=

o=

- =

NASA CONTRACTOR 1-=
REPORT : =

| =

‘LOAN COPY! RETURN TO
AFWL TECHNICAL L!Z2RARY
KIRTLAND AFB, N. M.

NASA CR-2602

PREDICTION OF SPAN LOADING
OF STRAIGHT-WING/PROPELLER
COMBINATIONS UP TO STALL

M. A. McVeigh, L. Gray, and E. Kisielowski

Prepared by SN
UNITED TECHNOLOGY, INC. " ‘ '

Blue Bell, Pa. 19422 ! . o N
for Langley Research Center IR ST L

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION ~ WASHINGTON, D. C - OCTOBER 1975

AN ‘g4V) AdvHEIT HO3L



TECH LIBRARY KAFB, NM

‘i. Repori No. 2. Goverﬁn\ent Accession No.

NASA CR-2602

LTI T

0061511
October 1Y(>

4. Title and Subtitle . oqiction of span loading of

straight-wing/propeller combinations up 6. Performing Organization Code

to stall
[ 7. Authorts) M. A. McVe igh _ 8. Performing Organization Report No.
L. Gray : UTR~-004
a __E. Kisielowski 10. Work Unit No.
9. Performing Organization Name and Address
United Techhology, Inc. 11. Contract or Grant No.
1777 Walton Road : NAS1-12238

| Blue Bell, Pa. 19422 13. Type of Report and Period Covered

12. .S;)oﬁ;oring Agency Name and Address

National Aeronautics and Space Administration

14. § ing Agency Code
Washington, D.C. 20546 ponsoring Agency

15. Supplementary Notes The NASA technical representatives were Mr. Robert T.
Taylor and Mr. Louis P. Tosti. The contributions of the NASA

technical personnel to this work are gratefully acknowledged.
| __FINAL _REPORT

16. Abstract A method is presented for calculating the spanwise lift
distribution on straight-wing/propeller combinations. The method
combines a modified form of the Prandtl wing theory with a realistic
representation of the propeller slipstream distribution. The slip-
stream analysis permits calculations of the non-uniform axial and
rotational slipstream velocity field of propeller/nacelle combinations.
This non~uniform field is then used to calculate the wing lift
distribution by means of the modified Prandtl wing theory.

The method utilizes non-linear aerodynamic section data
for both the wing. and the propeller blade airfoil sections and is
applicable up to stall. The theory is developed for any number of
non-overlapping propellers, on a wing with partial or full-span flaps,
and is applicable throughout the aspect ratio range from 2,0 and higher.

The analysis is programmed for use on the CDC 6600 series
digital computer. The computer program is used to calculate
slipstream characteristics and wing span load distributions for a
number of configurations for which experimental data are available.
Favorable comparisons are demonstrated between the theoretical
predictions and the existing data.

17. Key Woi'ds (Sﬁgges-ted .bAy Authoris)) ) ) ) 18. Dissribution' Statem_ent ..
Propeller Load distribution Distribution unlimited
Wing Angle of attack
Alrcraft , Twist . Subject Category 01
Stall Taper ratio
19. Security Classif. (of this report) | 20. security Classif. (of this page) 21. No. of Pages 22. Price”
Unclassified Unclassified 208 $7.25

For sale by the National Technical Information Service, Springfield, Virginia 22161






SUMMARY

A method is presented for calculating the spanwise lift
distribution on straight-wing/propeller combinations. The
method combines a modified form of the Prandtl wing theory
with a realistic representation of the propeller slipstream
distribution. The slipstream analysis permits calculations
of the non-uniform axial and rotational slipstream velocity
field of propeller/nacelle combinations. This non-uniform
field is then used to calculate the wing lift distribution
by means of the modified Prandtl wing theory.

The method utilizes non-linear aerodynamic section
data for both the wing and the propeller blade airfoil
sections and is applicable up to stall. The theory is
developed for any number of non-overlapping propellers, on a
wing with partial or full-span flaps, and is applicable
throughout the aspect ratio range from 2.0 and higher.

The analysis is programmed for use on the CDC 6600 series
digital computer. The computer program is used to calculate
slipstream characteristics and wing span load distributions
for a number of configurations for which experimental data
are available. Favorable comparisons are demonstrated between
the theoretical predictions and the existing data.

iid






SECTION 1

SECTION 2

SECTION 3

3.2.2

3.2.3

SECTION 4

4.1
4.1.1

CONTENTS
SUMMARY ¢ceeccsecscescnsncccsssscccscscasnes
LIST OF ILLUSTRATIONS.ccscocccccccccsse
LIST OF TABLESceccocssscscssccocsccscane
LIST OF SYMBOLS.cccccacecesscccscccccns
INTRODUCTION. cseevecosacecoscscccnscoscccse

GENERAL REVIEW OF THE ANALYTICAL
MEIHODS..........‘........‘...l........

STATEMENT OF THE PROBI’EM...............
REVIEW OF EXISTING SOLUTIONS.:cccscccas
BASIS FOR THE PRESENT ANALYSISeeccscecsece

‘IHEORETICAL' ANALYSIS....‘...‘..‘.......

PROPELLER SLIPSTREAM ANALYSISecccccceces
General Propeller SolutiON.ecccssccccoss
Initial Calculation of Inflow Angle....
Convergence of the Iterative Propeller
SOlUtiONeeccosccccecsscsccssscscscsssssnse
Analysis for Slipstream Velocity

DistributiOns cececceccecscccscsecccccscas

WING-IN-SLIPSTREAM ANALYSIS.eecsscccnsne
Analysis for a Wing With no Flaps

or With Full-Span Deflected FlapSseeecss
Analysis for a Wing With Part-Span
Deflected FlapS.ccesscscccsnccsscnssscas
Extension of the Wing Analysis to

Small Aspect RatiOSeeecescccscccccccces

DIGITAI‘ COMPUTER PROGRAM...-..‘...‘....
PROPELLER SLIP-~STREAM COMPUTATIONS., ...

Computational Procedures for Propeller
Slipstream Velocity Distributions .....

Pag =]

15
18
21
21
29
39
42
42

42



4.4

SECTION 5

5.1

5.2

SECTION 6

SECTION 7

Propeller Blade Section Character-
18tiCSeenccosccscssssosccsnssscnscnnsns
Table Look-Up Procedures for Pro-
peller Airfoil CharacteristiCS..e.s.

WING-IN-SLIPSTREAM COMPUTATIONS.....
Computational Pracedures for Span-
wise Loading on a Wing With no Flaps
or with Full-Span Deflected Flaps...
Computational Procedures for Span-~
wise Loading on a Wing With Part-—
Span Deflected FlapS.c.ceccescceccccsse
Wing Section CharacteristicS..seecee.
Table Look-Up Procedures for Wing
Section CharacteristiCS.eccecececscsses

DESCRIPTION OF THE COMPUTER PROGRAM
LOGICI.....‘.......l................

SAMPLE OUTPUT..............‘.-......
VERIFICATION OF THE DEVELOPED THEORY

CORRELATIONS FOR AN ISOLATED \
PROPELLER..‘........‘..............-.

CORRELATIONS FOR WING-IN-SLIPSTREAM
Correlations for Low Aspect Ratio
WinNgSeeceeceoeceacacsscncccscccsccncsnsecs
Correlation ﬁpr Centrally-Mounted
Propellers and JetS.cecscscesosccscne
Correlation for Twin Propeller
ConfigurationS.cescescssscscccsscsass
Effect of Propeller RotatiONeesceces
Effect of Flap DeflectiONessceccsacs

CONCLUSIONS AND RECOMMENDATIONS.....

REFERENCES......l.................'.

vi

48

52

54

54

57

6l

61

6l

65

68

68
77
78
80
84
88
%6
28

29



APPENDIX A
APPENDIX B
APPENDIX C

APPENDIX D

PROPELLER TIP LOSS CORRECTION TABLES
PROPELLER AIRFOIL TABLES..cccccccese
PROGRAM USER INSTRUCTIONS.cccoocooee

INTERNAL LISTING OF THE COMPUTER
PROGRM.....................Il.l....

vii

104

108

121

146



Figure 1

10

11

12

LIST OF ILLUSTRATIONS

Notation for a Propeller Operating
in the Presence of a Wing.eeceesoeee

Blade Element Velocity Diagram....

Analytical Model for Slipstream
Contractionl..‘.l..‘..I.....-..l..

Notation for Wing-In-Slipstream
Model....‘...-.......l'...........

Mathematical Representation of
Flap DiscontinuUitye.ceecececccocceass

Method for Superposition of
&lutions‘..l..........I.I........

Computer Program Flow Diagram.....

Logic Diagram for Propeller Slip-
stream Subroutine.....ceeseececsncs

Correlation Between Predicted and
Measured Elemental Thrust and Torque
Loadings at 75 Percent Radius.....

Correlation Between Predicted and
Measured Elemental Thrust and Torque
Loadings at 52 Percent Radius.....

Correlation Between Predicted and
Measured Elemental Thrust and Torque
Loadings at 25 Percent Radius.....

Comparison Between Predicted and
Measured Distributions of Slipstream
Axial Velocity and Swirl Angle for
the P-2 Propeller of Reference 17,
at J = 0.12..0.cevcrcecncccnceancans

viii

- Page

9

12

20

24

30

35

62

64

69

70

71

73



Figure 13

14

15

16

17

18

19

20

21

Comparison Between Predicted and

Measured Distributions. of Slipstream

Axial Velocity and Swirl Angle for
the P-1 Propeller of Reference 17,
atJ=0026..:.'.............-.....

!

Comparison Between Predicted and

Measured Distributions of Slipstream

Swirl Angle for Typical Test

Conditions of Reference 42..cccces’

Verification of Low Aspect Ratio
Analysis..l‘...l....-....l......-.

Comparison Between Predicted Span-
wise Loading and Measurements of
Reference 6 for a Rectangular Wing
With End Plates Subjected to a
Uniform Jet; Vg/Vg = 1.36....00...

Predicted Versus Measured Spanwise
Loadings for the Rectangular Wing
of Reference 29 With a Centrally-
Mounted Propeller; AR = 6..ccceceee

Predicted Versus Measured Spanwise
Loadings for the Rectangular Wing
of Reference 29 With a Centrally-
Mounted Propeller; AR = 3.c.ccesee

Predicted Versus Measured Spanwise
Loadings for the Twin-Propeller
Configuration of Reference 42;

AR = 3.0, Cpg = Ocrvevrcrnnncncnnns

Predicted Versus Measured Spanwise
Loadings for the Twin-Propeller
Configuration of Reference 42;

AR = 3.0, Cpg = 0.36, B 75 = 25°..

Predicted Versus Measured Spanwise
Loadings for the Twin-Propeller
Configuration of Reference 42; o
AR = 3.0, CTS = 0.64' B?S = 25 . e

ix

74

76

79

8l

82

83

85

86

87



. o ' Page
Figure 22 Predicted Versus Measured Spanwise

Loadings for the Twin-Propeller
Configuration of Reference 44;
AR=407’ CTS=O...‘..'.......... 89

23 Predicted Versus Measured Spanwise
Loadings for the Twin-Propeller
Configuration of Reference 44; AR =
3.26, CTS = Occscesocnsscaccscccne 20

24 Predicted Versus Measured Spanwise
Loadings for the Twin-Propeller
Configuration of Reference 44;

AR = 2.28, Cp_ = Oucuvennnecccnnnn 91
S

25 Predicted Versus Measured Spanwise
Loadings for the Twin-Propeller
Configuration of Reference 44;

AR = 4.7, CTS = 0cedeccecaccscccnan 92

25 Predicted Versus Measured Spanwise
Loadings for the Twin-Propeller
Configuration of Reference 44;

AR = 3.26, CTS = 0uedececaccscnncns 93

27 Predicted Versus Measured Spanwise
Loadings for the Twin-Propeller
Configuration of Reference 44;

AR = 2.28, Cpg = 0uducuernnnncanns 94

28 Effect of Propeller Rotation on
Span Loading for the Configuration
of Reference 42; AR = 3.0,
Cpg = 0.64, a= 10 Degre€S..cccecsse 95

29 Predicted Spanwise Loadings for the
Twin-Propeller Configuration of
Reference 44 to Show the Effect of
Flap Deflection; AR = 4.7, @ = 10

Degrees...l...I....I........C‘I'.l 97
30 Assembly of Computer Program Input

Data Card Deck.............-...... 1-23



Table 1

11

II1

Iv

LIST OF TABLES

Typical Propeller Blade Sections..

.Summary of Propeller Airfoil

Sections Tabulated for use in the

- Computer PrograM.ccecccecscsccceceese

Sample Output for: Lift Distribution

.on a Wing_In_SlipStream..dooc..ol.o

Sample Output for Propeller Velocity
Distribution..eceeceeescedecscaccann

Card Format for Wing Section Airfoil
Ta-bles.........l.....'.I......I...

xi

51

66

67

130



LIST OF SYMBOLS .

AR wing aspect ratio

a l1ift curve slope for finite.aspéct fétio; per degree
ag spéed of sound, m/sec |

ag section 1lift curve slope, pef degfee

B number of blades per propeiler

Bp coefficients in trigonometric series

b wing span, m

Cp total wing drag coefficient

Ca section drag coefficient

Cy, total wing lift coefficient

Ci section 1lift coefficient

Co propeller torque coefficient, Q4>n2 D?

Cr propeller thrust coefficient, T/pn? D%

Crpg propeller thrust coefficient, T/qs7rR2

c wing local chord, m

CR wing root chord, m

D propeller tip diameter, m

E edge velocity factor

F propeller tip loss factor

iTL ' inclination of the propeller axis to.the fuselage

centerline, degrees

xidi



t @ T é: &!

wa
]

propeller advance ratio, Vb/ nD

wing section 1lift, per unit span, N
freesteam Mach number, Vy/ag

local Mach number for propeller blade element, V'/as
rotational speed, rev/sec

propeller shaft torque, N.m.

average slipstream dynamic pressure, N/m2
propeller tip radius, D/2, m

Reynolds number

local radius in propeller disk plane, m
local radius in slipstream, m

propeller thrust, N

axial component of velocity induced by a blade element
in the propeller disk plane, m/sec.

local velocity, m/sec.

component of freestream velocity along the propeller
axis, m/sec.

component of local slipstream velocity normal to the
zero-1ift line, m/sec.

freestream velocity, m/sec.

component of local slipstream velocity parallel to the
zero-lift line, m/sec.

axial component of local velocity in the fully-developed
slipstream, m/sec.

xiii



_momentum—welghted mean. axial veloc1ty in..the fully—

developed slipstream, m/sec.

tangentlal component of 1ocal ve1001ty 1n the fully-

developed slipstream, m/sec.

" upwash veloéity doﬁpbnénfraéting'iﬂhtﬁe propeller disk
- plane due to.the. presence of..a lifting wing, m/sec.:

nondimensional change in upwash due to. the slipstream

distance of propeller hub forward of wing quarter
chord, m _ . e s ,

spanwise co-ordinate of local wing element, m

spanwise co-ordinate of flap end, m

spanwise co-ordiante of propeller axis, m,

angle of attack relative to airfoil section chord-
line, degrees

angle of attack relative to fuselaée‘éenterline,
degrees .

corrected section angle of attack, degrees
effective ahgle'of atiéckﬁbf.wing.;ééiigh; degrees
geometric angle of attack of wing section, degrees.
induced angle of attack of wing section, degrees

angle of attack of airfoil section at zero 1lift,
degrees

section angle of attack for two-dimensional air-
foil, degrees

propeller axis angle of attack, degrees

xiv



ar

>

H € < F F

~®

{ch*coq

€

géometric angle of attack of wing root, degrees

inclination of the slipstream axis to the flight
path, degrees

pitch angle for propeller blade element, degrees

-multiplier for induced angle of attack, degrees

magnitude of discontihuity in absolute and induced
angles of attack, degrees

geometric twist at any wing section, degrees
circulation about any wing section, m2/sec.

wing taper ratio

blade speed ratio for propeller blade element
blade tip speed ratio

kinematic viscosity, m2/sec.

inflow angle for propeller blade element, degrees

inflow angle for propeller blade element, excluding
contribution from induced velocity in disk plane,
degrees

ambient density, kg/m3

solidity for propeller blade element

wing spanwise coordinate, - cos ' (2V/p)
spanwise co-ordinate for flap end, cos"(zY*}b)
rotational speed, 2wn radians/sec.

angular velocity induced by a blade element behind
the propeller disk plane, radians/sec.

factor to account for low aspect ratio effects

XV



PREDICTION OF SPAN LOADING OF
STRAIGHT-WING/PROPELLER COMBINATIONS
UP TO STALL

by
M. A. McVeigh, L. Gray, and E. Kisielowski
UNITED TECHNOLOGY, INC.
SECTION 1

INTRODUCTION

The propeller slipstream exerts an important influence
on wing load distribution, which in turn affects the. aircraft
stall characteristics. This effect is introduced through an
increase in local velocity over the slipstream-immersed
portion of the wing and a change of wing local angle of attack
due to slipstream rotation. While the increased velocity
tends to stabilize the flow over that wing portion, the
slipstream rotation may give rise to an asymmetric stall
condition due to increased local angles of attack of the wing
sections behind the up-going propeller blades, and reduced
angles of attack of the wing sections behind the down-going
blades.

A review of the available technical literature indicates
that there are no reliable theoretical or semi-empirical
methods which can adequately predict the effects of a propeller
slipstream on the spanwise load distribution of an entire wing.
Many of the existing methods are suitable only for computing
total wing forces since they are often based on gross simpli-
fying assumptions. Thus, for example, an assumption that the
slipstream-immersed portions of the wing can be treated as
isolated planforms neglects the strong influence of the
slipstream on adjacent wing regions. Other theoretical methods
are generally classed as rigorous mathematical approaches which
are usually very complex and are frequently not in sufficient
agreement with experimental data to warrant their use as a
design tool. Furthermore, most of the above theories use
linear lift curves and as a result can not be expected to yield
satisfactory agreement with test data near wing stall.



The limitation imposed by the use of linear 1lift curves
far the wing has been successfully removed in the work reported
in Reference 1. This reference presents a computerized method
for predicting spanwise load distributions of straight-wing/
fuselage combinations at angles of attack up to stall. This
method, which is based on the Prandtl wing or "lifting line"
theory as formulated by Sivells in Reference 2, provides
a reliable analytical tool for predicting wing stalling
characteristics of general aviation type aircraft, but is only
applicable to power-off flight conditions, such as might be
encountered during landing.

The current investigation extends the analysis of
Reference 1 to permit calculations of span loading and stalling
characteristics under power-on conditions (e.gs take-off) for
wings with or without flaps and having any number of non-
overlapping propellers. The present method is based on employ-
ing non-linear airfoil section characteristics for both the
propeller and the wing. The basic analytical approach of this
method is to retain the inherent simplicity of the Prandtl wing
theory, modify the theory as required to accept non-uniform
slipstream velocities, and effectively combine this modified
lifting line theory with a realistic propeller theory to form
a unified analytical tool. '

A detailed description of this analytical method, _
together with the specially developed digital computer program
is presented in the following pages.



SECTION 2

GENERAL: REVIEW OF THE ANALYTICAL METHODS

The prime objective of the current development is to
provide a.practical analytical solution for determining the
lift distribution and stalling characteristics of wings
partially or totally immersed in a propeller slipstream.

In order to depict some of the highlights of the current
work relative to other approaches, this section presents a
brief review of the existing analytical and experimental
investigations that attempt solutions of the wing/propeller
problem.,

2.1 STATEMENT OF THE PROBLEM

The basic limitation in providing reliable solutions to
the wing/propéller problem is related to a lack of complete
understanding of the flow field generated by the wing/propeller
interaction under practical operating conditions. The problem
is further compounded by the difficulty of developing realistic
analytical representations of this complex flow field environ-
ment so as to account for the major interaction effects acting
on a wing/propeller combination. A complete solution to the
problem must therefore account for all these effects, which as
a minimum should include the following

(a) Local wing angle-of-attack changes due to the mean
inclination and rotation of the slipstream flow.

(b) Non-uniform spanwise distribution of velocity over
those portions of the wing within the slipstream.

(¢c) Non-uniform vertical distribution of velocity with-
in the slipstream-immersed regions of the wing.

(d) Viscous mixing between the slipstream and freestream
flow along the slipstream boundary.

in view of the real fluid flow effects involved it is
unlikely that every aspect of the problem can be treated
adequately, using the established analytical approaches.
Historically, the approach has been to introduce a series of
simplifying assumptions in order to arrive at a solution.
These approaches are discussed below.



2.2 REVIEW OF EXISTING SOLUTE;ONS

The earliest treatment of the propeller slipstream
problem is contained in the pioneering work of Koning
(Reference 3) who treated the,; simplified case of a wing
centrally immersed in a circular uninclined slipstream of
uniform axial velocity withogt rotation. Koning applied the
methods of lifting line theory to obtain a solution when the
ratio of free stream velocity to slipstream velocity is
close to unity. This work was extended by Glauert (Reference
4) and by Franke and Weinig (Reference 5) to a wider range of
forward speeds.

Stuper (Reference 6) conducted a series of experiments
to verify the predictions of Koning's theory by measuring the
lift distribution on a rectangular wing with end plates under
the action of a circular Jjet. Stuper used a specially designed
fan to produce a jet without rotation and with a velocity
cross-section which was approximately uniform. While the
results of those experiments are somewhat impaired by the
particular test arrangement used by Stuper, there is sufficient
evidence to show that the Koning theory over-predicts the lift
increase due to the jet.

Because of the inability of the lifting line approach, as
formulated by Koning, Glauert et. al., to satisfactorily
predict experimental measurements, subsequent investigators
assumed that the failure of the lifting-line theory was
associated with the fact that the portion of the wing immersed
in the slipstream was usually of small aspect ratio. Graham,
et. al., (Reference 7) therefore approached a solution via
slender body theotry and the approximate lifting surface theory
of Weissinger (Reference 8). Calculations made by Graham
showed improved agreement with Stuper's experimental data.

Ribner and Ellis (Reference 9) generalized the Weissinger
lifting surface formulation to multiple, uninclined slipstreams.
Their results showed reasonable agreement with the experimental
data obtained by Brenckmann (Reference 10) for the overall
lift increase due to the propeller slipstream.

The test results obtained by Brenckmann represent an
improvement over the experimental data of Stuper in that the
former experiments utilized an infinite aspect ratio wing,
thus avoiding the use of end-plates which introduce uncertaine



ties as to the effective value of wing aspect ratio. Since
Brenckmann employed a free propeller yielding a non-uniform
slipstream velocity profile, the Ribner-Ellis theory, which
assumes uniform velocity distributions, would not be expected
to yield adequate predictions of the spanwise lift distri-
butions as compared with Brenckmann's measurements.

Another series of tests of interest are those of Gobetz
(Reference 11) and Snedeker (Reference 12) who employed a
similar experimental arrangement to that of Stuper, in that a
jet of air of approximately uniform velocity profile was used
to simulate the propeller slipstream. These tests were
designed to determine the basic effects of both wing aspect
ratio and wing chord/slipstream diameter. The results were
compared with theoretical calculations using the modified
lifting-line theory of Rethorst (Reference 13) and it is
shown that this theory is at least capable of predicting the
trends of the test data.

Goland, et. al., (Reference 14) formulated a mathematical
model based on potential theory approach to predict overall
performance and stability characteristics of small aspect
ratio wing spanning a slipstream of uniform velocity. Although
this work effectively combined the R. T. Jones small aspect
ratio theory with the potential flow theory to yield good
correlation with test data, no attempt was made to predict
and correlate the wing spanwise load distributions. This
work was extended in References 15 and 16 to provide equations
and charts for estimating l1ift and longitudinal force
coefficients of STOL aircraft wings immersed in propeller
slipstreams. H

George and Kisielowski (Reference 17) modified the work
of Reference 16 to account for non-uniformity of the prop-
eller slipstream. In this analysis the propeller slipstream
velocity was represented by a number of concentric zones of
uniform velecity (staircase functions) with the wing spanning
the slipstream. Although satisfactory correlations were
obtained between the theoretical and experimental test data
for low and moderate wing angles of attack , the theory of
Reference 17 did not adequately predict lift distributions
close to_the wing stall.

In reviewing the above analytical attempts to solve the
wing-slipstream problem, it is apparent that none of these



approaches is suitable for direct application to the present
problem of predicting the effects of propeller slipstream

on the stall characteristics of straight wing airplanes.
Either the existing theoretical models are too simplified and
disregard effects which are known to be critical, (e.g.
Reference 6 and 13), or the analyses are too complex and do
not yield practical and reliable solutions (e.g. Reference 9).
Therefore, there exists a requirement to develop an improved
mathematical model capable of providing practical and reliable
analytical solutions to the wing/propeller problem.

The analytical methods developed under the current program
potentially represent an answer to this problem. Although
this optimism is based on a few isolated correlations with the
available test data, sufficient indication of the effectiveness
of the developed methodology has already been obtained, as
confirmed by comparative results presented later in the text.
The basis for this improved mathematical model is described
below.

2.3 BASIS FOR THE PRESENT ANALYSIS

A common approach of past investigations involves an
idealized representation of the propeller slipstream in
which the velocity is discontinuous across the slipstream
boundary. This model generally requires complex solutions to
the boundary conditions associated with the discontinuity.

The basis of the current analysis lies in the observation
that in a real slipstream the velocity distribution remains
continuous throughout the slipstream boundary.

An examination of experimental data obtained on the
velocity distributions in the wakes of propellers shows that
there is no sudden jump in velocity across the slipstream
boundary. There is, however, a rapid increase in velocity as
the boundary is crossed but the continuity of velocity is
still preserved. Since the 1lift distribution must be contin-
uous and the velocity distribution is continuous,. then the
associated circulation distribution must also be continuous.
Therefore, the strength of the shed vorticity may be obtained
by differentiating the spanwise distribution of circulation
in the usual manner, without the complication of accounting
for discontinuities in circulation.



The approach presented in the following pages utilizes
a comprehensive propeller analysis to compute the slipstream
flow field including swirl components of velocity. The wing-
nacelle combination is then introduced into this flow field
and the effects of the non-uniform propeller flow field on
the wing lift distribution is computed using a modification
of lifting line theory which permits the calculation of the
low aspect ratio effects associated with the slipstream-
immersed positions of the wing.

The validity of the simple lifting line theory utilized
herein for treating wings with non-uniform spanwise velocity
distributions has been verified by applying it to a problem
of linearly varying spanwise velocity gradients treated in
a more general and complex manner by Fejer in Reference 18.
The implementation of this lifting line theory to practical

wing/propeller combinations is presented in Sections 3 and
4 below.



SECTION 3

THEORETICAL ANALYSIS

This section presents a summary of the analytical methods
developed for predicting the propeller slipstream effects on
the spanwise load distribution of wings operating at angles
of attack up to stall. The analytical approach presented
herein is based upon first determining the velocity distribution
in the propeller wake and thencalculating its effect on the
wing lift distribution. The analysis provides for the use of
non-linear 1lift curves for both the propeller and the wing in
order to realistically represent the propeller slipstream
distribution and its effect on wing loading at angles of attack
up to stall.

Accordingly, the first part of this section deals with
the propeller slipstream calculations, and the second part pre-
sents the implementation of the slipstream parameters in the
modified wing theory.

3.1 PROPELLER SLIPSTREAM ANALYSIS

The first part of the analysis deals with the propeller
slipstream representation, including the required iterative
solution and convergence procedures.

3.1.1 General Propeller Solution

Consider a propeller operating at an angle of attack ap
to the remote freestream of velocity V,, as shown in Figure Ll.
The presence of a lifting wing behind the propeller modifies
the inflow to the propeller disk through an induced upwash
velocity Vy . An an approximation this upwash velocity is
assumed to be uniform across the propeller disk, and to lie within.
the disk plane. The method used for calculating this upwash
velocity is presented in Section 4.2.

For the purpose of analyzing the wing 1lift distribution
it is assumed that the slipstream can be considered as being
fully developed. With this assumption the average inclination
of the contracted slipstream can be readily calculated using



Flight Path

Figure 1. Notation For a Propeller Operating in the Presence of a Wing



simple actuator disk theory (e.g. Reference 19) and, in the
notation of Figure 1, is obtained from

Vo sin ap+ Vw (1)
Vg Cos Qp+2u

tan (Qp + as) =

where u 1is the axial induced velocity increment at the
propeller disk. From momentum theory, u is related to
propeller thrust, T, by

w2 1 (2)
2p7r R2 V'

where V' is the resultant velocity at the disk and is given by

V' =¢\/(Vo cosap+u)? + (Vo sin @p+ Wiy )2 (3)

On combining equations (2) and (3) a quartic in u is
obtained and is generally solved by iteration. However, since
the present application is to conventional aircraft where gp
is small and Vy < Vo this quartic may be reduced to a
quadratic whose solutioen is

-Vo cos Qp v
U = + o cos Ap\2 T (4)
2 ‘/( 30+ 2p 7R2

With the above value of u,equation (1) can be solved
to yield the mean slipstream inclination ag, relative to
the freestream.

To obtain the detailed velocity distribution within
the inclined slipstream it is assumed that, to a good
approximation, this can be obtained directly from the solution
for an isolated propeller operating in axial flow at speed

Vg = Vp cos ap (5)
The calculation of non-uniform slipstream velocity
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distributions behind a propeller of arbitrary geometry is
based upon established blade element-momentum theory as
presented in Reference 20. While the solution to the
general theory is very complex, a relatively simple and
practical solution is obtained on the assumptions that the
rotational energy in the slipstream is small compared to the
axial energy and that the radial variation of static pressure
in the slipstream can be. neglected.

Standard blade element-momentum theory assumes that the
flow is both incompressible and inviscid. Thus the flow in
annular stream tube elements is treated in an independent
manner. For any annular stream tube element, the slipstream
velocities are related to both the induced velocities at the
propeller disk and the radius in the fully contracted slipstream.

Following the analysis of Reference 20, the induced
axial and rotational velocity components, u,l/2wr, at any
radius, 1, in the propeller disk can be obtained by an iterative
solution to the equations

w

Gg (e g ©

and

“ o =2 ( ) (7)
(Q-‘?)r squ cos ¢>
where, from Figure 2, the inflow angle,‘ﬁ,is given by

- Va +u
g o [ lern] (8)
(Q-4)r

and the blade section lift and drag coefficients are known
in terms of angle of attack, @, given by

B-¢ (9)
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Blade Element Velocity Diagram




To account for the significant and well known loss of

lift toward the blade tip equations (6) and (7) are rewritten

in the form

(10)

w*
Z _
(Q_;_’_ T 4F (cos¢ sm¢,>
and

(\QTU%—),— 4F (smcj; cos¢>

(11)

where F 1s the tip-loss correction factor given by Lock in.
Reference 21 and u¥ 1/2(w*r) are modified values of the induced
velocity components.

Equations (10) and (11l) yield improved values of
the inflow angle ¢ and section characteristics Cy and
Cd . as affected by the tip-loss correction factor F .
These values are then used to obtain a better approximation
for slipstream-induced velocity components u and wr/2 ,
using equations (6) and (7).

3.1.2 Initial Calculation of Inflow Angle

The iterative solution for the system of equations (8)
through (1ll) requires that an initial approximate value of ¢
be obtained. Equation (4) can be used if the propeller
total thrust is known. However, since the propeller thrust
is generally not known in advance, a method that yields a
satisfactory starting value for ¢ is developed as follows:

From Figure 2 the inflow angle ¢ can be expressed as

u%

b=t - (12)

where the resultant induced velocity increment is assumed
to bt normal to the local blade velocity.
w*
On making the assumption that Cd < C¢ and 5 <
equation (1l1) can be written as

13




Va+u"> oV Cy (13)
4F QUr '

By solving equation (13) for u*/{lr and substituting

this value in equation (12) an initial value for ¢ is

However, the right hand side of equation (13)

obtained.
This is accom-

must first be reduced to a tractable form.
plished by applying the following relationships:

(a) A linearized expression for the blade section
1ift curve, given by

Cy = g, (a—ao) (14)

where ap is a representative 1lift slope
a is given by equation (9), and
Qo is the angle of attack at zero 1lift.

(b) An expression for V, obtained from Figure 2 as,

V=y v 2 +(Qr)2 (15)

_ (c) Prandtl's expression for the tip loss factor Fp
obtained from Reference 21 as

Fp = —_7277 cos | [exp{——g— ——l;-) / l+<97:?_)2 }] (16)

where B 1is the number of blades

Combining equations (12) through (15) and sub-
stituting for the tip loss factor, Fp, given by equation (16)

leads to the following expression:

Vi
SR VA SR CE DR

from which the solution for y*/{r is obtained as

14




(18)

B =2 [\ /(0 ax(B-doma) ~ (g2 +x)]

where

T Qg
4 Fp

3.1.3 Convergence of the Iterative Propeller Solution

The iterative solution to equations (8) through (11)
is naturally divergent within the normal range of the
blade section lift curves. Therefore, convergence of the
solution must be forced by applying a correction to each
new computed value of ¢ . A correction procedure which
yields rapid convergence is derived by the method presented
below

Let the exact solution for inflow angle, ¢ , be
expressed as

¢ = qsl + SI (19)

where ¢' is the value used as input to the n!h iteration and
3, is a small unknown increment.

In the general iteration procedure, <ﬁl is first used
in equation (2) to obtain a value of a from which Cy and
C4 may be determined knowing the blade airfoil section char-
acteristics. Next, equations (10) and (11) are used to solve
for u * and w?* and these values are then substituted in
equation (8) to obtain a new value of inflow angle, denoted
by ¢" . It is this new value of inflow angle which must be
corrected before proceeding to the fn#ith iteration.

Therefore, let the exact solution for inflow angle, ¢ .
also be expressed as

15




qS = 4}“ - 82 (20)

where 82 is a second small unknown increment.

Combining equations (19) and (20), to eliminate ¢ ,
yields

S + Op= 4’“'4" (21)

Substituting equation (21) into equation (19), there follows:

¢ =9+ (¢ -¢) |+(8l2/8.) (22)

Bguation (22) forms the basis of a method for calculating
an improved value of inflow angle for input to the next
iteration cycle by using the guessed and calculated values from
the previous cycle. The ratio, 32/’8|, remains to be determined
from an approximate error analysis in the following manner:

From equation (20) the value of tan ¢ is expressed
to first order in &, by

tan ¢ = tan ¢“ — 82 sec? cl)“ (23)

From equations (9) and. (19) the exact solution for
blade 1ift coefficient, C¢4 , is expressed in terms of the
value Cy' calculated in the nth iteration cycle from

Cs= Cg —aq 5 (24)

where ag, is a mean value of lift-curve slope.

Equation (10) written in terms of values for the exact

16




solution but with the assumption that Cd € C4 , reduces to

w*

2 . = ol _ K (25)
(-Q.‘—‘;—) 4F cos ¢ X

Substituting equétions (19) and (24) into equation

(25), and retaining only first order terms in 3, . there
follows: -

ky = ky [I-S, g—;—fun 4>'>] (26)

where

" o Cy4!
kx = TZF cos ¢}!
and where small changes in the tip loss factor are neglected.

Similarly, equation (1l1l) reduces to

u* _ o C4

: = = K (27)
(Q-4%)r aFsing y

and,using equations (19) and (24), results in the expression

ky = k'y [l —8|<Z—°£+cof¢>]

where ) (28)
kI _ g le
4F sin ¢!

Now, using equations (25) and (27), equation (8) can be
expressed as

tan ¢ = p (l+kx) + Ky (29)

17



where u is the local forward speed.ratio (Va/(h) .

. . (.
Rewriting equation (29) in terms of the values ky,ky
calculated in the nth iteration cycle yields

tan ¢"= n (H—k'x) + kly (30)

Combining equations (29) and (30) leads to the following
relationship

tm\¢==mn¢u‘#k;<h~%% "kJO—{%— (31)

Finally using equations (23),(26),(28) and (31) a
solution for the ratio 8,/8, is obtained as follows:

S I a i
§ = cos? " [/.ka <C—;-—mnq$')+ ky <% + cot 43')] (32)

Equation (32) thus provides the essential relationship
by which equation (22) is applied to obtain an improved value
of inflow angle for input to the next iteration cycle. 1In
practice, the iteration procedure is terminated when the
difference'(¢w—¢f)for each successive iteration cycle has
converged to within a prescribed margin of error.

3.1.4 Analysis for Slipstream Velocity Distributions

Upon reaching a converged solution for the inflow angle
¢ , the final values of ¢ , Cy and C4 are then sub-
stituted in equation (6) and (7) to solve for the true in-
duced velocity components in the propeller disk plane, u
and /2 wr .

The local axial velocity component Vsg in the fully
developed slipstream is obtained from Figure 1 as

Vo cos ap+2u (33)

Ysa = cos (ap + as)

18



The local rotational velocity component, Vst, in the
fully developed slipstream is obtained from conservation of
angular momentum and is given by

Vst = wr (fLs (34)

where rg 1is the local radius in the slipstream for the
streamtube element which has a local radius r in the
propeller disk plane.

The local radius s for each flow element in the
slipstream is derived from a simplified application of the
continuity expression to successive streamtube elements.

For the nth blade element station at radius rp, the corres-
ponding radius rsq in the slipstream is given by

ms=n
2 2Vq + Um+ um—;
r'sp, = "s|2+ I/Zz ("n%""n?—n)'( Va+ um +um_|> (35)
m=2 a mtUm—i

where, in the notation of Figure 3, r and Ts, are the
values of hub and nacelle radius, respectively.

The value of fsp given by equation (35) is based
upon representing the slipstream by a series of concentric
annular streamtubes with uniform velocity between each element
station. This solution, while approximate, is found to be
more than adequate for all reasonable variations between u
and Unp o

n=-1

10
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3.2 WING-IN-SLIPSTREAM ANALYSIS

In the second part of the analysis a modified form of
lifting line theory is presented which uses the nonuniform
slipstream velocity distribution, asdetermined above, to
calculate the 1lift distribution on wings with propellers.
The approach presented relies on the use of a simple
physical model to obtain a solution for wing-in-slipstream
loadings for a wide range of real aircraft propeller-wing
combinations.

First the method is presented for an unflapped wing
immersed in one or more non-overlapping slipstreams. Follow-
ing this, the modifications required to include flaps are
described. Finally, an extension of the analysis to include
low aspect-ratio propeller-wing combinations is discussed.

3.2.1 Analysis for a Wing with no Flaps
or with Full-8pan Deflected Flaps

Consider the basic case of a wing in a uniform stream
of velocity, Vo . If the local circulation is lo , then the
span load distribution at any spanwise station is given by

do = p W)I; (36)

The superposition of a propeller slipstream flow gives rise
to an increased local velocity V¢ and an increased circulation
Iy , which can be expressed, respectively, as

Vg = Vo + Av (37)

and

I';I =I'6+A1_' (38)

where Av and Al are the incremental changes in local
velocity and circulation, respectively, due to propeller slip-
stregm. Now the corresponding spanwise load distribution for
the basic wing immersed in the propeller slipstream can be
written as

L= p Vv I-;' (39)
21



Substituting equations (37) and (38) into equation .(39) yields
a general expression for the spanwise load distribution of
a wing immersed in the propeller slipstream, as follows:

d = (Vo + AN).(IB+ZSF) g

2 (Vo+ AV) 1-6+p (V0+AV) AT
p Vs To+pvs AT : (40), .-
p Vs Iaa-p ve I R
.ﬂ|+ L2

where Iz = AI' is the change in wing circulation due to -
propeller slipstream alone.

It can be noted from equation (40) that the first com- -
ponent 4, of the total 1lift distribution is that which would -
be obtained if the local velocity increased while the cir-
culation To remained unchanged. If the circulation is un-
changed, then there is no change in the trailing vorticity'
and therefore no change in the wing downwash field. The second
term &£ represents the change in spanwise 1ift distribution
due to the circulation ['s2 and is therefore associated with
wing downwash changes caused by the propeller silipstream.

The problem of a wing immersed in the propeller slipstream
is now reduced to proper determination of local values for
the resultant velocity Vg and the circulation [, for the
entire wing. This analysis is developed below.

For typical propeller/wing configurations, the resultant .
local velocity Vg can be equated (within the small angle

assumption) to the combined freestream and slipstream com-
ponent along the wing section zero-lift line, thus

Vg == V¢ (41)

22



Using the nomenclature of Figure 4, this velocity component
can be expressed as

Also,'the corresponding component of the total flow normal
to the wing section zero-lift line is given by

Vn = Vs, sin (as+ae)+vs, cos (as + ae) (43)

|
The quantitites Vﬁ: and Vst in the above equations represent
the axial and swirl velocity components of the combined freestremm
and slipstream flow and are given by equations (33) and (34)
respectively. Alsp, the anglesas and e are known quantities
which represent inclinations of the slipstream and the zero-lift
line relative to the remote freestream velocity, respectively.

The extra Jing circulation I2 , caused by the action
of the propeller slipstream, is determined by equating the
resulting change in wing upwash to the downwash change associated
with I . This upwash change, in non-dimensional form, is
defined as

Vi _
= Ve " sin ag (44)

Substituting equation (43) into equation (44) yields the
extra dpwash due to the slipstream as

v = Jsa g (as+ ae) v 05 o (as + ae>—sin ae (4°)
Vo VO

In order to satisfy the wing boundary condition of no
flow through the surface, this extra upwash or crossflow must
be balanced by the combined influence of the extra bound
vorticity, I, , and the associated streamwise (i.e. chordwise
and trailing) vorticity, -dI3%

dy

dy.
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Observation of the lift on wings with slipstreams shows
that the major portion of the extra loading caused by the slip-
stream is concentrated on and near that portion actually immersed
in the slipstream and, for most configurations, the "aspect ratio"
of this immersed portion is small, usually about 1.0. It is
herein postulated that the distribution of extra vorticity caused
by the slipstream exhibits the characteristics of that found on
low aspect-ratio wings. Kuchemann, in Reference 22, shows
that for low aspect-ratio wings only the chordwise and trailing
vortices are required to fulfill the boundary conditions. In fact,
as the aspect ratio tends to zero, the trailing vortices cancel
half the upwash, and the chordwise vortices cancel the remainder.

In the present case, the net extra upwash is Vgv
and the downwash change due to the trailing vortices associated

with the extra circulation, | P , is given by
| b/2 _jﬂ%.dh
Wip = 77 dy, (46)

-b/2 Yo —Y

Therefore, from the above considerations it follows that

Wi, = 172 Vv (47)
and hence
b/2 dl»
N Ty, -dy,
= T o (48)
-b/2 Y. — Y

Equation (48) is supported by the analysis of Reference 23,

which deals with the determination of the lift on a wing passing
close to a line vortex. This reference states that lifting

line theory always overestimates the 1ift induced by rapidly
changing upwash fields (such as from propellers and line vortices)
by a factor of 2, due to a corresponding underestimation of

the wing downwash.

Now, expressing the circulation distribution, ré, as a
Fourier sine series in terms of the wing spanwise angular

coordinate, Bzzcogﬂ(gl) » yields
b
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(0]

Ib=1/2bVy,p Bpsinnf (49)
n=i

Combining equations (48) with (49) and performing the
recguired mathematical operations, the Fourier coefficients
B, can be expressed as

v

=—4—-fvsin95inn9d9 (50)

n nr
- o

By limiting the series for I to r-1 terms, equation (49)
becomes

r-1

. mT
Gy =172 b vo;_lsn sin 0 - (51)

where m=1,2,--- r—|

and equation (50) is reduced to the summation

r
_ 4 . mwT . mT 2
Bn——n—r—g_l Vm sin —— sinn — (52)

From equation (40) the 1ift °52 associated with the slipstream
may be expressed as

L.dz = p VS I-‘Z = |/2P Vo2 C‘dzc (53)
where the 1lift coefficient is based on V, . Therefore

CdpC V,
I, = 172 b\, <_§ %}m (54)
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Comparing equations (51 and (54) there results

<Cch) ( ) z B, s.nnT (55)

If the relationshlp for the coefficients, Bp is sub-
stituted into equation (55), the 1lift distribution associated
with the slipstream is obtained in the form

o ) -
<c.z_§c>k=(_\7§_ k"‘:_z

l kT -1
sin n , _
B ES Vi Sin M. sin n M7
r r
=1 m=l|

}

_ (56)
Having determined the lift associated with the slipstream upwash
the overall wing lift is calculated as follows.

Let @i, and @i, be the induced angles of attached assoc-
iated with the lift distributions «; and «, respectively,
as given by equation (40). Then the total induced angle of
attack at any point k is given by

iy = Qi T Qiy (57)

Also, re-expressing equation (40) in terms of the 1lift coeffic-
ients based on V, yields

Cy Cy C4,c
<_—bc_—)k =< I;c)k-f-( i

Using the multipliers /3mk from Reference 1 in equation (58)
there follows

(58)

r-1

§=|(C¢c) Bmk = z (Cdl )m B mk +Z Cl2c mk (59)

Now, by definition

r—1 Cg,cC
ai|k=§=|< L )m B mk (60)
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Adding Qigk to both sides of equation (59) and using equations
(57) and (60) leads to

} r-1 I : r-I c
=5 ), o a5 (), et
ms =

Equation (61) gives the total induced angle of attack in
terms of the unknown wing lift distribution, C«c/b, the

known induced angle of attack, @j,=VoVv/Vs, and the known slip-
stream 1ift distribution, C4p ¢/b , given by equation (56).
The solution is obtained by iteration as follows. '

An approximation to the overall 1lift distribution is
calculated and equation (61) is used to obtain a first
approximation to the induced angle of attack. The effective
angle of attack at the wing section is obtained from

Vo vk _ [ (62

Where Qgk is the section geometric angle of attack, @dok , is
the section zero-lift angle and E is the edge-velocity factor
of Reference (l1). This value of effective angle of attack is
then used with the two-dimensional section l1lift curves at the
effective section Reynolds number Rgkg to obtain the l1ift coeff-
icient C&4 . The value of Cuc/b thus calculated is compared
to the initial approximation and, if sufficient agreement is

not obtained, a new value is computed using the method given in
Reference 1. This iteration process is then repeated until
guessed and calculated values agree to within prescribed
tolerance.

It should be noted that the above analysis is also
applicable to a wing with full-span deflected flaps, provided
that appropriate airfoil characteristics are employed for wing
sections with flaps.
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3.2.2 Analysis for a Wing with Part-Span Deflected Flaps

The deflection of a part-span flap causes a disconti-
nuity 3 in the distribution of absolute angle of attack at
the end of the flap, and produces a corresponding discontinuity
in the slipstream-induced crossflow. The effect of these dis-
continuities on the span load distribution is treated below.

The analysis is developed for a wing having a deflected
part-span flap S¢ extending from y=-b/2 toy=y * .
The most general case is that of a flap whose end lies within
the slipstream, as illustrated in Figure 5.

Following the preceding treatment of a wing with no flaps

or with full-span deflected flaps, the total wing lift distri-
bution given by equation (40) can be divided into two portions
and can be expressed in non-dimensional form as

<C£bc )___(CJLC) +<Ccﬁic (63)

where Cu2'¢/b is the 1ift distribution associated with slip-.
stream-induced upwash and Cy,-c/b 1is the remainder of the
distribution.

In the present case, however, the slipstream-induced
upwash VgV , given by equation (48), is discontinuous at the
end of the flap as shown in Figure 5. The net discontinuity
in crossflow at the edge of the flap, y = y* , can be obtained
from equation (45) by considering the upwash on both sides of the
flap end. Thus, using equation (45) for the flapped side of
the wing, at vy = y*-o . this extra upwash can be expressed as
follows

Vo'v = Vg% sin (a;m: +8) + V& . cos (a”; +ag+8
0+

~ Vo sin (af +3) (64)
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. =
-Similarly, for the unflapped side at y=y+o , the crossflow
is given by

' — y¥k o * % % ( * *)
Vo v (y*-:-o) Vsav sin .(as(:*;e) + Vgt cos (ag + Qg (65)
: —Vp sin e

The net discontinuity in crossflow is obtained as the difference
between equations (64) and (65), thus

Vo v(y *—o) — Vo v(y*+°)= Vo Av* (66)

Because of the discontinuity in crossflow, VOZSV* ,
given by equation (66), the solution for the 1ift distribution

Cdo can not be obtained from a simple Fourier series for
ré, as was possible in equation (48). ‘Therefore, the distri-
bution Vy v is split into two portions, one a continuous dis-

tribution Vyw! and the other a step function distribution
Vov!! , where.

<
<
[

Vov '+ w,v”

and Vov = Vo Av* for  -b/2 < y < ¥ (67)

- K

= 0 for y < vy b/2

IA

Now, it is necessary to relate the velocity distributions
given by equation (67) to their corresponding circulation
distributions. Since I, is the total circulation corresponding
to Vo Vv, as given by equation (48), it can also be split into
two distributions, i.e., »' , corresponding to Vo v' and "
corresponding to V,v'!'' , where
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D =1 +
(68)

Thus, using equations (48) and (68), the velocity
distributions given by equation (67)can now be re-expressed

in terms of the corresponding circulation distributions
I) and TI2" as follows:

Vov = Vpv '+ Vo Vv "
b2 -4z bs2 ~dl2 4
dy YI l d_' yl
= 2w ! tw 9 (69)
—b/2 oy b2 N 7Y
where
|
. porz 242,
VoV’ = ~2—; dyl Y|
-b/2 i =Y (70)
and
i
b/2 “iri.dyl
V vl_'.; dy
°o"=T2mw et A N (71)
-b/2 y| -y

Now the problem reduces to determining Fz' and Fz"
and the corresponding lift distribution Chy, c/b - This is
accomplished as outlined below.
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Since Vo.v! is continuous then, following the analysis

of subsection 3.2.1, [3' can be expressed as the simple Fourier
series '

L' = -12- Vo z B sin n@ (72)

where the coefficients "B, are given by:

Bp = ;i'z: (V—V“) sin BT sinn O7 (73)
m

The relationship for fé" is obtained from the analysis
of Reference 24 in the form

*x

ZIE” = Av [ 2(7F%f)sm 6

b Vo ™ _ _ i
~ (c0s 6 —cosg) ,og{ '._Z‘Z,Zigfg-%}] (74)

The distribution 2" given by equation (74) SatleleS the
required discontinuity in the crossflow, Vo.v'" = Vo. Av’
in equation (71).

The circulation distributions I2' and TE', determined
in egquations (72) and (74) respectively, can now be used to obtain.
the corresponding 1lift distribution CJ/z ¢/b associated with
the slipstream-induced upwash. This is accomplished by rearranging
equation (54) and using equation (68), thus

fpt L (v (3

— 2 ) .
W Gw * e v
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Finally, substituting equations (72), (73) and (74) into
equation (75) yields the 1lift distribution C4, ¢/b at
any point k on the wing, in the form

C r-t .K_..’I r—i
(lebc/ Vs) [:_A:_z sin n = z (Vm -Vm) sm@ smnm-rrr
k Vo 2 -

*x
+ Av* { (7r 9) sm—:L- (cos%—t—cosg)
| —cos Qgr*'e*) ] (76)
| —cos (—k—,’l—e )

The above analysis gives the solution for the cage where
the flap extends from the left wing tip to a point Y=Y on
the right wigg. The solution for a flap extending between
-y £y <y , or any other combination of flap positions, is
obtained by superposition of solutions as shown in Figure 6.

log

It should be noted that equation (76) represents only one
part of the solution for the total 1ift distribution Cy c/b
as given in equation (63). It is now necessary to obtain an
appropriate solution for the distribution Cd, c/b . This is
accomplished as outlined below.

The discontinuity 3 in absolute angle of attack
caused by the flap deflection also affects the distribution Cd«,c/b,
This distribution, although continuous, possesses an infinite
derivative at y=y . Therefore, the multipliers [Bmk developed
in Reference 1 can not be used directly to obtain the induced
angle of attack due to this distribution. This restriction is
removed by the following analytical approach.

The distribution C¢Ic/b can also be divided into two
portions, thus

Cd, ¢ Qﬁlc Ci”c
5 )+ 8 (35 o

where cj:c/bS is the lift distribution due to a unit
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discontinuity & , and Cdsc/b ; 1s the remainder.

Applying the multipliers [Bmk to equation (77) yields -
the following

-
[}

3™

e ey BN
(_Jtl)_c_)m Bmk = ;ﬂ(__t')_c) . B mk +z;l< bJISC)m S f'?rnk (78)

]

/
Also, applying the multiplers [mk to equation (63)
yields the total 1lift distribution Cy «c¢/b as

/

+ (79)

> (F55) Bm= 3 (F0) Bmeo+y (G

m=t -

Substituting equation (78) into equation (79), yields
\

> (E45) prum T(EAS) s TEEED) 5 fm

In order to obtain the iterative solution to equation (80),
it is now necessary to relate the 1ift distributions given in
equations (63) and (77) to their corresponding induced angle of
attack distributions. If @; 1is the induced angle of attack
distribution corrresponding to the total l1ift distribution

Cg ¢b , and @i and @i, are the induced angle of attack
distributions corresponding to the lift components Cyg, c¢/b and
Cdzc/b , then from equation (63) there follows

a = a + aqj, (81)

Also, applying similar considerations to equation (77) there
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results

ail = ai: + ail" (82)

Substituting equation (82) into equation (81) yields the
relationship for the induced total angle of attack as follows:

Q = aill + ailu + Qj, (83)

where ad' = & over the flap span
o outside the flap span
It can be noted in equation (83) that the induced angle
of attack distribution Cﬁf must be continuous, since its
corresponding lift distribution C¢,'c/b as given in equation
(77) is continuous. Therefore, this induced angle of attack
distribution is obtained directly using the multipliers, thus

r
ai:k = 2

m=i

(L'tj)m Bmk (84)

The above relationship can be re-expressed in terms of the total
induced angle of attack distribution a; by using equation
(83), thus

CJIC "
;( ,; )m Bmk = aj, — @iy — g, (85)

Now, equation (85) can be substituted into equation (80) to
eliminate the C4/ c¢/b distribution and to yield the total
lift distribution Cy ¢/ in the desired multiplier form as follows
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r-1

Cyc

Finally, rearranging the equation (86), the total.iﬁducéd;“t

angle of attack at any point k on the wing can be related to

the corresponding total lift dlstrlbutlon and the know dlstrlbu—ffj

tions of induced angle of attack alI and aj, and their
corresponding lift distributions C&ﬂc/b and Cy, c¢/b , respect-
tively. The resulting relationship is

Z(C‘l ) Bmk + 8[—1'8—"- Z(C‘z'

|

c> Bmk (87)
m

r-1 Cs
o 2Oy

where from the analysis of Reference 1

(CJJ' = %— I: (cos 9*— cos Bk) log { l'::ss ((eekk"'—z;;
+ 2 (1r —9*) sin@k]

(88)
and Cy,c/bhas been already determined in equation (76).

Equation (87) is analogous to equation (6l) developed in
subsection 3.2.1 for no flap deflection. This equation is also

solved by an iteration procedure, similar to that used for solving

equation (61). Thus, upon obtaining the required convergence of
the iterative solution, equation (87) yields the total lift
distribution Cy ¢/b for a wing with a deflected flap within the
propeller slipstream.
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3.2.3 Extension of the Wing Analysis to Small Aspect Ratios

To provide added flexibility to the methodology
developed herein, the wing analysis treated in Sections 3.2.1
and 3.2.2 is extended to include wings of small aspect ratio.
This analysis is particularly useful for the current applica-
tion, since much of the available test data on spanwise load-
ings for wings in slipstream falls within the low aspect ratio
range. The correlations of this extended analysis with the
corresponding test data where appropriate is shown in Section 5.0.

The modification of the present analysis to small aspect
ratio wings is based on the wing theory of Kuchemann (Reference 22),
as outlined below.

In equations (61) and (87) a set of multipliers was
used to obtain the induced angle of attack distributions for
a wing with no flaps and with part-span deflected flaps,
respectively. These multipliers were obtained from the fund-
amental equation of the high-aspect-ratio, lifting-line theory
which expresses the induced angle of attack in terms of the span
loading,

X b/ d(C;jﬂc/b) 8y,
Q; = — f Y (89)

Kuchemann, Reference 22, has shown that this equation may be
generalized to wings of any aspect ratio by writing

, b2 d (Cdc/b) .
. wb d Yy (20)
aj = 22 Yi

8w
=b/2 Yi 7Y

where ' 1is a factor which varies between 1 for high aspect
ratio (AR—+ ), and 2 for low aspect ratio(AR—0Q) .
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Kuchemann obtained the following equation for ‘o'
-1/4 ’
: 4
“zz_['+ ARZ] (91)

If the multipliers Bmk are rederived using equation (91), a
new set of multipliers, l3$k , is obtained related to the old
set by

Bmk = o' Bmk (92)

| .
This new set of multipliers lgmk may then be used to calce -
late induced angle of attack throughout the entire aspect iL.tio
range.

The second equation that must be modified is that which
defines the edge-velocity factor E. In Reference 1, this
quantity is given by

Q. — Q
E — e (o]
ao—alzo
- /.4 (93)
AR?Z2
Q9

a

where 0o is the two-dimensional lift curve slope (AR— @)and
a 1is the corresponding value for finite aspect ratio.

Reference 22 presents an expression for the ratio of the 1lift
curve slopes as

2 — 1ru.»l cot(vé"l}

a 2 w!

G _ (94)

where w' is given by equation (91).
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Thus, substituting equation (94) into equation (93)
yields the edge-velocity factor E. applicable to all values
of aspect ratio as

|
2— 7w cot(EL
E = A (95)
2w

In the extended aﬂélysis'equation (95) is used in place of
equation (93).

Finally, the expression for the 1ift distribution asso-
ciated with a discontinuity in induced angle of attack, as
given by equation (88),must be modified in the following form

il *
Cgey _ 2 * | = cos (6+6
(b |8) = =g [(cos 6 —cos@) Iog{ — (9_9%}

* 926
+2 (r-6 ) sin@] (96)
Equation (96) is now applicable to any value of aspect ratio.
This equation is implemented in the computer program and extends

the program capabilities to wings with low and high aspect ratios
ranging from about 2.0 to infinity.
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SECTION 4

DIGITAL COMPUTER PROGRAM

The theoretical analysis presented in Section 3 was
programmed for use on the CDC 6600 series digital computer.
This was accomplished by extensively modifying the computer
‘program of Reference 1 to include the propeller slipstream
and the wing in-slipstream analysis.

This section presents a description of the combined
computer program logic, the selection and assembly of the
pertinent airfoil section characteristics, and a sample
computer output. Wherever appropriate, the discussion is
directed towards those features of the modified program that
are directly relevant to the treatment of the propeller slip-
stream and its effect on the wing spanwise loading. Addition-
al information pertaining to computations of the wing loading
for a basic wing/fuselage combination can be obtained from
Reference 1.

4.1 PROPELLER SLIPSTREAM COMPUTATIONS

This subsection presents the methodology and the associated
airfoil section data used in computations of the propeller
slipstream velocity distributions, which are later implemented
in the overall solution for the wing spanwise loading of a
general wing/propeller combination. The basic computational
steps for implementing the slipstream velocity distributions
into the wing analysis are summarized in subsection 4.2

The essential steps in the propeller slipstream solution
are given below.

4.1.) Computational Procedures for Propeller Slipstream
Velocity Distributions

(a) Calculate the propeller angle of attack and tip
speed ratio from

ap = ag + it (97)
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J cos Qp

(b) At each selected station on the propeller blade
obtain local values of the solidity, blade speed ratio and
inflow-angle ¢, £from

B T
o = 2% (99)
2 mT
J cosa
po= — (100)
b, = tan-'/.l. (101)
(c) obtain an approximate solution for the tip loss

factor using

o =% il [on{- 2 (—7) /1+ @S} wo

(d)* Calculate an initial value for the quantity
(u /78r) from

o = —'2-[\/(/_1,+k)2+4k (B- o —Q,_go)—(/.l.+k)](103)
where, by definition

kK = —mm—— 2
P Fp I+ u
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and Qo) QYo are the lift-curve slope and angle of attack at
zero lift, respectively, for a linearized approximation to
the tabulated airfoil section characteristics.

(e) :Compute an initial inflow angle at each blade
element station from

%*

I _ u
¢ = ¢ot o (105)

(£) Obtain an initial value for the quantity defined
as

*
]%;> tan ¢'

Y (106)
1— (z%r) tan ¢’

kx

(g9) As the first step in the basic iteration routine,
calculate a better approximation for the tip loss factor from

= @) & o[- 200/ e Haon

where F/Fp is obtained by interpolating the results from

the tip loss correction tables for specified values of B, T

and dntﬂ . A listing of the tip loss correction tables stored
and utilized by the computer program is presented in Appendix A.

(h) Calculate the blade section angle of attack and the
blade section Mach number from

a =B — ¢
Mg T T (108)
T (I+ky) cos ap

My =
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Then obtain the section characteristics Cy¢ and Cd by inter-
polation and/or extrapolation of the data presented in the
propeller airfoil tables, for the specified airfoil section
geometry and values of ap and M, .

(1) Compute the following quantities defined as

. C L Cd 109)
x = ZF [ cos @' * sin ¢! ] : (
y 4F sin ¢ cos ¢!
k, = p (0 + k) + Ky (111)

and then calculate a new value of qb from

¢>" = mn_I k2 (112)

(3) If the absolute magnitude of (¢"—¢')>O.I degrees,
then the solution for ¢ requires reiteration. 1In this case the
value of ¢ to be substituted for ¢' in steps (g) through (i)
is obtained from

¢ = ¢l +(¢u_¢|) o (113)
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where k¢ is given by

ke = | + cos? " [,u kx{%‘l —ton¢'}

+ ky { Zl +cot¢'}]

(k) If the absolute magnitude of (c,b"— <‘,’>') < Ol
degrees then the final slipstream velocity components for the -
streamtube element passing through the specified blade element
station are determined as follows. First, calculate the true
induced axial velocity ratio in the propeller disk plane using

(114)

u ! 4F ky K
_— = — 2 y z 115

and then obtain the axial velocity ratio in the fully con-
tracted slipstream from

VSq u

v - 't % (Tz‘,‘) (116)

(1) Obtain the local radius in the fully contracted
slipstream which corresponds to the specified blade element
station from

= - [Ts§+(72—_pz) (l? + V_sc,VTG\E,;)] (117)

where Tsp, fp and Vsep/Va are the values corresponding to
the immediately preceding inboard blade element station. The
velocity ratio at the outer slipstream boundary is taken as
unity, as is that at the hub/nacelle boundary unless a blade
element station is specified at the hub.
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(m) Compute the tangential velocity ratio in the
fully contracted slipstream as

Vst _ kx _r— ‘
w = @) v (118)

(n) Having obtained solutions for the flow corres-
ponding to all propeller blade element stations m=1 (at
the hub) through m =M (at the blade tip), calculate the
value of the integrated propeller thrust coefficient from

M
_ [ dCr dCr e
Ct = Z; 2 [< dT')m+ av /e L™ ™ (110)

where

dC _\3 Fky kz
< ) N +x)2 (120)

(o) Obtain the momentum value of propeller thrust
coefficient from

_ [
C1s = [ L T3 pre ] (121)

(8 cT)

(p) Compute the integrated propeller torque
coefficient using

SRICTIC N

2
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roF ok k '
where ac (n r) x Z 1 (123)

drv 2 (1+kx)?

(g) Calculate the value of the momentum-weighted
average axial velocity ratio in the fully contracted slip-
stream from

_ (124)
sa -/ BCT
73 prt

4.1.2 Propeller Blade Section Characteristics

The analytical methods developed herein require that
suitable aerodynamic characteristics be employed for the
blade sections of propellers used on general aviation-type
aircraft. The information on typical blade sections was
obtained from the available technical literature and is
summar ized in Table I,

As can be noted from this table, early blade sections
used in typical propellers are of the USNPS and Clark Y
airfoil series. These sections have very similar profiles
and members of each series are uniquely identified by the
value of thickness/chord ratio alone.

Later blade sections are of the NACA l6-series family,
which have a wider application in modern propeller design
because of their superior low-drag characteristics (see
Reference 25). These considerations also apply to the use
of NACA 64 and 65 airfoil series. All of the latter air-
foils are specified in terms of both a design lift coefficient
and a thickness/chord ratio.

Based on a review of published experimental measurements
of propeller airfoil section characteristics, it is evident
that the most reliable data for the current application
can be obtained from tests conducted in three wind tunnel
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‘Table I.

Typical Propeller Blade Sections.

Thickness/Chord

Airfoil Series Design Lift References
Coefficients Ratios

USNPS - 0.05 to 0.35 29

Clark Y - 0.07 to 0.50 17,30,31

NACA 16XXX 0.2 to 0.7 0.04 to 0.40 137,30,32,33,34

NACA 64-XXX 0 to 0.2 0.07 to 0.26 35

NACA 65-XXX 0 to 0.2 0.04 to 0.40 35,36




facilities only. These are the Langley Low Turbulence
Pressure Tunnel (Reference 26), for section data at low
speed conditions (M==0.15) , and both the Langley and
Ames High Speed Wind Tunnels (References 27 and 28, respect-
ively) for section data at high speeds (0.3< M < 0.85). )
Experimental data available from tests in these facilities
were therefore used as the basis for preparation of the
“required section characteristics for all selected airfoils
with the exception of the USNPS and Clark Y series. The
section data for the latter two airfoils was generated from
the measurements obtained in the Langley Variable-Density
Tunnel.

Application of the present analytical methods requires
information on the two-dimensional behavior of both lift and
drag for the specified blade airfoils. However, an import-
ant simplification in preparing these airfoil characteristics
is realized through the use of a constant value for drag
coefficient on the basis of the following approximation.

From the propeller analysis it can be noted that the
contributions of the blade section drag coefficient Cd to
the axial and swirl velocity components in the slipstream
are given, approximately, by (Cd/Cy)tan ¢ and (Cd/Cx) cot ¢
respectively, where ¢ is the inflow angle. For low speed
flight conditions appropriate to general aviation type air-
craft, the contributions of blade section drag to the local
axial velocity component in the slipstream are found to be
negligible, whereas the contributions to the local swirl
velocity are typically not more than a few percent. Thus it
is considered a justifiable simplification in the computer
program to substitute a representative constant value for Cd
in place of the actual variations as a function of angle of
attack and Mach number.

It is thus evident that realistic application of the
propeller-slipstream analysis demands that selected data on
blade section lift characteristics be accurately defined as
a function of local angle-of-attack and Mach number for those
typical airfoil sections identified above.

Table II summarizes the airfoil sections for which _
aerodynamic characteristics have been obtained and identifies
the source references. In general it is apparent that insuf-
ficient data exist to enable a thorough coverage of all the
possible variations in section geometry, angle-of-attack and
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Table II.

Summary of Propeller Airfoil Sections
Tabulated for Use in the Computer Program.

Airféil Series |.Thickness/Chord Ratios in Percent | Mach No | Source
o - '_ - ""” ; Range 3Referen¢es
USNPS |4 6 8 10 12 14 16 18 20 0.07 37
Clark ¥ 2 | 6 8 10 11.7 14 18 22 0.7 | st
NACA 161XX 6 9 - 15 - ~30 ‘ - 0.3 t0:0.8| 39
163X 6 9 12 15 21 - R
165XX 6 9 12 15 21 30
167XX - 9 12 15 - - |
" NACA 64-0XX 6 o 12 15 18 21 0.15 40,41
64-2XX 6 9o 12 15 18 21 | |
64-4XX - 9 12 15 18 21 .
NACA 65-0XX 6 9 12 1g 18 21 0.15 40
65-2XX 6 9 12 15 18 21
65-4XX - 10 12 15 18 21




Mach number range. Accordingly a number of simple empirical
techniques have been developed to permit a reasonable extra-
polation of the available data, as will be discussed later
in the text.

Furthermore, in preparation of the final section
characteristics, faired curves of. the experimental Cg¢ versus
G were utilized. The data was carefully selected so as
to best define the non-linearities in the faired curves. In
general the data represents the full range of the experimental
measurements extending from the zero lift condition to a
point close to stall and in most cases through the stall.

A complete computer listing of the tabulated section
characteristics for the propeller airfoils listed in Table
I1I, is presented in Appendix B. The airfoil tables are
arranged so as to provide the maximum flexibility in their use
in the computer program. These tables can be easily extended
or deleted to include other airfoil families or specially
modified aerodynamic characteristics of the selected sections.

These tables form the basis for look-up procedures
which through interpolation and extrapolation of the stored
data provide the required values of Cy for specified
blade sections. These table look-up procedures are described
in detail in the next subsection.

4,1.3 Table Look-Up Procedures for Propeller Airfoil
Characteristics

The propeller airfoil data tables are read in and
stored by the computer immediately prior to execution of the
propeller-slipstream calculations. The computer program
provides data tables for up to 9 airfoil families, identified
by an airfoil series code between 1 and 9 inclusive, but is
capable of accepting a maximum of 150 tables. This storage
capacity is considered more than adequate under most cir-
cumstances but could be extended, if required, by an internal
program change. As a rule the only tables read in will be
those sets corresponding to the blade sections of the prop-
eller-wing configuration being evaluated.

Each table, as it is read in by the computer, is
indexed consecutively in order to permit efficient operation
of the look-up procedure. For proper utilization of these
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data tables, it is essential that they be assembled in a
special order. The assembly of all tables for each given
airfoil family must be in ascending order of Mach number,
thickness/chord ratio and design lift coefficient. However,
the sets of tables for any airfoil family may be assembled
in any order.

As an initial step in the table look-up procedure,
the computer program first searches through the tables to
locate and index those particular tables required for inter-

polation as each propeller blade element station is specified. -

The actual look-up procedure utilizes linear interpolation
throughout and is performed first for the required value of

a ., secondly for the value of Mach number, thirdly for the
section thickness/chord ratio and finally for the design 1lift
coefficient of the airfoil family specified.

To permit satisfactory operation of the computer
program for conditions outside the range of the data tables

a series of simple extrapolation procedures have been developed

empirically from the available experimental data. These pro-
cedures are outlined below.

For angles of attack outside the tabulated range in
each table it is assumed that the value of Cy remains
constant, and for a Mach number outside the given range the

extrapolation procedure determines a correction to the required

value of a , defined as aq¢ . thus

ac = Gop + (@ -aop) / L MIZ (125)
| —M

where the subscript T denotes values for the table to be
extrapolated.

This method is based on an application of the standard
Prandtl-Glauert rule for the change in lift-curve slope with
Mach number and assumes that the extrapolated family of 1lift
curves can be represented by a simple adjustment of the angle
of attack scale about ago point.

For section thickness/chord ratios outside the given
range of tables at each value of design lift coefficient it
is assumed that the airfoil characteristics will be invariant.
While this assumption does not satisfactorily represent the
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general reduction in lift-curve slope for thick sections. ., .-.-
(t7¢ 2 0.2) the existing data, does not proyide-a base A
for a better approximation.

For a section design 1lift cpéfficieﬁﬁff Cg; . outside
the tabulated range, an“extrapolation'prOCEduxe is ‘used to
obtain a corrected value of ¢y defined as %Rﬁc , thus

T ket

de=Cdy + (CJ —C‘le m | (126)

where the subscript T denotes values for the table to be
extrapolated and ke is an empirical constant which
generally varies for each airfoil family and thickness/chord
ratio. This constant has been determined for each airfoil
family used herein, and constitutes an inherent part of the
computer program table look-up subroutine.

4.2 _WING IN-SLIPSTREAM COMPUTATIONS

This subsection presents the method of implementation
of the propeller slipstream distributions obtained above into
the spanwise load calculations of a propeller/w1ng comblnatlon.w
The essential computational steps are described below.

4.2.1 Computational Procedures for Spanwise Loading on a
Wing with no Flaps or with Full- Span Deflected Flaps

(a) Obtain the wing basic geometric parameters namely,
section chord ratio ¢/cp , tw1st distribution’ € P
thickness—-chord ratio t/¢ , and camber distribution. Then
calculate the wing section Reynolds number Re based on the
local chord ¢ and the local resultant velocity V , thus-

Re = —)p— . anT

where V is the combined freestream and slipstream velocity
given in equation (3) and v is the kinematic viscosity.
Also, obtain the section zero-lift angle Qy, -

(b) Compute the wing-induced upwash function, *f '
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from the following.equation which is based on a simple horse-
shoe model of the wake (Reference 19)

(%) % (%) 75
V(T o) % + %8 V(Tat7) %+ 58
v (T+ Tp)2+“x'p2 -,
(% %)V (Tt 5)% +%° (e
v (Ta-%) % + =%

(%) (%) 2+ % 2

_..
I

where Yp = 2¥p,p and Xp =2 Xp/b

are the non-dimensional spanwise and chordwise locations of
the right-hand propeller hub.

(¢) Calculate the geometric angle of attack at each
" wing station from

@g = @g+ AR+ € + A€N+ QBT[B_-%%——I] (129)

where ag 1is the fuselage angle of attack
ar 1is the wing/fuselage root setting
is the local geometric twist

. €
[R _di _.|] . .

TL= dy 1s the correction factor for fuselage
upwash given in Reference (1) and Aen is the setting of the
equivalent chord line of the nacelle above the wing chord
line at the nacelle station. The quantity A €, is only to
be included when a computation station coincides with the
nacelle location.

(d) Calculate the following initial approximation to
the overall wing lift coefficient

CL = 8 <‘IB +Qeg —04 oy, —06ay )(130)
APPROX (. + _-Kshz_) °TIP °rOOT
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{e) Compute the wing-induced upwash at the propeller
disc using equation (128) as follows:

CL APPROX. f

Vy =
w 72 AR

(131)

(f) Calculate the propeller thrust-line angle of
attack and average inclination of the propeller slipstream
to the freestream from

- Vo sinQp + V
as = tan_'{ ° __p w}
Vsa

(133)

where ITL is the propeller thrust-line angle relative to the
fuselage centerline.

(g) ° At each Wing station calculate the effective angles
of attack, the resultant local slipstream velocity, V ,
and the non-dimensional slipstream upwash, Vv , from the
following equations:

G = ag — g, (134)
V = Vgq /cos (ap+ as) (135)
r= e ) G v

—sin ae

(h) Calculate the distribution of 1ift due to slip-
stream upwash Cdp ¢/b using equation (56).

(i) Using the effective angles of attack, Qe ’
computed from equation (134) find the values of section 1lift
coefficient, C¢ , from the two-dimensional section data
at the proper values of Reynolds number, thickness-—chord
ratio and camber level.
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(j) Calculate an initial approximation to the spanwise
loading distribution using

CdtZ)c C4 (AR+|8> (CR>< R) +<'+)‘>/ '_'%y"

(137)

where A 1is the wing taper ratio.

(k) Compute the values of induced angle of attack
for this load distribution using equation (61) and determine
the resultant section angles of attack from equation (62).

(1) From the section data obtain the values of 1lift
coefficient corresponding to the resultant angles of attack
from step (k) and calculate the new values of the span load-
ing, Cy c/b.

(m) Compare the approximate values of span loading
with the calculated values. If these are not in sufficiently
close agreement, compute a new set of approximate values of
Ci& c¢/b using the procedures presented in subsection 3.2.2
of Reference 1. Repeat the iteration process until the required
convergence is achieved.

(n) Integrate the new span load distribution to obtain
the overall wing lift coefficient C; and calculate a new
value of wing-induced upwash at the propeller disc using
equations (128) and (131).

(o) Repeat steps (£), (g), (n), (i), (kx), (1), (m),
(n) until the approximate and calculated values of span
loading are in satisfactory agreement.

(p) Having determined the lift distribution obtain
the section profile drag and pitching moment values from the
section data and calculate the overall w1ng 1ift, drag, and
pitching moment coefficients.

4,2.2 Computational Procedures for Spanwise Loading
on a Wing with Part-Span Deflected Flaps

(a) Calculate an initial approximation to the flapped
wing lift distribution from the following equations
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Mo - 4 cdq (?c,;)(%{“‘,/ "'(‘f—*)z} o<y <yt »(138)
T e @D/ -5} s 3

where CdRr is the value of the lift coefficient at the root
obtained fram the flapped section data at the angle of attack

e = ag t+ ag (139)

(bl Determine the uncorrected values of 1lift coeffi-

cient Chu at each flap end as follows
Cec b |
* — — —
Cly = b (c =3 : (140)

where FF is the correction factor which accounts for the
change in the two-dimensional section data at the flap end.
The calculation procedure for obtaining these correction
factors is described in detail in subsection 4.1.3 of
Reference 1, and will not be duplicated here.

(c) For the values of Ct&; obtained in step (b)
above obtain the corresponding angles of attack @y from the
data for flapped sectionss Calculate the corresponding cor-
rected angles of attack Qcgy at each end of the flap from

acy = E- FF (ao - aL¢°> + Qo (141)

(d) Using the same procedure as in step (c) above,
calculate the values of angle of attack Qac¢ §=0 on the .
unflapped sides of the wing. Then obtain the first approx-
imation for the values of the discontinuities in angle of
attack 3 . thus

3 = Qcy=0 T Acy (1%2)
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(e) Integrate the lift distribution given by equation
(138) to obtain an approximate value of the overall Fflapped
lift coefficient, CL , and using equation (3), determine
the wing-induced upwash at the propeller disc. Then calculate
the value of slipstream inclination, Qg , using equation

(5).
(f) Using the velues of d and Qg from steps (4)

and ‘fe), respectively, calculaté the distribution of slip-
stream crossflow from the following equation:

= &

\7: )sin (as +ae) (143)

+(V\s/;) cos (as +ae) — sin Qe

and use equations (64) and (65) to determine the discontin-
uities in crossflow Av'= v! .

NOTE. " In the most general case of a wing having two .
propellers, (one mounted on each wing panel), rotating in the
same direction, the slipstream-induced crossflow distribution
will be different at the same spanwise station Y on each
side of the fuselage centerline. This difference is caused
by upward slipstream swirl velocities on one wing panel and i
downward on the other, occurring at the same spanwise stations
on each side of the fuselage, i.e. vyl Zvily) . In the
case of two propellers rotating in opposite directions, each
slipstream-induced crossflow is symmetrical about the fuselage
centerline and equatlon (143) need only be applied once,
since v (y)= vi~y).

(g) TUsing the appropriate values of the discontin-~
uities § and AvF=z W . from steps (d) and (£f), respectively, .
compute the 1lift dlstrlbutlon Cdp-c/b using equation (76).

NOTE: For the most general case, as discussed in step _ -
(£) above, this 1ift distribution must be calculated separately
for each wing panel.

(h) Determine the lift distribution Cdﬂ-c/b ,
corresponding to the left and right spanwise discontinuities
from equation (88).
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(i) Calculate the overall induced angle-of-attack
distribution aj from equation (87), using the approximate
span load distribution computed in step (a) above.

(3J) Compute the effective resultant section angle of
distribution from the following eguation

Clma
o _ Clg—ai-l-aiz—a(fo (l —-E (——CLZ::G):() o
€ E Cmax (14.4)
(Ccémax) o

where Qg is the geometric angle of attack, CJmax is the
value of Cémax obtained from the corrected section data and
(Cz.@qu)o is the uncorrected value of Cfnax -

(k) Using the values of ae from step (j) above,
obtain the corresponding values of 1lift coefficient Cd4, from
the uncorrected two-dimensional section 1ift data. Then
determine the correct values of l1ift coefficient Cy¢ by scaling,
as follows:

- _SLmax_ (145)
“ = Cdo (C&max )o

(1) Calculate the distribution CJ-¢/b from (145) and
compare this calculated distribution with the approximate
distribution. If agreement between the distributions is not
sufficiently close, calculate a new and better approximation
using the procedures presented in subsection 3.2.2 of
Reference 1.

(m) Repeat steps (b) through (1) above, until agree-
ment is reached between the approximate and calculated values
of the span load distribution.

(n) Having determined the 1lift distribution in step
(m), calculate the corresponding value of the overall inte-
grated wing lift coefficient Cy.
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4,2.3 Wing Section Characteristics

The wing airfoil section characteristics for typical
general aviation aircraft are presented in Section 4.2 of
Reference 1, and will not be duplicated in this report.
These characteristics are used directly in the current
computer program and constitute a part of the overall tool
for prediction of stalling characteristics of general wing/
propeller combinations.

4,.2.4 Table Look-Up Procedures for Wing Section
Characteristics

The table look—up subroutine for wing section charact-~
eristics used in the current program is identical to that
described in Section 4.2 of Reference 1.

4.3 DE SCRIPTION OF THE COMPUTER PROGRAM LOGIC

The computational procedures described in Section 3.0
have been programmed for use on a CDC 6600 series digital
computer. The program user instructions are given in Appendix C.
The flow diagram for the program is shown in Figuré 7 and a
listing of the program is presented in Appendix D. The
program was accomplished by an extensive restructuring and
enlargement of the basic power-off wing stall analysis pro-
gram contained in Reference 1.

The program is initiated by reading in the basic
wing-fuselage configuration parameters. In this input
format, provision has been made to include an increment
representing the drag coefficient of the nacelles. If the
calculations are to be performed for the power-on case this
is indicated to the program by setting the parameter NSLIP
equal to 1. If NSLIP=0, the slipstream calculation loops are
bypassed and the program only computes the power-off charact-
eristics.

The computer program arrays are dimensioned to enable

calculations of the span loading to be made using 10 control
points per semispan.

For twin propeller aircraft computations where the
propellers are situated near the center of each wing panel or
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at the wing tips, this number of wing control stations is
adequate. However, for single propeller configurations, a
better definition of the span loading in the slipstream
region is obtained if the number of control stations is
doubled to 20 per semispan. This is readily achieved by
redimensioning the required arrays.

Having input the basic data, the required wing section
data tables are read in and stored on tape. If the case is
for a wing with fuselage the required transformation para-
meters are computed. The list of fuselage angles of attack
is now read in and the first value in the list is selected.
If the computation is to be performed for a power-on case the
propeller slipstream subroutine is then called.

Execution of the slipstream subroutine shown in
Figure 8 is initiated with input and storage at the propeller
tip loss correction factor tables. This is followed by
reading and .storing the required blade section data tables,
together with the data specifying the basic propeller geometry
and operating condition. The program then proceeds with the
main computations as the parameters for each successive
blade element are read in. For each blade station, the solu-.
tion for blade section angle of attack and lift is iterated
to convergence. The velocity components for the corresponding
streamtube element in the contracted slipstream are then com-
puted. Finally, having obtained the complete velocity
distribution for the slipstream, the slipstream velocities
at the wing control stations are determined by interpolation
before returning to the main program logic.

Having calculated the slipstream velocity distributions
the wing upwash function and the induced angle-of-attack
multipliers are now computed. If a part span deflected flap
is present the parameters associated with the spanwise discon-
tinuities are calculated together with the factors used to
correct the two-dimensional section data.

The matrix of coefficients Kij used in the iteration
procedure is now computed and stored. If the calculations
are to include slipstream effects, the slipstream inclination
to the freestream, the slipstream upwash function, v '
and the loading associated with this upwash function, Cy¢s c/b,
are computed.
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The central program iteration loop is now entered. A
new lift distribution is computed and compared to an approx-—
imate input wvalue. If convergence is not achieved a new and
better approximate value is computed. If slipstream effects
are being considered, this new lift distribution is used to
recalculate._the upwash at the propeller discs and a modified
slipstream inclination is obtained. A new upwash distribution
is calculated and the basic iteration loop reentered.

Once convergence is obtained, the program computes
and prints out the overall wing integrated values of C_ ,

Cb , etc. together with the distributions. If stall is
detected at any wing station, the program enters a routine to
select values of fuselage angle of attack that will define the
exact stall angle more closely.

4.4 SAMPLE OUTPUT

A typical output obtained from the computer program,
as described above, is presented in Tables III and IV. Table
II1I shows sample computations for the spanwise lift distri-
bution on a wing-in-slipstream, whereas Table IV presents
a sample output for the slipstream velocity distribution used
in the wing computations.
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Table IV - Sample Output for Propeller Velocity..:- '
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SECTION 5

VERIFICATION OF THE DEVELOPED THEORY

This section presents a series of correlations between

the predicted results, obtained from the computer program
described in Section 4 and the available experimental data.
A discussion of these correlations has been separated into
two natural categories. The first part deals with a veri-~
fication of the solution for an isolated propeller-nacelle
configuration, while the second part considers the combined
wing-in-slipstream case.

5.1 CORRELATIONS FOR AN ISOLATED PROPELLER

A majority of the available experimental data on iso-
lated propellers is limited to measurements of total thrust
and torque. Even in the few reported studies where the prop-
eller slipstream velocities were measured, the data presented
is generally incomplete and insufficient to permit a compre-
hensive evaluation of the propeller analysis. It was therefore
necessary to establish the overall adequacy of the analytical
predictions by presenting a series of partial correlations
with the applicable data from each experimental source.

Correlations of the elemental loading on a propeller
blade are limited to the experimental data reported in
Reference 30. This data is presented for two 2.8-foot diameter
model propellers of similar design, but different twist
distributions. The experimental loadings were obtained dir-
ectly from measurements of the slipstream velocity and swirl
angle in a plane immediately behind the propeller disc. This
test information forms the basis for the correlations shown
in Figures 9, 10, and 11.

Figure 9 presents comparisons between the predicted
and measured elemental thrust and torque loadings, expressed
as ratios of predicted over measured values, versus predicted
local 1lift coefficient at a blade radius of 75.2 percent.

As can be noted from this figure, the thrust loading pre-
dictions, employing the tabulated airfoil characteristics,
are in satisfactory to good agreement with the test data
throughout the range of the 1lift curve. Also, the
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corresponding torque loadings are in reasonable agreement,
except at conditions near the stall, where the discrepancies
may be attributed to an underestimation of the drag coefficient,
assumed constant at a nominal value of 0.0l. However, it
should be noted that the experimental torque loading is
particularly sensitive to the measurement of slipstream swirl
angle, and therefore may be subject to appreciable experimental
error. Figure 9 also includes a comparison of the predicted
results obtained by using an unstallable linear 1ift curve

to approximate the airfoil characteristics. The limitation

of the linearized representation is reflected by an inferior
prediction of thrust loadings near and above the stall point.

Figure 10 shows similar correlations, to those pre-
sented in Figure 9 but for a blade station further inboard
at 52 percent radius. In this case, satisfactory to good
correlations are also indicated.

Figure 11 shows similar comparisons to those shown in
Figures 9 and 10, but at a blade radius near the hub, at
25.3 percent. Wnile an increased scatter in the correlations
may be partly attributed to the smaller magnitude of the
measured guantities, it is evident that the assumption of
an unstallable linear lift curve offers a better correlation
for both the thrust and torque loadings. A suggestion that
the stall point for this airfoil should be extended to a
higher angle-of-attack, is consistent with the probable
existence of a favorable boundary layer development caused
by centrifugal pumping near the hub region.

In reviewing the correlations shown in Figures 9
through 11, it is apparent that there may be a restricted
region of the blade close to the hub where stall delay
effects are present. However, there is clearly an insuff-
icient substantiation of this phenomenon to permit any
rational empirical treatment.

Figures 12 and 13 present correlations between the
predicted and measured values of the axial and swirl velocity
distrikutions within the slipstream of propellers operating
at relatively low advance ratios. The experimental data
shown was obtained from Reference 17, which presents slip-
stream velocity measurements for two 39-inch diameter prop-
eller-nacelle models, in a plane approximately 0.44 diameters
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downstream~of -the- propellexr disc.. The slipstream velocity
easurement > were' obtarned‘u51ng -an elght—probe rake mounted
?ymmetricaily abdut the propeller axis.
i Flgure 12 shows a comparlson between the predicted and
éeasured slipstream veloc1t1es for  a propeller designed with
high taper jand twist so as to produce an axial velocity peak
well 1nboard. As can be seen from this figure, the predicted
axial velocgity dlstrlbutlon within the slipstream is in good
agreement Wlth the’ correspondlng test data. However, the
swirl angle predlctldn can’ 1ot be prcperly assessed because
df the excésSlVe scatter of the experimental data points. It
should be Hoted that iflagged and unflagged test points shown
ln Figure; 12 represent image p051t10ns on each side of the
prOpeller.g

s
I

e Flgureml3ﬂshows ‘a--similar degree of correlation between the
predicted and measured slipstream velocities for a propeller
having a more conventional plan form and twist distribution.
In this case, the predicted results are presented for a
propeller dpeed reduced to 80 percent of the reported value.
This correction was introduced to overcome an apparent dis-—
grepancy in the test measurements, as suggested by the authors
Qf~ReferenceiLlw E N : -

| ﬂ‘ R

Flgure 14 presents two additional correlations for slip-

itream sw1rl angle dlstrlbutlons based on the test data of
Reference AZ. The experimental measurements were obtained at
a dlstance ;0f 2 diameters downstream of an isolated propeller.
It can be’deen from Flgure 14 that the analysis generally
predicts proflles of the experimental distributions, although
an incremental shift in the swirl angle of up to 4 degrees is
évident.‘ However, the absence of the corresponding test data
on the axial velocity distributions precludes a proper explan-
atlon of tﬁls shift in the slipstream swirl angle.

! "2 '

? One aspect of the analysis not considered in the above
correlatlons is an assumptlon that the slipstream may be
cons1deredlas fully developed or fully contracted, for the
purpase.of.predicting. the-wing span loading. While the effect
of slipstream contrdction on wing loading can only be properly
assessed by comprehensivé measurements, some observations on
the rate of sllpstream contractlon can be made from the

available test data. B -
MR RS . . ~"?.=.-"".'~.
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In practical aircraft configurations the propeller
disc plane is generally located between one-half and one
diameter forward of the wing quarter-chord line. From the
correlations shown in Figures 12 and 13, it may be inferred
that slipstream contraction could be fully developed at
distances within 0.44 (D) behind the propeller. If this
is the case, then the rate of slipstream contraction is
significantly higher than that predicted by potential theory.

From the foregoing discussion and the correlations
presented above, it can be concluded that the computerized
analytical method developed herein yields more than adequate
solution for the non-uniform propeller slipstream velocity
distributions, which can be confldently used for prediction
of wing spanwise loadings.

5.2 CORRELATIONS FOR WING-IN-SLIPSTREAM

This subsection presents the correlations of the
theory with experimental data on wing spanwise loadings with
slipstream effects. In selecting experimental data to
thoroughly test the theoretical model the following criteria
were used:

* Complete information on the geometric parameters of
wings, nacelles and propellers.

* Adequate definition of the wing and propeller airfoil
sections used in the tests.

e A thorough description of the propeller operating
conditions in terms of blade angle, advance ratio,
and rotational speed.

e An accurate determination of the spanwise 1lift
distribution obtained by chordwise pressure surveys.

It was found that the amount of available test data
that meets all of the above criteria is extremely limited.
However, sufficient data was obtained from the technical
literature to provide a fairly adequate basis for verification
of the theoretical model. Some test data was obtained on
wings immersed in jets, wings having centrally mounted



propellers, and wings with propellers placed at different
spanwise stations up to and including the wing tips.

With few excegtioﬁs,~the majority  .of the available
test data was obtained at’wing éng1es of attack below stall.
Therefore, the adequacy of the developed methods to predict
the span load distribution at the onset of stall could not
be thoroughly verified. However, baséd on the correlations
presented herein, at angles of attack close to stall, it can
be inferred that the span loading at stall can be reasonably
well predicted using ‘the present analysis. Unfortunately,
no test data is available on spanwise lift distributions
for wings with part-span deflected flaps. Therefore,
correlations for this case can not be presented at the
present time.

The correlations that are presented below show the
applicability of the analysis to low aspect-ratio wings, the
capability to predict wing-in-jet effects, the prediction
of span loading for single propeller configurations and,
finally, the ability to predict the lift distributions on
twin engine aircraft including those having tip-mounted prop-
ellers.

5.2.1 Correlations for Low Aspect Ratio Wings

The applicability of the present method to low aspect
ratio wings, (see subsection 3.2.3), was verified by performing
correlations of the span loading on a rectangular wing of
aspect ratio equal to 1.0. These correlations which are
shown in Figure 15, are based on the analytical results of
Reference 22 and the available test data obtained from a
number of sources, i

Figure 15 (a) shows a comparison of the predicted
span loading (expressed as CUA/a ), with the analytical data
of the two selected References. As can be noted from this
figure, the predicted results are in satisfactory agreement
with the results of References 22 and 43. Also Figure 15 (b)
shows a comparison between the predicted and measured vari-
ations of lift-curve slope for a rectangular wing versus
aspect ratio. Again, the computed results match those of
References 22 and 43, and agree with the corresponding exper-
imental values.
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5.2.2 Correlation for Centrally-Mounted Propellers and Jets

In Reference 6 Stuper measured the l1lift distribution
on a rectangular wing having a uniform circular jet of air
blowing over the center span. The jet was produced by a
specially designed fan generating a uniform jet flow without
rotation. This test data was chosen for comparison because
it provides a check of the wing-~in-slipstream theory, without
reference to the propeller analysis.

Figure 16 shows a comparison between the predicted
and measured spanwise lift distributions from Stuper's test;
and again satisfactory agreement between the theory and the
experimental data is obtained.

Measurements of 1lift distributions on wings with
centrally mounted propellers are presented in Reference 29.
In this series of tests, data was obtained for a full-scale
wing/propeller combination in the large 30' X 60' wind
tunnel at NASA, Langley. The propeller had a diameter of
4 feet and the wing was rectangular with a 5 foot chord.
Aspect ratio was varied by changing the wing span.

Figure 17 presents a comparison between the theoretical
predictions and the experimental data obtained for aspect
ratio of 6.0 for wing alone, wing and nacelle, and wing,
nacelle and propeller. Similar comparisons for a wing
aspect ratio of 3.0 are shown in Figure 18. It can be
noted from these figures that the combined wing/propeller
theory predicts the span loading very well, except near the
tips where the experimental data shows the characteristic
square-tip loading which cannot be predicted using lifting
line theory.

It should be noted that for both the Stuper jet case
(Figure 16) and the central propeller cases (Figures 17 and
18), twenty stations per semispan were used in the comput-
ations in order to obtain adequate definition of the load
distribution within the propeller slipstream region. -If the
propeller slipstream is not present, sufficient definition is
generally achieved with the standard 10 points per semispan.
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5.2.3 Correlation for Twin Propeller Configurations

Reference 42 presents the results of wind tunnel
tests on a reflection-plane model of a twin-engined tilt-
wing VTOL configuration. The model tested consisted of a low
aspect ratio rectangular (18" X 26") unswept wing with a
nacelle and propeller situated at 62 percent of the semispan.
The wing airfoil section was a NACA 0015, the propeller
blade sections were of the NACA 16 series and the propeller
diameter was 26". The test report presents measured spanwise
load distributions at various wing angles of attack for a
limited range of propeller thrust coefficients.

Figures 19, 20, and 21 show comparisons of the pre-
dicted and measured span loadings for power-off and power-
on conditions, for propeller thrust coefficients of Cpg=0 ,
0.36 and 0.64, respectively. It was found that in order
to match the measured lift distributions power-off, the
theoretical calculations had to be performed at angles of
attack slightly below those values quoted in Reference 42.
For example, in order to match the C distribution for
59 angle of attack, the calculationslhad to be made at
4,259, The reason for this discrepancy is not clear since,
as is shown elsewhere, predictions for other wings, power-off,
agree with the experimental data. The discrepancy could be
attributable to tunnel flow inclination effects. In the
comparisons shown for power-on conditions, the angle of
attack values used are those that match the power-off loading.

Despite the differences noted above, the theoretical
predictions of the spanwise lift distribution agree well with
the experimental data of Reference 42 except near the wing root.
This discrepancy is attributed to the presence of tunnel wall
boundary layer effects, as mentioned in Reference 42.

In Reference 44, a series of tests are reported that
were made on rectangular wingsor aspect ratio 2.28, 3.26,
and 4.7 with an underslung nacelle and propeller placed at
83 percent, 58 percent and 40 percent of the semispan,
respectively. The propeller was the same propeller used in
the tests of Reference 42. The wing airfoil section was a
NACA 4415 series. The tests were conducted for wing angles
of attack of 0° through 120° at various values of propeller
thrust coefficient.
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Figures 22, 23, and 24 show power-off correlations of
the spanwise lift distribution obtained using the present
theoretical analysis for the three wing aspect ratios at
wing angles of attack below stall. The agreement between the
theory and test is good throughout all values of wing aspect
ratio except near the wing root where substantial wall effects
are evident. Figures 25 through 27 show the theoretical span
loading versus the measured loading for a propeller thrust
coefficient Cro = 0.4. In all cases, excellent agreement
is obtained between the predictions and the test distributions.

Although test data was obtained at angles of attack
up to 1209, the angles of attack were either below stall or
well above stall. Thus no data was obtained at the point of
initial stall onset. No check of the theory close to the
stall point is, therefore, available from this test series.

5.2.4 Effect of Propeller Rotation

The direction of rotation of propellers of multi- -
propeller configurations may introduce appreciable changes in
the wing span loading. For example, rotation of propellers
in the same direction of a twin-propeller configuration
causes asymmetry in the span loading, which in turn gives
rise to the aircraft rolling moment.

Although no test data exists to verify this aspect of
the present theory, computations were performed for the
configuration of Reference 42 to demonstrate the ability of
the computer program to handle different propeller rotations.
The predicted results showing the effect of propeller rota-
tions on the wing span loading are presented in Figure 28.
The results are applicable to wing aspect ratio of 3.0, wing
angle of attack of 109 and propeller thrust coefficient of
CTS = 0.64.

As can be noted from Figure 28 counterclockwise
rotation of both propellers (as viewed from the rear) results
in the asymmetric span loading, which could be integrated to
yield the aircraft rolling moment due to power effects.
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5.2.5 Effect of Flap Deflection

One of the prime concerns in the design of modern general
aviation type aircraft is the effect of flap deflection (part-
span and full-span) or bring stalling characteristics during
take-off and landing, i.e. power-on and power-~off conditions
respectively. This effect can be readily predicted by the
computer program developed herein, however the adequacy of the
analysis can not be verified because of the lack of suitable
experimental data.

Figure 29 demonstrates the capability of the current
computer program to predict power-on span load distributions
associated with the deflection of part-span flaps. This
figure presents the computed results for the twin-propeller
configuration of Reference 44, with an arbitrary flap of 60
percent span. The predicted power-off span loadings, with and
without flap deflection, are also shown for comparison.

Based on the correlations presented in this section it
is concluded that the wing-in-slipstream theory developed herein
provides an effective analytical tool for predicting the
effects of propeller slipstream on wing spanwise loadings.
Unfortunately, due to the lack of suitable experimental data,
these correlations had to be limited to unflapped wings
operating at conditions below stall. It is expected, however,
that if the pressure data was available for wings at the onset
of stall and with part-span deflected flaps, the present theory
would also prove satisfactory for these conditions. It is
therefore recommended that this part of the theory be verified
by wind tunnel tests which should include pressure measurements
for both the wing and the slipstream for typical wing/propeller
combinations operating close to stall.
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Ty SECTION 6

;CONCLUSIONS AND RECOMMENDATIONS

A |
\
1

This report presents analytical methods for predicting
spanwise load distributions of straight-wing/propeller
combinations operating up to stall, for a range of
aspect ratiQVfrom about 2.0 and higher.

y
The analyticél methods developed herein employ non-
linear lift curves, in the form of computerized table
look-up subroutines, for a variety of wing airfoils and
an extensive selection of typical propeller blade sections.
These methods are therefore applicable to a wide range of
wing/propeller configurations and operating conditions.

The predicted results for both propeller slipstream
velocity distributions and for wing spanwise loadings are
generally in good agreement with the limited test data.
However, due to the lack of suitable experimental data
involving pressure measurements on wings close to stall
and with part-span deflected flaps, the full capability
of the analysis could not be verified.

Based on the correlations shown in Section 5, it is
concluded that the computerized methods developed herein
represent an effective analytical tool for predicting
the power-on and power-off stalling characteristics of
general aviation aircraft.

In view of the promising results obtained in this study,
it is strongly recommended that a comprehensive wind
tunnel program be undertaken to provide the necessary
experimental data base to complete verification of the
analysis.

It is further recommended that the wind tunnel test
program must include detailed pressure measurements for
both the wing and the slipstream for typical wing/
propeller combinations operating throughout the entire
range of angle of attack up to and including stall.
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APPENDIX A

PROPELLER TIP I.0OSS CORRECTION TABLES

This appendix presents a computer-generated listing of
the propeller tip loss correction factors utilized by the
computer program described herein. These correction factors
are applied as described in Section 4.1 to obtain an improve-
ment to the approximate tip loss factor given by equation (16).

These correction factors are based directly on the
tabulated values generated by Lock, as given in Reference 21.
However, the original tables given by Lock have been modified
and enlarged to provide for more uniform increments in the two
parametric variables, r and sin 4: . These changes permit a
more efficient table look-up interpolation procedure and pro-
vide for an improved definition of the correction factors.

The additional and intermediate values of these factors were
obtained through crossplotting of the original tabulated
data and by using suitably faired curves.

The following tables are presented for propellers
having either 2, 3, or 4 blades. For propellers with more
than 4 blades, the computer program assumes a correction
factor of unity for all values ofr and sind.
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TIP LCSS CCRRECTICNS - TABULATION CF F/FP FOR 2 BLAC/ED PRCPELLERS

R/RP 0.3 0.4 C.5 C.6 Ce7 - 048 0.9 1.0
SEN(PKI) N )
0.60 1.06C 1.000 1.06C 1.CCO 1.000 1.000 1.600 };660
0.05 1.006 1.C0C 1.C6C 1.0C0 1.000 0.998 O,9Qk//0.990
G.10 1.006C 1.C00 0.955 0.598 0.996 06.990 C.983 0.976
0.15 0.995 0.998 G.997 0.994 G.987 0.913/ 0.966." 0.955
0.20 0.995 €.994 0.59C 0.984 0.972 C.959 C.940 /94323
0.25 C.987 €.984 0.97S 0.965 C.949 0.929 0.9C6 0.877
0.30 0.978 C€.974 0.965 0.945 0.923 0.894 c.665” 0.827
0.35 0.965 0.563 0.949 0.924 0.894 C.858 0.820 G.785
0.40 0.961 C€.952 0.931 0.9C2 0.863 C.822 C.781 G.746
0.45 0.756 C.341 0.9132 0.879 0.831 0.786//6}746 0.711
0.50 0.954 €.529 C.894 0.852 0.801 0.757 ;@.717 0.681
0.55 0.953 G.918 0.876 C.827 G.777 o.734; o.e94 0.656
0.60 0.955 ©€.907 0.85¢ 0.806 0.759 o.zxéﬁ C.674 0.635
0.65 0.963 0.9C0 0.843 0.791 C.746 0.699 0.656 0.616
0.70 0.975 C€.897 0.835 0.780 C.735 0.685 0.639 0.598
0.75 C.992 C.899 0.833 0.777 C.726 G.671 0.622 0.581
0.80 1.015 G.911 0.840 0.777 C€.718 0.658 C.6C7 0.564
0.85 1.056 0.542 0.855 0.780 0.710 C.646 0.592 0.547
0.90 1.128 C.S90 0.877 0.784 0.704 C.634 0.577 (.531
0.95 1.240 1.06C 0.906 0.79L C.698 C.623 0.563 0.515
1.00 1.512 1.170 0.940 C€.798 0.692 C.612 0.550 0.500
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TIP LCSS CCRRECTICNS - TABULATION CF F/FP FUR 3 BLAOED PROPELLERS

R/RP

SINAPET)

c.3

1.000
1.000
1.00C0
€.996
C.997
C.995
C.992
C.9&9
¢.985
C.980
C.976
€.975
C.978
C.98¢
C.94946
1.02C
1.051
1.099
1.163
1.255

1.535

1.C00
1.C00
1.006
C.999

C.99¢

£.590
C.985
C.97¢
0.973
c.G67
C.964
C.965
C.968
C.97¢
C.58¢

1.C01

1.C73
l1.145

1.275

1.CCC
1.CCC
0.G66S

0.957

C.961
0.953
0.547
C.%41
C.936
0.938
0.936
C.%44
0.957
0.984
1.028

1.C8C

1.G0u
1.0C0O
G.S59

0.967

C.890

C.885

C.882

€.886

C.897

C.914

£.935

1.00¢C
1.000
6.999
G.995
C.990
c.981
C.968
C.954
0.938
C.919
G.900
£.882
C.865
C.849
0.835
C.823
C.815
0.812
C.814
€c.815

C.817

0595

G«9930

€.5982

0.971

0.955

Ce335

G.91¢C

C.886

O.861

¢c.816

C.796

Ca779

Ce 763

Ce. 750

C.739

C.730

C.722

C.715

1.C00
G.$97
G.592
C.985
G.972
C.953
0.931
C.905
G.876
C.845
0.815
C.789
0.765
C.T44
0.725
0.706
G.689
0.675
C.663
C.652

0.642

1.0

1.00G
0.995
0.987
0,976
0.96C
C.938
t.910
C.879
C.844
¢.809
Oe777
UeT49
0.724
0.701
C.680
C.661
C.644
0.627
0.611
0.597

6.583



TIP LCSS CCRRECTICNS - TABULATION CF

R/RP
SINIPHT)
0.C0
0.05
0.1a0

0.15

C.994

0.991

C.987

C.985

C.985

€C.987

C.993

1.004

1.022

1.049

1.090

1.155

1.25C

1.493

1.C00
1.C0C
l.cocC
1.CG0C
C.G99
6.998
€.995
C.592
c.588
C.984
0.981
C.980
C.981
C.985
C.591
1.004
l.021
1.C48
1.G90
1.156

l1.267

1.CC0
l1.CCC
l.cCC
0.6996
0.598
0.59¢
0.593
C.986
0.984
0.S976S
0.G74
0.G7C
N.9€E
0.965
0.G65
0.565
0.976
0.98S
1.006
1.043

1.095

1.CCO
1.000
1.C0C0
0.596

G.S996

G.9¢67
ND.G58
0.549
0.940
0.532
0.926
0.922
0.921
C.923
0.929
0.943

0.965

F/FP FOR 4 BLADED PROPELLERS

1.0C0
1.000
1.00¢C
C.998
0.935
C.991
C.984
C.974
C.%962
C.948
C.933
C.919
C.905
0.892
C.880
c.870
C.862
0.857
0.855
C.857

0.862

1.CCO
1.G60
C.997
0.995
C«991
C.983
C.373
G.959
C.5%40
Je 920
0.901
C.882
Ve 664
C.848
C.833
C.818
C.806
0.795
C.786
0.779

C.773

C.372
C.956
C.936
C.G912
C.887
C.8€3
{.841
C.820
c.8C1
c.783
C.765
C.748
0.733
G.720
C.709

U.699

1.000
0.997

0.992

0.937
0.909
0.878

¢.850

G.800
C.777
C.756
0.737
0.719
G.701

0.684



APPENDIX B

PROPELLER ATRFOIL, TABLES

! This gppendii‘preéents a. computer-generated listing of
the propeller blade section data tables that are available

for use by the computer program.

Each table contains the values of lift coefficient
versus angle of attack for a range of Mach number conditions
for .one specified airfoil section. At the head of each table
is ‘descriptive information on the airfoil name and data
source. This is follows by the airfoil series code identi-
fication and the main geometric and test parameters.

The following tables contain the selected propeller
station characteristics for airfoils of the U.S.N.P.S.,
Clark Y, NACA 16, NACA 64 and NACA 65 families. The sets of
tables for each airfoil series are arranged in the specific
order of increasing Mach number, thickness/chord ratio and
design lift coefficient, as necessary for proper utilization
by the computer program.
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60T

AIRFOIL SECTION
TABLE DATA SOURCE
AIRFOIL SER CODE
DESIGN LIFT COEFF
THICKNESS / CHORO
MACH NUMBER

ZEROD LIFT ALPHA
EXTRAP COEFF KCLI

ALPHA, CL VALUES

AIRFDIL SECTION
TABLE DATA SOQURCE
AIRFOIL SER CODE
DESIGN LIFT COEFF
THICKNESS / CHORO
MACH NUMBER

ZERQO LIFT ALPHA
EXTRAP COEFF KCLI!

ALPHA, CL VALUES

USNPS =MO4
F E WEICK
1

0.000
0.040
0.070
=1.900
0.000

~1.900 0.000
0.000 0.200
2.000 0.420
4,000 0.615
6.000 0.760
8,000 0.860

10.000 0.915
12.000 0.930
14,000 0.925

16.000 0.885
0.000 0.000
0.000 0.000

USNPS =Ml6
F E WEICK
1

0.000
0.160
0.070
-7.400
0.000

=7.400 0.000
-6.000 0.1l10
-4,000 0.270
~2.000 0.450
2.000 0.795
4,000 0.950
6.000 1.095
8.000 1.210
10.000 1.305
12.000 1.375
13.000 1.365
14,000 1.305
16.000 1.195
0.000 0.000

PROPELLER BLADE SECTION AIRFOIL TABLES

USNPS =MO6
F E WEICK
1

0.000
0.060
0.070
=2.600
0.000

-2,600 0.000
2,000 0.465
4.000 0.660
6.000 0.850
8.000 1.020
10.000 1.075
12.000 1.040
14.000 1.010
16,000 0.990
0.000 0.000
0.000 0.000
0.000 0.000

USNPS ~-M18
F E WEICK
1

0.000
0.l80
0.070
=-8.700
0.000

-8,700 0.000
=4,000 0.320
=2.000 0.490
0.000 0.650
2.000 0.795
4,000 0.950
6.000 1.070
8.000 1.165
10.000 1.240
12,000 1.285
14.000 1.220
16,000 1.135
0.000 0.000
0.000 0.000

USNPS  =MO8
F E WEICK
1

0.000
0.080
0.070
=-3,350
0.000

=-3.350 0.000
4.000 0.735
6.000 0.925
8.000 1.105

10.000 1.200

11.000 1,215

12.000 1l.160
14,000 1.105
16.000 1.060
0.000 0.000
0.000 0.000
0.000 0.000

USNPS =M20
F E WEICK
1

0.000
0.200
0.070
-10.200
0.000

-10.200 0.000
=6.000 0.215
=4,000 0.345
-2.000 0.490

0.000 0.630
2.000 0.760
4.000 0.890
6.000 1.010
8.000 1.110
10.000 1.165
11.000 1.180
12,000 1l.170
14.000 1.135
16.000 1.060

USNPS ~-M10
F E WEICK
1

0.000
0.100
0.070
-4.300
0.000

-4.300 0.000
4,000 0.800
6.000 0.985
8.000 1.145

10.000 1.310

11.000 1.395

12.000 1.435

14.000 1.235

16,000 1.095
0.000 0.000
0.000 0.000
0.000 0.000

0.000
0.000
0.000
0.000
0.000

0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000

USNPS  ~M12

F E WEICK

1

0.000
0.120
0.070
=5.250
0.000

=5.250 0.000
2.000 0.700
4.000 0.880
6.000 1.055
8,000 1.220

10.000 1.370

12.000 1.470
13.200 1.490
14,000 1.480
16.000 1.240
0.000 0.000
0.000 0.000

0.000
0.000
0.000
- 0.000
0.000 .

0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0,000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000

USNPS =M14
F € WEICK
1

0.000
0.140
0.070
=6.300
0.000

-6.300 0.000
-4.,000 0.200
=2.000 0.390
2.000 0.765
4.000 0.935
6.000 1.090
8.000 1.230
10.000 1.355
12,000 1.440
13.000 1.430
164.000 1.385
16,000 1.230

0.000

0.000

0.000

0.000

0.000
-

0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000 -
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000



OTT

AIRFOIL SECTION
TABLE DATA SOURCE
AIRFOIL SER CODE
DESIGN LIFT COEFF
THICKNESS / CHORD
MACH NUMBER

ZERO LIFT ALPHA
EXTRAP COEFF KCLI

ALPHA, CL VALUES

AIRFOIL SECTION
TABLE DATA SOURCE
AIRFOIL SER CODE
DESIGN LIFT COEEFF
THICKNESS / CHORD
MACH NUMBER

ZERO LIFT ALPHA
EXTRAP COEFF KCLI

ALPHA, CL VALUES

CLARK.Y-MO6

NACA TR-628

PROPELLER BLADE SECTION AIRFOIL TABLES

CLARK,.Y-MO8

NACA TR~628

CLARK.Y=M10
NACA TR-628

CLARK.Y

NACA TR=-628

CLARK,Y=M14
NACA TR-628

CLARK.Y=M18 .
NACA TR-628

0.
0.
0.
=2,
0.

~6.000
=2.950
4,000
6.000
8.000
10.000
12.000
14.000
16.000
0.000
0.000
0.000
0.000

2

000
060
060
950
000

-0.300
0.000
0.680
0.865
0.985
1.060
1.070
1.050
1.020
0.000
0.000
0.000
0.000

CLARK,Y=M22

NACA

0.
0.
0.
~-9.
0.

-9.290
-6.000
-4.000
0.000
2.000
4.000
6.000
8.000
10.000
12.000
13.000
14.000
16.000
20,000

TR-628
2

000
220
060
290
000

0.000
0.300
0.480
0.800
0.950
1.085
1.185
1.265
1.320
1.350
1.360
1.340
1.300
1.240

0.
0.
0.
-3,
0.

-6.000
=3.560
6.000
8.000
10.000
11.500
12.000
14.000
16.000
0.000
0.000
0.000
0.000

NACA

2

000
080
060
560
000

~0.235
0.000
0.925
1.110
1.280
1.370
1.290
1.170
1.100
0.000
0.000
0.000
0.000

16106

NACA TN-1546

0.
0.
0.
-1,
0.

~2.000

-1.050
0.000
2.000
4.000
6.000
8.000
9.000

10.000
0.000
0.000
0.000
0.000
0.000

3

100
060
300
050
760

-0.085
0.000
0.100
0.305
0.510
0.670
0.815
0.850
0.855
0.000
0.000
0.000
0.000
0.000

0.
0.
0.
~h,
0.

-6.000
=4,560
2.000
4,000
6.000
8.000
10.000
12.000
14.000
14.800
16.000
20.000
0.000

NACA

2

000
100
060
560
000

-0.130
0.000
0.640
0.830
1.015
1.195
1.365
1.500
1.635
1.680
1.420
1.220
0.000

16106

NACA TN-1546

0.
0.
0.
=l.
0.

-2.000
0.000
2.000
4.000
6.000
8.000
9.000

10.000
0.000
0.000
0.000
0.000
0.000
0.000

3

100
060
450
100
760

=0.090
0.105
0.305
0.540
0.705
0.820
0.835
0.810
0.000
0.000
0.000
0.000
0.000
0.000

0.
0.
0.
-5.
0.

-6.000
=5.000
=2.000
6.000
8.000
10.000
12.000
14.000
15.300
16.000
20.000
0.000
0.000

NACA

2

000
117
060
000
000

-0.095
0.000
0.285
1.030
1.200
1.360
1.485
1.610
1.680
1.500
1.300
0.000
0.000

16106

NACA TN-1546

0.
0.
0.
-l.

3

100
060
600
000

0.760

-2.000
0.000
2.000
4.000
5.000
6.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

-0.105
0.110
0.340
0.600
0.705
0.780
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.
0.
0.
=6,
0.

-6.,200
2.000
4.000
6.000
8.000

10.000

12.000

14,000

16,000

20.000
6.000
0.000
0.000

NACA

2

000
140
060
200
000

0.000
0.800
0.985
1.160
1.315
1.465
1.590
1.720
1.550
1.430
0.000
0.000
0.000

16106

NACA TN=1546

0.
0.

3

100
060

0.700

-l.
0.

-2.000
0.000
2.000
3.000
3.770
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0,000

000
760

-0.130
0.120
0.375
0.540
0.725
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

2

0.000

0.

180

0.060

-7,

600

-0+000

=7.600
~6,000
=4.000
2,000
4.000
6.000
8.000
10.000
12.000
13.000
14.000

. 16,000

20.000

NACA

0.000
0.160
0.350
0.890
1.040
1.185
1.315
1.420
1.470
1,480
1470
1.430
1.360

16106

3

0.100
0.060
0.750
~1.000
0.760

=2.000
2.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

=0.145
0.405
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000.
0.000
0.000
0.000
0.000
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AIRFOIL SECTION
TABLE DATA SOURCE
AIRFQIL SER CODE
DESIGN LIFT COEFF
THICKNESS / CHORD
MACH NUMBER

ZERO LIFT ALPHA
EXTRAP COEFF KCLI

ALPHA, CL VALUES

AIRFOIL SECTION
TABLE DATA SGURCE
AIRFOIL SER CODE
DESIGN LIFT COEFF
THICKNESS / CHORO
MACH NUMBER

ZERO LIFT ALPHA
EXTRAP COEFF KCLI

ALPHA, CL VALUES

NACA 16106
NACA TN-=1546
3

0.100
0.060
0.800
-0.950
0.760

=~2.000 -0.175
-0.950 0.000
1.770 0.450
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000

NACA 16109
NACA TN-1546
3

0.100
0.090
0.800
-1.000
0.730

~2,000 ~0.130
-1.000 0.000
1.770 0.360
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000

PROPELLER BLADE SECTION AfRFOIL TAHLES

NACA 16109
NACA TN-1546
3

0.100
0.090
0.300
-1.000
0.730

~2.,000 -0.085
-1.000 0.000
0.000 0.090
2.000 0.295
4,000 0.465
6.000 0.660
8.000 0.790
10.000 0.835
11.000 0.850
0.000 0.000

NACA 16115
NACA TN=1546
3

0.100
0.150
0.300
-0.800
0.600

-2.000 -0,110
-0.800 0.000
0.000 0.080
2.000 0.260
4,000 0.350
5.000 0.390
6.000 0.445
7.000 0.515
8,000 0.620
10.000 0.785
11.770 0.855

NACA 16109
NACA TN-1546
3

0.100
0.090
0.450
-1.100
0.730

-2.000 -0.080
0.000 0.095
2.000 0.295
4.000 0.470
6.000 0.665
8.000 0.785
9.000 0.805
10.000 0.795
11.000 0.775
12.000 0.755

NACA 16115
NACA TN-1546
3

0.100
0.150
0.450
=-0.800
0.600

~2.000 -0.110
0.000 0.080
2.000 0.260
4.000 0.330
5.000 0.380
6,000 0.445
8.000 0.620

10.000 0.790

11.000 0.800

11.770 0.780
0.000 0.000

NACA 16109
NACA TN~1546
3

0.100
0.090
0.600
=1.000
0.730

=-2.000 -0.,090
0.000 0.100
2.000 0.320
4.000 0.500
6.000 0.700
7.000 0.750
8.000 0.780

10.000 0.790

12.000 0.785
0.000 0.000

NACA 16115
NACA TN-1546

3
0.100

0150~

0.600
-0.800
0.600

-2.000 -0.115
0.000 0.085
2.000 0.280
4,000 0.355
$5.000 0.405
6,000 0.470
8.000 0.620

10.000 0.860

11.000 0.830

11.77¢ 0.690
0.000 0.000

NACA 16109
NACA TN-1546
3

0.100
0.090
0.700
-1.000
0.730

=2.000 -0.100

0.000 0.115
2.000 0.365
4.000 0.520
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000

" 0.000 0.000

NACA 16115
NACA TN-1546
3

0.100 _

0.150
0.700
~0.800
0.600

-2.000 ~0.130
-0.800

0.000
0.000 0.085
2.000 0.295
3.770 0.400
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000

NACA 16109
NACA TN=-1546
3

0.100
0.090
0.750
-0.850
0.730

-2.000 -0.110
~1.000 ~0.025
0.000 "0.125
2.000 0.420
3.770 0.630
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000

NACA 16130
NACA TN=1546

3
0.100

: 04300 7 .
77 06300

0.500
-0.190

~2.000 -0,110
0,000 -0.025
0.500 0.000
2,000 0.100
4.000 0.195
6.000 0.245
8.000 0.260

10.000 0.295

11.770 0.345
0.000 0.000
0.000 0.000
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AIRFOIL SECTION
TABLE DATA SOURCE
AIRFOIL SER CODE
DESIGN LIFT COEFF
THICKNESS / CHORD
MACH NUMBER

LERQ LIFT ALPHA
EXTRAP COEFF KCLI

ALPHA, CL VALUES

AIRFOIL SECTION
TABLE DATA SOURCE
AIRFOIL SER CODE
DESIGN LIFT COEFF
THICKNESS / CHORO
MACH NUMBER

ZERO LIFT ALPHA:
EXTRAP COEFF KCLI

ALPHA, CL VALUES

NACA

16130

NACA TN-1546

0.
0.
0.
0.
=-0.

-2.000
0.000
2.000
4.000
6.000
8.000

10.000

11.770
0.000
0.000

NACA

3

100
300
450
500
190

-0.140
-0.030
0.080
0.160
0.180
0.185
0.235
0.290
0.000
0.000

16306

NACA TN-1546

0.
0.
0.
-2,
0.

=-4.000
=2.200
0.000
1.770
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

3

300
060
750
200
760

=0.340
0.000
0.360
0.730
0.000
0.000
0.000
0.0C0
0.000
0.000
0.000
0.000

PROPELLER BLADE SECTION AIRFOIL TABLES

NACA

16130

NACA TN-1546

0.
0.
0.
=-0.
-0.

-2.000
-0.500
0.000
2.000
4,000
6.000
8.000
9.770
0.000
0.000

NACA

3

100
300
600
500
190

-0.155
0.000
0.030
0.030
0.085
0.105
C.135
0.190
0.000
0.000

16309

NACA TN-1546

0.
0.
0.
-2,
0.

~4.000
~2.450
-2.000
0.000
2.000
4.000
6.000
8,000
9.000
10.000
11.000
11.770

3

300
090
300
450
730

=-0.155
0.000
0.045
0.240
0.450
0.610
0.750
0.905
0.950
0.975
0.980
0.960

NACA

16306

NACA TN-1546

0.
0.
0.
=2.
0.

-4.000
-2.400
=-2.000
0.000
2.000
4.000
6.000
8.000
9.770
0.000

NACA

3

300
060
300
400
760

-0.190
0.000
0.045
0.265
0.490
0.640
0.800
0.960
1.010
0.000

16309

NACA TN~1546

0.
0.
0.
=-2.
0.

=4.000
-2.000
0.000
2.000
4,000
6.000
8.000
9.000
10.000
11.770
0.000
0.000

3

300
090
450
600
730

-0.160
0.055
0.250
0.455
0.620
0.800
0.930
0.955
0.950
0.920
0.000
0.000

NACA

16306

NACA TN-1546

0.
0.
0.
=2,
0.

=4.000
-2.000
0.000
2.000
4.000
6.000
8.000
9.000
9.770
0.000

NACA

3

300
060
450
400
760

-0.190
0.045
0.270
0.490
0.675
0.865
0.965
0.980
0.980
0.000

16309

NACA TNK-1546

0.
0.
0.
~2.
0.

=4.000
=-2.000
0.000
2.000
4,000
6.000
8.000
9.000
9.770
0.000
0.000
0.000

3

300
090
600
500
730

-0.190
0.050
0.270
0.490
0.690
0.900
1.080
1.070
0.950
0.000
0.000
0.000

NACA

16306

NACA TN-1546

0.
o.
0.
-2.
0.

=4.000
-2.000
0.000
1.000
2.000
3,000
4.000
5.000
6.000
7.770

NACA

3

300
060
600
300
760

~0.220
0.035
0.295
0.420
0.540
0.650
0.780
0.895
0.970
1.010

16309

NACA TN-1546

0.
0.
0.
-2.
0.

~4.000
0.000
3.770
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

3

300
090
700
500
730

-0.190
0.320
0.890
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

NACA

16306

NACA TN~1546

0.
0.
0.

3

300
060
700

=2.300

0.

=4.000
3.770
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

NACA

760

~0.260
0.920
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

16309

NACA TN-1546

3

0.300

0.
0.
=2,
0.

-4.000
=2.350
1.770
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000.

0.000

090
750
350
730

-0.285-
0.000
0.650
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
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AIRFOIL SECTION
TABLE DATA SOURCE
AIRFOIL SER CODE
DESIGN LIFT COEFF
THICKNESS / CHORD
MACH NUMBER

LERO LIFT ALPHA
EXTRAP COEFF KCLI

ALPHA, CL VALUES

AIRFOIL SECTION
TABLE DATA SOURCE
AIRFOIL SER CUDé
DESIGN LIFT COEFF
THICKNESS / CHORD
MACH NUMBER

ZERD LIFT ALPHA
EXTRAP COEFF KCLI

ALPHA, CL VALUES

NACA 16312
NACA TN-1546
3

0.300
0.120
0.300
~2.600
0.690

-4.000 -0.110
-2.600 0.000
0.000 0.215
2.000 0.410
3.000 0.485
4.000 0.540
6.000 0.700
8.000 0.835
10.000 0.935
11.000 0,965
11.770 0.960
0.000 0.000
0.000 0.000

NACA 16315
NACA TN-1546
3

0.300
0.150
0.600
~3.600
0.600

~4.,000 -0.020
~2.000 0.075
~1.000 0.115
0.000 0.200
2.000 0.4l5
3.000 0.515
4.000 0.570
6.000 0.620
8.000 0.790
10.000 0.940
11.770 1.050

PROPELLER BLADE SECTION AIRFOIL TABLES

NACA 16312
NACA TN-~1546
3

0.300
0.120
0.450
-2.800
0.690

-4.000 -0.100
=2.000 0.065
0.000 0.230
2,000 0.420
4.000 0.550
5.000 0.620
6,000 0.715
8.000 0.900
9.000 0.940
9.770 0.950
0.000 0.000
0.000 0.000
0.000 0.000

NACA 16315
NACA TN-1546
3

0.300
0.150
0.700
~3.750
0.600

-3.750
~2.000
-1.000
0.000
1.000
2.000
3.000
4.000
7.000
7.7170
0.000

0.000
0.085
0.130
0.190
0.290
0.440
0.580
0.725
0.725
0.740
0.000

NACA 16312
NACA TN-1546
3

0.300
0.120
0.600
=2.800
0.690

~4.000 -0.105
-2.000 0.080
0.000 ©0.265
2.000 0.490
3.000 0.570
44000 0.615
5.000 0.680
6.000 0.770
7.770 0.940
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000

NACA 16321
NACA TN-1546
3

0.300
0.210
0.300
-1.300
0.370

=4.000 -0.100
=~3.000 ~0.090
-2.000 -0.060
~1.300 0.000
2.000 0.270
4.000 0.425
5.000 0.460
6.000 0.485
8.000 0.500
11.770 0.720
0.000 0.000

NACA 16312
NACA TN=1546
3

0.300
0.130
0.700

-3,000
0.690

=4.000 -0.080
-3.000 0.000
0.000 0.285
2.000 0.505
3.770 0.705
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0,000 0.000
0,000 0.000
0.000 0.000

NACA 16321
NACA TN-1546
3

0.300
0.210
0.450
=-1.300
0.370

=4.000 -0.030
-3.000 -0.070
=2.000 =-0.060
2,000 0.255
3,000 0.330
4,000 0.400
8.000 0.495
11.770 0.680
0.000 0.000
0.000 0.000
0.000 0.000

NACA 16315
NACA TN-1546
3

0.300
0.150
0.300
-2.100
0.600

-4.000 -0.070
=3.000 -0.040
-2.100 0.000
0.000 0.195
2.000 0.370
4.000 0.515
5.000 0.540
6.000 0.570
7.000 0.655
8.000 0.760
10.000 0.885
11.000 0.915
11.770 0.930

NACA 16321
NACA TN-1546
3

0.300
0.210
0.600
-1.,100
0.370

-4.,000 0.000
~2.340 ~0.100
-1.100 0.000
3.000 0.345
4.000 0.410
6.000 0.430
8.000 0.480
10.000 0.580
11.770 0.790
0.000 0.000
0.000 0.000

NACA 16315
NACA TN=1546
3

0.300
0.150
0.450
=3.000
0.600

=4,000 -0.045
-2.000 0,050
-1.000 0.110
0.000. 0.200
2,000 0.400
4.000 0.520
6,000 0.580
7.000 0.650
8,000 0,750
10.000 0.890
11.770 0.960
0.000 0.000
0.000 0.000

NACA 16506
NACA TN-1546
3

0.500
0,060
0.300
=3.900
0.760

~3.900 0.000
1.000 0.525
2.000 0.625
4.000 0.740
6.000 0.895
8.000 1.050
9.000 1.090
0.000 0.000
0.000 0.000
0.000 @.000
0.000 0.000
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AIRFOIL SECTION
TABLE DATA SOURCE
AIRFOIL SER CODE
DESIGN LIFT COEFF
THICKNESS / CHORO
MACH NUMBER

LERO LIFT ALPHA
EXTRAP COEFF KCL!

ALPHA, CL VALUES

AIRFOIL SECTION
TABLE DATA SUURCE
AIRFOIL SER CODE
DESIGN LIFT COEFF
THICKNESS 7/ CHORD
MACH NUMBER

LERC LIFT ALPHA
EXTRAP COEFF KCL}

ALPHA, CL VALUES

NACA 16506
NACA TN-1546
3

0.500
0.060
0.450
-3.900
0.760

~4.,000 ~-0.010
2.000 0.660
3.000 0.720
4.000 0.795
6.000 0.970
7.770- 1.085

NACA 16509
NACA TN-1546
3

0.500
0.090
0.600
=4.200
0.730

-4.000 0.020
1.000 0.605
2,000 0.720
4,000 0.810
5.770 0.930
0.000 0.000
0.000 0.000

PRUPELLER BLADE SECTION AIRFOIL TABLES

NACA 16506
NACA TN-1546
3

0.500
0.060
0.600
-3.,700
0.760

~4.000 -0.040
1.000 0.605
2,000 0.730
3.770 0.765
0.000 0.000
0.000 0.000

NACA 16509
NACA TN-1546
3

0.500
0.090
0.700
=4.200
0.730

-5.000 -0.085
-4.000 0.020
1.770 0.780
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000

NACA 16506
NACA TN-1546
3

0.500
0.060
0.700
=-3.500
0.760

~4.,000 -0.080
-2.000 0.230
1.770 0.830
0.000 0.000
0.000 0.000
0,000 0.000

NACA 16509
NACA TN~-1546
3

0.500
0.090
0.750
-4,100
0.730

~4.100 0.000
0.000 0.560
1.770 0.750
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000

NACA 16506
NACA TN=-1546
3

0.500
0.060
0.7%0
=3.400
0.760

=3.400 0.000
«2.000 0.240
0.000 0.595
1.770 0.850
0.000 0.000
0.000 0.000

NACA 16512
NACA TN=1546
3

0.500
0.120
0.300
-4,200
0.690

-4.200 0.000
2,000 0.545
4.000 0.700
6.000 0.770
8.000 0.905

10.000 1.010

11.770 1.070

NACA 16509
NACA TN-1346
3

0.500
0.090
0.300
~4,200
0.730

-4,200 0.000
2.000 0.615
4.000 0.710
T.7T70 0.990
0.000 0.000
0.000 0.000

NACA 16512
NACA TN-1546
3

0.500
0.120
0.450
-4£.250
0.690

~4.000 0.025
2.000 0.570
3.000 0.645
4.000 0.700
6.000 0.790
7.770 0.910
0.000 0.000

NACA 163509
NACA TN-1546
3

0.500
0.090
0.450
-6.250
0.730

-4,000 0.025
2000 0.645
4,000 0.730
5.000 0.805
6.000 0.903
T.770 1.040

NACA 16512
NACA TN-1546
3

0.500
0.120
0.600
-4,200
0.690

-4.000 0.025
0.000 0.420
2,000 0.620
3.000 0.705
4.000 0.775
5.770 0.840
0.000 0.000
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AIRFOIL SECTION
TABLE DATA SOURCE
AIRFOIL SER CODE
DESIGN LIFT COEFF
THICKNESS /7 CHORD
MACH NUMBER

LERO LIFT ALPHA
EXTRAP COEFF KCLI

ALPHA, CL VALUES

AIRFOIL SECTION
TABLE DATA SQURCE
AIRFQIL SER CQOE
DESIGN LIFT COEFF
THICKNESS / CHORD
MACH NUMBER

ZERO LIFT ALPHA
EXTRAP COEFF KCLI

ALPHA, CL VALUES

NACA 16512
NACA TN-1546
3

0.500
0.120
0.700
-4.,100
0.690

~4.000 0.005
-2.000 0.225
0.000 0.440
2,000 0.675
3.000 0.780
3.770 0.825
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000

NACA 16515
NACA TN-1546
3

0.500
0.150
0.750
-1.600
0.600

-2.000 -0.045
-1.600 0.000
0.000 0.145
1.000 0.210
2.000 0.295
3.770 0.480
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000

PROPELLER BLADE SECTION AIRFOIL TABLES

NACA 16512
NACA TN=1546
3

0.500
0.120
0.750
=3.600
0.690

~3.600 0.000
-2.000 0.200
0.000 0.380
2.000 0.530
3.770 0.680
0.000 0.000
0.000 0.000
0.000 0.000
0,000 0.000
0.000 0.000
0.000 0.000

NACA 16521
NACA TN-1546
3

0.500
0.210
0.300
=-2.300
0.370

~2.000 0.030
3.000 0.455
4.000 0.540
5.000 0.605
6,000 0.650
8,000 0.685

10.000 0.750

11.770 0.860
0.000 0.000
0.000 0.000

NACA 16515
NACA TN-1546
3

0.500
0.150
0.300
-4,400
0.600

-4.400 0.000
-4.,000 0,025
-2.000 0.155
0.000 0.305
2.000 0.495
4.000 0.660
6.000 0.710
8.000 0.815
10.000 0.920
12.000 1.010
13.770 1.030

NACA 16521
NACA TN-1546
3

0.500
0.210
0.450
=2.000
0.370

-2.000 0.070
-1.000 0.000
0.000 0.180
2.000 0.360
4.000 0.520
6,000 0.620
8.000 0.670
11.770 0.840
0.000 0.000
0.000 0.000

NACA 16515
NACA TN=-1546
3

0.500
0.150
0.450
=4,500
0.600

-4.,000 0.040
-2.,000 0.195
0.000 0.325
2,000 0.520
3.000 0.600
4.000 0.655
6.000 0.715
8.000 0.825
10.000 0.940
12.000

13.770 1.010

NACA 16521
NACA TN~1546
3

0.500
0.210
0.600
-1.800
0.370

-2,000 0.120
-1.000 0.120
0.000 0.170
3.000 0.440
4.000 0.530
5.000 0.590
6.000 0.610
7.000 0.660
8,000 0.750
9.770 0.910

1.025.

NACA 16515
NACA TN-1546
3

0,500
0.150
0.600
-4,600
0.600

=4,000 0,045
~2.000 0.220
0.000 0.325
2,000 0.525
4,000 0.720
6.000 0.780
7.000 0.840
T.770 0.915
0.000 0.000
0.000 0.000
0.000 0.000

NACA 14521
NACA TN-1546
3
0.500
0.210
0.700

-0.400
0.370

=2+000 -0.210

=1.000 -0.080
-0.400 0.000
0.000 0.035
2.000 0.020
3.000 0.190
3.770 0.270
0.000 0.000
0.000 0.000
0.000 0.000

NACA 16515
NACA TN-1546
3

0.500
0.150
0.700
~4,700
0.600

-4.000 0.065
=2.000 0.235
=1.000 0.265
0.000 0.315
2.000 0.530
3.770 0.710
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000

NACA 16530
NACA TN-1546
3

0.500
0.300
0.300
1.500
~0.190

0.000 -0.100
6.000 0.300
8.000 0.405
9.770 0:470
0.000 0,000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
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AJRFOIL SECTION
TABLE DATA SOURCE
AIRFOIL SER CODE
DESIGN LIFT COEFF
THICKNESS / CHORO
MACH NUMBER

ZERDO LIFT ALPHA
EXTRAP CDEFF KCLI

ALPHA, CL VALUES

AIRFOIL SECTION
TABLE DATA SOURCE
AIRFOIL SER CODE
DESIGN LIFT COEFF
THICKNESS / CHORD
MACH NUMBER

ZERO LIFT ALPHA
EXTRAP COEFF KCLI

ALPHA, CL VALUES

NACA 16530
NACA TN-1546
3

0.500
0.300
0.450
2.200
-0.190

0.000 -0.120
2,000 -0.015
4.000 0.115
6.000 0,245
8.000 0.355
9.770 0.415
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000

NACA 16709
NACA TN-1546
3

0.700
0.090
0.750
-5.400
0.730

-4,000 0.150
-2.000 0.375
0.000 0.585
1.000 0.620
2.000 0.670
3.770 0.820
0.000 0,000
0.000 0.000
0.000 0.000

PROPELLER BLADE SECTION AIRFOIL TABLES

NACA 16530
NACA TN=-1546
3

0.500
0.300
0.600
3.200
-0.190

0.000 -0.280
3,200 0.000
4,000 0.070
6,000 0.120
8.000 0.280
9.770 0.430
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000

NACA 16709
NACA TN-]1546
3

0.700
0.090
0.775
~3.500
0.730

-4.,000 ~0.100
=3,500 0.000
-2.000 0.205
0.000 0.4680
1.770 0.535
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000

NACA 16709
NACA TN~-1546
3

0.700
0.090
0.300
=5.400
0.730

=6.000 -0.065
-5,400 0.000
-4,000 0.140
~2.000 0.345
0.000 0.550
2.000 0.755
3.000 0.615
4.000 0.850
5.000 0.895
6.000 0.965
7.770 1.080

NACA 16712
NACA TN-1546
3

0.700
0.120
0.300
-5.500
0.690

~6.000 ~0.040
-4.000 0.120
0.000 0.495
2.000 0.685
4,000 0.885
6.000 0.930
8.000 1.025
10.000 1.140
11.770 1.210

NACA 16709
NACA TN-1546
3

0.700
0.090
0.450
=5.500
0.730

=6.000 -0.060
=4.000 0.145
0.000 0.580
1.000 0.690
2.000 0.780
4.000 0.6880
6.000 1.005
8.000 1.140
9.000 1.200
9.770 1.210
0.000 0.000

NACA 16712
NACA TN-1546
3

0.700
0.120
0.450
=5.600
04690

=6.000 ~0.035
-4,000 0.130
=2.,000 0.340
2.000 0.740
4.000 0.910
6.000 0.960
8,000 1.085
9,770 1.175
0.000 0.000

NACA 16709
NACA TN~1546
3

0.700
0.090
0.600
=5.500
0.730

~6.,000 -0.050
-4.,000 0.150
=2.000 0.395
0.000 0.645
2.000 0.855
4.000 1.010
5.770 1.110
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000

NACA 16712
NACA TN~1546
3

0.700
0.120
0.600
-6.000
0.690

=6.000 0.000
-5.000 0.060
-4.000 0. 150
2.000 0.825
3.770 1.040

0.000 0.000 -

0,000 0.000
0.000 0.000
0.000 0.000

NACA 16709
NACA TN=-1546
3

0.700
0.090
0.700
-5.600
0.730

-6.000 -0.020
=5.000 0.040
-4,000 0,150
=2.000 0.445
0.000 0.750
2.000 0.915
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000

NACA 16712
NACA TN-~1546
3

0.700
0.120
0.700
-6.000
0.690

~-4.000 0.150
=2.000 0.365
0.000 0.575
1.770 0.760
0.000 0.000
0,000 0.000
0,000 0.000
0.000. 0.000
0.000 0.000



LTT

AIRFOIL SECTION
TABLE DATA SOURCE
AIRFCIL SER CODE
DESIGN LIFT COEFF
THICKNESS /7 CHORO
MACH NUMBER

ZERQ LIFT ALPHA
EXTRAP COEFF KCLI

ALPHA, CL VALUES

NACA

16715

NACA TN=-1546

0.
0.
0.
=5,
Q.

-6.000
=5.400
=4.000
-2.000
0.000
2.000
4.000
5.000
6.000
8.000
10.000

11.770

3

700
150
300
400
600

-0.045
0.000
0.110
0.295
0.445
0.625
0.800
0.865
0.905
0.950
1.050
1.110

PROPELLER BLADE SECTION AIRFOIL TABLES

NACA

16715

NACA TN=1546

0.
0.
0.
=5,
0.

=6.000
-4.,000
-2.000
0.000
2.000
4,000
5.000
6.000
8.000
9.770
0.000
0.000

3

700
150
450
500
600

-0.050
0.130
0.300
0.460
0.660
0.850
0.895
Q0.915
0.975
1.090
0.000
0.000

NACA

16715

NACA TN-1546

0.
0.
0.
=5.
0.

-6.000
=5.400
-4.000
=-2,000
-1.000
0.000
2.000
3.000
4.000
6.000
T.770
9.770

3

700
150
600
400
600

~0.040
0.000
0.120
0.325
0.390
0.470
0.720
0.840
0.930
1.050
1.150
1.280

0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000

0.000
0.000

‘0,000

0.000

0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000

0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
o'ooo
0.000
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AIRFOIL SECTION
TABLE DATA SQURCE
AIRFQIL SER CODE
DESIGN LIFT COEFF
THICKNESS / CHURD
MACH NUMBER

ZERO LIFT ALPHA
EXTRAP COEFF KCLI

ALPHA, CL VALUES

AIRFOIL SECTION
TABLE DATA SOURCE
AIRFOIL SER CODE
DESIGN LIFT COEFF
THICKNESS / CHORO
MACH NUMBER

ZERO LIFT ALPHA
EXTRAP COEFF KCL1

ALPHA, CL VALUES

NACA 64-006
NACA TR=-824
4

0.000
0.060
0.150
0.000
0.740

=4.000 -0.430
4.000 0.430
6.000 0.620
8.C00 0.790

10.000 0.810

12.000 0.770
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000

NACA 64-206
NACA TR-824
4

0.200
0.060
0.150
-1.330
0.740

=-6.000 ~0.,490
=1.330 0.000
4,000 0.560
6.000 0.770
8.000 0.900
10.000 1.000
12,000 1.010
14.000 0.970
16.000 0.910
0.000 0.000
0.000 0.000

PROPELLER BLADE SECTION AIRFOIL TABLES

NACA 64-009
NACA TR-824
4

0.000
0.090
0.150
0.000
0.740

-6.,000 -0.700
0.000 0.000
6.000 0.620
8.000 0.770

10.000 0.870
12.000 0.8930Q

14,000 0.870

16,000 0.800
0.000 0.000
0.000 0.000
0.000 0.000

NACA 64-209
NACA TR=-824
4

0.200
0.090
0.150
=-1.400
0.740

«6,000 -0.490
=1,400 0.000
6,000 0.790
8.000 0.970
10.000 1.050
12.000 1.040
14.000 1.010
16,000 0.960
18.000 0.860
0.000 0.000
0.000 0.000

NACA 64-012
NACA TR-824
4

0.000
0.120
0.150
0.000
0.740

-6.000 ~0.650
6.000 0.650
8.000 0.830

10.000 0.930

12.000 0.910

14.000 0.850

16.000 0.800
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000

NACA 64-212
NACA TR-824
4
0.200
0.120
0.150

=1.240
0.740

=6.000 -0.520"

=1.240
6.000
8.000
10.000
11.000
12.000
14.000
0.000
0.000
0.000

0.000
0.790
0.960
1.125
1.160
1.130
1.010
0.000
0.000
0.000

NACA

NACA

0.
0.
0.
0.
0.

=-6.000
6,000
8.000
10.000
12.000
14.000
0.000
0.000
0.000
0.000
0.000

NACA

NACA

0.
0.
0.
-1.
Q.

~6.000
~l.440
6.000
8.000
10.000
12.000
13,000
14.000
16.000
0.000
0.000

64-015
TR=-824
4

000
150
150
000
740

-0.670
0.670
0.870
1.000
1.100
0.900
0.000
0.000
0.000
0.000
0.000

64-215
TR-824
4

200
150
150
440
740

~0.490
0.000
0.800
0.990
1.120
1.200
1.200
1.150
1.020
0.000
0.000

NACA

NACA

o.
0.
o.
0.
0.

=-6.000
6.000
8.000
10.000
12.000
14.000
16.000
17.200
0.000
0.000
0.000

NACA

NACA

0.
0.
0.
~l.
0.

-6.,000
~1.220

6.000

8.000
10.000
12.000
14.000
16.000
17.000
18.000
20.000

64-018
TR~-824
4

000
180
150
000
740

~0.650
0.650
0.840
0.980
1.040
1.070
1.040
0.640
0.000
0.000
0.000

64-218
TR=-824
4

200
180
150
220
740

=-0,530
0.000
0.800
0.930
1.060
1.135
1.180
1.200
1.200
0.790
0.760

NACA 64-021
NACA TYR~-824
&

0.000
0.210
0.150
0.000
0.740

=6.000 ~0.630
6.000 0.630
8.000 0.800
10.000 0.900
12.000 0.960
14.000 1.010
16.000 1,030
17.000 1.030
18.000 0.900
19.000 0.700
20.000 0.480

NACA 64-221
NACA TR-824
&

¢ 0.200
0.210
0.150

-1.,260
0.740

=6.000 -0.540
=1e260 04000
4.000 0.600
6.000 0.800
8.000 0.940
10.000 1.030
12.000 1.090
14.000 1.130
16.000 1.140
18.000 1.000
20.000 0.920



6TT

AIRFOIL SECTION
TABLE DATA SOURCE
AIRFOIL SER CODE
DESIGN LIFT COEFF
THICKNESS / CHORD
MACH NUMBER

ZERD LIFT ALPHA
EXTRAP COEFF KCLI

ALPHA, CL VALUES

AIRFOIL SECTION
TABLE DATA SOURCE
AIRFOIL SER CODE
DESIGN LIFT COEFF
THICKNESS / CHORD
MACH NUMBER

ZERO LIFT ALPHA
EXTRAP COEFF KCL!

ALPHA, CL VALUES

NACA 64~409
NACA TN-1945
4

0.400
0.090
0.150
~2.540
0.740

=6.000 -0.360
=2.540 0.000
6.000 0.890
8.000 1.040
10.000 1.110
11.000 1.120
12.000 1.090
14.000 1.020
15.000 0.960
0.000 0.000
0.0060 0.000
0.000 0.000
0.000 0.000

NACA 65-006
NACA TR-824
5

0.000
0.060
0.150Q
0.000
0.740

-6.000 -0.640
0.000 0.000
4.000 0.420
6,000 0.620
8.000 0.770
10.000 0.870
12.000 0.920
14.000 0.880
16.000 0.790
0.000 0.000
0.000 0.000
0.000 0.000

PROPELLER BLADE SECTION AIRFOIL TABLES

NACA 64-412
NACA TR-824
4

0.400
0.120
0.150
-2.860
0.740

-6.000 -0.340
-2.860 0.000
6.000 0.960
8.000 1.150
10.000 1.290
11.000 1.340
12.000 1.340
14.000 1.220
16.000 1.100
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000

NACA 65-009
NACA TR-B24
5

0.000
0.090
0.150
0.000
0.740

=6,000 -0.630
6.000 0.630
8.000 0.820

10.000 0.900

11.000 0.920

12.000 0.910

14.000 0.850
0.000 0.000
0.000 40.000
0.000 0.000
0.000 0.000
0.000 0.000

NACA 64-415
NACA TR~824
4

0.400
0.150
0.150
~2.820
0.740

=6.000 -0.360
0.000 0.320
6.000 0,950
8.000 1.110

10.000 1.220

12.000 1l.290

13.000 1.300
14,000 1.290
16.000 1.240

18.000 1.050
0.000 0.000
0.000 0.000
0.000 0.000

NACA 65-012
NACA TR-824
5

0.000
0.120
0.150
0.000
0.740

=6.000 ~0.650
0.000 0.000
6.000 0.670
8.000 0.870
10.000 0.970
12.000 0.950
14.000 0.900
16.000 0.840
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000

NACA 64-418
NACA TR-824
4

0.400
0.180
0.150
~2.800
0.740

=6.000 ~0.360
-2.800 0.000
2.000 0.540
4.000 0.740
6,000 0.930
8.000 1.080
10.000 1.170
12.000 1.230
14.000 1.240
16.000 1.230
18.000 1.170
0.000 0.000
0.000 0.000

NACA 65-015
NACA TR-824
5

0.000
i 04150
0.150
0.000
0.740

-6.000 -0.630
=4.000 =-0.440
6,000 0.660
8,000 0.840
10.000 1.000
11.000 1.030
12,000 1.020
14.000 0.880
16.000 0.790
18.000 0.680
0.000 0.000
0.000 0.000

NACA 64-421
NACA TR=-824
4

0.400
0.210
0.150
=2.570
0.740

=6.000 -0.400
-2.570 0.000
0.000 0.300
2.000 0.530
4.000 0.720
6.000 0.890
8.000 1.000
10.000 1.070
12.000 1.120
14,000 1.160
16.000 1.180
18.000 1.180
20.000 1.000

NACA 65-018
NACA TR-824
5

0.000
0.180
0.150
0.000
0.740

=6.000 ~0.600
~4,000 -0.420
0.000 0.000
6.000 0.620
8.000 0.800
10.000 0.930
12.000 1.020
14.000 1.070
16.000 0.900
0.000 0.000
0.000 0.000
0.000 0.000

0.000
0.000
0.000
0.000
0.000

0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000

NACA 65-021
NACA TR-824
5

0.000
0.210
0.150
0.000
0.740

~6.,000 -0.580
-4.000 -0.390
0.000 0.000
4.000 0.400
6.000 0.590
8.000 Q.740
10.000 0.850
12.000 0.930
14.000 1.020
16.000 1.070
18,000 1.080
20.000 0.860



ocT

AIRFQIL SECTION
TABLE DATA SOURCE
AIRFOIL SER CODE
DESIGN LIFT CQEFF
THICKNESS / CHORD
MACH NUMBER

ZERD LIFT ALPHA
EXTRAP COEFF KCL!I

ALPHA, CL VALUES

AIRFOIL SECTION
TABLE DATA SOURCE
AIRFOIL SER CODE
DESIGN LIFT CQEFF
THICKNESS / CHORD
MACH NUMBER

ZERC LIFT ALPHA
EXTRAP COEFF KCLI

ALPHA, CL YALUES

NACA 65-206
NACA TR~824
5

0.200
0.060
0.150
~1.330
0.740

=6.000 -0.490
-1.330 0.000
4,000 0.560
6.000 0.760
8.000 0.900
10.000 0.990
12.000 1.000
14.000 0.960
16.000 0.900
0.000 0.000
0.000 0.000
0.000 0.000

NACA 65-410
NACA TR-824
5

0.400
0.100
0.150
~2.370
0.740

-6.000 -0.390
-2.370 0.000
6.000 0.900
8.000 1.090
10.000 1.260
12.000 1.180
14.000 1.100
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000

PROPELLER BLADE SECTION AIRFOIL TABLES

NACA 65-209
NACA TR-B24
5

0.200
0.090
0.150
-1.280
0.740

-6.000 -0.500
-1.280 0.000
4.000 0.560
6.000 0.770
8.000 0.900
10.000 0.990
11.000 1.000
12.000 ©.980
14.000 0.930
0.000 0.000
0.000 0.000
0.000 Q.000

NACA 65-412
NACA TR-824
5

0.400
0.120
0.150
~2.660
0.740

~6.000 -0.360
4.000 0.720
6.000 0.920
8.000 1.100

10.000 1.250

11.000 1.310

12.000 1.300

14,000 1.220
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000

NACA 65-212
NACA TR-824
5

0.200
0.120
0.150
-1.180
0.740

-6.000 -0.500
-4.000 -0.310
-1.180 0.000
6.000 0.790
8.000 0.960
10.000 1.070
12.000 1.060
14.000 1.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000

NACA 65-415
NACA TR-B824
5

0.400
0.150
0.150
=2.640
0.740

=6.000 -0.360
4.000 0.710
6,000 0.890
8.000 1l.060

10.000 1.170

12.000 1.220

14.000 1.240

15.200 1.070
0.000 0.000
0.00C 0.000
0.000 0.000
0.000 0.000
0.000 0.000

NACA 65-215
NACA TR~-824
5

0.200
0.150
0.150
-1.250
0.740

«6.000 -0.500
=-4.000 -0.300
~1.250 0.000
4.000 0.570
6.000 0.770
8.000 0.960
10.000 1.070
12.000 1.130
14.000 1.090
16.000 0.990
0.000 0.000
0.000 0.000

NACA 65-418
NACA TR-824
5

0.400
0.180
0.150
=2.450
0.740

-6.000 -0.370
4.000 0.670
6.000 0.820
8,000 0.970

10.000 1.070

12.000 1.140

14.000 1.200

15,000 1.220

16.000 1.200

18.000 1.120

22.000 1.000
0.000 0,000
0.000 0.000

NACA 65-218
NACA TR-B824
5

0.200
0.180
0.150
=1.270
0.740

=6.,000 -0.470
=4.000 -0.280
=-1.270 0,000
4,000 0,540
6,000 0.730
8,000 0.870
10.000 0.970
12.000 1.060
14.000 1.110
15.000 1,130
16.000 1.120
18.000 0.720

NACA 65-421
NACA TR=-824
5

0.400
0.210
0,150
-2.490
0.740

-6.000 -0.360
~2,490 0.000
2,000 0.460
4.000 0.630
6.000 0.770
8.000 0.890
10.000 0.990
12.000 1.080
14.000 1.150
16.000 1.180
18.000 1.190
20,000 1.180
22.000 0.850

NACA 65-221
NACA TR-B824
S

0.200
0.210
0.150
~1.530
0.740

=6.000 -0.440
-4.000 ~0.250
-1.530 0.000
4,000 0.560
6.000 0.710
10.000 0.930
12.000 1.040
14,000 1.100

‘16,000 1.130

17.000 1.140
186,000 1.130
20.000 0.900

0.000
0.000
0.000
0.000
0.000

0.000 0.000
0.000 0.000
0.000 0,000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0,000
0.000 0.000
0.000 0.000
0.000 0.000
0,000 0.000
0.000 0.000
0.000 0.000



APPENDIX C - PROGRAM USER INSTRUCTIONS

1.0 INTRODUCTION

This appendix contains a guide to the setting up and
running of the computer program. The essential computational
steps are described in Section 4, and the underlying theory
in Section 3 of this report, and Section 3 of Reference 1.

It should be noted that whereas this program is an extension
and modification of the computer program developed in Refer-
ence 1, considerable differences exist between the two
programs. Users of the old program are, therefore, cautioned
against attempting modification of the former program without
a careful study of the present program layout and data format
requirements.

2.0 PROGRAM LANGUAGE

The program is written entirely in Fortran 1V,
Version 2,3 for a Scope 3.1l operating system and library tape.

3.0 MACHINE REQUIREMENTS

The program is designed to run on a CDC-6600 computer.
The program makes use of the overlay capability and requires
15 disc files and a tape unit for peripheral storage.

4.0 INPUT DATA

The input data required by the program to compute a
series of solutions at specified angles of attack up to stall
for each wing-fuselage-propeller configuratioa constitutes
one input case. This input data must include tabulatioans of
applicable wing-section and propeller blade-section aero-
dynamic characteristics, propeller tip loss correction factors,
and a range of geometric and flight condition parameters
together with specification of several coamputational control
and sequence options.
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The input data for each case is in the form of punched
cards arranged in sequential groups as shown in Figure 30.
The principal card groups are identified as follows:

CARD
GROUP DESCRIPTION
A Wing-fuselage geometry and control and
sequencing options
B Wing-section aerodynamic data
Cc Wing geometry if not straight-tapered
D Fuselage angles of attack
E Propeller tip loss factors
F Propeller blade-section aerodynamic data
G Propeller geometry and operating conditions

In general, the first case requires a full specification
of the input data contained in each group. However, for the
second and subsequent cases, card groups specifying tabulated
data (Groups B, C, E, and F) may be omitted where there is
no change in the input data requirements. See Figure 30.

4.1 Wing Fuselage Geometry (Card Group A)

Wing-fuselage geometry is entered on the first three
cards as follows:

VARIABLE PROGRAM

CARD COL.I1IOC TYPE NAME VARIABLE DESCRIPTION
1 1-10 Real ASPEC AR Wing aspect ratio
11-20 Real TAUT (t/c) T Wing tip thidk ness/

chord ratio

21-30 Real TAUR (t/c)g Wing root thicknesq/
chord ratio
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Program termination ——f
Second and subsequent input cases each consist of
l/H

card groups A through G as in. the first case, but -
card group elements indicated by * should be
omitted unless new data is required. Note that

blank cards in groups E and F must, however,

be retained.,
Blade element geometry

Propeller operating condition
Propeller-nacelle geometry \
Propeller case description
Blank card
*propeller airfoil data tables -
Blank card /
G

*propeller airfoil section titles Y, \
Blank card ‘
*Propeller tip loss correction tables /S S
Fuselage angles of attack ——— ’

Wing gecmetry; omitted for ) S,

straight-tapered config. ‘ I /
*Airfoil data tables for ' o
wing tip camber level

*Airfoil data tables for
wing root camber level / c

Case control options

Wing-fuselage
geometry E—" I Y
B
Airfoil tables at

A each camber level

Figure 30, Assembly of Computer Program Input Data Card Deck
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 VARIABLE PROGRAM
CARD COL,LOC __TYPE NAME VARIABLE

31-40 ' Real TAPER A
41-50 Real TWIST g
51-60 Real R r

61-70 Real BF b¢ /b
71-80 Real REYND Re
1-10 Real DISCR A
11-20 Real A A
21-30 Real B B
31-40 Real H H
41-50 Real ALPHR aR
60 Integer NFLAP -
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DE SCRIPTION

Wing taper ratio

Wing geometric twist
(If geometric twist is

specified, TWISA on card

2 must be set to
100.0)

Number of spanwise
stations

Flap span/wing span

Reynolds number in
millions based on wing
mean aerodynamic chord

Criterion for converg-
ence of iteration loop

Fuselage semi-height/
wing semi-span

Fuselage semi-width/
wing semi-span

Height of wing above
fuselage centerline/
wing semi-span

Wing/body incidence -
degrees

Flap indicator: if
NFLAP = 1, Flap is
deflected; if NFLAP =
0, Flap is undeflected



VARIABLE PROGRAM

CARD COL.LOC _ TYPE NAME _ VARIABLE DE SCRIPTION
2 61-65 Real FLAP Sf Flap setting - degrees:

If & is zero, ie,
flaps not deflected,
then BF on card 1
should be set to 1.0

66-70 Real X X X~coordinate of
moment reference
point

o

71-75 Real Z Z Z—-coordinate of
moment reference
point

76-80 Real TWISA €a Aerodynamic twist -
degrees (If aerodyn-
amic twist is speci-
fied, TWIST on card 1
must be set to 100.0)

3 1-10 Real CAMBT KT Tip airfoil series
camber level

11-20 Real CAMBR KR Root airfoil series
camber level

21-30 Integer NSLIP - NSLIP = 0, power off
case, no propeller
data required; NSLIP =
1, power on case,
propeller data required
31-40 Real CDNAC CDN Total drag coefficient
of all nacelles based
on wing area, set to
zero if no nacelles
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4.2 Control and Sequencing Options (Card Group A)

Card 4 of Group A ¢ontrols data read-in and optional
printout features, in addition to standard output. The card
layout is shown below.

VARIABLE PROGRAM

CARD COL.LOC TYPE NAME VARIABLE DESCRIPTION
4 1 Integer NLVL - Number of values of
thickness chord ratio
(1imit 5)
2 Integer ISWIT(1) - Option for reading
in wing geometric
parameters
3 Integer ISWIT(2) - Option to print out

intermediate calcu-
lations as they are
performed

4 Integer ISWIT(3) - Option to print out
matrices

5 Integer IG - Switch used to set
up data tables

6-55 Alphanumeric == - Run number, date,
etc.

The options are as follows:
ISWIT(1

This control option is used for wings having nonlinear
taper. The local values of Reynolds number, geometric twist,
and ratios of thickness/chord and local chord/root chord must
be key-punched for each spanwise station together with the
values of edge velocity factor and the ratios of mean aero-
dynamic chord/root chord and root chord/span. By setting
ISWIT(l) = 1, these values (Card Group C) are read in the
following order using Format (16F5.0):
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PROGRAM NUMBERS

VARIABLE . OF
NAME DESCRIPTION TYPE VALUES

TAU Thickness/chord ratios .array R-1
REY Reynolds numbers array R-1

C Chord/root chord ratios array R-1

EPS Geometric twist array R-1
VEDGE Edge velocity factor single value 1
CRB Root chord/span ratio single value 1
ACC Mean aerodynamic chord single value 1

If ISWIT(1l) = O, the program assumes a straight-tapered
wing and calculates the values. Normally this is the case.

ISWIT(2

This option allows for different types of printout
required in the computation.

Setting ISWIT(2) = 1, causes the program to print out
intermediate calculations as they are performed. This printout
is very lengthy and should be used only when absolutely
necessary to aid in debugging.

If ISWIT(2) = O, intermediate calculations are not
printed.

ISWIT(3)

If this control option is set to 1, the two major matrices
of the program will be listed. First, Bmk (BETA), the matrix
of multipliers used to obtain induced angles of attack is
printed out. Then this is followed by the matrix Kj; (TRIX)
which is used in the iteration cycle.

If ISWIT(3) is set to zero, no printout of the matrices
will be obtained.
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IG

This control option is used to set up the wing airfoil
data tables. For the case of a wing having the root airfoil
series the same as the tip airfoil series, or for a wing with
a deflected part-span flap, set:

IG = 3, if airfoil data is being read for the first
time from cards
or IG = 1, if the airfoil data has already been read in

and stored on tape

If the root airfoil series is different from the tip
series then set:

IG = 4, if airfoil data is being read for the first
time from cards

if the airfoil data has already been read
and stored on tape

or IG

I
N

Note that for a wing with a deflected part-span flap, the
airfoil series from root to tip must be the same. The value
of IG causes the computer to perform the following operations.

VALUE OF IG OPERATION

1 Read airfoil data from peripheral storage device
(PSD) to cube 1 on disc then copy cube 1 to cube
(See Figure 7).

2 Read root series airfoil data from PSD to cube 1
on disc, then read tip series data from PSD to
cube 2 on disc.

3 Read airfoil data from cards , load to PSD, then
read from PSD to cube 1 on disc, Copy cube 1 to
cube 2.

4 Read root series airfoil data from cards, load to

PSD, then to cube 1 on disc. Read tip series
airfoil data from cards, then load to PSD, then
to cube 2 on disc.
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4.3 Wing Section Aerodynamic Data (Card Group B)

The aerodynamic section characteristics of the airfoil
are read into the computer in the form of tables of lift
coefficient (C1) versus angle of attack (a), drag coeffi-
cient (Cg) versus C1 , pitching moment coefficient (Cp)
versus C] and lift coefficient with flap deflected versus a .
The tables must be selected to cover the range of values of
thickness/chord ratio, Reynolds number, and camber associated
with the wing under consideration.

For each value of thickness/chord ratio,'the data tables
are arranged as indicated in Table V. The first carad (punched
in columns 1 through 7) indicates the number of rows in the
table (columns 1 and 2), the number of columns in the table
(columns 3 and 4) and the airfoil thickness/chord ratio
(columns 5, 6, and 7). The second card (in alphanumeric
format) indicates the airfoil type and the type of data e.g.
NACA 230XX, Cl‘

All cards in the table have format (F7.3,9F8.3). The
first card contains the values of Reynolds number (in millions)
and begins with a blank in columns 1 through 7. If the table
is to contain C; values, the next card reads - 90.0 in columns
1 through 7, and -9.0 in columns 8 through 80. If the table
is for values of Cy, the card reads -10.0 in columns 1 through
7, and 2.0 in columns 8 through 80. If the table is to contain
Cm values, the card reads -10.0 in columns 1 through 7, and
zeros in columns 8 through 80.

The remaining cards contain either: (1) a value of
angle of attack (columns 1 through 7) followed by the values
of C1 corresponding to each Reynolds number, or (2) a value
of Cj (columns 1 through 7) followed by the values of Cd' or
(3) a value of C1 (columns 1 through 7) followed by the
values of Cp, depending on whether the table contains Cy + Cay
or Cy data. The last three cards in each table are:

129



|

Table V. Card Formgt for Wing Section Airfoil Tables

Col. Loc.

Header Cards

Reynolds Numbers

CJ Max Values
a Max Values

1
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L 8
1311-12
NACA 23012 Lift Coefficient CL
’ ? 0.5
Laoolo -9.0
-14.0 -0.5
a Values C/ Values
+90.0 4.0
| 1.51
i 17.2
1511.12
NACA 23012 Drag Coefficient CD
0.5
-10 2.0
-0.3 0.004
Cy/ Values Cq Values
: :
10.0 2.0
Blank card

Blank card

1611.12
NACA 23012 Pitching Moment Coe
CM1/4 Chord

—lOQO 0.0

-0.36 -0.40

Cy Values

10.0 0.0
Blank card
Blank card

fficient

Cm Values

16

1.0
"‘9.0
-0.45

9.0
1.54
17.0

oONH
L]
OO

O.o
-0.41



Cj_Table

Card
No. Columns 1 through 7 Remaining Fields
1 90.0 9.0 9.0 etc.
2% blank Values of C; max
3* blank Values of a at
C, max i.e. Qpax
* In the C) tables the values of Cy ... and @ pay appearing

on cards 2 and 3 respectively, must also appear in the main
body of the table.

Cg_Table
1 10.0 2.0 2,0 etc.
2 blank card
3 blank card

Cp _Table
1 10.0 0.0 0.0 etc.
2 blank card
3 blank card

Up to 5 "levels" of thickness/chord ratio may be used.
Within each level the table size is limited to 8 columns
(7 values of Reynolds number) and 25 rows (22 different values
of a or Cj).

The airfoil data cards are assembled as shown in Figure 30.
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4.4 Fuselage Angles of Attack (Card Group D)

The fuselage angles-of-attack at which calculations are
to be made are read in on 2 cards, Format (10F8.0). These are
used sequentially as punched until either 99.0 is encountered
or stall 1s reached. If the former condition is encountered,
the program will automatically proceed to the next case; if
stall is reached, the program will search for an angle-of-
attack close to the value of angle-~of-attack at which stall
just occurs. The accuracy of this search depends on how closely
the angles-of-attack are chosen near stall.

Note that all the lift tables are artificially extended
beyond the C] pax point with a positive slope. For example,
in all tables C; at @ = # 90 is set to ¥ 9,0. This is done to
ensure convergence. The effect of this is that the overall
wing Cj, versus a curve predicted by the program will be correct
up to the angle-of-attack at which stall first occurs on the
wing. Thereafter, the predicted C;, is incorrect. This is
consistent with the purpose of the program which is to predict
the point of stall onset only.

4.5 Propeller Tip Loss Correction Factors (Card Group E)

The propeller tip loss correction tables are defined by a
three~dimensional array of size (3, 21,8). The data values are
read in on a total of 63 data cards, each card containing 8
values and having the following format:

VARIABLE PROGRAM ALGEBRAIC
COL .LOC TYPE SYMBOL SYMBOL DE SCRIPTION

1 Integer iB (B-1) Array index identifying
number of blades per pro-
peller, less one

2-3 Integer IP (1+20 sing¢) Array index identifying
value of sin ¢
4-32 - - - Blank
33-38 Real TLOSS(1) F/FP Data value at r/R = 0.3
39-44 Real TLOSS(2) F/FP Data value at r/R = 0.4
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VARIABLE PROGRAM ALGEBRAIC
COL. IOC. TYPE SYMBOL SYMBOL DE SCRIPTION

75-80 - Real TLOSS(8) F/FP Data value at r/R = 1.0

These 63 data cards may be assembled in any order.

4.6 Propeller Blade Section Aerodynamic Data (Card Group F)
!

Up to 150 propeller blade-section data tables*can be
accepted and stored by the computer program. Each table con-
tains an array of up to 20 pairs of @ and C; values for one
airfoil section at one Mach number condiﬁion. Up to 25 air-
foil sections may be specified for each airfoil family. A
maximum of 9 families can be stored, eacl being assigned an
arbitrary single-digit airfoil series code between 1 and 9
inclusive.

The standard blade-section data tables available with
the program use preassigned airfoil serieés codes (as given
below) for which the computer program stores the following
titles and values of two constants, kj and kj.

Code Airfoil Series Name k. ko
1 USNPS 0. -40.0
2 Clark, Y 0. -40.0
3 NACA 16XXX -7.3 0.
4 NACA 64-XXX -6.9 0.
5 NACA 65-XXX -6.9 0.
6-9 Blank 0. 0.

*See section 4.1.3 of main report for order of assembly.
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The constants k;, k2 are empirical values that permit
an initial value for a4 ., angle-of-attack at zero 1lift used
in equation 104, to be obtained from a linearized approxi-
mation to the airfoil characteristics given by the expression

a@o = k1 X (design 1lift coefficient) +

. ) (146)
ks X (thickness/chord ratio)

The airfoil series title card is used to reassign airfoil
series names and kj;, kg values as required. One card is used

for each reassignment and has the following format:

VARIABLE PROGRAM ALGEBRAIC

COL .I0OC. TYPE NAME SYM30L DESCRIPTION
1 Integer I - Airfolil series code
11-18 Alphanumeric AFSER(I) - Airfoil series name
21-30 Real AK(I,1) kq Empirical constants
} defined in
31-40 Real AK(I,2) k2 preceeding text

Each airfoil table is defined on a sequence of from
2 to 5 cards. The first card in the sequence contains
header information specifying the airfoil section and other
pertinent parameters as follows:

VARIABLE PROGRAM ALGEBRAIC

COL ,L.OC. TYPE NAME SYMBOL DE SCRIPTION

1-2 Integer IHEDD(1) - Number of pairs of

a , C; values in
~ table

5 Integer IHEDD(2) - Ajrfoil series code

9-16 Real THEDD(1) C1i Design lift coeffi-
cient

17-24 Real THEDD(2) t/c Thickness/chord

ratio
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PROGRAM.

VARIABLE ALGEBRAIC"
COL.LOC. TXPE_ NAME SYMBOL DE SCRIPTION
25=-32 Real THEDD( 3) Mo Mach number
33-40 Real THEDD(4) Qo Angle-of-attack
for zero lift.
41-48 Real THEDD(5) keii Extrapolation
coefficient given
by equation (126)
57-68* Alphanumeric - - Table data source
69-80* Alphanumeric - - | Airfoil section name
* For reference only; these columns not read by program.

1
i

The second and subsequent cards in each airfoil table

sequence contain the pairs of

must be arranged in order of

a increasing.

a and Cl values. These wvalues
The format is as

follows:
VARIABRLE PROGRAM ALGEBRAIC
COL,LOC. TYPE NAME SYMBOL DE SCRIPTION
1-8 Real TALFA(1l) a
} 1st pair of wvalues
9-16 Real TLIFT(Ll) Ci
17-24 Real TALFA(2) a
} 2nd pair of values
25-32 Real TLIFT(2) Ci1
I
| | | . |
i i i 1 I
I I 1 ( 1
1 1 ] i 1
1 1 } 1 i
[ [ 1 [ :
65-72 Real TALFA(S) a
} 5th pair of values
73-80 Real TLIFT(5) Cy
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4.7 Propeller Geometry and Operating Conditions
(Card Group. G)

Information to specify the propeller geometric and
operating parameters is provided on a series of cards of
four types. These cards must be arranged in the order
described below. Each card type is assigned a numerical
" code value in column 80. The value is read by the program
to ensure that the cards are in proper sequence.

The first card provides for the inclusion of arbitrary
title information as follows:

VARIABLE PROGRAM
COL.ILOC . TYPE NAME DE SCRIPTION
1-76 Alphanumeric TITLE Propeller identification title
80 Integer IDENT Card identification code = 1

The second card provides information specifying the
propeller and nacelle geometry as follows:

VARIABLE PROGRAM ALGEBRAIC

COL.LOC. TYPE NAME SYMBOL DESCRIPTION

1-2 Integer NP - Number of propellers

11-12 Integer NB B Number of blades per
propeller

21-30 Real DPB D/b Propeller diameter/
wing span

31-40 Real RHBR rhup/R Hub radius/tip radius

41-50 Real RNBR rnaCelle/R Nacelle radius/tip
radius

80 Integer IDENT - Card identification

code = 2
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The third card provides information specifying the
operating conditions for the propeller(s) as follows: '

VARIABLE PROGRAM ALGEBRAIC

COL.LOC. TYPE NAME SYMBOL DE SCRIPTION
1-2 Integer NROT(1) - L.H. propeller
rotation index
11-12 Integer NROT(2) -= R.H. propeller
rotation index
21-30 Real AJ J Propeller advance
ratio
31-40 Real AMCHU Mg Flight Mach number
80 Integer IDENT - Card identification
code = 3

The positive value (0l1) for the propeller rotation index
is used to specify a right-hand rotation for either propeller.
The negative value (-1) is used to specify a left-hand
rotation. Where a single-propeller configuration is con-
sidered, the rotation index for the L.H. propeller must be set
to zero (00) while the R.H. propeller index has the appropriate
value for the single propeller rotation sense.

The fourth-through-last cards of the series provide
information specifying the blade section geometry. One card
is required for each selected blade station between hub and tip.
up to a maximum of 12 cards. These cards must be assembled in
order of increasing blade station radius. The first selected
station need not be at the hub, but the last card must specify
the station at the tip with a value of 1.0 in columns 1-10,

VARIABLE PROGRAM ALGEBRAIC
COL.LOC. TYPE NAME SYMBOL DE SCRIPTION

1-10 Real RPBR r/R Blade station radius/
tip radius

11-20 Real CPBR C/R Blade~section chord/
tip radius
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VARIABLE PROGRAM ALGEBRAIC

COL.LOC. TYPE NAME SYMBOL, _
21-30 Real BETA B
31 Integer NA -
41-50 Real CLI Cii
51-60 Real TOC t/c
80 Integer IDENT -

DE SCRIPTION

Blade section pitch
angle, degrees

Blade section airfoil
series code

Blade section design
lift coefficient

Blade section thick-
ness/chord ratio

Card identification

code = 4

4,8 Program Termination (Card Group H)

The program operation is terminated by three input
data cards‘:located at the end of the input data deck. The
first card uses the format of card number 1 of Group A with
the value of ASPEC set to 99.0. The second and third cards

must be blank.

4.9 Data Restrictions

The following is a list of input quantities together
with the restrictions and normal range of values.

QUANTITY SIGN-RESTRICTION S-NORMAL RANGE
ASPEC +, > 2.0
TAUT, TAUR,.TAPER +, < 1.0
TWI ST, TWISA between +15° and -15°
R +20 only*
BF +, < 1.0
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QUANTITY SIGN-RESTRICTION S—~NORMAL: RANGE
REYND +

DI SCR +, suggested value .00l
A, B, H +, < 1.0

ALPHR between +10° and -10°
NFLAP Oor 1l

FLAP +, between 0° and 90°
X, 2 + or -

NSLIP Oor 1l

CDNAC +, 0 < 1.0

* R, which must be an even integer, may be changed to

allow calculation at a greater number of spanwise

stations. This requires changing the DIMENSION statements.

5.0 OUTPUT

5.1 Printout Options

All output is from a standard l20-characters—per-line
printer. The amount and type of data output depends on the
options exercised and on whether the computation is for a
wing with or without a deflected flap/ with or without
slipstream. For the standard run (without the debug print-
out), the output data is self-explanatory. When the option
for printing intermediate calculations is exercised, the
output contains the following additional parameters whose
meaning is given below.
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|
QUANTITY

Al

A3

A4
ALPC
ALPH
ALPHE
ALPG
ALPHU

ALPHZ

ALFPR

ASBAR
CBC
CBG

CDOC

CL
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TYPE

single value
single value

single value

single value
array
array
array
array
array

array

single value

single value
array
array
array

single value

DESCRIPTION (see also Reference 1)

Angle of attack corresponding to
C1 at flap end, from flapped
section data

Angle of attack corresponding to
Cy at flap end, from unflapped
section data

Zero-1ift angle at flap end -
flapped section data

Zero~l1lift angle at flap end -
unflapped section data

Angle of attack corrections for
flap effect

Angles of attack corrected for
downwash, flap effects and body
upwash

Effective angles of attack

Wing section geometric angles of
attack

Section downwash angles corrected
for fuselage effects

Section zero-lift angles

Propeller shaft angle of attack in
radians

Average slipstream angle
Calculated values of Cj./b
Approximate values of Cjic/b
Values of Cgc/b

Integrated lift coefficient used
to normalize CLADD



UANTITY TYPE DESCRIPTION (see also Reference 1
IYPE )

CLADD array Additional 1lift coefficient
distribution
CLADL array Modified distribution of adad-

itional 1lift coefficients from
tip to flap end

CLAD2 array Modified distribution of add-
itional 1lift coefficients from
flap end to wing/fuselage junction

CL2CB afray Distribution of 1lift associated
with equation (56)

CLDEL array Distribution of 1lift coefficient
due to flap deflection only

CLMAX array Values of section maximum 1lift
coefficients

CLSTA single value Section lift coefficient at
flap end

CLSTU single value Uncorrected section lift co-

efficient at flap end

CVAL array Lift coefficients corresponding
to ALPG
DELTA array Differences between guessed and

calculated 1lift distributions

DDCLMA single value Increment in section maximum
lift coefficient at flap end
due to flap deflection

EDGE single value Edge velocity factor

F array Factors used in altering two-

dimensional section data to
three-dimensional data
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F1

F2

FUNC

GENE

HOPP

RDUBAR/DU

SGENE

STONY

SIGMA

TYPE

single value

single value

single value

single value

array

array

single value

array

array

array
array
array

single value

5.2 Error Messages

DESCRIPTION (see also Reference_l)

Factors used at flapside of flap
end to alter 2-dimensional data

Factor used to scale additional
lift distribution CLADD

Factor used to scale CLDEL

Wing-on-propeller upwash function,
equation (128)

Values of equation (88) for
9* =1r_9*

Values of @ck/8 - see Reference 1
equation (38)

Real part of the derivative of
the conformal transformation
function, equation (9) of Ref. 1

Function associated with
equation (76)

Function associated with
equation (76)

Function associated with HOPP
Slipstream crossflow distribution
Values of equation (88)

Wing-induced upwash in propeller
disc plane

In developing the program it was found that the most
common source of error was the airfoil data tables. In
particular, the tables of C; versus a are most critical.
The variation of C; with increasing @ should be smooth
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without sudden breaks, especially for values higher than
@maxe A sharp break in the slope of C; versus a after
Qmax May cause the iteration procedure to diverge. If
this occurs a message is printed as follows:

UNABLE TO CONVERGE AFTER 30 ITERATIONS ABORTED

The last values of DELTA and the values:of lift co-
efficient are then listed together with a dump of the airfoil
tables in core at that time.

A second error message associated with table interpolation
is as follows:

ERROR CODE (N)

IF 1 CVAL GTR THAN MAX VALUE LISTED

IF 2 CVAL GTR THAN TABLE VALUE

IF 3 ALPHA VALUE GTR THAN TABLE VALUE

IF 6 THICKNESS CHORD RATIO VALUE CANNOT BE FOUND

If these errors occur, the tables should be examined for
mistakes in key punching, etc.

Several error messages are associated with the propeller
slipstream analysis subroutine and operate as follows:

(a) If an invalid number of tip loss correction cards
are read, i.e. other than O or 63, this is indicated
by the message:

XX TIP I.OSS CORRECTION TABLE DATA CARDS READ IS
INVALID - SLIPSTREAM COMPUTATIONS ABORTED

(b) If the propeller geometry and operating condition
data cards are read out of sequence, this is in-

dicated by the message:

CARD IDENT XX HAS BEEN READ OUT OF SEQUENCE,
SLIPSTREAM COMPUTATIONS ABORTED
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(c) 1If propeller airfoil tables are not stored for the
airfoil series code specified on a blade station data
card (IDENT 4), this is indicated by the following
message :

AIRFOIL TABLES NOT STORED FOR AIRFOIL SERIES XX
SPECIFIED AT RB/RP = XX°*XXXX - THIS ELEMENT IS
DELETED FROM THE ANALYSIS

(d) If the propeller-slipstream analysis fails to con-
verge within 9 iterations, then the following
message appears after printing out the solution
for the last iteration:

SOLUTION FOR PRECEEDING ELEMENT FAILED TO CONVERGE
IN 9 ITERATIONS AND IS DELETED FROM THE SLIPSTREAM
ANATLYSIS

6.0 PROGRAM STRUCTURE

The program is written to operate in OVERLAY mode. The
central controlling portion of the overall program is called
STALL. The remainder of the program is split into 3 parts,
ONE, TWO, THREE, which are overlaid. STALL
then calls either TWO or THREE depending on whether the cal-
culation is for a flapped wing or not. The
called by each overlay are as follows:

ONE
TWO
THREE

calls
calls
calls

MAIN, MAINA, MAIN1

MATIN2,
MATN2,

MAN2A, MAIN4
MAIN3, MAINS

calls ONE which

major subroutines

These major subroutines call the remaining subroutines
in the program as follows:

MATIN
MAINA
MAIN1
MAN2A
MAIN3
MAIN4
MATIN5
BRIDG
ARC
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calls
calls
calls
calls
calls
calls
calls
calls
calls

MAINA,

SLIP, AAA, DATSW,

DATSW,
DATSW,
DAGET,
BRIDG,
DAGET,
DAGET,
LOOK

SETSW, AERDA, DATSW, ZZZ

22Z, BRIDG, MAIN1

AAA, MINV, GRIDG, SSS

AAA, BRIDG,
DATSW, AAA,
AAA, DATSW,
ARC, DATSW,
ARC

427, MAIN4

ARC, %2Z, MAINS
MAN2A

AAA, 2727



7.0 OPERATING PROCEDURE

Logical TAPE5 is named as the working (scratch) tape.
The program deck and data deck are loaded in the following
sequence: Jjob card, system control cards, end-of-record
card, program deck, end-of-record card, data deck, end-of-
file card.

8.0 PROGRAM TIMING

Central processor unit time for an average run of six
angles-of-attack is approximately 60 seconds.

(6)
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APPENDIX D
INTERNAL LISTING OF THE COMPUTER PROGRAM

Presented in this appendix is an internal listing of
the computer program developed under the present contract.
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FOR ALPHA

EXTRAPCLATE FOR ALPHA
EXTRAPCLATE FOR AMACH

INTERPCLATE
TLFET14(TLFT2=-TLFT1)#(ALPHC~-TALFL)/(TALF2-TALF1)

€
265142€92),18
CLM(1)

CLCLIA)



INTERPCLATE CL FOR TCOG ANC CLT

INTERPCLATE FUR AMACH
CLM(1)4(CLM(2)-CL¥(1) )% (AMACH-TMCHL)/Z(TFCH2~-TMCHL)

GC TC 2695

o~
-
~—
[
(&)

—tr—t Ot

LV~
N =ttt ) e e
adt B Real Tt
[AVRVIAVT TS

wanLw

TABLE LIMIT
C.01¢C

Co =

EXTRAPCLATE FOR CLI OuUTSIDE
(1) +TXCLEL)#(CLI-TCLI(1))/SCRT(1.0-AMACH=%2)
SET BLACE SECTICN LRAG

INTERPCLATE FOR CLI
(CLCLZY=CLC(L) ) #(CLI-TCLI(LIN)/Z(TCLI{2)-TCLI(1))

INTERPCLATE FCR TCC
EXTRAPCLATE FOR TGC

2725,27130,2725

QOUwV

(1)+
2735

Lt U ]

1274542740

- 1O+~
QAC O~ NOOI—
IO+ b=~ ¢ oL
NN~ L=
LOX ® L |

—~LLO— | * N\
L N B N R AW IR IAk]
BEQQCOO—A~> L -
L Shaad s A o 4
NN AT R X N (N
N od e Qe X e |
[aiad ISR B J0 IS LS R E N Sy
ON— — < L * =L O =
e Jx x> NI OF QllIL
Q' INXNKQAQL >~ N ]~
QAN =
CYNXO>N LW N QL L ey,
LNV X > (IO O 2 e

2740

MENT

£

L

£

CALCULATE VALUES FUR DISK PLANE
TCAVU##244 CoF2CY*C2/7(1.04CX)nn2)-ANU)
CALCULATE VALUES FCR SLIPSTREAM ELENMENT

25CC,25C0+2745
R
L
/

#2#2~-RPBRX#%2 )=

Q0= N= %O
S )r LI o
Nl X 2% 0N
TN
Q<O L~0x
LV QXY A
—~OON~—Ta
=l 12
NN (Y
V—~OVILI % %
Lal V2R 1ot ot o
———— )
Cr X | ~0)
[SATa VRN BEV, TN}
QA o=~ (13
ViNnOW L0

FRINT BLADE ELEMENT SOLUTION

+CLI,TCC,

——0
Wiv) et
Qe
,~—NO
X &0
DO~
Qui—oN
OXQ &
~ N
X -0
DO
Q (N
o AN Tl 4
ONOQ
- [& 2
~q—~on
UL OIINWD
Q. « O
Nt~
eI | TV ™

A ex 1 muw

SUVM INTZGRAL TERMS FUR SLIPSTREAM ELEMENT

LT=CT4C.54{LCCT+LCTX)#(RPBR=RPERX)

166



CCsCC4C.54(CCC+CCIX ) # (RPER=-RPBRX)

RESET LAST VALUES OF INTEGRAL TERMS

CALCULATE FINAL SLIPSTREAM INTEGRALS
2))

QBVD-Y £
QIO
[ 4. g ialallE]

B
a8
A
6
-
4

Q
-t
o
NJIQ

PRINT FINAL SLIPSTREAM INTEGRALS

WRITE(KP4#2658) CTS,CT,CG,VSHAR

UL ENENRNYNNRENNERENENNXRR)

AN VALUES FOR

RE
ALYSIS

-2z

OGO OSSNSO LSeDBSS RS

L5 L0 5 IS 15 8 R

B o D ~ X~ N K A~

D= on Q

- n

e e o] P NN “
W 0D NV V@ (o] N
N NN N NN NN N

LWL Y I X~
S ) H NN SQADL o N I DOttt ot s oo Y e oo o X e (X, e i X P 3 b Y B e Qo b e B W
Ll SN el X afd
L UXU SUSIILOL U—nd UL D TIVV SULVIVI €U VI SUI0DINU E VTNV U =iy
MZOZ X ZOF AN Z L L =) D SN ORI SNOX DI NYZL S DN IZ > XD DNO=L XY ¢

no
DA
WD
NN

2845

=
(3]
@
~N

2855

Q
G
-]
~N

%]

Z

Q

—

(o

g

-

(%}

D

-4

—
P £ -
O x
—t [ -
) <T x
g (7]
= wv -
PN w -
> 2 »
LR -t —
- —— L -
0 — > wv)
b~ ~gg >
- Ll il x. -
o et « -
[} Lonl= 4+ 4 u L 4
n 4] ~ 0D x -
m x X - L4
Q ~ LN v v
o ~N - wVioldd -8 >
n - P 4 P I ] -t -
-] (] ~ |~ -l -
~N - ()] L5 S ~1n (%] x
e b4 Q kel {f1e—a—t -
(=] -~ o~ v) — s [ o
o~ - n < - o Ll 42 4 4 @
—t - -] [4a] [Ts) - g 42414 ~N [ [%¢]
[+ 4] -d N v N P4 4 [a4 L= § o v - 4 usae
N ~> <] - o © () Q L1717 0 -9 O &
- | and Q. vy ™~ ~ ~N — — [ b s N Qe
-t o € w4 - L) vy n v — e - N
- o -~ O 2N X -~ — & - N+ 4 - ——
@x P-4 et N ~ Lad *® © = o~ - b o=
~N [ — ) -~ - < % momem  (Nememon o] o o~ o - . ~0
- - £0.¥~ W Bl ~— MO SOV DLl . -l N (] w >
[4Y] ~N 2>~ [74} « trme Oribmter o -t - - . N o
- had SN em 0 [+ 4 o —ard] Twwd @@L 1 Xd N L] -

@®° - —_m D N L ] (%] Xy DXXXVY LOLDV ——e~ 2 W L] Q

~N (&) aaxvinn - -~ [+ 4 Q> NOUD D> L4 > W [ L ST
[+ 4 hr R Rod: 41 S o N ] q=—" e =N NN et N el DN
-~ < oY S | —~ - VY= N\~ Y ) Jem XAX M ~ - oW -
L -~ —Ne Ve~ © - O DAY FAY | —w-Y o Dornr ) o~ o~ O
- O N> N (W] - OR B iNW KX BN~ & % =i\ OO M LA~ QXXX N §~N
- - YO L= o - NI A= NND DN L <l 60 w~wLUXNVI= =TI se Yo o
- g OnNia o~ < k-4 WOUOVITL QUNUV=LUNIW O ¢ VI I >DVW I XXX 'O xQ
O N QON~= Ly ] LD NN USNASBHZNQSH USNOIHO Sl 030X ) | | oXriQOwX
[- 4 * VDYPXLXLVINL L] L2 e Tl I - X T (R P || Homom X o~ || L= E £ § 0 | PN

167



o~ (7, -— [ - a3 e [ 3 ¢IT)
- MWW - 2 [ o g - - WLXO
LS T Lo B ) w pu] MNP LN e o<l
- Mt NN — - (5] Sedb=et PO &l
x ~ - O OO\ > o = e E » o it & o < eae
- ~ NN A~ANG QW J N Wi M) = O X IXX
~ z ST T IENV) W= [+ 4 P L > V=Ya Nl o JgID
~ Q N e o0 eV XX a < =~ Z~ et} X 6> Z O d
<t - — PRl e N Od 1 owvn ~I>L A~e Q » s
s ) > - ol Wi N1 L Zud (S 1] Q= o OO O ~Xt= o
— ~ oo’ —_—3 e e e QD ~ Ot ) —~JJem g o M e
- e~ ) X e NHNN=D o W B g — Q> DN e O ~xX2D
x OO C e~ gL qQU - - - Qe omd mrmd o > b acg
N ~ Ww v JdNWe O~ OZn o qIN o~ A~ OOV & X = O
- o [ L] DnmMe —U) e Q<1 - - . URNOU> =~ O qUn -
] < o - » - P L e = X - o Ui Lt e ) Z 2<AA
oo oo eXX XX XIX Z NLIXQOUIAN 2D - A N 3D Qe D JU e -
XXXX ¢+ 00X VOV DT [ Lt e Qi< Q a0 Uiy Il e W Q9Q—XD
N NHMML eaem e ecre 32 X osaee O Q. «I UL =Tt NIl o e~ - - el -
= el A F T F LT W TE O D o w o Vuw e WU o~ XTI g
NX aZ e omv o000 000 JereoZZZ072N\ WA —~ —— D> e eE PR D> N QD -
PIXHQNNMNIPP IR P e ol <KMWL D I e L 2 J=r L~ nt erl) e~ Y e
Al e Ll b U WX DL OV I (521" “1 qzn e am e o MY S
et eaesncnnene e YIINA «NVOUIDE D g} —il) wy Fua W—OX oS > L e dand
L= NN NONT el eI (DL b ) -l XU) <2 S O3 il N LN
<L) ol DO XU i Z O e~ ~1m - Dad >N e e g o (D e
=02z N >ENITINTUL LU Yt e Tdlem -~ g v} i dv) P owrm SOV ~ >>J e
2.1 Z [sag s = XA S WE £ W XX L OO0 LW —_e—lg W > O g e
T ar-m ] X AL eIMOJOWV O =Y MmN V) eyl tp ~ Y (J~ e e XY e
wo QO QA0 ZAXUIANXD +s00VA & el ca Lt JY QX I OUlve oD & Y Z e
v XWLLYO oo > < Qe oL~ I} QUM MNMMe) N 2 L Welx =~y J g<ad>a
(%) ke ' OJZ A XA QA XA>AIdX oDt g T L e O\t et () L = L] LN Pewrdompe ) el
- -~ < VN de— Q. ot N JWND=IJNNL «NVINDOUVINAN XY, & o o o' ) ) WL aN e =M e QUX »
< - = X AU~ YOCNOR X OFOL sOX DU LT X KXY W w — e, =L aY oY
=x e eI LOA2OVd MLdNITXLTYAIIN OA<LAPV A~ o [ N4 VY e DD N P e
o - & Q Aoy D2 N2 e L L—-d) O e I ONTL) QW riesres L el 1D e
Q X e N RS U) KD UNIS—_ L Z o= L e N—== (0L I X0 VI=LZ s Y — AP DV~ e~ WL ey
' . b daltal AX VX U B U= ) -~ 220 VI Weeeserqg o) JTrA Vi<t e o= X s
et = X 102WLUAIOUSL X 270 o\ Xyyr em~NAQ D VIV I e V) e W ZH I~ memmrq Lyl -
w -~ N es Z W QOO & m~OON WU L X QWU 2, 2. 5C () = IV 2 V) S L LI~ ) = QX XGNP ) & Qra >
< Q eXO o~ A X XU A NAZOGd WV Jdd ey ) oA T DWW =) Xl WV L W)W A2 OOrAAII~ Lrs
w | Lend OV s ¥ JUWWOIJIXO >AQ 2Q=UWL & o M J_J =l o o <A O —UUA D ~QL ) - e rrwueNYY™ QL -
[« 4 [&]e] MO O WdJd o A0 W =X .2 (D%l LI ZXAMASOOWR 0. w—<an w e e O et N e
o~y @ QL et [ W N T, 4 N QN Y= O IAUL =M L YLTA QAU N L~ YOO R D0 1) L0 AL~ LL D e~ Q2
QU ~Oda, QLbuwhnug o -~ Qb ol W U2 NN e Lo xwo A= LS st Sake s W QU B, - § Q. -
sONUL U o\ Xaao@UFQA AAUDAAQAdDA oX XXy UAauvIX A INZOA N A= A ) AN IO ~a
- D et Lalwiy 3 QD002 LIR SO SD0LdYXNTAANS YA LT =t WISt Do N vt e X 0 TOYN & AN
< e WULX o o=t 2 * LYY OOWY DY XLAIXXXDING - O L e e (N e L W O =IO 1, D NUT e oo b L Q)
w ¢ OONX LD ¢ NAJALLAIALALALLAAD LN «Q VL OO0 OIONT LWL LU alrl vl w4 ANV~~~ J e = o 2
[a] ¢ oM ~AON e o MLLILILLLLILLLLLLIN QUYLAOAMAL & 0 o eXYiZ TN SOX a2 i) Wl emtae PNt St el ) &
- ¢ XJT & oo L] SNLONNNUINIAINTTANOUNNNI= LN\ = » = & SN N Mt ot QN e )T L= d Ay, Qe X000
s Ohgqe Lot ) ® XCONNNNONONNOICIN NN NN 0 Z N e N XK Tttt it T €] L e [ VL8 g LB e e e, NWO A
- 0 NNt I b X & e W~ - - - - H oL eFJUMNUY & & o o3 ol L | L XAXT L LS D e D JWXVID e
- L] . e oM WO N > x > > (v XM L O XOXXKMIXTIIT~ O T OL Qe JP S QA L~ - > W
v ® INXX o o)X = LN 3 ' J n U eulw NN TR (N A e et L)~ T UIN ) LU DAYy s LW s
[4,] T mNNOLOTOINQ s N - - - i & -~ B e ter e ad] Sl R e O el o) o I g &
o~ ¢ mealq medad g 0D Ivawx IO~ OO0 W I U L Ok W N>~ @l £ eJX
- ® el INC OO e LI I P 4L o ex1 I Il LI LA T DL LI -1 22200 «CANALZNAL
woid @ o et ot g e et | N (1Y ¢ e - -t ot LIt ot vt T et et e e ol et i) (Y Ll e ey LS XA
XD 0 o et e ¢ e —r —-> [T TR T4 peeren i e e e R Yy P YR T TIY] [T A Y VT & - R - O N |
Erl ) bbb § bt — [ [akad- 4 S T X b e e U Qe (L | bl JVHUD Pt ool 20y, el
[aad " U] ¢ Q< Q1ad<g ¢ Q« < L= qJdldlaq A+AAACICLU LA AL LAV ey QUi =l g~Urgo>U-N o
L e d ¢ raar ¢ 22 & b3 &2 MN2 2 & rr222 a2V 2 2 J OWNNexUL2<A2 L2 N
L L ¢ AMXAXXIYAXX ¢ XX [« 4 24 ULl o enxyor RKRRRRFKRRRQ.ARLLKL:L.?QJEU~N CNML2 02X 20 2LIAU
[S1. 48] ¢ WULOLILLIVY e LW Q Q LINDX XU CLUULQOUOUOUI DU OINU=~OL) WL DOvm~Qed ) v uJdyaa
LEQ ¢ LUy ‘¢ WU W u. WML W iU W Wl W LUNIULZZUNOP LS XOCO=OIINIY = o
4@ AW Q9w amuy QUL <« QD qQ qu < NN~ = e =Y
Q= = domt O\ o OV T LY 40N m < 0 P~ ~ NASNOTINOND ~ 8 n
Lad b ad O ol el oed (NN OO nn n n n wnn OV VOOV IT®O® O O o
VL © [2ade gl aXealonde Jo Yo ) oo o (=) [ ar OO OO O o
o~ ~N ~N NN N ONONININONONININGN N N o~

NN LI N NN N NN OO NN

168



w e V] Q Q [=]
- O v Qn 2 a> <0 D3 Q
- [ - D - > = oa V«Qg P i P-4
o~ - b o g W < QU QX JO Juwe —Z0 Qe
*00 = 4 - - e -4 - =10 O X (TN ) x
Wew je P Q > - 4 Q X s nee Y. 1) QD
LN <L~ - @ W L S > Laand oL V) eem) o Qa9 s % L= 4
WeO>0 -t L4 w < < 0 €L [a) Anih ) 4m] &£ horw
XudqUg -4 [ Q [a) L 4 A~ QN XV AN wua (81,4
WY ed (S ] [> 4 - 2y [ 4 g < Qe L (S]] N
ol em~) — (&) [ - | - L4 Lol VTR L JUN U IVS PR [ve (5 18 [0 G S W ey
QI~r & (L] v W o} s, Ox (%1%} v p 211} 4
QL I~N Q —t D = a. L= 2D LDV ONXOQr L=t 0a
q - ewd - o - X - OV LU0 OO0 OIw Q0
s iNIUg - g bZ U w x n O WY <« -~ >
2N L] - Q > U= O o] LO> WO LODULOUU U W >
QNI - § 48] Q. QY AD Q k= Z Q) Z g
oY (D & - > Q 2 £0Q L W =0 —~UHe~ JU~N0e p % 4 Ll a4
~NU LU S - wZ X < =g QX O De ¥ -l 00 I acox
o L ol orQ < - y 2 2 W YW oW guw Ya Jd=Q oulg
XA~ - 4 - (8} D 20 AD D &N ed D =D &L Dl - ¢
*Z o00J w L= b g 2 E S LD DU d Od Ww e
< e i) — no g O W) D20 D0 VVDLVVIJIIIA~OIAN - XV
VNINO~ = & - L xXZ QZ 022 — — e < ~X » >XT D 4
e 3= () — L g x QAL Dmwl O Jod = J=—2 - s
I PR ) x & =) QO W gy X XY 9 O4d a9 o9 Lo Wl e -4
=-2020d a ] -2z D 0D WO 00 WO LIOICUS2D2USZSAI =~Z=D —0
cQU — v o~ I 2 Wu bih ULl XN XQX U W——a) E ]
> =NNY Q b —re - 2
L2 - - P-4 (& ] Jt oo € L =~ =0 ~NO o~ o [\ R Z =N
C> e~y « o -, 2 o~ [ L]
—2 ~0l (%] o< Q =4 <
* 0=l -~ 2 4® W o~ o~ ~ - - Ta] O
AQ~dd [- 4 < £ - — - — — - o~ x <
< 0 0g L] - Qb= U. W wra
-l - bt b8 < Q x NUX
LISl U] Q 2 - N [\ ~ ®n 0 Lo LOw
2.2 20 4. 4 (3 - £ A U
>q v ed ~ wW - xo D0 0 (=] [} Q Q . OV =~
Pk lalad SR SR AT ] - - - | 55 R R ) -l -t - - O L e <
q e e N Q2 Q. < g > w W w w w o Ll T AW 3K 3
L o= e~ W) P4 ~vi S I Lol - — i~ LI S W [ W]
eGNOL X oZ - -— -4 W U w U U w - VO4AX
A2w=Q 0® - -
Ulw<d X 0 £
QuXxXest | Q e (%]
D> oll e [) —r e —
x~L~a e~ - .0 -
5 3 a IS T Lt -
el o ool - (VR > o
== o oo - 3
WHW—L O wvanN z -
dda—ily sXN Q. Q
> L XD UL~ Lo~ -— 0 - 4
*LUUWLOLL -~ (&) LV -
X sLLLL'Q oo £ Dty o
£ £ » I na o 0 Eoma- O ®
QX2 =L eq omno D |- - N0
o s~Thu OO TN = el =l o =1 e mjen o~
2~k ~ . LUXD - WDedN=~T) ™
. ey~ & X [S]ATRIA[STATAIATRL] — a0 WL b V1l T )
b=l D Ll LLLLLN ~ V) = Olili~al O
oL Jixv) OO N[ 1t 9t i st bt bt et ot ~O L QI [ ] AN LN
=UQLIG Y LI K g 3% 3% X X 3% JTH) tQad~Jdg < -l WL SO -
L2 XAV o0 [ - NI T IO YT DV IVY VWL a9 w AULlqAqa>u
[ 3 - S { VAR - 4 [ lal34:4:4.4.4. 3. 2. 4. 4 4 ol 00 x QO TE X emtde
FJNOr- -t
QO (=]
-t [}

QLULL [S]S ]S} LVQLULULLUVLLVOLVLLWLUJLOVLLLLULLULLLLLLLY LLLVLY

169



AY o NLVL¢wWHEREMACCL ¢ MAWW,THKEEPR)
TAYSALVL ¢ WHEREMACCL g MAW o 7 yKEEP)

£ £
K3 £ x ~N > x
< S > ~N > £
E S x < < < <
- - x 2 x LS
-d - - - - - (o]
o o -4 -t - p [$103]
(& (S o &) Q (. (ol
g0 < (8] (S ] Q (8 - -
2.0 a > ~N >~ K QO
- - - x 2. 2 > 00
LW i~ - - - - ——
XQAY Y L >ruwda >wa >w g - -
Qorild e QU QY O <«QUrY <o (18 }
=YL LOIT~Q L W IWwo ogwoe ol oM
e £ +Aq £ ld Fld Xla @xi4 —~—
-t — < <~ <> «Ix
N rmomon || o = - -—~ —~ e (N A o
UM O~ o on P b o o o et s s [ e e o P e~

Qo | Qe OO NP P e =AW
O WO Wl LY LY Sl U~ — Lo L L L DD
LA e LB il (I T 1 e L A T it 2 L L S o R A B | B B [ B LT .1 S YA T Y R TR reesr R v purmy R VI ponpunt [ R punt Pl Youhuisp e uistunveseny

—rttiee et f] 2 QT N QA Q4 N A | Qe X L e 1}

s oy s e, g
TDIDVDHDITMEHIODH™
L B )
O\t O et (N et O
—~ — ——
Wy W il Uw ===
D QY O X X LY o e o e o
AL 2 USRI TRIVE ST ) TR PR U PR Ly Ao T T
> o AiidllllOUQU ———

T AN LENNI > X XVOOOUXN>
[ 4 S eR UG XN EXND £
—~rr e 2 2.2 > A Q
"< S UTDIDDIDIIDNUNNRNN2220
-y W™D et et e e I BT

s Y, SN O el (Nt (N ™) ™D 79 ™ o o o o e
[ B s L T S R T
e 0N LN LU W WS B LA WD) wd el ) e i e O

QA WL NI OOV OQ DL

UaR@auUar ¥ Wit X UWa Y WU X X U Wa LWl e Y O Y owd lLillllld4dogo<a<sa<Qu
QUELSCOT I AL LAY B XX R~ T X EYX Y X (I = TOITIDNOOVODDEZ 22223 3 O—r o Tty T Y Elalsdo g L ododa g o 4. 4. 4:4

(=} (=] o0
< w 0 =0

oo
o

[=} o
-

-t N m
-t~

< o o Q
a @ '8 x)
< < a <
> z > ™
- - - -
-t - wd -t
) o U 8]
L O Q O
a o O )
Py = 2 z
- - - -

wd >wd >wd rwa

Yoy Qoo At Qo

MWy CwXx eWwWx ocuadd
XAl xld XlLd MZL< e
<3 <J <) <0 a0 O DN

—_ —_ -~ Bl I AL e [0 L LAY 23]
o~ P D e P L) e P U o P
[aad b ] o el ol AT ATA AT ETATS ]
St L) et LY e LN e N L L LLELL

A=l Q= Q= AQA~C £ £ £ L €T
MU N PO MW XL XY W Uit

140

170



D>=—nll :

o U= 2 DDV

ALY O

O =4() = vt e LI

~ =0

UN Q) Pt o e oy o, o g,

N «CO00N0LR

Laa X 38 o daduda l ot d

N N0 OL TI090
L o lp—rt & ® & & ® & ®i]}
[ R L N X I X 3
CIrmdONITILY ot bt bt et et bt bt
P Y I DT
[t S 5 U J AR IATRTATE] J
Ll Twd LAICAIA<AL
WA Qe LW e L)
[- =4 [-RS]L]. £- 4. 4. 4-4. 4. 48}

(= o
n L)
-t -

1F NO FUSE (FUSELAGE).

R=2.#YO#*TAPER))
A=B) =g,

PE
Gw

#n2/Aun2)

170

— Ot |
TUXA~s o

VUL  e=Q,
~kV) LUNID
QUNA=NRON
=L~ <ad
LUl u. Q.

L ROV

LRV

o 0o
~ oo
- —t ot

(SEE CR164& FCR EXPLANATIONS)

1=1,JPP
YO+(1.-YC)*COS(XTI#PIER)

YL(I)

(WIS ]S ]

CHECK IF FUSE ELLIPTICAL GR CIRCULAR

ELLIPTICAL FUSE

IFlA-B) 230,2320,21C

QLLL VLL

~N
L ]
*
(]
(S
w
+
I
+
N
*®
=
-— L)
~N ~—
- <1
L Q
—— D
Qe -
QN =
FIR SE- 4
+x O
L0 0
- +
Uy~
L] N
[ la R
—_f %
— e~
xx o
O O
v W
-t |
—~J X
(N
*k= +
L N
~J %
(G172 I
ON -~
W -
I
v <«
—p— )
+Q >
o g —
—_) b=
-] &
—_
X~
(SO~
N~ e
) e
LY
na it o
W ewwr|f
DON o~
LY e
ot D = () b
o b= 1 (N
LNX V)
(S g 1 Lo fond
[Slal.clalal g
—~4
e}
-
o~

Y BAR PRIME (I,
YCA(I)/(A-B)#(A-pBuCIST(L)/SQRT(CIST(I)»*2-ECC#%2)))/BWX

QL

(r)=t¢
C 250

220 YEAX(
GC T

(1) FCR CIRCULLAR FUSE

Y BAR PRIME

(G185 18}

CCHMMCN TO ELLIPTIC AND CIRCLLAR FUSE

#(le-As#2/(YCA(])#22+F%#%2) ) /BuX
¥ BAR (1)

1
4
(¢
250 DC 260 1=1l,JPP

~N
LU LW

CCS{AI*PIER)

-
|-
g g
"~
—
a>

o
<
N

(1}

Q. e~

QU

(I=1)sYX(I)yYODAX(I)sYCALLI=-1)sYCALI))

o-x

N0~ 2
ade o P [
N rdemirt =
HA Nt U e 2=
Pt O Pt g DC [ |
U )= o 1] o~
OlO> I mQ  rmy)
MU~ | X |
NN (N H =~ Q
— et e =) St Bt Saus? S st

U= U~ § Q@ X~

O €32 > T LI rtee >n Do vda
o Q
~ ® o
N o~ o~

-171



[S18)

FLSE 1S ELLIPTICAL

#2824 (F~ECC)#o2)+SQRT(Y(I) %2+ {H+ECC)#=2))

anz-gCCun2)
Jau2<-ECCun2))nn2

P
{
R
1
{
-1
RIJ=TKANSL(])

NO~O i
=t e~
B LU e
[S 1] D «
)+ VI V)
Mt o Z U &
Vit~ i
(Sl g UNN-4-4.4: 4
QO rerpe

Q Qo
(&} -~
(23} (i}

ECCI=n2))

wINC ON TOP GR BOGTTOM OF FUSELAGE
*
*

#2+4F%x2)))/BwX

O O Q

o N .
iy N7 (5 ]
N » Kl 1]
-0 ON e
VI =N NN oL
LOW N x U~
QX - L J [l ad
m Qux~ a<a xmMmoOOOod o a
e ONUVIT) e = ol L} £ N~
LN ) -e N Uil » - =0 L]
W3 b S L —_— N A - gD~
Aomemem X e Ol | rrtOmemimas O}~ as I

O NN YUrem | & OO % O NI~

Lt AL BT PR R B Lo Tl s S R TURES. o [(SIVeD
A O Ow wldw il O QO sl
| VLW N = NE ) | el N ) by o

#a2% (Y(])auZ-tu22)/((Y(])n22+H*%2)nu2)

QLLQUU ML | LALLDN T rvem Qe Z O
- et} X Qe Qs o L e X W= |
O AT o S [E], 4. 4L N VR TH. RVRINSTE L L VI W |
o 0 £ 00 (D (D b bt et bt et e 8t 0 (D O T 3 4 D
oQOLL  © ¢ 0o O [
NN 0 ~ DO e~ N
Mmmonm (12} N ~NOMnMg 3 ~
o
QLU o

BEEN READ IN
EADY READ IN

>0
g
p(S)
w
VI -
L= -
o20J [+ 4
Q. <1 o
<a> a -
> < -
ow - &
[ * w
—2 Q .
~Qa > —
w2 * Q
(Y2l _Jw] [] ~
LZO «~N <
< ] —
B o wv
- O w ~
dF~£ a -
—) L= 4 Z
(W = | [l -~ w
Lt + - »
A e . o~ L]
w L -~ . Q
— Q . bt
- x (8] wv)
Q o L3 [+ w (&1
w o~ - Qo a~ O
[+ n o~ [ N wu »
- ) LI 4 r~ - D e
< o = ¥ o -l Qe
o~ N © - 4,8 oeNw -
~ w ~N (=] x e e L
St (o~ L 4 4 [¥%} - L Z SRS o VT 1o NPy
-0 QO uo n - O "M+ \ eTelw)
- LA -3 b | a o QO O s MUN=)
-— ) T e Ll M E—J - eril) e a(IL)
XQ 0 V4 KX Q=0 S NN Rl
w4 - O W Q=6 | o= Q- O VU NNV ow
Lt L == NN Y (OO ) ~S0NWE= N st =ta N
¥ ¢ =~ QU= UsaN | QA0SO DQ 0T 0 wriany
[ ] o=l S UL NO wi=~ | UY [Ralad BN ] NN ZD VY=o -\
ONH L EXre = i MXYOMANLEXIEXDI O 0 o)) QW
AN RN AQNr=Q XA QAP = QA e G b e e Ut (VL e b=
o DA Wl U~ e L OO =

AQOXL ULV MALUVVILE ~X WL NNUVNAAUUQAULI c—~Oalua q

[e]&] el (=] o (%] 9 w0 O
[ unWo ~ 0 o o ~ON ™ Lond
T LA o ~ 3 ~ 0" N _lun.a

WLVWLQ

172



1)1=-Y0)/(1.~-YC))

)
A
(
/
0e0,110,4F5.C/2F1C.0511C»1F10.C)

»
1
8
E
A
}

Xadd~ W
O~
© QNN
N~
L0000
UY o\ o
-0 =uy
A OQO> T XKt
HeCOO U2 CumO
) DY TN
SHrmU HA e
Qom0 2 L=
Tl eeOm qaag
Nl ~d 22 22

et o3
B~ o~ — A
XX -Q,
8 Qo (= 0 ]
TR & LK -
» AP~ -~
» D=0 wa <
W S L 4
o ~L O -~e 0
" =D om O
® g g -0 -
$~ D3 L S ]
QA e o] & =
O~ oQon -
ZIPD - O
et Lt - £
Q- A0 . S
=0 - e W
[0S ] ad - -
L b D= W J -~
L~ w5 Dt M
—T e - awsiy) -
Laatandtale —_~N e
DuUI—J oQx >
L) oo —II
[» Lol aly] ~ ) -
DN e OV -
Dl o e> o
Viws O~ = o~
LW o~ e~ =
wid ol D=~—n

Q2> Pt
ot & Zed ) o
T e L) T
QrNY <CVIVNDM
it 2 L] &S
b e 3= ] I o
qNIC] ~ & o(Ne=)
DLAD Vg
LAAX (NP -
—X A2 AL~
—r e e XN
& Pomem a( ) I et
Q=0 LD o~
QP o= 0ddCq
N o b I
Do Mo IV »
LNLAD>Y ¢ & awim
X2 L e e (D
QUL QNP P I
& Ly el ol
AP e N>
ARed~dNwa L »
X F LI~ L AN =2
B e XU e
e NS e QXL

«xul

LxXO

) -

X W o~

g ool e
2IXXW o) -

wd L DN~
Ok U >0

* o) T WO
X o3 Y e
it ol ol s
X IDQL~C =
Badaadil 1= (O 1 QN T To ]

X e & o)
QLY » e\ U
2dOLatNw s
U & e OONWILIO
X ) e—wXY -

- el e J U

M el =2 I ol
L eI~
i ey o Z o(r )
MO LI o)

& o NN D o
LI ANV et D o D= )

O e L2 Jo
> eI
W o Q)
YD =NV
e L el e
A C> e~

-d S a2~ O L
O & = SU-Q

oX sy A OQ~—Jd

Z Ml o<1
>LD et -
WL o NLDIDL

i aX= 2220
Ul e>q e
CLELOA D> >l =
dulgra DY -
ALl e X sy
N e N L

Lo L PO Je {2

O W e eIl
~0a JOUuX> g
MNP sl » »
—ldJ~L—~q

- oZ e DO
g eld=ee ] O
L= (N o~
NSO WD~ -
eNJL e~ O
o2 > Ja i
LW o OLUWIIY -
Qxd e =0QLOLO
Lt £ LAL) eI

BT O~ eCAVI~ZNOLLESR oQ »

R e (R UL XD e s T e~

—R e oo mia (N Q

XPBe#RTSUM)=~(RTSUM=XPB)/(SUM#RTSUNM)

-

N

L ]

L

- -

a N -

Z ~ £

-~ [ - ¢

-4 -t [T +

L] I~ —t N

< — - 5 .

- - = - »

5 - =r~ -4 -
0 o~ b4 -~ L] -
~ N O\ )~ U ~J
(@ [T AR~ P | N & -t 18 LY

- - nx-~0 — [
o D Q- | g o Wy o >2
(&S] o = = L= | hat hatand

> - X QX A -
4 o J O Ow- XK= -~ XZ O xQ
[+ % <~0 QO < + 0NN D L2 & Cco

- o . [ R o] N ® @ Q=D 2D I
< Qg~ - N 241~ XOT) o~ K~
e el O = o> NO—~Q ¢ 1 £ emmifLOa~mt
LR R RV . e~ ¢ B VIIXQD oM~ OAJLL™) o
O LSUW e U WO P TINE =) el e DT ) sl
N ClLulL~ W ZNSTOA S ==\ 1 Q£ s\ XWL—d> g
M O s s ' QOOCOD 0 s MINTHELAILAD F=OVIO oCw il e
COQA NIMXrt 8 8 ¢ ¢ 0 00 =32 Q2 UL D> oMU £ i=DA =~ O

ANV NAL oL 2 od & oD o n | (| || || N+
U LLSmNL~SUDISURN el ol o) I X D d e = DL IO T X om mom m

O X atQ@er e sNUOLG2ARIX2AZNA~—OQAUA -~
L= QdOl QUWUOULQLI R st Qe e LA DO 2V £ £QA D] ol

N =) oQ
~ <5 ~C O
(2] NG ~NVY
B OO0
0N -

NI e ed e SN NN

o
—t

- Q2 L~ VOLD~OOL N L

H~tOOUOOOUH sV~ ¢ ) SV U D e Ny

QLT ~NH NN N gQuixm— e 0D ) I 1} L3N

(=]}
oM

(2%

A~ HNIUL WU~
BUNN o LWLE2ZA2 L2 *NONUQAULEDAQLOFQLArRN X XXX X &£ I U ONU D0 QU (U0 cd b b= 2. U b s U

A DG LQ = Qe QL UZUVOLE L £Zm| " >
QYN U LU U £ QU DU AL i D Dt = J ol DU D S QU OO D)
QUFLVAXOXULLLLLVNEQCE=AOIOr*ICOW & ol > X AU S X XD~ O D> D> NO DN O E NONC X E L L O L QO FL OO

Q —t

N D4t ©
o MmN
& nwn
n nn

nam
Nl smNma—H
Lwd nhan

1723



-— o>t

0N - - OXH
b Mo ——— [ ] - e
& (%] x < oo o3 0] X3 -
b4 2 — E- ¢ e N o Jererd) n
(&) — 2 x -d =0 el WD 2 OOXXW e~ e
- [ - [ d - L)~ NULA o ST NOT~
| g (& < < o <>~ I o> Z2 OFqQuU-O>D
2 -~ W o o (&) Ix -~ w & ~r—> Qe O s eNp=LuwdOd
W < (%] a — O« > - — CUd~ JOD O ~X aX T a)
v 1 - o 2 « o L =02 X dHO e Nt e el am)
a [~ P - P > Q X e n) eexX O ~AMEIDULAN e
A [} - w | x <] Qe & mrd n > b QO I ~N
e g (8] -4 = ao - L= W AP0~ OOV & X oeNpog s o)
Lt x - =] - - L e P M QO QO s e~ N D
e -t w a - ~ Ll =) Z 2Tl AN—Z)
[« . o - Q ] ~— X = DU QO s D JU e «ONWWY
O ~ Q < ] - (68 o 15T T i e e G S L U Y
WL - uw X Q - X b8 - QO =22 - - - sy eNLRELON Y L4
< o P4 - Y } p [} X ~ek e WOW =~ Xdrag 31 et (L)
w I w - < Q Q a — 0B e~ om Qi O A0 e X IY~D w
-~ O - < b od -l - - 2 AR~ el e T e o2 eON x
[ S | [&] - (&) L] - < N e sl s o XD LT e ) o
2 g P-4 fea ) - . — - z Wee oore DY > & eQ=UIN O » ]
< - < a2 “ - .} fe o] [ [V *>>ONAd =HIA N >V >0) - § -
.1 =1 -t -~ — 2 ~— O —~ o=l ~x LR B L Lo B LI g & | Lol -
- X Lod [ ] = * OL < [ d el e QON = >>]) e=D00 s o
w <« e - > — -4 Q (8] L = X~ D> O Wd e QO @ w
-0 Laad = o — <9 - 'y Q ~0WUDR Q= o — XX & 3N0 -— ol
- e g @) ~ x o %) = > e e0 e b e Z rZAE e e [T, a
pus } - o (&) g < b= UINI=er =N ) A=A e~ Q9 N L
0O <« 8] - w ~— o (. 2 q XN ed Perrdem— ) e Ol . 14
X - x > -4 ~ O e - — 2 o nm e e QWY e oD 0—-0O Z O <
w - w eV ) - - > ) Z ~NJQ0 il S~ oY oY A O~ d.d Q = -
N > ~ o i —~ -~ o (] i o P OOQNA0Y Judle~d o GO - % Zz
W - ot ~ -~ bl > 24 X = e =D eSed > L) e =Y - b~ -
a x- o w « -~ [} a4 - al Z <D VOV~ o WX aNL O34 q -~ "¢
s kel - Lanl -l i Lad P w ~— O NEO~~ & o) X oY~ »2 2 2.0 - N *®
B - ] NN -~ XX - - O ZUKP EmmetZg oLl o>Q & o) i I o
X - X > W o A — - o~ ] CA2 ALV~ & AXAI > a = T3}
(8] L] () - -4 OQ a - oL > land t XX ¢ eeQrmiqU~ LWL~ o0 & a2 O —t
W (. - qQ 0o > (S]] — - I P rmWa ==Y QA o2 @ Ny o W K g
-l - - - O 1na g -4 [TV S - ] 0L L « 0> o UN e sDNOL [ I o N ~—t
- - -) 1 wIT Land [L3] Lo Bt gt ¥ Lottt ) 20 BTN Ll G I 2 b ST AT v .
~ Q O~ o~ 99 -t Q L UNXCUN T 0qg A oA < ~
- e oo a < aw Q LBl G PS8 ] J b R Y N TS TS 13- - § hd ]
red - n-= = - = Q < UL SNV & N JND> vl & o ~ L4
- a - .- (] 2 V2P e e aren el QU2 o~~~ . @
~O =20 ON N = X ~_) 4 AW et~ & = » o2 oL Ik 5 at
L i -3 oL 1 wo - - o L s A AR AL P L el G Y WP R | + ~
N ~NO na a - o > @ -~ LV =Y~ L0 Ym0 . ox
e 4 - -l demem == x Z el e e NVWUOAUT D) - N*
QO Q0 —~] QA0 -~ * -~ - N NI~ WX N D> = eN_ L~ e - -
-l - O e RO -~ QL <« QU UL - e 2 Lo QXX ~—aa QO
< uy Qun QI +*OVZ— o QO o= 2 — el) eSS0 Y Sl X e eOWIMNO) NLL ~0
-— - -~ OL =~ s oL ~ O O CONNANOJ o= UX .0 o «QJL.O0U ¢ -n -
QO WO V) N L0~ . (&1} ~ s W 2O Al L )X £.£4Q0) o ~t—teed on
[&17s) oo P =C=n Nz e (=K ] L) wp= wx =z ZW erdllZ o0 NA~ZNOVLTIEE o0 o L] N~
a1} o=ty QLO L= I Lok 0] (@ L taure [ S B U — eXiymx J LYl XA +<d o~ o2 X X
(=4 U = LU~ RSN Yo NS o) g —— - UL O OWsN G I 02~ O o~ -~ -
L= !t Q- [ || HEQ O—~dnenen SOt - ) Ndwrrd | NL o lr Y o] & 60w o o O X 2
w Q Leud ONSUL LAl & B W ¥ <Q«a 0 ENNS X LD DL ek s ) D aco [
) Lo cd ™= UV DO Wi LZO Kol 2.2 o WeNnX siyl2adete ~-NOVUQULOX Coxxaxa
- Qe ) [ WP 1 3 ) Q- o Qe 02 X202 U400 QLIN = w U Bad o
< U, - LU LQAUVO LU oWy 22X VS M X~ IO JULIWNE LA & DI U W
(&1 ) <T e Ll d Bl oS TOTA NI NETE 2 §o'4. 4 XOROE wrww O o e DA TIOW! & o= 2 5 LWL QOO Iqw~D
OO e = S ONONTOVO S~ DO
00 0L L0 O o Qo (=]
M~ O ~N G ~ N 2O -
w Ny Y VY v 0 ~ Mo
N 4
(&[S 1) QUL QLWL LUV W (S 188 LUV

174



*
-~
%
< > om
+* g g
X - -
< [ Y, -
-~ = =
~ + |~
e 3w
[w] - I IXI
) v — =t
. W oW v wnz
~eg N O D O
- -~ O Q Q O
~w » W L ¢ =+ =%
«X - N pu | o 0~
~0 N - w =<
-~ £ X -~ o
» - < [- 4 P-4 Ot O =
— x o L Q~0wn
— - Z - W a ]
X ' a v n L] |~
[TER8 ~ * g ] Vo N e
—P % O (=3 LR AR
aun - & < . o 5 o el D= LU a &
L 2L -~ - 0 L. _—_d S LE x x
4 - Z <9 o. X X =W s J <
- g = -l =3V I G T=TU) Q Q
-~ - (¢S < [l E R
zm V] * VI x NN [-4 a
- D <« -~ o w [k lad 2721} (@] (S}
- )~ . - S ol - N oried . 'S
N w2 x w - w ~ VN+VNNITT
~ X<g £ @ " L 4 4 W O~ 4+ b4 X
- 31 o = -~ [ od A OO~ 00 (&) (2] (=
- NX -~ X e Ww o {4~ w £ w
a2 uq a £ - 1 vy O=b A~ mmNN & a E N i
Ul i x o© LIS ] - NZ LqUIx o o (8] = | D - - (& ]
¥ T [ BN - e L= Q00 o w o b Lo
-~ - * D ] (% B, T E Y0 +N + O -t
v Q - o o o o O -} il qq -~ - N -
T O »’ O laal o~ -4 THK N N=——_O0 X = 154 - Qo>
< =) - o~ - -t ” [l SRS U YERE JITHIIITIT) -Q . O OZ
L4 [ (5 I »EX - - L o DLW LAL22 -~ -~ 0 4.0
Ld el o) * X LI [ 4 Q (] OV s~ L= . - ~ty - N (M
D Bt O 22 Q. ~ ~ ~ N~ =N\ - o a < - a -1
' e\ ~e O —bam . 2 @® m m - RNE S L~ -~ Z Z - = =X W o~
NQ ¢ o O = QX - o - - . o) S rtrtrmttus [l )] - o W3 Wl -y
t MO~ O+ ™~ =t eI WY Q Qa. ~N OOV UVIWV e~ s(hesllmd=0 QOND 0 A 4 i Adw
- x| D e o WETIDIL ™ - (I P4 XTI CIHPUR x>W MHVLOLL <% V) a2 £ L% ) J LW
QOrden C o O Qb & & ~ ~— e AN N+ ¢y - TN = e~—~1t [ ] e~ U » Qg
T~ KON n L aT=t N = Wr e et ¢ sONONQW FOTUT et 2O’ ) ml Y et | =il
M emlY enPeon o ~ ;D e || (] - )l A Qe et | = NN s wer i N i) ) L] e +NON HnNY
Oy NOX MYOUOXZUDIDV=No N O a et Q=10 H oo~ )1 it s .0 dX 2 IMONLX R Py Y
NV o(PUN o o) | | & oeowr) H L8 - B | et D Ot D) ot €L e ] L NYeONe= L, &, EMNX) =~
QU2 P xa. il =N o~ - 1O m™Wre =) e ren 2 Q ~QedO 10— X L0 $0OW m™er wFDOY ¥
DA XX o) | el d doond LW it [* Ut QLU e O U v e W W QO | =T X | QUL D -
e tt 3 QT b= AR € P O QL QI e e Lt et < Wittt H b= = Do QLI £ Z O~ WDb> bbbl SN N XL =C =~ NR NN X2 =2~ NQ >
LR I el 4 el | . N9 o > MWL 2l iDuceZ - el 2 2l 0L 2 - W 02
QX LW +LOJIU AU § B I CLIX S~ [*9 W Ome LW D S L = O QUG IUSW DDLU DIU Do UL
QXY =D D= D= D =) TOO S ke D = (D ol D = NN =D VOZOROONOVSI OL QENDUMMEENOVNIO T =
— - -
Q oo - (=] Q o O O QO Q [=] (=] CcC C 0O Q o QO o
N ™ TNO O [=] O -~ oD ~ ] o (ST INT ] 4 N O~ [ ]
0 ™~ © - -t -yt [~ I =] w -t -l - NN NN ] N NN o~
T 0
LUV VUV - - ' LUV I

175

LALL CATSHI3,I)



- -~
- a
- Q. pad
-~ - -
(& . ‘q Ld >
QO ol oo 7o
MU UUQLO LW
SOLIP 3 WNOU O
O L ITTQAIT N0
O o bar pes B S e
NACO QLA IR A <L
S it €, 1t O, ot L, el o e ] et T, )
" AL o €, et €, et Qe Y e Y L el
W W W W W g e
Ll o | RS | | | L | L~ §
ILIL!II..ILILI.L“T-
Uoraadoaedaewae<Uo
CAXOIVIVIOVITV IO

-
- [~ 8
o <
<

+NP)
EsAP)

o (o] ]
Lo ] Ot
2 33

RILY ON_DISK SO WE CAN
CSF OF TRIX

TEMPCRA
TRANSP
NCa TRANSPUSE BETA {CLD TRIX)

STCRE TRIX IN BETA

BETA

(KyM)

L3
[s q=N
< L
- )
| =
2.X X

-
OOz~
MO )
AT X -4

[ ot
‘JUXLD
DL

[l
™

g
- »x
w -
[y
Lt
e 4 -
o 24
Lt w
1 >
o <
[+'4 —
<
[
8 %)
23]
~r
3
-
[}
A
w
o

LQL LYW

KeLL NMVM)
142G

Lo

LI s
aTa

Z ng
O
> -
ot (L) om0 () o ]
x OLLO

XeNP)

Qe
=N >-iNa
D ® e e
canacaa
X TR - Tt}
2 AR —q
Ly W
~ L
Llorxrdoe<g
ORI IO

[
0
s

SET UP FOR CL MAX LOUK WP

-
" er
[STVYE YY)
o
P-L- Y]

L S P-4

0N >Q 4>

Dot fiid

—aON

trCcK UP CL MAX VALUES

MAXgLyNPy 14 1Yo 1E,REY,TAU,CAMEyALPHA,1,1yXMAX)

LUZOVLIV>VLOVOR
= NN Q T UN s OQ -
OO =N IO WIINGY
L B B B e B e
—~OCOdO QA Qo <
OLY bt L et o bt ], Pt Y et Y et ],
DA L e ] e Qo ) o Y ] T
N LW oW oW W W
b T T | o T T Tt I
2AEXQAXAXAXAX AL AW
XOZTOVUIVIVIVLIVIOVX

o
~N
L o

IX BETA)

R
E)
}
}

176



)
STATIGNS=-2Y/8)

X

-y
"2}
Ot~
<t 22X

QL=
L2200
QUM X

AL
N> X

[55] g ol %]
[VoTa 47217 1 1
V) ey

NLG~LZ00
NI X0 k4

- AN Yt
AXNQ RO N3
LUNLL =~ ZZ
MmN W LLIL AW
—_—N O R = O =

— »
LYo BN
—~)
OV G i
L keale L2 N
et pd ped <10
-
g
W< Wi
s U>0D)
-~ e
[3 0 A e Y 4
rdmam N AN »
o O8O b =)
Do ek e et (e
L)~ s L S L 0 )
XO2OLL » -

P3yYPBeJPy

LEL9)+SVIL19) +FUNCoYO,CONAC,

eI VNA L~
Eonlanl W L 48,0
[N & N
- D
- et )
Nt P OLY =
Dt oLy
A>rI~=NJIg
o cON~-O
——XZTUu e
o200 xX~>
-_ e e JUD -
N~ Lt
D 3 (N
L] o e 0 N el o

Wl g~ N
e LD L) o~
-~ e e D e S
MHOOVL e Zg
— e i) &
N O O~
SIS I NN
U U D> oed

o>
WX

[ 2-JA] -
xXEw -
< ~enae
3 IOXAXUW -
T DN
Or b U~
e o N=T U
— e ¥ O
Nt o= e U
el 4€ Jol8 b =
L i - (S L~ 4
X o0l »
QLY & =
QL2
e = QN
Q=X D) e
»oaldg enNW
Kt X
A0 o g
T e o2
XA I -
-~ = ANN
VI N>
L) e £ 2
>0 e
W<l e &0
aalo) S
oY Z o Ze~
L=
- el
QUX » D
Y «xXQ
AU TTRE R N
> L) e )=
Ww.d sNUWLD
X oY a2
alUW ed-o<
Qo >>u
IUQ=g »
QA e
N e M

Vit et LLJ LiVIV)
LixXiLlonx DL
V=t O P Y (Ve VDY
Ol ¢ o n e > a0
bt P e P 3 8 & & & 4
CLXOQO2CCIUCOO
o paas i g Py P Sy g
L
Lafad ool aod sl nd ood ool aodend ool ol
e ddaqQaq 194
LI 222222
XEXXO XXX ID
[SEIESLAN [ ADY SLLNS 1 35 [ [ W6 LU [ 6 | & P J
UNIRTR TR IR RS IRV RTV, )

RCUTINE MAIN2

cCO CO QO

M~ N N0~

T IO NNO0NNN0O
Q bl acQ
Fal 0 .o

- - o) = SN o\ ¢ =it hNY

Y - LOXO 1 O O O 2 a n
—ei &N [~ 9 oy X ow el gl = ) B @
O ot - XKl Wewen LWIWIuw wn (8]
A Pwom » o L eeell00 = s D e 270 27U
et 0 D WO ZOXXX e e Heetlome i OO >
Qrwerpmw O g JLID s(NOI~ oW W el
g ddd > T Qg0 ¢l eL ¢ UL o
WheAWwQ « O « sN-0owaPda IAL el
oMUY D QO ~AXp edE el = ¢D e DI O£
~LW e Q o Nl ek el e ) ~ [& Jon I MM el

! CeosmnFax O ~dUDIL~0Ne - WO o= & = e

| D a6 > wi= e T O~NN > DD Rty XWX X

f =0~} & X op & e o)) - I «eIO ONN DX

| el O QU sN~NUd o ) e e

I WUl £ 240X sNwsd 4 MM e e e SN el

1 EOOL Lo O _Ju »eXNULRUOY > Q- sl NIN NN

1 eINA Lol U AbrX 1) oYY » w qX e XQO o<l o ] .

] ) L N - . el e T N [« 4 —NZ0 DD ) e NUD

{ O e eLEMNU o~ NI qUI2 L U - el il AN RO A

W o nond > (N g=Q e IO~D Q. INA =D~ L <UL

Z SO~ - ZEW e 22 e o< MONN=N el ok o7 o

- N PG e e X DY T e < U e o) o 11 F )l <T Al = 1t

b Pl edX D> e s eNOw - -l O~NO 70 x O

D K>J-eNID N ZLZ>UNINA>w> () - — el 08X @ . o

W X sON—UD) e O w2 L) 244 Wl lu w1ty o O

o X LW e =~ >>1] e~D 3549 L o e e w0 el Tl

[oe] * D22 X~> O Wd «OD— Q) aQ ONoOINoON 2 a uw

D ~ e s JURD e N XX « N0 —d Z = O e e ol X

V) NI~ & o7 o ZmE oo L g (=2 eg s Z - X
e eX e N T >N O e~ -~ Zz L1l el —

b= el o\l ) e~ 0 L Ll >UW= oD e QLI QUL

Z NYXP~J=M e QWY &« oD OU~0 ~D O=0 Z2 amoOom «Mniy

= QLU O T Cdem wrY e O (N~ 1t d Q= GO e e - - -3

X UIDdewmt JANADE Zlll=< eI 3L 3 D=L £ X «x exXQO

a X2 L ot~ L) s IO - v Ll ol o LiN=OWN2
~ e e e e WL aNILLDT(IL = QUL O V=L~

d PRmAmJO~R=N (L s e2 2 2 O Q£ MU oM 8 N oINLL

g ADOL =2 oLl = q - - ) [ aad D - sOWVINZEZN NI

o - s ponmlew ) & QYO D> a] a e LI O YY) = 8 &8 —

W ONJI~ LW=-QU~ LWg—c «O0 & - XK O NUWoO eoLlx

< e (N JUNINX N QL 20X e Q - [nlanl L B T A L Pl ]

W ~ULOE>WD ot N e oML Ll g NWNW) & NOY W el —~u <™

[ N> el Qe )2 -0 [Yal%] NODION st O ¢2 o= o 2~

1 WV o< 3 4aq Lo BU I Y S LS GUUES i) [aden ] L Sy A (3% L NI =S [ I

[} ol o l2 00U ~00 JUOUKX 2 <1 [ 4 N LOLOVL 2 W ON

)] NN~ sexN e AQPAND> ol & o -— NNt L= 03~ ou) 02 @

I N e Jmem arten g2~ L~ N o= [ T 8V 4 Q (S 5

| e LON A &P = e e ST wilx X oo el e o) e oM

™ NN e Jemd =<l ) el = el 22D ONWIE N0 22 < O~

& N ) T~ T—0a XY =Nl < S [AA R N | —U) eud e N1 OL <«

e >SS NI oY NUOD W GO~ () sl Q- Nl e el A OWLANT N

€l QX2 ~NULIXUVID r oN LD Ll o e oMW O kol L4 = £

2 XA e=>QX &6 e>2U>CUYOd—m~rme L—Q el e O QALO0~OUX <«
L2 ~UEIY *L £ o «sQUUTNOLVOLVCY ~OU Q AmOMaAamMm dMe 3
QIO o) T U oX cQLOUL MDD NV V) v als o0 e e

WO L) L DY 2640 *dAMOMM M eQ I = XLDAXWVIXEA O W

T e eI LL0ANAZVNVOIMCRE sV ed eesm IXL ol ¢ O WN2DHL Z
Lm0 oL Dr~LXD) oS oL NAXAA —eO O Ord el fmded ==
RPN Qo QR X2 QUG et e D 0 S M LN Y e e
NrdwrriswrNL oL 20X 0] & 00w & brdvw e m g == & - S NINI=N U= D
L= X U LLODUDUFN el ) )= S DI QA X XX Q= 0L e ) ot I
WA r-OYWI2Le L2 sNONUQAU LT W= )2 2 O0OdiNAO2 £0O 0202 o

20 XAWR 2020 2NCr~rtOQQOL miQ. ittt b (L QA L A e N D (Y
O JL =000 IIA 2N £ £Q0.J ¢ JXEXZAXWIID «NN\NW «0 WL Ll ULD
QL *+I>0U=OCIOW & 222 AULIIITIXULUN N NULO =& « LU

NI Loa IR o BN LAV AR B E A 4 Ty te 6 RO 0 ~SONMIT YN N TV
QO [ o
Al 4 w0 0
om m ~

Loa

EN~I>Q o~ <l sOZ g2
> Dadadd 2l e
el 1l O0FL ~Aaauy
NN~ & o) o MU o
™~ 'éL)\, O g v (LIALP)

~ e dOP Y~ = e e
NN ot et T ) &
L bl T NP W LV - £ L O A -
e IV s IO QLI
FEUXK2~SMOLIXYIND = eNdL
XA oD Qe o o> UL>A

Lo a2 ~02 Jdx &0
e AN e sC= X eX e

OO~ rlo Z sUEL
ZZ e e e ZOANAZLOLDL
U0~ e X JL WL XA o3
P AN € - Q2T R
VNt~ N L ol Y. =T » »
L L=SRSWLOUUDUN o~
WO —=Urw2 a2z 12 *sNONW
220 XAW2 I 020 2NA—m—-)
e J LN U UL 2N E E
OOT «d>QQ~UAOW & sh=X

TN 4 —~ AN

Ll L o)

R R AR AR nn ettt waMANP2A«=CCNTINUCATION CF NMAINZ 225 a2 asasttsssntisnssnanen

c
[
c

177



. -
- Q (s ]
e il w
o) - o« b [- %
D=t 9 w)
0> o - <
qQUd Wiy < ~
p I | [ el I N
e~) Z - % 4]
LY 2N 3 P -l L)
V=N o -
[ =] =20 - +
Ny <L - .
-l - - - it - -
[JTHTIS ] e XX -t had [0 ~
awV e - 0D [ ~ o o
M) I vl « - - ~N o~
X = - s = Lo L) .
Q=D X QQ a a ~ ~
orLd - Ww -t e | [} "
-t ) Vi Vil 1 - b ~ ~
-T2 Z DD - - ~ - -
et ] g a w s b4 L 4
-t L0 x N x (-8 - -~
Qo< = =0 « - o a
O L (&) (&8 b [- 3 -9 a
[ 12 6 ] s ™ - - . [ Q
A ees (S I ] 2 0 W I oS
ety < o> s . -l - -
~0L $ Wwaq Ld Q b3 P4 z
Qe - 0% - (] [] - (]
- ol ® 20 >= - - 12 v
0T D Da -Ud -4 - o i ]
DO - &~ £ < - < ~ ~
qal -9 ww - ~N 2] o o)
L X-N - LV w s v -~ (] Land (8 )
ool < O w [ a > -4 * o *
o~ + =0 - ] ~ L. - L -
WY - —~ =2 ) > L Me= -4} x -] x
Auting X £ Lo L [$ 0K 4 v ~b (%] -~
NG L - nLa - ~ 0> -~ am £ <M K ]
-0, Ld [l N - . O e 4 + O v +* O ("
wad . - o ¥ O 03 Ll - [c 4y * N »
[ -4 w o -4 e | £ ongx ~N O, e - a e -
e e + & - g X 2NN Q X o = x Ua e x®’
doomg - 4 b4 - ~N - L Qea=-u, - - a Ty ) - SN ~—
D OF= s ~L [alad K 1= 16 ] -+ Oa Rk R N TV 4 [- 4 [- 4 -4 <~ o a~ QL
- ol [- % XD -~ o T Q eeiet L alalan I | [t e Undask &4 a < L - > - >
~tNw -t £ Q. NLZD LN - + XY o<t X LV~ ) —~ (1% <4} 12X *d NN +ED -~ -
D=t < pe | P4 LoD - N Lt 4 ) o> 0 X e N e O L0 O- LI Dem X~
-l e + NDe - 0D e N YN QL PUIT) e et ~qAROM Y OO >y O > e~
-l W @ nom~ ) -l me L Qe Q~—Jl—L AU+ am L QlLALAL- » \Q v - Na V) emedl Z2ONL L
(W[ ) al LALS]E - W QMmO -~ 2 L0 e LZUIUN Ve Nrt QO UML UV LD (I (oo~ g P IS LTl i Taal RACIN 2y VIR 3
QLW 0. et Al ™ ) e SO D e oY e I SRALJL==NO ¢£0O ¢ JO s=NA UAX L ODm =Y LY =S C o0 o
AL o -] £ eMaq I @ WE elqrimism 9 i JIOQ HANLQ LE eAXDIAX Q=X QAU YUY DA+ L LN XA+ L ZY £ ot
& Q) - g VO e O O CNC O HOOHAN SR XTI IAND aOw ol oS X T | O T I~ DT TN 0D 6O
oo O ke L DA P PO OA AL WM o~ KD X~ B ==L mdn O SN N I X VIVIX oo (X XUV X v X = NV QL r <L QL b o
~ )W 3 -~ Lottt QPO oY < ot €], et ompend Y et O (DR B e € b bt e N S v P et e N —d o IOl NP C O L) DA bt Q it Q)
o & o b4 Q Qi § ¢RI ~A~JOX MY~ o CLNIZ M ND ~orb=Nm N b= NOX P ISR RV N ) Qe
-t D) O~ (SL- A 14 Py | Ul W= Q0= 1=00U00VLIY Y UJWwa Wd U OwOmmrdUUaQOmeadQ~ uwaq wa
AL X W=~ ettt ) e WX b= b et L e D e ) L (] b= =4 B O ddpmbmd 2 ot QXX 0 XX WX b2 2 wd
LA~ R O ol OG>l e Q=2 2 22 NUMed MYl i QA =) LN~ ot QLN ] O e
R d =)l ACRACLLEM.AACRAFFCCCCLLFLCLCLL."LSACD\CA-.RCARCACCCSR“YCVCSRAYCVACRCARCh
M.MuA%ln.lDA. CGHCLACRXCCGHCLu..rDTr.bDAA}DnuDDDDVAACGWFCHFCHFCDHDAVASCSDAVASCSCG ITULOILQ
i~
o 1 N
o« [Taleyd (&) — -l N =t o~
N9 N N g N Q9 o -t ~ m r~ @® ~ P~
o o W ~OMOM O O O O O O (=] (=] O ~O [&] (=] o o

178



FéANlAM‘PlER)

LW N e~ O

—_Z e s X T
WIile XD Ot
ENILZLT N &
~RN ) e _Joe

2N D -
—r e e L >
S ILMIMVIUNL &
[ L e LA S L]
T T et
NA NG wO
22 Il =—ing. -g

mNLLY

Nl Owa =N 0ZIl

5

Dot
N~ O o O~
NN N am
—d g e L

K}-ALPHZ(K)*#(1.-EDGE)) /EDGE

3{6NP,1'IYyIE,REY,TAL:,CAMB‘,HOPP,l,NP,CLL)

o oo

It OOy
S G i Qe (el (NN o (Y

1311

e Q) =N QDO

L=

*CRB*(0.5+

LT 4

ao Z
VIR~
AMNNTD e~
—1Z s Q
o Do~
—~zhu -
PV RN P [ &
UM 2
K > -
Qo= 2 OMI~
AN Kadt]]
Ol < X

HAgewr~d O X~
QL) edO OO~

E tgP CL VALUES FOR A LIST OF ALPHA

—~

-

-

(&)

-

.

P-4

-

—

-

w

I

a,

-

<{

J -

w [a]

o =

w =<

~ (8]

- -

~ -~ 2

-~ S

Oe O =

veird OO s

(% B BT >

o~ ) w

-~ . ~

N~ = -

/) o~ 19
L ® XD Land »
-l e~ L4 £
Qe ¥ Wug > od)
e~~~ > - ~
Wheer 2 N - o
0 *~ 1 g XL~
[ XS P ] N ~ X
—_—gl a. *
0. <t = -~
e ) O XM
T ~ed ()
> el X - O}
-t~ P T T
(S AN a0 ~Xx
% —a >0~
P-4 LU Q=0
-0, -~ e )23
— V) e s COU~T O
[N =)  QLQ~u>n
2.0~ o~ Ol FA S
O el nx
HO N OO = Qo
LI W<

U ) LXK et et e
Od>Ad—
[S P TEEF - Y VIS 1.3

wHOXXQ—OLO
(=T
M~ @
Q Lo B
0
~HOLLY

CHECK FCR CuMA

QUL

N

7

)
LyNP)
EvNR)
NP}
AgNP)

—
a
P=s
L4 I WP B P T
MNOLVOLACAVIOVOL
— PO D> IO
ZTOMITATAMNUOTOTD
NCN o ‘e 0% B B B
caQgA<AdA AT
KD vt 2o T et o Pt € Pt Y Pt 0] Pt L
L Qe Qe Y e e ]
Uw oo W ow oW
P [ S T TS T |
[ N o Lo [ PR [ O L g T |
<UNArQEAY QLA T
QOIOINIZIV TV 2O IY

[
o
~-t

CFECK TCLERANCE

gCR) 21C+210,230

N XN N
st S &
UL u. QU0
Q=N

o OO
O oM
N NN

QOO

179




ELTA(J)+SLV

E

— v [ 411] -

-
g ~sremN - XY Ww
[ %} - - o~ L [+ % oI} X »on
< Qa - - U O edl = K Wene
Q D -~) <« —_ L) - o JeonelID e
=) Q o ~ ety sL M O RIXXX e~ e
[t 14 . ww v N QL » A g JIID »NOC
<00 —d O Z =g~ > Z OFEdO-UV>Q
LI O o [ JR ] S o o D e sNQWUAaOA
W QL o g eUQ o D O ~Xb e o)
- DL R, O e~ 2 e Qe al) e w)
-0 Y <t =z O o P =X O ~AEOPDET~N » =
Z0 [ W Dt OV & D b eI L DN z
o o x Z ST ) e X e w e aeD) W
o0 w N el e O QU eNeAWLUG -
- vy (3] = W00V L £ QUL s~ L) (&
[= 47 I} ] < W o 2 OO e~ e O W e eXXNUWWL [ond
wiwv Qv X O ecddemes ) W AFX0 o= ~ '8
20 [l X ~ILPO D= s el e UL [T
U | =l - D O el AL - MWL U w
LI 4> ™ o et et i L L R A S L Y Q
>Z X2 e Vi =000 ~lU N EW e 22 O (&
W - SO - NNl (I &~ XOXTb= amit)
[LIS 11T -0 2 Ue ZwrdOE AL D> e n alNOw » Q
o - C O AU & dT V) ZU)Nem Do Dm0 L9
(S [« - X S QD e O e (P2 L0 [« 4
> Ob= - Z X P0 ) om0 e D00 Q
Zlet N [ &) QW eD2miv ~> O W< «O—00FJ
jue BT ] L w Mt s eatd N XA O e DY) i1}
a (& N TN Ul w»n = PN~OLYD e~ o e Z e L n -t
X < L] 4 L DDV =0 I AL e e [ nd
=2 w Q>= Lad o I D eI Nedemp= ) e =~ T, W
[4 .} e w)D <« Z XX e OwM e QW » «D0Q, Q
(&) < <O L — QUK & J St X o XA O~l ) o
[+ 4 > Wi=>~ w0 = UL IO~ dNIC Z il =D Q.
8] (8 ) el ud - Wwel e pa T2 Y O el >LO o0 »
w Ll b w (&) - QO ~ercoweo o= o WD .NLDOILDL [15
Ld dAQZL us [~ A7 B 4 O W ON ~N) L sl e o2 00 |
b4 < zZ 'y - wz o~ t ~SOVL~ 02g  ollWl &g » oy -
o w ~0Q.un (L >0 - | el ) s QA O~ .
w Q. - MUY < L= N 1 ONIOIX VD~ LWQi~dg D0 o 2
4. w woo L= Ok~ e ) Nt OQIUS NN Dl e e (o8
(&) [+ 4 -0aQ. O - ] O el WS el N eQL e 3ONOY L (8]
wn Q b= o ~u 3 N0 ol qQ o222 000,
o0 L X U LWL £ VW2 »LJIdIT QW e qia)
b4 e Qo w - Ll ] = el e SO0 0 ~AO VUV
=z N = - O - N~ L NN~ QE o) » MUV ol & »
2 N a1 W ] —— AW N L X N eQU™ o o Sl Qo2 l~q
-— Ll ~ L] Qe DWW g e XN el e Pd oC e el NV
14 - QA ~ £ = Ol L~ =0 OO O NOQIO-r= ) <) st & o)
P A ~ o~ L O - w WOl QML 3 AN T Y e L QLN =~ N
D~ 0. L] o 2 e e NSO I DWW O s s 2 D] o3 L3 opey VNNV~
2 £ -3 < - -FA.CCA.ACEL & Wik e LR ~LD LN = oL 2>~y o
il e~ i alted BEadite WLLLLLLLLNOLS < L o0 oA AY & e U QIO o~
MNOQ ~ QLI L O T ORI - Y, 2 Qo2 Y el <) sz ~QUIIO N
- (v D - TMWo> N~ © R R T QAN D ) ot DI oK oI LI SL
K ISIals) et TJTOMYI TIv HKAHKHKMMMKNKIK o) ab= W) QWA Ll £ *JX L 2D o] o
VO ow ~O ® e Brp 0 COQODOTIOXDIN & Z e oD O ZT0AN~ZVNOLE E2 o) smid
=iNa +Mma, QO LA A =0, ~ L L L T e P T e T s T P LW=00d *LIN AL WL XKO & emIRL It D>
< o) bt et ), Pt ), D Pt T it O > o o Ul = (Pt eGP g o Qo M2~ N
O ~—aq =L ot et ] e QUL 2 [t} b e e b e e o b e e AL e bt ) Vit o NL ool il o<l & o0~ oo ]
(ST} b=t wu W wow A LA QAL S~ O L~KOQUUWLODDOUDOMN vh= o) JraO~ 2
[l g e ] g [ ad e e A e Ll | PR 222D 2222M2D O WA et o> Q2 L2 NV QAU LK 3 =itl
T O e St et ¥t ot e ot [ N - A8 - B AT:T) 2002 2 X2 A2 NQAr QIO =~
<Qea = XA QL] LOLLILLLLLVLVALWL D = OV L OA UV NT £ oOIN
QUETO (oLl ] ITINZIVL IOV [N TR RTNINTIRINTRIN TN TN 1TV, ] QXL QX OOROTOL & ohe 275 2 U]
4 =t OO UY [ B IR TAVELA ES ST NG T\ . 3T )
[&] o [+ QO OODOOOOCD © o
O e =<} QO e~ ~OPOHNMNIN © ~
N N .f-u... N M om 8333444444 <
QLU QUL ~NLLOG (S I LLO QUL

eYCN=699,

L£LL=559.
R

180



TER CHCRU PETCHING MOMENT

CCy1lsNP22,12,1E4PEY»TAUSCAMB,CL+1,NP,CLL)
MelyNPy3, Iy IE4REY, TAL,CAMB,CL,y1,NP,CLL)

o
o
(%)
[ (L}
o~ =
R - Q.
e I , a.
v (8] . (=}
* - o (S
- L) -
» a. [-%
L P
- - Q =
-4 (&) < D
w b -4 i
L] o
5 A - o
- < X
o O O o N
w pd ~ o -
] ) ~ ()
ol L [} L <
< (&} - [ 2
- o~ o~ w» (=
W — 2. bt (&)
Q. 2 i =g -~
2 —~if) w a
Q & e~k B a.
- — MY 2 <Lt (&)
(8] b v pin } . [«'41 L
us O D00 Q (=} . a
[%2] - YU LD =2} >t o
x VI oo [~ 4 ~ Qo N (&)
'S ~ -4t o ~ (8] -8 -
- OX W <Lt w ¢} o = -
Mnd = b2 I -t v ox w
X .2 > QD L' ~ & + 2 land
O Od a Ly X (&) < [4RaT] -~ v -
w ™Mo 2 QAax =X w ~t -3 [ (5
4 - - W Add— o L . (W8] [EETREY < -
U O~ O QAL N (& 13a] o < x —t
T —~—— ) x 2 =2 [A]
- k. o -~ < I T w (%]
~w s O 4 o - 2 xE N . -
-~L QO & g G v W3~ [5] 24
p'4. 9 DO X -~ 4 - LU o+t~ g 0 (& ] o
~—t —~—de~ —~Z o~ - O w O -t N} v < a
x<< e DO Q -~ Q. L ] - 1 —_D— & -2 ~ -l
< - b~ O L 2 o L o~ ~ Qa (&) o -~ -~ < ¥ OV QO~D~ g
. [TalTATIS T J -~ o] s Z e QO X Z2 -~ ~ o <O == 1% QW
-t N, s e QL 2 e X o W & ~ & QmSN o~ L LV oY) 0 L=
Qe AU 4ol Tl eemeng A Lm0 WD Z OO0 8~ = W et e QUEKOOANQ
1o il B {5 P& oy 4 MO OUOALOULLOLOD & a2~ Q¥ X~ DX ITT
—~y ® s~ LN af~2, D INMIQ e LA NIV IO e 100 P alalal P B NIaNEE SR XL 214 ]
M fOIMY QOM>»0NG £ eNLUINOMAMY) oM TMNULI 0 St s v & e PO ALl - -
-~ - - e () Bt e N e Ao o Bl Br ewe 8 (] ) B el e )bt YN P2 e B e O O G
wa VL2 =il oA < —vado<ada<dil ioeA0aQl. Yo < UESISIBL g X R LIS E YUY FoTo ]
oLttt L2 m Q] Qe et QA QI QA LN et Qe Qo || e 8 ¢ DNV VI IO LIUID oo
a~-n QO DX Q=] L Qe QewQeq XA wrQ S~ VOLWL LLLVLWHL s WA N
e | 0 ~y=iy W QW W W W OSWw o Viuxd A6 OH @ A DWW v i
<L N KD e Db ) b b e b b d QD b e e wad £ 0 S o) ~HONOT O—ANOTVLO ] OO QD b=
-t 22 e Ut o] PO D L T [ T T I T L T I C.l.l_ 2R R Q0 (|| QL Oty
|79 X7 ] X Qeaeg qQoarxaArarallIlrdaau.une < oo J 3> 1o [ 16 Jeiv Juvé Jow i N | NUE PN TA TATA YA BN X4 - 4
[ "4 SSC(C IOV VOIOTIVROIVOITOIPINOOTITY NVINNQNNIVINOTLULLULUNOIZIZ®
o Q 0 (=) [=] (=] Lo
™ & wn Y4 ] ~ -] [e,]

801

WL QO LU LULL

181




FFICKSTAL.FC.C) ANC.(KCUNTLEGWLC)) GC TG 250

x [] Lt BN
N ] *NO~ O
» 3] | el -
o~ - o S PO T W
. [32] ~od O
M~ . i< O
u. oo L e )
- W -~ {2~ g
1} - - v ] [HIT o e ) -
3 -1 Q -l 1 LA SN
J x (%) - - (&} § ~DO~ddh
P-4 (8] I n [} s eD0O~
1= < g . b4 - HAaNTO~
b - Z Qe = e D=1
q L d w w HKAX W Mo, -
< [ e V) WX o
w (o QN NN QD QA X OU e
(8] [ —~ e . N rIN a4 +qQL~0~
O Z L w X X - X OJd ¢ U - X0 e
w w Mt QO O X O TTowN W W O e emitN=
-~ w = Qb= ] N ~ O ~ ~N10O e W st |
(&) S ] CZZT WN sN e aN o\ I ©O Z SO0V Wg
P-4 [& ] ~UUO  nintinseannn A Q) q Ve~0o
< O 7 W o ot bt [ T R STV, W AP S S AL DO
(& -t < W LLOF QUL OCD DI IVD = N I>0 el -
I P~ o [onlon SRR P ITR T T TER T YT TIRT I VAT PN S W ] X S e
- O -4 I O WU QD etenol &neonec e [ P s I, N
< - B | Ouu.d = )t «tf oz X J o ® 0% ey
- O Q — Ly 4 LI TR . N1 DD~ L e~ e eSS
D - = L o wWoOIZT n —UN Zes o OON~UO~=N
N L OO0 4 . . . ¢ X Qo Lankand 212 W giin]
- O Q - w w e NN L~ Jaa
QQ o a2 ZOOr 1=20) 00 oL 1OV NI\ =D = NEXILO
< [\a]es] AU AL O QLOZOU—T » LN ~ QWX e e
X e~ QQ -~ 2 e aolw . e DO D SO W £ WULL~~ o
W o~ . . o L3 -~ O~ ZQOV Ut~ - ® o= Nl 2 NV) S22 VOV~
(3] o [3)) (] o~ (32 =t ey [da] QL 0 == Z = LN L -4 W o~ e mrtmi(h
w ° ~ ~ . ™M e ~ [ Ll P-d =l W W LW AL W) VI (Nemmseres e
Z Q@ b= — o~ LI} —~ @} <l - W) Wi e sLUI =N A (e < ANV IL
- W L~ L ~ O -~ w - L O O O ) e e~ e W &~ e~
W ¢ D~ ~ -~ O~ -t . o UWHL D Dt 0 QOO I XK X & ONI>
w o~ O (8] ) Lond N~ 1 - o NOULU~LW Wl et e i QO St () e w O W
QO £ ¥vx [ S s [se) ) a Z = LN CU W LU LWLl WO W) L ~WO e
o | .y ~ g < e L4 =2 <qZO WO r=k= 0 W UL W U o N 0N = I LN~ o)
W o~ N @ [ 4 (8 ].4 . x ) <1 > LWL NI I X 1 DWW JU2 N~ =
X OQ Q. Q oo N a - X Q Z 2 ZO0~UOLVOVVDDVUVZ~ TV o ol et(ne~
~-— O D = — —teie ~ -~ p'4 ~ W0 COU~N4AG - DL U SN AN e — Q NN~~~ mi™
¢ O L ~ [ -~ - ~ e @ b Qe o IO D W O~ =x < L N s OOw—
@ > > > > - > -4 oWl L Xl oL L QLU el ] eI X[ 22 S L
Q -l Qo L RS -1 4 X (& Qzo =L TOLOOOVNNIY WYL Z XY Z X AN XNING W INnovWoO LA
s OO O o Q. ~0L S Q. ] -~y WIS OW LU o DO (D~ I = s M=, ™M) L N 0D
-~ od -t - td w o -~ Qe~za VI NJdOWNUILLUL U V02 22 VL NOU Z ~ >»odegd
- oo ~ qQ < -l L < ¥ &£ AL LOULLLLMOLOM-Um O W AMeiOld, ~ = QaXhoad
e+ QO+ + <+ +. + Qore~ o 0 COALLOANNMOUIL JWIW2 2 ~0OLTN QO D dd ot o)
(€1 Y Yod] o o~ -~ | adad ~~ - LHXKOUI20L AEMUNINT OIOMTOMOIOWNWL ) o MO TN 2 ) L2 e o
WOL~ U e e NN N (Mem el INLILIN 0 Sl e s e ey UL IDAWT T SN - - X < A4r2 0~
0L MOW N N (N O MO (N i MU oM MLIMINI XK MNN SR ONHNIWZ = L =X wO—IX X L @D QL—O— 0
COOI~O ¢ LD DwO+LwOCIwON— |l J o@D oo QUIOOQOOQUXOZUCLLVOVIOIIDIRZIOW Z D Z & o o
QUImQ 0 SR LV IADPAACCL XoAaagoen & At et el et O QL LAt i ) (WYY T N
EY QP A QPO AN Qe AP QUL (] e Y it et hasudeade i d LT I SN N ST I IR PR NN | ==L~
oy wn F=iunny o +=nan nn NP RO —qQQ == Ir Ll et e e b e b e e L O (b = (e D | Wil
L~ QU I~ D ) et~ O UN SO U~ DU ~GI UMY U =Wl KOX ANDAATAALQALONAMt (Nt N A D LA ADA ) N L= L
Sl L X QANLI-CONL =X OL M L= (L Qednd e o foe o bm e L () D) 2 CRDE222 222 ol oMl e0 L22Q222 X £ WOmEQ -
o Q. ~eed, beeell, QL QL Qb Ot ot | i~ = LXK LL RO LXK L XL SLXALXNEOGUIY LM —~ 20XD e
LOUDLOUNL SN D SOL D IO U SO AW XLV, O <L LY W LOLLLULLULULOVUOYVXVOVCLLDNIUVLD Q@ ~UF2~0
Y QIO L ORI O AGAAGAAKDCNCPW.NICLRIR Ll WU UL U L WL~ O™ ML L o LU % QX » o0V
-4 O T m DN OO — ] ~ONMJ N
L] Q < o0 (& 0,0 O [& ] 000 QOO " o O i
Q Q o QO o O O M~ n MOy =N O I~
(=] Q - Ot N M O - N o~ O aEJNOMMEO M~ oM MO0
~t o~ ~N a1y ™M ~ ™~ ] o 3 n oo
[S18 ]S} ~ QN [\] o m onen (6 [&]8 )

182



-t L= LN Lot
C R el D0
~ ok LIUIO<
=X 2 w)
et et o] o)
YLD~ -
—t— e e O~
X e DT <L & o]
QI e e~ OLL<T
2<LOD2 N ~Z
W e cON LY
L=< o) -
e =l eJU N )
XKL, o3 L &Y
Lr= A IR L O]
U e oZ abS
HKIOAAXWNT o)
- e ONNO~—
DY) e D > 1))
Q e 22 JZQ
> = D= DO
Wil o} o)
XA LD = N0
UL wTeNE - -
LA o)
- el e~ 0 L
Quwice - «D.0~A

. 1G) ¢ VSBARYEYETL,CTS s XPByYPB,oJPy
LE1S)s5VE19) ,FUNC,YG,CONAC,

Redem ey e¥AQ~ )
Na® FWwlest »200g
s~ D> LI -0 -

W eNWL DI L

[Vl A I AT 4R P o W
—r o lild) o< » &)
- e QLA NI~

LUl w OO -
Ol l= =2 o=
- el DN L

o= g e d2 )0
L «Q. e 0Quiar
VUL —daouae<
XUV & US> el « -

~ildda~Lleag

-t &N b= e e S NDO-
—_ et il ) et & )
Y SO X~mNW

GC TQ 6S0

s LU0 =D
NS> v eN L 2w e~
MY, e w2 LA X O
Y, el

ol (UMD e

el -
AN~ ILVNIOLALIE oL =0
QYU AL ZRKD o€l sl .
- Qe Qedd2 e~ 1O
sl el LY <L e s e ON

PUT FLAPS-LP LL DATA INTC CCRE

AGETULARRAY1,1Y)

>OLUDPON el | ~O

Ladrle +NONLUAU LD I =
U & danQr—OqOQ QY ||
FOOAOJULZV L LA el J =D~
MO TOW & ol 2 2 QU H TN
O e =N~

[S18]8 ]

LCCK LP CL VALUES

[S]S 6]

-
.}
> o
- QO
P-4
-
w
o oL
w o
I «
X o
- ot
w
- X
- O
- W
[
QO X
x L
2 W
- A,
x
x
[
-
-
x
=2
<
—
-
>
[ <
L2 x
g o
W ¢+ <«
ot Al
o> 0 O
[wal o
Clar-llog
OIN NI
MdZXXX
L S b ]
S Q
OIxE~XO
(S8 18]

{ASPEC+1.8))#C(K)#CRB*#(0.5+{1.+TAPER) *SIN{AK

-

—

.

-t

[

-

xX

~—

(74}

&

<

[+ 4
Db
(i 4
o ~—~ 7™
w (& Lo +0O2D
(&) Uy~ — .l
(= ax X xu.a.
-t Vise~Z Lol |
- <UD ~ a+g
w - XL Q. - e |
(S L] *®(NLD P4 < i~
3 Y .
.o N nemem IO U K~
(S]] T MO L AW
NN o =00 o L R0,
- ) < e et [ L1V S |
O W= DOND el o~
Nt O~ (=l
—OCom N e 20X -~
—~—l ) Q0 e DX
Wl ~ Lx I OLLL

b d S~ U g b= e (] O 1 L L

i L Y R N N Y U UT- W=

L XS MO UIXL QA SIS

HITOUAL * VO IVANONAg
L]

Cc O O o o O
LS SR 2 T o } ~ @ o

LCCK LP ALPFA FOR ZERC LIFT

(SIS 18]

UXsMAXX+PXCCLy TEyWHERE s NLVL)

LCCER
(K)-ALPFZ (K}*(1.~ECGE))/EDCE

RRAY, TA
vy1CC,455
2C) IE,

4o

Qd

—~ el

¢ MM ¢ QOMN A
N N O Sl
N >IN el rdomen
OPOUIU s XN Y

NN o= QLo
ELON L W NW
WL tt XU~ L
OC A=A =+ _J0.Q.
Uddw<wge Qe a J.ugd
LA LX) T

n O
o Q
-~

LCCK LP CL VALLES

[S]8 [%)

PHA=ALPRE.(K)

CER=4
L=6G69,

LC
cL
AL

183




W
Q
- (=)
- @
< <
(8]
a. [ea]
. T4
=) -t
Q ~
- Q
- - (8} 2 -
- w - g -
> Q Z >
] -4 [&] [&] -4
P4 e8] -t o P-4
- -t > - st -
w o =z ot ) =) w
o o o 2] ke [s 4
w = o ™ [ w
L & x 2 L
= (] Q Q - - (&) <
- ~ (8] [ (6] w " -
o -t = (&) - L7 o
— 3 2 w - z () (17] —t
- [&] [$] ) -t uw -t -
pu} 0 - o] ] o o (L] |
] - b= <« - o 'S < (&
9 - L4 zZ » - w -~ < (&)
> b3 (8] 24 - -2~ > = } >
2 £ n > w q L < - 2
- e ~ -) [ aad w - L (%] o (15 -
> ~ %] — - .~ ¥ (6] < — >
x 0 -~ + [ P4 -~ x
< o~ [+ 4 -~ < ™ 23} L [T9 | <
> LY X O ) 4 .~ Q. X el — Q b3
- LS "o ~ P-4 Q x> ) > [l ) x -
> -~ 2 =T < o | o~ Z < < v Lond (] w x
2 M =) -~ o~ -~ QN -~ N o~ - X w e + Q Q ~ P
QN 0¥ a a -~ a - SN L a o~ e B+ 4 3%~ 4 -~ [4) ~ <
~-N OlL s~ g A~ L~ WOZ o ~ Q < QA . < <l - L= 4 L b=
LI Ko b P T » - - Z 0 .~ o~ LUV~ a @« - Zo} D - Z ~ k4 [adaiad ] -
) =YV L D ‘L - L QU XN XAEU0O £ -~ Q -> =2 QN W ~ xXxAL >
L= M eI b L a0 e O, Qo A~ (&4 Lmnlond aadan T Fuu | Ll Lt e~ Qf=# [« S | qQqlw g
. QMU0 OAOAVNOILAL £ L7I=MINOW [+ []% PSS 2= P-4 NOLOQ OL Lwx <« < <L | and pad® o
o~ O S J I~ o T WU D I S 0L o=y L Lol ol i+ ) PO D> & e (D emd oNen X w2 e mnva o
YN 0 QI I TOZTOINOMANQNSON I et ot e (D SO0 w— MO~ ~D WY e~ D D) Pemtrm I] 0]
e P el I [ VN B e e Bs e e (] L I DN e~ [ o s [ e (Y, ™[] e e T O VNI et A~
>IN O~ QO <dQ Al 0. <10, <1 5% ()t FIXKUPFENA A 4 [\ GO QO Qv ML W DL - QLA e x o mxe~ (OO
WA $00 Y Qi i v Q@ W] () ) Qe ol [] et Qe XU L e [oalend VO «q U ¥ pug
X T LIS L l) Qe Qe Qe Qe LN L 0D L) - X et e L 2 2, 3O LTS TR VT S OLW QO NO~ -
BNLi Weyd UW W w uw vy w Y =0 OD = JW [ aad Wl s M IX gy wownoa. wLooay i
AXCXLIL(TLTTLTLTL.I..LT..LTL.I.AKT..I.=.l.__l\.L.TT.L._ - b N2 2 X = (N == 11 (NI O L L)
R T Il e o B L e e Lt Lot SR V= S SUT W R St -~ e Lo R TR TS oL —— 2. - Q>0
WQW2 il >LULAVEQAX A X LY L0, QULLOUDVDUqQU Q= [V EXAxAUXOdArLa q X I U0 JSJIw<g
A XOHMOLDVOIVZVITUTQIVZOORNIONONOLO T -~ ZTOEVDZLZ-E0.20Q IZX2NONGT LOLVTCL =
o O o QO OO0 [ 1 ] o O o Q < (&)
~ N [\a} ¥ WO~ W [= ] o b ) 5 wn (& ]
-t ~—t el LT —t ot NN o~ N N N 9
N
VUL VLWL (S [S]8] LI (@18 ]

184



~
— -
(7] -
W o
(8] w Q.
~ - <
- o -
4 * >
w b4
~ < = 4
a -~ Q
L] (%2 u,
b4 Q
< O Q
-~ t w
w L3 -
Q. o ~ b
w < [S) -~ u
[+ 4 -t - ~ x
Q -~ (1 [ ] ] o - - -— —
QO J -t ] L3 Q -l -l -t - |
> n of > ) -t Q > > > >
Q J e -l -~ -~ = od -d ol o
- Z ~— 4 L] - - 4 < < P
2 - = - [+4 x ] - - - -
- W w Q Q a. w oW w w w
& O o v vy << < O x X O x
v w P w + [] - w o w w o w
W L land XL . L4 u. - L 0w X LW X
- X (&) x ~i —t (e X N X K
o - g - - ~ £z [} L - L L]
< o Q L * * - - W~ oy W o~
L - - > > — [] — ] - — W) et
- - K4 & x o~ - W - - O [ 3
LS B I [ ~ ~ Z<g - =W w L W
(& Q. (&) 20} m Q= w) [ RS | (SR N S )
a £ » = a [+ 4 -~ -4 O =< s = > ¢« X X
q . (8] Q -~ <1 W X o~ 2 T =~ 2
-t - w - 3 ® - p } (o4 (3] -~ w3 - - - )
u £ [t = - —~ L Db~ - X x X ¥ o XN
£ < £ (% 3"4 Ay ] ~0 ey, o VO £ ~ < X -~ X o
Q~a & < = ~ & Q= U St 3 WD~ I < —_—~l X q X~
QL2 Land 2 ND on [ adan + O DD Laa a0 TC-3- TR - e w2 OX X
f T > - -k o - [V,18] ~g L LR S N} - e N - Kw Z
-1 =X Q > [& L — [t XL w0, OOV s L X oxX L X ~0 2D
L g | o 2 aa Qs o~ Qv [ e (A X~-T) o D O QA D X~
o [+ 8 < N =X o Z4dqa<g Laalon BT QRPN B4 ol 4 A =X
= Q. |l L I 1 B ] - £ o~ —_ el I * Db g > Q = L& e
<q - < - Wl i -~ o - [~ RIN &) Qo |~ Qo] » ! - < = [} " Rem Y
ax - - > N qC. x -0 Q <t b= ® XL WX XA~ > LA~ > ~XT0
x< o w < Q. N>% >x Q. - O SO\l Jomomen o JU) O. QU R Ssfo— Maedly < XAl <d X~ e
anx e B T X e Qa M. W &£ MMUQAOILY = & <Gl QXX O~ X QA Qs & UM
- O e OO0 <« ot [k Ko diEE B -3 L o ~ o~ ST NN T OO » ¥ e—CuQ. o~ Nl ] X UL I -
=1 QA0 7Y I eI —= C.b\—= = O ~ s 2OVOVONOV=W = Nl SN U U= AN DAl A QA0SO
Wer 10 wow D O] << +YO o) )} XN HOWVN see o meeegil. If el NG Pl T b U ld = QCOUIS N d =D S
QO 0220 O PLU~Y QWML e~ XMilEMmodaaNAdyw X S~~~} > rCImDU~I sONTOUV~E ¢ || Q=T
Q¥ L<Ca10nua Ja vaa [ T2 BUL IS VR M Ve B =t — e e N e, DL QO omomen PUUOALUICL AL S N M L Y e (VY o f] W e
OTO UL~ < LV el ~Ued QX OXL) ~QN—-QAD O M, YL Qs OAY LA~ | AN~
itV Il O &L <=0 I | X ROUXOOX M~ UL W W JOOUONL DSl £ | ) NIy~ NP ~xa O
P L (U NN =g 3 LN X L= = = MO Q2N T UM L LOL N LZUXRY Y Dl L = L L) D= =
-l BRI~ P N D 0l O Q] SO W WO Q O O] 10 A ded A OO S ]
QANQJdIWU LI LU~ UdAUXAXax < Ul dduliQuLdQlldada > U daddLL >aual)
=l
o o v [ (% o QO o QO Q QO
~ Lo Rl o —~ o~ [l g n O~ @ oo
LY N N (3] [33] [\ [\ 112 © oM [\] (ul-o

o (8 ]S

185

A ——— e o o



Qe Qe Qe Qo Qv Qe Q I VAL POY ~0) QX Qe LI~ Qe It D fU1I 0D (LD N 0 vt A et 1N et N Nt O, o Qe o, et O

QOO =l W
W w W W W L oW Jo OO~ U I IN N e O ) DL W W M W oW W W Wt

[a]
-
w
Q.
<T
-t
('
.
Q
—~
[t s }
o >
r—t -4
(%] P-4
L3
0 (37}
W -4
Q. w
e 0. £L
(] - g X
743 [re) -d -
< Q Y% w
-~ N & ben}
Q P ~ 5 -
1) L e~ L ot
5 < - o | P o
- b~ Weg w [&] S ]
] v O [A] >
[ad] R =t Db [+4] P r .
- - -~ N0 ~ (8] -
(V] N i - — >
- + [ - e >
[-4 -~ (&4 - < M4 L4 [ . <
[ 5] - 4 o~ o . I ERSYLY punt % > =
wi ~ b4 ~N Ty, I -4 zZ N -
~0 <l - - D - 4 | D Q -2 - >
- - -~ LN b~ Q D e e ) ~) e~ e~ -~ -~ o - =
[ I i [~ VA - EW T 20 QAo Jt ~ ¥ a a a o O o <
L QA A L A o~ Z ~ WIE = o= 0 A DAY D~ (% L Z Z & & (TS Lol and
- &L £ .~ < o - -~ oo~ a * YAt e~ $ X O} -~ - - L <t = 2l
- - - ™~ . & <o BAL L D N e YD O Qo Omer=t o o X o L~
A L el mempaglae v L Qe SN T AN QA O [ "4 W o Ll Nl o TA BT AT ST W3 <4 - g
VL OULOOWEOAOVNO rdl) & L™I=MNTINY MLQANIE et l)) ] M OLOLO~SOUONOQAUAMMEN~ 2 < =
UY e 0 ad O oD B S (N COLLY v o T -~ = e o g ) L e A e e T R W L T T 'S LA A L P =S TURY ¢ N TU SR [ S I YT e -
QAR ADANIOOI=LN AT~ O COMNQ ko™ At L T A T N e T o ¥ LOCDLOLOO = Ur e N ) L Ll - At £
B et B B v S B ) (] e DND e dQ i e W ) B U BOIX HON MmN v e - T B e e () LS ¢ LA atadand-
[N R U= £ T ¥ W S W R I X W R A PN T o T JXCT..L.D.A+?_F)LLK\IK\ILKLF_\AKLK U0 QAN NOA4A Q0. <0 N (G 14 s MUV,
P et QL et QA AP L T e QD e B, D Qi | MUY 2 2O WL O Qe bt QU AN D QA QI L N O, G SN > o
-
HRHIPLZN |y
= i ad b kb LD e L) e ) QYbFT U TN~ =10 OO LIUL) ad S UL~ L0 )Y __RLTT.LTLTLTLTLT«LT-.LTL W LXK LI DL
Modrtadid ittt sl 2 20 v QU QA Q) Xl Y vt ittt el i O A g a
RI.FRAnrAnRARhRARACFFCCLCLEACRATFCL.LZCLCLCELFSCLCRRl.‘A...LR#RARARARARAD.ARA [ g - WS U 2N N1 D - - gt}
HCNCNCHCHC.HCHCDPECDSCSCCG.WCIIUCFFDCDCBDFFPDFDLT...FCGhCHCNCHChCHChC.wC -~ QEXOQTL-OUX
Q OO [T ad o oo QO (& ] 9 Cc <
N Mgin Qr- o O N ™ s 0 O @D
AR A R IT L g (A V1Y 0w ] (3 n ia)

410
480
570

LVQ

¢ e e e e o

186



LCCK UP CL MAX FCR SECTICN CN

FLAPREC SIDE GF FLAP END

hwsMhCCLy 1€y XHERE §ALVL)

(3]

o

w

-

0V

o~ [
L, 0no
Lan - e
S 4 Lo
L g ] Ot
o L el o]
> -
qe« Z O~
x> a (8 1. 4
xq oJ a va
Qax O «< LB
T4 ] R -~ WM~
—a W e [l L N -4

WeXE e N a4 >w
VUG N X b W)
ACXTUCOCP ¢ vix exd
LAX NP APOC —=OH -

naCaAnNmx) | KZH
SRR TP N 3 A vV T T
AR ] IO > el > )
SR BT PR - A TRTIP T |
QLUALCE X O X LR

o
pal]
no

fLCCK LP CLMAX FCR UNFLAPPEC WINC SECTIONS

Y)
MAXXyNXCCLy IE9yWHEREoALVL)

-
X
-2
e
>
g »
x>
ag
QX -
—ly o~
- -
Wer D e
QLN WO
QLY X
QI ON
uURZN
-t ed b= L)X
e QA
LQaawe
QX k-
o
-4
L

FLAPPEC WING SECTIONS

UP CLMAX FOR

LCCk

WyMWCCL,y IE. XHERESNLVL)

o

Ky

L34

-

£ QO

~q g Jn

Sax 0O

- =3 L

XN W QO

TI4IX2 N

sTaedd CO
>l -

g =X\ O~

XrLsq unx

XS ¥k~2 Q09
QY L -
M) )
Qo D X o
Wil Il & H <4
QO+ o~ X e
Qo e Vi
cnll\&.cxl

HXX o~} |}
o =D X
dd XX RN -
QA Ju U U
QOULOU Qe

[alo (%)
N <
00 Q

QUL

LCCk UP ALPEA AT CLMAX FCR UNFLAPPED WING SECTIENS

ET(ARRAY,1,41Y)

-
N o~
. -3l
e Dw owd
QRO 2 OOUM
VPN QAOX D
QUOCCH T
QNCZR Il QO
—ddoZ I DX X S

ARPAY g TAUXyFAXX 4 MXCCLo IEsWHEREZALVL)

OLEQTFXUO

D
n
9

LUV

FLAPPED WING SECTIGNS

»
X
UNK

-~ -
X~F. a o x

& & o~ o= -~
- =« QO a QI o~
P TR T T o L P WL T P ey [e P T -
AL~0A0904AD »Q =O0O » +POa

LCCK LP ALPHA AT CLFMAX FCR
"

ET(ARRAY, 4, 1IN)
’
(
N

- XAOMET2MNE VI LOVNINMVOL

X~ AN 2O dOAOWO, OO0 .~ i)
-y LT T p e b i P P T B P T T
rws' ¢ il e P e Cwr b B B N B
QLW 20 sO~L 0. aQaqAadqladqgild=anN
QOO LUV 2L 0 vt 00t € -t | ot €@ e Y ot L 2t ot € ] e et N
QO (N v QedQedewQuwdeQedl) N
NN QU X W W W oW W w (@51}
XX Ll | JA P ol od = cd = el b= di= o) i =
e e W N T L T L i i I
CawdwdJ1JAZAXI QLA QVXAEQAX QA D
(SE{- 4. 2- 4 J8ISL ¥ X {8k (B {SE S5 BK Sk (S8 LE 18]

(4] o Q9
0 r~ 0
L) 9 9
QI

187



w (=] ~——t o~ >
W w eP OV~ O - WXV
- [ ——— ] e QL rsJ() » oo
* - o e =~ NIEIUY o~
< —-~1 Pt —_oOd O o = g e« adD e
o Qe a O A ) QO 2IXKCY e -
(&) W e -l =T o J QO g JqQL=-YXNOT~
o L) < g2~ g > Z ObFk oU=Q>0
24 L= UWhe &« - & 3 . e N T WaI0A
o O - o Syt o~ N ) X XYy el
T e Q DO~ Al o M ol &'l mm()
Z <XI w ® O eeD O~ X O AXYIIFIOIT—~0 o
-t o~ ¥ ANANDO- & D> = e e T 0N
XI - I E SO >UL V) e X DI, e
(Y] o [o )] B> e = O QU e NUg
m [Va L] - X WX <] o~ ) L AN~ -
- Z - - L J+ S T88 P Y0 ) - D U eONUWO L3
> L) - N *® *IL~L~ J L A YQ eeyl) - -~
o L — A =D e - . el e Y L]
- =4 - - O e aiNet W e~ XAl o2 T el -
M < = — s v e Ty > o LA el LKl m~") Y
- X — w ZV SOROILT W A U e e e N ) -
[ Wir— (& QZ Neine DY ] & = X OYWNDT e~ )) )
4 Ll o -0 N = x > o O INO~ - Z
(=} —— w o ot Z A>U sd e <1 V) Z>) s> =1
- > P | L B s A S8 Lol st &) o Qe <o 0 ox
L Q.3 < . L =X e N~ >> D=0 T Ll
(& M- () Land bt et = cD2 —emd D> O WA o) =30 —
) (S - o = N —~ e e e e XD eNY) *
v oL~ o - W ON=CN o~ = [fe S POSIE I Q
Wwe Q ~ (%1%} £ H—-0a~0 ™ g dd>D > e~y <
| ol - | > —tY — s )] —l IS Pl B NS N [F'
<J Ww = ~N oW~ b NEX O =M e QWY & e D~ [d
X <~ Q [] nZ D AWX e e LS~ ~X evA D~ »
Q 73] %] D20 Q Wlealm~m o NDC Tl o 0O D
~ WL x P4 i L . LU~ g4 > ALV et - 4
- O - Q [ g @ o~ e = e WS oML DAL o.
> [s X - — [ % 2 Pmeme— N (N ) Y e e 2 b 2 O -l
- W e & Ll (S g ket L] VI ALV~ —~2d LIS NS k= G | <<
- > —~L < O~ - esedb ) =) e QXA >~ +
(3] Pl xXax - AT 4 w ONI>Jw AU~ LWC—d a0 = [l
— Lo- — vy~ [ (@] AL VI O Ll e XY e=N x
- O~ -~V xX VZLVQ SO DWW D e N e e L -
w > N Wel V)i Z [a ALl } o= < e 2~ VI <
(o] ua a0 Vie, 'duiii O WUz~ « _jag QL eq T Q. -
() =0t [Tale — ~ZY — il a0~ O ~CLDO JOUOY e <q w o
- x N EgXXY Oide~ = AN XV e NI e e e + O
Q ~ < o<l -~ - - [otand LlRVZx 2.q qd N = OO—— ot A2~ -~ oM e
b~ DU << XL Q e~ e <LA2—U0O02 = T e AL LSRG S LG N ¥ L O
Dt~ Ll ~3l1 nw—~0 OLL~W (o)) aJ Le—l1ui g Z O NINOLD U =T eai e e a on
XAIOAOST~ M= OQL~2LAQAVAmI] ~ND D00 N e ey 00 ) X D e (SO Sl e (W -4 T
LD DI IDNU L ¢ N L S DS JQ DN~ O O QO &£ k= >r—d~Q L ands SR Re | ST\ LS4 sS04 INER R4 ] QA e
——— W=oQkb 1000 JO ~oQadQUORL QUL ~L LWLLOD v £ <AX2 <G XUID> v eN_Jl o~ o] +o
wao [ - A RS E s *ALLNLLL L LL AL LI LlIXNOLAACLL Q@ U XQ et o) =Y & s> >d iyt DI
—~LIN~ PDENT MU MU DA O MUl T J UM G A N O (e ) 2 ) AP e » Y ol L) e o+QULLT UL L -
[ &I 5 P ol e s eaetTN NG S P st e s Erere s er ] < T2 T~ s (LY. d eX rUL UL O~
UL~ SRR PO L #UXXOCR KM HK MM KR M NI K KX XK K W QAL Xdd £ U0 3 49 o0 & X
e M ODCCOOXI~NLXAHOLOUWCCOIOAOUICKXOLIOMLOO Z N Z re ocwmem0N—~Z UL D3 o) smé dT+
C ORI ALttt e N S et rd et UL r e b e A et A e A At et 4 & (U~ NM DN L ol O L L » €l e L 1 [ ke
QRN s v e et e D nr e | e e e 0 e e e e S S ot it N et e e et et pm et et (P L D € e A2 Y 2 e~ LW Y LY
Qe N bt b b pon e e o e e et e e ) b e b e b b e b b e e b e e b e e b e ) ] N e A Qe f e L gL o<l b el & - X -
w oo AL IILINLL I+ 1<K T A TLA1AQEIAd LA A<D U 2 £=X 02 >UGUDChN b aiv g ) ) - [ |
e ) 2 0222222220222 2222222222232 222222222 & * WAHREG sL2dz 2 sNUNIAULY UXY WYY
] QO X XXX XXX JYX XX L XLYIN A EXICOLY QXX M * 2AXD «~UI2X2Q2NA—rs0QO0 — I Qe
cara< CLLOULLLULLOLULALULULLULULLUWULUCUUUIUOLD 8 mMUKL ~O—U00JUL2 VN S FA0 ) «UN JWW,
TOIVQ WXLl AL >l bl bt b e L L G L L LWLy 2 DX s O COOTOW & o253 > TULO I rrm
ot ~—4 —t E SNONMJTUVD et =SNG OO D 0N
O OO00QCCO OOV VOLOLCODCLOVLIIVODIIVLODCCO * (&1
N MOTNOSDVC0 —~NM TUWOTONDO~DOO~NMTYE DT OO m

P BN QDD WONDCCO OO0 I D00 DL~
el b ok el el b et b ol et el

& VW

€90
3030

FINC CL FRCM FLAPS-LP CATA FOR UNFLAPPEC SPAN STATIONS

188



XXoMXCCLs IEoWHEREZNLVL)

CATA FOR UNFLAPPEC SPAN STATIONS "

FINC CL FRCM FLAP

(ASPEC+1.8))#C{K)#CRB#(0.5+(1.+TAPER)#SIN(AK

-—
-l
>
aad
£
-
w
&
w
4
>
-
w
L)
-
-]
(%
(@)
L
x
-
E
£
- o~
T2 O~
- e e
X Qax
T N~
et <O
= R
q - xO
x> =N
- ra x-~
b 4 QY ~~J
O MY s q ¢
A =~ D>mM
-t 8= JONOU 1t~

QruuaUaQ ~ ™~

(SIS 18]

CHECK FCR CuMP

—~y o~
¥Z a -

£ £ e -~
b e B Z a
e VN~ e £

Srmen Lo )™~ -
M= QAIQAOR 00O
e DN~EL DU N IO
2 oLV 0VA0V0
N s e B S
raqaoaNa<daa
€ et Qe Nt Q0
Uw w w w
-t et =
B T S L
QUULAQAEIXAX I
LQOIOTVXVIY

[«
~

QUL

w
Q
—
(%2}
a.
<
-t
'S
!
Q
<
11}
a
[ 8 <
2 -
- D .
Q o
> 4 g
[ B 4 <
s O
- (7,
-4 w
g X -l
-0 o
v w F4
Loa B <3
- O
(& ] [
~— b O
o ~ - ONT
e o] > p'4 - A
- 2 P4 -
o 0 -2 QO
K * X o -
- - < I%] >
n o 2e ~ N U«
™ < 2~ q o
Land S S o Q== Q. [- 4
& W MUV D —~Q
- el T ot [& 28]
—t— S £ o0 £ o=
LK eL%] NO o= O WU
ax it oSN W) SO
[ Bl & ] L [ S sq N
- 0N Q N
oV~ oW
W L vl = PR ] g |
Lw £U) P
—LOud qQUxq
ot DY e Y LOXV
o o
@© o
0no pe s
-~ M (=]

W -~ QU (B8 18 L)

QAW X Q) ~NO HW
- QO il o WW JD Uw w
el LXK Dad A dbm b= A= b= b= O L 2K S LU=
Q> i AN e > D> A
LdddiQuiamMaQuarq4eJ4dUodaQqQ JdJWaliulQod=t e
HOAQEFELVDLOO ZOCOLOTVIVLAVX FXOIIOC W

RRAY,TAL'X'NARW’NKCC.L, IE'X"ERE'NLVL)
RAY s TAUX yMAWW s MWCLLy IEy XEEREZANLVL)

m
<
-~ +
b4 b4 x -~ ¥
z z — T4
2 = - 2
-~ ~D < =~
4 -4 - > L
Z . L - > LL >
o~ D~ - D~ o~ < —— a e~
e 424 a0 xuwnHo 2 o oo 55 b | e}
a<g aONes U, ST ompes Y <<l R B Al
—— Mt Q= N\ N )~ q —— — O
a172] = SNMLID = &) I T - VIV) (X<l X~ »pDet

LOVA =t LOVD I ¢ == ol LU X2C VA
N B NN b e LA D e o De O UL NN B
P DOV~ NNIO~NOANANOUB=> D0V R QN
URQU X LT N L O st NN QPN TN QU] s
wNNOT S O N

AV L X W

(=] o 2 o
- ™M o e}
- O -4 - -t
N
~

189



160 CLSTL=CLSTA/F(ISTAR)

- -
- -
& X
.4 <
- | d
v wv
Ll x
- -
(%] 7]
< <
[} [}
-~ - (L (3]
™ [ 4 £
o o < <
~N ~N - -
L4 . £ 4
[ [ g [l [ and
n [Ty] " U
-l - - ~N ~
- > x | 4 Q [=]
- ht hout (&) (8
w 4 Ww w *
2 - I T -~ -
- w o a. a o -4
(8] [ 4 . a -4 ol 3 L
w . U < L4 (4] - | g
< e -l - - o 4 N
& £ « Z 4 o~ - L4
a - ] e = . - -
- o -~ v wv) ~ K4 x
< - oL ! | € ) N
- L4 ~ ~ - L] *
Q -l < 0 Q o - - -
- O < v -~ (8] - Q )] o« x
Q o+ > o *® o ] < < b8
o » - | -~ Q - < -— ) [ [
Q a ¥ L QM 4] x 4] b4 - v n
(W) L - § ~N =l W £ - wvr ~+ (%2 1) ] -t o rhe az
-l x ] [&] -t D> ¥ ao; £ Qo £ L-¢ -3 —
x x -] LN o4 Load o +* 0N ("2} + N (%} - <4 = 4 -t
- < 4. — OUaAr~ » P o e - X » . (%] > > >
> X © + 0O xNY — e~ ) .~ Lo ar~ - - o~ o~ -
L] e J X o - A N x<aa Lt P4 e x At 2L 7 o w
- X g 2 [d M ONQ . - -~ ~L) ot LN -~ -~ ~— (&) > > -4 [A]
o~ B ] el LT P Ll 4 o ¥ I S+ <~ o g~ A~ a = V= w Qo+
- < kX Q LRk P a I = -t ~— > ~x > Y -4 L B %) X Zx
> [ Ve (O] P el g ) o~ W x XY mY N *d Ut +2Z2ZL -~ -~ < —~— -~ -2 -2
L ~ - oD - WENI>ZDO™ X e~ N e U L0 Wy LD >~ A fe Ao s 4 Ld L)
o X > a7y~ ~ 0 FLOQWr™) e ~AQEAC L MN~Y Ol > Ol >IN SMNQL A~ + q>QAQA> il el
[« 4 qaQq 9@ - +O~ Q & ~FZ+V ol OLO LT C~lU e O V- NAa V) e mtl L (NL L™ NN QOO0
LY = @ RO 0 e M) DMt QN et WL U VD = LI ALY, o~ domam ] o~ oo (o (N o~ (Y XS NV @) T
— I) AmermiP NS N Ll Lt & 20 .40 N0 S I QUNUD = X AU~ =MD &3O (LA e GO | M XX~
=0 i o w2 alqQW) " DOk Q L eI e X T T o!..L.AnA.KA.l\.#hAKKA-(1fnhK\V.51x.\s]vAVTAhl\nh_(LAH:KA:VH
WO~ P QU ND o | 8 X OTVI TN 0O 2O Q=W K< I N HOT Qe | DL ALt & oD eOm NI LA N S LY = X
QO DAV ¥ b= NN QL VAU A =N A N~ N~ 2 Y ) UV X ot LU X v (Y o (N et 2 et G e e ) D (X, V) D2 > >
QUL QD QU rmde Nt ] e 1] 5t v €0 T e b e N e o N bt e Ny @ Y Al A= LN AN rtns C bt e e L) D)t D Nt 1O N N
QON X 1€ O N W adF=Q e cd ] (D b N e b A o b N 7 () 3 e e e HRHO=O N L) N ) D Q= QU= I N U WO Hdl
QUi &L XOC OUW LQ-L iUy Lwa udg wa FOSNUWOS= IV~ O~—QUiQ~ ClWad Ld qQUDSXXAdL | Lo
-l L =NXCLFEL[[LL“I\LKI.ICFAL‘TVILTFL.'PLIA\LG.T..IIKK= WX XX N2 k2 0>l > e L et
=HA L> 9> Qo W] eI U D ) Xl D e QL = QaN— e N~ - Y O LNl N AW ) -~
QoSS INC U QAOULDUDUU iU UL XUQLQLD I I LS NG 20> AUCUKOURQAL>USLN>DLD UU>O0U D>
CACRTRCA.ACGHCS}CUSCCVAACGWFCHFCWFCYNDAAADAVASCSDAVASCSCGhFCWFCASCSDKSﬂKKDSKDS
(= B |
~ o P o (&) p—y — o [&] (]
- -t o Q ~ - [aallen] ~ e ] ~ ~ (&) -
fee] ~O o (& I ] O o o NO o m ~ [
[S18T8) -t N — - — —tn — -t Wt - 0 -~ —

120



-
-
} 4
-
w
4 -— -~
w - -
O x »
w - -
. 'S il
- 8 -— ® P
- > w. -t w -l
o oJ 2 > [L] >
wouw - Q -l Q -
-0 w P4 w F4
a L d - ~ -
®* o~ - w ~ w
x X - o bad [-4
q - - w - w
L o - w 1 Lo L
£ Z - O x (L4 £ o
g O O e Q > Q - o
LN NI * — = (] -
-y, o - o~ - - - (& ]
N~ -~ X o X o ~
xL> M~ - [} ~ (] N
~Llad ~D 'S (8 U (8] -
[2 Lal*Y] 2L Q ] £ ] X (&)
wa ~—a N . kN L] 2 £ M~ t
—% Qe N e~ - o~ - @ L -
axo | alaatad L X - » N vy
® LN\ Wit o~ VO = = ] x o - +
S e Dew ¥ ONwma~ = —— a e~ o -
<QZ2 LS e Ll NN 2 >x 2 VX X (8] = b 4
-] —ct LW - ot - Dot - X~ 7 wo — b4 (o]
LN ~U A -, QO N x o~y X =0 2D =y < =2 <
—Z 233 Nt L 2 —~L D XD=T) o~ -~ m Lol ~
Ve ® ~— 40 g NN =0 < .0 qQ ~-OX B o~ =~ =~ Q | - -
*NT > o1 .- O>=_ e =] Ol Les £ A A & &£ ~O WO & ~ O
o~ Lrdo~ ) -~ Q—~qaq - aq e M~ e g Z - D Lo~ a W
0% Ll—X » X NX X ) F iRy N | D adnalanl e | WPRRNNS | . & e g wMm LI e & 4 -
a a QA —2~0 Qb &~ NG XL~ QU M~ AU~ el om0~ & O Q= eMm= e ()
< < L 2IoxL L)AL —ax s <ax X —-OMNOLILIDOVAVIZLA) &£ £TIMMOUw @
- - *® NN » Labandan To W VE1s W T TN 17 Lol X ad X I oNIQ P VDT W s C [ * twrww 2MM)
-4 -t ~ PPl HPVNIOIXY =L D] LZ QACTQ SO AN I U O I et el EOV) e~
L. | H N> N ! AV +UL0 AOOWLAL wOD NN o o svw o oo (i 1L f =" DNN e
X OZ Oa 22X 20~H N UN>ICF=Ud ¢ JOINMO I :OIU~ N QL AN TO QXL =IO € + M
. L4 20~ QXY mmmUqQUNAdAPQY ~NQL QAU ™ | XA ot Qo ot G et ot ] o) i Qg x }
Q O~ ON NANXO OU~X X XL It (PN LAY = | PAX () wQuwCewQewd—wd DNL L0 O~ ~ QX
N HN HN N =S TORS o~ N Z Y

HOoQ ~C 1A —Z2d Jw U W b M OO0~ (Jds rap=
P et NI NN~ L LOLEXUYY D2 LS I d” L W L g ot | ool R | | ) TS TAVE. V4 gy o NI DY TR TRy S T

Ha A2 e C QIAGA> Q> w0 f0dd JOQ f4aql) 4 Tt et ftd e 2 2O el
CKLCRLCNIUubCF-lCILLLLtAEFFAﬂLLLAVCALLLAVP_EACRARARARARACFFCC.UCLBACRATF
DASDASCASST.DSDSA.AAARTRPICACACCGCAACCCCDCGWCKCHChC.NCU..rICCSUSCCCHCIAI..

[e]e] o QO o o D200 Q0O Q O

~N O o~ [k 2 n O ND Ot N m

N0 Q o NN N NN ~N N NN bl M m
NANND )]
ot pd el -

NCN CCNVERGENCE DUMP

LOW

x

2

L3

—

-

9

P4

-»

-4

2

- -
a - -
< Q. -
o Z.d -y
b=y > =

~—p o~ Lt 4

O0JIAls NOZ
FIIUMDD ¢ =D e
Lo ad ST X8 Lo Pt TFF1 2
e b | M e B
acqoaadn- o
bt €] ] ) L e

v ] ] (MK ) L)
Wil g inax ppgnn
to b = M2 2 X =
] tt § I

e Yq JXxOIxL)
ZTXOXVDZZ= 20

o
3
)

191,



-
- - \
-l  wd
o (S
-1 ]
B - - w0
Z Zz .
S ‘W o
- = W
(8] (5] -
-— vt [T
&% he e
U L * 00
w W wnon
=] [w] LTINS
(@) (%) W e o o4
: xunw O
- [ O e s N
U, [V W e e N
- — D e e
-l - e e 0O
Y oo =
- 2 4 J e
mn o (&) g e O
- ~ vy ] e 0 O
(8] > - - (S
z N W (8} < 00 o~
- Oem - (37] w * e o=
-4 g4 7] W) v wee O
LJ Nwe & QL) e e .
-d - [ ] '8 [T a. s e
el ogq e [ } o W e
- ~x - VJds e
-l L AP | < 4 Z LY
- "< o Q () —~pe - .
b4 O - v -y — LG —— D
- [ Al — L -~ D= 2 O
- k4 w D0 -~ 2 a RS T NTITY vy
- b (%] me v [a2] =2 I
> -4 ) Y4 O - - wv) N eI e
Lo ~Q. £ < [ IS x + - D == (]
e X od L =~ - —u) ] Logd - w el U &
o ~—q qd XM 0 ~N=- L wv - = SNOWVWLIL <«
« X e QA L& Z Orm) =~ — — (8 o J DLl .
b QY. N O~ e Z0 - ~() <t I LU -~
> —~ ) X oL~ x~Q. 0 [ X3 Y] ety LUV~ O
- QA afe~ ~ONQ eQea MO A LT QAIURE b~ — e
QO £Q90 ONZMTOZOAT 0LXY O oT  ZX X e OO mi M b= (S
r~ -} P &rm &P JO> o0 rer ) & emaXE BT IT el LT
L e MR LOMOVVOXWE MO X et 2 =) eMWrina Y 8
sadl COUD o e C AT e D N TN X DI el

Oy D WO~ =MLAdO QY>>0 QOO B =0 ~0~J1 4104
ot 2 da et )t s ) € et € ] bt (el @ TSI o e et o 1O U Bt e
LSO Q e | S b)) el b ) ) e Qe (OO ) L I e e v e (V) (M e
W QLdWd=uq LW W O~ oo ibtadd o aI1X
= Qe Qb2 Jod e 12 LW 2 ~P L B 2 b= 2, XK XK
L Tttt it o i I B L P Ko A el PN > T - R TN AT A S T S T
CAULENUMUCOUC X AUULU JIY D U WD 1 i O e
XOOH IYQILVLVOTO ZOUL =AY ZOUNOVNVO T DU NN T

-
o o o
0w O M~ -t - -t
I L N = J=) O QO ~ ©O o O o~
@ o 0 00 O @ O 3 <
M M 0 ® N0 o M M

&)

L
x
-y
LY
Q=
b~ o
~
X e
oL
axm
[
-0
as
-
WS
QX
~4
- .t/
[=4 > -4
o -t Ot
' ~ M~ &
o - q -
=< -
o o Q QZ
o= I Y]
- -t
o D O wa
(= Q@ O o J
- e
- o o€ -~ [ -4
-— L . [&] [] - - -
(3] o~ ~N (13} o~ v ™ ER,
. ~ ~ . m e -~ ot . X
(€ T - o~N ot S [A Y] Np=—
w g~ - ~ o~ o~ w - )
¢ ed - - (ST -t & . X xQ
Laad & 3 o r - [aYE o r — -t X
Z ¥ v 0 [ales] @ W Z ~ald
o e - < -y L x 2 NN
o~ N @ xX (914 . -4 -~ a QU axee
¥ Oa o o8 oa N Q. X x X N )
- O O -~ — —t - ~ - - - AN
¢ L~ - o~ — Y — ~ - -d Sl Y e~
X Mm> > > > - > qd J 20X O
QO =L QO 3 L ~1 - L > qd DAINNZ
¢« o U a a -0 ~ o O - 0 ZAM s
-~ O - ) (] - 4] - I Ve~ Ll
- g -— < -t -3 <x O Lt = O
LT IR J O + + < 4 + + LY HNZ il L oY
U+ e LI - - -— - NN SO~ IA
WhC Lo~ (sl e NN em (o~ (N XN e Ui~ NI D
LA miDUI e lNLD  ~= (NI emtoe MO e () e (Y LXK oMM~ = O
NVTCI =0 IO =D+ CmONwOliw X2 o oL = elXe @
U LD OO0 Qutadudtguedn QA QA-N~L, O

AUt AN Q el TN e LN e QU r €L N oer (D i () rtomr L Y 2t ht e (V)

Qn L1} —n e [ U1} fnn NN WO = AG N0 &
RN A0V NA DU~ D)~ ML —uydd «s0Oy &0
Lt LY QAN QN LEY M LML ML Qe =2 b2 2 Y= (O v
1) wQ i)l el el () sl el (Y e (Y 0 ) ne ot
LU JUL D U IO D I D )G SN I UL X o DU UKW
X OA Ot ] A DI OHAAOICAOSC AL O TU U X ik U U (D vl

(&4 Q o YO (=] O O mt -~ —t —t

[=] o o (&1 ] Qo QO O O O oQ O -
Q o 4 O~ N N ¢ M~ W0 ~0 n ™~
~ ~N N [ laat (3] N O e~ [\alaa} N o~

192



)
H),F

IlelEwyl2,1

-

3‘12'18H ANGLE CF ATTACK =,F7.3,

G

1
ATICN
m.F7a

/

c

¢
C AT ET
ANGL

WD~ @ D — D —ax
O TOLd=TVL Qg
& DIANVemmamd OO QI A —Nx
Y d DO ITANL LI DUL & o~y )
e L9V0QVCQAQQAdUVDIO TLZY
YMmillihdbllilllild s00L
et F VNN NN TN P U o 7 mdei )
- e e RS BeEEeeses MY el
MAIKMERKMRHKMAKRKXMI XK o) WLXUX
O2o00COAQ0OLCQANIGHX L~NOWO

)=t

oo pncl) pnd onll el ol € )

S |

T ALIAQAqQQLIQQAqQII4AqANg

e R N T T . Y e

XXX XLEE XXX sO XL

WOL W UL JUWLJLUWOLLULOLUOUL

00U by b L B £ s U U U L W B W U U U AL U =0 W

-t -~
DI IVOVNOVLINVOVVO O o
O =M IINC NP O~NMT NG N [ ]
Q00 QGO0 VOOI =t O M
kd

~

193



