424E-02

3571502
c1429E=02
«4076E-03
«17738=02
«534735=22
CBEILE=62
V95142-02
«520%5=-02
e53515=02
«20536=02
 4394E-02
«2997E=02
«19756-02
«1867E-02
«2456E-02
«31356-92
¢ 3823E-02

+4355€-02

«T753E=02

«T5J0L+C0

(1E1EE-G1
«1634E-01
15656=01
.1109£-01
 7571E-02
c7249E=02
\965CE=02
\12576=01
<1431E-C1
 1555E-01
\16632-01
(1724E-01
«1672E-01
. 1501£-01
1289E-01
J1116E=01
+1005£-01
<9528E-02
+9805E-02
<1094E=-01
J124%E-01
«1370E-01
«1485E-0C1

e1647E-C1

«550CE+00

22045E=C1
«2C475=01
«l7¢7E-0CL
«12132-01
«£453E-02
e t436E=-02
«1130E-01
ela25E~Cl
015932-01
1692801
«1811E-01
«19164c2-C1
«1897E~CL
«1744E-01
e1l548E-01
¢1392€-C1
«1290E-01
«1240€-01
01274E=01
«1397£-C1
«1541E-01
«1633E-01
ei720E=-C1

«1869E~CL

«9500E+020

«1520E=01
+1589€-01
«1319€~01
«9265E=02
«6733E=02
¢ T113E=02
«9429E=02
«1159€=01
«1270E=01
«1343E-01
«1648E=01
«1544E=01
«1542E=-01
«14326-01
+12936-01
«1186E=01
V1118-01
+1088E-01
«1121E-01
«122CE-01
«1328£-01
«1386E-01
s142€E~Q1

«1515E=C1

17



18

TABLE 2 = >tCTIGNAL LIFT#R1/THRUST PER BLADE

ST 12060
135,09

15C.3
16540
18C.90
135.0

21C.0

RIVLS

+3CGCE+0)

:33b355f0)
 W3162E+09
«2011E+00
02352c+0D
W 7322E-01
-~ 12652400
-a2435E+02)
-42CL6E+09
“ 4668E=02
«25245+2)
.thchua
C460GE+C)
«3080E+0)
$9544E=21

—e2936E=01

C =el72%E~01

«4179€-01
«3207e-01
~+4355E~01
~e6342£-01
«€2C0E=QL
e 2T26E+5)
«4202L 40D

«4298E+00

«53008+00

12352401
«1200E+01
«1055€+01
W« 8I07E+00
e393LE400
023336400
e863302-vl

+3133€+0C

+8843E400

(13878491
J15376491
(1374E+01
W1123£+01
+9134£+00
«710JE+00
< 48435400
«3191E+00
«3C17E+00
«3968E+00
«5065E+00
«6135£42)
«832354G
«13532401

«1260E+01

¢« T5CQC0E+CC

229372401
«2983E+C1
«2528E+01
s 1792E401

«1223£+01

W1171E4C1

e135%e+01
«2C31E+CL
«2345E+01
«2523E401
e 2087541
w2 T35E+01
«2702E+401
«242%5E4C1
e2U82E+0L
118045001
e1524E£401
+1540E+401
«1584c+01
«1709E+01
«2C10E+01
2 2213E+4C1
«2400E+01

e 26602401

«8Y00E+0V

e33042+CL
+3303e+C1
e 1GQE+GL
«165C02+01
«1365c£+01
«1371£+01
«l82624GL

«2303E+0l

- #2373E+CL

«2733E+C1L

«29272+C1

«3092E+C1

4 3064€+01

«22158401
«25(2c+51
«22505+01
«2084E+01
«20C4E+01L
«2C58E+01
«225TE+0L
«2490E+C1
e 2646E+01
«2775E4+C1

«3020E+0C1

«9500E+00

«2617E+01

«2567E+01

«2131E+01

«1437E+01
«10B2E+01

ell49E+uUl

L 15238401

1373421
«2032E+C1
.217(E*il
.-EHOE;JI
«2455E+01
2+ 2491E+01
«2314E+01
«2089E+01
«1917E+01
«1807E+01
«1758E+01
«1811E+Q1
«1971E+01
«2146E+01
«2243E+01
«2307E+0L

+244RE+01




iv.)

200

6540

oGS

75;0

L)
10540
1éCed
135,40
18¢es
16542
loGev
16540
216G+
¢2%.0
240,20
25549
27C.0
28549
30C.
315.9
330.0

345,

w
[}
vy

(A3JUT CUARTER=C4ORD)

R/

+«300CE+0)

«3351E~u4
«1t72:-0¢
o 724¢E=05
e TCYEE=HS
e 5719E=05
+1632E-C5
o 1262E-0%
«26uUTe=0%
3249E-C4
e327GE=C0
el6(3E-ua
¢ 243 1E~CS
«2433E-24
«33645E=94
s 4%6EE=04%
«526CE=-30
¢« 7048 TE=04
«3203E~C4
o LOLYE=US
e2748E=04
«4311€E-04
«4753E=04
«4733:=04

«4383E-0%

*«500J)E+QO

¢ 2592E=29
-e7630E-95
=.137325=04
-e3393E=0%
~e272332=04
~e7376E=y5
o17328=)4
«315132=y4
«2903c=04
e 2073E=04
«1620E=0¢%
«1203E-94
«2633E=J0
~el737E=04
-e31352=04
-+3211E-04
-e23392-04
~e1409E-04
=e3647E=05
«1J47E=-04
02954E-04
«323585=24
0 2698£-04

«1435E=24

«750CE+00

=¢5538E~C4
=e7253E=C4
~e1520E-G4
=e0316E=04
~e43B6E=04
-¢3588c-04
-e24323E=-U0
-e32306c=0%

«1265E-04

-2701&-04

«2583E=04

«1147E-06
=¢5972E-05
=+1975€=04
-.2998&%06
=e3742E=04%
~e3902E=04
=e3229E=04
=e2CI5E-C4
-e1238E=04
~e1033E-04
=e1348E-04
~e210GE-C4

~¢3533E-0C¢

«85C0E+00

-¢10€2E-03
-.1155g-03
~e1124E-G3
-e9244c=0%
=e£794E=04
=+4907E~00
~e34E9E=04
-+1G21E=0Q%
-e2C37E-C5

«B561£=05

e 5792E-0C5
-¢3223E~03
=e2559E-04
=e4CEGE=04
~e5221E=04%
-.5977:-04
-eb153E-U%
-;57475-06
-45139E-04
~+4766E-04
—«4746E=-04
=e500642=0%
=+9G65E=04%

= 71747E=04

«9500E+00

-4 2298E=03
-.2375E=-03
-42154E~03
-.1738E-03
~413528-03
-+1120E~03
-e9739E=04
-+3G11E~04
~.6118E=0%
-4 5242E-04
-.5087E-04
~e8076£=-04
-+1013E-03
- 11756-03
-.1298€-03
-.1381E-03
-414125-03
<41411€-03
-+1433E-03
~+1499E=03
- 1580E=-03
~.1662€-03
- +1800E-03

~e2041E=-03
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Tagle 4 = Ce~NTER OF PESSURE LOCATION FROM LZADING EVGE(FRACTION JF CHLRD)

R e T - - - — -

20

B/RLE  o3CCCE43D  +500JE400 o7500848C JESCOE+CI  «S50CE+00
P51 ’

Cod CBATEE+U) 025225400 L23ULEeUC  S2LT9E4CO 19728430
15460 V3056E00  42433E60C 422415400 L213LEHCO 15228460
3040 023252400 o2303E430  J218lE+uU 420748400 o143ZE+20
4542 C2181E400  o21445400 L2L1LEE406  L20uli+0)  o14T3E400
£GeU (187440)  L20L4E430 L20785e00  L19743+0) L 113EE+0G
7540 023540 +00 L 2102E+00 «21765+30C v2ll2€+C0U .l“?CE;OO
T (13695400 453753400 J2334E4CU  42293S4G0 < 1324E400

10549 CL133E45) 435425400 424585400 24128400 o Z345E4)0
12Ce0 m TTE3E40L 423476403 W2957E430  W249284CC  J2135E400
13540 CIGTIEIV] 25532400 L2513E400 o2533E40D L 2245E430
15Ce0 C2804E4G0  o2611E4CD  J26U2E400  J2521E+4G0 2225648
165.9 e2351E40) 23935400 25642450 Z472E40) L 2158E¢2D
18040 CL6S5E400 o 25025400 424775400 o24L2E+CJ  L2Q73E400D
195.0 — L426E+4J0 22928400 . 2414E400 L Z343E400 L 19A3E400
21040 «135%E+01L «2233£+0) «2343E+Q00 022735 +0Q) «1343E+00
22549 ¢3456E+01 17998400 .2281E4G0 22196400 J173EE+03
24040 — lU37E+0L o L17J8E+00 .2246E400 L21B3E+CO  o1674E+00
5540 —eBOS6E+GD +2006E+U0 .2278E400 L2197E+40)  o1651E+CO
2700 C2747E400  +2403E+00 ,2300E+4C0 o2236E+00  <1664E+20
26540 ~u2050E400 +2713E400 +2426E400 +22773+00 +1676E+00
20042 CIB91E+00 +293HE+00  o2446E+00 L2298E4C0  J1722E40)
315.0 V4343E40)  W2927E+00  L2436E40C .229354C0 JLTL7E400
33Ce0 e JLQLE+D) 47122 +J0 240 TEHCO W 227324CH +1075E+090
34%.0 e3ETBE4C0  4252)E+00 (2Z39CE+00  ,2¢¢IE+CY 16192400




TAcle 5 = TaTaL 3LADE CIFT, YIMENT AB0UT HUB AMD RADIAL CENTER OF LIFT

TITAL ILADE LIFT/(RHGH(SAZGAK®2)F(R1*454))
TGTaL sLAdE LIFT/THRUST PEx BLADE

RIMERT AJUT AUB/(RHIE(TMCGARE2) ¥ (R14%E))
RAGLAL CENTER SF LIFT/R]

Pl TaTal eLade LIFT MOMENT CENTER

A3QUT HUB OF LIFT
e «G359E=02 414312401 4£375E=02 L7198E+00
1546 (B557E=C2  J13IIE+0L  +6281E-02 T256E+90
FYO e T424E=02 J12J0E+I1 o5353E=02 o 7210E400
45,40 CS4EBE=02  J8319E40)  .3383E=02 L7113E+00
ECau ¢3542b=02 53356430 .2953E-02 L 7283£+0D
7500 «2358E=02 445136400 +2300E=02 3049E+30
T ¢33796=C02 o 536LE+GD  2962E=C2  oB4EEE4I0
10540 CAIQTE=VZ  JTTHTE4I0 L 33T76E=02 LBL63E+D0
12Ge2 (€433E-C2 L 104E+0L  <4370E-02 L T512E+400
1350 W7350E-02  J1273E+31  45536E=02 ' LTLEZE4ID
1500 e3580E=02 L1423+l JELL3E=02 LT7043E+00
165.2 VBT21E=02 L 190GE401 L 52156-C2 7125490
18C0 CB036E=02 J1298240L .5875£=02 - 473115400
19549 CEG11E=C2 o1LL75491 452026=C2 o7526E+400
21642 W57646=02  J9313E+00  L4449E=02 LT7720E+0D
22540 WGBIRE=02  (TA9BEH0D . 3833E-02 . 7842E400
240G 4362E=C2 4TIHTE+DD  43436E-02 . TITIE+ID
25540 ¢4L75E=02 .6T4EE+D0 43291E-02 . 7882E+00
27C40 W @359E=02 L 7)44E+0) 4 3437E-02  «7434E+ID v
255.0 V4G25E=02  .T959E43)  +3348E-02 Lo TBIZE+ID S .
36C e VE7526=0Z +9295E40) .4373E-02 470326400
31540 Ceca526=C2 J1O0T55401  J43T79E=02 L 7328:+0C
33049 WT5276-02  o1216E431  o5370E=02 .71:5e400
34549 LE336E-02 13475401 LE327E-02 71126400

21



22

TAols o =~3URFACE PRESIURC OIFFERENTIAL/(RHO*(OMEGA*#2) 4(R1%*%2))

AZIMJITA ANGLE= D¢l ODEGREES

PIRLS

/¢
«U3GL0
o 10CCT
« 20200
«3CCl0
¢« 40030
«SGC00
« 709C0
ALV
099G
e 9L LU

+306CE+09

«2681E-01
< 2088E~C1
«1598E=01
©i319E=C1
«139CE=-0L
el¢?1lE=01
e 10CB8E=UL
«61C2E=02
043965‘32
«2016E=-02

1540 DEIREES

G AZINJTH angLEs

K/RL?

x/C
« 05000
«1000J
e 20200
«3G000
«40002
30009
¢« 73520
+30C00
035008
« 33092

AZIMUTH ANolLE=

«3COCE+GD

e ¢5338E=-01
«2079€=01
el54CE=01
el28CE=V]
e1113E-01
«e9739E=C2
e72cCt=u2
«2168E-02
«2G80E-02
«136C6E~-02

«50J2E+00

«1433E+400
¢« 9940E=01
eb50732-01
«5121E=01

41225=01"

+3375:2~01
¢« 2239e=91
+1126£-01

W 1755602

«34162-02

¢ 5C202+00

«136AZ4+D20
«5373:=01
s0l33E-014
«4n72E~-01
«3533€E=C1l
«2973E-01
«1335€=01
¢ 3437E-02
+53937E-92
«2B832E=32

3040 DEGRZES

R/R1S

X/C
« G506V
«10000
«20000
«30009
«40G600
+50000
«7CCCO
«9G00J
+ 93000
«G3C20

«3200E+G)

«3292E~01
#22B1lE=0}
«1532E=01
+1174E-01
«340¢cE-02
e 7661E-02
«4987€-02
¢ 2565E=02
«1786E-02
«7998E=03

- «3000E+00

«1265€+00
«8587E-01
¢ 5554€-01
e 4106E-01
«3173€-01
02503E=01
*1517c-01
«7177E-32
«4570g-02
«21222-02

«7200E+00

«3E14E+30
«2336E+C0
«1547E+00
e 1148E+CU
«3325E-C1
e 7CG564E=0y
04256E-01
e 2004E=C1
NELTEL DI
e5742c=02

«7T50CE+CU

«30l13E+0C
e 2442E4+0Q
el5hJe+d0
«1154E+C0
«d884c-01
«53950E-C1
«4134E-01
«lo?iE=-01
«1242E-0L
05257E‘°2

«7500E+00

«313G9E+00
«2112E+00
«1345E+00
e 97G62E-01
e 7463E-01
«57738=01
¢3345€-01
«l463E=-01
«7612E=02
«4G27E-02

-+ 8500E+00

«4115E+4CI
«ZTT2E+00
1763E+C0
«1291E+09

e 9852E=-Ll

e 76442=C1

v!4936£°U1

+1622E-01
el223e-Cl
«3183E=-C2

«3500c+39

«41825+00
« 23072 +0)
« 17732 +¢0
W12E3E+G0
«G7¢0E-0C1
«7497E=-01
04E56E=Cl
.17855-01
«115Ce=-01
«4699E=-02

+8300£+00

+«3585E+0C0
«2397E+00
+1506E+G0
+«1081E+00
«81C6E-Cl
«0l55E-01L
«3396E-01
e1366E-0C1
«3663E=C2
«3482€6-C2

«952CE*CO

«3868E400
«2519E+00
214436400
+9999E=-01
«6887F=91
«4525E=01
«1775¢-01
«1503£~02
~e52238=03
~¢9029E=03

«95COE+20

«3839E+00
«2693E5400
s 14588400
«9742E-01
.6033E-°l
«%4440E-01
e1572E-01
«3215£-03
~-+1345E-02
-~21259€E=02

«9500E£+400

«3257€+00
«2105E+00
«122€E+0)
«8019E-01
«5352€=01
+3481E-01
«1068E-01
=-e1452E-02
-«2384E=22
=e1530E-02




AZEMUTH ANGLI= 45,0 Wcw®:E

R/IRL1:

x/¢C
«LOCRU
[P RIVAE]
s 2LCVu
« 300050
s aCulC
¢330V
« 7Q0LCU
« 9000V
e I95C00

« 33000

¢« 3C00E+UQ

«2851c=J14
019265-01
«1221€-01
«3d04e=02
e4627E=02
.50&4&-02
02359E=02
e1278E=U2
«8963E~03
0 3863E=313

AZIMUTH aNGLE= 6060 DESE

e G3CCY
«1CCLY
e 23040
«3CCLY
evclie
eS0LLLY
« 7CCCC
eI3uCUL
«G500C

«33%50

+3C3CE+00

«9754E=)2
0312c-02
N LIV TR IV
0 2264E=22
elel7e-32
«2358E=-03
«1872E=C3
. 2"59:‘()5
«l2Z7E~u4
«2cH0E-3%

AZIMITH ANGLE= 75.C DEGxZ

RIS

x1¢
«C3008
«16UGG
+ 20009
30000
40050
50900
$ 75900
« 0030
$950G0
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«2989E+0D
«20G33c+00
«1324E+00
«9861E=Cl
«T895E=-L]
+60G7E=C1
#3710E-C1
¢1704E-01
«1131E-01
«4766E=02

«9500E+00

«2521E+00
+1720E+0)
«1C38E+00
«71GCE-O1
«501GE-01
«3528E-91
«14096E-01
0 2566E-C2
«b641E-03
«2071E-23

«350CE+00

«2833E+00
«1862E+0)
«1128E+G0
¢« 7752E~-01
«5515E=-01
«3911lE=-01
«1712E8-91
«3403E=02
«1169E-02
«2384E-04

+9500E+00

«3055E+00
«2009E+GO
«1217€+00
«8372E-01
«5961E-01
°«4234E-01
«1876€-01
+4078E=-02
«1629E-02
«1869E~-03




AZIMUTH ANGLE=31%40 DESRCEES

x/Ls

X/¢
U003
o LLLUC
¢ 29CGY
«33CG05
BLONIVE]
«5000y
s 7000
« 30000
o« 49000
«932C3

AZIMUTH anNGLcs

«2C0CE+UO

W1133e-01
«l1139E=-Vl
«121GE~UL
e1260£=-01
«1271E=01
01£3§E‘Cl
J1C61E-DL
554 ¢E=02
e 790E=02
«2191E=02

33ue0 UEGRC

«5002e+30

e 7537E=-01
«5515€=-01
e 4034E=-01
«3293E-01L
«29122-01
«2431c-01
«17558=21
«974635=22
0 h3TTE~Q2
«3333E=J2

RIRL:

X/C
005003
.luuCQv
«200 0
30000
«40C0)
50003
+ 76G00
e 90092
« 35000
«G39CJ3

«3000e 400

e 2318E=~01
02692801
«1781c=31
e1l845E=01
l735E=ulL
«lolBE=C]
e1311€-01
«7921E=02
e SETHE=L2
«2572€-02

¢ 50025490

«10735E+00
«76187=01
«9333E-01
0 4233E-01
«3382¢-3i
«3035:=01
e2l22c-9i1
e1147==9Q1L
sEULlIE=C2
«35532=C2

AZIMUTH ANGLE=345.0 DEGKEES

&1L

X/C
«953CC
«10C02
«2CUVUC
«3CC0u0
«4J300
«50CCY
« 700360
« 30006
«35000
«37000

«300CE+90)

«3043E-01
«2414E-01
«2018E-91
«le4lE=QL
«1707c=01
e l577E-01
«l266E-01
«TES3IE-D2
«3497E-02
«2504E-02

«53035+00

«1353E+00
e 9%443E-J1
e 6456£=01
¢5041E-01
«4122E-01
+3425c-01
«2310z2=01
«1220E-01
+8355¢=02
¢3635E=92

«75C0E+00

«2535E+CO
e1742E+0V
«1156E+00
«5775E=01
e 5982E=C1
«9¢47E-01
¢« 3604E-01
«1765E-01
«1203€=-01
«5e07E=0QC

«750CE+CU

«2776HE+GO
«19012+00
«12S5E+00
«3678E-01
e 7T5032=01
+BL39E=C1
«382LE=01
e1l253£=01
olcHh2E-0C1
s S45%E=C2

¢« 7500k +0C

.+3123E+00
«2131E400
+13558+C0
+1044E+00
«83201€-01
«65472=01
+4UT4E-01
«195GE-01
+1318€-01
«5077E-02

«8500E+00

«3173€+00
e21nlE+0D
«1406E+0G
«1J40E+C0O
+21061c-Cl
«64532-Cl
«3334c-Cl
«1510€=-01
e12038=C1
eSGT5E-02

«€£00c+0)

33628400
022315400
«1477E+4(0
«1095E4(C
84937c-CL
etuY9E=L1
«4039E-Cl
+1840E~41
eid20E=-Cl
«5137e-02

«85CCz+00

«3704£+4CO
«2504E+CY
e1613c+(0
«1164E+00
e9121E=01
«7133E-0C1
«4225E=~Cl
«1884E-Cl
«1240€-~01

«G5CGCE+JD

+3188E+00
«2094E+00
«1265€430
085615-01
e6134E-01
+4331€-31
+1891E-01
«403€E-02
«1618E=-02
«2C355E=-Q3

«9500E+4G0

«3313£+00
«2171E+00
«1303E+02
«5850E=C1
«h220E=01
«43415-01
«1821E=-01
«3305€-02
«1048E=02
et 754E=04

«9500E+00

+3573E+00
«23332+00
«1351€+90
«7387€-01
«£525E-01
+4495E=-01
«1791E-01
«2378E=-02
«2410E-03

¢5187€-02 -+4990€-03
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Line 1:
Line 2:
Line 3:
Line &4:

Line 5:

Example B

0.16, 17.2, 4, 7., 0.29, 6.1, 0.0057, 0.
0,0,0,0

9.6

0.5, 0.7, 0.8, 0.9, 1.0

30.0, 10.0, 0.1, 1,0




R0GT KADIUS/TIP RADIUSs RO/RL = 16600

ASPECT «ATIN=  17.20G90

NUM3ck LF BLADESS &

LINEA® TWIST (RGOT TO TIP) =  7.00000 OEGKEES

FGRWARU SPEEQ/TIP SPEzZds= <2900

RGTOR INCIDENCE (FORwARD TILT PISITIVE) = 6.100C0 DEGREES

FREESTKEAM 1ACH NUMBER=  0,00009

THRUST CIEFFICIENT= 9579

FLAPPING INERTIA CCEFFICIENT=  9,60300

TOGTAL I4FLIw KATIOs 424579

MININUY UTa e16CUU(ZEaNd LIFT CUNDITIIN APPLIED 3ELOW THIS VALUE)
NIKMAL ATEI4UTA SPACING®  3(.CJUU0 DEGREES

REDUCED AZIMUTH 3PACING= 14400000 DESFEES

PLECEAISE QUAIKATIC APPRIXIMATION GF SPANWISE DIPGLE STRENGTH VAPIATION
222 R R R R R R RN A PN 2 e L R s R F st RS S22 222324
AIPFIIL DATA TASLES NOT uSZD

K= 330 S[= 261i.81buzGREES UT= .043 ZERJ LIFT CONDITION APPLIED

k= 0330 PSI= 294,56950E5REES UT= «366 ZtRO LIFT CONDITION APPLIED

31



SOLUTICY FUR COEFFICIENTS

(GLUIL)sT=1sNSP)

—elU30E=0L =43620E=01 =¢35393E=01 =46555E=01 =,6185E=01

((GC(Isd)pdmlstiHM) 3T 21, NSP)

2862602 =.1508£-02 =olILTE=I3  ,02732=04 L13136=-02
035928=02 =41.792=0L =43907E=)3 =, 2030E=02 .3574E=-03
= 73756-03 -.17482=0] - 52176-02 —43336E-02 -¢3559E=-92
=e4820E=02 = 19BOE=CLl =45994E=02 =, 4T9LE=02 —e2886E=02

“eG9E4c=02 = 1E84E=01 =~ T2JLE=02 ~43392E=02 =,G0bEE~03

(OGS ULsd)pdx1sNAM) s TuL,NSP)

;.10655-31 oldi5t-C£ -.235£E-92f-.5682E-03 ~e487GE-D3
;.9331E-02 «1533E=-02 .5553E~J3. «2258€=02 =,8256:-03
=¢362EE=03 ,5535¢-02 «3045E=03  J3133E-C2 J2934E-02

¢ G840E=32 ¢3338E=02 423B8£-02 43525E=02 <1809E~D2

013395=01 L€391E=02 44011E-22 ,2654E=02 0 €3772-03

PLTCH ANGLE AT BLADE RJOT= 15.3538l DEGREES

CONING ANGLE= 5.826%3 OEGREES

FLAPPING CUEFFICIENT, Al= 6.28243 DEGREES
-FLAPPING COEFFICIENT» 31= 1473994 DEGREES

COMPUTED THRUST CGEFFICIENT= ,5700E=-02

CUHPUTED MOMENT COEFFICIENT A30UT ROTIR X=AXIS==,1G88E-16

COMPUTED MOMENT COEFFICIENT ABAUT ROTOR Y-AXIS= ,3755E=16




TASeLE 1 = SECTIGMAL LIFT/(RAJ*(IMESA*E2)%(R1%*%3))

R/

«3300E+00

«1364£=-02
«21G95E=02
«2733E=02
«2654E-02
«23975-L2
e2311£-G2
e2814tk=-02

«3333E-C2

"

$351%E=C
«3271E-02
«3100e~02
«2435£-02
«l3G6GE=-02
«4508E=U3
«5356E-04
«50BBE-04¢
«3183E=-04
«7T825E=V4
«1126E=03
«1GC2E=-03
+352CE-03
«549LE=-L3

«7773E~03

«50923E+30

. 71538-02
 67453~32
¢ 5973E-02
5331E-32
«9305E-02
¢55993=02
¢ 534%E=02
59242-02
¢ 6213E=02
+TLOVE=02
6295802
+6950E=02
. 8433E-02
. 7107€-22
+5525E=02
«4559E=02
+3806E=02
+3070€-02
¢ 2429E=02
+2313E-02
+33336-02
$43858-02
«5841E=-02

«6867£=~02

«7500E+0Q

e1326E-0L
«1068E-21
«7to5E-02
«61935=02
0 51928E-02
«537¢E-C2
5333€-02
«58Y0E=~02
«3593E=32
e1040E=Cl
+1136E-01

«111CE-CL

«1050E=-GCL

«1COLE~OIL
2 92G4E-C2
«3104E-02
+6699E-02
«6574E-02
«6561E-02
«6379E=-02
«6406E=-C2
«7803E-02
el1G7CE~-01

«l325€~C1

«B500E+00

«1533E=-01L
«1263z2-Cl1
e 8833c-02
«5638E-02
62572-02
et4z3E-02
«£4632-02
ec087E=02
e£25¢c=02
«1iCAC=C]l
«1144£=01
«1197E-01
«1203E-01
«1192E-01
«1135%E=-01
¢1041c-01
*G63BE=-02
«93858-02
«9284E-02
«B974E-02
«9100E=02
«1081E-01
e13942-01

ele42E-QL

«3500:2490

«1593E~01
.1238E-01
+3190E-02
«529CE=-02
 4364E=-02
«4689E=02
«5267E-02
«5779E=02
<6504E=02
«7570E-02
«9096E=02
«1033E-01
(1161E-01
.1102€-01
410598-01
«1015€-01
«9987E-02
+9998E=C2
.9878E-02
<9737€-02
«1032€-01
«1226E-01
e1499€-=01

+1673E-01
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RkIxls

PSI

TABLE 2 = SzCTIONAL LIFT#R1/THRUST PeR 3LADE
¢33COE+00 JLIOOE+DC  o75COE+GO
© W 3U4BE+C) .15365+01 .29535401f
+4606E+0J  J1507E+01  .2380E+01
#+ELCSE+UY  +1334E+01 J17128+¢01
59296400 12026401 o1383E+C1
W3156E+0C 11396431 L L3B3E+0L
© o5imiE400 12512401 L 1429E+01L
CL6286E400  J1306E40L 4 1415E401
eT5ETE+30 413232401 +15378+01

1GEl0
12Ce
13%.0
15¢.0

1e£.0

13C.9

304 6E +3)

v.7860Ef00
«75295+(0
eH%eIELOD
REAEELA I
«3124c+00
+104TE+QD
«1242E-01
«1137€=-01
"«l158E-01
~+1748E-01
=+2514E-01
«2239E~-01
«3533e-01
«1228:2+40)

«1T73LE+SD

(13395401
(15356401

L13338+01

«2901E+01

«13932+91
015335401
«1255€401
«1018E+01
«B85028+00C

V68538460

«5425%+09

«S5LT77E+00

« 87736400

« 97372400 -

«1305¢€+01

e1234E£401

«l91iE+01
+2336E+0L
«2537E401
«2479E+01
«2345€401
$22376401
<207EE+CL
«181CE+01
«1563E+01
+1468E+01
«1466E+01
«1425E+01
«1431E+01
«1743E+01
«2390F+01

«2959c+01L

«EDIDE+CY

L «3572E4(1

2336401
<1973E401
«1483E4C1
(12338481
«L43€£+01
«14445401
15332401
eln43g+0l
«2¢53E 401
«25905 401
«Z679E+01
$CEIIE4CL
«2654E+01
«i535£401
+23253401
«2153E4¢1
«2095E +C1
«2074E+01
<2005E+51
+2G33E4CL
$24143+C1
+3115E441

«38672¢(1

«92J0E+C0

«3537E+01
$2765E+01
«193CE+401
«1182E+01
WFT4EZ+00
.10575061
«1177E+401
W1291E+C1
W1453E+01
17136401
+2031E+01
+2308E+01
e 24338401
V2462E+01
+2366E401
«2267E401
$2231E+31
«2233E+01
«2206E401
¢2175€6+01
«23056+01
«2735E+401
¢33455401

«3737E+901




TABLE 3 = S:SCTIONAL PITCHING MOMENT/(RHO*(OMcGA##2)*(R1%%4))

- - - - - - -

(A2uuT CUARTER=-CHIxD)

RIRLS ¢3300E+00 LEUJIE+IC +750CE+00 ,8500c+00 <9500E+400

PSI
() =e2121E=U5 =-,3533E-06 .bZ69k=00 +1284E-05 J1939E-05
S5e0 . =el3938=05 +3939E=06 J1387E=C53 «2043E=05 +2710E=05
3Ce) =e723CE=D5 +G131E=C5 1830E=05 +243kE~C5 304CE-I5
4Z.0 —e3laYE=I)6 (13296=0% L17712=U5 42268E=05 +2754E=05
63049 —e2834E=06 L £2272=06 J11Z6E-CH  W1@bZE-U5 .1797E-05
7540 e 02700=06 =425I0E=06 =45615E=07 L7G75E=-07. +2157E-0b
6GeD ~el226E=05 =4¢14H55=05 =¢13599E-C5 =41653E=C7 =41777E~-0°
10940 =el376E=03 =e274795=0) =43235E=C5 ~e3ZUtE-C5 =e3362E-05
120640 ~¢2330%=95 =43B40c=05 =,4658E=05 =e5220E-C5 = 5771E=-D3
13549 —42458E=0Y9 =4 4505E=05 =,95438=05 ~,t4C2E=05 —.7150E=05
1500 © =e2l03E=U5 ~,45125-05 =e6006E=I5 =4£9362=05 =«T7E55E-05
165.9 =el1317E=09 =,4159E=05 =45737E=C5 =+€790E=05 =.7843E~05
18¢C.0 ~e247CE=-vE =oe3271E=05 =¢4G51E~05 =-460712=05 =,7191E~03
195.¢ ' e8704E=06 =¢2172E=05 -¢38632~05 =.4590E-05 -.£117€=C5
210.0 el7756=05 =ol122E=03 =¢2731E=05 =43804E=05 =44377E-05
225.0 «2248E=05 =43485E=06 --17915;05 =e2723E=05 =.3714E-05
240C.0 «216GE=05 46933E=08 =41194E=05 =.1995E-05 =.2796E=-05
25540 - e154BE=05 =¢T483E=07 =¢9764E=06 ~41577E-05 =.2179E=05
27040 . 05240E-06 =44920E=06 ~¢1056E=05 -,1433E-05 -.1809E-05
28540 ~e6714E=06 =o1054E=05 ~41266E=05 =o14CBE=C5 =¢1550E=05
3CG.3 =el772E-95 =415382=05 =41408E~U5 ~41321E-05 =.1235E-05
31546 =e2546E=05 =417342=05 =41314E=05 =.1021E-05 -,7274€-06
330.0 ~e2352E=U5 =s1599E=35 =e9028t=00 =+4387E~LO +4234CE-0Q7
345.0 ~e28674E-U5 =+1083E=05 =,2073E-06 +35025=09% +9576E-05
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TASLE & = CENTER OF PREDSURE

PSI

12CeD

15040
165¢0
18C.0
195.¢
21040
225.0
24C.0
25540
276.,0
285.0
300.0
315.0
336.C

345,90

YA NS

«3300c+00

$2152E+00
$23TCE+U0
.2«}55003
W EHTOE +UN
$2575E+00
c 24446430
$2411E +00
«2386E+Cy
W 235EEH+LD
W 23570479
$23726+00
«2413c+69
«2479E+39
W2627E 400
«3ZT5E+90
+1078E+0L
«1123E+01
«3615E+400
« L129E+C0
«3721E400
«1121€400
«1135£400
W1437E409

+1795E409

«0JIDEHUC

2495400
c25128480
2931340V
C2537E+0)
C2524E40C
«24908+00

«24%9E+3T

¢« 2405240V

e2374E+20
«237JE+0D
«2335C+0¢
24052400
e 2421E+QD
«2437E+00
«24535+00
« 24335400
«2500E+00
«2495E+400
«2459E+400
«2407E+D0
+2335E+00
«24135400
e 2444€+(00

0 2453E+00

LOCATION FRQOM LcaDING EDGE(FRACTIGN OF CHORD)

¢ T52CE+CY

«2510E+400C
«2527TE+CO
e 2549E 00
25595400
«25372400
«2458E400
«2%443E+CU
e 24CSE+UQ
«2388C+C0
«233CE+00
«2332€¢00
v2334E+00
e 2GNAE+(CC
e 2421E4CD
«264CE+0S
«2495E+00
« 2465E+CO
«2470E+0C
0 246T7E+00
«245GE+00
«2455¢+00
«2656E+00
«2483E+(0

«2497E+400

«E500c+0)

022152 +00

33246

~n
(.1

(21

(3]
<

J2EETESD
25702400
VZ54BE+0D
V25C3E+CO

$2494734G0

23943430

«2370c+00

e2384Z+0D
23972400
e2614c+00
«2431g+30
e 244bE+00
«2458E+00
e 2465400
«2468E+00
«2408E+Q0
¢ 24706+00
«24r1e+00
02442 +00

«25J05E+C0

«95C0E+Q0

«2325E+00
+2945E+400
.a:7cs+53
«2607E400
W 2584E4+00
« 25C9E+GG
W E431EHCY
WZ3E2E+00
+2313E+C0
+2399E+00
$2323E450
+234SE+0D
$2365E400
«2336E400
W2605E+CH
« 242540
«2443E+00
+2455E400
«2463E+400
W 2646TE+0D
W 24TEE4CO
«24BBE+GD
+250CE+00

«2512E+00




TaolE 5 - TOTAL 3LAOE LIFT, MOIMENT AJ0UT HLUB AND RAOIAL CENTER OF LIFT

- . - - s - - - =y - - - -

TOTAL oLAZE LIFT/Z(#nCr(UMEGA*E2)*(R]1%%4))
TUTAL oL ADE LIFT/TARUST ©5R 3LAD:S

MOMENT 438UT AUS/IRHU*(GMEGA*%2) % (R1¥¥5))
RADIAL LENTER COF LIFT/K1

PSL TGIAL BLADE LIFT MOMENT CENTER
ABCUT HUB  OF LIFT

Cos c6342E~02 J13LTE401  L4785=02 4 7545E400
1540 0395E=02 412432401 L4034e-02 L 725Cc+0)
3Ge0 C44EQE=C2  LGITLE400 43067E-02 L63TLIE+CO
4544 <3602€=02 ,9225E¢30  42639E=02 J6E25E400
5049 $34I3E-02  J77132+3) ,2289E-02 JE63DE+DD
5.0 $3589E=CC  4BUDTEHID L 2335E-02 66526400
9009 $2325=02  49345E49D  G2512E=02 .6567£+20
16348 JALGBE=02 432526400 42703E-02 +551GE+0
leted 4049E=C2  JL9IME+IL 43DTHE-02  L651CE4GO
135.0 $S310E=0Z 11365¢31 3390E=C2  L6721E+D)
15040 5386802 413156401 .%033E-02 6853E+J0
1554¢ +60B9E-02 41350E401 .42L13E-02 46926E+D)
18040 «5BULAE=02  J1295E401 4Ll06E~C2 . TOT5E+00
19540 \515¢E-02 .1151E+0L .3780E-02 473376400
21049 ¢44CLE-UZ  49332E+00  .3360E-02  .7633E400
22543 «3794E-02 484762400 ,2970E-02 7827E+430
24C40 +3419E-02 oT7638E+00 L 2703E-02 LT90TE+DD
25540 ¢+31926-02 7T129E+400 42555E-02 ,8CO4E+0D
2740 $29996=02  «6599E400 4 2442E-02  .B142E+00
28549 +2908E=02 5476400 423726=02 LBL55E400
30040 V3L93E-02  JTL33E40)  12543E-02 J7963E400
312.3 T W 4UIBE=U2 W 9064E+4TD G3159E-02 LTTBL5E+ID
33040 ©92856-02 J1180E+91 .%0888-02 7735E400
34240 (£241E=02 41394E+31 $T593E400

«4301E-02
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AZIMUTH ANGLEs

0¢0 DEGRE

£S

RIRL
X/¢

R AVIVNY

«l0CCO
«20300¢
«30C0)

440000

+50000

W 700CC

AZINUTH ANGLE=

«2C0CO
«935GC0
299000

«33CUE+30

«6963E-01
049285=01
+3467:~Cl
«lTEbE-Gl
ecd4ebE=0]
«20(C5E-ul
01431&‘01
o 7892£-02
e5535€-02
e 2+61E-92

15C OEGRE

«63JIE+00

«%0357E+20
e27342+00
«leb5F+00
«14275400
«1l1458+0C
e9374c=01
$61572-01
«3145€-Cl
«2166E=01
095965‘02

ES

- s - — - o -

RIR1L:
X/¢

" eG5C0u

«10CC0O
«2C00U
« 30000
«400G0
¢ 50C 2y
« 70600
«9CCA0

95000

AZIMUTH ANGLE=

-

«99009

«33CCE+UY

o LL96E+QD
«8321E-01
«3206E-01
4415601
e36ltc=JL
«3012E=-¢l
«2G4%E=C1
«1¢83E-01
«7523E=-02
¢3320E-02

30.0 DEGRe

R/R1S

X/¢ -
«05C0C9
«100C0
«200G0
+30000
+40C00
« 500060

"+ 70000

«90000
«950605
«99000

«3300E+JV

«13526E+00
«1055e+40
¢« 70G4E=01
«54€5E-01
2«44 Z0E~-0L
e3640E~-01
«2423E-01L
«1254E-01
+5659E=-U2
«3810€-~C2

«6J00E400

«3898E+00
0 26465+00
«1751E+00
013422400
«137%5+00
«3752¢£-01

«5708e=-01

«23358=91
e 13992-01

«8713E-02 -

ES

+ 60002400

+3423E+20
«23545+00
«1561E+00
«1185€E+00
*945%E~01
«7633E=01
«4932E-01
+2511lE-01
«1723E-01
e 75342=32

«730CE+00

e 7561E+0¢C
*52C0E+00
«3461E400
e 2639E¢CC
«2113E+00
«L722ZE+C0
«l1264E+(C
¢« 5TGHE=UL
¢3924-01
«1718£-01

«T5GOE+I0

«6122E+00
«4205E+400
27912460
0 2123E¢0C
e lOIDE+CUL
e 1378E+CC
«3943€-01
e ¥514E-C1
+31luCe=-01
«1356E=01

«75J0E+00

«4423E4+00
«3033£+00
«2GCEE+CO
«152CE+00
«1209E+CO
.979bE-01

+6311€-01"

e3161E-01
«2107£-01
«945CE=C2

«65500c+00

«I133E+400
«£2785+00
«4174c+02
«31E52+C0
02432400
W 2071 +0C
el3932+00
«58292-CL
n‘OsQE-Ol
e ZCL4E-C1

«£200E+00

e 7T286E+0)
e 5001c+0)
«2317e¢(0
e 5 20E+C0
¢ ZLL0E+0D
«163224G0
«1057c+C0
«53264E-01
e3e542=C1
«1597z-01

«850062+C0

«5110E£+00
«3501E+00
«2313E+00
«1751E+00
«1391E+0GD
«11252+G0
«7231E-01
+3613E-0C1
+2474E-01

«1C30E=C] -

TABLE © = SUKFACE PRESSURS DIFFERENTIAL/Z(RHO¥(OMEGA*#2)¥(R1%%2))

- - - " - -

«95CCE+IO

e FUB9E+02
«H22GE+00
e 413EE400
«31406£402
«2513E+090
e 2043E+40CD
«1327€E+0C
«€TCCE=-CL
e 400ZE=U1
¢+ 2G13E=-01

«95008+00

«7135£+00
«4E33E+400
+3239E+0)
«2450E420
«1355€+4900
«1535E+30
«1C22E+400
«5128E=-01
«3516E-01
«1536E-01

«9500E+00

«4767E+00
«3262E400
«2148E+00
«1621E+409
«1284E+400
«1G35€+)0
«6606E=01
«3277€-01
«2241E-01
«3763E=-02




AZIMUTH ANGLE= 4%5.0 DEGRCES

R/

x/C
« 25C0U
«LC0CD
«26C00
«3ULCC
«+30000
e HCULY
« 703090
¢ 7300
e 3200V
e 930L00

AZiAJTH anNulczcs

«33CULE+GO

«L4GEE+0D
«1C3284C0
«6906E=0L
«5¢935E-G1
«4262E-C1
e 3453E~-01
«2305E=01
«1182E-01
«31233E=-02
«3077€=02

¢« 6000E+30

v 3094E+C0

«2124E4C0
«1407£40C
«1148E+30
eb3ll2-vl
2 6305€E-21
e4453e-21
«2243E=01
e1333E-01
«6724E-02

R/R1S

x/C
e GaCOY
«100Qu
e 20003
« 300006
R 2Viev
FINVRLY
o 71GL 00
«90CG00
e 756U
e5463%

AZ [MUTH ANGLE=

«33CCc+u)

«LICCE+LD
e3568e-01
000 3E=-0l
«4003E~-J1
«37C0E-01L
050382-31
«2005E=C1
W 102GE=-U1
e 7094E=52
¢31138=02

730 DEGRE

«50JJE+D0

0 3033E+00
«2J37E+OC
«1335%409
013353c+09
0 8422E-01L
0 68532=94
+4453E-01
0« 2243E-31
e15645-01
0O75§E-)2

ES

R/RLY -

x/C
«35C00
«1CCCO
«2C000
« 30000
«400G00
«5CU00
«70C0D
«v0COV
« 75000
«99C00

+3300€+C0O

+«1290€+40G0
«8916E-0L
«2997E=C1
e4621E5-01
»3738€-01
«3079E-C1
«2081E=01
«1062E=01
+7340E-02
«3226E-02

+6030:+00

«3172E+90
«2134E+00
0 1459£+00
«1115%5+00
«835795-01
«7326E-01
«4811E=01
«2457c~01
«16392E-01
«T418E-02

«750Ce+C0

«3585€+00
0 2456E+0UC
«1622E+430
«1227E400
e9748E=C1
o 7884E-Q1
«5062E-01
«2527E-01
«1731E-Cl
«7551E-02

« 75C0E+00

«355CE+20
0 2743E+00
«lE19E+CG
e 1226E+GC
«9797€E-01
o 7951E=-2C1
¢5142£-01
«2586E=01
«l775E~0C1
o 71755E=-02

o 7200E+00

«3622E+00
«2433E400

«1602E+400

«127CE+CO
«1019E+00
«8319E-01
¢«2450E-01
«2776E-01
«1911€-01
«8373E-02

«85002+00

«3656E+00
¢ 2640E400
«1740E+CO
+1314E+CC
« 10426400
.8411&‘01

«5389E=0L -

«26755=Cl
«183UE=-OL
«7577E-02

«8530£+CO

«3610c+00
«Z2475£¢C0
«1637E+0D
e1241£+00
«G8742-01
«&6C0E=CL
«5156E=-01
«2583E~CL
«1771E-Cl
W 77336~(2

+8500E+00

+3655E+400
«Z2515E+00
e1076546G0
«123Q0E2+00
«1026£40Q00
«8371E-01
e3475E-0CL
«2786E-01
«1917E-C1
«8396E-02

«9500E+00

«3109E+00
0 2122E400
«1391E+0Q0
«1G44E+Q0
«8229E-01
«6601E-01
«9lb67E-01
+2043E-01
«1392e-01
«6053E=-02

+55GOE+00

«254TE+0Q0
«1741E+00
«1145E+4090
«8631E-01
«£826E-01
«5497E-0C1
¢ 3498E=-01
«173C€E-01
«1182E~-01
«5147€-02

+9500c+00

«2672E+400
«16833E+G0
«1223€400
«9329E~01
e 7468E-01
+6089E=-01
«3974E-01
«2017€-01
«1387e-01
«6074E~C2

39



40

AZ1MyTH ANGLE=® 30.0 DEGREES

R/

x/C
«C5C 00
«100CC
020000
«306C0
ev w00
«5CCCO
o 70030
«3000C
Se950C0
«930090

AZIMUTH ANGL:=

« 330CE4CT

«1553E420
W1CTTE+DD
«7234E=01
«5593E-01
W45€9E-01
«3799£-01
$2556E-01
«1336E-01
«9256£~02
C40T6E=02

10546 DEGR

«502J)E+00

«3280E¢C)

«2237C+0)
«15175+400
«L167E+40D
s 9440E=01
«TTT95=C
¢5172€-01
0 25713E-01
«1843c-01
«8l228-02

EES

]I

X/C

. «05C0OC
«1uCad
20600
« 36000
¢« 4030V
e 50u00
« 70030
«900C0
«330CQ
« 99000

AZIMUTH ANGLE=

«33CQc+Cy

« 18526400
«12572+00
«8740CE=-01)
«£798c=01
02548E-01
04610E=C1
¢3123E=-01
elb44E~Gl
ell4QE=-y]
«50208E=92

12€.0 D&E3RzES

R/RLS

X/C
« 05009
«100CC
«20C00
300060
«40CC0
«500C0
«70C00
+90000
+«35000
«390020

+3300E+00

«1959E+00
«1363E+00
«9290E=~01
«7249E-01
«5935E-01
«4G46E=-01
+3369E-01
«1782E-01
«1238E-01
*e5465E-02

+H000E+00

03264400
«22H4E+00
+12332+00
«11832+00
«e9074c=91
«8ILl5E-01
«S401E-DL
e2327£=-91
«1352E-01
e 85358=32

«5000E+00

«3333€E+00

«2353E400
*«1605E£+00"

«1231E+00
«1023E+00
«8515E-01
«5789&=-01
¢3357€E-01
«2123E-01
«9366E-02

« 7500E+GO

«3533E+C0
« 2446E+0C
2 1644E+C0
«12Hh0E+CS
«1024E+9C
03426€-01
056066“01
¢2G00e~01
«200%4E-01
+33U5E=02

«7500e+0C

«3735E+C0
«2632E+4CO
«1782E+0C
13832400
«1123%E+00
«9327E-01
«6287€E~Ci
¢3293E=01
e2232c=3G1
olOOjE-Ql

«7500E+0C

WHE3CELOD
«3255E+00
«221CE+0C
«171BE+CO
«1402E+C0
«11565€E+400
«7886E-01
«4148F=C1
«2878E=-01
«1269E-01

«3590:2+Cu

«3609E+09
« C495E+0Y
«1673E+GD
«12922+0)
«1C45E+CD
e860%52-01
«57é8c-C1
«2954£-01
«G49E-CL
«3053E-v2

«850dz+00

« 37312402
e 2EL5E+CD
» L78CE+Q0
e 1383E4(0
«l128g+Cy
«$358E-Cl
e6325€-C1
03322801
.23045-01

«1015e=01

«65C0E+CO

«4%33E+400
e3126E+00
«2128c+CO
«1660CE+(0
«1353E+CO
«113LE+Q0
2 7E97E~CL
«4CE3E-Q]
+2825€-01
«1247£-01

*«9500E+00

«2527E+00
220286E+00
e1356E+C)
«1U58E+30

+3549E-01

«7095€=-01
2+ 471RE-O1
+2453E-01
«16G7E-01
e T4K5E=02

«550CE+00

«3135E+00
«2185E400
«145GE+00
«1163€+C0
«5531€-01
e 7G48E=01
+5420E-01
«2370E=01
e1954E~01
Q&BCQE‘OZ

«9530E+00

¢« 3480E+00
«2432E+00
«1671E+00
«1314E+00
+1084E+00
«9094E=-01
+b276E-01
«3360E-01
e 2341E=CL
«1035€E~-C1




AZIMUTH ANSLE=13040 DEGREES

Al

Al

R/R1:

X/¢
eLL000
«100CC
«2CCCY
«30C00
«42CC00
¢ ICLLL
«7C000
s JLLG0
.)buUO
« 93030

IMUTH aNGLE=

21211

X/C
SL5CCE
e LUl
023050
« 30000
e 4uCLO
500U
«70C00
«500602
«95C 00
¢ 390620

IMJTH ANGLEs

«33C0E+0)

«lYUBZ+0)
«13&92 400
«GCE8E=U]
«T2E6E=U]L
«SEL0E=CL
«4H84IE=DL
«331l2E=-01
«1756E=01
«1221E=901
e 5390E=02

e 5JIJEHUO

¢ 3357E+0C
e 29J0E+0Y
«1832E+20
e l423E+V0
«l1nIE+Q0
«9736E-31
0552557
«3502E=-01
«24325=01
«15373E-01

12G4C DEvkzeS

- - " - - T - - - -

«33COE +uC

e Ll337E+00
e 1278E 400
«36458c=CL
«H781e=yl
0554 7c=01
e4515E=ul
e3141E-31
18598 =11
e1152c=(1
«5D%4E=02

«6GIIEHQCD

e 4542E40C
e3159E+30
«21435+5C
e L2h7E+0u
e 1351E+G0

Tell3tEsC

e 7559E=91
«4c32E-01
« 2797501
01233e-04

15540 DEGREES

R/R1:

X/C
«C3000
« 10000
«20CC0
«30000
«30000
«5000¢C

“e 70U

« 90000
¢95000
«99GCC

+3300E+GC

e1713c4C9
«1187€E+00
«3026e-01
e 6216E-01
e9QL3E~0L
e4182E=-01
«2B81l1lE=Cl
«1469E=-01
«1017€-01
«4480E-0C2

«€EQVJE+DD

e4335E+4730
0 3424E4CD
2313400
«17982¢+C0
e L453E¢00
¢1212c+00C
«8169c-01
«4273C-01
«2765E=01
«1306E-01

«T50GE+QC

«57335+00
¢3982€+C0
«27335+00
«21l01E+UY
«LT14E+CO
«1424E+4CC
s J03bE=-0!
e5067€~=01
«3515E£-01
e 1530E-Ci

« 7500 +00

e HZILESCU
04327L400
«2G930E+3C
e 2482E+0C
«léble+(C
elZ45E400
+1045E+00
eD432E=41l
«3809E-C1
e16798-01

« 7500E+00

«6093E+00
0 4230E+0L
«2869E+00
«222GE4+00
«18i7E+02
«1508E+C0
«101GE+0Q
+5354E~-01
«3713E-01
e1636E=01

«8E0CE+DO

«54G2E4C0
«3621c+00
«2602E+G)
«2023E+00
e1660E+00
+1353E+00
+G4lLlE-OL
«4974c=C1l
«36452E-0QL
e1t24E=Cl

«B500E+LY

«62643E 400
«435%1E+00
¢29532+C)
«23012+C9
«lGEIE+CO
v 120524+G0
«1064E+00
e30148-01
«3EI3E=01
e1719E=C1

+3500c+00

¢6561LE+0D
«4559E +00
«30GBE+0)
26102 +G0
«1968E+0U
«1636E+00
«1109E+0)
+£839c=01

0 4052E-01

«1787E-01

+3EQCE+00

+9072E+09
e 2362E+00
+1569E400
«1551E4C)
«1281E+30
«lUT6E+C)
«7447E-01
+3965E-0L
+Z785E-01
«1232€-01

+550CE+00

«4B75E400
«3405E+00
«2337E+00
«13372400
«1514E+4CO
«1269E+CY
«8751€-01
e 4079E=)]
«3259£-01
«l441E-0L

+9500E+00

«3579£+400
+3690E+Q0
«2560E+0)
+2083E+00
«l711E+DD
«1431E+00
OQBCQE-OI
«5215€-01
e3528€=-01

_ +1603E~01

41



42

AZIMUTH aANGLE=13C40 DEGREZES

R/l
X/¢C
«L5CCC
213G00
«20000
« 30000

REPRITTRY

«205290

RIS

«9C002

T e95339

«99C00

AZIMUTH ANGLEs=

R/RLE

x/¢C
«05C0u
040600
«20GG0
«3G00)
¢« %0000
¢%J003
« 7003)
« 003D
¢ 33CV2
ATV

AZIMUTH ANGLES=

«33COE+00

«1373E+00
«J406E-01
+6333E-01
«4553E-01
«3G04E=CL
«3198c=Ul
«2108E=-Ul
«luBCE~UL
e Th46E=-02
«3266E-)2

195.0 CE3RE

+3300E+G0

«8270E=-01
«5636£=01
«36233e-01
W 2756E=01
0 2154E=04
01730E-01
«llE4E=-0L
¢32712=-92
«3585E=02
e1556E=02

«0J00E+00

«%093E+00
0« 3254E+0Q0
«21982+00
«170C2400
«1330&+00
«1141E+DC
¢ 7550E-01
«3983E-014
e2761E-01
«1215€E-01

¢ 630JE+D0

¢333TE+DY
«2733E+00
e13442+00
e1422E+J0
«11522+00
« 3396E=01
+6333e=-31
¢ 3239E-01
e227%5=)1
¢ 1000E=-01

c1C.0 DEGREES

RIRLS

X/C
05898
«10CD)
«20000
«30CCO
«400C0
«50C00
«76G0C0
«90000
«95000
«99000

«3300:430

«3325€-01
«21764£-01
«1298E=0C1
«8756£-02
«6C92E=02
«421€6E-02

21767E=-02

03645£~C3
«l845E-03
+5C3LE=04

«5200E+30

«31545+00
21732409
«1452E+400
«1124E+0C
«9363E£-01
«7452E=01
e 4341E-01
«25+3E=01
«1753€-01
e 7726€-02

«750CE+0V

«2730E+0Q
«400G9E+00
«2715E+00
«21G6c+(CC
«l715E+C0
«1421E+0C
«9380E-UL
«5C19E-01
«3473€-0C1
«1532E-01

«7500E+0C

«5546E+0CC
¢«3842E+CC
¢2534E+00
¢ 200724+GC
e 15232400
«1347E+00C
«3031E~-vl
e4708:z-01
¢« 325CE=(1
e1435¢c-C1l

«75GCE+00

«S5175E+00
«35828+0C
«2411£+00
«1860£+00
+«1505E+00
e 1241E+Q0
«8275E-01
+4291E-01
+2967€E-01
«1304E-01

«E5C0E+00

« 66392400
«4603E+CD
«3124E+C0
«2425E+CO
15762409
«1640E +CO
«1107E+00
«S8llE~C1
.4029&-01
«1775E=¢1

+6200c+00

«6H5G0E+0D
«G507L 400
«30885E+C0
«2391c+C0
«19422400
«1208E400
¢ LCHOE+WUV
«5€43E~Cl
«39(3E=-01
«L721E=CL

+ 85002400

e 6308E+00
«4366E+00
«29432+00
22722400
«1842E+CO
«1520€+C0
«1016E5+C0
«528%4E-C1
«3655€=-01

«1608E-C]

+»3500E+00

+599EE+CO
«41H6T7E+00
«2840E+00
«2210c 400
e1314E+L0
«1912840G2
«lU3CE+0QD
«5449E=-D1
«3786E-01
«1571E~-01

«95G0E+00

«503€£409
«4133E+00
«23438E+00
«2215E+G0
«1308E+0
«1502E+99
«1018E+00
«5356E-21
«3T1bE=DL
+1038E=~01L

+9500E+00

«5838E+00
«4049E+00
«2741E+CO
+2125E+C0
«1730E+00
«1433E+00
e5654E-01
«£055E-01
+«3503E-01
«1543€-01




AZIMUTH ANGLE®225.0 CEGRZES

RIR1:

X/C
«LZU3C
elutud
«20000
« 30038
«2GLCU
«2CQ0D
e 70003
«930CCO
«I32C00
¢ 39040

«3300z+20

«1153&=-01
e 5494E~-02
«24VU9E=02
«3737E-03
~e87625=03
=-e1575E=-G2
~e2354E-02
~a1839€-02
~e1376€E-02
~e0412E-03

«600JE+00

«25735+00
17762400
«1137€420
«GG3IIE-D1L
o« 7306E-01
e 5730E-31
«3934€-01
+2013E~-01
«1387E-01
069845-02

AZIMITH ANGLE=240.0 DEGREES

R/L:

x/C
REIVUT
«1U00Y
2L 0ULY
0 3000
«43CC0
«20C00
e 7000C
e #CLCO
e 35020
e #9CE)

AZIMUTH ANGLE

RIRLS

X/C
« 02302
«10CV0
«23000
«30000
«40000
«50C00
«79C0D
«300300
«95000
«G9C00

¢« 333C0L+00

.169 75-01
«0l28E=02
e2253€-C2
«3058E-13
- H8EG3E-0Q3
~elnf2E8=02
~e2295E=02
'017565-02
~+1335E~-052
=e2222E=33

«532)E+00

«2123E400
«12332+00
e5924:z=01
«15732-01
&J75E=01
e%3512-9]
¢3247E-01
o 1353E-01
«1133e-01
«4933E-02

225540 OEWREES

»330CE+GO

«8763E-02
«30G2E=02
«2012€-02
¢5272E-03
=e3870E=03
~e9771E-03
=e15CHE=02
-el207E-02
~+9067€-03
=e+4238E-93

$£000E+00°

«1742E+00
«1193E&+00
«B3002E-01
«H5116E-01
«4933E-01
«4010E-01
«2230E-01L
«1341E=-01
«9233E-02
«4046E-92

«T£GOE+0D

«453BE+0D
¢3135E+400
«2105E+00C
«1620E+00
+1308E+0O
«1075E+C0
«7141E-C1
«3687E-01
e2547E-01
«1i16E-01

«7500E+0C

e3332€+CC
«2716E400
«1E820L+CU
«1398e+0(
«1127E+00
+9251E-01
¢6123E-01
«3152E=01
e2175E-C1
«9549€-32

«750CE+CD

¢3699E+00
«2552€E+00
«1710£+00
«1312E+C0
«1G57E+0C
«8674E-01
«57332-C1
«2947E-01
«2033E-01
*8923E~-C2

«BS0CE+CO

«5811£+C0O
«4017E+00
«27C2E+00
«2UELE+0D
«1E83E+CO
«1366E+00
«G228e=Cl
«4777E-01
«3301E-C1
¢«1451E-01

« 85002 +C0

e5402€+C0
«3731E+00
e 2504E+C0
«1926E+GCD
«15542 400
«12782+40)
«84T6E~-VL
«4372E-01
«3019(-01
«1325E-0cl

«8500E+00

«5274E+00
«3640E +00
«2440E4C0
«1874€+00
«1511E+C0
«124CE+00
«82V7E-01
0 4224E~01
*2915€~01
«1280E-01

«9500E+20

«5529€+00
«3898E+00
«2530E+CO
+«2033E+00
«1550E+00
«1363E+00
«G12GE-J1
+4754€-01
«3290E-C1
«1448E-01

¢ 3500E+00

«3571E+400
«3852E+00
+2592E+00
«1398E+09
+L£16E+00
«1332€+00
«3374E-01
«4535E-01
«3178E=-01
«1397£-01

«3500E+400

+5000E+0Q0
«3868E+00
«2597€+400
«1998E+Q0
«1613E+00
«1327E+00
«8806E-01
«4546E-01
«3139E-01
«1379E-01
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uly

R/R1:

x/C
«CECCO
+ 10030
« 20000
e3CCLU
«400C0
«5G0g0
« 70000
«F00UY
+72C00
e 9ICTY

K/213

x/C
JUHC0Y
« 10000
«23C0¢C
«3C0C0
« 40000
50000
«7000u0
«30000
«95000
«99G00

«3300£+00

~«3895E=02
~s3092E-02
-e3221E=22
=e2022E=02
-ele?CE=22
~e7504E-03
-e¢1158€-93

«13228-03

012395-93

lb579E-D“

«3300c+0)

~e9U34E-03
«5135€E-03
«1E56E£-02
0 2274E-02
¢+ 2990E=~G2
«3198E-02
«3085E-02
«2075E=-02
«1515£~-02
+6942E~03

AZLIMUTH ANGLE=¢TU.0 DESREES
R/R1 ¢330CE+00  46)00E+0D
x/C
«03{ 00 =e2495E=02 J1362E+0C
+10CC¢ ~e2053E=02 +94937=01
20020 -el8leE=02 L4311E=01
« 300600 ~e172GE=02 L4832E-01
«2C000 =e1660=0G2 +391l5&=-J4
«20G00 =elo7GE=02 +3213£=91
e 760GV =el327E=~02 42134:~01
«300G0 -+5248E-03 L1101£=-01
95000 =e2924E=03 +70602E-92
996G ~e20B9E~U3  43334E-92

AZIMUTH ANGLE=28%.0 DSGRCES

«50002c+00

«1273E+00
«83612-01
«$397E-01
«4349E-01
«3733€-01
+3134E-01
«2113E-01
«11J05E-01
e 71634552
¢3371E-32

AZIMUTH ANSLE=30040 DEGRZES

«6333E+00

o L3n30E+D0
«1155E4+50
«7341E-01
«6083€~-01
«4953E-01
«4118E-04
«2782£-01
«l400E-01
+«1012E-01
e 4462E-02

e 750GE+0C

¢ 36HGE+ID
02545 +00
«170362400
«13L0E+SO
«1056E4C0
e3205¢=C1
«5722E=01
0 2G4%E=-Ul
22034E-01
«8931lc~-C2

«7500E+00

«3577E+00
«247CE+CO
«16358+400
«1276£+0C
«10235+00
«8430E-01
e 3€J33E~-01
e2333E~0G1
el9J4:-ul
«37593E-02

«T50CE+00D

«3583E+00
«2473E+0u
2+ 1664E+00
«12BLE+0Q
+«1034E+0C
«8501E-01
«5644E-01L
+2914E-01
«2012E=-0Q1
«884CE-02

«£5002+00

«5222E+409
«2e03E+00
024162400
01353 +C0
«14G3E 400
«L225E+CD
«8103£-C1
vhlebz=ul
e26758=-C1
elet2:-01

0 E50CE+00D

+5047E+00
«3482c+00
e2324E+00
«17512¢00
e1444E+ 00
e11EBZZ ¢00
«78352=01
040305-01
27602 =01
e1220E-01

«650VUE+CO

51228400
«2534E+(CU
«2367E+00
« 1816400
+1463E+00
«12C0c +00
«7932E-C1
«4C77E-01
+2812E-01
«1234E-C1

«95UCE+Q0

+3545E420
«3828E+00
«2263E+00
«1973E+00
«1591E+GO
13072400
«8057E-01
2 445CE-01
«307€E-01
«1332c-01

« 95004090

«5475E+39
«3778E+00
253264290
e1944E+CO
«1567E+CU
«128€E+00
«5506E=-01
+4374E-01
«3G1l8E-01
e1325E-01

+3500E+00

«5618E+00
+4012E+00Q
+2685E+09)
«2933E+00
«l657E+CQ
«1355E+00
+8963E-01
«4599E=-01
«3171E-01L
«1391E-01




xIz1

X0
«CS000
elLuns
« 20600
«3C000
«40COD
«2CL 37
P ASLONTS)
« 3000y
« 33000
¢ 93900

AZIMUTH AnGLE=

«330CE 409

«1223E~G1L
Jleese=0lL
o&E?ZE‘UZ
«5437E=02
«3096E-02
T658E=02
e 0hE3E=0
«4ClEE=02
wc8d9E=-02
«1309E=-02

33C.0¢ DEGRE

6L YD +00

«26272+CC
e 4HILE+ IO
e1133E+930
«87335=01
e 7140t=-01
«£I303E-01
«3353E-C1
¢ 2063E=01
e14322-ul
e£303:=-22

ts

YIS

X/C
GO0
e 10CCL
e 2IYI0
¢ 30505
e 4ULCUY
e HUNHY
« 73009
NN
e9300u
¢ 930L0

AZIMUTH ANGLES

«330CE+00

eldltle=ui
e16Cle=0lL
«1311E-01
eil87€-21
«11Gle =01
-lcllé-ol
«B8279E=02
ON27E=02
«390CE=02
l1628E-C2

345.0 DEGRE

e 0I2IE+G0

«32932420
«2253E+99
«1715E+00
11532+CC
94515 -01
o 77858-21
e2135E~-v1
e22358=)1
e 135m82=C1
«815CE=-02

kIRLS

X/C
«G5GaL
«lUlCY
«200C0
.30360
e 30U 10
«50000
« 79000
e 90260
«95000
« 95000

¢33008+C0

«3421E=-CL
e 2526E=01
«1912€-01
1635E=01
el451E~-V1
«1269e-91
«9998E~-02
«3852E-02
«4l5GE=-02
«18€8E=-02

¢« ©000€£+00

«3361E+0C
e 25645+00
«1735E400
«1371E+00
«1102E+00
e 9067E=01
+53372-01
e308%e-C1
«2128E-01
«9342E=02

« 75008400

«4385E6+4C0
«30206E+GC
« 2029E4CO
«1553E+CC
«1256E+00
«lu3dle+d9
«5824€-C1
«3512E-01
«2424%E~-U1
«1C54E-01

e TS0JE+CC

«SG4%E+CO
«4167E+00
e 2785E+0GC
¢2133e+93C
«1715E+0G
«L40%E+0GU
«9244e-01
s 4732E-01
«3261E=Cl
«143UE-C1

«75300E+00

«7519E+G0
«5176E+00
«3453e+00
«2638E+30
+211EE+CT
«172GE+C0
«1133E+CO
«5775E-01
«3976E-01
¢ 1742E-01

«8500£+00

«61G2E+00
0 420U8E+(D
eaBl32+C0
2135409
e 1733E+GC0
«14235E+C)

“eG350E-0C1

«4790E-Cl
«3302:-01
eif448e=-Cl

«E500E+CD

79272400
e D445E+0)
«3633c+QV
«2TTRE GV
«223024CL
13222 +C0
«l155E+¢C0Q
e2U99E=C1
¢42C0z=C1
«16412=01

«85002+00

«93342E+00
e 6427E+0D
«4Z2BLE+CU
03269E+00
02613c+00
+2136E+00
«1396E+00
«7098E-01
«4863E-01
e2133E~ul

«950Ce+00

«9939E+00
«478CE+00
¢3193c+00
«2443E+00
«1963E+00
«1606E+0C
«1035e+00
¢95394E~01
«3716E-01
+1629E=C1

«G200E490

«BS21E+CO
«S364E+9)
«3G0GE+2D)
« 29865400
«234%4E+CO
«1954E+4CV
«1279E+0)D
e5513F=01
04482c=-01
e1954E=-G1

«9500E+00

«9E92E+00
«5561E+4CO
«4366E+J0
«3328E+400
«2563E+90
«21L70€400
«141EE+00
«7180E-01
«4937€-01
«2161E-01
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Sample Airfoil Data

Printed below is a sample print of typical airfoil data to illustrate the previously
described input format.
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-39.
-21.
=165
=15,
=14,
=13,
-12.
-11.
-10.

~b6e
b,
-2
Je
2.
4
6o
8.
10.
il.
12.
13.
14,
15,
1645
21.
39.

0.

-1013
-1.18
-e3
-84
=-1.007
- 70
=1l.19
-2 T2
=1.333
-.73
~1.334%
~s735
~1.255
e T4
=1,161
e T4
~1.055
- 73
~e 844
-+ 595
~e633
-¢593
-ebb
-+ 396
-e25
-+.1399
0. :
0.

23
«1245
045
o45
70
593
«89
«695
1.08
«73
l.161
o T4
1.25%
74
1l.334
«735
1.33
«73
1,19
72
1.097
o7

8

b4
1,18
1.18

=1.334
=735
=14255
-o 74
=l.161
e T4
=1.055
- 73
=844
=695
-e633
-+593
-ebb
-¢396
-e25
f¢1399
0.

0.

23
+1245
45
«45
70
593
«89
+695
1.08
«73
l.161
« 74
1,255
« T4
le334
«735
1.33
73
1.19
«72
1.007
7
8

« 64
1.18
1l.18

=1.18
-.81

=944
-1.09
-l.22
-1.28
-1.26
=1.19
=-1.01
=.88

=06

«23
45
70
«89
1.08
1.19
1.26
1,28
1.22
1.09
0944
«81
1.18

1127

.
-1.18
=e83
=+950
=1.055
=1.096
-l.12
-1.13
=1l.12
-1.082
=907
=e684%
=e4805
-e2399
0.

« 2403
+4916
07224
9416
1.0333
1.1200
1.1305

1.12

1.096
1.055
«96
«83

l.18

5
-1.18
=e85
-+965
=99
=1,
-1,

=e994
-+985
-e922
~eT41
~e52
=27
0.
25
51
75
89
93
«994%
1.0000
1.

1.
99
965
«85
1.18

o6
-1.18
-.85
~e955
~e98
497
=96
-e947
-+930
-+910
=.87
=77
«45657
-.282
O
271
«5731
«7967
«8711
8802
93
2947

96

- 97

.98
<965
.85

1.18

-1.13
-85
=e965
=98
- 97
-.96.
~e9%
-e923
~-+900
=84
=75
=e6401
-e3274
Ce.
3245
06252
«7367
«7513
«8600
«923
+940

96

75
-1.18
“e71
=795

~-e33

. ~e84

=¢85

~e85

3417
6368
7169
7071
845
.85
85
.85
.84
.83
795
.71

1.18

=e33
=¢3469
O
«36756
5428
«5430
°70
«805
«81
82
815
«805
79
76
068
1.18
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APPENDIX A

LISTING OF PROGRAM ASYMP!
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OOCO

OO0

SOOO00O00O000O00

PRIGRAM MAIN(INPUT,OQUTPUT,TAPES=INPUT,TAPEO=DUTPUT,
1AFDATA,TAPEL=AFDATA)

CALCULATION OF THE UNSTEADY AIRLOADS ON A HELICOPTER ROTGR BLADE IN
FORWARD FLIGHTs THE METHID WSES AN ACCELERATION PIOTENTIAL DESCRIPTION
OF THE FLOW FIELD ANO A MATCHED ASYMPTOTIC EXPANSION TECHNIQUE TO
O8TAIN A SOLUTION CORRECT TJ O(1/(AR®AR)),

REFel = THe VAN HOLTENs» REPORT VTH-189,TECHNLISCHE HOUGESCHOOL,DELFT,

" NETHEKLANDS,

REFe2 = GoAJPIERCE ET AL, NASA CR 165742, MAY 1981.
FJR IDENTIFICATIDN OF PRJIGRAM STEPSs REFER USRS MANUAL.

REAL MUpLAMpMCLoMINF»MLIC

OLMZNSION R30(5),»X3UT(12),P300(24)5A(59,29)5B(59,1), .
LIPIVOT(59)sPHIN(2Q)sFILLS)»FI2¢(5)sG0(5)9GC(555),GS(595),FL(24),
2F2(24)9F3(24) sFLTI(24)sFLT2(24)sFNT(24),COL(24)92GST(2495)9dK{59),
30GS2(2455),FL1(24s5), FLZ(’4’5)’FH(24’5))XCP(24)7))
4PQUT(5510),PDIP(2455)

DIMENSIGN CL(5C»20),MCL(22)sACL(50)

COIMMIN/MAINL/NL,PI

YLUXLoXLLlo XL 2o YLL»YL2)aYLI 4 (XL=-XLL)*(YL2=-YL1)/(XL2=XL1)

DATA NSPsNHMyNAZsNCIFINCIFPHIDMAXY?S595511959»6050.57

DATA ‘0Ut/.05).1'02’03’0"}.5) 07!09) o95poqq,

Plmb,%ATAN(L,)

PRIGRAM 5TcP 1.

READ AND WRITE -INPUT DATA AND ASSJICIATED QUANTITIES.

READ(5’*)R0’AR:NB’TH:ﬁUoALQ:CT}HINF
KEAJ(S»*INLyNZ2yNIsNE

IF(M1 +EQe 1IREAU(S5»%)THC

IF(N2 +EQs GIREAD(S5,*)GAMA

IFIN2 4E2e¢ 1IREAD(5,%)A0

IF(N3 LEQ. 1IREAD(5,¥)AL

IF(N4 +EQ+ 1IREAD(S59%¥)31
READ(S5)»*¥)(RBO(I),I=s)l,NSP)
READ(S5,#)0PLD,CGP2Ds UTMININAFD

NAFO=0 == AIRFOIL TABLES NIT USED.
NAFD=1 == AIRFOIL TABLES USED.

IF(NAFD .EQ. 0}6O TO 8

READ(L, 1INXLONZL
1 FORMAT(30X,2I2)

READ(1, 2) (MCL(I)»TIalsNXL)
2 FORMAT(7Xs9F7.0)

NL1s=NXL/9

NL2=NLL+1

DO 3 I=1,NIL

D0 3 J=1,NL2

Jl=(J=1)*G+]1

J2=J%9

IF(J1 «GTe NXL)GO T3 3

IF(J2 «GTe NXL}J2=NXL

IF(J «EQe LIREAD(L»4)ACLII)»(CL{T2J3)»J3=J15J2)
4 FORMAT(F7.0,9F7.0)

IF(Y oGTe LIREAD(L,5)(CL(I»J3)sd3=01y42)
5 FORMAT(7X»9F7. O)
3 CONTINUVE




8 CONTINUE
OP1=0P1D*PI/180.
CP2=QpP20*P1/180,
wRITE(O,1lu)
16 FORMAT(1HL) -
ARITE(5920)R00ARINB» Ty MUs ALRIMINF
20 FORMAT(//76Xs"™ROOT RADIUS/TIP RADIUSa",F10,5//6X,"ASPECT RATIQ=",
LF1045/7/76Xs "NUMBER OF BLADES=",12//76Xs
2"LINEAR T#IST(RUOT TO TIP)a"y)FLlO0e5s1Xs "DEGREES™//6X>s
3"FORWARD SPEED/TIP 3PECD="yFl0.5//6Xs
GYROTOR INCIOENCE(FIRWARD TILT POSITIVE)=",F1l0.551Xs"DEGREES"//6Xs
S"FREESTREAM MACH NUMBERs™,F10,.5)
TwsTW*PI/180,
ALR=ALR#*P[/180.
IF(NL «E2s O)THC=D,
[F(N2 +EQe Q)AQ=O,
IFIN3 +EQs O)AL=0D, -
IFING +E2. 0)B1=0,
WRITE(5,30)CT
30 FORMAT(/5Xs"THRUST COEFFICIENT="F10.5)
IF(N1 +2Qs 1IWRITE(5,40)THC
4C FORMAT(/5Xs"PITCH ANGLE AT BLADE ROOT="sFl0e5s1Xs"DEGREESY)
IF(N2 «EJs OIWRITE(6»50)GAMA
3C FORMAT(/75X,"FLAPPING INERTIA COGFFICIENTs™,FLCs5)
IF(N2 +EQs YIWRITE(Hs60)A0 ’
60 FOGRMAT(/5Xs"™CUONING ANGLE="»F1045,1Xs"DEGREES")
IF(N3 +EQ. 1)WRITE(Dy7C)AL
70 FORMAT(/OXy"FLAPPING CIEFFICIENT, Al="yF10e4551Xs"0OEGREES™)
IF(NS LEJ, LIWRITE(O6,32)31
80 FORMAT(/5Xs"FLAPPING CIEFFICIENTy 81la™sF1l0eSs1X,"OEGREES™)
THC=THC#P1/180.
AOSAU¥P /180,
AlsAi*PI/150.
31=31%P[/180.
LAM=AURALR+SART (o 52 {-MU*MU+SART(MUXMU*MUSMU+CT*CT)))
WRITE(6,90)LAM) UTMINSDP1O»0P20
90 FORMAT(/5Xs"TOTAL INFLOW RATIOs"pFLlCe5//6Xs"MINIMUM UT=",F10.5,
1"(2ZR0O LIFT CONDITIIN APPLIED 3ELOW THIS VALUEI"//6X,
2"NORMAL AZIMUTH INTERVAL="sFLl04991Xp"OEGREES"//6Xs
3"REDUCED AZIMUTH INTERVAL=",Flle5,LX,"DEGREES™)
SLCRwl,
CLO=0,
IF(NAFD Qs QIWRITE(5)91) .
Gl FORMAT(/5X,"AIRFOIL OATA TABLES NOT USEO™)
IF(NAFD «EQe 1)IWRITE(6992)
92 FORMAT(/6X,"AIRFOIL DATA TABLES USED"™)

CALCULATE QUANTITIES NEEDED FJIR TRAJECTORY SEGMENT ADJACENT TO THE
COLLGCATION POINT, ' '

OO0 0

ETALPsALJIG{(3.+5QART(5.}))72,.)
CFL=CI3H(«5%«ETALP)/SINH(+S*ETALP)
CF22.5%CF1=-ETALP
CF32,25%CF1=SINH(STALP)
EX1sEXP{=-ETALP)

CFa=,5-EX]1

CFRO3=g GHCTALP = S¥EXL+2I¥EXL*¥EXL+3, /8,
t=1 ‘

C
C  PRUGRAM STEP 2.
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S;A$IDEUTER LJ0P FOR CAOLLICATION. THIS LOOP SEYS THE CURRENT AZIMUTH
3Ta .

QOO0

DO 100 J=1sNAZ
P30s2.#J*¢PI/NAZ
PRLU(J)=360.4J/NAZ
CP1eC5(P30)
SP1=SIN(PBO)
C222C05(2,%P30)
SP2eSIN(2,%PRO)

START INNER LJOP FOR CILLGCATION. THIS LOOP SETSITHE CURRENT RADIAL
LOCATIIN,

OCOHO

DO 100 I=1sN5P

DO 110 M=1,NCOF
S AlLeM)= 0,
110 CONTINUE

© BlLsl)=0. : .

130324%(RBO(I)=45%(Le+RI)}I/(1e=RI)
SQAL3SART(1e=2BC*280)
UT=x30(1)+MU*5P1

PROGRAM STeP 3.

TEST THE TANGENTIAL VELJICITY AT THE COLLOCAT1ON POINT, TO DECIDE
WHETHER NOKkMAL VELQCITY 3CUNDARY CONDITIGN ar ZLRD LIFT CDNOITIGN
SHOULD 3& APPLIED.

OO0 O

IF(JT +GTe UTMIN)SO TO 120
WRITE(o»130)RBO(IIWPBOI(I)2UT

130 FURMAT(/0Xs"™Ra"yF3,3y1Xs"PS[="y FB8e3s"DEGREES™)LK, "JT",
LF6843s1Xy"2ERD LIFT CONDITION APPLIED™)
G3 T3 149

126 CP=(1l.=RO)V/(2,%AR¥UT)
PLIM=PBO=(24+RBO(I)*CPL}/SAIRTINUSMULLANLAM)
IF(NAFD JEQ. 0)GO TU 133

¢
C PRUGRAM STEP 4.
C CALCULATE LIFT CURVE SLAPE FR3IM DATA TABLES FOR THE CURRENT
C COLLUOCATIUN POINT, USING THE LOCAL INCIDENCE AND MACH NUMBER.
c
MLOC=UT*MINF/MY
ALJC=THC-TW*(RBOLI)=RO)/(1e=RQ}+BL*CPL-A1%5P1
l=(MU*AO*CPLleLAM)I/UT
ALOC=ALOC*1E0.,/PI
CALL TABSCHIMCL,NXLsALOC, IMCLLy IMCL25 INT)
IFUINT oEQe =1)IMCL1=IMCLZ2=]
IFCINT «EQe 1)IMCLI=IMCL2=NXL
CALL TABSCH(ACL,NZL,»ALOC,IACLLsIACL2,INT)
IF(INT +EQe 0)GO TQ 131
IF(INT .EQ. =1)GO TJ 132
TACLLlaNXL=-1
IaCL2=NXL
60 2 131
132 IaCLl=l
1aCL2=2

131 SLCL=(CLCIACLZ2,IMCLL)=CLCIACLL,IMCLLY)/Z(ACL(IACL2)
1=ACL(IACLL))
CLO1=CL(TACL1,IMCLL)=-SLCL*ACL(TACLY)
SLC1l=SLC1*180./P1




AOOOOO

L33

SLC2=(CLIIACL2, IMCL2)=CL(IACLL, IMCL2))/(ACLCIACL2)
1-aCL(IACLL))

CLO2=CLUIACLL, INCL2)=SLC2#ACL(TACL)

SLC2=SLC2#1804 /P v

[FCIMCLY JEQ. IMCL2)SLCR=SLCL/(2.%PI)

IF(IMCLL oNEs IMCL2)SLCR=YL(MLIC»HCLCIMCLL),MCLOIMCLZ),
1SLCLsSLC21/(24%P1)

IFCIMCLL JEQs IMCL2)CLO=CLIL

IFCIMCLL oNEs IMCL2)CLO=YL(MLOCsMCLEIMCLL)»MCLIIMCL2) s
1CLCL,CLO2)

CONTINUE

CALCULATE THE CONTRIBUTION TJ THE INDUCED VELOCITY FROM THE
TRAJZCTORY SEGMENT ADJACENT T3 THE COLLOCATION POINT, AND AOD TO
COEFFICIENT MATRIX ELEMENT. ALTERNATIVELY, SET UP THE ZEPO LIFT
CONDITION. .

140

151

170

160

152
130

130

00 150 Il=1,NSP
IF(LLl «GTe 1)GO T3 1560
IF(uT JLEs UTMINIGO TO 170
IF(SLCR +£Qs 0.)63 TO 151
Wla=AR%(1L,+28C)*CFL/UT+MU*CPL*CF2/7(UT*UT)I=(2.,%AR* (1, 0280)-
1LFUN3(RO)AR,RBO(I)»1))/UT
W22(1a=nO)*¥(Le+t230)¥CF2/7(2s%UT*UT)=(1le~RO)*MUXCPL*CF3/(2,%AR?
1UT#dT*UT)
W32 {1a=RUI*(1e=ROI*(1+230)*CF3/(B%AR*UT*UT*UT)
wlxd l=AGk(1,#230)*%(Ll.=SLCR)/(SLCR*UT)
GO Ta 180
WlzaR*¥(1,+283)
Wisw3zy,
G0 T3 139
WlsARS(14+2Z30)=FUN3(RI»ARYRBO(I)s» 1)
W2sJ,
%320,
Gy T2 189
NL=[1l-1
IF(UT JLE. UTMIN)ISO TO 19C
POS=PNM(I1-1,0,28V)
P1lS=PNM(Il-1,1,1280)
PI=FUN3(RU»ARSRBG(I))3)
IF(SLCR +EQ, 0,)GT TO 152
nl==AR*SIZ2*P1S*CF1l/(2, *PI*UT)-HU'CPL*NL*(NLOI.)‘POS*CFZ/(Z.*PI
LEUT*UT) +MURMUSCPL*CPL*NL*(NL+1.)*PLS*CFI/ (4. #PI*®ARXSQZ*UT
2¥THUT)=(AR*SQZ*PLS+PQ/2,)/(PI*UT)
W22 (la=RO)VESQAZAPLS*CF2/( 4o *¥PI*UTHUT)+(1o~RO)I*MUSCPLENL*(NL+1.)
L*POS*CF3/ (4o *PI#ARMUT*UT*UT)
W32 (1le=RO)*¥(1.=ROI*SQZ*PLS*CF3/(16,%PI*AR®UTHUT*UT)
WwlaWl=- AR*SQZ#PIS*(I.-SLCR)/(Z *PI*SLCR‘UT)
o0 T3 189
WlsAR®SQZ*P1S5S/(2.%P1)
W2sW3=],
GQ TO 160
Wls{AR®SQZ*PNM(IL- 1:1’280)*FUN3(R0pAR’RBO(I):3))I(2.*PI)
W2zJ.
W3=0,
Ms(Il=1)%NAZ+1
A{LsM)=A(LsM)+u]
D0 150 I2=1,NHM
MsM+]l
A(LoMI=A(L) M)+ (WLPI2*I2%W3)#COS(I2%PBO)-12*w2%SIN(I2#P30)
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MaMel
AlLsMYsA(Lo M) (W1+12%12%W3)*SIN(I2*PBO)+12%u2#%COS(I24PBO)
156 CONTINUE
IF(UT +GTe UTMINIGO TO 209
ManSP*NAZ®]
A(LsA)sA(LsM)+(1e-RO)*(2. *HU*CPI)I(# *AR)+(1.,-RO)*(1,-R0O)
Lx(-1,)7(1¢, *AR‘AQ)
LhEREDH
A(L;ﬂ)tA(L;M)f(la-RJ)*(Z-*ﬂU*SPl*RBO(I))I(Q *AR)
M=M+] '
AfLsM)=A(L M) #(1e=RO)*(~ Zo*WU‘SPZ-Zo*RBO(I)*CPl)I(# #AR}+(1.,-R0)
L¥(1,=R0)%(2.,*#5P1)/(Lo.*4aR¥*4AR)
MaM+]
AL M) =ALL)M)#(La~ROI¥(2.¥MURCP2=2,*%RBO(I)*SPL)/(4s*AR}+(14-R0O)
1#(le=RU)*(=2,%CPL)/ (16, *AR%AR)
BlLsl)=B8{LyLl)=TW*(2,%¥MU*RC#CP1~ NU*WU‘SPZ-#.*HU*RBO(I)‘CPl)/(Q *AR)
1=(1e~RO)¥(=RO+4,*¥RID(I) +4 ¥MUXSPLI*TW/ ( 16+ ¥AR¥AR)
L=L+l
63 19 1287
20C CONTINUE
[F(SLCR JNEse 06160 TO 201
a(Lo1)=d(L'1)-UT*UT*CLOI( «*¥P 1)

L=l
762 TO 100
201 3(Ls1)=3(Ls4) +UTHCLO/ (2. *¥PI4SLCR)
c _;
C  PROGRAM STEP S..
C START CALCULATION OF THE INDUCED VELGCITY CONTKI3UTIGN THAT REQUIRES
C INTEGRATION wITH AZIAUTH,
C  STaRT LJJP FOR NUM4ER OF BLADES,
<
D3 210 I3L=1sNB
D822, %PI*(I8L~1)/NB
¢
C CALL SUSROUTINE TO DETERMINE AZIMYTH POSITIONS AT 4HICq TRAJECTORY
C IS CLOSE TO A BLADE.
c
IF(DPL oNEs OP2)CALL DMIN(MUsLAM»DBsR30(I),PBOsPLINIDNMAXs ININy
LPHIN)
Jlsl
K1=d
c .
C SET LJUJER AND UPPER LIMITS FOR AZIMUTH SUB-INTERVAL.
¢ _

PB82=P30

IF(I3L «EQ. 1)PBLl2P30-DP

IF(I3L «GT. 1)PB1=P30-0P1
22CG CONTINUE

Gizs5%(P32+PB1)

G2=.5%(P32~PB1)

PRIGRAM STEP 6.
START LOJP FUR 5=POINT 5AUSS-CHEBYSCHEV INTEGRATION,

OO0

00 230 I1=1,5
G=Gl+#G2¥COS((2.#%I1-14)%PI/10.)
FACT=SQRT((G=-P31)%*(P32~G))

00 230 M=1,NCOFP
Mla(M=1)/NAZ+1

M2=d=-(M1=-1)*NAZ




OO OO0

OO0

IF(M]1 «GTe. NSP)GO T 240
m3sn2/2 :
M4=M2-M3Ik2
IF(41 .6T. 1160 T3 250
IF(M2 oEde¢ L)FN=FUN2(RI» AR, TWoMUs LAM,RBO(I)»PB0Os0P503,Gs1)
G0 T3 269
25C¢ NL=Ml-1
IF(M2 oEJs 1)FNSFUN2(RO» ARy TWsMUsLAM,RBO(I)»PBO»DP»DBs»G»2)
260 IF(M2 +EQs LIA(LsM)=A(LsH)+FNSFACT*PLI/5,
IF(H2 «GTs 1 oANDs M4 +EQe OQ)A(LIM)SA(LsM) +FN#COS(M3%(G+0B))
L+FACT*PL/ 5,
IF(12 «GTse 1 oANDs M4 «GTe OJACLSMI=A(L,M) #FN*#3IN(MI*(G+D3))
L#FACT*PI/ 5,
GJd TQ 230
24C J2=4+2-(NSP*NAZ)
EN=FUN2{RO»AR» TWs HUs LAM,RB0(I)sPBO»OP»DBsGyI2)
IF(M oLEe NCAF)ACLI)M)=A(L,M) +FN*¥FACT*PI/5.
IF(M o5Qs NCOFP)B(Lsl)=B(Ly1)+FN*FACT*PL/5.
23C CONTINUE

PRIGRAM STEP 7,
tNO GF LUOOP FOR GAUSS-CHE3YSCHEV INTEGRATION. '
PEDEFINE UPPER AND LOWER LIMITS FIR THE NEXT AZIMUTH SU3=INTERVAL.
TEST TO SEt IF THE AZE4UTH LIMIT H4AS B3EEN REACHEU. ALSO TEST TO SEE
IF THE TRAJECTCRY IN THE NEXT SEGMENT IS CLAOSE TO A BLAOE, IN WHICH
CasSE XEductd SPACING MUST BE USED.
pa2=p3]
IF(P32 .LE. PLIMIGO TO 219
IF(DPl +£2s DP2)GI TI 270
IF(JLl «GT. IMINIGD TOD 270
IF{KL «EQe O oAND,s P32 o Lce (PHIN(JL)+PI/64))GI TO 280
IF{K]l «EQe 1 <AND. PB2 «4GT. (PMIN(J1I-PI/64))G0 Tg 230
IF(KL ¢2Q¢ 1 oANDe P32 oLEs (PHIN(J1I=PI/6.))GD TO 230
IF(PB2 «6Te (P3I=PL/64) +AND. I[BL +EQe 1)P31=P31-DP2
IF{P32 oLEe (PBU-PI/54) +OR, IBL «GT. 1)PBLl=PB1l-DP1
IF(KL «EQs O o+ANDe P3L oLTe (PMIN(J1)+DPL))IPB31aPMIN(JIL)+DPL
sQ T3 220
270 PBl=P31-DP1
GO Ta 222
280 P31=pP31-DP2
Kl=1l
G2 T3 220
290 pP3lsPBl-0Pl
K1l=0"
JlsJl+l
G0 T3 220

210 CONTINUE

PRIGRAM STEP 8.

END OF LOOP FOR NUMSER JF 3LADES.

SET UP THE COEFFICIENT MATRIX ELEMENTS CORRESPONDING TO THE
4 AUXILIARY UNKNOWNSs AND THE RIGHT HAND SIOE.

MaNSPENAZ+]
AlLsM)=A(LIM)I=UT=(1e=RO)*(2.,¢MURCPLI*CF4/(2.%aR%UT)~
101e=RO)#¥(1e=RG)*¥(=2.¢MU*SPL)*$CF5/ (4 *AR*ARXUTHUT)

Mam+l

A(LsM)=A(LIM) +MURCPL=(1o=D)# (2, *MU*SPL+RBO(I)I*CF4/ (2. % AR¥UT)
1=(1e=RO)#(1e~ROI*(3,«MU*CPLI*CF5/ (4. *AR®AR®UTHUT)
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Me=d+]

AlLsA)=ALLIM) € 56MUS{L,=CP2)+RBO(L)#SPL~(1,=RO)*(=2,4MU%SP2
- 1=2o*¥30(I)*¥CPLI*CF4/ (2, ¥ ARPUT)I=(14=RO)#(1.~RO)# (=4, $4U*CP2

2424%BI(I)*SP1=2, €MJSCPLECPLI*CF5/ (4 ¥ AREARSUTHUT)

MaM+l ‘

AlLsM)=A(L) M) =RBOCI)*CP L= 5¥MUXSP2=(1,~RO)* (2, ¥NUCP2~2, %R30(])
LESPLI#CFO/ (2. %ARUTI=(10=R0O)#(Lo—RO)* (=4 #MUSSP2-2,%230(1)
2¥CPL=2.#dUKCPL*SPLI#CF5/ (4 ®ARKARFYTHUT)

3(Ls1)28(Ls L) =AUFALR=TW#(RBI(I)=ROI*UT/(14=RC)=TW* (=2, #4UsRO*CP]
LeMUSMUESP 244 ¥ U3 0(T)#CPLISCF4/ (2. AR¥UT )= (1o~RO) 6T W
{20 #MUKRDESP L4244 MURAUSCP 24 AMURRBO (1) XSP1 44, $HUFMY

o 3#CPLECPLISCFS/ (4o kARKARKUTHUT)
E Lat+l K .

1C0  CONTINUE

PROGRAM 3TEP 9,

END OF COLLOCATION LGOP. .
CALCULATE SPANWISE INTEGRALS NEEDED IN SUBSEQUENT STEPS,

QL OoO0

0J 300 I=1,NSP
FIL(I)a0,
: FI2({I)=0.
300 CONTINUE
Gl'ost(lo*ao)
GZ=.5'(1.-RO‘)
00 310 I=1,10
G2GL¢G2%COS((2,%[=1,)%P1/29.)
FACT=SIRT((G~RC)I*(1e=G))
U0 310 Il=1,NSP
Hl=I1=1 )
IF(Il «3T. 1)G0O T9 320
FILCIL)aFIL{IL)+FACT#FUNI(RI»ARSIG,L)I*PI/1Q.
FI2Z(TI1)2FI2(I1)+FACT*FINI(RI»ARSG»2)#PL/10,
60 Td 310
320 FILCIL)=FILCIL) +FACT*FUN3(RI9ARSG»3)*PI/10,
FI2Z{I1)=FI2(LL)+FACT#FUN3(RO»AR»Gs4)*PL/10.
310 CONTINUE

PROGRAM STEP 10. ' ,
SET UP THE EXTRA 4 EQUATIGNS NEEOED T3 CLOSE THE SYSTEM.

OO0

D0 330 I=1,4
DO 34C M=1,NCOF
A(LyM)=0,
34C CUNTINUE
B{Ls1)=0.
IF(I 4EQe 2 «ANDs N2 +E3s 1)GO TO 369
IF(I «£9e 3 «AND. N3 LEQ. 1)GO TO 37¢C
IF(I «EQs 4 ANDs N4 +EQ. 1)GO TO 380
IF(I «LE., 2)I1=]
IF(T «GTe 2)I1s]I~1
IF(I «6T. 1)GO TO 390

THE FILLOWING EQUATION SETS THE TOTAL BLADE LIFT,AVEKAGED JVER
THE AZIMUTH, €QUAL Td THE THRUST COSFFICIENT,

OO0

Mal
ACL>M)=ACLIMI#(10=R001%(1,=ROI=(1,=RQ)*FIL(1)/AR
M=4+NAZ




AlLsM)=A(L)M)+(Le=RO)*(Le~RO)/(3.%P]I)
DD «C00 I2=2,NSP
Ms{[2-1)*NAZ+]1
A(LsM)aA(LyM)+(14=RO)XFIL(I2)/(2.#P[*AR)
40C CONTINUE
MaNSPENAZ+L
A(Lp“)lA(LoH)-(lo-RO)*(ln-RO)'(1.-?0)*(1.-R0)I(lé.’AR#ARtAP)
MaM+l
A(LoM)I2A(Lo)M) +(1e=ROI*(14=RO)I*{1e=ROI*(1.,+R0)/(8+*AR¥AR)
BCLs1l)=B8(LsoLl)#+CT/NB=(Lle=RO)*¥(1e=RO)I*(1,=RII*(2.+RCI*TW/ (16, *AR*ARS

1AR)
L=L+1
) 60 TO 230
C
C THE NEXT THREE EQUATICNS (I=2,3,4) REPRESENT MUMENT EQUILIBRIUM
C  A30UT THE HUB (ZERQTH HARMUINIC, FIRST HARMONIC COSINE AND FIRST
C HARMCONIC SINE COMPONENTS).
39C M=]1
A(LsM)sA(LoM)=FI2(L)+AR¥(45%(1=RC*RC)+{1e=ROI*(1.-20)/5,)
MsMeNAZ
A(LyM)=2A(LsM)*AR¥ (1, =RU*R0)/(5.,%P])
MaM+NAZ

A(L:“)=A(L:ﬂ)+hi#(l.-ﬁ3)'(l.-RO)I(lo.#PI)

03 410 I2%2,NSP

Ma(I2=-1)%NAZ+[1

A(LoM)=sA(LsM)+FI2(I2)/(2.,4PI)

410 CONTINUE

M=NSP*NAZ+1

IFCL EQ¢ 2JALLIM)IZA(LIM)=~(1e=R0)*¥(1e=ROI*(1.=RO)I*(1.+R0}/(32,.%
LAR*AR)

IF(I «£Qe¢ 3JAMLIMI=A(L»M)+MU¥(Lo=RII*¥(1.=RTI*RO)/(4.*%AR)

MxMel

IFCI o20s 2)A(LsM)=A(LsM)+(1e=0)*%(1=RO*RO*K0)/ (12,%AR)
1=2.7GAMA

IF(I o€Qs 4)A(LsMI=A(L)"M)+(1e=R0)*(Le=ROU*RI)I*MU/ (4.*AR)

MaM+]

IF(I «EQ¢ 3)A(LoM)=A(LoM)=(14=R0O)*%(1+=RO*RO*KO)/ (£,*AR)

IF(I +EQe 4)A(LsM)®A(LI M)+ (1o-ROI*(14=RO)*(1.=RO¥RO)/(16,%AR*AR)
MaM+l

IF(T oEQe 3)A(LIM)=A(LIM)=(1o=ROI*(Le—ROI*(1.,~RO*RO)/(16.,*%AR*AR)
IF(L «EQe 4YA(LIM)®A(LoA)=(14=RO)I*{1.—RO*RO*¥RO)/ (6.*AR)

IF(T «EQs 2)BCLs1)23(Lsol)=(le=RO)*(Ie=ROI*(1,=RO)I*(1.~RO)I*TW/ (12,
1#AR#AR ) +R0O%(1e=ROI*{1o=RO)I* {1 +RO)I*TW/ (32, ¥AK*AR)

IF(I .cQ. 3)B(L,1)-3(L.1)+HU#TH*(-RO*(1.-R0*RO)I4.0(1.-R0*R0*R0)/
13.)7AR.

IF{I +EQ, b)B(L:l)-a(Lp1)-HU*TH*(1.-RO)*(1.~R0*R0)I(8.*AR¢AR)
L=L+1 .

Gad T3 3390

THE FOLLUWING :OUATION SETS THE COLLECTIVE PITCH EQUAL TO THE
GIVEN VALUE,

OO0

350 MaNSPHNAZ+1
Al(LsM)=l,
B{L,1)sTHC
LeL+l
GU T3 330

C
o THE FULLOwWING EQUATION SETS THE CINING ANuLE EQUAL TO THE GIVEN
c VALUE.
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58

[
360 A=NSPENAZ+2

(g XS R ek (s N o Ne N o

OO0

A(LsM)=l,
3{L,s1)=42
L=t ¢}

60 1O 330

THE FOLLOWING EQUATION SETS THE CYCLIC PITCH COEFFICIENT,
TJ THE GIVEN VALUE,

370

M=NSPENAZ+3
A{L,M)=1,
8(Lsl)=al
Lal+l

63 TO 330

T*E FILLOWING EQUATION SETS THE CYCLIC PITCH CO:FFICIENT-
TO THE GIVEN VALUE,

380

330,

MaNSP#NAZ+4
AllL,M)=1,
3(L,1)=31
L=L+1
CONTINUE

FRJuRAH STEP 1l.
SOLVE THE SYSTEM OF SI!ULTANtDUS EQUATIONS AND PRINT THE SOLUTION,

430

440

456
460

470

CALL GELIMINCOF,NC OF» 45 193, [PIVOT»0,wKy IERR)
IFCIERR €9 1)50 TJ 420

L=]

DJ 430 I1s1,NSP

GU(IL)'&(L;I)

L=l+l

DO 430 I2=1yNHM
GC(Il,I2)=3(Ls1)

Lal+]

GS(IlsI2)=B(Lyl)

L=l +]

CONTINUE

THC=B (NSP*NAZ+1,1)
THCD=THC*180./P1
AQ=3(NSP*NAZ+2,1)
AJD=A0%180,.,/P1
Al=3(NSP*NAZ+3,1)
AlD=A1%18G./PI
B1s3(NSP¥NAL+4,1)
B10=31%18U./P1

WRITE(6510)

WRITE(6,%40)
FORMAT(/7/5X»"SOLUTION FOR COEFFICIENTS™/6X»25(1H4=)//6%,
17(c0(I),I=s1,NSP)"™)
WRITE(65,450) (GO(I),I=1,NS5P)
FORMAT(/6Xs5(E10e4s1X))
WRITE(6,4560)
FURMAT(/775Xs"(GCAIsd)pd=1sNHM) s =1, NSP I/ /)
00 470 I=l,NSP
WRITE(69450)(GC(LyJ)sdnlyNHM)
CONTINuUE

WRITE(65480)

Al,cQual

81, EQUAL




OO 6C OO

480

FIRMAT(//6Xo™({GS{Isd)sdolrNHM)» I=2sNSP)"//)
DO 490 [=1,NSP

WRITe(6»450)(GS(IsJ)sJd=lsNHM)

49C CONTINUE
WRITE(5»5u0) THCD» AQD» ALD» 310
50C FIRMAT(//76X,"PITCH ANGLE AT 3LADE ROOT=",F10.5»"DEGREES"//6X,
L"CONING ANGLE=",FLl045s Xy "DEGREES"//6X>»
2"FLAPPING COEFFICIENT), Al=",F10.551Xs»"DEGREES"//6X»
I"FLAPPING COEFFICIENT, 312"pFl)e551Xs "DEGREES™)
PRIGRAM STEP 12,
START L33P FOR AZIMUTH STATIONS AT | WHICH OUTPUT QUANTITIES ARE
CALCULATED.,
CTCAL=Q,
CMXCAL=0,
CMYCAL=C,

530
520

D7 510 I=1,24
P3GI(I)=15.%(1-1,)
P3d=(I-1,)*PI/12.
CPL2CAS(PBO)
SFLsSIN(PBO)
CP2=CUS(2.#PBO)
SP2aSIN(2.%P30)
FLOI)==THC=TW#RO/(Le=ROI=2,%31#CPL+(2.%AL+4 ¥ MUSTW/(1.=R0O))*SP1
FRUI)CPL*(2  #MUATUFRO/(1,—R0) +2.#MU*THC) +2 MU AD#SP1

142.%MUSBL¥CP2~( 2 ¥NUFAL+MUENURT W/ (1a=RO) ) *SP2
F3(I)mAC-CPL* (4 #MUFTw/(1,=R0O)+2.%41)~2,%81%5P1
F61250(1)

F62336(2)

FG32G0(3)

FNL=2J,

FNZ=0o

G0 520 I1=2,5
FNLsFNL+FIL(I1)#GO(I1)
FN2xFN2+FI2(11)%60(11)
0O 520 I2s=1,NHM
C12=CGS([2%PBD)
SI2=SIN(I2%P30)

IF(I1 +6T. 2)60 T 330 J

FoLxFGL#5C(1, 12)#CI2465(1, [2)#SI2

FG2=FG2+GC(2, I2)*C12+4G5(2,12)#512

FGIsFG3+4GC(3, [2)#C12+G65(3,12)#SI2
FNL=FNL+FILCI1)*(GC(I1,12)%CI2¢GS(I1,12)%512)
FN2xFN2+FI2(T1)*(GC(I1,12)#C12+4GS(I1,12)%512)

CONTINUE \
FLTL(I)s=PI*(1.=ROJ#FIL(L)*FGL/AR+PI*{1.~RO}*(1,=ROI*FGL+(1.=RO)*

L(1e~ROI*FG2/3,4(1s=ROI*FNL/(2.#AR)+PI*(1.=RO)*(1.=R0O)*(1.,~R0)

2#F2(I) /(4 #ARSAR)+PI*(1e=ROI#(1.~ROI*(1.~RO*ROV#F3(1) /(8. *

JAR¥AR)+PI#(14=ROI#(Lo=ROI#(1e=~ROI¥(1e=ROI¥(FLII)+2.#TH(144RDI)

4/(1e=R0O))/(16.¥AR¥ARKAR)

FLT2(I)=FLTI(I)/(ST*PI/NS)
FAT(I) ==PI#(1e=RO)*FI2(L)*¥FGL/ARSPI*(1,=RO}I#(,5%(1.=RO¥RO)+(1,=R0D)

L¥(1,=RO} /64 )¥FGLH(L =RII¥(1,=RO¥ROIHFG2/644(1e=R0)*(14=RO)

2% (1o=ROV*FG3/10e+(1o-RIVEFN2/ (2, ¥ARI+PI# (1 ~RU)*(1.=R0)*

3(14=RO¥ROI#F2(I)/ (B *ARFAR) +PI#(14=ROD#(1s=RU)*(1,=RO¥RO*RO)

G¥F3(I)/ (12, AR¥AR)+PI#(Le=RO)#(1s=ROI*(1,~RCI*(1,-RO¥RO)*F1(I)

5/(32,%AR¥AR®ARD+PI*#TW#(Le~ROI*(1le=ROI* (1. ~RO¥RO¥RO)/ (12, *AR

6*AR*AR)
COLCIY=FMT(I)/FLTIAI)
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60

OO0

c
c
c

CTCAL=CTCAL+FLTL(L)/ 24,
CMXCALSCAXCAL+FMT(I)*SPL/ 24,
CMYCAL=CMYCAL=FMT(L)*CP1l/ 24,

START L3GCP FOR RAD[AL STATIUNS AT WAICH QUTPUT GUANTITIES ARE
CALCULATED.

510

541

03 510 Il=1,NSP

F232F2(1)+x30(IL)*F3( 1)

13824 % (RAGIIL)=45%(1e¢R))/(1e~RD)

UTaR3J(I1)+MU%SPL

SAZ2SAIRT(Le.~ZB%23)

FNO=sFUN3(RO,AR)RB0(I1)s L)

FN1=Q,

FN2320,

FN3=z),

D3 540 12'2’5;

NL=[2=-1 .

PNL2PNM(I2=1,1,»28)

PN2=FUN3(RO» ARSRBO(I1))3)

FNl'FVl*SC(IZ)*le

FN2=FN2+GU(I2)*PN2

r\jsFN3+¢C(I2)*NL¢(iL*I.)*Pﬂl

0U 540 TI3=1lyNHM

CI3=COS(I3%PBO)

SI3=SIN(I3%P30Q)
FNL2FNL+PN1*(GC(L2,[3)*CI3+G65(I2,13)%513)
FN2=FN2+PN2*(GC(I2,I3)*CI3+GS5(I12,13)%513)
FNIsFNI+NLE(NL* L2 #PNLI*(5C([2,13)*%CI34GS(I2,13)%513)
CONTINUE

GSTUI»I1)=AR¥((L.+Z3)%FGL+5A2*FNL/(2.%P]))
POLP(IsIL)s~FNCEFSL1+FN2/(2,%P])
DGS2(IsIl)==AR%FN3/(2,%P[*327)
FLLII,I1)=(le=KO)*¥PI*(POIP(I,I1)+GST(IoI1)¢(Ls~=R0)*F23/
1(44%aR) +(1e=ROV#(1oe=ROI*{FLII)+44*Tw*RBO(IL)/(Le=RDI))/
2(16.¥AR¥AR) ) /AR

FL2(I»IL)=FLLLI,IL)/(CT#PI/NB)

FMOIs DL =GSTC(IsI1)#(24%0652(IsI1)+(1le=ROI*(1e=ROI*(FLIT) 4Go*TW
1*¥R3I(IL)/Z7(1e=RD)))I/(32.%AR%XAR)
FMCIsIL)=FMUI»I1)*PL#(1e=ROVX(Le~RO)}/ (4, *AR*AR)
FHCI»I1)=FMUTSTI1)+(L.~ROI*FLI(I)IL)/ (4.*AR)
XCP(IoLl)=e254FMUI»I1)*AR/(FLL(I»I1)%(1.=R0))

CONTINUE

CTCAL=CTCAL*NB/PI

CixCaL=CMXCAL*NB/P]

CMYCAL=CHYCAL*NB/PI

WRITE(6,541)CTCALSCMXCALSCMYCAL

FORMAT( /56X, "COMPUTED THRUST COSFFICIENT=",E10.,47/76Xs
1"COMPUTED MUMENT CO:EFFICIENT A30UT ROTOR X=AXIS=2",E106.4/76X%s
2"COMPUTED MOMENT CJIEFFICIENT A3QUT ROTOR Y=AXIS2",Z10.4)

PRINT Qu4TPUT IN TABULAR FORN.

5506

56¢C

ARITE(»,10)

wRITE(65550)

FORMAT(//76Xs"TABLE 1 = SECTIONAL LIFT/(RACH(CMEGA**2) % (R1%%3))"/5X
Lsa3(Licd=)1717)

WRITE(O5563)(R30(I)»1I21,NSP)

FORMAT(/L2Xs)"R/RLS "y5({ELl0s4s1X))

ARITE(69570)




570

39¢C
580

600

610

620

630

640

650

660

68¢C
670

690

710

720

FORMAT(/TX,"PSI")

00 580 I=1,2¢

WRITE(5»590)PBOD(I) s (FLL(IsI1)pIl=1pNSP)
FORMAT(/6XsF54158X,3(2104451X))

CONTINUE

WRITE(651C)

WRITE(656G0)

FORMAT(//6Xs"TABLE 2 = SECTIONAL LIFT#R1/THRUST PER BLADE"™/6X,
144(14=31/)

WRITE(65560) (RBI(L)»I=1pNSP)

WRITE(65570)

D0 610 I=1y2¢

WRITE(65590)1PBOD(I)s (FL2(I»IL)»IlelyNSP)

CONTINUE

WRITE(6,10)

WRITE(69620)

FORMAT(//6Xs"TABLE 3 = SECTIONAL PITCHING MGMENT/(RHO*(GMEGA*#2)#(
LR1*¥%4))"/€Xs 6G(1H=) /16X, " (ABOUT | QUARTER=-CHORD)I"//)
KRITE(653560) (RBO(I), [=1sNSP)

WRITE(65570)

00 630 I=1,24

WRITE{655901PB0D(I)s (FM(IsI1)s{1=1,sNSP)

CONTINUE

WRITE(S510)

WRITE(69540)

FORMAT(//6Xs"TABLE 4 = CENTER 3IF PRESSURE LGCATION FRGM LEADING EQ
1GE(FRACTICN CF CHIRDI™/6XsT74(1H=)7/)
WRITE(69550)(RBO(I)sI=1sNSP)

WRITE(65570)

00 650 I=1,24

WRITE (555500 PBODII) s (XCPII»IL)sILalsNSP)

CONTINUE

WRITE(6510)

WRITE(6s0660)

FIRMAT(//6Xs"TABLE 5 ~ TOTAL BLAOE LIFT, MOMENT A3JUT HUB AND RADI
1AL CENTER OF LIFT"/0X»70(1H=)//6X,
2"TITAL BLADE LIFT/(RHU¥(IMEGA*#2) #(RL%%4))"/6X,

I"TOTAL BLAOE LIFT/THRUST PER 3LADE"/6X,
4"MOMENT ABOUT HUB/ (RAD*(DMEGA®$2) % (R1*%¥5))"/6X,

S"RADIAL CENTER OF LIFT/R1"//TX»"PSI®»8X,"TOTAL 3LADE LIFT",
55X» "MOMENT"»5X, "CENTER"/33X,"A30UT HUB",4X,"OF LIFT")

00 670 I=ls24 \ :
WRITE(6,680)PBOO(I), FLTL([);FLTZ(I);FHT(I) coLen
FORMAT(/6XsF54195Xs4(EL04%s1X))

CONTINUE

WRITE(6510)

WRITE(65690)

FORMAT(//6X,"TABLE 5 =SURFACE PRESSURE DIFFERENTIAL/(RHO*#(OMEGA**2
LY*¥(RI*¥¥2))"/6Xs 64(1H=)//)

DO 730 I=1,24

WRITE(6,710)PBOD(I)

FORMAT(/6Xs"AZIMUTH ANFLE-"oFS.1;1X:"DEGREES"I°X;27(1H-))
WRITE(6,560) (RBOCIL),I1=1,NSP)

WRITE(6»720)

FURMAT(11X,%x/C")

G0 730 Ii=1,NSP

F232F2(1)+RBO(IL)I*F3(I)

DO 740 I2=1s10

CCH=2.¥X3UT(I2)~1.

SCA=SQART(14=CCH*CCH)
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PGIT(ILpI2)a=GSTUI,IL1)*SCH/(1o¢CCHI+2.4SCHE{POIP(IsIL)+2,%GST
LOLpIL))+0GS2C I, TL) *#SCH*SCH/ (44 FAR¥AR) +F23%(1.~RI) *#5CH/(2,.%AR)

2H(FL(I)+4o*Tw*R3O(IL)I/(14=RI))*(La=RO)*(1s=RO)*.(1s~RD)%
35CH*({1.+CCH)/(8,%AR®AR)
POUT(ILs12)m2,%POUT(I1sI2)
74C CONTINUE
73C CaANTIMUE
: 00 750 12s1,10
WRITE(6,755)X0UT(I2)5 (POUT(IL»I2)s11m1,N5P)
755 FORMAT(EXsFBa5s5Xs5(ELDL4»1X))
75¢ CONTINUE
) IPG=3-
IREN=I-(I/IPG)*IPG
. IF(IREM +€Q, O)WRITE(6s10) -
- 70C CONTINUE )
o STaP
C : ’
C' PRINT ERRQFP MESSAGE I[F CJEFFICIENT MATRIX IS SINGULAR.,
C. :
1420 WRITE(5,760) o
- 760 FORMAT(/5Xs™COEFFICIENT MATRIX IS SINGULAR")
STaP
END
SUBQOUTIN& DHIN(HJ»LA1.DSpRSO’PSO'PLIMpDHAX’I)P)

CAL»ULATIDN DF AZIMUTH POSITIJNS AT WHICH TRAJECTORY IS DIRECTLY
OVER A SLADE, WITHIN A OISTANCE D4AX.

R AN Ra B e

REAL NUJLAH
DIMENSIGN P(20)
Y{XoX1sX2,YlyY2)avle(v2=YL)*(X=X1)/(X2-X1)
I=0
P10,
X81=0,.
P2==0,2
10 X32sRBIESIN(P2+D3) +MU*SIN(P2+P380+08)*%P2
IF(P1l .NE. 0,)G0 TO 29 p
30 Pl=p2
IF(21 «LEe PLIMIRETURN
pP2=p2-0Q,2
‘X8l=X32
GO0 10 10
20 TEST=X31%X32
IF{TEST +GTe 0,)GD TO 39
PC=Y{04sXBLlyXB2,PL,P2)
X8C=RBO*SIN(PC+DB) +MU*SIN(PC+PBO+DB)*PC
RBC=RBO*COS(PC+DB)+MU*CAS(PC+PBO+DB)*PC
D=SQRT(XICHXBCHLAM* | AM&PC*PC+(RBC~RBO)*(RBC~RBO))
IF(D «GT. OMAX)GO TO 30
Isl+)
P(I)=PC
60 TO 30
END
SUBROUTINE TRAJ(ROsARSMU,LAMSR305PBO»DBs»P3»1IS)
C THIS SUBRJUTINE CALCULATES THE PARAMETERS FOR THE LINEARISED
C TRAJECTORY COIRRESPONOING TJ A GIvEN COLLOCATIUON POINT,
REAL MUsLAM
COMMON/TRAJL/Rs SXsCXpSHP s CHPsST»CTs SHESCHE»SP,HCP
X8=aR3C«SIN{P3+D3~- PBJ)*MU*(PB-PBO)*SIN(PB+DB)
Y3=LAM*(P3~P8O)




RuSIRT(XB*XB+YB*YJ)

133=,5% (1L +RO)+RBI*COS(P3+08~P3]

SX=Y3/R

CX=XB/R

X532.%X8/(l.=R0U)
YS224#YB/(1e=RC)
1S32.%#1B/(l.-R0O}
R5=2.%¥2/(1.-R0O)
RL2SIRTIRS*¥RS+(1.+#25)%(1.+Z5))
k22SIRT(RS*kS+(le=25)%(1le=2ZS))
CHP=(R1¢R2)/2,
SHP=SQART(CHP*CHP-1.)

CT=ZS/CHP
ST=RS/SHP

)+MU*(P3=-PBC)*CAS(PB+0B)

R3=SIRTU(XS*AR=1o5) ¥ (XS #AR“L45) +YSHYSHARKAR)
R6=SQRT((XS*AR+.5)*(Xb*AR#.S)*YS*YS*AR*AR)

CHE=(R3+4) /2,

IF(CHE oLEe lo)CHE=A3S((R4~- R3)I2
SHE=SQART(CHE*CHE=-L1,)
CP={XS*¥AR=45) /CHE

SP=A*YS/SHE

RETURN

END

FUNCTION rUN1(RQO,AR»I)

C THIS SU3PKkOGRAM RETURNS THE VALUES
C IN FUNCTION FUNZ2.

1y

2¢

30

40

50

60

CIMMON/MAINL/N, P
COMMON/TRAJL/R» SXsCXo SHPsCHPs STy
6GU TO (10,20,30540550,60)»1
FleSHP*SHP*(CHP-CT)
F2=(CHP-CT)#(CHP-CT)
F3=s(CHP=CT)*(CHP+CT)
Fes(SHP*SHP*CT*CT-CHP#CHP*ST*5T)
FUNL®=2 % (SX*SX*¥F4/F3+CX*CX/FL)/
kETURN

PNL=PNM(N,L,CT)

PN2=PNM(N,22CT)

QAN1=2QNM(Ns1,CHP)
AN22QqNM (N, 25, CHP)

. Flal,/7(ST#SHP)

F2eSX*SX/(SHP*SHP+ST*S5T)

)

CT,SHE’CHE)SP’CP

JEL=ST*ST*(CHP+CT)/F2
{l.=RO)

OF VARIOUS FUNCTIONS REQUIRED

FUNL1= (Fl*PNl*QN1+FZ‘(ST‘CHP*PNI*ONZ-CT*SHP*PNZ*QNI))/(PI*(I.-RO))‘

RETURN

FlaSHP*SHP+ST*ST

F2=F1*SHP*SHP
F3aCHP/FLl-CHP#CHP*CHP*ST#ST/F2
F32F3=2,%CHP*ST#ST*(CHP*CHP +CT*C
F3aF3*SX*SX/F1

FUNL#2 o *(F3+CX*CX#CHP/F2) /11 e~RO
RETURN

FUNL® (L.=RO}I*(CX¥CX-SX*SX)/(R*R)
RETURN
Fl=SHE*SHE*CP*CP+CHEXCHE*SP*SP
F22(CHE+CP)*(CHE+CP)

UNI!Z.*AR‘(SHE*CP*SHE*CHF*(CP‘CP-SP‘SP))/((1.-RO)¢F1*F’)

RETURN
F1=SHE¥SHE*CP*CP+CHE*CHE*SP*5P
F2aSHE*CP*CP=CHE*SP*SP
FUN132.¥AR¥(CHE=SHE)*F2/((1+=RQ)
RETURN

T)/(F1%F1)

*F1l)
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END

FUNCTION FUN2(RO» ARy TWyMU»LAM,RBO,PBO»OP» DBy Xy 1)
C THIS SUBPROGRAM SETS UP THE INTEGRAND FOR THE INTEGRATION REQUIRED
C FOR THE INDJCED VELOCITY IN THE MAIN PROGRAM,

REAL MuU,LAM

COMMION/MAINLI/N,PL

COMMIN/FUNRL/FLsF2sF3sF4sF59F6s 2BS

P=X+D3

IF(I «22. 2)GO TO 20

IF(I «GTe 2)G0 TO 49

CALL TRAJ(RO»ARp)MUSLAMH)R3D9PB0» DBy Xs2S)

Z3S=7§ _ : .

Fl=FUNL(RO»ARy 1) ’

F3sFUNL(ROpAR,3)

F4sFUNL(RO)ARy &)

F23FUNL(RO»ARSS)

Fo3FUNL(RCyAR»b)

FUN2a-F1 .

IF(A3S(285) +GT, 1l.)GD TD 10

FUN23FUN2=(1.+28S)%F&/2,

10 IF(OB +EQJs Co oANIe X o35Ts (PBO=DP))IRETURN
IF(A3S(Z3S) 46T Le)IRETURN )
FUN2=sFUN2+AR* (1 .+#28S)*F5

: RETURN

2C F23FUNL1(RCyAR,2)

FUN2s=F2 .

IF(A3S(23S5) +GT. 1,060 T3 30
PNL=sPNM(N, L1y ZBS)
FUN2sFUNZ2=-PN1*SQART(1+-233%ZBS)*F4/(4.%P])

30 IF(D3 «EFs O¢ oANDs X oGTe (PBO-DP))IRETURN
IF(ABS(Z3S5) «GTe Lle}RETURN
FUNZ22FUN2+aAR*SOKT(1.,=235%Z35)¥PNL*F5/(2.%P1])
RETURN

4G ITEST=[-2
218=(1.~-RJ)*ZBS/2.

KBaZ3+,5%{1.,+R0)

GO TQ (50560570,80s90), [TEST
5C FN2s=2,#MJ*COS(P)

FN3=20Q,

GO 7O 1090

60 FNZ®2,*¥MU*SIN(P)
FN3=l,.

G0 10 100

TO0 FN2=3=2,*4U*SIN(2.%P)
FN3=s=2,%C0OS(P)

\ G0 TOo 100

80 FN222.*MU*COS(2.¥P)
FN3x=2,%SIN(P)

GO 70 100
G0 FN2=s=TW*{2,%¥MU*COS{(P) +MU*MU*SIN(2.%P))/(1.-R0O)
FN3=4 %MUsTW*COS(P)/(1.~-RO)
1C0 FUNZ2==(1.=RO)}*F3*(FN2+RI*FNI)/(4.*AR¥AR)
FUNZ22FUN2+{1e=ROI*(Le=ROI*FNI*FL17(8.%AR*AR)
IF(A3S{ZBS) .GTs 1l,)50 TO 110
FUNZ2aFUN2+(1l.=RO)I*(FN2+RI*FN3)*F4/(3.%ART*AR)
110 IF(D3 +EQ¢ O oANDs X oGTe (PBO=DP))IRETURN
IF(A3S(Z3S) «GTe 14)RETURN
FUN22FUN2=(1.~RO)*(FN2+RI*FNI) *F6/ (2, *AR)
RETURN
END




C THIS SU3PROGRAM SETS UP THE INTEGR
C PREJUIRED IN TAE MAIN PROGRAM.

10

20

C CALCULATIUN OF ASSOCIATED LEGENDRE

FUNCTION FUN3(RO,ARIX»I)

COMMAON/MAINL/NSPI
1835224 %(X~e5%(1.+R0))/(1,-RD)

AND .FOR SOMc SPANWISE

RI=SIRT(Le/{L164*AR¥AR) +025%(1o+2B5)*(1.+285))

R2=x50RT(Le/{16e*AR¥AR) +425%(1a=28S5)*(14~2BS))

CHPLl=RrR1¢R2
SHPL=SQRT(LHPL*CHPLl~1,.)
CT1=235/CHP1
STl=le/(2.,%AR®SHPL)
IF(I «LEs 2)GO TO 192
PNL=PNM{N»1,CT1) ’
ON1=QNM{Ns15CHP1)

63 TO 20
F1l=STL1/(SHPL*(CHPL=-CT1))
IF(]I +EQe L)FUN3aF1l
IF(I «5Qe¢ 2)FUN3=X%¥F]
RETURN

F2=PNLi*®QNL

IF(I +EQs 3)FUN3=F2
IF(I +€Qe 4)FUN3=X*F2
RETURN

END

FUNCTION PNM(NsMsX)

FUNCTIONS PNM,

C RANGES: O oLEe N oLEe %y O JLEs M -LE. 3, ABS{X) +LTe 1,

66
70
80
90

40
1¢C

110
l12¢
130

50
140

150
160

170

IF(N o«LTe 1 +ORe N oGTe 4)G3 TQ
IF(M «LTe O +ORe M +GT. 3)GO T
IF(A3S(X) «GEe 1le)GI TO 30
3X23JART(le=X*X)

IF(M +EJde 1)GU TJ 40

IF(4 EQ. 2)GO TO 50

IF(M +EQ, 3)GO TO 190

GO TO (60,70580599)sN

PNM=X

RETURN

PNM= o 5% (3,5 X2X=1,)

RETJRN

PNMB S5 ( 5, XEXEX=3,%X)
RETURN

PNM= (35,4 XeXeXEX=30,%X¢X+3,)/8,
RETURN

GO 79 (10C»110,120,130)sN
PNM=35X

RETURN

PNM=3 ,#X#SX

RETURN

PNM= 5% 5X*(]15,%X¥X-3,)
RETURN )

PNM= ,545X¥ (35, %X%X*X=15,*X)
RETURN .
GO TQ (1405,1505150+170)sN
PNM=0, - . :

RETURN

PNM=3 ,#S5X*SX

RETURN

PNM=15, #X#SX*5X

RETUIIN

PNME  SESXRSX®(105.+X*¥X=15,)

10
20

INTEGRALS
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160
190

200
210
220

10
11

20

30
31

[xX2X 2}

50

e

60

- 61
70

71
8¢C

66

RETURN
GO 71 (190,2005,2105,220) s

PNM=Q,

RETURN

PNM=0,

RETURN

PNMBL15, ¥SXESXRSX

RETURN

PNM=2L05,#X#3X*SX*SX

RETJRN o

dRITt(ﬁ)ll)N
FORHAT(OX’*N")I591K;*INVALID N IN PNM#*)
STQP

WRITE(Hhs21)M
FGRHAT(bX:'M'*'Ib»lX"INVALID M IN PNM*)
sTQOP

WRITE(Ay31)X
FJR*AT(bX:‘X'*:ElO.#pan’[NVALID X IN PNM#¥)
STae

END

FUMCTION INM(Np™MyX)

CALCULATIIN OF ASSCCIATED LEGENDRE FUNCTIONS JNH.
RANGEt 1 +Lze N oLEc 4 1 cL_o M oLEe 2o ABS(X) 5T, 1.
ASYMPTOTIC &XPANSIONS USED FOR X oGTe 3. .

IF(N oLTse 1 +Gke N o537, 4)3J TO 10

IF(M +LTs 1 «0Rse M oGTF. 2)G3 TJ 20

IF(A3S(X) oLEe 1.)GO TI 30

SX=3RT(X¥X=~1,)

ALX=ALOG((X+1l4)/(X~=1,))

X2=X¥X

X3=K2%X

Xe=X3%X

X5=X4%*X

X6sX3%X

XT=X5%X

X3=XT%X

X9=X3%X

X10=X3%X

X1l=X10%X

X12=X11%X

IF(M +EQ. 2)GO TO 40

GO TO (50560570,80)sN

IF(X «G6Ts 34)G0 TO 51

QN”'SX*(.ﬁ‘AL*‘X’(SX‘SX))

RETURN

QNH"SX*(Z./(3.*X3)*4 1¢(5. *Xﬁ)*éo/(7o*x7)*8u/(9.*X9))
RETURN

IF(X +GTe 3.)G0 T3 61

QANMSX® (Lo S*XFALX=(3e*¥X2=104)/{2+%5X%5X)=1.5)

RETURN
QANME=SX*(24/(5e¢#X8) 444/ (To*¥X0)+24/(3,#%X8)+8/(11.%X10))
RETURN

IF(X «5Te 3.)G3 TO 71
AINMESXE((15e*X2=3¢)%ALX/Ge=(5¢¥X3=30#X)/(2.%5X%5X)=5,%X)
RETURN

QNMa=SX*¥{8e/(35.%¥X5) +84/(21:%¥X7)+106, /(33 *¥XG)+104/(13.%x11))
RETURN

IF(X «GTe 3.)6C TJ 91

CONMESXF({35.¥X3=15,*XI*ALX/4e~(35.%X4~30,%X2434)/(Be*5X%5X)

1-1054%X2/8¢#554/2%4)




OO0 0

81
40
90
91
106

101
110

111
120

121
10
20
21

3iC
31

RETURN
ONME=SK#*(Be/7(034%X6)+8,/7({33,%X3)+48./(143,%X10))
RETURN
GO 9 ($0,10051109129)sN
I[F{X «GT. 3.160 T 31
ONM=22,/7(SX%SX) -

RETURN
ONMaSXESX#(2./Xb4the/XO+H/XB+84/%X10)

RETURN

IF(X +6T. 3,)60 TJ 101

ANMESXESX¥ (1o SHALX=60 %KX/ (SXESX) #X* (3 #X2=14)/(SX#SXESX*SX))
RETURN
ANMOSXESXH(Ba/(5e5X5) 4200/ {Te*¥XT)+16e/(3a%XG)+80./7{11,%X11))
RZTURN

IF(X «GTe 3,060 TO L1l

ANMESXESXH (LS e ¥ XKALX/ 20~ (15 e%¥X2=30 )/ {SXESX) +X*(5,%X3=3%X)
1/(SX€SX*SX¥SX)=5,)
RETURN

AINMESX*ESX (3o /(T70*X6) 434/ (3,¥XB)+48,/(11e*%X10)4110s7(13.%X12))
RETURN

IF(X +5Te 34360 TO 121 »
ANMESXESX®{{105,#X2=15. ) %¥ALX/4e={35,%X3=15,%X)/{SX#SX)

LeX¥(35,#X4=30,%42¢34 ) /(4o #SXESXESXRSX)=105.4X/40)
RETURN
ANMESXESXH (164 / (2L XT)+644/133.%X9)4480.7(143,%X11))
RETYRN
ARITE(2s 11N

FURMAT(AX, #Na#, IS5, 1Xs #INVALID N IN GNM#*)
STGP
WRITE(0s 210N
FORMAT(SXs#M=#, 9, L, *INVALID M LN QNM#*)
SToP
WRITE(5s31)X
FORMAT(EX,#Xu%,ELO4p 1Xs # INVALID |X IN ONM#)
3T0P
END
SUBRIUTINE TABSCH(XsNsXTsI1ls 125 INT)

GIVEN AN -APRAY X, TO LOCATE THE PUSITIDN.OF A VALUE XxT.
IF INT=0, XT LIES BETWEEN X(ILl) AND |X(I2).

IF INT=ly XT IS GREATER THAN X(N).
IF INT2=1, XT IS LESS THAN X(1).

10

20

2l

DIMENSION X(N}
Il=0

I2=0

NMsN-1

00 10 I=1,NM
IF(XT oGEe X{I) oANDe XT oLEs X(I+#1))GJ TO 20
CONTINUE :

IF(XT +LTe X(1))GO TO 30
IF(XT GT. X(N))GD TO 40
INT=20

IF(XT «EQ. X{(I))GO TO 21
IF(XT +EJs X(I+1))GI TO 22
I1=]

I12a[+)

RETURN

[l=12=]

RETURN
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22
30

«0

Il=12=]+]
RETURN
INT==]
RETURN
INT=]
RETURN
END




APPENDIX B

LISTING OF PROGRAM ASYMP?2
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OOOOOOOOOO0

OO0

OO0

OO0 O

PROGRAM MAIN(CINPUT,OUTPUT,TAPES=INPUT, TAPE6=JUTPUT,
LAFDATA, TAPEL=AFDATA)

COMPUTATION JF THE UNSTEADY AIRLOADS ON A HELICOPTER ROTOR 8LADE IN
FORWARD FLIGHT, USING & SIMPLIFIED VERSION OF THE ASYMPTOTIC APPROACH

PROPGSED 3Y VAN HOLTcMNe. T4E DIPOLE STRENGTH OISTRIBUTION ALONG THE

BLAGE IS APPROXIMATED 3Y A PIECEWISE CONSTANT OR PIECEWISE QUADRATIC
REPRESENTATIONs THde HELICAL TRAJECTORY OF THE FREESTREAM FLUID
PARTICLE RELATIVE T3 THE 3LADE [S APPROXIMATED BY SUCCESSIVE STRAIGHT
LINE SEGMENTS. .

FOR [DENTIFICATION OF PROGRAM STEPSs REFER USER'S MANUAL.

REAL MUsLAMy MCLoMINFyLOC
DIMENSIUON R(6)5RBI(5)s0R(5) #X(6)sFXL({5)»FX2(5)sPL(5)5P2(5)sIP(5))
LFG(S)sWK(53)»B8T(4)sGF(2s3)sPMIN(20)sG0(5)5GC(555)965(595)26(2455),
2A(59559)58(5951)IPIVAT(53)sP300€24)s FLTL(24)»FLT2(24),

- BFMT(24)5C0L(24)»GL(3)s5RI9)IFLLI2495)sFL2(26455)sFM{2455),
4XCP24»5) 9o XDUTLLD)»F23(2455),POUT(5,10)
DIMENSION CL(50520),MCL(20),ACL(50)
COMMIN/MAINL/XBI,»X855Y35sR3I,R3S
YLOXLoXL1sXL2,YL1sYL2)mYLL#e(XL=XLL)*(YL2~ YLl)l(KLZ-XLl)
CATA X/ = 10)‘49}',5’3.).5’1 /
DATA NSPyNHMyNAZ)NCIF»DMAX/ 5555115595045/
DATA XDUT,.05’01,CZ’.3’.6,.5’.”09,095’099’
PI'Q.’ATAN(I.’

PROGRAS STEP 1.

REAL ANO ARITE INPUT DATA AND ASSUCIATED QUANTITIES.

READ(5,*)RO» ARy N3y TWsMUs ALRHCTHMINF
READ(Ss*)INLyN2yN3sN Y

1F(NL +Ede LIREAD(S5,*)THS

IFIN2 +EQ. O)READ(5s*)GAMA

IF{N2 +CQJ. 1)READ(5,%)A)

IF(N3 +EQe LIREAD(S,*)AL

IF{NG .EQs 1)READ(S,*)381
READ(Ss*)(R(I)sI=2,6)

ISEL +EQe O ==~ PIECEWISE CONSTANT REPRESENTATION,
ISEL «EQJ¢ 1 —— PIECEWISE QJADRATIC REPRESENTATIGN,

READ(5,*)CPLD,0P20,UTMIN, ISELSNAFD

NAFD=0 =~ AIRFOIL TABLES NJIT USED.
NAFQe=]l -- AIRFOIL TA3LES USED.

IF(NAFD +EQ. 0)GO T3 9
READ(1,1)NXLsNZL
1 FORMAT(30X»212)
READ(1o2)(MCL(I)sI=1sNXL)
2 FORMAT(7X»9F7.0)
NLL1=NXL/3
NL2sNL1+1
00 3 I=1,NZL
00 3 Jd=1,nL2
J1=2(J=1)*G+1
J2=J*9
IF(J1l «GTe NXLIGD TO 3
IF(J2 «GTe NXL)J2sNXL




>

SO wn

10

11
12
13
la
15

lé

20

30

40

41

42
C

IF(J +EQs LIREAD(Ls4)ACL(I)»(CL(LsJ3)9d3uJ15J2)
FORMAT(F743559F7.0)

IF(J oGTe LIREAD(LsS5)(CLILIsd3)sd3ndlsd2)

FORMAT(7X»9F7.G)

CONTINUE

CONTINUE

DPL=DPLO*PI/ 180,

DP2«DP20*P1/180,

ARITE(659)

FORMAT(1A1)

ARITE(6LOIR0,ARINB TWs MU ALRMINF

FORMAT(//5X»"ROOT RADIUS/TIP RADIUS= RO/RL ="3FLl045//6Xs
1"ASPECT RATIG="»FL0.5//5%Xs"NUM3ER OF BLADES=",12/7/6X,
2"LINEAR TwIST (ROJT TO TIP) =", F10.5,1X,"DEGREES"//5X>
3"FORWARD SPEED/TIP SPEED="»Fl0.5//6Xs
4"RJTIR INCIDENCE (FIRWARD TILT POSITIVE) =",F10.5,1X»
SMOEGREES"//6Xs®FREESTREAM MACH NUMBER=",F10.5)

R(1)=R0

TWwaTw#pPI/180,.

ALK=ALR*PI/180,

IF(NL +EQs O)THC=0,

IF(N2 «EJe 0)AO=Q,

IF(N3 «EQ. 0)Al20,

IF(NG +EQ. 0)B1=Cs

WRITE(S,11)CT

FORMAT(/5Xs"THRUST COEFFICIENT=",F10,5)

IF(NL +EQs 1)}WRITE(6,12)THE \

FORMAT(/5Xs"PITCH ANGLE AT BLADE RIOT=",F10.5,1x,"DEGREES™)
IF(N2 +EQ. O)WRITE(S513)GAMA |

FORMAT(/H5Xs"FLAPPING INSRTIA COEFFICIENT=",F1045)

IF(N2 oEde LIWRITE(6,14)A0

FORMAT(/6Xs"CONING ANGLE=",FL1045,1X,"DEGREES™)

IF(N3 £EQ, 1)WRITE(6,15)A1

FORAAT(/5Xs"FLAPPING CIEFFICIENTs |AL="™,F10+551Xs "DESREES™)
IF(N4 «EQs. LIWRITE(5,16)81

FORYAT(/6Xs"FLAPPING CIEFFICIENT, [Bla™,FL0e5,1Xs "DEGREES™)
THC=THC*PI/180,

AO=AQ%PI/180,

Al=Al¥P[/180,

Bl=31%PL/180.

LAM=MU*ALR+SART (o 5% (=HUSMU+SQRT (MUSMUSMUSNUCTHCT)))
WRITE(6520)LAM, UTHIN,DP1D,0P2D

FORMAT(/5Xs"TOTAL INFLOW RATIOe"™,F10.5//6X,
L"MINIMUM UT=",F10.5,"(ZERJ LIFT CONDITIGN APPLIED BELOW THIS VALUE
2)"/76Xs "NORMAL AZIMUTH SPACINGa", F1045s1Xs "DEGREES™//6X,
3"REDUCED AZIMUTH SPACING="»FL04551Xs"DEGREES™)

IF(ISEL «EQe O)WRITE(5,30)

FORMAT(/5Xs"PIECEWISE CONSTANT APPROXIMATION UF SPANWISE OIPOLE ST
LRENGTH VARIATION®/5K,70(1H*)/)

LIF(ISEL WNEe O)WRITE(6540)

FORMAT(/6Xs"PIECENISE QUADRATIC APPROXIMATION GF SPANWISE DIPOLE S
1TRENGTH VARIATION"/6X, 7L(1H*)/)

SLCR=1,

CLO=0.

IF(NAFD +EQe, O)WRITE(6s41)

FOKAAT(/5Xs"AIRFILIL DATA TA3LES NOT USED™)

IF(NAFD «EQe 1IWRITE(6s42) \

FORMAT(/6Xs"AIRFOIL JATA TABLES USED™)

C CALCJULATE QUANTITIES NEEDED FOR TRAJECTORY SEGMENT ADJACENT TQ
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C THE B8LADE AT THE COLLOCATION POINT,

o0

50

60

OOO0

80

90

160

OO0

70

(s XaXg]

ETALP=ALOG((3445QRT(543)/2,4)
CFLelJSH{«S*ETALP)/SINHL J5*ETALP)
CF22,5-EXP(=ETALP)
CF3=ETALP=.5%CF1

CALCULATE QUANTITIES NCEEDED FOR NEAR FIELD REPRESENTATION,

DO 50 I=1,5

T1=ACaS(X(I))

T2sACOS{X(I+1))
FXLED)a(T2=Ti=(SIN(T2)=SIN(TLII D/ (X(I+1)=X(I))
FX2(I)2=((T2=TL1)/2.~=(5IN(2.%T2)=SIN{2:.%#T1))/44)/7(X(I+1)=X(1))
FX2(T)=FX2(I)*(1,=RD)/(2.%4R)

CAONTINUJE

00 60 I=1l,NSP

R30(LI=(R(II+R(I+LI}/2,

OR(I)aR(I+¢1)=R(I)

CONTINUE

IF(ISEL .EQ. 0)GO TO 70

FOR PIECEAISE QUADRATIC REPRESENTATION, DETERMINE VALUES AT THE ENDS
OF THE SEGMENTS IN TERMS OF THE CENTRAL VALUES.

NSP1sNSP-1

D3 30 Is1,NSPM

BT(L)=3,%(1le/DR(I)*+1e/DR({I+1))

IF(l «EQ. 1)GO TO 32
BT{I)e3T(I)=1,/(BT(I-1)#DR{I)*DR(I))

CONTINUE

D0 90 I=1,NSPM

03 90 Js=l,NSP

GF(I»J)=d,

IF(J ocQe I oURe J oEJs (I+L)IGF(I»J)=GF(I,J)+4./BT(])
IF(I «€Qs 1)GO TQ 90
GF(IsJ)=GF(Isd)=GF(I~=1sJ)/(3T(I)*DR(I))
CONTINUE

00 100 I=2,NSPM

IiaNSP-]

DO 100 J=1,NSP

GF(IlsJ)=GF(Ilyd)~- GF(IlfllJ)/(ST(II)*DR(II*I))
CONTINUE

PROGRAM STEP 2.
BEGIN SETTING UP THE SYSTEM OF SIHULTANEOUS EQUATIONS,

L=1
DO 110 J=l,NAZ

SET THE AZIMUTH STATION FOR THE CURRENT COLLOCATIIN POINT,

P3022.%J*PI/NAL
PBOD(J)=2360,*J/NAL
CP1=COS(P30)
SPL=SIN(PBO)
CP2sC0S(2.#PB0O)
SP2=SIN(2.%PBO)

00 110 I=1l,NSP




c
c

OO0 0O0

OoOOOO0O

SET THE RADIAL STATION FOR THE CURRENT COLLOCATION POINT.

UT=R3C(1)+MU*SP1
00 115 M=1,NCOF
A(LsM)=0,

115 CONTINUE

PRIGRAM STEP 3. )
TEST THE TANGENTIAL VELOCITY AT TH4E COLLOCATION POINT, TO DECIDE

wHETHER NORMAL VELGCITY 8OUNDARY CONDITION OR ZERO LIFT CONDITION

5AJULO 3t APPLIED.

IF(UT «GTe UTMINIGO TO L20
WRITE(6s130)RBU(I)PBOO(I)»UT
130 FORMAT(/6Xs"Ra"yF3,351X,"PSI="yFB439"DEGREES" 91Xy
1*UT="yF843,1Xs"2ZERI LIFT CONDITION APPLIEOD"™)
3(Ls1)=0C,
Gd 0 140
120 DPsl.5%(1.=RO)/(2.,%AR¥UT)
PLIM==(2.+RBOCI)*CPL) /SQRT(MU*MU+LAMXLAM)

IF(NAFD +EQ. 0)GO TD 133
PROGRAM STEP 4.
CALCULATE LIFT CURVE SLOPE FROM DATA TABLES FOR THE CURRENT
COLLOCATIGN POINT, USING TAE LOCAL|INCIDENCE AND MACH NUM3ER,
MLIC=UT®MINF /MU _
ALOCsTAC-TW*(RBO(I)=RO)/(1.=-RO)}431#%CP1-AL*S5P1
L=(MU*AD#CPL+LAMN) /YT ‘
ALGCALOC#1804/P1
CALL TABSCH{MCLsNXLsMLOCsIACLL) IMNCL2YINT)
IFCINT oEQe =1)IMCLI=IMCL2=1 ‘
IFCINT oEQe L)IMCLLSIMCLZENXL
CALL TASSCH(ACLINZLsALIC,IACLL,IACL2sINT)
IFC(INT «EQe 0)GO TJ 131
IFCINT +EQs -1)60 TO 132
IACLL=NXL-1
IACL2=NXL
GO TI 131
132 1aCLls=l
IACL2=2

131 SLCLl=(CL(IACL2s IMCL1)-CLCIACLL,IMCL1))/(ACL(IACL2)
1-ACL(IACLL)) .
CLOL=CL(IACLY,IMCLL)=-SLCL*ACL(TACLL) -
SLC1sSLC1#1804/PI
SLC2=(CL{IACL2s IMCL2)-CL{TACLL1,IMCL2))/(ACL(IACL2)
1-ACL(IACLL)) \
CLO2sCL(IACLL,IMCL2)-SLC2*ACL(IACLL)
SLC2=SLC2#180./P1
IF(IMCL] +EQe IMCL2)SLCR=SLCL/(24%PI)
IF(IMCLL oNEo IMCL2)SLCReYL(MLOC»MCLU{TMCLL),NCLIIMCL2),
1SLC1,SLC2)/(24#P1)
IF(IMCLL +EQ. IMCL2)CLO=CLOL
IFCIMCLL oNEe IMCL2)CLOSYL(MLOCPMCLUIMCLL) »MCLIIMCL2),
1CLC1,CLO2) :
133 CONTINUE
IF(SLCR +EQe 04)G3 TO 134
Tle=(CFL+(14=SLCR)/SLCR) /YT
T2=HUSCPL¥CF3#(1.=RU)/ (2, *AR#UTHUT#DR(I))
T33=(1.=ROI¥CF3/{2,¥ARSUTHUT)
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[z NN oNaN )

o000

(s NesNeNgl

134

140

BULs L) m=HU*ALR=UT*TW#(RIO(I}=RI}/(14=ROV+UT*CLO/ (2. %P I#SLCR)
GO TO 140

Ti=1l,. i

T2=T73=0,
B(LyL)==yUTHUT*CLO/ (2.%P1)
CONTINUE :

SET UP THE CONTRIBUTION T3 THE COEFFICIENT MATRIX OF iHE TRAJECTOIRY
SEGMENT ADJACENT TO THE BLADEZ. ALTERNATIVELY, SET UP THE ZERO LIFT
CONDITION, o

170
180

160

150

191

00 150 Ms=1,NCOF

Ml=(M=1)/NAZ+1

M22¥=(M1=-1)*NAZ

IF(ML +EQs (NSP+1))G0 T3J 160

M3=M2/2

M42M2-M3%2

WTls0.

wl2=0,

WT3=Q,

IF(UT oLZe UTMINIGO TO 170

IF(M1 «£ds I)wTl=T1 )

IF(ML «EQe I)WT3=T3

IF(ISEL +EQe 0)GJ TO 180

IFCL oLTe NSP)IWT2aWT24T2%GF(I,ML)/0R(M])

IF(L «GTe LINT23WT2~T2%GF(I-1,M1)/DR(M1)

GJ 7O 180

IF(ML +EQ. I)WTl=l.

IF(M2 «EQe L1)A(Ls1)=2WTLl+dT2

IF(M2 oGTe L oANDs M4 «Z2Q¢ 0)AILsM)=(WT1+wT2)*CIS(M3*PBO)
1-M3*WT3XSIN(M3*PBD)

IF{M2 oGTe 1 <ANDe M4 «GTe O)A(LIM)=(WTL+WT2)*SIN(M3%P30)
1+M3*4T3*COS(M3*PBO)

6J TJ 150

IF(SLCR +€EQ. 0.,)GO TO 150

IF(UT oGTe UTMIN)WT==(1,=RO)*CF2/(24%ARXUT)

IF(JT oLEe UTHMININTa=(1.~RD)/(4+#%AR)

IF(M2 +EQe 1IA(L,M)aWT*(2.,%¥MU*CPL)

IF(M2 +EQe 2)A(L>M)I=WTH(2.¥MU*SPL1+RBO(I))

IF(M2 oEQe 3)A(LsM)=dT*(=2,%MU*IP2=-2,%RBO(I)*CP1)
IF(M2 +EQ. G)A(LIM)=WT®(2,%MUCP2~2,%RBO(I)*SP1)
CONTINUE

IF(SLCR L EQs 0.)GO TO 191
BILol)=B(Lsl)=WT*TW* (2. *¥UFRO¥CPL=MU*MUXSP2=4 *MU*CPL*R30(I)) /"
1{1.-RD) ’

IF(UT «6GTs UTMIN)GO TO 130

L=L+l

GO T3 1190

PROGRAM STEP 5.
START LOOP FOR NUMBER 9F BLADES.

130

DO 200 I3L=1,NB
I8LO=I8L
D3=2,%PI*(IBL-1)/NB

CALL SUBRJUTINE TO DETERMINE AZIMUTH POSITIONS ALONG- THE TRAJECTORY
AT wWHICH THE TRAJECTIRY IS CLUSE TO A 3LADE.

IF(DP1l oNEe DP2)CALL OMIN(MU,LAMsOByRBO(I)sPBOsPLIMIOIMAXS




c

LIMINSPHIN)

C DEFINE THE AZIMUTH INTERVAL FIR THE FIRST TRAJECTORY SEGMENT.

c

210

220

OO

PROGRAM STEP 6.
CALCULATE SLGPE AND INTERCEPT CIOVPONENTS FOR CURRENT TRAJECTORY
SEGMENT.

Jl=1

Kl=)

P32=9,

IF(I3L +EQ. 1)PBl=-DP
IF(ISL «GT. 1)P31=s=pP1
CONTINUE

D0 220 Il=1,5
FG(IL1)=0,

CONTINUE

FCNF=Q,

FTHAF=),

FAONF=2,

FAINF=Q,

FAINF=0,

XB1=30(I)I*SIN(PBL+0B)+MU*PIL*SIN(PBL+PBL+DB)
X82=R3G(I)*SIN(PB2+D3)+MU*P32*SIN(PE2+PBO+DB)
X31l=30(I)#COSIPBL+03)+4U*Pol*CAS(P3L+P30+03)
R323R30([)*COASIP324D3)+MU*PI2*CAS(PI2+PBO+DB)
X8S=(Xx32=-X8l)/7(P32-Pal)
X3[=X31l=XdS*PR1

IF(PB2 +2Qs Os o+ANDe (D3 +EQ. 04 o0Re DB JEC. PI)IX3I=0,
RBS=(R32-R81)/(PB2-P31)
RBI=B1-R3IS#Pa1L
Y3S=LAM

NSPPaNSP+1

C START CALCULATION OF FAR FIELD CONTRIBUTION,

260

250
240

230

DO 230 Il=1,NSPP
I2=11-1

CALL FFINT(PB1sPB2sR(I1)»ISELSFGLrFG2,FG3)
IF(I1 +E. 1)GO T3 240
IF(ISEL «EQ. 0)GO T 250
FFla=(14~RO)*(FGL=FGLN) /(4. ¥AR®DR(I2)#CR(12))
FF2e=(14=RO)*(R(IL)*FGL=R(I2)¥FG1M) /(4. *AR¥DR(I2)*DR(12))
FF3z=(1e=ROV*(FG2=FG2M) /(4. $AR*DR{I2)*#DR(12))
FFa==(1,=RO)*(FG3=F334) /(4. #ARSDR(I2)#OR(I2)) -
T1M=(=2.#(R30CI2)+R(IL) )42, #RBIVAFFL42,4FF242 #RBSHFF3=2,%FF 4
T1e(8.#R30(I2)=4o¥REI)KFFL4  #FF2=4 KRBSHFFI+4, ¥FF4
T1P=(=2.%(RBO(CI2)#R(I2) ) +2, #RBIV#FFL42.#FF242, #RBSAFF3-2,#FF4
DO 260 I3=1,NSP \

IF(I2 oNEo 1)FG(II)=FG(I3)+TIM*GF(I2=1,13)/0R(I3)

IF(I3 .EQ. I2)FGUI3)=F3(I3)+T1 |

IF(I2 JNEo NSPIFG(I3)=FG(I3)+T1P*GF(12,13)/DR(I3)

CONTINUE
60 TQ 240 :
FGII2)aFG(I2)=(14=~ROIF(FGL=FG1M)/(4s*AR)
FGlU=FGl
FG2MeFG2
FG3M=FG3
CONTINUE
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conan

1360

290

340
330

320
310

END CALCULATION OF FAR FfELO CONTRIBUTION,.
CALL SU3ROUTINE TO OIVIDE CURRENT TRAJECTIRY SEGMENT INTO SuUB-
SEGMENTS ALIGNED wITd SPANJISE SEGMENTS ALONG THE dJLADE.

CALL SUBIVLI(RBLsR32,PB31,P32sRsIP»PL,P2)
CB1l=C0S(PB2+PB0O+D3)

C82=C0S(2.¥(P32+P30+08))

Sal=SIN(PB24PBO+D3)

$32=SIN(2.%¥(PB2+¢P30+D3)) )

FCoTWh( 2. ¥MURO#CBL=MUSMURSB2=4 ¥ MU*RB2%CBL1)/(1.~RI)
FTH=2 . ¥MU*CH1

FACU=2 . ¥MU*531+4R32

FAL==2,%¥MU¥S5B2=2,%¥R32%(81

Fol=2.xMU%CB2=2.,%¥R32«S81

START CALCULATION OF COMMON PART AND NEAR FIELD CONTRIBUTIONS. IN
THE FOLLOWING 'LOOP, THZ FIRST PASS CALCULATES THE COMMON PARTs ANO
THE SECOND PASS THE NEAR FIELD.

00 270 Il=l,s2

IF(IL oE2¢ .2 oANDe I3L <EQs 1 +AND. PB2 .EQ. 0.)G0 TO 290
DG 270 I231,NSP

FGl=20,

FG2=).

ng'oo

FGQ’O. . .

IF(IP(I2) +EQ. 0)G] T 270

IF(I1 «E3. 2)GO TO 290

CALL CPINT(P1(I2)»P2(I12),ISELsFG1,FG2,FG2)

IF(ISEL «EQ. 0)GO T3 309
F3la=(1.=RO)*FG1/(2.*ARFDR(I2)*DR(12)})
FG2e=(1,=RO)*¥FG2/(2.,%AR¥IR(I2)*OR(I2))
FG3a=(14=ROIXFG3/(2.,%AR*DR(I2)*DR(12))

G2 TQ 310

FGII2)=FG(I2)=(1.=RO)*FGL/ (2, *AR)

63 To 270

DO 320 13al,6

CALL NFINT(PLUIZ2)»P2(I2)»(1.=ROV*X(I3)/(2, *AR).ISEL:FNI,FNZ,FNB)
IF(I3 .EJ. 1)GO TJ 330

FG4=FG4+FX2(I3=-1)*(FN1=FNLM)/PI

IF(ISEL +EQ. 0)GO TO 340
FGL=FGL+FX1(I3=1)*(FN1-FNIM)/(PI*DR(I2)*DR(12))
FG2=xFG2+FX1(I3=1)*%(FN2-FN2M)F(PI*DR(I2)*DR(I2))
FGISFGI+FXL(I3=1)*(FN3-FN3M)Y/Z/(PT#0OR(I2)*DR(12))

G0 TQ 33) '
FGII2)=FG(I2)+FXL(I3-1)*(FN1-FNIM)/PI

FN1IM=FN1

FN2MaFN2

FN3MsFN3

CONTINUE

IF(ISEL «EQe 0)GO TO 270
TiM=22,¥((RBI-R(I2+1))*(RBI=-RBO(I2))*#FGL+(2,*RBI=-RBOLI2Y
1-R(I2+1))I*RBS*FG2+RIS*RBS*FG3)
Tla=t.%((RBI-R(I2))#(RBI=R{I2+1)F)*FGLl+(2.#RBI-R(I2)=R(I2¢1))
1#¥R3S*FG2+RBS*RAS*FG3)

T1P=2 ¥ ((R3I=-R(I2)I*(RII-RB0UCI2VI*FGL+{2,*%RBI-R3IVD(L2)=R(I2}))
1*R3S*FG2+RBS*RBS*FG3)

DJ 350 I3=1,NSP

IF(I2 oGV 1)FG(I3)=FGLI3)+TLIM*GF{L2=-1,13)/0R(I3)




[N esNaXe]

VOO OO

I3

(I3)aF
G(I3

IF(I3 .tde I2 =
=

)
IF(I2 o«NEs NSP
350 CONTINUE
IF(I1 +Ede 1)6G0 TJ 27C
FCNFsFCNF+FG4*FC
FTHNF=rTANF+FG4*FTH
FAUNFeFAJNF+FG4*FAO
FALNFsFALNF+FG4¥FAL
F3INF=FBLNF+FG4*FB1
27¢  CONTINJE
280 CONTINUE

FG 1
)F T1P*GF(I2,[3)/0k(I3)

ADO THE CONTRIBUTIONS, CALCULATED FOR THE CURRENT FRAJECTORY SEGMENT,
TO THE CUEFFICIENT MATRIX ELEMENTS

D3 350 M=sl,NCOF
Mlas(A=1)/NAZ+1
M2aM=(M1=1)%NAZ
IF(ML +E2s (NSP+1))3] 1O 370
M32M2/2
M4aM2=M3x2
IFIM2 +EJs L)A(LsM)=A(L)Y)+FG(M])
IF(M2 oGTe 1 JANDe M4 oE2. D)A‘LJH)'A(L’ﬂ)’FG(Ml)
1¥COS(M3*(232+PB0+DR))
IF(M2 4GTae 1 oANDe M4 ,3Te O)A(LSM)=A{L,A)+FG(ML)
L¥SIN(M3*(P32+PRO+D3))
G0 T3 362
370 IF(M2 +EQs 1)A(LsM)=A(Ls M) +FTHNF
IF{M2 +EQe 2)A(LsM)=A(L»M)+FAONF
IF(M2 JE2¢ 3)A(Le)sA(LsM)+FALNF
IF(M2 JEQs 4)A(LIM)=A(LIM)+FBILINF
360 CONTINUE
B(Ls1)=8(Ls1)=FCNF

PROGRAM STcP 7. :
KEOZFINE THE AZIMUTH INTERVALs FIR THE NEXT TRAJECTORY SEGMENT,
TEST 7O SEE IF THE FINAL SEGMENT HAS BEEN CALCULATED. ALSO TEST
TO SEE IF THE NEXT SEGMENT IS CLOSE |TO A BLADE, IN WHICH CASE
REDUCED SPACING IS TJ 3E USED. . o
P32s=PB1 .
IF(P32 LLE. PLIM)GO TO 230
IF(DPL +EQe DP2)GJ TO -390
IF(J1 GT. IMINIGO TO 330 B
IF(KL +EQ¢ O +AND. P32 oLZe (PMINCJL)+DP1))GO TO 390
IF(KL «EQ¢ 1 <AND. PB2 oGT. (PHI&(J1)~0P1))GD T8 399
IF(Kl oEJds 1 <ANDe PB2 oLE. (PMIN(J1)=-DP1))GO TO 400
IF(P32 +GTe (=3.%0P1) JAND. [3L JEQ. 1)PBl=pBl-DP2
IF(282 JLEse (=3.%DPLl) ,IRe IBL «GTe 1)PBLl=PBL=-DP1
IF(KL «EQe O oANDe PBLl oLTe (PMINCJL)+OPL))PBL=PMIN(JL)+DPL
GO TO 210 "
380 P3l=P81l-2P1
GO T2 210
390 P3Ll=PB1-DP2
Kl=1
G0 TO 219
400 P3l=PB1-0Pl
Kl=3
Ji=Jlel
60 10 219
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YOO

200

. pRIGRAM STEP 8. END IF LOOP FOR NUMBER OF BLADES.

CONTINUE

c ! ’
¢ SET UP THE ELEMENTS CIRRESPINDING TO THE 4 AUXILIARY UNKNOWNS.

c

MsNSPANAZ+L

A(LJM)'A(L’H)-UT

MaMel

ACL»¥)=A(LsM)+HUXCPL

“MeM+l
iA(L;ﬂ)-A(L;H)#RB&(I)#SPI*.S*HU*(I.-CPZ)
HELED!
,A(LnH)=A(L.H)-RBO(I)*CPL-.5#HU*SP2
SLeL+l )

o - :
¢ PRAGRAM STEP 9. END JF CILLICATION LOOP.

C
110

OO0

420

500

- 490

«80

520
510
470

530

78

_CONTINUE

PRUGRAM STEP 10. - ) : o
SET UP THE EXTRA 4 EQUATIINS NEEDED TO CLOSE THE SYSTEM.

‘D0 410 I=is%
DO 420 M=2lsNCOF’
! A(L)ﬂ)’OQ
“CONTINUE
“B8lLsl)=Co
IF(I «E%s 1 oANDe N1 «E2, 1)G0 TO 430
IF(L «EQe 2 +AND. N2 WLEQs 1160 TO 440
IF(I «20s 3 oANDe N3 JEds L)GO TOD 450
IF(I +EQe¢ & «ANDe N4 o230 1160 TQ 460
IF(I oLEs 2)Il=1 :
IF(L «GTe 2)I1=[~-]
DJ 470 Ml=1p,NSP
IE(] «GT. 1)G0 7O 480
DO 490. #231sNSP
Ma(42-1)#%NAZ+I1 '
IF(ISEL +EQ. 0)6G3 T2 500
IF(M1l oNEs 1)A(L,H)'A(L9H)-DR(Hl)‘GF(Hl'l)HZ)I(b.*DR(HZ))
IF(M42 «EQ. ﬂl)A(L;H)'A(L)1)-4.*DR(H1)IO.
IF(ML oLTo NSP)A(L’H)'A(LpH)'DR(Hl)*GF(Hl)ﬂZ)/(bc*DR(HZ))
GO TO 4990
IF(M2 +E2. M1)A{LsM)=A(Ls 4)=DR{ML)
CONTINUE -
GO TO 470
GO 510 M2=1,NSP
M=(42=-1)¥NAZ+IL
1F{ISEL +EQ. 0)GO TU 520
IF(ML oNEo 1)A(L'W)lA(LnM)-Q(Hl)*DR(Hl)*GF(NI-I;HZ)l(b.*DR(HZ))
IF(M2 .EQ. Hl)A(L)H)’A(L’H)-Qo*RBO(Hl)‘DR(Hl)lbo
IF(ML LT NSP)A(L:H)=A(L,H)-R(Hl*1)*DR(H1)‘GF(SI,*Z)/(6.‘DR(HZ))
Ga 70 510
IF(M2 +EQ. Hl)A(L")’A(L’M)-RBO(HI)*DR(MI)
CONTINUE :
CUNTINUE
GO TO (530554095502560)»1
MaNSP*NAZ+2
A(L)H)'(l.-QO)‘(l.-RO*QO)I(Bo‘AR)




B(Lol)=AR*CT/(N3*(1,=R0))

[g]

C THE AB0VE EJUATION EQUATES THE TOTAL LIFT DUE TG ALL THE BLADES,
C AVERAWED UVEx THE AZIMUTHs TJ THE THRUST COEFFICIENT,
c

L=t+l

GO T9 410
430 ManNSPeNAZ+l

A{LyH)=l,

8(Ls»1)=THC

THE 43JVE EQUATION SET35 THE CULLECTIVE PITCH TO THE GIVEN VALUE.

[aNoX o

L=L+1

G0 T2 410
540 MaNSP*NAZ+2

A(L)M)2(1e=ROI*(Lo=RO¥RI*RY)/{124%AR)=2,./GAMA

B(L»1)=0.

TAE AsJIVE EQUATION REPRESENTS THE ZEROTH HARMUNIC COMPINENT OF
MIMENT EQUILIBRIUM A30UT THE HuUB.

[2XsXalg)

L=L+]
G TQ 410
440 MaNSPHNAZ+2
A(LsM)=1,
8(Ly1)=A0
C
C THE A3JVE EQUATION ScTS THE CIONING ANGLE TO THE GIVEN VALUE.
C
Lal+1l
63 7O 410
550 M=NSP¥NAZ+1
ACLoM)=MUR(Lo=RIVF(Ls=RO%RI)/ (4.%*AR)
Mai+2 ‘
AlLsM)2=(L1e~RO)*(1e=RI*¥RO*¥RO)/{5.%AR)
B(LD1)'-TH*HU*(QO*(I.-RO'QQ)-“-*(IL-RO*RO*RO)/3.’/(Qc*AR)

C .
C THE ABJVE EQUATION REPRESENTS TAE FIRST HARMONIC COSINE COMPONENT
C UOF MGMENT EQUILIBRIUM A30UT THE HUB. '
¢
L=L+1
GO0 TO 410
450 MsNSP*NAZ+3
A(LsM)=l.
B(Ls1)2Al
c
C THE ABOVE EQUATION SETS THE CYCLIC PITCH COEFFICIENT, AL, TO THE
C GIVEN vaLUE.
C
Lal+l
G0 TO 4190

560 M=NSPENAZ+2
A{L>»M)=MU*(14=RO)*(1.-RI*¥RJ)/ (4,%AR)
Mat+2
AlLsM)==(1.,-RO)*(1.-RC*A0*0)/(6.#%AR)
B(Ls1l)=Co

THE ABOVE EQUATION REPRIESENTS THE FIRST HARMONIC SINE COMPONENT OF
MOMENT EQUILIBRIUM ASOJUT THE HUB.

OO0




LaL¢l

GJd T3J 410
460 MaNSP¥NAZ+4

AlLsM)=l,

8(Ls1)231

THE ABOVE EQUATION ScTS THE CYCLIC PITCH COEFFICIENT, 31, TO THE
GIVEN VALUE.

OO0

L=L+l
410 CONTINUE

PRIGRAM STEP 1l. :
SOLVE THE SYSTEM CF SIMJLTANEQUS EQUATIONS AND PRINT THE SOLUTION.

OO0

CALL GELIM(NCOFINCOF»AyLls3,IPIVOTs0ysWK»IERR)
IFCIERR LtQs 1)GO TQ 570
L=1
DO 580 I=slsNSP.
GC(IV=23(L,1)
L=L+1 .
DO 530 J=l,NHM
GC(IrJd)=3(Ls1)
L=L+1 “
T GS(IyJ)=3(Ls1)
Lal+l
580 CONTINUE
THC=3 (NSP%NAZ+1,1)
THCOsTHC¥ 13C4 /P
AC=3(NSP*NAZ+2,51)
AQD=AO*13C./P1
Al=3 (NSP*NAZ+3,1)
AlD=A1#¥180./P1I
B1=B(NSP*NAZ+451)
B10=31%180./PI
WRITE(6,3)
WRITE(65590)
590 FORMAT(SX,"SOLUTION FOR COEFFICIENTS"/6X925(1H=)776X>
17(GN(I)sI=1,NSP)I™)
WRITE(65600)(GO(L)»I=1yNSP)
600 FORMAT(/6Xs5(ELOs4s1X))
WRITE(6s610)
610 FORMAT(//6Xs"((GC{IsJ)sJ=loNHM)»I=1lyNSP)"//)
DO 620 I=s1l,NSP
WRITE(65600)(GC(Isd)sJ=lsNHNM)
620 CONTINUE
WRITE(6,530)
€30 FORMATU//76Xs"((GS(Isd)sd=LlyNHM)»I=1sNSP)"//)
DO 640 I=1,NSP
ARITE(65600)(GS(IsJ)sJ=1yNHM)
640 CONTINUE
WRITE(6,550) THCDs AUDs ALD, 31D
650 FORMAT(//76Xs"PITCH ANGLE AT BLADE ROOT=",F10.5,1X,"DEGREES"//6X,
1"CINING ANGLE®",FLl0.3»1X9"DEGREES"/ /56Xy
2"FLAPPINS COEFFICISNT, Ala",F1045,1Xs"DEGREES"/ /06Xy
3"FLAPPING COEFFICIENT, 312",F1045,1X»"DEGREES")
c
C PROGRAM STEP 12.
C START LOOP FGR AZIMUTH STATIONS AT WHICH QUTPUT QUANTITIES ARE




c
c

OO0

CALCULATED.

690

710

730
720

700

CTCAL=0.

CAXCAL=O,

CMYCAL=C,

D0 570 I=1,24
PBLO(I)=19.%(1=1)
PBO=PBOD(I)*PI/180,
CP1=CIS(PBO)
SPLaSIN(PBI)
CP22COS(2,*#PBO)
SP2sSIN(2.*#PBO)
F2uCPL¥ (2, #MUTWERO/(L1o=RD) +2.#HUSTHC ) 42, #MUSAORSPL+2, ¥HUS31#CP2
1-SP2% (MU*MURTW/ (1, =RO)+2,%4UtAL)
F32A0=CPL* (4o #MUFTW/ (14 =RO) +$2.%¥41)=2.#3145P1
GIl=0.

GI2=0.

D0 530 Il=1,NSP
G(I,I1)=30(11)
00 630 I2=1,NHM
GII,I1)=G(I»T1)+5C(I1,12)%COS(I2*PBO)+GS(ILs12)#SIN(I2#P30)
CONTINUE

DO 799 Il=1,NSP

IF(ISEL oNE. Q)60 T3 719
GILaGIL+DR(IL)*G(I,I1)
GI22GI24OR(IL)*RBI(ILI*G(I,T1)
60 TQ 709
GIL=GIl+4.*DR(I1)*G(I,11)/6,
GI22G12+4,#DR(I1)*R30(ILI*G(I,I1) /b,
IF(IL €2 1)GL(I1)=0,

IF(IL 46T 1)GL(IL)=GR(I1=1)
GR(I1)=0.

IF(IL +E3. NSP)GU T 720

DO 730 I2s1,NSP
GR(IL)=GR(IL)I4GF(I1,12)%G(I»12)/DR(I2)
CONTINUE
GIL=GIL+OR(ILI*(GLUILI#GRIILI) /6.
GI22GI240R(IL)#(R(ILI¥GLIILI+RIILFLI*GRIIL) /6,

CONTINUE

FLT1(I)=(1,=ROXRO)¥A0/24+CPL¥ (2o #HUFTHC#(10=RO) =2, ¥HUST
1-A1%(1.~RORO) ) +SPL*{1e=R0)* (2, ¥HUSAO-B1#( 14 +RO))

242, #HU#BL¥(14=RO)#CP2=SP2¥ (2, #HUFAL* (14=R0) +AUSAUSTH)
FLTL(I)==FLT1(E)%(1.=RI)/ (4. *AR)
FLTL(I)==(FLTL(I)+GI1)#PI*(1.=RO) /AR
FLT2(I)sFLTL(I)/(CT*PI/N3)
FMT(L)=(Lo=RO*RO¥RDI¥AD/ 34 +CPLE(MURTHC* (1, ~RO*ROI =2, % AL%

L1(1.=RO*RO*RO) /3 (+HURTW#RO*(Le+RO) =4 #MUSTW# (1, +RO+RO$RO) /3,)

24SPL¥(MU*AO* (1,~RO¥RI)=2,%31%(1.~ROFROFRO)/3.)+CPZENU*BLS

3(1,—RO¥RI)=SP2#(MU¥AL*(L.~RO¥RO) +HUSMURTW# (1. +RO)/2,)
FMT(I)==FMT(I)}*(1e~R0)/ (4., %AR)
FMT(I)==(FMT(I)+GI2)*PI#(1.=R0O} /AR
COLLI)=FMTCI)/FLTL(I)

CTCAL=CTCAL#FLT1(I)/24,

CMXCAL=CMXCAL+FMT(II*SPL/ 24,
CMYCAL=CMYCAL=FMT(L)%CPL/ 24,

START LOGP FOR RADIAL STATIUNS AT WHICH QUTPUT QUANTITIES ARE

CALCULATED.

00 740 Il=1,NSP
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780
790

740
670"

791

C
C PR

830

810

811

830 .

82v

840G

850

860

870

830

82

IF(ISEL +£Q. 0160 TJ 730
QCSZ.*(G&(Il)#GL([lT-Z.*G(Irll))I(OR(II)‘DR(IL))

QB-(GR(Il)-GL(Il))IDR(II)-Z.‘QC*RBO(II!
0A=G(I’Il)-RBO(Il)*)B-RBO(IL)*RBO(IL)*QC
GGUT!QA+QE*RBO(Il)#JC*RdO(Il)*RBO(Il)

60 T2 790

- GOUTaG(I»I1)

CE23{1sT1)=F2+RBO(ILI*ES
FLl(InIl)’-PI*(l.-RO’*(GQUT-(1--R0)‘F23(l:Il)/(Q.*QR))IAR
FLZ(I:II)-FLI(I;II)/(Cf‘PIINB)
FH(IoIl)=-PI¥(1.-RO)*(l.-RO)*(l.‘RO)fFZ3(Ir[l)l(16.‘AR*AR¢AQ)
(CP(I;Il)'.ZB*FH(I’Il)‘AQI(FLL(I;11)*(1.-R0))

CONTINUE

CONTINUE .
CTCAL=CTCAL#NB/PIL
CMXCAL=CMXCAL®*NB/PIL
CMYCAL=CHYCAL#NB/PI

“AR[TE(5’791)C‘CAL)CNXCAL’CHYCAL

FORMAT( /06X, "COMPUTED THRUST COEFFICIENT*”,EIO.#IIbX’
L"COMPUTED MOMENT COEFFICIENT a32uT ROTOR X=AXL[53™,EL04//5Xs
2UCIMPUTED MOMENT COEFFICIENT A30UT ROTOR Y=AXI[Sa",E12.4)

INT ALL QUTPUT QUANTITIES IN TABULAR FORM,

WRITE(S3)

wRITE(65300)

FURHA[(/IbX’"TA3LE 1 - SECTIONAL LIFTI(RHU*(QHEGA**Z’*(Ql‘*3))"/bx
1949(1H=177)

HRITE(b:SlO)(RdO(I)’I’l’NSP)

FORMAT(/12Xs "R/R1S w,5(E10.421X))
WRITE(6s8L1)

FORMAT(/T7Xs"PSI™)

00 320 121,24
dﬁlTE(b,BSO)PBOD(I)’(FLl(I’Il)vIl'loNSP)
FORHAT(le;FE-l)SXpi(ElO.QplX))

CONTINUE

. WRITE(6,9)

ARITE(6,840)

FOGRMAT(//6Xs"TABLE 2 = SECTICNAL LIFT#R1/THRUST PER BLADE"/6Xy
144(1H=)/7)

NRITE(&:BIO)(RBO(I);I-I»NSP)

WRITE(6,811)

DO 850 I=ls24

HRITE(6,830)PBOD(I);(FLZ(InIl)tll-I’NSP)

CONTINUE

WRITE(659)

WRITE(65360)

FORMAT(//76Xs"TABLE 3 - SECTIUNAL PITCHING HDﬂENTI(RHO‘(OHEGA**Z)*(
lRL**Q))"IbebO(lH-)Ile’“(ABOUT QUARTER=CHORDI"//)
HRITE(&;BIO)(RBO(I):I’I:NSP

WRITE(65811)
DO 870 I=ls24
NRITE(b:SBOfPBOD(I);(FH(I:IL)’I1=1’NSP)

CONTINUE

ARITE(6539)

WRITE(6,880)

FORMAT{//6Xs"TABLE 4 - CENTER OF PRESSURE LOCATLION FROM LEADING ED
LGE(FRACTION OF CHIRDIM/6Xs T4LLH=}1T)

NRITE(bpSlO)(RSO(I);I‘leSP)

WRITE(6s811)




0C 490 I=l,24
wRITE(5»830)P3C0(I)»(XCP(IoIl)pIlm1,sNSP)

830 CONTINUE
wRITE(%y )
WRITE(b6,900C)

9CO0 FIRMAT(//76Xs"™TABLE 5 = TOTAL BLADE LIFTy, MOMENT AB0UT HUB AND RADI

1AL CENTER OF LIFT"/5X,70(1A=)7/6X%Xh
2"TJTAL BLADE LIFT/(RHU*(UWEGA*‘Z)‘(RI‘*4))"IbX’
3*TGTAL 8LADE LIFT/THRUST PER BLADE”/OX’
4UMOMENT ABQUT HUB/(Q*O*(JMcGA‘*Z)*(Rl*‘ﬁ))"/bx’
SYRADIAL CENTER OF LIFTIRI”/I7XD"PSI”DBX’"TOTAL 8LADE LIFT"™,
55K, "MOMENT®,5Xs “CENTERM/ 33X "AB0UT HU3"»4Xs"OF LIFT")
03 910 Isl,24
WRKITE(65320)PBOD(I) s FLTICI)»FLT2CL)»FMT(I)»COL(T)

92U FOkMAT(/6XsF54195X»4(EL0.451X))

910 CONTINUE
WRITZ(&59)

WRITE(69940)
940 FORMAT(//5Xs"TABLE 6 = SURFACE PRESSURE DIFFERENTIAL/(RJHO*(OMEGA**
12)#(R1#%2))"/6Xs64(1H=)//)
00 950 I=1,2%
WRITE(6,960)PB0D(I)

960 FORMAT(/5Xs"™AZIMUTH ANGLC®"yFS54L1ly 1Xs"DEGREES"/5Xs27(1H~))
WRITS(5s8L03)(RBO(I1)»I1l=1,NSP)
wRITE(6,370)

970 FGRMAT(1llXsn"X/C™)

00 980 Il=1,NSP

00 980 12=1,10
CCH=2,*X0UT(I2)-1,
SCH=SART(1.-CCH*CCH)
POUT(ILl,[2)==G(I,I1)*SCH/ (1, *CCH)#FZ3(I:ll)*(lo'RQ)‘SCHI(Z.*AR)
POUT(IL,[2)=2,%PQUT(I1,L2)

980 CCONTINUE
00 990 I2=1,10
WRITE(AsIFLIXOUT(IZ2)»(PIUT(ILsI2)»I131,NSP)

991 FORMAT(6XsF3¢595Xs5(E1Je%r1X))

990 CUNTINUE
IREM=a[=([/3)*3
IF(IREM +EQe OIWRITE(6,3)

950 CONTINUE
STOP

c
C PRINT ERROR MESSAGE IF CUEFFICIENT MATRIX IS SINGULAR,
C
570 WRITE(65,330)
930 FORMAT(G6X»"COEFFICIENT MATRIX SIN ULAR")
sTOP
END ,
SUBROUT INE DMIN(MU,LAM,DBsRBOsPBO,PLIM»DMAX,I»P)

CALCULATION OF AZIMJUTH POSITIUNS AT WHICH TRAJECTGRY I3 DIRECTLY
CVER A BLADE, WITHIN A DISTANCE DMAX

OO0

REAL MU,LaAM
DIMENSION P(20)
Y(XsX1pX2pY1lpY2)mYL4{Y2=Y1)*(X=X1}/(X2-X1)
I=0
P10
XBl=0,
P2==0,2

83




84

Loeao. Tl

19
30

29

DIVISIIN OF TRAJECTORY SEGMENT INFO SUB-SEGMENTS ALIGNED WITH BLADE
SPANWISE SEGMENTS,

10

-30

40

50

60

XB2=RBC*SIN(P2+08) +MU¥SIN(P2+PA0+DB) %P2

IF(Pl .MNEo 0.)GO TO 20

PLaP2

IF(Pl oLEe PLIMIRSTURN

PZsP2—-0e2
X3l=xX82

G0 T3 10
TESTaX31%X32
IFCTZST «GT.

X3CeRIO*SINIPC+D3) +AU*SIN(PC+P30O+DB)*PC
RBC=RBO*CUS(PC+D3) +MU*CAS(PC+P30+DB)xPC

0.)G3 TJ 30
PC=Y(0.sXB81sX82,P1,P2)

DeSART(XICHXBCHLAMKLAN®PC*PC+(RBC~RB0O)*(R3C-RBD))
IF(D .GT. DMAX)GO T3 30

I=1+1
P{I)=PC
GO TO 30
END

SUBROUTINE"SUBIVL(RBl;RBZ;PBI:PBZ»R;I»PI;Pé)

JIﬁENSIUN k{6)s 1(5)sP1(5),P2(5)
Y(XsXLsX25Y1lp¥2 )2V Lt (Y2=YL)*(X=X1)/(X2=X])

03 10 J=1,5
I(J)=0
P1(J)=0.
P2(J)=0.
CONTINUE
D0 20 J=1,5
Plax(J)
R2=(J+1)
IF(R31 JLE.
IF(RB1 .GE.
IF(R31l «GE.
l+ANDe RB2 WL
IF(R31 JLE.
IF(R31 LT,
IF(R31 «GTe.
IF(RB1l «GE.
I04)=1
PL(J)=PB]
P2(J)=PB2
RETURN
1(J)=1

R1
R2
k1l
308
R2
R2
R1l
R2

«AND
«AND,
«AND,
R2)6D
«AND,
s AND.
«AND.
«AND,

R3Z «LE.
RB2 +GEe
R31 «LE.
T3 30

RB2 +GTe
R332 +GEe
RE2" JLE.
R32 .LT.

P1(J)aY(R1sRB1,RB2,P81,PB2)
R2)P2(J)=Y(R2,RBLsRB2sPB1,PB2)
IF(R32 oLE. RZ)P2(J)=P82

IF{R32 .GT.

G0 TO 20
I(J)=1

P2(J)=Y(R2,R31,RB2,PB1,PB2)
[F(RB1 .LT. RLIPL{JS)=Y(RLIR31»RB25,PB1,PB2)
IF{R31 .GE. R1)PL(J)=P31

GD 1O 20
I1tJ)=1

P2(J)sY{R1sRB1,R32,P81,P82)
IF(RBL 43T+ R2)PL(JIV=Y(R2,R31,RB2,P81,PB2)
IF(R31 «LE. R2)PL(J)=P31

GJ TO 20

R1)60 TO
R2)60 TQ
R2 «AND.

R1)GO TO
R2)60 T3
R1)GO TQ
R2)G0 TO

20
20
R32 GE. R1

40
50
60
70




70 I(J)sl
Pl(J)=Y(R2,kB14RB2,PBL,P32) )
IF(R32 oLTe R1)P2(J4)=Y(RL,RBLSRB2,PBL,PB2)
IF(RA2 JGE., R1}P2(J)=P32

20 CONTINUE
RETURN
END
SUBROUTINE WFINT(PL,P2yXsISELsT15T25T3)

c

C INTEGRATION JF NEAR FIELD PRESSURE GRADIENT,

C
UDIMENSION FO(2),F1(2)sF2(2},F3(2)
CAMMON/MAINL/ XI»XS»Y¥SHRISRS
DO=(X=XI)*(X=-XI)
D1==2+%({X~XI)*XS
D2eX3%XS+YS#YS
A24,%00%*)2-D1%01
IF(Y oenEe 04)SQ=SQRT(Q)
00 10 I=1,y2
IF(I +EQ, 1)P=P]
IF(I +EQes 2)PeP2
DO=DO+DL&P+D2%P*p
IF(Y oNEe O)FCLI)=2,%ATAN{(D1+2.,%D2%P)/5Q)/SQ
IFCQ «EQe D) FO(I)==1,/(D2%P)
FL1(I)=(ALCG(DD)=D1*FO(I))/(2.%D2)
IF(ISEL .£Q. 0)G] T3 20
F2{I)=(P=D1*FL{I)=-00%FO(T))/D2
F3(I)=(P*P/2.~D1%F2(1)=00*F1(I))/02
G0 70 10

20 F2(I)=0.

F3(I)=d.

10 CONTINUE
Tles(X=XI)*(FCO(2)=FO{Ll))=XS*{F1l(2)=~F1(1))
T2as(X=XI)*(F1(2)=FL(1))}=XS*(F2(2)-F2(1))
‘3'(X-XI)*(F2(Z)‘FZ(1)) X\*(F3(Z)-F3(1))
RETURN
END
SUBROUTINE CPINT(P1»P20ISELsT1sT2,T3)

C INTEGRATION OF COMMON PART PRESSURE GTAD!ENT.

C
DIMENSION FO(R2)sFL(2)sF2(2),F3(2), Fﬁ(Z)
COMMON/MAINL/XI»XSsYSHRINRS
ROaXI*XI
R1=xI*XS
R2=XS*¥XS+Y3*YS
Qmf kX EX]2YSRYS
IF(2 «NE. 0.)SQsSQRT(Q)}
DO 10 I=1,2
IF(I +EQ. 1)P=P1
IF(I +EQ. 2)P=pP2
RR2RO+2,%R1*P+R2*¥P*P
IF(Q «EQe Os +ANDe P +EJs 0,)63 TO |20
IF(Q onNEe 0-)T =2, ¥ATAN(( 2. 'R1+Z.‘RZ*P)ISO)ISQ
IF(Q +EQ. «)T=0, ‘
IF(Q WNE, 0.)FO(I)'Z.*(&I#Q’*P)I(O*RR)*Z.*RZ‘T/J
IF(T o494 O0)FS(I)==1.7(3, *RZ*QZ*P*P‘P)
FL{I)®({=1s/7(2+%RR)=R1*FI(I))/R2
F2(I)=(=P/RR+RC*FO(I))/R2
IF(ISEL +EQ. O)GO TO 30




86

c

c

c

F3(I)a(=R0#FL(I)=2.#L4F2( 1)) /R2+(ALOG(RR) /24=R1*T) /(]2%R2)
IF(Q +EQe O.)F3(I)=ALOG(P*P) /(2. ¥R2¥R2)
F4ll)s(P*P*P/RR=4,#R1#F3I(1)=3,#RO¥F2(I))/R2
63 TO 10

2C Fo(I)s=0.
FL(I)=d,
F2(1)=0,

30 F3([)=q.

Fa(I)=d.

16 CUNTINUE
DFO=FO(2)=FO(1)
DF1=F1(2)=-F1(1)
DF2=F2(2)=F2(1)
DF3=F3(2)=F3(1)
CF4=sF4(2)=F4(l) ' ,
T1aRO*DFO+2.¥R1#DFL1+{ XS*XS=YS*YS) #DF2
T22RO¥DFL+2,*¥RL*¥DF2+{ XSEXS=YS*YS) *DF3
T3=RO*DF2+2#R1L*DFI+(XSEXS~YS*YS)¥DF 4
RETURN - .
END : o
SUSROUTINE FFINT(P1sP2sReISEL»T1»T2,T3)

INTEGRATIAN OF FAR FIELD PRESSURE GRADIENT-T

DIMENSION FL(2),F2(2),F3(2)
COMAON/MAINL/XIpXS»YSpR[5RS
RO=XI#X1
Rl=XI#X§
R23XSEXS+YSHYS
DO=RO+ (R=KI)#(R=R)
Dl=31-(R=RI)*RS
D2=R24RS#RS
S0225QRT(D2)
FN1=ABS (XI*YS)
FN2=(R-RI)*#R2+RS*RL
FN32D14D1-D0%D2
Q=4  *D2*FN1#FNL
IF(Q oNE. 0.)SQaSART(2)
DQ 10 I=1,2
IF(1 .EQ, 1)P=P1
IF(I .EQ, 2)P=P2
F1(I)20,
F2(1)=0,
F3(1)20,
XBaX[+XS#P
YBmYS#p
RB=RI+RS*P
RR=XBXXB+YBYB
UsR=-RB
D=SQRT(RR+U*Y) .
T=D14D2#P+SD2%0 ,
Gl=ALOG(T#T)/(2.,#502)
. 62=(D=-D1#G1) /D2
IF(XI +EQe Oe +AND, P .EQ. 0,160 TO 20
IF(XT +tds 0.)G0 TJ 32
IF(ISEL +EQe 0)GO TI 40
G3=ATAN(2.¥(T*(SO2+RS)=FN2)/SQ)=ATAN(2,*(T*(3D2=RS)+FN2) /5Q)
G3m4,¥SD2%63/5Q
G4=(ALOG((D~U)/(D+U) ) =2, #RS*G1-R1%G3) /R2
G5=(=RO%GI~2.$R1¥G4+2. ¥ (R-RI)*G1-2.¥RS#G2) /R2




OO0

4

30

50

2C

60

10

GO3(Be¥SD2¥FN3I* (SD2¥D-RS*U)/{T*RR)+8.#SD2*XFN2*#U/RR
1+4.*D2%FN2%G3)/0Q

GT={=2.,%D/RR=R1*%G6-RS*53)/R2
GBE(=RI¥GH=2.¥R1*¥GT+2.%551+2. % (R=RI)*G3=2,%R5%G4) /R2
G2 (=RO#GT=2, ¥R1¥GA+2, 45242, ¥ (R=R[)*¥G4=2.%RS¥35) /R2
FLII)=(2.%GL+(R-RI)#33-R3%54=~YS*Y3¥G6) /2.

FUI) = (2,%G2+(R-RI)¥54=RS*¥G5-YS*YS%GG) /2,
GLI=2.#ATAN((2.#(SD2-RS)*T+2,%FN2)/5Q)/5Q
Gll=ALOG(ABS({SD2=RS)*T*T+2,#FN2#T=(SD2+RS)*FN3))
G1l23(=2.#R1#SD2#G1l0+GL1-{302~RS)*G1)/R2
Gl3u(P+2,%R0%(XSEXS~YSKYSI*SD24G1l0/R2=2.%R1*G1l1/R2
14(2.¥R1%D2-( SD2+RS)I*FN2)*51/(D2%(SD2+RS))+RS*¥D/D2)/R2
FI([)=P*ALOG(D+U)=R1*GL2=AS*XS«G1I+RS*G2

G0 TO 10

FLOI)aRS*YS*¥(YS*0+5D2#Y3) /{R2*SD2*T*D)~-X3*XB*
L{RS#D=S02*%U) /(R2*T*RR)=YS*V3%U*(Llo=R1/T)/(J*R2*RR)
F2(I[)=0. '

F3(I)=0,

50 T3 10

IF(ISEL +EQ. 0)GO0 TO 52
Glams(T=D1-S02%A8S(R=RI})/{(T=D1+SD2*ABS(R=-RI))
Gle=ALUG(GLle*Gl4) /2,

FLOE) = (XS#XS=YS*YS)*(=0/P+D2#G1+D1*G14/ABS (R=RI))/(R2%R2)

1+YS*YS*Gl/R2

FROI)=(XS*XS=YS*Y3)*(0+AB3(R-RI)*G14+D1*G1)/(R2*R2)
LeYS*YSEG2/R2

G152 (P+RS*#D/D2)/R2=-(R=-RT)*51/02
F3(L)=P+ALOG(D+U)=XS*X3¥GL5+R5%G2

60 10 10

FLII)=( XSEXS=YS*YS}*D/{R24R2¢(R~RI)*P)

LeYS*YS*P/ (R2¥(R=R]I)*D)

Fa2(Il)=0.

F3(I)=0.

G0 T3 10

IFC(ISEL «EQ. 0)GO TO 69

Glo=ALIG(T/(2.%U*Y))
FLOI)s(XS*XS=YS*YS)*{D2%G1-01*%(1.~G16)/7ABS(U))I/{R2*R2)

1+YS*¥YS#GL/R2

F2OTI)=(XS¥XS~=YS*YS)*(D1*GLl+ABS(U)*(1.+G16) )/ (R2*R2)

1+Y5%Y5%G2/R2

Gl7=RS*D/(RE*¥D2)~-U*Gl/02
F3(L)==XS*X5%517+R5%52

GO0 10 10
FL{I)o=(XS*¥XS=YS*Y5)*RS/(R2*R2+ABS(U)}
F2(I)=Q, :

F3(I)=0,

CONTINUE

TlsF1(2)=-F1(1)

T2=F2(2)=F2(1)

© T3=F3(2)=F3(1)

RETURN
END .
SUSROUTINE TABSCH(XsNyXT»I1l,12,INT)

GIVEN AN ARRAY X, TO LICATE THE POSITION OF A VALUE XT.
IF INT=0, XT LIES 3ETWEEN X(ILl) AND X(I2).

IF INT=l, XT IS GREATER THAN X(N).

IF INT==1, XT IS LESS THAN X(1}.

DIMENSION X(N)

87
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10

20

c21
‘22
“30

40

1120
1220
NM=anN=1

DJ 19 I=1LsNM

IF(AT +GE.
CONTINUE
IF(XT LT,
IF(XT +GT.
INT=0
IFCXT oEQ.
IF(XT oEQ.
I1=]
[2=]¢]
RETURN
[1=12=]
RETUAN
Il1=12=]+1
RETURN
INT=-1
RETURN
INT=]
RETURN

FND

X{I) «AND. XT oLEe X{(I+1))GO TO 20

X(1)169 10 39
X(N))GO TO 40

X(1))60 TO 21
X(1+1)¥60 T2 22
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