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ABSTRACT

A theoretical study has been conducted to design and evaluate two air-
foils for helicopter rotors. The best basic shape, designed with a
transonic hodograph desifn ‘method, was modified to meet subsonic cri-
teria. One airfoil had an additional constraint for low pitching-

moment at the transonic design point,

Airfoil characteristics were
- - -predicted.

Results of-a. comparative-analysis. of_helicopter perform- .. _
ance indicate that the new airfoils will produce reduced rotor power
requirements compared to the NACA 0012,

The hodograph design method, written in CDC Algdl, is listed and de-
scribed,
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- SUMMARY.

The work presented in this report was done under NASA Contract NASW-2334,
This contract was awarded to Bell Helicopter Company (BHC) for an analyt-
ical study with the objective to define two specific airfoil shapes for
helicopter rotors. These shapes were to be designed to satisfy two tran-
sonic design requirements established by the high speed forward and
maneuvering flight conditions without compromising the subsonic require-
ments dictated by the hovering condition,

BHC subcontracted the design portion of the contract to the Nationa
Aerospace Laboratories (NLR) in the Netherlands. NLR combined their
transonic hodograph design method with the multiple requirement design
approach developed by Dr. F. X. Wortmann for BHC, Two airfoil sections
were developed and their corresponding subcritical, aerodynamic proper-
ties were predicted. One airfoil had a maximum allowable pitching
moment coefficient, while the other had no such restriction. BHC then
added to the aerodynamic data supplied by NLR by estimating comparable
data for the supercritical flight conditions, Using the combined data,
performance calculations were made for hover, high speed forward flight,
and maneuvering flight., All performance calculations exhibited an
improvement over a conventional, contemporary rotor blade section for
all three flight regimes.

The report contains recommendations for further airfoil optimization and
future experiments to verify the analytical predictions.

299-099-635 : ' vii
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In recent years it has become evident that the design requirements for heli-
copter rotor blade airfoil sections diifer enough from those of fixed-wing
aircraft to justify an independent development program. As a result, ana-
lytically designed airfoils tailored to optimize hover, maneuver, and high
speed performance simultaneously are now in use and have been tested on full-
scale rotors (BHC Airfoil Section FX69-H-098). S C

Contractor efforts in this field were greatly accelerated as a result of the
—————-contributions—by-Dri—F,—X; Wortmann—(Professor—at Stuttgart:University);-con-————
sultant to Bell Helicopter Company (BHC). Dr. Wortmann's design approach re-
quires specification of key operating conditions for which optimum perform-
ance is sought. Those operating conditions are then expressed as specific
design points (see Table I). The computerized airfoil design method is then
used to determine the incompressible, viscous, velocity distributions for the
given set of design conditions. By determining the elements of the airfoil
contour principally involved in attaining the design inputs, an airfoil can
usually be found that will excel at each of the desired design conditions.
Figure 1 shows a typical example of an airfoil designed in this manner.

'

Incompressible flow fields were used to achieve the above results. However,
the high g maneuver (high cy, moderate M_) and the high-speed forward flight
(low cg, high M_) requirements involved gnalysis in the transonic speed range.
Dr. Wortmann supplemented his above analysis with the "peaky'" approach
developed by Pearcey (Ref, l1). With this method, he used the principle of

the “peaky" pressure distribution for both of the transonic design conditions
‘to reduce the strength of the shockwaves.

This study was conducted as a continuation to the preceding study. One of
the main objectives of this program was to try to further reduce or even
eliminate the shockwaves at the two transonic design points by using ad-
vanced computational methods for transonic flow. In order to do this under
NASA contract, BHC subcontracted the National Aerospace Laboratories (NLR)
to develop two airfoil sections using their hodograph technique for quasi-
elliptical airfoils. BHC assisted NLR by supplying detailed information
concerning the method used by Dr. Wortmann and the airfoil he developed
(FX69-H-098), as well as the design requirements for the two new sections
(see Table II).

The specific objectives of this study are fourfold:

(1) Determine if it is possible to design, analytiéally, an airfoil that fulfills
the two transonic design requirements (maneuver and high speed flight) of
Table II while simultaneously satisfying stringent subsonic requirements
(hover), And, if this is possible, develop two sections that both satisfy
the same transonic requirements, but with one having a restricted pitching
moment,

(2) Determine if the transonic hodograph theory for lifting quasi-elliptical
airfoils is a convenient tool for achieving objective (1).

(3) Determine the aerodynamic performance penalties incurred by the require-

ment for small pitching moment coefficients usually imposed for rotary
wing airfoils. _ v

299-099-635 1
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(4)

Predict the rotor performance benefits that may be expected from the
improved airfoil sections in hover, high-speed flight, and maneuvering
flight when compared to the performance produced by a rotor having an
NACA 0012 or an FX69-H-098 section.

It is felt that some addltlonal comments are needed concerning objectives
(3) and (4). For objective (3), it is stressed that the penalties in-
curred. by the pltchlng moment requirements are not to be analyzed from a
control load standpoint, but rather from a performance standpoint. For
objective (4), it is noted that all performance predictions are for the
same mathematical rotor model with changes occurring only in the airfoil
data, The mathematical model used a rigid blade, teetering. type rotor
system ~Al1l performance should be considered from a "relative" rather
than-an .' absolute point of view.

299-099-635
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QITMMARY OF- NLR WORK

i~
-

A, Introduction

The following is a brief discussion of the work performed by NLR. The complete
discussion and analysis are found in Appendix A, "An Aerodynamic Design Study
for Rotor Airfoils", and Appendix B, "ALGOL Programs for the Computation of
Quasi-Elliptical Shock-Free Transonic Aerofoils”, In summary, the technique
used by NLR consisted of first using the hodograph method to obtain a series of
shock-free shapes, select from this series the shape that appears most promis-

, ing with respect to the other requirements, and then modifying this shape by

———————— means— of—aﬁtrlaLﬁand~error -method—to further optlmlze for—-other— requlrementS‘——————*————“

. B. Airfoil Develgpment

Following the receipt of the design requirements (see Table II), as well as
the data and information concerning the methods used by Dr., F. X. Wortmann in
developing the FX69-H-098 section, NLR began design of the required sections.
Initially, two approaches were considered. The first consisted of developing
a basic section that satisfied the high Mach number - low ¢¢ requirement -and
then modifying - ‘this section to improve the high ¢g- moderate Mach number re-

’quirements, - The second approach was to develop the high Cy - moderate :Mach
number section and modify this sectlon to 1mprove its high Mach number - low
cy characterlstlcs. ’

Work was performed using both methods; however, it was soon concluded that the
first approach was the most desirable. By selecting ‘this method, the hodo-’
graph program was given the respon31b111ty of developlng the larger portions of
the sections. This left the smaller segment of the section to-be modified by
hand-fitting techniques.

All of the above work was done using the'hodOgraph program with the four basic
input parameters: (1) Mach number control (Ma), (2) Circulation control (T"),
(3) Angle-of-attack control («), and (4) Thickness control (e). A basic sec-
tion, designated the NLR 7216 section, was developed using the program and

these control parameters. It was soon realized from analyzing the pressure
field and surface curvature distribution, however, that more leading-edge:

droop would be needed to satisfy the maximum cg requirement. 1In order to
achieve this, two additional control parameters, A] and Ay, the values of which
were so far set equal to zero, were made operational, . The first parameter con-
trols the leading edge bluntness and the second controls the leading-edge droop.
With these modifications, a satisfactory basic section (NLR 7223) was developed,

The final two sections (NLR 7223-62 and NLR 7223-43) shown in Figure 2 evolved

after considerable modifications were attempted using trial-and-error tech-

niques., Each attempt was checked by both subsonic potential and viscous flow calcula-
tions in addition to other empirical methods. These hand-fitting techniques

yielded sections that were modified in the following approximate areas:

Upper Surface: O to 0.02 x/c
0.70 to 1.00 x/c
Lower Surface: 0.60 to 1.00 x/c

299-099-635 - 3
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Both airfoil sections were obtained as described above. Different contours
and velocity fields resulted, however, for the two sections due to the differ-
ent pitching moment requirements. In designing both sections, care had to be
exercised that the resulting velocity field would not endanger the boundary
layer development on both the upper and lower surfaces and possibly cause
premature separation.

C. Aerodynamic Data Calculations

Once the development of the two sections was complete, aerodynamic data were
calculated and estimated for the off-design conditions. For these conditions,
where attached flow was believed to exist, NLR used several methods combined
in a single computer program (Reference 23%*), This program calculates a po-
tential flow field using the method of Reference 18%, The flow field is then
combined with the boundary layer calculation methods of references 20%, 21%,
and 22%, The drag values are then calculated using the method described in
Reference 24%,  All the above calculations are limited to Subcritical, fully-
attached flows,

NLR used two procedures combined with the FX69-H-098 experimental data for
estimating maximum lift coefficients. Both methods provided estimated, in-
cremental max1mum 11ft coefficient values that were used with the experimental data,

Both methods were based on and limited by the assumption that the stall mech-
anism for the new sections was similar to that of the FX69-H-098 airfoil. For
the first method incremental coefficient values were estimated by noting the
relation of minimum pressure as a function of lift coefficient at the critical
pressure value (see Figure 15%), For the second method 1ncrementa1 values were
determined by utlllzlng Sinnott's cirterium (Reference 25%) in relation to the
crest pressure expressed as a function of lift coefficient (see Figure 16%).

Table III shows a summary of both the de51gn objectives and the values clacu-
lated or estlmated by NLR.

ate
ry

Appendix A reference number

4 ' 299-099-635
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A, Presentation of Data

Co -, -, and cp-c4 data are shown in Figures 3 through 14 for the NACA 0012,
FX69- H 98, NLR 7223- 62 and- NLR 7223-43 airfoil sections. For convenience,
these sections will be referred to as the 0012, 098, Airfoil 1, and Airfoil 2
sections, respectively, '

\ Three types of data are shown in these figures: experimental data (0012 and

-————098 sections); NER—data—(Airfoil—l-and-Airfoil—2-sections); -and—BHE-data—(all — —-
sections). Where discrepancies exist between NLR and BHC data, NLR data was

. used in the performance calculations. Likewise, the test data always took
precedence over any calculated data. ' '

1. Experimental Data., The experimental data for the 0012 section were ob-
tained from Reference 2, and that for the 098 section from tests con- .
ducted by BHC at the United Aircraft Research Laboratories (Reference 3).
These data were used in evaluatlng the calculation methods and in perform-
ance predlctlons

-2, NLR Data. The NLR data shown in Figures 9 through 14 were derived from
both calculations and estimations with no distinction being made as to
which was used. Figures 20 through 23 and 39 through 42 of Appendix A
show this data in more detail. For a complete discussion on the methods
and technlques used for determining these data see Sectlon II of this
report and Section 6 of Appendix A.

3. BHC Data. Aerodynamic data were calculated and estimated by BHC using
several different methods. Thesé data were produced to supplement the
experimental data as well as the NLR calculated data beyond Mach number
and angle-of-attack values that were available to BHC from test or NLR
predictions. Consequently, all BHC data were made to 'fair-in" to the
NLR or test data. :

B, Calculations

1. Basic Method

The BHC basic method adds the c4-Cyq results calculated from two computer
programs. One program was developed for BHC by Dr. F. X. Wortmann and
the other ‘program was developed by Bauer, Garabedian, and Korn (Reference
4). Dr, Wortmann's program utilizes an 1ncompre351ble, two-dimensional
flow for calculatlng flow fields around a given section. Boundary layer
calculations are then made with transition occurring at the position
where lamlnar separation would normally result for a Reynolds number of

5 x 10° :

299-099-635
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Only the "off-design" or analysis portion of the Bauer, Garabedian, and
Korn transonic flow program was used.* This program analyzes a given
section in a two-dimensional, compressible, potential flow field. The
resulting wave drag as a function of c g was added to the incompressible
viscous drag obtained from the Wortmann program to obtain the total drag
coefficient, The accuracy of this method is considered to be very good
as shown in Figures 8, 11, and 14, The data calculated using this method
agree very well with both the experimental data and the NLR calculated
data.

Alternate Methods

The BHC basic method as described above was used as long as the transonic
flow program could obtain convergence. Once the program failed to con-
verge for a given Mach number/angle-of-attack combination, then empirical
methods had to be used. These methods are discussed below relative to the
airfoils for which they were used.

(a), 0012 Section. cg - o data were obtained for M, equal to 1.0 by
'~ applying an incremental value to the data of Reference 2, These in-
"' cremental data were obtained from unpublished 0012 test data at Mach
numbers of 0.9 and 1.0.

It was assumed that the cp-& relation remained unchanged for Mg
values between 0.9 and 1.0,

(b) 098 Section. cq - cg data for M, values between 0.82 and 0.89 were
calculated by the BHC basic method. These data were extrapolated to
My equal to 0.9. A similar extrapolation for minimum cy is shown in
Figure 15. The cq4 - Cq data for M, equal to 1.0 were estimated by
assuming the same incremental values as were used for the 0012 sec-
tion,

CQ - o data for My equal to 0.9 were obtained by extrapolating.the
test data as shown in Figure 16, Again it was assumed that the cg -«
relation remained unchanged for M, between 0.9 and 1.0.

Estimates for maximum cg for M>0.7 are shown in Figure 17. It is
believed that this extrapolation yielded conservative results.

(c) NLR Sections. The same procedure was used for estimating the cg - cy,
relation for these sections as was used for the 098 section for My
values through 0.9 (typical data are shown in Figure 15). For M,
equal to 1.0 however, the cq - cg values for the 098 section were
used rather than adding the 0012 incremental values to the NLR data

at Ma equal to 0.9. It was believed that this incremental method
would have yielded too low of values for Cd when applied to the NLR
sections,

fAll calculations using this program were made with a crude grid
mesh size and with the artificial viscosity parameter equal to
zero.

299-099-635
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The cg-o data for Ma values between 0.7 and 0.9 were estimated by
extrapolating the data as shown in Figure 16, assuming that similar
trends existed between the 098 and NLR sections. The same Cg-a was
assumed for both M, equal to 0.9 and 1.0.

Similar assumptiohs were made for the extrapolation of the maximum
cg data shown in Figure 17.

299-099-635 \ : 7
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IV, PERFORMANCE ANALYSIS

A, Introduction and Assumptions

Performance calculations were made for three flight modes: (1) hover, (2) high-
speed forward flight, and (3) a steady-state pull-up maneuver. All perform-

ance calculations were made using two BHC computer programs, ARSFO3* and AGAJ68%%,
The hover and level flight performance was calculated with the first program

and the maneuvering performance with the second.

ARSF03 employs blade-element-momentum theory with non-uniform inflow for hover
and axial flight, and uniform inflow for the other flight conditions. The ef-
fects of stall, compressibility, and reverse flow are determined by utilizing
two-dimensional airfoil data which specify aerodynamic characteristics throughout
the angle-of-attack and Mach number range. Geometric characteristics are also
specified at a given number of radial blade stations. Reference 5 provides fur-
ther discussion of the theory. '

AGAJ68 is a BHC rotorcraft flight simulation analysis program and was used
to simulate maneuvering flight conditions., Essentially, the program con-
sists of a rotor aerodynamic and dynamic analysis coupled with a fuselage
analysis which includes all six rigid-body degrees of freedom. Detailed
descriptions of this program can be found in Reference 6.

All calculations were made for sea level, standard day conditions along
with the following rotor parameters:

1. Radius = 7.62 meters (25 feet)
2, Solidity = 0.07

3. Twist = -8.0 degrees
4, Lock No, = 7.0

The NLR and BHC calculated aerodynamic section data, as shown in Figures 3
through 14, were used for the performance analysis. For angles of attack
greater than 16 degrees and less than -4 degrees (i.e., the reverse flow
region) 0012 section data (Reference 7) were used and are shown in Figure 18.
No compressibility effects were applied to these section data,

A performance summary is found in Table IV for a typical 62 273 newtons
(14 000-pound) class vehicle with 1,39 square meters (15 square feet) flat
plate drag area and a rotor tip speed of 234.7 meters per second (770 feet
per second).

B. Hover Performance

Figures 19 through 21 show hover performance for all four airfoil sectioms.
These data were calculated for a thrust range of 35 586 to 80 068 newtons
(8000 to 18 000 pounds) and hovering tip speeds of 226, 235, and 244 meters
per second (740, 770, and 800 feet per second).

pX

ataate
Xy

Formally known as the BHC F35 computer program
Formally known as the BHC C81 computer program

al, o,

8 . 299-099-635
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Assuming that a typical design hovering Cp/c is approximately 0.065, it may
be concluded that the 098 and NLR sections would yield approximately the same
hovering performance. A power savings of approximately eleven percent would
be realized over a rotor using the 0012 section. In dimensional form, this
would be a savings of about 105 kw (140 hp), or a 6094 nt (1370 1b) increase
in thrust. It should be noted for the hovering performance, and all other
quoted performance, that the quoted values are a function of rotor tip Mach
number. Care should be taken in applying these values to other design con-
ditions.

c. High-Speéd;Performance

Figures 22 through 24 show predicted hlgh speed torward flight pertormance.
For these calculations, an airframe flat plate drag area of 1.39-square
meters (1l5-square feet) and a gross weight of 62 275 newtons (14 000 pounds)
was assumed., Again, rotor tip speeds of 226, 235, and 244 meters per second.
(740, 770, and 800 feet per second) were used, and data were calculated from
80 to 180 ‘knots, As noted for a rotor tip speed of 235 meters per second
(770 feet per second) and 1268 kilowatts power (1700 hp), an increase of 11,

20, and 23 knots can be realized over the 0012 section for the 098, Airfoil 2,

and Airfoil 1 sections, respectively. Or, for a cruise speed of 150 knots,
a fuel savings of 17, 28, and 33 percent would result.

D, Maneuvering Performance

Maneuver pertormance is shown in Flgure 25 for a steady state pull -out type
maneuver at 150 knots. The data are shown as normalized equivalent horse-
power®* (Reference 8), versus the load factor. The horsepower data has been
normalized to the 0012 data in the cruise condition. As shown, both the 098
and NLR sections show an improvement over the 0012 with an increase of eight
to eleven percent. This improvement seems to be nearly independent of load
factor once the retreating blade begins to enter deep stall. As an example

of retreating blade stall characteristics, it is noted that for a load factor o

of 1.8 that the entire retreating blade 1s beyond 20 degrees angle of attack
for all four blade sectlons analyzed

*Equivalent horsepower is the total horsepower supplied to the rotor whether
by engine or the conversion of kinetic or potential energy to rotor power.

299-099-635 - ' » 9
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V. CONCLUSIONS

Two new helicopter rotor airfoil sections have been developed through a joint
effort between NASA, NLR, and BHC. Concerning the four objectives of thls _
study, the.following conclu51ons have been made,.

10

Objeotive 1:

It is possible to design an airfoil analytically that fulfills the re-
quirements for two transonic design points while satisfying stringent
subsonic requirements, The two sections produced by NLR satisfy all the
requirements except maximum cy as shown in Table III.

Ob]ectlve 2

The transonic hodograph theory for llftlng quasi- elllptlcal airfoils is

" aconvenient tool for the design of such sections as-described above,

It was determined by NLR, however, that some "hand-fitting" of the basic
shapes produced by the hodograph theory had to be done., This is ex-
plained completely in Appendix A, Basically, a leading edge modification
was applied with the objectives of increasing maximum cy, and a trailing
edge modification for maintaining laminar flow and/or attached flow de-
pending upon which surface was being modified. The trailing edge modi-
flcatlon was also ‘used for controlllng the pitching moment

Objeotive 3i

It Was found that the only apparent penalty incurred by an airfoil sec-
tion requ1r1ng .a low pitching moment coefficient (Airfoil 1) is a slight
reductlon in maximum lift coefficient (1,30 to 1.25)., It was also noted
that .a potent1a1 gain may even exist for the low. ‘moment type sectionm,
This conclusion is based upon both NLR and BHC calculated cgq data at cg
< 0.2, Both sets of data show the low moment section to have a higher
drag divergence Mach number. This fact may be clearly seen when the
data in Figures 11 and 14 are compared for M, = 0,9. Also, the low
moment section is showing a slightly lower value of cq in the range of
0.3 < cy <0.6 for M < 0,6,

From a performance standpoint, the two sections yielded nearly the same
results with the high moment section (Airfoil 2) yielding slightly
better results in the maneuvering flight mode. In the high speed flight
mode a sufficient amount of the rotor had been subjected to the higher
Mach number range (>0.9 ) in order for the improved Mach number charac-
teristics of the low moment section to be felt (see Figures 23 and 24),
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It was also noted that the low moment section yielded slightly better
hovering performance as seen in Table IV, This is due to the lower
values of 4 in the range of 0.3 < c¢o < 0.6 for Ma_<0.6.

It is pointed out that care should be taken when comparing these or any
other sections, A slight change in rotor tip Mach number, design lift
point, or any number of other design requ1rements may cause a reversal
of these conclusions.

Objective &4:

- The differences in performance between the two NLR sections are described
above. Both of these sections show considerable improvement over the
0012 section. When compared to the 098 section the NLR sections show
comparable or better performance in all three flight regimes. :

An additional fact has been discovered as a result of this study. It was
noted by NLR ‘that a characteristic "bump' resulted on the upper surface of the
high speed sections., "It is believed that the presence of such a curvature
peak is an essential feature of airfoils that must combine high .speed and high
maximum cQ performance in the way required for application in a hellcopter
rotor." ~For a more complete discussion, see Appendix A.

-

299-099-635 11



BELL =~ ' Use or disciosure of data on this page is

HELICOPTER COMPA'\JY - subject to the restriction on the title page.

The

12

Vi. RECOMMENDATIONS

following recommendations .are made as a result ofbthis study.

Conduct -additional analytical studies to determine if further

‘optimization of the NLR sections is possible with the two new

control parameters (A] and A2) and to explore in detail the
influence of the upper surface curvature peak height and loca-
tion (see Appendix A).

Conduct steady state two dimensional transonic-tunnel tests
to.determine the accuracy of the prediction methods used in this
study. These tests.could include measurements on a model in a
yawed. condition to.determine the effect or sensitivity of these
high speed sections to asymmetric flow condltlons.

Conduct two-dimensional oscillating transonic. tests to determine
the sen51t1v1ty of -this type of hlgh speed sections to unsteady”

vflow conditions.

Conduct rotatlonal tests on a tail rotor size model to determlne i
the section propertles of the new airfoils under rotating conditions.
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TYPICAL CONDITIONS

TABLE 1.

FOR ROTOR AIRFOIL DESIGNS

OPERATING CONDITION AIRFOIL DESIGN POINT SPECIFIED GOAL
Hover M= .6 ¢ = .65 Cg/td = 100
(Max Gross, o -

Critical®alt-& temp) M = .6 ¢ = .65 c < LOZ[

’ » M1 /4
(Conditions at 3/4R) :
‘High g - M= .5 & > 1.25
0 Maneuver (Retreatlng blade' max
o stall)
a ; 0
£ High speed < = e Mira ice .80
a cruise (advancing blade rag rise
tip)
* Example, pertalnlng to the condltlons orlglnally used to deslgn
the FX 69-H-098 airfoil - '
TABLE II. o
oo . . . :
DESIGN REQUIREMENTS FOR NEW AIRFOILS )
1.~ FLIGHT : : : AIRFOIL 1 AIRFOIL 2
CONDITION SPECIF1IC QUANTITY (low 'cm) (no Cm req)
Hover . M= .6 and ¢, = .65 c*/cd 100 100
’ no
M= .6 and ¢, = .65 c <|0.02| requirement
M /bc
Maneuver Mz .5 o > 1.35 > 1.35
max Shock free*| Shock free*
High Speed ¢ =0 M > .85 > .85
Shock free* Shock free?
- C4 < ,013 < ,0l13
General 2-D Test Condition Re 5 x 106 5 x 106
Thickness Ratio % Chord > 4 > b
<15 <15
* This indicates the method used to obtain the listed design objective

299-099-635
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TABLE III.

AERODYNAMIC DATA SUMMARY

FLIGHT DESIGN MAX IMUM DESIGN MAXIMUM
CONDITION SPECIFIC QUANTITY OBJECTIVES OBTAINED OBJECTIVES OBTAINED
(AIRFOIL 1) (AIRFOIL 1) (AIRFOIL 2) (AIRFOIL 2)
M=.6, cp=.65 /ey 100 95 100 100
Hover no
=. =. <} . -. -
M=.6, cp=.65 (CM)C/4 I OZI 015 requirements -046
Maneuver M5 < >1,35 1.25: > 1.35 1.30
Jo— _ ‘ N max___ | - _ _ . __ __
M > .85 .85 > .85 .85
High -Speed czzO .
Cd < ,013 .013 < .013 .013 -
2-D Test Re 5 x 10° 5 x 10° 5 x 10° 5 x 10°
Condition:
General
Thickness % Chord 4<t/fc <15 8.6 4<t/c<1S 8.6
Ratio
TABLE 1V,
PERFORMANCE SUMMARY*
COMPARISONS RELATIVE TO 0012 SECTION
:PERFORMANCE PARAMETER 098 AIRFOIL 1 AIRFOIL 2
Hover .
Hover Power Savings (%) 1.1 1.4 ‘11.1
Conditions:
CT/O = ,065
High Speed
(1) Increase in speed (knots) 11 23 20
Conditions: -
1268 KW (1700 hp)
(2).Fhel savings (%) 17.4 33.2 7 27.8
Conditions:
150 knots
Maneuver
Increase load factor (%) 9.5 8.5 11.2
Conditions:
(1) Power for a load factor
of 1.60 with 0012 section
(2) 150 knots
*Basic Flight Conditions: Gross Weight = 62,272 nt (14000 1lb)
Flat Plate Drag Area = 1,39 m? (15 ft2)
R = 235 m/sec (770 fps)
299-099-635
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SUMMARY

Using, as a basis, the hodograph method for transonic shockfree flow, a
design study has been performed for airfoils satisfying the multiple design
requirements that are typical for the helicopter rotor eh&ironment.

Two new a1rf01ls have emerged from this study. The aerodynamic data
predlcted for the two airfoils compare well with contemporary rotor airfoils
designed along more empirical lines, especially at high speed.

Of the two airfoils one was required to have a small pitching moment, the
other not. It appears that the ma1n 1mp11catlon or the pitching moment re-
striction is a reductlon of clmax ' '

Both airfoils exh1b1t a characterlstlc peak in upper surface curvature
that is believed to be essential ror comblnlng favourable high speed and
manoeuvre performance. In this respect the possibilities of the hodograph
method .could not be fully explored. Continued parameter studies could possibly

lead to further improvement,
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INTRODUCTION

In recent years a growing interest canvbe noticed in)the
development of "advanced" airfoils specifically designed for heli-
copter rotors (Refs.1,2,3), The reasons are twofold.

First, there is the evolutionary type of expansion of the
helicopter capabilities with regard to efficiency and pefformance
which leads to a need for aerodynamically more efficient rotors,

The flow through'a helicopter rotor is of a: complex, three-dimensional
and unsteady nature, However, it has been verified at several
occasions that the performance of a rotor depends étrongly on the
two-dimensional steady characteristics of the rotor profile. Although
the detailed nature of this dependence is not clear, the performance
of a helicopter rotor in a given flight condition can be improved

by improving the characteristics of the rotor airfoil section in

the two-dimensional, steady flow conditions,

Secondly, new anﬁlytical design‘ tools and concepts are
currently becoming available,*)lThis makes it possible to deal
more adequately with the transonic effects that occur in most
of the helicopter's flight conditions, Such developments, to a _
certain extent, parallel the recent work on supercritical airfoils
for fixed-wing airplanes,

The inifial stimlus for developing airfoils with favourable
transonic characteristics was given by Pearcey (Ref.5), who proved
experimentally, that shock-free transonic flow is a real possibility,
He found, that shockwaves can be reduced in strength and even elimi-
nated by designing for a "peaky"' type of pressure distribution,

With respect to rotor airfoil design a considerable step
forward was made through the wérk of Worfmann (Ref.1), who applied
the "peaky" principle to improvevthe'tranéonic characteristics,

In particular, he showed how to_utiiiie é "peaky" pressuie distri-
bution to increase the‘maximﬁm 1ift in the redium Mach number

range of the retreating'rotor blade,
While Pearcy had set out empirical rules for the design of
shock-free airfoils, a mathematical solution to the problem was

%
) For a recent survey article see reference 4,



given by Nieuwland (Ref.6). Using analytic hodograph theory .-
Nieuwland and his collaborators calculated a family of shock-free
‘.profiles of considerable geometrical variety classified as quasi-
elliptical ﬁirfoils. Results of two-dimensional tests in a transonic
tunnel'verified the theory for both non-lifting and lifting
airfoils (Refs.7,8). ' '

A significant contribution to the understanding of the
‘physics of transonic shock-free flow was given by Spee (Ref.9), who
showed that the flow around quasi-elliptical airfoils is stable
with respect to unsteady disturbances, He found that the shock-

‘free design condition is embedded in an interval of free stream
Mach numbers and angles of attack where the wave drag is negligeable:
The design condition can be reached in a continuous stable manner
- from neighbouring conditions. v
Since then, it has been found, that the definition of
‘neighbouring conditions' can be extended to include certain contour
deviations from the énalytical airfoil shape. I.e,, (subsonic)
‘parts of an analytic shape can be modified without destroying
" the low-drag properties of the basic shock-free flow, This. provides
an ‘additional degree of freedom that can, for instance, be used
to increase the "shock-free lift coefficient” at a given Mach
number (Ref.10).
S \
This report describes an effort to make profitable use of the
- 'hodograph method for quasi-elliptical airfoils in a design"
*. process for helicopfer rotor airfoils. The motivation for this
investigation emerged from joint deliberation between Bell Helicopter
Company (BHC) and NLR, It was expected that designing for shock-
free flow by means of the analytic hodograph theory, rather .than
for "peaky" pressure distributions as Wortmanr (Ref,1)did,wotld lead
to a further improvement of performance.
The work forms part of a NASA/BHC contract and was executed
by NLR under subcontract to BHC., In the proposed program (Ref.11)
‘BHC was feeding—iﬁ the hélicopter experience, the design requirements
and a baseline helicopter airfoil section designed by ‘ortmann,
Based on these data NLR was to design two airfoils ; one that

'satisfies the usual low pitching moment requirement for rotor

" "airfoils and one that does not, Comparison of the two airfoils
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would provide an answer to the question whether the pitching moment
. restriction causes a degradation in aerodynamic performance, -

In the next chapter we will first discuss the design.require-

. ments provided by BHC, This will be followed by a description of the

design procedure, a discussion on the computations with the hodo-
graph method and a description of the process of modification of
the basic' shock-free shape selected. The final chapters summarise

-~ and- discuss the results obtained in terms of airfoil performance.

"+ -DESIGN REQUIRFMENTS

As discussed in detail reference 1 the-helicopter's usual
flight conditions, distinguished as hovering, manceuvering and

high speed flight (Fig.l), imply conflicting requirements in airfoil

i design, The hover condition asks for a high lift/drag ratio at

{a"1ift coefficient of the order of 0,65 over most of the rotor
leade,Spén at Mach numbers upto approximately 0.6 for the outboard
‘‘.6ections, In manoeuvre the maximum g-capability is directly related

fx“to«the-cemai'of'the retreating blade, which, for the oﬁtbogrd
~sections, .should be as high as possible in the 0,4 to 0.6
Mach number range. In high speed flight the advancing blade tip
requires a high drag rise Mach number at low values of c,.
~-,C¢nflicting‘as,the rotor_a{}foil requirements. are, there is
little sense inpursuing one requirement first and getting concerned
.about the others later. Rotor airfoil design is an art of compromise
-from the outset and the tentative specifications set out fof this
- design study do already represent some form of compromise, This
-may.be illustrated by comparing the tentative specifications for
“this design study with the characteristics that (see appendix)
could possibly be obtained if each of the requirements is optimized
' for separately (table 1). B - \
© ' Comparing the tentative design figures with those realised
experimentally for a contemporary rotor airfoil (Wortmann FX69-H-098
airfoil, reference 15) it can be seen that in the present design
-8tudy attention is focussed on improving the high speed éharacter-
istiqs without, however, affecting the performance at the other

‘design points. Both the Wortmann and the tentative figures represent
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a substantial improvement with respect to the "standard helicopter

" airfoil”, NACA 0012,

The procedure followed in frying”tb>meet the desiéﬁ‘hpécifications

' is described in the next chapter.

DESICN CONSIDERATIONS AND DFSIGHN PROCFTURT

Characteristics of the baseline airfoil (Wortmann FX69-H-C98)
Prior to going into the details of the procedure followed in

the present design study, it is worthwhile to consider the

characteristics of a typical rotor airfoil, The Wortmann FXé§:ﬁ—O98
was chosen for this purpose because it combines the multiple

rotor airfoil requirements in a highly successful way. The

" considerationsused in shaping this airfoil are summarized in

figure 2, which was taken from reference 11,

In terms of aerodynamic characteristics these considerations

- have, at the hover condition, resulted in laminar, accelerating :

flow over almost the entire lower surface, On the upper surface there
is a small supersonic zone between 6 % and 16 ¥ chord, terminated
by & weak shock wave (Fig.3). At manoeuvre it exhibits a "peaky" type

supersonic region, extending from the leading edge to 10 7 chord,

" that is terminated by a strong shock, leading to shock-induced

stall.'At high speed there is a supersonic zone between 10 % :
and 60 % chord on the upper surface, terminated by a strong shock
and a "peaky" pressure distribution with weaker shock(s) on the
lower surface, o

- In terms of geometry the 10 % thick FX69-1-098 exhibits a
fair amount of nose droop, a nose radius of 0,6 % chord and, in
order to reduce the pitching moment, a slightly reflexed camber
line at the trailing edge. Maximum thickness occurs at 30 e A
very important characteristic appears to be the upper surface
curvature distribution at about 10 % chord ( /;72150.33 in~
figure 4), Wortmann (Refs.l,16) found this to be a key feature

©a high o, at Ma=0.5. As will be discussed later, it has also
some beneficial consequences for the high Mach number, low Co

conditions,
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Considerations underlying the approach selected .

In view of the fact, that the tentative design specifications
of table 1 do not differ extremely from thoe realized by the
FX69-H-098 airfoil, it may be anticipated that the geometry and
pressure distributions for the new airfoils must exhibit some
similar features in order to meet the requirements. The question
is8 how to make use of the hodograph method in order to obtain
such features,

In order to appreciate the following line of thought it is
essential to realise that the hodograph method for quasi-elliptical
airfoils provides for given values of input parameters one and
only one shock-free shape and corresponding pressure distribution
as output. Of the input parameters one is related to the free
stream Mach number and one to the circulation around the airfoil.

The other parameterscan be used to generate a certain family of

- shapes for one particular design point in the c,-Ma plane,

Leaving aside the hover condition, which appears not very

«;.critical with respect to transonic effects, this knowledge about
-z the hodograph method suggests two alternative ways of approach.,
"../One is to calculate a suitable shock-free shape for a high Cp at
.-, Mach 0.5, Usin# the freedom mentioned in chapter 1, to modify

. parts of such a basic airfoil one could optimise furither towards

hover and high speed, The other possibility is to start out from

~high speed and optimise towards hover and manoeuvre,

For several reasons it was decided to start out from the
high speed side, In the first place it is clear from the extent
of the supersonic flow regions in figure 3, that the high speed

condition will determine a much larger part of the airfoil contour

- ‘than the manoeuver cfmax réquirement. This motivation may seem to

.contain a paradox at first sight, because the manoeuvre

condition would give more freedom to modify the basic shape.

However, s8haping for transonic .shock-free flow is a very delicate

-matter and one certainly would like to leave this to the hodograph
. method as. much as possible,

. A second reason is constituted by the fact that viscous
effects, including shock-induced separation, play a dominant role
at 8 ox Although, one could in principle, design for a high,
shock-free c, at Ma=0,5, there still would be considerable
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uncertainty as to the eventual c{ . At high speed low Cp o
where the Mach number for rapid drag rise is the quantity of

importance, the situation is more predictable,

The actual design process

| Having chosen the high speed approach we will now discuss
the design procedure more specifically. For this purpose consider
‘the flow diagram of figure 5, The diagram on the left hand side
illustratesthe purpose of the different steps in the design

.procedure, The similar diagram on the right lists the analytical

methods used in the different steps,

The first step is to calculate by means of the hodograph
method (Refs.6,17) a series of shock-free shapes that will satisfy
the high speed requirement. This step needs systematic variation
of the input parameters involved. By engineering judgement of
geometry andApreésure distribution the shapes that are most
promising are selected for further evaluation. This further
evaluation consists of a crude estimate of the hover and manceuvre
characteristics, In the present investigation the approximate
subsonic potential flow method of reference 18 was used for this
purpose, The shape that promises the highest e rax at Ma=0,5
-is then chosen as the basic high speed airfoil,

The next step is to modify parts of the basic airfoil with
the objectivé of improving the hover and manoeuvre performance.
As indicated in chapter 1 this can probably be done without severe
consequences for the drag at the high speed design condition,

Such a modification process is one of trial and error in which

- the effects of a certain modification are analyzed by means of ‘

- flow computatlons. Both inviscid flow and boundary layer calcu-

lations” are needed in this phase,

. When the airfoil shape is completely fixed, the final step
is to estimate the Coy Cgy €, CUrves as a function of angle of
attack and Mach number. This requires potential flow and boundary
layer calculations, matched in an iterative éycle, as described in
Section 6.1.1.

_The three major steps of the design procedure are discussed in

_ more detail in the following chapters.

* , :
A Reynolds number of 5 x 10® was assumed for all viscous flow

calculations and estimations throughout thls report unless
otherwise noted :
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COMPUTATION OF A BASIC, SHOCK-FRFF SHAFE BY MFANS OF HODOGRAPH
THEORY ’

Nieuwland's hodograph theory (Ref. 6) is a method for the
transformation of the incompressible potential flow aréﬁnd a
lifting ellipse into a compressible potential flow around a
lifting quasi-elliptical airfoil. 1In this theory four basic
parameters appear, namely the free stream Mach number (Ma), the
circulation of the flow I', the incidence o of the ellipse in the
incompressible flow and a term €; in the expression (l-eg)/(l+eo)
for the thickness ratio of the ellipse.

These four paraﬁeter profiles are not closed at the rear end,

"From an engineering point of view the "gaps" are often negligibly
small, If required, they can be closed by adding three more para-

" meters, provided, that the physical ihterpretation is not destroyed

by the appearance of limit lines in the supersonic region or a

branch point outside the airfoil near the nose, Limit lines can

“ also occur with the basic, four parameter profiles. For more

details concerning the effect of the parameters on the airfoil
geometry see references 8,17,

- " In-the present investigation analytical closure of the airfoils

was not envisaged because it was expected that the rear parts would

have to be modified anyway for optimisation towards the hover and
manoeuvre requirements. The initial parameter study was therefore

" limitdd to the four basic parameters mentioned above, |

Of the four parameters the free stream Mach number can_be'chosen
‘readily éxperience has shown that if a drag-rise liach number of
0.85 is required, the Mach number for the theoretical shock-free
- design condition can be about 0,025 lower. The other parameters
~ were varied such, ?hat, not permitting Cp to exceed 0,2, and

avoiding limit lines in the supersonic regions, the largest
possible amount of noee droopwas obtained,

The best result of this first set of calculations was an airfoil
designated NLR 7216, The nose shape of this airfoil is shown in
figufe 6. The pressure distridbution in the high speed design
" condition bears strong resemblance to that given in figure 7.

A characteristic feature of the airfoil is' formed by a peak in the
upper surface curvature distribution at x/c = 0,067 (vﬁ;TS = 0,26

A-10



in figure 8), This peak is caused by a limit line cusp just inside
the airfoil and is of major importance for the shock-free upper
_surface flow, : L o . R
It may be noted, that a somewhat similar, but less pronounced
curvature distribution is exhibited by the FX69-H-098 airfoil,
This is believed to be one reason for the comparatively good
high epeed performance of the FX69-H-098,
As mentioned before, such curvature distributions are also
favouradble for obtaining a high Cemax in the medium Mach number

range, The reason is the following. At a certain high angle

_ coincide at the end of the supersonic zone. The expansion effects
generated by the curvature peak then tend to decrease compressive
effacfs and shock strengths at the crest, From another point of
view the curvature peak promotes a hollow "peaky" suctibn loop at
high angles of attack which, as shown by Pearcy (Ref.5), is
favourable for reducing shock strength, It also reduces the crest
pressure in such a way that the favourable effects occur at the
desired Mach number, At the optimum condition the width of the
supersonic suction region is, in fact, determined by the distance
from the leading edge to the curvaﬁyre peak } obviously, the
larger this distance, the higher Cy ‘can be, Apart from the
"peaky" concept and the crest pressure criterium this is believed
to be an importani rule for obtaining a high cfmax in the medium
Mach number range.

" The rathér.fgrward position of the curvature peak of airfoil

7216 and, associated with this, the limited amount of nose droop,

:is believed to be the main reason for the disabpointing manoeuvre
and hover performance of this airfoil, (By means of crest pressure
.correlaticn Cp ooy at Ma=0,5 was estimated to be 1,05 and tq much
supercritical flow was indicated at the hover condition),

In ofdervto remedy the situation the theory for quasi-elliptical

airfoils was re-analysed and two new parameters %1 and.kz were

*) It should be mentioned, that curvature peaks of the type just
mentioned could have an adverse effect on the wave drag in the
hover condition (Ma=0.6, c,=0.65). It is therefore important to
avoid, if possible, the appearance of supercritical flow regions
at this condition, ‘
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5-1

introduced. The first parameter controls nose bluhtness, the

" second controls the droop of the airfoils, With Ma, ¢ and [

fixed at the values for airfoil 7216 the parameters Al-and Xz
were systemetically varied so as to give as much droop as possible
while positioning the curvature peak (Fig.8) as rearward as
possible; The parameter choice was in this case restricted by
the appearance of limit lines,

The best result computed was airfoil 7223, For the geometrical

improvement obtained compared to airfoil 7216 see figures 6 and 8,

- The shape of the sonic lines in the theoretical design condition

(Ma=0,826, 0{250.15) are sketched in figure 7.
It is expected, that further improvement can still be obtained

" by systematically varying both the two new parameters and the four

basic parameters, This could not be verified in the present
investigation, Airfoil 7223 was therefore taken as the basic

shock-free shape,

"MODIFICATIONS TO THE BASIC SHAPE

General remarks
In modifying a basic, shock-free shape the important question

is how large a modification can be tolerated if one does not want

%o lose the low-drag properties at the high speed design condition,

Présent NLR experience in this respect is, that in the firat place,

 ‘the modifications must be limited to the regions that have
" subsonic flow at the high speed design condition, Secondly, the

location of the forward sonic points at the high speed deslgn
condltlon and the acceleration at these points must not be affected

by the modzflcatlon. The conditions at a rearward sonic point

‘have appeared to be less critical (Ref.10).

For the basic airfoil of figure 7 the considerations just
given suggest that the upper surface may be modified aft of
approximately 70 % chord and the lower surface aft of 20 % chord.
At the nose, experience is that modification is limited to the

immediate vicinity of. the position of the stagnation point at

i-the high speed design condition.

So far, NLR have used the approximate potential flow method of
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reference 18 to estimate the efféct'of contour modifications,

In spite of the fact that this method is limited, in principle,

to subcritical flow it has proved usefull in cases of supercritical,
shock-free flow (Ref.10). In contrast to the hodograph method, the ap-
proximate method.of Reference 18 predicts the subsonic flow field for a
given shape, The method uses the surface singularity technique in com-
bination with semi-empirical compressibility characteristics

For the purposes in mind, a dissipative type of finite

difference method for the computation of transonic flows with

shock waves would obviously be more appropriate. At the time of

the present study such a method was not yet available at NIR,

—— ==~ = — = —~However a few check calculations for the high speed and manoceuvre

design points by means of the method of Garabedian and Korm
»n
(Ref.19) could be made at the end of the investigation. )

‘5.2  Mith pitching moment requirement (airfoil 1)

As indicated in chapters 2 and 3, modification of the basic

" high speed shape with the objective to optimize for hover and

7 manoeuvre must, in terms of pressure distributions, be directed

towards the following.

.1)

ii)

iii)

iv)

In order to avoid shock waves on the upper surface at- the

hover condition and to have a high Cp s at Ma=0,5, the
cp-value (c?) for which the flow first becomes critical in

the 0.5 to 0.6 Mach nurber range must be as high as possible,
To minimise boundary layer drag at the hover condition a i
laminar, accelerating flow of long extent is required on the
lower surface at Ma=0.6, C£=O'65' 4

To reduce the shock strength at high cp at Na=0.5, improve,

if possible, the "peakiness" of the suction loop.

To satisfy the pitching moment requirement reduce, if necessary,

the load near the trailing ecge.

"To reduce the risk of early boundary layer separation at the

manoeuvre and high speed conditions avoid large pressure
gradients and apply, if possible, a Stratford (Ref.12) type

of pressure recovery,

Of these directives iii) stands rather isolated in the sense

that a limited modification of the nose shape, with the objective

»
) Most of these were performed by BHC
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~of improving the '"peakiness" of the suction loop, does not interfere

. with the other directives.,Considefing the incompressible sgction

loop at the optimum angle of attack in figufe 3 éuggestS'tg:strdve
after a somewhat more "hollow" suction loop. w;th the limitation to
restrict nose shape‘modifiéatibn to the immediate vicinity of the
stagnation point location at the high speed design condition, this
covld only be realised by shiftings the suction peak (Fig., J). The
corresponding leading edge modification has been indicated in
fipure 6, A

i) implies that the freedom to modify the rear parts of the
basic-airfoil should be nsed to increase the loading in that region,
This, however, is in conflict with the pitching moment requlremeﬁt
and also with i1) and v), which means that a compromise must be
found. This was real;seé by 4 trial and error process in which the

effect of several modifications on the pressure distribution at the

i yarious design points was caloulated by means of the method of

5.3

e
“hover condition (Fig. 14). 4 further consequence of this is that

" 'reference 16, The methods of Thwaites (Ref, 20) and Nash (Ref. 21)

“-were used to check the boundary layer behaviour at the most critical

conditions, Transition was predicted by means of the Michel/Smith

As a final shape the one shown in figures 10 and 11 was con-

sidered accéptable. Not; that the upper surface was modified aft of

70 o x/c and the lower surface aft of 50 %. Tabulated coordinates

of the airfoil are given in table 2. The predicted aerodynamic

characteristics are discussed in section 6,1,

“Without pitching moment requirement (airfoil 2)

Apart from the pitching momentlréquirement iv), the directives
listed in the beginning of this section apply equally well in the
case without pitching moment requirement.

The optimisation process for air{oil 2, leads nevertheless to
a characteristic difference between the th airfoils, This is
caused by the fact that the absence of a pitching moment requirement
allows application of the rear-loading concept.

In the case of airfoil 1 some negative loading was needed near

thgvtrailing edge to keep the pitching moment within the required

- limits, As a consequence some wave drag had to be tolerated in the

\

|
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6.1

6.1.1

‘has resulted from the trial and error process for airfoil 2.

a fully laminar lower surface boundary layer is required to obtain
an acceptable L/D value.

In contrast, the application of (positive) rear loading in-
creases the critical ¢y -value in the 0.5 - 0.6 Mach number range.
As a result the wave drag at hover is negligible (Fig. 33). However,
the boundary layer drag is somewhat higher than that of airfoil 1
due to a more forward transition point on the lower surface. As a
result the L/D values of the two airfoils do not differ very much,.
Thus, . the benefits of the rear-loading concept are mainly limited

to a higher.qlmax. Figures 29 and 30 present the airfoil shape that

Tabulated coordinates are given in table 3. Sectiom 6.2 discusses

the predicted aerodynamic characteristics,

PREDICTED AERODYNAMIC CHARACTERISTICS

Airfoil 1

The high speed, hover and manoeuver design points

| Aerodynamic data félé?antvto the high.speed, hover and
manoeuver design points are presented in figures 12 to 18.
' Figure 12 presehts a éomparison of the hodograph pressure

distribution for the basic airfoil at the design Mach number of

- 0.826, with that for the modified airfoil calculated by means of

the approximate subsonic method of reference 18. On the basis of

this comparison it is expected that the modification does mnot give

. rise to significant wave drag at the design Mach number of 0.826.

Figure 13 presents a result of the Caxabedian/Korn method for
Ma = 0.85, ¢, 0. The predicted wéve drag of 0.005 suggests that the
drag coefficient at this condition will be just below the required
value of 0.013 provided'that the boundafy layer can negotiate the
pressure rise at the rear also in the presence'of a shock wave.

The pressure distribution at the hover conditiom, including
the effect of the boundary layer, is given in figure 14. It was
calculated by means of the method of reference 23. This method
uses a single computer program and combines the analyses of refer-
ences 18, 20, 21, and the transition criterium of reference 22 in

an iterative cycle. The Square and Young formula (Ref. 26) is used
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to calculate the drag from the boundary layer properties at the
trailing edge. The basis of the method is described in reference 24,
As shown in figure 14 the flow is supercritical. Based on corre-
lation with the FX69-H-098 airfoil the wave drag is estimated to be
0.001. The total drag is estimated to be 0.0074. This leads to a
lift/drag ratio of 90 which is close to that of the FX69-H-098 air-
foil. .

With the present state of the art in theoretical aerodynamics
accurate prediction of ¢/ max is not yet possible, so that one is
limited to empirical estimates. Since ¢/ max at Ma = 0.5 is limited
by shock-induced stall, two methods are available to aid in esti-
mating this parameter. Both methods, however, are based on the as-
sumption that the stall mechanism for the new sections are similar
to that of the FX69-H-098 airfoil. With the first method incremental
values of c/max may be estimated by observing the minimum pressure as
a function of'c{ at the critical pressure value (Fig. 15). The
second method utilizes Sinnott's criterium (Ref, 25) in relation to
the crest pressure expressed as a function of cy (Fig. 16). Both
‘:methodsvsuggest that ¢p at Ma = 0.5 of airfoil 1 will be approxi-

mately 0.1 below that of the Wortmann FX69-H-098 airfoil. This
.fwould bfing it in the 1.20 to 1.25 range for a Reynolds number of 4

to 5 million.

~A similar conclusion is obtained from pressure distributions
-calculated by means of the Garabedian/Korn method (Fig. 17). The

' test results for the FX69-H-098 airfoil suggest that at Re = 4 x 106,
for the specific type of pressure distribution considered, shock
induced separatibn_limits a further increase of cy when the local
pressure coefficient just in front of the shock exceeds the value
-4E(Fig. 4), Accofding to figure 17, this would, in inviscid flow,
be obtained for cp= 1,28, With a 5% viscous lift loss (suggested
by the difference between potential flow and experiment in figures

15, 16) this leads also to a ¢/ max of 1,20 to 1.25,.
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6.1.2

An assumption underlying the considerations just given, has
been that there is no drastic difference in the rear separation
characteristics between the FX69-H-098 anc the present airfoil.
The results of boundary layer calculatlons for subcritical condi-
tions, presented in figure 18 in terms of the local skin-friction

coefficient at x/c = 0.95, suggest that this is indeed the case.

Estimated ¥ 4 and ¢, -curves

* In the subcritical regime lift and drag value (Fig. 19, 20,

6.2

and_21)_Were_calculatediby_means_of_the_method_of_referencen23

. The method uses the Square and Young formula (Ref. 26) to calculate

the drag from the boundary layer properties at the trailing edge.
Data for supercritlcal flow were obtained by extrapolation of sub-

critical values, using the test results of the FX69-H-098 and some

isolated Garabedian/Korn data points as a basis,

The estimated lift and drag boundaries in the c{—Ma plane are

summarized in figure 22, The drag boundary was obtained from figures

" 20 and 21 whereas the maximum lift boundary was estimated by means of

* minimum pressure and crest pressure correlation as described above.

Finally, calculated pitching moment curves are presented in
figures 23, 24 and pressure distributions for several subcritical

flow conditions in figures 25 to. 28,

Airfoil 2

"A similar set of data for airfoil 2 is given in figures 31 to
47. These do not need further discussion because they'were obtained
in the same way as those for airfoil 1.

As indicated by figure 32 a sligntly higher wave drag must be
expected at the high speed (Ma=0.85), low Cy condition. This would
bring the.Mach number for which cq = Q.013 just below Ma = 0.85,

Figure 33 presents the pressure distribution at the hover con-
dition. The lift/drag ratio is estimated to be 94,

Information relevant to </ ax at Ma=0.5 is'given by figures 34
to 38. These suggest that % max will be between 1.25 and 1.30 at
Ma=0.5. _

Further data concerning lift, drag, pitching moment and pressure

distributions is given by figures 38 to 47.
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CONCLUDING REMARKS

A'design study for two rotor airfoils has béén ﬁefformed using
as a basis the hodograph method for the computétibn of transonic,
shock-free flow. The results of this sﬁudy are summarized in table
4 in terms of predicted aerodynamic data of two new airfoils for
the manoeuvre, hover and high speed design points.

As compared with a contemporary rotor airfoil, designed along
more. empirical lines, the high speed performance predicted for the
new airfoils is substantially better. This has been obtained at the
cost of a slight loss in / max in the medium Mach number ‘range
(manoeuvre condition). However, ¢ oy 2t Ma=0.5 is expected to be
20 to 30 % higher still than that of the standard NACA 0012 airfoil.

Of the two airfoils one satisfies the usual requirement for
a smail pitching moment and one does not. It appears that the main
implication of the pitching moment requirement is a reduction of

cp in the medium Mach number range.
max ,

A characteristic feature of the airfoils is formed by the upper

'“i'surface curvature distribution, which exhibits a peak at x/c 0.09.

It is believed that the presence of such a curvature peak is an
‘essential feature of airfoils that must combine high speed and </ masx
performance in the way required for application in a helicopter

rotor. At high speed, the curvature peak triggers a favourable
"peaky" type of flow over most of the upper surface. In the manoeuvre
the curvature peak is instrumental in decreasing the crest pressure

to the level required for obtaining a high % max 2t Ma 0.05. At the
same time it determines the shock position and through this the chord-
wise extent of the region of supersonic flow. A high manoeuvre Cy o
therefore requires that the position of the curvature peak be as far
from the nose as possible.

In the present investigation the possibilities with respect to
curvature peak position offered by the hodograph method could be
explored only partially, Further parameter studies are required to
answer the question whether it could be shifted beyond x/c=0.09. In
case of continuation of the present work this would be one subject for

further research. Another; necessary step of a follow-on program would
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obviously be the careful two-dimensional transonic testing of the two
~ new airfoils described in this report. Préferably;'this should be done

under both static and dynamic conditions.
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APPFFNDIX
SOME RFMARKS ON FOSSIBIT UPPFR -LI:ITS FOR ROTOR ATRFOIL ‘FFRPORMAKCE
AT TEF SFPARATF DFSIGN POINTS BN :

" For comparative purposes it may be illustrative to discuss
-shortly (by lack of hard facts in a somewhat: speculative way)
-the upper 1 mits of hover, manceuvre and high:speed capability
" of airfoils optimised for each of these flight conditions'séparately.
Optimisation for -the hover condition only would: probably lead

- to a laminar subsonic "rooftop" upper surface pressure distribution,

““followed by a Straford (Ref.12) type of pressure recovery, to the
trailing edge (Sketch 1), Reference 13 suggests that the extent of

.the rooftop might go as far as

. 90.% chord for Re =5 x 10°
Crp ‘ ‘ before trailing edge separation
Y My= 0.6 SUITR R
3 a 5 .occurs, With some kind of laminar
C, =06
-2} 4 - (accelerating) flow on the lower
» surface it is estimated that c,-
—-—Cp a
 § © values as low as 0,0030 could
(
0 . ' S be obtained. This would lead
& .8

///”—_'4 . X/ to L/D values as high as 220,

llowever, the manoeuvre and high

speed qualities would be poor as
Sketch 1 Optimal pressure

distribution for high L/D at trailing edge separation would
hover occur almost instantaneously

when the angle of attack or Mach
namber would be increased beyond the typicai values for hover,
The work of Liebeck, as reported by A,M.0. Smith in reference
. li,yprovides a basis for an estimate of the upper }1mit of Cemax
at Ma=0,5, As in the hover case a laminar, rooftop type of pressure
distribution followed by a Stratford pressure recovery appears to
be tbe best. In compressible flow Cp M=0.5
the rooftop suction level would -3
seem to be limited by the onset -2
of shock-induced separation, ‘ ~/
Assuming that this occurs when

the local Mach number exceeds

1.25 (which is supported by Sketch 2 Optimal pressure distri-

experimental evidence), c, bution for c, at Ma=,5
max max
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values upto 2.1 would seem possible at Ma=0,5 and Re=5x106.,This
would be obtained for a rooftop extent of 50-60}% of the chord
(Sketch 2), L

The fact, that "rooftop" type of pressure distributions,
although differing in extent and suction level, appear suitable
for both hover and manceuvre, suggests a certain amount of
compatibility between these two conditions, However, looking at
the rather unusual shapes that are obtained (Ref.l3), there is
little hope for acceptable high speed characteristics,

The highest drag-rise Mach number at zero lift is, of course,
obtained with the flat plate at zero angle of attack, With
¢onstructional constraints coming-in, the lower limit for t/c
" is probably something like 4 %. Fxperience with quasi-elliptical
airfoils (Ref.14) then leads io a drag rise Mach number of

approximately 0.93 as an upper limit,
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AIRFCIL 1

+0.051406

X z x VA X %
+]1 00000 =0.00UU0 +0s17401 +0.U5U0 74 +). 00154 =0.017>54
+0.98674 +0.00161 te. 10260 +0.US5004 +0.,00978 =0.01m40
+0.974¢5 +0.00345 +0.14943  +(0.04915 +0.0773¢ =0.01913
+0.94050 +0.00820 +Ue 13617 +0.04815 +V., 08778 <=0.020uR
+0.909%a +Q.0lc6e +0eil2bZ8  +0.0473V 40,0953, =0.02072
+0.BT705 +0.01772 “Uelid71  +0.U4b6Z +0.10062 -0.02162
+0.85170 +0.0219A +0.11493 +0.,046c4 +D.1lpas =0.02234
+0.582615 +0.072614 +0.10901 +0 04563 +J.12776 =0.02313
+0,79864 +3.,03053 +0.10522 +0.04521 +0613903 =0.02387
+0,7697¢ +0.0350% +elUleud  +0.04u470 +0415039Y =-0.02495
+0.73974  +0.03909 +0., 09955  +0.04453 +0.1617¢ -0.025<4u
+0.71085 +0.0=1v2 +DU9760 +0.044c4 +U L7490 -0.025a9
+0.67758 +0.,0%438" *U.09577 +Gauiauul +U0. 18864  ~0,0205h
+0.66250 +0.0%42539 +0,09457 +0.U8304 +U0.,20185 =0.0271«
+0.64741 +0.046035 +0.0098337 +0.04365 +0.21505 =0.0276R
+0.62960 +0.04740 +0.09217 +0.04346 +0.22825 =0.028i7
+0.061263 +0.04833 +0.0R8977 +0.03307 +0.2419403 =0.02862
4059000 +0.049i9 +0.08017 +0.04243 +)e 25655 =0.,02904
+U.58091 +0.04991 +0.07672 +0.030957 +0.27168 =0.02949
*«J,56635 +3,05055 +0e06723  +0.03384z +0.2867 =0.02965
+0.,54748 +U.05133 +0.05969- +0.0364% +0.31696 =-0,03v43
+0.53239 +0.05109 +0.05219 +0.03435 +0.34904 =0,03U83
+0.51353 +1).0525« +0e0ua983  +0.03207 +038098 ~0.,031(7
+0.49a85 +0.0D31i0 +0.063956 +0.03017 +0e1307 =0.031i»
+0.,67970  +0.05351 +0.0272¢9 +0.02515 +Ue447c0 -0,03106

. +0.066137 +G.935394 +0.017a48 +0.02005> +0.48leo =-0.03078
{-+0s4a023 +0.05425 +0.00978 +0.015048 +U0.51339 =~0,u3030
+0,42929  +0.05455 +0.0064i6 +0.01023 +0.56720 -0,02956
+0.81232 +0.95478 +0.00125 +0.00617 +U.58067 =0.02361
+0439533 +0.05497 +0.,0000U0 +0.00000 +Ueb14972 =0.02754
+U.38B0c+ +10.05508 «0.00054 -0.00¢51 +0e0477L =0.0203A
C+J.36513 +0.0551¢4 +Jeu0ils -0,00303 +0eP7813  =0.025.17
+0.34814 +0.05516 +0.0026> -0000620 +0.70340 -0.02375
+0.33421 +0:055i2 +0,0045%0 -0.006x1 +0. 74105 =0.,0223%
+0.,3172¢2 +0.,055ul +0,00730 -0.00765 +0,76943 =0.02U97
+0.30211 +D.05486 +0,00992 =0.00360 +0.79937 -0.01947
+0.28701 +0.03465 +U401334 -0.00964 +348251la  =0.018605
+0.,27i8%  +0.05438 +UeV1749 =0(G.01072 +de89294 =0,01653
+0.25073 +0.0D404 +0.,0c181 -0.01170 +0.57654 -0.01505
+0.26i62 +0.05303 +0.02769 =0.0l280 +(0.90896' =0.012597
. *+0e22733 +0.05317 +0,03500 -0.01ail +0.,94070 =-0.00885
L +06,21605 +0.U2275 +0,03933 -0.0i477 +0.97353 -0.,00352
c+0 20093 +0.0>2:2 +0,04535 =0,01573 +0.98H77 <«0.00155
+0.187z4 +0eU5274 =0.,01654 +1.,000G0 =-0.00000

" Pable 2 Coordinates of airfoil 1,
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ATRFOLL 2 -

x Z bd Z pd ) Z
+1.0000U0 =0.00090 +0414955 +0.,048846. +U 09227 =0.02V91
+0.98074 +0.00241 40413629 +0.,047s7 +0.10653 -0.u02ib4
+0.974U5  +0.00479 +0.12638  +0.047us rulllbal  =0.022>d
+0.,94057 +u.01u37 +0.11881 +0.04637 +0.12772 -0492339
+0.90956 +0.01l406 +0s11503 +0.04601 40413903 =0.0¢4i>
4 0eBTTUT . +0.01953 +Jei0U91Q +0404549 +0615034 ~0.024506
___*U.85i80  +0.02313 | "+0:i0532 +0.06499 |  *U.1616>5 =0.02553
v0.82626 +0.02672 Te0.10i5¢ +0.06456 +0.1748> =0.02625
+0.79870 +0.03025 +0. 09965 +0.04w32 +0.18859 =0.026%5
+0,76978 +0.03379 +0.09775 +0.04408 +0.20179 - =0.02755
+0e73983 +0.03724 +0.,09586 +0.04382 +0.21499 =0.,02812
+0.71095  +0.0%03] +0.00466 +0.0%4300 +0.228i9 -0.02564
+Q.0T77608 '00.01329"9 +0e 09346 . ‘Oo.l)“:","‘é v*Ooa“i‘GO -0.02911
+0.6620U  +0.04403 +0.09226 +0.04327 *0.25649  =0.0250l
+0.04752 +0.04502 +Ue 08980 +0.04eBa +0s27162 . =0.030465
+0.62970 +0.040il +0.06626 +0.94225 +V.2867c =0.03044
+0.61274 "+0.04707 +0 07081 +0.04061 _*0.30369  =9.03082
+0.596i0 +0.04796 +0. 06730 +0.038E8 +0.3i690 - -0.031u8
*0.5810i +0.04871  e0.05977 +0.03636 +0.33200 =-0.03133
- +0.56646 +0.04939 +0.05226 - +0.03425 *+U0.34893 <-0.03155
+U54760° +0.05020 +Ue 04505 +0.03198 +Uqs 36582 -0.03171
+0.9136> +0.05148 1’0.\)273'3 +0,02509 +0.39602 -0,031387
+0,49490 +0.05248 +0.,01753 4‘0008002 +0.41301 ‘0003167
+0.47987 +0.05253 +0.,0098i +0.U1506 tUe0470 =0.03169
+0.66149 +0.U5299 +0 00418 -+0.01U22 +UesB11Y  =0.03ic5
+0.0460D  +0.05333 +0,00127 +0.00617 +0.513483  =0.0306] !
+0.42941 +0.05307 +0s0H0G0 +0.000600 *+Ue547i4  =0,02908
*0.4icss  +0.05394 +0.00054 =0.00251 +0.58061  -0,02827
+0.39545 +0.05416  40.00117 =0.00303 +0.6i485 =0,0258¢
+0.38036 +0.05430 +0.00264 =0.00521 *0eb4703 =0,02178
+0.36525 +0,05433 +0.U0044Y ~“0,0064?2 +0.678y4 ‘0001761
+0,36826 +0.05444 +0.00728 =-0.00767 *0.70929 -0.01370
. ’0.33“334 *0.0‘5‘0‘03 00.0099‘ ‘0.00602 "007“093 -0.01017
+0.31734 +0.05436 +0.01332 =-0.90967 ‘9076930 -0.00755
+0.30223  +0.054z4 40401747 =0.01076 (*0.79924  -0.00535
+0.28713  +0.054C6 +0e 02178 ~0.01i74 +0.82501 =-0.0039]
+0.27195 +0.0538¢2 002766 -0.01292 40085286 " =0.,00262
+0.25685 +0.05351 «0.036497 -0.,014i8 *U.87643 =0,00191
+0.24173 +0.05313 +UL03935  =~0.01485 +0.90880 -0.00102
“+0.22769  +0,U5271. +0,04635 =0.01553 +0.94063 -0.00043
+U.21lblb  +0.05231 - +0e527U =0.016064 *0.97351 ~0.00005
. +0.20106 +0.05171 +0s 06151 =-0.01767 +0.90076 +0,000G5
4018734 +0.051¢7 c0.06975 =0.01856 +1.00000° =0,00000
+0.17412 '+0.05033 +0.077¢8 <0.01929
+0.16276  +0.04971 +0,08774 =-0.02026
Table 3 Coordinates of airfoil 2.
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+ HODOGRAPH METHOD (BRSIC SHAFE)
— RAPPROX. METHOD (MODIFIED SHAPE)
C lﬂ 0.05

/‘fa=0.82€ { Cm-':'; _0.02"

r2 L - -

1

FIG. 12 ARIRFOIL 1. ,
COMPRARISON OF APPROXIMATE POTENTIAL FLOW
PRESSURE DISTRIBUTION WITH BAS/C HODO -
GRAPH _SOLUTION FOR HIGH SPEED, LOW cy-

. DES/GN _CONDITION.
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" COMPRRISON - OF RPPROXIMRTE POTENT/RL FLOW
PRESSURE D/STRIBUTION WITH BAS/C
HODOGRAPH SOLUTION FOR HIGH SPEED,

LOW cy, DES/GN CONDITION.
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ALGOL PROGRAMS FOR THE COMPUTATION OF

QUASI-ELLIPTICAL SHOCK-FREE TRANSONIC AEROFOILS
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SUMMARY

A user-oriented description or a set of ALGOL programs for the

design of quasi-elliptical shock-free transonic aerofoils is presented.
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LIST OF SYMBOLS

m o ~J oS R

<<:z<<z°;<z Hl o+ m zog
‘T
—

o

chord length of aerofoil
lift coefficient
error measure, eq. (5)
uncorrected interpolating function, section 2.7
corrected interpolating function
locél Macl number
—free—streamMachnumber —— —————— —————— — 7
local Mach number at t.e.
highest point number, section 2.7
radius of curvature
smoothness measure, eq. (6)
thickness of aerofoil
co—-ordinate
co—-ordinate belonging to ?b
co—-ordinate
co~ordinate belonging to ”\r'.b
incidence of ellipse in incompressible flow, section 2.2
ratio of specific heats, 1.4
flow circulation
weight, table 11, or: eeria
parameter defining thickness ratio of ellipse in
incompressible flow, section 2,2
denominators of eq. (6)
weight, eq. (7)
complex variable, see eq. 3.9 of Ref.
complex variable, see eq. 3.9 of Ref,
velocity parameter depending only upon M, eq. (3)
free stream value of ¥,eq. (1)
value of ¢ at t.e., eq. (2)

value of ¥ at branch point of hodograph surface

parameter in 170, section 2.2
value of . when ?fc is made small
nose bluntness parameter

camber parameter |

stream function



stream function of basic flow

QR
o

correction stream funetion

c

e flow angle

6, flow angle at (cusped) t.e.

GC - flow angle at branch point of hodograph surface
1 .

Sub- and superscripts

! first derivative

" 'second derivative

111 third derivative
IV ‘fourth derivative
v fifth derivative

corrected data or functions, seotion 2.7

i point number, section 2.7
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INTRODUCTION

Transonic shock-free lifting profiles can be developed with
hodograph theory. This theory has been used in the reference to
develop a calculation method for so-called quasi-elliptical
aerofoils. The calculation method has been programmed. This report
describes how the computer programmes have to be used in order to
obtain shock-free transonic aerofoils,

2.1

2.2

is given about some theoretical background needed (section 2),
the aerofoil design process (section 3) and the computer programs
(section 4). The program listings are given in the appendices.

THEORETICAL BACKGROUND

Scope

In order to run the program package some theoretical knowledge
is needed with respect to a number of subjects. Before proceeding
to a desoription of the handling of the programs we will first
present this background information.

The parameters and the section shapes

In principle, compressible flows around q.e. aerofoils are
obtained by applying a mathematical transformation to the stream
function of an inoompressible flow around an ellipse. The resulting
stream function ?y'b defines aerofoil seotion contours depending on
six parameters: M, (= free stream Mach number), e°(2 501/2 is the
excentricity of the ellipme), a (mincidence of ellipse), 7" (= flow
ciroculation) and the parameters Xl and )\2 which control tie nose
shape (Fig. 1),

The section cqntours defined by '\i/'b have a gap at the trailing
edge. In many cases this gap is so small that for engineering
purposes it can be neglected. |

If desired the gap can be closed by adding to i’fb a correction !
stream function \70 depending upon M_and three other parameters. The
resulting closed aerofoil has a cusped trailing edge. The three
other pa.rametgrs a.iie M(" (= local Mach number at t.e.),
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2.3

8, (= local flow angle at t.e.) and u, a parameter controlling the
section slope in the stagnation point (see Fig. 1). When the gap
is closed, Xl_and Az are not avialable as parameters (xl and Az
have to be set zero).

The closed aerofoil sections depend thus upon seven parameters.
If the closure is not desired, six parameters define the section
shape, - ‘

In the computer programs M_ and Mc are replaced by the equi-
valent velocity parameters ¢ and Q;, defined by

2T, |
W - [T =) (yal.s) (1)

2 2, -
o = TFII() (vel.4) : (2)

See also the conversion table 12,
A table of parameter values that may be used as a guide in

selecting suitable parameter values is given in table 1.

?he independent hodograph variables and the dependent physical
variables. _

The qualitative relation between the independent hodograph
variables and the dependent physical variables is first presented
for closed aerofoils.

The independent hodograph variables used are the velocity
parameter ¢ and the flow anéle 6. ¥ 18 related to Mach number by
(see also table 13) '

W e oy (eled) - (3)

The part of the hodograph surface that is of interest and that
corresponds to a flow around a closed q.e. asrofoil consists of two
sheets., The sheets are generated by a branch point (TE ,6c>)

1 =1

located near (t;,o). In order to be able to distinguish between the
two sheets we may introduce a cut from the branch point as indicated
in Pig. 2 with the convention that a passage of the out implies

a pagsage to the other sheet.
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_ (3,445,6)_is_the upper rear part of the_section_contour;

2.4

The qualitative relation between section contour and frqe stream
lines extending in the physical (X,y) plane to infinity from the
stagnation point and from the t.e. is thén as sketched in Fig. 2.

On these lines the stream function \{Nlb +17’c w O, 'I‘he following points

are noted:

a point 1 is the l.e. stagnation point, point 6 the t.e. point,
where (T,8) = (‘C'c,ec)

b (1,2,3) is the upper front part of the section contour;

(6,7,8,9) is the lower rear part of the section contour;
(9,10,1) is the lower front part of the section contour;

¢ the stream function Wb +\7r° has a singularity at (%.,0) in one
of the sheetsj this singularity corresponds to free stream
conditions, The stream funotion is regular everywhere else on
the hodograph surfacej

d (11,1,12,13) is the free streamline from the l.e. stagnation

point, (6,61,62) is the free streamline from the t,e, point.

When the aerofoil is not made closed by adding "y//c 'to"yv/b the
qualitative relation between section contour and fres streamlines
is as sketched in PFig. 3. The difference ocours at the saddle point
of the stream funoction Wb on the hodograph surface near the ex-
pected t.e, point images \T/b is not zeroc in this point. In the
physiocal surface the section contour is then not closed. The

mismatch at the expected location of the t.e. is often negligible
from an engineering point of view, -

The closure correction and the choice of the pa.rametefs ‘T;,eo and u
fn uncorrected serofoil can be closed by adding to ﬁ;b the
correction stream function ﬁ'/c having as parameters i’c,ec and p. The
correction is based on forcing a saddle point of Al[//b +'ﬁ/’c at (Tc,ec)
in the second of the (7,8) surface (Fig. 2) on the image

Vy + ?o = 0 of the closed aerofoil.

The parameter n can either be specified, or if unspecified, is
determined in such a way that \T/c is small in a certain mathematical
sense (for details see the Ref. ).

Experience has shown that an uncorreoted aerofoil can only be -
closed, if the value of ‘7;\9 at the saddle point of {V‘b is small
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2.5

2.6

enough ( /lT/b/< 0.02 appr.), Moreover, (ffc,ec) should be given
values (approximately) equal to the values of (¥,8) in this saddle
point,

A special program is available to locate the saddle point of
Wb if desired, so that the value of (¥,6) a.nd\be at the saddle

point can be determined.

Limitations on the choice of the parameters
The values of the parameters determining the section shapes

(see section 2.2) cannot be chosen arbitrarily. The limitations

are of two different natures.

a Alého}ugh fffb and {;;b +\'Trc ‘are one-valued functions on the two
sheets of the hodograph manifold, ocomputed results may become
unacceptable when the mapping of the hodograph manifold to the .
(X,¥) surface is not regular. The mapping can become singular
by the appearance of limit lines (= folds in the supersonic .
parts of the physical (%,¥) surface) or of branch points in the
subsonic parts of the flow outside the aerofoil contour of the
(X,¥) surface. The singularities can only be discovered by

computing the section explicitely and inspecting the results.

b When a glosed section is aimed at, o and T should oclosely
satisfy the relation
7’7
o = arcsin 15 (4) )

in order to obtain values of V/b at the saddle point of Wb near
the expected t.e. position that are small enough (see section
2.4). The degree of freedom when deviating from this relation
can only be established by computations and inspection of
~results, The rule impliee that closed aerofoils are only"
possible for aerofoil with negligible camber and hence without
rear-loading. In this case the parameters A 1 and )\2 have to be
set squal to zeroj they are thus not available for control

of the section shape.
The acouracy of the computed results

oy |
The accuracy aimed at in the computations is of the order 10 ™

for ¥, fy'q_, fy/e, X and ¥, where i/ stands for either % or\';l;b +ff/c.
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2.7

~point the computed value of Y differs appreciably from zeroj

This accuracy is in many cases not obtained when{ is about
0.9 2 1.2 ¥ T and /8/< 15°, that is on the upper surface on the
rear half of the sections, and over the last 70 % of the lower
purface, This is due to the use of a convergence accelerator (the
g-algorithm) applied to the series expansion forip,ﬁ%,gé,§'and 7.
Near the singularities (T,,0) and (Qiiecl) of these series the

g~algorithm introduces errors of stochastical nature. The errors in

the computed vaiues are uncorrellated, except when in a contour

_correlation in errors ocours in about 2 % of all data of a complete
section contour,

In general the computed data are not accurate enough for
engineering purposes. A smoothing correction method has to be

applied to convert the data to data that are accurate enough
(section 2.7). :

Smoothing correction of aerofoil data

The smoothing correction of the profile data needed for reasons
explained in section 2.6 is effectuated by a epecial method in

which an error measure is carefully balanced against a smoothness
measure.

The defails of the smoothing correction method are as follows.
Let (xi,yi,y{,yg),.i = O(1)N, be given estimates of unknown points

(xi,yi,y{,yg) where primes indicate first derivatives and double
primes ‘second derivatives,

Let (Ayi,Ay{,Ayg) bf given estimates of the accuracies of (yi,y;,y;).
An error measure taking into account scale differences in accuracies
is defined as '

2 2 2
N [/y.-$. yIl-y! yr-9r
o[2]- 12-'-0[( él\yil) * ( lliyi'l) +( Zy'i'l') } (5)

where 2 is a function interpolating the unknown (xi,yi,y{,y;) and

defined below. A smoothness increase for 2 taking into account

estimated scale differences in smoothness of 2 is defined as
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s[2] - ;Ei = (6)

_X'

i{;l{g"(x)} 2dx

where g is a function interpolating the given (xi,yi,y{,yg). g and
2 are defined in each interval[xr_l,xi] ag a fifth degree poly-
. . . ] " . ]
nomial in x interpolating (xi~1’yi—1’yi-l'yi—l) and (xi,yi,yi,yg),
3 i ' " On
respectlvely (xi—l'yi-l'yi—l'y;.'—l) and (xl’yl'yi'yl).
The determination of the unknown corrected points

(xi,yi,y;,yg) is based on the minimisation of the expression

£e [2]+ (1-r)s [2] 0 <g <1 (1)

where ¢ is a weighting parameter which is used to balance the
error and smoothness measures in such a way that e [g] takes
approximately its expected value 3(N+1). (Note that the terms in
e[2] should be of order 1 in the final result).

For fixed ¢ fhe expression to be minimized is a quadratic fo:m
in the unknownsj its minimum is determined by standard methods.
¥ is determined iteratively.

From thg output of the aerofoil programs tables of points
(xi,yi,ei,l/Ri) on the section contours may be composed. These
tables are converted to (xi,yi,y{,yg) tables and corrected separa-
tely for the upper andvlower half of the section contours. The
accuracies (Ayi,Ay{,Ay;) are determined by rules given in table 11

of section 4.7.2 (oard input specification of the correction

In the smoothing correction program the correction is

(slightly) biased in such a way that y; values are more likely
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corrected than y' and yg'values. ‘

Vast experience with about twenty aerofoils in various situ-
ations (internal coherence of corrected data, model making and
windtunnel testing, control computations with panel methods

for subcritical flows) has shown that the smoothing correction

method gives corrected data that are sufficiently accurate for

‘engineering purposes, provided a redundancy of data (at least 70

points per section side) is corrected.

AEROFOIL DESIGN PROCESS

When & transonic shock-free q.e. aerofoil is developed, a
design process has to be followed in order to fix the parameters
that determine the section shape,

Experience has learned that a random approach in fhis design
process is undesirable . In order to save efforts a certain policy
has to be followed. The rules of this policy have been incorporated
in the flow chart of the design process of figure 4.

Roughly speaking the design process comprises three stages.

In the first stage the parameters*ﬁp,eo,a and[are detefmined from
desired values for M_, t/c and CL and a des;red type of loading, .
and a decision is made whether or not the gap at the t.e. will be
closed. In the seocond stage the nose shape is optimized to approach
desired characteristios as close as possiblej this fixes the re-
maining parameters. In the third stage detailed computations of -
the section shape are performed.

During the first two stages if is necessary to check repeated-

ly whether limit lines and/or branch points disturb the section
shape.
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Turing a design process for an aerofoil the flow chart of the
desigr process has to be used together with the flow chart for the
data rlow through the programs of Fig. 5 (section 4.9). This flow

chart shows how the parameters are put into the various programs.

COMPUTER PROGRAMS AND NUMERICAL EXAMPLES

General description of programs
The design of a transonic shock-free q.e. aerofoil is performed
with the following five ALGOL 1) CDC-6600 computer programs:

program name program main function

CHEFF oomputes-tables of coefficients

INTC¢NS computes constants in compressions for
;b end'yb _

SADDPNT searches for the saddle point of\Vb near

expected t.e. position on (¥,8) surface

AIRFﬁIL' computes parts of aerofoil section contour
and/or position of sonic lines

SM¢¢TH _ corrects aerofoil data by special smoothing
correction method

Details about the functions, inputs and outputs of these pfograms

are given in sections 4.3 to 4.7. ‘

Various tables of data are written to or read from a magnetic
tape by the first four programs. The organisation of the data on
this tape as far as needed by a user who wants to put the programs
into operation is explained in section 4.8.

The listings of the programs are presented in appendix A to E,
A flow diagram presenting the flow of data through the programs is
discuseed in section 4.9.

The card inputs are free formatted except where specified otherwise,

1) An ALGOL compiler successfully used is the ALGOL-60 PSR302+3IC
compiler of the CDC Computing Centre, Rijswijk, The Netherlands.



TR 72 /28 C

4.2

Numerical examples

The input and cutput descriptions in sections 4.3 to 4.7 are
illustrated by numeriocal examples showing details of the input and
output.

The examples should be completely and exactly reproduced by
a new user of the programs in order to test all functions of the
programs and/or to gain endugh initial experience with the use of

the programs.

443
4.3.1

4.3.2

4.3.3

Program CPEFF
Function

C¢EFF computes the complex coefficients that are needed in
INTCPNS, SADDPNT and AIRFPIL. The coefficients depend upon €y @
and /.

Input .
The data needed by CPEFF are taken from cards. The card input
specification ie given in table 2. The input.of the example is

given in table 13,

Cut put »

The results of CPEFF are output to the line printer and tc the
tape. |
& The data cutput to fhe lineprinter are:

I CASE, e, o, /.
II  the complex qualities ¢, and f, defined in eq. (3.9) of the .

Ref. and the quantities /z,/, /52/, El/gz and e.

N.B. The value of 7] is needed for the card~input

specification ror AIRFPIL, see table 7 of
section 4.6.2. '

IIT TPL, M.

IV  ten integer numbers (numbers of terms in power series). The
computation timeg‘of C¢EFF depend approximately ‘linearly upon
the largest of these ten numbers. l

v tables of the complex coefficients.

The output of the example is given in Fig. 6.
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b The data output to the tape are:
I one record with M, TPL, CASE, € a,7z

1T one record with all complex coefficients,

4.4 Program INTCNS
4.4.1 Function

INTCENS computes constant terms in the expressions for ?% and
?b. The constants terms depend upon T;;eo,a and T'. The constants
are needed in AIRF@IL.

A.4.2 Input ,

The data needed by INTCENS are taken from cards and from the
tape. The card input specification is given in table 3. Reading
from tape is possible if CPEFF has first been used. The input of

the example is given in table 13.

4.4.3 Output
The results of INTC¢NS are output to the line printer. These
are:

I . CASE, eo,a,T'. _

IT  the complex quantities f, and {, defined in eq. (3.9) of the ref.

and the quantities /gl/, /c2/, cl/cg and .

II1 two integer numbers (numbers of terms in power series). The
~computation times of INTC¢NS depend approximately linearly
upon the largest of these two numbers.,

IV for each value of T, specified in the input:

- the value of T,
- s8ix lines with four real numbers
The 24 real numbers are the constant terms. They are needed

for'the card input of AIRF@IL, see section 4.6.2.

The output of the example is given in Fig. 7.

2.9 Program SADDPNT
_145.1 Func{ion ,
SADDPNT searches fof the location of the minimum of the saddle
point ofi?b near the expected t.e. position on the (¥,8) surface
(see section 2.4). The saddle point is characterized by the rela-

tions \T/bq—- 0, \’I/’be - 0,
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4.5.2

4.5.3

Input

The data needed by SADDPNT are taken from cards and from the
tape. The card input specification is given in table 4. Reading
from tape is possiblé after the use of C¢EFF. The card input of
the example is given in table 13.

Qutput

The results of SADDPNT are output to the line printer. These
are: _—

4.6
4.6.1

406«2

I CASE, €yt a9719q;f
II at most six blocks of five linesj each line contains values of

T, e(degz‘ees),\NVb,l'i//.b a.ndq(n respectively.
T e

One block contains the results of one step in the iterative
search process for the location of the saddle point.
The line after the last block contains the desired values of

., G,Ws,i% ,ﬁg in the saddle point provided /ﬁ% / and /@% /
¢ Yg - ' T e

are small enough (typically <1074 R 1077 respectively).
If /ﬁ% / and /@g / are not small enough a new search has to
T e : )

be performed starting from improved'ihitial estimates

(1 1) ~ . . ~
T, ), Sg ). If ¥, is not small in the saddle point (/l/b/<

about 0.02) the aerofoil cannot be closed at the t.e.
The output of the example is given in Fig. 8; ]’Pb in the saddle

point is probably small enough for a successful attempt to close
the gap at the t.e.

Program AIRFPIL
Functions
AIRFPIL computes parts of (either uncorrected or closed)
aerofoil contours and /6r the corresponding sonic lines,
I;put
‘The data needed by AIRFPIL are taken from cards and from tape.
The pile of cards to be read consists of two parts, The first
part is oompletely independent.of the functions desired from the
programj this part is specified in table 7. The second part
specifies what functions of the program are desired and what
calculations are to be performed. The input specification for the
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4.6.3

4.7
4.7.1

4.7.2

4.7+3

second part is given in table 9. _
Reading from tape is possible after the use of C¢EFF. The input

of the example is given in table 13,

Out put : .

The results of AIRFPIL are output to the line printer. These
are
I e, h T ‘l'sl,CASE, Mw,xl,xz

I1 if.aclosed asrofoil is aimed at :‘l’c,ec, and some other quantities
related to the correction stream funotioni;b.

ITI 24 real constants., When a closed aerofoil is not aimed at these
are equal to the 24 real constants input from resulte of
INTCENS, see table 7.

IV  data for the stagnation point including ue

v either data for contour points or data for sonic lines.

The output of the example is given in Fig. 9 (the sonic line

is situated inside the aerofoil).

Program SM@@TH
Function .

SM@@TH corrects the aerofoil co-ordinate values obtained with
AIRFPIL for large errors of stochastical nature (section 2.6) by
the smoothing correction method outlined in section 2.7.

Input ' -
The data required by SMPJTH are taken from cards. The card

input specification and the input of the example are giQen in table
10, ‘

Out put
The resulte of SMPPTH are output to the line printer. They

ares '

I a table of the first part of the card input.

II  a table of the aerofoil co-ordinate values {xi;yg,ei,(l/R)i}
modified to [xi,yi,yi,yg}'valﬁgs. .

ITII a table of the second part of the card input.

IV a table of weights pf, where the p;2 are equal to the
denominators in the expression (K) for s [é]in section 2,7,
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for each iteration step in the iteration process on

25
L =

E = TEE (see section 2.7 for the meaning of ) information

£y
<

which can be used to check the course of the iteration processj

R T

e
/

"this information is of interest for the analysis of details of
the computation process only.
VI a table of corrected values x, ,9 ,y ,y" together with the
corrections §. Yy y'—y y"—y"

VII a table of 1nterpolated results; in each interval [x 4 X

VI atablec e
iwO(1)N-1, five values of 2,8Y,27,2™,2%and @~¥are printed

in order to permit an inspection of the fluctuatlon behaviour
of the corrected interpolating curve &(x) (defined in section
2.7),

VIII a table of corrected values X185 8 (l/R) together with
corrections y.~§., i-e , (l/R) —(I/R)

The results have to be inspected for correctness in two ways.
The corrections yi—yi printed out in the last table should be of the
order of magnitude of the corresponding Ayi specified in the input
and be randomly distributed in magnitude, except possibly for
roughly 20 % of the va}ues, where the éorrections yi-yi are allowed
to be two orders of magnitude larger than the corresponding accu-
racies. The average value of yi-yi is allowed to be slightly biased
to non-zero values over large parts of the aerofoil contour,
provided the bias is of the order of magnitude of the corfesponding
accuracies. Too much bias over a part of the aerofoil contour
implies that the accuracies are better than assumed, and that SM@@TH
has to be rerun wi*h smaller accuracy estimates. A second way of
inspecting the results is to analyze the behaviour of 2" in the table
of interpolated resglts; in each interval [xi, ?i+l] 8" is permitted
to fluctuate by an amount till about 3/4 % the average value of 2@"
in the interval. Larger fluctuationse in some interval [xi'xi+1 ]in
general indicate errors in Yy and/or Yin considerably larger than
the corresponding accuracy specificationsj very large fluctuation
(2 or 3 * average value of ®") are not permitted and should be cor—
rected by a rerun of AIRF¢IL giving improved values of the suspected
¥y and/or ¥;,, and a rerun of SM@@TH.

The output of the example is given in Fig. 10.
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4.9

The magnetic tape
Function

The magnetic tape is used to save and to make available to the
programs INTC@NS, SADDPNT and AIRFPIL tables of complex coefficients
generated by the program C¢EFF and tables of so-called Chaplygin
functions (see the reference ,appendix A for the definition of these

functions).

Data organisation on the tape

The data on the tape are arranged in two files. The first
file contains 252 records of Chaplygin functions, for each value
of € mentioned in table 12 one record. The second file contains
an even number of records, which are written to the tape by the
program CPEFF; each time CPEFF is used two new records are added
to fhe second file,’

The Chaplygin functions are only available for the values of
¢ given in table 1l. This restricts in general the choice of the
values of € and ¥, that have to be specified in the input of the
programs, Detailed rules are given in the input specification
tables, ,

The Chaplygin functions can be made available to users by NLR
upon request, , .

When the program package is put into operation for the first
time by & user, the tape should be only provided with the first
file with Chaplygin functions; after the first file two

end-of-file marks must be present.,

Data flow chart for the programs

The programs CPEFF, INTCENS, SADDPNT, AIRFFIL and SMP@TH
have to be used in a certain prescribed way because the léxter
mentioned programs use data made available by the earlier mentioned

ones. A flow chart of the data showing the relation between the

inputs and outputs of the programs is prescribed in Fig. 5.
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Table 2

Card input specification for CPEFF

name of advised comment
variable value
M 100 highest subscript of coefficients

TYL 10710 desired relative precision of coefficients

CASE integer sequence number for parameter combination
€ 1%y § do not use a sequence number
previously used, as otherwise the tape will
be used in an erronous way by the programs.

By O.5<eo<0.9 parameter determining thickness ratio
1-‘eo/l+e° of ellipse in incompressible flow

a incidence of ellipse in incompressible flow

) (radians)
AR T/ >0.05

flow circulationj values of 7 with /7//<0.05
increase ocomputation times to over 30 min.

on a CDC-6600 computer and impaire the

' acouracy of the results,




Table 3

Card input specification for INTCENS

name of advised comment
variable | value
CASE table 2 sequence number of parameter combination
€yt o, T, see table 2,
€, table 4 thickness raﬁio parameter, see table 2
Ta T |7 "table 2 incidence of ellipse in incompressible flow,
see table 2.
T table 2 flow circulation, see table 2
N total number of values of ¢ subsequently
specified.
(‘i’m)1 S ) when the int.egration constants for fixed
2 € o, I, |
(‘L“,‘,)2 : may be needed for various T, all these T,
! %‘ values should be specified, as the computa-
: :E: tion time in fact only depends on e ,q, 7
| & and not upon _‘T.'w.
i @ rg select only those T, values that are
: ' g specified in table 11 of section 4.8
| g 4 b specify the values to eight places behind
| o decimal point and in increasing order of .
cim‘)N @ J \ magnitude
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Table 4

Card input specification for SADDPNT

name of advised comment
variable | value
or array
FIN table 5 arfay of 62 integer numbers, specified
in table 5 '
RIM table 6 array of 63 integer numbers, specified
in table 6 ‘
CASE table 2 sequence number of parameter combination Egr
a,71, see table 2
€, table 2 thickness ratio parameter, see table 2
o table 2 incidence of ellipse in incompressible flow,
. see table 2
T table 2 flow'cifculation, see table 2
q;° table 3 free stream value of ¢ determining M., taken
_ from table 3
Tﬁl) first estimate for value of T in saddle
point} if better estimates are not available
take €1 2 0.6 £, |
eﬁl) first estimate for value of © in saddle point

if better estimates are not available take

egl) = 0.7 « (degrees)




=1225711501

T T 41125711103 +1102145104

+1104254209
+2125911401
+2125711106
~3225711521
+3225711423
+3225611220

44941935931929925922920916414510979501

TABLE 5

+1121313101

+1125711110
+2125711102
+2125611507
+3123313121
=3124313523
=3124431120

1 +1125721101  +1125911401
+1102254205 +1125711106
+1125611511 =-2225711501
-2325711201 +2125711103
+2104145108 2104254209
+3125721121 +3125911421
-3125721523 -3125911223 "
-3125612120 -3125811420

+1125611507
+2121313101
+2102145104
+2125711110
+3125711131
-3125711533
-3125611122

+1104145108
+2125721101
+2102254205
+2125611511
-3325711221
+3325711123
+3325611520

SPECIFICATION OF INTEGER ARRAY FIN (NEEDED IN TABLES 4 AND 7)

{

4094092092092 09409=29-29+09¢09209=29=29409409%00=19=29=29=29-2»
=29409400-29+00+00409¢29¢29409=19=29=29=29=29=29+09+09=29¢09+0,
409¢29429¢09419¢09¢09¢09+409¢09¢09400+409¢092+09¢09+09+09+409¢0+4+0»

TABLE 6 |
SPECIFICATION OF INTEGER ARRAY RIM (NEEDED IN TABLE 4)
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Table 7

ipecification of first of two piles inputs cards for AIRFFIL

name of advised comment
variable orx] value
array
FIN table 7 |array of 62 integer numbers, specified in
table 7,
M table 9 |array of 756 integer numbers, specified in
table 9
CASE table 2 sequence number of parameter combination
Egs a, ', see table 2
€, table 2 |thickness ratio parameter, see table 2
a table 2 |incidence of ellipse in incompressible flow,
see table 2
r table 2 |flow circulation, see table 2
Re El 8;;;;t of ireal part of complex constant :1’ this
number has to be taken from the line printer
resulte of CPEFF, see the output description
in section 4.3.3, point a II; specify Re gl
to all decimal places output by CPEFF
Im Cl oz}put imaginary part of complex constant (1;
C¢EFF see comment after Re Kl'
Xl o(1) real parameter kl governing nose bluntness;
standard value is zero
Xz o(1) real parameter X2 governing camber; standard
value is zero
TE lor O TE =1 aerofoi} will be closed at t.e.
position
TE = Ot uncorrected aerofoil (aerofoil will
have gap at expected t.e. position).
TEL 10"5 precision required in various tesis
MAX IT 210 maximum number of steps in various iteration
processes
T table 3 free stream value of ¢ determining M., taken

from table 3 (T, has to be taken from table
11).
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Tabie 7 (continued)

Specification of first of iwo piles inputs cards for AIRFPIL

INTC@ANS

output of
SADDPNT

output of
SADDPNT

name of advised comment s

variable value

or array

24 constant output |24 real constants; these constants have
of

to be taken from the line printer results

of INTCENS, see the output description in
section 4.4.3, point IV, The four numbers
-of—each-of the-six lines-mentioned there— —-
should be punched on ‘one card in the order
as they are printed out; the six cards ‘
obtained so have to be placed in the same

order as the six lines.

omit this number if T, = O (if aerofoil has
gap at t.e.).q_ is the value of T at the t.e.;
the value has to be equal to or very close
to the value of T in the saddle point of

¥, found with SADDPNT, see the output des-
cription of SADDPNT, section 4.5.3 point I1;
T; need not to be taken from table 11l

omit this number if Tgm O (if aerofoil has.
gap at t.e.). 6, is the value of 6 at the
t.e.j the value has to be equal to or very
close to the value of 6 in the saddle point
of \7,0 found with SADDPNT, see the output
description of SADDPNT, section 4.5.3 point
II.

omit this number if T

=0 (if aerofoil has

gap at t.e.).

H = O3 ?c will be made small :

1 ¢ O: u should approximately equal to the
value of p . printed out by ATRFPIL
after a run of AIRFFIL in which i%
has been made small by setting u = O}
for the value of Hnin meant see the
output description of AERFPIL section
4.6.3 point IV.
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s0s50,905409909+059005Gs+v054N05¢09409+409403+09¢09¢19¢09409¢09+0y
t0e40¢¢000062405+00200¢0v:03¢0941¢¢00409¢00+409¢0s¢00209+09209+0
+0s+09400*09¢)19¢09¢09¢0+403¢09%09409+09¢04++09¢09¢09+09209¢04+0,
+0yv0ee0s=2:¢24235-23=20=29403+2920=20=29¢00¢00400=10=2¢=2¢=29-2»
~29409409=29+409409+00429¢29¢09=19=29=29¢~29=29=29¢09¢09=29¢09¢0»
409424429 =29410400406009209929409400200¢09+09¢29200209+009+049+0,
+0940¢%09%0e429=20=20=29%00429=2¢=29=2¢+0¢400¢09=19=2¢=2¢=29=2»
~2e+09+09=29+09400409+29+29+09=19=2¢=29=29=29=20¢00¢09=29¢00¢0»
+09+420424400+¢19400¢09+409409¢09¢09+09409+09+09¢09200¢09+09¢09¢0
¢00+00409=29+09409409¢0040+400400¢09+0¢+09400¢00+10v09¢09¢09+0,
*09+09409¢09+09409409¢09¢09¢09+¢)19¢09¢09¢09409409¢09+409¢09¢094+09
+00+00¢09=29419¢09+409¢¢09¢09¢29400409¢00¢09¢09¢29¢09+409+09¢09+0»
400094094004 09¢09=l9=1l9=19409%0e~le=l9s=19409=19+09~l9=ly~lo-1,
“1e+1l9¢)le*0e+)l9209+09+09¢09~19+09=1lo=lo=lo~lo=loelpely*09elye0y
+09409+09¢09419409409209¢09+09+09¢09+09409409409209409+09¢094¢09
+00+09909=29+29=29=10=19=19429=29=19=lo=19409=19¢09=10=19=1l9=1y
~1letloo]le=29=19209¢09+29+23=1s409=do~lo=lo=lo=loelyelo=29~=1y+0,
+00+20429=29419+409409+03¢09¢29409409+09¢09+09¢29000409+09+09+0,
+09+09+09¢00+29=2e=1lo=10s¢)9420=2e=1o=10419400¢)eeQe=19=1l0=19=1,»
=le=loe=lo=2o=19209¢09+2e+29%19¢09=l9=leo~lo=lo=1ly=1lo=19=29=19+0,
+09+29429%09¢19¢09+00409¢09209¢09¢09¢09209¢09+09209¢09¢09¢09¢0,
+09+09+09=2¢+00+00=10o=19419+409+00e=1e=l0+1l9+409¢1e+00=10=19=10-1y
=19=19=15409410409+09+09+09*19409=1lo=lo=)o=1l9=lo=lo~19409¢le+0,
405409400 ~2e+19409209+409+09+292409%209+409200+09429200+09¢09+09+0
slovle=lo=lostlo=lo=lo=1l9=loelo=lo~lo=lo=1loslo=19009=le=l9~lo~-1y
-19+09*09-lo+09e]lotloeloslo=ls*0s=ly=lo=)lo=ls=19¢09¢09=19+0se¢ly
+loelotle~lo*0e=lo=lo=l9~lyslo*lotlyeloesloelotloclygsleclyelye],
+1ls*tlo=lo=loetlo~lo~lo=lo=ls¢lo=lo=lo~lo=loelo=loe09~=1l9-lo=lo~1]y
~le+De+00=lo+0evlorlotlotlo=lo+0o=1lo=19=1o=1l9=19¢09+¢09=19+00¢])»
+levig4le=lee09=lo=lo=lyo=lsslpeloslygelytlyslotloclpsleclselyel,
+le+ls=le-locslo=]lo=lo=l9oly+lo=lo=]le=]loeloelo*]loelo=1l9=l9=1l9-1y
~1y+09+409=1oeD9=lo=loeloelselo+09=ly=le=lo=Lo=19+09+09=19+0s=-1,
~ls*lotlo=19¢0g=~lo=lo=lo=lyoloeloeloeloeloslotloeloelocloeloe],
+ly*lo=lo=lvelo=lo=ls=lorlselo~lo=lo=loeloelotloeOo=1l9=lo=1lo~1]»
~19+009*09=loe09=]s=loeloeloelse09=lo=lo=1lo=19=19e09+09=19e09~1y
~lselo*lo=los09=lsmlo=ls=loslptlotlygelygslotlerlooloelorloelesl,
+Go*0s+¢1e¢09409+0s¢09¢]19e0s+0s+]19e] '
“2ys=Cs=190+09=C9~29=29=19+09¢29¢]19+]
<21=29=10%0+=24=2v=29=19¢0s+29¢+19¢]

+03+09%1 9409409709409+ 9+09+09+19+]
=19s=194Ce=ls=lo=lo=1e409s]oeloels+]
=l9=lo*0o=lo=lo~lo=1loe0oe¢lssloelos]
“ls=lo+09elo=lo=lo=l9e09=)yely*loel
=13=1940s¢lo=lo=lo=1ls¢09=1yslo*lyel
~Js=l9¢09=lo=lo=lo=19409¢loeloeloe]
“1s=19¢09=lo=lo=lo=lo¢0o¢loetloslyel
“l9=19409*4lo=19=le=)o+09=)9e)lo*losl
=le=l9+00tlo=lo=lo~lo409=1oslr*lye]

TAELE 8
LECHEICATION OF INTEGER ARRAY IM (NEEDED IN TABLE 7)
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Table 9

Specification of last of two piles inpvt cards for AIRFSIL

(first part see table 7)

name of advised comment
variable | value
XY -
UF two symbols to be punched in the first and
< UR second position of a card
LF
I -LR—---—|---The-two--symbols- may -take -various-values. They — ~ 7
us specify the functions -
LLS desired from ATRFPIL
TP

symbol value: desired function:

X=U perform computations for upper
part of aerofoil

X =L perform computations for lower
part of aerofoil

Y= F compute points on front part of

- aerofoil contour

Y=R compute points on rear part of
aerofoil contour:

Y &S compute points on sonic line

XY « TP compute t.e. point (only for

closed aerofoils, TE-l)

if Y<F or R (computation of points on aero-
foil contour)

1 For each card beginning with UF,UR,LF or LR poin
on an aerofoil contour will be computed. This
occurs by iterative processes on 6 for a se-
quence of increasing values of 1,

o

The sequence of values of Tis, in principle,
defined by U= ‘rbegin (Aq")q'.end where q"-begin

q;nd and the step size AQ:are given. However

]

in order to obtain better density distributions
of points the step size can be varied by
AIRFPIL between two limits Aq&in and ot .

The step size in part of the iterative processes
on 6 is A8,

4 The iteration process starts at‘T.Tiegin,
e'ebggin' wherg ebeg1n
of the value of 6 on the aerofoil contour at

q"'qix-:gin

5 The step size 48 for‘r‘qiegin may be enlarged

to Aeinit %n order to permit rough guesses of

ho

is a rough estimate

o
ebegin (+ 30° error).
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Table 9 (Cont'ed)

name of
variable

advised
value

comment

cr’be gin

‘-q

end

AN
min

ot
max

e ,
begin
(degrees)

1n1

(d grees)

€gegrees)

>0

>0

>0

>0

>0

‘and the step sizes AT, AT and
, min

’Tend e
N should be for the two ranges of Tindi-

begin
aT
ma

cated below integrallmultiples of the values
listed to the right.

range of T : step sizes multiples of:
0.0<7€ .25 1/1200 = 0.0008%
0.25€9%0.32 1/100 = 0.01

This implies that for Aqﬁin<'0'01 it may Yve

necessary to perform seperate calculations for
each of the two € ranges.

first value of ¢ for which an aerofoil point has
to be computed (remarks 2 and 6); specify at
least 8 places behind decimal point.

nominal step size in ¢ (remarks 2 and 6); speci-
fy at least 8 places behind decimal point
last value of 9 for which an aerofoil point has

to be computed (remarks 2 and 6); q?nd><rbeg1n

specify at least 8 places behind decimal point.
minimum step size in T (remarks 2 and §); AT >
NT § specify at least 8 places behind decimal
poTht.

maximum step size in T(remarks 2 and 6);

3By AT ayi SPecify at least 8 places behind

d601ma1 p01nt.
estimate of © in degrees in first aerofoil point

for Cm Tbegin (remarks 4 and 5); the sign of
ebegin depends upon UF,UR,LF,LR and has to be

chosen in accordance with the sign conventions
for © indicated in flgures 2 and 3} of section
2.3,

initial step size for © for€ e ¥
4 and 5)

step size for 6 for T4 Tbe

begin (remarks

n (remark 3)

I I1fC

exceeds the maximum value of Cin a

on peak at the upper lower side the

en
aact-
program finishes the computations before‘f
at approximately this maximum value of .

nw
va

nd
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Table 9

name of
variable

advised
value

comment

8

T-Card examples for fine distribution of
entire lower side of aerofoil contour.
LF ,01
LF
LR
LR

LR
LR
LR

Card examples for coarse distributions of points
(assume T, = .10)

UF .01 .02 .32 ,01 .0l +85.0 3.0 1.0
UR .08 .01 .32 .01 .01 -15.0 3.0 1.0
LF .01 .01 .25 .01 .01 -85.0 3.0 1.0
LR .08 .01 .25 .01 .01 +10.0 3.0 1.0
UR .07 .01 .07 .01 .01 =15.0 3.0 1.0(one point only)

‘points on

.01
.062 .01
.08 .005
.075 .01
.07 .0l

.06 .01 .01 -85.0 3.0 1.0

.25 .000833333 .01 =30.0 3.0 1.0

«25 .000833333 .01 +10.0 3.0 1.0

.075 .01 .01 +10.0 3.0 1.0

.07 .01 .01 +10.0 3.0 1.0 (one point

only)

.065 .01 .01 +10.0 3.0 1.0 (one point
only)

.01 .01 +10.0 3.0 1.0 (one point

only)

.065 .01

.06 .01 .06

if

YuS (computation of sonic lines)

>0

([

[

o

For each card beginning with US or LS a sequence

of values of & are specified for which sonic points
will be computed, The value of ¢ is 1/6.

Perform sonic line calculations after section con-
tour calculations so that the sonic line values

of 6 on the section contour can be estimated. The
flow field values of 6 on the sonic line lie between
these two values

A good density distribution of points is obtained
if the intervals in 6 are chosen as indicated by
the following table.

/8/ > 25°
78/ >12.5°
/8/>5°
5° /8/>1.5 88
1.5 > /e/ Y:)
The signs of 6 depend upon US,LS and have to be

chosen in correspondence with the sign convention
of © indicated in figures 2 and 3} of section 2.3

A8
A8
)

[e]
25
12.5°

Vv v
- s oe [ L]
(I B I B

number of values of 6 to be specified
first value of & on sonic line (degrees)

second value of 6 on sonic line (degrees)

last value of 6 on sonic line (degrees)




Table 9

'a.dvi sed

name oY comment
variable [value
5 Example for upper side of a;irofoil for coarse
density of points
Us 19 40.0 30.0 20.0 15,0 12.5 10.0 8.0 6.0
4.0 3.0 2.01.00.0.-1,0 -2,0 =-3,0 -4.0 -6,0 =8.0
if XY «TP (computation of t.e. point for closed
aerofoils, 'I'E-l).
T q’c choose T w ‘fo see table 7
o ec choose 6w ec,' see table 7
(degrees)

After having terminated the specifications for XY =
UF,UR,LF,LR, or for XY«US,LS, or for XY«TP a card
specifying new values for XY may be defined, or
the input of cards may be terminated.
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Table 10

Card input specification for SM@JTH

name of advised jexample comment
variable value value
or array '
il il> 0 1601 |identifying sequence number for first
part of card input
N N>O0 33 maximum subscript i of the given points
{xi'yi’ei'(l/ﬁ)i}
. % The points are numbered from O to N
S S —lg Q< {inclusive ——~ — T T T T T
R
{xo,yo,eo,(l/ﬁo)} X <X ;k: R N {xi.yi,ei,(l/P.)i} are the x,y, 6 (in
Q‘% § |radians) and 1/R values
N .
{xl,ylel,(l/R)l} X)1<Xy Ly ‘§ obtained from AIRF@IL, arranged from l.e.
I O g to t.e. The points are numbered from
) % zero to N. The upper and lower side of
\y m & an aerofoil have to be corrected by two
NI
; IR NN
{"N'yN'GN'(l/R)N} N1 seperate runs of SM@PTH. Avoid /o/= /2.
. See remark 3 for t.e. derivative
12 i2>0 1602 |identifying integer sequence number for
. second part of card input
€ Ewl,O 1.0 first estimate of the weight parameter
£ = TEE’ c.f. section 2.7 for the
meaning of .
ﬁg 0.01 0.01 |weight, increasing accuracy of all ¥ by
factor ;%-1/2
ﬁz 0.1 0.1 weight, increasing accuracy of all y{ by
factor 7-1/2
¢% 1.0 1.0 weight, “increasing accuracy of all yg by
factor fé—l/z
"3 1.0 1.0
My 1.0 1.0 fixed real dummy humbers
u 1.0 1.0 .
>
N¢ 6 number of different accuracy combinations
2 2 2 .
{(Ay)j. (8y*)5s (85")5 J} specified
subsequently below
Kk max 1 1 fixed integer dummy number
nax 10 10 maximum number of iterations to desired
-5 -5 value of ¢ permitted
‘tol1 1° 1C desired relative precision of corrected
results.
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Cont 'ed

{(AY)iv(Ay')iv(Ay")iv jl}

{03 (aynZ, a3, 3}

{(Ayf, (Ay ,(Ay" : JN}

Vad

10

SEE FIG. 10 AFTER SIGMA O,

SIGMP 7,

\
“Q

S/GMA 2.

desired absolute precision of cor-
rected results,

squared estimates of accuracies Ay,
Ay*' and Ay" of y,y',y" & squared
estimates of accuracies of y,6,1/R
for the points O tg jl inclusive
(remark 1).

squared estimates of accuracies Ay,
Oy' and Ay" of y,y',y" for the points

3y*1 to j, inclusive (remark 2).

squared estimates of accuracies A4y,

Ay' and Ay"™ of y,y',y" for the points

JNO__1+1 to jq;N (remarks 2 and 3).

LY

Experience has shown that the follow-
ing rules for the acouracies give in
general good results. Sometimes
inspection of the output of SMPFTH
(see section 4.7.3) may suggest
better estimates of aocuracies that
improve the results, however. |
1 The data of the points on the
section nose where € < about 0.7
0.7= T are free of errors, By
. specifying the accuracy. of these
data equal to 10 15 unnecessary
correction of these data is a-
voided. The accuracy sp001fioat10n
of these first, say 7, points is
therefore { 30,10 30 10 30,6}

The other data have in general

the following acocuracies:
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rAy-l 0—4

T,/ > .04 on upper side of aerofoil

/?’-i»/S’.OA Ay-‘-'lO-'3 on lower side of aerofoil

front part of] }Ay' = 1073

aerofoil Ay" = 1072 on front part of aerofoil
{Ay" = 10~3 on rear part of aerofoil

=T,/ < .04,) [by = 1072

rear part of}: Ay'-lo"'2

aerofoil Ay"m 1073

The values of Ay, Ay' and Ay" are uncritical; they are
allowed to be in error by factors 10.

3 In order to gusrantee that upper and lower parts of -
the corrected aerofoil accurately match at the t.e.
(these parts have to be corrected by separate runs of
SM@PTH) the accuracies of the tail point should be
specified as follows: Oy = 10~15(no correction on y

vaiues), Ay * --10-3, Ay" = 10+15 (values of curvature
in tail point are unknown; the guessed value has no
accuracy). For the input value of 1/R‘ in the tail

point one may take a rough guess obtained by extra~
polation,

4 A full example of the accuracy specification could

?3;30 10730 1739 6 (first seven points on nose)

1008 106 1074 12 (accuracies of points 7 to 12

on nose)
10-8 1076 1076 50 (accuracies of point 13 to 50,
JT-%,/ > 0.04)

1074 1004 107 60 (accuracies of point 51 to 60,
_8 -6 - /T T,/ < 0.04)

10 10 10 69 (accuracies of point 61 to 69,

10717 1678 10%1 10 ‘{:'c;.\f;é:igéoggr tail point)

In this case NU" 6.

1.0 1.0 1.0

i1

DO
KO

o

N
e e
[eNeNe)

three fixed real numbers

fixed integer number
il< O: termination of input specification and computae-
tions; .

il>'0= continue input specification on second line of
this table with N,
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Table 11

Values of ¢ for which Chaplygin functions

are available on tape,

.01(.01).05

.05(1/1200 = .0008f).1658}
1/6

.1675(1/1200 = .0008%).25
.25(.01).32

Table 12

Conversion table for 9 values to M values

T M T M
.01 0.2247 .21 1.1529
.02 0.3194 .22 1.1875
.03 0.3932 .23 1.2221
.04 0.4564 .24 1.2566
.05 0.5130 .25 1.2910
.06 0.5659 .26 1.3254
.07 0.6135 .27 1.3599
.08 0.659%4 .28 1.3944
.09 0.7032 .29 1.4291
.10 0.7454 .30 1.4639
11 0.7861 .31 1.4988
.12 0.8257 .32 1.5339
.13 0.8644

.14 0.9022

.15 0.9393

.16 0.9759

/g 1.0000

.17 1.0120

.18 1.0476

.19 1.0830

.20 1.1180
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Cawn INPUT COFFFE .,

100 #-10 1% 0,71 0.06% 0.75

CARD TNPUT INTFONS,.

18 n.71 0.045 0,75
?

0.075

n,075R33333
8,076R66667

n.0775

6.07R3331333

N 0791R66KT

0.09

CARD INpUT S5400D0MT..

-1225711501  +1121313101  +1125721101  «1125911401  «1125711102  -1325711201
1125711103 +1102145104  +1102256205 +1125711106  +1125611507  +11p4)16S)p8
+1106256209 1125711110 112563151t -2225711501  +21213131a1  +2125721101
+2125911401  «2125711102 -2325711201  +2125711103  +2102145104 42102254205
«2125711106 22125511507 42106145108 +21042546209 42125714110 +212561151)
=32257)1521  +312331312) 2125721121 +3125911421  +N257111N -3325711221
¢3225711423  -3126313523  <3125721523  =3125911223  -3125711533  +3325711123
+3225611220 -3124431120 -3125612120 =3175811420 -3175611122 +3325611520
64061435931029425:22.205164145104745010

281000000 s0ralosfle=20-200001e0rs00-21=21+0s+00e0s=10=20=P1=2+-2,

T IRy I PR ER Y LY FRY P PP PRY PRY PRY PR PRY PR PRY FRY PRY PR PPN
18 0.71 0,045 0,75
0,0775 0.06465 =3,30

CARD INPUT BIRFOIL..

-1225711501  +1121313101  +1125721100  +1125911401  +1125711102 -132571120}
1125711103 +110214510%  +1102256205  +11257)11)106  +11256)1507  «+1104145104
«11042564209 +1125711110 +1125511511 -2225711501 2121313101 +2125721101
+2125911401 22125711102 -2325711201 2125710103  +2102165104 42102254205
21257111068 42125611507  +2104145108 2104254209  +2125711110  +2125611511
=3225711521  +3123313121 43125721121  +3125911421 43125711131 -3325711221
«3225711423 -3174313523 =3125721523 -3}125911223 -3125711533 43325711123
23225611220 ~3124431120 -3125612120 =1125R11420  -=3125611122 .33756]11520
663413351311 20425422420516,5164104745:1
20000soNoeNeaasNaeNeeNoeOesNeeNeeNesloelasOoaNoelesNeniealinenl,
4090092092000 002000+09¢0940440991e4004v00¢e0s9094004004NasyaltesOy
4009004020001 at0a2Nsv0440¢20etHes0920000esUatVre09eNesNyo0ys0,
40920040920 420=22=29=244009424=24=20=2¢40e30s¢0110=P4~2.=20~2,
“20303+De=2020e20r+Ds+21 82000012029 =24=25=2140:40v~2y+8340,
4000224292224 4202403404000 ¢”120e4N0e09¢00v0cs202DaoNgsNye0aeQ,s
40040440¢20402e=24=24=2460902+=20=24=2040e300+01~10=20=2,=2e=2,
=20400009720+00902¢00922024200=14=24=24=22=24=21+%00+03~24¢04+0,
R ERY- IR 2R LIRS REY RO PR PRY/ PRY PR PR PRY SR PN TRY  TRY PRy PRY PR X PR
+00000eDe=20¢00eNr*De*Dye0e*DeoDesNeeDerNDecPesNesissBasfiyeberO,
09e04209+M1e0asfr+0avOys0es0relos0avNecOosDosNeslrelosoelest,
s0e90800s™P 410002400403 +00s¢2¢¢Nee000001s0s00ys70e03e00s00ysleen,
LU PR PRY RS ERY RRY PR EES FES PR FRELTES FES FELRRYTPES ERT RE A RES ET 8 RED I}
EIREIERI TR IS FRY RN PR (PRY PR RRY PR R RES FES FES FRS FRS FRY, PR FRY 1

. 00es0soNe*Dr el esNesDesDyaDa oD oNesDeeNestNDeosDesDsoDsoNysDyeOase
400000000721 420=20=10~1v=19¢2e=2a=ls=lo=lee0s=loofs=le=ly=ts=1,
=letletde=2e=2es00¢Dge2y 92419400 =da=1a~1lu=la=lrelasls=2y-1ee0,
20020029254 e sNs+0s00y 2000204000040 00009400429002904+04+0+40,
“0eoNee09*0v220-20=1a-1rvel0e2s=2a=ly~loslostes]lrele-le-l9~10=1],
“lo=le=le=2v=esoefes@yelevlorOr=lo~la=lo=lo=lo=lo=Ls=29=loen,
40002¢320¢0001 0400400404404 +00+06005¢04+0v00¢300900404+04+404¢0,
404¢04+04=20+0e40s=la=lpelet0ss0e=do=lotloe0erlroNymlamty=loe=],
mle=le=1e¢0eels+Nat03¢0s+09¢to¢0e=le=lo=le=la=lo-le-1es0s010¢0,
400409 +N9~2++1 04044095 +0340232+90000420000990292¢00¢400204,40020,
4letlo=lo~leslo=la~lo=le-letlo=le=lu=lo=losle=let0o=lo=de=to=1.
B FRLPRY PR RRT, FXS RS FRS PRI TES PRI ZES FES RS RS RS RET PRI FES PRI RS 3
BEDIFTIFLARTY PESPES FEE TS PR RRL PR PRY PRI PESFRS FYS FRS FPS RS FRS 4
*leedy=lo~loeloe-do=lo-looloslo=lo=lo-lo-lssfe=doelo-lo-le=lo=],
EIRRLPRY PR FRY: FES PREERS FRY FES FELEES FES RLI RS FES EXT PRY P BRI B
+lesleclo~losQe=lu~do=lo=loesluvloeloelorlon]losloclotlyolyslerl,
4leelemlymlasla=la-ta=lyetarla=ta~la=laslaelaolosle-la=ls=la=1.
B R R R T R R R R R R P P RE AR I R RE S RR Y PRY PO PR TR B
“lesleelo~lyeOe=tomlomlo=lotlosdoeluelovsborlosloelogslaclosloc],
+lesde=lo=lselo=)e=lo=loelerlo~lo=lo=lvolacloslocBy-locly=1lo-1,
£ FEL PR FES RRNFES PEJ RRE RS FED REL FES FPI PES FEIREY FRY PRL FES P/ PED
=letleels=loe0o—-de~lo=lo-losloeloslocloelnosleslorlotloeloclos],
L T R PR R RRY Y SR N Y
“21=2e19¢00=20=P¢=29=1a40442s¢) 0]
—24=2¢=10*00=20=2¢=2¢=La40s+20410a0l
COERLEXS ERAUREN R PR RED PR RELTRY FE Y|
B EESREY FLS FES RS RS EXL RN FRS RS FRY |
~le=le*De=lo-le=de-lsoDyaterdovrdasr}
“Ye=lesDerle-le-bo=lorNycloslorlael
~le~leeNseloclo=la~los0e=loelorlecl
EERIRTIETS FESEED SRR PRI PESPED FRY |
“le=teeDe=lom=to=ly=lasDaslaclosloel
=le~tasBetlomlomle=loeNg=lsslesdeel
“lemlesesde=le=le=locQo=lyslocloel

f

18 0,71 D.045 0.75

N.IHRAIT12240  =0_0023722649)1951
n.0 0,0
1 2-8 1§

. 0.0775
+14692R85 N, 043738 ~) ,4826nh  =0.06773R
00892 YH,RLTRI0 HULHBLRI2  -0.38THIR
=NeNINKA?  +0,REQ646H  +0,031A92 =0,435063
=1.6G2885. =1,06237140  +] 49WPRHS «0,.N63TIR
—0.n31497  +1,847310 +0,0331692  ~0.HaTAL0
“0.NT4HA2  ch PRERAL 4 GI1AY2 =0.43595%
N.0L5H =3.22062  H,T4G5ET
R 612 0001 0,20 .91 0,008 12,0 2.0 1.0
e AN4RR -3,22002
[T T R B R R . T N R T R-L I}

TABLE 13

CARD INPUTS OF EXAMPLES OF FIG.6 TO 9
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SAODLE POINT OF (ot
_ND SHEET OF (T,8) SURFACE

‘7’;7‘2}; =0

24
" @ ~
< — X
I — [ —_
6/ o2
PHISICAL SURFACE
FlG. 2 :

RELATION BETWEEN HODOGRAPH AND PHYS/CAL SURFACES
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SADOLE POINT

/o;-'&é

62

= Cur.

o
e

! ST SHEET OF (T, 8) SURFACE RND SHEEr oF (T,8) SURFACE

PHYSICAL SURFACE

F/6. 3 -

RELRTION BETWEEN HODOGRAPH ANO PHYS/CAL SURFACES

FOR UNCORRECTED REROFOINLS
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WHPT AD OF REROFOI 1S DES/RED ?

Mo
CL
e
LOROING PAND CRAMBER

SELECT T, AND €, BY INTERPOLATION " 1N TRBLE 1

[sececr 750 From rwE £sTimare c - 247 |

T

o
SELECT O FROM o EARCS /Y 4

(557 A,.—. Xz-.-. O)
INVTIRLLY

P FOR NEGLIGRBLLE
CAMBER, MO REAR -LORLING
O f IMPLIES MORE REAR-LOADING

PERFORM CORRSE CRLCULR7TION OF
MDDLE PART OF SECTION ; DETERMINE z

4

YES
(7AKE C= 3.0)

1
L RCCEPTABLE TN Mo

/

SELECT BETTER VALUE
OF €, FROM THE RULE

L]
") *+€o/oLD I—Eo//*ao INEW]

PERFORM CORRSE CARLCULRTION OF
SECTION NOSE BEFORE SUCTION PERKS

”—0( LT LINES 7 DI

PERFORM CORRSE CRLCULRT/ON OF
RERR PRRT OF SECTION CONTOUR

ESTIMRTE ARPPROXIMATE Zé}ﬁ%%%f
POSITION 1Y (X,Y) PLANE OF
UNCORRECTED SECTION

ESTIMPTE CHORD LENGTH C AND
DETERMINE C; = 2C_7’ AND T

YES /C, AND Y CLOSE
ENOUGH 70, DESIRED
VALUES 2

0

SELECT LOWER T'>0 (ACCEPT LOWER &)
T
) oca‘ﬁkcsm'% FOR NEGLIGRBLE
CAMBER ,NO REAR-LORDING
¥ JMPLIES MORE REAR-LORDING

l -

SELECT
o FROM

SELECT LOWER Ty (ACCEFT LOWER M) Pe
BNDJOR HIGHER €,(ACCEPT LOWER UL) |

o

i
@OA’T DES/GN PROCES ) /

SELECT /MPROVED VRLUE OF 77
IF C; 1S INCORRECT

NO

SELECT IMPROVED VRLUES OF €, OR

€, N0 T 78 Y or Y AND C, ARE
INCORRECT
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1S RPEROFOI. CONTOUR

AND DESIRED 7

YES (C105URE POSSIBLE (X ARCSIN

WA 7
er

1

w 280 (T,8) SHEET

DETERMINE POSITION OF SROOLE Poy7T
OF WYp NERR EXFECTED T E. FOS/T/0HN

(T,8) VALUES IV SRDOLE PoIvr

SELECT (T, &) VALUES £EQUAL 7O

!

SET U=0 ; THIS

WILL BE MRDE "SMALL”

IMPLIES THRT .

PEAKS ; 0B7AINY M, .

PERFORM CORRSE CRLCULRTION OF
SECT/ON NOSE BEFORE SUCT/ON

B

SELECT NEW
CLOSE 7O ... FOR NOSE SHAPE
£ Hmin CONTROL

%,8

c »*C

AND NEW U

I

SELECT {

A =0
M =0

/

|
PERFORM CORRSE CALCULARTION
OF SECT/0/ NOSE BEFORE
SUCTION PERKS

1
YO SLIMIT LINES AND JORN YES
RONCH POINTS 7

B-43

YES

CLOSURE PROBRBLY

NO S LimIT LINES AND FOR
BRENCH POINTS 2/

’____</Y0 NOSE SHRFE RCCEPIRBLE™ JES

IMPOSS/BLE

y -

Q‘?BO/?T DES/GH PA’OC‘£9

| ]

ES,
-@f

SwrE AcerTace P

A0 FOR MORE MOSE
BLUNTIESS

SELECT
Ay>0 FOR NOSE DROOF

1
PERFORM CORRSE CRLCULRT/ION
OF S&ECTION NOSE BEFORE
SUCTION PERAS

I
NES/LIMIT LINES AND JORNWND
BRANCH POINTS ?




DETERMINE DRTA OF ENTIRE
SECTION CONTOUR

/F oESIRED CompuTE Somic LimvEs |

CORRECT DATA BY THE SMITTHING
CORRECTON METHOD

G%&D OF DES/GH Hﬂ%%%

Flqg. 4 : :
FLOW CHART OF THE DES/GN PROCES F/XING THE NINE PARAMETERS
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CRSE, &%,
TRBLE R

il

Re S, ,Im 3/ ’
COEFFICIENTS,

[ coerr

COEFE
(7APE)

CRSE,E,,, T Coo~ VALUES ]
TABLE 3 TRBLE 3
Va - — r——‘———{
S T !
L/~¥7TCcons |
\ —{— -
! !
CRSE,E, 0, T T ESTIMATES
TRBLE ¥ n#ifef For T, &
TRBLE &
c c p S— !
T 1 [
[ spodPrr |
, Y | [veives For
Tc s 6C
SECTION 4.5.3
N — v
- 2 ;% Fﬁjl
. Ry REAL /i =7
CASE,E,,0, 7 \(Res,,ImsS, )‘7{ YR oo consTAN7S | T, B
TRBLE 7 TRBLE ¥ RBLE ¥ 7TR8LE Z TABLE ¥ TRBLE 7 |
oL 1 ——— L e L — . ——
DES/RED
FUNCTIONS -
TRBLE 10
1 [
R/ R Fose ;]
I - -
SECTION CONTOU
ROWTS, SON/C
LINES
SECTION
46.3
UNCORRECTED
DRTA
TRBLE 17
P J

FlIqg. §

FLOW CHART OF DATA

THROYGH THE PRIOGRAMS

“ SMOOT H l

CORRECTED
CONTOUR
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Case

1M ZETAZ2
+1.8000000000# 1
-1.2426685672% -]

TOLERANCE 12-10

41GrEST SUBSCRIPT

EPSZERO
ABSZETAL
*7.10000000002 -1
+9.8863385077# -1

OF COEFFICIENTS 100

ALF A

ABSZETAZ
*4,50000000002 -2
*1.4195687302#% +0

NUMHERS OF TERMS [N POWER SERIES

164
1795
166
2009
165
165
1796
166
167
2009
1 =1 K=z 1

«0.0000000000000%+000
~6,1026668389320%-003
«1.2560791396711#-002
*2,6269451136262%=-002
+3.6161536116631¢-002
+4,30926479837314-002
+4,77626768130752-002
+5.0723730902516#-002
+5,2406444815774%-002
*543143379317007%-002
+$.3189057353379%-~002
+5,2736656688616%-002
+5.1931630542217%-002
+5,0882642715929¢~002
+4.96702218069461-002
+4,83535647169148=-002
+4.6975691841884%~-002
+4.5567689627233¢+002
+4.4151595142954%-002
“4,2742833855830%-002
+4.1351960316717¢-002
+3,99859764596944-002
+3.86693131794342-002

+3.734455726202R»
+3.6072986°7"
*3.0607
T
-ws2-00]

~53040542#-001
~+2388767994906£-001
-5,48760940642702-001
~5,4372918838042%-001
~5.38789621654032-001
-5,33939554%4712#-001
~5.29176412559172-001
-5.26497722831382-001
-5.19901112739672-001
-5.1538430282913#-001
~5,10945102468292-001
-5.06581405390822£-001
-5.02291185513742=-001
-4.9807249300531£-001
-4,93923450584982-001
-4 ,89842250064552-001
“4,85827149033602-001
-4.8187666781231#-001
-4.77988586521522-001
-4,7416194234116£-001
~4.70395026920082-001
~4,6668638392419#-001
~4.63034606726262-001
-4.59638336213612-001

+«0.0000000000000%£+000
-2.28121884897182-004
=9.8961229657548%-003
-1.5517530581701#-002
=1.8490945989969%£-002
=1.9772715422159#-002
-2.00086972662842~-002
~1.96286681509892-002
=1.8913463674781%-002
~1.80423623150682-002
=1.7126254437059%-002
~1.62306569837132-002
-1.5391527929747#-002
=1.4626016529952£-002
=1.39396661437492-002
=-1.3331201834804#-002
=1.2795603421149%2~-002
=1.2326074538168£-002
=1.191524]1718423%£-002
=1.15558566586192- "
=1.124117657
~1.0947"

.wo#=002
.s5806112#-002

. «16547551428372-002
=3.0892859504358#-002
=3.03433896068032-002
=2.98059786889602-002
=2.92802746895172~002
~2.87659396797552£-002
=2.82626481456292-002
«2.7770088315378#-002
«2.7287959529437#-002
=2.68159726492712-002
=2.63538493025172-002
~2.5901321361603£-002
-2.564581304535332-002
~2.50264027498820#-002
-2.4598772277069#-002
-2.4182133017871#-002
=2.37738860149252-002
~243373815262004#-002
~2.2981712109217#-002
-2.25973749382892-002
-2.,2220608855507#-002
-2.1851225401292#-002
-2.1489042275292#-002
~2.1133883076091#-00¢
-2.07855770543182-002
~2.04439588788642-002
~2.0108868414796%-002

FIG. 6

EXAMPLE OF

GAMMA

RE 21 DIV Z2
+7.5000000000% -}
+6.9390034233% -)

RE ZETAL

i 21 DIv 22
+9.83863112240% -1
+5.,9334577226% -2

I ZETAL

RE EPS
=2,32264919512 -3
*+7.07126440442 -]

OUTPUT OF COEFF
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RE ZETA2

IM EPS
¢1.4141192058# +0
+6.3813769931% -2



CASE EPSZERD
IN ZETA2 ABSZETAL
+1.8000000000% +1 +¢7,1000000000# -1
=1.2426685672# ~1 +9,8863385077# -}

NUMBERS OF TERMS IN POWER SERIES
513

1074

TAU1=0,0750

©1.,489734 *0.04393¢0 -1.,48973%
-0.030878 +0.826031 +0.030878
-0.030878 +0,838718 *0.030878

=1.489734 =0.043930 *1,489734
-0,030878 +0,.826031 +0.030878
~0.630878 - «0.838718 *0.030878

TAU1=0.075S8

+1,490737 " +0.043863 -1.490737
-0.031151 +0.833329 +0.031151
-0.031151 +0.845736 +0.0311S1

=1.490737 =0.043863 +1.490737
-0.031151 +0.833329 +0.031151
-0.031151 *0.865736 +0.,031151

ALFA
ABSZETA2

~0.043930
-0.826031
-0.813344

*0.043930
-0.826031
~0.813344

-0.043863
-0.833329
-0.820923

+0.043863
-0.833329
=0.820923

TAUL=0.0767

+1.491787 ¢0.,0643799 ~1.491787
-0.031422 +0.840589 *0.031422
-0.031422 «0.852719 *0.0316422

-1.491787 ~0.043799 *1.,491787
~-0.031422 +0.840588 +0.,031422
-0.,031422 +0.852719 +0.03)022

TAU1=20.077S

+1.492885 +0.043738 -1.49288S
-0.031692 +0.847810 +0.031692
-0.031692 +0.859666 *0,031692

-1.492885 =0.043738 +1.492885
~0.031692 +0.847810 +0.031692
-0.031692 +0.859666 +0.031692

TAUl=0,0783

*1,494029 +0.043678 -1.,494029
-0.031960 +0.854992 +0,031960
=0.031960 +0,866579 +0.031960

-1.494029 -0.043678 +1.494029
-0.031960 +0.854992 +0.031960
-0.031960 +0.866579 *0,031960

TAU1=0.0792

+1.495219 +0,043621 -1.495219
-0.032227 +0.862136 «0.032227
-0.032227 +0.873456 +0.032227

-1.49521% =0.043621 »1,495219
-0.032227 +0.862136 *0.032227
-0.032227 +0.873456 +0.032227

TAU1=0.0800

+1.,496456 +0.063566 ~1.496456
-0.032493 +0.869241 +0.032493
~0.032493 +0.880299 +0.0326493

-1.496456 =0.043566 *1.496456
-0.032493 *+0.869241 +0.032493
-0.032493 +0.880299 *+0.032453

~0.043799
~0.840589
-0.828459

+0.043799
-0.840589
=0.828459

~0.,043738
~0.847810
-0,835953

+0.0437238
-0.847810
-0.,835953

=0.043678
-0.854992
=0.843405

+0.043678
=0,854992
=0.843405

~0.0643621
-0.862136
-0.850815

+0.043621
-0.862136
-0.850615

~0.043566
=0,.,869241
-0.858184

+0.043566
-0.869241
-0.858184

FIG.7
"EXAMPLE

GAMMA RE ZETA)

M 2ETAL

RE 2} DIV 22 M Z1 DIV 22 RE EPS
+4,5000000000# =2 +7.,5000000000# -1 +9.8863112260#.~1 ~2,3226491951¢ -3
+1,4195687302# +0 +6,93900342332 -1 +5,9334577226% -2 +7,0712644044% -1}

RE ZETA2

IM EPS
+1.4141192058#% «0
+6.38137699312 -2

OF OUTPUT OF

INTCONS

B-47



CASE i8
EPSTLON(U)=0.710000

ALFA =0.045000
GAMMA =0.750000
Tau 1 =0,u77500
TAUC)

+4,.650000100* ~2
+4,650000100* ~2
+4,650000100' -2
+5,150000100¢ =2
*4,150000100* <=2
*44586848652% =2
+4,586848652" -2
+4,586848032" =2
v4,523697205 -2
+4,650000100' -2
+4,5802264253" =2
+4,580226253* =2
+4,560224253"' =2
+4,573599853" -2
+4,5868648652' -2
*4,580202921' -2

THETALC)

=3.300000000°
~3.800000000°
=2.800000000°
«3.300000000¢
-3.300000000°

«3,182708105¢
~3,0654i63301
~3.300000000°
-3.182708105¢
-3.1827081065"

~3.1646G924271
-3.146070088"
-3,1827081651
=3,1646924271
=3, 106692421

«3.1645]166406"

+*0
.0
0
*9
0

0
+0
+*0
+0
¢0

+0
+0
*0
+0
0

0

PsSl

=1.509974184"
-1.477725776?
-14554«i15277"
=1.163153957¢
=1.509377224"

~1.523300173*
«1.524371442"
-1.52206866791
=1.523150302"
-1.519572826"

~1.5234557571
~1.5236640801
=1.5234577021
~1.523¢33237°
~1.523437387¢

=1.523455777?

FIG. 8

-2
-2
-2
-2
-2

-2
-2
-2
-2
-2

-2

-2
=2
-2
-2

-2

DPSI/0TAY

*2,4142592065¢
*8,532782331°"

-4,001338056°"

+1.3181328821
=1.768594275"

*2,754594976 ¢
=1.103441759
*1,6418170400
-3,014841733¢
+9,3071430981

*2,241396158"
=-2,072322096"
+2,114270526¢
~5.912910031
*6,443779659

~2,756908657"

-1
-1
-1
+0
-1

-2
-1
-1
-2
-2

-4
-2
-2
-3
-3

-8

EXAMELE CF OUTPUT OF SADDPNT

B-48

OPSI/DTHETA

~4.535078159"
-2,717375376¢
-5.396004725"
-5.496345307"
+2.182432770"

=44104430697"
=6.096283701°
=1.641443737¢
+3.652174626°
~4.825771132*

~1.101289147°
=3.3648330217"
+3,187978276¢
+44380275734
=4,43995344]1

~1:059754068"

-2
-2
-2
-1
-1

-3
-3
-3
-2
-2

-5
-
-4
=3
-3

-5

STep

STEP

STEP

LAST

STEP



THE COMPUTATION OF A QUASI-ELLIPTICAL AEROFOIL
IN A CIRCULATORY TRANSONIC POTENTIAL FLOW
BY USING LIGHTHILLS 2ND INTEGRAL OPERATOR

EPSILON(0)=0,7100 ALFA=+0.045000 jGAMMA:O.?SOdOd
TAU(1)=0.0775 TAU(ZETA>1)=0.0752

CASE 18 M-INF = 0.6481

LAMBDA]l = +0.00 LAMBDAZ = +0.00

CORRECTION FUNCTION QUANTITIES..

TAU(C)=0.,045R00 THETA(C)=-3.220020

~e1036#+1 =.7343#~-1 ~.7307#-1 +,6473#+0 +0,01523510
+,1230#+42 =.1802#2+1 =.1406#+1 +,1246#+2 -0,06414442
-.1726#+40 =.1366#¢+1 -,1295#+1 ~-,1461#+0 +0.00118564
-+1109#~-1 =.3381#-4 =-,5489#-4 +,5783#-2

INTEGRATION CONSTANTS..

J=1 +1,49286 +0.03697 -1.49286 -0.,03697
J=2 -0.01220 +0,84777 +0.01220 -0.84777
J=3 ~0.,01220 +0,.,85963 +0.01220 -0.83592
J=1 -1.49286 -0.03697 +1.49286 +0.03697
J=2 -0.01220 +0.,84777 +0.01220 -0.84777
J=3 -0.,01220 +0.85963 +0.01220 ~0.83592

STAGNATION POINT
THETA X Y 1/R cP

-1.,25208 <1,49286 +0,03697 .65289% +2 +1,1095

MU2=+7.4055700000018#-001

FIG.9 PAGE 1 :
EXAMPLE OF OUTPUT OF AIRFOIL
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TAU=0.120000 M=0,8257 CP==0.5175
TOL=.000010 J=3
UPPER REAR PART
THETA PSI X Y
DX/DTHETA DY/DTHETA
~12.0000 ~-0.32364%
-10.0000 ~0.15668
-8.0000 =-0.06467
"600000 ’001‘0028
-7.3689 =~0.01030
~7.2493 -0.00018
-7.2472 +0.00001
-7.2478 -0.00004 .
~T.2472 +0.00001 +0.39838
-0.12649 -4,49018 +6,33215
K MAX 13 31 44 33 28 33
KC MAX 9 16 4 17 9 17
TAU=0.130000 ‘M=0.8644 CP=-0.6306
TOL=.000010 J=3
UPPER REAR PART
THETA PSI X
DX/DTHETA DY/DTHETA
-7.2472 =0.19344
-5.2472 -0.03587
-3.,2472 +0.13510
-4,8276 =~0.00017
-4 ,8256 +0.00000
~4,.,8263 -=0,00008
~4.,8256 +0.00000
K MAX 44 26 44 35 44 34
KC MAX 9 15 5 15 4 17
FIG, 9 PAGE 2

+0.16256 -19,78572

Y DPSI/DTAU DPSI/DTHETA

OPS1/DTAU DPSI/DTHETA

+5.16621
28 47
9 20

DET U
1/R

’.40760# -l

+.,13828% +0

DET J
1/R

+0.08524 +0,19503 -22,87835 +4,90903 =-,33812% -1

44 45

4 18

EXAMPLE OF OUTPUT OF AIRFOIL

+413113% +0



CP==0,.7404

TAU=0.140000 M=0.9022
TOL=.000010 J=3
UPPER REAR PART
THETA PSI X Y  DPSI/DTAU DPSI/DTHETA DET J
DX/DTHETA DY/DTHETA 1/R
-4 ,8256 =~0,21878
-2.8256 =0.06777
-008256 ’0-07029
-1.8439 +0.,00422
-1.9015 +0.00026
=1.9053 =0.00000
_ =1.9047 _+0.00004 o —
T T 21,9053 =0.00000 =0.30137 +0.21724 =22.47466 +46,03032 =~.36017# -1
-0.03325 —6.67727 +4.,59654 +.13610% +0
K. MAX 38 28 38 29 38 28 38 46 27 43
KC MAX 9 12 4 13 S 13 5 15 4 15
TAU=0.145000 M=0,9208 CP=-0,7942
TOL=,000010 J=13
UPPER REAR PART
THETA PS1 X Y DPS1/DTAU DPSI/DTHETA  DET J
DX/DTHETA DY/DTHETA 1/R
-0.6451 =0.01331
+0.5549 +0.04062
‘001983 ’0000099
-0.2154 +0.00001
“0.,2160 =~=0.00002 ‘
~0,2154 +0.00001 =0.50797 +0.22179 =20.27334 +3.26945 «,44194% -1
-0.00376 -6.34546 +3,55999 +,15020% +0
K MAX 38 25 27 35 38 25 38 43 38 48
KC MAX 9 13 4 14 S 14 9 16 4 14
FIG, 9 PAGE 3

EXAMPLE OF OUTPUT OF AIRFOIL
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TAU=0.150000

TOL=.000010 J=3
THETA PST
+1.4745 =0.00917
+2.4745 +0.02792
+1.7216 +0.00114
+1.6944 +0.00003
+1.6937 =0.00000
+1.6937 =0.00000

+0.02956
K MAX 38 41
KC MAX 9 12

TAU=0.155000 M=0.
TOL=,000010 J=3
THETA PS1
+3.6028 =-0.01177
+4,6028 +0.01122
+4,1149 +0.00121
+4,0558 =-0.00102
0400829 ‘0.00048
+4,0742 +0,00029
+4,0650 =-0.00082
+4,0718 +0.,00023
+4.068B4 =0,00074
*‘0.0710 ’0.00021
+4,0697 -0.,00071
+4.,0704 +0.00020
+4,0704 +0.00020

+0.07104
K MAX 38 31
KC MAX = S 14

M=o .9393

CP=-0.8472

UPPER REAR PART

X Y OPSI/0TAU OPSI/DTHETA  DET J
DX/DTHETA DY/DTHETA 1/R
-0.71299 +0.21906 -16.93044 +2.33106 ~-.62873% -]
-5.55279 +2.35234 +.17804% +0
38 36 27 44 38. S5 38 50
10 13 5 13 4 18 10 16
9577 CP=-0.8994

UPPER REAR PART

X Y  DPSI/DTAU DPSI/DTHETA  DET J
DX/DTHETA DY/DTHETA 1/R
~0.91776 +0.20886 -12,73044 +1.31921 =-.10963# +0
~4.34172  +1.11584 +.23305# +0
27 41 27 39 27 47 38 52
4 15 S 16 4 20 4 15
FIG.9 PAGE 4

EXAMPLE OF OUTPUT OF AIRFOIL
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TAU=0,160000

TOL=.000010

THETA

‘6.4471
+7.44T1
+8,447]
+7.7318
+7.6902
+ 7 . 6873
- —+7+6880—
+7.6873

+0.13417
K MAX

KC MAX

TAU=0.165000

TOL=,000010

THETA

+11.,3043
+12.3043
+13,3043
+14,3043
+15.3043
+16,3043
+17.,3043
+18,.3043
+18.8043
+19.0543

+050000

M=0.,9759

J=3

PST

CP==0.9508

UPPER REAR PART

X Y

‘DX/DTHETA DY/DTHETA

-0.01256
~0.,00193
+0.,00484
+0,00033
+0.,00002
-0.00000

-0.00000

-2 .69689

38 28

5 14 4

J=3

PST

DX/DTHETA DY/DTHETA

-0.01106
~D.00829
'0000602
=0.00502
~0.00404
-0.00364
-0.00333
-0.,00316
-0.00313
-0000313
'0000313

FIG, 9

'1013307

27

M=0.9940

+0.18741
+0.11012
27

46 39

15 5 16

CP==-1.0014

DPSI/DTAU DPSI/DTHETA

-7.71791
27 49
9 21

UPPER REAR PART

X ' Y

PAGE 5

DET J
1/R

0 — e e e

-.29180# +0

+.37567# +0

00.43662
38 43
4 15

DOPSI/DTAU DPSI/DTHETA

EXAMPLE OF OUTPUT OF AIRFOIL

B-53

DET J
1/R



M=0,4899

TAU=0,045800 CP=+0,4269
TOL=.000010 J=1 ‘
TATIL POINT
THETA PSI1 X Y DPS1/DTAU DPSI/DTHETA  DET J
DX/DTHETA DY/DTHETA 1/R
~3.2200 +0,00000 +1,61909 -0,07062 +0,00000 =0,00000 +,00000% +0
-0.05620 +0.00000 =-0.00000 +.00000# +0
K MAX 32 22 17 24 17 23 32 36 32 34
KC MAX 3 12 8 19 3 19 3 20 8 17
TAU=0.166667 M=1,0000 CP=-1,0182
- TOL=.000010 J=3
UPPER SONIC LINE
THETA PSI X Y
+0.5000 =0.33671 =0.60175 =0.14131
+1.5000 =0.26939 <-0.6965]1 =0,07058
+3,0000 <~0.18586 <=0.82692 +0.01430
+5.0000 =-0.10499 =0.97470 +0.,08827
+8,0000 -0,0457)1. ~1,14059 +0,13689
+12.0000 =0,01578 =1,27759 +0,14555
+16.0000 =-0.,00768 <=1.,35458 4+0,13579
+25.0000 =0.00255 =1.42923 +0.11136
+30.0000 =0.01986 <~1,44596 +0.,10134
FIG.9 PAGE 6 . g
EXAMPLE OF AIRFOIL

OUTPUT OF



RESULTS OF PROGRAM T 32

DATA INPUT TAPE

NUMBER A%+1,6010000000000*+003%

+0 ~1.6399500' +0 +0.0000000°* +0 +1,4400000 +0
+1 -1.6375300" +0_+8,5900000¢ =3 +]1,1475400*_+0
+2 =1.6351700' +0 +1.3000000" =2 «1.,0219600" +0
+3 =1.,6325200' +0 +1.7020000' =2 +9,2394000" -]
+4 =1,6293700' +0 +2.0760000 -2 +8.,4722000¢ -1
+5 =1.6257500' +0 +2.4580000' =2 +7.,7744000"' -1
+6 =1,6215200" +0 +2.8470000" =2 ¢7.1479000* -1
+7 =1.6165900' +0 +3.2590000* =2 +6.5629000* -}
+8 =1.,6108100* +0 +3.6700000* -2 +6,0388000* -1
+9 ~1,6040100' +0 +4,1110000" -2 +5,5384000¢ -}
+10 «1.5959700" +0 +4,5860000* -2 +5,0628000*' -1
+11 ~1.5865000" +0 +5.0950000' -2 +4.,6171000' -1}
+]12 =1.5743500"' +0 +5.6300000' -2 +4,2004000°' -}
+13 -1.5613600"' 0 +6.1850000' -2 +3.8026000' -1
+14 ~1,5468100' +0 +6,7050000' =2 +3,4426000 -]
+15 -1,5301500" +0 +7,3130000' -2 +3,0909000 -1
+16 =1.5137000 +0 +7.6970000' -2 +2,803R000' -1}
+17 =1.4967600' +0 +8,1600000' -2 +2.5303000* -1}
+18 =1.4800900"' +0 +8,7410000"' =2 +2.2756000' -1}
+19 ~1,47G4400' +0 +9.,00100006* -2 +2.,0778000' -1
+20 =1.4622700' +0 +9.,0750000' =2 +1.9003000° -1}
+21 =-1.4574500" +0 +9,0600000' =2 +1.7371000" -1
422 =1.3942200' +0 +9.,1770000" -2 +1,2611000°* -}
+23 -1,2858800' +0 +1.,1019000' -1 +9,0890000' -2
+24 -1,1392400"' +0 +1,2704000* -1 +6,3920000° -2
+25 =9.,4031000' -1 +1,3385000*' -] +3,5760000* -2
+26 =5,3171000' -1 +1.4045000' -] +3.5300000°' -3
+27 =5.,6950000' -2 +1.3400000' -1 -2,8190000° -2
+28 +2,3045000* -1 +1,2327000" -1 =5,0580000* -2
+29 +4,3327000' -1 +1,0822000* -} =6,7450000* -2
+30 +6.,0441000' -1 +9,8040000" -2 ~8,0050000" -2
+3] +7,6454000* ~)1 +8.5560000' ~2 -8,8460000°* -2
+32 +9,2548000' -1 +7.0300000' -2 =9,06R0000° -2
+33 +1,1470000° +0 +4.8000000' -2 =9,1000000* -2
I )(L 'Yi (3L
FIG. 10 PAGE 1

+4,1021800°

—+248340000-4—+1

+2.2239000°
+1.7583000°
+1.4626000°"
+1.2009000°"
1+9,9302000°
+8.1719000°¢
+6.8004000°¢
+5.6147000°*
+4,6132000°
+3.7878000°*
+3.1126000"
+2.5288000°*
+2.1418000°"
+1.8132000°
+1.6349000"
+1.5487000°
+1.5974000°"
+1.9832000°"
+2.8911000°¢
+2,7348000"
+4,0928000°¢
+2.49220000.
+1.6921000°
+1.0172000°*
+6,6507000°
+7.2089000°
+8.2760000°
+8,0466000°
+6.5220000"
+3.7081000°¢
+1.2599000°
+0.0000000°

'(1/R)L

EXAMPLE OF OUTPUT OF SMOOTH

.B-55

+1

+]
+]
+1
+1
+0
+0

+0

+0
+0
+0
+0
+0
+0

*0

+0
+0
+0
+0
+0
+0
-1
-1
=1
-1
-2
-2
-2
-2
-2
-2
-2
+0




MODIFIED INPUT DATA

+0
+1
+2
+3
+4
+5
+6
+7
+8
+9
+10
+11
+12
+13
+la
+1S
+16
+17
+]18
+1]19
+20
+21
+22
23
> 24
+25
+ 26

- e27

+28
+29
+30
+31]
+32
+33

I

-1.6399500* +0 +0.,0000000' +0
-1.,6375300*' +0 +8,5900000* -3
-1.6351700' +0 +1.3000000' <=2
-1.6325200' +0 +1.7020000*' <=2
-1.6293700' +0 +2.0760000' =2
=1.6257500" +0 +2,4530000' =2
-1.6215200" +0 +2,8470000' =2
-1.6165900* +0 +3,2590000' -2
-1.6108100" +0 +3,6700000° -2
~1.6040100' +0 +4,1110000' -2
-1.5959700* +0 +4,5860000' -2
-1.5865000* +0 +5,0950000°* =2
=1.5743500*' +0 +5,6300000' =2
-1.5613600¢ +0 +6,1850000* =2
-1.5468100' +0 +6,7050000" <=2
-1.5301500*' +0 +7,3130000' -2
<1.5137000"' +0 +7.6970000' =2
-1.,4967600*' +0 +B,.1600000' =2
-1.4800900* +0 +8.,74i0000' ~2
-1.4704400" +0 +9,0010000* -2
~1,4622700' +0 +9,0750000' -2
“1,4574500' +0 +9,0600000' =2
-143942200' +0 +9,1770000*' =2
-1.2858800¢ +0 +1,.,1019000* -1
=1.1392400' +0 +1.,2704000* -1
~9,4031000* -1 +1,.,3385000* -1
-5.,3171000* =1 +1.4045000' -1
-5.6950000' =2 +1,3400000' -1
+2.3045000* =1 +]1,2327000" -}
+4,3327000* -1 +1,0822000" -]
+6,0441000* -1 +9.,8040000' -2
+7.6454000' -1 +8,5560000' ~2
+9,2548000* -1 +7.,0300000* -2
+1.1470000* +0 +4.,8000000' =2
><L Yl
FIG.10  PAGE 2

+7.,6018261°
+2.2198348"
+]1.6353089
+1.3240548"
+141319705
+3,B8420901"
+B.,6789]196A¢
+7.,7017728"
+6.,8984800°
+6,1840116°?
+5,5448491 ¢
+4,9758033¢
+4,46620521
+3.9971423"
+3.5853719¢
+3.19324421"
+2.8796579¢
+2.5857198"
+2.3157106"
+2.1082268!"
+1.9235095¢*
+1,7547859¢
+]1,2678282¢
+9,1141110°"
+6,4007197°?
+3.,5775251°!
+3.,5300147
~2.8197470°
-5,0623178¢
-6,7552474"
~8,0221426"
-8.8691463"
«9,0929370!
-9,1252025"

Yi

-1.8490348¢

-4,0900205¢*
-1.5662666"
-B.0321336"
-5.,0398256!
-3.31715199
~2.3052537¢
-1.6433023"
-1.,2193140°"
-9.,1261282¢
-6,8967053"
-5.2782855"
-4,0889080!
~3,1584435"
=2.5677900°"
-2.0974868¢
-1.8424187"
-1.7065858"
=1.7275987"
-2.1168770"
=3.0530263¢
~2.8620854¢
~4,1918763"
-2.5233173*
-1.7025092?
~1.0191534"
-6,6508243¢
'7-217‘099‘0.
-8,3078338"
-8,1017418"
-6.,5850595!
-3.7519388"
-1.2755578"
+0.0000000°

Y
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DATA INPUT TAPE NUMBER B#+1.60200000000001+003%

EPS =+10.0000000°* -1}
_Nuo =+10.0000000' =3
Nyl =+10.0000000°' =2
NU2 =+10.0000000"' -1
MU3 =+10.,0000000°* -1
MU4 =+10.0000000" -1
MUS =+10.,0000000* -1
NSIGMA= +6

KKMAX = +1}

KMAX =+10

ToLl =+1.0000000* -S5.
ToL2 =+1,0000000¢ =5
SIGMAD+SIGMA]l +SIGMA24K
+1.0000000* -30 +1.0000000"
+1.0000000°* ~-30 +1.0000000°"
+1.,0000000' <=8 +1,0000000°
+1,0000000* =6 +1.0000000°
+1,0000000* -6 +1.0000000°
+1,0000000* ~30 +1.0000000°
RHO3+RHO4 ¢yRHDS 9K _ :
+1.0000000* +0 +1.0000000°

FIG. 10

=30
=30
-6
-6
-6
-6

+0

+1.0000000°
+1.0000000°
+1.0000000°
+1.0000000°
+1.0000000¢
+1.0000000°*

+1.0000000°*

PAGE 3

+0
+5
+15
+23
+32
+33

Ng{(an?, (av? avs? i)

EXAMPLE OF OUTPUT OF SMOOTH
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KKC= 1

K= +0

E =+0,0000000* <0

S =+3.2999998¢ +1}
WEIGHT TABLE FOR THE RHO 1
1 RHO 1

+0 +1.5167978' -12
+] +2,6318035* -8
+2 +8,6468692' -9
+3 +3,9643051* -8
+4 +5,9068438' =6
+5 +9,6913410* -6
+6 +4,4116409 -7
+7 +9,36224408 =7
+8 +2,8174R29Y =5
+9 +2,0841564 =5
+10 +7.2622034* =6
+}]1 +2.6636871* -6
+12 +1.1651879* -4
+13 +9,6791160* -6
+14 +9,0293142" =6
+15 +1,2667598" -6
+16 +9,3035599* -2
+17 +6.0142708 -7
+18 +5,4349358" =7
+19 +6,0760013* -8
+20 +3,3658803* -9
+21 +2.,4340303* -5
+22 +4,5115203" -4
+23 +2,9790369' -3
+24 +5,1754407 -2
+25 +1.6821194 +1
+26 +6,7154153¢ +1
+27 +9,9725589' +0
+28 +5,0948630¢* -2
+29 +3.2570199 <2
+30 +1.1978289 -1
+3]1 +2.6393892¢ -1
+32 +1,.,7293302* -1

K = +) .

EPS  =+,304138420415¢ +1
I = +83 :

C6  =+.7677514838141 +7

NUMBER OF NON SIGNIFICANT CONTRIBUTIONS IN C6 AND E..
INFINITY NORM OF YCORR +1.8490348 +4

INFINITY NORM OF IMPROVEMENT VECTOR+1.8490348' +4
INFINITY NORM OF YCORR +1.8490348 +4

INFINITY NORM OF IMPROVEMENT VECTOR+2.1459983¢ =12
NUMBER OF ITERATIONS IN RESIDUAL VECTOR METHOD,, ¢2
TOLERANCE TESTS ARE SATISFIED

E =46,1066405' -]

S =+46,5181797* +0

FIG.10 PAGE 4
EXAMPLE OF OUTPUT OF SMOOTH
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K = +2

EPS  =+,260R75572782' -2

I = +83

C6 - =+.,564865335138¢ +]

NUMBER OF NON SIGNIFICANT CONTRIBUTIONS IN C6 AND E.. +0
INFINITY NORM OF YCORR +1.84903481  +4

INFINITY NORM OF IMPROVEMENT VECTOR+1.8490348 4
INFINITY NORM OF YCORR +1.8490348"  +a

INFINITY NORM OF IMPROVEMENT VECTOR+2.0009322* -9
NUMBER OF ITERATIONS IN RESIDUAL VECTOR METHOD.. +2
TOLERANCE TESTS ARE SATISFIED

€ =+4,6284200" +0

S =+5,4711929' +0

K = +3

EPS =+,145474904605" -3

1 = +83

€6 =+,31315354081 3" =4 — T T T T T T T
NUMBER OF NON SIGNIFICANT CONTRISBUTIONS IN C6 AND Eo.. +4
INFINITY NORM OF YCORR +1.8690348' +4

INFINITY NORM OF IMPROVEMENT VECTOR+1.8490348' +4
INFINITY NORM OF YCORR +1.8490368"'  +4

INFINITY NOPM OF IMPROVEMENT VECTOR+9.4806842' -9
NUMBER OF ITERATIONS IN RESIDUAL VECTOR METHOD.., ¢2
TOLERANCE TESTS ARE SATISFIED

£ =+1,4664412Y +2

S =+45,4232079  +0

K = +4

EPS =4+ ,257024577354" =3

1 = +83

107} =+,310227841904 =5

NUMBER OF NON SIGNIFICANY CONTRIBUTIONS IN C6 AND €. ¢8
INFINITY NORM OF YCORR +1.8490348" +4

INFINITY NOPM OF IMPROVEMENT VECTOR+1.8490348' «+4
INFINITY NORM OF YCORR +1.84903458" +4

INFINITY NORM OF IMPROVEMENT VECTOR+1.779]1682* -8
NUMBER OF ITERATIONS IN RESIDUAL VECTOR METHOD.. ¢2
TOLERANCE TESTS ARE SATISFIED

E =+46,5517164" +)

[ =+5,4385281"' +)

K = +5 :

EPS =+,202885800044"' =3

1 = +83

(ol =4 ,4324777446660" =5

NUMBER OF NON SIGNIFICANT CONTRIBUTIONS IN C6 AND E.o +9
INFINITY NORM OF YCORR +1.8490348¢ +4

INFINITY NORM OF IMPROVEMENT VECTOR+1.8490348' +4
INFINITY NORM OF YCORR +1.8490348 ¢4

INFINITY NORM OF IMPROVEMENT VECTOR+2.0982066' =8
INFINITY NORM OF YCORR +1.,84803481  +4

INFINITY NORM OF IMPROVEMENT VECTOR+1.5144470* =8
NUMBER OF ITERATIONS IN RESIDUAL VECTOR METHOD.. +3
TOLERANCE TESTS ARE SATISFIED

€ =+49,1827910' +1

S =+45,4325453"' +0

SMOOTHING COMPLETED AT K = +5

FIG.10 PAGE 5 |
EXAMPLE OF OUTPUT OF SMOOTH
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RESULTS OF THE SMNOTHING PROCESS

+0

+1

2

*3

+b

+5

+6

«7

+8

-9
+10
+11
+12
+13
]G
+15
+16
17
+18
+19
+20
21
22
+23
+24
02.5
+26
+27
+28
+29
*30
+31
+32
+33

=146399500°
-1.6375300"
=1.6351700"
=1.6325200°*
-1.6293700°"
~1.6257500°*
-1.6215200°"
-1.6165900°"
-1.61081090°
-1.60640100°
-1.5959700"
-1.5865000°"
=1.5743500°
~1.5613600°"
-1.5468100°
=1.5301500°*
-1.5137000"
=1.4967600°"
=1.4800900°
«1.4704400°
-1.4622700°

=1,4574500" .

~143942200°
~1.2858R00"
=1.1392400"
=9,4031000°
=5.3171000¢
~-5.,6950000°¢
+2.3045000°
+4,3327000°
+6.06641000"
+7.6454000°
+9,25648000°
+1.1470000°

X

+0
0
+0
+0
+0
*0
+0
+0
«0
«0
+0
+0
0
0
+0
+0
+0
0
+0
+0
+0
+0
0
+0
+0
-1
-1
-2
-1
-1
-1
-1
-1
+0

+3.566wu25¢"
+8,5900000°"
+1,3000000°
+«1.7020000°"
«2,0760000°*
+2,45R0000°
+2.8476809
¢3,264961551
+3,6705818¢
+6,]114640626"
+4.5837186¢
+5,0798%«44¢*
+5,.6506940*
+5,1970965¢
+6, 7456729
+7.3079595¢
+7.8067266"
+8.,2690959"
+8,6767710°"
+8,89N04R887"
+9.0558387
+9,1450527"
+1.,00197359?
*]l 1173546
+1.2298127"
+1.32R3063*
+1.4085696"
+1.34276201
+1,2222062"
+i,0984240"
+3.7012780"
+8.338467241
+6.,87260871
+4.,8000000°
A

A}

=23
-3
-2
-2
-2
=2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-1
=1
-1
-1
-1
-1
-1
-1
-2
-2
-2
-2

+7,6018261"' +0 =-1.8490348" +4 +3,5864425' <23 +0,.0000000°
+2,2198348%  +0 =4,0900205" +2 «0,0000000* +0 »0,0000000°*
+1.6353089* +0 -]1.5662666" +¢2 «0.0000000* +0 ¢0.0000000°
+1.3240543* +0 -B,0321336* +1 +0.0000000* +0 +0.0000000°
+1.1319705¢ +0 =-5.0398256' +} +0.0000000* +0 +0.0000000°"
+9,8420901% =1 =3.3171S518* +} «0.0000000* +0 «0.0000000"
+B.,6538003" <=1 =2.3063347¢ ¢} +6,8087339* <6 «2,5119349¢
*7,7063531" =] =1.6432657" +¢] =9,38446942¢ <5 +4,5803419¢
¢6,9008619' =1 =1.2186835¢ +]1 +5,8178070* -6 +2.3818992¢
+0,1773472¢ =1 =9.1290648¢ 0 ¢3,0626171' -5 -6.,6643554"
¢5,5355283¢ =1 ~6.8384667" +0 -2,28164101' -5 -9,3208652¢
+4,9689487r ~] -5,2782582' «0 -1.5)105558¢ <4 -6,8546093"
*4,4511547r =1 =4,0944850t +0 +2,0694048* <4 -]1,5050570°"
+3.9816811¢ -1 -3.1620058t +0 +1,2096500*' =4 -1,5661209¢
+3.,5735208" <] =2.5676927t +0 +6,0672922' =~4 ~1,1851166"
+3,1896914' =1 =2.0975350* +0 -5,0404646' -5 -3,5528267°¢
+2.,8815726* =1 =-1.98389301* +0 ¢1,0972644°% -3 +1,9146662" -
*2.5R09725% =1 «1.7100734' +0 +1,0909586' =3 -4,7473858°*
+2,3099567* ~]1 =1.7275989* +0 -6,4228958" «4 «5,7538652*
+2,1132000¢ =1 =2.1168771¢% +0 ~1,1051134" =3 +4,9731701"
¢1.9219627 =1 =3.0530262' +0 =1.,9161326% =4 =]1,5467740"
+1.,7817788 <] =2,8520720°*' +0 +8.5052660' -4 +2.6992863¢
*1,2639401 -] -4,19]7588¢ ~] +8,4275880* -3 -2.3888088¢
¢9,1669790¢ =2 ~2.5231053* =1 ¢1.5454641' -3 +5,2858958"
*6,3746081¢ -2 -1.7013311" -1 ~4,0537271* -3 =-2.6111524"
+3,771346871 =2 =9,6835337% <=2 =1,0193726* ~3 +1.,9382362¢
¢3.2701333¢ =3 =7.,1926733" <=2 +4,0696209' =4 =2,5988140¢
=3,1071031 <=2 =7.2813504"' <=2 ¢2,7420478Y =4 -2,87356]10*
=5,3224614% <=2 ~B.14B89572' =2 =]1,0493799% =3 ~2,6014367?
~6,8R11354¢ =2 ~8.0948535¢ <=2 +],6223968¢t =3 -],2588799°
-4,0680165" <=2 -6.5715872¢* =2 ~-1,0272200* <=3 -4.,58713901"
=B,877647991 =2 =3,7377347" =2 =2,1752755" -3 -8,3336556"
=6,2729621' =2 ~-1.2854298¢ -2 -}1,5739130* =3 -1,.8002%511"
-9,33196071 =2 =-2.,3104086* =5 +0,0000000* +0 -2.6675823*
~, An o] ol '
Yi i WY A
FIG. 10 PAGE 6
EXAMPLE OF OUTPUT OF SMOOTH
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+0
+«0
0
0
0
+0
-3
-4
-4
-l
-4
-4
-3
=3
-3
-4
-%
-4
-4
-4
-4
-3
-3
-4
-G
-3
-4
-3
-3
-3
-5
-5
=3
-3

+0.0000000°
+0.0000000¢
+0.0000000°
+0.0000000"
+0.0000000°*
+0.0000000°
=1.0809435"
*+3,6579977
+6,3055408°"
~2.9366476¢
-1.7613896"
+2,7250100°
*4,4229756¢
«3.5623073?
+9,7268652°*
~4,8171733¢
+3.48868013
=3.4875758°"
=1.9384179¢
~6.,6058760°
+9,1225530¢
+1.3491836°
+1.17647669°
+2,1207403"
+1.1731699°
+5,0800081¢
~5,4184899°
-6,3851037
+1,5887665°"
*6.,8833500°"
+1.3672267
41.642064040¢
-3.,8720187"
~24.3104086"

Su
YitYi

0
0
0
0
*0
+0

-2
-4
=3
<3
-3
-S
-3
-3
-S
-5
-3
-3
-7
-8
-8
-S
-5
-5
-l
-3
-3
-4
-3
-5
-4
-4
-S
=S



RESULTS OF INTERPOLATION

+0 -1.6399500°*
+0 ~1.6395467"
+0 -1.6391433"
+0 -1.6387400!
+0 -1.6383367¢
+0 -1.6379333"
+0 ~1.6375300°"
+1 -1.6375300"
+1 ~1.,6371367"
+1 -1.6367433"
+1 -1.6363500°"
+1 -1,6359567!
+1 -1.6355633!
+1 -1.,6351700"
+2 ~1.6351700*
+2 -1.6347283¢
+2 =1.6342867¢
+2_=1.,63384501

+0
+0
+0
+0
+0
+0
+0
+0

+0

+2 ~1.6334033¢
+2 ~1.6329617!
+2 -1.6325200'
+3 -1.6325200°*
+3 -1.6319950°
+3 -1.6314700°
+3 ~1.6309450"
+3 -1,6304200°"
+3 -1,6298950"
+3 ~1.6293700"
+4 =1.6293700"
+4 =1.6287667"
+4 «1,6281633"
cv4 =1,6275600"
*4 -1,6269567¢
*4 =]1,6263533"
+4 =1,6257500"
+S «1,6257500"
+5 =1,6250450"
+5 =1,6243400"
+5 <1,6236350!
+5 «1,6229300°
+5 =1.,6222250"
+5 ~1.6215200°'
+6 ~1.6215200¢
+6 =1,62069R831
- 46 =1,61987671
+6 =1,6190550°*
+6 ~1.,6182333!
+6 =1,6174117"
+6 =1.6165300"
+7 =1.6165900"
+7 =1.6156267?
+7 =1.6146633"
+7 -1.6137000"
+7 =1.,61273671
+7 =1.6117733?
+7 =1.6108100"
+8 =1.6108100"
+8 =1.6096767"
+8 -1,6085433"

I X

+0
+0
+0
+0
+0
+0
+0
+0
+0
+0
+0
+0
+0
+0
+0
+0
0
0
+0
+0
+0
+0
+0
+0
+0
+0
+0
+0
+0
o
+0
+0
+0
+0
+0
+0
+0
+0
*0
+0
+0

+3.58044625¢
+2.0196606¢
+3,2365599
+4.6006568"
+6,1580639"
+7.5629929°"
+8.,58999696!
+8.5900000°

+9,43206330".

+1.0219829"
+1.0961320"
+1.1667059!
+1.2345i87"
+1.3000000°
+1.3000000°
+1.3712522!
+1.,4417062"

+1.5735878"
+1.6421899"
+1,7020000
+1.7020000°*
«1.7700800°
+1,8367a33
+1.,3964275¢
+1,95643791¢
+2.0162399¢
+2,0760000°'
+2.0760000"
+2,16363]13¢
+2,209279"
+2.2736466"
+2.3365446"
€2.3979733¢
+2.4580000°¢
+2.4530000°
+2.5265765¢
*«2.5935R8G] ¢
*2.6531221°
+2,72325940
+2.7660R4T?
+2.8476809"
+2.84676809°"
+2.9180256¢
+2.9869167
+3,0564466"
+3,1206959°
+3,1857333¢
+3,2496155¢
+3,2496155¢

+3.323107) -
+3.3951674"

+3,4658793
+3,5353)143"
+3,6035324
+3,6705818¢*
+3.6705818°"
+3,7480201°
+3,8233605¢

g

-23
-3
=3
-3
=3
-3
-3
-3
-3
=2
-2
-2
-2
-2
-2
-2
-2

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

+7.6018261!
+3.3694935"
+3.0361041
+3.7259003¢
+3,8326584¢
+3.0196885"
+2.2198349¢
+2.2198348"*
+2.0679964¢
+1.9389036°"
+1,8356949°
+1.7563u55
+1.6936673¢
+1.6353089¢
+1.6353089¢
+1.60067761
+1.589]1120"

+0_+1,5112879¢ =2 +1,5559371¢

+1.,4857609°
+1.3934752°
+143240548"
+1.3240548¢
+1.,2652033"
+1.199855651
+1.1546250
+1.1378718°
+1.1397025*
+1.1319705*
+1.1319705"
*141040521°
+1.0790182¢
+1.0547114"
+1,0302829:
+1.006}1926°
+9,8420901"
+9.8420901"
+9,6142492¢
+9,3984(51¢*
+3,1944381¢
+9,00246821
+8,8222556¢*
+A,6538003¢*
+8.6538003*
+8,4707702*
+8,2997227!
+8,1392089¢"
+7,9877780"
+7,8439775
+7.,7063531"
+7.7063531°"
+7.5530593°*
+7,4089827"
+7.2729253"
+7.1636874"
+7.0200674"
+6.,9008620"
+6.9008619"
+6,T6857231
+6,63649061"

¢0 -1.8490348"

+0 -4,2093559+
+0 +1,3678559¢"
+0 +1.38889241
+0 -9,9864155¢
+0 -2.6471613¢
+0 -4.0900418¢
+0 -4.0900205¢
+0 =3.59539671
+0 =2.95534671
+0 =2.3011351¢
40 =1.7640384¢
40 =1.4753254
+0 -1.56626651
+0 ~1.5662666¢

-2.9537311°¢
-3.9014382¢

+0
+0

—+0_=1.16944601 +2 =2,02533633  +5_~1,74228641__+6_+7,9058380__

+0 ~1.9521468*

+0 -2,0571135¢
+0 -8.0321416"
+0 -8.0321336¢
+0 -1.29631109
+0 -1.1086409¢
+0 -5,8788795¢
+0 -8,1737235¢
40 +6.2126233"
+0 -5.0398224"
+0 -5.0398256¢
+0 =4.3106375"
+0 -4,06748740
+0 =4.0334695¢
+0 ~4.0516781"
+0 -3.8852075"
-1 -3.3171521"
-1 -3.3171519¢
-1 =3.1465605¢
-1 -2.9768169¢
-1 -2.8079219*

-2.6398761 1
-2.4726801"
=2.3063307*
=2.3063347¢
=2.1516933*
-2.0146741¢
~1.8952692¢
=1.79359]13¢

-1
-1
-1
=1
-1
=1
-1
-1

-1 =1.7095727¢
-1 —1.6432657!
=1 =1.6432657¢
-1 -1.5613740°¢
-1 =1.4519084*

-1
-1
-1

-1.3748877*
=1.3103307"
=1.23582564"
-1 -1.2186835"
=1 =1.2186835"
-1 «1.1662201"
=1 -1.1143555"

5 ]
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.
+3
3
+3
42
+3
2
+2
+2
*2
*2
*2
*2
+2
+2
+1

+4,8798554¢
+2.3316945¢
+5,6393141°"
~4,2363376"
«643040107¢
-5.6970506°*
+1.2968572*
+9,6140559"

+1.,4980077¢

+1,7008710¢
+1.5699955¢
+1.1053811°"
+3.,0702800°
=-8.2506341"
+4,9375922¢
+1.0744285"

+1 =1,2465477

2
+*2
+l
+1
*2
.2
+1
+0
0
+1
+1
+]
¢l
+1
s1
+1
+1
+1
[}
+1
+1
.l
+1
+1
v1
+1
+1
¢]
el
.1
+1
+1
+1
+1
+1
¢l
+1
+1
*1
+1
+1

-1.2619379¢
+1.043648] "
+4,89]4199¢
~1.80833631
-1.8050716¢
+7.8506485¢
+1.0883797¢
+7.2943732¢
-2.9176221°*
-1.9752183"
+1.7146557¢
+7.6266101"
+1.6977854¢
-6.3391675¢
+6,2950375¢
+5.4880468"
+1.3941710°
+2.,425T473
+2.41372490
+2,64016934¢
+2.38965261
+2.3776026¢
+2.3655435¢
+2.3534751"
+1.9891874¢
+1.7748566"
+1.5602530"
+1.34537661
+1.1302275"
+9.14805571
+6.9911090"
+1.1221294
+9.9323674"
+8,6414851 1
+7.3486474"
+6.0538561 "
+4,7571053"
+3.4584012"
+6.6555139¢
+4,60271687
+4.5498302°

all

g

+7 -7.2851897¢
+7.-5.3503189"
+6 =3.4154482¢
+6 «1,4805775¢
46 +4,56293291
+5 +2,38916400
+7 +64,32403401
+4 +1.7884869"
+5 +9,3999838¢
+S +9,1509882¢
+5 ~7.5697862¢
45 ~1.,6054671°
+4 -2,4539556¢
s4 =3,3024438¢
+S -1,0492658¢
+5 ~7.0009131¢
+5 =3.5091680¢

+5 ¢3,47432220
+S +6,9660674¢
¢S +1,0457811°
+S +3.7313481°
+4 +2,4699059¢
+6 +1,20846360
+5 =5,2978596"
*4 -1,31442081
*4 =2,5758631¢*
5 =3.8373049*
+4 ~1.8761616°
*3 -1.2802850¢
+3 -6.8440830¢
+2 -B.8531625"
+2 +5,0734505¢"
+3 +1.1032217*
+4 +1.6990982°*
+3 =1.7046424"
+3 =1.7059491
+3 -1.7072558¢
*3 -1.7085625¢
*3 =1.,7098691"
+3 =1.7111758"
+3 -1.7124825"
+3 -2.6068284¢
+3 -2.61014831
+3 -2.6134682¢
+3 -2.6167881"
+3 ~2.6201080"
*2 -2.6236279¢
+2 ~2.6267478¢
+3 -1.3369713¢
*2 -1.3390012°
+2 -1.,3410312¢
+2 ~1.36430611°"
*+2 =1.3450911"
*2 =1.3471210°
+2 =1.3491509°*
+2 -4,6546281"
42 -4.6625163"
42 =4.6704045"

§IV

EXAMPLE OF QUTPUT OF SMOOTH

B-61

+10 «4,7972002"
+10 +4,7972002°
+10 +4,79720021
+10 +4.,7972002¢
+9 ¢6,7972002¢
«10 «4,7972002¢
+10 «4,7972002°"
+8 =2.1571742¢
¢7 =2,15717421
+6 =2,15717421
*7 =2,1571742¢
+8 -2,15717421
+8 =2,1571742
+8 =2.1571742
+9 +7,9058380°
+8 +7.9058380
+8 +7,9058380"

+8 +7,9058380¢
+8 +7,9058380"
+9 +7,9058380¢*
¢8 =2,40274T1"
+8 =2,40274711
+8 =2,402747) ¢
+6 =2.,4027471¢
+8 «2,402747)"
+8 =2,4027471"
+8 =2,402747)
¢7 +9,8764050°*
+7 +9,8764090¢
+6 +9,87664090¢
+5 +9,8764090°
+6 +9,8764000°"
¢7 +9,8764090°
+7 +9,8764090°*
+4 =1,8534450"
+4 =1,8534450°
+4 =]1,8534450
+4 «1,8534450¢
¢4 =1,8534450°"
¢4 =]1,8534450"
+4 =1.85344501
5 ~4,04044530
¢S =6 ,04044531
+5 ~4,0404453
+5 =4,0404453"
¢5 «6,0404453"
+5 «4,0404453"
+5 ~4,0404453"
+5 -2.1072086"
+5 -2,1072086"
¢S -2,1072086
¢S =2.1072086°
5 =2,1072086¢
+5 =2.1072086¢
*S =2.,1072086¢
¢3 =6,96018191
¢3 =6,9601819
+3 =6.,9601819"

§V

+13
+13
13
+13
a3
+13
+13
11
11
s11
11
11

o11
o1l
11
+11
11
*11
.11
+11
*11
o1l
11
+11

.1l
.11

+11
¢11
.9
+9
+9
+9
+*9
+9
+9
ol
xS
b
.l
*H
%
*b
+5
+*5
31
+5
*5
*S
+S
+5
+5
S
5
+5
‘45
*S
3
+3
+3



+8 =-1.6074100°
+8 ~1.60627671
+8 =1.6051433"
+8 -1.6040100°"
*9 ~1.6040100"
+9 -1.6026700"
+9 ~-1.6013300"
+9 -1.5999900"
+9 =1.5986500"
+9 ~1.,5973100°
+9 =1.5959700°"

+10 -1.5959700"
+10 ~1.5943917
+10 ~1.5928133¢
+10 -1.5912350"
+10 -1.5896567¢
+10 ~1.5880783"
+10 -1.5865000"
+11 -1.5865000°
+11 =1.5844750"
+11 -1.5824500"
+11 -1.5804250"
+11 =-1.5784000"
+11 -1.576375¢0¢
+11 -1.5743500"
+12 =1.5743500"
+)2 =-1.5721850*
¢12 ~1.5700200°"
+12 ~1.567855¢0"

12 =0 777

.ved I IB66T?
+6.8447500°
+7.1116333¢
+7.3785167"
+7.6454000"
+7.6454000°
+7.9136333¢
+8.1818667"
+8.4501000°
+8.7183333¢
+8.98656671
+9,2548000°
+9,2548000"
+9,6240000°
+9.9932000°
+1.0362400"
+1.0731600°
+1.1100800°
+1.1670000"

+30
+30
+30
+30
+31
+31
+31
+31
+31
+31
+31
+32
+32
+32
+32
+32
0;2
*32

I X

+0
+0
+0
+0
+0
0
+0
+0
+0
+0
+0
+0
]
+0
+0

+0
+0
+0
+0
+0
+0
+0
+0

+0
0
.0

an

-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
+0
+0
+0
+0

+3,8984695¢
+3.9716129°"
+4.,0434558"
+4.1140626"
+4.,1140626"
+4,1960314"
+4,2764323"

+4,3553346!

+4,6328062¢
+6,5089129¢
+4,58371861
+6,5837186"
+4.6702436"
+4,7551386¢
+4,8384838"
4449203511
+5,0008032°*

+5,07989446" "

+5.07989%4!
*5.1794732¢
+5,27710741
+5.3729646!
+5,4671556!
+5,5597335"
+5,6506940°
+5.6506940"
+5,7461169"
+5,83970n1¢

*9,48368231
+9,2617982?
+9,0359978"
+8.8066304"
+8,5740216"
+8,3384724"
+8,3384724
+8,0990590"
+7.8572812"
+7.6134528"
+7,3678747
+7.,1208351
+6,8726087
+6,8726087"
+6.52946444
+6.1849318"
+5.8394358"
+5,4932763¢
+5,1467245¢
+4.,8000000°

g

-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2

-c
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
=2
-2

+6,5131131¢
+6.3955061¢
+6.2836069¢
26,1773472¢
+6.1773472¢
+6,0576925"
+5.9632958¢
+5.8340192¢
+5.,7297247¢
+5.6302740¢
+5,5355283¢
+5,5355283¢
*5,4295166¢
+5,3288759¢
+5,2330536¢
+5.1414958¢
*5,0536466¢
+4.9689487¢
+4,9689487¢
+4,8678409*
26,7764196¢
+4,6918733¢
+4,6113761¢
+4,5320879¢
+4,4511547
*4,45]1547¢
*4,3644R24 "

e

-8.0680165"
«8.2359495
~8.3895231°
-8.5295767¢
«8,6569809¢
-B,7726376¢
-8,87747991
-8,8774799¢
~8.9716260¢
=9,0538477
-9.1246070"
=9,18438140
=9.,2336638¢
-9.2729621"
-9.2729621*
-9,3148130°
~9.36619361
~9,.3682859"
~9.,3823589
~9,3897692¢
~9.3919607

al

FIG. 10

-1 ~1.0630909*
-1 =1.0124272"
=1 =9,6236537"
=1 =9.1290649"
=1 =-9,1290648"
-1 -8.,731549]"

-1 -8.3443038"
-1 =7.9673511"
=1 =7.6007127¢
=1 =7.2464106"
=1l ~6.8984668"
=1l ~6.,8984667"
=1 -6.,5407128"
=1 =6.,2179062*
~1 =5.,9301520°*
-1 =5,6775558¢
=1 =5.4602228"
-1 =5,2782582"
-1 =5,2782582°
-1 ~4,7307222°*
=1 ~-4.3216798"
-1 ~4.0518329
-1 -3.9218836*
-1 =3.9325336*
-1 ~=4,0844850"
=l «4,0Rsu0""

i A
=2 -6.5715872¢
-2 =-6.,5715872°*
-2 -6.0182100°¢
-2 =5.,4957003"*
-2 -5.0052281"*
-2 =4.5479631¢
-2 =4,1250754¢
=2 =3,7377347
=2 =3,7377347¢
-2 =3.28475651
-2 =2.8487208"
-2 =2.,4301990"
=2 -2.0297624°
-2 ~1.6479823?
=2 =1.2854298"
-2 =1.2854298"
-2 =9.8662204¢
-2 =7.1864057"
-2 =4,8385206"
-2 -2.84623]2"
-2 =1.2332036"
=2 «2.3104090"

A

g
PAGE 8

13}
+1
+0
+0
+0
+0
+0
+0
+0
*0
+0
.0
+*0
+0
+0
+0
+0
+0
+0
*0
+0
*0
0
+0
+0

-2
-2
=2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-3
-3
-3
=3
-3
-5

€4,4968543"
44,4437889"
+4,3906342¢
4443373900
+3.0048038°
+2.9282399"
+2,8515123"
+2,7746211!
+2.,6975664¢
42.6203480¢
4245429661
+2.377143]1°
+2.1560581°*
+1.9343058¢
+1.7118863¢
+1,4887995¢
+1.2650455¢
+1.0406243"
+3.0446859"
+2.3624998"
+1.,6768475¢
+9,8772882°"
*2.,9514386°
~4,0090740°

a).tnne -

Levct02]5?
«4,9279954
«5,5921566*
+2.1298483
+2.,0163808°
+1.8985297
+¢1.,776295)]¢
+1.6496771
+1.5186755"
+1,3832905°
+1.7196189¢
+1.6575202°
*1.5932917
*+1.5269334"
*].4584452¢
+1.3878272°
+143150793°
*8,4894934 ¢
+T7.6865945¢
+6.8195944"
+5,8884930¢
+4,8932905
+3,8339868¢
+2.7105818"

@ul

*2
2
*2
*2
*2
+2
*2
*2
*2
2
2
2
2
*2
.2

*2
+2
.2
*2
2
(3]
+1
+1

EXAMPLE OF QUTPUT OF SMOOTH

B-62

-4,6782927"
=4,6861809°
=4,6940692"
~4.7019574¢
=5,7076241
~5.7198329*
~5.7320417°
=5,7442505"
=5.7564593¢
~5.768668] 1
-5,78087681
~=1.3986362°
~1.4028637
=1.40709]12°
~1.4113188"
~1.4155463"
=1.4197739¢
~1.4240014"
~3.3602614"
=3.3773789¢
=3.3944964"
=3.4116139
=3.4287314¢

- ar=

-100309514°"
~1.6936846¢
~1.75664178¢
~1.81915]10¢
~4.1694557¢
=443337033¢
~4.4979509¢
~4,6621985
-4,82644611
«4,99069371
-5.1549412"
-2.2753976°¢
=243547999°
~24436420230
~2.5136046°
=2+5930070°¢
~246724093°
«2.7518117¢
-2.0878882¢
-2.,2615101°*
-244351320°
=2.6087539¢
-2.7823758¢
=2,9559977
~3.1296195"

§IV

*J
LX)
+3
+3
+3
*3
3
*3
*3
3
+3
*h
*"%
*°%
%
*h
.l
*
6
*4
LT3
b
YA

-6,9601819¢
~6.9601819*
-6.,9601819°
~649601819*
=9.1110337¢
=9.1110337¢
=9.1110337
=9.1110337
=9.1110337¢
=9.1110337"
=9.1110337
~2.,6784836°*
~2.6784836¢
~2.6784836"
=2.6784836"
=2.6784836"
«2.,6784836"
~2.6784836°"
~8,4530917*
~8,4530917"
~8,4530917'
~8,4530917*

~Ce1993637¢
«2.1993637¢
=2.1993637°
~2.1993637¢
~2.1993637¢
~6,1542843¢
~6,1542843°
~6.,1542843°
~6,1542843¢
-6,1542843¢
«6,15428431
«6,1542843"
~2.9601971°*
~2.9601971°
=2.,9601971°

" *249601971

~2.9601971
-2.,9601971°
=2.9601971*
-4,7026512°
~4.7026512*
~4,7026512¢
-4,7026512
-4,7026512"
-4.7026512*
-4,70265)2"

§V

3
*3
3
+3
3
3
*3
*3
3
3
*3
"%
.4
*%
.4
ol
b

s

*h
o4
X

-t



CORRECTED AEROFOIL SECTION

1, NEW VALUESe OLD VALUES MINUS NEW VALUES
+0 =1.6399500' +0 +3,5B64425% -23 +1.4400000¢% +0 +4,1021800° +] -3.,5864425¢ -23
+1 =1,6375300" +Q +8.5500000" =3 +1.1475400% +0 +2,8340000* 1 +0.0000000* +0
*2 =1.6351700' +0 +1.3000000' =2 ¢1,0219600* +0 +2,2239000* +1 «0,0000000°* +0
+3 =1.6325200" +0 +1.7020000" -2 ¢9,2394000* -1 +1.7583000° +1 +0,0000000" «0
+4 ~1,6293700' +0 +2,0760000' -2 ¢8.4722000° -1 +1.4626000*' +1 +0.0000000" «+0
+5 =1.6257500' +0 +2.4580000' =2 +7.7744000* -1 +1.2009000°* ¢1 «0.,0000000°* +0
46 =1.6215200" +0 +2,8476809' =2 ¢7.1335548¢t -] +9,9719788* +0 =-6.8087339¢ -6
+7 =1,6165900" +0 +3,2496155" =2 +6,5657743r -] +8,1662912% +0 +9,3844%42¢ -5
+8 =1,6108100" +0 +3.6705818" -2 +6,0404137* * =) +6.7946133% 0 -5,8178070* -6
+9 ~1.,6040100" +0 +4,11«0626' -2 +5.5335778* -] +5.6215309* +0 -3.0626171* -5
+10 =1.5959700' +0 +4.5837186' -2 +5.0556682* -1 +4.6198511' +0 +2,2814101* -5
*11 =1.5865000" +0 +5,0798%46¢% =2 +0,6116042% ~) +3,7908870% +0 +1.5105558* -4
412 ~1.5743500" +0 +5.6506940' -2 +4,1878453% -] ¢3,1164589% +0 -2.0694048¢ -4
+13 =1.,5613600' +0 +5.1970965* =2 +3,7890390°* <~1 +2.5357491% +0 =1,2096500°* -4
elé =1,5468100" +0 +6,74567291 =2 +3,4320948¢ =] +2.144)1363¢ +0 =6,0672922¢ . =4
+15 =1.5301500' +0 +7,3079595¢ -2 +3.0876756¢ =] +1.8138015% +0 +5,0404646¢ =5
+16 =1.5137000' +0 +7,8067264' =2 +2,8055680' =] +1.6315550* +0 -1.0972644*% =3
¢17 =1.4967600' +0 +8,2690959' =2 ¢2,5258496' -1 +1.,5524003' +0 -1.0909586* =3
+18 -1.4B800900' +0 +8,6767710°* «2 +2,2701383*' -1 +1.5980056' +0 +6.4228958' -4
19 ~1.4704400' +0 +8,8904887' <2 +2,0R25611' -1 +1.9826023' +0 +1.1051134* -3
+20 =1.,4622700' +0 +9.0558387¢ -2 ¢1,R988084%' -1 +2,89134B71 +0 +1.9161326* -4
+2]1 ~1.,45764500" +0 +9,14505271 =2 +1,7632744¢ =] +2,7309925% +0 -8,5052660" -«
+22 -1.3942200' +0 +1.00i9759' -} +],2375828% ~] +4,0963132¢* -1 -8,4275480* -3
+23 ~1.2858R00" +0 +1.1173546' -1 +9,1616210" =2 +2.4916324* =1 ~],.5454641% -3
424 =1,1392600% +0 +1.2298127' =) +6,3659946¢ <=2 +1,6910133" =1 +4,0587271* -3
+25 ~9.4031000°' <1 +i.3283063" -] ¢3,7695022' =2 ¢9.6629109' =2 +1,0193726% 3
+26 =5,3171000" -1 +1.6083696" -] +3,2701216¢* =3 +7.1925579¢ =2 -4,.0696209' -4
+27 =5.6950000° =2 +1.3427420' ~1 -3,1061038* =2 +7,2708]189* =2 =2,7420478' =4
+28 +2.3045000 -1 +1.,2222062' -] =3,3174440" -2 +8,114452]}* =2 +]1,0493799¢ =3
+29 +6,3327000" =~1 +1.09B4240' =-] =6,8703055*" =2 +8,0376982%' =2 =-1.6223968¢ =3
30 +6,0441000° -1 «9.7012780' =2 -B8.0505789' -2 +6,5079408" =2 +]1,0272200* -3
+3]1 +7.66454000* -1 +8,3384724' -2 -B,85426B86% <2 +¢3,6939806' <2 +2,1752755% -3
+32 +9.2548000°* <~1 +6,8726087' -2 =9,2065197¢ ~2 +1.2690266* «2 +1.,5739130* -3
+33 +1.1470000* +0 +4,.8000000' <=2 -9,3644%08¢ -2 +2,2801725¢ =5 +0,0000000°* +0
~ A ~ ~
I Xi Y, e QO/R) Yi-Yi
FIG.10 PAGE 9 o
EXAMPLE OF QUTPUT OF SMOOTH

+0,0000000* +0 +0.0000000°* 0O
+0.0000000% +0 +0,0000000* 0
+0,0000000* +0 +0,0000000' 0
+0.,0000000¢ +0 +0,0000000* 0
+0.0000000¢ <0 +0.0000000* <0
«0.,0000000° +0 +0.0000000" <0
_¢1.4345244% =3 _=4,1778829'__=2
=2.8743443% ~4 +5,6087714 =3
=1.6136932¢ <=4 +5,7866539" =3
+4,8222264% <=4 «6,8309077* =3
+7.1318402 =4 -6.,6510977 -3
+5,.,4957992 -4 -3,0869986* -3
+1.,2554713* -3 -1.8588909+ =3
+1.3510987¢ -3 -6,9491092* -3
+1,0505194¢ =3 ~2,.3362681* -3
¢3,2244059 -4 -6,0150876" ~4
~1.7679617* <6 +3,3450322' -3
+4,4503816" -4 -3,7002609* -3
+5,4617075¢ <=4 =6,0564569 ~&
-4,7610595¢ =4 +S5,9773711* =4
+1.64916297t =4 =2,4867544¢ =4
“2.6174422¢ =3 +3,8075398¢ =3
¢2.,3517154* =3 =-3,5132054* -4
~5,2420983¢ -4 +5,6764874¢ =5
+2.6005416' -4 +1,0866984¢ -4
=1.9356222' <=3 +5,0908910* =3
+2.5987839¢ ~4 =5,4185793¢ =3
+2,8710377* <3 -6.1918900*' -4
+2.5944404" =3 +1,6154791* -3
+1.,2530545* =3 +8,9018483* -5
+4,5578898' =4 ¢1,4059205¢* -4
+8.2685526* =5 ¢1,4119384' -4
+1.,7851967* =3 -9,1265751* =5
+2.6449083% ~3--2,2801725* =S
~ "N
8, -6, (/R -O/RY



ALGOL-60 PSR302+4Cl ' 1023772

002 2BEGINZ #COMMENT2COMPUTATION OF THE SERIES LAMBDA(/N/)+D/ON LAMBDA(/N/)s COEFF

10#%

LAMBDA(/N+1/2/)+LAMBDA(/~N=1/2/)sL(/N/)  AND L (/-N/)
FOR N=0(1)MeJ=1929e3s1=1920e> - .

#REALZ TOL+EPSZEROsALFAsGAMMA.s» #INTEGER# CASEsM.s
#ARRAY#Z PARAM(/1446/) 0

INARRAY (40+PARAM) o9
Ms=PARAM(/1/) ae TOL.=PARAM(/2/) ey CASE.=PARAM(/3/) e
EPSZERO.=PARAM(/64/) o9 ALFA=PARAM(/S5/) .9 GAMMA =PARAM(/6/) 49

#BEGINZ #REAL# PI+ABSZ1+ABSZ2sTOLF+TOLZ1
TOLZ2+TOLEZL9TOLEZ2+FACTsHISUMsLNZ .
#2INTEGERZ I+KsPyNoJeos
#BOOLEAN# CONVS1sCONVS24CONVS3.ey
2ARRAY 2 219Z2+210Z2+EPSeEZL9EZ2sF 9S19529ZvEZoT1oT2eENSLoLM2+LP2sLM3s
S39T3eZZ91Z12+T9sReDF sDNL9D9DS190S290T19DT29LNZ1
LP3(/146e2/)9sFGAM(/) 4e2914e2/)9Z2P2EZ22P (/) ae29=M=1440/)0

———————— — — ————"DBFBVZIPTEZIPTEP(7 1732507 s M1/ Vs UARRAY (710020 10T 0 0 s Mo 12087 0w

20%%#

309

400

SQ¢e

#PROCEDURE# CONSTANTS.,
2BEGIN#
2REAL#Z HeCZ1+CZ2yMODsARC,»
#2ARRAYZ EPS1oHLIsH2(/1e42/) 00

#2PROCEDURE# CMD(AsBoZsT) .9 #VALUEZ Tes #REALZ Tes #2ARRAYZ AsB847..
- #BEGIN#£2REAL# Al4A2+B1+82+MOD.»
Al =A(/1/) ey A2.=A(/2/)es BlesB(/1/)ey B2.,=B(/2/) 0
MOD.=#21F# 0 2LESS# T 2THEN# 1.0 #ELSEZ 1.0/(B14B1+B2%#B2) .
Z(/17) «=MOD® (A} RB1~-T2A24B2) o
Z(/Z/).—NOD'(AZ“BI’T“A]”BZ).'
#2END# CMD.»

PLe=G ORARCTANC(L .0} o

EPS(/1/) «=EPSZERO#COS(2.,0#ALFA) o »

EPS1(/1/)4=1.0*EPS(/1/) 0y

EPS(/Z/).-EPSI(/2/).=EPSZERO“SIN(? O%ALFA) .

CMD(EPSsEPSLeHYls=1) o

CMD(H]1 +EPS1eH29=1) 4

He=4o0=(0.,S#GAMMA/P ) #PONER# 2.9

CZ1e=140=H*H2(/1/)es CZ2.==HBH2(/2/) o

MOD.=(CZ1#CZ21+CZ28C22) #POWERZ 042S.»

ARC.=0+5% (ARCTAN(C22/CZ1)+(#IF# CZ1 2LESS# 0 #THENZ SlGN(CZZ)“PI
2ELSE# 0,00 )4y

H2(/1/).4=0.5%(1,0=-MOD®COS(ARC) ) .o :

H2(/2/) «==0.5¢MODESIN(ARC) o s

CMD(H29H19Z19=1) 0

H2(/1/7) e=140-H2(/1/) sy

H2(/2/) e==H2(/2/) o

CMD(H2eH19Z29~1) 4

ABSZ1.=SQRT(Z1(/1/) #POWER# 2+Z1(/2/) #POWER% 2) .9

-ABSZ2.=SQRT(22(/1/) #POWER# 2‘22(/2/) ZPOWERZ 2) 4o

CMD(Z1+22921D229=1) o

#END# PROCEDURE CONSTANTS.»

#PROCEDURE# COMUDIL(AsBsCoT)os #VALUEZ T.,

2INTEGERZ Ta.s #ARRAYZ A9BeCoo
#BEGINZ #REAL# MODsP1+sP2+Q1+Q2.»
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Ple=A(/)/)es P2.5A(/2/) 49 Ble=B(/1/) ey Q24=B(/2/) 4
MOD.=#1F# T #LESS# 0 #ATHEN? 1.0/(Q19Q1+Q2%Q2) #ELSEZ 1,049
C(/17)+.=(P19Q1-T2P22Q2)#M0D.»
C(/2/) «=(ToP1%#Q2+P22Q1)#M0D.»

#END#2 COMUDIl.»

2PROCEDURE® COMUDIZ2(AsJeBsKoeCoT)oe 2VALUEZ JsKeT,.
2INTEGER® JsKoToo #ARRAYZ A9B4Cos

#BEGINZ #REAL# MODyP1+P2+Q1+Q2.44
Plez=A(/)0J/) ey P2e=A(/20J0/) sy W1e=B(/1eK/)os Q2.=B(/29K/) ey
MOD.=#1F# T #LESS# 0 #THEN# 1,0/(Q1%Q1+Q2%Q2) #ELSEZ 1.0,
C(/1/) «=(P1#Q1=T2P22Q2)#MOD.+s
C(/2/) «=(ToP1#Q2+P2%Q1) #MOD,»

2END# COMUDIZ2.»

2PROCEDURE# COHYPF (A4BsC) ey #VALUEZ# A9BsC.s
#REAL# AsBeCos

#BEGIN# #£REAL# PARTsT1sT29S19S2sHes ZINTEGERZ KsKMes
Sl1e=Tle=les S2e=T2e=009 KMe=0,0

TERMss Koe=KMel,s
PART o= (A+KM) # (BeKM) / (C+KM) /K,y
He=T1921022(/1/7)=T29%21022(/2/) o»
T2.=(T18210Z2(/2/7)+T128%Z1DZ2(/1/))2PART .
T1.=PARTH#H,.»
S14551¢Tles S2e=52+T2¢s KM.=K,
2IF# ABS(T1/S1) #GREATER¥ TOLF #0R# ABS(T2/S2) #GREATER# TOLF
#THEN# #GOTO# TERMe»
F(/1/7)«=FACT®S1ey F(/2/).=FACT®S2

#END# COHYPF .o

#PROCEDURE# DCOHYPF (AsDAsBsDBsCoDC) oo
EVALUEZ AsDA9BsDBsCsDCss 2REALZ AsDA9ByDBeCeDC.y
#BEGIN# #REAL# DTERMeys #2INTEGERZ Ke9 #ARRAYZ KLADITERMeS»ToDT(/1.02/) 00
S(/17)e=5(/2/) «=DT(/1/) e=DT(/2/)e=T(/2/) «=TERM(/2/)4=04r
T(/1/) e=les Ke==1ls»
Alhee Ke=Koles TERM(/1/) o= (A+K)®(B+K)/(CHK) /(Ko1)o
OTERM+=({ (B+K)*DA« (A+K)®*DB) / (K+1)=TERM(/1/)%DC)/{(C*K) . »
KLAD(/1/) «=DTERMOT (/1/)+TERM(/1/)8DT(/1/) s
KLAD{(/27) «=DTERMET (/2/) «TERM(/1/)%0T(/2/) e
COMUDI 1 (KLADYZ1DZ2+0Tel) oy
S(/1/7)e=S{/1/)+DT(/1/) 0y S(/2/)4=S5(/2/7)¢DT(/2/) e
#1F# ABS(DT(/1/)/S(/1/))#GREATER# TOLF #OR# ABS(DT(/2/)/S(/2/))
2GREATER# TOLF #2THEN#
#BEGIN# COMUDIL(TERMsZ1DZ2sKLADs1) o>
COMUDILI (KLADsTsTsl)es #£GOTOz AA
2ENDZ.»
DF (/1/) «=FACT®S(/1/) es DF(/2/).=FACT#S(/2/)
#END# DCOHYPF oo .

#PROCEDURE# TEST(SUMsTERMsTOLSREPEATsREADY) oo,

#REAL# TOL.» #BOOLEANZ READY.s #ARRAY# SUMsTERMe.s #LABELZ REPEAT,.»
#BEGIN® SUMI{/1/) «=SUM(/1/)+TERM(/)/)er SUMI/2/) 4=SUM(/2/) +TERM(/2/) o

2IF# (TERM(/1/)®TERM(/1/)+TERM(/2/)°TERM(/2/))/

(SUM(/1/)8SUM(/1/) *SUM(/2/)9SUM(/72/)) #GREATER® TOL®TOL

#THEN# #GOTO# REPEAT #ELSE#

#BEGINZ READY.=2TRUE#+.9 OUTPUT(4]1+2(£//42D#)#+P) #END2
#END# TEST.» '
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#PROCEDURE# POWERS(Z9S59ZP)os ZVALUE# S.9 2INTEGERZ Seov 2ARRAYZ Z4ZP,s COEFF
#BEGINZ #REAL# MODyARCsPARCIMODP .y ZINTEGERZ PoeMSss . COEFF
MOD.=(Z(/1/)%2(/1/7)+2 (/7271822 (/27) ) #POWER#(,5%5) 4y V . COEFF
MSe=(M¢1)#S.y MODPe=1.s ’ COEFF
ARC,=ARCYAN(Z(/2/)/Z(/)/)) ey #IF# Z(/1/) #LESS# 0 #THEN# ARC.=ARC+PI.s COEFF

120%¢
#FOR# P.=0 #STEP# S #UNTIL# MS #D02 COEFF
#BEGIN# PARC.=P®ARC,, ) COEFF
ZP(/1+P/) .=MODP#COS (PARC) & . g " COEFF
ZP (/2+P/) +=MODP#SIN(PARC) o COEFF
MODP . =MODP #MOD COEFF
ZEND#. , ) : COEFF
2END# POWERS.s COEFF
COEFF
: COEFF
130%¢  CONSTANTS.s COEFF
OUTPUT (612 (#2(/eT(19S))#)#4# (#CASE#) #92 (#EPSZEROZ) 24# (2ALFAZ) 2, COEFF
#LGAMMAR) #9# (ZRE_ZETALZ) #o# (£IM_ZETAL#) #£0# (FRE_ZETA2#)2s______ ___ COEFF
F(2IM ZETA2#)#9# (2ABSZETAL#) #+7 (#ABSZETA2#) 2+ #(#RE Z1 DIV Z2%)#, COEFF
2(2IM Z1 DIV Z2#)#+#(#RE EPS#)2+#(2IM EPS2)#) e» COEFF
OUTPUT(619#(22(/97(+D.10D#+2ZD2B) ) 2) 2y o CUEFF
CASEsEPSZEROALFASGAMMASZ1(/1/)+Z1(/2/)422(/1/) ‘ COEFF
Z2(/2/)sABSZ19ABSZ2+2Z1DZ2(/1/)+Z1D22(/2/) 9sEPS(/1/) s COEFF
EPS(/2/)) s . COEFF
BLANK
140%%  OUTPUT(41+#(#///9#(#TOLERANCE #)#+D2¢204//9 COEFF
#(#HIGHEST SUBSCRIPT OF COEFFICIENTS#)#93ZD#)#+TOLeM) oy COEFF
OUTPUT (419#(#//+2 (#NUMBERS OF TERMS IN POWER SERIES#)##)#)., COEFF "
COEFF
GAMMA .= .52GAMMA/P I+ ’ . " COEFF
FGAM(/191/) o=.5%GAMMA/SQRT (1=, 25%GAMMA®GAMMA) 4 9 COEFF,
FGAM(/192/) o=PI/FGAM(/191/) sy FGAM(/141/) 4=PI#FGAM(/1+1/)4s COEFF
TOLF o= 1%#TOL s COEFF
FGAM(/2+1/) «=FGAM(/292/)e=00s COEFF
COMUDTL (EPS9Z19EZ1e1)es COMUDIL(EPS»Z21EZ291) o0 COEFF
150#e  TOLZ1.=2(1.0/ABSZ1-1.0)%T0L.s ) COEFF
TOLZ2,=(ABSZ2~1,0)%TO0L.> COEFF
TOLEZ1.=(1.0/ABSZ1/EPSZERO~1,0)#TOL,» COEFF
TOLEZ2.=(EPSZERO#ABSZ2-1.0)4T0L«» COEFF
POWERS (Z19192Z1P) ey POWERS(EZ1+14EZ1P) s POWERS(EPSs14FP) oy COEFF
POWERS(Z2+=1+922P)+9» POWERS(EZ2+-1+EZ2P) 4y COEFF
#FOR# T.=192 #D0# COEFF
#BEGINZ Ke=I=l.» COEFF
#FOR? P.=1 #STEP# 1 #UNTIL# M+K #DO# COEFF
#2BEGINZ FACT.=#IF# P=] #THEN# (8%1-10)/3 2ELSE? COEFF
1608w (P=1)/(P+.,5-K)®#FACT s COEFF
COHYPF (K=.59PsP+1.5-K) ey COEFF
"BU/1sP/)e=F (/1) ey B(/24P/) o=F (/2/) COEFF
2ZEND#4 s COEFF
PosMeKes S1(/1/)e2S1(/27)e3S2(/1/)e=52(/2/)e=00s COEFF
CONVS14=CONVS2.=#FALSE#. : . COEFF
ZU/1/) eSZ1P(/19P/ ) ey ZU/27) 4=Z1P(/29P/) 0y COEFF
EZ(/1/)+.=EZIP(/19sP/) ey EZ(/2/).=EZIP(/2+P/)es COEFF
BSORB6. . COEFF
Pez=Pelss COEFF
170+0% FACT,=(P=1)/(P+.5=K)*FACT.» COEFF
COHYPF (K= ,54PaP+1.5-K) 4o COEFF’
2IF# CONVS2 #THEN# #GOTO# BERSl.s COEFF

COMUDIN(EZLIsEZ9EZo1) o9 COMUDIL(EZ9FoT241)0s COEFF
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TEST(S24T2+TOLEZ1+BERS1+CONVS2) o9
BERSlee COMUDILI(Z19Z9sZ91)es COMUDIL(ZsFsT1ol) 4o
TEST(S14T14TOLZ) 9BSORB6sCONVS]) oo
#COMMENT2 RECURSIEFORMULES.. o9
#FOR# NoxM #STEP# -1 #UNTIL# 1-K #DO#
#BEGIN#
COMUDI2(ByN*KsZ1PoN+KsTls1l) 4o
COMUDI2(BoN*KsEZIPsN¢KsT241) o
SI(/)/V =S/ /) TV /1 ) ey SY(/27)e=S1/27)2T1(/2/) 0
S2(/V/)4=S2(/1/)+T2(/1/) e 52(/2/).—52(/2/)012112/).-
#2IF# Nx0 2THEN2 #2GOTO# AA.,
ENC/L/1 o=EP(/14N/) oy EN(/2/)a=EP(/29N/) 0y
COMUDI} (S24ENsLs=1) oo )
He=K* (1 /Ne¢l)=1.s #COMMENT# RESP. =1 EN 1/Nss
COMUDI2 (EPsNsFGAMsToLP3ol) oy
#FOR# y,=1+2 #D0#
#BEGIN® LM2(/J/) «sH®(S1(/J/7)¢L(/I/)) os
LM3(/U/) e=LM2(/J/)=HEFGAM(/Jos1/) oy
LP3(/J/) e=(1-22K) #HELPI(/J/) o
LP2(sU/) e=LP3(/J/) 4 (1=29K) BHRFGAM(/Je1/) oy
LARRAY (/1969NeJ/)o=LP2(/J/) us
LARRAY (/I+sT7eNoJ/) oe=LM2(/J/) e
LARRAY (/19109N9J/) oe=LP3(/U/) 0
LARRAY (/1501 eNsJ/) o= M3(/0/) s
#END#,.,
2END# . »
Ad..
#FOR# Ne.x) #STEP# 1 #UNTIL# M #DO#
#BEGIN#Z COMUDIL (S2+EPS+S2s1) 4y
#FOR# y,=142 2D02
LARRAY (/143sNeJd/)e=(S1(/J/)+52(/3/)) /7 (#1F# 1=1 #THEN# 1 #2ELSEZ N) .
2END#.
2END# I-CYCLE,.»
#COMMENT# COMPUTATION OF THE SERIES LAMBDA.»
FGAM(/)41/) o=FGAM(/192/) e=04»
FGAM(/291/) o= ¢5%GAMMA/SQRT (1= ,259GAMMA®GAMMA) o ¢
FGAM(/292/) +21.0/FGAM(/2+1/) o
#FOR# T.=1,2 #2002
#BEGINZ Ketl=],y
He=ARCTAN(Z1(/2/)/21(/1/))%,5,.
’ IZlZ(/l/).-ABSthPOHER#(K-.S)“(l-Z“K)'S[N(H).c
1212(/3/) o=ABSZ[ #POWER#Z (K=o S} #COS(H} o
#FOR# b,=0 #2STEP# 1 #UNTIL# M} #00%#
#BEGINg FACT.=#1F# P=0 2THEN#]1 2ELSE# (PeK=1.5)/P#FACT.»
COHYPRF (K= ¢S9PeK=o5¢P+1) oy
B(/14P/)e=F(/1/) ey B(/2sP/)o=F(/2/)
#END#.,
Poz=Mel,y S1(/1/)4351(/2/)4252(/1/).=52(/27)42S3(/1/)4=53(/2/) =04
CONVS1,=CONVS2.=CONVSI . =#FALSE#. s
EZ(/1/)o=EZYIP(/19P/V oy EZ(/27) SEZIP(/29P/) s
2ZZ(/17).=22P(/19=P/)es 22(/2/)¢=22P(/2+=P/} oy
ZU/17) o=Z1P (/1 sP/Y e Z(/2/) eSZIP(/20P/) us
Bzonaa,.
Pe=Pel,,
FACT«=S(P+K=1.5)/P#FACT s
COHYPF (K=,S59P+K=e59P+1) 4
#1F# CONVS1 #THEN# #GOTO# BERS2.»
COMUDT ) (EZ1+EZ+EZs1) ey COMUDIL(EZosFoT1ls1)us
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240%®

260%%

270%#

280a4

TEST(S1eT14TOLEZ1+BERS2sCONVS1) Wy
BERS2.. #IF# CONVSZ2 #THEN# 2GOTO# BERS3..
COMUDIN(Z2Z92292ZZ9=1)es COMUDIL(ZZsF+T241) 4
TEST(S2+12+TOLZ2+BERSIsCONVS2) o
BERS3+se COMUDIL(Z19Z9Z91) ey COMUDII(ZsF9T39]1).s
TEST(SIeTIsTOLZ1+B20RB49CONVSI) o
2IF# #NOT# CONVS] #O0Rz #NOT# CONVSZ2 #THEN# #GOTO2 B20RB4.s
#COMMENT 2 RECURSIEFORMULES,. 49

#FOR# N.=M £STEP# ~1 #UNTIL#2 0 2D0#

#BEGIN® ~
COMUDI2(BIN+1sEZIPsN+14T1s1) 0
COMUDI2(BoN+19Z2Py=N=1+sT291) 40
COMUDI2(BsN+19Z1PsNe1sT391) 0
S1(/17).2S1 (/Y /V+TV(/1/) e SLIU/27)a=S1U/27)¢TL(/2/) 0
S2(/717)e=S2(/70/)+T2(/1 /) ay S2U/27)2S2(/27)4T2(/2/) 0
SI/L/7Ve=S3(/ 7V +T3C/1 /) as S3(/72714383(/2/739T30/27) e
EN(/1/) e=EP (/1 9N=K+1/)as EN(/2/) e=EP(/29N=K*1/) as
COMUDII(SEIsENsLM2e=1) 00

LM2(/1/)o=LM2(/1/)¢S3(/1/) s LM2(/27),2LM2(/27)¢53(/2/)es -
COMUDIL(IZ12sLM2sLM2s1) 40
LM3(/17) o=LM2(/1/) oy LM3(/27) o=LM2(/2/)-FGAM(/201/) 0
#FOR? J.=1,2 #DO?
#BEGINZ LARRAY (/I1+SeNeJ/) e =H® (1=29K) #LM2 (/J/) oy
LARRAY (/199sNsJ/) o =HE (1 =2%K)®LM3(/0/) oy
LARRAY (/T1+89N2J/) e==82(/0/) 0
2END# .
EEND# .
R(/1/)e=R(/2/) =04y

#FOR% No=0 #STEP# 1 2UNTILZz M #DO#

#BEGIN# COMUDI2 (BINsEZ2Ps=NoTolles
RU/17)e=RUZ1/V 4T/ ) es RU/2/)e=RUI2/) 4T (/27 ) 0y
LP3(/1/)e=R{/1/)+Sh(/1/)as LPI(/2/)e=R(/2/)4S1(/27) s
EN(/1/) o=EP(/1aN*K/) oo EN(/2/) e=EP(/24N¢K/) us
COMUDIL(LPI<ENsLP3el)os
2FOR# Jo=192 2D0Z LP3(/J/) o=LP3(/J/) +LARRAY (/T +sBeNsJ/) oo
COMUDILI(IZ12+LP3+LP3s1) 4y
He=K# (1/(N+.5)=1)+1ley #COMMENT# RESP. | EN 1/(N¢1/2),,
#FOR2 Jo.=192 #D02
#BEGIN#E LP2(/J/)e=LP3(/J/)+FGAM(/J01/) oy

LARRAY (/T1949NoJ/) o=HO®LP2(/J/) o
LARRAY (/1+8¢NeJ/) o=HELP3(/J/) s
£END#
#END#. s
2END# I-CYCLE.»
#COMMENT# COMPUTATION OF LAMBDA AND DLAMBDA/DN.»
LN2.2LN (24000 oLNZL1(/17) «=LN(ABSZ1) o sLNZ1 (/2/) .=ARCTAN(ZL(/2/)V /21 /1 /) ) as
#FOR# l.=192 #DO%
#BEGINE SUM,=0.y Ke=l=1.,
#FOR# P,=0 #STEP# 1 #UNTIL# MeK #D0#
#BEGINZ 2IF# P=0 #THEN2
#2BEGIN® FACTe=F(/1/)¢e=1404es F(/2/)¢=0.0 2END# ZELSE#
#BEGINZ FACT«=(P+1~2,5)/P#FACT.»
COHYPF (1-1.53=Py=~P=142,5) .4
SUM.=SUM=,5/P/ (2%*P~1)

#END#. s

DCOHYPF (I=14590s~Po=19=P=1¢2,5¢=1) .

D(/17) o=LNZL(/1/) 42,09 (LN2+(K+1)/(2%P=1)+SUM) .»
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0(/27/)«=LNZ1(/2/)es COMUDIY(FoDsDol) e

DB(/19P/) o=DF (/1/)=D(/1/)es DB(/24P/)e=DF (/2/)=D(/2/) s+

BU/1eP/)a=F(/1/) e B(/29P/)e=F(/2/) -
2END# P-CYCLE.»

#2FOR% Je=142 #D0#

ZBEGINZ S)(/J/)e=52(/J/)a=(K+1)2B(/J20/) e

DS1(/J7) «=DS2(/J/) e=(K¢1)20B(/Js0/) 0

ZEND# o
#FOR# Ne=1 #STEP# 1 2UNTILZ M 2D0O2
#BEGINZ COMUDI2(BoN+K9sZ1PsN+KoTlo=1) 0y

COMUDI2 (BeN+eKsEZIPsN+K9T29-1) 0o

COMUDI2 (DBoN+KsZ1IPsN+K9DT1o=1) 0o

COMUDI2 (DByN+KsEZIPsN+KsDT2e~1) 0y

#FOR% J.=z=192 #DO%

#BEGINZ S1(/J/)e=S1(/J/14T1(/J/) ey DS1(/J/)e=DS1(/J/)+DTL(/I/) 0
S2(/J7) e=S2(/737)+T2(/J/) s DS2(/J/)e=0S2(/d7)4DT2(/ /) 0s
EN(/J/)o=EP(/JeN/)

2END# .o

COMUDI) (EN9S2sL 91} se COMUDIL1(ENsDS2+sDNLo1) 4

He=1e0oeK#(14¢1.0/N) oo

2FORZ J.=192 #D0%

#BEGINZ L{(/J/)e=S1(/707)+L(/737) 69 DNL(/J/)e=0S1(/J/)*DNL(/J/) e
LARRAY (/191oNoJ/) a=H2L(/J/) 0
LARRAY (/1929 NoJ/) o=H® (K/NRL(/J/)*DNL(/J/))

£END# .

#END# N=CYCLE.,

#END#

I-CYCLE.»

#FOR# l.5192 #D0# #FORZ Ko=1+29396+79s10s11 2D0# #2FOR# J,=1+2 #00#
LARRAY (/19K909J/)e=0a000
SKIPF (43)e9 SKIPF(43).9 BACKSPACE (43) 49
PUTARRAY (43+sPARAM) .
PUTARRAY (43+LARRAY) .
ENDFILE(43) o9 ENDFILE(43) .y
#2FOR# 1.=192 #2D0% #2FOR# K.=1 #STEP# 1| #UNTIL#2 11 200#

#BEGIN® OUTPUT (4192 (22+43598D95B935+2Z09/7#)292(21]

#FOR# No.=0 #STEP# 1 2UNTIL# M #DO#
#BEGINZ OUTPUT (4ls#2(#/#)#) e

#END#
#END#

2END#
#END2

#FORZ Pe=192 #D0Z OUTPUT (4192 (£2)#sLARRAY (/1 eKsNsP/))

2EGP#
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LINE 0 PROGRAM BEGINS {MESSAGE)

1
LINE 331 PROGRAM ENDS (MESSAGE) 1
LINE 331 SOURCE DECK ENDS (MESSAGE) 1
LINE 131 NON-FORMAT STRING (MESSAGE) 1
LINE 131 NON=-FORMAT STRING (MESSAGE} 1
LINE 131 NON-FORMAT STRING (MESSAGE) 1
LINE 132 NON-FORMAT STRING (MESSAGE) 1
LINE 132 NON=-FORMAT STRING (MESSAGE) b
LINE 132 NON=FORMAT STRING (MESSAGE) 1
LINE 132 NON~FORMAT STRING (MESSAGE) 1
LINE 133 NON-FORMAT STRING (MESSAGE) 1
LINE 133 NON-FORMAT STRING (MESSAGE) 1
LINE 133 NON=~FORMAT STRING (MESSAGE) 1
LINE 133 NON=FORMAT STRING (MESSAGE) 1
CINE— 134 NON=~FORMAT-STRENG {MESSAGE) 1 —_—— —
LINE 136 NON=FORMAT STRING {MESSAGE) 1
LINE 134 NON-FORMAT STRING (MESSAGE) 1
LINE 324 NON~-FORMAT STRING (MESSAGE) 1
LINE 324 NON-FORMAT STRING (MESSAGE) ]
THE FOLLOWING CONTROL CARD OPTIONS ARE ACTIVE ToLo0eQox
CORE MAP  14,37,30., NORMAL CONTROL 000100 033662 031262 002200
e==TIME===LOAD MODE =-=-L1--L2 TYPE=== ====USER==~+e-waCAll ~=~=-reoem~—- FWA LOAD--LWA LOAD--BLNK COMN-~{LENOGTH==
FWA LOADER 050741 FWA TABLES 045346
=PROGRAM==~=ABDRESS~ ==LABELED-~=COMMON~~
XXALGOL 000340 DATA 000100
ALGORUN 013340 C DATA 000100
ALGLBOO 015712 DATA 000100
ALGLBOL 021127 DATA 000100
ALGLBO2 021656 DATA 000100
ALGLBO3 027525 DATA 000100
ALGLBOG 030360 DATA 000100
==ENTRY~==~-ADDRESS~ REFERENCES
XXALGOL 012375
ALGORUN 013340 XXALGOL
ALGLB0O 015712 XXALGOL
ALGLBOL 021127 XXALGOL
ALGLBO2 021656 XXALGOL
ALGLBO3 027530 XXALGOL
ALGLBOS 030360 XXALGOL
+~+=UNSATISFIED EXTERNALS==-=- REFERENCES

CHANNEL »y60=INPUT+»PBOsR
CHANNEL +61=0UTPUT»P136+PP60OIR
CHANNEL +40=60

CHANNEL ¢41=61

CHANNEL +43=LU43+A+8

CHANNEL sEND
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00®® 2BEGIN# #2COMMENT# INTEGRATIECONSTANTEN T. B. V. PHOGR. GAMMA-FLOW 4,¢

10u%

2000

30use

40w

50“9

——— —#END#—COMUDT-ws-— —

ZREALZ PIyLN4+EPSZEROSALFAIGAMMALZ1ABSsZ2ABSsTIsVTISFMINTI,
FYTsCXTEoCXPLsCYTIsCYPIsFACTORIC3Y s XTIoXPIsYTIoYPI+LNEPS
ZINTEGER# NoKsDoloPoJoeSIGeSIDE +RECOsAsAANTAL 9y CASE W s

2ARRAYZ 21922+21DZ22+EPSoLNZ19FGAMsBsDB+D2BsL+DL+D2L »
KLLsKL2¢eKL3+Z21P (/144271

PSITI(/0eel409]leeS5904al/)
DXoDY(/10e301ee2¢0eel/)sSIGLeSIG2eSI03(/100e2914642/)
LARRAY (/14029100119 0,.10001e22/)0s

#2PROCEDURE# COMUDI(A+BsCoT) o9 2INTEGERZ T.s2ARRAYZ A9BsCas
#BEGINZ #REAL# MOD.s2ARRAYZ PeQ(/1ee2/) 00

P/17)o=A(/1/7) e aP(/27) o=A(/2/)40Q(/1/)e=B(/1/) 0sQ/2/)e=BU/2/) 0
#IF* T #GREATER# 0 #THEN# MOD.=1 #ELSE# MOD.=
17(Q(/1/712Q(/1/7)+Q(/2/)%Q(/27)) o

C/17)«=(P(/Y1/)2QU/1/)=TRP (/2/)%Q(/2/))4M0D.»

C(/27)«=(T#P(/1/)2Q(/2/7)+P(/2/)2Q(/1/))8#M00. s

#PROCEDURE# COHYPF (A4BsCrZsF) oo 2VALUEZAWBsCuy

2REALZ AsBsCoee ZARRAYZ ZoF .o

#BEGINZ 2REALZPART .2 INTEGERZK KMo 9 2ARRAYZTERMeTERMH(/1442/) o
FA/1/) «=TERM(/1/) =1 oo TERM(/2/) e=F(/2/) 4=0a9s KM.=0.4

AA, . Ko=KM+1,9PART .= (AerKM) 2 {BeKM)/ ( (CoKM) 2K) o
COMUDI(TERMs ZoTERMHo 1) o o TERM(/1/) ¢ =PARTHTERMH(/1/) o
TERM(/2/) ¢=PARTHTERMH(/2/) s
FA/1/7) e=F(/1/7)+TERM(/L/) «oF (/2/) o=F(/2/)¢TERM(/2/) 4o
KMyo=Koo 2IF#2 ABS(TERM(/1/)/F(/1/7)) #LESS# #-8 #ANDz

ABS(TERM(/2/7)/F (/27)) #LESS##-8 #THEN# #2GOTO# B8
tELSEZ2 2G0TU# Ab.»
#ENDZ2 COHYPF .,

2PROCEDURE# DCOHYPF (AsDAsBsDBsCoDCoZsDF ) o s 2VALUEZAIDASR DBy

CoDCe o #2REALZAYDAIBDBsCoUC. s 2ARRAYZ Z9DF o

#BEGINZ2REALZDTERM, o 2INTEGERZK o o 2ARRAYZKLADsTERMeToDT (/1 402/ 0
OF (/717) =0F (/271 =0T (/17) .=0T(/2/7) .=TERM(/2/) «50.»
T(/27) e=0e9 T(/)1/)e=ley Ke==les’

Ald.. Ke=Ke+losTERM(/1/) e=(AsK) B (BeK)/{C+K)/(Kel)ao
DTERM,=(((B+K)4DA+ (A+sK)®DB) /7 (Ke1)=TERM(/1/)¢DC)/(CeK) sy
KLAD(/1/) «=OTERM®T (/1/) ¢ TERM(/1/)8DT(/1/) 0w
KLAD(/2/) o =DTERM®*T (/2/) ¢TERM(/1/)}%DT(/2/) o
COMUDL (KLADZsDT 1) esOF (71/) «=DF (/171 +DT(/1/) e
DF (/727) «=0DF (/27)+DT(72/) s #IFt ABS(DT(/1/)/0F (/17/))
#GREATER2#-8 #20R2AHS(DT(/2/)/0F (/2/))#GREATER%2~8

#THEN22BEGINZ COMUDI(TERMyZsKLADs1) 4
COMUDI(KLAD»T+Ts1).92G0TO0% AA 2END%
#2END# DCOHYPF .

#2PRUCEDURE#Z D2COHYPF (A+DAsU2A+ByDBsD2BsCoDCoD2Co29D2F) us

#VALUE# AsDA»D2A+B+DBsD2BsCsDCsD2C.y

#REALZ AsDA+0244840840204CaDC+D2Cas 2ARRAYZ ZoD2F o

2BEGINZ #REALZ DABsDACsDBCyDCCoAK+sBKyCKyABIACIBCICCoFKsF IKoF2K, o
ZINTEGER# JoKoKloes #ARRAYZ ToDToD2ToKLAD(/1ee2/) e
T(/1/)e=)les Ke==lay D2F(/1/)e=D2F(/2/) 4=T(/2/) .=
DY(/1/7)«=0T(/2/7)+=02T(/17) +=D2T(/2/) e=04y
DAB.=DA®DB.s DAC.=DA®DC.» DBC.=DB#DCes DCC.=DC*DC.y

AA, . Ke=K*loy KlozKelay AKo=A*K,s BKe=He¢Kes CKoe=CoK.yo

AB.=AK%BK 49 AC,=AK9CK,9s BC.=BK®*CKes CCo=CK#CKas

APPENDIX B
LISTING OF INTCONS
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FKoa=AB/(K14CK) o9 FIKo=(BC®DA+ACEDB~AB#DC)/ (K19CC) 0y
F2K.=(BC4D2A+AC*D2B~-AB#D2C) /(K12CC) +2% (CCODAR-BC?DAC~AC*DBC+AB#DCC) /

(K19CKSCC)os #FORZE Joa=192 2002 KLAD(/J/)+3F2K®T(/J/) ¢

2OF1K®DT(/J/) oFK®D2T(/J/) s COMUDI(KLAD?29D2T91)0e

#FOR® Je=142 2002 D2F (/J7)o302F (/JU/7)+D2T(/JI/) e

#IF# ABS(D2T(/1/)/D2F(/1/)) #GREATER# #-8 #O0R#

ABS(D2T(/2/1/D2F (72/)) #GREATER# #=-8 #THEN#

#BEGIN# #FOR#% J.=14+2 #200# KLAD(/J4/) .2aF1K*T(/J7) ¢FK

*0T(/J/)es COMUDI(ZsKLADDTol)ee #FOR# Jemls2 #00#

KLAD(/J/) o=FK#T(/J/) s COMUDI(Z4KLADsTol)er #GOTOZ AA
#END#
#END# D2COHYPF 4y

#PROCEDURE# TAPE(TsAR)es #VALUE# Tee #REALZ Tes #ARRAY2 AR.
#BEGIN® #ARRAYZ H(/lse@/) ey 2INTEGERZ KToeKHqo
KT,21200%T.,
READess GETARRAY(43:AR) o9 KHez600/AR(/04201/) 40
#1F® KK #NOTEQUAL#2 KT #2THEN# #GOTO# READ.s -
#ENDA oo

#PROCEDURE#® CONSTANTS.»

BREGINS
#REAL® HeCZ1+CZ294MOD9ARC
#ARRAYS EPS1oMH1oH2(/1e02/) 00

#PROCEDURE® CMD(AsB8929T)es #VALUER Too #REAL® Too #ARRAYZ Ae84249
#BEGINMAREALS AlyA2¢B1+824M00,»
AlesA(/1/)er A2:8A(/2/) 00 BlesB(/1/) ey B248B(/2/) 0
MODo=pJF# O #LESS® T #THEN# 1,0 #ELSE# 1.0/(B14B1+B2%82) 49
Z(/17) +mMOD® (ALl#B1=T#A20H2) .
2(/2/) 4mMOD® (A24B1eT#AL#B2),y
SEND# CMDae

Plsm4o0®ARCTAN(]40) 0

EPS(/1/) +mEPSZERO®COS (2. 0%ALFA) .o

EPS1(/1/7) 81 404EPS(/1/) e

EPS(/2/) «mEPSL (/2/) +8EPSZERO*SIN(2.0%ALFA) o

CMD(EPS+EPSloMlo=]) o

CMD(H1+EPSLoMH2e=1) 0y

MeS4,0=(0+3#GAMMA/PI) #POWER® 2.9

CZ)em)o0=HOMH2(/1/) 0y CZ2o8=HEH2(/2/) s

MODow(CZ19CZ1+CZ2%CZ2) WPOWERP 042549

ARCom0,5% (ARCTAN(CZ2/CZ1)+(#]1F# C2Z1 SLESS# 0 wTHEN® SIGN(CZ2)*PI
SELSE® 0400 )00

H2{/1/) e305% () 0=MOD®COS (ARC) ) oy

R2(/72/7) 4820 ,5*MOD*SIN(ARC) 40

CMD(H2oMloZle=1)us

H2(/17) o8} e 0=H2(/1/) 0

M2(/2/) e8=H2(/2/) 0>

CMD (M2eMis220=1) 00

Z1ABS58QRT(Z21(/7]1/) #POWER#M 2¢21(/2/7) #POWERE 2},
22ABS ,=8QRT(22(/1/) #POWERH Z‘ZZ(/Zli SPOWERSE 2) 49
CMD(21922921D229=1) 4y

SEND# PROCEDURE CONSTANTS .

INPUT (40 0% (##) 8 sCASE2EPSZEROALFAIQAMMA) o4

CONSTANTS o
OUTPUT (8) 9% (#2(/9T(19S) ) m) 8o (BCASER)#on (REPSZENO#) Host (RALFAR) %y
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#(#GAMMAZ) 2+ # (2RE ZETALZ) 202 (2IM ZETAL#) 292 (#RE ZETA2#) 2y INTCONS 114

2(2IM ZETA2#) 242 (2ABSZETAL2) 292 (2ABSZETA22) £42 (2RE Z1 DIV 22%) %, INTCONS 119

#(2IM 21 DIV Z2#)#+#(#RE EPS#)#+2(#IM EPSZ)#) a0 INTCONS 120

OQUTPUT (6192 (£2(/sT(+D.10D2+2D2B)) %)% INTCONS 121

12080 CASE yEPSZEROsALFAGAMMASZL1(/1/)sZ1(/2/)922(/17) s INTCONS 122
22(/2/7) 9 21ABS+Z2ABSsZ1DZ2(/1/)+21D22(/2/)sEPS(/1/) . INTCONS 123

EPS(/2/)) e INTCONS 124

LNZ1(/1/7) «=LN(Z1ABS) o0 LNZ21(/2/) o= ARCTAN(ZL(/2/)/21(/1/)) 00 INTCONS 125
INTCONS 126

#BEGIN# #ARRAYZ PARAM(/1..6/) .9 INTCONS 127

SKIPF (63) e INTCONS 128

EQF (43+ALARM) o9 #2GOTO# SEARCH.» INTCONS 129

ALARM, . ) INTCONS 130
OUTPUT (419#(#//+# (£CASE UNKNOWN ON TAPE#)2#)#).s 2GOTOZ EOP.s INTCONS 131

1309 SEARCH.. INTCONS 132
GETARRAY (434PARAM) o9 GETARRAY (43sLARRAY) .y INTCONS 133

#21F# ABS(CASE-PARAM(/3/))#GREATER#0.5 #0R# ABS(EPSZERO-PARAM{(/47)) INTCONS 13«
o _ _*GREATER# #-8B #OR#_ABS(ALFA-PARAM(/S5/)) #GREATEk# #=8_#0R%_ABS.(GAMMA-_ INTCONS——135
PARAM(/6/)) #GREATER# #-8 #THEN# #GOTO# SEARCH.s INTCONS 136

2END# . s INTCONS 137

REWIND (43) o INTCONS 138

OUTPUT (4192 (#//9# (£NUMBERS OF TERMS IN POWER SERIES#2)##)#) ., . INTCONS 139

#FOR? T.z1le2 #D0# #FORZ P,z1,2 20D0# #BEGINZ INTCONS 140
SIGL(/T14P/) o=LARRAY(/1+3skeP/) s SIG3(/14P/) o=LARRAY(/T47s14P/) #END#.+» INTCONS 141}

140#® RECO.=0s¢ LN4Go=LN(4)es LNEPS,=-LN(EPSZERO).» INTCONS 142
GAMMA .= ,SeGAMMA/Pl.» INTCONS 143
FGAM(/1/) +=SART (1=, 254GAMMABRGAMMA) o4 FGAM(/2/) o==.25%GAMMA®GAMMA / INTCONS 144
FGAM(/1/) s INTCONS 145

INPUT (4092 (£2) 29 AANTAL) o INTCONS 146

#2FOR# A.=1 #STEP# 1 #UNTIL#% AANTAL #D0# INTCONS 147
2BEGINZ INPUT(40+2(22)2eTI) ey TAPE(TIsPSITI)es VITLu=SQRT(TI) os INTCONS . 148
FMINTI==1/VT1+1.25% (3,80 (PSITI(/1+2+0/)+25TI®PSITI(/142+1/))¢ INTCONS 149
248PPSITI(/19140/)=29VTI2(1-TI)2POWER22.5%(2.40LN(T1)+2,8)).s v INTCONS 150
FTI.,=2.5%T1¢(1-T1)#POWER#2,5. INTCONS 151

1502 CXTE1.=CXP1o=CYTI+=CYPIe=04s INTCONS 152
#FORZ l.=1e2 #DO# #BEGINZ #IF# 1 #EQUALZ 1 #THEN# INTCONS 153
#BEGIN#Z OCOMYPF (=4S90309=141.5+~1+21DZ2+D8) 40 INTCONS 154
D2COHYPF (=259090909=19091.5¢=190+210Z2+028) 49 L(/1/)e=14EPS(/1/) 40 INTCONS 155
L(/27) o=EPS(/2/) ey KL1(/1/)o==LNZ1(/1/)=LNG+2+DB(/1/) 00 INTCONS 156
KL1(/2/)e==LNZ1(/2/)+DB(/2/)es COMUDI(LIKL19DLo1) oy INTCONS 157
KL1(/1/) e5=LNZ1{/1/)=LN&2,s KL1(/2/)0a==LNZ1(/2/)us, INTCONS 158
COMUDI (KL19DBsKL291) ey COMUDI(KL)oKL1sKLLs1) oo INTCONS )59
KL1(/1/) o=KL1(/1/) +28KL2(/1/) +PI#P[/3+4+02B(/1/) 4s . INTCONS 160
KL1(/72/) o=KL1(/2/) 2%KL2(/2/)4D2B(/2/) o9 COMUDT (LoKL1sD2L21) oo INTCONS 161

1609 CORYPF (=.S9=19e5+Z1DZ2+B) o9 DCOHYPF (=¢S9s09=1s=19,5¢=1921D22sD8) 4 INTCONS 162
D2COHYPF (=45+0909=19~1909e59=190+21022+D2B) .9 #FORZ Ko=1+2 #D0# INTCONS 163
ZBEGINZ B(/K/) e==.S5%8(/K/) o4 DB(/K/) 4==o550B(/K/) os INTCONS . 164
D2BU(/K/) 4=-059D28B(/K/) 2ENDZ.s COMUDT(BeZ1sKL1s=1)4s " INTCONS 165
LU/ZY/) osL/1/7)e2%KLY €/ ) as LU/27) =L (/27D 420KL1G/2/ ) 0s INTCONS 166
KL1(/1/7) o3=LNZL(/1/)=LNG=1,9 KL1(/2/)s==LN21(/2/)¢9sCOMUDI(KLL9BsKL2+1) .9 INTCONS 167
KL2(/1/) o=KL2(/1/)%DBU/1/ ) s KL2(/2/)4=KL2(/2/)4DB(/2/) oy INTCONS 168
COMUDT (KL29Z1oKL29=1)4s DL(/1/),2DL(/1/)$28KL2(/1/) ,oDL(/2/).=DL(/2/)¢  INTCONS 169
24KL2(/2/)es COMUDI (KL1sKLEoKL2+1) 49 COMUDI(KL2+BoKL2v1)as INTCONS 170
COMUDT (KL1+DBsKLYs1) oy INTCONS 171

17082 KL1(/1/)e=KL2(/1/7)¢2%KL1(/1/) ¢ (PI#P1/341)¢B(/1/)+D2B(/1/) es INTCONS 172
KL1(/2/) .2KL2(/27)428KLY(/2/7)+ (PI#P1/341)%B8(/2/)+D2B(/2/) e INTCONS )73
COMUDT (KL1oZ1oKL1s=1)as D2L(/1/)s=02L(/1/)+2%KL1(/1/) 00 INTCONS 174
D2L(/2/).=D2L (/271 +29KLY{/2/) s #ENDZ #2ELSE#2 INTCONS 175
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£BEGINZ DCORYPF (45¢0000=10,59-1921022¢DB) oy '
D2COHYPF (459090909 =1909,50=190+21DZ2+D28B) s L (/1/),3=)=EPS(/1/).»
L(/2/) 4= =EPS(/2/) e KL1(/1/)e==LNZ1(/1/)=LN&GeDB(/1/) oo

KL1(/2/) e5=LNZ}(/2/)+0B(/2/) e COMUDT (LeKL1sKLY01) o

DLA/Y/)a3=L (/1) oKLYI(/Z)/ Va0 DLU/2/Y a2 =L (/2/)¢KLL1(Z2/) os

KL1(/1/) om=LNZ1(/1/)=LNGow KL1(/2/),2=LN21(/2/) 0y

COMUDT (KL1+0BoKL29E)es COMUDI(KLE9KLLIOKLY?1) 0o

KLY(/)/)o3KL1(/)/) 029KL2(/17)¢P19%P1/34D2B(/1/) s

KLL1(/2/7) 4aKL1(/27)420KL2(/2/)+D2B(/2/) o9 COMUDI(LOKL1sKLL 1) 0o
P2L(/1/) o= =2%0L(/)/)+KLY(/1/) 0s D2L(/2/) o3 =2%DL(/2/)+KL1(/727) #END#.»
KP L 2FGAM(/T/)*PI*FTIO0L (/2/) o
KT1eaFGAM(/1/)O(VTICFMINTIOOL(/1/)9.S*FTTIeD2L(/1/) ) ey

- YPIes=FGAM(/1/)SPI®FTI%DL (/1/) 0y

190¢ee

YTIemsFGAM(/1/)®(VTI®FMINTIODOL (/2/7) ¢oSOFT1I9D2L(/27)) o
CXTI osCXTTIoXT Lo oCXP I esCXPIoXPYooCYTIosCYTIOYT]oaCYPI sCYPIeYP] 2END#,»
2FORg 1.s1.2 #DO#
2BEGINZ #2IFe Az] #THENS
2BEGIN® #REAL# ARGIEMRIEMI oEMoMeTOL»SUMeT]19T24
TOLom(1,0/21AB5=1,0)08=7,4
glp‘/l/’o'lo' ZIP(IZ/).IDL(/I/).HDL(/Z/).'SON.lO Ous
D" lo'
NEXTP,s PosPoloe COMUDI(ZIPoZ1ol1Pol)0e
COMYPF (1=1,5¢P¢1=19P¢),5¢21022¢8) 49
DCOMYPF (1=1e5000Pef=d o= oPoleSe=1921022¢08)00
FACTOR,s2[F#P SEQUALYE 2« wTHENS (8¢1=10)/3 %ELSEE (Pe1=2)/(P¢,5)

| #FACTOR.» #FORE K,=1e2 #00# #BEGIN® B(/K/) +SFACTOR®B(/K/) 0o

200¢e

2100

220%¢

230##

DB(/K/) +uFACTOR®DB(/K/) BEND# .o

SO0M,sS0Mel/(Pel=]1)/(28(Pe]=1)=])0e

KLI(/1/) omolNZL(/)/)=LNGe (8]F8 5] BTHENS® 1/P¢2/(2%P¢]) #ELSES
17(Pel))eSOMoe KLI(/2/) om=LNLL(/2/) 0o

COMUOT (KL L osBoKLIn1Y o9 KLI(/3/Yo8KLI(/1/100B(/1/) 00 KLLIG/2/Y oKL (/2/) 0
D8(/2/)se COMUDT(KLLIIZIPIKLL? 1Y 0o

MesPel,y #IF2 M BGREATERS 690/LNEPS ¢THENS®

#BEGINS EMR,oEM]es0 #ENDu mELSER

BBEGINE EM sEPSZERQOSPOWERSM,» ARG,320H%ALF A+

E“Q-'EN'COS(AQG’oc EM] +=EM*SIN(ARG)

BENDE, o

Tiewm(LeEMRISRLL(/)/)=EMTI®KLL(/2/) 00 DL‘/I/’:‘DL(/‘/)’TI.'
T2e8()eEMRI®KLI(/2/) oEMTI*KLYI(/1/) 09 DL(/2/) oBDL(/2/)¢T200
#IFe (71'7!"2’12’/‘DL‘/I/"DL‘/I/)‘DL(/Z/)’DL‘/?/’)‘GRE‘1EQ’
TOL*TOL #TREN®#GOTO# NEXTP,»

OUTPUT (4Lon(#//931D2BRIEeP) 40

BFORE Kosle2 #DO# SI1G2(/1eR/)o8DL(/K/ e (}=1)*8]16)(/19K/)
FEND® As),,

Le/1/)e% SIGLI/T01/ Y00 LG/2/7) o8818L(/102/) 00
DLU/ZV/Yes8I02(/V01/) 00 OL(/2/)0on81G2(/102/) 0
XPLoSPFOGAMC/T/)EPIOFTIOL(/2/) 00 YPL ,ooFOAM(/1/)RPLIOFTIRL(/1/) 0»
KTLosFGAMG/T/)¥AVTIOFMINTI®L(/1/)oFTI®DL(/1/) ) 0y

YT LosFOAM(/T/ 1R (VT I#FMINTI®L(/72/7)¢FTI#DL(/2/)) 00

CATTo8CATIoONTI o0 CXPI oCAXPLOAPT oo CYTI1o8CYTI#YTI 0 CYRPIoBCYPI*YP] 4o
L€/8/7Ve% SIGI(/T08/) 09 (/72708 S1GI(/T92/) 00
KTToSFGAME/T/VRLC/)/)9:5%F T a0 YT ,ooFQAM(/3/)0L (/72707 ,5%F T 00
CXTHomCXTTIoXT o0 CYTIoBEYTLIYT] SENDH .o

CIVom ,SAGANMAR (VT IOFMIN TJw) s29%VTI0(PSTITI(/10290/)020T1#P8]T1(/1024})/))
22,B%FT1) o0

DX(/b0100/) o2=CXT a0 DX(/Lodol/) oesCAT a0 DY(/)ho190/) o8 =CYT] 0o
DY(/1eded/)esCYTIey #FORZ Jou293 #00# #FORS §51G.804) #D0F

ABEGINZ DX(/J010810/)e5 =CAPTor DY (/J010810/) +5=CYP] #END# 4y

/ : B-76
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2FOR2 Je=192+3 #D0# #FORZ S[G.=09]1 #D0# #BEGINZ DX(/J92+SIG/) .=

“DX(/J919SIG/) ey DY(/JI929S1G/)e==DY(/J91+S1IG/) #ENDZ.s
#FOR# SIDE.=142 #00# #FO0R# SIG.=0s1 #00# DY(/34SIDE+SIG/) .=
DY (/3+SIDE+SIG/)~C3Y.es
OUTPUT (41 02(2///955+0.409 /%) 292 (2TAUL= 1)1.11).,
#FOR# SI1G.=041 #D0# #BEGIN# OQUTPUT (41s2(#/£)2) 4
#FOR#Z Je=19243 #D0z #BEGINZ OUTPUT(4ls#2(#/%)%) 40
#FOR# SIDE.=1+2 #D0O2 OUTPUY(QloS(té(OZD 6028)#)*.UX(/JcSIDFoS!G/)v
DY (/JeSIDESSIG/)) oo
£END# #END# 2END#.s EOP.. ZEND%
#EOP2

B-77
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LINE [ PROGRAM BEGINS (MESSAGE) 1
LINE 241 PROGRAM ENDS (MESSAGE) 1
LINE 24l SOURCE DECK ENDS (MESSAGE) 1
LINE 115 NON-FORMAT STRING (MESSAGE) 1
LINE 115 NON=-FORMAT STRING (MESSAGE) 1
LINE 115 NON=FORMAT STRING (MESSAGE) 1
LINE 116 NON~FORMAT STRING (MESSAGE) i
LINE 116 NON=-FORMAT STRING {MESSAGE) 1
LINE 116 NON-FORMAT STRING (MESSAGE ) 1
LINE 116 NON-FORMAT STRING {MESSAGE) )
LINE 117 NON=-FORMAT STRING (MESSAGE) 1
LINE 117 NON=-FORMAT STRING (MESSAGE} 3
LINE 117 NON=-FORMAT STRING (MESSAGE) 1
LINE 117 NON=FORMAT STRING {MESSAGE) 1
LINE 118 NON-FORMAT STRING (MESSAGE) 1
LINE 118 NON=FORMAT STRING (MESSAGE) 1
LINE 118 NON~FORMAT STRING (MESSAGE) !
LINE 236 NON-FORMAT STRING (MESSAGE) 1

THE FOLLOWING CONTROL CARD OPTIONS ARE ACTIVE ToleOeQox

CORE MAP .17.56,06. NORMAL CONTROL 000100 031421 027221 002200

==~TIME==-L0AD MODE =-=L1l==L2e=c==TYPE--=== ccmmeccecacUSER-m=ssrcalAll === mcccecanFA LOAD--L WA LOAD~-BLNK COMN--LENGTH--
Fwa LOADER 053741 FwA TABLES 051363
-PROGRAM=~~-ADDRESS~ ==L ABELED=~=COMMON==
XXALGOL 000340 . DATA 000100
ALGORUN 011340 DATA 000100
ALGLBOO 613712 DATA 000100
ALGLBO} eyv127 : NATA 000100
ALGLBO2 017656 0ATA 000100
ALGLBOS 025525 DATA 000100
ALGLBOG 026317 DATA 000100
~~ENTRY=-<-~=-ADDRESS- REFERENCES
XXALGOL 010371
ALGORUN 011340 XXALGOL
ALGLBOO 013712 XXALGOL
ALGLBG) 17127 KXALGOL
ALGLBO2 017656 AXALGOL
ALGLBOS 025525 XXALGOL
ALGLBOG 026317 XXALGOL
====UNSATISFIED EXTERNALS===== REFERENCES

CHANNEL +60=INPYUT +PBO 9 R .
CHANNEL +61=0UTPUT+P1364PP60sR

CHANNEL +40=60

CHANNEL +41=61

CHANNEL +43=LU434448+05

CHANNEL oEND

B-78
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1000
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sQew

590

ALGOL=00 PSRRIVl . lu/2«/1c 14400 HKS
CHESINY YCOMMENTY Tre COMPUTATION OF TAU(L) ANU TRETFA(C) oo SADLUPKT
INTEGERY MAKeCAsC . SADUPNT
MAX=10Uee i SADLPNT
teELINY tREAL? :PSZ&RU-ALFA.UAMMA.IL-l.lw.LNFPso.lyl.llv>dl‘.5qr[1.1v. SADUPNT
1HC SANDPNT
INTEGeQTIsQVaF Torrtla IOL.ZtRU'LLvPhlcoPHlT.an[IH-Pl.ﬂAu.utau-OIﬂtIA.o SADDPNT
VINTEGERY KallotnaeDeTYFE o o INToF dmoe TINRKeSLRI s LNoRyLonioSeTNR, SApUPNT
YARRAY® FACTeFOAM(/40a3/) 0/ 104487) sLANRAY- (/L oalelalloVeclUuelasl/)s SAULPNT
us[r.p5171(/V,.‘wu.‘..a.u..‘/).C(/A..MAx/).DPUY.UPUTH.LuL(/ leeosd/) 0 SADDPNT
D(/ieele0eed/) ¢DUMLA(/ 1 eeld/) an SANBDPNT
CINTEGERY *ARRAYY CUSIONL(Z1ee27) edivi{/=ldea=1/) st MAA(/)leeDeleett8/) 0 SADDPNT

‘ X . . SADUPNT
SPROCEDURE Y CHAPLYLIN(TAUSPSLIT) o0 tREALY TAU.e 'aRRAY?* pPSiT.e SAVUPNT
YBEOINY *COMMENT' CnAPLYOGINFUNCTIOND FOR Tau LESS U5 o SADUPNT
SREALY TOL» HeTeUTTeUNToDTONTeSUMEeS(1A245) 430 5um~.¥lm-tcn. SADVPNT
PST«OTOST eDNPROL 0 TUNPSL «5TeSuTT e SADUPNT
TINTEGER?Y MeKaldsselau,e SAPDVPNT
'PEhL"PROCLDURt'N.fN.=A“M‘ DHr3. SADUPNT
_ TOLe='=iist - : _ — — —S5ADUPNT____
PSIT(/U-J.U/).-P;IT(/O 301/!.-0.- SADUPNT
PSIT(/1¢340/)a=TAUYPUWER (=.3) e D:ll(/.o:.l/).-- 3°rAu'“OWER'(-1.b).' SADUPNT
1FORY M.=0 o5TePY 1 SUNTIL' 100 'Do* P SADDPNT
'BEOVINY As=g.0 De=00s SADUPNT
AlAge Toe=SUM ., FLer Lla=(=7%A00p0HeI) /200 SADVPNT
DTT.=S0MZ o =UNTe=30M3a=0TONT 4 =50Me =0, s SADUPNT
SIFSMYEQUAL YOS AND S EDUAL YIS THENY CLUTOICCas KoeZUu e SAPUPNTY
OBee KaZKetles FIKeS(=LecI @ (Ne]l)o (K~ l)“(NoK-J.:))/(NOK)/K‘IAu.. SADDPNT
CIF* BYEQUAL' v 'THENT SADDPNT
YBEGINY FeK.-;.tulKﬂ(-lo(K-A)/(NoK)'POch'z°(ao¢ 5))°IAU.- SApLPNT
UTONT o =FIK# (DTONTSUNT/TAU) oF2KE(OTT¢T/TAU) o SADUPNT
UNTo=F JKBUNT+F EK2T o0 SUMIL=S50M3o0ONT e s SOMa  =50Me+DTONT *ENU? o SADDPNY
UTT =FAKE(DTT*T/TAU) o0 To=FiK%T e SUMiI=SUMI+Tee SOMR2=0UMCUTT o SAUDPNT
sIF e AQS(SOMLP#S0OMe) *LESSY =300 ¢THEN' 160TD0 3r..e - SADUPNT
CIFY ABS(T/SuME) YOREATER® TUL '0R* AdS(UTT/S5042) 6ReATERY TOL SADLPNT
CTHEN®' 160TQY dB.e  tIFY o eNOTEQUAL® O *THEN? *60T0r Cleo SAVUPNT
YEFY ASS(SOM3ASUMG) TLEDSY =300 STHEN' *'GOTO' Snes SANDPNT
tIFY ABS(UNT/SOM3) YOREATER® TUL *O0r* ABS(UTONT/SOMu) toREAaTew? TOL SADOPNT
CTHEN'  'GOTO* obas . .o SADUPNT
CLuaaMe=TAUTPOUWER (42N} o0 PSIT(/Melel/) ,=PSTe=H850ML, SADUPNT
CPSIT(/Maled/)s=0TPSLa=e08N/TAUSPSIeHESOM2,0 *IF* STEOUALY U *THREN? SAUUPNT
YHEGING PSIT(/Me2e0/) e ZUNPOL o= SHN(TAY) RS ene50Ms,., SADUPNT
PSIT(/Me201/7)s=UTUNPILe=eS#IN(TAUI RUTPST ¢S/ TAUSPS I 4H® (WSON/TAYSSOM I SADUPNT
SOM«) .0 SADUPNT
Be=lev 'GOTO* AA tehuU'ee T, . SAUDUPNTY
VEF Y BYEQUALYL YTREN' *SEGIN' A,Zwie¢ Be==i,.». 'oOlO' AA tENDY . SADUPNT
VIFY M 'GREATER® 1 *THEN! SAUDPNT
C3EGINY Ko=0es Te=STe=tes OTTe=50TTe= uNI.-UT)NF.-O.o SADDPNT
SOM) e S50M24=5043e=5UMbe=0q s : SADUPNT
UD.w eZK+iee YIFY K INOTLWUAL®Y M sTHENS . SADUPNT
PBEGINTY FIK = (=1ego%MO(M=]) ¢ (K= ) R (K=M=3,5))/(K=M)/KaTAU,» SADUPNT
FEeKe=lal2o/Ko(~le(K=g)/(K=M)/(K=M)B(Ke2,8))8TAU TENDY TELSE? SADUPNT
YBEGINF LK .= 1425 (1=M)/M* (Mel B8) #TAU SADOPNT
FeKa=({3e5=cel3/7M)¢TAU ENDY e . . ' SADUPNT
DTONT o=F iK@ (DTUNTUNT/TAU) #F KO (DTTeT/TAU) o0 ONT SFIKQUNTeF 2K2T 4 SADDPNT
UITsFake(DTT+T/TAU)ar Te=FIKET . . ' SAULPNT
VIFY KOLESSYMPTHENT'OCOINYSTa=aTeT, 0 SOTIL=SOTTSOTT,, SAVDUPNT
VIFY AgS(ST#>UTT) 'OREATER' '=300 *THEN' YSEGING - SADUPNT
CIF ABS(T/ST) 'LESSY TOL *AND® AsS(OTT/ZSDTT) eLeSSe Tul SAVVPNT

APPENDIX C
LISTING OF SADDPNT
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CTHENY +GOTO* EE *ENUt . - SADUPNT o0

TEND oo SADDPNT 61

60ee TIF' K 'EQUAL' M *THEN' 'SEGIN'SUML.=Tee SOM2.=DNT,eS0M3.=VTT .0 SAOUPNT 62
SOMGo=DTONT VEND®es IF® K YOREATERY M *THENS® ) SADDPNT 63
YBEGIN® SOM)=S50MieTes SOM3,=50M3¢DTTes SOMZ2,=SOMZ+DNTao SADDPNT b4

SOMae e =SOM4+GTOUNT . 0 SADDPNT 65

VIFs ABS(SOMeSOM2eSUM3HS5S0Me) SLESSY #-300 *THEN' ¢GOTO' LU, . SAVDPNT 66

CIFY ABS(T/SOMI) CYOREATER® TOL *OR* ADS(ONT/SOMZ2) *'GREATER® TOL 'OR? SADUPNT o7
ABSIDTT/S0MI) *GREATERY TOL *URY ABSIDTDNT/SOM4) *OGREATEW® TOL SADUPNT 68
*THEN® *GOTO* DD 'EnND® *ELSE'Y *GOTO* DD.e SADDPNT 69

[N : SADUPNT 70
PSIT(/Me300/) o=PS1=TAU'PONER! (=,58M) @ ( SOLN(TAU)@SOML¢STeS0M2) o0 SADDPNT 71

TOoe PSIT(/Me3ei/) o=DTPSLe==o.52M/TAURPST ¢ TAUtPOWER? (=,58M)® SADDPNT 72
(«5/TAUSSOM +SOTT+S0Mu¢ 5L N(TAUI #5UM3) 'END* . SADOPNT 73
YEND* M CYCLE. SADDPNT Te

tEND .o , SADUPNT 75

. SADUPNT 76

*REAL' 'PROCEDURE ' EPSALG(NsP+INFoTNeTOLINRES) o SADUPNT 77
SVALUE® PoINFoTOL.os *REAL' TiNeTOLoe *INTEGER® NoFos INFoNRES, SADDPNT 78

TBEGINY IREAL' AUXJeAUXLsAUXZIRESeTOLReTOLH. o SADUPNT 79

* *INTEGER! MedeloCL eMMAX, o SADDPNT 30
VARRAY® L(/0eeINF=R/)4EPS(/=1euel/) 0o SADOPNT - 81

gpes MMAX,=INF=P,y MeS[a=1,e ’ SADUPNT 82
Ne=P,s AUX0+=TNso SADUPNT 83

NeSPolee AUXLe=TNa oL (/70/) oZAURO*AUK Lo oL(717) (=1eU/ (AUKL**=200) .9 SADDPNT 84

NEW Leo Te==Jae £e=([=1)7200 EPS(/=1/)azL(/MeE/) e M 3Me] SADDPNT 85
Ne=N¢tfes AUXse=TNee AUXO=L(/70/)*AUXKLer AUXL,S1e0/ (AUXL+*=¢00)se SADDPNT 36

SFORY S.=¢2 *STEP® i SUNTIL® M 00 SAQUPNT 87

IBEGIN® AUXCSLU/5~27)¢ 1407 (AUKL=L(/S=1/)+9=200) 40 SADOPNT a8
L{/5=27/) e =AUA0s e AURD,=AUXles AUKRL,=AUXZ SAVUPNT 89

TENU .0 - SADUPNT 90

o L{/M=17) ¢=AUXOss L(/M/)s=AUXL oo SADUPNT 91
G0 VIFY M SLESSY 3.5 'THEN?® *GOTO' NEW Leo WESe=L(/Mwl=E/) 40 SADUPNT L 74
TOLR.=ABS(RES=EFS(7=1/)) e TOLHGZABS(RES=-EPS(/1/)) s SADUPNT 93

CIFt (TOLR 'OREATER® TOL *OK®' TOLA SGREATERY TOUL) SADUPNT 4

TAND® M SLESS? MMAX *THEN® 'GUTO* NEW Lo SADUPNT 95

NRESe=Nes EPSALGS= SADDPNT 96
VIFYRESPLESSYEPS(/ L/)YANUYEPS(/ i/) YLESSIEPS(/=1/) P THEN? SADUPNT 97

EPS(s 17) 'ELSE! SADDPNT 93
SIFIRESYLESSYEPS(/=1/) *ANDYERPS(/=1/) *LESS'ERPS(/ L7) Y THEN? SADOPNT 99

EPS(/=1/) YELSE®' wES SADVPNT 100

YEND' EPSALG.s . SADDPNT 101
100ee SADUPNT 102
'REAL' *PROCEDURL® OR(D)es SINTEGER® Do ) SADDPNT 103
*BEGIN? *REALY FNeCINeFNLIEFSUNges YINTEGEN® UsVeCleC2, " SADUPNT 10«
YARRAY Y L oHLPIEPSN(/2eel/) s FT(/0eod/)an SADUPNT 105

VIF?Y KYGREATER'O!THEN® 'OEGIN® USFNR/1Ues VeSleFNR/LS, SADOPNT | 106
FNo={(Ne?=20) 'POWERIUZ (Ne (=4 ) 'POWERIFNRe (*TF*FNRILESSeIOTHENS .5 SADUPNT 107
YELSE?Y G)) *POWER® Vv *END® 9cLSE® FNeShaeo SADUPNT 108
CNo=vIF® INTILESS® 5> *THEN® ] *ELSE®Y C(/N/)ss . SAVVPNT 109

VIFY TI PLESSY 3 'THAEN® *BEGIN' 'FUK' RI.=Re] '00° ) SADOPNT 110
L{/RI/) o=LARRAY(7I1oLNRoNeRIZ) *END?Y *ELSE? SADUPNT 111
110#8 *QEGINY IF v (~)) *PUWER'LNRYGREATER? 0 *THEN''SEGIN'L(/727) =040 SADUPNT 112
L(/Z17) o= [F VLNRYEQUAL P20  THEN® Lo L /NTELSE =4/ (N®N) YEND?® SELSE? SADDPNT il3
tMEGINTY Cl,=ENTIER(5/10¢.08)se C2a=5-10%Cay> SADUPNT lle
FNL.=1=1/Nes EPSON.=LPSZERO'POWER*N, o SADLPNT 115
EPSN(/)/) o SEPSUNSCOS(2¥NPALFA) oo EPSNI/2/) (SEPSONSSIN(2EN®ALFA) . SADDPNT 116
CIFICIYEQUAL Y ST THENY ’ SADDPNT 117
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120

130¢0¢

la0ea

150w«

YBEGINYHLP(/i/) o =FNLY(EPSNI/ L/ RLNLEPSU=EPSN(/2/)028A FA) o
RLP(/2/) s SFNLR(EPSNI/L17) @2@ALFAYEPSN(/2/) OLNEPSU) 'END Y 0 o
CIFYC2YEQUAL Y L THENYEPSNI(Z17) «SEPSN(/]L/)~ias A
'IF'CA'EOUAL'&'THEN"drO[N'L(/l/).-FNL‘&FSN(II/).-
L(727) o =FNL®EPSN(/27) *END?
VELSEY 9BEGINY L(/4/)e=HLPI/L/)*EPSNI/ L/ )/ (NON) oy
L{/¢/7) «SHLP{/2/7) ¢EPSNEZ27) 7INEN) YEND' 4o
*IFY C2'EQUAL* s *THEN'*BEGIN® HLP(/1/) =L (/17/) s
LU/L7) o3l (/2/) e LU/2/)a=HLP(/i/) e 'END?
TENUY  'END*.s
FT(/07) «=PSIT(/NeTNRsD/) 0
SEFOQRM'RI =Ry 00"hEulN'L(/Hl/ic—bleL(/Rl/)“L(/Ql/I..
LAG/COU/RIZIZ) o =L (/RI/) *ENDY e
tFOR'RIL=Re 00O
H(IRIvD/)-=FN°CN°rT(/U/)’pS[Tl(/NoleR-O/)“L(/CO(/R]/)/).c
BRe= B(/ReD/) *ENOT.,

YREALY *PROCEVDURE?! P(TEST)ee 'VALUE'TESTes SINTEGERPTEST W
*BEGIN' YREAL® AenlPos YINTEGER'Jers0.o ' INTEGER! *ARRAYIPOS (Lheol/)ar
VEVIFYTKTOGREATERY, 0 *TREN' Q(/K/) VELSE!

QU/ANL(/K/)Y /) s PAO.»]000000009.¢ COC/R/) o=V IF*SOLESG U THENIZVELSE Lo

CO(/¢7) e=3=COl/1/)es Se=AB5(S)en
TFORYJ,=1*STERPPIYUNTILYBYVO!
*BEGIN'POS(/J/) o=5'DIVIPiI0.y S.=S-PA0°POS(/J/).v PlO,=(PlUel) DIV YO0
TEND o
ll.—POS(/l/).vTYPE.-HOS(/e/).qu.-PUS(/J/).o INT.=P0S(/9/) e
FNRe=POS(/3/)ee TNRLZPOS(/0/) e e TINRG=POS(/7/) e sSLRI 4 =POS(/8/) o
LNRe=Ses Agz(2=NL)/uqe
SIGNL(/ZL/)o=vIFs SLRI *LESSY 3 *THEN' ] *ELSE* -1..
SIGNL (/727) 4= (=1 ) YPOWER'SLRI .o .
AA,e 'IF'KPLESSYU'THENT *GEUVIN'NG=1 e

HLPo=FACT(/TYPE/)®FOAM(/EI/Y e YIF® TESTONOTEWUAL 'S¢ THEN?
PHE=HLP® (BR(0) #SIN(THY 0 (/1+0/)2CUS(TH) ) oo
CIFYTESTOEQUAL '« ' THEN *0EGIN'OPUT(/K/) o =ALP3 (R (L) SSIN(TH) ¢8(/1e1/) %
COS(TH) ) ¢ 2DPUTH(/KYZ) 4=HALPH (B(/ReU/)#COS(TRHI=B(/T1+0/)aSInLTR)) YEND?
PENDY YELSE?® *3EGIN?
HLPe=FGAM(/]117)*FACT(/TYPE/) ar
VIF'TESTONOTEQUAL * 29 THEN'PH] .=
HLP’EPSALG(N.NL.MAX-:vdk(O)ﬁblN((NOA)DTn)»gl/l~0/)°COS((NOA)ﬁIH)cTOLu

TLMAX(ZLeK/) ) o

160¢0%

170>

VIF'TESTYEQUAL*a ' THEN' *BEGINIDOPDT (/K/) L =HLP®

EPSALG(N+N]L ¢MAX= 1.uﬁ(1)°5[~((NoA)-IH)ou(/l.1/)°c05((NoAn°ln).roL.
LMAX(Z744K/) ) as

UPDTH(/K/) o =HLPSEPSALG (NsNLeMAX=1]

(N+A) S (BR(Q)®COS((N*AITHI=B(/1+0/)0SINCINSAIRTH) ) aTOL
LMAX(/5sK7)) YEND®. e
SIFYTYPE'EQUAL Y3 THEN® *BEGIN'HLP . =FGAM(/T11/) 40
PIFYTESTYEQUAL 4 THEN'DPDTH(/K/) o+ =DPDTH(/K/) +PAL/TH tENU e
TEND* TEST SION Koo -
E.=PHI

*END® YPROCEDURE' P.y

'REAL' *PROCEDURE® SUMITK) qe'REAL® TK,»

*UEGIN® *REAL' SMes SMe=U0se 'FOR' Ke.==]4 'STEP' | P'UNTIL®' «38 *DO*
YSEGINY LCo=LOCI/KZ) o0 SMe=SMe (Y IF YABSILC) YLESS V=0
STHEN'OYELSE'LCRTK) *ENUY.s SOMe=SM *END' .
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SADUPNT
SAVUPNT
SAUDOPNT
SADUPNT
SADDOPNT
SADUPNT
SADUPNT
SADOPNT
SADDPNT
SADOPNT
SAUUPNT

SADUPNT -

SADDPNT
SADUPNT
SADDPNT
SADDPNT
SADDPNT
SADDPNT
SADOPNT
SADDPNT
SADOPNT
SADUPNT
SAVDOPNT
SADUPNT
SADDPNT
SADUPNT
SADOPNT
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YPROCEDURE® NEWTONC(XeYsHeKoF sGoPROCFGeEXIEY) oo

SVALUE® EXeEYes "REAL' XeYoHoKoeFoGobXeY,o ?'PROCEDURE® PKROCFGas

*3EGIN' YCOMMENT !,

14.00 HRS

SADUPNT
SADDPNT
SADDPNT

'REAL? XO'VOoHOoKOoFXYvGKYvFH'GHoDFDXoDGDXODFUVODGDYODETvABSHvABSK.o SADLPNT

YINTEGER® IT.s '"OOOLEAN' READY.o

X0e=Xes YOe=Yes HOe=Heo KOe=Kees I[Te=0e9 READY='FALSE 4o
ANEwes ITo=ITejes QUTPUT (oL ('/0) ).

PROCF G »

YIF' READY *THEN?

YBEGIN® OUTPUT (waet (" (? LAST STEPt) 1)) ,e *GOTO* ENDPROC

QUTPUT(GLs? (Yt (? STEP") ' 4ZZD%) *4IT) ey

FXYos=Fae GXYa=Goo

e=X0+¢Hee PROCFGes FHe=Faeo GHe=0Las

Xoe=X0~Hes PROCFGos

OFDXe=eS® (FH=F)/Heo DODAe=eS*(GH=G)/Heo

Xe=X00 s

Ye2Y04Keos PROCFGae FHoSFee GHe=Ges

¢e=Y0~Kee PROCFGar

DFDYe=eS5e(FH-F)/Kes DGOYeZ¢5%(GH=G) /Ko

DET .=DFDX4DGUY~UGOX#DFUYe s

He= (GXYR®DFDY=F XY®DGDY) /0ET 4o

Koz (FXY®OGOX=GXY®DFDUX)/DET oo

ABSH.=AbS(H) o9 ABSK.=ADBS(K) .o

PIFe EX YLESS® ADSH *OWR' EY *LESS* ABSK ¢ THEN?

'BEGIN® DET.=SQRT((HEHeK#K) Z(HVUCHO+KUSKO) ) oo

CVIFY L.0 *LESSY DET 'THEN® *BEGIN® H,=r/DETee Ke=K/UET 'END',

Xe=X0e=X04Hos Yo=Y0,3Y0eK, 0
CIF* ABS(H) 'LESS' EX *THEN® H.ZEXer
YIFY ABS(K) *LESS® EY 'THEN?® Ke=EYeo
CIF? 5,5 *LESS? IT "THEN®' READY.='TRUE'.»
*END?® *ELSE®
BEGIN' Xe=X0®He» Yo=Y0eKos REAUDY.3'TRUE''END!, .
*GOTO" ANEW.» .
ENOPROC. o :
*END®* NEWTONZ.»

'PROCEDURE?® PTPTH.»

*BEGIN'*IF* ABS(T-TV) 'GREATER® '=7 'THEN' 'BEGIN' CHAPLYGIN(T+PSIT) .

TVe=T YENUYs
FACT(/3/) 4=THes PHIZ.=SOMIP(4)) 4y
PHIT.=SOM(DPOT(/K/) ) oo
PHITH.=SOM(OPOTH(/K/)) oy .

OUTPUT(4ho? (1/45(¢De30¢270UBB) ) ' 4T o=THRRAD¢PHIZ29PHITs=PHITH)

TEND',.

INARRAY (404Q) s INARRAY(40¢QNL1)os» INARRAY (404LOC)ee
Pl,=42ARCTAN(L) s RAD.=§80/Ples TOLW=t=5.0
INPUT(60¢2(20)*yCASEZEPSZEROIALFAIGAMMA) 4

OUTPUT (4L o? (20 (TCASE") " 9889ZUe/ ¢ (TEPSILON(0)=?)*+D.6D0/
S (*ALFA S1) 140,600/ 0 (*GAMMA St)1,0,60%) '
CASE+vEPSZEROWALFA+GAMMA) o »

*BEGIN® *ARRAY! PARAM(/1ee6/) 00

SKEIPF (43) e

EOF (43+4ALARM) o0 *GOTO® SEARCH, e
ALARM,,

OUTPUT (4ho? (*//4+" (*CASE UNKNOWN ON TAPE*) 1)) .0 *'GOTO* EOP.y
SEARCH,. .
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YEND'. s SADOPNT
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GETARRAY (6 34PARAM) oo GETARRAY (43 sLARRAY) ¢ SADUPNT

PAGE

236

VIF' ABS(CASE~PARAM(/3/))*GREATER'0.S 'Ow' ABS(EPSZERU=-PARAM(/4/)) SADOPNY 235
*GREATER! *=R 10R+ AdS(ALFA=PARAM(/5/)) 'OGREATER! ¢=8 ¢0OKrd ABS(GAMMA- SADULPNT 236
PARAM(/67)) 'GREATERY ¢=8 'THEN' *GOTO' SEARCH.. SADUPNT 237
YEND' o SAUDPNT 238
REWIND(83) o : . SADDPNT 23%
Re=pes le=C0s SADDPNT 240
GAMMA . =,S5%GAMMA/P], » . SADDPNT 241l
26009 FACT(/1/)e=1e00s FACT(/2/)42Play LNEPSO.=LN(EPSZERO) ,» SADDPNT 242
FGAMI(/17) ¢ =SQRT (4=, 25#GAMMASGAMMA) o ¢ SADOPNT 243
FOAM(/27) o == 290GAMMARGAMMA/FGAM(/1/) a0 FGAM(Z3/) o= 5RGAMMA SADOPNT 2ab .
C(/1/)e=142549 *FORY No=2 *STEP®* | *UNTIL® 100 *DO* SADDPNT 245
YBEGIN' CU/N/Ya=N=2,541e258NP(N*1)=1,0.0 'FOR? Ko=2 ¢STEP* ] SADLPNT 266
SUNTILY N 1000 C(/N/) o=CU/N/IR((N=LS) /K¢ ] 259N# (Nel) /(K®K)=]1,0) SADDPNT 241
YEND? 4o ) SADDPNT 248
DTAU.=.005,¢ DTHETA,=,5/RAV.» Y SADDPNT 249
INPUT (400 P (1) 0 aTLoTeTHC) oo THe==TrAC/RAV.s TV.=U,» SADDOPNT 250
e=Te =G,y SADDPNT és1

25088 _QUTRPUTA(41e 0 (204 (*TAU_L =) 24D.608) eV ), _— — . _SADDPNT— 52— —

OUTPUT (4102 (*//7458¢* (*TAU(C) ") "9 1280 (*THETA(C) V) *5 14y SADDPNT 253
S(IPSLY) 1380 (YOPSL/OTAU) 14984 ¢ (POPSI/DTHETA) Ye/0) 0 ) o0 SADDPNT 2564
'BEGIN® *INTEGER' KTeKH,s . SADOPNT 255
KT4=12000T1,0 . SAUDDPNT 256
READ.. SADUPNT.  ¢57
GEVARRAY (43¢4PSITE) e KHe=00U/PSITI(/00201/) 0 SADDPNT 258

YIFY KH 'NOTEQUAL® KT *THEN® ¢GOTO' READ.s . . SADDPNT 259
TENDY . o SADUPNT 260
CFORY No=0 *STEP' i UNTIL® 100 *DO* 'FOR' J.=192+¢3¢495 DO SADUPNT 261 -
26099 PSITI(/NoeJoeU/) o=PSITI(/NeJe0/) ¢22TIoPSITI(/Nedsl/)es SADUPNT 262
NEWTONZ (THeTeDTHETADTAUsPHIToPHITHIPTPTHe =54 t=5) .0 SADDPNT 263
tENDY . EOP+.s  'END? SADDPNT 264
rtEQP! : SADDOPNT 265
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LINE D) PROGRAM BEGINS (MESSAGE) 1

LINE 262 PROGRAM ENDS {MESSAGE) 1

LINE 262 SOURCE DrCx ENDS (MESSAGE) 1

THE FOLLOWING CONTROL CARD OPTIONS ARE ACTIVE FolsloX
CORE MAP 14.00.46. NORMAL CONTROL 000100 032254 0300%4 002200

we=TIMEe==LOAD MODE ==-Li~=-LZ TYPE - ==USER===s¢mec-CA | ~vem=mcocc===FyUA LOAD==LWA LOAD==dLNK COMN=~=LENGTH==
FWA LOADER 0737«1 FwA TABLES O07ivl2 , :
~PROGRAM====ADDRE §5~ ==LABELED===COMMON~-=~

XXALGOL V00360 DATA 000100

ALGORUN 011360 DATA 000100
ALGLBO0 -01374¢ . DATA 000100

ALGLBU1L 017127 DATA 000100
ALGLBOZ2 G17650 DATA 000100

ALGLBO) 025525 DaTA 000100

ALGLBOS 026360 . LATA 000100

ALGLBOo 02715¢ VATA 000100

-=ENTRYww=e=ADDRESS~ REFERENCES

XXALGOL 010375

ALGORUN 011340 XXALGOL
ALGLBOO 013712 XXALOOL

ALGLBO} 017127 XXALGOL
ALGLBOZ 017036 XXALGUL

ALGLBOJ 025530 XXALGOL

ALGLBOS 026360 XXALGOL

ALGLBOS 027152 AXALGOL

====UNSATISFIED EXTERNALS=w=== . REFERENCES

- CHANNEL +60=INPUT 4+ PEBO VR
CHANNEL +61=0UTPUTP1304PPOOIR
CHANNEL +49=60
CHANNEL +43=61i
CHANNEL +43=LU«3eAsB
CHANNEL +END
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ones 2BFGINZ 2COMMENTZ THE COMPUTATION OF A QUAST-ELLIPTICIL AFROFOIL AIRFOITL

2
IN A CIRCULATORY TRANSON[C POTENTIAL FLOW ATRFOTL 3
) RY USING LIGHTHILL S SECOND INTFGRAL OPERATOR. . ATRFOIL o

2INTEGER#® MAXeCASE .o’ . o ATRFOIL S
MAX,=100.9 N . . AIRFOTL 6
2RFGINZ 2RFALZ FPSZFROCALFA«GAMMASTZ Y oTIoT s THoLNEPSO«TI1sT1oSOT1S0T s AIRFOIL 7
PIosSTeMACHICPoRRIRAN$DXNTHDYDTHIFXPST AIRFOIL A
MUZ2eL63sL 45 ATRFOIL 9
INTFGaOTTsQToFToPHI«TOLsZERDOsZ1ARSs LCo  X1sX2eY1eY2+THIyTH24PHI1+PHIZ2e AIRFOIL 10
ARSTH X oY yPHITIPHITHeUP ¢PD2+TPeFTNLFTNZsXV0Y3, AIRFOIL 11

1092 ZINTEGFRZ MAXTITIRECOSKsTTeNaJyDsTYPEINI S INToFNRITINRGSLRIZLNRsRsI4RI»Se AIRFOIL 12
ATAUSLOWFRIUPPERsSTGoKFNaTFL o TToAK e TKeSINFE 4 ATHe TTHo TNRoHe XYy ATRFOIL 13
CUS<ISOTATAUCUS. ATRFOIL 14
£HOOLEANZ CUSP+1SOTAUTAUCUSPsMUZ TN« ATRFOTIL 15
£ARRAYZ FACTsFGAM(/1043/)00(/14448/)¢LARRAY(/144291441190.410001.42/) ATRFOTL 16
CE(/30e5e00eMAXe10e2/)eRL (/140371 eMULT(/1006/)eDUMI/Y14,02/) 0 ATIRFOIL 17
XEoYESPHITEsPHITHE(/14412/) oPSTT(/04e1600)445404.17)9C(/14oMAX/) AIRFOIL 18
PSTTI(/00s14001.45¢0..0/)0 AIRFOIL 19
B(/1aa200eel /) oPSITNL(/0.41/) sXPsYPsDPOTNPOTH(/=14,,48/) ATRFOIL 20

e LOCA/)ee Al ee 20N el 8B /)y DX DY/ Ve B el 0w )y — T T ANIRFOTL -3
. 20%® ARJRB(/2..3/) AIRFOIL 22
CSU(/)aats/) sLASXTIoXPToYTTIoYPIsZ1(/1ee?2/) e AIRFOIL 23
2INTEGER# 2ARRAY# CONV(/14e3/)14COeSIGNL(/1442/7) 90N (/=140e=1/)0 ATRFOTL 24
ELOC(/14a301002000al010012/1eLMAX(/10eSele0a®B/)9ELMAX (/1005930410740 ATRFOTL 25
ATRFOIL 26

£PROCEDURE# CHAPLYGIN(TAUSPSIT) .o #£RFALZ TAU,s #ARRAYZ PSIT,, ATRFOTIL 27
2AFEGIN% 2COMMENT# CHAPLYGINFUNCTIONS FOR TAU LFSS 405 .« ATRFOIL 28
#RFEAL# TOL. HeToDTToNNTeDTDNT «SOM]1 ¢ SOMP ¢ SOMI«SOMGoF 1K ¢F2K o AIRFOTL 29
PST+DTPSTeNDNPSTsDTONPSI¢STeSNTT .o ) AIRFOTL 30
2ZINTEGER® MyKeAyBoeloDos AIRFOIL 31

304% £REAL#22PROCEDUREZN,sN.=A4%Me SR, ATRFOTIL 32

TOL.=#2=11.9 ) ATRFOIL 33
PSIT(/0¢340/)=PSIT(/093s1/)e=0.0 AIRFOIL 34

PSTIT(/143¢0/) =TAULPOWFRZ(=,5) ae PSIT(/19301/) o=-.SeTAUZPOWFRZ(~1.5),4 AIRFOIL 3s
#FOR2z M,=0 #STEP# 1 #UNTILZ 100 #D0# AJRFOIL 36
#REGIN® A.=l.s Ro=0.» ATRFOTIL 37
AAes To=SOMle=les To=(=T7PA+68R«G) /200 AIRFOIL 38
DTT.=SOM2.=DNT4=SOM3 o =DTDONT . =SOM& (=04 e ATRFOIL 39
£IF#M2EQUAL#02ANDZRZEQUAL 20 £THFN22GOTO2CCue Ko=040 AIRFOTL 40
BBoeo KoezK4les FIK,={~1.P75aN8(Ne]l} o (K=1)#(NeK=3,5))/(N+K)/K®TAU,» AIRFOIL 41

4088 $IF# R2EQUAL# 0 #THENZ ATRFOIL 42
EHEGINZF 2K ,=1,25/K# (=1 ¢ (K=1)/(NeK) 2POWFR£29 (K+?,8))4TAU,., ATRFOIL 43
DTONT . =F1K# (DTONT+DNT/TAU) o F2K# (DTT+T/TAU) o ATRFOIL 44
DNT.=F IKeONT+F2K®T 9 SOMI,=50M3+DNT.s SOM4 ,=SOMG+DTNONT ZENNZ,» AIRFOIL 45
DTT.=FIK@(DTT+T/TAU) o0 T,=F1K#T .49 SOM],=SOM1«T,s SOM2,=SOM2+DTT.» AIRFOIL 46
#IF# ARS(T/SOM1) #GREATFR# TOL #0R# ABS(DTT/SOM2) #GREATER# TOL ATRFOTIL 47
£THENZ #GOTO# BR.s #IF2 R 2zNOTFQUAL# 0 #THEN# #GOTO# CC.s AIRFOIL 48
2IF+ ARS(DNT/SOM3) #GRFATERZ TOL 20R# ARS(DTDNT/SOM&4) 2GRFATERZ TOL AIRFOIL 49
£THENZ #GOTO% BRB.y ATRFOIL 50
CCooHo=TAUZPOWERZ(oS%N) oo PSIT(/Ma130/)o=PSTo=HaSOM] 4e AIRFOIL 51

S0#8 PSIT(/Melal/)e=NTPST.=.58N/TAUSPSTeHESOM2,y 2IF2 HB2EQUALZ 0 2THENZ2 AIRFOIL s2’
2AFGINE PSIT(/Me240/) «=NNPST .=, S#LN(TAU) *PST+HES0MY, ATRFOIL 53
PSIT(/My2e1/) o=DTDNPST.=,5#LN(TAU)#DTPS]+,5/TAUSPST+H® (,S#N/TAUSSOM 3 ATRFOTL S4

SOM&) o0 | . AIRFOIL 55
Be=lee £GOTO% AA 2ENDZ.e ATRFOTL 56
21F2 B2FQUAL#] #THENZ #2RFGINZ A.==l.+ Be3=loe 2GOTOZ AA ZENDZ.s AIRFOIL 57
2IF2 M 2GREATERZ | #THFEN# ATIRFOIL S8
2REGINZ K,=049s Te=STe=les DTT.=SDTT.=ONT.=NTNNT =0, AIRFOIL 59
APPENDIX D

LISTING OF AIRFOIL
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SOM] .=S0M2,=S0M3,=S0M4,=0,

DDew Ku=Keles 2IF2 K #NOTEQUAL# M 2THENZ

2BEGINZ FlKe=(=1.252M2(M=]1)+ (K~])®(K~M=3:.5))/(K=-M)/K#TAU,.»
F2Ke=1.25/K# (=14 (K=1)/(K=M)/(K=M)2(K+2,8))2TAU #ENDZ £ELSF2
2BEGINZF1K.=14252(1=M) /MR (Me2,B)#TAU,

FAKe=(3.5=2.25/M)2TAU 2ENNZ,
DTINNTo=FIK®{DTONT+DNT/TAU) +F2K2 (DTT+T/TAU) co ONT o =FIK#DNT+F2K®T 4o
DTT.=F1K® (DTT+T/TAU) o0 T.=F1K#T .
2IF2 K2LFSSEMETHENZZBEGINZST 4=ST+Tae SDTT=SOTTeDTT,»
2IF# ARS(T/ST) #LESS# TOL #AND# ABS(DTT/SDTT) #LESS# TOL
2THFNZ 2GOTO# EE #END#.s
#2IF2 K #FQUALZ M 2THEN2 #BEGIN£ZSOM] .=Te9 SOM2,.=DNT.sS50MI.=DTT.
SOMG «=DTNNT #END2.s 21F2 K 2GRFATFR2 M 2THFNZ )

"#BEGIN# SOM1.=50M1+T.s SOM3,=SOM3+DTT.s SOM2,=SOM2+NNT,.

SOM4 «=SOM4G+DTDONT . »

#]1F¢ ARS(T/S0M1) 2GREATFR# TOL 20wz ARS(NDNT/SOM?) #2GREATER# TOL #0Rz
ABS(DTT/SOM3) #GREATER# TOL #0R# ABS(DTDNT/SOM4) 2#GREATER%# TOL
2THEN# #£GOTO# DD 2END# 2FLSF2 2G0TO# ND. e

EFee

PSIT(/Me340/) 4=PST=TAU£POWFRE (=,5M) ¢ (SHLN(TAU)*SOML+ST+SOM2) o
PSIT(/Me3¢1/) «=DTPSIoa==eS54M/TAURPST +TAUZPOWERZ (~,5%M) ¢
(o5/7TAUSSOML+SDTT+SOMa+ ,SELN(TAUI#SOMI) 2ENDZ, .

#FND# M CYCLE.»

ZENDZ,

£REAL# #PROCEDURE# CIS(KK).e #INTEGER# KKas

V#REGINZ CS(/1/) «=(=THRCOS((N=1)9TH) +SIN((N-1D)#TH) /(N=1))/(N-})as

CS(/2/) o= (~THRCOS((N+1)1#TH) «STN((N+1)2TH) /(N+1)) /7 (Nel) oy
€S(/37) o= (THESIN((N=1)8TH) «COS((N=1)8TH) / (N=1))/(N=1) . s
CS(/4/) o=(THOSIN((N+1)8TH) «COS((Ns1)OTH) /7 (Ne1))/(Ns1) s
CIS.=CS(/KK/) #ENDZ.,

2REAL# #£PROCEDURE#2 EPSALG (NP INF TN+ TOLWNRES) o0
#VALUEZ PoINFsTOL.s» 2REALZ TNoTOLos 2INTEGERZ NoPo+INF4NRES.»
2REGINZ #2REALZ AUXO0+AUX1eAUX24RESsTOLReTOLH e
2INTEGERZ MygSeTeFoeMMAX
2ARRAYZ L(/04¢oINF=P/)eFPS(/=10sel/)0e
MMAX o= INF=P oy Mo=T,=149
Ne=Peo AUXO0+=TN,e

12,42 HRS

AIRFOIL
AIRFOIL
AIRFOIL
AIRFOIL
AIRFOIL
AIRFOIL
ATRFOIL
AIRFOIL
ATRFOTL
AIRFOIL
AIRFOIL
AIRFOIL
AIRFOIL
AIRFOIL
AIRFOIL
AIRFOIL
ATRFOTL
AIRFOIL
ATRFOIL
ATIRFOIL
AIRFOIL
AIRFOIL
AIRFOIL
ATRFOIL
ATRFOIL
ATRFOTL
ATRFOIL
T AIRFOTL
AIRFOXL
ATRFOIL
ATRFOIL
AIRFOIL
AIRFOIL
AIRFOIL
AIRFOIL
AIRFOIL
ATRFOIL
AIRFOIL
AIRFOIL

Ne=Pelas AUXL1.=TNLaL(/0/) o 2AUXNAUXT oL (/17) 4=1,0/(AUX1+#=200) 49 AIRFOIL

NEW Loee Taz==les Eua=(I=1)/240 EPS(/=1/) =L (/M*E/) o0 Me=Msl,,

ATRFOIL

Ne=Ne¢les AUX1e=TNsy AUXO0.=L (/0/)+AUXLese AUX1,=1,0/(AUX]1+2=200)09 AIRFOIL

2FOR# S,=2 2STFP# 1 #UNTIL® M #D0O%
2BEGIN® AUX2.=L(/S=2/) 1.0/ (AUXY=L(/S=1/)+2=200)«»
L(/S=2/)«=8UX0,¢ AUXD.=AUX1l.s AUX].=AUX2
2END#, .
L(/M=1/) o=AUX0.e L{/M/)  =AUX],s .
#IF2 M 2LESSZ 3.5 #THFNZz 2G0TO# NEW Lee RES.=L{/M=1=E/) 00
TOLR«=ABS (RES=FPS(/=1/))es TOLH.=ARS(RES=EPS(/1/))es
#]F# (TOLR #GRFATER2 TOL #0R# TOLH 2GREATERZ TOL}
#AND# M ZLESS2 MMAX 2THFNZ #2G0TO% NEW Lo
NRES.=N,s EPSALG.=
21F2RES2LESS#EPS (/7 1/) #AND#EPS(/ 1/)#LESSZEPS(/-1/12THEN#
ERS(/ 1/) #ELSF#
2IF2RES2LESS2FPS(/~1/)2AND2EPS(/=1/) #LESS£EPS(/ 1/)#THENZ
EPS(/~1/) #ELSE# RES
2END2 FPSALG.
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3
#REAL# #PROCEDURE® BR(D) 4y 2INTEGER# Do . S e ATRFOIL
2BFGIN# #REAL# FN<CN+FNLIEPSON,.s #INTEGERZ u.v.cn.cz.. AIRFOTL
ZARRAYZ LaHLP+EPSN(/1ee2/)s FT(/0001/0 0 - AIRFOIL - .
2IF2 K£GREATER#0#THFNZ #B8EGIN# U.=FNR/10.s Ve=heFNR/15, o EE: . AJIRFOIL 1 Lo
12022 FN.=(N+#-20)2POWERZU/ (N+ (=1) 2POWERZFNR+ (2IF#FNR2ZLESS#32THEN2,S - S AIRFOTL <
2ELSE# 0)) #POWER# V 2END# 2ELSEZ FN.=l.s . e ATRFOIL .
CNe=2IF#- INT#LESS# S #THEN# 1 #2ELSE# -C(/N/).» 3 AIRFOILY ‘
#IF# 11 #2LESS# 3 #THEN# #REGIN# #FOR# RI.=Rs1 #D0O%:.: ATRFOIL e
L(/F1/) .=LARRAY (/11.LNRWN4RI/) #END# #FLSE# ATRFOTIL
#RFEGINZ #IF%(-1) 2POWERZLNR2GREATERE 0 tTHENt#BFGIN*L(/?/‘. O.e . ATRFOIL
L(/1/).=21F#LNRZEQUAL£202THEN#1+1 /N#ELSE#=-1/ (N®N) #FND# 2ELSE# AIRFOIL
#2BEGIN# Cl1.=ENTIER(S/10¢.01)es €2.25-10%Cl.s o © AIRFOIL -
FNL.=1=1/N.o EPSON.=EPSZERO#POWFR#N.s .. : . AIRFOIL
EPSN(/1/) +=EPSON®COS (2#NSALFA) oo EPSN(/2/) = EPSON“SIN(2°N°ALFA11¢ : AIRFOIL
13022 2IF#C12EQUAL#3#THEN? AIRFOIL
#REGINZHLP (/1/) o=FNL® (FPSN(/1/) ®LNEPSO~ ~EPSN(/2/)82%ALFA) . : AIRFOIL . "
ALP(/2/) = FNL“(EPSN(/1/)“2°ALFA0FPSN(/?/)’LNEPSO)tFND$., S v, -AJRFOIL . .t
#1F2C22EQUAL 21 2 THENZEPSN (/1/) «=EPSN(/1/)21. AIRFOIL
*IF!CI!FOUAL#?#THFN::BEGIN:L(/1/l.=FNL“FPSN(/1/).n . - AIRFOIL
e R/ =PNEREPSN (/27 —2ENDE— T . T T T T T T T TAIRFOLL
#ELSE# #BEGINZ L(/1/) .= HLP(/l/)OFPSN(/l/)/(N’N).- , AIRFOIL
L(/2/7)  =HLP (/2/) +EPSN(/2/) 7/ (N®N) 2END#.+y . . AIRFOIL
#IF% C2#EQUAL#12THENZZRFGINZ HLP(/l/).:L(/]/).o . : _ -, AIRFOIL
L(/Y/) ==L (/270 e L(/2/) o=HLP(/1/) o0 2END# e ATRFOIL
14088 ZENDZ  ZENDZ. s Cee e e ATRFOTL: -
#1F 2K#NOTFQUAL#=142THENEFT (/D7) +2PSTT (/No rnn'n/) . AIRFOIL
#FLSE# FT(/D/)«=PSITN1(/N/} /240 : AIRFOTL
:Fop#ﬁl.:ﬁ.l#DOstBEGIN*Ll/RI/).=SIGNL(/RI/)°L(/R1/).' , AIRFOIL. .
LAL/COt/RTI/I /) a=L(/RT/) #ENDZ.s ATRFOIL
$FORERT =R 12D0% . . AIRFOIL .
B(/PI.D/).—FN’CNQFT(/D/)“PSITI(/NyTINRoO/)'L(/CO(/QI/)/).o : AIRFOIL . :
BR.= B(/RsD/) #ENDZ.. . AIRFOIL
: "AIRFOIL
#REAL# #PROCEDUREZ? P(TEST) ... iVALUE:TFST.c #INTEGFR:TEST.. AIRFOIL
15022 #BFGIN# 2REALZ AsHLP.» *INTFGFﬂtJ.PIO.'*INTEGER¢#ARRAY¢POS(/l.oH/).- TAIRFOIL
2IF#K2EQUAL#O02THEN#2GOTO2 AAes S.=2IF2K2GRFATERZ0ZTHEN2Q(/K/)  2ELSE# AIRFOIL -
Q(/QNI(/K/)Y /) e P10.=10000000004s CO(/1/) =2 IF#S#LFSS#02THFN22#ELSE#l.e AIRFOIL
€0(/2/1423=C0(/1/)es  Se=ABS(S) o - . : ATIRFOIL ‘
#FOR®J =1 #STEPZI2UNTIL#R2DO# - AIRFOIL
#BFGINZPOS (/J/) «=S#DIV#P10.s Se=5-P10%P0S(/J/) s PlO.= (P10+1)2D1V#10 “AIRFOIL
2END#,y . : ey "AIRFOIL
11.=P0S (/1/) « ¢ TYPE 42P0S (/2/) o sN14=POS(/3/) s INT.ZPOS(/4/Y ey . - AIRFOIL - .
FNR.=POS(/5/) o TNR.-POS(/6/).oTINR.:POS(/7/).cSLRI.‘POS(/R/).v AIRFOTIL - - .
LNR.=S.e A.=(2=N1)/bas : . AIRFOIL
160#a SIGNL (/1) =21F# SLRI #LFSS# 3 #2THEN® 1 . *ELSE# -1.. . AIRFOIL
SIGNL(/2/) o={~1)#POWER#SLR] s “AIRFOIL
AA,, #IF2KZLESS#0#THEN##REGIN#N.=1.s - ' : . AIRFOIL
HLP,=FACT (/TYPE/)SFGAM(/11/) s 2IF2. TEST:NOTEOUALtZ:THFNt AIRFOTL
PHI.=HLP® (RR(0)®SIN(TH) +R(/1+0/)#COS(THL) ov . : ATIRFOIL. r
£IF2TEST#NOTLESS#22THEN? #BEGINZ TP.=TH.» . AIRFOLL ;. -
XP(/K/) ,=HLP®F To 52 (= ,52C0S (29 TH) # (AR (1).-, S“HR(O)/T)O : “AIRFOIL . ¥
TH“(B(/I.1/)~.5°B(/1.0/)/T)o.S°SIN(2°TH)°(a(/l-l/)~.5° . ATRFOIL
B(/1+0/)/T))=HLPOFTNI#LA(/R/) os JAIRFOIL
YP(/K/) 4=+HLP® (#IF 2KZEQUAL 2~ 14:1NFN¢FTN?¢ S £ELSE® FIND) ® AIRFOTL
1708¢ LA(/I1/)+HLPSFTH .56 (=, S#COS(29THI® (B(/T+1/)=.5%R(/1+0/)/T)sTHs AIRFOIL - -

(B(/Ro1/)+.,5%B(/Re0/)/T)1=,58S5IN(22TH)®(B(/Re1/)=5%B(/R40/)/T) Y #END#.. AIRFOIL: " 173
2IF2TEST2ZEQUAL 242 THENZ£2REGINZDPDT (/K /) sHLPA (B(/Re1/)18SINITH) +A(/141/)%  AIRFOIL 174
COS(TH)) o oDPDTH(/K/) o =HLP#(R(/Re0/)#COSITHI=R(/T1+0/)2SIN(TH)) #END?Z AIRFOIL 175
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SENNE 2ELSF# #HEGINZ #2IF#2 K 2FQUALZ 0 STHEN®

#BEGINE TI1e31=Tlee Tle=1=Toe SQT1.2SQRT(T1)ee SATI15SORT(TIN) e
INTEG.3SOTI®(T1#{,28T1¢1/3)¢1)¢ SeLN(ABS((SQTL=1)/(SQTiel)))~
(SATEIO(TII®(,2°TT1¢1/3)¢1) 0 SO N(ABS((SOTILI=1)/(SQTIL*1))}))ae
QT1.320V ¢TI #POWERSE (=2:.5) o0 QT 320TOT 1 #POWERSE (=2,S),¢

PHY . 3=FGAM(/3/)® (INTEG=24TT/QTI) .

AP (/K/) ==FTRFGAM(/3/)*SIN(TH) 7QT .0

YP(/K/) oFTRFGAM(/3/)8COS(TH)/QY 0

DPOT (/X /) 42=FGAM(/3/)/QT 0 NDPOTHI/K/) o=0 2ENDS

SELSE® sREGINE HLP ,3FGAM{/IT/)*FACT(/TYPE/) oo
SIFATEST2NOTEQUAL 222 THENZPHT .=
NL"E’Q‘LG(NONIQ”AX-IORR(O).SIN((N’l)'f“)03(/]00/)'C0$((N""‘N’OYOLO
LMAX(/1eK/) )0,

SIFPTESTZ2EQUAL A RTHEN22REGIN2DPOT (/K/) o =P

EPSALG(NeNY sMAX=) ¢BRIIIESINIINCA)OTHIGR(/T1¢1/)2COSLINSAIOTH)ATOL,
LMAX(/64K/) ) 0o

OPDTHI/K/) o SHLPOFEPSALG (NoN] oMAX =]

(NeA)® (RR(D)IOCOS((INGA)*THI=R(/Te0/)*SINI(NCAI®TH) I eTOL

LMAX (/SeX/)) 2ENDZ,

SIFATYPE EQUALZ IZTHENZ2REGINZHLD (sFGAM(/TT/) o0

‘BIFSTESTREQUALRGETHENZNPOTHI(/K/) o sDPDTH (/K /) ¢PHT/TH #ENRB .

#IFe TESY #NOTLESS# 2 #THENZ #RFGIN# #1F2 TYPE #NOTGREATERZ 2 #THMENS
SBEGINZXP (/K/) o2 oSHF T#HLP#EPSAL G (NoNL sMAK=] ¢ COS ((N=1 oA} OTH) / (N=] oA} ®
(=BR(1)=,5%(NeA) /T*BR(D) ) +COS((Ne1oAI®TH) / (Ne1eA)® (=B(/Rel/) ¢ %% (NeA)
JT9R(/R40/) ) *SINC(N=1¢A)®TH) /(N=1eA) S (R(/T41/)¢,5% (NoA) /T®R(/140/) )0
SIN((NeLsAIOTH) /{No16AI® (R(/T41/)=c5®(Ned&) /TR (/T100/))¢TOLs
LMAX (/2eK/}) s
YP(/K/) o= oSOF TOHLPSEPSALG (NeNL oMAX=] s
SIN((N=1A)OTH) /(N=1A)®(BR(1)¢,5¢(NeA) /T® BR(0)) o
SIN((NeLsA)OTH) /(N oA ® (=B (/Rs1/) ¢,5O(NeA) /TOR(/R40/)) ¢
COSC(N=10AI®TH) /(N=1+AI#(R(/T0e1/) 0,50 (NsA) /TOR(/1e0/))0
COS((NCLoAISTH) /(No1oAI (=R (/Te1/) ¢.S*(NOA)/TOR(/100/))eTOLs
LMAX(/3eK/)) #ENDZ2
SELSE® SREGINE XP(/K/) o5,SOFTOHLPREPSALG (Ne2oMAR=]) ¢
CIS(1)®(BR(1)+,SENO®RR(0)/T) e
CSU{/2/7)%(R(/Re1/)=.SEN*I(/R40/)/T) e
CS(/73/7)1%(R(/1e1/) ¢ SEN*R(/T40/)/T)e
CS (/4719 (R(/141/)=.5%N*B(/140/)/T)= .
e5¢ R(/Re0/)/TO(SIN(IN=1)®TH) /(N=1)=SIN((Ne1)®TH)/(Nel))=
«SOR(/160/)/T#(COSIIN=1)®TH) /(N=1)=COS((Ne1IOTH) /(Ne1))oTOLs
LMAX(/24K/)) 00
YP(/K/) o2 o5*FTOHLPOEPSALG (Ne2eMAX=1 s
CIS(3)*(AR(1) +,S*N*BR(0) /T)~
CS(/4/7)1%(B(/Rs1/)=,5%N*A(/R40/) /T
CS(/1710(B(/1e1/)+.5oN*R(/140/)/T) e
CS(/72/)%(B(/141/)=.S¢N*R(/140/)/T) =
qonc/nqo/)/rocc05((N-l)oru)/(u-l)oCOS((u.:)ovu)/quol»n.
eS®R(/T140/) /T (SIN(IN=1)®TH) /(N=1) +SIN((Ne1)®TH) /(Ne1)) o TOL
LMAX (/3¢K/)) #END2
LENDE #FND# TFEST K EQUAL 0. 2FND2 TEST SIGN Koo
PestIFETFSTZEQUAL 222 THENZXP (/K /) $4ELSF#PHI2END#PROCEDURE P

2REAL® #2PROCEDURE® SOM(JeSIDE9TK) , o 2REALETK o #INTEGERZ JsSINE s
#REGINS 2RFALZ SM,¢ SM,=0.9 #FORZ K,=~14 #STEP# 1 sUNTIL#® 48 #200#
2AEGINZ LCoe=LOC(/JeSIDEeSIGeK/) o0 SMe=SMe (2IF2ARS(LC)ELESSH2=4
#THENZ 0 2ELSE2 LC®TK) .o

2END#, o

SOM,=SM
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2ENDZ SOM. . o . AIRFOIL 234
AIRFOIL 235
#PROCFDURE# FTCONV., - ) ATRFOIL 236
#BEGINZF T =SORT(TT/T) #8247/ (1-T) 2POWER#2.5. s : AIRFOIL 237
2FOR#2D. =0+ 12D02PSITNL(/N/) o= AIRFOIL. 238
(1-1.52N) 2T#POWER2 (=,5-N)+1.,252PSIT(/1s1sN/)us ATRFOIL 239
FTIN]1.=2.59TI2SORT(TI®((1-T1)/(1-T))£POWER#2, 5«(9517(/1.?.1/)o.5/1° AIRFOIL 240
(PSTIT(/1e140/)+PSIT(/1¢240/))) 40 AIRFOIL 261
FIN?2.=3,89FTN1-69T12(1=T 1) 2POWER#2,5°LN(T) ,» AIRFOIL 242
Je=2IF% T #NOTGREATER2 T71 *THEN# 1 #FLSE#2IF% T $NOTGRFATFRt T1 #THEN2 AIRFOIL 263
2 #ELSF# 3.4 o AIRFOIL 244
“#2ENNZ FTCONV.+ ’ . : . AIRFOIL 245
= AIRFOIL 246
#PRNOCENURE? COMPC.y» - ‘ ATIRFOIL 247
£REGIN# 2RFALZ FNsV6IVTT.o AIRFOIL 248
#2ARRAYZ C1sCISToTLNZI+TFRMIsTFRM2 s TERM3(/1402/)0s AIRFOIL 249
#PROCEDUREZCOMUDT (A9BsCeT) oy 2INTEGFRZ Tos #2ARPAYZ AsReCav “AIRFOIL 250
#BEGINZZREALZMON. s 2ARRAYZP 4Q(/1,.42/) o . AIRFOIL 251
PU/Y/) o=A(/N /) aw PUS2/) ZAL/2/) oo QULL/) ZBALY L) 0 QUL2/).02BL/2/) oo —— AIRFOIL——- 252 — —
TMOD . =Z1F2T#GREATERZ0£THENZ 1 ZELSE£1/(Q(/1/7)#Q(/1/7)+Q(/2/)120(/2/)) 4» AIRFOIL 253
CU/Y7) o= PU/L/ZYBQU Y /) =T2P (/27 8Q(/2/) ) 2MOD oy © AIRFOIL 254
CU/2/7) e=(T2P (/1 /)20 (/27)V+P(/2/7)8Q(/1/7))8MON s AIRFOIL 255
2ENDZ .o AIRFOIL 256 -
L2PROCFOURE? COPOWER(AsPeR) .o 2VALUE#P.s2REALZP, s2ARRAYZAB, AIRFOIL 257
2BEGIN##REAL#MOD/ARCL sMONL = (A(/1/)®A(/1/) +A(/2/)%A1/2/) ) #POWER# (,SoP) .4 ATRFOIL 258
ARC.=ARCTAN(A(/2/)/A(/1/)) o AIRFOIL 259
ARC,=#IF2A(/1/) #LFSS#202THEN#P® (ARC+PT) 2ELSF#PSARC. s : AIRFOIL 260
R(/1/)«=MONCCOS(ARC) o9 R(/2/),=MODASTN(ARC) .o 2ENDZ,, AIRFOIL 261
V6.=SART(6) ee ST«=SART((1=6%TT)/(1=TI))es VITo=SORT(TI)as AIRFOIL . 262
STe==i5#VERLN(144+.47VE) ¢ 60LN(.9) +.58VERLN((VA+ST) /(VE=-ST)) ATRFOIL 263
~eSFLN((14ST) /{1-SI))as ATRFOIL 264
MULT(/1/) «=MULT(/2/) o=MULT(/3/) o =MULT(/47/) o=l 0 AIRFOIL 265
INPUT (40«2 (22)#4ToTH) oo AJRFOIL 266
S16G.=0.5%(1+SIGN(TH) ) os SINE,=2-S1Ges TH,==TH.s ATRFOIL 267
INPUT (4002 (#2)29MU2) 9 2IF2ARS (MU2) 2LESS#  #2=h2THFN# AIRFOIL 268
#2BEGINZ MUZIN.=#FALSEZ.s MU?,=RR(/2/) /78R (/2/) #END#2ELSFE#MU2IN.=2TRUEZ.s AIRFOIL = 269
TH.=TH/RAD.s FACTU(/3/) «=TH,» AIRFOIL 270
COPOWER(Z)19¢e5sLA) «aCE(/39001/) o==LA(/1/) eoCF(/34042/)e=LA(/2/) 0 AIRFOIL 271
#FORZN,.=12STEP#12UNT IL #MAX2N0£2REGIN2COMUDT (LAsZ1sLAs=1) 4o AIRFOIL - 272
FNe=IN=1.5)/NaslA(/1/) o=FNSLA(/1/) oo CE(/3eNal/) a==LA(/1/) 0y : AIRFOIL 273
CE(/3eNe?/) a=LA(/27) «=FN2LA(/2/) #2END#.s ] AIRFOIL 276
ClU/1/)=~CE(/39)al/Ves CLU/2/) o= CE(/30102/)4sLAL/1/)4=00sLAL/2/)0=]00 AIRFOIL 275
2FORZN.=0#2STEP# 1 #UNTIL#MAX#D0O22REGIN# AIRFOIL 276
COMUDT(LASZ1sLAsY) oo FNa=(N=S) /(N+1) esCE(/4sNo1/) oSLA(/1/)=FN2LA(/1/)es AIRFOIL 277
CE(/aeNs2/) o=LA(/27) «=FN2LA(/2/) 2END#.» ' " AIRFOIL 278
COPOWER (7191 .59LA) oo LA(/1/)a=2/32LAL/1/) asLA(/2/7)e=2/3%A(/2/) 40 - AIRFOIL 279
CISTU/1/) o=LA(/1/) oy CISTU/2/V . 2LA(/2/) us ) i AIRFOIL 280
2FOREN,=22STEP 21 2UNT IL#MAX2DO#2REGIN2COMUNT (LA Z1 9L As 1) o AIRFOIL 281
FNe=(N=1)1/7(N+eShes LAC/1/) o=FNBLA(/1/) 0s LA(/2/) ZFNRLA(/2/) 0y AIRFOIL 282
CE(/5aNe1/)o==LA(/1/IENSCI/N/) os CE(/S59Ne2/) ==L AL{/2/)#NRC(/N/) #END#.o AIRFOIL 283
TLNZL(/1/)4=1+S1+UN(42Z218BS) .y AIRFOIL 286
TUNZ1(/27) o=ARCTANCZY(/2/)Y /70 (/1 /) ) oo : ATRFOIL 285
" COMUDI(C1oTLNZLeTLNZLo1) or FXPST.=EXP(SI).y 2FOR#KI.=1422D0# AIRFOIL 286
#REGINZTERMY (/R1/) ,=VTI/FXPSISTLNZY (/R1/) oo o AIRFOIL 287
TERM2(/R1/) ,=VTI®EXPSI®#],25%C1ST(/RI/) oo AIRFOIL 288
TERM3(/R1/).=PI#C1 (/RI/)/EXPSISVTT #2END#.4 AIRFOIL 289
XTT1(/2/) o=TERMY (/1 /) +TERM2 (/1 /) o0 ATI(/1/)4=2=TERML(/2/)~TERM2(/2/) o» "AIRFOIL 290
YTI(/27) «=TERML(/2/)=TFRM2(/2/) o9 YT1(/1/) «STERMI(/1/)=TFRM2(/1/) oo ATRFOIL 291
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XPT (/271 o=TERM3(/2/) es XPL(/1/).=~TERM3(/17/) s ‘.
YRPI(/27) =TERM3(/1/) as YPI(/1/) .=TERM3I(/2/) 0o
#ENDZ COMPC.»

#REAL#2PROCFNURE# PE(TFST) s 2VALUE2 TEST.s» 2INTEGFR2 TEST.»

2BEGIN# #REAL# PHIsF.s 2INTEGERZ TEL+CNRsTEKsFKoeAeM]l oo #zBROOLEANZ XY,
#REAL##PROCEDURE# BR(D) s 2INTEGERZ D,
#BEGINZ2ARRAY2CI2(/1442/1e9Cl2(/1/) e=0ee C12(/2/) e=1ao2 IF2N£EQUAL2~]
Z2THEN22ZBEGINZB(/ReD/) «=PSIT (/044 sD/) 2EXP (= ,52ST)2C12(/CO(/1/) /) un
B(/140/)e=PSIT(/0e49D/)2FXP(=,59S])@TFK#C12(/CO(/27)/)2FND2 2ELSE#
$BFGINE B(/RoeN/) «=PSIT(/NeTNRIN/IPEXP (INTML+F)#ST) 0y

B(/T4D/) e=R(/ReD/)STEK®CE(/CNReNeCO(/2/) /) oo

R(/RsD/)e=B/RsD/ICCE(/CNR«NWCO(/1/) /) 2END#,,

BR.=B(/RsD/) 2ENDZ.,

XY =TEST2GREATER#£12AND2ZTFST2£LESS#S.9 TEL.=S5%(RT~1)+e CNR.=K=-TEL.s
CO(/1/)e=3=R1es CO(/2/)e=RTIes TFK.=22RT=30s #IF2K2EQUAL21+TFLZTHEN2
#REGINZPHI (=TEK@CF (/390+CO(/2/)/) 00
KF(/K/)o=YE(/K/) a=PHRITE(/K/) o=PHITHE (/K/) «=0 2FENDZ%,
#IF2K2FQUAL22+TEL2THEN22REGINZ2FOR£D.=0+1#D022REGINZ
B(/PeD/) o=CE(/391+CO(/1/)/)19PSIT(/10ls0/)SEXP(~S]) s
BU/ToD/) =TEKRCE(/De19CO(/2/)/)4PSIT(/1eleND/IPEXP(=S1) #2ENDZ%. e
PHI . =R(/Rs0/)2SIN(TH) *R{/T140/)2COS(TH) os #IFZXYZTHENZZRFGINZ
XE(/K/) o= GOFT@ (= ,S#COS(29THI# (R(/Re1/)=eS®R(/Rs0/)/T)+THH(B(/T1a1/) ¢
¢SPR(/T1¢0/)/T)+ SHSIN(28TH)#(R(/191/)=e52R(/190/)/T))=FTIN1/
(EXP(ST)®2,59SQRT(TIN®(1=-TI)#POWFER#£2.5)¢CF (/30419CO(/1/)/) 00
YE(/K/) o= oSRFT2 (= 58COS(29THI® (R(/1e1/1=oS58R(/140/)/T)IeTHE(B(/R41/)
eSPR(/Re0/)/T)=oSPSIN(2#THI#(R(/R41/)=S?B(/Re0/)/T))+FINL/
(FXP(ST)®#2,52SQRT(TII®(1=-TI)2POWER#2.S)*TEKSCE(/3+14CO(/2/)7)
2END#2.s 2IF2TEST2GREATFRZIZTHENZZREGINZPHITE (/K/) o=
B(/R41/718SIN(THI+B(/1e1/)2COS(TH) &y
PHITHE (/K/) o=R(/Re0N/)#COS(TH)=A(/1+0/)*SIN(TH) 2ENNZZENDZ.
#IF2K2GREATER#2+TEL#2AND#K2LFSS26+TEL2THENZ£REGINZFK . =ARS(CNR=4) o

e (1=FK)/240Ae=37FK=1es M],=CNR®*(G=CNR)=-19,. TNR,=5=-47FK, o
#IF2TESTZNOTEQUAL 222 THENZPHT (=EPSALG(NyAsMAX=1¢BR(NIBSTN((NsFI2TH) ¢
B(/Toe0/)BCOS{(NsF)I®TH) e TOLSELMAX(/14K/) )0 2IF# XY 2THFN# #BEGINZ
XE(/K/) o= SAFTHEPSALG(NsAgMAX=] ¢ COS((NsF=1)#TH) /(NsF=]1)8(=RR(]))~,5*
(NSF)/T2BR(0) ) +COS(NSF+1)8TH)/(NeF+1)2(=B(/Rs1/)* .52 (NeF)/THB(/Re0/))
CSINCINSF=-1)2TH) /(IN+F=1)12(B(/Tel/)¢.5%(NeF)/TOR(/10/))
«SINUINSF+DIBTHI /7 ANSF s DI 2 LB (/T91/7)=S5%IN+F) /T*BL/T140/)) ,TOL
ELMAX(/2eK/}) 0o

YE(/K/) e=oSRFTHEPSALG(NoeAsMAX=14SIN((N+F=1)8TH) /(N+F=1)8(BR(1)+.5%
(N+F)/TH#BR(0)) ¢SIN((N*F+1)#TH) /(NeFe1) 2(=B(/Re1/)+.5%(NeF)/T#B(/R40/))
¢COSUINSF=1)#TH) /(NeF=~1)2(B(/To1/)+.5%#(NeF)/THR(/140/) )
COSCINSF+1IBTH) /(N+F+1)12(=B(/Ts1/)+.,5%(N*F)/T®R(/140/))+TOL,
ELMAX(/34K/)) #END#.»
#IF2TEST2GREATER#32THENZ#BEGIN£APHITE (/K/) o =EPSALG(NsAsMAX~] ¢BR(1)
PSIN(INSFI®TH) #B(/Ts1/)PCOS(INSFICTH) s TOLIELMAX(/49K/)) o0
PHITHE (/K/) o 2EPSALG(NsAgMAX =14 (N+F) B (BR(O)SCOS((N+FI®THI=BI(/Te0/)%
SINC(N+F)I®TH) ) « TOLSELMAX(/59K/)) 2END® 2END#,,
#IF2K2EQUAL2) 1 2THFNZ2BEGIN22FOR2D4=0+12D0#R(/RsD/) o ==PSIT(/2414D/)*
EXP(=225T) 4y PHI=R(/Rs0/)2SIN(2%TH) oy #1F2 XY #THENZ #£BEGIN#
XE(/11/7) o=FT8(COS(TH) /2% (=B (/Re1/)=R(/R40/)/T)+COS(3#TH)/6®
(=B(/Rv1/)+B(/Re0/) /1)) aoYE(/11/) o=FTR(SIN(TH} /2% (R(/Re1/)+B(/R90/)/T)»
SIN(3#TH) /62 (~B(/Rs1/)+R(/Re0/)/T)) 2ENDZ.,
#IF2TEST#GREATER#32THENZ2BEGINZPHITE (/11/).=B(/R91/)9SIN(2%TH) oo
PHITHE(/11/) ¢=2%B(/R+0/)2C0OS(2°TH) #2ENDz 2ENNZ,,
2IF#K2EQUAL#12# THEN22BEGIN#22FOR2D,=0412D02
BU/RsD/) o=PSIT(/2¢)eD/V*FXP(=28ST) s PHIZ=R(/Re0/)12COS(2%TH) o

B-90

12.42 HRS

ATRFOIL
AIRFOIL
ATRFOIL
ATRFOTIL
AIRFOIL
ATRFOIL
AIRFOIL
ATRFOTIL
AIRFOIL
AIRFOIL
ATRFOIL
AIRFOIL
AIRFOIL
AIRFOIL
AIRFOIL

" AIRFOIL

ATIRFOIL
AIRFOIL
AIRFOIL
AIRFOIL
AIRFOIL
AIRFOIL
ATRFOTIL
AIRFOIL
AIRFOIL
AIRFOIL
AIRFOIL
ATRFOIL
AIRFOTL
AIRFOIL
ATRFOIL
AJIRFOIL
AIRFOIL
AIRFOTL
AIRFOIL

T AIRFOIL

AIRFOIL
AIRFOIL
AIRFOTL
AIRFOIL
AIRFOIL
AIRFOIL
AIRFOIL
AIRFOIL
AIRFOIL
AIRFOIL
AIRFOIL
AIRFOIL
AIRFOIL
ATRFOIL
AIRFOIL
AIRFOIL
AIRFOIL
AIRFOIL
ATRFOIL
AIRFOIL
AIRFOIL
AIRFOIL

292
293
294
295
296
297
298
299
300
301
302
303
306
305
306
307
308
309
310
311
3le
313
314
315
316
317
318
319
320
321
322
323
32¢
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349

" PAGE
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£IF2XY2THENZZBEGINZXE (/12/) o=F T8 (SIN(TH) /29 (B(/Re1/1¢B(/R90/)/T)+ ATRFOIL 350

SIN(39TH) 768 (B(/Re1/1=B(/Rs0/)1/T))as YE(/127) 4=FT#(COS(TH) /2% AIRFOTL 351

3502% (B(/Re1/)+R{/Rs0/)/T)+COS(32TH) /62 (-R(/Rs1/1+B(/ReN/)/T)) #ENDZ.s AIRFOIL 352

#IF2TESTAGREATERZI2THENZ#BFGINSPHITE (/12/) . =B(/Rs1/) #COS(29TH) o AIRFOIL 353

PHITHE (/12/) +==2%R{/Rs0/)#SIN(22TH) #ENDZ #ENDZ.+ AIRFOIL 354

PE.= :1?¢TFST¢F0UAL:2¢THFN:XF(/K/):ELSF#PHI tFNn:.. AIRFOIL 355"

- AIRFOTIL 356

#REAL#* 2PROCEDURE? ESOM(RITERM),szRFALZ TERM.. iINTFGFPt Rlas AJRFOIL 357

#RFGINZ #REALZ SOM,s 2INTEGERZ LOGEL+KReKE.s SOM =0, ATRFOIL 358

KR.=58RT=4,4 KE,=2IF2RI2ZLESS#32THEN#KA¢L2ELSE£1) 0.~ AIRFOTL 359

tIF2RTZFQUAL 242 THENZ£BFGINZKR =12, +KF =12 2END#.y = AIRFOTIL 360

£FORZK (=KAZSTEP21 2UNT L #KF2N0#22RFGINZLOCFL « =FLOC(/J+SINE+sSTGeK/) oy ATIRFOTL 361

36099 2IFz LOCFL zNOTFQUALZ02THENZ SOM.=SOMeMULT (/RI/}#LOCELSTERM £ENDZ.s ATRFOIL 362

ESOM,=SOM  2END#.+ AIRFOIL 363

. AIRFOTL 364

#REAL# #PROCEDUREZ? CORW(TERM) ,s #REALZ TERM,s #BEGINZ #REAL# RESULT.s AIRFOIL 365

RESULT «=0es 2IF2CUSP£THFNZ2FOR2RT .=1+293442D0# ATRFOIL 366
RESULT «=RESULT+ESOM(RIZTFERM) oo COWR,=RESULT 2ENDZ.. AIRFOIL 367 B

o [ — — — ——AIRFOIL— 368 —

T T#PROCFNDUREZ TAPE(T+AR) .e #VALUEZ T.s #REALZ T.s #ARRAYZ AR, ATRFOIL 369

#REGINZ ZINTEGER# KTeKAR. e . ATIRFOTL 370

KTe=1200%T oo AIRFOTIL 371

370%% RFAN,, GFTARRAY(43eAR).e KAR,=600/8R(70¢2¢1/) 40 : : ATRFOIL 372

. 21F# KAR 2NOTEQUAL# KT #THENz 2G0T02 RFAD ATRFOIL 373

2ENDZ . . ‘ AIRFOIL 374

: . . . : ATRFOTL 375

INARRAY (40,Q) o4 INARRAY.(40,0N1) .0 INARRAY (404LOC) 4w , AIRFOIL 376

#FORZE J.=142+3 2D0#% #F0ORZ SINF,=142 #D02 #FORZ S,=0,1 #DO% ATRFOIL 377

#FOR# K.='ll0-109-‘30-6~-QQ-“v-]93]|3‘0t1‘5v36t37v“0v619420‘03046!470QR £2D0#2 AIRFOIL - 378

LOC(/JeSIDEsSeK/) =04 AIRFOIL 379

INARRAY (404FLOC) ¢ P1.=3,16159265359, RAD,=180/P1., AIRFOIL 380

INPUT (40 t(¢2):9CA§F'EPS7ER0oALFA-oAMMA.ZI(/l/)oZl(/?/).Lh?.L“S).o AIRFOIL 38}

3ROee ZlARS.-SORT(Zl(/l/)*POWFP*?'?l(/?/)tPOWERi?).. © AIRFOIL 382

#F.ORZ =1+2+3 #D0O2 #F0R% SIDF.=1.2 #2D0# #FOR% S,=Ne1 2DO2 AIRFOTL 383

:BEGIN: : T ATIRFOTIL 384

LOC(/JeSIDE»S+43/) o=LOC(/ SoSTNEsS+63/) ¢Lb3asr . ATRFOIL 38s

LOC(/JeSIDE+S445/) o=1.0C(/JeSINE+S445/) 4165, . AIRFOIL 386

ZENDZ . o AIRFOIL - 387

. AIRFOTL 388

#REGIN# #ARRAY# PARA“(/l..b/).o ’ AIRFOIL 389

. SKIPF(43) ., : : ‘ATIRFOLIL -~ 390

EOF(43.ALAQM).' #60T0# SEARCH.» ’ AIRFOIL 391

39022 ALARM,, Co . AIRFOTIL 392

0UTPUT(6\»¢(¢//~$(¢CA§F UNKNOWN. ON TAPE#)#2)#),¢ 2GOTO% FOP.s’ : AIRFOIL 393

SEARCH,. . . B ATIRFOIL 394

. GFIARRAV(41.pApAu).. GFTARRAY (43,LARRAY) oo AIRFOIL 395

21F2 ARS(CASE-PARAMM(/3/))tGREATFER#0,5 #0R# ABS(EPSZERO-PARAM(/4/)) AIRFOIL kT

. 2GRFATFRZ? #-R #20R# ARS(ALFA~PARAM(/S/)) 2GREATER2 #-A #0R# ARS(GAMMA- AIRFOIL 397

CPARAM(76/)). +GREATERZ? #-3 #THEN# 2GOTO# SEARCH.s AIRFOIL 398

2END#Z 4 AIRFOIL 399

RFWIND(43)es RFCO.=00e  GAMMA,=GAMMA/ (24PT) o0 : ' AIRFOIL 400

FGAM(/1/) «=SORT (1~ 4 2S#GAMMASGAMMA) .o FGAM(/2/) (== ?58GAMMARGAMMA ATRFOIL 401

40088 FGAM(/1/) oy FGAM(/3/) (= .S#GAMMA e C(/1/) 47142540 . "ATRFOIL 402

2FOR2ZN,=22STFP2 1 2UNTIL2MAX2D0O# AIRFOIL 403

2EEGINE CU/N/Y o=N=P.5+¢1.254N (Ne])=~1o» tFOP#K-—?tSTFPS]tUNTIL#NtDOt ATRFOIL 404

CA/N/) o=CU/N/Y R ((N=2.5) /K+] J2S9NF (Ne1) / (K#K)=1) 2END#L AIRFOIL 405

INPUT(40+2(22)2eCUSTOL sMAXIT) oo CUSP.=CUS=1as . AIRFOIL 406

AIRFOIL 407

++1B-91
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4lnee

42000

43008

44000

4s0ve

460ne

INPUT(G0e2(22)29T1) o>
2BEGINZ 2COMMFENT2 BFPALING VAN TAU(ZETALl) .
2REALZ VOeLNZ1+UTTsALsARsF)oF2,.
#REAL# #2PROCFDURE2 U(TAU),s 2VALUE2 TAU.s #2REALZ TAU,,
2REGIN2 2RFAL2 PWRFS,
V6.=SQRT(6) s FPe=SORT((1-62TAU)/(]1-TAU)) ,»
RES.=ULN({(1+P)/(1=P))oe P,zP/V6bee RES.= RES=VOHLN((1¢P)/(1-P)) .o
Usz=,58RFS  #2END#. s .
V6.=SORT(6) e LNZL,=LN(Z1ABS) o9 UTI.=U(TI) .0
B1.=T1,s Fle==LNZlay A?.=T71.=TI =.005.,
REPEAT.e F2.=UTI-LNZ1-U(TZ1) .
#2I1F¢ ARS({A2~A)) 2LESSZ 2=6 #THFNZ 2GOTO2 UlT..
T21.=(AYRF2=A2%F ) /(F2=F1) ey
21F2 ARS(F2/F1) 2LFSS# 1| 2THEN# #BEGTINZ A] .=A2,.9 Fl.=F2 2END#.o
A2.2T71e¢ 2GOTOZ2 RFPFAT .
UIT.., #END#Z,,
2FOR2SI6.=0e12D022FOR2J,=142+32D022FOR2SINF ,=]1422D0%
INPUT (40«2 (22)24DX(/SsSIDESTIG/) oDY(/JsSTDF4SIG/) ) oe
OQUTPUT (A142 (2% 4465¢/041Se/+41S547/7#) %0
#(2THF COMPUTATION OF & QUAST-FLLIPTICAL AFROFOIL#%) %,
2{2IN A CIRCULATORY TRANSONIC POTENTIAL FLOWZ) £,
#(29Y YSING LIGHTHILLS 2ND INTFGRAL OPERATOR#) %),

OUTPUT (4192 (211S9De4D3B95Ss+NANIRIH6SsN6De//975¢0.4D3IRs11SeDebDe//7#) 20
Z(2FPSTILON(O)=2) 2eFPSZFRO 2 (2ALFAS#) 2 ALF A2 (2GAMMA=2) 2, 28P2GAMMA,
2(2TAU(L1)=2)#eTT1e2(2TAU(ZETALI=2)24TZ)) o
OQUTPUT (41 o2 (22 (2CASEZ)2eZZDRA2(EM=INF =2)242D 6D/ /7212
CASF+SORT(S2TI/(1=TI)) ). .
QUTPUT (Al o 2 (#£2 (ZLAMRDA) =#)24+7N.NDGR2(2LAMBDA2 =2)24+Z0.NDD4B///72) 2y
L4a34L4S) 0o
Re=1etle=2etLOWFR.=1esUPPER (=2, sFACT(/1/)e=1e9sFACT(/2/)a35P1.0
PD2=FACT(/2/)8,5.9LNFPSO=LN(FPSZFRO) .
REMIND(43) o0 TAPE(TIWPSIT)
#FORZN ,=02STEP#2 1 #UNTIL# MAX £D0# #FOR2 J,=1e2¢3¢4+5 £N02
PSTITI(/NeJe0/)a=PSITU/NsJe0/)e28TI#PSIT(/Nedol/)as '
REWIND{43)e9 RFECO.=00se JP==1,0
tFORZ N.=2¢3 #00#
2REGIN® AB(/N/) a=1/(IN=1)4PSTITI(/Ne3s0/)2(FGAM(/) /) 2LARRAY (/191 eNgl/) e
FGAM(/2/7)2LARRAY (/2+1eNo1/)=FGAM(/3/)12(1=1/N)*EFSZFRO2POWFR2EN®
SIN(2#NTALFA)) o .
AR (/N/) o=ABU/N/) +L43°PT*FGAM(/3/)2C(/N/VRPSITI(/Nels0/) ue
BR(/N/)«==1/(N=1)#PSTITT(/Nes3s0/)*(FGAM(/1/)BLARRAY (/1eleNo2/) ¢
FGAM(/2/7) #LARRAY (/241 9Ne2/)=FGAM(/3/)%#(1=1/N)® (1-EPSZERN£POWFR2N®
COS(28NTALFA))) o
BR(/N/) «=BB(/N/) +L4SEFGAM(/3/)12C(/N/)#PSITI(/Ne2+0/) 0
2ENDZ .,
2I1F2 CUSP #THFN#
#REGINZ
COMPCo.e CHAPLYGIN(T9PSIT)es FTCONVeos
o2 JF2T2GREATER2TZ1+., 00001 2THFN222ELSE2]1 40
RL(/1/)2==SOM({142eP(4)) .0 .
RL(/2/)2==SOM{142¢DPOT(/K/)) 0e
RL(/3/)s==SOM(142+DPDTH(/K/))us
2BEGIN# 2REALZ DETeM33sM234M13,21¢A2+A34B1eR29A%
2ARRAYZ Pe0Q(/)ee3/)9M(/14a3elesta/)us .
tFORERT 2=14293¢42N022BFGINZM(/14R1/) +=ESOM(RIWPE( S )) .y
M{/23RT/) o=ESOM(RIZPHITE (/K/)) os M(/34R1/) =ESOM(RI+PRITHE (/K/)) 2END#.,

+ B-92

AIRFOIL
AIRFOIL
AIRFOIL
AIRFOIL
AIRFOIL
AIRFOIL
AIRFOTL
AIRFOIL
AIRFOTL
AIRFOIL
ATRFOIL
ATRFOIL
AIRFOIL
ATRFOIL
AIRFOTIL
AIRFOIL
AIRFOIL
AIRFOIL
AIRFOIL
AIRFOIL
AIRFOIL
ATRFOIL
AIRFOIL
AIRFOIL
AIRFOIL
ATRFOIL
ATRFOIL
AIRFOIL
AIRFOIL
AIRFOTL
ATRFOIL
ATRFOIL
AIRFOIL
ATRFOIL
ATRFOIL
AIRFOIL
AIRFOIL
AIRFOTIL
ATRFOIL
ATRFOIL
ATRFOIL
ATRFOIL
AIRFOIL
AIRFOTIL
AIRFOIL
ATRFOIL
AIRFOIL
AIRFOIL
AIRFOIL
AIRFOIL
AIRFOIL
AIRFOIL
ATRFOIL
AIRFOIL
AIRFOIL
AIRFOIL
AIRFOIL
AIRFOIL

408
409
410
411
412
413
414
415
4le
417
418
419
420
421
422
423
426
425
426
627
%28
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
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4700

48028

4anee

500ee

s10ee

K20%#

PSR302+4CI XXALGOL 10726772

OQUTPUT (4142 (#2325¢//¢T75¢Ne603B+9Ss+DehDs/#) 20
#(2CORRECTION FUNCTION QUANTITIFS,.#)2e2(2TAU(C)=#)£9T,
2(2THETA(C)=#)#4~TH®RAN) o
OUTPUT(41+2(2/94(+.,4D2+D28)++¢N,ANE) %

MU/101 /7Y aM(/192/7) oM (/10373 eM(/144/)sRLU/1/)) 00
OUTPUT(610‘(‘/04(’.50*’028)O'D.RD*)‘O
M0/201/7)eM(/292/7)9M(/2937) M (/2067)eRL(/2/)) 0y
QUTPUT (61e2(2/04(+.4D2eDN28) 2+DBDE) 2

M{/3917)9M (/34271 9M(/393/)eM{/34/)sRLI/3/) Y 0

M3J, =M /101 /18M( /24273 =M(/])1e2/1%M(/201/) 0n

M23.=M (/191 /7)8M(/342/)=M(/1+2/7)18M(/301/) 0
M13,=M(/291/7)8M(/342/)=M(/292/18M(/391/) s
DET.=M(/143/18MI3=M(/2e3/)%M23eM(/343/)%M33,
PU/3/)e=(RLI/V/VFMIB=RL(/2/)2#M23+RL{/3/}4M33)/NET W

RLI/1/7)=RL(/ZL/)=M(/1e3/)9P(/3/)es RL(/2/)=RL(/2/)=M(/293/)8P(/3/)as

PU/27)e=(M{/1s1/)8RL(/2/)=M(/2+1/)2RL(/1/))/M33,0
PU/L/) e=(RL(/1/V=M(/1s2/)18P(/2/))/M(/101/) 0s

QU/3/7) e=(M(/104/)#M]13=M(/244/) BM2340M(/344/12M33) /DF T,
M(/1447)a=MU/104/)=M(/103/7)%0(/3/)

M /2L Y TEM(Z 256/ V=M(72337130(/37) o

QU/27) o= (M(/101/18M(/2404/7) =M {/21/7)13M (/1 a/) ) /M3 00
QE/1/7) ez {M(/)104/)=M(/)e2/)2Q(/72/))V/M(/]1e1/) s

B4 ,.=1,0/EXPSI/EXPSI.y

A «=CF(/3¢7242/)%Bb4 oo

12.42 HRS

AIRFOIL
AIRFOIL
ATRFOIL
ATRFOTL
ATRFOTL
AIRFOTL
ATIRFOIL
ATRFOTL
ATRFOTL
AIRFOTL
AIRFOIL

AIRFOIL .
ATRFOIL .

ATRFOTIL
AIRFOIL
AIRFOTL
ATRFOIL
AIRFOTL

L _AIRFOIL

ATRFOTL
AIRFOIL
AJRFOIL
AIRFOIL
ATRFOIL

B2.=CE (/34291 /)#BRG 9y A3e=~Bbee R1a=-CF(/342411/)%R40y B2.=CE(/3+242/)8BGss AIRFOIL

21F2 MU2IN 2THENZ
NULT(/A/).'-(Rq(/2/)081°9(/1/)OQZ“P(/Z/)-NUZ“(AR(/?/)0A}”P(/l/)0A2°

P(/Z/)‘A3°P(/1/)))/(MU?“(AI*Q(/]/)0A2“0(/2/)fA3°0(/3/))-(Bl“Q(/l/)‘RZ’,

Q(rs2/7)=86))

2ELSE?

MULT(/67) «=(PU/1/)8Q(/17)+P(/2/7)2Q(/27)+P(/37V8Q(/3/)) 7
(Q(/1/)20(/1/)+Q(/2/)200/2/)+Q(/3/)2Q(/3/)+1) 40
MULT(/1/7) e=P(/Y/)=MULT(/4/)18%Q(/1/) an
MULT(/2/7)e=P(/2/)=MULT{/74/)%Q(/2/) o
MULT(/3/)4=P(/3/)=MULT(/4/)%Q(/3/) s

OUTPUT (4102 (2/94(+.4D%2+DP2BY2)2eMULT(/1/7)YsMULT (/2/)eMULT (/3/)sMULT(/4/))

ZENNZ . »

2FORZSINE ,=14+22D0# 2FORZ SIG,.=0.1 #£D02

2BFGINZ K,=(-]1)#2POWERZ(SINDF+SIG) .y )

DX(/1eSIDEWSIG/) a=NX{(/1eSINESWSIG/) +KF(MULT(/1/)XTTI(/1/7)eMULT(/2/) ¢
XT1(/27)) es .

DY(/1eSINEWSIG/) e=NY(/19SIDE9SIG/) +KB(MULT(/1/)8YTI (/1 /) +MULT(/2/)%
YTI(/2/)) a0
=(=1)#POWER2SIDE 4 *FOP¢J.=?v3¢DO¢ tREGlN*

DX(/JeSIDESSIG/) o =NX(/JeSIDF+SIG/ )0K’(MULT(/I/)°XPI(/1/)

“MULT(/2/7)#XPTI(/2/)) o

DY(/JsSINESISIG/) e= DY(/JvSIDFvSTG/)-K“(MULT(/l/)“YPI(/l/)

“MULTA(/2/7)8YPI(/2/)) a0

2ENDZ  #FEND#z.

£2END# CUSP=TEST..

QUTPUT (G +2(2//+42352) 242 (2INTFGRATION CONSTANTS..2)%) 40

2FORE STG.=0+1 200#%2 2BFGINZ QUTPUT(41e2(2/2)2) .

2FOPZ Je=1+2+3 #D0? #REGINZ OUTPUT(41+2(2/92SeN3B2) 292 (2J=#)%0J) o

2FORE SINE (=142 N0z 2REGINZ OUTPUT (4l 92 (22(+ZD.5D2B) £) #»
DX (/JeSINE«SIG/)IoNY(/JsSTDESIG/)) 2ENDZE 2END2 #ENDZ.
#HEGINZ 2COMMENT2 BEREKFNING VAN DE KROMTESTRAAL .+

ZREALZ FPSyK0.9 2ARRAYZ AsR<«AL(/2403/) e

#FORZ N,=2+3 2D0#

B-93

AIRFOIL
ATIRFOIL
ATRFOIL
AJRFOTL
ATRFOIL
ATIRFOIL
AIRFOIL
ATRFOIL
AIRFOIL
ATRFOIL
AIRFOIL
ATRFOIL

AIRFOIL

AIRFOIL
AIRFOIL
ATRFOIL
AIRFOIL
AIRFOIL
ATRFOIL
ATRFOIL
ATRFOIL
ATRFOIL
ATRFOIL
ATRFOTL
ATIRFOIL
ATRFOTL
ATRFOIL
ATRFOIL
ATRFOIL
ATRFOTL
ATRFOIL
AIRFOIL
ATIRFOIL

466
467
468
469
470
471
472
473
474
475
476
477
478
479
480

481,

482
483

— -484

485
486
[3-4
488

PAGE 9

489

490
491
492
493
494
495
496
497
498
499
500
501

502
503
S04
505
S06
507
508
509
S10

511

s12

513
Sla

515.

Sl6
517
si8
519
520
521
522
523
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530¢%«

5400

5500

S60%w

S70%e

PSR307+4C1 XXALGOL 10/26/72

£BFGINZ &(/N/) .=
AR(/N/)s (21F2 CUSP 2THFN#z EXP(=-N®S])®
(MULT (/1 /7)2CE(/3eNs2/) ¢MULT(/2/)2CE(/39No1/))2FLSF% 0) oo
B(/N/)=RR(/N/)+ (2IF2CUSP#THENZEXP (=NeS])e
(=MULT(/1/7)2CE(/3sNal/) sMULT(/2/)1%CE(/39N+2/))2ELSE#2 0) 2END#. s
A(/27)e=A(/2/7)%(#1F 2 CUSP 2THENZ2 =MULT(/3/)°EXP(-22S51) #2ELSE# 0) .o
B(/27).=B(/2/)+(#1F2 CUSP 2THENz MULT(/4/)%EXP(=29S1) 2ELSE# 0).»
FPS.z=.GHARCTANIR(/2/)/80/2/) )V es RO.z8(/2/)V8A(/2/)+B(/2/)°B(/2/) s
2FOR2 N,=2¢3 #2D0% A1 (/N/) o=A(/N/)2COS(NAEPS)~B(/N/)ESIN(N®EPS) oo
RO.=4®ARS(AL(/2/) /A1 (/3/7)2SORT(TI®R0) ) ey
OQUTPUT (&1e2(#2///+2(2STAGNATION POINT2)2e/%)2) 40
OUTPUT (41 o 2 (ZH s 2 (2THETAZ ) £9RB o2 (EXZ)24TFRW2(2YR) 2 HALE (2] /R#) 2488,
Z2(2CP#)22)2) oy
OUTPUT (4192(2//+43(+DeSDRR) ¢ ,5D2+2DRRe+D.4D2) £,
~FPSeSTON(FPS)I®0.5%PTe=NX(/142¢1/)eDY(/1¢241/)e1 /R0
(1=TI)/T1/73.52((1.0/(1-T1))#POWER#3.5=1)) 40
QUTPUT (6102 2// e 2 (2MU2=2)22)2eR(/2/)/A(/2/)) 0
2ENDZ, o
2REGINZZREALZ AsBeCoTSeTZePSTIoTReDToTMAXIMAXDT¢MINDT o THETARGTHET A
DTHETABsDTHETA. o

ZINTEGFRZ WeMODE oFReSOPST VT4 TASKINTH. s

2800LFANZ TUPNT«SONIC.s

2ARRAYZ FRROR(/1442/) s TWaTHW(/0442/) 0

#PROCENUREZ PARAR(XeY) o9 2VALUEZ XoYo.e ZARRAYZ XoY,
2REGINZ2COMMENT 2 BFPAALT COFFFICIFENTEN AsR FN € ALS Y(/I/)=AXX+BX+Co
Iz0ele20en
2REALZ DNov
Nz (Y (/2/7)=X(/0/))V/{X(/2/)=X(/0/)) o0
[ R EVAVARA AV VARNAR SVAVARD SVA VAR RSN VAR S VA VARSI V-V B I}
BezN=a2(X(/0/)+X(/2/)) e
Ce=YU(/0/)=X(/0/)8(A%X(/0/)+8)
2ENDZ, o

#2PROCEDURE# ZERO(Xs Ae FAs He FRe FXe E)ee 2VALUEZ AeB.o
ZREALZ Xo As FAe Ry FHe FX,9o 2ARRAYZ F,»
#2BEGIN2 #RFAL# Co FCoe Mo 14 TOLe REy AE.e
#INTEGFRZ K,
RE«=F(/1/) e AFLSE(/2/) 00 Ko=04
e=Pes £#GOTOZ FNTRY,.s
GOON,, K,=Kel,s 2IFz ABS(I-R) £LESS2 TOL #THEN2 [.=ReSIGN(C=-B)®T0L.»
Xe=#2IF# SIGN(I-M) 2FQUAL#SIGN(B=1) 2THEN# T 2FLSEZ M.y
A.=Res FALSFR,s Be=Xaes FB.=FXeo
21F# SIGN(FC) #2FQUAL#® SIGN(FR) #2THEN#
ENTRY., #BEGINZ C.=zAsy FCoezFA.e Z2END#.
£1F2 ABRS(FB) 2GREATFER% ARS(FC) 2THFN#
#RFGINZ A,=Hey FAL=FRey Be=Coes FBe=FCos Co=Aes FCo=FAsys 2END#.»
M.= (B+C) / 2e»
l.=21F2 FR-FA #NOTFQUALZ 0 2THENZ (A®FR=ReFA)/(FB=FA) #2FLSE# Me»
TOL.= ARS(BZRE)+AE .

12.42 HRS

AIRFOIL
AIRFOIL
ATRFOIL
ATRFOTIL
ATRFOIL
ATRFOIL
ATRFOIL
ATRFOIL
AIRFOIL
AIRFOIL
AIRFOIL
AIRFOIL
ATRFOIL
AIRFOIL
AIRFOTIL
AIRFOIL
AIRFOIL
ATRFOIL
ATRFOIL
AIRFOIL
AIRFOIL
ATRFOIL
AIRFOIL
AIRFOTIL
AIRFOIL
AIRFOIL
ATIRFOIL
ATRFOIL
ATRFOIL
AIRFOIL
AJRFOIL
AIRFOIL
AIRFOIL
ATIRFOIL
AIRFOIL
AIRFOIL
AIRFOIL
ATRFOIL
AIRFOIL
AIRFOIL
AIRFOIL
ATRFOIL
AIRFOIL
AIRFOIL
ATRFOIL
ATRFOIL
AIRFOIL
ATRFOIL
AIRFOIL
AIRFOIL

#1F# ABS(M-R) #2GREATFR2z TOL #AND# K #LFSS# MAXIT2THENZ #GOTO# GOON.» ATRFOIL

Xa=Pas TZa=K,s
2ENDZ 2FRO.

2PROCENUREZ ZEROSTAT (X« XReAASDXsFXeSeEeN) oy
EVALUE#Z XReARSDXsFsN.y

ZREALZ XoXRoABSDXeFXe9 ZINTFGFRZ SsNee ZARRAYZ E,o
PEFEGINZLREALZ XMKoFMKsDISCRoFMoXMUsMUIMING

B-94

AIRFOIL
AIRFOIL
AIRFOIL
AIRFOIL
AIRFOIL
AIRFOTL
AIRFOIL

524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
561
542
543
S44
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
S62
563
564
565
566
S67
568
569
570
571
572
573
S74
575
576
577
578
579
580
581

PAGE
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10/26/72 12.42 HRS

“2INTEGER# TeJsKeM.s #HOOLEANZ ROOT.+ “AIRFOTIL'"
#ARRAYZ XToF[+4ARSX(/0442/) 0y ATIRFOIL
Ko=2a4 o AIRFOIL
XT1(/1/) a=XezXBye FI(/1/)e=FXas ATRFOIL
X1(/0/) o2Xo=XB-S2ABSNDXSSIGN(FTI(/1/)) ey F1(/0/) e=FX oy AIRFOIL
XMU=(XT(/0/)8F 1 (/1) =XT(/1/VeF L{/0/ )V Z/(FI(/Y/V=F1(/0/)) s AYRFOTIL
2IF# SaSIGN((FI(/L/V=FI(/0/) )V /(XI(/1/7)=XI(/0/))) #ANNZ AIRFOIL
(XMU=XT(/0/71 1 7(X1{/7171=XT(/0/) ) 2GREATER® 0 #THEN#2 #GOTO#2 PROCZERO ATRFOIL
#ELSEZ MU,==1.0.¢ AIRFOIL
XMK e==XRA,9 FMK,=2~2000 AIRFOIL
59044 NEW PARAR,, o ~ AIRFOIL
Ko=Kelys #2IF# K 2GREATFRZNZTHENZ2REGINZ So=N.s #G0T0%z ENDPROC 2FND#.s ATRFOIL
Xe=XT(/27) 4= (La0-M EXT(/0/)+MUSKI(/1/) ev FL(/2/) e=F X o AIRFOIL
PARAR(XIWFI) .o AIRFOIL
DISCR.=B#R-6,0%A%C,» ROOT,=0 #LESS# DISCR.. AIRFOTL
2IF# ROOT 2THENZ XMU.=.52 (~R+S®SURT(DISCR)) /A #ELSF# AIRFOTL
2REGINE XMU.==.5%8/A0s FM,2=,255DTSCR/Aey AIRFOIL
2IF# ARS(XMK/XMU-1) 2LESS® F(,2/) #0R# ARS(FMK/FM- 1) #LESS? AIRFOTL
E(/27) #THEN22BEGINZ X.=XMU.s S.=0.s #G0TO# FNDPROC_#END#.s _ . ___AIRFOIL

] T AIRFOIL
#END® .4 AIRFOIL
2COMMENT 2 REARRANGEMENT OF THE (X1sF1) TO DECREASING VALUFS OF ATRFOIL
ABS(XTI=XMU) o AIRFOIL
2FORZ 1,20s192 2D0% ARSX(/1/) .=ABS(XT(/I1/)=XMU) s AIRFOIL
#FORZ ],=041 #DO% : AIRFOIL
#REGIN® MIN,=ARSX(/1/)es Mo=T,e #FOR¥ Jo=le] #STEP# 1 #UNTILZ 2 *DO* AIRFOIL
#1F# ARSX(/Js) 2LESS# MIN 2THEN# ATRFOIL
2BEGINE MING=ARSKX{/J/ Yy Mo=d 2ENDZ.» . AIRFOIL
MINGSARSK(/1/)ee ARSX(/1/) o=ABSX(/M/) e ABSK(/M/)o=MIN,, AIRFOIL
MING=FI(/1/) e FI(/I/)0=FY(/M/)0e FI(/M/)oe=MINL, ATRFOIL
MING=XT(/1/)as xl(/rr).=x1(/M/).. XI(/M/) o=MIN ATRFOIL
#FND2, . ) AIRFOIL
© MULS{XMU=XT(/0/1) /(XTL/Z1/)=XT(/0/)) s ATRFOIL
C2IF# #NOT# ROOT #0R%_MU #2LFSS# 0 #0R# SIGN(FT(/0/))=SIGNIFI(/1/)) AIRFOTL
2THEN##BEGINZ MU.=.25%(30STGN(MU)=1) .+ 2G0TO# NFW PARAB #END#.s AIRFOIL
PROCZERO.,. ZFRO(XoXI1 (/071 eF1(/0/)oXT(/1/)eFT1Ls1/)eFXoE)0s AIRFOIL
ENDPROC,, TS.=K.» AIRFOIL
#END# ZEROSTAT.s AIRFOIL
: AIRFOIL
#REALZ #PROCEDURE# PSIRC.. AIRFOIL
tREGINZ#ZREALZ PSIas AIRFOIL
THesFACT(/3/) o=~THETAWs AIRFOIL
SIGe=0,52(1+SIGN(THETA)) Ly AIRFOIL
£1FZ MONE=6 2THEN#ZFORE TEL.=1e2+344+5 200% AIRFOTIL
#REGIN##FORE K,=] #STEP# 1 2UNTIL# 48 #D0# LMAX(/TFLIK/)e=0,9 ATRFOIL
#IF2. CUSP 2THFNZz2FORZ K,=3444548+9¢10 #D0# ELMAX(/TELsK/) e=0 AIRFOIL
~ #FND#. AIRFOIL
PSI.-SOM(J.S!DE,P(MODE))‘CORR(PE(MODE)).' AIRFOIL
OUTPUT (4192 (#/9+22D.4DBv+2N,5DR2) # 4 THETASRADIPST) o0 ATRFOIL
£1F¢ MODF=1 2THENZ2G0TO0Z ASSIGN.s ATRFOIL
TSOMUJySINF e XP (/K /) ) $CORR(KE (/K/} 1 +DX (/J9SIDESIG/) oy AIRFOTL
Yo=SOM(JeSTREsYP (/K /))+CORR(YE(/K/)) oDY(/JeSIDESSIG/) oo AIRFOIL
2TF2 SONIC #THENZ ATIRFOIL
2REGINEZ QUTPUT (4142 (£2(+ZN.SNRI#)29=XsY) 0o AIRFOIL

. #GOTO# ASSIGN ATRFOIL
2FND#., ' ’ : AIRFOTL
PHIT.=SOM{JeSTDESDPDT (/K /) ) +CORR(PHITE(/K/)) o AIRFOIL
PHITH.=SOM(JeSINE«DPDTH(/K/) ) +CORR(PHITHE(/K/) ) oo AIRFOIL

B-95
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588
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593
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596
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598
599
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601
602
603
604
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2IF2 TLPNT 2THENZz JUP.=0 #ELSF# AIRFOIL 640
JPez=((1-T)2POWFR#2.5°T/T1) 2POWER22/ ((2°TH#PHILTY) #PONFR#2« AIRFOIL 641

H408@ (1-6%2T)/(1-T)®PHITHZPOWER#2) o+ AIRFOIL 642
OXDTH . =FTa(PHIT2COS(TH) =oS/TePHITHASIN(TH) d o AJRFOIL 643

DYDTH ,=FT# (PHIT2SIN(TH) ¢« .S/T*PHITH®COS(TH) ) o AIRFOIL 644
RRe==UP/ {1+ (1-MACHEMACH) # (PHITH/ (28T2PH]IT) ) 2POWERZ2) #*TI /T4 AIRFOIL 645
OQUTPUT (41492(26(+ZD.SDUB) sRy s 5N2+ZDs// AIRFOIL 646
¢ZN,5011R42(+ZD.SDB) +21Re+,502472De//72) %0 AIRFOIL 647
“XeYsPHITy=PHITHsJP s =TH DXDTHe=DYDTHs SART (ARS(RR) } ) 4o AIRFOIL 648
XREGINZ 2ZINTEGER#Z MAXsKMAX,9 OUTPUT (G192 (2% (2 K MAX #£)Z2)#) 40 AIRFOIL 649

RFORZ TFLLz=192930445 #N0% AIRFOIL 650
tBEGINZ MAX,=0.+ #FORZ K,=1 #STEPz 1 ZUNTIL# 48 2D0% AIRFOIL 651

65nes 2BFGINZ 2IF# LMAX(/TELsK/) 2GRFATERZ MAX #THEN# AIRFOIL 652
EBFGINZ KMAX ,=K,9 MAX,=LMAX(/TFLeK/) ZENDZ 2END#.s AIRFOIL 653
QUTPUT (4142 (22BZ0+sR2202R2) 2 9KMAXsMAX) ZENDZ. . AIRFOIL 654

#]F2 CUSP 2THENZ 2REGINg : AIRFOIL 655
OQUTPUT (G192 (#2//02 (2 KC MAX #)2%2)}#) ey . AIRFOIL 656

#FORZ TEL.=142¢4394+5 2N02 AIRFOIL 657
2EFGINZ MAX ,=0.¢ 2FORZ Ko=34445+8+9410 2D0% AIRFOIL 658
#BEGINZ 2IFz ELMAX(/TELJK/) #GREATER# MAX 2THEN# ZREGINZ KMAX.=K, AIRFOIL 659

MAX =ELMAX (/TEL9K/) 2ENDZ 2ENDZ,» . AIRFOIL 660
QUTPUT (6142 (2£2RZDsR2ZD2R#) £ sKMAXsMAX) 2END2 2END2 2ENDz.» AIRFOIL 661

hENSE $IF2 0 2LESS# JP 2THEN2 2BEGINZ OUTPUT(4)e2(2//+e2 (2L IMIT=LINEZ)22)2), AIRFOIL 662
#GOTO# READ TASK #FND#., AIRFOIL 663
ASSIGN.. PSIBC.=PSI AIRFOIL 664

2END#2 PSIRC.» AJRFOIL 665
AIRFOIL 666

#PROCENDURE# NEWTAU.» AIRFOIL 667
LREGINZ2INTEGFRE KT, : ATRFOIL 668
KT.=100%T, . AIRFOIL 669

eJF2 T #LESS# 0.05 #AND# AHS(100°T=-KT) #GREATERZ #-8 #THEN2 AIRFOIL 670
CHAPLYGIN(T+PSIT) 2ELSEZ TAPEL(TePSIT) . . - AIRFOIL 671

AT08% FTCONV.s MACH,=SQRT(S®T/(1=T))4s ' AIRFOIL 672
CPe={1=TI)/TI/3.5¢(((1=T)/(1=-T1))#POWFR#3,5-1)¢0 AIRFOIL 673
OUTPUT (4192 (%82£) %) 4 AIRFOIL 674
OUTPUT (41 42(#//7005¢D.6D4R425¢N,4DGHBe3Se¢D.4De//965+.605R92SeDe/#) #0 AIRFOIL 675
Z(ETAUSZ) 24T o2 (ZMZZ2)ZoMACH 2 (2CP=£)2sCPy 2 (2TOL=2)ZoTOL o2 (2Jz2)20J) 4 AIRFOIL 676
SIGe=0,5#(1+SIGN(THETAR) ) o : AIRFOIL 677

#1F2 TLPNT #THEN#Z OUTPUT (4142 (2/7/7/25B9#(£TAIL POINT£)#2)#) 2ELSE# - AIRFOIL 678
2BEGIN% AIRFOIL 679

#1F2 SINE=LOWFR #THEN# : ) AJRFOIL 680
OUTPUT (L) o2(2£///725R6S2) 22 (2LOWER #)2) 2ELSE#® : AIRFOIL 681

6€80°% QUTPUT(4le2(£///25R6S52)#4# (2UPPER #2)#) a0 AIRFOIL 682
#1F#2 SONIC 2THEN# OUTPUT (41+# (22 (2SONIC LINE#)##)%) 2ELSE# AIRFOIL 683
2REGINZ #1F#2 FR=2 #THEN2 QUTPUT(4)s2(22(2REAR PART#)##)#) 2ELSE# AJRFOIL 684
OUTPUT (4192 (#2(£FRONT PARTZ)2£)2) 40 AIRFOIL 685

2ENDZ2,, AIRFOIL 686

2ENDZ . AIRFOIL 687

#1F#2 SONIC 2THEN# . AIRFOIL 688
QUTPUT(4192(2//93B95546R43S5:8R+Se9B9Se/2) 2, AIRFOIL 689
Z(2THETAZ) 292 (#PSI2) 202 (2X2) 2 a2 (2Y2)#) 2ELSE2 AIRFOIL 690
#BEGIN2 AIRFOIL 691

690%% QUTPUT(41e2(#//+38155+AR¢IS18RSe989S594B849S5¢Re11593R4SSy/2)2, AIRFOIL 692
Z2(2THETAZ) 292 (2PSI2) e 2 (2X2) 242 (2Y2) 22 (2DPST/DTAUZ) 202 (2DPSI/OTHETA#)#s AIRFOIL 693
2(2EDET U2V #£) oy ATRFOIL 694

QUTPUT (41+#(#£20R¢195+25R+3Se/2)1 242 (2NDX/DTHRETA DY/DTHETAZ) 242 (£1/R212) ¢  AIRFOIL 695
2END# . AIRFOIL 696
2FNN2 NFWTAU, » AIRFOIL 697

B-96
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READ TASK,.

EOF (40+EOP) . o

INPUT(40e#(2/2)#) 4

INCHARPACTER (40 s 2 (2LUT2) 2+ TASK) 4o

£1F2 TASK=0 #THFN2 . .
#BEGINZ QUTPUT (G142 (#7742 (#ILLEGAL" TASK#)2#)#),s #GOTO%2 EOP #ENDZ..
REWIND(463) . : :

2IF# TASK=3 #THEN# #GOTO2 TAILPOINT.»

SIDF +=TASK. s :

INCHARACTER (40+s#2 (2FRS2)#24FR) 4

2IF2 FR=0 2THENZ !

2RFGINZ - OUTPUT (4192 (2//7e2 (2ILLEGAL TASK#)22)2),, #G0T02 EOP 2END2,..
2IF2 FR=3 #THENz 260702 SONIC LINE.s

#COMMENT# THF' COMPUTATION OF AN AEROFOIL PART.,
TLPNT . =SONTC.= #FALSEZ.e
SDPSI.==3+42%FRees MODE+=1e»
INPUT (4042 (22) 29 TBoDT e TMAX ¢yMAXDTyMINDT o THETABoDTHETABDIHETA) o0
THETARTETHE TAB/RKAN e DTHETAB,=NTHETAR/RAD,s NTHETA,=DTHETA/RAD,,
ERROR(/1/) .=FRROR{/2/) +=T0L 4o
#FORZ W.z0e192 2002
#REGINZ TW(/W/)oe=To=TB+WeDT,.,
#1F# T #2GREATFR# TMAXe+#~4 #£THFN# 2G0TO# READ TASK.,
NEWTAU,.
ZEROSTAT(THETAWTHETABsDTHETABsPSIRCeSDPST+ERRORYMAXIT) 40
21F2 SDPSI=0 #0R# SNPST =MAXIT 2THENZ 2GOTO# READ TASK,.
THW(/W/) o=THETARB.=THETA
MONF e=bes PSTe=PSIRCey MODF ,=1las
2ENN# . »
#G0T0% PARABOLA.
NEXTes Toe=TW(/2/)4=T+DTu»
2IF2 T 2GREATER® TMAX+z~4 2THENZ 2G0TN2 RFEAD TASK.s
NEWTAU.s MODE.=l.s
ZERNSTAT (THETA9THETABSDTHETAWPSIBCsSNPSIGWERROR¢MAXTIT) 40
THW(/2/) «=THETA L,
#1F2 BRAS(SNPSI)=1 #THENZ
#BFGINZ MODE+=4.9 PS1.=PSIRC #END%#
#FLSE# #GOTOZ2 READ TASK,.
PARABOLA,,
PARAB(THWeTW) oy

2]F¢ =A 2LESS# #=10 2THEN2 DT.=1.0 #ELSF#
DT e=ARS(0.,25% (2. 0¢A#THW (/2/) *B) #POWERZ 2/(4.0%A)) .0
DT.=21F2 MAXDT #LESS# NT 2THEN# MAXDT #2ELSE##£IF# DT £LESS# MINDT
2THFEN#2 MINDT #FELSE# DT.»
VT.=0T/MINDT.s DT =VT#MINDT,
TEN(/D/) o=THW(/1/)Ves THW(/1/) o=THW(/2/) 0
TW/0/7) e=TW /L) e THL/L/) o=TH(/2/) 0o '
THFTAR,=TRW(/1/)+DTH(TRW{/1/)=THW{/0/)) /7 (TW(/Y/)=TW(/0/) ) ar
2G0T02 NEXT.o

TATILPOINT..

TLPNT.=2TRUE#Z+s SONIC.=2FALSE%.+
INPUT (402 (#B2) 25 ToTHETAR) o
THETAL=THETAB/RAD.s TH.==THETA.»
MONFoe=4ey SIDE.=(3-SIGNITHETA)) /240
NEWTAU.»

PST.=PSIRC.s

B-97

12.42 MRS
AIRFOIL 698
AIRFOIL 699
AIRFOIL 700
ATRFOIL - 701
AIRFOIL 702
AIRFOIL 703
AIRFOIL 704
AIRFOIL 705
AIRFOIL = 706
AIRFOIL 707
ATRFOIL 708
ATRFOIL 709
AIRFOIL 710
AIRFOIL 711
AIRFOIL  T12
AIRFOIL 713
AIRFOIL 714
ATRFOIL 715
AIRFOIL 717
AIRFOIL 718
AIRFOIL 719
AIPFOIL 720
AIRFOIL 721
AIRFOIL 722
AIRFOIL 723
AIRFOTL 724
AIRFOIL 725
AIRFOIL 726
AIRFOIL 727
AIRFOIL 728
AIRFOIL 729
AIRFOIL 730
AIRFOIL 731
ATRFOIL 732
AIRFOIL 733
ATRFOIL 736
AIRFOIL 735
AIRFOIL 736
AIRFOIL 737
AIRFOIL 738
AIRFOIL 739
AIRFOIL 740
AIRFOIL 741
AIRFOIL 742
AIRFOIL 743
AIRFOIL 744
AIRFOIL 745
AIRFOIL 746
AIRFOIL 747
AIRFOIL 748
AIRFOIL 749
AIRFOIL 750
ATRFOIL 751
AIRFOIL 752
AIRFOIL 753
AIRFOIL 756
AIRFOIL 755

PAGE
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#G0T0# RFAD TASK..

SONIC LINE..
e=1/600 SONIC.=2TRUEZ.¢ MODE.=3.4
TLPNT ,=#2FALSF 2.
INPUT (4N s2{22) 2sNTHeTHETAB) o9 THETAL=THETAB.
NEWTAU, « ’
2FOR# TTH.=) #STEPZ 1 #UNTILZ NTH 2DO2
2REGINZ
#21F#2 TTH #2GREATFR# 1 #THEN#2 INPUT(40,2(%2)#£,THETA) .
THETA.=THETA/RAD.
PSI.=PSIBC.»
2END# TTH=CYCLE.»
2GNTO0%2 READ TASK,..
2ENDZ,
EOP..
2ENDZ L
#£END2
#EOP2

B-98

12.42 HRS

AIRFOIL
AIRFOIL
AIRFOIL
AIRFOIL
ATRFOIL
AIRFOIL
AIRFOIL
AIRFOIL
AIRFOTL
ATRFOIL
AIRFOIL
ATRFOIL
AIRFOIL
AIRFOIL
ATIRFOIL
AIRFOTIL
AIRFOIL
ATRFOIL
AIRFOIL

756
7157
758
759
760
761
162
763
764
765
766
767
768
769
770
771
172
773
774

PAGE
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LINE 0
LINE 771
LINE 771
LINE 425
LINE 426
LINE 427
LINE 4231
LINE 43}
LINE 431
LINE 432
LINE 432
LINE 465
LINE 465
LINE 466
LINE Sla
LINE 516
LINE 670
LINE 676
LINE 674
LINE 674
LINE 676
LINE 679
LINE 6AQ
LINE_ 689
T TTTTUINE CARRA
LINE 6A8
LINE 688
LINE 691
LINE 691
LINE 691
LINE 691
LINE 691
LINE 691
LINE 692
LINE 693
LINE 700
LINE 706

XXAL GOL 10/26/72
PROGRAM BEGINS (MESSAGE) 1
PROGRAM ENNS (MF.SSAGE) 1
SOURCE DECK ENDS (MESSAGE ) 1
NON=FORMAT STRING (MESSAGE) 1
NON-FORMAT STRING (MESSAGE ) 1
NON-FORMAT STRING (MESSAGE) 1
NON-FORMAT STRING (MFSSAGF) 1
NON-FORMAT STRING (MESSAGE ) 1
NON-FORMAT STRING (MESSAGE) 1
NON-FORMAT STRING (MESSAGE) 1
NON-FORMAT STRING (MESSAGE ) 1
NON-FORMAT STRING (MESSAGE) 1
NON-FORMAT STRING (MESSAGE) 1
NON-FORMAT STRING (MFSSAGF) i
NON-FORMAT STRING (MESSAGE) 1
NON=FORMAT STRING (MESSAGE) 1
NON-FORMAT STRING (MESSAGE ) 1
NON=-FORMAT STRING (MESSAGE) 1
NON-FORMAT STRING (MESSAGE) 1
NON=FORMAT STRING (MESSAGE ) 1
NON-FORMAT STRING (MESSAGE ) 1
NON-FORMAT STRING (MESSAGE ) 1
NON=-FORMAT STRING (MESSAGE ) 1
NON=-FORMAT_STRING (MESSAGE) 1
NON-FORMAT STING (MESSAGE} 1
NON=FORMAT STRING (MESSAGE ) 1
NON=FORMAT STRING (MFSSAGE) 1
NON-FORMAT STRING (MESSAGE) 1
NON=-FORMAT STRING (MESSAGF ) 1
NON-FORMAT STRING (MESSAGE) 1
NON-FORMAT STRING (MESSAGE) 1
NON-FORMAT STRING (MESSAGE) 1
NON-FORMAT STRING (MESSAGE ) 1
NON-FORMAT STRING (MESSAGE) 1
NON=-FORMAT STRING (MESSAGE ) 1
NON-FORMAT STRING (MFESSAGE) 1
NON-FORMAT STRING (MESSAGE? 1
THE FOLLOWING CONTROL CARN OPTIONS APE ACTIVF FolsloX
CORE MAP 12,43,31, NORMAL CONTROL

~=nTIME==-LOAD MODE -~-L1--L2 TYPE USER~==9¢==aCALLw=~

FWA LOADER 103741 FWA TABLES 076625

-PROGRAM=~~=ANDRESS~ -=LARELED-=~-COMMON—~

XXALGOL 000340 DATA 000100

ALGORUN 042340 nATA 000100

ALGLBOO 044712 naATA 000100

ALGLBOL- 050127 NATA 000100

ALGLBO2 050656 naTA 000100

ALGLBO3 056525 DATA 000100

ALGLBOS 057360 DATA 000100

ALGLBOG 060152 PATA 000100

~-ENTRY==a==ADDRESS~ REFERENCES

XXALGOL 061367

ALGORUN 042340 XXALGOL

ALGLBON 044712 XXALGOL

ALGLAOL 050127 XXALGOL

ALGLBOR 050656 XXALGOL

ALGLBO3 056530 XXALGOL

ALGLBOS . 057360 XXALGOL

ALGLBOG6 060152 XXALGOL

RNALS === REFERENCES

----UNSATISFIED EXTE

CHANNFL ¢« 60=INPUT+PAOIR
CHANNFL +61=0UTPUT «P1364PP60R
CHANNFL s 0=60

CHANNEL 4412561
CHANNFL ¢4 3=LU4344,48

CHANNF 4END

12.42 HRS

B-99
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002w 2RFGINZ 2COMMENTE RLOR e PROGRAM T 320, SMOOTHING AND INTFRPOL AT ION SMOOTH 2

: OF THF FUNCTIONSe WHICH ARE SPECIFIED RY THF VALUES OF THE FUNCTION AND SMOOTH 3

ITS FIRST Tw0 OFERIVATES AT A DISCRETF SET OF ORDINATES, UbING.. SMOOTH 4

A, SPLINF INTERPOLATION TFCHNIAUES, SMOOTH 5

Be & LFAST SOUARFS CONNITION AT THF GIVEN VALUFS OF THF FUNCTION AND ITS SMOOTH [

FIRST TwO DERIVATESs BND SMOOTKH 7

Co & SMOOTHNESS CONDITION ON THE THIRD DERTVATIVE.. . SMOOTH B

2INTEGFRZ NCs ICas ) o SMOOTH' 9

2PEALE C)eCZeC30YNa ¥ a¥2eY30Y0eYS0a300069A5,, : ‘ h SMO0TH 10

S SMO0TH 11

1092 START OF PROGRAM., INRFAL(40«1C) .0 o . ’ SMOOTH 12

C #1F2 IC #LESS® 0 2ThEnz 2GOTO02 RUNS CUMPLETED.e INREAL (404MC).s SMOOQTH 13

' SMOOTH 14

2REGINZ 2COMMENT 2 KLOK Poe : SMOOTH 1%

ZINTEGER? JTedae ) C SMOOTH 16

2ARRAYZ XC(/G+eNC/) s YoYCORR(/0.4I¥NC*+2/) oy SMOOTH 17

SMOOTH 18

#PROCEDYRFE2 SMOOTH THE VFCTOR Y.. ) : SMOQOTH 19

_ ZBEGINZ_#2REALZ_ERS s _NUD.e Nl 39— NU2y—MUB+—MUG - M)S+«—STGMAG s FPSTy FPS27 — SMOOTH 20

TOL]s TOL2e SIGMA)s STGMAZ2s RHO3y RHOG4e RHOGy Fe Se SMOOTH .21

20uw Cle C29 €3¢ C4s CHs Cbe C7«¢ CARy CY9¢ Cl0e Clle Cl7e C13s Cl4s Cl5,0 SMNOTH 22

2INTEGERZ TeJsKel eMoMeOsPolle NSIGMAe NHHOe KCo KMAXy KKCo KKMAX, ¢ SMOOTH 23

2aRRAY2 FPSFEe DCe SCe FCo YW(/D,.38NC+2/), SMOOTH 24

RIC/0,038NCo20e 4,49/) 0 K2{/0ee39NC*2e 14,9/ ) s © SMOOTH 25

LCU/Y4ah0 1aab/)s BOPIU/1 005700 RE/ZD L 3ENC20 1,.97) .0 - ) ; * SMOOTH 26

: ' SMNOTH  ~ 27

#HEGINZ 2COMMENT2 1. RFAD AND PRINT INSTRUCTIONS FOR THE SMOOTH . 28

. WETGHT VECTORS £ AND S., - SMOOTH 2%

#PROCEDUREZUTPUT (NSP eAe39CaKaA{sH14CleACeM) . 92VALUFZNSReAlsH19Cl .0 SMOOTH = 30

2RFEALZ ByFeCotB)edloCles 2INTEGERZ NSReKeM,y 2ARRAYZ AC., SMNOTH 3]

308 rAFCINZ 2F0R2 f,=1 2STEFPz | zUNTILZ2 NSR 2002 SMOOTH kY

2EEGINZ INPUT(40e2(£2)2eAst1aCoK) oo : Co _SMO0TH 33

OUTPUT (@l o2 (2/93(+D.TN2+Z70UR) «+2DR2)2¢ AgFeCeK) o9 SMOOTH 36

£[F2 NSR #NOTGRFEATERZz 1 2THENZ K.=NC. : © SMOOTH 35

2FORZ JexJde+]l 2wHILEZ J 2NOTGREATERZ K 2N0% ) SMOOTH 36

2AEGINE Lo.=3%J.s #2IF2 M=0 zTAFNz SMOOTH 37

FHEGINZE AC(/L/)e= Al®Aee AC(/L*1/) .= RI®R,y AC(/L42/)e= Cl%Cee SMOOTH 34

- 2END2 2ELSE? SMOOTH 39

2BFEGINE AC(/L/) o= A}/A.y AC(/L+¢1/).= BI/R,s AC(/L+2/)e= C1/Coes SMOOTH 40

2EMND 2.y oL : SMO0TH 41

Gnow ZENNZE 9 Jo= Koo : SMOOTH 42

. 2END#2, o ’ : SMOOTH 43

C*ENDE OF PROCEDURE UTPUY,, SMOOTH 44

. SMOOTH 45

INPUT (402 (22) 2 : ) ) SMOOTH 46

“14FPS, hbo.NUI.Nu2-Mu3,~u4.Mu:.NsIGMA.KKMAx.KMAx.TOLx.IoLz).. SMOOTH 47

OUTPUT (41422242 (#DATA TNPUT TaPE NUMRFR R#)ze+ZD2)291) oo SMOOTH 48

OUTPUT (L1 02(2T7(/93Se3Bs2(2=2)24¢70.7D2622D)1%) % SMOOTH’ 49

SR (2FPSE) 2 EPS F (2NUDZ) 2oNUOZ (ENULTZ) Z2oMNij] o2 (£NU22) 2 4NU2, SMOOTH 50

CEAEMUSZEY 2 eMUS 2 (2MUGZ) 2 oML 0 2 {ZMUSE) £9MUS) o 9 SMOOTH S1

Snew OUTPUT (412 (230 /96Se2(2=2)£9¢20)#) 20 SMOOTH 52

2(2NSIGMAZ) ZoNSIGMA 42 (ZKKMAX #)ZeKMMAX £ (£KMAX  #)2 KMAX) oy SMOQTH 53

OUTPUT (4142 (#22(/+0S5.3By2(222)24+¢D T0#¢7701£) 24 SMO0TH 54

2(2TOL12) 29 TOL 1 o2 (2TOL22) 24 TOL2) oo SMOQOTH 55

OUTPUT (412 (2/e2(2STEMANCSTIGMAL+STGMAR4K2) 22)7) o0 SMOOTH 56

Je==1lseo - - SMOOTH = 57

UTPUT(NSICMA'SIGMAOoSIb”AI-SIGMAZ;K'NUOvNUl,NUZ-ECol).o o SMOOTH 58

Je= =les NRAO.= los : SMOOTH 59
APPENDIX E

LISTING OF SMOOTH
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apaa

700e

pnas

qouw

10028

110¢#

OQUTPUT (4]« £(%/92(2RHO3 3 RHOL e RHUS W K£)22)2)
UTPUT INRFO s RHO3 ¢ KHOG s RHOS 1K ¢ MU3I e MUL o MUS9SCe0) o s
2END# oo

Z2COMMFNTz2 2. DETERMINATION OF THE MATRIX H,y
#2COMMENT# 2,1, DEFINITION OF TrF MATRIX LC.»
LC(/101/)e=LC(/494/) 0= 472040
LC(/5027) =LCU(/245/) 0= +168B.0
LC(/he27) e=LC{/246/) ez = 24,0
LC(/60)/) e=LC(/104/) 0= ~T720.0
LC(/393/).=LCU/He6/)e= ¢ 9,0
LC(/543/)esLC(/345/)e= + 2uas
LC(/2427)e=LC(/545/) 0= ¢192.

LC(/6037)o=LC(/396/)e= = 3,40
LC(/342/)4=LC(/2043/) = ¢ 364
LC(/095/)e=LC(/546/)e= = 364
LC(/642/)4=LC(/204/) a=LC(/594/) o=LC/405/) 0= =360,
LC(/2¢17) =L C(/S591/7)e=LC(/102/) =L CU/Y05/) 0= +360,0
LC(/3e1/7)e=LC(/103/)e=0C1/006/)1o=LCL/G0e6/) 0= ¢ 6D.0
LC(/6417) e=LC(/8537/) a=LC(/304/)4=LC{/106/) = = 60,0

2COMMENT 22,2, CYCLE DETERMINING koo
KKCe= Oee
ONCFE MORE lee KKCo= KKC+lao
QUTPUT (4] o2 (2892 (EKKC=#)24270#) 24KKC) oo
2FOR2 Je=0 #STEP2 1 #UNTIL# NC #00%
2REGINZ To= 3%J-lew #IF2 J 2LESS2 NC #THFN2
2RFGINZ Cle= C2e= 1/( XC(/J*1/)=XCWI/)) 0o
2FOR2 K,=] #STEP2 1 2UNTILZ2 S #D0=
#BFGINZ DO(/K/)e= €249 C2.= C2%C] #END#.»
2TF2 KMAX=1 2zAND2 KKMAX=] 2THFN# 2G0TO0# KMAX ONE,s

2COMMENT# 2.241s COMPUTATION OF RHOJes
Cle= Oo¢ #FOR% K.zl #£STEP# 1 #UNTIL2 6 2DO2
#REGINZ C2.= Cle= Doy Moz T=K,o
2FOR? L.=K 2S5TFP#2 | 2UNTILZ 6 #200%#
C2.=C2+LC(/KoL/1#DO(/M-L+(2IF2 L 2LESS# &4 2THEN#Z 0 2ELSE#
(£1F2 K #LESS# 4 2zTHEN2 0 #2ELSE#Z 3)/)e
(#]F2 KKC=1 #THFEN2z Y(/T+L/) 2ELSE# YCORR(/I+L/))*
(£IF# L #NOTEQUAL#Z K 2THEN% 2.0 ZELSE# 1.0)..
Cle=CleCe®
(2IF2 EC(/I+K/) #2LFSS# #~20 #AND# KKC=1 #THEN# 0 2FLSE#
(2IF# KKC=1 2THEN# Y(/14K/) #2FLSE# YCORR(/T+K/)))es
2IFz ABS(Cl) 2GREATERz C3 #THEN2 C3.=ABS(Cl)
#END# OF K CYCLE.»
#1F2 Cl 2LESSz C3%#- 9 2zTHENZ
2RFGINZOUTPUT (4ls2(2/92(2FAILURE IN COMPUTATION OF RHO #) 2,
¢Z0Be (+DeTD2¢Z2ZNRYZ2) 2y JeCleC3) o
Cle= AHS(Cl) .o
2ENDZ . »
21F2 €1 #2LESS# 2-100 2THENE Cle=#-100,.
2FORZ Ke=1920¢3 2D02 SC(/14K/)e=
21F2 KKC=1 2THENZ SC(/1ex/)/C1 #ELSEZ 1/Cles
#END2 OF DETERMINATION OF RHOJ.»
2COMMENTZ 2.2.2¢ COMPUTATION OF FJ AND TTS CONTRIBUTION TO Ha.s
KMAX ONE..
#FOF2 Ke=14243 =002
2RECINZE My=T7-K.o 2[F2z J #GRFATERZ 0 2THFN2

B-102
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SMOOTH
SMOOTH
SMOOTH
SMOOTH
SMOOTH
SMOOTH
SMOOTH
SMOOTH
SMOOTH
SMOOTH
SMOOTH
SMOOTH
SMO0TH
SMOOTH
SMOOTH
SMO0TH
SMOOTH
SMOOTH
SMOOTH
SMOOTH
SMOOTH
SMOOTH
SMOOTH
SMO0TH
SMOOTH
SMOOTH
SMOOTH
SMO0TH
SMOOTH
SMOOTH
SMOOTH
SMOOTH
SMOOTH
SMOOTH
SMOOTH
SMOOTH
SMOOTH
SMOOTH
SMOOTH
SMOOTH
SMOOTH
SMOOTH
SMOOTH
SMOOTH
SMOOTH -
SMOOTH
SMOOTH
SMOO0TH
SMOOTH
SMOOTH
SMOOTH
SMOOTH
SMOOTH
SMOOTH
SMOOTH
SMOOTH
SMOOTH
SMOOTH

60
61
62
63
64
65
66
67
68
69
70
71
72
73
T4
75
76
77
78
79
80
a1
A2
83
8a
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
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12080

130%e .

140%®

1500

1608% .

17080

2BEGINZ Cle=SC(/1~=3¢K/) ey SMOOTH
2F0R2 L.=K+3 #2S5TEP# 1 #2UNTIL% 6 #DO# SMOOTH
R1(/I+KsL/) o=LC(/LsK+3/)2DL(/M=L+3/)%C1 SMOOTH
ZEND#,y . SMOOTH
£IF2 J 2LESS# NC #THENZ . SMOOTH
2BEGINZ Cla=SCU/T+K/) o0 SMOOTH
2FQOR# L .,=K2STEP# 1 #UNTIL# 6 #NO# . SMOOTH
QY(/TeKsL*3/) o=LC (/L oK/ )P0 (/ML + (£1F 2L 2LESS242THEN2O*ELSEZ3) /) SMOOTH
#C1+ (2IF£LALESS24£AND2J2GREATER202THENZRL (/1 +K L +3/)#ELSE#D) SMOOTH
2FEND# SMOOTH
#END#2 OF DETERMINATION OF FJ AND ITS CONTRIBRUTION TO Heos SMOOTH
#FOR# K.=1 #STEP# 1 #UNTIL# S #DO# D1(/K/).=D0O(/K/) SMOOTH
2END2 OF J CYCLE.» SMOOTH
SMOOTH
2COMMFNT2 3, COMPUTATION OF E+S4EPSs AND THE MATRIX EPS®FCeH.» SMOOTH
KCe=las KMAX . =ARS(KMAX) .9 . : SMOOTH
OUTPUT (412 (2/92(2K=  #2)2¢+720RB2)790) o SMOOTH
AGAIN. W SMOOTH
#]F* KC_#GREATER# 1 #THENZ — e --SMOOTH
2BEGINZ OUTPUT(“]v¢(¥/'¢(¢NUMBER “oF IIERATIONS IN RESIDUAL t)t' SMOOTH
£(EVECTOR METHOD.o2)29+ZDRe /%) %0 ) o0 SMOOTH -
QUTPUT (412 (£2(2TOLERANCE TESTS ARE #)##£)#2) . SMOOTH
2IF# C8& 2LESS# 0 2THENZ OUTPUT (4192 (22 (2NOT #)22)#) . SMOOTH
OQUTPUT (4]l +# (22 (2SATISFIED2) 2#2) %) o : , SMOOTH
ZEND2. o SMOOTH .
’ SMOOTH
. Se=Fe=Che=ChRe=00e9 ICa=0.=049 SMOOTH
#FOR# J.=0#STEP# 1#UNTIL # NC #00# SMOOTH
FBEGINE N,=3%J,. . SMOOTH
© Qe= 2IF# JZEQUALZ0 2THEN2 & #FLSFZ le» SMOOTH
l.=21Fz J2EQUAL# NC 2THENZ 6 2ELSEZ 9., SMOOTH
2FORZ K.=094192 #DO2 . SMOOTH
ZREGINZ M =N+K, SMOOTH.
C3.= #IF# KC=1 #&ND# KKC=1 2THEN# Y(/M/) #ELSEZ YCORR(/M/) .o SMOOTH
CPe5C5e=0e9 CSe=EC(/M/) 40 SMOOTH
#FOR2 L.=] #STEP# -1 2UNTIL#* Q #DO2 SMOOTH
2RFEGINZ P.=NelL=G.y SMOOTH
C4,=21F#KC=] #AND# KKC=1 2THENZY (/P/)ZELSE# YCORR(/P/).v SMOOTH
Cl.=2IF2L2GREATFR23I+K2THEN#R]1 (/MsL /) 2ELSE2 SMOOTH
(¢YFtL¢GREATEPt1¢THENtRl(/PvKoal)tELSEtRl(/9.K07/)).y SMOOTH
CTe=Cl2Ch,9 Se=S+C3%CT,0 SMOOTH
21F# CH2LESS#ARS(S)#THENZ CR.-ABS(S).v ’ SMOOTH
#21F2 CS#GREATER##~10 #THEN# SMOOTH
ZAFGIN# C2.=C2¢CTe0 tIF¢C9:LFSS¢ARS(C2):THFN#CQ.—ABS(C?) #END#.+ SMOOTH
2ENDZ .y SMOOTH
21F2 C9 2GREATER2 #+9®ABS(C2) #THEN# SMOOTH
2BEGIN#2C2.504¢ 0.=0+1 2END2z,» SMOOTH
2IF# CS#GREATERz#2~-10 2ZTHEN# . _ SMOOTH
#REGINZ #IF# CS #LFSS# #+420 #THENZ 1C.=IC¢lee C6H.=C6+C2%C2/C540 SMOOTH
C2ezY(/M/)=C3e92IF2CS2LESS#£2+1620R2ABS(C2) #GREATER22-92 THEN# SMOOTH
Fe= E* C2 # C2 # (S, SMOOTH
2ENDZ . 0 SMOOTH
2END2. SMOOTH
#2END#,. o : SMOOTH
. SMOOTH
QUTPUT (4l s 2 (/92 (2E SEY 294D JTDRE+ZZDEI£9E) 0y SMOOTH
QUTPUT (4le2 (#/92(2S =) 2£)E) o0 SMOOTH

2IF# ARS(CB/S)#GREATERZ #+3 #THEN# 0UTPUT(4lvt(¢#(#NO SIGNIFICANT#)#s SMOOTH
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2{2 ANSWER#)2£)2) 2ELSF2 OUTPUT (41«2 (24D, 7D#£472Z0R2)124S) e SMOOTH 176

2IF# KC = 1 #THENZ SMOOTH 177

2HFEGINE OUTPUT(4) o2 (2/ 02 (2WETGHT TAHRLE FOR THE KHO 12)Ze/s2(212) %, SMOOTH 178

T2 (2RN0 12)22)2) . SMOOTH 179
2FOR2J.=02STEP 2] 2UNTTL2NC-12D0# SMOOTH 180

QUTPUT (402 (2 /942D s +DT02e2Z0%) 29 Jo SC(/3%J/) ) SMOOTH 181

1R0%e 2ENNZ .0 SMOOTH 182
LIF2(E/IC?CREATER 20 R2AND2ZE/1C2LESS2]1.2) 20RZKC2GREATER#KMAX2THEN SMOOTH 183

2HEGINZ QUTPUT (4l e2(2/92 (2SMOOTHING COMPLFETED AT K =#)2e+7D2)2+sKC~1)es SMOOTH 184

2GOTO2 KEADY. e \ SMOOTH 18%

ZFENDZ, SMQOTH 186

SMOOTH 187

2IF2KMAX=) 2THANZ2GOTOZKMAAONFR . o SMOOTH 188
EOS,=2]F2KC2LESS232THFNZSART(CO/1C) /7 (2 TF2E2L FSS2IC2THFN2100,.0 SMOOTH 189

2ELSEZ 1.0) . SMOOTH 190

2FLSF? EPS#E/1Can SMOOTH 191

1900 SMOOTH 192
KMAX ONF &,, SMOOTH 193
OUTPUT(4) s 2 {2242 (2K  S#)2947272N2)2e KC) oy SMOOTH 194
21F#KMAX=12THEN2£GOTO#KMAX ONE Haeo . SMOOTH 195

OUTPUT (41 e2(2/e2(2EPS S2)2e+o12N2+ 27208 /02 (%] =2)2e+270s /s SMONTH 196

2({2Ch Z2)2eve 1202 422Ny /s 2 (#NUMHER OF NON STIGNIFICANT 2)#, SMOOTH 197
2(2CONTRIAUTIONS IN CHh AND F o #)#e+770%) £ SMOOTH 198

EPSe ICe Chy Ve SMOOTH 199

SMOOTH 200

KMAX ONF B,.. Qo= 3%NC+2,« #21F2 KMAX = 1 2THENZ SMOOTH = 201

200%# 2REGINZZFOR 2L ¢ =02STEPZ12UNTTL2U2D02YW(/L/) o =N 02FNDZ .y SMNOTH 2ne
#FOR2 J.=0 #STFP# | #UNTIL# MNC 200% SMOOTH 203

ZREGINE N,=3%J,« SMOOTH 204
«=2IF£UZFQUALZ NC 2THENZ 6 2FLSEZ Qe SMOOTH 205

2FOR2 K.=0+1+2 #£DUZ SMOOTH 206

2RFGINZ Po=N+¢K,9 Oo= 44K, SMOOTH 207

2IF# KMaXx=]1 #THENZ2 SMOOTH 208
#2REGIN#2INTEGERZT . ¢ SMOOTH 209
Te=2IF2J=NCETHENZ2ZELSEZS .0 SMOOTH 210

21F#2 EC(/P/) 2GREATFR#z z~]lU #THFN2 SMOOTH 211

2ioes 2BFGINZ Cle=04f0se Wa=0,0 SMOOTH 2le
2FO0Rz L.=0 2STFPz 1 =2UNTIL2 1 200+ SMOOTH 213

2HEGINZ R(/PyL/)e=0404.0 Q0.=Q+1.¢ Cl.=C1+2AS(RI(/P,L/)) #END#,. SMOOTH 214
R(/P90/)e=EPSF(/P/) ea=C1.=(2.0%C1=8RS(R1(/P+0/)))REPS/Q.s SMOOTH 215

C2e=Y(/P/)as YW(/P/),= CL®CPer SMOOTH 216

o=2IF2 U=0 2THENZ O 2ELSE# =J,9K.=K=]1.9 SMOOTH 217

#2FOR2 Le=Q 2STEP2 1 2UNTILZ K 2D02 SMOOTH 218

2HEGINZ Oo=N+lL oy SMOOTH 219

M.=2IFz L #LFSS# 0 #2THENZ A+K 2ELSF2 SeKo SMOOTH 220

YW(/0/) «=YW(/0/)=R(/0st14/)%C2, SMOOTH 221

2200e R(/09M/) e=0e0qy SMOOTH 222
2ENDZey Koz Keloo SMOOTH 223

2FORZL A=K+ )1 2STEP£I2UNTIL£#T2N02 - SMOOTH - 224
2IFLECU/N*L/)2LESS2£=-10 2THENZ SMOOTH 225

Yw(/N+L/) a=YW (/NeL/)=R1(/PsL+4/)eC2 SMOOTH 226

#END# pELSF2 SMOOTH 227

2RFGINZ #FOR2 L.=0 #53TFP# 1 #UNTIL2 I #DO#* SMOOTH 228

R(/PeL/) e=RI(/Pol/) ea FPSEL/2/) 4=0040 SMOOTH 229

2END2Z . SMOOTH 230

£END2 2ELSEZ2 - SMOOTH 23]

23088 #REGINZE EPSE(/P/) o=Cle=ERPSHEC(/P/) o0 SMOOTH 232
#FORZ Le=0 #STEPz 1 2UNTIL® I 2002 R(/PsL/)e= RI(/PeL/) 0y SMOOTH 233
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| 26088

25088

’ ) 260e8

270%%

28Que

T#VALUE2 CoTIY e 12V INDEXY

R{/Ps0/) «=R(/P2s0/)¢Clee YN(/P/) o= CL1BY(/P/) e
#END#. :
2ENDZ, .«

2END#OF THE DETERMINATION OF w1, AND oF Ev S AND EPS.,

#REGIN#2COMMENT# S,SOLUTION OF THE EQUATION H1#YCORR=YWs WHERE

H1=EPS®E+Hy YW=EPSPE®Y. THE SOLUTION IS OBTAINED

USING THE SYMMETRIC CHOLESKI NECOMPOSITIONs AND ITERATIVE
IMPROVEMENT DF Y CORR RY THE RESIDUAL VECTOR METHOD. THE
MATRIX Hls WHICH IS BLOK-TRIDIAGONAL AND POSITIVE
OFFINITEs IS DECOMPOSED INTO L#N®L (TRANSP)s WHERF D

IS A CIAGONAL MATRIX AND L A LOWER TRIANGULAR UNTT
MATRIX. H1 IS STORED IN THE RIGHT HAND SIDE OF THE ARRAY
P s L IN THE LEFT HAND SIDE. THE UNIT ELEMENTS OF L ARE
NOT STORED. THE INVERSES OF THE ELEMENTS OF D ARE STORED IN
ARRAY DC. DUKING THE DECOMPUSITION INTERMELTATE RESULTS
ARF STORED IN R2.+

#RFAL#2 #PROCEDUREZ INNERPROD( A9BsColsT1eJ2+INDEXY 0
'y 2REALZ AsFsCes 2ZINTEGERZ TeT1+12¢INDEX.s
2BEGINZ #REALZ CloC2+1C34C4+CSyREALMAXINTsNFASNFB. o
ZINTREGERZ MIsMP29MIINToN2eNIsR19IR21RIeREGsSIMAXINT .
2JF# INDEX = 1 2THENZ .
2REGINZ £COMMENT2 SINGLE PRECISION ACCUMULATION OF PRODUCTS.»
Cle=Caes #2FORZ [oe=I1 2STEP2 1 #zUNTILZ 12 #D0% Cl.=C)+A®B,.
INNERPROD.= C1
. 2ENDZ.»
#EMD# OF PROCEDURE INNFRXPROD.s

. #PROCEDUREZ ALARM(A) .» 2VALUEZ A.s #REALZ A.y

#BEGINZ QUTPUT (4] e2(£/ 42 (2MATRIX NOT POSITIVE DEFINITE#)#,
2(sZDR) 9+DTD2+LZDRE) 2 Jo Ky Ad oo
#END2 OF ALARM,,

#COMMENTZ S.1. DECOMPOSITION OF H1 INTN L®D®L(TRANSP).»
2FOR£J,=0#STEP#A12UNTIL#NC2DO2
2REGINZP =2 IF2J=NC#ATHEN#22FLSE2S, s
1.22IF2 J=0 #¥THEN? 4 2ELSEZ lev
" #FOR% K.=0e142 2D02
#REGINZ N,=3%J+K.o
#FOR# L.=K 2STEP# ) #UNTIL# P#DO#
2BEGIN? Moz N-K+Loo
o=#1F%2 L #LESS#2 3 #THEN® K+4 #2ELSF# Kelas
Cle=R(/NsL*4/) s
CR.=21F# | #LFESS# 3 #THEN#
~INNERPROD (R(/MsQ/) 9R2(/NsQ/) 9=ClsQoTe3+Ks1)
2ELSE#(21F2# K=n #2THENZz C1 #ELSE#
~INNERPROD(R(/MsQ/) sR2(/Ns0+3/) e=CleQslsKsl)) o
2IFAL=K£THENE
2REGINZNC(/N/) 4=C3e=1.0/C200
#IF2C2#LESS22~S02THENAALARM(C2)
#ENDZ 2ELSE® .
£BEGINZ R(/M20/) o=C2%C3,9R2(/M10/),=C2 #FENDZ,
2END# OF L~CYCLE.s
#FNDZ OF K=CYCLE.+
2END# UF J CYCLF. AT THIS STAGE H1 HAS HEEN DECOMPOSED INTO
LeD®L (TRANSP) oo
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290#%

300%8e

ERN AL

320¢s

3309%

340%n

N
#COMMENT#5.2, COMPUTATION OF Yw.e

T1.=38NC+2, . )
#FORZJ,=0#STEP212UNTIL2£12D0#2 YCORR(/J/) o= 0,000

#COMMENT#5,.3. BACKSURSTITUTIONS AND ITERATIVE IMPRO&ENENTS..
Te=Nee

RETURN .

1e=141.9C1.5C10,=0.0.9CR.=140,0
#FORZJ.=02STEP21 2UNTIL #NC#D02
#REGINEN =32 s Me=N=b 4y )
«StIF2J2FQUAL 20#THENZA4ZELSE#L oo
2FOR#ZK ,=04142#00%
2REGINZP .=N+K . 90e=3¢K o
YW(/P/) «==INNERPROD (R(/P ol /) oYW (/ML /)o=YW (/P/)4LsQeO0s 1)
2ENDZ, o
2END#.
2FORZ2J =NC2STEP2=12UNTIL 202NV
2BEGINZE N,=3%J,40.=N=4,
M =2 IF2J2CQUALENCETHENZAEFLSE#2I .
#FORZK =24 1902D0#
ZREGINZP e =N+K, o0 =Kl e s
C2.=YW(/P/) s=~=INNERPROD(R (/Q+L+#21F#£L#GREATER2A2THEN2O£ELSE#
Kea/) s YWL/Q¢LZ) s=YWI/P/IRDHCI/P/) oL oKeSeMe1) o0
CI.=YCORR(/P/) =YCORR(/P/)+C2a
C44=2HS(CI) e o2 [F£CIALESS2C42THENZCY4=Cl,y s
C7.28B5(C2) ¢ 92 IF2CI0£ALFSS2CT2ZTHENZC104=CT0

2COMMENT 2544, THF NEXT SET STATEMENTS CONCFRN ACCURACY TESTS,»s

2 F2T2GREATFR#212THFNE
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SMOOTH
SMOOTH
SMOOTH
SMOOTH
SMOOTH
SMOOTH
SMOOTH
SMOOTH
SMOOTH
SMOOTH
SMOOTH
SMOOTH
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2REGINZCS .=, 001/ (2IF2EC (/P /) 2LFSS2#=102THEN#2-202ELSE2EC(/P/)) oy SMOOTH

2TIFEKMAR=) 2THENE

B~106

2IF2C52LESS#2~202THEN#CS ,=2=2049 CH.= C20C240 SMOOTH
2IF2CS2LESS® 2+ T#AND#2CE2GREATER2ECS2THEN SMOOTH
tBEGIN#CA,==~1.0.0 #IF2 [=20 #THENZ SMOOTH
QUTPUT (4152(2/42(+ZDR) ¢2(+D.702+¢Z20R) %) 29 JeK9C2¢C3) o0 SMONTH

2ENDZz 2FLSE# SMOOTH
#IF2CS2GREATFR22+7£AND2C72GREATER£TOL 1#C42ANDECT2#GREATER2TOL2 SMOOTH
2THENZ ’ SMOOTH
2REGINZCH.=-1.0.9 #1F2 1220 2ThENZ SMOOTH
OUTPUT (41 e2(2/92(¢2ZNR) 42(+DaTD2¢Z2NB) 9+ZN2) £9JeKsC2sCIa1) s SMOOTH

£ENDZ . SMOOTH

2END# OF I GREATFR 1 CONDITIONAL STATEMENT,.s SMOOTH
2END# OF K CYCLE.»s SMOOTH
#END2 OF J CYCLE. AT THIS STAGE YCORR HAS BEEN DFTERMINED.s SMOOTH
- SMOOTH
OUTPUT (419#(#/92(2INFINITY NORM OF YCORR #)#+¢D.702+220B2)#+C1) o0 SMOOTH
OUTPUT (4142 (2/+2 (2INFINITY NOwM OF IMPROVEMENT VECTOR#)#s SMOOTH
+D.7N%+2Z208B2)12,C10) . SMOOTH
2IF2I#CGREATERZ]1 2ANNZCHEGRFATER20 .04 THENZ2GOTOZSOLUTTON DETFRMINED.s SMOOTH
2IF2IS12THEN#CR.==1.N00 SMOOTH
SMOOTH

#COMMENT#5.5.DF TERMINATION OF RESTDUALS,.s SMOOTH
#2FOR#J,=02STEP#) #UNTTL2NC#2N0O# SMOOTH
2REGINZ N,=3%J,yM,=N=4,» SMOOTH
Qe=2IF2J2EQUAL 202 THENZG2ELSE#]L o SMOOTH
0.=#1F#J2EQUAL2NCZTHEN262ELSE 29, ¢ SMOOTH
2FORZK . =09 1+22002 SMOOTH
2REGINZP . =N+K, o SMOOTH
SMOOTH
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#BEGIN#2INTEGER#R,. » SMOOTH
"SMOOTH
35naa #REAL##PROCEDUREZELEMFNT OF R1(L)+oe ZINTFGERZ Lo SMOOTH
ELEMENT OF R1,=2IF#L#2LESS#G2THENZ "SMOOTH
Rl (/MeL sK+T7/)#FLSE2 (£ IF 2L 2LESS#K+ 42 THEN# SMOOTH '
R1(/M¢L oK+4/) 2FLSEZRYI (/PebL/) ) oy SMOOTH
SMOOTH
YW(/P/) .==INNERPROO (YCORR (/M+L/) SMOOTH
tIF2EC(/P/) #GRFATER2£-10020R£EC (/M+L /) 2GREATER#£#£-100 SMOOTH
#THEN# 0.0 #ELSE# ELEMENT OF R1(L)» SMOOTH
INNERPROD (YCORR (/M+R/) 9+ 21F2EC(/P/) 2LESS#22-1002AND2 SMOOTH
EC(/M+R/) #GREATER#2~100#THENZELEMENT OF R1(R)#ELSE#0.0, SMOOTH
16089 ~EPSE(/P/)®(Y(/P/)=YCORR(/P/)) sRsQs0s1)sLs0s041) SMOOTH
#END#2ELSE# SMOOTH
YW(/P/) «==INNERPROD (YCORR (/M+L/) s SMOOTH
2IFz L #2LESS# &4 #THENZ R1(/M+L+K*7/) SMOOTH
ZELSEZ(2IF2LALESS#4 +K2THENZRL (/MeL o4 +K/) 2ELSEZRI (/PsL /) ) SMOOTH
=EPSE(/P/)#(Y(/P/)=YCORR(/P/)}) 4L +Qs0s1) SMOOTH
2END# . — — _SMOOTH——
“2END® AT THIS STAGE THE RESTDUALS HAVE BEEN STORED IN YW.s SMOOTH
tI1Fe C8 2zLESS? 0 #AND# 1 #LESS# 7 #THENZ 260702 RETURN.s SMQOTH
#END# OF SOLUTION OF THE EQUATION H1®#YCORR=YW,.s SMOOTH
370%# SOLUTION DETERMINEDN.. SMOOTH
KCa=KC¥lay #GOTO#AGAIN.» SMOOTH
READY., KCue=KCoo SMOOTH
2[F# KKC #LESS# KKMAX #2THEN# #GOTO# ONCF MORE 1. SMOOTH
#END# OF THE PROCEDURE SMOOTH THE VECTOR Y. SMOOTH
SMOOTH
#PROCEDURE# INTERPOLATE (XsK0sK1sK29K39K49KS) s 2VALUEZ X.» SMOOTH
#REALZ Xos ZINTEGERZ KOeK1eK2sK3sK49KS,s SMOOTH
#BEGINZ #REALZ lJ'XJPEoXL'XR.Dx.ClvCZsC]oSUM.v SMOOTH
£INTEGERZ TsJsKsLao . SMOOTH
3R0¢® #BOOLEANZ A COMPUTED.s SMOOTH
2REAL# 2ARRAYZE A)(/1.0693..5/)+0CX(/14:5/)00 SMOOTH
A COMPUTED.=IC#GREATER#0,s SMOOTH
2TF2 ICZNOTGREATER#0 #THENZ TC.=1l.¢ SMOOTH
XJPE«=XC(/IC/) ey XJa=XC(/IC=1/) 0 SMOOTH
£COMMENTZ 1. DETERMINATION OF INTERVAL CONTAINING X, SMOOTH
INTERVAL . o’ SMOOTH
#1F# XJPE-XJ2GREATER#02THEN# SMOOTH
#REGINZ 2IF# XJPE2GREATER#X#ZAND#XJ2NOTGREATER#X#THEN22GOTO£PROCEED SMOOTH
#END# 2ELSE#- SMOOTH
39092  ZREGINZ 2IF# XJPEZLESS£X2AND#XJ2NOTLESS#X2THFN2 #GOTO# PROCEED SMOOTH
#END#. s SMOOTH
#IF# IC#EQUAL® NC #THEN% SMOOTH
#2REGINZ ICa=les XJo=XC(/0/)ae SMOOTH '
XJPE .=XC(/1/) SMOOTH
2END# 2ELSE# ) SMOOTH
#REGIN% IC.=IC+lew XJ.=XJUPE. s XJPE=XC(/IC/) SMOOTH
Z2END#. SMOOTH
A COMPUTED.= #FALSE#.s #GOTO# INTERVAL.» SMOOTH
SMOOTH
40098 #COMMENT2 2. COMPUTATION OF ARRAY Al AND OF A3,A4,4A4S,, SMOOTH
PROCEED.. SMOOTH
21F% #NOT2 A COMPUTED #THEN# SMOOTH
#BEGIN#Z DXe=XJPE=XJ.s C1.2C2.=1,0/DXev SMOOTH
#FOR# 1.=1 #STEP# 1 #UNTIL# S #DO# SMOOTH
#BEGIN® DCX(/1/),.=C2.s C2.= C2%C1 SMOOTH
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#END#,

Ke=32IC=t,s

#FOR#Z 1.=3+4¢5 #D0#

#RFGINZ Al (/641/)4=C3e=(291=-5+(2IF212EQUAL2S2THENZ)#2ELSE20)) @
(=1.,0)2POWER%(T=1)20CX(/1/) e
Al (/191/)e==Cl.s
AY(/291/)22C2.3([=2)"(=1.0)2POWER2(I-2)4DCX(/1-1/) 4
Al (/Se1/) o==(C37DXe¢C2) 0
AL (/301/) 450,59 (=1.0)2POWFR2(I=2)20DCX(/1-2/) .y
AL(/6e1/)o=(1=3)01]1=4)"0,259DCX(/3/}

2ENDZ, ¢

#FOR% 1.=394+5 #DUZ

#BFGINZ SUM.=0,.4
#2FOR% L,=1 #STEP# 1 #UNTIL? 6 #200#
SUM,=SUM+AL (/Lo 1/)#YCORR(/L*K/) o
21F2 12EQUAL23 2THEN# A3,=SUM 2ELSE# #IF2 TZ2EQUAL#4 #2THENZ
A4 ,=SUM 2ELSEz AS.=S5UM.,

2END#.

2END#.

#2COMMENT2 3, COMPUTATION OF INTFERPOLATED VALUES..
XL oZX=XJet XRe=X=XJPEotKo=3%1C-ty0
21F# KOZEQUAL20 #THENZ
YO0.SYCORR(/K¢1/)+XL® (YCORR(/K+2/)+XL®(0,S#YCORR(/K*3/)+
XL#(AJeXR# (AL+XRBAS))) ) ue
21F# K12EQUAL#L #THENZ
Y1e=YCORR(/K*+2/) ¢XL*= (YCORR(/Ke3/) +XL*®
(3,00 (A3+XRD(AL+XREAS) ) +ALH(AL+XR®2,0%A5))) o0
21F# K22EQUAL#%2 2THENZ Y2.=YCORR(/K+¢3/)+XL®(6.,0%
(A3+¢XR® (A4 +XRBAS) )+ XLB(6,0% (A4+2,09XRGAS) +XLE2,N8AS)) 40
2IF# KI3LEQUAL#3 2zTHENZ
Y3eThe NP (A XLE (I, 04A4¢XRHE,NBAS+XL®(3.02A5) ) +XR® (A4+XR2AS) ) o0
2IF2 K4zEQUAL 24 #THEN#
Yae=24.00 (844 (2,09XR¢3,0XL)®A5) 40
2IF# KSZEQUAL %S 2THEN® YS,=120%A%.

#END2 OF PROCEDURE INTERPOLATE.s

#COMMENT 2 MAIN PROGRAM,»s

OUTPUT (41 e2(2%42 (2RESULTS OF PROGRAM T 32#)#4+/s
2(2DATA INPUT TAPE NUMBER AZ)24¢2D#)#+1C) .0
#FORE 1.=0 #2STEP# 1 #UNTIL2 NC 200#
#2BFGINZE Jo=3%1.,
INPUT (402 (22) e XC(/T1/) oY (/I/7)2XY (/41719 (7Je2/) ) 0
OUTPUT (4192 (#/9+ZDBr4 (4D TN +ZDH) #) %
IS VAVARA RV NVANS AVNIS VAR AWNLY-VA R Y]
2END#.
OUTPUT (4192 (2842 (2MODIFIFD IHNPUT DATAZ)2£)2) .,
#FOR# 1.=0 #SYEP# 1 #UNTTL#2 NC #DO#
2RFGINZE Jo=3%].,
C1.=COS(Y(/J*X/)) on
Y(/J*1/)e=SIN(Y(/J+1/)1/Clas
Y(/J+2/) e==Y(/J¢2/7)/C12POWER23, 0
OUTPUT (4L o2 (#£/9+ZDBea(+D,702+2ZDB) #) #»
Te XCUZIZ)e Y(/3/) 9 YU/JOL/) e Y(/J*2/))0an
2FEND# o

SMOOTH THE VECTOR Y.»
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OUTPUT (41 e# (28e2 (2RESULTS OF THF SMOOTHING PROCESS#)#2)%) .
#FOR# 1.=0 #STEP# ] #UNTIL# NC 200z

#BEGINZ J.=3%1.,

OUTPUT (4192 (#/++ZDBeT(+D7D2+Z22DR) £) 2,

ToXC(/71/) «YCORR(/J/VY9YCORR(/J+1/)sYCORR(/J*2/) s
YCORR(/J/Y=Y (/7)Y oYCORR(/S+1 /=Y (/34 1/) s YCORR(/Je2/)=Y(/Je2/))un

2ENOZ.

OQUTPUT (412 (2232 (2RESULTS OF INTERPOLATION#Z)2%)#) .0

ICe=04e

#END2
2END#.

0 #STEP# 1 #UNTIL#2 NC-1 2002
2BEGINEZ Cl.=(XC(/T+1/)=XC(/1/)) /6 0es
2FO0R# Jo=0 25TEP2 1 2UNTIL2 & #DO2 .
2BEGINZ C2.2 #IFz J 2LESS%: 6 2THEN2 XC(/1/)+J%C]l £ELSF#
XC(/T41/12(1.0=-SIGN(CL)*SIGNIXC(/1+1/))%2=10)40
OUTPUT (G1e2(£B2)#) o v
QUTPUT (41 +s#(2/9¢ZDR+T7 (+1), 70"210“)‘)*"'C2vV0 Y1oY2eY3sY4eY5) 4y

INTERPOLATE(C2900192030445) .

QUTPUT(4)+2 (2242 (2CORRECTED AEROFO]L SECTIONZ) 24/

#(21+ NEW VALUES.

OLD VALUES MINUS NFW VALUFS2)2#£)2),,

#FOR# T.=0 #STEP# 1 #UNTIL# NC 200z
#RFEGINE J,=3%1.»
QUTPUT (4192 (#/ 0420897 (+D.7D#+Z22DB)#2) 2
Te XC(/1/)

~YCORR(/J*2/)/((1,04YCORR(/J+1/)2POWERE2) £POWER#1,5)

YCORR(/J/) e

Y(/J/)=YCORR(/J/)
ARCTAN(Y(/J+1/))-ARCTAN(YCORP(/J*1/) )

=Y (/342737 ({1 .04Y(/J+1/)2POWERZ2) 2POWERZ21.5)
+YCORR(/J¢2/)/7((1,0+YCORR(/J+1/)2POKER22) 2POWERZ1,5) ),

ZENNE,
1Ce=000

ARCTAN(YCORR(/J*1/) )

OUTPUT (41 s2(#//92(# END OF RESULTS OF PROGRAM T 32 #)##)%) .
260702 START OF PROGRAM.,
#END# OF BLOK 2.9

RUNS COMPLETED.. NC.=NC.s

#ENDZ

LEOPZ
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0
501
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48
48
4R
48
49
49
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S1
51
51
S3
s3

PROGRAM HE

XXALGbL

GINS

PROGRAM ENDS
SOURCFE DECK ENUS

NON~FORMAT
NOM~FORMAT
NON-FORMAT
NON-FORMATY
NOM-FORMAT
NON=FORMAT
NON=-FORMAT
NON=FORMAT
NON=-FORMAT
NON-FORMAT
NONM=FORMAT
NON=FORMAT

STRING
STRING
STRING
STRING
STRING
STRING
STRING
STRING
STRING
STRING
STRING
STRING

{MESSAGE)
(MESSAGE)
(MESSAGE)
{MESSAGE)
{MESSAGE)
(MESSAGE)

" (MFSSAGE}

(MESSAGE)
(MESSAGE)
(MESSAGE)
{MF.SSAGE)
(MESSAGE)
(MESSAGE)
(MF.SSAGE)

(MFSSAGF)

ThE FOLLOWING CONTROL CAxD OPTIONS ARF ACTJVE
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