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a(x)
B(x)

(C/R)LE’(C/R)TE

Th
TS

ThP

NOTATION
R
Expanded blade area, Zfrh c dr
Propeller expanded area ratio, (22/n)fl (c/D) dx
h

Keller's minimum expanded area ratio for eliminating back
bubble cavitation, (2.6+0.6Z)KT/{00 7[J2+(0.7n)2]}+K

Disc area, =nD?%/4

Estimated propeller projected area,
[1.067-0.229 (P/D)i]AE

Area of section, 2c(x)t(x)f$t(x,x2)dx

Distance of CG from hub face,
y cos 3 + X sin(¢-es) x R tan(¢-6R) 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 1ift coefficient

Power loading coefficient, PD/ﬁp/Z)ﬂRZVA{]

Power loading coefficient based on ship speed,
PD/[(p/Z)nR2V3]; calculated fl ( +e/tansl)
(dCpg/dx) dx h

Thrust loading coefficient, T/[(p/?)nRZVAZ]

Thrust ioading coefficient based on ship speed,

T/[(p/?)nRZVZJ; calculated fl (- etanBI)
(dcTSi/dx) dx h

Power loading coefficient, fl (- wx) - etanBI)
(dCTSi/dx) dx h

Propeller blade chord Tength, c(x)
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Inviscid power loading coefficient,
(4Z/xs)xGE(1-wx)+UT/2V]

Inviscid thrust loadine coefficient,
4ZG[(x/As)-UA/2V]

Propeller diameter
Hub diameter

Parameter for calculating the fluctuating
angles of attack, 1/[1+2ntan(81-8)/CL]

Camber
Acceleration due to gravity

Nondimensional circulation about a blade
section r/(2aRV)

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

Moment of inertia of blade section about
x and y axes

Advance coefficient, V(1-wT)/(nD)=VA/(nD)
Ship speed advance coefficient, V/(nD)

Kellers' constant for predicting minimum
blade area of propeller (see p. 22)

2 5

Torque coefficient, Q/(on D )
2 4

Turust coefficient, T/(pon D )

Propeller 1ift distribution per unit span
for finite element stress calculations

Moment of blades, see page 34
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Moment due to thrust and torque

Moment parallel and perpendicular to
the nose - tail line

Propeller revolution per unit time

Estimated prcpeller pitch ratio at 0.7
radius, 0.7ntan8I in program

Delivered power at propeller, 2nQn
Effective power

Shaft power

Propeller torque

Propeller tip radius

Propeller revolutions per minute
Propeller local radius

Propeller hub radius

Local position zlong the section chord
Propeller thrust

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

Chordwise distribution of section thick-
nzss (NACA 66 modified thickness form is
used)

Axial induced velocity at 1ifting line
Tangential induced velocity at Tifting line

Ship speed
Speed of advance of the propeller, V(]-wT)
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Local velocity along the x axis at any field
point

Inflow velocity at each propeller section,
v -W ]+ A/ V]<s xs- T/c <

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

Weight of blades
Weight of hub
Propeller weight

Circumferential mean wake fraction at each
radius calculated from wake survey

Tangential velocity from sources other than
the propeller wake (]~wx)

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

Volume mean wake fraction

Propeller wake fraction, 1-[(1-wT)/(1-wv)](1-wc)
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 skew induced rake
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max

6

00.7

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

Maximum fluctuating anale of attack,
a;-(-08)7(x)

Minimum fluctuating angle cf attack,
a;-(+88)F(x)

Advance anqle of a propeller blade section

Hydrodynamic flow angle of a propeller blade
section

Circulation about a propeller blade section,

Section drag-lift ratio, CD/CL

Propulsive efficiency, PE/DD=(1-t)CTS/CPS

Estimated propeller efficiency,CTHP/Cnc
Blade rake angle in degrees
Blade skew angle in degrees

Advance ratio of propeller based on ship speed,
V/(nnD)

Water density
Density of propeller material
Pitch angle

Section cavitation number, ZgH/Vf

Burrill cavitation number, .
2gH/[(V(1-w,_y 7)} 2 +{0.7nnD} 3

Burrill thrust loading coefficient,
T/LOV(1-w, g 7)} 2 +{0.7wnD) 2 ]




ABSTRACT

This report presents a computer program that can be used for
the preliminary design and to predict the performance of single
screw propellers when designed for a prescribed hydrodynamic
pitch distribution. This design program is based on 1ifting line
theory as developed by Lerbs for moderately-loaded finite-bladed
propellers. Stress calculations using beam theory, propeller
weight, moments of inertia, and center of gravity for specified hubs
are also made for each design, which take into account the effect
of blade skew and rake. Design calculations can be made for given
dasign speeds where the corresponding shaft power is computed
(thrust option), or for the case when the shaft power is specified
and the corresponding speed is computed (power option). A FORTRAN
listing of the program, developed to run on the computers at the
David W. Taylor Naval Ship Research and Development Cente:r {DTNSRDC)

is presented as well as the input and cutput obtained for two sample

designs, one using the thrust option, and the other the power option.
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ADMINISTRATIVE INFORMATION
This work was sponsored by the Naval Ship Systems Command,
SHIPS 034, and carried out under the David W. Taylor Naval Ship
Research and Development Center (DTMSRDC) Work Unit No. 1524-462,
Task 15942.

INTRODUCTION

The David W. Taylor Naval Ship Research and Development
Center (DTNSRDC), Carderock Laboratory, was requested by the
Naval Ship Systems Command (MAVSHIPS) to develop a computer
program that can be used as an aid in determining optimum
values of propeller design parameters such as diameter, rpm, ) f
and blade number for navai vessels. This report has the
objective of presenting a computer program that can be easily
used for the preliminary design and for prediction of the
performance of propellers applicable to specific ships.

The main portion of the computer program makes preliminary
propeller design calculations and performance predictions
using Lerbs' 1ifting Tine moderately-loaded finite-bladed

propeller theory of References 1 and 2. Once the lifting

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

2. Morgan, W.B. and Wrench, J.W., Jr., "Some Computational
Aspects cf Propeller Design," Methods in Computational Physics,
Vol. 4, Academic Press Inc., New York, p 301-331, 1965
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line calculations for the propelier have been obtained, a
computer program based on 1ifting surface theory must be

used to determine the final pitch and camber of the propeller3.
Numerous experimental checks4 on the design procedure used
have verified this procedure.

A computer program for the preliminary design of propellers
having a prescribed pitch or circulation distribution was
previously published in Reference 5. One of the most
important new features of the new computer program is the
power option which computes the speed automatically when the
design power is specified. Other features included in the
present computer program follows:

1. Only one set of basic input data is required for the
preliminary design of a series of propellers with rpm,
blade number and expanded area ratio varied. Any
number of basic sets of data can be specified in

the computer program.

tn—— n—

3. Morgan W.B., Silovic, Viadimir and Denny, Stephen B., "Propeller

Lifting-Surface Corrections,”" Transactions of the Society of Naval
Architects and darine Engineers, Vol. 76, p 309-347, 1968

4. Boswell, R.J., "Design, Cavitation Performance ard Open-Water

Performance of a Series of Research Skewed Propellers,” Naval
Ship Research and Develpment Center Report 3339, March 1971

5. Haskins, E.W., "Calculations of Design Data for Moderately Loaded

Marine Propellers by Means of Induction Factors," Naval Ship
Research and Development Center Report 2380, September 1967

.
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2. The propeller stress, based on beam theorys, modified
to account for the effect of rake and skew, is computed for
each design. An input option is used to make stress calcula-
tions for a linear or nonlinear distribution of blade skew.

5. Parameters required to make blade surface cavitation
checks using the Burriil cavitation charts of Reference 7 and
Brockett's incipient cavitation diagrams of Reference 8 are
calculated on the computer. In addition, Keller's method9 of
predicting the minimum expanded area ratio based on back bubble
type cavitation, is calculated. The estimated propelier
weight including the hub, and input parameters required for -
the 1ifting surface computer program used to calculate the

final pitch and camber of propeller designs are some of the

other parameters calculated.

6. Eckhart, M.K. and Morgan, W.B., "A Fropeller Design Method,"
Transactions of the Society of Naval Architects and Marine
Engineers, Vol. 63, p 305-370, 1955

7. Burrill, L.C. and Emerson, A., "Propeller Cavitation: Further
Tests on 16 Inch Propeller Models in the Kings College Cavita-
tion Tunnel," Transactions of the North East Coast Institution
of Engineers and Ship Builders, Vol. 78, p 295-320, 1963-64

8. Brockett, Terry, "Minimum Pressure Envelopes for Modified
NACA-66 Sections with NACA a=0.8 Camber and BUSHIPS Type I
?ggGType IT, Sections," David Taylor Model Basin Report 1780,

9. Keller, J. Auf'm, "Enige aspectem bij het ontwerpen van
Scheepsschroeven," Schip en Werk, No. 24, p 658-662, 1966
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PROPELLER LIFTING LINE THEORY

The availability of high speed digital computers has made
it now possible to make use of more adequate mathematical models
to represent the hydrodynamic action of marine propellers.

The computer has also released the designer from performing
laborious computations involvad in present design methods.

The 1ifting 1ine theory used in the computer program
presented here is the theory developed by Lerbs (Reference 1)
for moderately-loaded finite-bladed propellers. This lifting
linre design method discussed by Cox and Morgan in Reference 10
also permits the designer to accurately account for propeller
parameters such as number of blades, hub size, radial blade-
loading, and wake distribution. Since this theory is discussed
in detail in References 1 and 2, only some of the assumptions
made in developing the theory are mentioned here. The theory
developed by Lerbs' censiders the influence of the induced
velocities on the shape of the helical vortex sheet at the
1ifting line, but neglects the effect of centrifugal forces
and the contraction of the slip-stream. In addition, the
change in shape of the vortex lines is neglected in the axial
direction, indicating that each vortex line is assumed to be of
constant pitch. However, the vortex sheets are not necessarily
helical surfaces since the pitch may vary along the radius.

10. Cox, G.G. and Morgan, W.B., "The Use of Theory in Propeller
Design," Marine Technology, Vol. 9, No. 4, p 419-429, October 1972

Lt NS e T
Tew




A

The computer program can be used for the preliminary design of
a propeller having a prescribed pitch dis.ribution. The viscous
effects of the propeller are taken into account by giving as
input the blade-section drag coefficient and chord lengths.
Blade stresses are computed usina simple beam theory by giving

as additionai input the blade thickness, rake, and skew.

DESCRIPTION OF INPUT DATA

Dimensioned parameters may be input in the appropriate S.l. or
English units, as specified by the user illustrated in Table 1.
Effective power, shaft power, speed (V), number of blades (Z),
diameter (D), rpm, propeller wake (l-wx), and estimate of the
hydrodynamic flow angle distribution (BI) are required input
parameters in order to make nonviscous propeller design

1,2

calculation The radial distribution of blade chord lengths

nondimensionalized on diameter (c/D) and section drag coefficients
(CD) must also be specified as input if design calculations are

to account for the propeller viscous effects. Since the computer
program presented calculates the propeller principal stresses

based on beam theory, the radial distribution of maximum thickness
nondimensionalized on chord lenath (t/c), rake nondimensionalized

on diameter (ZR/D), and skew angle (es) must also be input parametiers.
The blade section cavitation number (o) is a required parameter in
order to make blade surface cavitation checks using the Burrill

cavitation diagrams of Reference 7 and Brockett's incipient cavitation

s
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diagrams of Reference 8. By specifying the static head (H) as input
data, the cavitation number (o) is calculated on the computer.

Hub dimensions can be input or assumed to be a circular cylinder

of equal length and diameter as described in Appendix A. A brief
description of how these input parameters can be determined will

be discussed in this section,

Effective Power, Speed, and Shaft Power

Effective power and speed are normally obtained from model
self-propulsion experiments. Input effective power (PE) and shaft

power (PS) are defined as follows:

i PE = VT(1-t)
PS = 2nnQ
where n = propeller revolutions

R
1}

S shaft power,

©
L]

E effective power,

propeller torque,

propeller thrust,

-l -4 o
"

n

ship speed
(1-t) = thrust deduction, which may vary with

diameter and speed.

e I 7S I .



Nondimensional Radial Distance (X)

This is a reference set of eleven nondimensional radial
distances x; at which all other distributions, either input
or calculated by the computer, are defined as existing. In
general X; = ri/R, with the restrictions

Xy = rh/R

x]1= R/R=1,
where ry = the distance along the propeller reference line from

the shaft axis to the ith section,

propeller hub radius, and

o)
"

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 circum-
ferential mean of the axial velocity distribution (1-wc) is obtained
from a wake survey without the propeller operating. However, the
(1-wc) wake distribution must be corrected for the propeller action.
No completely satisfactory method is presently available to obtain
this correction, but an approximation of the radial distribution of

the wake (1-wx) with the propeller vperating is obtained as follows:

ot oy
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Wake distribution
(T-w ) = [(1-hT)(1-wc)J/(1-wv) (1]
where (1-wc) = radial distribution of the circumferential
mean wake from wake survey data,

(1- T) = effective wake from self propulsion data

(I-WV) = volume mean wake, [2/(1-x§)]f1 (1-w_) xdx,
R = propeller radius,

r = cropeller local radius

h = propeller hub radius,

X = nondimensional radial distance (r/R), and
Xp = 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 Input Option

The advance angle distribution (tang) is normally calculated

i)
from Equation [1]. For most single screw propeller designs this

from the equation V(]-wx)/(nan) using the propeller wake (1-w

approach gives good performance predictions. In a few instances,
it may be desired to utilize the computer program presented to

design and predict the performance of propellers operating inside

a duct or in the vicinity of another propeller as in the case of -

tandem or contrarotating propellers where the axial (wa/V) and




tangential (wt/V) velocities induced by these additional sources
near the propeller plane can be predicted. In this case, an option
in the computer program allows the input of the estimated tans
distribution which accounts for the axial (wa/V) and tangential
(wt/V) velocitias induced by other sources in the following manner:
Equation for Estimating tang If Input Option Is Used

tans = [0-w) 0, ML/ =0 /V)] [2]

estimated

where wa/V axial velocity from other sources,

wt/V = tangential velocity from other sources,
o= advance ratio based on ship speed, V/(xnD},
v = ship speed, and

e = propeller diameter.

It can be seen from Equation [2] that for the case where (wa/v)
and (wt/v) values are specified as zero, the advance angle tang
is calcuiated in the usual manner when designing single screw
propellers. If the tang input option is used, the tans values
are calculated using Equation [7]. For “he normal sinnle sarew

propeller desian case, tang is calculated on the computer.

Hydrodynamic Flow Angle Distribution

The hydrodynamic flow angle distribution (tanBI) can be

specified as input. An option is included so Lerb's optimum

10
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taneI distr!bution6 can be caiculated by the computer as follows:

tang; = (tanB/ni)[(l-wT)/(wa)]]/2 [3]
where n. = propeller ideal efficiency

ng = 0.85 is used in the program, and

tang = advance angle distribution
Lerbs' optimum tanBI distribution usually results in optimum pro-
peller efficiency. If other factors such as cavitation, strength
and vibration are considered, the input of an alternate taneI

distribution may be desired.

Static Head

The static head (H) at the shaft centerline is
required input. This parameter (H) is defined as Hg#H -H, , 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 H_ and may be neglected. The static head (H) is used to
calculate the section cavitation number (o) in Equation [25] and

the Burrill cavitation number oy 7 of Equatiun [30].

Blade Qutline and Expanded Area Ratio

The blade outline (c/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:

n

et
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1
AE/A0 (ZZ/ﬂ)th c/D dx

where ¢/D = nondimensional chord length, and

Z = number of blades
If the (AE/AO) input value differs from the one indicated

in equation [4], adjusted (c/D) values used for the design are

calculated as follows:

(C/D)adj=(c/0) input(AE/AO)calc/<AE/AO)design

The final blade outline and expanded area ratio should be chosen

to give satisfactory propeller strength and cavitation 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 Strass Calculations Using Beam Theory section
discussed later) based on beam theory6 to be calculated during the
preliminary design stage of the propellers. 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
strengthﬁ, the following equation can be used to obtain initial

(t/c) input values:

Blade Thickness Ratio:
t/c = (t/0)/(c/D)

where t/D = radial distribution of thickness (can be estimated from

Reference 6).

12




! iy

Rake and Skew

Nondimensional rake (ZR/D) and the skew angles (es) for a design
are specified to permit adequate predictions of principal propeller
stresses using the beam theory method described in Reference 6
and discussed later in the propeller stress section of this report.

The rake (ZR) is defined consistent with Reference 11 (see Figures
1 through 2d) as the distance from the propeiler plane to the genera-
tor line in the direction of the shaft axis. Aft displacement is
considered positive rake (see Figures 2a).

Since the skew angles (es) significantly affect propeller
unsteady forces, a computer program based on the unsteady

propeller lifting surface theery of References 12, 13, 14, and 15

.

can be used to select the skew angles (eS) for the propeller
design. The input skew angles (es) in degrees are defined as
the angular displacement of points on the blade reference line

from the propelier reference linre in the projected view.

11. Cumming, R.A., Dictionary of Ship Hydrodynamics - Propeller
Section, 14th International Towing Fank %on?eﬁEﬁEé |§95,
Report of Presentation Committee, Appendix VII

12. Tsakonas, S., Breslin, J., and Miller, M., "Correlation and
Application of an Unsteady Flow Theory for Propeller Forces,"
Transactions of the Society of Haval Architects and Marine
Engineers, Vol. 75, p 158-193, 1967

13. Breslin, J.P., "Exciting-Force Operators for Ship Propellers,"
Journal of Hydronautics, Vol. 5, No. 3, p 85-90, July 1971

14. Jacobs, W.K., Mercier, J., and Tsakonas, S., "Theory and
Measurements of the Propeller-Induced Vibratory Field,"
Davidson Laboratory Report SIT-DL-1485, December 1970

15. Tsakonas, S., Jacobs, W.R., and Ali, M.R., "An Exact Linear
Lifting Surface Theory for Marine Propeller in a Nonuniform
Flow Field," Journal of Ship Research, Vol. 17, No. 4,

§ December 1274
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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 usually gives reasonable
estimates of model propeller drag for propeller shapes normally used at DTKSRDC
in the past. For propellers having very thick blades, the following equation,
available as an input option on the computer, and derived as a function of
maximum thickness (t/c) values using experimental data from NAZA 66 type

16,17

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

Section Drag Coefficient:
4
CD = CFO [141.25(t/c)+125 (t/c) ')
where CFO is the friction resistance of the section, e.g., CFO = (3,008 for
Reynolds number of approximately 106 and Céb = 0.004 for Reynolds numbers of

approximstely 108.

Options for using alternate nonlinear CD distributions, or a constant CD

distributions are also available.

Final Pit.n Ratio (P/D) Input Option

The final pitch-diameter ratio (P/D) distribution defined as
nxtan ¢ where ¢ is the pitch angle is normally not known
during the preliminary design stage of the propeller. Because

of this hydrodynamic flow angle (BI) from 1lifting 1line

16. abbot, Ira H. and Von Doenhoff, Albert E., “Theory of Wing

Sections Including a Summary of Airfoil Data," Dover Publications
Inc., New York, Library of Congress Catalog No. 60-1601, 1949.

Hoerner, S.F., "Fluid-Dynamic Drag," Published by the author,
Midlard Park, New Jersey, 1965.
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calculations is substituted for the pitch angle (¢) in the
bending moment calculations when making stress calculations
using beam theory and when predicting clearance between blades
and fillets at the propeller hub, If the final P/D values are

known, they can be used.

DESIGN AND PROPULSIVE PERFORMANCE PARAMETERS CALCULATED

In order to simplify propeller design calculation pro-
cedures, the design thrust and power of propellers are usually
considered in nondimensional form. The nondimensional design
thrust loading coefficients (CTS and CTh) and design power
ioading coefficients (CPS and Cp) are calculated on the computer
in the following manner:

Thrust Loading Coefficients:
Crg = T/L(2)IRAVE or Cppp = T/L(w2)nR2Y,2 [7]

Power Loading Coefficients:

Cps = Py/L(p /2)nREV] or €, = Py/L(p /2)aP%, 3 (8

where V = ship speed,

"

VA speed of advance of propeller, V(l-wT), and

o density of fluid
Lerbs 1ifting line theory is used to determine the
propeller 1ift coefficient (CL)’ circulation (G), hydro-

dynamic flow angle (BI), axial induced velocity (UA/ZV), and

15
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tangential induced velocity (UT/ZV). These 1ifting line calcula-
tions take into account propeller viscous effects by specifying

as input in the computer program the propeller section nondimen-
sional chord length (c/D) and section drag coefficient (CD). A
method for obtaining values for c/D and CD is discussed in the
Description of Input Data section of the report. Design parameters
such as thrust loading coefficient (CTS)’ thrust power coefficient
(C.th, power loading coefficient (CPS), propeller efficiency (nP),
and propulsive efficiency (nD) are calculated for each propeller

in the following manner:

Thrust Loading Coefficient:

C 1h (1-etanBI)(dCTSi/dx)dx=T/[(;/2)nR2V2] [9]

157/x
Thrust Power Coefficient:
2,2
=’] - - = -
Crnp th(1 W, ) (1- etang ) (dC g /dx)dx=(1-wp){T/[( ¢ /2)sR7V"T) [10]
Power Loading Coefficient:
2,3
=1 =
Cpse th(1+ dtans)dCPSi/dx)dx-PS/[(o /2)nRV7] 1]
Estimated Propeller Efficiency:
Tpe= Crpp/Cps = TVy/ (210n) [12]

Estimated Propulsive Efficiency:

nD=(1-t)CTS/CPS=PE/PD [13]

16
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where CL = section 1ift coefficient from 1ifting 1ine theory
CTSi = nondimensional inviscid local thrust loading coef-
ficient, 4ze[x/x5)-u7/2v]
cPS‘I = nondimensional inviscid local power loading coef-

ficient, (4Z/AS)xG[(1-wx)+UT/2V]
G = nondimensional circulaticn from 1ifting line theory
UA/ZV
UT/ZV

axial induced velocity from 1ifting line theory

tangential induced velocity from 1ifting line theory
The calculated propeller thrust (T) is obtained by substituting
the C;g calculated in Equation [9] inte Equation [7] and the
delivered power PD is obtained by substituting CPS computed
using Equation [11] into Equation [8].

Other parameters useful in designing and evaluating the
performance of propeliers include the advance coefficient (J),
ship speed advance coefficient (Jv), thrust coefficient (KT),
torque coefficient (KQ), moment due to thrust (MTb), moment
due to torque (MQb)’ moment parallel to section nose-tail
line (MXO), moment perpendicular to the nose-tail line (Myo) and
the blade loading distribution (L]). These parameters are

calculated as follows:

Advance Coefficient:

J=V(1-vp)/(nD)=V,/ (nD) [14]

17

REEIPE D SV L YRRy s ST o - ¥

Lo, w e



e ———————— e s ol ot e

Ship Speed Advance Coefficient:

JV=V/(nD) [1s]
Thrust Coefficient:
Ke=T/( ¢ 0°D%)= (nC. . /8)d, 2 [16]
T s/ Py
Torque Coefficient:
_ 3
U - n2p5)=(Cps/16)dy (7]

Moment Due to Thrust:
My (x,)=[ an3V2/(ZZ)]I)1(h(x—xo)(1- e tang, ) [dCrc./dxJdx [18]
Moment Due to Torque:
_ 3,2 1
MQb(XO)-[p aR7Y /(ZZ)]th(x-xo)(tanBI+ d[dCTSi/dx]dx [19]
Moments Parallel to Section MNose-Tail Line:

Mxo(xo)=HTbcos¢+MQbsin¢ [20]

Moment Perpendicular to Section nuse-Tail Line:

Myo(xo)=MTbsin¢-Mchos¢ (21]
Blade Loading Distribution:
LT()={1/2)0cV 2, [22]

vhere XsXy = propeller nondimensional radial stations,
r/R and ro/R

¢ = propeller pitch angle (input or BI)

V = section inflow velocity, V/f(7. 2 _ r4

r Yo WL(-w, )40/ 2V] 7+ [(x/2 ) -Up/ 2V]
Appendix A presents procedures for calculating propeller weight,
center of gravity, mass polar moments of inertia and radius of
gyration and Appendix B shows how the American Bureau of Shipping

(ABS) coefficients and thickness requirements are calculated. Other

13
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calculations made include stress calculations based on beam
theory, parameters for making blade surface cavitation checks,
chord lengths for making final pitch and camber calculations,
and the prediction of spacing between blades and fillets at

the propeller hub.
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. The principal stresses in the
propeller blade are computed for each propeller. Both hydrody-
namic and centrifugal loadings are considered. In this stress
calculation procedure, the propeller blade is represented as a
straight cantilever beam of variable cross-section without camber.
Experimental results show that the neutral axis of an airfoil
section lies approximately along the mean line so camber is not
considered in the stress calculations presented. Only the
maximum principal stresses calculated at the mid-chord of each

section are printed as output in the computer program. Stresses

19




for the final design should be calculated by finite element
teckniques 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 8 can be used to predict the blade surface cavita-
tion characteristics of each propeller once the 1ifting line cal-
culations have been completed. The two-dimensional camber to
chord ratio (fM/c), ideal angle of attack in degrees (ai), section
cavitation number (o), nondimensionalized with the section inflow
velocity (Vr)’ and the maximum and minimum fluctuating angle of
attack (°max’ “min) in degrees are parameters that must be deter-
mined before Brockett's incipient cavitation charts can be used.
These parameters are calculated as follows:

Section Maximum Camber to Chord Ratio for NACA a=0.8 Meanline:

fy/c=0.0679 C, [23]
Section Ideal Angle of Attack in Degrees for NACA a=0.8 Meanline:
o;=1.54 C; [24]
Section Cavitation Number:
w=2g(H-xR)/V, ? [25]
where g = acceleration due to gravity

H

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

The maximum and minimum fluctuating angles of attack

20
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by Lerbs and Rader in Reference 18. These calculations can be

°max’°m1n) in degrees are calculated using the method derived
made using the following equations:
Haximum Fluctuating Angles of Attack:

amax=ai-(-A8)F(x) [26]
Hinimum Fluctuating Angles of Attack:
onin=a;- (+88)F(x) [27]

Maximum effective angle of attack in degrees

i

where -a8

(from wake survey data), and

1

+A8 = Minimum effective angle of attack in degrees
(from wake survey data).
The parameter F(x) in Equations [26] and [27] is dependent
on the hydrodynamic flow angle (BI), the advance angle /{8) and
the 1ift coefficient (CL)’ and is caiculated on the computer
using the following equation:
F(x)=1/[1+2utan(31-3)/CL] [28]

7, can also be used to give an

The Burrill Cavitation Charts
approximate check on the cavitation performance of propellers.
Burrill's thrust loading coefficient (rc) and cavitation number
(0g.7) at 0.7 radius defined as follows are parameters that

must be known to use these cavitation charts.

18, Lerbs, H.W. and Rader, H.P., "Uber de Auftriebsgradienten von

Profilen im Propeller Verband," Schiffstechnik., Vol. 9. No. 48.
p 178-180, 1962
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e =T/ 120 L V(1w )P4(0.7anD)] [29]
Burrill Cavitation Number at 0.7 Radius:
°°.7=29H/[{v(]'"x=e )}2+{0.7nn0}2] [30]

where AE = propeller expanded area, f&c dr,
h

A propellier disc area, nDz/4,

0
Ap = propeller projected area, [1.067~0.229(P/Di]AE. and
(P/D)i = propeller pitch ratio at 0.7 radius input or

estimated as 0.7ntan81.

Keller's method9 of predicting the minimum expanded area
ratio of the propeller is also calculated on the computer. Tne
minimum expanded area ratio, based on eliminating back bubble
type cavitation, is computed as follows:

(AE/AO)K=KT(2.6+0.62)KT/{00.7[J2+(0.7n)2} [31]

The constant K=0.15 was used in this program. Many possible
alternate values of K may be desired, for example: K=0.2 is

used for single screw ships with bronze propellers having rake

of approximately 10 degrees, K=0.10 is used for twin screw ships
with copper-aluminum propellers, K=0.15 is used for twin screw
ships with bronze propellers and for single screw ships with
copper-nickel-aluminum propellers, and K=0 to 0.05 is used for
propellers for fast ships such as destroyers and frigates. If

a different value of K is desired, the expanded area ratio cal-
culated in equation [31] should be adjusted to account for changes

in the value of K,

22
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CHORD LENGTHS FOR PITCH AND CAMBER CALCULATIONS

The final pitch and camber for each propeller can be calcu-

lated using computer programs presented in References 3, 19, 20,

21,

22, and 23. The programs require as input the section chord

length, (c/R)LE and (c/R)TE nondimensionalized on propeller radius,

in terms of the skew angle (es), hydrodynamic flow angle (eI) and

blade outline (c/D). The parameters (c/R)LE and (c/R)TE measured

from the leading edge and trailing edge to its reference line,

respectively, are calculated in the following manner on the

computer:

19.

20.

21.

22.

23.

Kerwin, J.E., "The Solution of Propeller Lifting-Surface
Problems by Vortex Lattice Methods," Department of the

Naval Architecture and Marine Engineerina, Massachusetts
Institute of Technology, Cambridge, Massachusetts, 1961
Kerwin, J.E., and Leopold, R., “Propeller Incidence Cor-
ection Due to Blade Thickness," Journal of Ship Research,
Vol.7, No. 2, 1963

Cheng, H.M., "Hydordynamic Aspects of Propeller Desiqn Based
on Lifting-Surface Theory: Part I - Uniform Chordwise Load
Distribution," David Taylor Model Basin Report 1802, 1964
Cheng, H.M., "Hydrodynamic Aspects of Propeller Design Based
on Lifting Surface Theory: Part II - Arbitrary Chordwise
Load Distribution, " David Taylor Model Basin Report 1803,
1965

Kerwin, J.E., “Computer Techniques for Propeller Blade Section
Design," Transactions of the Second Lips Propeller Symposium,
Drunen, Holland, p 1-31, May 1973
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Chord Lengths Measured From Blade Leading Edge:
(c/R)LE=xeS/(57.296 cos¢)-c/D [32]

Chord Lengths Measured From Blade Trailing Edge:
(C/R)TE=xeS/(57.296 cosé)+c/D [33]

(o=aI is used when pitch is not input)

SPACING BETWEEN BLADES AND FILLETS
Propeller designs should have enough clearance between
blades at the hub so fillets are properly applied. Hill,
Reference 24, derived the following equation, which is used
in the program to estimate spacing between blades at the hub
without fillets:
GZ = (2nrh)/Z - (th/sin¢) [34]
where ¢ = input pitch or By
Based on a number of full-scale propellers built with standard
fillets, Hill's blade clearance equation was modified in the
following manner to estimate spacing between fillets at the hub
during the preliminary stage of the design:
Ge =(2nrh/Z) - (1.9th/sin¢) [35]
A layout of blade sections is recommended as a final fillet

clearance check.

PROPELLER DESIGN THRUST AND POWER OPTIONS

The thrust option can be used to make 1ifting line calcula-

tions for propellers required to produce a given thrust at

24. Hill, J.G., "The Design of Propellers," Transactions of the Society
of Naval Architects and Marine Engineers, Vol. 57, p 143-170, 1949,

24
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specified values of speed and rpm (this is accomplished by adjust-

ing the ipput tan 81 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
power) is obtained and its correspondingeffective power is cbtain-
ed from the effective power input curve. Design calculations again
produce a new calculated power, and the process continues until the
closeness criteria of design calculated power is satisfied (two
jterations are normally sufficient). Smaller increments of input
speeds in general cause faster convergence.

Once the ?asic shape of the distribution is defined (see the
Hydrodynamic Flow Angle Distribution section) the final tang,
distribution K4 taneI is determined using the thrust or power
opt%ons, making 1ifting 1ine calculations of three nondimensional
thrust loading coefficients (CTs)l’ (CTs)Z’ and (cTs)3 that cor-
respond to thrae hydrodynamic pitch distributions, K] tanel, K2

tansl, and K3 tansI where K] = (0.975, K2 = 1.0, and K, = 1.025.

3
Once these calculations are obtained, the following system of

equations are set up:

- 2
(Cr)y = ABK +CK]
- 2
(Crglp = MBKyHCK,
- 2
(Cr)g = A+BKy+CKS
25
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from 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

K

2
_ 2
CTS = A+BK4+CK4

where C. = design thrust loading coefficient (Equation (7)).

Ts

COMPUTER PRCGRAM AND SAMPLE DESIGN
CALCULATIONS

Liftina line theory of References 1 and 2 has been used to
derive a computer program for the nreliminary design of propellers
using high speed CDC computers at DTNSRDC. A core size of approxi-
mateiy 60,000 octal is required for the program. The average run-
ning time for a design based on thrust is 25 seconds and 100 seconds
are required using the power option. As mentioned earlier, Appendix
A presents procedures used to calculate propeller weight, center of
gravity, mass polar moment of inertia, and radius of gyration.
Appendix B shows how the American Bureau of Shipping (ABS) coefficients
and thickness requirements are calculated. A detailed description of
the input and output formulas for the computer program is p:esent in
Appendix C exercising most of the available options. Design calculations
are presented in Appendix D for a sample design using the thrust
option and results using the power option are shown in Appendix E.

A Fortran listing of the computer program is presented in Appendix F,

26
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Figure 1 — Typical Vrlocity Diagram for a Propeller Blade Section at Radius r

(The diagram is drawn wit. all quantities positive and the velocity vectors represent the velocity of
the propelics blade scction relstive to the Nuid)
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Figure 2b - Diagram Showing Recommended Reference Lines (Looking to Port)
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Figure 2¢

Diagram Showing Recommended Reference Lines (Looking Forward)
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TABLE 1

List of dimensioned input and output parameters used by

conputer program based on English and SI units

Parameter
Shaft power (Ps)
Effective power (PE)

P
P

v

p

n
T, weight

\Y
c

LI

Mo

Mop

M
b (o)

M

yo

Max Stress
SKEW

RAKE

Mass polar moment
of INERTIA

English Units

ft

1bf secz/ft‘
rev/min
1bf
ft/sec
1bf/ft
in 1bf
in 1bf
in 1bf
in 1bf
lbf/in2
deg

deg

1bm inz

SI Units KSI(l)
KW 0.7457
KW 0.7457
kg/m3 16.01846
n/s 0.514444
knots(z) 0.5924
n 0.3048
n 0.3048
kg/m>  515.3788
rev/min(3) 1.0

N 4.44822
m/s 0.3048
N/m 14.5939
Nn 0.112985
Nn 0.112985
Nn 0.112985
Nn 0.1:2985
Pa 6894.757
deg 1.0
deg(3) 1.0

kgm2 0.00029264

(1) Muitiply 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 sy.t~m according to International Standards Organization (150)
Standard No. i7%8.

R

Ny

}szgﬁ“\\ﬁ\

B

~
.,

ASPU ARPRED aiitea b Cnisiamad
- iR y_’_fﬂﬁ.xu i

'



T

APPENDIX A
PROPELLER WEIGHT, MASS POLAR MOMENTS OF INERTIA, AND CENTER
OF GRAVITY

The approximate propeller weight (Hp) 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 density
of the material (;p) must be specified as input.

Hub dimensions can be input, or a solid circular cylinder of
equal length and diameter, with propeller center line at the mid

length of the hub can be assumed. If the cylindrical hub is assumed:

& Hy = WgHhy
where wB = yeight of blades, oPZfl a(x)dx
h
- : 3
g' HH = weight of hub, (ﬂppDH/4),
N DH = hub diameter
a(x) = area of section at radius x, 2c(x)t(x) s 3 t(x,xg)dx,

c(x) = chord length of section at radius x,
t(x) = maximum thickness of section
t(x,xl) = Chordwise distribution of section thickness (NACA 66
modified thickness form is used in program)
X, = gﬁgdimensional coordinate alona the section chord, (rz/c),
% = density of material considered

- e EE R
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if calculations are desired for a noncylindrical hub, the follow-

ing dimensions are input:

DFH = forward hub diameter,

DA aft hub diameter,

LH = length of the hub,
DFB = forward bore diameter,
LRL = distance from aft end of hub to propeller reference line

The hub is then treated as consisting of two frustrums of cones,

joined at the propeller reference 1ine. Again

Np = NB +wH,
but now
My = WaptHee-Hy

2
where W, = weight of solid aft frustum, (mp p/3) (DAHDH+DH+DH)/4

W.. = weight of solid forward frustum,

FF
2 2
(mep/3) (D+DDgy*0g,")/4
o 2 2
W, = weight of bore, (ne P/3) (DAB+DABDFB+DFB )/4

The propeller center of gravity (CG) with respect to the blade
center line, where plus values represent the distance ahead of the
center 1ine and negative values aft of the center line, is calculated
in the following manner (see Figures 2b and 2c¢):

Center of Gravity:

CG = Mp/wp

where Mp = moment of the propeller, pPZf; a(x) B(x) dx
h

.
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1
b moment of the propeller, °p foh

B(x) = distance of center of gravity from propeller reference
line, X +_7 +H

where M a(x) B(x) dx

x = the distance of the center of gravity of the section along
the chord line from the position of maximum thickness,

y = the distance between the center of gravity of the section
and the chord line of the section, measured perpendicular
to the chord line,

r. = the radial distance from the shaft axis to the section,

R= rake angle in radians of the section,
£¢* skew angle in radians of the section, and

¢ = pitch angle in radians of the section (¢ =8, is used
i’ when pitch is not input).

Then x = the component of the center of qravity adjusted for
pitch, xsin ¢ +ycos ¢ ;

~<|
"

the component of the center of gravity adjusted for skew
(=- Gritan¢ ) and rake (=- @ ri/R); and

H = the component of the center of gravity along the shaft
axis of the specified hub, aft of the propeller reference
line taken as positive.
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If the standard hub is selected,

2
hPM = mass polar moment of hub = NHDH /8

otherwise,

Aoy HF

Hop = m ¢ (Rpyy*FoyBpy) /10

where ApM = aft mass polar moment =

4 3 2 3 .8
RL (O +Dy DpytDy DAHZDHDAH +Cp; )16

FPN = forward mass polar moment =

43 2 2
0y Dy *0y Oy +00py

L

3

4
(H Lo ) (D +Dgy, )/16

RL)( H

B,,, = mass polar moment of bore =

P
4, 3 2,0, D 3+DFB4)/16

2
Dpg*0agD asCF8

H a8 OretCasrp

D

L( Ab

= mass polar rmoment of blades =

3.1.,2
¢ pR thX Er(x) dx

Then PPM = propeiler mass polar moment=

PH
A

Lo

'y
and KZ = radius of gyration of blades =

Ton/Vg

4
PN

KH = Radius of gyration of hub =
Hou/y
Kp = radius of gyration of propeller =

/ Pou/Mp

-3
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APPENDIX B
AMERICAN BUREAU OF SHIPPING (ABS) COEFFICIENT AMD THICKMESS
REQUIREMENTS
The minimum blade thickness at the one-quarter radius is
defined in Reference 25 by:
ty =K RPTTCTINY — + CsBZp/(4C,C)
and T2=K]/EFE7TC§CIE7_——'+ CSBZT/(4CNC)

where PS = shaft power at the maximum continuous rating,

n = propeller revolutions per minute rpm at the maximum
continuous rating,

Z = number of blades,
ZR = rake, positive aft, at the blade tip.

g[ Z ZT= rake and rake plus skew induced rake, at the blade
tip, positive aft taken as positive,

CS = as/(”stO.ZS) = section area coefficient at the one-
quarter radius

(gp
!

2
N Lo/ (UMt o5y

section modulus coefficient at the one-
quarter radius

A =1+(K2/tan¢ 0.7)+K3tan¢ 0.25

B =(K,(A/A)/(Z)  (n/100)% (0/20)°

C =(1+K5 tan ¢ O.ZS)WSf"B)

where K] through K5 are constants which depend on the system of

units employed

2N 25. American Bureau of Shipping, "Rules for Building and Classing
g Steel Vessels," p 621, 1972,
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a, = area of expanded cylindrical section at 0.25R =

! +(0.25,x) dx,

2¢q.25%0.25 70

ws = expanded width of cylindrical section at the one-quarter
radius,

0.25 = maximum thickness at the one-quarter radius,

—
1)

0 moment of inertia of the expanded cylindrical section at
one-quarter radius about a straight line through the center
< of gravity parallel to the chord line,

(==
L]

F maximum normal distance from the moment of inertia axis to
points on the face of the section,

€g.25 ~ section chord length at 0.25R,

¢ o qq.7= the pitch angles at the one-quarter and seven-
tenths radius (or B if ¢ not input),

t(0.25,x) = chordwise distribution of section thicknesses at the
0.25 radius

AE/A0 = expanded blade area divided by the disc area,

D = propeller diameter,

f = material constants in length/weight as a function of w
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gritaad

% = a nondimensional parameter associated with the material type

as illustrated in the table below.

Type Materials

2 Manganese bronze

3 Nickel-manganese bronze
4 Nickel-aluminum bronze
5 Hn-Ni-Al bronze

6 Cast iron

Units
W
0.30
0.29
0.27
n,27
0.26

If CN # 0.1, the thicknesses ti and t2 are recomputed with

Cy=0.1.

N

39

» in

A




‘n&"\_ ﬂ

~
~

APPENDIX C

DESCRIPTION OF INPUT AND OUTPUT

Data are input to the program in unformatted groups. Within
each group the data must be in the order specified, and each
value must be separated from all others by a blank or comma.
Variable names beginning with I,J,K,L,M, or N require an integer
input, but other variables which happen to have integer values
do not require a decimal point. Zeroes must actually be keypunched.
Beyond this there are no restrictions on how many or few data
cards are needed for a group, except that each group must start

with 2 new card. The input required is as follows:
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Group Parameters

1 IDD

2 uI,uo,Title

3 SHP[FL/T)

TANEI

TANE

XPS

RAKE

PO

Description of Input
Number of data sets(each of the groups
2 through end form a data set)
Use SI in columns 2,3 to pecify input
in SI units. Use SI in columns 4, 5
for output in SI units. The remaining
66 columns are available for identifi-
cation of input data.
Desian shaft powver or 0 if the thrust *
option is desired
Use 1 unless use of an exact (not ad-
justed by program) tang, distribution
is required, then use 0 (see hydrodvnamic
flov angle distribution
Use 1 to input tanf distribution, or O
for machine calculations according to (2)
Use -1 to input a skew distribution, or
input the skew at the tip for a linear
skew distribution (both in degrees)
Use <RAKE< 0.01 to input a rake/D *
distribution or input the rake/D at
the tip for a linear distribution
Use PDO 0 to input a P/D distribution,
otherwise =« xtaneI is used as an approxima-

tion

* As used within the Fortran Program

4
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Group Parameter Description of Input

cD Use CD>10 to input the radial distribution of
drag coefficients (CD); 0<CD<10 to input a con-
stant drag CD=CD at all radial stations; CD=0
causes the computer program to calculate the
radial distribution of dray coefficients using
the equation cD=o.ooe[1+1.25(t/c)+125(t/c)4];
-10<CD<0 causes the computer program to use a
constant frictional resistance CF0=ABS(CF0) in
Equation 6 Cy=Cpo[1+1.25(t/c)+125(t/c)*);
CD<-10 to input the radial distribution of
frictional resistance (CF0) values to be used

q in Equation 6.

3 TYPE For ABS minimum blade thickness calculations
coefficients use the number corresponding to
the material type in the blade thickness
section. Use TYPE=0 to suppress these calcu-
lations

" HUB Use HUBEOD to input actual dimensions of HUS,
or HUB=0 to use solid cylindrical hub in

retevant calculations

4 DIAM[L] Propeller diameter
ENAVE Effective wake (1—wT)
ETHRUS Thrust deduction (1-t)
i
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Group

Parameters

HEAD[L]

DEN[M/L3]
RHO[M/L3]
W
VET{L/T]
EHPLFL/T,

127
JBL
IEA
EXX

IRPM

XMM

b i R AN A e - -

Description of Input
See section on Static Head, at the shaft
centerline
Density of propeller materials
Density to be used for water
Number of velocities input
TYV velocities
IVV design effective power values, corres-
ponding to the input velocities
Number of different blade numbers input
127 values of blade numbers
Number of expanded area ratios input
IEA values of AE/AO. A value of 0 input as
the first AE/A0 will result in calculations
being done exactly at the design AE/Ao' If
this default is used, calculations will not
be done at other values of AE/A0 in the
1ist that happen to be within 0.005 of the
design AE/Ao’
Number of different rpms input

IRPM values of revolutions per minute
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Group

ORWE )

Parameters

X3

X4

X5

X6
AZZ(25)

Description of Input

(The remaining five radial distributions have eleven values each)

vValues of r/R at which other radial
distributions are defined

Propeller wake (l-wx)

Hydrodynamic Tiow angles (taneI). If zeroes

are input, Lerbs optimum is calculated as a

default distribution
Section chord lengths (c/D)

Thickness to chord ratios

(Groups six through ten which are specified in group three are

defined at the eleven radial stations)

10
11

AZZ(24)
3(7)

FWDDIAM[L]

AFTDIAM[L]
HUBLEN[L]
FDBORE[L]
ADBORE[L]
DISREFL[L]

&w;ﬁe«%wwmw ;

Blade skew angles, degrees (if XPS<O0)
Section drag ccefficients (if CF>10)
or frictional resistance of section
Cpg (1f CD<-10

Tangents of advance angles (if TANB>Q)
Rake/D, aft positive (if 0<RAKE<0.01)
Pitch, P/D (if PD>0)

Dimensions, as indicated in Figure «d

(if HUB#0)

AR,
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A Description of the Output Generated by the Program Follows:

Program Qutput Description

G Nondimensional circulation

ut/2v Tangential velocity induced at 1ifting line
UA/2V Axial velocity induced at lifting line

DCTSI Local nonviscous thrust coefficient (Defined in

Equation (9))
DCPSI Local nonviscous power coefficient (Defined in

Equation (11))

VR [L/T] Section inflow velocity, equation (22)
CAVY Section cavitation number, Equation (25)
CPTI flonviscous thrust power coefficient (Equation (10)
when ¢=0). )
CPSI Nonviscous power coefficient (Equation (11)
when ¢ =0)
ETAI Estimated nonviscous propeller efficiency

(Equation (12) when ¢=0)

CTSI Nonviscous thrust coefficient (Equation (9) when
e =0)
CPT Thrust power loading coefficient (Equation (10))
CPS Power loading coefficient (Equation (11)).
TETS Projected skew angle in deqgrees
RAKG Rake/Diameter
PE Effective power
o
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Program Qutput

PS
ETA
CTS
CL
ALI

FM/C

co/CL
F(X)

LI[F/L]
(C/R)DLE

(C/R)DTE

T/RD

PC

PS[FL/T]

DESIGN [F]

CALCULATED [F]

Description

Shaft power

Estimated propeller efficiency (Equation (12)
Thrust loading coefficient (Equation (9))
Section 1ift coefficient

Section two-dimensional ideal angle of attack
in degrees for NACA a=N.8 meanline, Equaticn
(24)

Section two-dimensional maximum camber ratio
for NACA a=0.8 meanline, Equation (23)

Section drag-1ift ratio (e=CD/CL)

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

Propeller blade loading distribution Equation (22)
Chord lengths for 1ifting surface pitch and
camber calculations, Equation (32)

Chord lengths for lifting surface pitch and
camber calculations, Equation (33)

Ratio of section thickness to radius

Estimated propulsive efficiency, Equation (13)
Calculated shaft power delivered at the propeller,
Equation (13)

Design thrust

Calculated thrust, Equation (7) and (9)
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Program Qutput
AEPA [L°]
XBAR [L]

YBAR [L]
1xo (L4

MX0 [FL]

MYO [FL]

MTB [FL]

MQB [FL]

MAX STRESS (F/L%]
WEIGHT OF BLADCS [F]

WEIGHT OF PROP (BLADES

+DESIGNATED HUB) [F]
(CENTER OF GRAVITY OF
PROP/D)

(CERTER CF GRAVITY OF
BLADES/D)

KELLERS MIHIMUM EAR

SPEED COEFF(JS)

Description

Area of section

Longitudinal position about x axis parallel

to nose-tail line from centroid

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

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

Bending moment about the x axis, Equation [20]
Bending moment about the y axis, Equation [21]
Bending moment due to thrust, Equation [18]
Bending moment due to torque, Equation [19]
Maximum stress

Equation [32], Wy=0

Appendix A

Appendix A

Equation [31]
Equation [15]
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Program Qutput Description

Advance Coeff (JA) Equation [14]

THRUST COEFF (KT) Equation [16]
TORQUE EOEFF (KQ) Equation [17]

PROPULSIVE EFFICIENCY  Equation [13]
(PC)

BURRILL THRUST COEFF
(1C)

Equation [29]

BURRILL CAVITATION
COEFF

Equation [30]

CLEARANCE AT HUD BETWEEM Equation [34]
BLADES/D

CLEARANCE AT HUB
BETWEEM FILLETS/D

Equation [35]
MASS POLAR MOMENT OF 2
INERTIA OF CLADES [FL"] Appendix A

TOTAL MASS POLAR 2
MOMENT OF INERTIA [FL"] !

RADIUS OF GYRATION OF "
BLADES/D

RADIUS OF GYRATION OF "
HUG/D

TOTAL RADIUS OF GYRATION/D "

ABS MINIMUM THICKNESS Appendix B
CONVENTIONAL RAKE

CONVENTIONAL + SKEW !
IHDUCED RAKE/D

VALUES USED IN
DETERMINING THICKNESS "

Sy

P
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Program Qutput

Description

SECTION AREA COEFFICIENT Appendix B

SECTION MODULUS
COEFFICIENT

AREA OF EXPANDED 2
CYLINDRICAL SECTION [L®]
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APPENDIX D

SAMPLE DESIGN USING THE THRUST OPTION
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OPTIONS EXERCISED IN APPENDIX D

Power or thrust T
Calculations with input tang, N/A
TansI (Lerbs or input) Input
Tang (Calculated from (1—wx) or input) Input
CD (constant, variable, or calculated) Const
Multiple RPM No
Hultiple Z No
Multiple AE/AQ No
Check AE/AQ of input C/D and modify No
Skew (Linear/Nonlinear) L
Rake (Linear/Nonlinear) L

P/D (input or approximated by nxtanBI) Input
ABS coefficients o
Hub geometry Input
Input Units S1
Output Units SI
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APPENDIX E
SAMPLE DESIGN USING POWER OPTION
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OPTIONS EXERCISED IN APPENDIX E

Power or thrust

Calculations with input tanBI

Tang; (Lerbs or Input)

Tang (calculated from (l-wx) or input)
Co (constant, variable, or calculated)
Multiple RPM

Multiple Z

Multiple AE/AO

Check AE/AO of input C/D and modify
SKEW (Linear/nonlinear)

RAKE (Linear/noninear)

P/D (input or approximated by nxtanBI)
ABS Coefficients

Hub Geometry

Input Units
Qutput Units

o — s e

-

Power
N/A
Lerbs
Calc
Calc
Yes
Yes
Yes
Yes
NL

NL

Approx
Calc

Yes

Approx
Calc

English
English
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PROGRAM GMAIN(INPUT=256,0UTPUT=512, TAPFS=INOPUT,TAPFE=0UTPUT)

DIMENSION CHOROI(11)THICKNS(11),CAMBER(11)},PITCH(11) ,SKEWR(11)
1 +X(11),87(11)

OIMENSTION B(38,38),DENS{6),82(181),R3I(181)

1 ,B110181),A14(181)
2 +815(181) 4 A7 (11,11),BH(11,11),C(12,17),C(12,12)

DIMINSIOMN X3C€11) oXG011)oX5(11)4XAT11),VFL(I),EHP(9) ,3LA(I),cXX(3)
DIMENSION AZZ111,38),ASHP(9) ,XMM(I},CAVIQ),CAE(T) ,FX(11),88J(11)
OIMENSION VELL1(9) JEHPL1(9) ,AX{11) 4RAK(11),2XT3T(11}),PXT8(11),SX(7)

OIMENSION VSUBRSQ{11),VSUI®(11)

DIMENSION ARZA(7) (XBAR(7),YBAR(7) ,AYZXOUt7) AYEYO(7),EMXO(T7),ZMYOD(?
1) 4FHTBIT) LENIB(7) STRMAX(T7)

OIMENSION HW(13) (FMMEY(13) ,YTX(13),TX(11),CX(11),FMX(11),J8L(21),

1 ARPMTI(11),PMOX(11) +RP(13,S(13,P(1Y)

OTHENSION TABS(E)

DIMINSTION DMV (9) ,0HE (D) ,NMX (Q)

COMMON /UNITS/ S1,Ul,U0
COMMON/CNEIGAT /X yCHORD ,THICKNS s CAMRER yPTTCH,SKEWR,DTIAM, 27 ,0E N, PAKE

1,P1,PP7,PPB,OPG3,PP11,EWAKE yWS,RPS,SIGMAFAR,AT,P,PN0
2 JFHONTAM,ATTDIAM,HUBLEN,FDBORE 4 ADBOREWNISRTFL

COMM(CN 8, 32,83, L3S 'R1L,A15,A7 ,8H,

1C,CC, 17.JB4JCsJD,JODJJEE,CLLITLY)

COMMON CCONE(L1:) oCCTHO(11),CCTHR(11),CCFORILY)

COMMON PP1,PP2 ,PP3,PPL,PP5,PPH,PP1

COMMON SNI(73),.,C0(73)

DIMENSION XR(20),TANBETI(?20),G (200} :XSL (?9),XSY{2N),WAXT(20)
1UVFELA(23) «THICKP(20)

DIMENSION TLES(10,2)

PEAL NoNILINPUT,LERBS,LINR,NLINR

DATE ¢t APULELRF /7 8H DESIGN , 8H INPUY v/

DATL W /1e e p3esBoeslbosBorboenBerbesBesanborls/

DATAE FMHMY /.04362712,ebB82,059Q3,,963C4¢951591:49+497%6,.8R92,.7027,
1 +358b4e 1713448/

NATL YTX / ¢2 902066902907 4else4B374 04052, ,362,.4R53,,L0%¢,,311,
e 1B7T740011063,.3333/

DATA DENS / 144521856914 083840109 d, /

UDATE TABS /71CHABS MINIMU ;134M THICKNES 1 IS TN INCHE '

r

2 1.HS (USING P ,10H +1CH /
DATLTRS,UBS, VBS,XBS / LCH/D=PIXTAMNB ,10HT)- '
2 1CH/0 INPUT) - ,10H /

DATA SHPP,SHPT1 ,SHPT2,DENL1,DZN2NENI¢ZS+5A20,0PHS,TOMMA,ANN)

1 /5H SHP=,7H THRUST,7H OPTION.10H, DINSTTY ,104H0F POQOP(LP,
2 B8HM/FT3)= 43H 7=,5H EAR=5H PPM=,2H, +1IH AOJUSTEN /
DATA TLZS / 10H X +10H 1 - WY y13H €/0 .
2 1CH T/¢€ «10H  TANSBI +10H TANA ’
3 10H TETSI(DES) +10H RAXG/ND  L10H e/D ’
L 1CH Cco v 1G%1H  /
DATA INPUT,LZRBSWLINRNLINR,PXTNAT,CCNST,CALL 7104 INPUT ’
2 1CH LERBS + 10K  LIN=AP +1 GHNONL INTAD ’
3 1CHPIXTANBI + 10HCONSTANT +10HCALSULATED /

OATA ST /2H51/

DATA YVE 7 THFT/SEC) /

DATA EXA,URPM / SHAE/AD OH(REV/MIN) /
DATA UETIGUEF,USL ZGHUIN) LJLH(FT) , LH(4) /
DATA VL,PE 7 2HV( , 3KPEL /

DATA ULE ULS 7 BHILBF/FT) + BH(N/M) /
DATA USV,UEV / 6HM/SEC) ,B6HKNOTS) /
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ODATA USPLUEP / 3HXM) , 3JHHP) /

DATA UED,USD 7/ LGH(SLUG/FT3I) ,10H(KG/H3) /

OATA ULEW ULS& ULE2,ULS2 ,UNM,UTL ,UPA,UPIN2 /SH{INL) SHIPr) ,

SHIIN2:,SHIM2) H8H (N~M} +3H{IN=-LBF) ,9H(PA) s IH (LBF/ZIN2)
Jatd JFELJUFS /7 SHILBF) ,SHIN) /

DATA 122,U03 /1JIHOF PROP(KG,8H/M3) = /

NATA PHI,UQB7 /Z1OHILBM-IN2)= ,i0HIXG=-N2}= /

DETA GL,GR2 /7 9HRADIUS OF ,9H GYRATION /

NATA EFT,Ud6 /7 WHFT.z,LHH,= /

JATA E£INsJDS /SHINCH) (SHM) /

JATA EINS,UQb /7HINCHES= ,THMETERS= /

JaT4 £av,SIv /6H RP4= ,6HRAD/S=: /

JaT4 PINS,JO8 / IHINCHES) 7HMETERS) /

NeTA PINS,U09 /7 GHINZHES o, BHMZTERS /

DATA EFPLULI0 /76rFT)= ,4HM)= 7/

T.I=147.0254

EL2=1.7ELIZEL]

T_F=1./.3048

N>1=1.716.31846

RH051=1./516,37A8

V31=1e/e5100000

PP =1390./745.6939

SIM=1./7.1129848

UNT =l . /L. 06822
JC=11¢

NK1S=1.687%
°1=23,16159265

vi?2=2.°P1

20 31 I=1,73

A2z5.%(1-1)%2.%21/36).

SN(I) =3IN(ACY

CI(I)=30S(AC)

RELAUV(5,%) 13D
N0 17.72 NDIA=t,IND

SO4=p6 /P12

READ(S,10708) UI,LUO

Qrants,*) SKP,TANBI,TAN3,XPS,RAXE,”D0,C0,TYPE.HUB

P: AD(5,*) DIAM,EWAKE,ETHRUS,HEAD, DEN,RHO

QLA3(5,%) IVYVL,IVELIT) s 1=1,IVV), (EARP(I),I=1,IVV),122Z,

(J3LUT) 4, I=1,122),1EA, (EXX(I)I=1,TEA) ,IROM, (XMM(I},I=1,IRPN)
ReB0(5,%) (XIUL)oI=1,JC) o XLV I=1,JCY o (XS5il),I=1,JC) (X6,
I1=1,JCVy(AZZ(1,25),1=1,JC)

IF{XPS.LT.J0s) READ(S,*) (AZZ(I,26),1=1,JC)

1F(a05(20).6E.10.) READ(S,*) (3(I,7),1=1,JC)

1" (TANB.GT,. 0.} READ(S,*) (3(T,8),1=1,JUC)
IT(PAKF.GT.0.. ANDJRAKE oLE.401) READ(5,%) (RAK(I),I=1,JC)
[F(PNU.6T.3.) READ(S,*) (P(I),1=1,JC)

IS {HUC.NE.O.) READ(5,*) FHWODIAM,AFTDIAM,HUBLEN,FOBORE,ADBORE,
NISPEFL

NY DATA READ ANYWHERZ BEYOND THIS STATEMENT

RF=NIAM
IFLUI.NE.3I) PF=DIAN®L2,
IF(RAKEGT+0. ANOL,RAKESLE.s01) GO TO 140
RAKE=RAKE*RF
G0 TO 142
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140
161
142

2613

143

145

00 141 I=1,J4C

RAK(I)=RAK({T)*RF

UDEN=UED

IDEN=DEN

IF(IDEN.LT.2) IDEN=W

IF(IOENGLT,.7) DEN=DENS (IDEN)

UL=UEF

VU=tEV

PU=UELP

IF(UT .NEL.SI} GO TO 2413

IFCIDENGLT 7)) DEN=DEN/DS1

UQEN=USD

uL=USL

yu=usv

PU=USP

WRITE (6412066) I00D

1F{SHP, £Q.0.) WRITE(6,+400C20) SHPTl.SHPTZ.DENigDENZ,OENB.DEN
IF(SHF.NE.D.) WRITE(6,10021) PU, SHP ,NEN1,DEN2,0DEN3,DEN
WRITE (6,10027) VLo VUG (VEL(IV 4 I=1,1IVV)
WRITE(E.+10045) PESPU, (EHP(I) 4 I=1,IVV)
WRITE (6,10028) UL’OIaHoEHAKEo’THQUS'ULoHEADvU"ENyRHO
IF(TYPE,LT 2,) TYPE=UL )

vu=ycv

PU=UEP

UDEN=UED

UL=JEF

£SI=CIN

FSI=E£FP

ANV=E AV

SNIP=FINS

SNIR=FINS

IF(UONE.SI) GO TO 143

vVU=Uusv

pPyU=USP

UNEN=USD

uL=JSL

SHIF=UZ9

SHIP=UJR

ANV=SIV

DENZ2=UD2

DEN3I=UJ3

FSI=U1C

ESI=ULS

IF(UI NELSTI) GO TO 149

OPTION FOR SYSTEM INTERNATIONAL INPUT UNITS
SHP=SHP*PHR

DIAM=CIAM®ELF

HEAD=HEAD*ELF

RHO=RHO*RHOS ]

DO 14 I=1,1VV

VEL(I)=VEL(I) *VSI

EHP(I)=EHP(I) *PHR

IF(HUBLEQ.0.) GO TO 146
FHODIAM=FWODIAM*ELF
AFTDIAM=AFTDIAM*ELF
HUBLEN=HUBLEN*ELF

FDBORE=FOBORE*ELF

te
g




ADBOR{=ADBORE*ELF
;'{ 0ISPEFL=DISREFL®ELF
3 - 146 IF(RbKE.GT.UooAND.PAKEoL‘o.Oi) GO TO 147
RAXE=RAKE®ELI
GO T0 149
147 00 148 Iz14JC
1648 RAK(I)=RAXII) ®ELI
149 CONTINUE
1F(XPS.GT.04) XPS=XPS*JBLI1) /7361,
ODIA=DIAM
I¥g=1IVV
00 1315C I=1,10
11153 TLES(1,2)=INPUTY
TLES(?QZ,STLES(FoZ)zLINR
IFL =2501)e€0e0e) TLES (S5,2)=LEPAT
IF(TANS.EQ.C.) TLES(6,2)=CALC
IF(XPS.LT.0.) TLES(7 42)=NLINR
IF(RAKE.GT.O..ANO.RAKE.LE.-OI‘ TLES (R, 2 =NL TNR
IF(PNO.LE. D) TLES(9,2)=PXTNRI
IF(C0.EQeDs) TLES(10,2)=CALC
WRITZ (6,10046) 100
10345 FORMATU(LH s XTI ly® BASIC DSSIGN(S) ASKIN FOR" )
IOEN=DEN
IF(IOEN.LY42) IDEN=UL
IF(INEN.LT.T) DEN=OENS(INEN)
IF(IOENoGE.7.ﬂNUoUI.EOoSI) NEN=DN®ISI
IF(FHO. £Q. 06 ) RRKR(O=1, 9905
v IF(SHGEQels) RHO0=1,9384
PSC=1%“‘-3605'0IAM'0IA"‘2
PTAN= PLL)Z7(PI*X3(1))
AID=N1A
DUN=NDFN
QAEH=HELD
OHR=RHO
IF(UO.NE.,SI) GO TO 15C
AID=A1D/ELF
DUN=OUN/DSI
DAEH=DAZH/LLF
OHR=0HRP/RHO5 I
150 CONTINUE
DO 1 I=1,9
CAVLI)=VELLD)
1 CAE (1) =EHPLT)
IF(SHP) 103,102,103
133 PVEL=VEL (D)
PEHP=EHP (3)
102 CONTINUZ
R(2414=CO
pLasS=JeL (1)
IF(XPS.GEsOer GO TO 7
No0 26 I=1,J4C
26 AZ7(1,38)1=AZZ(I1y24)
7 EXXS=2,%¥BLAS /pI'SINpUN(Y3'x60JC’
10,03 FORMATI(2H 2 2A2,66H
2 )

YT S

- JEA=D
4 IFLEXX(1)eNEWCe) GO TO 100304
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ice

1J0651

11352

30

53

51

EXX(1)=EXXS
JEA=L
IF(CD.6E.10,) GO TO 90
TH=B(2.1)
CFOo=.008
IF(CD.GT.0.) CFO=1.
IF(CD.6T.-10. +AND.CO.LT.0.) CFO==-CD
D0 10007 I=1,JC
IF(CO.LE«O.) TM=1,41,25%AZZ(1+25)4125.%A2Z(1,25)%%,
IF(CO.LE.~-10.) CFP=B(I,7)
B(I,7)=CFO*TH
00 15 I=1,JC
AZZ(1,23)=X3(I)
DO 16 I=3,J4C
AZZ(I-1,19)=X3(1)
AZZ11,19)=X3(1)
DO & I=1,11
PXTBI (I)=P(I)
AZZ(Iv36)=AZZ(I'25’
AZZ(I,37)=A22(1,23)
DO 13071 IE=1,1IZ2
3(9,2) =JBL(IE)
XSX=XPS*{360.0/8(9,2))
AS1=XSX/{1.0-X3(1))
AS2=XSX~-AS1
00 190073 XE=1,IEA
TLES(3,2)=TLES (4,2) =INPUT
EAPU=EARF
ERA=ABS( EXXS-EXX(KE) )
I7(ERAWLTee005ANDIKE.GT e 1+ AND.JEALEQLL) GO TO 10070
IF(ERA.LE..005) EARU=EARD
D0 12069 IRP=1,IRPM
KI=0
PH=XMMIIRIIP)
EAR=EXX(KE)
DO 100 I=1,JC
3(I,3)¥=xX3(1}
8(I,4)=X6(]1)
B(I,51=xX5(I)
DO 17051 LE=4§,JC
B(LE,6)=(BLAS®*EAR*X6(LE))/(B(9,2)*EXXS)
3DEL=A8S( B(3,6)=X613) )
IF(BDEL.GT,40001) TLES(3,2)=AD0DJ
D0 19752 LE=1,JC
AZZULE 251 =AZZ(LE436)*B(LE,6)
J0 3¢ I=1,9
VEL(I)=CAV(I)
EHP{I)=CAE(I)
3(5,2) =XMM(IRP) /60,0
Tv=1
IF(SHP,NE. 0.} GO T0 51
00 53 IG=1,IVV
VELL(IG)=VEL(IG)
EHPL (IG) =EHP(IG)
6o T0 21
VELL (1)=PVEL
EHP1(1)=PEHP
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gt

21

1ie

13

10¢35
101

10213
10719

Ja
10585

N0 5 I=1,11
AZZ2(1, 241 =AS1*XI (1) ¢AS2
SKZ=ABS(A2Z(1,2&))
IFISKZ.LT.,0001) A22(1,24)=0,
IF(XPS.LTs O0s) AZZ(Io26)=A2Z(1,38)
AZ2(1,38)1=A27 (1,24}
PZZ(1,25)=A22(1,36)
AT7Z(I1:23)=AZZ (1,37
IF(SHF.ED»0e s OR. IV.EQ.1}? GO TO 18
N0 114 J=1,IVV
811 (M =VEL(J)
B3I (JI=EFHP (J)
Si=VeL1(IV)
CALLDISCOT(S1S198114R3483,-1205JC00+52}
THP1(IV)=S2
9(5'?’=(325.66'EHP!(IV))/(VELI(;V,'ETHDUQ)
N(7,2)=1.687T8*VELL1(IV)
NN=(
RJ=1.8
J8=8y
00J=1.1
JEE=TANBI
J00=D0J
JD=E6EBET*F_0AT (JC)
R{141)=2.C
R(24+1)=CO
7(3,1)=TANB
B(Ly1)=C,85
“(6v1)=9.0
P(791)=0.0
AtBe1)=C60
P{a,11=C.0
R(142)=1.C
(24212140
q(Re2)=PHO
A(S,1)cEWAKE
a({3,2)Y=01A
N{u,2)=HTAD
PSL=3(712)/(3o1#159269‘8(9.23’“(3'2’)
IF(TANS,GT0.) GO TO 101
no 1:53% I=1,JC
©(1,8)=RSL/B(I,3)%B(1,4)
AJJ=1.(
IFC( 8(1,5).GT.2+) GO TO 10019
IFC B(Se1)eLE0Gs) BISe11=3(JNe4)
0o 1c018 I=1,JC
B(I,5)= RSL*SQRT(B(S e 11 %8BI 41}/ (B(T,3)%(b,1))
NN=NN+1
RAKQP =4
IF(PAKE sLEes 02« AND RAKELGTo0.) GO TO {00RF
00 34 I=1.11
RAK(I)=QAKE'(x3(I)’X3(1,)/(Y3(11$'X3(1‘)
VK=B(742)/1.6878
IF(KI.GT.0) 60O TO 85
AJI=1.C
WRITE (6410028)
PHS=SHP
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00 152 I=x=1,Iv9
IF(UD.EQ.SIY GO TO 151
DMVIII=VEL(])
DME(IY=EHP (I}
GO Y0 152
151 OMVIII=VEL(I)/VSI
DME(I}=EHP (1} /PHR
152 CONTINUE
WRITE(6,13008) UILUO
IF(SHP.NE.O.) WRITE(6,10021) PU, PHS »DSN1,0EN2,0EN3,DUN
IF(SHP.EQefBe) WRITE(6,10020) SHPTL1,SHPT?,0ZN1,9FN2,GENIOUN
HRITE(6,10027) VL.VU, (OMVI(I},I=1,IVI)
HRITE(6,10045) PEJPUL (DME(I) o I=1,IVDY)
WRITE(6,10028) ULy ATIDENAKT JETHRUS yUL JNAEHUNF N,y OHR
183528 FGQHAT(IZX.‘D‘olh,':‘.FB.k.' 91'“T"—'"F§ok" 01=-THD=®,F5 4L ,* ,H*,
2 AL P=% ,FB.ke® JRHO®,AL10,%=%,1X,FG,Lk,/)
WRITE(6,1303C) (JBLITI),I=1,127)
WRITZ(6,10031) EXA, (EXX(I),I=1,IFA}
WRITE(6,10032) URPM,(XMM(I) ,I=1,IRPN)
10025 FORMAT (1H1)
10527 FORMAT(/ 4247 32A100A84F10.4Ly7)
10021 FORMAT(/4® PSU® A3, %x%,1PE12.L,2815,AR4IPF10.L4/)
19G63] FORMAT(2X,%*2°%,9X,913)
10031 FORMAT(2X,AE 45X, 1POEL12, &)
10032 FORMAT{2X*N®*,A9,1POE12.4)
10627 FORMAT(2X,42,A6,2X,1P9E12.4)
13745 FORMAT(2X2A344X,1PAE12.4)
WRITE{6,10100) (TLESC(I,1),I=1,10}
WRITE(6412101) (TLES(IL2),I=1,1C)
10103 FORMAT(/41X, 10(3X,A10)1}
13101 FOPMATU(1X, 10{(3X4,A1C),/)
DO 10111 I=1,JC
IF(FDOLLELQ.) PLI)=0
SRX=RAX(I)/)IA/12.
10111 HWRITE(6,18102) XICI) XL (I)4BUI46)4AZZ(1425),48(1+45),3(1,8),
2 BZZ(I42L3 4SIK4P(]I)B(1I,7)
1)102 FORMAT(1P10Z13.4)
85 N0 1€09C I=%,4C
A22(1,25)=AZ22(1,25)%*B (1,6}
13095 R(I«331=8(I,5)1%AJJ
IF(JEELLE. D) GC TO &7
D0 2C9 I0C=1,3
N0 201 I=1,4C
291 R(I,30)=8(1,30)%AJJ
2{46(L1)=,975
a16(421=1,000
R1L(L3Y=1,025
N0 215 TJ4=4L1,43
IVT=1J¢4
TIJP=1J¢8
00 216 I=1,JC
216 R(1+51=9(1,30)%B14(IN)
caLL Sus
N1GLIIJT)=PP?
114(1JP)=PPB
215 CONTINUE
JK=L4
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4

10

11
203
L8

L3
L7

922

13259

10349

49950

TIT=R(642)/7((B(8,2)%B(3,2)%%2%3,1415327%R(7,2)%%2)/4,)
IF( B(1,2)6T.0., } GO VO &
JK=48
TTT=TTT*550.,/8(7,2)
00 11 I=1,3
CC(I,1)=B14CJUKe])
00 11 J=1.3
K=3%(J-11¢]
BIS(6LC+K)I=BLL (L +J)*%(I~1)
C(Jy1)=815(K+4L0)
CALL SIMEQ(3,C,CC)
AJJ=(’CC(201)OSQPT(CCiZ'1"'?'“.'CC("1,‘(CC(1'1)-TTT)))/(?o’CC(39
11
0 49 I=1,J4C
NJ145)=8(1,3C)*AJJ
JEC=0
CALL SuAa
PP11=815(181) *ETHRUS
PF12=cHP1(IV)/PP11
THR=P (6,4 2)
ATHR=3(8,2)/%8.,0%3.14159% (R(3,21%%2)% (R(7,2)%*2)%0P7
ASHPLIVY=PP12
TF{SHP) 55,1035C(,55
CONTINUE
KI=KI¢1
IFIKI,GE.6) GO TO 10050
IF(AES ((SHP=ASNMP{IV))/ZASHP(IVYII=,J.(5) 1235).13065,2C
NI=.32
IFiIV.SQ.1) GO TO 822
NIZALGG( VELLCIV=1)/VELLLIV) 3/RALOG( ASHO(IV=-1)/ASHO(IV) }
VELLICIV#1I=VELLCIVI®{ (SHP/ASHPIIV)) #*NT )
AVL=VFLLItIVeL?
IF(AVL.GT,CAV(5) JORLAVLLT.CAY(1)} WRITT(E,927) AVL
FOPHAT (//7/7/71)%X*ESTINATED VELOGCITY VALUT IN ITSRATION F0P DJZSIPZOD
{SH® IS NOT WITHIN RANGE OF INPYT VTLOCITY VALUZIS.es®/1EX4%,..PROGR
24M CANNOT ZXTRAPOLATE FOR CORPESPONDING FHP, ESTIMATED VALAOCTITY
IVALU: = *1PF1f. &)
Iv=Iv+t
GO 10 21
N0 1463 IX=1,1IV
FHP{IX)=EHPL(IX)
VELLIX)=VELLIIX)
00 4(G50 I=1,JC
AZZ7(1,26)=B({I,14)
AZZ(14271=8(1,5)
BI=8ZZ(1,27)
IF(PO0.GT. 0.} BI= PII}/PLI/XIULT)
CII=AZZ(I+24) *B(1,3)*S0O°T(L,.¢NI*BI)*PT/130,
827(1,281=CII-R(1,4€)
AZZ(1,29)=CII+B8(1,6)
BZZ(143C)=8{I46)
L2Z2(1,21)=8B(Iy4)
AZ7(1432)=B(I,12)
AZZ(1,330=8(1,13)
AZZ(T1,34)=AZ27(1,25)%2,0
AX(TI=ARZZ(I434)
IFC(AZZ (11425 «NELDs) GO TO 5555
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5555

0051

L0052

5853

50030

29

SLP3(IZZ(9035"IZZ(6'3E’,/(AZZ(9§Z3’°AZ7(5’ZTl)
YINTleZ(9.3h)-CAZZ(9.23)'SLP)
ﬂZZ(iD|3B)=(SLP‘IZZ'1°'23)'QYINT
lZZ(11s3“)*(SLP'IZZ(11023’)OYINT
DO &GC052 X=26,.34
00 001 J=1,11
811(J)=81(J,J)
B83(JI=AZZ1J4K)
00 43052 I=1,11
S1=AZZ(123)
CALL UISCOT(SI0510311'83'q3v‘120oJC'a0523
AZZt1,X¥=S2
00 5¢5C 1=1,JC
AZ2(1,2)28(1,2)
PLT,231=8(1,15)
A(1,211=B11,5)
BI=8(I,21}
IF(PO0.GY.C.) BI= P{I)/PI/X3(])
8(],221=8(1,38)
B(1,231=81(1¢5)
R{T,24)=AZ211,28)
§(1,25)=A272(1425)
TX(I)=B(1,25)*0IA%12.0
B(IqZB,=B(I,?“"8(I.3)'SOQT(1.*51'31)'°I/139.
g7 (111=811145)
ORTAIN DATA AT PROPER gAnTAt STATIANS F£0R STRESS PPOGPAM
00 0080 I=1,10
D=A2Z (1,19
0o 50.390 K=20.2&
caLL ?ISCOT(DQD.8(193,'B(loK’oB(itK)0'1700’CoQoAZZ(IvK)’
CAaLL OISCOT(D.D'B(1.3)'P-?.-izquC.DoCX(I"
CALL OISCOT(U'0v8(1v3)98(1015)09(1018’v’i?ﬂoJCyﬂvﬁZZ(I'15”
CONTINUE
00 0090 I=1,10
PIT)I=CXI])

catL SYRFSS(ﬂlloﬂREA'XRAD’YBAQoAVFXO.AY‘YO,EWXO.FHYO,EHTQ.EHQ“.STD

U‘AX.P.AK. PAKOP)

THE FOLLOWING STATEMENTS HAVE REEN ANNSD IN ORNDER TO SEND THE R
VALUES TO SUBROUTINE WEIGHT. CHORD THICKNESS, AND CAMBER ART I
PITCH AND SKEWR ARE 1IN RADIANS,
VS=VK*1,6878
N0 999 I=1,J4C
IF(PDO0.GT.0.) PLIN=PXTBI(T)
X{1¥1=8(1,3)
IFC X(I)eGTe 65 «AND. X(I)olLTe o75) SIGMA=RI(I,419)
CHORD(IV=BII,6)*DIAM
THICKNS(I)=AZZ (I1,3L)*DIAN/2,
PITCH(I)=ATAN(B(I,5)}
BBJLIV=ATAN(3(I,8))
FX(IP=C,0
IF(CLI(I).€EQ. 0.,) GO TO 29
FX(I)=1.0/iio0#(6.2832'TAN(PITCB(I)-BBJ(Y))!CLI(I)))
CONTINUE
RI=F(II/PI/X3])
IF{F00.GT+0s) PITCH(IIZATAN(OI)
SKEWRITY=AZ7ZLT4381/57.2953
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AZZ(I,36)=AX(]I)

f Ay 2(3(1s0)eB(1,12))8°2

i BV =(0(T,6)/B(I,8)-8B(I,13))18%2
VSUBFSO(I)x=VSe828 (AY +8Y )
VSUBR(I) =SART (VSURRSQ(I))

A9q CAMBER(I)=,0679%*R(1,18)°DTaAM
PPS=RPM/60.

00 996 Izi,L
OXTSI(T)=PI®3(I,3)%8(I,5)
PXTB(I1=PI*B(I,3)*B(I, 8}

996 CONTINUF
EA1=(CAR® I, 1L159°DIA®®2) /4.0
AL=3.14159%0,7%8(7,5)
AP=FA1*(1.,067-P.229%AL)
VAZVS®*R(7,4)

VR=SORT{VA®%2+ (0.7°3,1L159°RPS*DI1)%"%2)
TC=2.0%R(E42) /7 (RHO®AP*VYR®**2)
SIGME7=(6L*HEAD)/VR®"2
WRITZ (6410362}
10.62 FOPMAT(IH )
uve=vuy
IF(UOLNELSI) UVR=UVE
WPITS(6,78) UVP
90 75 I=1,11
VPSI=VSUERI(I)
IF(JO.ENSIH VRSIZVRSI®, 30LA
79 WRIT: (Fe8C) Bl 93D oBUI oSV gV T o8)oeBlIo1b)43(T413),43(1412)48(I:8%)
1 +B(I417Y,VRSI.81{1,19)
WRIT:(€,10062)
WRITZ(E477) PP1,PPIPPL,,PP2,PPS
WRIT: (6,481) PPE sPPB PP, PPTPP1])
WEIT: (€,10062)
ULO=ULE
IF(UO0.E0.SI) ULO=ULS
WRITE(6,76) ULO
N 7¢ I=1,11t
SLI=.Z*RHO®VSHUBRSOQIIV*CLI(]I)® B(I,6)*NTA
IF(U0.EQ.ST) SLI=SLI*14,5939
75 WFITE(65,20065) A(Io3)CCONS(TIVLCCTHILT) 4 SCTHRA(TI CTECPUTNFX(TD,
2 SLIZAZZ (I 438) sAZZ(T1428) JA77(T429),A77(1,34)
WRITF(E,10042)
ANV=Z AV
P12=PP12
RTH=THR
UBR=US1
UTO=UFE
BTHF=ATHR
UST=UPIN2
VLS=81(7,2)
V2=yve
yo2=utLc?2
U04=ULZ Y
UMO=U]JL
USYR=ULPIN2
IFLUOLNE.ST) GO TO 106C

u02=ULS2
. UOL=ULSH

Abiltie




UMO=UNM -
USTR=UPA
UST=UPA
UBsysSL
UTO=UFS
v2=usy
VLS=VLS*. 30468
P12=P12/PHR
RTH=RTH/UNT
BTHR=QTHR/UATY
160 WRITE(5,10044) PP11,PU,P12,ETHRUSENAKF VL UEVyVX,UTORTH, JSL (IE)
2 JRPMEARUGEXAJEAR VL ¢V24VL SeUTOBTHR
IF{UCLEQ.ST) WRITE6,50010} Q02,UBeUB o104 ,1JOLyUMO,UMO4UMO,UMO,UST
IF{UDNE.SI) WRITE(6,20009}
IF(UDME, ST HRITE(D,203101 UD24UByUR1i0L4UOL,UMOL,UMO,UMO,UMO,UST
7?7 FORMAT(LX 3 P TIz®y{PEL0, Lot X+ PCPSIE® 4 1P 0oLy bXo®ETAI=5,4PE1C U,
2 LXyPCTSI=*31PF 10 X 3CTSI/CPSI=®,1PE10.4)
79 FORHATIOX® X® 8N, *TANBI®.7X;*TAN B®,8%X,%G*,9X,*UT/2V*,7X,
2 PUA/ZVT J 7Y, SOCTSI®7Xy2DCPSI®ySXgPVR{®,A7,5X,*CAVV?*)
83 FORMAT{1P10ELIZ %}
B1 FORMATISX,®CPT=® {PEL0chy SN *CPS=% 1P 0.04SX*ETA=», IPE1C L 45X,
2 =CTS=‘,1PE1C.‘o,ﬁX.'CYS/CPS=‘=iPEIGaM
73 FORMATIOX,® X® AX,*CLP,6X s ALI (DEGI*SX*FM/C?TX,*CD/CL*,7X,
C SEIXI S al L IY A8, 2 2 TETSIOEGES2X 2 {C/PD)LF* LY 4*(C/PDITE* ,£X,
3 *T/50% )
215406 FORRATVIIPELS.3,1P40E2L. 3
10564 FORMAT(LIX ®ETAD=3 g IPEL0oboliX o ®*PS (%Al ,*=%,1PE10.443X,*1~-THN=*,
2 +1PE10.4 -
2 33Xy *1-WTT=", 1PEL0¢ Lo IX A2,)AB8 y¥2%,1PE10.Ly7X, %D SIGN TH®,AG, %4, !
3 IPZ1Coleg /gt Xy ¥2=%,12, OXy*N(RFV/MIN)=%,1P 30,415,
U A8 AC*=%,1PE10.Ly3X,A2,A7, * =% LIPEL10,4+3X,*CALCULATED TH*,
5 85,%=%,1PE10.4)
00 7uv I=1,7
SX(I!1=42Z(1,19)
APR=AREA(T)
XPR=XRAR(TI)
YPR=YBAR(I)
XO0T=AYEXO(])
YOI=AYEYO(])
XOM=gMXO(])
YOM=EMYO(])
TAM=EMTB(I)
0BM=EMGS3(T)
STRM=STRMAX(TI)
IF(UOJNE.SI) GO YO 74
APR=APR®EL?2
XPR=XPR/ELTI
YPR=YPR/EL]
X0I=XO0OI*EL2*EL2
YOI=YOI®EL2*EL2
XO0M=X0OM/SIM
YOM=YOM/SIM
TeM=TRM/SIM
0BM=0BM/SIM
STRM=STRM*68Q4,757 -
T MHRITE(6,20CLT7) SXUI) yAPRIXPRyYPRyXOI 4YNT 4 XOMyYOM, TAM,QBM,STRM
20067 FORMATU(IPELD.341PYEL1.3,41P5612,3)
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20009 FORMAT(1HL JLX *X% QX PAREA® 7Y, *XBAR® (7Y, *YBAR® ,7TX,*IX0%,8X,*1Y0*
2 oI TMXO®, 9Ky *MYO® X, *MTA® QX , *MOB® 46X, *MAXSTRESS® )
20010 FORMAT (15X A5 (X gAb o7 X oAl oBXgASgBXgAS ¢O XN gAY UNgAB LN AB LX,AR I,
2A9)
10017 FORMAT(IHL JuX4PXP 47X PAREA® (ASJUX O XRAPS AL ,2X,*YRARE AL ,2X,*IXN*
2 sAS e INGPTIVOP GAS LNy MO AR IX P MY AR, 1Y ,*YTR* ,A8,1X,*M00%,A8,
3 *MAXSTRESS®,A9)
WRITE(6,1004L2)
WRIT: (64106042)
WPITL (€,16011)
00 73 I=t,11
SRK=RAK(I) ‘2TA/12.
WRITE(6413012) B(I,3),SRKPYTBI(T),PXTR(T)
73 IF(PNO.GT.0.) PXTBI(IV=P(])
19011 FORMAT(SX,*X®,8X,*RAKG/D®,1X, 23H PI YTANI] 1 YTANR )
10512 FORMAT(1PE10.3,1P3E11,3)
CALL WEIGHT (JC +SIGMA7 ¢yHUBPHHC 4 WEIGHTRWETGHTH, P4K)
SRI=SIN( PITCH{1) )
3214 HUBSPAC=2,3>PI*X(1)%01A*6,0/73(9,2)
TRI=AY(1)*0I[AM®*6,/S81
BLASPAC=HUBSPAC~-T8I
FILSPAC=R| ASPAC-.,9*TR]
WRPITE (t,998) TC,SIGMA?
8LS=8LASPAC/DIA/12,
FILS=FILSPAC/DIA/12,
UF=:FT
UMI=PMI
IF(U0.NELSTD) GO TO 158
UF=yQe
UMI=UC?
1638 CONTINUE
WRITE (64994} ALS» FILS
098 FOFMBT (/20X4+*3URRILL THRUST CO-FF TCx®,C10,L/720%,40UP2TLL CAVI
1TATICN COEFF SIGMA(D,71=%,21Casu)
994 FORMAT (/23X *CLEARANCE AT HUBR RBETHWEIN RLADIS/N=%,10212.44//,
2 2(Y,*CLEARANCE AT HUR RETHWEEN FILLETS/N=#%,1PE12.4)
N0 122 I=1,11
ARPMI(I)=B(l,£)*A2Z(]1,25)*PSC
122 PHMOX(I)=ARPMI (1) ®*X(])**2
PMOFIR=8(9,2) *DEN/1728.*(0IAM* G, 0)**3ESTMOYNIX,P4DX,JC)
TPMIN=PMOFTR¢ PMHC
PADOGB=SORT(PMOFIB/REIGHTR)/12.
PANOGH=SQRY (PHMHC/WEIGHTH) /712,
FAROGT=SORT(TPMIN/(HWEIGHTB+WZTIGHTH)II/Z 12,
PMS=PMOF I8
TPS=TFMIN
GRAB=RADOGRB/NIA
GPH=RANOGH/DTA
CeT=RADOGT/DIA
IF(UONELSI) GO TO 171
PMS=PMS*,0002926¢
TPS=TPS*,000292¢€4
171 WRITE(6,4995) UMIPMS,UMI,TPS,GR1,GR2, GPI.GR1.6R2, GRH,
2 GR1,GR2, GRT
996 FORMAT(1H1,19X,*MASS POLAR MOMENT OF INFOTIA OF BLANES *,41),
2 E13.607/7420X4*TOTAL MASS POLAR MOMENT OF INZRTIA *,A10,E13.6477,
3 2Cx4249,* OF BLADE/D=* WFO,44/7/720%X9249,% OF HUB/D=* 1FQebey
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THIS StCTION CALCULATES THE ABS COEFFICIENTS

513

N
[oN
o

(U}
[ }]
Y

59

\n
w
N

535

595
597

519

b /7/7,20%X,*TOTAL ®,2A9, %/0z2%,F9,4)
IF(TYPE.EQ.Gs) GO TO 570

PAD=(.25

IF(B(1+43).6E.0.25) RAD=ZB(1,3)¢.05
IFIB(2+.3).EQ.0.25) GO TO 590

D0 510 J=1.11

B11(J)=R{J,3)

83(J)=PXTBI(J)

S1=,25

IF(B(143).GEs0.25) S1=RAD

CALL D1SCOTI(S1,S14,811,R3,83¢~1204JC+04S2)
PTHOFIV=S2

00 513 J=1,11

A811(J)=R(J,3D)

B83(J)1=8(Jy6)*DIAM*12,.0

S1=,.,25

IF(B{143)«GEs0.25) S1=RAD

CALL DJISCOT(51,51,811,83,83,-1204JCe34S2)
JURLU=CS2

00 S16 J=1,11

B11(J)=R{Jy3)

B3(J)=ARPMI(J)

Si=.25

IF(B(1,3).6E40.,25) Si=RAD

CALL DISCOT(S1,S1,B811,B3,83,-120,JC40,5)
ATHOFIV=S2

00 S5¢9 J=1,11

R11(J)=8(J, 3}

A3(J)=THICKNS (J)*12.0

S1=,25

IF(B(1,3)eGE.D0425% SL=RAD

CALL ODISCOTIS1,S1+B114B34834-120+4Cs0:8?)
TMAX=S?

UF=G.5*TMAX

GO T0 £92

PTROFIV=PXTBI (2)

0UBLU=R(2,6)*0IAM®*12,0

ATHOFIV=ARPMI (2)

TMEX=THICKNS(2)%*12.0

UF=C.5*TMAX

CONTINUE

IFUB(7,3V.,EQ.0.7) GO YO 596

D0 595 J=1,11

311(J4)=80J,3)

R3I(J)=PXTBI(J)

S1=.7

CALL OISCOT(51451+811,83,4834-1204JCy0+S52)
PSEVEN=S?2

GG T0 ¢£97

PSEVEN=PXTBI(7)

CONT INUE
RAKE2=PAK(11)¢DIAM®AZZ(11,38)*P(11)/3C.
D0 519 J=1,7

811¢J1=5X(J)

R3(J)I=AYEXC tJ)

Si=.25%
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833

172
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L3

57°%

IF(SX(1) .GEL0425) S1=SX(1)+3.95

CALL DISCOT(S:,5S1,811,83,83,-120,7,0,52)

AY0=S2

F=INT(TYPS/2) %68 . +INT(TYPE/3)*5,~INT(TYPS/4)*356.,~INT(TYPE/E)®127,

WL=INT(TYPE/2)® (3=-INT(TYPE/ 1) * , 01-INT(TY¥OPE/L)*,32-INT(TYPE/5)*,30
CS=ATHOFIV/Z (DUBLU*TMAX)

CN=AYO/ (UF*JUSLU*TMAX®*2)

AA=1.0¢6,0/PSEVEN+L,I*PTHOFLY

BA=6300, *HL*CAR /B(9,2)1% (RPM/ 100, ) **2%(JTAM/?20,.)%*]
CA=(1.0¢1.5*PTHOFIVI®*(OUBLU*F=A)

ANEWZ=13,%SQIT (AA*PP12/(CA*RPM*R (9,2} )

BMEW=CS*BA/4./CA

BTHICKLi= ANEW/SQRT(CN)+BNEWN/CN*RAK(11)

BTHICK2=ANEW/SORT(CN) +BNEW/CN®*RAKE?2

HRITE (€£4530) RAD

FORMAT (//7/729X +*ABS COEFFICIFNTS (CALCULATE) AT THE®,FW,2,* RA0IUS
1%)

TABS(£1=T8BS

TAQS (e ) =UBS

IF(PDO.GT,0.) TABS(5)=V8BS

BS1=RTHICK1/DIA/12,

BS2=9THICKZ/0D1IA/12.

ATF=ATWOFIV

IF(UO.NE.SIY GO T0 172

ATF=ATF*,0006451¢€

WRITE(H,541) TAPS,BS1+BS24ALyRBACACS+NySNIR,ATF

FOPMAT(//20X46A10,

2 /eJX*USING ~BS RAKE = CONVENTIONAL PAKI, T/D= ®E10.4/740%X*USI
BNG ABS RAKE = GCONVENTIONAL + SKEW=TNDUCFN PAKE, T/0= *Eig.b
2 7/722X*VALUES USEN IN NETERMINING THICKNESS-
3 Az %E12.6/62X*R= *E£12,6/62X%C= *£12,6//?0X*SECTION AREA COEFF
LICIENT C3= *E10.4//720X*SECTION MODULUS CHAFFFICITNT CN= *21
SZ.L//72(X*AREA OF EXPANDEN CYLINDRICAL SFCTION IN SQ.*,8645X,*AS=¥,
6 £10.,4)

Ch=,1

BTHICKi= ANZW/SQRT(CN)+BN-H/CN*RAK{1]1)
ATHICK2=ANEW/SQPT(CN) +BNEW/ CNYRPXE?2
BS2=BTHICK2/DIA/12.
B8S1=8THICK1/DIA/12,
WPITE (6,543) TARBS,BS1,4AS?
FORMATI(//7//7+20X4*FOR CN=,1%,/,20X+EAL0,
2 /uGX*USING ABS RAKE = CCNVENTIONAL RAK=, T/0= *E€10,4/40X*USI
BNG APS RAKE = CONVENTIONAL + SXEW-INDUCED RAKE, T/N= *£1C.4)
CONT INUE
BLADZL=R(1143)-8(1,3)
CELTA=PLADEL/S.,
NELTAL=DELTA/2,
DO 132 I=1,11
XR(IN=B(I,3)
TANBETI(I)=8{I+5)
G(I)=8B(TI,14)
XSL(I)=LZZ(I429)
XST(IN=AZZ(1,29)
NAKE(T)=B(I&)
UVELA(II=B(I,12)
THICKR(IVZAZZ (I3 4)




132 CONTINUE
XRU22)=XR(1)¢DELTAL
XR(13)=XR(L1)+DELTA
D0 130 I=14,19
XR(II=XR(I-1)¢DELTA
130 CONTINUE
XP{2G)=XR(19) +DELTAL
00 131 I=12,20
CALL DISCOTUIXRA(I) o XR{IIoXR TANBETI yXRy=0lbUL,11,0,TANRETI(I))
CALL DISCOTU(XRI(I)I ¢XRIIDoXRsG¢XRy=0lbly1140,G(I))
CALL OISCOTHUXRA{ID¢XR(IDyXReXSLoXRy=0lblbo11,0,%XSLII))
CALL DISTOT(XRI(I) ¢XR(ID s XRoXST oXPs=0lbl411,0,%XST?})
CALL OISCOTUIXRU(I) ¢XREIDyXRoWAKE ¢ XRo=OlblbgllyI WAKE(I))
CALL DISCOTH(XRI(I) ¢XRUI)4XRyUVELAgXR =04l o11,0,UVELACLTI))
CALL DISCOT(XRU(I) ¢XR(ID¢XReTHICKR¢XRy ~0lblbo11+0,THICKRII))
XSL(IY=XSL(I)®DIA®6,
XST(IV=XST(I)®*DIA®6,
THICKR(I)=THICKR(I)®*DIA®G,
131 CONTINUE
WRITZ(H,4133)
133 FOPMAT (1H1,//77+10X,*RADTAL PROPELLER DATA FNAR INPUT INTO DESIGN P
1ROGRAMS (8 RAJIAL STRIPS ASSUMFN)®*,///7)
HMRITZ(6,134) SNIP,SNIP,SNIP
134 FORMAT({ICX *XR*4SXy*TAN BETA TP 38X o *G% 47X y*YSL(%4A7,5X,%XST(*,A7,
2 OXo*1-WX*,BX 4 ¥UA/2VS® (EX*THICKNESS(*,87,7)
00 174 [=12,20
SSL=XSLLI)
SST=XST (]}
STHR=THICKR(I)
IF(UO.NE.SI) GO TO 174&
SSL=SSL/ELI
SST=SST/ELI
STHF=STHR/ELI
174 WPITE(54135) XR{ID,TANBETI(IY o GlI)ySSL SST,WAKE(I)UVFLA(T) ,STHR
135 FORMAT (UXgF 10 oS 3XoF10e5 ¢3Xgt 20l o3XoFi1Ne5 X oF1 541X F10eS,LXyZ1
12.64,5X,F10.5)
XSLE11=XSL(11)*CIA%e,
XST(11)=XST(11)*D1A*6,
SSL=XSL {11}
SST=XST (11}
IF(UO.Nc.SI} GO TO 175
SSL=SSL/ELI
SST=SST/EL]
175 WPITE(6,136) XR(11),SSL,SST
136 FOPMAT (UXoF10e59 31X aFL1GeS9olXoF1Ge5)
IF(SHP,NE.0.) GO TO 10069
IV=IVet
IF{IV.LELIVV) GO TO 21
10059 CONTINUE
10070 CONTINUE
13571 CONTINUE
135672 CONTINUE
SToP
ENO
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SUBRGUTINE SuB
OIMENSION CHIRD(211),THICKNSI11),CAHBERI11),PTTCH(11),SYEWR(11)
1 XIt11)
DIMINSION P(13),BT(11)
COMMON/CHETIGHT /XTI yCHORDy THICKNS 4 CAMBEO ,PTTLH,SKEWR,NTIAM,77,4,DEN
1.PAVE Pl 4PP7,PPB,PPG,PP11,EWAKT ,VS,RPS,SI/MA,EARP,BT,P,PDO
2 FHDOTAMASTOIAMLHUBLEN,FORORE  ADBORE 4NISRTF!
DIMENSION B(38,30), B2(181),83(181)
1 +B116181),A14(1RY1)
2 v015(181) ,AZ (21,21 ,8BH(11,12),C(12,%.),CC0(12,12)
COMMON B8, B2,83, Ri1 1BlU,R15,A47,8H,
i1C,CC, I0,JB+JCyJD+JODJES,CLL(1L)
COMMON CCONE(11),CCTWO(11),CCTHRP(11),CCFOR(1Y)
COMMON ©P1,P32,PP3,PPL,PPS,PPE,PPIC
COoMMON SN(73),CS(73}
10252 "0 1(G25 N=1,JC
no 20021 I=1.J4C
206=1,/79(1+5)
AAH=B(N,3)/BLT.3)*%AAG
AAQ=8(1,5}
IF(AAH-8AG)150659,10C18,10019
13213 82(1)1=1./SQRT (1. +AAQ%AAQ)
B3(1)=AAQ*B2(])
0 TOo 23021
1213 S=1.4A0HeS2
T=SQ=T (S}
V=i, +A8G%%2
W=SORT (V)
NE=T-W
Y=g XP{AT)
R=(((T=1,)/A8HS(AAG/(H=-1,)))"%U)*®0(9,2})
2C=1.5
8D0=.25
X=(1,/7(2.%8(9,2)%AAG)II*((V/S)**AD)
Y=((Q,%AAG*®2) #2. )/ (VP*AC) +((3.%AAH *%2.2,)/(S**ACH)
7=1./7(20L.,%3(3,2)5°%Y
IF(AAH-AAG)10021,10021,1002)
10020 AfF=1,¢1./7(P=-1,)
AA=X* (1,/7(R-1,)~-Z%ALOG(AF))
P21I) =2.%°B{9,2)%%28AAG*AAH(1,~-AAG/AAHYI®AY
RI(I) =3(9,2)*(1.-AAG/AAH)I®*(1,42,%3(9,?)* 440G *A))
0 10 20021
10221 806=1.%1./7(1s/7R=1,)
8Bz=-X*{1,/(1./7R=1,)+Z*ALOG(AG))
A2 (1) =9(942)AAG*(1.-AAH/AAGYI®*(1,-2,.%8(3,2)1%2AG*AN)
13(I) =2.°B(9,2)%%2*AAG*(1,-AAG/AAH)*AR
20021 CONTINUE
23524 FOPMAT(IF12.4)
PO 2 I=1,JC
2 MM1t1)=8I1I,3)
No 3 1=1,37
S1 Z,5% (1, 4801, N)=:5%(1.~-3(1L,N)*CS(T)
CALL DISCOT(51,51,811,83 4833 4-120,JC+0,ST)
3 R1S(I)=S3
N0 5 [=1,37
S1 Z,5%(1.48{1 431 )% (1,-93(1,3))+CS(T)
CALL DISCOTU(S14+S14R11,482 4,32 $=12%34JC+CyS2)
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10022

2]

43

13227
10026

10272

10663

BLL(I)=S2
DO & I=1,37
82(I1=B14(])
RI(I) =815(1)
00 10022 L=1,35
N1=37+¢L
N2=37-L
B2 (N1)=B2(N2)
B3 (N1)=83(N2)
C2=2.772.
NP=72
NH=36
XNP=NP
S=C.0
SL=0.0
00 20 I=1,NP
S=S+R2(I)
SL=SL¢B3 (D)
B(1,3)=S/XNP
B(1,10)=SL/XNP
NO 4 TI=1,4NH
S=0.4
SL=0.0
80 37 J=1,NP
K=(J=-1)1*1
K=MCD (Ky72)%1
S=S+¢32(J4)*CS (K)
SL=SL+83(JI*CS(X)
L=1¢1
BlL,3)=S%C2
BlL,1C)=SL*C2
CPHIZ((1448(143))=2,%B(Ny3¥1/7(1,=-8B(1,3))
IF(CPHI«LTs=15) CPHI=~1,
IF(CPHI.GTW14) CPHIZE,
3(Ny11)=ACOS(CPHI)
R{1,11})=.0
BtJC,11)=3.1415927
CON3=3.,1415927
N0 1.22% 1=1,4C
SMP=SIN(FLOAT(I)*B(N,11))
CHMP=COS(FLOAT(I)*B(Ny11))
IF(N-1110027,10026410027
TF(N-JC) 10026410C29, 10028
AZN=,0
RZN=,0
NZ2=T+1
00 20G26 K=14N2
IF(K-JC)10070,10070, 20026
AZN=AZN+CON3I*FLOAT(II*BIK,D)
BZN=BZN+CON3*FLOAT(I)*B(K,10)
CONTINUE
AZL=.0
BZL=.0
IF{N2-JC) 10060,140030,16030
Ni=NZ2+¢1
NG 20036 M=N1,JC
L=M-1




m\

20036
10029

10071

20829

10061

13762

20638
13639

19€25

13731

103395

AZL=A7L+FLOATLL)*B(M,9)*CON3
NZL=BZL+FLOAT (L) *B(M,10) *CON3

GO YO 10430

AZN=,0

BZN=.0

N2=T¢4

00 200329 K=1,N2

CKPzCOS(FLCAT (K~-1)*RB(N,11}))

IF{K-JC) 10071,10071,20C29
AZN=AZN-CON3®*CHMP*FLOAT (1) *8(K,3)*CKP
BZIN=BIN-CON3*CHMP*FLOAT(I) *A(K,1() *CKP
CONTINUE

AZL=.0

BZL=.0

IF(N2-JC)10061,1C030,41C030

N1=N2+1%

N0 20639 M=N1,JC

L=M-1

CKP=COS(FLOAT (L) *B(N,11})
AZL=AZL~CONI*CMP*FLOAT(L)*3(M,9)%CKP
B7L=BZL-CON3I*CMP*FLOAT (L) *B(4,10)°CKP
GO TJ 13030

AIN=,3

RIN=,§

CON1=3,1415927/SIN(BI(N,11))

N2=1¢1

00 2CJ)2R K=14N2

CKP=COS(FLOAT (K=1)*B(N,11))
IF(K-JCY10072,10072,20C28
AZN=RAZN+CONI*SMP*B (K,9)*CKP
RIN=BZIN+CON1*SMP¥B(K,10) *CKP

CONTINUE

AZL=.1]

8ZL=,0

IF(N2-JC)10062+1C030,1003C

Ni=NZ2¢3

N0 20138 M=N1,JC

L=M=~1

SKP=SIN{FLOAT(L)*B(N,11))
AZL=AZL+CONLI*CMP*B(M,3)*SKP
AZL=CZL+CONL*CMP*B(M,1() *SKP

AZ(T NI=AZN®RZL

BH(I,N)=BZIN+3ZL

CONTINUE

N0 1C03% I=1,J4C

00 10031 J=1,J4C
CCUIy101=(1e=311433)%(B(I+5)/3(T48)=1,)%2(T,4)
COIyJISFLOAT(UI*(AZ(J T) #B(I,5)%BH(J, 1)
CALL SIMEQ(JC+C,oCO)

00 18335 I=1,4C

B(I,12)=,0

3(I1¢13)=0C

B(I ltd=,0

00 10335J=1,JC
B(I412)=B(Iy12)4FLOAT(INI*COUI1I*AZUI4 ) /3 T4 )* (1.7 (1.-R(1,3)))
BlIo13)=BLI 13V4FLOATIJI*COCUILI*BHIS, I/ (T4 *% (L7 (1.=8(1,30))
B(Io14)=CCUJ L) *STM(FLOATIUI*B(T411)1)/8(T1,4)+B(I,14)
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B(JCi16)=,0
20001 00 16038 I=4,JC

BlIo15)= (BT, 14)°B(I L1 (B(I,4)/B(IB8)-RIT{3)*B(I,6)))%,%8(9,
12}

B(I+16)1=B(I415)1°B(I4&)
BlIo17)2(B(Tob)/B(148)%B T 16)%BII L)% (R(T,4)43(1,12)%B(I44))) %6,
1*8(9,2)

BTT=ATAN(B(I,8))

BTI=ATAN(B(1,5))

R(I418)22,%3,1615927%B(I1,44)%COSIBTIN/(1./B(I,83~-B(I,13))

B(I419)=64e31% (B(4e2)=B(I30%8(342) /2.)1%(SIN(RTTI/(B(I4)1%3(7,2)
1*COS(BTI-BTT)I))®*®2

IF(I-119,+9.6

€ IFLI-JC110,9,9
9 BlI,20)=.0
n(Io?1)=.0
GO T0 11

10 CONTINUE
BlI+2C0)=(1.-B(147)°%B(I1,6)/79(1,18)%B(1,51)%0(1,15)
R{T421)=(1.4B(1,7)%*B(1+6)/8(1,18)/8B(1,5))*8{(I,17)

i1 CONTINUE
R({1422)=3(1,20)%8(1,4)

13238 CONTINUE
PP1=SIMPUN{3(143)+8(1,16),+JC)
PP2=STIMPUNI(B8({1,3}),8(1,15),4C)
PPI=SIMPUN(B(1,3),8(1,17),4C)

PPL=PP1/PP3

PPS=PP2/PP3
OFP6=STHMPUNI(B(1+3)8(1,22) 4,JC)
PP7T=SIMPUNI(B(1,3),8(1,20),J4C)
PPB8=SIMPUN{B(1,3},8(1,21),JC)
PP3=PPE/PP8

PP1{C=PP7/7PP8

no 14039 I=1,JC

JCI=JC+1-~1

DO 1,540 L=1,4C
X0=B(L+31-B(1,3)

IF(X0) 860,850,871

R6°0C X0=C.0
GO TO 861

871 CONTINUE
X0=B(L+3)~-B(l,+3)

861 CONTINUE
B2(L)=X0*B(L,20)

1304 B3(L)=X0/B(Ly3)*B(L,21)
IF(JCI~2)100L1,10041,10059

13361 8(1,25)=.0
R(T14261=.0
R(1427)=.0
P(I,28)1=,0
60 TO 10039

13359 (14251 =SIMPUN(B(193)9B(1415),JC)I*B(B842)1%3(F,2)%*¥I*¥T 14LL1EG27*R(7,42
11%%2 /(16.%8(9,2))
B(T1,26)=SIMPUNCIB(1+3)+B(1416),JCI*R(B8,2)%(3,2)%%2%A(7,2)%%3/(16,.*

.

i

1 8(5421%8(9,2)) et
BTI=ATAN(B(I,5}) i}
SBI=SIN(BTI)
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16039

216

792

73
734

70C

71
52
10043

10981
20541

ca1=cos(sTn)
B8(1427)2B(1,25)%CBI¢B(I,26)°S8I
B(1,28)=8(1,25)*SBI-B(I,26)°CR1

CONTINUE

00 206 I=1,4.C

B(I,12128(I,42%B(I,412)
B(I«13)=B(I,4)*B(I,13)
B(Iy16)2Bilye)®*B(I410)
IFLJUEE.GT.0) GO TO 10081

H15(181)=PP4C

D0 10049 I=1.JC

IF(B(I,6)) 702,702,703

CC1=¢C.¢C

GO T0 704

CC1=B(1,18)/3(146)

CONTINUE

CLiI(IY=CC1t

rC2=1.54*CC1

CC3=.0679%CC1

IF(CCL) 701,700,701

CCu=(.¢(

H{I,38)=CC4

GO TO0 52

CCuz=B(I47)/CC1H

A(I,38)=CC4

CCONE (I)=CC1

CCTWO(I)=CC2

CCTHR(IY=CC3

SUBROUTINE STMEQ(JC,CyCC)
CCFORI(T)=CC& :

CONT INUT C =-=- NEW VERSION RY JACK DISKIN =-- X7145%
RETU=RN
END DIMENSTION BA(12),C(12,12),CC(12,12)
MPD=JC
JCI=JC+1

CC(JUCTH210=0,
DO 80 I=1,J°
CtI«JCIV==-CC(I,1}
00 78 J=2,JC1
78 CC(I,J)=0,
CC(Is1)==C{14I¢1)/C(1,1)
81 CCUlI,I+1)=4,
00 89 K=2,JC
00 86 I=1,MPD
BA(I)=0.
D0 86 J=1,JC1
86 PA(I)z BAL(I) ¢ C(K,J)*CC(1l,J)
MPO=MPD=1
D0 89 U=41,JC1
2=CC(1,J)/8A (1)
00 89 I=1,MPD
89 CC(I,J¥==BA(I¢1)*Z ¢ CC(I+1,J)
00 99 J=z1,JC1
39 CClJy11=CCL )
RETURN
END
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SUBROUTINE DISCOT (XAcZAoTABX,TABY,TABZ,NC,NY,N7,ANS)
DIMENSION TASX (1) 4 TABY (1) ,TABZ (1) JNPX (37),NPY(37),YY(37)

C MERGE OF DISCOT,DISSER.AND LAGRAN USING BUILT IN CONSTRAINTS

15

2]

25
33

33

“w~N

NL=z2

IFINC.EQe=b4) NL=3
ID=2*NL-2

NUPP=NY =NL

8O 15 TI=NL,NUPP
NLOC=I1

IF( TARX(II).GE.XA) GO TO 20
CONTINUE
NUPPzNUPP=NL ¢2

GO 70 99
NUPP=NLOC~N.L ¢1
NU=NUPP+ID

00 25 JJ=NUPP (NU
NDIS=J4J

IFQ TaBX(JJ) +EQ. TABX(JJI*) ) GO TO 3N
CONTINUE

GO T0 99
NUPP=NDIS~-ID
IF(TABX(NDIS) s LTeXA) NUPPENDISH!
SUM=C.(

NN=NUPP

N=NN+]IOD

DO 3 I=NN,N
PROC=TARY(])

DO 2 J=NNyN
A=TABX(I)=-TABX(J)
IF(A.5Q.,04) GO TO 2
B=(XA~ TABX(J) }/A
PROD=PROO®8

CONTINUE
SUM=SUM+PROD

ANS=SUM

RETURIIN

END
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9 SUBROUTINE STRESS(AZZ,AREA,XRBAR,YBAR,AYFXNAYEYOEMXOeEMYOLEMT B, M
i 1084STRMAXyRAK o RAKOP)
- OIMENSION CHOROD(11),THICKNS(11),CAMBER(11),PITCH(11),SKEWR(11)
1,XI1(11),087T(11)
COMMON/CHETIGHT /XI 4yCHORD o THICKNSG yCAMBER,PITCH,SKEWR,DIAM,Z2,0EN
1 RAKL yFI PP7,PPB,PPO,PP1 1 ,EHAKE VS RPS,TINMA,LEAR,RT,P,PNO
Z +FHODIAMAFTDIAM HUBLENFDBOOE y ADBORE yDTISRCFL
COMMON /ZUNITS/ SI.UTI,UC
OTMENSION RAK(11)
DIMENSION AZZ(11,38)
DIMENSION XE(20)
DIMENSTION HA(20) oHAL(20) oPHI(27) 4PHI21(20)4XUIL(23),T112C)401(2C),CP
1HI(2C) +SPHI(20) X6 (20),AE(20),3€(2C),PE(2]?
DIMENSION A013)48013),CI13)sNC13) oS (1) ,FU13)4G(13),H(13),0(13),
XP(13),0(13) 40131 3S{13)oT(23,U(L13)yVIL13)oW{13),¥I13),Y(13),7(13)
NDIMENSION R1(7,16), S1(7,16)
OIMENSION CENTST (7), CENTMO (7)
DIMENSION FMXET) o TXL7) JF MMXC I3V g YTXC13)oSKFH(13),XUI(8C)
DIMENSION VOL (7)) CENTLI(T7) JAL(7Y,A2(T7) 4X2RAC(7),CNTS2(7),R2(13),
X FS(13),P2(131,02ti3)4AA(LG) ¢B{10)CENTL2(7),CENTMSI(7),
X TSKEWL (7)o TSKEHZ2(7) s ASKEWL (7),ASKEH2(7)
DIMENSION V2(13),02(13),52(13)
DIMENSION ALPHIA(?)
- OIMENSTION XMT €10 o XL €(10) ¢ XM(10) o XT(10) ¢STH(LC),STLT(10)
NIMENSION ARZA(7) ¢XBAR(7),YBAR(7) JAYEXO(7)YAYEYD(7),EMX0(7),SMYO(7
1),EMTB(7)4EMOB(7) STRMAX(7)
DATE AF AT JAT X ATF ATFF,AFXXyATTTyGRAV/144L0%95,,72099,.341,.58C32

%‘ 2 165.321 4041733441271 4432414 /
C
C* * % ¥ » SIMPLE BEAM APPROXIMATION INCLUDING
C * * % % v QENDIN>, CENTRIFUGAL AND TORSIONAL FORITES,

PI=3.1415926536
ATX¥X=,202084
NN=1
18 FCPMAT (8F9,6)

L7=A722(9,2)
VS=AZZ(7,42)
DIAM=AZ7(3,2)
DIA=0TAM
VEL=€0.0%AZ22(5,2)
ISEC=9
AZ77€(1C420)=0.0
077(10,211=BT(11)
A27€1),22)=0.0
N0 10601 I=1,10
DUIVY=AZZ(I,20)
T(IN=AZZ(I,21)
E(I)=AZZ(1,422)
C(I)=A7Z(I,23)*0DIA*12.0
SKEW(II=C(I)/2.0-R2Z(1,24)%DIA%12,(/2.C

1320 XU(IN=AZZ(I19)
00 3C J=247

30 AZZ(J425)=A2Z(J+#1.2°%)
00 10031 I=1,7
K=it~-1
q J=K/13
K UGI)=,1%(]1=2) ¢+.,05%J2(3-1)

ey -



UiK)=1-u(I}
IXCIN=AZZ(IL25)%DIA®12,0
FMX(I)=,0679%*DIA®AZZ(I,18)
YBAR(I) =, 0679*DIA®AZZ (1,18)
FRX(I)=0,0
ACII=COI)*TXCI) ®AT
X(I)=CUI)®ATX/AT
Y(I)=FMX(I)*ATF /AT /2,
GCIY=CUIY T CI) P (FMX(T)*O20ATFF4TX(T)CO2%ATTIT/3 ) -A{T)%Y(I)*Y )
HOI)=COIY*S3%TX(IY®AT XX -~ A(I)®X(D)®X(T)
1001 CONTINUE
C CALCULATE THE VALUE OF F1 FROM INFUT VALUES,
26 F1=1.,9905%(DIAM/ 2,01 %% 3%ySss28p]86,0/22
FFi{=F1
IF(PD0.GT«0s) GO TO 52
DO 215 1I=1,10
215 PLI} = TAHIY*PI®*XU(])
52 NN=NN+¢1
SO OB U5 00 06 08 00 69 9T 6 00 0000 OB 00 04 00 00 00 20 80 04 00 50 00 09 V008 CO"PUTE LI D R0 L Al T X T X X L 1 T RIZ TIXTL - T RIT -R-J1 X1RT1]
CALCULATIONS FOR CONSTANTS USED IN OETERMINATION OF TOPOQUT AND THRUST
CALCULATIONS OF BENDING MOMENTS FROM THRUST AND TOROUE.
N0 360 I5=1,2
Fi=FF1
PAD1=0IAM®*(0.5%12.0
IF(IS~-2)55456456
5S D0 210 I=1,1C
PECI)=P(I)
AECTI=D(II*{L~-ECI)*T(IN)
BII)=D(IY*(E(I)&+TL(I))
3 (I)=B(1I)
TCIN=P(I)/Z(2PTI%XU(I}}
PHI(TII=ATANIT(]))
CPHI(II=COS(PHItI)}
SPHI(II=SIN(PHI(I))
HA(I)= (SKEW(IY)®* (CPHIC(I) /7 (RADL*XU(I)Y)
YUL(T) =XU(II*COS(HA(TI))
HAL1(I)=C (1) /2,
210 IF(SKEW(I)JED.HALC(I)) XUL(X)=X(I}
GO YO ©8
56 D0 57 I=1,10
P(I)=PE(I)
57 8(I)=8E(])
S8 Fi1=F1/€C.0
00 69 I=1,7
11=1
IF(IS5~-2)62463,63
62 Xo=xXui1(I)
GO Y0 €4
63 X0=XU(l)
64 13=0
00 €8 I2=It.10
13=13+1
IF(I5-2)65,6b466
665 X4 (I3)=(XUL(I2)=X0)
XE(I3N=XU(I2)
GO TO €7
66 Xu(I3)=(XU(I2)=-X0)

OO0



fudnini o

DOONO

XE (I3)=XUy(I2)

67 T1(I3)=XGII3V®RAE(TI2)

68 QL (I3)=X6(I3)*8LI2)
TOI)=SIMPUNIXE 4 T1,13)
O(I)=SIMPUNIXE ,Q1,13)
T(IV=TU(I)*FFL

63 O(IY=Q(I)*FFL

LOOP WHICH APPRIXIMATES STRESS NUS TO TORPSION TSULTING
FPOM SKFHW
XT(I) = LIFY FORCE o XMT(I) = MOMENT OWC T9 Lir.

PO 111 I=1,7
IF(I5=-2)820,83C,83C

225 ¥MT(I)=0.,09
¥YK=1.99CC* (DIAM/2.,0)%%2,%VG8%2 ,3P1/(2,0%77)
XA=C(I)/72.0
YB=TX(1) /2.0
00 222 J=1,9
XL{JY=AQS(SKEW{JY~.45%CLI))
XL(JY=XL(J)=ABS{SKEW(I)=-,5%C(]))
XT{S)=AE(J)I*, 12 XKZ(COS{PHI( S +ECJ)))
XMUJ)=XT (JY*XL (J)
XMT(I)=XMTLTI) $#XM(J)

222 CONTINUE
STM(I)=XMT(I) *2,0/(PI%XA®XTI®*2,)
SYLT(IN=XMT{I)*2,0/(PI*XR3XA%*2,0)
GO T2 a4

R3) STM(I)=-0.00
STILT(I)=Ceul

840 CONTINUE

e Nyl

111 CONTINUE

550 FOPMAT (LHC 929X 4 AHX 10X o4 HTAUMG12X,EHTAULS 413Y,7HY SUB T)
S03 FOPMAT (14920X44F2149,6)

AOD FOFMAT (1H1,50X,32HSNEARING STRESSES JUE T TNARSION)

LOOP WHICH GCALCJLATES VOL. OF SeCTIONWS.,
VOLTOT=0,0
20 211 I=146
VOL (I)=ACI)® (XU (T¢1)=XU(INI%ITaM/288,
241 VOLTOT=VOLTOT +VOL(I)
VOL(7)=A(7)* (1-XU(7))*DIAM/ 576,
243 VOLTGT=vALTOT+VOL (7)
LOOP WHICH CALCJLATES CENTRIFUGAL FORCE ANH STR™SS,
TF(I5-2) 2Uky246,246
P44 NO 245 I=1,6
245 AL(I)=XUL(I)¢ ((XUL(I+1)=XULIT))/2,C)
£1(71=XULI7)+ CIXULCL0) =XUL (7)) /2,0
GO TO 248
246 0O 267 =146
267 ALUDI=XULT)I+((XUCT+1I=XULTIIN/2,0)
ALL7I=XU LTI IXU 10D =XU(7))/2.D)
LOGP TO TRANSFER CONSTANTS FO® DETFRMINING X2°A%,
248 D0 236 I=1,7
X2BAR(I) = 0.0
236 A2(I) = 41(I} * VOL(I)
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C LOOP TO CALCULATE RAQIAL CENTROID ( X2BAR ),
00 25t I1=1,7
X2MAR(TI) =( (A2CL)FA2(2) ¢A2(3)+A2(L)A2(S)+A2(6)+A2(T)) /7 VOLTOT )
X ® (DIAM/2.0)
A2(I) = 0.0
C UNCORPECTED FORCE ANO STRESS FOR OUTPUT OF ANSWERS WITHOUT THE EFFECT
C RAKE AND SKEW TAKEN INTO CONSIDERATION,
264 CENTL{I) = DENSL,QPPI**23VEL®*2%VOLTOT*X2BAR(I}/ (3600.0%GRAV)
CENTST(I) = CENT&(I) /7 A(I)
251 VOLTOT = VOLTOT - vOL(I)
C LOOKING AT THE SFFECTS OF RAKE AND SKEW IN THE OROPFLLER,
00 2¢3 I=1.10
AA(I)=PI®XU(I)
263 B8B(I) = SARTI(AA(IN**2+P(I)**2)
00 2¢7 I=1,7
TSKEWLITI) = (CEI)/2.0 - SKEW(T)IY * AA(IV/9B(I)
KK = 1
146 IF(X2BAR(I)=-XU(KK) *DIAM/2.,0) 149,149,151
151 KK= KK¢i
IF(KK=10)146414G,149
1469 TSKEH2(T) = (CIKKDI/2.,0 -~ SKEW(KK)) ® AA(KK)/BS (KK}
ALPHIA(I)=ATAN(TSKEW2(I)/(X2BAR(I) * 12,0) )
CENTL2(]) SENTGL(I)®*COS (ALPHIAC(IN)
- CENTHMS (I) = CENTL2(IDI*(TSKEW2(I) ~ TSKEWIL(I))
CENTS2(I) = CENT&2(I) /7 A(])
ASKEWL (I)=(TSKEWI(I)*P (I} /AA(I)) ¢ RAK(I)
ASKEWZ2 (IV)=(TSKEW2(I)I*P(I)/7AA(T)) + RAK(KK)
77 CONTINUE
267 CENTMO(I) = CENTL2(I) ¥ ( ASKEWZ2(I) = ASKSWL(I) )
N0 281 I=1,7
9(I) = {(TC(I)+CENTMOLII)I*AA(I) +(Q(I)=-CENTMS(I))*P(I}))/BB(I)
ECD) =C(TCI)SCENTMOIINI*P(I)I=(NCI)-CENTMS(T))I®AA(T)I/BB(I)
D2CIN=(TC(IY*AAC(I) ¢Q(IV*P(I)) /7 BB(I)
281 E2(I)=(TA(I)*P(I)-Q(I)*AA(I)) /7 BBI(I)
C PROGRAM CONTINUES.
N0 350 I=1,7
K=1
S(1i=2
2(K)=U(7)
F2=FMX(I)¢.L962%TX(I)-Y(I)
DO 3T0 L=1,K
S(L)=((CLIV2Z(LY=-XCIN2*ELIII/ZH(TID)+F2*0D(T)/G(TI) #+CENTS2(I)
B2ILIZCCCCII*ZALYI=X(T))*E2(T))I/ZHITI)CF22D2(T)/G(TI)*CENTSTI(I)
V2(L) = ABS(B2(L)?
300 v(L)=ABS(B(L))
F3=vii)
Fu = V2(1)
F(IVY=B(1)
FS(I) = B2(1)
DO 320 L=1,K
FLI=V (L)
323 FS{1)=Vv2(L})
F5LIY = 0.0
349 p({)=-¥(1)’€(I)/H(I)’(C(I)‘S(})’Y(I,"O(I)/G(I’*CENTSQ (1)
PRUEY==X{I)*E2(I) /7R(II=(CLD)*SULI=Y(I))*N2(I)/G{(TI#LENTST(T)
02(I) =0 TI=X(IIVI*E2(II/H(I} (=Y ULIIV*D2(TI/GUII) +CENTSTI(T)
350 OC(DI=(CiI)=XUI)I*E(T)/ZHIT I =(=-Y(I)I*D(I)/G(T) +CENTS2 (1)

A
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103

351

352

360

00 100 I=1.7
AREALTI=ALY)
X8ARCII=X(ID
AYEXO (Y =6GLT)
EMX0(I)=0(I)
AYEYC{T)=HII)
FMYO(I)=E(])
STRMAX(IV=AZZ(I,11)
EMTR(II=T (D)
EMOB(I)=QII)
IF(I:-2) 351,352,352
CONTINUS

CALL PRNSTR (FePe0sSTMySTLTH2Z7)

.0“"“.O.l.t'.l..l'..“...O.““..”"“.'"”“i". pQTNT OUTPUT

GC TC 369
NUMMY=DUMHY
NN = NN¢i
NN=NN¢
RETURN

END
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;f SUBROUTINE PRNSTR (XX,YY,ZZ,S1+S2,A27)
DIMENSION AZ2(11,38)
DIMENSIGN XX(4C)oYY(10)422(10),5S1(100,S2(10¢

CALCULATION OF PRINCIPLE STRESSES
DUE TO TORSION AND BENOING.

OO0

DIMENSION XI2(10) ,XI3(10)
00 333 K=1,7
XI2(K)==S1(K)*S1 (K)
XI3(K)==52{K)*S2 (K)
333 CONTINUE
XXXz 3, 1
NO0 GLo L=1,7
XXX=¥XXX¢0,1
00 555 M=z1,3
IF (M=2172422, 33
72 XI1=XX (L)
00= (ABS(XI1)) **2,0
XD=0D-4s *XT2(L )
CC=(ABS(XD))®** .5
GO TO &
XI1=YY (L)
GO TO 66
3 XI1=2Z (L)
- 5 ND=(ARS (XI1))*%2,0
% XD=D)=ts *XI3(L )
! CC=(A8S(XD))*%,5
44 SIGMAL=(XI14CC)/ 240
SIGMA2=(XT1-3C1/ 240
AZZ (L4 4) = XXX
AZZ(L,M¢1Ct=STIGMAL
556  AZZ(L,M$20)=3IGHMA2
Wit CONTINUE
70) FORMAT (1H20XoF1242,6X42E204 €)
85) FOPMAT (1HC 33X 1HXy12Xo6HSTGMAL 410X s HHSTGMA?2)
860 FORMAT (1M0,42X 4 99HSTRESSES AT EA&CH X STATINN AOT GIVEN IM THT FOLLO
XWING OPDEP* MIOCHORD, LEANING T0GE, TRATLINS S9GT. )
PE TURN
END

A ]
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FUNCTION SIMPUN{(X,¥4N)
FORTRAN IV FUNCTION FOR SIMPSONS RULE INTEGRATION
ARBITRARY NO, AND LENGTH INTERVALS K.MEALS NSROC COOE 842 10-5-67
DIMENSION X(2),Y(2)
IF(N=-2) 74 544
Sz (Y (1) eY (2N * (X (2)=-X(1)) /2,
GO 10 6
& M=N-{
8 IF(M-2) 9,10,11
1 M=M-?
GO TO 8
G SzUX(2)=X(1)) /762 (VL) *(3o=(X(2)=XtL))/7IX(ID=XN{LIIDEY(2)*(3,¢+(X(2)

1=X(11)/7(X(3)=X(2)3)=Y(I)® CUAX(2)=X(1))%%2) /7 {(X(3)=N(L1))I*(X(3)=X(2)
211
L=3
GO T0 12
13 S=1,
L=2
12 M=N-1
DO 1 K=L M2
IF(ASS(X(K=1) =X(1))+.GE.ABSIX(K)=X(1)}) GO YO 3
IF(APS (XIK#1) =X(1))GT.ABSIX(K)~X(1))) GO TO ¢
HRITE (642) Koy X(K=1)yY (K=1)yX(K),Y(K)yN
FORMAT(® NON MONOTONE X(SIMPUN)® Ik o2Xy1P2512,b¢5X92E12,445%X,1I4)
S=0.
GO TO 6
1 S=SHIXN(KEL) X (K=1))/6e (Y KoL) ¥ (Too(X(KEL)=XIK=1))/7UX(K}=-X(K=1)))¢
TUYIK)# (L o4 (X(K#LY=X(K=1)) /7 (X (K)=X(K=1D))RIX(K)=XN(K=1))/ (X (K+1)=X(K)
1)) (Y (K1) 3 (2 o= (X{K)=X(K=1))/7(X(K#L)=X(K})}))I D)
6 SIMPUN=S
RETU?N
END

~nN W
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273
19

201

SURRQUTINE W IGHT (JC+SIGMA7,HURGPHHC, NETGHTI W IRHTH,RAK)

WETGHT COMPUTES THE WEIGHT AND CENTE® NF GRAVTITY. THE VALULS F
CHORD, THICKNS, CAMBER, PITRH AND SKEWO 5IMC FRPOM GMAIN, O0IA“,
DiN, RAKE AND PI ARE SET IN STRISS. OTHIP VALUZIS AOE COMPHTIN

MAKING CEPTAIN ASSUMPTIONS,

THE ARRAY RAK USED FOR RAXF COME FOPQOM SMATIN

DIMINSION P(13),BT(11),RAK(11)

COMMON /UNITS/ SI,UI,UC

COMMON/CHWEIGMT/ Xy CHORDyTHICKNSyCAMBER,PTTCH, TK"WP 4OTAM,27,NTH, PAKE
1cvaCTS'CPSQEP'pCQNAKE'VS,RPSoSIGHA.Eﬁp '17.9'900
2 +FWODIAM AT TOIAM,HUBLEN,FOBOPE yADBORE 4DISRTFL

DIMENSION CHORD(11),THICKNS(11).CAMBER(11),PITCH(L11),SKEWR(1])
1,x(11)

DIMENSION ODISTHF (38),A(38)

DIMENSION R(3) ,PMT(9)

DATA CNSTNT14CNSTNT243CNSTNT3I/, 363544 AC71 4422387

DATA THR1,THB2,THB3,THBGL /6H CYLIM,EHMNITICAL 464 IESTLH6HGNATED/

DATA UFELUFS 7/ SH(LBF) ,S5H(N) /

DATA UETGUETyUSL Z4HUIN) LGHIFT) 4 GLH(MY 7

$***VALUES COMPUTED AND DATA OUTPyT®ss=s

THE HUB OIAMETER IS ASSUMED TO BE THE NIAMETES TC THE FIPST RAD
RATIO TO BE CONSIDERED AND THE HUB ASSUMIN TO BI CYLINDPICAL,
THE HUB LEINGTH IS ASSUMEN TO EQUAL THE Hym ITAMETZR ANR) THE DIS
THE REFERINCE LINE FROM THE HU3 FACE TS TAKTN AS HALF THE Huys |
INPUT DATA AND ASSUMED DOATA WRITTIN NUT,

CORIX Y gHI=H® (XX 42¥XBY$TEYRY) /(XX XEYIYRY) /Yy,
VOL (X Y H)=H® (XEX4XPYEY?Y)/3,
PMFT (X Y)IXEXEXEXEXEXEXPYHXONSTEYEXPYRYRYsyOYOYSY
ATH=THgY
BTH=THR2
IF(HUE.NE«DB.) ATH=THB3
IF(FUPLNELO. ) BTH=THRL
HUBDTAM=X(1)*DIAM
IF(HYR,NEJOs) GO TO 50
DISREFL=HUBDIAM/2.
HURLEN=HUBDIAM
CENGRVH=HUSLZIN/Z2,
GO TO 273
FWORAD=FWDOIAM/2.0
AFTRAD=AFTDIAM/2,0
HUBRAD=HUBDIAM/2.0
FRROE=FDBOR: /72,
ARARORE=ADBORZ/ 2,

*3¥2WE IGHT CALCULATION®®®s
N0 1l I=1,4J4C
A(I)=CHORO(II®*THTICKNS(I)
Wz IGHT OF THE BLADES
ASAL1=SIMPUN(X4A,4JC)
WE IGHTE=CNSTNT1*CIAM®DEN®27% RSAYL
Wi IGHY OF THE HUB
IF(HUB.EN.0.) GO TO 20C
HRBORE=ARBORE #D ISREFL*® (FPROPE~-AP3NRE) /HUILEN
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2030

WS1=PI®DEN®VOL(AFTRAD\HUBRAD,DISREFL)

WBizP I®DEN®VOL (ARBORE yHRBORE s DISREFL?
WFRi=WS L ~-WBL

IF(HRBORE«EQ. ARBORE) HRBORExARBORE+.0002%901
AFMZWS1*CGR(AFTRAD,HUBRADJDISREFL)~HB1*CGR(ARBOPE \HRBCRE 4DISPEFL)
DS=HUBLEN-DISREFL

WS2=PI*DEN®VOL (HUBRADFWORAD,DS)
WB2=PI*DEN®VOL (HRBORE,FRBORE,DS)
WFRZxWS2-WB2
FUM=DISREFLO®NFR2 ¢NS2°CGR (HUBRAD4FHWDORAD,NS)
LF(FRBORE.EJ. HRBORE) FRBORE=HRBORE®. 00090101
FRM=FWM-WB2*CGR (HRBORE FRBORE,DS)
WEIGHTHsWFRL ¢WFR2

CENGRVH= (AFM*FHM) /HEIGHTH
GO TJ 202
WE IGHTH=PTSHUBOIAMS*2*HUBLEN®*NFN/&,

202 CONTINUE

23

2510
251

Wi IGHT OF THE PROPELLER
WE IGHTP=WEIGHTB¢WEIGHTH

*SSSCENTER OF GRAVITY CALCULATION®®»s
00 20 I=1,JC
DISTHF (T)=CNSTNT2®CAMBER(II*COS(PITCHUI)) #CNSTNT3I*CHORD(I)

{*SIN(PITCH{(I)) ¢D ISREFL

THE EFFECT OF RAKE AND SKEW ARE ADODEN TO THe NISTANCE OF THE CE
GRAVITY FROM THE HUB FACE FOR EACH SFCTION,
00 3C I=1.JC
OISTHF(I)=DISTHF{I)=SKEWR(II®*X(IV/2,*0IAM*TAN(PITCH(I))~PAK(T) /12,
A(]I)=CHORDI(II*THICKNS(I)*DISTHF(])
RSA2=STMPUNIX, A, 4C)
JENGRPV3=8SA2/8SA1
CENGRVE=DISRIFL-CENGPV3
CINTER OF GRAVITY CONSIOERING RAKE ANN SKXFHW
CFNGPV1=(REIGHTBYCENGRVI+WEIGHTH®CENGRVH) /HIIGHTPR
CENGPVF=DISRIFL-CENGRV1

IF(HUB.EQ.0.) GO TO 250
CP=PI®DEN*1bL, &
PMA=-DISREFL*PMFR (HUBRAD,AFTPAN)
PHMF=DS*PMFR(FRDRAD,HUBRAD)
PM3=HUBLEN®PMFR (FRBORE y ARBORE)
PHHC = CP*(PMA+PMF=-PMB)

GO 10 251
PMHC=WE IGHTH* HUBRRAD**2%72

CONTINUE

$38QESULTS OQUTPUYT#»e»
SLF=,3048
UB=WEIGHTB
UP=WE IGHTP
CFL=CENGRVF/DIAM
COL=CENGRVB/DIAM
BA=HUOQLEN/OIAM
BB=FHDDIAM/DIANM

BC=AFTOIAHM/IIAM
BO=DISREFL/OTIAH
BE=HUBDIAM/0IAM



it |

BFzFDRORE/DIAM
BG=ADRORE/OIAM
SH=UFE
IF(UO.NE.SI) GO TO £31
SH=UFS
UZ=U3%6,448222
HFTUP*L . 448222
531 PXINT 1b‘0'SH9UBQATH'BTH.SHQU°' CFL' :nL
IF(FUP.EQ.0.) GO TO 55
PRINT 1086, B8A,88,BC,80,R5,3F,B86
GO T0 53
CONT INUE
PRINT 11C, BE, BA, B0
53 CONTINUE

mn
]

C MINIMUM EXPANDED ARFA PATIO CALCULATTNNS
AJS=V3/(RPS*DIAM)
AJAsWAKC *AJS
AKT=PI*CTS*A)JS**2/8.
AKQ=ZPS*4JS**3/1€,
EARMIN= (2,640 6*ZZV*AKT/ (SIGMAT® {AJA® 24+ (,7%CT)*%2])+,15
PRINT 105+EARMIN,AJSy)AJAHAKT (AKD, oC

124 FOPMAT( //2iX*WEIGHT OF BLANES® A0 (%=%,F15,4//20X,*HEIGHT OF P

1ROP (BLADES ¢*2A6,"* HUB)* A6, %=% 1F153.6/7/720X*CTNTER OF GRA
{ 2VITY OF PROP REFERENCED FROM MIDCHORD OF 2797 SECTION (- FWD, ¢ AF
ITy/0=* 2F9.6//720X,*CENTER OF GRAVITY 9JF RLAOQSS SCFCERCENCED FROM
4 MIOZHORD OF ROOT SEGCTION (- FHO, ¢ AFT)/N=* 1F9.5)
135 FOPMET (/20X *KELLERS MINIMUM ZAR=*,E1C,&
1/728X4*SPEED COEFF V/(ND) JS=¥,E10.0/727Xy*BOVANCE CO7FF A

21-HTT) /7 (ND) JB=%,E1G.4//20X*DESIGN THOUST COFFF KT=#,F
310.4/720%X4*TIROQUE COEFF KQ=*4E15,0//
4 2CX,*PROPULSIVE EFFICIENCY F©TAN=¥¢,E17.4)

113 FOPMAT (/20X4*HUB DIMENSIONS/O*, 8X ,* HHQ DTAM =*#F3,L/LTYX,*HUB L
1eNGTH =% sFO,u4/47X,*MIODCHORN OF POOT SECTTIN TO AFT TND 0F HUJ =*,F
29.4)

1C) FOPMET(AFB. 4

107 FOFMET( /720X *NWEIGHT OF BLANTS* ,A5,%=%, F15,L//20X,*W" IGHT OF P
1POF (SLANES ¢ TAPERFD HUB)® JA5,%*=%*,F15.4 /720X, *CENTER OF GRA
2VITY OF PROP REFZRENCED FROM MTDCHORD OF 2997 SFCTION (- FWD, ¢+ AF
21y /0=* 2FO L/ /20Xy *CENTER OF GRAVITY JF 7LANCS SFFERINCED FROM
4 MIDCHORD OF POGCT SECTION (- FWD, ¢ AFT)/)=* +F9.0)

158 FOPMAT (/20X4*HUB NIMENSIONS/N* t1IX G *LINGTHS® GFAL/u7X y*FUD DIA
IMZ¥ FY, L/UT7Xy " AFT DIAM=*,F9,L/LTX,*MIDCHNRN NF PNOT SECTION TO AFT
2 END OF HUR=Z?,F9,4/L7X,*HUS NTAM AT MIDCHIR) OF ©00T SICTION=*,F3,
3L/LTX*FHD DIAM OF BORE=*,F.L/LUT7X,*AFT NIAM OF 30RC=*,F9.4)

KETURN
tND
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PERMANENT TECHNICAL VALUE, DESIGNATED BY A SERIAL REPORT NUMBER.

(2) DEPARTMENTAL REPORTS, A SEMIFORMAL SERIES, RECORDING INFORMA.
TION OF A PRELIMINARY OR TEMPORARY NATURE, OR OF LIMITED INTEREST OR
SIGNIFICANCE, CARRYING A DEPARTMENTAL ALPHANUMERIC IDENTIFICATION.

{3) TECHNICAL MEMORANDA, AN INFORMAL SERIES, USUALLY INTERNAL
WORKING PAPERS OR DIRECT REPORTS TO SPONSORS, NUMBERED AS TM SERIES
QEPORTS; NOT FOR GENERAL DISTRIBUTION.
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