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and performance predictions .are obtained for the aft propellers when results
are compared to thoge calculated using the old method. Calculations made using
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of determining the pzopellet interaction effects.
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the David W. Taylor Naval Ship Research and Mavelopment Center {DTNSRDC) is
presented as well as input and output obtained for a sample set of contra~
rotating propeller designs.
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Expanded blade area, Zf? c dr
h

Propeller expanded area ratio, (ZZ/n)!i ¢/D dx
h

Keller's minimum expanded area ratio for
eliminating back bubEle caviiation,
(2.5+o.6z)xr/{oo fa%+0.7m) )} +x

Disc area, n02/4

Estimated propeller projected area,
(1.067-0.229(?/0)1)AE
Area of section, 2 c(x)t(x)f% t(x,xp) dx

Distance of CG from face,

v - -9
y cos ¢ + x sin ¢ GS x R tan ¢ R X+ DH/2

Chord lengths measured from leading edge and

trailing edge of blade to propeller reference
line

Section drag coefficient
Frictional resistance of section

Center of gravity

Blade section lift coefficient
3

Power loading coefficient, PD/((p/Z)‘ImzvA

Power loadigg3coefficient basid on ship speed,
P,/ (0/2) TRV )i calculated f

Thrust loagigg coefficient bised on ship speed,

/[ (p/2)TR“V"); calculated Jxp (1-€tanB ) (dCp. /dx) ax

Propeliar blade chord length, c(x)

Inviscid power loading coefficient,
(42/h )% G ((1~wx)+uT/2vJ

Inviscid thrust loading coefficient,
42G(x/) =0, /2V)
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Propeller diameter
Hub diameter

Parameter for calculating the fluctuating
angles of attack, l/fl+2ntan(BI-B)/CL)

Camber
Acceleraticn due to gravity
Lerbs axial distance factors (Reference 1)

Nondimensional circulation about a blade
section, I'/(2nRV)

Spacing between fillets
Spacing between blades at hub
Static head at propeller shaft centerline

Moment of inertia of hlade section about

x and ¥ axes %‘q
Advance coefficient, V(1-wg)/(nD)=V,/(nD) £
Ship speed advance coefficient, V/(nD)

Kellers' constant for predicting minimum

blade area of propeller (see p. 24)

Torque coefficient, Q/(anDS)

Thrust coefficient, T/(pn2D4)

Propeller lift distribution per unit span

for finite element stress calculations

Moment of blades (see p. 24 )

Moment due to thrust and torque

Moment parallel and perpendicular to the

nose-tail line

Propeller revolution per unit time
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(P/D)i Estimated propeller pitch ratio at 0.7 radius,
0.7-ntan8I in program

PD Delivered power at propeller, 27Qn

?E Effective power

PS Shaft power

Q Propeller torque

R Propeller tip radius

r Propeller local radius

L Propeller hub radius

Ty Local position along the section chord

T Propeller thrust

t Propeller blade maximum thickness t({x), thrust
deduction fraction

% t(x,xg‘) Chord wise distribution of section thickness
F e (NACA 66 modified thickness form is uced)
! UA/ZV Axial induced velocity at lifting line

UT/ZV Tangential induced velocity at lifting line

v Ship speed

VA Speed of advance of the propeller, V(l-wT)

Vx Local velocity along the x axis at any field point

vr Inflow velocity at each propeller section,

W (1~w,) +uh/2v)‘f+(x/As-uT/vaz

w_/V Axial velocity from sources other than the
propeller wake (l-wx)

Wé Weight of blades

W, Weight of hub

Wp Propeller weight
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A

Circumferential mean wake fraction at each'
radius calculated from wake gurvey

Tangential wake velocities from sources other
than the propeller wake (l-wx)

Propeller effective wake fraction as determined
from thrust identity from self propulsion
experiment

Volume mean wake fraction

Propeller wake fraction

Nondimensional radial distance, r/R

Nondimensional hub radius, (rh/R)

Nondimensional distance along section chord,
(rg‘/c)

Number of blades
Propeller rake
Total rake, rake plus induced rake

Section ideal angle of attack, 1.54C. for
NACA a=0.8 meanline in two~dimensional flow

Maximum fluctuating angle of attack, ai-(~AB)F(x)
Minimum fluctuating angle of attack, ai-(+A8)F(x)
Advance angle of a propeller biade section

Hydrodynamic flow angle of a propeller blade
section

Propeller circulation, 2mRVG

Section drag-lift ratio, CD/CL

Propulsive efficiency, PE/PD=(l-t)CTS/CPs

Blade rake angle in degrees (see p. 15)

Blade skew angle in degrees (see p. 15)
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Advance ratio of propeller based on ship
speed, V/{ nD)

Water density
Density of propeller material
Pitch angle

Saction cavitation number, 2gH/Vr2

Burrill cavitation number,
208/{(V(1-w o 1) }24(6.7mD) 2}

Burrill thrust lo§ging coefficient,
)
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This report presents a new computer program that can

ABSTRACT

be used to design and predict the performance of contrarotating

propellers.

computation techniques developed for the design of contra-

rotating propellers.

is specified as input and the dasign calculations are made

The new program utilizes the latest numerical

The hydrodynamic pitch angle distribution

using Lerbs® moderately loaded single screw lifting line

propeller theory,

The propeller interaction effects (the

most important new feature of the design procedure) are

obtained using Kerwin's field point velocity program developed

using finite bladed lifting surface theory.

An analysis of resulte obtained for a sample set of

contrarotating propellers, designad using the new method

presented, show that different design and performance pre-

dictions are obtained for the aft propeller when results

are compared to those calculated using the old method.

Calculations made using the new design method are considered

more accurate due to the improved method of determining

the propeller interaction effects.

A FORTRAN listing of the new program, developed to

run on the computers at the David W. Taylor Naval Ship Research

and Development Center (DTNSRDC) is presented as well as

input and output obtained for a sample set of contrarotating

propeller designs.
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ADMINISTRATIVE INFORMATICN
This work was sponsored by the Naval Sea Systems Command,
SEA 034, and carried out under the David W. Taylor Naval
Ship Research and Development Center (DTNSRDC) Work Unit

1544-256, Task 14438.

INTRODUCTION

The Dabid W. Taylor Naval Ship Research and Development
Center (DTNSRDC), Carderock Laboratory, was requested by
the Naval Sea Systems Command (NAVSEA) to develop a computer
program that can be used to better design and predict the
propulsive and cavitation performance of contrarotating
propellers. Contrazotating propellers have been used on
naval vessels, especially torpedoes, because they offer
advantages over single-screw propellers by being more
efficient, having smaller optimum diameters, and being torque-
balanced resulting in better stability., Unfortunately,
the contrarotating propeller theozy and design procedure
have not kept pace with the advancement developed for single-

screw propellers where the design and performance predictions

can be made with a high decree of accuracy.
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The old contrarotating propeller design procedure used 2

at DTNSRDC is based ou Lerbs' theory of References 1, 2,

A
5
and 2. This method requires that the same hydrodynamic 3
pitch distribution be specified as input for the forward 3
N
and aft propellers and results obtained show that similar ?

circulation distributicns are computed for both propelliers.

The average axial and tangential propeller induced velocities

used to determine the propeller interaction effects are
derived using the uniformly loaded sink disc theory in this
design method.

DTHSRDC is presently evaluating a package of contrarotating
propeller design computer programs based on lifting line
and lifting surface theories, recently developed by Nelson
in Reference 4. The propeller lifting line theory used
requires the circulation distribution (which must be the
same for the forward and aft propellers) rather than the
hydrodynamic pitch distribution, to be specified as input.

The corresponding hydrodynamic pitch distribution is calculated

using Lerbs' moderately loaded single screw theory

1. Lerbs, H.W., "Contra-Rotating Optimum Propellers Operating
in a Radially Non-Uniform Wake." David Taylor Model
Basin Report 941, May 1955

2. Morgan, William B. and Wrench, J.W., Jr., “Some Com-
putational Aspects of Propeller Design,' Methods in
Computational Physics, Vol. ‘4, academic Press Inc.,

New York, p 301-33i, 1965

3. .Morgan, W.B,, "The Design of contrarotating ‘Propellers
Using Le:bs Theory," Transactions of the Society of
Naval Architects and Marine Engineets. vol, 68, p 6~38,
1960

4. Nelson, D.M., "A Computer Program Package for Designing
Wake~Adapted Countetrotating ‘Propellers: A Users Manual,"
Naval Undersea Center, Fleet Engineering Department
Report NUC TP 494, December 1975
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of Reference S, which has besn extended to account for finite
circulétion values at the propeiler hub. Nelson's method for
determining propeller interaction effects (average axial and
tangential propeller induced velocities) are determined using
the procedure developed by Hough and Ordway in Reference 6,
corrected to account for finite blade number effects. Pre-
liminary results from Nelson's computer program for making
pitch and camber calculations based on contrarotating pro-
peller lifting surface theory show that lifting surface effects
due to the forward and aft propellers are small.

The new contrarotating propeller design computer program
based on Lerbs moderately loaded single screw propeller theory
of Reference 5 is similar to the computer program developed
for single screw propellers in Reference 7 except that
additional calculations are required to account for propeller
interaction effects required in the contrarotating propeller

design program. The average axial and tangential propeller-

induced velocities needed to determine the prcpeller interaction

5. Lerbs, H.W., "Moderately Loaded Propellers with a Finite
Number of Blades and an Arbltrary Distribution of Circulation,"
Transactions of the Society of Naval Architects and Marine
Engineers, Vol. 60, p 73-117, 1952

6. Hough, G.R. and Ordway, D. E., "The Generalized Actuator
Disgk," Advanced Research Repo:t TAR-TR-6401, Therm, Inc.,
January 1964

7. Caster, E.B., Digkin, J.A., and LaFone, T.A., "A Lifting
L1ne Computer ongram Eor the Preliminary Design of Propellers,”

------

Report SPD-595-01, November 1975
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effects are derived using Kerwin's field point velocity

program described by Denny in Reference B. These calculations

tepresent the most important new feature of the design proccedure

preaanted. Unlike the old nethodl'z'B, the naw contra-

rotating propeller design computer program allows different

hydrodynamic pitch distributions, wake distributions and rpm

values to be specified as input for the forward and aft propellers.

Nelson's 1lifting surface theory4 for contrarotating propeilers should

be used to caiculate the final pitch and camber for these

propellers. Preliminary results using Nelson's lifting surface

theory show that the lifting surface interaction effects due

to the forward and aft propellers are small. As a result,

%?’ lifting surface theory developed for single screw propellers

> (Reference 9) may be used to determine the final pitch and

camber for the contrarotating propellers if Nelson's program

is not available. The estimated propeller stresses are

calculated based on simple beam theo:ylo modified to account

for effect of rake and skew. The prcpeller weight, spacing

between propeller blades, chord: lengths for 1ifting surface

pitch and camber calculations and- blade load distributions

8. Denny, Stephen B., "Comparisons of Experimentally Determined
and Theoretically Predicted Pressures in. the Vicinity of a

Marine Propeller," Naval Ship Research and Development
Center .Report 2349, May 19€7

9. Morgan, W.B., Silovic, Viadimir, and Denny, S.B., "Pro-
peller Lifting Suzface Corrections,” Transactions of the
Society of Naval Architects and: Marine Engineers, Vol. 76,
p 309-347, 1968

10. Eckhardt. M.K. and Morgan, W.B., "A. Propeller Desidn Method,"
Transactions of the Society. of Naval Architects and-Marine

Engineers, Vol. 63,. P 325-370, 1955
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for finite element stress calculaticns are also included in the
calculations made usiny this method. Paramaters for cal-
culzting the minimum oxpanded area ratio by xellerll and

the methods of Burrilllz and Brockettl3 are used to check

the cavitation performance of each propeller. An input option
to specify the huil radial induced velccity (not available in

the program presented) would also improve the accuracy of the

desian calculations.

PROPELLER LIFTING-LINE THEORY
As mentioned in the Introduction, the new contrarotating
design procedure follows closely Lerbs' moderately loaded,
single-screw lifting~line propeller theory5 as described in
Reference 7. Kerwin's field point velocity ptogram8 is used
to determine the propeller interaction effects (average axial
and tangential propeller-induced velocities). The diameter

of the aft propeller is btased on contraction of the slip

stream. These calculations are made using the. continuity equation as
described in Reference 1, once Lerbs' distance factors (ga)
values, plotted in Figure 1, are specified. More exact con-

traction of the slip: stream calculations can be made using

11. ZXeller, J. Auf'm, "Enige aspecten bij het ontwerpen van
Scheepsschroeven,® SChip en werf, No. 24, p 658-662, 1966

12. Burrill, L.C. and Emerson, A.; "Propeller Cavitation:
Further Tests on 16-Inch Propeller Models in the Kings:
College Cavitation Purnel,® Transactions of the North
East Coast Institution of Engineers and Ship Builders,
vol. 78, p 295-320, 1963-64:

13, Brockett, Terry," 'Mxnimum Pressure Envelopes for Modified
NACA 66 Sectfons with NACA a=0.8-Cambey and’ ‘BUSHIPS Type I

and Type II 5gctions," David Taylor Model Basin Report
1780, 1966
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the propeller-induced ftield point velocity program of
Reference 8 if velocities are calculated at a sufficient
number of points. This approach was not used in the pro-
gram presented Lzxause it would result in a significant
increase in the core size and running time of the

: computer program,

The main steps in the new contrarotating propeller

o W st

design procedure presented are as follows:

1. Lerbs' mcderately loaded single-screw lifting-
. line propeller theorys is used to make design
calculatons for the forward propeller. The
) average axial and tangential velocitias induced
* 3
g by the aft propeller on the forward propeller
:b,
are not included initially in these calculations,
£ but must be included in subseguent calculations.
4 2. Lerbs' contrarotating (equivalent) propeller
i :
- design procedurel is used to calculate the
;' aft propeller diameter.
b 3. Kerwin's field point velocity program described
, o in Reference 8 is used to compute the average
i <
£ axial and tangential velocities induced by the
g? forward propeller on the aft propelier. "
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B
8
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4. The aft propeller design calculations are made
using Lerbs' modecately loaded single-screw
lifting-line propeller theo:ys where the average
axial and tangential velocities induced by the
forward propeller on the aft propeller (step 3)
are included in the aft propeller calculations.
These steps {1 :hrough 4) are repeated until

the propeller-induced velocities converge.

DESCRIPTION OF INPUT DATA
Appendix A presents a list of dimensioned propeller
design parameters required for the new computer program

developed which must be in the international system of

)

units (SI units). This list also contains conversion R

factors (KSI) for changing dimensioned parameters from SI

units to Bnglish vnits. Effective power (PE), speed (V), number

of blades (2), diameter (D), propeller wake (l-wx), the
hydrodynamic flow angle distribution (BI) and distance
factors (ga) from Pigure 1 are required input parameters

in order ‘to make nonviscous propeller design calculations

) based on lifting~line theory. The radial distribution of
blade chord lengths, nondimensionalized on diameter, (c/D)
and section drag coefficients (CD) must be specified as

input if design calculations -are to account for the viscous

A,
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% drag effects on the blades. Tne radial distribution of
maximum thickness nondimensionalized on chord length (t/c),
blade rake angle (GR), and skew angle (es) parameters are
input so0 propeller stresses based on beam theory of
Reference 10 can be calculated. The static head (H) is
input so the blade section cavitation number (g} can be
computed, Appendix A also gives the complete input format
{card numbers, format and description of input parameters)
for the computer program. A brief description of how gome
of these parameters can be determined will be discussed

next.

- Effective Power, Speed, and Shaft Power
g\ Effective power and speed are normally obtained from
model self-propulsion experiments. Input effective power
(PE) and shaft power (PS) are defined as follows:

P=VT(1-t) (1)

PS=-27mQ (2)

where n = propeller revolutions

o

\ Ps = shaft power,
Py = effective power,
M
Z: Q = propeller -torque,.
o T = propeller thrust,
B
§x V = ship speed, and
1e
; (1~t) = thrust deduction, which may vary with
7 E propeller diameter and speed.
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Nondimensional Radial Distance (x)

This is a reference set of eleven nondimensional radial
distances X4 at which all other distributions, either input
or calculzted by the computer, are defined as existing.

In general, X, = ri/R, with the restrictions

%) = rh/R

X1 = R/R=1,
where r, = the distance along the propeller reference line

from the shaft axis to the ith section,

T, = propeller hub radius, and

R = propeller tip radius.

Propeller Wake

The radial distribution of the axial wake (l-wx) which
varies with propeller diameter is also required input
data. The circumferential mean of the axial velocity
distribution (l-wc) is obtained from a wake survey
without the propeller operating. However, the (lewc)
wake distribution must be corrected for the propellex
action. No completely satisfactory method is presently
available to obtain this correction, but an approximation
of the radial distribution of the wake (1~w*) with

the propeller operating is obtained as follows:

10
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Wake distribution

(1-w)) = fLl-wp} (1-w ) )/ (2-w,) (3)
where (l—wc) = radial distribution of the circumferential
mean wake from wake survey data,

(l-wT) = offective wake from self propulsion data

(1-w ) = volume mean wake, (2/(1-xﬁ))fih(l-wx) xdx,
R = propeller radius,

r = propeller local radius,

L = propeller hub radius,

X = nondimensional radial distance (r/R), and
Xy = nondimensional hub radius (rh/R).

The propeller wake distribution may also vary with propeller

diameter depending on the hull characteristics of the vessel.

Advance Angle Distribution Option

The advance angle distribution (tanB) defined as
V(l-wx)/(nnbx) is normally calculated on the computer for
the case where the propeller wake (l-wx) from Equation (3)
sufficiently represents wake in the plane of the propeller
being designed. FPor most single screw .propeller designs
this approach gives good performance predictions. If a
propeller operates inside a duct or in the vicinity of another
propeller as in the case of tandem or contrarotating propellers,
the axial (wa/V) and tangential (wt/V),velocities induced

by these additional sources can be accounted for using

1
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different methods. Por contrarotating propellers, the
propeller interference velocities are computed using Kerwin's
field point velocity program described in Reference £ in
the following manner:

tanf = | (1-w.) +wa/V]/ {(x/ A) -wt/V] (4
where wa/v = axial velocity induced by forward and aft

propellers on each other,

"t/v = tangential velocity induced by forward and
aft propeller on each other,

As = advance ratio based on ship speed, V/{(mD)

v = gship speed, and

D = propeller diameter.
It can be seen from Equation (4} that for the case where
(wa/V) and (wt/V) values are specified as zero, the advance

angle tanf is calculated in the usmal manner when designing

single screw propellers.

Hydrcdynamic Flow Angle

The hydrodynamic flow angle distribution (tanBI) can
be specified as input. An option is included so Lerbs'

optimum tanBI disttibutionlo can be calculated by the com-

puter as follows:
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canB, ~ (tan8/n) ((1-wy) /(1w ) )2 (s)

where n = propeller ideal efficiency

tanf = advance angle distribution.
Lerbs' optimum tauBI distribution usually rasults in optimum
prcpeller efficiency. If other factors such as cavitation,
strength and vibration are considered, the input of an

alternate tanBI distribution may be desired.

Static Head

The static head (H) at the shaft centerline
is required input. This parameter (H) is defined as
HS+Ha-Hv, where HS is the shaft submergence, Ha is the
atmospheric pressure, and Hv is the vapor pressure of fluid
which is normally small compared with Ha and may be neglected.
The static head (H) is used to calculate the section cavitation
number (g) in Equation (25) and the Burrill cavitation number
9.7 of Equation (30).

Blade Outline and Expanded Area Ratio

The blade outline {¢/D) and expanded area ratio (AE/AO)
must be input for the design. An expanded area ratio (AE/AO)

is calculated on the computer according to:

13
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Expanded Area Ratio:

_ 1
AE/AO = {2z/n)th c/b dx (6)

chord length,

]

where ¢

c/D

nondimensional chord langth

Z

number of blades
The final blade outline and expanded area ratio should
be chosen to give satisfactory propeller strength and cav-

itation characteristics.

Blade Thickness to Chord Ratio

The input of maximum thickness to chord ratio (t/c)
values allow an estimate of the propeller principal stresses
{see The Propeller Stress Calculations Using Beam Theory
section discussed later) based on beam theory10 to be
calculated during the preliminary design stage of the pro-
pellers. From a rough estimate of the blade outline (c/D)
for the final design and an estimate of the radial distribution
of thickness (t/D) based on fatigue strengthlo, the following
equation can be used to obtain initial (t/c) input values:
Blade Thickness Ratio:

t/c = (t/D)/(c/D) (7
where t/D = radial distribution of thickness (can be estimated

from Reference 10.

14
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Rake and Skew

The rake angle at the blade tip (OR) and the skew angles (Os)
for a design are specified to permit adequate predictions
of principal propeller stresses using the beam theory method
described in Reference 10 and discussed later in the Propeller
Stress section of this report,
The rake (BR) is defined consistent with Reference 14
as the distance from the propeller plane to the generator
line in the direction of the shaft axis. Aft displacement
is considered positive rake.
Since the skew angles (es) significantly affect propeller
. unsteady forces, a computer program based on the unsteady
é contrarotating propeller lifting surface theory of Reference 15
can be used to select the skew angles (95) for the design.
The input skew angles (es) in degrees are defined as the
angular displacement of points on the blade reference line

from the propeller reference line in the projected view.

14. Cumming, R.A., Dictionary of Ship Hydrodynamics ~ Propeller
Section, 14th International Towing Tank Conference
1975, Report of Presentation Committee, Appendix VII, 1975
15. fTszkonas, J. and Jacobs, W,R., "Counterrotating and
Tandem Propellers Operating in Spacially Varying, Three-
P Dimensional Flow Fields," Davidson Laboratory, Stevens
R Institute of Technology Report 1335, September 1968
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Section Drag Coefficient

In order to account for viscous effects when predicting
the performance of a propeller, the section drag coefficient
(CD) must be specified as input. A section drag coefficient
(CD) value of 0.0085 usuvally gives reasonable estimates
of model propeller drag for propeller shapes normally used at
DINSRDC in the past. For propellers having very thick blades,
the following equation, available as an input optien on
the computer, and derived as a function of maximum thickness
{t/c) values using experimental data-from NACA 66 type

-
sectioan'l'

¢ will give a better estimate of the section
drag coefficient (CD):

Section Drag Coefficient:
~ 4 T
= Ceo [1+1.25(t/c) + 125 (t/c) ] )

where CFO is the frictional resistance of the section, e.gq.,
CFO== 0.008 for Reynolds number of approximately 106 and
CFO = 0.004 for Reynolds number of approximately 108.
Options for using alternate nonlinear CD distributions, or

a constant CD distributions are also available.

Lerbs Axial Distance Factors

It was noted earlier that Lerbs' axial distance factors
(ga), rather than the use of the more correct propeller-

induced velocities from Reference 8, were used to obtain
16, Abbot, Ira H. and Von Doenhoff, Albert E., "Theory
of Wing Sections Including a Summary of Airfoil Data,”
Dover Publication Inc., New York, Library of Congress
Catalog No.: 60-1601, 1949

Hoerner, S.F., "Fluid-Dynamic Drag," Published by the
author, Midland Park, New Jersey, 1965

17.
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contracticn of the slip stream and the aft propeller diameter
in order to minimize core size ard running time of the computer
program. The %, values from Reference 1, plotted as a function
of propeller radius and spacing between propeller blade

center lines, are presented in Piqure 3.

DESCRIPTION OF OUTPUT DATA
Lerbs' 1lifting line theory is used to calculate the
. propeller lift coefficient (CL" nondimensional circulation

(G) , hydrodynamic flow angle (BI), axial induced velocity

RPN
G Y

(UA/2V). and tangential induced velocity (UT/ZV). These
;t lifting~line calculations take into account viscous drag
. effects on the propeller by specify%ng as input in the
computer program the oropeller section nondimensicnal chord
- length (c/D) and section drag coefficient (CD). A method

for obtaining values for ¢/D and CD is discussed in the

oy

Description of Input Data section of this report. With

P these parameters available, the necessary design and per-

18 .

{ formance prediction parameters for contrarotating propellers

;* can be obtained.

s

9

%@ Thrust and Power Loading Coefficients, and Propulsive Efficiency
%i: The new contrarotating propeller design computer program
?f‘ calculates the thrust(cTs)and power (Cps), loading coefficients
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for these propellers in the following manner:
Thrust Loading Coefficient:

Cos ) bua,ore fih(l-etanBI)/(dCTsi/dx)dsz/((p/Z)ﬂRZVZ]

2 (©

Ts)

(.,

rs'crR = Crgd eua ¥ Rage/Reyd aft

Power Loading Coefficient:

Cps ) wa,ae «fk J, (re/eanty) (ac, o /ax ax=e_/{ (o/2)1R°V")

2

(«© PS)CR_(CPs)fwd aft/wad )aft

Propulsive Efficiency:

(ng ) g =(1~ s o
De cr ={1-t) CTS/CPS PB/PD
where based on ship speed

_ 2.2
(CTS)DESIG“—T/((Q/Z)ﬂR v°)

} 2.3
(Coq) peszon~Pg/ L (P/2)TR7V)

fwd,aft = subscripts for forward and. aft propellers,
respectively

CR = subscript for the set of contrarotating propellers

CTSi = nondimensional inwviscid local thrust loading
v coefficient, 4ZG(x/AS-UA/2V)
CPsi = nondimensional inviscid local power loading

coefficient, (4Z/xs)xs((1-wx)+UT/2V))

G = nondimensional circulation from lifting line theory

[
~N
N
<
]

axial induced velocity from lifting line theory

UT/ZV = tangential induced velocity from lifting line theory

ship speed

<
L}

p=]
]

density of fluid

18
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The calculated thrust (T) is obtained from Bquation (9)
and the shaft power (PS) iz calculated using Equation (11)
for each propelle:.

Other parameters useful in designing and evauating
the performance of propellers include the advance coefficient
(C),» ship speed azdvance coefficiant (Jv), thrust coefficient
(KT), torque ceoefficient (KQ). soment due to thrust (HTb),
moment due to torgue { Qb)' moment parallel to section nose-
tail line (on), roment perpendicular to the nose-tail line
(M ), and the blade loading distribution (LI}). These
parameters are calculated as follows:

Advance Coefficient:

J~V(1-VT)/(nD)‘VA/(nD)

Ship Speed Advance Coefficient:
JVIV/(nD)
Thrust Coefficient:
x,ra'r/ (pnzn‘) = (nc,rs/a) Jv2
Torque Coefficient:
B0/ (oD%} = (Cp /1603, ]

Moment Due to Thrust:

MTb(X)*(DHR3Y2/£22)){ih&xrxol(l-egansz)(dcTSi/GX)dx

13
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(16)

(17)

_{18)
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Moment Due to Torque:

L0 =l onRV/(22) Uib (x-x ) (tan8 +c) (aC_, /ax)ax (19)

o

Moments Parallel to Section Nose-tail Lines:

on(x)a.Tbcos¢+HQbsin¢ (20)

Moment Perpendicular to Section Nose-tail Line:

Myo(x)aHTbsin¢-Mchos¢ (21)

T L

Blade Loading Distribution:

LI{x) =lmcvr2 C (22)

L

A

where x,x5=pzopeller nondimensional radial stations, r/R and ro/R

< Smd

¢ =propeller pitch angle ((beI in computer program)

— . . T - r 1 = r o
v, =section inflow velocity, 71 (1 wx)+UA/2VJ +l.x/ks) UT/ZV}

PROPELLER STRESS CALCULATIONS USING BEAM THEORY

——— -

A propeller blade must contain enough material to keep the
stresses within a blade below a certain predetermined level.
This level depends on the material properties with regard
to both steady-state and fatigue strength and to both mean
and unsteady blade loading. The material selection controls
the allowable stress level and the blade chord, thickness,
rake and skew are the main parameters which control the
blade stress for a given blade loading. Stresses based
on beam theorylo in the prdpeller blade are computed for

each propeller. Both hydrodynamic and centrifugal loadings

20
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are considered. Effects of rake and skew are included,

In this stress cslculation procedure, the propeller blade
is representsd as a straight cantilever bear of variable
crozs~section without camber. ZExperisental results show
that the nentral axis of an airfoll section lies approximately
along the mean line, so camber is not considered in the
stress calculations presanted. Only the maximum principal
stresses calculated at the mid-chord of each section are
printed as output in the computer program. Stresses for
the final design should@ be calculated by finite element
techniques if rake and skew for the propeller differ

from usual propeller shapes.

PARAMETERS FOR MAKING BLADE SURFACE CAVITATION CHECKS
Brockett's theoretically derived incipient cavitation

charts of Reference 13 can be used to predict the blade
surface cavitation characteristics of each propeller once
the lifting~line calculations have been completed. The
two-dimensional camber-to-chord ratio (fM/c), ideal angle
of attack in degreas (Gi). gection cavitation number ({(O)
nondimensionalized with the section inflow velocity (V}).
and the maximum and minimum fluctuating angles of attack

(o

max'amin) in degrees are parimeters that must be determined

before Brockett's incipient cavitatioh charts can be used,

21
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Thesa parameters are calculated as follows:
Section Maxirmum Camber to Chord Ratio for NACA a»(.8 Meanline:

fM/c = 0.0679CL (23)
Section Ideal Angle of Attack in Degrees for NACA a»0.8 Meanline:

a, = 1.54 cL (24)
Section Cavitation Number:

c= 29(H-xR)/Vr2 (25)
where g = acceleration due to gravity

H = static head at shaft centerline (see section on
Static Head)

Vr = inflow velocity cf each propeller section.
The maximum and minimum fluctuating angles of attack
3 ]
(amax'qmin) in degrees are calculated using the method derived
by Lerbs and Rader in Reference 18. These calculations
can be made using the following equations:

Maximum Fluctuating Angles of Attack:

tax = 4" {(~AB) F(x) (26)

Minimum Fluctuating Angles of Attack:

amin

=a - (+AB) F (x) (27)
where -AB = maximum effective angle of attack in degrees
{from- wake survey data)

+AR  minimum effective .angle of attack in degrees

(from wake survey data)

1‘8. Lerbs, H.W: and Rader, H.P., "Uber der Auftriebsgradienten
von Profilen im Propeller Verband,"” Schiffstechnik,
Vol. 9, No. 48, p 178~180, 1962
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The pazameter F{x) in Equations (28) and (27) is
dependent on the hydrodynamic flow angle (SI), the advance
angle (B8) and the :ift coefficient (CL), and is calculated
on the computer using the following eguxztion:

P(x) = 1[[1+2ntan(ﬁ1-ﬁ)/cn)

The Burrill Cavitsatiocn Charts12 can aiso be used to give
an approximate check on the cavitation performance of pro-
pellers. Burrill's thrust loading coefficient (Tc) and
cavitation number (00.7) at 0.7 radius, defined as follows,
are parameters that must be known in order to use these
cavitation charts:

Burrill Loading Coefficient:

T, = T/{(p/Z)AP(V(l-wx’0,7))2+(0.7nnD)2}

Burrill Cavitation Number at 0.7 Radius:

Op. = 29H/{[V(1-wx=0'7))2+(0.7nn0)2}

where A, = propeller expanded area, Zf? c dr
h
Ao = propeller disc area, ﬂD2/4
A, = propelier projected area, (1.067 - 0.229(P/D)i)AE
(p/D), = estimated propeller pitch ratioc at 0.7 radius,

estimated as 0.7m:an8I
11

Keller's method ~ of predicting the minimum expandcd area

ratic of the propeller is also calculated on the computer.

.Copy avdilable to DDC doaz nbt
permit f fully legible reproduction

(28)

(29)

(30)
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The minimum expanded area ratic, based on eliminating back
bubble type cavitation, is computed as follows:

(A/hg)y = (2.6 + 0,628 /o (3% + (0.1mP)}ax
where K = 0.2 is used for single screw ships with manganese-
bronze propellers having rake of approximately 10 degrees,
K = 0,10 is used for twin-screw ships with copper-aluminum-
bronze propellers, K = 0.15 is used for twin-screw ships
with manganese-~bronze propellers, and K = 0 to K - 0.05
is used for propellers for fast ships such as destroyers
and frigates. The constant, K = 0.15, was used in developing
this computer program. 1If a ?iLEferent value of K is desired,
the expanded area ratio calculated in Equation (31) should

be adjusted to account for changes in the value of K.

Chord Lengths for Lifting Surface Pitch and Camber Calculations

The final pitch and camber for each propeller can be

calculated using Nelson's computer program, presented in

Reference 4, based on lifting surface theory for contrarotating

propellers. However, Nelson has shown that in some cases

lifting-surface interaction effects of contrarotating propellers

are small. If this is the case, single propeller lifting

surface theory from References 19, 20, 21, and

(31)

19. Kerwin, J.E., "The Solution of Propeller Lifting-Surface Problems
by Vortex Lattice Methods," Department of Naval Architecture and

Marine Engineering, Massachusetts Institute of Technology,
Cambridge, Massachusetts, 1961

20. Kerwin, J.E. and Leopold, R., "Propeller Incidence Correction

Due to Blade Thickness,” Journal of Ship Research, Vol. 7, WNo. 2,

1963, p 1, 6

21. Cheng, H.M., "Hydrodynamic Aspects of Propeller Design Based On
Lifting-Surface Theory: Part I - Uniform Chordwise Load Dis-

tribution," David Taylor Model Basin Report 1802, 1964
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22 can be used to calculate the final pitch and camber for
each propeller., These programs require as input the section
chord length, (c/R)LE and (c/R)TB nondimensionalized on
propeller radius, in terms of the skew angle (“S), hydrodynanic
€low angle (BI) and blade outline {(c/D). The parameter
(c/R)LE and (C/R)TE measured from the leading and trailing
edges to its reference line, respectively, are calculated
in the following manner on the computer:
Chord Lengths Measured from Blade Leading Bdge:

(c/R)LE = xﬂs/(57.296 cosBI) - ¢/D (32)
Chord Lengths Measured from Blade Trailing Edge:

(c/R)TE = xes/(57.296 cosBI) + ¢/D (33)

SPACING BETWEEN BLADES AND FILLETS

Propeller designs should have enough clearance between
blades at the hub so fillets can be properly applied. 511123
derived the following equation which is used in the program
to estimate spacing between blades GZ at the hub without
fillets:

Gz = (2ﬂrh)/z - (th/sin $) (34)
where ¢ is the propeller pitch angle ($ = BI in computer program).
Based on a number of full-scale propellers built with standard

fillets, Hill's blade clearance equation was modified

the following manner to estimate spacing GF between fillets
22. Cheng, H.M., "Hydrodynamic Aspects of Propeller Design
Based On Lifting-Surface Theory: Pait II - Arbitrary Chordwise
Load Distribution,” David Taylor Model Basin report 1803, 1965
23. Hill, J.G., "The Design of Propellers,” Transactions
of the Society of Naval Architects and Marine engineers,
Vol. 57, 1949

25
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at the hub during the preliminary stage of the design.
GF = (2ﬂrh)/Z - (1.9th/sin¢) (35)
A layout of blade sections is recommended as a final fillet

clearance check.

PROPELLER WEIGHT AND CENTER OF GRAVITY
The approximate propeller weight (WP) and location
of center of gravity (CG) from the propeller center line
is also calculated for each design. In order to make
these calculations, the specific weight of the material
(pp) must be specified as input. The propeller hub is
assumed to be a circular cylinder of equal length and
diameter. The propeller center line is located at the mid
length of the propeller hub and no allowance is made for
the propeller bore or blade root fillets in these calculations.

The weight (Wp) for each propeller is calculated as follows:

Propeller Weight:

W, = Wy + Wy (36)
where W = weight of blades, ;bzfl a(x)dx
B xh
wH = weight of hub, n/4(prH)
DH = hub diameter
a(x) =

area of section at radius x, 2c(x)t(x) 3t(x,x2) dx

a
Can )
z
]

chord length of section at radius x

ct
o
o
S
L]

maximua thickness of section thickness
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b
5 t(x,xg) = chordwise distribution of section thickness

(NACA 66 modified thickness form is used in program)
Xy = nondimensional coordinate along the section chord
(rz/c)

pp = gpecific weight of material considered

The propeller center of gravity (CG) with respect to the
blade center line, where plus values represent the distance
ahead of the center line and negative values aft of the
center line, is calculated in the following manner:

Center of Gravity:
CG = MP/MP (37)
N where Mp = moment of the propeller, Pm Zfih a(x) B(x) dxz
g B(x) = distance of center of gravity from propeller

center line, ; cosd + x sind ~ 95 X R tan - BR X + dH/Z

= longitudinal center of gravity along chord line
; = vertical center of gravity perpendicular to chord line
GR = rake angle in radians
, Bs = gkew angle in radians
i ¢ = pitch angle in radians, (¢ = BI is used in the program)
kN
L
bs COMPUTER PROGRAM
%; X A new computer program has been derived for the preliminary

design of contrarotating propellers using the CDC 6400, 6600 and

SOGAS SN

& CARAL)
GRS

RS

6700 computers at DTNSRDC. A core storage of approximately
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128,000 octal is required for the computer program. and it takes
approximately 4 minutes to compile the computer program.

The actual running time per case using the design thrust

option is approximately 6 minutes and when the design shaft
horsepower option is used, the running time is approximately

9 minutes. A detailed description of the input and output
formats for the computer program is precented in Appendix

A, and % FORTRAN listing of the new computer program is

shown in Appendix B.

PROPELLER DESIGN THRUST AND POWER OPTIONS
The thrust option can be used to make lifting line
calculations for propellers required to produce a given

thrust at specified values of speed and rpm (this is accomplished

by adjusting the input tanSI distribution), or the power
option can be used if the propeller is required to absorb
a specified power at a given rpm (in which case the speed
is determined).

From each calculated power, a new value of speed (assumed
to vary as the cube root of the ratio of the design and
calculated pover) is obtained and its corresponding effective
power is obtained from the effective power input curve.
Design calculations again produce a new calculated power,
and the process continues until the closeness criteria of
design and calculated power is satisfied (two iterations
are normally sufficient). Smaller increments of input speeds

in general cause faster convergence.
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Once the basic shape of the distribution is defined
(see the Hydrodynamic Flow Angle Distribution section) the

final tanBI distribution K tanBI is determined using the

4
thrust or power options, by making 1ifting line calculations

of three nondimensional thrust lcading coefficients (CTS)I,

(CTS)Z. and (cTs)3 that correspond to three hydrodynamic

pitch distributions, K tanBI. X tanBI. and K tanBI where

1 2 3

5 = 1.0, and K3 = 1,025. Once these calculations

are obtained, the following system of equations are set up:

Kl = 0.975, K

- 2

(C,rs)1 = A+ Bxl + CKl
(C. ). = A+ BK. + CK2
Ts' 2 2 2
(C,), = A + BK_ + cx2
Ts'3 3 3

vrom which values of A, B, and C are obtained. Then, values
of A, B, and C are substituted in the following equation

to obtain the value of K4.

= 2
CTs = A+ Bx4 + cx4

where CTs = design thrust loading coefficient (Equation 9),

DESIGN CALCULATIQNS OF A SAMPLE SET OF CONTRAROTATING PROPELLERS
Design calculations are shown in Table 1 for a sample

set of contrarotating propellers with 7 blades and an expanded

area tapio (AE/AQ) of 0.293 for the forward propeller, and

6 blades with AE/AO = 0.365 for the aft propeller. These

propellers were designed to operate in a wake with a thrust

loading coefficient based on ship speed (CTs) of 0.265 and

an advance coefficient (J) of 1.235., Both propellers had

a 100 percent linear skew distribution resulting in 51.4

<A
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and 50 degree blade tip skaw angles for the forward and
aft propellers, respectively. Solid and dashed lines in
Figures 2 through 8 show calculations obtained using the

1,2,3

old design method and the new computer program,

respectively. These fignres ghow that the radial distribution
of the hydrodynamic pitch (nxtanBI), nondimensional circulation
(G), axial (UT/ZV) and tangential (UT/ZV) induced velocities
calculated using both methods differed significantly,

especially for the aft propeller. The thrust loading coefficient
(CTS), power loading coefficient (cps) and propulsive

efficiency (nD) calculated for the sample set of contra-

rotating propellers using the old and new methods are printed

in Table 2. Results in Table 2 show that the old design

method predicts similar thrust (CTS) and power (CPS) loading
coefficients for the forward and aft propellers where as

the new design method predicts that the aft propeller CTs
and CPs values are significantly higher than those calculated

for the forward propeller. The propulsive efficiency (nD)

of 0.886 predicted for the sample set of contrarotating propellers
using the new method is approximately 2 percentage points

lower than the " value of 0.912 calculated usihé the old

design method. Performance predictions using the new design
method should be more accurate than the predictions made

using the o0ld design method because of the improved methods

of accounting for the propeller interaction effects.
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RECOMMENDATIONS

The following investigations should be carried out in the

future in order to better design and predict the performanca

of contrarotating propellers:

i.

- w5y

Utilize induced velocities derived by Kerwin in
Reference 8 to cbtain more exact calculations for
contraction of the slip stream and the aft propeller
diameter. This subroutine should be reprogrammed to
significantly reduce the running time presently
required to make it practical for use in the contra-
rotating propeller design computer program.

Include the effects of the hull radial induced
velocity as an input option in the contrarotating
propeller design procedure.

Conduct model propulsive and cavitation experiments
on a set of contrarotating propellers to validate the
design procedure.,

Options for specifying noncylindrical hubs, arbitrary

propeller locations and allowances for the propeller

bore should be added to the program presented to
improve the predictions of propeller weight and center

of gravity.
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TABLE 1 CONTINUED
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: THRUST AND POWER LOADING COEFFICIENTS AND PROPULSIVE EFFICIENCY
CALCULATED USING THE OLD AND NEW DESIGN METHODS
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1 112'3
; Performance Predictions 0ld Method Rew Method
t ‘ Tgruft Loading Coefficient 0.137 0.133
‘. TS’ fwd
3 €
? fgrust Loading Coefficient 0.137 0.141
3 s’ aft
% " Tgruft Loading Coefficient 0.265 0.265
- Ts" CR
; R
%' - . I3 .
ﬁf : ?gwe; Loading Coefficient 0.113 0.108
i ‘ Ps’ fwd
? % ?gwe; Loading Coefficient 0.116 0.128
{ { Ps’ aft
H ‘—qu
\ . P
; ’ Tgwe; Loading Coeff{icient 0.222 0.229
| ¢ Ps’ CR
! iy
, “ 0. .
% ¢ Propulsive Efficiency (nD CR 912 0.886
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APPENDIX R

INPUT AND OUTPUT FORMATS FPOR THE COMPUTER PROGRAM DEVELOPED
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TABLE 1

List of dimensioned i-put and output parameters used by

computer program based on English and SI units

Parameter

Shaft power (PS)

Effective power (PE)

%

v

p

n
T, weight

v
r

LI

Mo,

MQb

M
%o
M
yo
Max Stress
SKEW

RAKE

Mass polar moment

of INERTIA

(1)

English Units SI Units KSI
hp KW 0.7457
hp KW 0.7457
3 3 .
lbm/ft kg/m 16.01846
knots(z) m/ 0.514444
(2)
ft/sec knots 0.5924
ft m 0.3048
ft m 0.3048
1bf secz/ft4 kg/m3 515.3788
rev/min rev/min(3) 1.0
1bf N 4.44822
ft/sec m/s 0.3048
1bf/ft N/m 14.5939
in 1bf Nn 0.112985
in 1bf Nn 0.112985
in 1bf Nn 0,112985
in lbf Nn 0.112985
1bf/in2 Pa 6894,757
deg deg(3) 1.0
deg deg‘s) 1.0
2 2
1bm in kgm 0.00029264

(1) Multiply English Units by KSI to get SI Units,

(2) Computer program uses knots in both English Units option
and SI Units option.

{3) These are not SI Units but are permitted to be used in the
SI system according to International Standards Organization (150)
Standard No. 1000.°
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INPUT PORMAT (PORWARD PROPELLER)

o
APPENDIX A
Card No. Format Parameter
1 P8.6 4a/Rr
2 12A6 ———
3 F8.4 Ps or 0.0
¥
: 4 F8.4 1.0 or 5.0
{
‘
‘f,_‘ pp
; 5 78. 4 v

B AN

LR e Vg

4

6 F8.4 P

g
m

e R

'f?‘%*

M

4 s
Rt

£2 Lo

e

R S e e
e i:‘:g

Description of Input

Axial distance between the
forward and aft propeller
planes nondimensionalized
on forward propeller radius.

Identification of design
input data.

Input the design shaft power
if the power option is used.
Input 0.0 if the design
thrust option is uged (see
the section on the propeller
design thrust and power
options).

Number of different speeds

(V) and effective power values
to be punched on Cards 5

and 6, respectively. Input
1.0 for the thrust option

and 5.0 for the power option.

Specific weight of propeller
material (pp) for weight
calculations.

Design rpeed (V). For the
power opticn, input five
different speeds in increasing
order with the third speed
being the best estimate

of f£inal speed. Input one
speed for the thrust option.

Design effective power values
corresponding to input speeds
on Card 5. (See Equation
(1)).

:
g
REAR e
ol Jews *
P
v
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Card No. Format Parameter

7 P8.6 ]
(1—wT)
(1-t)

H

P

Skew Angle
(98) Option

8 F8.6 1.0

tanf Option
0.0 or 1.0

Descripcion of Input
Propeller diameter (D)

Effective wake (l-wT)
Thrust deduction (1=t}

Static head (H) at shaft
centerline. (See section
on Static Head}.

Density of water (p)

for a2 linear skew angle
distribution inpui percent
of skew in decimal form.
Fer -nonlinear zkew input
-1.0 and the skew angles

in degrees (98) must be
punched on Cards 22 and

23,

Rake angle at blade tip
in degrees. Use +0_ value
for blades raked att and
-GR for forward rake.

Input 1.0

Use CD>10 to input the radial
distribution of drag coefficients
{CD); 0<CD<10 to input a constant
drag Cp*CD at all radial stations;
CD=0 causes the computer program
to calculate the radial distribu-
tion. of drag coefficients using
the equation Cp=0.008{1+1.25(t/c)
+125(t/c)*); ~10<CD<O causes the
computer program to use a constant
frictional resistance Cpo™ABS(Cpo)
in Equation 8 Cp=Cpg(1+1.25(t/c)
+125(t/c)*); CD<-10 to input the
radial distribution of frictional
resistance (CFQ). values to be used
in Equation 8.

Input 0.0 if tanf8 is calculated
on the computer in the normal
manner. Input 1.0 if tanB
distribution is arbitrary

and punched on Cards 26

and 27.
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Card No.
9
10
11

12-13

14-15

16-17

18-19

20-21

22-23

24-25

Format
¥8.6
P8.6
F8.6

Fs.s

F8.6

F8.6

F8.6

F8.6

FB8.6

F8.6

b é::{ i
Vit

Parameter

Z

Re/Ag

{(1-w.)

tanBI

c/D

t/c

98 Optional

CD Optional

. e e

Description of Input
Number of blades

Expanded area ratio
Revolutions per unit time

Nondimensional radial station
(eleven values arbitrary
spaced from propeller hub

to tip)

Propeller wake (l-w_) cor-
responding to input'x values

Tangent of hydrodynamic

flow angle (tanf_) corresponding
to input x values. If Lerbs
optimum tanf8_ distribution

is desired, 6.0 values must

be punched in these cards

Section chord lengths correspond-
ing to input x vaiues

Thickness-chord ratios
corresponding to input x
values

Blade skew angles corresponding
to input x values to be

input only if -1.0 for skew
option is punched in Card

7. Otherwise Cards 22 and

23 must not be used as input
cards.

Section drag coefficient cor-
responding to input values if
CD>10 on Card 8; frictional re-
sistance of section if CD<10.




Card No. Format Parameter

26~27 Fa.6 tanB Optional

28-29 F8.6 q

51

Description of Input

Tangent of advance angle
corresponding to input x
values to be input only
if 1.0 for tanB option is
punched on Card 8. Other-
wise Cards 26 and 27 must
not be used as input.

Distance factors (g_)
corresponding to inSut x
values from Reference 1
and Pigure 1.
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INPUT FORMAT (AFT PROPELLER)

Card No. Format Parameter
30 1246
31 F8.4 Ps or 0.0
32 F8.4 1.0 or 5.0

33 F8.4 \'

34 P8.4 Py

35 F8.6 0.0
(l~wT)
(1~wm)

52

Description of Input

Identification of design
input data.

Input the design shaft power
delivered at the propeller

if the power option is used.
Input 0.0if the design thrust
option is used (see the
section on the propeller
design thrust and power
options).

Number of different speeds

(V) and effective power
values to bz punched on

Cards 33 and 34, respectively.
Input 1.0 for the thrust
option and 5.0 for the power
option.

Specific weight of propeller
material (DM) for weight
calculations.

Design speed (V). For the
power option. Input five
different speeds in increasing
order with the third speed
being the best estimate

of final speed. Input one
speed for the thrust option.

Design effective power values
corresponding to input speeds
on Card 33. (See Equation (1)).
Input 0.0 for aft propeller
diameter which is calculated
on the computer.

Effective wake (l-wT)

Thrust deduction (1-t)

-
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Card No. Pormat
36 F8.6
37 F8.6

Parameter

H

o]

Skew Angle

(8’) Opticn

aR

1.0

CD

tanf ‘Option
! >0u°‘ O't 100

2

38 r8.6

DY)

"',\!3‘( 1&?7-; S d i

53

RS
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A

Expanded area ratlo i

Dascription of Input

Static Head (H) at shaft
centerline. (See section
on Static Head).

Al

Density of water {p).

Por & linear skew angle
distribution input percent
of skew in decimal form.
Por nonlinear skew {nput
~1.0 and the skew angles
in degrees (93) nust be
punched in Cards 50 and
S1.

Rake angle at blade tip
in degrees. Use +6, value
for blades raked aft and
-GR for forward rake.

Input 1.0

Use CD>10 to input the radial
digtribution of drag coefficients
(CD); 0<CD<10 to input a constant
drag Cp=CD at all radial stations;
CD=0 causes the computer program
to calculate the radial distribu-
tion of drag coefficients using
the equation Cp=0.008'1+1.25((t/c)
+125(t/c)"); -10<CD<0 causes the
computer program to use a constant
frictional resistance Cpo=ABS(Cpq)
in Equation 8, CDBCF0(1+1.25(t/c)
+125(t/c)"); CD<-10 to input the
radial distribution of frictional
resigtance (CFO) values (o be used
in Equation 8.

Input 0.0 if tang is calculated
on the computer in the normal
manner. Input 1.0 if tanB
distribution is arbitrary
and;:punched on Cards 54

and 55,

Nﬁébét of blades
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Card No.

39

40-41

42-43

44-45

46-47

48-49

50-51

52-53

54-55

Format
F8.6

F8.6

F8.6

F8.6

FB.6

F8.6

F8.6

‘F8.6

‘78,6

Parameters

(1-w )

tanBI

c/D

t/c

98 Optional

CD Optional

tanB Optional-

P

Description of Input
Revolutions per unit time

Nondimensional radial station
(eleven values arbitrarily

spaced from propeller hub
to tip).

Propeller wake (l-wx) cor-
responding to input”x values.

Tangent of hydrodynamic
fiow angle (tar? ) corresponding
to input x values. If Letbs
optimem tanB_ distribution
i desired, 6 0 values must
bir punched in these cards.

Section chord lengths corresponding

to input x values.

Tl.ickness~chord ratios
corresponding to input x
values.

Blade skew angles corresponding
to input x values to be

input only if ~1.0 for skew
option is punched in Card

35. Otherwise Cards 50 and

51 must not be used as input
cards.,

Section drag ctefficient cor-
responding to input values if
CD>10 on Card 8; frictional re-
sistance of section if Cp<10.

Tangent of advance angle
corresponding to input x
values to be input only

if 1.0 for tanB option is
punched on Card 8. Otherwise
Cards 54 and 55 must not

be used as input.




TABLE 1

A DESCRIPTION OF THE OUTPUT PARAMETERS

Computer Parameter Description of Output
Parameter
v v Speed (input)
PE P8 Effective power (input)
D D Diameter (input)
4 2 Number of blades (input)
H H Static head (input)
RHO p Density of fluid (input)
AE/AO AB/A0 Expanded area ratio (input or
Equation (6))
CPSI e Honviscous power coefficient
(Equation (11) when €=0)
CTSI @ - Nonviscous thrust coefficient
(Equation (9) when €=0) —
XI X Nondimensional radii (x) i\ 3
DCTSI dcTsi Local nonviscous thrust coefficient
{(Defined in Equation (9))
DCPSI chsi Local nonviscous power coefficient
(Defined in Equation (11))
CcPs CpS Power loading coefficient (Equation (11))
CTS CTS Thrust loading coefficient (Equation (9))
TANBI tanBI Tangent of hydrodynamic flow angle
TANB tan8 Tangent of advance angle
G G Nondimensional circulation
uT/2V UTIZV Tangential velocity induced. at
lifting line
UA/2V UA/ZV Axial velocity induced at lifting

line

- N ]
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Computer
Parameter

FM/C

CD/CL

F(X)

.

LI

Ry

SKEW ANGLE

(C/R)LE

(C/R)TE

T/R

o

Parameter Description of Output

Vt Section inflow velocity, Equation (22)

o] Section cavitation number, Equation (25)

CL Section lift coefficient

ai Section two~dimensional ideal angle
of attack in deqrees for NACA a=0.8
meanline, Equation (24)

f“/c Section two-dimensional maximum camber

’ ratio for NACA a=0.8 meanline,
Equation (23)

€ Section drag-lift ratio ( =CD/CL)

F(x) Parameter for calculations section
fluctuating angles of attack,
Equation (28)

LI Propeller load distribution for finite
element stress calculations, Equation (22)

95 Propeller skew angle in degrees

(c/R)LE Chord lengths for liftin¢ surface
pitch and camber calculations,
Equation (32)

(c/R)TE Chord lengths for lifting surface
pitch and camber calculations,
Equation (33)

t/R Ratio of section thickness to radius

nD Estimated propulsive efficiency,
Equation (13)

- calculated shaft power delivered
at the propeller, Equation (13)

(1-t) Propeller thrust deduction

(l-wT) Propeller effective wake.
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Computer
Parameter

TH(N)

TH (N)

IXO

IYO

MQB

MXO

MYO

MAX STRESS
RAKE ANGLE
PIXTANBI
PIXTANB

WEIGHT OF
BLADES

Paraneter

- — - o

-

e as wn -

Description of Output

Design thrust, Bgquation (9)
Calculated thrust, Equation (9)

Area of section

Longitudinal position about x axis
parallel to nose-tail line from
centroid

Vertical distance about y axis
perpendicular to rose-tail line
from centroid

Moment of inertia about x axis
parrallel to nose~tail line

Moment of inertia about y axis
perpendicular to nose-tail line

Bending moment due to thrust,
Equation (18)

Bending moment due to torque,
Equation (19)

Bending moment about the x axis,
Bquation {20)

Bennding moment about the y axis,
Equation (21)

Maximum stress, Reference 10
Rake angle in degrees
Hydrodynamic pitch angle
Advance angle

BEguation (36), wh-O

57

DN ke




res

x

Computer
Parameter

WEIGHT OF

PROP (BLADES
+ CYLINDRICAL

HUB)

CENTER OF
GRAVITY OF
PROP

CENTER OF
GRAVITY OF
BLADES

KELLERS
MINIMUM EAR

SPEED
COEFF (JV)

ADVANCE
COEFF (JA)

THRUST
COEFF (KT)

TORQUE
COEFF (KQ)

PROPULSIVE
EFFICIENCY
ETAD

BURRILL
THERUST
COEFF (TC)

BURRILL
CAVITATION
COEFF

CLEARANCE
AT HUB
BETWEEN
BLADES

Parameter Description of Output
(WP) Equation (36)

CG Equation (37)

———om Equation (37), M/ =0
(AE/AO)K Equation (31)

Jv Equation (15)

J Equation (14)

KT Equation (16)

KQ Equation (17)

n, Equation (13)

TC Equation (29)

96.7 Equation (30)

G, Equation (34)




Computer
Parameter

CLEARANCE AT
RUB BETWEEN
PILLETS

CTSs

CPs

ZTAD

Paranmeter

(C

TS'CR

(C.a)

"3°CR

(nD) CR

Description of Output

-—— -

Pquation (35)

-

Thrust loading cofficient for set of contrg~

rotating propellars {Eqguation 15}

Power loading coefficient for set of contrs-

rotating propellers

Fropulsive efficiency for set of contra-
rotating propellers {Equation 13)

59

{Pguation 12}
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FORTRAN LISTING OF COMPUTER PROGRAM
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LAaF

PIOGRAF GMAIN (INFUT,OUTPUT,TAPES=IKPUT,TAPFR=QUTPUT}
COMMON/CHEIGHT/ X yCHURD 9y THILKNS g CAMBER,P ITCH, SKFWR,0IAM,22Z,0EN, RAKE -

2" 3
1)yPLPP7,PPL,PPY, PP11,EWAKE ,VS,FPS,SIGMA, AR, 3T

DIMENSICN 8(¢(3d,39),81(181),82(131),83(181),041362),35(362),;36(362)
1937¢181),938(181),39(181),810¢(181),811(1681}5,312¢18L); B13(181),814¢
21311 ,315(131) ,AZ2(%8,%8),8H(33,%2),0(38,38),0C (38,385 ,INCEX{33,3)
3;4(38,72),88(38,72)

COoMMUN 8,81,32,8%,PLy85,86,97,R8,09,310,311,812,313,914,81%,A7,8H,
1C,CCy INOFX,A,B88

COMMON 1D0,08,4C,J0,J00,JFF

COMYON CLI1(:1)

DIMENSICH CHORC(38),THICKNS(Y8),CAMBZR(33),PITCH(3A) ,SXENR(3))
1,X(2),BFTAT(38) ,AT(11)

CIMENTICH X3(381,¥U{XE)yXS(38) 4 XA {33 sVEL(3),EHPIG} 43LA(T) ,EXX(I)

DIvEnNSICH
CIMENSICN
OIMFNSICN
DIMENSICN
DIMENSICH
JIMENSICN
OIMENSICN
DIMENSTCN

AZZ(38,%¢8)

B5HP(9)

XMM (3)

CAV(9) ,CAF(9)
FX(11),323(11)
VEL1(S),FHPL(9)
(11,14, 2)
CONST(21),6(18),H(11)

NIMINSION SVL (D) ,SPZ(9)

DIMENSICH
1)
BDIMENSTICH
DIPENSICN
CIMINSION
DIMENSICH

UACLL) JUT(E1) eV {11),UR(L1) UALC11,2),UT1(11,2),UR1(11,2

AEC (11,3)
OEx(11,3,2),C00(12,2)
FHADOSHP {3) ,AFToHP (3)

82(111) . i ’)
DIMEMSICN AX(11) ,RAK(11) kS
CIMFNSION VSUBRSO(11),VSUBHF(E1) ,PLFT(11),AV(11),3V(11)
COMMON CCONE(11) sCLTHO(11),52THP(11),CCFO0R(11)
DIMENSION ARFA(7),Y3BR(7), Y3AR(7) JAYEXOD(T) JEYEYO(T) 4 EMXC(T) JEMYO(T
1) ,SMTBU(7),EMNB(7) ySTOMAX(T)
DIMENSICN FXT3I(11),PXTR(11)
DIMENSICN SX(7)
COMMON FP1,PP2,PF3,PPL,FFS,PF6,PP10
DIMFNSTCN GAL1(11)
DIMENSICN HUBDIM(6,2)
BIMENSTCN CPT(2) 4CFS(2),7TS(2)
COMMON /W<T/ JPR
READ (G4406) DFX(1,2,1)
FORMAT (FB.4)
JELEY
1P0O=1
I10CR ="
XD0=4 o 0
10C=X00
PI=3,14159265758979
NSI=16601846
PAR= ¢+ 76456999
VSI= o5 1lblibl
ELF=,3048
ELI=, 0254
EL2=FLI*ELI
ELL=EL2*FL?
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R T T

STH=,1129848

SHX=683%,757

SHT=L 44822 )
RHOSI=515,3788 -
IPR=(

J6=C
00 613 KX=4,2

YRPHM=1,0
X27xi.C
XEA=1,¢
JGzJG+4 ‘ :
READIS B30} (COM(I4X)oT1=21,12)
FOPMAT (12A6)

READ(E,1CO0C) SPHR

SHP=SPHR/PHR ‘ _

READ(S5,10309) XVYV,DSN

HuB=G,

DEN=DSN/DSI

IRPM=XPPM

IVV=XVV

READ(5,18083) (SVL(I)I={,IVV)

READ(€,10039) (SPE(IV.I=1,IVV)

READ(E, 10009) SOM,EWAKE s ETHRUS SHD3SRO9 XPSyRAKE
00 %09 1I=1,IVV

VEL(I)=SVLI(T)/VST

CHP {1} =SPE(]I) /PHR

DIA=SOM/ELF

HEAD=SHD/EZLF

RHO=SPO/RHOSI

IF(SHPY 153,102,103

SHPESHF/2,.,3
NXVYV=XVV
CONTINUE
PEAD(5,10C09)
8{2,1)=CD
JC=11
122=x27
TEA=XEA :
READ(54,10009) (BLA(I) I=1,122)
BLAS=3LA(L)
PEAD(S5,10639) (EXX (I} ,I=1,1CA)
EXXS=EXX L)
PEAD(5,10009)

b}

TANBILCOD,TANB

(XMM{I)oIx1, IRPN)

READ(5,10099)
PEAD(5,10009
PEAD{S541CCIN
READ(5,10009)

(X3(I)eI=1,J0C)
(XL (IVo1I=1,JC?
(XS (I)yeI=1,4C)
(XE(])yI24,J0)

READ(S,19C09) (AZZ(I+25)+1=1,JC)
IF (YPS) 64747
READ(5,10009)
N0 26 I=1,JC
AZZUI,38)=R2Z(1,24)
CONTINUE o
CONTINUE _
IF(ABS(CO)WGELCs) READ(5,40009) (BEI47)4I81,JC)
IFCCD.GE.10,) GO TO 10040

TMzP (241)

(AZ2(1,24) 41=1,JC)

62
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CFo=,008
IFtIC0.GT.0.,} CFO=1,
IF{CD.GYT . ~40s +ANDCO..LT 049 CFOx-CD
00 $0007 I=1,JC
TF(COLEeDe) THEL, 08, 250A22(1,25010128,907711,25)%%
IF(CO.WLE-10s) CFP2B(1I,47)
10007 B(I,7)zCFG®TH
13208 FOPMAT (72K
1 )
{10000 FOPMAT(FB.4)
10009 FOFMAT(9FB,. k)
100130 IF(TANA,LE.D.) PEANIS,10039) (REI,8),I=1,J4C)
IF{IOCP.NE.O) GO TOD &7
IFI(K.NLL,L)Y GO TO 57
OF ANIS,10C09) (GAL1LCIY,IxL,41}
57 CONTINUE
IF(HURANE.Cs) RPFAD(5,10079) (HURDIM(TI K} o1I=1,€)
DU10,14K)=XVY
P{1L,1,K)=XRPHM
00 822 I=1,1VYV
NCTe1XK)=VILIT)
802 D(1,2,X)Y=EHP(T)
D(11424K)=EHAKE
D(1434X)=ZTHRUS
D(€E+3,K)=XPS
D(743,X)=SHP
D(G,3,K5=CD
D(1C434K)I=TANR
D{1C,2.K)=D1A
N(2434KE=HTAC -
N(3434K)=RHO i
DLy 34yKY=X2Z7 -
C(E.3,K)=XEA
N(8,3+,X)=TANRY
0011,3,X)=0DEN
NE11,4,X)=HUR
00 823 I=1,127
BG3 N(I.LyK)=BLA(T)
no 8CL I=1,IFA
804 DI(IS,K)I=EXX(]}
00 8CS5 I=1,I?PM
805 D(TeEyeK)=XMM(I)
00 ACS8 1=1,JC
NDCT«7KI=XI(I)
DEIoBKI=XUH(T)
NEIs94K)I=X5(])
B(I,10,K)=X6(Y}
808 D(I411,K)=A22(1425)
IF (XPS) R06,807,807
806 0C 125 I=1,JC
125 D(1412,XV¥5A27 (1424}
807 CONTINUE
00 809 I=1,J4C
809 N(Ye134KI=BIL,7)
810 IF(TANR} 812,812,81%
811 D0 126 I=1,JC
126 DI 144K)ZB(T,8)

-
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812 CONTINUE
DEX(1y14X)=k,0
DEX(2519K)=11.0
UEXN,i.K):ioU
DEX(1,212,=‘UEX(1,2,1’
JT=11

83 CONTINUE
IC==2
JN=0
Ja=n

& IK=1

. NF=0

NTT=0

IF (SHP) 90,91,90
91 NX¥y=1
30 D0 10073 NK=1,NXVV
105 COMTINUE

NT=1

’ NTT=NTTe1l

: IF(NK.GT.1) 10022

# D0 10072 NIT=1,100

- NT=NT 41

X¥V=0(19,1,IK)
Iva=Xvv
XRPU=0(11,141IK)
IF(SHP) 152,152,153
152 IFINTT.EQ.NXVV+i) GO TO 151%
- 15z CONTINUE
i 00 820 I=1,IVV
VEL(I)=01(I,1,1IK)

! 820 EHP(I)=0(192,IK)

", 151 CONTINUE

: 00 1 I=1,IVV

’ CAV(IVN=¥FL(I)

1 CAE(I)=EHP(])
DIA=D(10,2,1IK)
EWAKE=N(11;2,1IK)

¢ ETHRUS=0 (1,3, IK)

; HEAD=DN{2,3,1K)

RH0O=0 (343, 1K)

X22=0 (‘0’3,IK,

XEA=D(5.3,IK)

. XPS=0 (693, 1IK)

e SHP=D (793, 1K)

&=

4 TANBI=N(8,3,IK)

- CD=0¢9,3,IK)

) TANB=0(10,3,1K)

b DEN=D (11, 3,IK) . .- - NP
£ HUR=0 (11,44 IK}

BL 00 821 I=1,122Z Ly
gy BLA(I)=0(I 4y1IK)

& 321 SLAS=BLA(1)

& 00 822 I=1,IEA

P EXX(I)=0(I,5,IK}

W 822 EXXSSEXK (1)

no 823 I=1,IRPH
i e 823 XMM(I)=D(Iy6yIK)
& ‘;’
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824

825
127
826
827
129
323
8°¢

129
311

1€

13

14
16€

171
10061

10952

30

NO 824 I=4;JC

A3(TI =N, 7,1IX)
Xe{12=0€1,8,IX)
XS(IY=N(1,9,1IK)
X6(I¥=0¢1,10,IX)}
RZZUL425)=N(],411,41IK)
IFC(APS) 325,82h,282F
NN 127 1=1,J4uL
A22014243=NL1,12,1%)
CONT INUE

D0 1268 I=1,JC
3(147)=041,13, IX)
IF(TANS) 831,831,479
09 129 I=1,JC
B{I,8)=081,14,1IX)
CONTINUE

nn 16 I=1,JC
AZZ(1,23)=x3(])
Jui=JC~1

N3 16 I=¢ 'J':l
AZ2CT14518)=X3(T+1)
AZZ(1,19)=X3(%)

nn o I=%1,11
AZ7(.1,36)=A22(1,75)
A2201,37)=R2Z(1423)
0N 10072 IfF=1,122
3(9,2)=3LA(]¢E)
XSX=XP<®(360,0/8(9,2))
AS1=XSX/Z(1.,9=-X3(1)}
AS?2=XSx~£S}§

D0 10772 Xe=1,I1€F4a

nD 10072 InP=1,IFPM
pRAY=X MM {IRP)
EAQ=F XX (KF)

00 100 I=1,J4C
3(T,3)=Xx7(]}
B(Ist)=X4 (1)
B(T,5)=X5(1)

IF(YFES) fhy17,13
CONTINUE

A22€1,24) =A51%X3(1)+AS2
AZZ(1,24)=0,0

N0 TO 1€6

ARZZC(L 924)=A22(1,28)
CONTINUE
AZZ2(1,78)=AZZ(1,24)
CONY INUE

nn 1005t LF=1,JC
B(LE,6Y=(BLAS®EAP* X6 (LENY/ (BLQ,2) *EXXS)
DO 10052 Lf=1,JC
AZZ(LE,25)=AZZ2(LE,36) *BILE 46)
no 30 1=1,9
VEL(I)Y=CAV(T)

FHP(I) =CAEL(])
B(5,2)=XMM(IRPI/AD.0
IVV=XVY

iva=1

J—




1004€
52

653

51

15%

54
21

10001

10902
10003

10012
10017

800
801

10018
10019

o - o -

IF(SHP) 51,52,51
DO 53 1IG=si,1IVY
VELLLIG)=VELI{IG)
EHPL(IG)=EHP(IG)
Iv=y
6O TO S&
CONTINUE

Iv=t
IF(NTT.EQ.NX¥¥+1) GO TO 155
VELL(1)=VEL{NK)
ENPLC1)2EHP (NK)
GO TO S&
VELL1(1)Y=VEL(1}
EHPL (L) 2ENP (1)
CONTINUE

DO S I=1,11
AZ2¢1,25)=R2Z{ 1,y 36}
AZZLI 423)=A22(1,37)
Bl6552)=(325.,86%EHPL (IV) )/ IVELA(IV)*ETHRUS)
B(7,2)=1,6883VELL1LIVY
Als=1.0

N=1

3J=1.0

JB=84J

FORMAT( 3I3)

CONTINUE

0NJ=1.9

JEE=TANBI

J00=004

86(361)1=1,0
JO=,666667*FLOAT tJC)
3(4,1)=0,0

3({2,1)=C0

3(3,1)=TANSB

B(4,1)=0.6

Blhy1)=8.0

8(7’1)3‘00

B(8,1)=0.0

B(9y1)=0.0

3(1,2)=1,0

8(2,2)=1+0

B{3,2)=RHO
B(5,1)=EWAKE
3(3,2)=014

B(lby2)=HEAD
RSL=B{7,2)/7(3.16159265%B(5,2)*B(3,2))
IF{B(1,5)) 10047,10017,10019
CONTINUE

IF(B8(S,1)} 800,800,801
B(S,1)=8(J0,yb)
CONTINUE S
DO 10048I=1,JC

BLI45)=ARSLESQRI (B (S ,1))’50&1(8(1;6))’I(B(I,S)‘B(Q,1))

NN=NN+1

HUSL=X3(1)*01IA/2.0
ADJS=E(XI(11)*DIA/2,0) ~HUBL,
D0 35 I=1,11 ‘
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119
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10031

11932

1
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10037
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10042
2

10044
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Copy

RAK(II=¢(XI({I)®DIA/2.0)=HUBLL) *RAXKEZADJIS

IPR=IPR 41 _
IF(JPRPJNELE) GO TC 10n0a7 ,
SOM=DIA®ELF ' ;

RRAITE(6,4130)

FORMAT (thi)

TF(IK~-1) 115,115,116

HRITE(hy1iT)

FOPMAT (41X ,*FOPHARL PKkOP OF CONTRAPQTATING SETe)
GO T0 11%

WRITE(R,y519)

FORMAT{4SX,*AFT PROP OF CONTFAKNTATING SzT*)
CONNINIE
WRAITE(6,830) (COMUI,IX),I=1,12)

IR4P =7 J*SFHR

IF(SHF.LQOOQ’ “‘115(6,‘010)

FCIMAT (X, *THRUST OPYIONe)

FCIMAT(TX,*PS(Kh) =*,17,1FF12.04)

WAITE (6,1CC26) XVV,YOSH
FCOMAT (2X4*NO OF V=*,FO,1,0LX, SPDENSITY JF PROP
(XG/M3)=2,F17.24LX)})

WRAITELR, 1C027) (SVL(I),I=1,1V®)

FORMAT (PX,*V (M7 ECYI=*4,1F3212. 4)

HWIITE(H,1C9645) (SPE(I),I=1,1IVO)

FORMAT (2X4*PE(KKW) =%, 2Y,1POF12.4)

WITF (R, 1N023)S My EABKE,ETHRUS,)SHD§5R0,XPS, RAKE

FNHAT ‘2X9.\.:(:1) =.F30‘."‘x,.i-HTT--"Fj.‘-O"QX,.i‘TH[):.Fs.‘O,le ,.H(M)-—'.
sF3e g iXy*RHO(KL/FI) =*F10,4/72X,*TETS OPT= *,Fb,.3,3X,*RAKE OPT= *,

FR,3) i
WRITF (R,10029) TANEI,CN,TANR %“\
FOXMAT(2X,*TANGI OFT= ®,FlL,2,4X,*JRA5 OPT= *,F7.4,uX,*TANS OPT= +, -
Fl,o?)
WRITE(6,1U020) (BLACI) ,I=1,722)

FOAMAT(2X,*7=%,10%X,1P9512,4)
WRITE (F,10331) (EXX(1),1=1,1EA)

FCRMAT (2X,*AE/AD=*HX,1POE 12, &)
WRITE (R o10G32) {X“M4(I),I=1,13FM)

FORMAT(2X, *N(FEV/MIN) = *,1PGE12,4)

WRAITE(6,10042)
WRITF(Ae10033) (X3EI)gI=19UC)y (XG(I)yI=1,JC),(X5(1),1=1,dC),(X6(]),
1=1,JC) o (AZ2L1,25),1=1,JC)
FOIMAT (2X,%X= ¥ iPOEL12, 4/ 10X IP2EL12,4/2%y *1~HX= 8, 1PIEL24k/
10Xy 1P2E12. 472Xy *TANBI= % ,1POF12,L/10X,1P2E12.4/2%,*C/0D= *,1P9
€12, 4/710Xy1P2€E12,L/2%,y*T/C #,1PAE12,4/710X, 1P2EL2.4)
IF(XPS) 22,23,23
WRITE (£ ,10936) (LZ2Z(1,24),1=1,JC}

FORMAT (2X,*TFTS= *,1PGE 12, 4/10%,1P2F1244)
CONTINUF
IF(CD) 2L,24y25
WRITE(He10037)(R(I,7),1=1,JC)
FORMAT(2X,*CD= *,1POE12. 4/ 10Xy 1P2EL12. )
CONTINUE N _ ) o )

FORMAT (LX,*D (M) 2% 4PE10, 5%  NCREV/MIN)=*1PELQ, 4,* 7=%,1PE1044;

. RE/AD=%LPE10. 4 )

FORMAT(3IX,*ETAD=*,

LIPEL D by 2Xy*PSIKW) =, {PELD, Uy 3N, *1=-THD=*,1PE1 D&, gﬂ*\
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10087

10090
10024

65
10034
10035

1014

56

68

31
32
24
33
67

a5
36

12
20003

201

IXy *L=HTT=®, {PEL10. 493X,

SVIKNOTS)=®1PEL 0, by3X,* DESIGN THIN)=%,iPELD. &,
7yT8Xy *VIMISEC) =* 9 tPEL0. 493Xy *CALCULATED THIN)S*;1PEL10.H)

HRITE(6,10042)

HRITE(G,10043) SOMyRPN,B(Y92) yEAR
VX2B(7T42) 71,6378
ViS=BU(T,2) %ELF

00 100368 I=1,JC
AZZ(1,29)=AZZ(1,25}%B(] ,6)
B(I,30)=6(I,5)

FORMAT (3PSE12. 4)

IF(JN) 65,6566

CONTINUE

XHH1=RPH/60.0

IF(TANR) 10034,10034,y101
00 10035 I=1,JC

B(I,8)= RSL/B(I 3)‘8(1)4’
CHi= B(?,B)

CONTINUE

GO TO 67

CONTINUE

DO 68 I=1,JC

CONSTI(ID PI‘X""i'DIA’X3(I)/B(7,Z,
GII)=UALT) +XL (1)
H{IY=CONST(I)-UT(I)
B(I48)=G(I)/H(T)

CH2=B(7,8)

00 31 I=1,11%
BCIy8)=CH1/CH2*B(I,8)

IF(IK=2) 33,32,33°

DO 34 I=1,1t
8(I,8)=0(1042,11%6(1,8)/70(1042,2)
CONTINUE

CONTINUE

IF(SHP) 385,85,86

JN=JUN+1

CONTINUE

ALPHA=6,2831853772,

00 12 I=21,36

00 12 J=1,72

AC=ALPHA*FLOAT ((JU~-1)*])
ACIyJ)=SINIAG) - A
83(I,J)=C0S(AG)

Bdi=t.0

IF(JEEN 2,253

Ads=1.

GO TO 47

00 203 IDC=1,2

no 201 I=1,JC
B(I,30)=B(1,30)*24J

B14(41) 2,975

B14(L2)=1,000

B14(43)=1.025

00 21495 T1U=441,43

TJT21J+4

TJP=IJ+8

00 ?2i6 I=1,4C

.!av'k"'t-;%.
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216

215

19

11

caLL
516(1J7)=85(362)

Qi%(IJPl=86(36?l

CONTINUE

3156 i)=1,9

31S(ue) =1, 0

BiStu7r=1,0

819(62’=?1h(51)

815(&5)=a1h(b?)

B15(%8) =814(43)

“15(&3)=01h(k1)“2

150663 =R1L(42) 845

815(59)=81k(b3)“?

IF(8(1,2}) 848,9

CC(I,I)=81Q(B5)

CC(?,1)=°IQ(Q6)

CCE3, 1) =914 (47)
TTY=8(‘,2)/((8(8,?)‘3(3,2)“2'3.1&15327‘3(7,2)"2)/3.)
GO T0 119

CCl1,1)=714(4q)

CC(2,1)=314(50)

CG(3,1)=°19(51)
TTT=55".‘8(6,2)/((F(“.Z)‘P(3,2)“2‘3.1415927’3(7,2)“1)/6.)
79 11 1=1,3

09 11 u=1,3

KT8 (J=1)¢]

C(J,I)=915(KOQO)

MI(1R1) =3

carL SIMEC(3,c,Cr)

B(I.S)=B(I;300‘BQQ(IJD
sus

16943 AJJ=(~CC(2,1)*SQ°T(Cv(2,1)"’-6.‘CC(3,1)‘(CC(1,1)°TTT)))/(2.‘CC(3,
)

279
S0

48

L9
4r

55
5¢

1005y

10049

11)

CONT INUE
86(3h1)=-1,0

JEE=(

09 49 I=1,4c

3(I,S)=B(I,30)‘AJJ

CONTINUE

CALL sSus

P911=815(181)‘ET“9U5

°°12=EHP1(IV)/P911

TH?=2g8 (8,2)
ATHR=8(3,2)/5.0‘3.16159‘(8(3,2)"2"(3(7,2)‘*2)‘997
ASHP(IV)=ppyp

IF(SHP) 95556455

Tvy=g

IV=Ive+1

IF(IVV-1v) 10050,21,219

CONTINUE

00 100¢g IX=1,1v

FHP(IX) zEHP1 (T X)

VEL(IX)=VEL1(IX)

N0 40059 I=1,4C

AZZ(I,26)=B(I,19) ”
AZZ(I,27)=8(I,5) '
ﬂII=ATAN(AZZ(I,27’)
CII=(AZZ(I,2“"B(I;3))/(57.2958’003(3II))
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AZZ(1,28)=ClI~B(TI,6)
AZZ{1,29}=CII+B(I,6)
AZ22(I,38)=B(I,6)
AZZ2(1,31)=8(I,4)
AZZ2(I,32)=8(I,12)
AZZ(1433)=8(I,13)
40050 AZZ(I,T%)=AZ2(1,253%2,0
00 36 I=1,J4C
36 AX{I) =A2Z(I,3%)
IF(AZZ($1,25) o NE,DL) GO TO 5555
SLP=(AZ2(9y34)-AZ2(6,34))/(AZ2{9,23)~A22(6,23))
YINY=AZZ(9,34)~1AZ2(3,23)*SLP)
BZZ(10,343=(SLP*AZZ2{10,23) J¢YINT
AZ22¢11,34)=(SLP*AZZ2(11523) )¢YINT
5555 CONTINUE
02 40052 K=26934
DO 40051 J=1,11
B11{J)=8(J,3)
40051 B3(J)=AZZ(JyK)
DO 40052 I=1,11
S1=K2Z(1,23)
CALL DISCOT(S1,51,811,83,83,~120,JC40,52)
40052 AZ2Z(I ;K)=S2
L0O5¢ FORMAT(1PE10.3,1PL0F11.3)
00 5050 T=1,JC
AZZ(1,2)=81(I,2)
B(I'ZU’=8(I'15)
3(7,21)2‘:(1,5)
RII=ATAN(B(I,21) )}
B({T1,22)=8(1,38)
B(I,23)=B(I,6)
B(Iy24)=AZ2Z(1,24)
B(I,25)=A2Z(1,25) i
5057 B8(I,24)=(8(1,2L)*3(I,3))/(57.,2953%C05(2]I))
BT(11)=8(11,5)
00 5001 I=1,10
5001 B1(I)=A2Z2(I,19)
DO 500738 K=20,24
01 50020 J=1,11
811{uY=8(J4,3)
50020 R3I(JI=8{J,yK)
66 50030 I=1,10
S1=81 (1)
CALLDISCOT(S1,51+811,839834~120,JC90452)
50030 8(TyK}=S2 ' )
DO 50040 K=20,24
00 50040 I=4,10
500460 AZZ(I4K)=B(I,K)

CALL STRFSS(AZZyAREA; XBARy YBARSAYEXQ)AYEYD,EMXOEMYO,EMNTB, EMQB,STR
1MAX)

Eoa ]
u‘rf 3

THE FOLLOWING STATEMENTS HAVE BEEN AUDCED IN ORDER TO SEND THE R
- VALUES TO SUBROUTINE.NEIGHT. CHORDyTHICKNESS, AND CAMBER ARE I
PITCH AND SKEWR ARE IN RADIANS.

% 00 999 I=1,JC
%; YS=VK*1.64878
X{1)=8(I,3)

OO0
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;&

66801

60013

27
29

29

939

395

10C42

77
2

78
2

79
1
6010

6011 FORMAT(SX*CPT=¥1PES0sbySXOCPS2¥LPEL0 ke S5XOCTS2*1PELO, UybEX,

2

IF(XCI)eNEWC.7) GO TO 60C1H
SIGMAZR(I,19)

GO 70 €00C

IF(X(I).LE.0.65) GO TO 6000
IFIX(I}+GE.0.75) GO TO 6080
SIGHA=R(T,19)

CONTINUE
CHORD{I)=B(I,6)°01AM
THICKNS(I)=A7Z(1,34)°DIAN/2,
PITCH(T)=ATAR(R(I,5)?
BBJCI)=ATAN(BLI,.AY)
IFLCLL(I)) 2R,27,28
FX1V=(,. 0

GO TC 29

CONTINUE

FXCIN=1e0/01.0#(C,2A32*TAN(PITCH(IN=BRJ(INI/ZCLILTY)

CONTINUE
ReTAI(IV=PITCH(I)*57,2958
SKEWR(II=A77(1,38)/57.2954
BZ7(1434)=AX(1)
AVII}=(B(I,4)*8(1,12)) %52

AVIII=(R{Is4)/3(148)~PLT,13))%%2

VSUBPSQ(I)I=VS*®2% (AV(TI+AVIIN)
VSUBR {I) =SQRT (VSUBRSN{T1))

PLFY(I) S, S*RHO®VSUBPSA(II*CLI(TI)I® A(T,F)*DTA®*14L,5939

CAMBIR(I}=,0€79*(I,18)%DIAN
PPS=PPM/6(,

N0 926 I=1,JC
PXTBI(T)=PI*3(I,3)%*R(1,5)
PXTB(I)I=PI*B(I,43)%*(T,8)
CONTINUE
EA1=(EAR*3,14159%01A**2) /4.0
AL=3,14159%0,7%B(7,5)
AP=EAL*(1.,067-0,229%AL)
VA=YS*R(744)

VR=SORT(VA®*2+ (0.7%3.,14i59%*RPS*DNTIA)*42)

TC=2.,3"%8(6:2)/ (RHO*AP*YR*¥?2])
SIGMAT= (b4 4*HEAD) /VR®**2
IF(JPR,NEL.2) GO TO Loo
FOPMAT (1H )

WRITE(B477) PP1,PP3,PP2,PPS

FORMAT (L4Xy¥CPTI=%1PEL10.bolXy*CPSTZ® 4 1PEL 0Ly X, *CTSI=*,1PELO b,

4R PCTYSI/CPSI=*,1PF10.s4)
WRITE (€, 10042)
WRITE (6478)

FORHMAT(B6Xo® X*yBX,*TANBI# TX *TAN B%,0K,*G*,9X,*UT/2V*,7X,
YUL/Z2V® 4 TX ®*DCTST* 7TX o *DCPSI* 46Xy *VRIM/SECI® 45X *CAVV?)

00 79 I=1,18
VRSI=VSUBR(I) ®CLF

WRITE(E+6010) B(Ie3)¢BUIoS5)sBIIo8)4BIIv1k) BII13),B(1,12),B(I,415)

eBUIo173,VRST4B(T,19?
FORMAT (1P10E1 24 4)
WRITF (6,4 40042)

HRITE(646011) PPG6,PPBPR7,PPLD

SCTS/CPS=%1PEL0 . W)
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: HRITE(5,10042) ©
b WRITE (6476)
76 FORMATESX,* X®, ax,‘CL*,ex SALI(DEGI®SX,*FN/C*,7X,*CO/CL® ,7X,
2 'F(x)‘,SX,'LI(NIH)*,3X,'TE!S(DEG)*,?X,‘(C/RD)LE‘
3 3Xy,*(C/RD)TE#*,5X,*T/R0* }
DO 6002 I=1,51
6002 WRITE (6,20046) B(I,3),CCONECI) 4CCTHO(ID yCCTHR(X),COFOR(IY ,FX (L) ,PLF
1T(I) )AZ2¢Y,38) ,AZZ(1,28) AZZ(Y,29) 4A22(X,34)
20046 FORMAT (1PE10.3,1P10€E11.3)
WRITE (6510042)
SHR=THR®SKT
STHR=ATHR*SHT
WRITE(6910004) PP11,PP12,ETHRUS,EWAKE,VK,SHR,VMS,STHR
WRITE (F,6003)
6003 FORKAT (1H1 LXK, *X* ,7X,2AREA(M2) %, 46X, XBAR(M) 5, 2X,SYBAR (M) #,5X,
2 SIXD (ML) * 34Xy B IYOINLI® 54X *HXO(N-M)I*3Xy* HYO (N=H) *,3X, *MTB(N-1) ¥,
3 33X ,*HOB(N-M)*,3X,*MAXSTRESS (PA)®)

400 CONTIAUE
00 122 I=1,7
IF(I-1) 120,121,120
124 SX(I)=B(I,3)
GO TO 122
120 SX(I)=B(1+1,3)
122 CONTINUE
IF(JPRNEL2) GO TO 10091
00 124 I=1,7
APR=EL2%AREA ()
i XPR=E( I*XBAR(I)
5 YPZ=EL 1* YBAR(I)
XOI=EL4*AYEXO(I)
YOI=EL&*AYEYO(I)
XOM=SIH*EHXO(T)
YOM=SIM*EMYO(I)
TGM=SIN¥EMTB(I)
Q8M=SIM*EMOB(T)
STRM=SMX*STRMAX(I)
124 WRITE(6,200463 SX(I),APRyXPR,YPRyXOLsYOL)XOM,YOH,TBM,QBM,STRN
WRITE (64100462)
WRITE (6,10042)
WRITE (646004)
5004 FORMAT (5X*X*8X*RAKE*SX*P1 XTANBI*3X*PI XTANBS®)
D0 6005 I=1,11
6005 HWRITE(6,6006) B(I,3),RAK(I),PXTBI(I},PXTB(I)
6006 FORMAT(4FEL043,1P3E11.3)
10091 CONTINUE
CTS(IK)=PP7
CPSLIK) zPPE
CPTCIK) =PP6
CALL WEIGHT(JC,SIGMA?,IPO,IPR,HUSDIM,IK,HUB)
HUBSPAC=2, 0*PI*X (1) *DIA*6, 0*SIN(PITCH(1)) /D (1,4, IK)
BLASPAC=HUBSPAC~AX (1) ®DIA% 640
FILSPAC=HUBSPAC=AX (1) *DIA%640%1..9
IF(JPR.NE.2) GO TO 6902
WRITE (65998) TC,SIGMA?
SBL=BLASPAC/DIA/12,
f SFI=FILSPAC/DIA/42.
' WRITE (6,39%) SBL,SFI



8§98 FORMAT(/720X,*BURRILL THRUST COFFF TUR® ,E20, /720X ; *3URR.
1TATION COEFF SIGMA(Q.7)=®,£10,4)
o 334 FORMAT(/20X,*CLEARANCE AT HUB RETHFEN BLADE €/0x*,F13.8//,
! 2 ?20X,*CLEARANCE AT HUb BFTHEEN FILLETS/)=%,F13.%)
6302 CONTINUE
IF(JPR,,EQ,1) JPI=2
00 64 I=1,11
AZ27¢1,23)=AZ2Z2(1,437)
ABN(I141)=8¢1,3}
ASC(I,2)=R(1l,14)
& A3C(I,3)=42ZC1,27)
; A3C(I,L3=AZ22(1,248)
E3CLI%)=A22(1,27)
AU (I,6)=A72C1,3%1:
ARC(T,7)=3(1,12)

4 ABC{(I,B)=A2Z{1,34)
A32(2,G8)=3(%,2)
IF‘IOF'\.NE.J) G0 TO Y4
IF(IK.NE.1) GO TN &2
IF(NK.EN.1) GO TN €3
GJ 0 &2

6T IF(NIT.EN.1) Gu Tn ¢4
GO TQ A2

A1 3Z{1)=1.0
32(2)="14A
JZ(3)=HFAD
2(L) =Y e (1) /h]e2
32(5)=".531
32(h)=THR*2,9
BZ(7)=VEL(1)*1.64874
RZ(8)==HJ
BZ(3)=EWAKF
32¢1C)=9LA (1)

82(11) =821}
RZ(15)=CO
3Z{16)=0¢,0C
32¢17)=0.13
32(18})=0.0
nn 300 I=1,12

330 87(I+39)=COM(I,1)
IM1=6
DD 371 IN=18,90,18
IN1=IN1#1
IF(IN.FO.90) IN1=13
no 301 I=1,9
IF(I-1) 302,303,302

393 4=1
GO YO 1306

302 IF(I-9) 335,304,335

304 J=1e2
GO 70 13nh

316 J=1+1

316 3ZCIN¢1)=DCdyINL,1)

301 CONTINUE

' DN 307 IN=27,081,10
; IN9=IN+C
‘ N0 387 I=1,9

.
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%& BZ(IN+I)=BZLINS+]D)

307 CONVINUE
B82€10)=0(1,4,1)
82(11)=01t1,4y2)

D0 308 I=1,9
IN=I%72 .
IF(I-) 309,310,309

310 J=I
G0 YO 311

3069 IF(I-9) 312,383y 312

313 J=I¥2
60 TO 311

312 J=1+t

311 BZ(IN)=0(Jy10,2)

3082 CONTINUE
0C 5000 J=1,9
1F(J.G6T.1) GO TO 5010
B2(J445)=GALL (D)

60 70 5400

5010 IF(J.EG9) GO T0 5002
BZ{j*L5)=6A11 (Je*1)

G0 TO s0en

5002 BZ2(J+45)=GA11(J+2)

5000 CONTINUE
CALL OLO(BZ,IPO)

62 CONTINUE
e 9(10,212)332(16)
i FAR=0(10,2,2)70¢10,2,1)
: . AFQ=D(10,2,1)/D(101292)
pn 320 I=1,J7
UEX(I,3,1)=FAR'D(I,7,2)
DEX(I,3,2)=&FR’D(I,7,1’

320 CONTINUE
IC=IC+1
IF(IC) 17,17,20

17 CONTINUE
caLL FIELU(ABC,UA,UT,UR,IK,DEX,COM’I°O)
IF(IC) 18,18,20

18 D0 19 I=1,11
UAL(TI,IX)=UA(T)
UT1¢IIK)=uT(I)

10 URL(ILIK)=URLT)
nn 326 I=1,%11 e v )
IF(UEX‘I,3,1'-O(1,7'1,, 325'325,20

325 UA1(I,1)0=0.0
UT1(T,13=0,0
UR1t1513=0.0

326 CONTINUE : N R

20 CONTINUE
UAL1(1,1)=0.0
UT1(1,10=0.0
UR1(I,1)=0.0
IF (JPRNE,3) GO 10 1]
IF(ICI46,95,46 .
g 95 WRITE(6,9106) -~ R L
*

10¢ FORMAT (LH1/7/750%, *INDUCED VELOCITIES'IIIJ3X,‘R‘,13X§’0&IV$‘,11X,‘
LURIVS® y 11X, #UT/VS® /22X %ON AFT*)
g
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108
107

10¢
110

5097
LE

111
81

79
A9

L

3

37
ak

71
73

75
4

g0
10372

9¢

154

s e - K T W’Wmm“ﬁe} e - o

00 107 I=1,11
WRITE(59100) OSX4I 3,15, UALCL) 10 URL(T54),UTI(I 1)
FORMAT (23X, 4F§6eb)
CONTINUF
HRITE(64109)
FORMAT(///722X,*0ON FH)*)
0N 119 I=1,11
NRITE(R,108) OFXI(I,3,2) yUAL(T+2)3URL(T,2),UT1(T,2)
CONTINUE
CONTINUF

IF(JPR.FQ.N) JUPR=
09 11t I=1,11
UACTY =181 (1, IX)
UR(I) =URL(I,IK)
UTLI) =UTS (I, IX)
IF(SHF) 31,81,A9
IVA=IvAet
IF(IVV=~IVA) 96,7%,70
GO TO 10246
IFINTT.EN.NXYVe1) GO TO 9F
IF(NT . %c. IOU=-1) GO T2 97
NF=NF 41
IF(IXK-1) 93,93,34
FWISHP (NF)=PPL?
GO Y0 96
HF=NF -1
LFTSHP(NF) =PP12
R0 TO 26
IF(NT.7Q.ICDY ~O TN 38
M=t
IF(JQ) 71,72,7"
I(:O
no 10 73
I1K=1
CONTINUE
TF(JQ) 24,75,74
JN=1
HO TO a9
J2=9
CONTINYE
CoMTINUE
IF(SHP ., F2.C0e0) GM TO 10073
IFINTTONFONXVY) A0 TN 10N78
0N 99 T=1,NXVV
811 (1) ={FWUSHP(T) +AFTSHP(L)).240
VEL(I)=C(I,i,1%) ‘
BI(I)=VEL(I)
S1=SHP
CALL DISCOT (S1,°1,R11,03,83,~120,NXVYV,0,52)
VEL1(1)=S2
NO 154 I=1,NXVV
211(I)=vebL (1)
EHPLLI)=0(I,2,1IK)
B3(I)=EHP(I)

.

S1=VEL1(1)
CALL DISCOT (S1,S1,4114, B3,83,~i20,NXVV 09.82)
EHP (1) =82 :
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VEL(19=VEL1(1) . :
Ivv=e .
IK=1
GO TO 185
10073 CONTINUE
OR={D(18,2,2)70(10,2,1))%*2
CTST=CTS(1) +DR*CTS(2)
CPST=CPS(1) ¢DR*CPS(2)
CPTT=CPT (1) +OR*CPT(2)
ETAP=CPTT/CPST .
ETAD=D(1,3,1)#CTST/CPST
_HRITE(6,992) CTST,CPSTLETAD
992 FORMAT (1H1,10%X,®*PERFORMANCE DF SET OF CONTRAROTATING PROPELLERS®//
1/7/72%,3CTS= #,F8.5/72X,%CPS= ®;F8,5//2X,*ETAD= *,F8,5)

<

SToP
END
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10952

19714

19327

17021

20921
20024

SU3ROLTINE Su8

DIMENSTON CHORD(33) s THICKNS(38) ,CANBER{38) ,PITCH(38) ySKENR(3IS)
1,XI(38)
COMMON/CHEIGHT/XT ZCHOF Uy THICKNY yCAMBE P, PYTCH,, SKEWRyOTAM,22,3EN
1 3AKFSSIZPI,PPT PPE,PPY,PPLL, ' WAKE ¥S,RPS,SIGMA,FAR,8T

DIMENSTICN B(38,33),31(181),821181),83(181},04(362),35(362),36(362)
1,770431),88(181),83(181),830(21A15,381(1817,312(131)y B813(131) ,884¢(
2191) ,815(181),A2€38,38) ,8H{38,38),C(38,33),CC(38,38),INDEX(38,3)
3,4(3%4,72),88(38,72)

COMYON B8,01,32,83,R4yRE,ER,F7,38,R0,310,311,212,813,914,815,42,3H,
1C,CCyIND:X,A,8B8

COMMON TUyJA3JdCeJ0,J0N4JEF

Cov4ON CL1C(11)

COMMON CCZONF(11) ,CLTHO(11) ,LLTHR(11),CCFUR(LY)

COMMUN PTL,FP2,Pr3,PRL,FFG PP, POLD

0N 10328 N=1:J§

21 20021 1=1,JC

AAR=1,/3(1I,%)

AAH=B (My ) /0(],3) LA

AAN=ATAK(B(]I,5))

IFtAAN-AAG) 10019,10018,10M19

32(1) =C0S(aAnN)

S3(I) =SINCAANY

GO TO 20921

S S=l.¢A0pes2

T=30xT(S)

V=1, ¢ARG2%2

LERYLANE })

A =T ey

N=SXP (Al)

Re(((™=1, ) 7LAH* (ABNL/(H=1,)))%U) **3(Q,2)

8C=1.5

A=,25

Y= (14/7(2,*53(9,2) %ALGHI*((V/S)*eAN)
Y=S{{G,PAAG**2) ¢24) /7 (V*RAL) +((3.*AAH **242,)/7(S**A(0))
72147 (24,%53(9,7) )Y

TF{3AH-ANG) 10021 ,17021,104020

AF=1.¢1./7(R=1,)

AAzY® (1 ,/(F=1,)-2%ALOGIAF))

A2({I) =2.%3(3,2)%*2%QAG*AAH*(1,~AAG/AAH) *AA

B3(I) =3(9,2)%11,-2AG/AAH)I*{1.42.,*B(3,2)1%AAG *AA)
13 10 20321 )

AG=1.¢1a/7(1e/R=14)

A3z=X®(1./7(1./3=1.)¢7%ALOG(AG))

32(I) =2(9,2)*AAG*(1.=AAH/ARG)I®*(1.-2.%8B(9,2)*AAG*A3)
B3{IY =2.%8(9,7)*%2%AAG* (1., ~AAG/AAK) *AB

CONTINUE

FOSMAT(9F12.%)

IN=0

0N 1 I=1,181,5

IN=IN¢1

BLAIN) 25%(1,0801,3)) =45 1a~B(1s3))*COSU(FLOAT(I~4)/57,2357))
D0 2 I=1,JC

311(11=8(I,3)

B12(I}=82¢1)

BL3¢(Xi=a3(I)

nn 3 I=1’37
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> S1=81 (1) o

. CALL DISCOT(S1,5S1,811,813,B13,~120,JC,0,83
3 Bi15(1I)=S3

po 5 1=1,37

S1=B1 (T}

CALL DISCOT(S1,5S%,811,812,812,-120,JC,0,52)
5 B14(1)=S2 ’

00 4 I=1,37

B2(I)=844(1)
4 B3(I)=915(1)
: DO 10022 L=1,35

N1=37+¢L

N2=37-L

B82(N1)=82(N2)
10022 B3I(N1)=B3{N2)

g2=2./72.

NP=T2

HH4=36

XNP=NP

S=0.,0

SL=0.0

00 20 T=1i,NP

$=S+82(1}

20 SL=SLe¢E3(I)

B84 (1) =S/XNP

B85{1) =SL/XNP

DO 40 {=1,yNH

e $=3,0
% SL=0.0
o $1=0, 0

SLi=0.7
00 30 J=1,NP
S=S¢82(J)*BB(I,J)
SL=SL +R3(J)*8B(I,J}
S1=S1+82(J)*A (I, J}
30 SLi=SL1¢B3(JI*A(I,J)
I1=6*1+¢ g Lo :
34(I1)=S%*C?2 Ve v i ;
85(I1)=SL*C2 ca
B4ilis+19=81+C2
49 B5(I1+1)=SL1%C2
3(1,9)=84(1)
B(1,13)=B85(1}
JCM1z JC-1
D9 10023 LK=1,35
L=LK+d . . . ‘ -
K=5%L K
R{Ly9)=84 (Kei) . o
10023 B{L, 10)=B5(K+1) Lovag g
3(37,9)=B4L(181)
B{37,10)=85{181)
CPHIZ ((1.4B(193))=2,*8(Ny3))/(1:.~8(1,39)
IF (ABS(CPHI)=1.) 29051,20051,20089, , . .,
20050 CPHI=1, T e
20051 B(Ny14)=ACCS{CPHI)

% Bti,11)=,0 st wt
ﬁ : B(JCy 110=3,1815927 X




AR

A

[T -V .

coNd=3.16165927
No 10025 I=z1,J4L
SuP=S IN(FLOAT(I) *3(Ny11})
CHP=COS(FLOAT(I)*B(N,11))
1FIN-1)30027,30026,10027
10027 IF‘N-Jr)lﬂﬂ?Bylﬂf?9,10038
1002€ AZ2¥M=4]
armN=,"
N?2=Te}
£0 20026 K=14N?
IF(K°JC)10070.10070,?05?6
1997° ﬂZN=AZh0CON¥‘FLOAT(I)’B(Kyg’
AZNzR24SLCON3®FLOBT (1) *8(x, 10}
20028 CONTINYE
A2L=.)
R7L=.0
IF(NZ-lC)lOObO,IﬁU’O,iQOSO
1000 NisN2+1
N1 20336 nM=Ni,J"
L=4-1
5ZL=QZLOFLOAT(L"q(ﬂyg)'CONB
209 ¢ 37L=37L0FL0AT(L,'3(%,10)'CON3
69 TO 162%2
1902¢ AIN=,.0
27%=,)
N2=T+¢1
AN 26326 Kz1,M2
C<P=C0?(FLOAT(K-i)‘Q(N,11))
IF(('Ju)10071110971,30"20
10971 AZN:AZNOLON3'C”9‘FLOAT(I)‘ﬂ((,9)’GKP
G7N=BZN‘CON3‘CHP'FLUQT(I)'b((,lﬂ"CKa
2002¢ CONTINUF
A7t =, 7
32i=.9
IF(W?-JC)13061919030,19950
10051 N1=N2+1
0N 20739 M=N1,JC
L=M=1
CK==COS(FLOLAT(LY *A(N,110)
AZL=AZL‘CON3‘CHP‘FLOAT(LD'F(H,Q)'CKP
210039 BZL=BZL‘CON3'CMP‘FLOAT(l"5‘”,10)’CK”
G5 TO 1003°
10028 AZN=,1
AZN=.1
C0N1=301“15927/SIN(B(Noll))
NZ2=I+1
0N 202328 K=1,4N?
CKP=COS(FLOAT(K‘l)'B(N,ii))
IF(K-JC)10072,10072,20028
10072 AZN=AZNOCON1°SMP‘3(K,9)‘LKP
BZN=BZNOCON1'SMP'8(K,lol‘CKP
20029 CONTIMUE
AZt.=,0
9ZL=.0 . .
IF(N?*JC)10062,10030)f003b‘
10062 N1=N2+{
Ny 20038 M=N1,JC

b}
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%; L=M-1

SKP=SIN(FLOAT(L) *B(Ny11))
AZL=AZLeCONL*CMP*B (M, 9)*SKF
20038 BZL=BZL¢CONL1*CHP*2(M,10)*SKP
10039 AZ(I,N)=AZN#AZL
BH(I,N)=BZN+BZL
10025 CONTINUE
IF(8(1,1))2004L3,20043,10034
20043 CONTINUE
D0 10031 I=1,J4C
CCtI1)=(1.=8(153))%(B(Iy5)/8B(1,8)=1.i%*B(I,y4)
DO 10031 J=1,JC
10031 CUl,J)=FLOAT(JI*(AZ(Jy1)eB(I,5)%8BH(J,y1))
B10(131)=JC
CALL SIKEQ(JC,C4eCC)
10034 0N 10035 I=1,JC
B(Ty12)=.0
B{I,13)=.0
B(I,t4)=.0
N0 10035J=1,J4C
IF(8(1,1))10036,10036,10037
1003€ B(I,12)=8(I1,12)¢FLOAT(JI*CCUIp1VPAZ(JI,I)/B(I,4)%(2./(1,=B(1,3)))
B(Iy13)=B(T,13)¢FLOAT(SI*CL(Jy1)*BH(JS1)/BII,4)%(1./7(1.-B{1,3}))
B(Is14)=CL(Jy1)*SINIFLOAT(J)I®*B(1,412)/B(I,4)+4B(I,204)
GO TO 18035
10037 B(I,12)=6(1,12)¢FLOAT(JI®*BO(JII *AZ(Jy1)/B(T,4)%(1.7(1.-B1,3)))
B(Iy13)=8(I,13)¢FLOAT(J)*BE(J) *BH(J,I)/B(I,4)% (1./7(2.-8B(1,3))})
B(I,14)=8(l,14)+B6(J)*SINIFLOAT(J)*B(I,11))/8(1,4)
1603¢ CONTINUE
.. BOJIL,10)=,0 .
2009t D00 1008 I=1,JC
BlIy15)=(BILy14)*3(I,8)*(B(I,4)/B(1,3)=-B(1,132%8(I,4)))%%.*3(3,
12) °
8(Iy161=8(1,15)%*8(1,4)
B(I,17)=(83(Tyu)/B(1,3)%B(I,1L) *B(I,4)%(B(I,u)48(1,12)%B(I,4)))"%4,
1*3(9,2)
3TT=ATAN{B(I,8))
BTISATAN(B(I,5))
A(Iy148)= ?o‘3.1&15927'8(1,1h3‘COS(DTI)/(i./B(I 8)-8(1 13))
8(1,19)=64.31%(B(4,2)=B(I;3)%B(3,2) /2.)‘(SIN(BTT)I(B(I 4)*¥8(7,2)
1#C0S{BTI-8TT)))**2 .

)

ARG

v

k1

IF(I~1)9,9,6 ‘

6 IF(I-J4C)10,9,9

9 8(1,20)=,9 ‘
3(I,21) 2,0 g . L.
GO TO 1%

.

10 CONTINUE L
B(1y20)=(1.~B(1,7)*B(I,6)/BLT;18)$B{Iy5)I*B(I,15)
B(Iy21)=(1.¢B(Ly7)*BIT46)/BC1,183/B(I,5))*B(T,17)

11 CONTINUE
B(I,22)=B(I,20)%6(I,4) =%

81 (1) =B(I,3)
B2(I) =3(I,15)
B3(I)=B(I,16)
- B4(I)=BUI,17) :
g BSIT)=8(1,18)
B7(I)=8(1,19) :
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100133

1n705q
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Copy avcailable to DDC does nOf
R8(IY=3(I,20) pari faily legible reproduction’
BA(I) =8(1,21}
810(I)=8(1,22)
CONT I NUF
PP1=SIHPUN(BL,83,J40)
PO2=S IMPUN(BL,82,JC)
PP T=3 THPUN(31,B%,JC)
PPL=PPL/ZPPY
PP5=PP2/PP3
Po6=5IMPUN(RL,810,JC)
PO7=SIMPUN(JDL ,88,JC)
poj3= SI”PUN(BI,"99JC)
PPI=PPH/PPS
FP11=PFT/PFA
NG 16933 1=4,J4C
JnI=4Cet-1
nJ 10948 L=1,JC
YI=3(L,3)=8C1,3}
IF(¥0) 860,860,871
X129, 17
63 YO0 961
COINTIMNYE
X3=3(L,y3)-BUI,¥)
CONT IMUF
32(L)=x0*3(L,2")

T R3{L)=Y0/3(L,30%0(L,21)

IF(JCI-2)1C041,17001,10059

1 3(I425)=.)

3(I,42R)=,C

B(Iy27)=oj

a(I,?%)=.0

63 T7 1039
3(I925)=SIMPUN(B1,82,J4C )

11*%2)/(16.%8(3,2})

A(1,2h)=SIMPUN(B1,B3,4C )

1(5,2)*(9,2))

12732

296

20089
20082
20081

10040

702

703

TI=ATAN(T(I,5))

53T=RIN(BTI)

C31=CO051(8TI)
N(1,27)=0(]1,25)%CBYe3(I,26)%88]
B(I,28)=4(1,25)*S01-8(I ;26)*281
CONTINUE

nn 206 1=21,4C
8(1912)=D(1’“)'8(r,12,

BeIy1 3 =ullyl)*A(I,17)
G(T'i“’=8(1’“)‘9(191“’
IF(JEF)2N082,200082,10081%
B6{3IHhL1)=~1,0

CONTINUE

IF(36(3642) 10080,10080,10081
CONTINUE

315(181)=FP10

No 10049 I%1,J4C

IF(R(I,6)) 702,702,703
CC1=0.0

G0 TO 704

CCi=8(1,18)/8(1,6)

81

*(3(4,2)%B(3,2)%*3%3,14L159327*3(7,2

“3(8,2)%913,2)%%208(7,2)%%3/(164°%3
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700

701

52

1004S
10081

20041
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CONTINUE
CL1(I)=CCY
CC2=1,%54*CCL
CC3=,0679*CC!
IFC(CC1} 701,700,701
CCL=0.9
B(I,38)=CClL

G0 TO 52
CCu=B8(I,7)/CC1H
8(I,38)=(Ch
CCONE (I)=CC1
CCTWO (I)=CC2
CCTHR(1)=CC3
CCFOR(I)=CC4
CONTINUE
AS(362) =PP7
B6(262)zPP8
RETURN

END




‘ L RN
2 MPC=HP Lot
g MPNzH P
NO 80 I=1,MP§
80 C(Iy™PC)==(CC(1,1)

\ N0 %1 [=1,MP%

DO %1 J=1,MEC
31 SH(I,J)=0.9

00 79 T=i,mpy
27 BH(I,y1)==C(1,101) /70 (1,1}

097 21 I=1,#Pt

J=I+1
21 AH{T, I =1.7
K=?
93 IF(K=-Yr1) 92,32,

32 CONT INUF
N9 3h is1,MPD
nn ag )=y ,Mpr

35 A(T,J)= CUlK,5)*3n (I,
JN 39 Is1,4,MPD

&? as=3.1
4 O 37 J=1,%PC
} a7 ENz=AN®A(I,J)
59 315(1) =AM
MD)zMPNay

JD 29 I=1,MPD
70 298 J=1,”pC
09 Co(IJ)==315¢L ¢1) /215 (1
. 00 99 T=1,"°0
' 21 ) J=1,MPC
99 34(T,J)=CC(I,J)
. K=¢€e4
‘ nY TH 22
’ 94 TONTINUE
N 39 J=i,MPC
99 Coty1)=22Cl1,4)

1 FOMAT (1FRELZ, )
2 FNYMAT (6F 844)
RETURM
£

Copy c?ailable o DDC doos not
pemit fully legiblo roproduction

g§; SUBROUTINE SIMED(JC,C,CC)
DIMENSION BH(38,38) JA(38,38),B15(38),C(35,38),CC(38,38)

)*B4(1
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{ SUBROUTENE OISCOT (XA,ZRyTABX,TABY,TABZ,NCoNY,NZ;ANS?
L OIMENSTION TABX(1),TABY{1),TABZ(1) ,NPX(37) ,NPY(37),YY (37}
g ) CALL UNS (NC,IA,IDX,IDZ,1INMS)
; ,

FEZAN

IF (NZ-1) 535,40
5 CALL DISSER (XA, TABXp1:NVy)IDX,)NN)
NNN=IDXe#4
CALL LAGRAN (Xl,TlBX(NN),TIBY(NN),ﬂNN,ﬂNS)
601D 70
10 ZAPG=ZA
IP1X=YDK+1
IP1Z=I02¢1
IF (IA) 15425415
15 IF (ZARG-=TABZINZ)) 25,25,20
2% ZARG=TABZ{N2)
2% CALL OISSER (ZARG,TABZyi4NZ,IDZ,NP2}
NX=NY/N2
) NPZL=NPZ+102
- 1=
) IF (InS) 309 30,40 b,
! 39 CALL DTSSER (XA}TABX;!,NX,IDX,NPX) .
N : 00 35 JJ=NPZ,NPZL
! NPY(I)=(JJ=1) *NX4NFX{1)
NPX(I)=NPX (1)
35 I=1+1 ! .
} - GOTO S0 N
. 49 DO &5 JJ=NPZyNPZL .
{ ; IS=(JJ-1)*NXet
™~ CALL DISSER (XA, TABX,IS,)NX,IDX,NPX(I})
NPY(T)=NPX(I)
L5 I=1+4
59 00 55 I=1,IP1Z
= NLCC=NFX(I)
. NLOCY=NPY(I1)
55 CALL LAGRAN (XA, TABXINLOC) yTABY(NLOCY) IP1X,YY(IM)
CALL LAGRAN (ZARG,TABZ(KPZ2),YY,IP1Z,ANS)
70 RETURN
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15

25

33
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SUIAOUTINE UNS (IC,IK,15%, 102, InS)
IF (18) 525,10

Tus=1 -
NC=-iT
6070 15
IM5=9
NC=IC
IF (NC-100)
Ta=0

GoTn 30

Ia=t
NG=NC-100
INX=NC /8%
TOI=NC-INX*10
RETHR]N

N »

20,425,425

SUIROUTIHE LAGRAY (XRyXy¥ytiyANS)
DIMFNSICN X{1),¥ (1}
SHu=g,"

ng 3 I=,.9N

OINM=Y(])

ng 2 Jzi,N

A=Xx{I)=-%(J)

IF (A) 1,2,1

= (XA=-Y(J))/A
PYJ=PROLeE g
CINTINUF

SUM=SUMNSFRON

AN3=Syv

FETHRN

cNn

‘ ) Copy availablo to DDC doss not
: pemit fully leyible reproduction
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SUAROUT INE DISSER (!&.?AG,!;N!,IB.MP!&
MIIMENSION TAB(YL) - :
NPT=xI0e)

NPBNPT/2

NPUzNPT =-RPB

IF (NX=NPT) 1045410
5 NPX=1

RETURN
10 NLQWzX+NPB

NUPP= T+NX= (NPU+L)

... «.DO 15«II=ﬁLD“’NUF?‘ . . s .

t a -Nan’IT - Y LI . Y
IF (TAR(II)-XI) 15,20 20

15 CONTINUE
NPYXzNUPPR-NPBSS
RETURN
20 NLx=NLOC~NPB
NU=NL+ID
B0 25 JJ=NLyNU
NOIS=JJ T
IF (TAB(JJ)-?AB(JJ‘i)) 25p§0p?§
25 CONTYINUZ
NPYzNL
RETURN )
3C IF (TAA(NDIS)=XA} %0y 5, 3%
35 N°X'NDIS-IO

{0 TR L
e G0 NPX=NDISFL = . I-ET T

RETURN ’

ENO
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FUNCTION SIMPUNIX,Y,N) { F
FORTRAK IV FUNCTION FOR SINPSONS RULZ INTEGRATION
ADPIITRARKY NO, AND LENGTH INTERVALS K MEALS NSROC .CODE 042 10-5-67
DIMENSTICN X( 2),Y( 2
IF(N‘Z) 7' 5’“
S={Y(L)eY(2})%(X(2)=xX{5})/2s
GO T0 &
LELDS
IF(M-2) 9,10,11
Mz4-2
GO0 TG ~ R ]
S=(!(2)-X(1))/6.‘(?‘1)‘(36'(‘(2)'X(i))/(X}ﬂ)*!(i)’)67(2)°(3.9(X(23
1=X(1)1/7CEXC33=X(2)))~¥ U)o CCeNt2)~=XL1))282) 70 (X33 =X{1))2INCI)~X(2}?
233N ’ )
t=v
"d TO 12
S=0,.
L=?
H=N-1{
IJN 1 K=l ,%,2 .
IF(&BS(X((—I)-X(i))aGE.ABSJ!(&’?X(i')? QQ 70 3
IF(ARS (X (K1) =X (1)) GT,ARSIRIKI=X{2))) GO TO £
HRAITE (h,2) Ky, XK}
FURHMAT (238CH0ON MOMNOTUNF X SIYPUN T4y 1PE1244)
S=1.
60 70 & ’ T T
S=St(X(Kti)-X(Kvl))/6.‘(Y(K‘1)'(3.*(1((’1)-X(K~I)flinK)‘X(K’l)))+ g{i}
1(Y((l'(1.0(X(K#1)°7(K51’D/(X(K)-X(K41))O(XlK)OX(KﬂlliI(XQ(OI)-X(K’ k-9
1NV UKL U2 =t XIRIAXIR=1ID/LIX(K¥L)~XNIK)DD)I))
SI%PUN=S
CETHPN
NI

Copy available:lo DpC dqgs:nét" |
parml‘ fully legible reproduction; . ‘ (
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S

é{j: SUBR?UT!NE STRESS{RZZ AREA yXBARy YIAR)AYEXO,AYEYQ ;EMXO,EMYO ENT S EN
- 103,STRHAX)
OTMENSICN CHORD(38),THICKNS(38?) ;CAMBER(38) ,PITCHI3S) o SKENR(3S)
1oX1(38),8T{11}
COHNONICHEIGHTIXI,CHORO,THIC(NS,CAHBER,PITGH,SKENR,OIAH,ZZ,DEH
1 JRAKE,SI.PI,PPT,PP8, PPI,PELL ENAKE)YS,RPS,SIGHA,ELR,BT
OIMENSION A2Z(38,33)
NIMENSION AREAC7 ), XBARC7) ) YBAR(TY JAYEXO(T ) JAYEYOLT) s EMXOLT) ENYQ(T
1) sSHT BT} sENQB(T 2y STRHAX(T)

$ 3 resrE s EIE ALL PROGRAN CONVERTING WAS OOWE BY BOB MCCALLEY
A S A S A JOHN METZ 5 AT GLENN ENSINEERING SERVICES, INC.
A A S S S ROCKXVILLEy; MARYLAND 20856 PHONE 427-33830

® s s %8s s % 53 % YERSION VA2D IS A MODIFXCATION OF HY=7%
C#* s ® & 50 s 8 WHICH APPKOXIMATES THE EFFECT OF SKEW.

. . s 880 HOCIFICITIO* BY D.T.VALENTINE

. . * & % % CODE Sk ‘UGUS!w 19700

4 & B L ]
* & x [ 4

PROPELLER STRESS CALCULATION PROGRAM VAZD

L ]
-«

* % & SIHPLE BFAM APPROXINATION IﬂCLUDING
* v * JENDING, CENTRIFUGAL AND TORSIONAL FORCES.

L ]
L ]

5 & 8 8485 5% %5 068383 pqgcg*n IVEE A ® % & 3 8 % 5 3 3 2% &+ 8

3 &% s 3+ THIS PROGRAH FEADS IN THE NEW TYPE CATA CARDS., * » ¢ =

THIS AREA RESERVES COMPUTER STORAGE FOR ALL lRRAYS USED IN THE PROGRA
OIMENSIGN XE(20)

{;: DIYENSICN HA(ZO),HAi(ZO),PHI(ZO!,PHIZ(ZO),XUi!ZG),Ti(ZO),Qi(ZO),CP

COOOOOOONNOHOOOOOO0

1HI(2U),SPHIQZU),X“(ZU’,AE(203,BF(ZU),PE(ZO)
QIRENSION 5(13,,9(13’90(13,,0(13),5(13),F(13)9G(13),H(13)90(13),
XP(lS’,0(13),R(13,,S(13),T(13’,U(i3)4V(13’9ﬂ(13),X(13)’YC13),Z(13)
DIMENSION R1(7416)y S1(7,i6) N
DIMENSICN CENYST (72, CENTHMO (7) e
OIMENSION FHX(?’,TX(7),FH”X(13),YTX(13’ySKE“&13’;XU(10)
DIMENSION VOL(7).yCENTL(7),A1(7)5A2¢(T} 4 X2BAR(7) ,CENTS2(7),B82(13),
X F5(13)9?2(13’,02(13)pﬂA(lﬂiiga(io)yCEN752(7),CENTH$(7),
X TSKEHI(?’,TSKEH2(7),ASKpﬂi(T),ASKE“2€7)
DIMENSION V2(13).,02(13),E2(13).
DIKENSICN ALPRIALT7)
OIMENSION XHT(10’,XL(10’gX"(10,,XT(iO’,STH(iO),STLT(lU)
€ SET 12 (CNSTANTS USFD IN PROGRAM. CONPUTATIONS.
Wy 1) =1,
H( ?2)=4,
H{ 3) =3,
H( &) =8.
Wi 5)=4,
H{ 6) =8,
KW 7)Y =4,
HE 8) =8, L SRS
L1 9) =4, . ' ’ ':
(10D 28, o g
Witl)=3. o e T
H(12) =4e’ T o o
GRMW = 32084 .. |
ﬁ C-"°"° -~ -~ - INPUTDM" UFSCRIPTIOQS""_--- e o e e e
,%

Ak 2 erh

¢ .o 4 = TOTAL NUHBER OF . PROPELLER RUNS TO 8E NADE IN THIS BAT

‘88

Aibternd &'ﬁ

o P,
PR T S

O e ekl e P St sk 2

doy gl a2 IS e

S TS bk




PUNCHED IN COL. 1 AND 2 OF INPUT CARD.
PRy, ID = PROPELLER ID CODEs ANY ALPHNUMERIC CHARACTERS.
PUNCHED IN COLe & THRU 12 OF CARD.
CAy YE = DATE OF RUNe ANY OROFR. PUNCHED IN COL. 13 THRU
22= NUMBEF OF PROPFLLER 3LADES., PURCHED IN COL. 25 THRU 2
YOU MUST PUNCH A DECIMAL POINT WITH THE VALUE.
¥S = SPEEC ADVANCE IN FEEY PER SECOND. PUNCHED IN COL. 29
36. A DFCIMAL POINT MUST ALSO 8E PUNCHED WITH VALUE
NDEN = OFNSITY OF PROP. IN LBS. PER CUBIC FEET.
PUNCHED IN COL, 37 THRU &4i INCLUDIMG DECIMAL POINT,
OIAM = DIAMETER OF PROP. IN FEET. PUNCHED IN COL. &2
INCLUDING A JECINMAL POINT.
RAKE = RAKE OF THE PROP. IN DEGREES. PUNCHED IN COL. 46
&S INGCLUDING A DECINMAL PUINT.
VEL = VELOCITY OF PROP, IN REVOLUTIONS PER MIN.
PUNCHED IN COL. 58 THRU 56 INCLUDING DECIMAL POINT.
0(I) = LOCAL NONVISSOUS THRUST COEFFICIENT AT XU(I).
PUNCHED IN COL. 1 THRU 9 INCLUDING DECIMAL PUINT.

T(I) = TANGENT OF THE HYOROIYNRHIC PITCH ANGLE AT XU(I).
PUNCHED IN COL. 10 THRU 18 INCLUDING DECIMAL POINT
E(I) = CRAG-LIFT PATIO AT Xu{I), PUNCHED IN COL., 19 THRU
TNCLUDING & NECIMAL POINT.
P(I) = FITCH TO DIAMETER RATIG AT XU(Ij.
PUNCHED IN COL. 28 THRU 36 INCLUDING DECIMAL POINT
C(I) = COkD LENGTH IN INCHES, PUNCHED IN COL., 37 THRU 45

TNCLUDING £ DECIMAL POINT,
SKEW(I) = SKEN VALUE IN INCAES FROM LEADING EDGE TO THE
FEFERENCE EDGE . ALONG THE HELIX.
PUNCAFD IN'COL. 46 THRU 52. PO
XU(I) = VALUE OF <X~ AS WE USE IT IM FROP REFERtNCES.,
PUNCHED IN COL. 55 THRU 61 , INCLUDING DECIMAL PO

OO0 OODOONAOAON

< FMX(I) = MAX CAMBER AT VALUE OF U(I).

< PUNCHED IN COL. 1 THRU 7 INCLUDING DECIMAL POINT
¢ TX(I) = MAX THILKNESS AT VALUE OF U(I).

¢ PUNCHED IN COL. 8 THRU 16 INCLUDING DSCIMAL POINT
C FHMMX(I} = CAMBEF / MAX CAMBER VALUE AT U{I}-.

€ FUNCHED IN COL., 28 THRU 3& INCLUDING DECIMAL PO
C YTX(I) = ONE HALF THICKNSSS /7 MAX THICKNESS AT VALUE OF U
7 PUNCHED 1IN COL. 37 THRU 43 INCLUDING DECIMAL -POI
L UCIY = VALUF OF X SUB8 L USED IN PROP -REFERENCES.

. PUNCHFD IN CSL. 50 THRU 56 INCLUDING OECINAL POINT
....J.lti!!.l.ii.““.‘ pROGﬁAH NAHES JEFINED BELOH LEI XTI YRS X2 Y3
CENTST = STRESS O4E TO CEMTRIFUGAL FORCE.

CENTMO = MOMENT OUE TO RAKE , THAT IS ASKEHW2 = ASKEWL.

CENTMS = MOMEMY DUE TO SKEW THAT IS TSKEWZ2 - TSKEHW1 o

CcNT4L2 = COMPONENT NF ZENTL.

CENT4L = CENTKIFUGAL FORCE.

X?BAR = CENTRUGIO IN FEET.

TSKFH1 = TRANSVERSE SKEW AT POINT OF INTERESTS. 0625043
) TSKEW2 = TRANSVLRSE SK:ZIW AT CENTROID, X2BAR, IN INCHES.
. ASKEW! = ULONGITUDIAL SKXEW AT POINT OF INTERESTS. (RAKE+
e ASKEW? = LONGITUDIAL SKFW AT CENTROID, X2BAR, IN INCHES
£ { RAKE ¢ SKEW ).
» VOL = VOLUMNE IN CUBIC FEEZT. ) ]
CHPRINIRNST ISR NBNES S G IR IANINBBOINSSSREPRFOI NI USRI REINININAENSINERS
C .
c CURING THE TIME OF PROGRAM CONVERSION WE USED VARIABLE NAMES THAT WE
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VT
- . B L o S e

C T00 LONG FOR USE ON THE IBM 7690 FORTRAM SYSTEM, THEREFORE KE HAD TO
C SHORTEN THEM TO NO MORE THAN SIX CHARAGTERS LONG., THE FOLLOWING IS
C CF THSES SHORTENED NAMES ssececessos
c
c CENTFOR = CUT TO - CENTH
c CENTST2 = CUT TO' - CENTS2
c CENTFOR2 = CUT TO = CENTA2
c CENTMOS - CUT TD - CENTHS
c LSKEK1 = T0 - ASKENW1
c LSKEN2 =~ TO - ASKEN2
EOCOOOGOOCO00.6'?06"0'G.CG..5..00.‘OO#'.'O#‘O.‘!OO‘OC.‘i.l&.‘.“!l"l“‘
c 20008009 ¢SS ARV SHSCUBEC S0 00 00 I C S SMIN VI SI R NI S0 0908 RFAD INPUT Cl“on.nnuunn-unnnunnunu—nuu
C ONE SARD IS RERD TO SET UP MEIN LOOP AS TO THE NUMBER OF PROP STUDIES
NN=1
18 FORMAT(8F9.6)
22=4221(9,2)
VSSAZZ(7,2)
« NIAM=AZ213,2}
K 0IA=DIANM
. VEL=60,0%422(5,2} -
: 1s2¢c=0
; A22¢10:20)=0.0
, AZZ(10,213=BT(11)
I AZZ(!U,ZZ)zﬂ.U
: , 00 1000 I=1,10,
N . DUIV=AZZ(I,200° L
{7 Tt TV 2t ot 7Y LR A
" F(I3=AZ2(L}22) :
P(I)=0,0

C{I)=AZ22(1,23)%DIA®12,.0
SKEM(I)=C(1)/2.0-222(1,74)*01A®12.0/2,0
1000 XU(II=R2Z2(1I,19)
NO 30 J=2,7
30 AZZ(J925)=AZ22(J¢1,25)
0o 1001 I=1,7
FAX(I)=8,0
1001 TX(I)=R2Z(1,25)*DIA%12.0 . .
FuMX.(1)=,0000 )
FHNX(2)=,2712 . '
FMMX (3) =, 4482
FYMX (4Y=,6993
FMMX(5)=,8635 . L T
FMMX(H)=,3615 -
FMMX(7)=1,000
FUMX(8)=,9786 ST y
Fﬁ"X(9) .8592
FHHX(10)307027
FﬂHX(il, 03556
FﬂﬂX(iZ)-oi713
FHMXEE3)=40000 o e
YTX(i)-.OUOOv S s
YT 2722066, C s
e YTX(3)--2907 : . .
» FIX (6104000 . e
Y7X(5,3o5637“ i , ) . ) . Ty

LSehen MY Y ¢ x = o aw
NP 3 R
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YTX7)=.4962
YTX(8) = 4653
YTX13) =, 4035
YIX(10) =, 3140
YTX{14)=,1877
YTX(12)=,1143
YTX(13)=,0333
IN=0
Ul1)=043
U(2)=0,.95
00 1002 T=3,11
IN=IN¢1
1002 UTI)=0,1*FLOAT (IN)
U(12) =095
U130 =1.C
25 N0 50 I=1,7
00 60 J=1,13
R1(I,J) (FMMX (3 3FUXCT) =YTX () #TX(ID) /C(T)
S1(I,J) (FMHX (J) SFHXCI) $YTX (I *TX(I)) /C(T)
60 CONTINUE
59 CONTINUE
C CALCULATE THE VALUE OF F1 FROM INPUT VALUES,
26 F1=1,9905% (DIAM/2,0) **35yS*s28pI*5,0/22
FF1=F1
00 215 1=1,10
52 P(I) = TCI)*PI*XU(I)

215 CONTINUE- ‘ o
C NN IS NI M NI HNEI NI I 00500 COMPUTE "l.“"lﬂ.‘..“.'ﬂ““-.”(ﬂ.\.}._’..'.'..‘_0'.!” LALAT 1L 21]
C CALCULATIONS FOR CONSTANTS USED IN OETERMINATION OF TORQUE AND THRUST
C CALCULATIONS OF BENDING MO IENTS FROM THRUST AND TORQUE,

N0 360 15=1,2
F1=FF1
RAD1=01AM*0.5%12,0
IF(15-2)55,56,56
55 D0 21" 1=1,40
PE(T) =FLT)
ACDI=D(I)*(1.-E¢TI*T(D) !
AE(I).=ALT)
B(I)=0(I)*(ECII+T(I))
BEXI) =B(I)
PHI(I)=ATAN(T (1))
CPHI(I)=COS(PHI(T))
SPHI(I)=SIN(PHI(I))
HA(I) = (SKEW (1)) * (CPHI (1) / (RADL*XU(I)))
XUL(I2=XU(I)*COS (HA(I) §
HAL(I)=C(I) /2.
210 IF(SKEW(I)LEQHAL(I)) XUL(I)=XU(I)
GO TO 58
56 DO 57 I=1,10
P(I)=0F (1)
ACT) =AE(ID
57 B(I)=BE(I)
58 F1=F1/6840
00 69 I=1y7 ‘ R
Ii=1 . D

62 X0XUL (1Y "‘ o o
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GO TO 64

63 X0=XU(I)

66 1320
00 68 I2=I1,10
1321348
IF{I5-2)65,66,66

65 X6iI3V=(XUL(I2}~X0)
XE(IZ)=nULI2)

GO T8 67

66 X&{IZ)=(XU(I2)~X0)
XEC(I3)=RU(I2)

67 TLIIZ) =X (1i3)*A(1I2)

68 QL(I3)=RL(I3)*BL12) ’ e
TU(I)=SINPUNIXE;TL, T3 '
Q{II=SINPUN(XE,01,13)

T =T{I)*FFY

63 Q(I)=0(X)*FF1

LCOP WMICH lPPROXIHA?ES STRESS OUE TO TORSION RESULTING
FROM SKEW ’
XT(IY = LIFY FORCE s XAT(I) = MOMENT DUE TO LIFT

OQOOGO

00 111 I=1,7
IF(15-2) 620,830,830
820 "MT(I)=0,00
XK=10 8905% (DTAN/Z, 0) *42 SYSP® 2, 8PL/ (2,0%22)
XA=C(I1)/2,0 N
XB2TX(1)/2,0
00 222 J4x1,9
XL(J) zABS(SKEW (J) = L5*C (J))
XL (J) 2XL (J) =ABS (SKEH(TI) *5*C(I))
XT(J)=(ALJ) %04 18 XK/ (COS (PHI () +ECIN))
XMEJY =XT (J) *XL ()
XMT (1) =XMT (I) $XM(J)..
222 CONTINUE
STH(I)=KMT (1)%2,0/ (PI*XA®XE*®2,)
STLT(I)=XMT(13%2.0/ (PI#XB¥XA®*2,0)
GO TO 840
830 STM(I)=6.00
STLT (110,00
849  CONTINUE ,
111 CONTINUE "
550 FORMAT (1HO,29X y1HX, 10X, GHTAUMyLZX,SHTAULE 10X 7HM SUB' T)
500 Foqnuttiu,zox.«rxe 5)
600 FORMAT(1H1,50Xy S2HSHEARING srRrssss ‘DUE' TO TORSION) -
c . ‘
c
C LOOP WHICH CALCULAYES AREA (A oFisecT:bnsz~‘

D0 230 1%1;7

ACIVEQ.S. -

Ano 230 J21,13

RUII=R1 T8 :

SIS o : co
230 A«I’:Att’octzt'vz'(st) t~‘R(J) " “H(U}»‘ R AT 1%
C LCOP WHICH CALCULATES VOL: 0F SECFIONSs  ~ . : - "« -

VOLTOT=040
DO 241 11,6

92




Il e ke et 1+ et e et e e
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IF(1,E041) UCI+3)=XUCT) ~
238 VOL(I)=ACI)®* (U(Iek)=U(I+3))*ITAN/288,0 { }
241 VOLTOT=VOLTOTeVOLUI) ,
242 VOL(T) =A(7)*{1,0-U(10))*DIAN/ 576.0
243 VOLTOT=VOLTOT+VOL (7)

C LCOP WHICH CALCULATES CENYRIFUGAL FORCE AND STRESS.

IF{I5=-2)24ky266y246

244 00 245 I=1,6

245 ALCII =XUL(T) ¢ C(XUL(TI+1)=-XUL¢I)) /2,06}
AL(TY=NUL (7)) + C(XUL{10)~XUL (7)) /2.0)
GO TO 2468

24€ DN 247 I=1,6

247 ALCI) =XUCI) +((XU(I+4) =XUIII72,0)
AL(7)=XU(ZI+ (XU CL0)=XULT7))/2.0)

C LCOF TO TRANSFER CONSTANTS FOR DETERKINING. X2BAR.

24% D0 236 I=1,7
X29AR(I) = 0.0

23€ A2(I) = AL(T) * vOoL(I)

C LOOP TO CALCULATE RADIAL CENTROID ( X2BAR ).

NO 251 I=1,7
X2BAR(IY =( (A2(1)+A2(2)+A2(3) ¢A2(4) +A2(5) ¢A2(6) +A2(7)) 7/ voLTOoT )
X # (DIAM/2.0)
A2(I) = 0.0

C UNCORRECTED FORCE AND STRESS FOR OUTPUT OF ANSWERS RITHOUT THE EFFECT

C 32K AND SK_H TAKEN INTO CONSIDERATION,

264 CENT4(I) = DEN*4.0*PT*¥24VEL®¥2%VOLTOT*X2BAR(1)/ (3600, 0*GRAV)
CENTST(I) = CENTL{(I} 7/ NI}
261 VOLTOT = VOLTOT - yoL(I)
C LCOKING AT THe EFFECTS OF RAKXKE AND SKEW IN THE PRGPELLER. ‘
D0 263 I=1,10 ‘ X
IF(I.ENeL) U(I+3)=XU(I) |
AB(I} = PI*U(I+3)
263 B83(I) = SQRTLAA(I) $*2+P(T)*e2)
00 267 I=1,7
TSKEWL(I) = (C(I)/2.0 - SKEW(I)) * RA(I)/38(D)
KX = 1
14€ IF(X2BAR(I)-U(KK+3)*DIAM/2,0) 149,149,151
151 KK= KK+1
IF(KK=18) 146,149,149
149 TSKEW2(I) = (C(KK)/2.0 = SKEW(KK)) * AA(KK)/BB(KK)
ALPHIACI) =ATAN(TSKEW2(I )/ (X2BAR(I) * 12,0) )
CENT42(I) = CENTG(I)*COS(ALPHIA(IN)
CENTMS(I) =, CENTL2 (I3 (TSKEN2(T). - TSKEW1 (I})
CENTS2(1) = CENTL2(I) / A(I)
ASKEW1 (D)2 (TSKEWA(I)IP(I)FAALT) ) + (U(I+3)¥0IAN®E, 0
X TAN(RAKE*PI/180.0))
ASKEW2 (1) = (TSKEW2(T}®P (1) /AALT)) + (U(KKe3) *DIANSE. 0
X - TAN(RAKE*PI/180,0)) . -
267 CENTMO(I) = CENT42(I) ® ( ASKEW2(I) = ASKEWL(D).)
C LCOP TO GALCULATE RESULT AND MOMENTS FOR BOTH Auswea PAGES,
DO 281 1=1,7
ot = ((T(I)+CENTFO(I))'AA(I)i(Q(I)-GENTHS(I))'P(I))/BB(I)
E(I)= ((T(I)¢CENTMO(T) )'*P (L)~ (Q(I)-CEﬂTHS(I))'Ahtli)/BB(I:
D2€I) = (T(II*ARCIHIQ(II*PLI)). 7. -8B . .
281 E2(D)=(T(IN*P(I)-Q(I)*ARLT)Y: # -BRII). : :
C PROGRAM CONTINUES, - (
00 350 I=1,7 S -
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5 X(I)=0,.0
%’ Y{I1=0.0
D0 260 J=1,13
RS = RItI,)
St = S1(I,J
XCI)=XC(I)6CIII®e3e(S(J)  =R(J)  IIW(I®ULI) 7/ 60./A(I)
260 YII)SY(I)4C(ID*®3% (S(J)S¥2-R(J)**2)%U(J) 7120./4(1)
G(I)=0,0
HIT)=0.0
N0 250 J=1,13
GIIN=G L) +CCIIP L (S(J)** =R (S} **3)%H(J) /180,
259 HID)=H(II+C(I}3%4*(SCJ)  =REJ)  $OH(JII*U(J)I**2/ 60,
GIT}=G(I)-ABS(ACI))*Y(I)®e?
HUI3=HUT) -ABS(A(I} ) *X(I)®s2
F2=S (1)
No 270 Jz2,13
IF (F2-S(J)) 260, 270, 279
¢ 260 F2:S(J)
‘ 270 x=0
00 299 J=1,13
_ IF (F2-S(J)) 330, 280, 290
- 280 K=K41
- 2(K) =y tJ)
; 299 K=K
. 00 300 L=1,K
‘ BIL) = C(CCII®ZALY ~X (IV)*E(I)I/KIT) =((C(II®F2-Y(I))*DLI))/G(T)
. X+CENTS2(I)
: i:i B2(LYI=((C(II*ZILI=X(I))*E2CII I /HIT) = ((CCI)3F2-Y(I)I*02(1))/G(I)+

*

X CENTST(I)
V2(L)=RBS(B2(L))
300 V(L)=ABS(B(L})
F3=v(1)
Flo = V2(1)
F(IY=8¢1)
FS(I) = B2(1)
00 300 L=1,K
F(I)=v (L)
320 FS(IY=vV2(L)
GO TO 340
330 FC(IN=0,0
FS(IV = 0.0 ,
340 PUI)==XCI)*E(I)/HII)~ (C(I)‘S(i)-Y(I))‘D(I)/ali)+CENTSZ((I)»
P2(I) == X(I)*L2 (1) /7HITI=(CLII*S (1) =Y (1)) 2D2(ID/GEII+CENTSTLT).
02(I)=(C(I)=X(I)I*E2(IV/H(I) = (= v«xbs*nz«x)/G(I)ocsntsr(g) .
350 OCII=(CAII=X(I))*ELT) 7N(T) ~(~ Y(I))'D(I)IG(I)+CENTSZ 04
00 100 I=4,7
AQEA(I):A(I)
XBAR(I)=X(I)
YBAR(I)=Y(I)
AYEXO (1) =G6(]) S
‘ AYEYO.(I)=H(I) P s
i EMXO0L.I)=0(I} LB e e
. Er"YO‘I’zF(I’ g .‘3 - N '*"if”‘k:"’ﬁ A °'L“‘ R S L - o .
STRHAX(I)*AZZ(L,i;) A:, ‘J' N PR
ENTB(IY2T:(T)” ’ ) “ RN
100 EMGB(I)=Q(I}
IF(15-2) 351.355,352

T M A s

SRR
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o e o e e
.

354

B o~ BTN -~

3

L)

CONTINUE
CALL PFASTR (F,P,0,STM,STLT,AZ2)
G0 TO 360

352 DUMMY=NUMMY

NN = NN#1

360 NN=NN+1

OO0

333

72

22

33
66

44

555
bl
700
350
850

L S

RETURN
ENR

SU3ROUTINE PRNSTR (XX,YYy2ZsS1,52,A22)
DIMENSTCN AZZ (38,78)
OIMENSICN XX{10) ,YY(10),22(20),5S8¢10),52(10)

CALCULATION OF PFINCIPLE STRESSES
DUF TO TORSION AND BENDING.

DIMENSICN XI2¢10),XI3(10)
NN 333 K=1,7
XI2(K)==S1(K)*S1 (K)
XI!(K)=-SZ(K)‘SZ(K)
COANTINUE : “
XXX=0,1 4
NO Gl Lz=1,7
XXX=XXX¢0.1
D0 555 M=1,3
IF(M=2)72,22,33
XT1=XX (1)

NDI=(ABS (XI1))*%2.0
X0=00~44*XI2(L) 9
CC=(ABS(XD))**,5
GO TO 4&
XI1=YY(L)
GO TO 66
XT1=22(L)
D0=CABS (XT1)) #5200
x0~oo-a.-x13(L) ‘
3=(A8S (X0))*%,5
SIGMAi‘(XIr+CC)/2“0
SIGMA2=(XT1=CC} /7240
AZZ (L g M) =XXY
AZZ(L,Me10)=SIGMAL
A2Z(L ,Me20)=SIGMA2
CONTINUE
FORMAT (1Hy 20Xy F124296Xy2F2046)
FORMAT (1HO, 33Xy 1HXy 12X, EHSIGHAL yL0X,6HSIGMAZ)
FnaMAT(1H0,2X.99HSTR=SSES AT EACH X STATION ARE GIVEN IN THE FOLLO

XWING OPSER* MIDCHORDs; LEADING EDGE, TRAILING EDGE. )

RETURN

END : o | - sgﬂﬁ
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SUBROUT INE WEIGHT(JUC,SIGHAT,IPO,IPR,HUBDIM,IX,HUB)
WEIGHY COMPUTES THE NEIGHT AND CENTER OF GRAVITY, THE VALUES F
CHORD, THICKNS, CAMBER, PITCH AND SKEWR CONE FROM GMAIN. O0OIARH,
DENy, RAKE AND P1 ARE SET IN STRESS, OTHER VALUFS ARE COMPUTED
MAKING CFRTAIN ASSUMPTIONS.

COMHMON /WRT/ JPR
COMMON/CHELGHT /X yCHOPD g THICKNS yCAMBER yPITCHy SKENRyOIAN,2Z, DEN 9RAKE

i,SI
149L,CTS4CPSHEPPCyHAKE VSyRPS s SIGHA,EAR

DIH NSION CHORD(‘B),THICKNS(SG) CAMBER(38) ,PITCH(38) ;SKEWR {38}

£,%x03%8)

51
27¢

10

2014

OTMENSICN DISTHF(38),A(28)
DIMENSION R19),PMT (9)
DIMENSICN HUBDIN(GQZ) oo
NATA CNSTNT1,CNSTNT2,CNSTNT37.3531,.8071,,0238/

S8 *2VALUES COMPUTEC ANG DATA -QUTPUTR®®s
THE HUS DIAMETER IS ASSUMIO TO BE THE QIAMETER TO THE FIRST RAD
RATIC 70 BE CONSIDERED AND THE HU3 ASSUMED TO BE CYLINDRICAL.
HURNTAM=X(1)*DIAM
THE HLB LENGTH IS ASSUMED TO EQUAL THE HUB OIAMETER AND THE OIS
THE REERENCE LINe FROM THE HUB FACE IS TAKEN AS HALF THE HUB L
OISREFL=HUBDIAKI2.
INPUT DATA, AND ﬁSSUHED DATA HRITTEN DUT.
HUBLEN=KUBDIAN
IF(HUB.EQ.0,) GO TO 50
FWODIAM=HUBDIM(1,IK)
AFTOLAM=HUBOIM{2,1IK)
HU3LEN=HUBDIM(3, IK)
FOSNRE=HUBDIM (4 IK)
ADBORE=HUBDIM{S, IK)
OISRFFL=HUBDIM(6,IK)
FHORAD=FHODIAN/2.0
AFTRAD=AFTOIAM/2.0
HU30T AM=X(1)*DIAM
HUSRAD=HYBDIAM/2,9
FRBORE=FDBORE/ 2,
ARB0ORE=ADBORE/2.
G0 TO 270
CEMGRVH=HUBLEN/2,
CONTINUE

#284WFIGHT CALCULATION®ve®
00 10 I=1,4C
A(I)=CHOKRD(I)*THICKNS (1)
HEIGHY OF THE BLADES
BSAL=SIMPUN(X,A,JC)
WE IGHTE=CNSTNTL1*DIAM*DEN®ZZ0BSAYL
He IGHT OF THE HUB
IF(HUB,EQ.0s) GO TO 200
IF(FWODIAM-AFTDIAMY: 2015200,201 "
WEIGHHT = DEN‘PI*NUBLFN/“.'((FHDRADOAFTRAO)“ZO((FHDRQD AFTRAD)"Z/3
1.00
WEIGHBR= UEN‘PI‘HUBLENIB.'((FRBOREOARBORE’"ZOG(FRBORE ARBORE)"ZIS
1.0))
NEIGHTH=WEIGHHTHWFIGHBR '

2,
g
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CENGRVH=HUBLEN~ (({HUBLEN® (FHORAD®P242,5FNORAD*AFTRAD 3 *AFTRAD®®2
1)/7Chs* (FHORAD*#23FNDRAD*AF TRADCAFTRAD®*2) ) ) $ NETGHHT -~ CHUBLEN® (FRBOR
2E%®24 2 . *FREORE*ARBORE+3,*AREORE®®2) / (4. * (FRBORE®®2+FRBORE*ARBORE+A
IRACRE®*2) I *HEIGHBR) /NEIGHTH)

60 7O 282

209 WEIGHTH=PI*HUBDIAM®®2*HUBLEN*DEN/L,
202 CONTINUE
WEIGHT OF THE PROPELLER
WEIGHV F=REIGHTB4WEIGHYH

$BS*CENTER OF GRAVITY CALCULATION®#Ss
06 20 I=1,4C
20 DISTHFC(I)=CNSTNT2®CAMBER(I)®COS(PITCH(1)} 4CNSTNTI®CHORD(I)
1*SIN(PITCHII) 24DISREFL

THE EFFECT OF RAKF AND SKEW ARE ADDED TO THE DISTANCE OF THE CE
GRAVITY FROF THE HUB FACE FOR ZACH SECTION,
00 30 I=1,J4C
DISTHF(l)“DISTHF(IS°SKENR(1)‘X(I)IZ.'DIAH‘TAN(FITQH(I!)~TAN(RAKE'
1PT/160,)*DIAM/2,%(X(11) =% (1)) B
39 ACIV=CHORD(II*THICKNSC{I)*DLSTHFLT)
BSA2=SINPUN(X,A,JC)
CENGRV3I=BSA2/9SA Y
CENGRV¥S=DISREFL-CTENGRVY
CENTEZR UF GRAVITY CONSIOEKING RAKE AND SKEW
CENGRV1= (HEIGHTB*CENGRVI+WEIGKTH®CENGRVH) /NEIGHTP
CENGRVF=DISREFL=CENGRV1
IF{JPRWNE.2) GO TO 53
SHT=4, %4822
US=WEIGHTB*SHT
UP=HZIIGHTP*SHT
CFL=CENGRVF/DIAM
C8L=CFNGRVB/DIAM
3A=HUELEN/OTIANM
33=FHDDIAM/DIAN
8C=AFTOTAM/DIAM
30=DISREFL/DIAN
BE=HUBD1AM/DTIAM
8F=F030FE/DIAM
3G=ADBCRE/DIAM
SEXXRESULTS OUTPUT®=SsS
IF(HUB.€Q,0.) GO TC 55
PRINT 177, U3,UP,CFL,CBL
PRJINT 208, BA,08B,BC,BD,BE9BF,86
GO TO 53
55 CONTINUE
PRINT 104, UB,UP,CFL;CHL
PRINT 110, BE,EBR,8D
5t CONTINUFE

MININUN EXPANDFD ARFA RATIQ CALCULATIONS:
" ASS=VS/ARPS*DIAMY,
AJA=NAKE®AJS
AKT=P.I*CTS*AJS*®2/8.
AKN=CPS*AJS**3/16,
EARHIN‘GZ 640 G‘ZZ)‘AKT/(SIGHAT‘(AJA“Z#(.T‘PI)“’Z)P*oiS

97

wiTy .5 wEE,



& 5.
L IF(JPR.NEL2) RETURN
PRINT 105,EARMIN,AJS, AJA,AKT,AKQ, PC

104 FORMATI /720X,*WEIGHT OF BLADFS(NI=®,F15,47/720X,*NEIGHT OF PROP(3
1LADES+CYLINORICAL HUB) (N)=*® sFiSek//20X, *CENTER OF GRA
2VITY OF PROF REFERENCFD FROM MIDCHORD OF ROOT SECTION (= FHWD, ¢+ AF
IT170=* 2F9.,6//720X,*CENTER OF GRAVITY OF BLADES REFERENCED FROM
& NIDCHORD OF ROOT SECTION (- FND, & AFT)/D=z* 1F9. 6}

105 FORMAT(/20X,*KELLFRS HINIMUM EARZ®,E10.4
1/720% ,*SPELD COEFF V/(ND) JS=®,E10,4//20Xs*ADVANCE COEFF v(
21-8TT )/ (ND) JA=*,E10.4/720%y*DESIGN THRUST COEFF KT=%,E
3J10.47720X,*TORQUE COEFF KQQ‘,Eibc%//
4 20X,*PROPULSIVE EFFICIENLY ETAD=®,£10,4)

119 FORMAT{/20X,*HUB DIMENSIONS/O® 11X,4HUB DIAM =%F9,6/47X, *HUB L
TENGTH =®,F9.4/747X, *MIOCHORD OF ROOT SECTION TO AFT END OF HUB =%,F

! 29

101 FORMAT(6F38.4)

137 FORMAT( //720X,*WEIGHT OF BLADESIN)=®*,F15.4//20X,*NEIGHT OF PROP(B
1LADFS¢TAPERED HUB) (N)=* 1F15.4//20Xy*CENTER OF GRA
2VITY OF PZ0P REFERENCFD FROM MIDCHORI OF ROOT SECTION (- FHWD, ¢ AF
3Ty/N=+* tF9.6//20X,*CENTER OF GRAVITY OF BLADES REFERENCED FROM
4 MINDCHORD OF ROOT SECTION (- FWD, ¢ AFT)/D=* 1F9.6)

108 FORMAT(/20X,*HUB DIMENSIONS/D® 911X, *LENGTHE® F9, 4/47X, *FHC OIA
14=%, F I, b/4TX, *AFT DIAM3%,F9,4/47X,*MIOCHORD OF ROOT SECTION TO AFT
2 END OF HUB=*,F3.4/47X,*HUB DIAM AT MIOCHORO OF ROOT SECTION=*,F9,
3u4/747X,*FHD DIAM OF BORE=%,F9,4/47X,*AFT OIAM OF BORE=*,F9,.4)
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SUSROUTINE FIELD{ABC,;UA,UT,URyIK,0EX,COM;IPO)

¢33 MAIN *3¢ FPV-7 FIELD POIWNT VELOCITIES AUL 20,1969

DIMENSICN A1(792),K3(20,41),51(792),U1{792),XRI11),XGL11) ,XTHCLL), %
1XSLEL1) gXST(L1) 9 XVXCL1),XUACLL) 9XTZL11),2(36),P(36)

DIMENSION ABC{11,9)

COMHON /WRT/ JPR

OIMENSION DEX(11,3,2) ,C0M(12,2)

DIMENSTSN UACL1) ,UT(L1),KVL41),UR(1Y)

COMMON R(G2,42) g A3({2G11,33 51263511937 ,UC20,51,53) (XINPUT(11,16),8¢
142,2) sSINKNE20,24) 4 XSTAR(1
13,cosxlﬁ2),COEX(5),CDSKN(ZO,Zhb,GB(ZO,&Z;,GLR(ZS),GLRZ(ZB),G(ZB),G
2MA(100) 4GLT(20),6T €20, h?),GTL(ZU),ﬂHUB(iY),NLE(zn),RYE(ZB),Nuntbit
3,PHI(42),Reuaaxtxa),tho),RVLAutzo,itz,RV(ii),ﬂvsntii),RZLAH(zn),R
3RV
kztzo,ils,RZRV(ZO,li),RZ(ZO),QZSQ(ZO),SB(ZO,&Z),SINI(QZ) )
5,SL(20) o SMA (427, SOLAM(20) 4 STAR(20) ,ST (20) ,SPACE (42)., Y (2h,2) yWEIGHT
6052 ,X (42) g XGLCL11) o XMAP(11) AYy AMyARFAB,AC)ADy AE)AF)AGyAH, AT
7 AL,auc,BLADD,sLaoe,aaL,BB,aoc,aua,cuon,cosxxu.cosv,ccﬁ,ch,c,oEGR
BEn,OELT,DET,SZ,0516,DT5 DB;DELMy0,0ELTA DU, DV,DHEXyEJEXGNUGMUL,G
GNU,GL MAX, GLMIN, GNU2 yH y IMAX 9 JT o KT, LINE y MAX g HOUSE) NTyHIN
1oNTyNX29NSTOPy NTHICKy NXsNINgNHAX g NHIN, NLEMsNLL yNTEM, NVV, NCOSE ,NOGO
z.nP,Qo Q, RHyRBASE y PMAP ySLM 9STM 3 SINIKNySINY 4 SSL yTTRICKs TPy Vo XLy XPyA
3NGLE(339,P,2

DIMENSICN CN(&4,3)

EQUIVALENCE (AyKB)},(A3,A12,{S1,5), (UL, U), (XRy XINPUT),
1(xG,xINPUT(123),(xra,XINPuTczsa),(XSL,XINPurtsu)).
2(XSTy XINFUT(45)) , (XVXs XINPUT (563, (XUA, XINPUT(67) ),
2(XTZ, XINPUT(78))

NOGN=110

MHUB( 1) =0 {“ﬁ

MHU3 (2) =4 :_}

MHIJB(3) =12 h

MHUB (4) =30

MHUBLS5)=60

MHUB(6)=120

MHUB(7) =240

MHUS (8) =360

MHUB(9)=720

MHUB (10) =4320

00 51 N=1,NOGO

J=N¢NOGO-1

M=NOGO=N#1

ANGLE (J}=FLOAT(MHUB(N) ¥*,.17453293E~01

ANGLE (M) ==ANGLEC J)

NOGO=2*N0GO~-1

IX=0

NSTOP=DEX(1,44,IK)

NEX=DEX(3,51,IK)

CONTINUE

FORMAT(I4)

IF(NSTOP) 2,99,3

RETURN

FORMAT (18A4)

CONTINUE

NX=11

KT=ABC(2,9)

LINE=1 §:j>
95 s
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- nY=g2
i NT212
NTHICK=23

A¥=0,8
BU326.0
TTHICK= 4
Hno 87 Isi,1t
DO 87 J=1,8
A7 XINPUT(I,J)=ABC(Is)
XIHPUT(!,‘M!D.O
XINPUTI2,3)%0,5
XINPUT (3,9)x1.25
XINBUT (4,95 250
XINPUT (5,33=10.9
XINPUT(6,3)=215.0
i XINPUT (7,99320.0
2 XINPUT {8,9)525.0
. XINPUT(3,9)=30.0
XINPUT{(1,10)=35,0
XINPUT (241004040
XINPUT (3,100 =65.0
XINPUT (44100250, 0
XINPUT(S,101555,0
: XINPUT(6,50)=60.0
XINPUT(7,50)265.0
i XINPUT(3,10)=70.8
XINPUT(9,10)275.C
XINPUT (1,21)280,0
XINPUT (25:11)=85.0
3 XINPUT(3,11)=90,2
& XINPUT (%, 11)295,0

Y
LS LT

XINPUT(5,11)=100.0

D0 93 I=6,3
93 XINPUT(I,11)=0%0
¢ 00 94 I=1,9
< ay XINPUTII,12120.0
XINFUT(E,y13)50.0
XINPUT (2,13)2,9120
XINPUT(3,13)21,004
XINPUT (4,13)21.0641
XINPUT(S,13)=1,0818
XINPUT(6,13)24,0627
XINPUT(7,13)21.4004 e
KINPUT(5,13’3101050 . P
XINPUT(9, 13)31.1095
XINPUT(I,i“"i.ii?E
XINPUT(Z,i“)*l.tlBZ : : , . ‘
XINPUT(3,1“)3102153: . .
XINPUT‘§,1Q)3101139 .
XINPUT(S,i“)'ioiiUZ'
XINPUT(ﬁgiﬁ)*ioioﬁﬁ
XINPU?‘?,i“’ﬂioﬂgfﬂ’ .
XINPU’(O 1“)3100865ﬂ cre e ihar T e
XINPUT(9,1“)’100750> ‘ Ly
X!N907(1,15)3100579' -
3, {NPUT(Z’15)31 03635 R B L e

“thoe .
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32

34
33
35
37
36
33
40
39
bi

43
42

55

84

15
52

53
54

XINPUT(3,15)=1.0102¢C
XINPUT(&,)15)=1,143
XINPUT (%, 15)=0,.0

00 88 I=x=6,9
XINPUTU(IH150=0.1

DO 89 I=1,9
XINPYT(1,16)=0.0

DG 15 I=1,9

ZLD =XINPUT {I,49)

7L 9)=RINPUT(I,10}
Z(I+18)=XINPUT LT ,11)
ZLIe27)=XINPUT(I,12)
PLI)=XINFUTII, 13}
P(I+3)=XINPUT(I, 14)
P(I+18)=XIKFUT({I,15)
P{I+27)=XINPUT (1,16}
IFINTY 52,99,53
NT=«NT

NHELIX=~1

60 70 54

NHELIX=1

RH=XR {1}

DELT=.,17453293E~-04%8UB

IF(XT8(2))?

BUG=XTR(1)

00 34 N=14NX

ATA(N)=8UG/XR (N}

IF(X¥X(1)) 99, 35,36

nec 37 N=1,HX ] i

XVXIN}=1,0 :

IF(XUA(2)) 99, 38,393 o

BUG=XUALL)

NO 40 N=1,NX i

XUA (N} = (XTB(N)'XR(N)IBUG-XVX(N))l(1.39XTB(M)“2) L .

IF{XTZ2(2)) 99,41 942

8UG=XTZ(1) . .

DO 43 N=i,NX - Lo

XTZINYI=BUG* (1, 0=-XR(N)) ooy - ..

00 & N=1’NX .

XMAP (N) =COMAP (XR (N} ,RH) e

XGLINY =XR (NI *XTB (N) -,

BUG=XGL (N) * (XST(N) =XSL(N}) s

IF(3UG.GT.0,0004) GO TG 55 - N

XSTAR (N) =2. 0¥ XSTARIN~1) ~XSTAR(N=2) . :\-\ T

GO TO & *

XSTAR (N} = XTZ(N)‘OELT*(X(L(N)"Z*XR(N)“ZY*(XVX(N)#XUA(N))I
(XGLIN)* (XSTAN)=XSLINIY) .

99, 32,33

CONTINUE Crig e e
NX2=NX=2 B 2 AV
N0 5 Izg,NX2 : YTE e S
BCIy1)=XG(I+1) ' Cel it A aie
00 5 SELyNX2 TR
ACTy3)=SINCFLOAT (J)#XMAR(I#1) ) S e e
IFEXG01dY 997657 : R R P TEC
DET=1.0 e S PR e

CAUL HMATINV(A,NX258y 150ET,HOUSEY S P wil w0 Lo
GO.TG: €8 599),MOUSE . R

: }1‘0‘.:1:{/ B .‘j -




R{NX2¢141)=0,0
BINX,1)=00
G0 YO 1t
14 XG(i)=0,.0
- XG(NX3I=8§,0
: o 09 g Ixy 4 NX2
XG{I¢11=0.0
. rs 9 Jxi NX2
; ) q XGUI+1)=XGLI*1) *A{T,3)*B(J,1)
11 IF{JPRNE.3) GD TO 60
300 FORMATUILHL)
WRITE (69 X0QDY
HRITE(E2502) (COMINGIK) 4Nxl,12) JNX,LIRE MT,BUE,KT,AY
) HRAITE (B4 L0622 NT O NTHICK g iXRING o XTBINI s XGLINJ » XSLIN) ¢ XSTEIN o XGIN), 8
< L (NY1Y JXVXEND f XUAIN) s XTZIN} sNT Ly NX)
HRITE (645103 TTHICKZCZIN) sPIN) yNx1oNTHICK)
" 102 FORMNAT (#//7733X,32H*vss380000 KYT=FPyY=? !Dl;l!&ﬂl/33;,3zﬂpao? LLE
. 1R FIELD POINT VELOCIFIESIZ§X,12#6/11!,21HNU&!ER OF INPUT RADII,8X,
s 212,20% 1 8HTYPE OF CHORD LOAJ,SX,III!iK:19HL1Y7ICE ARRINGEﬁERT,SZX,
S1TH(L=NACA A-SERIESI/13IX,264NO.OF FULL RADIAL SPACES 12,21X,17H(2
: LzELLIPTICAL Y£1XX, 26HANGULAR SPACING <~DEGREES~ Fk.i;&S!,i?H(SSFL
_ﬁg . SAT PLATE Y/711X 1 BHRUMBER OF ELQBESaIZXaIZ,21X,16HQ-DESIGNATION (o}
: : 6F /711Xy L SHNOOF FISLD POINTS, 33X 1 7HTYIPE ¢ CHGRC LOAD,y8X ¥ 4.2)

106 FOMAT(L1X,14HBFTHEEN BLADES, £3X;13:21X25HR0, OF PB!NTS IN THIGKNE
1SS/741 Xy JUHINEGATIVE FOR HELICAL COORQIN11857,17X,16HFORP INPUT TAB
2LE)BX4127/7713%;1HR 36X 4 22HTAN BI LAWMEDA SL,TX,ZNST TXs4HG, 8X,y
IISHCIN) VAZNS UAS/VS TO// (TR 6F T lsFLlle6yFB8s39F8aksF9,.4))

i;r 103 FOFMAT(///2LX,S4HVELOCITY DISTRIBUTION OF 2-D THICKNESS FORM WITH
1TIL=F6.4/729%X,SIHFERCENT CHORD VELOCITY PERuENT CHORD- VELOC
' CITY /(33X )FBe296XgFS5e39y1iX3Fba2:56%XF5.3)) )
' A" CONTINUE

gi s CONT INUF

®

B L e vy,

[

s

PR

20 & Nz 1,NTHICK

b PINI=IE(N)~1,0)/TTHICK
! KAYX=MT+3
i RIN=HT+2

DZLM={1,0~RH) /FLOAT {MT)

DR=NEL4%0,125

D2=NFELM%0,5

0516=NFLH*0, 3125

N7S=NELN*0,75

RZ(1) =RH4NS I

RZIMAX)=1.0-08 Pt

RZ(2) =FH4D2 '

P7(MIN)=1,0=02

£2{3) =RK+DELM

R{1)=RH&051H :

R(MIN)=1,0-D516 R

R(2)=RHeD75 AT

ROM4#2)=21,0-D75 4

R34SE2RH=02 L

DN 42 M3y MT R TR s

ANZH=1 : . o

RZ(ME1)=RHEAMSDELM. o Ce
12 R(Hb‘RBASE&AH‘DEL% ' - L L

nn £3 Hzg HIN: S TURC PRI
i:? RMAPx COMAP (R (M), RH). P R B2 G P : ;

[

T Wb S S g vt e N
f;vi(f‘i HERE SN 5@22%&$*.W£?*:@?&vi-r,' o, v e o

tH)
Ty
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13

17

1%

&5

L 1)

19¢

b7
L8

50

49

18

i9

g oAt St b et w =

e A

SL (%) =FILLIN(RMAP, XMAP y XSL o NX}
ST{MY =F ILLINCRMAP, XHAP § XST sHX)
GLRIMI =FILLINIRIN) 4 XRyASL, NX)
STAR(M) =FILLIN{R(H) s XRyXSTARs NX)
GLRZ M) sFILLIN(RZ N}, XRyXGLyNXD
G({)=0.9

90 13 S=1,4%2

GLH) =GN +B1J, 1) *SINLFLOAT (J) SRNAP)
GLRZ {MAX) =FILLIN(RZ (MAX) 9 XRg XGL 5 NX}
00 17 Nxiy4l

0o 17 H=1,29
G3{MHI=0,0

GT (M, M) =0,0

SEMNNI=0.0

CALL FaN

00 14 Nxi,641
NUMIN] =R

00 1% H=1,19

KB{Hy N2 22 006000D,0°6GB {4, N}
00 5 Nxl,bl

00 &5 NEi,10
KE(H;H)=1000§003‘GT(HQK’
DG 46 Nxl,hkl

00 46 M=1,10

K3{Ms;N) 2100000, 0°SB(M,N)
JT=0E%X(2,1,IK}

NEX=NEX-1

IX=IX+1

EX=DE X(IXy2,IK)

0N 105 J=1,J7
RY{J) =0EX (Js3,IK)
81J6=0.0

TE(NHELIX? &7,4B8,48
BUG==EX/XGL (NX)
BLAND=6.2831853/FLGAT (KT?
BU3=BLACD/FLOATINT)
BLADE=8UG

N0 49 N=1,4NT

TNy 1)=~8UG/.17653293E-01
00 50 K=4,X7

COSKN (Ko N)=C0S{BUG)
SINKN (Kg N} =SIN(BUG)
8UG=BUG*BLADD
BUG=BLADE-BUB

BLADE =BUG

01 18 M=1,MAX
RZSQCM)=RZ (M)**2
RZLAM(MI=RZ {MY*GLRZ(H)
00 18 Jz1,d7

RZRV-L My JIFZ(MI*RVD)
RZRWV2 (Mg J) =2 0*RZRV (¥y.f)

00 19 421,37
RVSOC JYZRV{SIS*2 , L
DO 19 M=1 3 MAK ...

AVLAM (Mg J) =RV (J) *GLRZ(W)
BUGEE X/ €+ 1745 329 3E€=01% XGL (NXY)
00 31 N2LyNT

PR

403
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i 31 TENg2) =T (Ny 1} ~BUG
OB=XGLINXF/ ({1, 08 XCLINX 2} XUR{NXI&1,0}
0229, 86960LL°DE7XVX (NX)
BLASE=FLOAT (KT}
NSTOP=IANS{NSTOPY
GO TO (20,521521520))NST P
20 CALL LYRAIL
- 00 23 J=1,J7
23 CALL SURQUTIEX,RVIJ) yT,SySyNT, o REMARXy$,02,08,8LADE,CN)
28 69 TO (1,26425,24) yNSTOP
24  CALL VYORCES
00 26 J=1,4J7
26 CALL GUROUTIEN,RVIJI 9Ty UpSyNT S REMARK,2,02,08,8LA0E,THY

D0 22 J31,J7 )
22 CALL SUHOUT(EXQ&V(J’,7,‘3,53“7!J,%E"“K,J'QZQOQ,QLAUE'CN,
25 GO TO (151527,27)9RSTOP
27 CALL 97RAIL
DO 28 Js=1,J07
2% CALL SUNMOUTIFX PV J) g TolySyNT 3o AEMARK 34502508 48LAGE ,CN?
GO TO(1,151529),N370P
29 Mo 36 J=4,J7
CALL SUMOQUT(EX,RVIJ) 3T 45)SsNT JyREMAIN 5,02, C8,BLADE,CN)
UA(II=CN{(1,1)
UR(JIY =CN(1,2)
33 UT(J¥=0N(1,3)
IFINEX) 200,201,280
209 NSTApP=4

7~

, 60 TO 1
: 201 NSTAP=0
GO 16 1
NN
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P
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®es FAN **#¥  FPY~7  FItlLD POINT ¥ZLOCITIES AUG 20,1969
SUBROUTINE FAN

DIHMENSICN A1(792),KB120:%1) 551 (7925 ,U1(792), XR(11) 9 X0(11) ,XTB(11),
LXSLUL10 oXSTCL1) g XWX (14D o XUALLE) ,XT2014) 420362 ,P (36}

COMMON A(h2,42) yA3(2%,1153),S(24,21,3) ,U(26y11,33,XINPUT{11,16) 48
142,2) y SINKN{20,24) ,XSTAR(11

1) yCOSI(42) yCOEX(S) , COSKN{20,24) 56GBE20,42) ;GLR(20) ,GLRZ (200 ,G(20),6
2HAT100) sGLT 200 5 GT €20, 42) 9 GTL (265 yMHUBCLT7) yNLET200 gNTE(26) yNUN(&1)
3,PHIC42) , REMARK (182 (R (203 o RVLAKM(Z0,11) ,RV(11) ,RVSQI11} ,RZLANC20) ,R
32’V

©2(20, 11) ,RZRV(20411) yRZ(20),RZSQ(22) ,SB{208,42) ,SINI(&2)
5,SL(20) ¢ SHA{42) 9 SOLAM (203 , STAR(20) ,ST(20) ySPACE(42) 57 (26,2} ,HEIGHT
6051y X (42) yXGL {11}y XKAP (11) JAV o AN, AA;AB,ACADsAE AFyAG o AH, &1
7,AL,8UG,8LADD, 5LADE ,88L BB 480G, BUB,CHORyCOSIKN;CO5Y,CCA,CCL,CHDEGR
REE4DELT 2 0ET;02,0516,075,08,0ELM;0,0EL TA »0Uy0¥ 4 ONsEXy EyEXCNU,GHUL,G
INU, Gt MAXy GLEIN, GHUZ sH g THAX , JT o KT oL THE , MAX ; HOUSE o HT , KIN

19NT,NX%2, NSTOPy NTHICK, NXo NINyNMAX, NNIN, NLE My NLL sNTEM, NVV,NCOSE s NOGO
24PPy(t0y 0y RHyRBASE ) RHAP ;SLMySTM 9 SINIKNs SINY s SSL,TTHICK TPy Vy XL » XPyA
INGLE(33),P,2

CQUIVALENCE (ApKB) 4(A3,R1),(S1,5) (UL, U}, (XR,XINPUT),
1UXGyXINPUT(12) ), (XTB, XINPUT (2310 (XSLyXINPUT (34} },
2 (XST, XINPUT (451 5 (XVX,XINPUT(56) ), (XUA, XINPUT (67},
3(XTZ, XINPUT (789

00 30 N=1,20

3UG=FL CAT (N} *OFLT

PHT(N+21) =8UG

MOUSE=21-N

PHT{MOUSc) ==BUG

SINI{N+21)=SIN(BUG)

SINI (MCUSE)==SINT(N#21)

COSI (N+21)=C0S (BUG)

COSI(MOUSE)=COSI (N+21)

PHI(21)=0.0

SIMI(21)=0,0

COSI(21)=1,0

00 1 M=1,MIN

RODT=SNRT (R(M)**24GLR (M) **2)

D=0EL T*ROOT

SLM=SL (M) /ROOT~0425%DELT

STHM=ST (M) /ROOT+0 +25%DELT

00 2 N=1,41

NLFH=N

IF (PHI(N)=SLM)2,2,4

CONTINUE

D0 5 N=NLEM,41

NTEH=N-1

IF (STH=PHI(N))3,3,5

CONTINUE

NVV=NTEHR=-NLEM#1

XL==SL (H) +RO0OT *PHI (NLEM)

CHOR=ST (M)~SL (M)

IF(NVV-1)  99,33,34

GMA(1)=1,0

SMA(£)=0.9

GO TO 3%

CALL CHORD

NLE (M) =NLEM
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<
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RS

1

iz

?0

21

22

23

NTE (M) =NTEX
(=1

00 t N=NLtM,NTEM
GIH, N3 =G {M)SGNA (K}
ST{M; N)=STAR{N}SSHE (X}
X=Ks1

AG=g, 0

PO 17 N=1425
CT(1,N)=~GB(1,N) +BUG
BUG=GT (1,N)
BUG=BUGSGL1)
GTL{L)==G(1)
NTFM=MAX0{21,NTF(§) =1} _
PO 18 N=?1,NTEM
GT(L14N)=~GB(1,N) +3UG
AUG=GT (1,4N)

0 21 Mz2,MIN

/116 C of

0o =9 K=1,20

GT (M, N) =63(M=1,N) -G8 (MyN) ¢5Ub

AUGSLT (KyN)
CTLIM) =C(H~1)=G(*)
IUG=3UG-GTL (M)

HT _4=HMAXG (2L 4y NTE (H~8) =S NTE(¥) =1)

90 21 N=23,NTFM

GT(H,N)=GB(H-1,N)-GB(H,N)0§UG

IUG=6T (M, N}

MG=0, 7

70 22 N=4,20
GTIMAX,N)=GA(HIN,MN)#2UG
UGLT (PuX,N)
AUG=3YG-G(MIN)
GTLIMAX)=G(MIN)

NTTHM=UAXT{21,NTF (M) =1)

DN 23 N=21,NTZIM

GTIMAX s NI=GICMINGN) +3UC
JUGSAT {MAX,N)

ZT1IPN

3¢ STIP

END

+ . Copy availoble 10:DDC doesinot:

permit fully légibly: reproduction
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#%% CHORD w»se FPV-7 FIELD POINT VELOCITIES AUG 23,1969
SUBROUTINE CHORD

DINENSION AL1(792),K3120,41),S18792),U1(782) ¢XRE11) 4XG{11),XTB(L1),
IXSLEL11Y 3 XSTU11) o XVX(£4),XUAQLL),XTZ(11) ,2(36) ,P(36)

COMMON Alu2,62) 9 A312651173)S{24y1193) U245 54,3) s XINPUT(11,16) ,8(
162,2) ySINKN{20,246) s XSTARTL?
1),C0SI(42) )COEX(S) yCOSKN(20926),GB(29,42) yGLR(20) ;GLRZ(28) 46(20),6
CHAC100) ¢GLTC20) 56T (20, %2) ,GTL(20) yHNHUB(L7) yNLE{209 4NTEC20) yNUM(41)
39PRI{42) ,REHARK(18) yR(20) yRVLAM(20y14) yRV(11),RYSQL11),RZLAM(20),R
3zZv
42020511 ,RZRY (28,112 yPZ(20)yRZSO{209,SB(208,42),SINIL42)
59SL(20) 9SHA(42) , SOLAM(20) ,STRR (203 ,ST(20) sSPACE(L2) , T (24,2} ,WEIGHT
685X {042) o XGLE11),XMAPIL1) JAY,AK,AA AB)AC,AD,AE)AF,AGyAH,)AT
7sAL,BUG,BLADD, BLADE,BBL,£8,B806,8UByCHOR,COSIKN,COSY,CCA,CCL,C,DEGR
SEE,DELT,0ET,02,0516,075,D8,DELM,D,DELTADU,0V ) ON,EXy)EHEXGNU,GHUL,G
9NUyGLMAX)GLMIN:GHUZ yH s IMAX y JT KT, L INZ ) MAX yHOUSE,MT,MIN
19NT;NX2yNSTOPyNTHICK ) NXyNIN,NMAX, NMIN, NLEM, NLL ; NTEM, NVV,;NCOSE ,NOGO
2,PP,Q0y0yRH)RBASE ) PMAP ySLM,STH ) SINIKN)SINY ;SSLyTTHICKy TPy V,XL o XP,A
SNGLF(33}2,P,2

EQUIVALENCE (AyKB)  {A3,A1),(S1,S5),(UL,U),CXRyXINPUTS,
1 (XGy XINPUT (12) )y (XTBy XINPUT(23} ), {XSLyXINPUT (34} ),
2UXSTy XINPUT(HS)} » (XVX,XINPUT(56) ), (XUA,XINPUT (67)),
J(XTZy XINPUT(78))

B(i,11=1.0

8(1,2)=8.0

07 1 N=1,NVYV

A(i,N)=1,0

00 1 M=2,N¥V

A(MyN)=1.0/(FLOAT(K-H) ¢0,5)

NMIN=NVV=-1

8U3=100.,0/CHOR

09 2 M=1,NMTN

X(M)=XL4+(FLOAT(M)~0.5)*D

AG=X(H)*BUB

B(Me1,2)=FILLIN(AG,Z,P,NTHICK)

GO TO (3,546) sLINE

IF(AY=",99 ) byl,y17

CASF § CONSTANT LOAD

Do 7 M=2,NVV

8{My1)=0%(ALOG(L1.,0~X(H=1)/CHORI~ALOG(X (M=1)/CHOR))/CHOR

GO T0 11

CASE 2 A SEFIES MEAN LINE
£=1.,0-4Y
0n 8 M=2,NVV

V=1,0-X{M-1}/CHOR

Q=AY=X{M~-1) /CHOR

IF(ABS(Q)~0,0001) 1&4,14,15

QQ=0, 9

GO T0 16

0N=Q* ALOG(ABS (D))

PP=V*ALOG(V)

B(My1)=240°D* ((PP-QQ)/7E~ALOG(X (M=1) /CHOR) =1, 0) 7 ( (AY®1,0)*CHOR?
GO 70 1%

CASE 3 ELLIPTICAL LOADING

NG 9 Hx2,NYV
B(”,1)=ho0'0'(1.D-Z.O'X(M-i’/CﬂQR)ICHOR
60 TO0 1%
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*sx LTRAIL *%¢ r[Fpy~-7 FIELD PCINT VELOCITIES AUG 20,1989
SUSROUTIRE LTRAIL

DIMENSICN AL1(732),KB(20,411,51 (7923 ,UL(T92)yXR(11) XG(13V,xTB(21),
IXSLCLE Y o XSTULL) o XUXCLL) o XUALL2),XT2Z2CL1),2Z{306),P(3B)

COMMON 2(62,42) 4A3(24012,3)9S(2455193)yUL{24511,3)XINPUV(L1,16),38¢
142,2) sSINKN(20,284) 4 XSTAR(14
11 ,COST(42)4COEX(S) COSKMN(20424),0B8(27,42) yGLR(20) ,GLRZ (20} 46€20) 46
2MATI00) 4GLT(28) o GT (20 ,42),6TL (20) yKHUBRC(L7) yNLE{20),NTE(20) ,NUMLLL)
3,PHI(4?),REMARK{ 182 ,R(20) yRVLAM(208,11) yRV(11),RVSQ(11),KZLAMI20),R
3ZRY
L2120, 119 ,RZRVI(20,419,RZ(20),5,250€20),S8(20,42) ySINI(L2)
5,SL(20)'SHﬁ(“Z)ySQLAﬂ(Zﬂ)QSTQR(ZO)’ST(ZO’,SP‘CE(QZ)yT(ZhyZ)’HEIGHT
6(537X(“2)’XGL‘ll),X"Apfii),A?,AH,‘A,Aa;Ac,AD,AE,AF,AG,ﬂH,AI
TyAL;BUG,BLADD,BLAQE ;GBL 88 4806,5U3,CHOP,COSIKN,COSY,CCA,CLlL,CH0EGR
BEE,DELT,0FT,0240516,075,08,DELH,D,0ELTA,0U,0V,0N,EX,EJEXGNU,GHUL,HG
9NU,GLHﬁX,GLHIN,GHU29H,IHAX,J‘,KT;LINE;”AX}ﬂOUSE,"T,HIN
1 yNTyNX2 gy NSTOPNTHICK, NX,; NIN)NMAX s KHIN, NLEM,NLL yNTEM, NVV,NCOSE ,NOGO
3QPPQQOgQ,RH’RBASE,RHAP,SLHiSTHmSINIKN’SINY,SSL’TTHICK,TP,V)XL’XP’A
INGLF(33),Py2

EMMIIVALENCE (AyKB) (A3 A1), (S1,S),(UL,U),{XRyXINPUTY),

1 (XSG, XINPUT(12) ), (XTB, XINPUT(23)), (XSLyXINPUT(34)},

2(XSTy XINPUTELS)) 5 (XVXy XINPUT(56) ), (XUAZXINRUT(67)),
3(XTZ,XINPUT(78))

N S N=§,782

S1(N)=n,C
BUG=40,.10

D0 1 J=1,J7
no 1 HM=1 44X

B0G=A3<{(rV(JI=RZ (M)}
IF(30G-8UG) 2,1,1

8UG=606

TO=EX/GLPZ (M)

CONTINUZ
IF{TP-ANGLE(L}) 3,3,4
no 7 M=1,NOGO
NLOW=M

IF{ANGLE (M) +TP) 7,7,8
CONTINUZ

IF(NLOW=-1) 10,10,11
GMA(1) =TF+ANGLF (1)

G0 T0O 12

GMA(1)=0.9

N=z=?2

09 9 M=NLOW ,NOGO
GYAIN)=TP+ANGLE(M)
N=N+1

NCOOE =NOGO-NLOW+1

nn 6 I=1,NCODF

NDELTA=GMA(L1¢1)~-GMA(])
COZX(1)=,046310%DELTA
COEX(2)=.,230765%DFLTA
CNEX(3)=,5*DFLTA
COEX(L)=,769235%DELTA
COEX(5)=,953090*DELTA
KEIGHT (1)=.,059232%DFLTA
WEIGHT (S)=WFIGHT (1)
WEIGHT (2) =, 119065 7*DELTA
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EL WEIGHT (4) =WEIGHT (2)
g RZIGHT (3)2.142222%DELTA 3
00 & L=1,5 '
GNUZGHA (1) +COEX(L)
| COSY=COS (GNU)
‘ SINY=SIN(GNU)
D0 6 K=1,K7
00 6 N=4,NT
COSIKN=COSY*COSKN (KyN} =SINY®SINKN (KoM}
SINIKN=SINY*COSKN(KyN) $COSY*S INKN (K,N)

00 6 J=1,J7

DO 6 4= 1 MAX

BOG=SQRT (((EX=GLPT (M) *GNU) **24RVSQALJD +RZSQA(M) =RZRV2{N,J)* COSIKNI*
1¢3)

BOG=WEIGHT (L)*GTL{M)/BOG
EXGNU=(EX=GLRZ (#) *GNU) *RZ { M)
SiNgJyp1)=C . NgJst ) #(RZSQ(M)~RZRV (M, J) *COSIKN) #806
SENgJ»22=S(NyJ2) +(PZLAN(MI*S INIKNCEXGNUSCOS IK NS *806G
S(NgJs3)=S{NyJp3) ¢ (RVLAH(M yJ) ~RZLANCA) *COSIKN#EXGNU* SINIKN) *80G
i 6 CONTINUE
' 3 RETURN
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#%% VORCES ®**+ FPy-7 FIELD POINT VELOCITIES AUG 20,1969

SURBROUTINE VYORCES

DIMENSION R1(792),KB(20,%1),S1(792),;UL(792),XR(14);XG(113,XTB(L1),
INSLULLY o XSTULL) g XYXCL1) o XURCLL) yXTZ111)3,2(36) ,F(36)

COMMON A(42442)3 A3 (20651193950 24911,3),U(24y11,3),XINPUT(11416),8B(
162,2) ySINKN(20,24) yXSTAR(11
1),C0SI(62),COEX(SY ,COSKN(20,24) ,GB(20,42},GLR(20),GLRZ(20),6(20),6
2MA (100),GLT(20) 9y GT (209423 ,GTLC20) yMHUB(17) yNLE(20) yNTE(20) yNUM(&1)
JyPHI{42) yREMARK(18),(20) yRVLAM(20,11) )RV (11),RVSO(11),RPZLAMI20),4R
3oy
L2(29,11),RZRV{20,11),RZ(20).R2S0¢20),SB¢20,42)ySINI(42)

SeSLE20) gSMA(L2) SALAMC20) 4, STAR(20) ,ST{209 ySPACE(L2) 4T (2L42) yHEIGHT
(S X(L2),XGLIL1) s XMAP(12) JAY ) AMyAAH)ABYAC)ADAE,AFAGyAH, AT
794L,8UG,8LADD,BLADE,BBL,686,806,8U8,CHOR,COSIKN,COSY,CCA,CCL,C,DcGR
8EZ,DELT,0ET,02,0516,075,08,0ELM,D,0FLTA,DU,DV,DH,EX,EZEXGHU,GHUL,6
ONU,GLHMAX,GLMIN,GMU2 yH, IMAX ,UT ¢y KT LIRE, MAX yMOUSE, MTyMIN

L oNT o NX2 g NSTOPyNTHICK NXyRINyNMAX s NMIN,NLEM,NLL ) NTEM,NYV,NCOSE yNOGO
2+yPP,00,Q,RH,RBASE)RMAP ySLM ,STH, SINIKNySINY ySSLyTTHICKyTFyVyXL 9 XPyA
INGLE(33),P,y2Z

EQUIVALENCF (A,KB),(A3,A1)91{S1,S),tUL,U) o (XRyXINPUT),
1IXGs XINPUT(12) )5 (XTByXINPUT(23)), (XSL,XINPUT{34)),
CIXSTy XINPUT (L5))  {XVXy XINPUT(56)) , (XUA,XINPUTI(67)),
I(XTZ, XINPUT(78)}

0N 3 N=1,792

UL(N) =0,0

A1(N)=0,0

N0 S5 I=1,4%

00 1 K=1,KT

00 1 HN=1,NT

COSIKN=COST(I)*COSKN(KyN)=SINI (I)*SINKN(K¢N)

SINIKN=SINIC(I?*COSKNI(K,NY+COSI(I)*SINKN(K,N)

00 1 u=1,4T7

33==2,. 0%V (J)*COSTKN

N0 1 MC=1,MIN

IF(G3(MCyI)eEQ.0.0) GO TO 1

AAZEX-GLR(MCI*PHI(I)

A3=AA**24+RYSOC(I)

AC=l 4 3* (AA*¥24RYSD(J) *SINIKN®**2)

MO=MC+1

AUG==1.0

AG=0.0

AH=0.0

AI=0.9

00 8 M=MG,HMD

IF(ABS (AC)~0.00001) &4yb,yb

AE=0.,5*BB+RZ(M)

AD==0,75/70E%%2

AF==0.5/AE+0.125%8BB/AF**?

Go YO 7

AC=AC*SOQRT(RZSN(M) ¢RZ (M) *BE+AB)

AN=(2.0%RZ (M) +38)/AE

AF=-{3B¢RZ (M) ¢+2,0%A8B) /7AE

AG=AG+RUG*AD*GB(MC, 1}

AH=AH +RUG*AD*SB(MC, )

AI=AI +RUG*AF3SB(MC,I)

BUG=-BUG
U(MyJy13=UINyJy1) =rV(J)*SINIKN®AG

110




s 2

U(NpJ92)ZUINJ92) +AASSINIKN®AG

UGNy J93)=UINyJ»3)=AA*COSIKNTRG

AZ(N, JyE)=A3(MyJy1) ¢AASAH

A3 Ny Jy2)=AT(NyJ92) ¢ (RV(J) *AH=-COSIKN®*AL)
A3(Ny; Jy3)=A3(N,J,y3) -SINIKN®AL

CONTINUE

CONTINUE

RETURN

END
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*8¢ BTRALL *** FPV-7 FIELD POINT VELOCITIES AUG 20,1969
SUSROUTINE B8TRAIL ”

DIMENSICN R1ET792) 9y KBLE20541) 9S1¢792) ,UL(792) ,XRIL11Y,XG(11),XTB(11),
1XSLUL2) o XSTCLL) s XAVX(12) g XUA(LL) 4 XT2(11),2(36),P(36)

CONMON A(h2)42) pA3 (206911733 5(204911,3),U(28,11,3),XINPUTEL1,16),8¢(
162,2) ,SINKN(28,24) yXSTAR(1
13 ,C0SI(42) ,COEX(S) sCOSKN(20,2%) sGB120,42) sGLR(208) yGLRZ (203 ,G€20) 46
2HACL00) sGLT (200, 6T (2045L2Z)oGTYL (202 3 MRUB(IT)IZNLEL20) sNTE(20) yNUHLLY)
3yPHT(42) yREMARK( 18} yR(20) yRVLAM(20,11) RV (11),KVSQ(11),RZLAH{20),R
JZRY
62029, 11) ,RZRV(28,11} sRZ(20),RZ2S5S0(20),53¢20,%2) ,SINI (42}
S9SLI20) sSHMA(L2) g SQGLAM (20) ySTARE20) yST(20) ySPACE(#2) 9T (2492) yREIGHT
6(5)y X (42) g XGL(12) g XMAP(11) 4AY, AN, AR,AB,AC,ADAE,AFAGyAH,AT
7,4L ,BUG,BL ADD,BL ADE,B88L,88,80G,BUB;CHOR,COSIKN,COSY,CCGA,CCL,CHDEGR
BEE,ODELT90ET,02,0516,075,08,0ELM,D4DELTASOUsDV,ONsEX;E,EXGNU;GMUL,6
ONUSGLMAXy GLHIR,GHU,H 9 IMAX o JT g KTy LINE yMAX yMOUSE g NT 4 MIN
1yNT NX2yNSTOP)NTHICK,) NXyNINyNMAX ; NHIN, NLEMyNLL NTEH; N¥V,NCOSE,NOGO
23PP:QQ, 0, RHyRBASEy PHAP ySLM,;STHy SINIKNgSINVySSLyTTHICK, TP,V XL 4 XP,A
INGLE(3T),P,2Z

EQUIVALENCE (A,KB) 4(A3,A1),0S1,S},€UL,U),,(XRy,XINPUTY,
1 (XGy XINPUT(12) ) (XTBy XINPUTL23)) 4 (XSL; XINPUT{34)),
2UXSTy XINPUT (452} o (XYXp XINPUT(56) )5 {XUA,XINPUT(67)),
3(XTZ, XINFUT(78))

N0 3 N=1,792

ULt(N)=0,0

00 1 L=1,40

GMUL=PHKI (L)

DELTA=FHI(L#1)-GMU1

COEX(1)=0,211325%DELTA

COeX(2)=0.783675*DELTA

HEIGHT (1)=0.,25%DFLTA

WFIGHT (2) =WEIGHT (1)

00 & I=1,2

GNU=GMU1+COEX(])

COsSY=C95 (GNU)

SINY=STN(GNU)

0o 4 K'—'l,KT

D0 4 N=1,NT -

COSIKN=CUSY*COSKN{KyN) ~SINY*SINKN(K,N)

SINIKN=SINY*COSKN(K,N)+COSY*SINKN(K,N)

00 & J=1,J7T

DO 4 M=i,MAX

IF(GT (MyL) .EQ.0.,0) GO TO &

BUG=SART { L (EX=GLRZ (M)I*GNUI**2+RVSQ(JI+RZSQ(M)=RZRV2(H,J)* CISIKN)
1%+3)

BUG=WEIGHT (I)*GY (M,L)/8BUG

EXGNU=(EX~GLRZ (M)*GNUI*RZ(M)

U(N,J,1)=U(N’J91)0(RZSQGH’"QZRV(H,J).COSIKN)'BUG

U(NyJ92)=U(N,J,2) +{PZLAM{MI®SINIKN+EXGNU*COSIKN) *#BUG

UlNgJ93)=U(NsJ93) + (RVLAMIM ; 8) ~RZLAMIM) *COSIKNSEXGNULSINIKN) *8UG

CONTINUE

CONTINUE

RETURN
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sas SUMQUT %*¢ FPV~7 FIELD POINT VELOCITIES AUG 28,1969
SU3BROUT INE SUHOUT(XgRgT,UgS,Nf,J;REH‘RK;KQDE9A,8,G,CN’
DIMENSICN 7(25,2,.0(25,11)3}’5(2591173"REHQRK(la,’Sﬂ{k.3)
DIMENSION CN{4,3)

GO TO (319233:%25)9KO0ODF

G0 T0 2%

560 TO 28

G0 70 20

G0 T0 28

CONTINUE

N0 12 I=1,3

L=J*I~-1

CALL HARHAN(U!t;J,I),T,ON€1,I);SN(i,I),NT,L)
SP=A® (B¥SN(1;1)#R*SN(1,3))

Co=A® (B*CN(2y1)+R*CN(2,:3})

PH=SQRT (SPe*2+LP*22)

IF(ABS (SP)=0.00001) 13415418
PT=00,0%(1.0-SIGN(1,0,CP})/C

GO TO 15

IF(ABS(CP)-0.00001) 16915,17
PT=30.0%(2,0-SIGN{1.0,5P3)/C

G0 7O 15
°T=(90oQ'ATﬁN(CP/SF)/o176532935'01)/0

IF(SP)Y 18,918,15

bY=PT+180.0/C

CONTINUE

GO TO (9:8,8,6,49),,KO00E

00 7 N=1,NT

no v K=1,3

S(N,J,K)=S(N’J,K3fU(N;J,K)

CONTINUE

RETURN

FNI

235 COMAP %04 FPV-7 FIELD POINT VELOCITIES AUG 20,1969
FUNCTION COMAP(TEMP,RH}

IF(TEMP~-,999) 1,1,2

COMAP=3,1415926

G0 TO 19

CN=(1.,0¢FRH=2, D*TEMP) / ( 1.C=FH)

IF(ABS(CN)=.00001) 17,37,18

COMAP=1,5707963

60 70 19

1 CTN=SQRT (1.0-CN**2) /CN

COMAP=ATAN(CTN)
IF(CTNY 20519419
COMAP=CCMAP#3.1415926

RETURN
END OF ¥4» COMAP *%#
END
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$3* FILLIN %3 FPy-7 FIELD POINT VELOCITIES AUG 20,1969

FIND'S Y(X} FROM TABLE OF

AB(N} ANRD ORUN) CONTAIMING NC POINTS.

FUNCTION FILLINIXsAB,Q000FL,X0)

OIMENSICN AB(3),0000FL3)

DIMENSION AB(3),0R(3)
ANTRA(OO01FL,Q002FL,Q003FL,20804FL,Q005FL,Q006FL,Q007FL)=Q005FL*{Q0
1064FL=-N002FLY*(QDOLFL-0003FLI 7 ((QO0LFL-QO02FL)®(QQO0LFL~QO03FLY )+ QO
206FL*(QB0&4FL~QO001FL)I* (Q00&FL~0003FL) 7((Q002FL~QB01FL)*(Q00B2FL~-0003
XL ¢QOOTFL*(QI0LFL-QO0LIFL) *(QO04LFL~-Q002FL) 7 ( (QBO3FL-QCOLFLY® (QO0
43FL-QO002FL))

IF{X=-AB1{13) 1,342

¥Y=000C0FL (1)

GO0 70 99

Y=ANTRACAB(1) ;AB(2) yAB (305X, 2000FL{L),Q000FL(2),Q000FL(3))

60 To 99

IF(X=AB(2))1,6,5

Y=N080FL(2)

60 TO0 99

D0 7 I=3,NO

M=1

IF(X=-A8(1I5)8,9,7

v=N080FL "I}

G0 TO 99

CONTINUE

=ANTRACAB(M=2) yAB (M-1),AB (M) ,X,Q000FL(M=2),Q000FLEM~1),QC00FL (M)

FILLIN=Y

RETURN

END

$4% HARMAN #*¢% [OY-7 FIELD POINT VZLOCITIES AUG 20,1969
SUSROUTINE HARMANCY,T oA yByNT, JUMP)
DIMENSICN C(24o3),S (24T, TL24),A(0L),BL4) 4X(24)
IF(JUMP) 2,1,2

O=NY

00 3 N=i,NT

ANGL=FLCAT (N-1)%360.0/0

D0 3 K=1,3

E=FLOAT (K) *ANGL*,17453293£~01
C(NyK)=2,0%COS{E)/D
SINyK)=2,0*SIN(E) /D

0 & K=1’“

A(K)=0,0

B(KY¥Y=0.0

D0 5 N=1,NT

AtL)=A (1) +X(N)

DN S5 K=1,3

A(KEL) =AIKSL) +X(N)*C(N,K)
B(K)=B(R) X (N)*S{N,yK)

A()=A(1)/0 ;

RETURN

END
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HATRIX INVERSION WITH ACCOHPAXYING SOLUTION OF LINEAR EQUATIONS
NOYEMBER 1622 S G000 OAVID TAYLOR MOOEL BASIN  AM MATL

SUBRGUT INE HATINVCA NL,8,H1,0ETERM, 10}

GENERAL FORM OF DIMENSION STATEMENT
DIMENSION AL 4 1,80 5 ¥yINDEXI '3

NIMENSICN A(k?,%?i,ﬂ(ﬁZgZ);INDEX(Q?,J)
EQUIVALENCE (IRQOW, JROW); (ICOLUMs JCOLUMY 3 (ANAX, T SKAP)

INITIALIZATION

N=M4
N=N1

10 DETERM=1.0
15 00 20 J=1,4N
20 INDEX{Je3) = D

39

00 550 I=1,N
SEARCH FOR PIVCT ELEMENT

40 A%AX=0.0
45 N0 135 J=1,N

IF(INDEX (J,3)~1) 60y 105y 60

60 N0 160 X=1,N

IFCINDEX(K,3)~1) 30, 100, 715

88 IF ( AMAX -ABS (A(JyK)P) 85, 100, 100
36 IRON=J
90 ICOLUM=K

AMAX = ABS (A(JyK))

109 CONTINUE
105 CONTINUE

INOEX(ICOLUH,S)=IND£X(ICOLUH,S)#1

260 INDEX{T,1)=IROW
270 INDEX{I42)=ICOLUM

INTERCHANGE ROHWS TO PUT PIVOT ELEMENT ON DIAGONAL

130 IF (IRCH-ICOLUM) 140, 310, 140
140 OETERM==DETERM

150 D9 200 L=1,N

160 SWAP=A(IROW,L)

170 ACIROK,L)=A(ICOLUM,L)

200 A(ICOLUM,L)=SHAP

IF(M) 210, 310, 21C

210 00O 250 L=i, M

220 SWAP=B(IRONW,L)

230 B(IROW,L)=B(ICOLUM,L)
250 B(ICOLUM,L)=SHAP

310

DIVIGE PIVOT RONW BY PIVOT ELEMENT

PIVOT =A(ICOLUM, ICOLUM)
DETERM=DE TERM*PIVOT

330 ACICOLUMW,ICOLUM) =1.0
340 00 350 L=1,N

e e . et ..
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i . 350 ALICOLURMyL)=ALICOLUN,LY ,PIYOT
r 35 IF(X) 380, 380, 350

B
i

360 DO 370 L=1,M
370 BLICOLUM,L)=B{ICOLUN,L) /PIVOT

RECUCE %ON-PIVIT ROKS

[y N e Ny

380 DO 550 Li=1,N
390 IF(L1-ICOLUM) 400, 550, 400
&00 T=A{L1,ICOLUK)
; 423 A(LL,ICOLUM)=0.0
' 430 DO 450 L=1,N
450 A(LLsLI=ACLL,LI~ACICOLUN,L)®T
455 IF{M) 50, 550, 460
469 DO 500 L=1,M
500 B(L1,L)=B(L1,L)~3({ICOLUM,L )T
551 CONTINUE

INTERCHANGE COLUMNS

OO0

. 600 0O 710 I=i,N
i ] 610 L=N¢1=]
; 620 IF (INDEX(Lo1)=INDEX{L,2)} 630, 710, 630
630 JRW=INGEX(Ly1)

| ; 640 JCOLUM=INDEX (L y2)
: 650 DO 705 K=1,N
‘ : 669 SHAP=A (K, JROH)
, ij 670 A(KyJROW) A (Ky JCOLUM)
| ) 709 A(K,JCOLUM) =SHAP
: 705 CONTINUE
| 719 CONTINUE
; 20 730 K = 1,N
. IF CINDEX (K93} ~1) 715,720,715
; ‘ 720 CONTINUE
‘ 739 CONTINUE
I0 =1
740 PETURN
718 1% =
GO TO 740
: FAN
:
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;
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SUBROUTINE 0LO(BZ,IPO)

CIMENSTON 2272(38,38) ;

DINMENSICH BZ(i11) %

DIMENSTON CZ(108),TL(212)48(99) yAP(9,3) AQ(9,9) ,AU¢S,3),40(9,9),aX1 g
19,9k ,AY(9,9),QA{9,9),FT{9),06(3,%)

DIMENSICN EA(G,8),FB(S,8),EC(9,8),ED(9,8),;PA(B)PE(3,3),PG(3,3),PN
103,1),PI(3913,PF{3)4X2(9,9);HA(9,92,XA1S,9)

DIMENSICN FLD(3) ,ALD(S),FOCT(9),ADCT (91 ,FOCP(S),ADCP{9),FOPY(9),AD
IPT(g):FBHY(S&),ﬁDHT(S&),FDFQ(!ﬁ),iDHQ(35,'FHTB(9’,3HTB(9),FﬂQB(93,
2AMNB( Q) JFHXO(9) yANXO(S} ,FHYO(I) ;ANYO(S)

COMMON /HRT/ JPR

DIMENSICN INDEX{3,3}

COMMON C2Z s TL s B s AP s AQ s AU

COMMON  AM s AX s AY s QA s FY s CG

COMMON 80 s BY sy KO y M3 2 CHP WA, XA

00 30 I=1,12

TL(I)=BZ2(1499}

K0=1

KOUNT ="

KT=9

CHP = 0.8

CA = 0.0

D0 & I=1,9

3(1¢80)=BZ2(I+81)

8(1+93)=BZ(I+30)

¢0 Y0 3§

on 7 I':igg

B(I+80)=282(15)

3(1+30)=8Z(15) o

Do 9 I=1,14 {

8(I}=82¢1)

00 10 T=1,45

3(I+t4)=£Z2(1¢18)

B(60)=R2(15)

D0 11 1I=1,9

3(I+60)=BZ(I+6)

B(I1+¢70)=BZ2(1+72)

NN00FL=2(10}

IF(JPRNEL2Z) GO TN 100

HRITE (6,12)

FORMAT (1H1,44X,32HCONTRA=ROTATING PROPELLER DESIGN//)

HRITE (6,13)K0

FORMAT (110X,5KHPAGF I2)

HATE (6,14)

FORMAT (S5X, LO0HINPUT DATAZZ /)

WRITE (6, 15) (BZ(1),1I=1,81)

FORMAT (6X,9F12.4)

IF (BZ(15))17,16417

HRITE (6, 15)(BZ(I),1=82,99)

KN=K0+4

€CC=8(19)

8(12)=,95

B{13) =1.9

Bl14)=1.05

pPM=/{12)

KK=0

BI=3.0

A
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% 8J4=0.10

931=0.0

832=20,0
Ji=9
RSL=B(7)/7(3.1415827%8(4)%B(2)}
HZ1=8€1d)
NZ22=8 (1)
00 380 XI=1,2
IF(xI~-23201,202,202

any KJ=3
GO T0 203
202 KJy=i

203 CONTINUE
no 208 XC=1yKJ
ECT=NZ1
{109 =N21
CALL SUB1
19 §0n 20 m0=1,9
WA(MO, 1) sAR(40,1)
XA(MO0,13=AX(MO,1}
20 QA(MO,1)=CG(H0,1)
" 21 X2=MB
) GO TO (2%5,22)4K2
22 N=9
. Jer=9
g 23 FORMAT(I1)
Ki=JP=N
{‘" IFIK1)1924y4
24 GO TO 2
- 25 DO 26J=1,9
K¥=k
EAC(J, KKI=AU(J,s 1)
F3(Jy KKIZAN{Jy1?
FC(JSy KK)=AX(J,y1)
26 ED(JyKKI)=AY(J,1)
B(10)Y=N2?
CALL SuBt
KK=%
D0 226 4=1,9
EACJy KK) =AU (Jy 1)
E3(Jy KKI)=ANW(Jy1D

g EC(Jy KK)=AX(Jy 1)

L 226 ENCJy KKY =AY (Jy 1)

; 57 CALL SUB2(ECC,EB4EC,EDyNRyIPOI
BZ(16)=HR
PAT=PA(K)+(1.0=-FT{9))*e28PA(B)
no 58 I=4,9
IFtI=1) 400,400,401

401 IF(I~9) 402,400,402

400 FLO(I)=a0
ALN(IY=.0
60 TO 403

40?2 CONTINUE
FLO(I)=CZ(149)/08(I460)

— g oo

Ktama AT S A

£

¥ e,

4

o FLOCT )=6{T+809 /FLO(D)

Bo . ALDEII=CZ(I+63)/B(I+70)

o ALDCI)=B(I480) /ALD(T)
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483  CONTINUE ,
FOCT(I)=2(1.,0-FLDCT}®CZ(III*0C2£1¢18) :
ADCTIINI=($.8-ALO(TI®CZ(I+5L))ISC2¢T472) g
FOCRII)2(1.0¢FLO(II/CZ(I)IC2(I427)
ADCP{I)2(1,0¢ALD(II/CZ(I454)0%C2Z(1+81)
FOPT(I)2R(I+23)*FDCT(I}

58 ADPT(I)=R(I+32)%ADCT(E?
FCT=SIMPUM{B(£5) ,F0CT ;93
ACT=S IMPUNC(CZ(46) , ADCT, D)
FCP=S IMPURIB(45) ,FOCP,9)
ACP=S IHPUNECZ 1463, ADCP,9?
FCPT=SIMPUNIB(15),FDPT;9}
ACPT=SIMPUNICZ (&6) ADPT,9}
FFE=FLPT/FCP
RFE=ACPT/ACP
FCOC=FCT/FCP
ACOC=ACT/ACP
TECT=FCT 465, 0-FT(9) 3% 20ACT
SizJ141
K=J1+12
B{12) =R X)
sY=TFCT

209  PLIXT)=3Y
IF(K1~2)254967,67

204  CONTINUE
N0 31Jz1,3
PE{Jo1)=1.0

31 PG(I 10210
00 32J=1,3 P
PHLJ, 1) =PA{J) **2 ! _;
PE(J,3) 2PNy 1)

PG(Jy31=PE(J,3)
PECJ,2)=PALY)
32 PG{J,y2) =PELJ,2)
PI(1,1)=FM
PI(2,1)=0(13)
PI(3,1)=8(14)
CALL MATINS(PE,3,3,PL,%,1,0ETERN,ID,INDEX)
IF(ID~=1)33,35,33

33 PRINT 34
GO TO 82

34 FORMAT(18H CTS1®* IS SINGULAR}

35 PK=8Q
PLPK®*2
PR=PI (1, 1) +PK*PL (2,1) ¢PL*DT(3,1}
IF(CA)37,36,37 :

3 ALz=PR
CA=1,9

27 B{12) =PR

60 C'W=1. ]

DO 61 I=1,9
(I+23)=BZ{l+27)

61 B{I*60)=BZ(1+63)

62 N0 63 I=1,9

53 B(I+50)=AL*B(I+50)

64 CMP=1,.10 )
B12) =1, %
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67 TFCP =FCP+{1.,0=-FT(9)) *32%ALP
TCTP = FCPT # (L.3=-FT{9))*%2*A(LPT
TFFE = ICTP/TFCP
TCOC = TFCT/YFCP
FNMT=B8(8)%8(2)*®3*3,1L159265%0 (7 *%2/7015,0%B¢(10)}
ANMT=FNKT28¢10)/73(14)
FRMQ=(RCA)*B{2)®*22B8(T7)**3)r/(16.0%B(4L)*R{10})
ANMO=FNNO®*8(10) 78( L1}
4=0
00 68 J=1,4
00 68 i=%,9
H=v+ i
K=4%2
FOMT(M)I=(3(I~14)}-B(K+13))*FOCT (1)
ADHTIMI=(CZ{1+45)=CZ(K+4LII?ADCT(I)
FOMO(N)=(B{I¢14)~-B(K+13))/7B8(Lei%)*FDCP (I}

62 AQMO(MI={C2(I4L5)=CZ(K+GL}I/CZETHL5F*ADCPLY)
09 69 I=1,9
FMT8(I)=0.0
AMTR(I)=0.0
FY¥428(11=0.0

6% AMOB(I)=0.0
FYT3(1)=SIMPUN(B(i5),FDMT(1),9)
ANTB(1) =SIMPUNICZ{46) ,ADMT (1}, 9)
FUNB(1)=SIMFUN(B(15),FDMQ(1i},9)
AMC3(1)=SIMPUN(CZ (46} yADMO(1) 49)
FMT3(3)=SIMPUN(B(17),FOMT (12),7)
AMT3{3)=SIMPUNLCZ(LB) yADHT (12),7)
FMNR(I)=SIMPUNLB(17),FOMO( 12}, 7)
AMO3(3)=SIMPUNICZ(48) yADMQ(L2),7)
FYTB(S)=SIMPUN(3 (19} ,FOMT(23),5)
AMTS(S)=SIHMPUNIC Z{50) , ACMT (23),5)
FYNB(SI=SIMPUN(B (195, FOMQR(23}),5)
AMGB(S)=SIMPUN(CZ(50) yACTMR(23},5)
FNT3(7)=SIMPUN(B(21),FOMT(34),3)
AMTB(7)=SIMPUN(ICZ{52) 4 A *T(34),3)
FMNS (7)=SIHPUN(B(21),FDMQ(34), 3)
AMCB(7)=SIMPUN(CZ(52) 4 ADMO(3L),3)
00 70 1I=1,9
FUTS(I)=FNKT*FHUTR{I}
AMTO(T)=ANMTRAMTBILI)
FMNA{TI)=FNNMQ*FMQR(T?

70 AMOS(I)=ANMQ*AMQR(I)
an 71 I=1,9
FMXO(I)Y=FMTB(I)*COS(CZ(I+3R)}+FMQABL(I)*SINC(CZ(I+36))
AMXO(I)=AMTB(I)®COSI{CZ(I¢90)) &#AMAB(II®SINCCZ(Z490))
FAYO(I)=FMTB(I)*SIN(CZ{I4¢36))~FHQ3(I)*COS(CZ(I+36))

71 AMYOC(IV=AMTB(I)I*SIN(CZ(I+90))~-AMQB(II*COS{CZ2(T¢30))

IF(JPRNEL2) GO TO 91

HRITE (6,12)
WRITE (6,13)K0
HRITE (6,72)

72 FORMAT (52X 14HFORE PROPELLERZ /)
HRITE (6,73 JFCT,FCPyFCFY,FFE,FCOC

73 FORHAT(9H CTS=1PEL1C.4)9H CPS=1PELQ. 4y IH
1 EF=1PEL10eby13H CTS/7CPS=1PEL10.4)
120
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WRITE (§,76)
T4 FORMAT(EH
HRITE (6,74)
HRITE {6y75)
75 FORMAT {17Xy2HXI,8X, THEPSILON, 7X 3HMTB, 95X » SHHQAB, 9%, SHMXOy 9X, IHNYO,
110X, L HH»OX 4 HG (M) )
HRITE (6,74)
91 K0=KO+4
D0 92 I=1,9
92 QA(Z,1)=QA{I,1)70000FL
IF(JPR.NE.,2) GO TO 94
DO 76 I=1,9
76 WRITE (6,77 JBLI+14),FLOI(I) oFNTR(I),FHQBCIS ,FNXOLT) o FHYOCT) ,I,0QA(
£41)
77 FORMAT(12Xy1P6EL2o56,6X,I1,5X,E12442
HRITE (6,74)
HRITE (§,76)
WRITE (6474)
WRITE (6,78)
78 FORMAT (S53X,13HAFT PROFELLER//)
WRITE (6,73 JACT JACP,ACPT,AFE,ACOC
WRITE (6,74)
HRITE (6,75)
HRITE (6,74)
94 00 93 I=1,9
93 CGEI,1)=CG(I,1)/7B(11)
IF(JPRJNE.2) GO TO 22
DN 79 I=1,9
7¢ HRITE (6,77 )CZ(1¢45) JALD(I) ,AMTB.(T),AMQB(T) yAMXO(I) yAMYO(I) 51,06
1I,1)
KRITE (6,80)
30 FORMAT(IH /7/7/7)
HRITE (6,81)
81 FORMAT(S7X,SHTOTAL///)
WRITE (6,73 )TFCT,TFCP,TCTP,IFFE,TCOC
82 CONTINUE
RETURN
eND
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SUBROUTINE SuBt

DIMENSIGN CZ(508),TL(12),8(89) 4AP{9,3),AQ(9,9),AUC9,9) 4AN(9,9) ,AX(
1999),4Y¢9,9),04(9,9),FT(9),L619,1)

DIMENSICN P(81),AH(10,9)

DIMENSION AJ(9,95,AL(9),A0(9,9),AR(9,9),AS(9,9)9AT(9,9),AV(9,9),AZ
109,8),Ct9)4E(9),F(9),6(9),H(BL),BA(9,9),B8B(9,9),8C¢9,9),B80(9,9),8E
2(9,9) ;8F(9,9),86(9,9) ,8H(9,9),HA(349) ;XA(9,3)

DIMENSICN CF(951),CH(8,9),CI(9,y1)

DIMENSICN BK(S),8S5(9),C0(10,9),Q(3);0(31)

OIMENSICN INDEX(9,3)

COM4ON C2Z s TL s B y AP s AQ y AU
COMMGN AW s AX y AY o GA s FT s CG’
COMMON BQ s BY ;3 KO y B3 s CMP ,HA,XA
CA=4,0

09 4 I=1,9 )
CUI)=((1,0¢B(15))=2.0%C{T¢1k3)/7(1,0-3(15)) .
AH(Z, 1) =C({I)

CeE=C(I)**2
A3G=(1.9-CE)
IF(ABC)1,2,3

{1 A3C=-A8C
GO 10 3

2 A3C=,0CC1 )

2 CN(?2,I)=SORT{ARE)

AH(1,1I)=1.0

4 CN(LyX)=G.0
AH{2,1)=1,0
AH(?,3)=-1,0
C0(2,1)=0.0
CN(2,9)=0,2
DO % J=3410
L=J=4 '
ne 5 K=1,9
AHUJy KI=(AHCL yK) *AH(2,K) )~ (CD(L,K)*CD{2,K))

€ COJyKY=(COLLyK) *AH(2,K)) + (AH(L ,K)*CD(2,K))
00 h I=2,8

6 E(IY=3.1415927/CD(2,1)
RSL=B(7)/7(3.1415327*A(4L)*B(2))

CIF (8(S1)=040) 947,48

7 D0 8 J=1,9

8 B(J450)=RSL/Z(B(J+1L)*B(5)) *SORT(B(9)*8(ye23))

S NN 10 J=1,9

10 FLJI1=8(12)*8(J+50)

11 09 12 J=1,9

12 G(3=1.0/F(J)
no 13 I=1,9
JNO=I -1
0N 13 J=1,9
K=Q¢ JNO+J

13 HI(K)=B(Xe14)/B(J+10L)2G())
no 146 J=1;9

14 QCH=ATANC(FCJ))

DO 25 N=1,9
KNO=N=1
LNO=N=-1
MNO=N=-1
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00 25 I=1,9

J=9*MNOe]I

IF(HUJY=G(I)) 16415416

K=9%*KNQO+I

L=9%LNOe]

C(K)=COS(Q(I)}

P(LY=SIN(Q(I})

60 TO 2%

S=1,0¢HLJ)**2

T=SQRT(S)

¥=1.,0¢G(T)*»2

W=SART (V)

AE=T=H

U=FXP (AE)
Re(({T~-21.0)/7H(U*(G(TI)/(HW=1.0)))*VU)**3(10)
4C=1,.,5

An=,25
X={1.0/7(2.0*8(108)*G(I)))*((V/S)**AD)
Y=((3.0%C(I)**2)42,0) 7{Ve*SAC) ¢+ ((J,0%H(J)**2=2,0)/7(S**AC))
2=1.07(24,0%B(20))*Y

IF(H(JI~G(IV)Y 21,421,117
AF=1.0#1.0/7¢R-1.0)

IF(AF)18,19,20

AFz==AF

GnN 70 219

AF=,00n14

Ad=X* (1.0/(R=1,0)=2Z*ALOGECAF))

K=9%KNO®&]I

L=9* _NO+I
O(K)=2.08%8(10)*%22*G(I)*H(J)*C1.0-G(I}/ZH(UY)*AA
PULI=B(10)%(1."=GII)/H(J))I*(1.042,0%3C1L0)*G(I)*AA)
GO 70O 25

AG=1.0+1.0/(i.0/R=1,0)

IF(AG) 22,232,224

AG==AG

GO TO 24

AG=,00"1
B3==X*(1.0/(1.0/R=-1.0)+2*ALOG(AGY)
K=3%*KNO+]

L=9% L NC#I

0(K)=8(10)*G(I)* (1.0-HCJ)/G(I)}*(1.0=2,0%B(10)*G(II*AB)
P(L)=2.0%B(10)%22*G(I)*(1.0=-GLI)/H(J))*AR
CONTINUE

0N 26 I=1,9

IMO=1~-1

00 2?6 L=1,9

K=8%IHMO el

AP (L, I)=0(K)

00 27 1I=1,9

JM0=I -1 ‘

00 27 L=1,9

K=9%JMOeL

AQ(L,T)=P (K}

Do 28 1I=1,9

DO 28 L=1,9

AJ(LyI)=AH(I,L)

00 29 1=1,9
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29

39

31
32

33

3¢

37

3t

39

40

41

L2
43

Ly

L5
Le

L?

Le

00 23 L=1,9

AO(LQI)=QH(I,L)

CALL MATINS(AJ,9,9,AP,9,3,DETERNM,I0,INDEX)
IF(ID~-1)30,32,30

PRINT 31

GO TO 119

FORMAT (264 I(A) IS SINGULAR FOR Z(F))
CALL MATINS(A0,9,9,A0,9,9,0E TERM,I0,INOEX)
IF(10~1)33,35,33

PRINT 34

G0 Y0 110

FORMAT (25H I(T) IS SINGULAR OF Z(F))
AS(1,1)=AP(1,1)+AP(2,1)

00 3% J=7,8

AS(Jy 1) =ASIJ~1,5)¢AP(J+1,1)
AS(9,1)=AS(8,1)

00 37 L=1,9

AW(L, 1)=FLOAT(L)®*AS(L 1)

DO 33 L=2,9

K=L=1

AU(K, 1) =AP (Ly1)*FLOAT (K)
AU(9,1)=0,0

AV(9,1)=0,0

D0 39 L=2,9

J=19-L

AV(J, 1)=AVIJe1,1)¢AU(J+1,1)

70 40 L=1,9
AZ(L,1)=(AH(Lg1)*AV(L,I))'3.1Q15927
N0 41 I=2,8

D1 43 L=2,9

K=i=-1

AR(K, I)=AP (L, 1)*AKHIL, )

DO 43 I=2,8
AS(1,T)=AP(1,I)*AH(L,I)¢AR(1,1])
N0 L2 J=2,49

K=J=1

AS(J,I)*AS(K'I)'AR(J,I)

AS(9, [)=AS(8,])

0N 46 I=2,8

D) Lh L=1,9

J=L+t

AW(Ly 1)=CO(JyI)®AS(L,T)

N0 46 I=2,48

N0 45 L=2,9

K=L~1

AUIK, I)=AP (L, 1)*CO(L, 1)
AU(9,1)3000

N0 47 I=2,48

AV(3,1}=0.0

00 LY L=2,49

J=19-L

AV (D LI=AY(Je1,T)4pULJ+1,])

00 48 I=2,8

DO 48 L=1,9

J=L¢1

AX(L g I)=AH(J, DI AV (L, 1)

DO 49 I=2486
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53

54
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57

58

59

60

g1

62

63
54

65

D0 &9 L=1,9
AZILyI)=(ANILyI) 4AX(L 4123 *F(I)
D0 58 L=i,4

J=2%L

RP(J,9)==1,0%APJ,9)
AR(L1,9)=AP(1,3)4AP(249)

D0 51 L=x2,8

AR(L y9)=AR(L-1,93 ¢AP(L*1,9)
AQ(Q) 9’3AR(5,9)

00 52 L=1,9

AS(L ,9)=FLOAT (L) *AR(L,9)

D0 53 L=2,9

K=L-%

AU(K, 9) =FLOAT{K) *AP(L ;)
AU(S,;,3)1=0,0

AV(9,9)=0,0

D0 54 L=2,9

J=1n-L

AV(J,9)=AV(J¢1,9) +AU(J+1,9)
D0 S5 L=1,9
AZ(L,9)=(AS(L;9) +AVIL,9))*3,1415927
00 56 L=1,4

J=2°%L

AZ(Jy9)1=-1.0%AZ0Jy9)
BA(1,1)=AQ(1,1)+4AN(2y1)

DG S7 J=2,8
BA(Jy1)=2BAGJ=1,1)¢AQ(J+1,1)
8A(9,1)=8A(8,1)

00 58 L=1,9

33(L, 1)=FLOAT(L)*BA(L,1)

ng 59 L=2,9

K=L~1

BC(Ky 1)=AQ(L, 1) *FLOAT (K)
8C(9,1)=0,0

87(9,1)=0,0

00 60 L=2,9

J=10=-L
8D(J,1)=80(J+1,1)+BC(J+1,1)
DO 61 L=1,9
BH(Ly1)=(BB(L,1)¢BDIL,1)3%3,1415927
00 62 I=2,8

0 62 L=2,9

K=L-1

BA(K, I)=AQ(L,I)*AH(L,I)

00 64 1=2,8
B8(1,I)=AQC(1,I)*AH(L,TI)4BA(L,])
DO 63 4=2,49

Ksd=1

B8(Jy I)=8B(Ky1)¢BA(JIyI)

BB(9, I)=88B(8,I)

00 65 I=2,8

00 65 L=1,9

J=led

BCIL, I)=C0(JyI)*BB(L,I)
D0 67 1=2,8

00 66 L=2,9

K=zl~1

.,3;9

L

&
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£ o
i 66 30X, I)=AQ(L,I)*CO(L,I)
20 67 809, IY=0,0

0N 68 I=2,8
BE{9,11=0,0
DO 68 L=2,9
Jei0-t

68 BELJyI)=BE(J+1,T1+BDlS¢ 5,I)
00 89 1I=2,8
00 69 L=1,9
J=L+4

69 BF(L, I)=AH(JyII®BE{L, 1)
D0 70 1=2,6
00 760 L=1.9

70 BHIL,I)=(BCIL, 1) ¢BF(L,I)I®E (1}
00 71 L=1,4
J=28%

71 ANCY4,9)==1,0°A00J,9)
BA(1,9)2zAG(1,9)+A0(2,9)
DO 72 L=2,8

72 BA(L,9)=BA{L-1,9)¢AQ(L #1,9)
BA{9,2)=BA18,9)
no 73 L=1,9

73 A3(L,9)=FLOAT(L}*BA(L,S)
00 74 L=2,9
K=L=1

T4 BC{K,9)=FLOAT(K) *AN(L,9}
BC(9’9)=000

30(9,9)=0.0
.. 00 75 L=2,9

J=10-L
75 30(J,9)=280(J+1,3)¢BC(J1+1,9)
DC 76 L=1,9
76 BH{L,9)=(BB(L,9)+B0(L,9)2%3, 1415927
N0 77 L=1,4
J=2%L
77 BH(J,9)=-1.0%8H(J,9)}
T=3.0
np 78 J=1,9
78 CF(Jy1)=(B(Je23) =(B(J+LILI/RSLE*F(JI)I)I)I*{1.0~-B(15G))
0N 79 J=1,9
79 KO =CF I 1) *REL/Z71(1.,0-8C152)*B(Jelk))=F(J)
NG 80 Mx1,9
J0 80 I=1,9
8 AT(Iya)=(H(I)*SH (M, I} =AZ(M,I))* (FLOAT(M)/ZB(20))
81 D 82 J=1,9
82 QUN=(GII+HII))I /B (JeiLI®((1,0-B(15))3/2.0)

~wig v A

R-cul

< 0O B3 J=1,9

i 83 CG(Jy1)3CF (Jy1)

o 00 84 M=1,9

g L=M+y

& 00 84 I=1,9

4 84 AP{(I,H)=CO(L,1)*0(I)

5 00 85 T=1,9

¥ N0 85 J=1,9

hd 85 AQ(J,I)=AT(J,yI)=AP(JyI)

i & DO 86 J=1,9
13 f; 00 86 K=1,9
43
5. 26
O ;
b

B e

R R IR B NN, -




CALL MATINS(AQ:9,99CGy1,1y0ETERM,ID,INDEX)
IF(ID-1587489.27
87 PRINT &8
GO Y0 113
88 FORMAT (27H G(MX) IS SINGULAR FOR Z(F))
8¢ 00 91 J=1,8
SUMUA=C .0
SUMAU=0.0
NG 90 L=1,9
SUMUA=SUMUA+FLOATILI*CO(L, 1I*AZIL,
30 SUMAU=SUMAUSFLOAT(L)*CGIL,3)*BH(L,J)
91 AU(J, 1)=SUNUA/SUNMAL
5=,905
00 94 J=1,9
CI(Jy1)=AU(Jy1)=G(J}
IFACT£J412)92,93,923
92 CI(J,1)=-1.0%CItJy1)
93 BH=S-CItJ,y1}
IF(BW) 35,934,394
94 CONTINUE
GO Y0 161
95 T=T=1,0
IF(Y)98,96,96
96 00 97 J=1,9
97 GtJ)=AUCJ, 1)

8E CHIK,yJ)=AQ(KsJ) !

60 TO ®i
93 CONTINUE ~
2an FORMAT (9F12.4) {

9S FOMAT (20H TOO MANY ITERATIONS) -
100 FORMAT (1246)
191 00 103 J=1,9
SUMUT =90
D0 102 X=1,9
102 SUMUT=SUMUT#FLOAT (K)®CG(Ky 1) *BH(K,J)
! 103 AW(J,1)=SUMUT/(B(10)4(1,0<8(15)))
o 00 105 J=1,9
L SUMUA=0,0
00 104 X=1,9
| 104 SUMUA=SUMUAFLOAT(KI*CG(Ky 1) RAZ(K,J)
| 105 AX(Jy 1)=SUMUA/ (B(10)*%(1.0-8(15)))
! 00 107 J=1,9
i SUMB= 0,8
~ D0 106 K=1,9
L=Ke1
106 SUMG=SUNG4CG (Ky1)#COCL )
107 AY(J,1)=SUMG
AY(1,1)=040
AY(9y1)=040
D0 108 I=1,9
BO=AY (I,1)%%2/(2.0%8(1+1ik))
BV=801#14) /RSL
108 BK(I)=((RV-AN(I,1))*AY(I,1)430)%8,0
BL=SIMPUN(B(15) BK(1)59)
' BY=8aL ' y
| BM=B(2) %2 ' fi
BRP=R(7) %82 &
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103 M5=1
G0 T0 11}
110 w8=2
141 RETURN
IND
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SUBROUTINE SUB2(CC,FByFC,FDyHR,IPOY

OIMENSION C2(108),TL(12),8(99) ,AP(3,3),AQ¢(9,9),AU€9,:3),AN(9,9),AX(
19,91 ,AY(9,92,04(9,9),FT{9),06(9,1)

DIMENSICN TABX(9),TABY( ) ,F819,8),FC{9,8);FD(9,8),FUt9},FVL9),FH(I
$)yNR (9,3} ,XA{9,9)

DIMENSION FE(GY,FFL9),F MBI ,FP(9),FQ(9)4FR(G),FS{9)

DIMENSICN FX(3)4FY(G) 3GA(93,GB(9),GC{93460(S)yGF19)yG66(3)4GH(I) ;HV
1(91,GI(9),6X(9)yG6L () ,GH{I),GN(9) ,HE(F) sHKEI) ,HL {9, HP (), HA(G) yHS
219y

COMNON /HRT/ JPR

DIMFNSION HE1(9),GC1(S)

COMMON (C2Z y TL s B y AP s AQ y AU
COMMON AH sy AX y AY sy QA y FT y CG
COoHMOR  BQ » BY s KO y M3 y CHMP HHA, XA
RSL=BL7)/{3s1415927*8(4)*8(2))

GU=3.0

00 & J=1,9

FE(S)=FD(Jy0)/7(2.0%8(J+ ) *FB(Jyb))

D0 6 J=1,9

FF(JI=FO(J,8)/7(2.05B{J+1U)*FB(Jy8))

FI=9.0

FJ=0.0

FX=1.,0

80 12 J=1,9

FG=FC{JoL)*FE(J)

FH=FC (JyB)*FF (J)
FL={FH*(1.0-B(J¢4L1))}*F &
FM{J)=BCJ+23) +FG+FL

00 16 J=1,9
FN=FK*FC(Jo8)*FF LJ)
FOSFC(JeU)PFECJI *(L.0¢B(J+41))
FP(J)=B(J¢32) tFNIFQ

00 18 J=2,9

FRIJ) =1, 0=-(FM(JI/FP(J))
FN(1Y=0,0
60=(8(16)~-B(15)) /2.0

FR(1} =00

no 214 J=2,9
G0=(B(Je1b)~B(Je13)3/72.0
FR(J)I=(FQ(J-1) +FQ(J}) *B(J+14) %GO
FS(1y=0.0

00 23 J=2,9

FS(J=FS{J=1) ¢FRLJ)
FT(1)=0.0

DO 25 4=2,9
FTII=FS(J)7(BLJr14)*%2)
6V=0,0

00 27 J=2,9

GV=GVYeFT ()

FI=GV/9,0
FK=(1,0¢FT)¥ {1, 0+FJ)

on 30 J=1,9

FUCI) 2FR*FCLJ B) *FF(JI* (1. 0~-B(J*41)D
DO 32 J=1,9

FY(J) 2BLJ+23) ¢FC(Jyb) +FULN
00 36 J=1,9
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3%
35
37
39
4o
41
L2
63
44
46
48

49
50

51
53

55
5¢
57
58
60
6t
62
64
66
6%
69
72
74

75
76

77
T8
79
81

82

GO=FKX*FC(J,8)
GR=FC {JoL)*FECJI * (1. 0¢B{JI*k1))
FRTJI =B 1J¢32) ¢GOIGR

00 37 J=z1,98

GS=FH(JI/FP(J)

FX(JD=CFVLJ)/ LFR(J)2GS)) =10

57=0.0

DO 39 J=1,9

GT=GT ¢FX{J)

F£J=6T/9,0

GU=6U~1.0

IF (GU) 42,61,41
FK=(1,04FT)1%C1,84+FJ)

GO TO 7

D0 46 J=1,9

FY(J)=R(j*1k) /RSL

FI=FV(JI=FClJy4)

GA(SI=F2/FV ()

DD 8 J=1 ,9

GBI =FV (N /(FYLJ)=FB(J,4))

00 50 J=1,9

GC(JY=ATAN(GB(J))
GCL(J)=ATAN(GB(J))257,2957795

80 53 J=1,9

HN=2, 0°%3.1415927/CC

GO(JI=HO® (FD(J, &) 7FV(JII*SINC(GC (J))
09 55 J=1,9

GF(J)=FN(J,4)/CC

DN 60 J=1,9

GH=(FV(J) /SIN(GC (J))) *s2
GY=2,0%CC/3,1415927

GG (JY=GY*GO(J) *GH*COS(GC(J))
GHUJI=GY/RSL*GO(J) *GH*SINIGE (J)) #B( Je1k)
N0 64 J=1,9
HY=8(3)=(8(J+14) 2B (2) /72.0)

HH= (SIN(GC(JI I/ (B(7)*FV(J)))*e2
HY(J)=64e 31*HUH N

07 66 J=1,9
GICJ)=({1.0=FT(J))/(1.0=FT(9)))*3(Je1k)
N0 68 J=1,9
GK(J)=GI(J)®(1.0=-FT(9))/RSL

D0 72 J=1,9

6LEJ) 52, 0%FB(JyL) *FE(JI*(1,0¢FT{JI)
G2=R(J¢321+FC(JyU) *FELII S (1,048 Je01))
GMEJ) =G 2/ (GK{S) #GL (J))

D0 74 J=1,9
GN(J)SFH(J}I(GK(J)-FK'FB(J 8) +GL (J))
no 76 J= 199

HE (J) =ATANEGN (J)) .

HE1(J) =ATANCGN(3)) %57, 2357795 -

D0 81 J=1,9

HF=2.0‘3.1015927/B(11)

HI=FD(Jy8) /FHEJ)

HI= (1. 04FX () )4 (1, 0-FT(9))

HK(J) SHF*HI®HJYSSIN(KE(JY)

00 8% J=1,9 s
HM=8(11)*B(J+32) *(1,0-FT(9))
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8% HLIJY =(FD(J,8) (1. 0¢FX(II})/HA®B(I+32)
00 85 J=1,8
HN=2.0*8(11)/3.1415927
HO=(FH{J) FSINIHE(J) ) )22
HP(JI =HN*HK(J) *HO®COS {HE(J} )

85 KQ{JI=HN/RSL*HK(J) *HO®SIN(HECLII*GI(I *(L.0=-FT(3))

66 HR=(1.0~-FT(3))*8(2)
00 90 J=1,9
87 HT=B8(3}~GI{J)*HR/2.0
38 HH=(SINCHE(JY)I/L{B(TI*FHIJIII®®2
CTSIF=SINPURIB{15) 46659
CPSIF=SIMPUNIB(15) yGH,9)
CTSIA=SIMPUN(GI,HP,9)
CPSIA=SIMPUNI(GI,HQ,9)
B8O =CTSIF+(1.0~-FT(9))*%2*%;TSIA
91 HS{J)=6k,31*HT*HH
IF(JPR.NE.2) GO TO 120
IF{CMP 107,107,911
9% HWRITE (6,92)
92 FORMAT {1H1)
HRITE (6, G3)TL
93 FORMAT (:2886)
WRITE (&, 94)IKO
9y FORMAT (110X,5HPAGE 12)
WRITE (6, 9SIHR
95 FORMAT (60H
1 1PEL2.4)
HRITE (6, 98)FI
9¢ FORMAT (60H
1Ba&R iPE12.4)
HJITE (6, 97§FT(9)
37 FORMAT (60H
10F 11PE12.4)
HRITE (6, 98)FJ
98 FORMAT(60H
134R 1PE12.4)
WRITE (&, 99)
HWRITE (6, 99)
99 FORMAT (5HO )
HRITE (A, 100)
100 FORMAT (53X,13HFWC FROPELLER//Z)
WRITE (6, 102)B(70),CTSIF,CPSIF
101 FOPMAT (8H K=1PE1Ge4y8H CTSI=IPEL0.4y8H
WRITE (6, 99)
WRITE (6,102)

102 FORMAT (SXyBHX (F) 35 X,1 OHTAN BETA=-I,3Xy8HTAN BETA,5Xy SHCLL/Dy 8Xy 4HGH

0-A

DELTA

DELTA X

ZETA

CPSI=4PEL0,4)

15),GX,6HUT/2V596X,6HUA/2VS,7X,5HDCTSI,7X,SHOCPSI,BX THSIGMA X//)

00 103J=1,9

103 WRITE (6,104)B(J+14),GB(JI) yGE (J).yG0(J) s GF (J} yFB(Jsl) 9FCLU94) GG (J)

1,6H{) yHV ()

104 FORMAT(iD(iPEiZ.k))
HRITE (6, 99)
WRITE (6, 99) -
WRITE (6, 105) o
WRITE (6, 101)CZ(4100),CTSIA,CPSIA
WRITE (6, 99)

105 FORMAT (53X, 13HAFT PROPELLER//}
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WRITE (6,102}
00 106 J=1,9

NRITE (6,106)GICJ),GNJS yGH(JD yHKLI) yHLCJY sFBLIy8)3FCEJ,8) 4 HP(JY,H

10¢J) g HE(J}

120
107

1098

199

119
111

KO=KGe¢l

N9 1081=1,9
C2(I) =683 (1)
CZ(I+93=GD(])
CZ(I+18)=G6(I)
CZ(1¢27)=GH(I)
CZ(I+363=6C2(I)
C2(I+45)=GI(I)
CZ(I+54)=GN(I)
CZ(I+63)=HK(I)
CZ{I+72)=HP(])
CZ(I+81)=HN(I)
CZ{I¢90)=HELCT)
no 1091=1,9
TA3X(I)=B(I+14)
TA3Y{I)=8(1+70?
bn 1101=1,9
X=GI(I)

CALL DISCOT (XyX,TABX,TABY,TABY,30459,0,Y)

B{I+70)=Y

GO TO 111
RETURN
END
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60
81
85

110
105

140

209

210

250

310
330
390

360
370

SUBROUTINE HATINS (A)NRyNL14ByNCyML1,DZYERN;1I0,INDEX]
EQUIVALENCE (IROWyJROW), (ICOLUM,JCOLUM), (AMRX, T, SHWAP) i
DIMENSION A{NRy)NR), B(NR,NC), INDEX(NR,3)

INITIALIZATION

N=N1
M=Mi

DETERM = 1.0
B0 20 J=%yN
INTEX(JeX) = 0
90 550 I=i,N

SEARCH FOR PIVOT ELEMENT

AMAX = Q,C

D0 165 J=1,4N

IF{IRDOFX(J,3)~1) 60, 105, 60

DO 100 X=%,N

IF(INDEX(K,3)-1) 80, 10C0, 715

IF ( AHAX =ABS (A(J,K))} 65, 100, 100
IRNH=J

ICOLUM =X

AMAX = A3S (AlJyK3})

CONTINUE

CONTINUE

INDEX{ICOLUM,3) = INDEX(ICOLUM,3) ¢4
INDEX(Io1)=IROMN

INDEX (T 2)=ICOLUM

L “%

INTERCHANGE ROWS TO PUT PIVOT ELEMENT ON DIAGONAL

IF (1ROW~-ICOLUM) 140, 310, 140
DETERM==DETERN

D0 200 L=1,yN
SWAP=A(IROW,L)
ACIROW,L) =ALICOLUM,yL)
A(ICOLUN,L) =SHAP
IF(M) 210, 310, 21C
00 250 L=1, ™
SHAP=8 ( IROW,L)
S(IROW,LI=B(ITOLUHM,L)
B(ICOLUN,L)=SHAP

OIVIGE PLVOT ROW BY PIVOT ELEMENT

PIVOT =A{ICOLUM, ICOLUM)
NETERM=0ETERM*PIVOT

A(ICOLUN, ICOLUMI=S,0

00 350 L=1,yN
A{ICOLUM,L)I=ACICOLUM, L) /PIVOY
IF(M) 380, 380, 360

D0 370 L=14M
BCICOLUR,L)=B{ICOLUM,L)/PIVODY

REDUCE NON-PIVOT ROWS §

oA Az



IF(Ls~ICOLUM) 40D, 550, 400
%09 T=AtL1, ICOLUM)
ACLL, ICOLUMY=D,0
00 450 L=1,N
L50 AtLL,L=R{LL,L)-BLICOLLN, LYY
IF(®) 550, 5%0, 460
460 N0 S00 L=1,M
S00 BULL,L)=Bi{L1,L)=B(ICOLUM;LI*T
556G CONTINUE

?‘? %’ 380 00 S53 L1=1,N

INTERCHANGE COLUMNS

OO0

00 710 I=1,N
L=NeL-T
IF (INDEX{L,1)~INDEX{L,2)} 630, 716, 630
630 JROW=INBEX(L,1}
JCOLUM=TINDEX (L 42)
DO 705 K=1,N
SHAP=A (K, JROW)
A{K, JROW)=A (K, JCOLUM}
A (K, JCOLUM) =SKAP
e 705 CONTINUE
. 710 CONTINUT
D0 730 K = 1,N
' IF(INDEX(K,3) =1) 715,720,715
720  CONTINUF

730 CONTINUE
‘ 17 =1
310 PETURN
& 715 10 = 2
| 50 70 810
END

WD A e, o -

LR e b e
SO ERRRT A Sy

134

IR MO
: T

%

W
¥
S »k.

;




SUSROUTINE OMHAS (NP,Nh,Y,R)

GNHAS, A FORTRAN IV VERSION OF SHARE SUBROUTINE AM GMHAS,
PROGRAFNED FOR IAM 360 CONVERSION.

PROGRAMNER - ¥4, GOLDEN, CODE 892, 8~20-53.

........ A LGOR IT HH - D YD W Ay PP S WIS WD W P DD D @ AP D YD W W TS G U YD D B A WD WD --u----rno—----

FOR A SET OF Y(I) FOINTS (0,LE.I.LE«K~1), WHICH CORRESPOND TO A
SFT OF EQUALLY SFACED X{(I) POINTS, COMPUTE THE AlJl; 3(J), C(J),
AND PHIC(J) TERMS OF THF FOLLOWING SERIES, WHERE H IS THF NUMBER
OF HARMCMICS OESIREN.

H
Y=A(0) SUM(ACIIPCOS(I®X) +B (U *SIN(J*X))
J=1

oRr

H
Y=A(0) +SUM(C(JI*SINII* X+PHI( ) ))
J=1

WHERE CHJ) IS THF AHMPLITUDE ANND PHI(J) IS THE PHASE ANGLE OF THE
JT4, HARMONIC, THE FUN(TION IS ASSU4SD PERIOOIC WITH Y(0)=Y(K),

-------- ARGUMENT DEF INI TI (4 ] I R R L L R P R e T

1. NP ~ THE NUMBSP OF INPUT POINTS ( K ABOVE ).,

2« NH - THE NUMABER OF HARMONICS DESIRED ( H ABOVE ).

3. ¥ - THF SET OF INPUT POINTS DESCRIBFED ABOVE,

be 2 -~ THE OUTPUT ARRAY, WHICH CONTAINS A(0),8(0),C(0),PHI{QY,
CIB)/CUMAX) g AlL ) gaoe g AINH) s SUNHY CINH) yPHI(NK) ,CINH) /C (MAX),

—————— #ESTFICTIONS ==mmwmcecamcn= L T TP R T S
1. ® PUST BE DIMENSIONED AT LEAST S5*(NHe1) ¢2 IN THE CALLING

DROGRAM,
2. Y MUST BE CIMENSIONED AT LEAST NP IN THE CALLING PROGRAM,

S > w - QOTES L L L XL T L TP XL DE R Y LI PR L L R 2R ¥ ¥ X ¥ 2 ¥ ¥ L Y ¥ YT TN

1, RUS*#NH+6) CONTAINS THE CHICKSUM

X/2
Y(0)=A(0) ¢SUM(A(J)) FOR H EVEN
J=1
oRr
(K=1)/2
Y(O)=A{0)+SUM(ALI)) FCR H 0DD.
J=1

2¢ RESPNHe7) CONTAINS THE CHECKSUM

2 e,
e

et tcon mvinsiey. je—

2z EsNeleNaNaNeRasNe e ReNu e Nelole Yo N oo Nele Ne e Rd X e R Ne ¥ e Rz Ne R e Ne Re N Ne Ne s No e Ne Xa Ne N No N Ry Ne Ne N Na Ny Ny R o I o/
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K/2+-1
Y{1)=V{(K=-1)=2*SUM{B(JI*SINC(J*ALPHALO))} FOR H EVEN
J=1
OR
(K-1) 72
Y(1)-Y(K~-1)=2%SUMIB(JI*SIN(J*ALPHA(CO))) FOR K 000
J=1

3. ALPHA IS DEFINED AS 2%*PIrK

ko ALL ARGUMFNTS ARF SINGLF-PRECISIGN, AND ALL COMPUTATIONS ARE
OOUBLE~PRECISION,

5. THE CHECKSUMS ®ILL NOT BE COMPUTED IF A FULL-POINT ANALYSIS

IS NOT MADF.

e THE PHI®S ARE IN DEGREES, NOT RADIANS,

7. THE SIGN OF PHI(0) (AND PHI(K/2) IF COMPUTED) IS MAOE TO AGREE
WITH THE SIGN OF A(0) (ANGC Ai{K/2)).

8. PHI(I) IS NOT COMPUTEC FOR A(I)2B(I)=0,; FOR 1.LEsI.LE«NH,

OO0 OOOOO0O0OOO000

DIMENSION Y(1),R(1)
00Y3LF PRECISION CoC1,C2,SyS1yXNPyANGLEALPHA
EQUIVALENCE (S,C)

c
C .
C 2770 THE OUTPUT ARRAY,
c
NH1=5%NH+7
DO 10 I=1,NH1
19 R(I)=0.
C
# COMPUTE AL*. CONSTANTS
C
C1=360.7/¢,.,2831%53
XNP=NP
C2=7+/XNF
ALPHA=H, 28318537 XNP
c
c COMPUTE A(C), B8(0)=0, C(0), AND PHI(D).
c
S=0.
D0 20 I=1,NP
20 S=S+Y(I)
R(L)=S/7XNP
c
c COMPUTE A(I)y BC(I}y C(I)y PHICI) FOR feLEeleSEK/2>1
c .
00 40 I=1,NH
5300 ‘
Si=0.

DO 30 J=1,NP
ANGLE=ALPHA*FLOAT ((J~1}*])
S=S+Y (J) *OC0S (ANGLED

30 S1=S1+Y(J)*DSINCANGLE)
I1=5%I+1

IR fbgg‘\gg "s«;r.s, e .»t"*‘ PR
EE égo‘,.y ';(-7 v,g‘»e \5*' SN
ws N oL
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(o NN el

OO0

31 FORMAT (///716H TO COMPUTE PHI( IbL,46H),IT WOULD BE NECESSARY T0 CCM
{PUTE ATAN2(0,0)./748H THESE ARGUMENTS WILL NOT BE ACGCEPTABLE; SO PH

32
Lo

5C

89

99

R{I1)=S%*C?
R(It+1)=S1%C2
C=RIIL1}**2¢R(I141)**2
R(I1¢2)=DSQRT(C)
R{I144)=R(I142)

00 NOT CONPUTE PHI(I) IF A(I)>=B(I)=0.

IF(R(I1)eNEsDeeOFRII1#1) oNELD0.)GO TN 32
WRITE(6,21)I,1

210 T4;23H) WILL NOT dE COMFUTEC.///)
G0 TO 4@

R{I1e3)=C1®ATAN? (R(I1},R(I1+1))
CONTINUE

COMPUTE A(K/2), GI(K/2)=0, C(K/2), PHI(K/2) IF H IS EVEN,
DO NOT COMPUTF THENM IF H LS 000 OR A FULL-POINT ANALYSIS IS
NNT CO“PUTEDN.

IF(MOO(NP42)NE.C)GO TO 60
IF((2*NH) JhEL (2% (NF/2)))GO TO 60
Al=~1,

S=1.

00 S0 I=1,NP

Al=-A1

S=S+AI*Y(])

NH1=5%NH+1

R(NH1)=S/XNP
RI(NHL+2)=A8S(R(NH1))
R{NH1 +4) =R (NH1+2)
R{NHi*1)=0,
R(NH1¢%)=SIGN(90 .y RINMHL})

COMPUTE CMAX,

C=9,

NHi=NH+1

00 70 I=1,NH1
C=uMAX1(C,DBLE(R(5*I)))

COMPUTE C(I}/CMAX FOR DsLEsIcLE.NH.

DO 80 I=1,NH1
11=5+1
R(IL)=R(I1)/C

COMPUTF THE CHFCKSUMS IF A FULL-POINT ANALYSIS WAS COXPUTED.

IF((2%NH) «NEs (2% (NP/2))IRETURN
I1=5%NH1+1

D0 90 T=14NH%
R(IL)=R{T1)¢R(5%]~4)

I1=Y1+1

IF(HOD (NP, 2) «EN4 0) NH1 =NH1~4

D0 100 I=2,NH1

-

o

| SNRERL>
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100

RII1V=REL1)¢R(S®I-3) *OSIN(FLOAT(TI=13*ALPHA)
R{I1) =2, %R{I1H

RETURN

END

PE
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