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FOREWORD 

The document vas written at the Aeromechanics Branch of the Flight 

Mechanics Division, Air Force Flight Dynamics Laboratory (AFFDL/FXM), 

Wright-Patterson AFB, Ohio 45433. The report covers the technical aspects 

and theories involved in the computer program written by Capt. Don W. Kinsey 

and Douglas L. Bowers. 

The majority of the work was performed during June-September 1970, 

but the program utilizes some previous work by the authors. 

The work was performed under Project 1366, "Aeromechanics Technology 

for Military Aerospace Vehicles, " and Task 136612, "Prediction and Improve¬ 

ment of Aerodynamic Characteristics of Advanced Military Aircraft. " 

This technical report has been reviewed and is approved. 

PHILIP P. ANTONATOS 
Chief, Flight Mechanics Division 
A F Flight Dynamics Laboratory 
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ABSTRACT 

This report describes the technical and analytical aspects of a computar 

program written to give airfoil coordinates, incompressible inviscid section 

characteristics and two-dimensional drag-rise Mach numbers for a large 

number of National Advisory Committee for Aeronautics (NACA) designated 

airfoils from a simple one card input. The computer program is a combination 

of two separate programs. On program gives the airfoil surface coordinates 

with only the NACA airfoil designation as input, and the other program uses the 

surface coordinates to predict incompressible, inviscid pressure distribution 

from which the section characteristics and drag-rise Mach number are 

determined. The capabilities and accuracies of the computer program are 

described. This document contains input instructions and other operating 

procedures necessary to utilize this program. Also included are a program 

listing, a sample printed output, and a representative output plot. 
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H 
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F = [ßj) + 1/2 (1-Ad) Cpcrest ] 

free stream stagnation pressure 

drag rise Mach number 

an integer N = 32 for this program 

n = -1 + (5/2) tan (ra/2) 

Reynolds number based on approximate drag rise Mach 
number and chord length 

N - 1 (1) 

I 
1 

N - 1 (2) 

I 
fi = 1 

N - 1 (3) 

ztH- 

sfiv zt/¿ 

(3) 

X SfJLP Zf;^A+ SN^ ^/2c 
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8flV Z8fjL 

‘IT 

integration coefficients from reference 2 
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ratio of local velocity to the free stream velocity 

airfoil coordinate distribution along chord line 

airfoil coordinate abscissa for lower surface measured 
from leading edge 

airfoil coordinate abscissa for upper surface measured from 
leading edge 

ordinate of mean line measured from chord line 

airfoil coordinate ordinate for lower surface measured from 
chord line 

ordinate of airfoil surface measured perpendicular to mean 
line 

airfoil coordinate ordinate for upper surface measured from 
chord line 

camber line distribution 

thickness distribution 

angle oi attack in degrees 

incompressible viscous angle of attack 

incompressible inviscid angle of attack 
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SYMBOLS (CONTD) 
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Ax 
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H- 
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Ta 

P 

incompressible angle of attack at CL = 0 
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incremental value for airfoil coordinate distribution 

angle whose arctangent is the slope of the mean line 

angle whose arctangent is the slope of the airfoil surface 

quarter chord sweep 

taper ratio 

summing index for matrix multiplication 
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SECTION I 

INTRODUCTION 

This report discusses the combination of two separate efforts conducted by 

the authors. The objective of the first effort was to program the method out¬ 

lined in Reference 1 on predicting the drag-rise Mach number for two dimensional 

airfoils. This procedure required the airfoil surface coordinates as an input. 

Often, however, the coordinates of airfoils of a particular camber and thickness 

are not readily available. This led to the development of another program that 

produces the surface coordinates of a National Advisory Committee for 

Aeronautics (NACA' designated airfoil with the NACA designation as the only 

input. 

The combination of these two programs allows the user to obtain the surface 

coodinates, incompressible, inviscid section characteristics and two-dimensional 

drag rise Mach number for a large number of two-dimensional NACA desig¬ 

nated airfoils with only a one card input. 

Included in Appendix I are the input instructions, the operating procedures, 

a program listing, sample printed output, and a representative output plot. 

This Fortran IV program was written for the IBM 7094 system and 

Calcomp 563 Plotter. The deck was later converted for use on the CDC 6600 

digital computer at Wright-Patterson Air Force Base, Ohio. 

1 
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SECTION II 

NACA AIRFOIL SURFACE COORDINATES PROGRAM 

The NACA family of airfoil sections is obtained from a combination of a 

mean line (or camber line) and a thickness distribution. The mean line and 

thickness distribution are combined according to the following equations to 

produce the airfoil section surface coordinates shown in Figure 1. 

= X *t sin 6 m 

yu = yc + yt 

X + yt 

cos 

SID 

e, m 

ft m 

yc - yt cos 9m 

For a given chordwise position of X, 

yt is the ordinate of the thickness distribution 

yc is the ordinate of the mean line, 

em is the arc tangent of the slope of the mean line, 

X and yu are the resulting upper surface coordinates, 

and y^ are the resulting lower surface coordinates. 

Appendix II contains the thickness and mean line expressions for the NACA 

airfoil sections within the capability of this program. If other thickness and 

mean line expressions are developed and become available, they can be in¬ 

corporated into the program. 

NACA sections listed below, with the indicated restrictions, are within 

the program's capability. 

Designation 

4 digit airfoils 

5 digit airfoils 

Example 

0012 

23118 

Remarks 

No restrictions 

No restrictions 

2 
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Designation 

4 digit modified 

5 digit modified 

1-series 

6 scries 

Example 

2406-32 

43006-65 

16-212 

64-005 
64A005 
64-005 a=.6 

Remarks 

Second integer in suffix 
must be 2, 3, 4, 5 or 6. 

Same as 4-digit modified 

Second integer must be 
6, 8 or 9. 

Second integer must be 
3, 4, 5 or 6. 

In order to provide increased accuracy at the leading edge the distribution 

of points (values for X) defining the surface coordinates was chosen according 

to the following table: 

X (% chord) 

0-1. 

1. - 30. 

30. - 80. 

80. - 100. 

Ax (% chord) 

0.125 

1.0 

5.0 

2.0 

Figure 2 shows the surface coordinate distribution for a NACA 2412 

airfoil section. 
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SECTION III 

DRAG-RISE MACH NUMBER PROGRAM 

I. PRESSURE COEFFICIENT CALCULATIONS 

The criterion for drag-rise Mach number is defined in Reference 1 as 

"Mj) is the value of free-stream Mach number for which the crest pressure, 

calculated from the low-speed value by application of the Karman-Tsien 

compressibility factor, equals 0.515 H. " H is the free-strcum stagnation 

pressure (See Figure 3). The crest of the airfoil section is defined as the point 

where the undisturbed free-stream flow direction is tangent to the surface. 

The first step is to define the incompressible, inviscid pressure distribution 

from which the pressure at the crest can be determined. The method of 

J. Weber (References 2 and 3) was used for the pressure distribution calculations. 

This method requires only a knowledge of the airfoil surface coordinates at the 

chordwise locations defined by 

X (i/) « j ( 1+cos) where 0<i/<N 

N may be any integer, but for this program N is equal to 32. Values for N 

greater than 32 produced negligible improvement in accuracy at significantly 

greater computer time and storage requirements. 

The theory developed by Weber is essentially a second-order linear theory. 

The theory gives exact results for elliptical sections and very good results for 

normal airfoil shapes. Simply stated, the method requires only the multipli¬ 

cation of the column matrix of thickness or camber values by the appropriate 

matrix of constants given in References 2 and 3. Specifically, the equation for 

pressure coefficients on a two-dimensional airfoil is given by the equation 

{cos a [ l + SU) ±s7x)] 
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± sin a y/^r [l + S(x)]} 

r (2» (8) ■,* 
I + [ S(x) ± S(x)J 

For Cp on the upper surface the + is used and for lower surface Cp the - is 

used. 

(I) N- 
SU) * I 

M* 

) N- 
S(x) « I 

(3) N- 
S(x) » X 

fi* 

(4) Ni- 
SU) - I 

H-' 

(8) N - 
Six) - I 

H-' 

(i) 

^fJLV 1 tfl 

(2) 

*pv 

13) (3) 
SflV Z1fl + *Nl/ 

(4) 
*tlV ZSfL 

<B> 7 *fiv z%n 

£_ 
2C 

(I) (>) (8) 
where %^v , -s^v are all N-l X N 

matrices of constants given in References 2 and 3. 

Z s is the camber line description defined as: 

Zs * T 

and Zt is the thickness distribution given by: 

zt » ÿ iyu + n] 

8 
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p is the leading edge radius and c is the chord length. If p is given in fraction 

of chord, becomes vf • 

Figure 4 compares Webers method with both a Joukowsky airfoil and a 

NACA 64^ - 212 airfoil. The exact solution for the Joukowsky airfoil is derived 

from a relatively simple analytical expression given in Reference 3, whereas, 

the NACA 64^ - 212 solution is from a complex Douglas Neumann potential flow 

program described in Reference 4. Weber's method gives very good results for 

both airfoils. As expected, better results are obtained for the NACA 641 - 212 

airfoil where N = 32 than for the Joukowsky airfoil where N = 16. 

The results of the Weber theory should be used with caution near the 

extreme leading edge of highly cambered airfoils where poor approximations 

for the thickness and camber distributions may result. This method should 

not be used for airfoils with surface discontinuities such as slots or flaps. A 

detailed explanation of the theory is given in References 2 and 3. Both 

references are required for a complete discussion of the method. 

2. DRAG RISE MACH NUMBER CALCULATIONS 

The section characteristics for incompressible, inviscid flow are obtained 

by integration of the pressure coefficients. Trapezoidal integration between 

successive points on the Cp curve is used by this program. The step-by-step 

procedure involved in computing MD is given in Reference 1 and is reproduced 

in Appendix III. The assumptions and approximations made in the derivation 

are discussed below. A flow diagram for the computer program is shown 

in Figure 5. 

The first assumption is that for any given value of lift coefficient the 

same pressure coefficient near the crest will result for both inviscid and 

viscous flow but ei.ch will occur at a different angle of attack. Viscous effects 

9 
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NACA 64^-212 at 5° Angle of Attack 

Figure 4. Comparison of Weber's Method with "Exact" Results 

10 
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Figure 5. Flow Diagram 

11 
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on the lift curve slope are assumed to be a function of trailing edge geometry 

and Reynolds number as shown in the following equation: 

.n 

'IT 
I - In Re 

10' ] [ .232 + 1.785 ton 2.95 ton' 

Reynolds number is evaluated at the approximate drag-rise Mach number, 

usually Mp = . 7. Other terms used in the equation for correcting the lift curve 

slope for viscous effects are defined in Figure 6. 

Assuming the angle of attack ( a ) for zero lift (CL = 0) in viscous flow 

coincides with the angle of attack for zero lift in inviscid flow, a and an 

a for viscous flow may be associated with the pressure coefficient previously 

defined for inviscid flow as follows: 

'1 ■ (^f) + ° OIT • 

The crest position on the airfoil surface can be located from the surface coor¬ 

dinates for any given angle of attack. At this chordwise location the corre¬ 

sponding pressure coefficient is used hi the following equation from Reference 1 

to define the drag-rise Mach number: 

0.515 U + 0.2 Md2) 3,5-I 

'pcrest 0.7 F Ms 

where F is the Karman-Tsien compressibility factor. 

F . [/30 + ^n-0D) cPc„s,]" 

The compressible lift coefficient can be obtained by using the Prandtl-Giauert 

correction factor. 

■LD 
LI 
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iL . j-L(Re/l08)lni.232 + 1.785TANra/2-2.95TAN*ra/ 
°IT L J l 

n * - I + t5/2)TANra/2 

TgO • Thickness at X * .9c 

t99 » Thickness at X ■ .99c 

21 

Figure 6. Viscous Effects Correction 



AFFDL-TR-71-87 

The computer program prints a table of values for CLD and Mß so that a curve 

of CLD vs Mß can be drawn that will readily show the low and high drag regions, 

as illustrated in Figure 7. 

The drag-rise Mach number calculations are seldom valid at angles of 

attack greater than six degrees. Therefore, the program always gives a table 

of Mß, Cßß and a for one degree increments from a maximum of six degrees 

to a minimum of a at < 0.0. The incompressible, inviscid section charac¬ 

teristics are given for whatever angle of attack is input to the program. 

One of the fundamental assumptions of this prediction technique is that 

drag rise occurs when a shock of significant strength develops at the crest 

position of the airfoil. For some airfoils local supersonic flow produces a weak 

shock or shocks ahead of the crest position. This condition is referred to as 

supercritical drag creep and indicates a condition where significant increases 

in drag occur before the predicted drag rise Mach number. However, the rapid 

increase in drag is usually delayed until the shock moves back to the crest 

position. As the angle of attack increases, the distinction between the super¬ 

critical drag creep and the rapid drag rise due to the shock at the crest becomes 

less pronounced. Should the shock upstream of the crest become sufficiently 

strong to cause separation, the drag increase will be quite rapid and the 

method fails completely. 

Another necessary condition for drag rise prediction is that the subsonic 

flow around the airfoil must be able to be approximated by a simple correction 

to the incompressible, inviscid flow. This implies that the method ceases to 

be valid should separation occur at Mach numbers less than drag rise Mach 

number. 

Reference 1 provides an empirical method of predicting supercritical drag 

creep based on the slope of the C curve upstream of the crest position. The 

pertinent calculations are made by the computer program and the results are 

part of the output. The reference did not provide any method of predicting 

separation. However, from data available an empirical prediction technique 

based on the location and magnitude of the maximum thickness and the angle of 

14 
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Figure 7. MQ vs. CLD Plot - NACA 0010 

15 
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attack was formulated and is incorporated in the program. In general, a thin 

airfoil with maximum thickness near or behind 50% chord location is particularly 

susceptible to separation. A prediction of either supercritical drag creep or 

separation should not be regarded as definite errors in MD prediction but 

rather as a warning that errors may be present. 

16 
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SECTION IV 

ACCURACIES AND LIMITATIONS 

Airfoil coordinates generated with this program were accurate to within 

0. 35% chord for 6-series airfoils and 0. 2% chord for all others, when compared 

to tabulated coordinates in NACA Report #824 (Reference 5). Much of this 

error results from the fact that many existing airfoil sections were not derived 

from exact mathematical expressions. Rather, the coordinates were first 

established by other means (experimental, pressure distribution, etc.) and 

then given the NACA designation which most nearly approximated the resulting 

airfoil (Reference 5). 

The Weber theory for pressure coefficient calculations gives excellent 

results and is widely used in the British Aircraft Industry. A trapezoidal 

integration technique is used to define C^, CD and Cm^c/4j. The CL and 

Cm(c/4) are accurate to at least 5% of exact incompressible, inviscid calcu¬ 

lations and other widely accepted techniques. The C^ accuracy is difficult to 

establish since it is strongly dependent on pressure coefficients near the 

leading edge where pressure coefficient accuracy is not easily obtain ¿d. 

Accuracy of the drag-rise Mach number is not greatly dependent on any 

other part of the program with the possible exception of Cp crest. For most 

airfoils at the moderate angles of attack considered ( a Ú 6°), the crest 

location is far enough aft of the leading edge that Cp prediction is quite 

accurate. Reference 1 promises accuracy of ± . 015 for drag-rise Mach number 

based on the results of tests on 29 airfoils at angles of attack up to 6°. The 

many airfoils checked with this program were all within that accuracy. 

The method for defining drag-rise Mach number was originally designed 

for straight two-dimensional airfoils only. As mentioned, a large number of 

test cases have verified this method for these airfoils. However, a limited 

number of test cases were run for airfoil sections of complete aircraft con¬ 

figurations, both straight and swept wing. The drag-^ ise Mach numbers were 

found to correlate better with actual flight tests than most contemporary 

17 
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methods of predicting drag-rise Mach number. The results are shown in Table I. 

Better than 6% accuracy is obtained for all nine aircraft and better than 2¾) 

accuracy is achieved for all except the F-94A. 

18 



ÉüHaaittiaaata 



AFFDL-TR-71-87 

SECTION V 

SUMMARY 

As a result of this effort, a quick and simple means of obtaining the 

inviscid, incompressible section characteristics and drag-rise Mach number 

for two-dimensional arbitrary NACA airfoils is available. This laborsaving 

program makes available coordinates and characteristics of HACA designated 

airfoils not obtainable elsewhere without a considerable amount of tedious work. 

The program has also shown promise in the three-dimensional case for pre¬ 

dicting drag-rise Mach number. It is anticipated that the three-dimensional 

feasibility of this program will be investigated further. The current program, 

however, offers great potential as an easy method to obtain the coordinates 

and section characteristics of any NACA designated airfoil. 

20 
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APPENDIX I 

COMPUTER PROGRAM DESCRIPTION 

1. CAPABILITY 

This program has the capability to handle the following NACA airfoils with 

given restrictions. 

Airfoil Designation 

4-Digit 

4- Digit Modified 

5- Digit 

5-Digit Modified 

1-Series 

6-Series 

Restriction 

None 

Position of maximum thickness must 
be .2, .3, .4, .5 or .6 chord, as 
indicated in the designation by the 
second integer in the suffix. 

None 

Same as 4 -Digit Modified 

Position of minimum pressure 
must be . 6, . 8 or . 9 chord, 
as indicated by the second 
integer in the designation. 

Position of minimum pressure 
must be . 3, . 4, . 5 or . fi chord 
as indicated by the second 
integer in the designation. 

The computations for CL, CD, Cm^c/4j and Cp are limited to airfoils with 

infinite aspect ratio (assumes 2-D flow field). The program is not limited by 

angle of attack; but since incompressible, inviscid flow is assumed, the onset 

of separation cannot be predicted. 

The computations for drag-rise Mach number are seldom valid for angles 

of attack greater than 6 degrees; therefore, the drag-rise table always starts 

at 6 degrees and decreases in one degree steps until C^ < 0. 

21 
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2. COMPUTER INPUT PROCEDURE 

The data deck consists of a minimum of two cards. Card #1 is the card 

containing the airfoil designation and related constants and card #2 is a blank 

card. Each additional data case is added oefore the blank card. 

The NACA designation is placed in columns 1-9, starting always in 

column 1, and a program routing code is placed in column 10. The designations 

are entered according to one of the following examples where a dash ( - ) 

indicates a blank column: 

NACA Series 

4-Digit 

4- Digit Modified 

5- Digit 

5- Digit Modified 

1-Series 

6- Series 

NACA Designation 

0012 

2406-32 

23118 

43006-65 

16-212 

65,2A212a = 

64A212 

63,2-212 

64-005 

Col, 1-9 

0012 

2406-32 

23118 

43006-65 

16-212 

65212126 

64-1212 

632-212 

64—005 

Col. 10 

1 

2 

3 

4 

5 

6 

6 

6 

6 

NOTE: This program does not distinguisn between 64,2-210 and 64o-210. 
The difference between the coordina.es of the two designations is 
negligible. 

Fractional inputs of thickness in hundredths of percent chord are allowed 

for 4-Digit, 5-Digit and 1-Series airfoils. The fractional part of thickness 

value is placed immediately to the right of the NACA designation. For example, 

a 4-Digit symmetrical airfoil with a thickness of 12. 25% chord is entered as 

001225—1. 

In addition to the NACA designation and the routing code, four other 

variables must be included. In column 15 an integer value of either 1, 2 or 3 
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must be entered. This integer indicates the method of sweep for the airfoil. 

A "1" in column 15 indicates an airfoil with no sweep. A "2" indicates an 

airfoil sheared "</> ■ degrees and a "3" in column 15 indicates an airfoil that is 

swept "<¿>" degrees. A sheared airfoil has the airfoil section, as defined by the 

NACA designation, parallel to the free stream flow regardless of leading edge 

sweep, while the defined section of a swept airfoil is always taken perpendicular 

to the leading edge. New "corrected" coordinates paralled to the free stream 

flow direction are computed for swept airfoils. Columns 21-30 contain the 

value of leading edge shear or sweep, "<p" in degrees. Columns 31-40 contain 

the value of the angle of attack in degrees and columns 41-50 have the chord 

Reynolds number, calculated at the approximate drag-rise Mach number, 

usually M = 0. 7. 

An example of one complete data case would be: 

NACA Routing 
Designation Code 

Columns 

Example 
Values 

1-9 

24012 

10 

3 

Sweep 
Code 

15 

2 

Sweep Angle of 
Angle Attack 

21-30 

10.0 

31-40 

5.0 

Reynolds 
Number 

41-50 

6000000. 

This card describes a 5-digit airfoil with a sheared planform of 10. 0 degrees 

at an angle of attack of 5. 0 degrees and a Reynolds number of 6 x 10 . 

3. COMPUTER OUTPUT DESCRIPTION 

The output begins with a listing of the computed coordinates for the NACA 

designated airfoil. Using a distribution which favors the leading and trailing 

edge, the program gives 59 ordinates and abscissas for both the upper and 

lower surface. 

Following the listing of the coordinates is a print-out of the input con¬ 

ditions defining method of sweep, leading edge radius, leading edge sweep, 
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Reynolds number and angle of attack. The section characteristics C^, and 

Cm(c/4) are then printed out along with a table of pressure coefficients for 

the upper and lower surfaces. Delta C , defined as 
ir 

DELTA CP = Cp (upper) - Cp (lower) 

is also listed. Following the pressure coefficients the theoretical (incompress¬ 

ible, mviscid) lift curve slope is defined along with the lift curve slope 

corrected for viscous effects. The angle of attack at zero lift and a term 

designated ALPHA MAX (used to predict separation) are specified. 

The drag-rise Mach number table constitutes the last of the output. This 

table consists of values for drag-rise Mach number (DMACH), lift coefficient 

corrected for compressible effects (CLD), original angle of attack (ALPHA), 

angle of attack after viscous corrections (ALPHI), the X-location of the crest 

position (XCREST), the Cp value at the crest position (CPCREST), and a 

term DELCP used to predict supercritical drag creep. 

This program produces a plot of the airfoil on a labeled axis system. The 

plotting is done with an IBM 7094 computer and a Calcomp 56b plotter. One 

data case runs for approximately 80 seconds on this IBM system and plots for 

3 minutes. Each additional data case adds 14 seconds computing time and 

2 minutes plotting time. 

4. SAMPLE COMPUTER OUTPUT 

a. Printed Output 

The following is a listing of the output for a NACA 65,2A215 airfoil section. 

The output is for a wing swept 45°, at an angle of attack of 5° and with a 

Reynolds number of six million. 

b. Output Plot 

Following the printed output is a copy of the plotted output which con¬ 

sists of a ten inch plot of the cross section of the 65, 2A215 airfoil. 
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N AC í 

LOWF *3 

1 
1 
7 

1 
U 
5 
6 
7 
8 
9 

10 
11 
1? 
1 1 
14 
15 
IS 
17 
IS 
19 
?0 
?l 
?? 
?3 
?4 
?S 

?7 
cS 
-*9 

*0 

40 
4 S 
*9 

CS 
^0 
SS 
70 
79 

“ 1 
n? 

^ 4 
*s 
°s 
'’O 
? ? 
04 
CS 
CS 

100 

apsr TSSft 
.00000 
.10961 

.?nn 
• 4^7 05 
.«•006S 
.71271 

.062S6 
• 9926? 
.1217S 
• ?S041 
.2F9S? 
.27970 
.2PS7*» 
. ?«9-»l 
.?°131 
•?°219 
.292^1 
.20167 

.290S0 

.20696 

.20704 

.2*401 

.27964 

.27671 

.27160 

.27011 

.2660 7 

.261^0 

.20966 

.2^67’ 
• 2 S1 7 6 
.24760 
.24163 
.?19’7 
.21407 
.2’04! 
.22691 
.22111 
.1°740 
.17270 
.14009 
.12441 
.10270 
.00160 
.00006 
.Cr646 
.0494^ 
. 047/”» 
.04066 
.06061 
.0*164 
.06706 
.00110 
.07017 
.07^13 
. n o n 0 '♦ 
.10471 
.CC000 

LCWER COCINÄTF 
.00030 
.69216 
.02649 
.00016 
.14467 
.26974 
.10128 
.40261 
,C7O07 
.66220 
.20774 
.0O9’9 
, 9161.1 
• 2 1 6 7 ? 

.461.6? 

.00741 

.-•161 

.06097 

.’4009 

.4016? 

.cc?60 

.094*6 

. 02917 
,Q6f0? 
.07776 
.1926? 
. 10174 
.40641 
. 6 0 1 * 1 
.69717 

c »664 
7090 1 

. »477 0 

.cc 16» 
•’9067 
.06497 
.11446 
.16900 
, 7 1 0 » n 
.i°l70 
.42796 

.il°01 

.07144 

.71612 
• ? e 1 6 c 
.69970 
. 0 1 7 ? 0 
.40109 
,»»930 

.41941 

.14900 

. - 790 4 

.0006’ 

.719’? 

. 0 0 * 71 

. 7 c 0 0 0 

.62607 
• ?S** 0 

. OCOO ■! 
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.67M'4 
,7r f** 
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tqnr rq 

1 ,OP' (,¾ 

71 

1 . q P 4 ^ ^ 
4 , a f ’ f a 

5 ,qfi 
.qr-^at 
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^ ^qt^H i? 

o ,qc9ri 
in.3^tns 

ii 
i ?. qf r iT 
13. 

14 , ° 71 ^ 

i s. q 7 * ? o 
1C .07^(, 1 
I 7 # q 70 ¢. q 

1 P , O 0 T 1 ’ 

* °. q0 ^ 7 ? 

; o , o c i u 4 
T 1 . 4 c u H 

•> q # o o a T e; 
^4.0^7 ? 

¿ó .C'^1 

^ .n:TT 
7 -». i r, 17 
■* « , o 1 0 t. 7 

7 9 . C 7 4 * q 

f r, ^ c -> r •> 

4].0 77 qq 

4^.1'1cI 
çn .1?9r7 

rr-.l 47^ ) 

CU.1 
f-c;, 1 pi rq 
7 r . 1 c "»r r. 

7^.? —- » 

a.r ,?c?q* 
« ? . ?r I ■* u 
^U.ICQT 

it, , J C ¢, I fc 

0^,1^714 

qo.:oc>é > 
^7.177^ 

c4,l7',r1 
If, .icqc^ 

14477 

iin .nrn :i 

Arpcpiyc 

yporo OorTNûTr 

.44033 

. 7f>’79 

. «S119 

i.n/fi? 
1 .1^1.74 
J , 94 r ->7 

l. M 41* 
1,70??» 

?.lr 304 

?.4f »?0 
2.72 ,,a? 
¡»,0**70 

3.1«201 

3.30042 

3.9645* 
»,*7**1 

LOW*5 ft 

H 

>• 
a 

p 0 

0 u 
J:j> 

-D-g 
a» J5 

3 5 

k. . 
at; 
a» a> 

ú¿_D 

7.39321 
4.0 * ^ * 1 

4.1047^ 

4.7714* 

4.4*t?9 

4 . c 3 4 7 7 

4. 7n??0 

4.“141* 
i,,a? n** 
c, qq 

c.1 1 “37 
5.70970 

0 ,?oer.i 
5.773*4 

*,4**q* 
*.‘■■>«31 

*.*0719 
*.**137 
c 7-1^37 

* . 7 74** 
* , 9 ? n 

6.1*11? 
c . n 1 « 1 0 

6.oc 757 
c . r, 0 n 1 0 

5.2270* 

4.’7*76 

4.?*CS1 

<.^*7*3 

7.0? 73* 

2.710*’, 

2.4173* 

7.10074 

1 . «r 7*1 
l,4O037 

1 .t c 447 
, « q n 3 ■» 
,*3f*7 

.237?! 

1. n c 0 0 0 

5f' T S c ft 
1 "9*1 
1713? 
4673* 

*01]** 
7 7 ? 7 1 

flf 23* 
co?*-» 

1217* 

7*041 
q f a * -» 

27971 

23*77 
2**7! 

?C1T1 

? 0 2 1 * 
20773 

? 1*3 
20051 

? " ■ 9* 

?" 7 14 
2343 1 

? 8? 1 * 
270*4 

27*71 

773*9 
27"7! 

2**37 

?f 77¾ 

26°** 
7**7? 

? c 1 7 * 

247*3 

74 3*1 
? 707 ^ 

? 7 4 3 7 

,77147 
27*91 
7?t 71 

J 074 3 
1 7? 7 3 

1 4« 99 

1 244 7 
1 C ? 7 9 

9*3*3 

96 9 9* 
, r. C A 4 * 

04947 

04 7 77 

043*6 

O^l*! 
, 9*7*4 

,r* 7 3* 
, Cf 77¾ 

,07977 
,97911 

«0014 

,10471 

,00990 

Loycc CorT»JftTP 
- . 4 1 9 7 1 

- .M* »1 

-. 79 721 

-.80913 
- . 3C7«4 

-.07*71 

*1.94871 

- 1 . 11417 

-1.17*35 
- Î . c F 9 7 * 

-1,84*14 

-2.07*30 

-2.27786 
-7,44777 

-2.60797 

-2.74*1? 
-2.37712 

-2.ÇC97A 

-3. 11241 

-7.21914 
- 7 . 71 q 7 f 

- 3.4 1 4 3 3 

-7. *9*11 

-7.rqO*! 

-7.67173 

- 7.74 30^ 

- ■» , «2 7? ^ 
-7,001¾¾ 

- 7,0* ■» ?C 

-4,92103 

-4.17q77 

-4,17404 
-4.1071« 

-4.27*14 

- 4.7 M * l 
-4,10707 

- 4 . 7* 7 7 } 

-4. 7073* 

-u.Oiqqf 
- 4 . c 4 * 1 0 

-' . 46 3 7¾ 

-4.^74« 

- 4 . C 4 1 9 * 

- 7 . 7 1 7 4 0 
„ y 112 7 q 4 

- ? . « » 7 1 7 

-2.40497 

-1 .00147 
-1,71973 

- 1 . * 1 9 9 0 

-1.7791c 
- 1 .1 ? « 1 ; 

- . 04f- 97 

- . 7 6 * 7 c 
- , * f 4 7 7 

- . 7 7 9* 7 

-. 1 "0^7 
2 . n 0 0 - 
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,^tiTr 
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^.9^7 

1«. i..7QCftn 

J. 

?. ?.4^04^ 
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3. .0*00«* 
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5. COMPUTER PROGRAM LISTING 

This part contains a listing of the computer program. 
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OOCGPÍH Pi IS(INPUT,OUTPUT,TftPE^rlNPUTjT&PPftrCUTPUT.PinT) 
C PICT SET F CP PÄX 10 INCHES BY 2 INCHES 
C Fl CT P8CF ÍDJLST4BLF BY C8LI ftXIS STaTEPENTS 

ccHHCK/FiKOi/ xneo) 
CCNPCN'/PLKO?/ XU<160) ,Xl (160) 
PCPPOS/eLKOI/ YUN(160),YLM(160) 
CCPPCS/BLKOf./' I, I, J,K,II,JJ,KK, III, JJJ 
CC^POS/PlKOS/ NA 
CCHPON/PLXOF/ XUn(70) ,71)0(7 0) , XLO ( 70) ,7LC ( 70 ) 
CCPPCS/PL< 07/ NOP T 
CCMPCS/ElKin/ RHO 
CCHPON/PIKI?/ NCOBE?,PHF,»lPMft,PF 
BTHENSICN CATA(1024) 
CALL FLCTS(CATA, IP?«,) 

11 PFCC(P,2) I,J,K,II,JJ,KK,III ,JJJ,NA,NrOOE?,PHE,ALPHA,RE 
? FCPHAT<f»H,lX,Il,i4X,Il,5X,3F10.0) 

IFIECF (S)) 101,10? 
10? NC=I+v*K+II 

TF(SC.LT.l) CALL PLOTF 
TF(Sr.LT.l) rc TC 6R 
IF (M.EC.l) GC TC 1? 
IF(SA,EC.?) GO TO 14 
Ip(SA.CC.T) GC TC 16 
IF ( SA • FC.4) GC TC 18 
IF(SA.EC.5) GC TO ?? 
IFUA.EC.G) GO TO ?6 

1? WRITE (6,4) I,J,K,II 
I* FCPFAT(lHl,«,y,6H NACA ,411) 

GC TC SO 
14 WPTTE(6,?1> I,J,K,II,KK,III 
PO FCPFAT(1H1,4 X,6H SACA ,4I1,3H - ,?I1> 

GC TC 62 
16 WRITE(6,16) I,J«K,II,JJ 
15 FCPFAT(!H1,4X ,6H SACA ,511) 

GC TC 60 
18 WPITr(6,40) T,J,K,II,JJ,III,JJJ 
L3 FCRSAT(1H1,6 h NACA ,511,OH - ,?T1) 

GC TO 6C 
?? WRITE (6,?4) ! , J , I I , JJ , KK 
?4 ECOSAT ( ¡HI ,1,X ,6H NACA ,?I1,TW - ,^11) 

GO TO 60 
’6 TF(K.FO.n.ANC.II.EO.D) GO TO 50 

IF(K.SE.O.asC.II.EQ.O) GO TO 86 
IF(K.rO.O.ASO.II.NE.O) GO TO 8? 
WRTTF(6,80) I,J,K,JJ,KK,III 

"3 FCRI-AK 1H1 ,4X,6H NACA , ? 11, 1H , , T 1,1H A , 311 ) 
GC TO 94 

“? WRITE(6,84) I,J,JJ,KX,ITI 
q 4 ECP8AT(1H1,4X,6H NACA , ?11,1HA ,’11) 

GC TC 94 
“6 WRITE(6,«4) I,J,K,JJ,K<,III 
88 FCR8AT(iH¡ ,4>,6H NACA , ? 11,1H,, 11,1H-,3 II ) 

GC TO 94 
r3 WRITF(6,R7) I,J,v'j,KK,III 
r'° ECRWAT ( 1M1 SACA ,311,1^-,^11, 
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r.r ;o 9«. 
°4 IF(JJJ.LT. 1) no TC ICO 

WPIT17 «‘•.Q'i) JJJ 
op FTPFftTdOX,398=.,11) 

101 GC Tn GO 
«1 GELy=C.00125 

X(1)=0.C 
1 X(t)=X(L-l)+OELX 

TF(X(' ).GE..01) OFLX=.01 
IF (X(L) . G T ..3) nFLX=.05 
IF(X(L> .GT..8I DEIX =.02 
I F (X(1) .Gc .1.0) GO TO 3 
L =L ♦ 1 

GC TO 1 
7 CGNTIM'F 

TFIEÛ.EG.l ! CALL C00PC4 
IF(N8.EC.2) CALL C0RD4M 
IF(EÛ.CC.3) C ALL C00RD5 
IF(EA.FC.4) CALL C0P059 
IF(Ea.Fr.S) GAU COOPD1 
IF(EA.EC.t) GAU C0CRC6 

VALUES/ XU,YU,XL,YL -WRITTEN 
WF 11r(6,8) 

a FfPPAT( 1 ? X,1E H UPPER A3SDISSA ,10X,15H UPPPR OPOINAT E » 10 X, 
Mr9 LCWFP ABSCISSA,lOX.lEH LOHFR OPOTNATF ) 

WPITB (E ,f ) <XU<M>,YUN(M),XL <H),YLN(P),M = 1 ,L> 
e, cr°PAT( 1EX,F10.5,15X,F10.5,15X,F10.5,15X,F10.E) 

nALL XN B G 
CALL PONO 
CALL TCLP 

6« GC TO 11 
101 STEF 

rNC 
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SlnfiObTINr TCLP 
CC«^rf/PLKC3/ XU(160),XL(160) 
CC-f-CK/OLKOS/ YUNdftO) ,YLN( 160) 
CCMf-O(/'’Li<0i,/ L, I,J,K,n , JJ,kk,ÎTT, JJJ 

CCM^CN/nLK06/ NB 
O B T A FÇC/6H / 
B I = I 
A J= J 
B K = K 

B 11 = 1! 
BJJ=Jj 
A K K = X K 
flin = II! 
B JJJ = JJJ 
CALL PLCT(:.0.4.6,-3) 
CALL BXI^IO.P.P. 0,300,-6,10.0,0.0,0.0,10. 0,10.0) 
OALL AYI^(0,0,-1.0,POD, 6,2.0,90.0, -10.0,10.0,10.0) 
« = 1+1 

N = L ♦? 
X U ( ►■ ) = 0 . 0 
XL' (K) =1C. 0 
Y L K' ( M ) = r . 0 

YUK (6) = 10.0 
CALL LIAr(XL,YUN,1,1,0,2) 
XL(^)=0.0 
XL (N)=1 C. 0 
YI 6 ( M ) = r,. H 

YLN (M = IP. 0 
CALL LI6r(XL,YLN,L,1,0,2) 
CALL cYMnOL(4,?,0.0,,14,t'H NflCB,0.0,6) 
MCC1=I*10»J 
060ri=PCPl 
N C c = T ♦ J 
Mcn4 = xx«io*in 
Mrn6 = in*ip + uJj 
9^034=^004 
0^006=4009 
16(60.61.0) GC TO) 14 
IF(6CC.6F.C) GO TO 11 
Mr4<: = x*ir6iT 
0ri;ir, = Mr49 
IF(NC4S.6F.in) GC TO 12 

3 ALL <:Y)'r>OL(6.2,0.0, . 1 4, THO 0 0,0 . 0,3 ) 
CALL 61)4369(9.616,0.0,.14,nc9ir>,0.0,-1) 
I 3 ( vrr4 .f,,c .0) G3 TO 7 
0 6 TP “ 

7 CALL cY>'3rL(9.926,0.0 ,. 14,69,0.0 ,-1 ) 
CALL )11^30(3.96 0,0 . 0 , . 14,0«Cr4,0.0,-1) 
GC T3 4 

1? OCFTOrMCu^ 
CALI 3Y9nnL(6.2,0.0,.14,2H00,C.0,2) 
CAlL MJ4 369( = .49,0.0, .14,OESIG,0.0,-1) 
IF (6334.46.0) GO TO 7 
OC T 3 9 

u or=-Tr,riijoo.n*Ai6iao.o*aj6io.o*ax*Aii 

33 
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C íLL MJ«f't:P(5.2tO.Qf.l4,nESI'‘. ,0.0,-D 

IF(t'Cr‘..NE.O) GO TO 7 
GC TO 8 

14 oFsiG=fii*ioooo.|Haj*ioon.o+aK*ioo.o+ftii*io.o*ftjJ 

IF(Kft.EC.S) GC TC 8 
IF(M.FC.f>> GC TC 20 
CALL MJ*oFR(Ç.2,0.0,.14,OFSIG,0.0,-l) 
IF<8CCF.NF.O) GO TO O 

GC TO « 
° C»LL 'Yf-ROL ( 0 .OGO , 0.0 , . 14,50,0.0 ,-1 ! 

CALL KU^FSlf. 07SO.O,.14,0*005,0.0,-1) 
GC TC 8 

c 08510 = 611* 100.0+AJJ*10.C + AKK 
CALL N'Uf'0 E K ( F . 2,0 . 0, .14,0*001,0.0,-1) 
IFICEEIG.GE.100.0) GO TO 15 
IF(C85IC.GE.10.0) GO TO 16 
CALL cY('F|0L(5.575,O.C,.14,16-00,0.3,2) 
CALL MJ6088(5.990,0.0,.14,06510,0.0,-1) 

GC TC 8 
16 CALL 5v«POL(5.500,0.0,.14,26-0,0.0,2) 

CALL fU6n"8í5.7a0,0.0,.14,0F510,0.0,-1) 

GC TO 8 
15 CALL CY6PCL(5.50 0,3.0,.14,59,0.0,-1) 

CALL MJ6P5E(5,628,0.0,.14,OE5IG,0.0,-1) 

GC TC 8 
20 CALL MJ688fi( 6.2,3.0,.14,04001,0.0,-1) 

Or5IG = lCO.I)*AJJ*10.0*AKK*AIII 

IF(K.fO.n.AAC.II.EO.O) GO TO 22 
IF(K.FE.O.ANC.II.FI.n) GO TO 24 
IF(K.FO.n.ANn.TI.A'F.U) GO TO 26 
CALL GÿVPOLTE.376,0.0,.14,26 ,,0.0,2) 
call MJMnEF(6.669,0.0,,14,UK,0.0,-1) 
CALL 8y*,nOL(5,867,0.0 ,.14,16A,0.0,1) 

IF(CF5IG.LT.10.3) GC TO 10 
T5(CCCIG.LT.100.0) GO TO 32 
CALL FL*'r,"P(6.249,0.0,.14,OE5IG,P.0,-1) 

G C T C 1 » 
■•O CALL CYY90L(6.997,0.0,.14,260C,n.O,2) 

CALL MJf'PPRlf.237,0.0,.14,OESIG,0.0,-1) 

GC TO 1« 
»-> CALL ^YurCL (6.977,0.0 , . 14,16 0 , 0.0,1 ) 

CALL MJ*'DEF(6.097,0.0,.14,06510,0.0,-1) 

GC TO 1« 
27 CALL 8yx^CL ( 5.50 0 , 0 . C , . 1 4,59,O.0,-1 ) 

IF(CrcIG.LT.10.P) GO TO 34 
TF(CE5Ir-.LT.100.0) GO TO 36 
CALL Ml''?8K( 6.62 6,0.2,.14,08510,0.0,-1) 

GC T8 1» 
tí. c SL L 8^6800(5.675,0.0 ,. 14,2600,0 . 0,2) 

CALI FL6nER(8,850,0.0,.14,OESIG,0.0,-1) 

G C TO 18 
15 CALL 8Y6°0L(6,618,5,5,,14,iwc,0.0,1) 

COLL MJ 48815(6.746,0.0,.14,0E5T G ,0.0,-1) 

GL TP 1M 
24 CALL 6Y6COL(5.375,0.0,.14,76 ,,0.0,2) 
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CALL NU»'ncK(5.66q,0.0,.14,AK, 0.0,-1) 
CALL $74001(^.000,0.0,.14,59,0.0,-1) 
IF(Cr?IC.LT.10.0) GO TO 30 
IF(0F«IG.LT.100.4) GO TO 40 
CALL FU4RCR(5.925,0.0,.14,OESIG,0.0,-1) 
GC TO 18 

33 CALL SYFOOL (5.984,0.C,.14»2HOO,0.0,2) 
CALL MJ4RF('(6,297,0.0,.14,OESIG,0.0,-1) 
GO TO 18 

40 CALL FY490L(5.984,0.0,.14,1H0,0.0,1) 
CALL MJKPFR(fi. 144,0.0,.14,OESIG,0.0,-1) 
GC TO 1« 

26 CALL SY4E10L(6.500,0.0,.14,1HA,0.0,1) 
IF(CFSIC.LT.10.0) GO TO 4? 
IF(DESIG.LT.100.0) GO TO 44 
CALL FU49ER(5.625,0.0,. 14,OESIG,0.0,-1) 
GO TO 18 

4? CALL çY4POL(5.625,0.0,.14,2M0O,O.0,2) 
CALL MJ49ER(F.915,0.0,. 14,OESIG,0.0,-1) 
GC TO 18 

44 CALL FY490L( 5.625,0. 0,. 14,1HO,0.0,1) 
CALL 61)4959(5.745,0.0,.14,OESIG,0.0,-1) 
GC TO I« 

18 T F (jjj,LT.1) GO TO 3 
CALL ?Y4ROL(5.20 0 ,-.4?,. 14,3H6 = .,0.0,3) 
CALL NU4PCR(6.615,-.42,.14,AJJJ,0.0,-1) 
GC TO 8 

“ IF (KA.5C,1) GO TO 1 
IF (NA.EC.2) GC TO 2 
IF (M.EC.3) GO TO 3 
IF(KA.FC.4) GC TO 4 
IF (SA,EC.5) GC TC 6 
IF (KA.5C.6) GC TC 13 

1 CALL Fy-noL ( 3.75,2.0, .14,20HNACA ‘•-DIGIT AIRFOIL, 0.0,20 ) 
GC TC 10 

2 CALL SY4POL(3.26,2.0,.14,29HNACA 4-OIGIT “OCIEIEO AIRFOIL,0.0,29) 
GC TO 1C 

7 CALL ^74006(7.75,2.0,.14,20HNACA 5-OIGIT AIRFOIL,0.0,20) 
GO TO 10 

4 CALL CY499L(^.25,2.0,. 14,29HN4CA 5-OIGIT 4O0IFIEO A IRFOIL,0.0,29 ) 
GC TO 1C 

F CALL SY4P0L(3.75,2.0,.14,21HNACA 1-SERIES AIREOIL,0.0,21 > 
GC TO 1C 

*7 CALL SYMO0L(3.75,2.01.14,20HNACA 6-DIGIT AIRFOTL,0.0,20) 
GC TC 1C 

IT CALL FLCT(14.0,-4.5,-3) 
0 F T L¡9 6 
r N 0 

35 
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XU (ir.O) ,XL (16 0) 
YUNC160) ,Vl.N(160> 
L,I,J,K,II,JJ,KK,ITI,JJJ 

PHO 

Sll^KOl'T INC CCCPnu 

CCt'-'CN/FLKOl/ X(lfO) 
CCMYOK/nL'<Oa/ 
crv^nK/PLKOT/ 

CrMPCN/PLKfX*/ 
CCYf-PK/PLKIO/ 

AI = T 
ft Jx J 
fl K X K 

ftII=II 

ftKKxKX 
ZYxíI*.ni 

7P= ftj*■ 1 
TxfiK*.l*flII*.01 + AJJ*.0ni4-ftKK*.00ai 
PHrxi.ion»T**2 
TP 2 P=1,L 
YTx (T/.?)* (.3059.SOPT <X(M))-.1?6*X(M)-. 3516»(X(H)**2)♦.2843*<X<X) 

î»»'')-.lCltî*(X(F')**4)) 
I F ( X ( 4 ) ,n.7P) YC = ZM 

ALPHA = 0.0 
YCx(ZM/(7P**?))*(2.0»7F*X(Y)-X(H)**?) 
fit PHA=ATAN((2.0*7H/{ZP**7))*(ZP-X(H))) 
YC= <ZM/( ( 1.0-7P)**?)) » (1 .C-?.n*Zr,*2.0*7P»X(M) -X(M) 

TF(X(»') .EQ.7F) 
IF<X(Y).LT.ZP) 
I F ( X( Y ).LT .7°) 
IFíXtM.CT.?F> 

î**?> 
IF (X (M .CT ,7P) 
XL(F')=X(M)-YT*SIN(ALPHA) 
Y LF (N,)xyr.YT*COÇ (ALPHA) 
X L(Y)xxI*) xYT*SIN(fl LPHA) 
YLF (Y)xVr-YT*CC7(flL0HA) 
XI(Y)XXL(“)•1 OC . 0 
YLfJ (“) XYIIN (“) » 1C 0. Í) 
XL(Y)xXL(M)»10n.O 
YLF (Y)xXLN(M)» 1C 0.3 
COM TI NU F 
xi(i)xiop. n 

Y L'N ( L ) = n. ï 
XL(L)=100.0 
YLN ( L)X 0.0 

X ij ( 1 ) r c. c 
YLN (1 1 = 0.3 
P F T CPF 
tnt 

ÎLPHftxflTAN((2.0*7M /((1.0-ZP)**2))*(ZP-X(M)n 

3fi 
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SljPKOUT 7NE TCCPO*; 
rcf-KOf/PLKCi/ x(ieo) 
CC^'^'0^/PLKO?/ XU(1M)> ,XL(180) 
CTMPCK/PLKO?/ YUNd^O) ,YLN(160) 
CCMKOK/PIKOU/ L,I,J,K,n, 
CC^^Cr/PLKlO/ PHC 
«1=1 
4J = J 
«Kr« 
« IT = I T 
AJJ=JJ 
AKK =<K 

AIII=TII 
T = Aii*.i + «jj*.oi*aKk,*.ooi+«Tri».ooni 

.1ni9*T**? 
ZF=«J*.1/2.0 
A=6.0*ZP-3.0 
9=-2.rfF.O*7F-3.0*(ZP**2) 
r,:o*9/4.0«-0*fl»A/27.0 
IFtC.lT.O. C) GO TO <4 
nd-P/?.0*G**.5)**.33 
F=(-n/2.0-r,**.5)**.33 
ZK=rTF+i.o 
GO TO P, 

4 DHI:«rC'((-o/2.n)/((-fl**3/2Z.0)**.5)) 
Z^=1.C♦2.0 * ((-A/3.0)**.5)*C0S(PHI/3.0+4.13879) 

F XKr(6.0 + 61 + .Cl»/(ZP + *3-3.0 + ZH*(ZP + + 2) +7M**2*(3.0-ZM» +?P) 
nr 2 h=i ,i 
IF(AK.NF.O.O) GO TO 10 

YT=(T/.2>»(.3969 + SQPT (X(M))-.126*X(M)-. 3516+(X(1)+ + 2)+ .2843+(X(M) 
, + *3)-.101e;*(X(i)**4)) 

I F ( X ( H) .LT ,ZH) wC=(1.0/6.0)+XK+(X(M)**3-7.0 + ZM»<X(H)* + 2)+(Zf<* + ?) 
7+(7.0-?M)+X(M)) 

I F (X(H)•L T,7 H) ALFH6 = ATAN((1.0/6.0)*XK*(3.0 + X(M)* + 2-6.0*ZM+X(1) + 
7(7“ + + 2)+(3.0-71))) 
IF ( X(H) .F 0.7 P ) YC = AT+ .01 
IF ( X ( H) ,F 0,7F ) A|_DH6= 0 . 0 

IF (X(H) .GT.71) YC=(1.0/6.0)*XK+(7i + + 3) + (1.0-X(i)) 
I F ( X(M) .GT.71 ) flLpH«rflT6M(-(l.n/6.0>*XK»(Ti + +3)) 
IF(AK.rc.O.O) GO TO 8 

10 ^1=(7.0*((7i-7P)+*2)-7M+*7)/((i.0-71 )++7) 
7*'x-at* .ri 

x*<=(G.0*7ux)/((7P-7i)++3-<?K;+((it9-7M)» + 7)+Zp-(7 9+ + 7)+7P+7i* + 7) 

YTr(T/.2)+(.Zpxq + GQPT (X(1) )-.12t*X(1) - .3=16*(X(1)++2)+.2943+(Xd) 
T++7)-.iniG*(X(M)+*4)) 

I F (X(+) ,L 7 .7fc) YC = (1.C/6.C)+X<+((X(1)-Z1)++3-PK +3(1) + (1.0-71)+ + 7 
Î-71 + + 3+ X(1) + 71**3) 

IF(X(1).LT,71) ALpHA = ATAN((1.0/6.0) + XK+ (3.0+(X(1)-71)•*2-PK•(1.0- 
771) » + 3-71+ +3 ) ) 

I F (X(1) ,F O.7F ) YC = 61+,01 
IF (X(1).FO.ZP) ALPH6 = 0.0 

IF (X(1 ( ,G T,71) YC=(1.0/6.0)*XK+(pK»<X(1)-71)**3-PK + X(1)*(l.0-71) 
Î++3-X(1)+21++3+71++3) 

IF(X(i),GT.71) ALPH6=6TAN((1.0/F.0)+XK+(3.0*RK+(X(1)-ZM)+*2-PK*(l, 
Î0-71)++=-71++3)) 

37 

m m HI Hitt 



wprsiipiKiwpp iiinwpn*™» 

AFFDL-TR-71-87 

XU(H)=X (W)-Y T * SIN(ALPHft) 
Yl!N(M)=YC»YT*COS(ÄLPH#) 
XL < N)=X(M)+YT*SIN(äLPPA) 
YLN(H)=YC-YT*COS(ALPHA) 
XU(H)=XL'(H)*100.0 
YLN ( H ) = YUN ( H ) * 10 0.1) 
XL(H)=XL(H)*1P0.(1 

YLN (M)=YLN(H)*100.0 
CCNTIHJF 
XL'(L) =100.0 
YLN (L)= 0.0 
XL (1)=100.0 
YLN(L)=0.0 
XL(1)=0.0 
YLN (1) = 0.0 
PTTLP) 
PKp 
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SlPfiCUTINP CCR048 
CTHPOK/ELK 01/ X(160» 
CC^KOK/BIKO?/ XUtifiO) ,XL (160) 
CCKfCN/ntKOI/ YUN(160),YLN(160) 
CCH)<OK/PLK04/ L, I, J, K, II, JJ, KK, III, J JJ 
CCPBCMPLKIO/ RHC 
DIMENSION #(2,2),B(2,1),XN(2,1) 
OIPENPICN #6(3,3)fSA(3,l),XM(3,l> 
#T=I 
# J= J 
4X = K 
# IT = 11 
#JJ=JJ 
#KK=KK 
#111=111 
?>- = #I*.01 
?P=#J*.l 
ZT=#III*.l 
T=fiK*.l+#II*.01 
N# = 2 
NY = 1 
IF(7T.GT..1P.flNO.ZT.LT.,22) 01 = T 
IF(ZT.GT..2B.flN0.ZT.LT..32I 01=1.17*T 
IE(ZT.GT..3#.flN0.ZT.LT..42) 01=1.675*T 
IF(ZT.GT..4fl.flN0.ZT.LT..52) 01=2.325*T 
IF(ZT.GT..Ç8.flN0.ZT.LT..62) 01=3.Ç*T 
CG=.m*T 
fl(l,1)=-2.0*(l.n-ZT) 
fld,2)=-3.0*((l.r-ZT)**2) 
fl(2,1)=(1.O-ZT)*v2 
fl(2,2)=(1.0-ZT)**3 
p(i,i)=ri 
0(2,1)=1/2.0-00-01*(1.0-ZT) 
CALL PTXFO(fl,XN,P,NN,NK) 
02 = XN(1 ,1) 
O-'ïXNiZ.l) 
#0 = -5091 (2.0M.1019M (T*AKK/6.0)'*2) ) 
RHO=.Ç*flO**2 
flfld,1)=0.0 
##(1,2)=2.0 
flfld,3)=6.0*ZT 
9# (1,1 ) =2.0* 02*6.0*03* d.O-ZT )♦*()/(4.0*ZT **1.5) 
flfl(2,l)=1.0 
a#(2,7)=2.C*7T 
##(2,3)=7.0*ZT**2 
9#(2,1)=-# 0/<2.P*Zf*».5) 
A#(7,1)=ZT 
##(3,?)=ZT**2 
fl#(3,',)=ZT**3 
3A(3,1)=-flO*7T**.Ç*T/2.9 
NK = 3 
NK=1 
CALL fTXFQ (flfl,XN,Bfl,NN,NK) 
#1=XM(1,1) 
fl2=XM(2,1) 
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fl’:)!« (3,1) 
nr ? *=i,i 
IF ( X O') .TO ,7T) YT=T/?.0 
IF(Xm .FO.JP) YC = 2^ 
IF ( X(M) .FG.7P) fllPH# = 0•0 
IFIXO») .LT.ZP) YC=(ZP/(ZP**2))*(2.0*ZP*X(H)-X(H)**2) 
IF(X(H) .LT.7P) AlPHft = ATAN((2.0*7M/(7P**2)>*(ZP-X(M>)) 
IFIXO*) .LT.ZT) YT = A0*X(M)**.5*A1*X(M)yA2*X(P)»*2 + A1*X(H)**3 
IF ( X (F1 ) ,GT .7°) YC= ( ZM/( ( 1.0-ZP) **?) » * (1.0-2.0*Z°F2.0 *ZP*X (M) - X (M) 

Î*»?) 
IF(X(F) .r.T.ZP) ALPHA = ATAN((2.0*7P / ( ( 1. 0-Z® ) **2) ) * ( ZP-X ( M» ) ) 
IF(X(P).GT.ZT) YT=00+C1*(1.0-X(H))*D2*(1,0-X(H))**2«03*(1.0-X(H)) 

t* • j 

XL(M=X(W)-YT*SIN (ALPHA) 
YLN (M) = YC»YT*C0S(ALPHA) 

XL(H)=X (H) fYT*SIMftLPHft) 
YLN(H)=YC-YT*COS(ALPHA) 

XLI(H)=XL(H)*100.0 
YLK(H) = YUN (Y)*100.0 
X L ( H ) = X L ( H ) * 1 0 0 . 0 
YLN<H)=YIN(M)*100.0 

? CCMIMJE 
XU(L)=1C0.0 
YLN(L)=C.1 
XL(L)=100.0 
Yl)(1)=0.0 
XL(1)=0 .0 
YLN(1)=0.0 
P F T L P ) 
PKH 
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SICKOUT IN" CCRD5H 
COHMCK/eiKCl/ X(16Q) 
Cr^f-CN/PLKO?/ XU ( 160 ) i XL ( 160 ) 
CCRf>nh/PL<03/ YUN(160) ,YLNtl60) 
CCPPOMPIK04/ L,I,J,K,II,JJ,KK,III,JJJ 
CCMPCK/niXlO/ PHO 
niMfN'ICN «<?,?),B(?,II,XN(?,1) 
niPFK^ICN AA(3,3),BA(?,1I,XM(3,1> 
A I = I 
AJ=J 
AK = k 
A ! I = IT 
AJJrJJ 
A K K s K X 
AIII=III 
A 
T = A 11 • , 1 +A J J* . 01 
7r=AJ».I/p.P 
7T=AJJJ*.l 
P=6.r*ZP-7.0 
S:-£.rff.3*ZP-3,0»(ZP**2) 
6 = P*S/4.n«-K*fi*P/?7.0 
I F ( G.lT.C.0) GO TC 4 
0-(-^/2.0+G**.B)**.33 
r = (-S/?.0-G**.5l **.33 
ZPrP+r+i.o 
GC TO 6 
ot-i = flroM<-S/?.n>/((-P**3/?7.0)**.5n 
2^=1.0*2.0*((-R/3.0)**.S)*COB(PHI/3.0*4.18879> 
XK = (6.0*AI*.C1)/<7“**3-3.0*7H*(7P**2)♦?«**?*(3.1-ZM)*7P) 

NK= 1 
IM7T.GT..18.ANR.ZT.LT..2?) D1=T 
IF(ZT.GT..28.AND.ZT.LT..32) 01 = 1.17*T 
IF(7T.GT..78.ANn.ZT.LT..42) niri.535*3 
IF(7T. GT.,48.ANR.ZT.LT..52) 01 = 2.325*T 
IF(7T.GT..C8.AND.ZT.LT..62) 01 = 3.S’T 
o:= .oi»t 
A (1 ,1)=-2.n* (l.O-ZT) 
«(1,2)=-3.0*((1.0-ZT)**2) 
A(2,1) = (1.C-ZT)**2 
A(2,2) = (1.C-7T)**3 
^ ( 1 ,1 ) = f-! 
9(2,1)=T/2.0-C0-01*(1,0-ZT) 
CALL MTXFO(C,xN,P,NN,kk) 
0 2 " X N ( 1 ,1 ) 
0T = XN (2,1) 
AC=SQRT(2.0*1.1019*((T*AIII/6.0)**2)) 

c*íf¡**3 

AA(1,1)=0.0 
AA(1,2)=2.0 
AA(1,7)=6.0•? T 
9A(1,1)=2.0*C2*6.0*03*(1.0-ZT)*AO/(4.0*ZT**1.5) 
A A ( 2 ,1)=1.C 
AA(2,2)=2.0*7T 
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afl(2,3t=3.0*7T**? 
n«(?,l)=-ao/(?.D*7T**.5» 
âA 13»1)=7T 
A A(2,f)=7T**? 
AB(3,3)=7T**3 
nA(3,l)=-A0*7t**.Ç»T/2.0 
NK= ^ 
MK= 1 

TALL MXEOiAA.Xt'.BA.NN.N'O 
Al=XM(l,l) 
A?=XM (2,1) 

A7 = XH (3,1) 
ne ? )-=1,L 
IF(nK.NF.O.O) GO TO 10 
IF (X ()-) .rO.?T) YT = T/?.0 
IF(XO-) .FQ.7P) YC = AI* • 01 
IF(X()-) .FQ.7F) ALPHA = 0.0 
IFIXO-) .LT.Z)*) YO= (1.0/6.0) *XK» ( X (K) * *3-3.0* 7M* ( X (M ) *»2)f (7P**2) 

î* (T.O-ZI-JXXIP)) 
IF ( X l ^ ) .LT. 7*1) ALPHA = ATAN((1./F.)*XK*(3.*X(*')**2-6.*7,1*X(*<)« 

*(?*'**2)*n.0-7H))) 
TF (XO*) .LT .7T) YT = A0*X(M)**.Ç*M*X(M)+A?*X((')**2+A3*X(M)**3 
T F ( X ( )- ) . G T . 7 T ) YT = OP*C,l*(1.0-X(*'))+O2*() . 0-X (X) ) • *2 FCS* ( 1.0-X ( i) ) 

«**3 
IF (X (P) .01.7)-) YG=(1.0/6.0)*XK*(7)***3)*{1.0-X(M) ) 

IF (X ()-) ,GT .ZP) ALFHA = ATAN(-( 1.0/6.0) *X<* (7H**3) ) 
IF(AK.EC.O.O) GO TO A 

10 PK=(3.0*((7)*-ZP)**2)-ZM**3)/((1.0-7)*)**3) 
7)-X = A I* .01 
XK= (6.0*ZMX)/((7P-7P)**3"PK*((1.0-ZM)**3)*ZP-(ZM*»3)*ZP+ZP**3) 
IF (X(P) .LT.7T) YT = A0*X(*D**.G*A1*X(M)+A2*X(P)*'‘2*A3*X(M)**3 
IF ( X ( P) .LT . 7P) YC= (1.0/6.0) * XK* ( ( X {M )-7* ) ** 3-PK* X ( M ) • ( 1.0-7)-) * »3 

IF(X()<) .LT .ZP) ALPHA = ATAN((1.0/6.0)*XK*(3.0*(X(H)-7H)**2-RK*(1.0- 

TZM)**?-7H* *3)) 
IF(X(P) .FQ.ZT) VT = T/2.0 
IF (X(P) .EO.7P) YC = AI* .01 
TF(X(») .F0.ZF) ALPHA = 0.0 
IF (X(P) .GT.7T) YT=no*01*(1.0-X(P))+0 2*(1.0-X(P))**2»03*(1.0-X(M)) 

J**3 
IF(X(P) .GT.ZP) YC = (1.0/6.0)*XK*(PK»(X(M)-7H)**3-PK*X(P)*(1.0-7P) 

«**3-X(M)*ZP**3*ZM**3) 
IF(X(P) .GT.ZP) ALPHA=ATAN((1.0/6.0)"XK*(3.0*RK*(X(M)-ZM)**2-PK*(1. 

Î0-7P)**2-7P**3)) 
fi xum =X (P>-YT*SIN (ALPHA) 

Y (J K (M)=YC*YT*COS (ALPHA) 
XL(P)=X (P)»YT'OIN(ALPHA) 
YLK(«I=YC-YT*GOS(ALPHA) 
XLÎH)=XL(M)*100.0 
YLN(M)=YUN(H)*100.0 
XL(H)=XL(H)*100.n 
YLK' (H) = YLN (H) *100.0 

2 C CNT I HUE 
XL(L)=100.0 
YIJN (L) = C.O 

XL(L) = 1C,'.C 
YLN(L)=0.0 
XL(1)=0.0 
YLN(l)=C.O 

PPTUP) 
F KP 
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CCt'Rl/1 
CCMf«OK'/eLK0l/ X ( 1 60) 
CCMVOMPIKO?/ XUit60) ,XL (160) 
CCPPCK/PLK03/ YUNCfO) ,VLN( 16 0) 
CCM«PN/Pl<04/ L,I, (,K,II,JJ,KK,TII, JJJ 
C^PPC^/PLl't0/ PHO 
niPFNCTriJ f f2f?) ,P(2,1) ,XN(P,1) 
niPFNÎICh 6ú(3,3),R6(3,1),XH(3,1) 
ai=í 
8J= J 
BK = K 
ftIT=II 
ajj-jj 
axx=XK 
âiii=iii 
ÚJJJrJJJ 
ZT=aj*. i-, i 

Trajj*. i + aKK’.oitAlll^.ooi^ajjj’.ooüi 
N(.r2 

NK= 1 
IFU.KE.6) 7T = flJ*.l-.P 
"10=0. c 
IFfJ.FC.P) Cl=2.1P7*T 
IF(J.FQ.6) SP=4.0 
IF(J.FO.P) Cl^S.eOZZ'T 
TF(J.ET.8) '»* = 3.0 
TF(J.E0.9) 01=5,Ç??3*T 
IF(J.F0.9) ¢)- = 3.0 
8(1,1) = -?.QM1.0-ZT) 
ft(ll?>=-3.0*((1.0-ZT)**?) 
8(2,1)=(1.0-ZT)**2 
a(?,25 = (1.0-?T)**3 
n(i,i) = n 
P(2,l)=T/?.0-00-ni*(1.0-7T) 
C8U l‘TXFQ (8 , XM,P,NN,NK) 
n?=XN(l,l) 
D3=XM(2,1) 
an = SQFT(?.0*1.1019*<(T*SM/6.0>•*?) ) 
RH0=.5*811**2 
88(1,1)=0.0 
88(1,2)= 2.0 
88(1,=)=f.0*7T 
BB(1, 1) = ?. 0*02 + 6.0* O 3M1.0-ZT) ^80/(4.0»7T**1.5) 
88(2,1)=1.0 
aa(2,?)=2.0*7T 
88(2,3)=3.0 * 7 T ** ? 

0B(?,1)=-80/(2.C*2T**.5) 
88(3,1)=71 
88(3,2)=7T ** 2 
86(3,3)= 7T ** 3 
88(2, 1) =-a0*ZT**.5*T/2.0 
N8 = 3 
Nx = i 

C8U PTXEQ(Ba,XM,96,NN,NK) 
ei=xM(i,i) 
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-X(M))+X(M)*ßLOG 

.O-X(P)))) 

a?=X^(?,l) 
a^rX^O,!» 
11=1-1 
nr ? •' = ?,Ll 
yc=-(an*. i/(4.0*3.14159 ))»m.n-x(M))* at cg (i.o- 

7(/(8))) 
atnn Zfl UN ((-an*. 1 /(4.0*3.14150))* (aL0G(X(8))-at0G(l. 
IMX(8) .C0.7T) vT-T/?.0 
X F (X(8).LT.7T) YT = aO*X(M)**.c*ai*X(M)*ft?*X(8)**2*a3*>(H)**3 
IF (X(8),G T.7 T) YTïO0*Cl*(1.0-X(8))+O?*(1.0-X(8))**2*C3*(1.0-X(NÎ) 

(1**7 
XL(8)=X(M)-YT*SIN(aLPHa) 
YL'K(u) = Yr*xT*cn5(aLPHa) 
Yt(8)7X(M)+YT*t;iN(aLPHa) 
YL8 (v) = YC-YT * C05 (atPHB) 
XL (8) = XO (8) * 10 0.(1 
YUM(M) = YUK(8)*iaO. 
ylk(8) = Yr-YT*co5 latPHa» 
XL(8)=XL(1)*100.0 
YIN(8)=YLN(8)*100.0 
CCMTKUF 
XL(L)=10r.O 
*Ijw (1) = 0.0 
XL(L)=10n.0 
YLM (L) = 0.0 
X l ( 11 = 0 . P 
YLN(1)=0.0 
X L ( 1 ) = C . C 
/1(1(1) = 0.0 
RFIL») 
tkc 
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Sl^iOUTIMe CCCRDf) 
rcf-^n/PUKoi/ x(ieo) 
CC^OMRIKO?/ XU ( 16 0) »XL ( 16 0 • 
CC^MCK/PLKOV YUN(lfO) .. YLN(160) 
PrPf<CK/PL<04/ 
CCMKCK/oLi<10/ PHO 
n TENSION í(?,2í ,XN(2,1) 
9TMFNCICN «fl(Tf3)fTM3,l),XM(3,l) 
AI = I 
AU = J 
AKrY 

AITrlT 
AJJ=JJ 
A KXrXK 
®IIT=III 
AJJJ-JJJ 
TrAKK*. U4IH*.01 
NN = ? 
Nk' = 1 
IP(J.F0.7) r,r TO 20 
Tr(J.Fn.4) rc TO XQ 
IF(J.FO.P) o.c TO 40 
? T = . 4 F 
Pt-ï-l.?«« 
PrSF" (T-.06) +.«75 
0 1 = P* T 
or to so 

?3 7T=.XÇ 

p = ck* (T-.Ofc)t.46 
OlrC+T 

IF(IT.CT.O) 01=T 
r.O TO 60 

70 ZT = .40 
s«=-.e«e« 
P^Ff-’iT-.Oe) +.62X 
01rC»T 

IF(ÍI.GY.O) 01=1.04*7 
OC TO 5 C 

40 7 T =,4 0 

P = F>* (T-.3É)+.66 
01=P*T 

IF(II.GT.O) C1=1.17*T 
GC TO ÇC 

r0 CONTIHJF 
cr=c.r 
A (1,1)=-?.0*(1.0-7T1 
4 (1,?) = -’.0*((1.0-ZT)**2) 
A (?,1) = (1.0-7T» *•? 
4(2,7) = (1,0-ZT)**7 
o ( 1 f 1 > = F1 
0 (2»1)=T/2.0-C0-Ol*(1.0-7T) 
CALL F'TXOO(A,XN,FfNNfNK) 
02= XN ( 1 ,1) 
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n? = )iN(2,H 
PLFs6R.6«?*T*»?*.018?»T*.i]014 
'iLPîPIF’.Ol 
PHO^PIE 
aü = SCFT( ? . O* PtF ) 
»an,i>=n.o 
aa(i,2)=2.n 
aa (i,?)=6.o*?T 
oa(1,1)=?.0*02 + 6.0*0^*(l.n-ZT) + aO/(4.C*2T**i .F) 
aau.i) =1.0 
aa(2,2)=2.0 * 7 T 
aa(2,?)rî.o*7T**? 
Ta(2,1)=-a0/(2.0*7T**.F) 
aa(3,D =7T 
aa(?,2)=zr**2 
aa (■•, + ) =7T**? 
na(3,l)=-ao*7T**.5+T/2.0 
N14= 3 
MK = 1 
oaiL i,TyFO(aa,xiiîpalNM,NK> 
ai = x*'d,i) 
a?=XM(2,i) 
a?=XH(3,i) 
7a=ajjj*.i 
IF(âJJJ.LT.l.O) 7a=i.o 
IF(7a.EC.1.0) GO TO 6 
c = i .n-za 
G=(-1.0/e>*(<?a**?)*(.5*aL0G<7a>~.25> + .25) 
H =(1,0/C)* ( ( .F*C**?)*ÛLOG(C)*.2c*0**2)+G 
ajj=ajj*.i 

6 lL = L-1 
on ? 1-=2,11 
IF(7a.FC.1.0) GO TO F 
G = 1.0“X(M> 

n=7a-x(+) 
V0=(flJJ/(2.0*3.14159*(Za + 1,0)))*((1.0/C)* ( (.5*0**2) +atOG(ans(C)) 

7-(.6*5**?)*aiCG(S)+.25*S**2-.25*0**2)-X(1')*aL0G(V(1))+G-X(M)*H) 
aiPMa=aTaN((ajj/(2.o*7.i4iF9*(i.c+za»))*(a.o/C)*(-o*ainG(ans(0)) 

7 + S*aLCG(S))-aL0G (X(M))-i.O-H)) 
GC TO T 

c YC=-(ajj*.i/(4.o*7.i<.i<;o)) + ((i.p-x(H))*aLCG(i.o-x(‘i))>x(M)*aLCG 
TiXO-D) 
aiPi-a=aTaM((-ajj*.i /(4.0*3.141^0))* (alog(x(n))-blog(i.o-xiwn ) ) 

7 IFIXÍN) .FQ.ZT) YT = T/2.0 
IFIXÍM .EO.ZT) YT=T/2.0 
IF (X (4) „I T . 7 T) YT = an*X(M)**.Ç + ai*X(H)+A2*X(H)**2+a3*X(H)**3 
IF (X(H) .r,r ,2T) YT =00 + 01* ( 1.0-X (•»)) +02* (1.0-X (M) )**2 + C3*( 1.0-X(M) ) 

î * * 7 

Xt((')=X(1')-YT*SIN(aLPHA) 
YLN(i,) = Yr + YT*cos(aLPHa) 
XL(4)=X(4)+YT*SIN(aiPHA) 
YLK' (4) = YC-YT*COS (ALPHA) 
TF(XU(M).GE..80.ANO.II.GT.0> GO TO 4 
NC = 1 

7 XU(I-) =XU(N)*100. 0 
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YL'f (V ) = YIIN (M ) * 10 C. 0 
XL(M> = >’L(f') »10C.Q 

YLK'(f') = >'l-N{K) *10(1.0 
r,r TC 2 

Í, IF (N".NT . 1 ) CC rr 1C 
syu = XL(f') 
^Xl =XL (►'I 
SYU = YUM^) 
'l YL " Vl N 
‘^t'U'-SYU/d.O-'IXU) 
S*<L = -cYL/(1.0-SXL) 
N 0 = ? 
ZC TO 3 

n XL (M =XL(M)-SXU 
XI m-xic'i-'XL 
YLK(M) = CMtJ*XU(M) ♦SYU 
YLK (M) z'lML *XL <M| +SYL 
XL (1-) =XL (M ) ♦''XU 
XL (Ml =Xl ( “ I ♦<1XL 
G C TO -1 
c r n 11 Mj t 
X L ( 11 = u r. r 
Y Lv (1) = ^.0 
XL <Li-100.0 
Y L M ( U = 0. 0 

XU (1 I -r. 0 
YLM(1) - 0.0 
XL (11 -C .0 
X L N(1) = ?. 0 
P r T L F I 
r K(i 

MiiMlMgiMiiillM MllilÉBiiflilíiÉitf .in .. .. 
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n 

c!LDFCi;T INF XNEG 
r.rt<t<Ct/PlKfi?X XU ( 160) , XL (160 ) 
LP-^CK/^LKOl/ yUN(160),YLN(160) 
rrP6CK/PLK06/ XUU(70),ZUO(70),XLD(70)*7LD(70) 
n^*<^'0^/pLKn7/ nopt 
CrKMOK/RIK1?/ NfCOE? »pHE,AIPHA,PF 
°HTLF = PHF 
THFTArOHE 
PHIIP = PHILF*0.017<«5!3 
TPETO = THFT A * 0.017A633 
N C P T = i 
XLH(1 ) 
XLP(1) 
710(1) 
7L° ( 1 ) 
nc ? 

=o.n 
= o.n 
= o.o 
= 0.0 
1,60 

GO TC ? 

♦ PHILF - THETA) 

IF(XU(H).LE.0.0) 
);CPT = NOFTM 
XL'P(NCPT)=XU(H) 

7LO (MCPT) =VUMH) 
XLP(OCPT)= XL(H> 
7L0(NCPT)=TLN(H) 
IF(KrcOr?.ne .’) GO TO ? 
0( = CIM1.670796 - PHILE)/ SIN(1.570796 
7l'P (NCPT) =7UC (NOPT) *CC 
7irMNrpT)=7LC(NOPT)»cr 

CCNTIMJP 
IF (NrOOF2. NE . 7) GO TO 1? 
W PI T r ( h 9 4 ) 
CCPNAT(1H1,1X,i»OHCOP«ECTFO COC0OINATEE FOP SWEPT AIRFOILS) 

WFHr (6,6) 
F C R H A T ( 12 X,16H UPPER A9SCISSA,10X,15H UPPER OROTNATE ,10X, 

715H LCW^P APSOISFA,10X,15H LOWER ORDINATE) 
WRITE (6,10) (XUO(H),ZUO(H),XLO ( H ) ,7LO(M),H=2,NOPT) 
FCRNAT(15X,F10.5,15X,F10.5,15X,Fin.5,15X,F10.6) 

00 14 N = 1,NOPT 
VLO (N) = XLE(N)*.01 
7LO (N') =7UD (M) *. 01 
XLO (M)=XLO(N)* .01 
7LO (N> = 7LO(N) *.01 

14 CONTI)ur 
RFTLPN 
cf.n 

10 
1? 
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pj 

cU°POUT IN': »*TxEO(a,X,F,N,K) 

mato;* F0UÛTTCN ^OLVFP (7(194 FOPIFftN TV) 

USAGE... 

TC POIVE THE LINEAR SYSTEM AX=T 

GALL MTyFT(A,x,n,N,K) 

WHERE A HtST EE CIHENSIONEn N Y N 
X M|jST ee niMENSIONFD N X K 
9 MUST nE DIMENSIONED NX« 
N IS THE NO. OF EQUATION5: (ROWS IN A,X,0) 
K IS THE NO. OF SOLUTION VECTORS (CCLS. IN X,9> 

EEL EFLLE CE PLANK COMMON APE USFO. 

NOTE... TC CHANGE DIMENSIONS OF ARRAYS C AND 3TV, ALSO 
CHANGE VALUES OF NMAX AND NKHfcX IN OATA STATEMENT. 

DIMENSION A(N,N), 9(N,K), X(N.K) 
Comma* 

CCMmcn 
DATA 

ATPE, I, IFRGM, IPI, IPTV, ITO, 
J, KF, L, NR, NR 1) NPJ, NPK, RM 

F I V( ? f ) « 0(24,?6) 
NMA X, NKMAX/ ?L, 2E/ 

GET APGLMPNTS N ANO K 

N E r N 

KF= K 

M 0 V c ARRAYS A ( I ,J) AND 9(1,J) INTO 0(1,J) 

00 10 J:1,NP 
or io i=t,NR 
O(I,J) = A (I,J) 
PC EO J=1,KD 
NFJ=NFnJ 

PC 2 C 1 = 1,NP 
C( I ,MPJ)=p (I ,J) 

SrT xp pspfcem N ELIMINATION SWEEPS (1 = 1,n) 

NF1=NPn 1 
NFKrNENKP 
oc i?r i = i,nr 
IE 1= I♦ 1 

SEARCH FpR NEXT PIVOT ROW (I-TH PTVOT IS IN COL. I) 

ATPF = ( . 
or L c J = I,NP 
IE (AES <0 (J, 1)) - ATOE) 40,30,711 

49 

MTXEC001 
MTXEC002 
MTXEOnOI 
MTXEC004 
MTXEOOOS 
MTXFC006 
MTXEC0Q7 
MT XCC 0 08 
MTXFQ009 
MTXEQ010 
MTXEC011 
MTXE0012 
MTXEOO13 
MTXEQ014 
“TXF001S 

MTXEQ016 
MTXEC017 
MTXEOO18 
MTXE0019 
MTXEQ020 
MTXEC021 
MTXEQ022 
MTXEQ023 
MTXEC024 
MTXEQ029 
MTXFC026 
MTXEOO?/ 
mtxfqo-»/ 
MTXCC034 
MTXEOOT5 
MTXEQ03E 
MTXEC037 
MTXEC018 

MTXE003Q 
MTXEC040 
MTXE0041 
WTXFon42 
MTXEC043 
“TXEQ044 
MTXE0045 
MTXEC046 
MTXE0047 
MTXE0048 
MTXEQ049 
MTXEC050 
M T X E . ) 51 
MTXE0052 
MTXEC053 
MTXEO054 
MTXE0095 
MTXFQ086 
MTXEQ097 
mtxeqosí 
MTXE0099 
MTXEC060 

m UBMmUitMM**. failli;, 
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■»o 
bQ 

70 
»0 

OQ 

107 

nn 
l’O 

140 

Ie ’ 

C 
r\ 

r 
l«,n 

17" 
14" 

C 

MPF»«0'(C(J»I)l 
T FI V*J 
CCNTIKUF 

OPFBftTE CN THE PTVOT POW 

riC EO J = IP1,KFK 
PIV(J)sC(IFIV,J»/C(IPIV,I) 

nEOF0PM ELIMINATIONS "FLOW TPE nIAGONAL (COL. I) 

IFOCMsNF 
ITC=NF 
IF (IFPCM-IPTV) 80.100,40 
pp=-r(iFPOP,i) 
ne <=0 J = IF1,KFK 
r(ITO,J)=C(IFPOM,J)♦P«*PIV(J) 
nr=iTo-i 
IFPO-sIFPCN-l 
TF (IFPC“-I> 110,70,70 

put THE I-TH PIVOT row IN THE VACATFC »Ob I 

nr t?r j=ipi,n0''’ 
0<T,J) = FIV (J) 

nth nr THP nACK solution 

I=NF 
lc1 =T 
1 = 1-1 
TF (I) 1>7,1EC,14Q 
nr jçr j=nfi,kpe 
nr i^c l=ifi,n° 
C(I,J)=r(I,J)-C(T,U*C(L,J) 
or ir i’r 

HrvF the solution to ARRAY X(T,J) 

no 170 j=i,xf 
NFJ=MF*J 
nr 17r t^i.kp 
X(i,j)=r(i,NFj> 
Rftlpf 

PNr 

PTXFC061 
mTXEOOF? 
HTXECOSI 
MTXEC0F4 
MTXFQ06S 
PTYPOOFF 
MTXEC0F« 
YTXPOOFS 
MTXEC070 
HTXEQ 771 
HTXP007Z 
WTXEQOFS 
MTXPC074 
PTXE007Ç 
MTXE007F 
MTXP0077 
1-17^0078 
MTXPC079 
YTXCC780 
MTXE0081 
l*TXcQ082 
“TXEC047 
HTXP0084 
NTXcO085 
ETXF078F 
MTXP0T47 
•'TXPOOOF 
PTXF0089 
MTXEC790 
NTXPQ091 
HTXeC392 
hTXc009T 
HTXEC094 
MTXFC099 
“Txcnn96 
“TXC0097 
mTXcC798 
“TXEn099 
MTxPonc 
MTXEOIU 
»'TXEnin? 
MTXFQ10 T 
NTXPC174 
YTXE0105 
"TXPQIOF 
«TXPCIU 
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SL^SOUTINC PONO 

r 
c 
c 
c 

r 

C 
C 

C 
C 
r 

COMKOK/PLKOC/ XUP(70» ,ZUO(rO).XLOtrO»,7LtMrO> 
CC^'^C^,/0L< 07/ NOPT 
CCPt'ON/PLKlO/ PHO 
CCPPOK/PLKtZ/ NCOCEP,PHP,ftLPMÎ,PE 
OIPENETCN S50U2)fS140(12) ,SUPM32) 
OIPENSIOK S1(32»3?)»Ç2(32»32)|S3<1?»3?I ,54(32,32),55(32,32), 
1^14(32,32),515(32,32) ,ZT(32),25(32) 
ni“EN'ICN X ( 32) , CSl(32),CS2(32),CS3(32),r;S4(32),CS5(32),P02 
1V(’2),nCP(3?) , ZU(22),Zt(32) 
OI^ENEICN TA4TH<70> ,ALPHftI(15)fCPU(lÇ,32>,TÎN#LP(15),CK*CM(15) 
OIPEN'ICK CLC ( 15) ,CL (15) ,C«»l (15,32) 
0IPEN5ICK C«(15),CN(15),C0(15) 

4 C PHI = PHr*0.01745325 
5INFMIS 5 IN(PHI) 
CC5FMI= rC'ilFHI) 
01=3.1415326 
f:^=n.6 - FHi/Pi 
Nts32 
ÄKsKN 
NP1 = N).-1 
SLP)« (1) =0.0 

NOW WE DEFINE TMP CONSTANTS NEEDED FOR TME PRESSURE COEFFICIENT EVALUATION, 
(cçr (.FPPP-A.R.C. R AND M NO. 2R1Í, 1556) 

DC 1C M = 1, NM 1 
5M=M 
SIMMs CIN (PM’PI/AN) 
CCcTm= CDS (Pm»PI/AN) 

'50 MEAN' 55 HHFN N=0.0. 

S50 (M)= ((..*(-1.)**M»/ (1.-COST**) 
DC 10 N = 1, NM 1 
DN = N 
SINTNs 'IN(DN*PI/AN) 
CC'TN= CCS(PN*PI/AN) 
DIFF = COSTM-COSTN 

K4FN “ EDUALS N EQUATIONS RFLOW STATEMENT NO. 100 APPLY. 

IF(K.EO.N) GO TO IOC 
SrNr(-i.O)**(M-N) 
SI(W,M =(SGN-1.)*7.*SINTM/(AN*nTFF**2> 
SEÍM.NJsí-?.)*SGN*SIUTM/(STNTN*PIFF) 
ST(M^)=S1(M,N)♦2,*(1.-SGN)/(AN*SINTM*DIFF) 
S4tW,M = (?./<AN*SINTN>)*(<((SGN-l.)*<l.-COSTM*COSTN))/OIFF**?)-{(( 
1(-1.)»*M)-1.)/(1,-COS T M))) 
SM»,(>)=-•>.*SGN/niFF 
S14(M,n)=0 .5 *(CCSpHI **?)*Sl(M,N)*OIFF*(((l.-COSTNI*(l .400515)>/ 
1((1.400'TN)»(l.-CCSTM)))*»EN 
GC TO ID 

IDO 'HF.M-AN/SINTN 
5?(M,N)=COSTN/(SINTN **2) 
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^(^)= 'ÎIO'.N) 
S', (r-^) = (AN/SINTN) ( (-1. (ÍN’SINTNÍ* ( i .-COSTM» ) i 

H ï-Sîit'jN) 
si<* (n,n) = -stkfht *cnsoHi 

ir CCNTIMIF 
nc ¿n n = i»31 
FUH*1 (N) =o. o 
!?Kr K 
C Cc TN= COSiRK’PI/SN) 
F-»(NK,K) =((-1.)**N-1.)/(AN * ( 1 . ♦COFTN) ) 

DC in 1 = 1,NM 
R I = I 
C CS T I = CCS(FI*PI/AN) 
oiFi=cnsrt-rcsTN 
Sl.M3= SKI ,N) *DIFI* ((1.0 »COST T ) / ( 1. C -COSTI))**EN 

?S SU('('(M (Ml 
c 
F SKI ►'FAFS S1A AT ^=0.0. 
r 
20 S1A0(H = SINFhl * COSPHI -( CCSPHI *(((1.0 -CCSTK)/(1.0 »COST 

1M)»»PN))*(1.0 + COSPHI *0.S *SUMM(N)1 
CP30 ^=1,1^^1 
nrso Fil.NXl 
Pis («,N) = 0 .n 
OC 11 I = 1, AH 1 
SUM=S14(I,M*SS(M,I) 

1 1 SIS (M,N)=SLH + SIS («,M 
*0 SIS (H,N)=S15(H,NI + S140(N)*SS0(M) 

SS pp 1? N = 1,32 
fl A = 3 2 - N 

C 
c THIS DPnrPAM rOHP’JTFS tht OESIPFP PFSULTS ONLY AT 32 SPECIFIC PCINTS AS 
C CE F I Ar C DY TMTC EOUATICN X(N)=... 
r A pcCCAD OPDPP ACPPCXIHATIOM IS USrO TO LOCATE THE SURFACE COOPOINATFS (3) 
C COPPPSPONDINS TC TWE COMPUTED X“S. 
C 

Y ( N ) = 0.r'0*(l.+CrS(AM *0.093134771) 

1 = 1 
IS IF (yUD(T)-X(Nl) 1.3,14,15 
17 T = I * 1 

GC TO IS 
14 7U( A 1= 7UP( 11 

7T(A)=710(1) 
GC to HP 

15 IF ( I.rc.A'OPT) GO TO 17 
CU=((<7UC(I*1)-?UD(1-1))/(XUO(I*l)-xur(1-1)))-((7UO(I>-ZUC(I-l))/( 

1XUO(I)-xuo(1-1 ) ) ))/(XUO(I + l)-xuo (I)) 
PL=((7Un(I)-7UO(I-l))/(XUD(I)-XUO (1-1)))-CU*(XU0( I) * XJD(1-1)) 
AU = 7Ur <I)-PU*XUO( I)-CL*(XUO(I )**?) 

17 71 ( A) íALOU*/ <N) ♦CU* ( Y (N) **?) 
11° 1=1 

19 TF (XLO(T)-X(A) ) 117,114,115 
11* 1=1*1 

GC TC 1° 
114 7L ( A ) = 7LO ( T ) 

52 



« • *.. ., ; 

AFFDL-TR-71-87 

11' 

7T(M=0.r'n*(7t(N)-7L(N)) 
7c(M=n,l5*(ZU(N)4-ZL(N)í 
r,C T'l 17 

IP (I.EC.NCPT) GC TO 117 
01=(( (Zin(IM)-ZLD(I-l)»/O(L0(I + l)-XLn(I-im-< (7L0(I)-7LD (1-1))7( 

1X10 (I)-XLO(1-1))))7(XL0(!♦!)-XLO(I)) 
01= ((7LC(I)-ZLD(1-1))7(Xin(I)-Xin(I-l)))-01*(XLO(I)♦XLO(I-D) 

M = ZLC( I)-PL*XL0 (!) -0L* (XLO(I) **2) 
7L(N)=ai+0L*X(N)*nL*(X(N)**2) 
XT(a)=0.G0*(ZL(N)-7L(K)) 
75(h)=P.O*(ZU(N)♦7L(N)) 
CfNTTMJP 

0 
C kl TH THE CCCKCIMTFS ftKO THF CONSTÍNTS FOUND ESRLIF1?, WE DEFINE THE CCNSTÍNTS 

C POR THIS SFFCIFIC ATPFOU. 

117 

17 

P 4 71 

77 

n 

ci 

OC 91 N=l, 
K=7?-l 
0P1 (K) = 0.0 
Oc? (K) = P.Q 
0” (X) = 0.0 

(K) = C.O 
CPP (X)-C.I 
oc? V(X) in. n 
TO 71 H=1,NM1 
J=T?-H 
OL«! = S1(X»K)*7T (J) 
CPI (K)=PU“1 + CP1 (K) 
PUHí= P?(W,M*ZT(J) 
Cc? (K) = PUH?*CP?(K) 
SUM7= S t(HiN)*ZT(J) 
OC7 (K) :PI)H 7 + CP? ( X) 
SLM4= S<*(0,N) *7S( J) 
CSl. (X) =PUHí* + CP4 (K) 
S (JH E = Se(H,f,) *zs ( J) 
0PP(K)=PUNÇ*CP5(K) 
PIJME= S1E(*',N)*7P(J) 
on?V(x) =PUI'F ♦ 90° V ( K ) 

CFMINUF 
CS.7 (K) = 0ST(K ! ♦ S3 ( 3? i N) *SDRT (PH0 7?. ) 

CCMIf UF 
PPHI=(1./7.141G9 3)*AICG((1.♦SINPHI)7(l.-SINPHI) ) 

.1 = 1 
N X X = 1 

GC TO ^ P 

THP INFOChíTICN FRO“ HFRP TO 8F IS NFEDEO FOR CCHPUTING CNÚCH ÛN0 CLC ONLY. 

R7 aiPHí=6.n 
NXX=NXX*1 
TANTA = (7lM7E) -ZL(?G)-ZU(30)♦Zt(70))7 ((X(3 0)-X(26))*2.) 
rxCN = 2.E*TAMA-l. 
LU = NCPT-1 

00 POC 1 = 1,LLL 
TP(7Ur(I + l) .Gr. ZUD(D) THAX = 7UP(I*1)*10C. 

’o TANTH(I)=(7UD(I*l)-7Un(I))7(XUn(ni)-XU0(T)) 
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Sf 4LPH»R=ÍLPHÍ*0.017453^ 
S!K#Lr = fI*<(aiPHAR) 
cc<;«LP=ros(«tPH#R) 

p^rssuBF ccefficient FOuarroNs depbnoing on nccoe?. 

r,c TO (73,74,70) ,N000E2 
7, 0C7n N = i,71 

OcU(J,N)=l«-(((CCSÛLP*(1«*CS1(N)+004(N))♦cINBLP*SOPT((1.-X(N))/X(N 
m* (l.»r?T(K ) ))**?) 7(1. + (OS? (N) +005 (NI )**?) ) 

FPL ( J,N ) = 1.- ( ((0CS4LP+ (l ,+CSl (N) -rS4(N) I -SIN flLP + SC1?! ((l.-X(N))/*(K 
1))*(1.+CSX(M))»+?)/(1.+(OS?(NI-CS5(N)I+»?)I 

701 QrP(M)= CPL(J,N)-OPL(J,N) 

GO TO 7? 
74 OC 70? f=l,7l 

OFii(j,N) = l.-(CCSftLD**,)*<SI*|PHT» + ?)-((O0S."LP*(C0SPHT + CSl(M+0O4(*')) 

1)♦ETNeLP*SOPT((1.-X(N))/X{N)I•(1.♦(Cc?(NI/OCFPHI) 11 + + ?/(1.♦((OS?(I 

?)♦rPFÍNII/COSPMl)• + ?) I 
CPL(J,NI = l.-(C0SftLP + *?)*(STNÛLP»+7)-((C0'::MP* (COSPHT ♦rSl(N)-CE4(NI 

11 -SINÍLP + SOPT((1.-X (N) I / X(N)I•(1.*(OE7(MI/COFFHT)I I ••?/(1.♦((C S? ( N 

?)-0P5 ¡NI)/OCEFHII+*?) I 

70? OrP(N)= CDU(J,N)-OPL(J,N) 
GC TC 7? 

75 1C 70? 5 = 1,71 
OFU(J,N)=l.-((1.7(1 .♦(CS?(N)+0S5(N)I**?)I *(OCFÛLP*(l.+OOSFHl + OSl (5 

1)_f:FHT»CfSFHT,(rS?(M7SQPT(l. ♦Or?(N) »•?) I ♦PC?V(N) l+SlNftLP’OCPPHT* ( 
?((l.-»(M)/X(M)**PN)+(i.+0P7(N)))**?l 
"PL(J,N) = l.-((1.7(1.+ (OS?(N)-CS5(N)I+*?)I *(COcSLP*(1.+COSCM! *0S1(N 
|)_FFUJ»rcSFHT+(rS?(M7SQPT(l.+0S?(NI* + ?))-PC?V(N))-PINftlP*0CSFHI»( 
?( (1 .-X (M I 7X (M I + + EN1 *(1 .+OST (M I I **?> 

70 7 irP(N)= OPL(J,N)-C°L(J,N I 

7? OCNTIKUr 

O 
T û cjvcL= SFCTOMULÄp ftPPPQX T'+ä TI ON IS USED FOP IKTFPfPftT ION CF CF CJFVF. 

c 1+ Ptrn/Fr 1UTTF flCOUPSTE F0P MCFT "fiFFP. 

c 
Cftl=0.0 
0 4 ? = n . 0 
o f7 = n. o 

Reproduced from 
best available copy. 

0 44 = 0.11 
05(0)=0.4 
OA(J)=0.0 
On(J)=3." 
Cl(J)=0.C 
ir *r, n = ] , +(1 

a= aPFflrdCP (5 + 1)+1CP(N)) + (X(N + 1)-X(N)I7?. 

~5 ( u) =aPr4+0M J) 
IF (7U(N + 1) - 7Li(5') ) 14(11,54, 100? 

11" > 041=071 + (70(5 + 1)-71( N))* (OP')(J,K + n+ ^FiMJ,5))+0.5 0 

GO TO 54 
1001 0«? = re?+(7li(N + l)-XIJ (N)) + (0PU(J,5:+ 1)+0 F1J (J,N))+0.50 

»•4 IF ( 7L (N + l )-71 (N) ) 100 7,55 , 1 1 0 4 
lOCT 1 5 + =147+(71( 5 + 1)-71( 5')) + ( 0°L(1,+'+l)+0FL(1,5))+0.50 

Gr 7 0 55 
in 41, 144 = 044 ' <7l <5 + 1 ) - 71 <N> >• (OPL (1,5 + 1) +CFL (1,5)) »0.50 

54 
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»"ï rcKTiru17 

CMJ) = -tCN(J» ♦ .*5 * (0CP<1>**(1> ♦ 0CP(31»*(X(32)-XC31»))) 

hm : rai V zu(i)*(i.*cpu(j,m*o.so 
Ci? = '«3 + 7L(l)*(l.*rPI. (J,l»)*0.50 

Cfl(J)= CÄ1+CA2-CÄ3-CÜ4 
Cl(J)=CK(J) * CO?Al.P - CMJ) * CTNftLP 
CC ( J)- CK ( J ) * SIN®L°*C A (J) •CO'! ALP 

6^4 CCNTPUP 

IF(. xy.CT.l) ro TO fi?3 

CVrü.n 

OCP(7?) = 0.0 

OC FC N = 1 * 3 0 

OMl= .5*(0CF(N)*nCD(N+l))*(XfN»l)-X(N))*(.5*(X(N)+X(N+l))-.2S) 

'í'' C4 = C“*Ct'l 

CS= rvf .<5* (CCP(1)*X(1) * { • 5*X 11) - .25) ♦ OCP (31 ) • ( X H 2) - X ( 31) ) 

1 *(.5 • (X(32)+X(31))- .25)) 

WFIÎF (5t311) NC00i:2,PH0,PHP,RE »ALPHA 

311 F CP4Û T(1 Hl » 20HINPUT CONOITICNS 

7 //,8X,BHPLANPCPM,24X,11HL.F. RADIUS,15X 

7 , 10t-L .E . S4FEP,11X, 15HREVN0LDS NUHOER1IX, 15H Ai OLE OP ATTACK /,2X, 

7?4H(l-2C,2“SHEAREn,3-SHE°T) /1IX,1II,28X,F10.7,1 «X,F10.7,1OX, 

4F10.0,15X,F10.3//) 

WSITFíF.LO1) CL(J),CO(J) ,CH 

4 F 7 FCPFAT(?4HOSFCTION CHARACTEPI STTCS7/IIX,2HCL,32X, 2HCD,21X,7HCM (C/4 

1),/ FX ,F10.7,25X,F10.7,15X,F10.7) 

WOIIF(5,4F 0) 
4 F o FfPMT ( / /, IX, FñHPRESSLIRE COEFFICIENTS ANO DELTA PRESSURE COEFFICIE 

fNT FO® GIVEN ANGLE OF ATTACK,//,14X,15H CHORO LOCATION, 

«12/,QF CF-UPPFR,1FX,9H CP-LOHER,15X,RH DELTA CP) 

nC B1 N = 1,31 

«1 WPITE (6,4F,1) X(N),CPU(J,N),CPL(J,N),OCP(N) 

4F1 FCP*AT(i«-x,fio.Ç,15X,fio.5,15X,F10.5,15X,F10.5) 

GC TO 87 

53-1 if (Gt ( J) ) F 02,503,503 

F01 ALPFArALPHA-l.0 

J=J*1 

o cT r b f 

41TH CP COMPUTED, THE REST FOLLOWS CLOSELY THE PROCEOUPE OUTLINED IN 
T.C. WFNC. 6407 CF P.A.C. 

F0? AlIT=r.0 
Aleono.o 
jj=j 
ALPHAXxTwax*(1.16657-0.05SGÇ*THftXI 

J-l 
44 = 4« 
OC 64f 1=1,HW 
A I = I 
H = J-I 
^1=7-0+1 
CCN1=(CL(H)-CL(J))/AI 
CCN?=nI-(CL(H)/CONl) 
A1 IT= (CCN1/Af)+AHT 

640 ALP0=(CCNP/A'M+ALP0 

55 
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AIT -AlIT* (1.4((ALOG(»E*1.E-05))**EXPF)* (2.(TAMTÍ). 7flE*T AN 

lTA-0.?3?)) 
WPITF(6,421) A1IT,A1I,AL°0,ALPHAX 

421 FC^MT (//56X,?0HTHECpFTICAL LIFT CURVF SLOPE =, FI 0. F , 15 X, 48HLIF T 
Î rUPVF SLOPE CORRECTED FO» VISCOUS EFFECTS = ,F10.5,/,6X, 30HANGLE 
« CF ATTACK AT ZFRC LIFT =, F10.5,15X,11HALPH A MAX =,F10.2> 

WPITT(6,426) 
4^6 FORPATdHl, 41H0RAG RISE MACH NUMBER TAPLE 

»//,35X, 1H1,5 0X,1H2,/,6X,5HDMACH,10X,3HCLf,6X ,5HALPHA,5X,5HALPHIf 

Î8X,6HXCRFST,7X, 7HCPCPFST,8X,5H0FLCP,/) 

OC F 0 4 K = 1,JJ 
ALPHA!(K) = (CL (K)/A11)4ALp0 
ALPRDN=ALPHA I (K)*0.01745320 
TANALF(K)=SIN(ALPRDN )/COSÍALRRON) 

1-1 
C 
r TO FINC THE SURFACE SLOPE CORRESPONDING TO THE VISCOUS ANGLE OF ATTACK, 
C A POUGH ESTIMATE (TANTH) IS USED TO LOCATE THE APPROXIMATE POSITION. 
C THEN A SECOND CREEP CURVE FIT DEFINES THF EXACT LOCATION. 
C THF SAME PRCCFCLRE IS USED TO FIND XCRFST AND CPCREST AS SLOPE, 
r 

6 0 F IF(TANTH(I)-TANALP(K)) 606,607,607 
607 1=1*1 

GC TC ¿06 
6^6 CU=(((ZLR( I*1)-ZL0(I-1))/(XUD(T*1)-XUC(I-1)))-((7U0(I)-ZUD(I-1) ) / ( 

1XUD(T)-XUO(I-1))))/(XUO(I41)-XUO(I)) 
RL=((?UC(I)-ZLD(I-1))/(XUD(I) -XUD(I-D) )-CU* (XUD( I)*XUO(1-1)) 

AU=ZUr(I)-PU*XUD(I)-CU*XUD(I)**? 
XALP=(TANALP(k)-PU)/(2.*CU) 
7 AL F = AL4BU*XALP4CU*XALP**? 
ZrHECK=7ALF-C.0044 
IF ( ZCHECK .LE. 0.0) ZCHECK = ZUDd) 

J = 1 
6*5 IF (ZCHFCK-ZUC (J)) 627,628,678 

6 ? 6 J = j*l 
GC TC 635 

677 IFU.FO.I ) GO TO 62° 
CL=(((ZID(J*1)-ZUC(J-1))/(XUD(J + l)-XUD(J-l) ))-( (ZUD(J)-ZUO(J-l))/( 

1XUD(J) -XUD ( J-l))))/(XLD(J*1) -XUD(J)) 
PL=((ZUC(J)-ZUD(J-l))/(XUD (J)-XUD(J-1)))-CU*(XUn(J)*XUO(J-l)) 

AL=ZUC(J)-PU*XUD(J)-CU*XU0(J)**? 
62 9 XCHECK = 0.5*(<-BU/CU)-SOPT((BU/CU)**?-4.*((AU-ZCH2CK)/CU)) ) 

L = t 
608 IF(XALP-X(L)) 609,610,611 

611 L = L♦1 
GC TO 608 

610 CFALF =- '‘PU (K ,1 ’ 
GC TO 612 

6Q° CL=(((CPU (K,L*1)-CPU(K,L-H )/( X (L *1) - X(L-1 )))-((CPU (K,L)-CPU (K 

1,L-1))/( X ( L) - X (L- 1 ))))/( X(L *1) - X(L)) 
BU= ( (CpU(K ,L)-CPU (K,L-1) ) / ( X (L ) - X (L -1 ) > )-CU* ( X(L)+ X(L-D) 

AL = CPL(K,L)-nU* X (L)-CU*( X(L) * *2) 
OF A IP = AU4PL»XALP4CU*XALP**2 

J = 1 
6.3 0 IF ( XCHFOK- X ( J ) ) 6 31,6*2,632 

Ka ..... iiiaiiiifctiïiÉiiiia 
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J r J ♦ I 
r.r Tr f r 

t11 ir(j.cQ.u r,r rn 67? 
cu= ( ( (CtU(K, JU) -cou (K, j-1) ) / ( X ( j ♦ i ) - x(j-i)))-;(CFU(K,j) -rt>u (K 

! * J- 1 ) )/( X(J)- X(J-l))))/( X(J * 1) - X ( J)) 
^ ii=( (r0u(<»j)-cpu(<»j-i) >/( X ( j » - X (j-i > > )-ru* < x(j>* x(j-d) 
ûl = r‘'L ( X, J)-ni_* X(J)-CU*( XU)**?) 

‘■-x.x rrrx= AL + lL’XCHCCKfn^xCHFOK**? 
TC LrP = CFfiLn-CPCX 

f i p c r M i a u r 
A L F H C = (FL(K)/A1IT) +ÛLPn 

Fk'Ar.Hn<)ri./(i,o?'»-c.nFa7»cPALD-n.4ii*r»cFALF**?-T.i‘:;cf*cPALP**'î-Q. 
n?i ?*roAtp»»i,) 
Firixiz FL(x)/snPT(i.-nMACH(K)**?) 

(."i, WPI Tr ({,, = ! [) FMACHtK) ,CLn(<) , ALPHA , ALPHA I (K) ,XALP,CFALP ,CELCP 
-,tn Frp*f T(?y,FlP.F, LX,Fin.F., SX,F’.0,?X,F1D.6, LX,fio.Ç, 3X,F10.S, 

tf L X, F 1r ,5,/1 
WFITF(FjL??) 

f'■^^TT^ur 

L?7 Fr=PST (?HC1/90H W Hr K ALCHA IF F P F A T F P THAF ALdMAX, SEPAPATICN “A 
1Y r X Tc T PFNnrsfTMG THF PFpujlTF INC OPRFfT./2H0 ?/P OH A VALUE OF orLr; 
pp FCF ¿ T r p T h A X n.07 INOICATFF A PPFMATUPF OFAF, oprrp OCMDITICN «AY 
■' F X IF T . ) 

P F T L p) 
■KP 

Reproduced from 
best available copy- 
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$IBLDR CALCMP 06 MAR 68 
CALCMPOO 

THIS DECK IS A BINARY DECK CONSISTING OF THE "CALCOMP PACKAGE". 

THIS "PACKAGE" IS A SET OF SUBROUTINES FOR OPERATING THE ON LINE 

CALCOMP PLOTTER. THE FOLLOWING IS A LIST OF THOSE SUBROUTINE 

NAMES WITH THE ONES CALLED BY THIS PROGRAM UNDERLINED. 

PLOTE 

PLOTS 

PLOT 

AXIS 

LINE 

SYMBOL. 

NUMBER 

T FUSED 

PLTIMT 

FACTOR 

OFFSET 

WHERE 

SCALE 



AFFDL-TR-71-87 

APPENDIX II 

EQUATIONS FOR AIRFOIL COORDINATES 

4- DIGIT DESIGNATION 

Thickness: 

yt = (t/. 2) (0. 29690 yx - 0. 126X - 0. 3516X2 + 0. 2843X3 - 

t - maximum thickness in fraction of chord. 

Mean line: 

Ahead of maximum ordinate, 

yc = (m/p2) (2 pX - X2) 

Aft of maximum ordinate, 

yc = m (1 - p)2 [(1 - 2p) + 2 pX - X2] 

m - maximum ordinate of mean line in fraction of chord 

p - chordwise positior of maximum ordinate 

5- DIGIT DESIGNATION 

Thickness: same as 4-DIGIT DESIGNATION simple mean line; 

Ahead of position of maximum camber, 

yc = (iq/6) [x3 - 3mX2 + m2 (3 - m) x] 

Aft of position of maximum camber, 

yc = (Kye) m3 (1 - X) 

Reflex mean line: 

Ahead of positior. of reflex, 

yc = lKi/6) [(X - n)3 - (Kg/iq) (1 - n)3 X - 0½ + n3] 

w 

0.1015X4) 
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Aft of position of reflex, 

yc = (K^S) [(K2/K!) (X - n)3 - (K2/K,) (1 - n)3 X - A * n3] 

m & n - constants found by evaluating the boundary conditions, i. e, 

dyc/dx = 0 where x is position of maximum camber. 

k2/k1 = [3<m - P)2 - m3] /(1 - m)3 

K1 - evaluated by substituting for (Kg/K]) and solving with known yc. 

4-DIGIT & 5-DIGIT MODIFIED DESIGNATIONS 

Thickness: 

Aft of maximum thickness, 

yt = d0 + dx (1 - X) + d2 (1 - X)2 + d3(l - X)3 

where coefficients are determined by: 

1) y¿ = - di = f(t) at the trailing edge. 

2) = o = - dt - 2 d2 (1 - m) - 3 d3 (1 - m)2 at the position of 

maximum thickness. 

3) t = d0 + dx (1 - m) + d2 (1 - m)2 + d3 (1 - m)3 

4) yt = • Olt = dQ at X = 1. 

Ahead of the maximum thickness, 
è 

yt = u0.yx*V axx + a^X2 + a3X3 

where tue coefficients are determined by: 

Pt = ao2^2, ^ = 1-1019 (ü/6)2, 1 is Siven i04116 designation suffix. 

2) y¿ = 0 = (a0/2)v^r + aj + 2a2X + Sa^ 
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3) radius of c urvature at the position of maximum thickness. 

R = (2d2 + 6d3 (1 - m))“1 = (1 + y,2)3/2/yt" 

yt" = (-a0/4X3/2) + 2a2 + 6a3X 
o Q 

4) yt = t = a0 + a1m + a2m2 + a3m at the position of maximum 

thickness. 

Mean line: 

Same as corresponding 4-DIGIT & 5-DIGIT DESIGNATION AIRFOILS. 

1-SERIES SECTIONS 

Thickness: 

Same as 4-DIGIT MODIFIED DESIGNATION thickness equation. 

Mean Line: 

yc = (-CLi/4 7T) [(1-X/c) lnil-X/c) + (X/c) In (X/c)] 

where CLi is given in the designation. 

NOTE: Leading edge radius estimated to be 3 or 4 percent chord. 

6-DIGIT SERIES SECTIONS 

Thickness: 

Same as 4-DIGIT MODIFIED DESIGNATION thickness equation. 

Mean Line: 

yc = [cLi/27T(a+l)] [l/(l-a)] [.5 (a-X/c)2 In |a-X/c| 

- .5(l-X/c)2 In (1-X/c) + .25 (1-X/c)2 - .25 (a-X/c)2] 

- X/c In (X/c) + g -hX/c 
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where g = l/(l-a)j ((.5) ln (a-. 25)) + .25J 

h = (1/1-a) [.5(l-a)2 ln (1-a) - .25 (1-a)2] + g. 

"a" is defined as point where load distribution changes from uniform t o 

linearly decreasing to zero at the trailing edge. is given in the designation. 

62 



AFFDL-TR-71-87 

APPENDIX III 

STEPS IN DRAG-RISE MACH NUMBER PREDICTION 

An outline of the individual steps involved in the drag-rise Mach number 

prediction program are stated below as given in Reference 1: 

(1) Determine the chordwise incompressible inviscid pressure distribution 

for a chosen set of angles of attack (a 1T) and integrate each pressure distri¬ 

bution to obtain the lift coefficient (CLjT). 

(2) Assume that for any given value of lift coefficient the pressure coef¬ 

ficient in incompressible inviscid flow and in incompressible viscous flow are 

identical in the vicinity of the crest, but are associated with different angles of 

attack, namely a IT ana a i respectively. The latter must be determined (Step 5). 

(3) From the data obtained above (Step 1), calculate the lift-curve slope 

in incompressible inviscid flow (a^) at zero lift. 

(4) Determine the lift-curve slope in incompressible viscous flow (a^) 

from equation given in Section III or Figure 2, Reference 1, using the value 

of ajT obtained in Step 3. 

(5) Determine the angle in incompressible viscous flow ( a j) corresponding 

to the values of C^j obtained by the assumption of Step 2 above from 

C, U + 

ll 
OIT 

Note: Where low speed experimental data is available, Steps 1 through 5 are 

unnecessary and the computations can begin with Step 6. 

(6) Determine the airfoil upper surface slope ( 8 g) for a series of 

chordwise stations such that the numerical range of 8S slightly exceeds the 

numerical range of a j, taking into account both positive and negative values 

of a j. 
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(7) Determine: 

(a) The chordwise position of the crest for each value of a j - the 

crept being defined as the point at which the airfoil surface is tangential to the 

undisturbed freestream flow direction, i. e., ög = Oj. 

(b) The incompressible pressure coefficient at the crest (CpCregt) 

for each value of Qj. 

(8) Use Cpcrestto determine MD from Figure 3 in Reference 1 which 

may be approximated by the equation 

Mp = 1.023 - 0.907CpCregt - 0.4140CpCres|; - 0.1506CpCresj 

- 0.0212C4 pcrest 

(9) Use the Prandtl-Glauert Compressibility correction factor ( ßD)> 

evaluated at the drag-rise Mach number (MD), to obtain the lift coefficient 

CLD from 

CLD = CLI^D 

(10) Plot the drag-rise boundary as the locus of the points (CLD, MD ). 
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