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_i DEVELOPMENT OF A COMPUTER PROGRAM TO OBTAIN ORDINATES
• FOR NACA 4-DIGIT, 4-DIGIT MODIFIED, 5-DIGIT,

:_° AND 16-SERIES AIRFOILS

Charles L. Ladson and Cuyler W. Brooks, Jr.

_ Langley Research Center

l SUMMARY

j/ The analytical design equations for both symmetrical and cambered airfoils in theNACA 4-digit, 4-digit modified, 5-digit, and 16-series airfoil families have been reviewed.

A computer program has been developed to calculate rapidly the ordinates and surface

slope for these airfoils and the program is included as an appendix to this report. Pro-

visions are made in the program to combine basic airfoil shapes and camber lines from

different series so that nonstandard airfoils can also be ge_mrated. The program also

produces plots of the nondimensional airfoil ordinates and a punch card output of the ordi-

nates in the inplt format of a readily available program for determining the pressure dis-

tributions of ar_)itrary airfoils in subsonic potential viscous flow.

INTRODUCTION

During the 1930's several families of airfoils and camber lines, all of which have

analytic expressions for the ordinates, were developed by the National Advisory Committee

for Aeronautics (NACA). These include the NACA 4-digit airfoils (ref. 1), 4-digit modified

airfoils (ref. 2), 5-digit airfoils (ref. 3), and 16-series airfoils (refs. 4 and 5). Many of

these airfoil shapes have been successfully used over the years as wing and tail sections

for general aviation as well as military aircraft. Some have been and are still being used

as sections for propellers and helicopter rotors.

Numerous specific airfoils of these series have been computed and ordinates pub-

lished over the year,-.. However, when performing parametric studies on effects of such

variables as thickness, location of maximum thickness, leading-edge radius, amount and

location of maximum camber and others, it is not always easy to obtain the ordinates of

the desired shapes rapidly. Because these airfoils all have analytic solutions for the

ordinates, both with and without camber, a computer program can be written to provide

the exact ordinates rapidly and at a low cost. An attempt to do this was made in refer-

ence 6, but some limiting assumptions were made so that exact results are not provided

for some airfoils.
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The purpose of this paper is to review the design parameters for all these airfoils

and to describe a computer program which will generate exact ordinates for all airfoils

of these series with an acceptable expenditure of computer time. The program will also

allow combination of m_y airfoil and any camber line so that many nonstandard airfoils can

be described.

SYMBOLS

When two symbols are given for a concept, the symbol in parenthesis is that used in

the computer program and on computer-generated plots.

A camber line designation, fraction of chord from leading edge over which

design load is uniform

a0,al,a2,a3,a 4 constants in airfoil equation

b0,bl,b 2 constants in camber line equation

c (C) airfoil chord

/Cr_ (CLI) design section lift coefficien _.
\ ..,/design

d0,d 1,d 2,d 3 constants in airfoil equation

I leading-edge index number

kl,k 2 constants i

m chordwise location for maximum ordinate of airfoil or camber line

p maximum ordinate of 2-digit camber line

R radius of curvature

r chordwise location for zero value of second derivative of 3-digit camber

line equation

t thickness

x (X) distance along chord
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/ y (Y) airfoil ordinate normal to chord, positive above chord
_, 5 local inclination of camber line

ot,'!
Subscripts:

o

cam cambered

....:":o l (L) lower surface

le leading edgeo

N forward portion of camber line
'5

_, T aft portion of camber line

t thickness

u (U) upper surface
.. _--_

_"_° :_ ANALYSIS
e

The design equations for the analytic NACA airfoils and camber lines have been pre-

sented in references 1 to 5. They are repeated herein to provide a better understanding
_= of the computer program and indicate the use of different design variables. A summary

:_ of some of the design equations and ordinates for many airfoils from these families is=,_i, also presented in references 7 to 9.

_ Thickness Distribution Equations

=_:_L 4--digi.______._t.--Ordinates for the NACA 4-digit airfoil family (ref. 1) are described by an

2o _ equation of the form:

_, The cons[ants in the equation were determined from the following constraints:

_ (1) Maximum ordinate:

x Y dy-= 0.30 -= 0.I0 _= 0
c c dx
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(2) Ordinate at trailing edge:

x Y- = 1.0 - = 0.002
_o C C

_,_ (3) Trailing-edge angle:

i=,tl X 1.0 dy 0.234
c =

,_i (4) Nose shape:
.... X Y-= 0.1 -= 0.078

C C

:_: The coefficients listed below were determined to meet these constraints very closely:

! =i -- ao = 0.2969 !I

_i_'= a1 = -0.1260

a2 = -0.3516

a3 = 0.2843

a4 = -0.I015

To obtain ordinates for other thickness airfoils in the family, the ordinate _ for the

0.20-thickness-ratio model are m_ltiplied by the ratio (t/c)/0.20. The leading-edge t

radius of this family is defined as the radius of curvature of the basic equation evaluated I
1

at x = 0. Because of the term a0_/x-_,,__in the equation, the radius of curvature is finite j

at this point and can be shown to be a0_/2. Thus, the leading-edge radius varies as !

the square of the airfoil thickness-chord ratio because the thickness varies linearly with !
/

the a constants. To define an airfoil in this family, the only input necessary to the corn- J

puter program is the desired thickness-chord ratio. Symmetric airfoils in this family are

designated by a 4-digit number, that is, NACA 0012. The first two digits indicate a sym-

metric airfoil and the second two, the thickness-chord ratio.

4-digit modified.- The design equation for the 4-digit airfoil family was modified

...... (ref. 2) so that the same basic shape was retained but variations in leading-edge radius

o_ and chordwise location of maximum thickness could be made. Ordi,mtes for these airfoils

are determined from the following equations:
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From leading edge to maximum thickness,
kq,,

From maximum thickness to trailing edge,

_i The constants in these equations can be determined from the folloWing constraints: "

il (1) Maximum ordinate:

' dyr_'_" --=reX Y"O.I _=0
c c dx

i_ (2) Leading-edge radius:

o^2
x 0 R= "u--q--

!_ C = 2
i

(3)Radius of curvatureatmaximum thickness:

x (I - m) 2

= m R = 2d1(1 -'m)- 0.588

(4)Ordinateattrailingedge:

x y
-= 1.0 -= d0= 0.002C C

(5)Trailing-edgeangle:

x = 1.0 d.._y=dl = f(m)c dx

Thus, the maximum ordinate, slope, and radius of curvature of the two portions of the

surface match at _c z m. The values of d 1 were chosen, as stated in reference 2, to
avoid reversals of curvature and are given in the following table:

m d1

0.2 0.200

.3 .234

.4 .315

.5 .465

.6 .700



of these constraints, equations were written for each of tile constants (exceptBy use

and dl). in tile equation for the airfoil family and arc included in tile computer pro-"do
gram. As in the 4-digit airfoil family, ordinates vary linearly with variations in thickness-

chord ratio and any desired thickness shape can be obtained by scaling the ordinates by the

ratio of the desired thickness ratio to the design thickness ratio.

$ These airfoils are designated by a 4-digit number followed by a dash and a 2-digit

_ number (that is, NACA 0012-63). The first two digits are zero for a symmetrical airfoil

o_= and the second two digits indicate the thickness-chord ratio. The first digit after the dash
is a _eading-edge radius index number, and the second is the location of maximum thick-

,_ ness in tenths of chord aft of the leading edge. The leading-edge index is an arbitrary

....: number assigned to the leading-edge radius in reference 2 and is proportional to a 0. An

....... index of 0 indicates a sharp leading edge (radius of zero) and an index of 6 corresponds to

_I a0 0.2969, the normal design value for the 4-digit airfoil. A value of leading-edge index
of 9 for a three times normal leading-edge radius was arbitrarily assigned in reference 2.

Values of leading-edge radius for various values of the index number and thickness-chord

ratio are listed in table I and plotted in figure 1. The computer program is written so that

the desired value of leading-edge radius is the input parameter. The value of a0 is then
computed in the program. The index number is only used in the airfoil designation.

16-series.- The NACA 16-series airfoil family is described in references 4 and 5.

Although not directly stated in the references, it will be noted from the equation for theordinates in reference 5 that this series is a special case of the 4-digit modified family.

The 16-series are thus defined as having a leading-edge index of 4 and a location of max-o

imum thickness at 0.50 chord. The designation NACA 16-012 airfoil is equivalent to an

_, NACA 0012-45. The computer program does not have separate inputs for the 16-series so
that the 4-digit modified series must be used to obtain ordinates for these airfoils.

=_: Camber- Line Equations

_m: 2-digit.- The NACA 2-digit camber line is described in reference 1. This camber

-_ line is formed two parabolic segments which have a general equation of the formby

b0+ bl(X)+'-- b2(X)2.'" The constants for the two equations are determined from the
Z= fol-
C

_: lowing boundary equation_: 1!

_. (1) Camber-line extremities: i

_.-_, x Y= 0---- 0
C C

x Y-= 1.0 ---- 0
C C
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_'" (2) Mmximum ordinate:

i
_ x Y p

-= m g=C

; dy
---- 0
dx

From these conditions, the camber-line equations then become

forward of maximum ordinate and

c = (1- m) 2

aft of the maximum ordinate. Both the ordinate and slope of the two parabolic segments
x

match at _ = m. This camber line is designated by a two-digit number and, when used
with a 4-digit airfoil, would have the form NACA pmXX where p is the maximum camber

in percent chord; m is the chordwise location of maximum camber_ and XX is the

airfoil thickness in percent chord. Tables of ordinates for some of these camber lines

are tabulated in references 8 and 9. The ordinates are linear with amount of camber and

these can be scaled up or down as desired.

3-digit.- To provide a camber line wi_h a very far forward location of the maximum

camber, the 3-digit camber line was developed and presented in reference 3. This camber

line is also made up of two equations so that the second derivative decreases to zero at a

_' point r aft of the maximum ordinate and remains zero from this point to the trailing

edge. The equ_ttions for these conditions are as follows:

g X
From _= 0 to _= r,

X X
From E; r to _; 1.0,

£ .2y.. 0
dx _.

7
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(2) At junction point:

xm -- r _
C

::_, The equationforthe camber linethenbecomes

,:_,, Y = k1 - 3r + r2(3 - r)

'_: X X

_.., from _ffi 0 to _= r and

:!_., gfg -
L'.

"!:: X X
......,, from g = r to _ = 1.0. These equationswere thensolvedfor valuesof r which would

:,ii:_i give longitudinal locations of the maximum ordinate of 5, I0, 15, 20, and 25 percent chord.

_ The value of kI was adjustedso thata theoreticaldesignliftcoefficientof0.3 was
_'. obtained at the ideal angle of attack. The value of k I can be linearly scaled to give any

_i desireddesignliftcoefficient.Values of kI and r and the camber-linedesignation
_i_ were takenfrom reference3 and are presentedinthefollowingtable:

_._=i_ _ , • ,=

_::,_; Camber-line x/c or nmximum r k1.... designation tuber, m

210 0.05 0.0580 361.400

' 220 . I0 .1260 51.640

=:: 230 .15 .2025 15.957

i 240 .20 .2900 6.643

250 .25 .3910 3.230

The first digit of the 3-digit camber-line designation is defined as two-thirds of the design

lift coefficient, the second digit as twice the longitudinal location of maximum thickness

_ in tenths of chord, and the third digit of zero indicates a nonreflexed trailing edge.
8
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o_ 3.-digit reflex.- For some applications, for example, rotorcraft main rotors, it may

=_: be desirable to produce an airfoil with a quarter-chord pitching-moment coefficient of zero.

The three-digit reflexed camber line was thus designed to have a theoretical zero pitching

moment as described in reference 3. The forward part of the camber line is identical to

_ the 3-digit camber line but the aft portion was changed from a zero curvature segment to

a segment with curvature. The equation for the aft portion of the camber line is expressed
d2y

- k2iX - r). By using the same boundary conditions as were used for the 3-digit
b _

by _-_-
camber line, the equations for the ordinates are

i!;./_'f:'_ _= _ I_ r)3 k2kl r)2 3i
: Y 1 _I x - (I - x r3 x- r

X X

from _= 0 to _= r and

. r) Iy 1 ZlI_11_" - (I- r) 3 x r 3 x

x x /for _-r to _= 1.0. The ratio k2 k 1 is expressed as

• _ k2 3(r-m) 2- r 3

k 1 1 - r
} '

Values of k 1, k2/k 1, and m for several camber-line designations from reference 2 are¢

__ presented in the following table:
i :' °

o

:_ o Camber-line x/c -for maximum
designation camber, m r k1 k2/k 1!

_. }_.

_ 221 0.10 0.1300 51.99 0.000764

_ ,_,, 231 .15 ,2170 15.793 .00677

,' 241 .20 .3180 6,520 .0303

i o:' 251 .25 .4410 3.191 .1355

The camber-line designation for this camber line is identical to that for the 3-digit camber

line except that the last digit is changed from 0 to 1 to indicate the reflex characteristic.

6- and 6A-series.- The equations for the 6-series camber lines are presented in

reference 8. These camber lines are a function of the design lift coefficient _--(CL/design
and the chordwise extent of uniform loading A. These 16-series cambered airmils (ref. 4)

are derived by using the A = 1.0 camber line of the series. These equations have been

programed for use with 6-series airfoils in reference 10 and that part of the program has
O

9

j,



$ been incorporated into the present program. As was the case in reference 10, the pro-

gram is capable of combining up to 10 camber lines of this series to provide many types

of loading.

°': Calculation of Cambered Airfoils

To calculate ordinates for a cambered airfoil, the desired mean line is first com-

_ puted and then the ordiaates of the symmetrical airfoil are measured normal to the mean

=_ line at the same chord station. This procedure leads to a set of parametric equations

where (y/c)t, (y/C)c.uu , and 5 are all functions of the original independent variable

x/c. The ordinates on the cambered airfoil (x/C)u and (y/c) u are given by

(x)= - sin5
'_ U

u t

where 6 is the local inclination of the camber line and (y/c) t is assumed to be nega-

tive to obtain the lower surface ordinates (x/c)/ and (y/c)/. This procedure is also
described in reference 1. The local slopes of the cambered airfoil can be showa_ to be

(_) tan 5 sec 5 + \dx] t t
°_ dy =

u  ec0
and

tan0sec6- dy + tan5

_* d(_) t t._: l sec5+ tan6+

"5 t t

differentiation of (x/C)u, / and (y/C)u, / w:th rezpect to the original x/cby parametric

° and use of the relationship

,_:'.iJ_ d(ddd_ d(y/C)u/d(x/C)u-_,_v'_ u = d(x/C)u/d(x/c)
_J

Although specific camber lines are generally used with specific thickness distri-

ct butions, this program has been written in a general format. As a result, any camber line

can be used with either type thickness distribution so that any shape desired can be

generated,

........ _.,,,.,,,_- , _ • , .... _--lli ...... | 1
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RESULTS AND DISCUSSION

Program Capabilities

The computer program which was developed to provide the airfoil shapes described

by the equations in the analysis section is listed in the appendix. The output of the pro-

gram consists of tabulated ordi,mtes, computer-generated plots of the nondime,asio,_al

ordinates, and punched card listings of the ordi,aates. The punched cards are in the format

t of the input of the program described in reference 11 so that pressure distributions over
the generated shape may be readily obtained. To show graphically the capabilities of the

i:
i program, sample computer plots of several airfoil shapes are presented in figures 2 to 10.

_ Figures 2 and 3 illustrate possible variations in the 4-digit airfoil family, figure 2

showing variations in thickness-chord ratio for symmetrical airfoils and figure 3 showing

variations in the amount of camber for a fixed thickness-chord ratio and location of maxi-

mum camber. Figures 4 and 5 illustrate possible variations in the 5-digit airfoil family.

Variations in the longitudinal location of maximum camber are shown in figure 4 and a

comparison of the same airfoil with nonreflex and reflex: camber lines is shown in figul'e 5.

Examples of the 4-digit modified-series are shown in figure 6 for symmetrical airfoils and

in figure 7 for cambered airfoils. The symmetrical airfoils have variations in the longi-

tudinal position of mmximum thickness whereas the cambered airfoils show variations in

the longitudinal position of maximum camber.

Examples of 16-series airfoils (which, as previously noted, are special cases of

4-digit modified airfoils) are shown for symmetrical and cambered sections in figures 8

and 9, respectively. Figure 10 presents an example of a combination of a 4-digit modified

airfoil with a combination of two 6-series camber lines to give an aft-loaded section. Thi_

is shown to give an indication of the types of sections which may be generated by combi-

nations of various thickness distributions and types of camber lines. If a thickness-chord

ratio of 0.0 is specified in the input to the program, the shape of just the camber line or

combination of camber lines is computed. The results of this procedure are show_l in

figures 11 and 12.

Sample Output Tabulations

Sample computed ordinates for both a symmetric and a cambered airfoil are pre-

sented in tables II and III, respectively. Printed at the top of the first page for each table

is the airfoil and camber-line family selected, the airfoil designation, a,ld a list of the

input parameters for both airfoil shape and camber li,m. For the 4--digit modified airfoil

family, the coefficients of the airfoil equation are also listed for a shape with a thickness-

chord ratio of 0.20. Both nondimensional and dimensional ordi,mtes are listed. The

dimensional quantities have the same units as the input value of the chord, which is also

11



listed at the top of the page. First and second derivatives of the surface ordinates are

also presented for symmetrical airfoils, but only first derivatives are tabulated for file
$
o,,, cambered airfoils.

, Accuracy of Results

;': o All the airfoils and camber lines generate_ by this program are defined by closed

analytical expressions and no approximations have been made in the program. Thus, all

results are exact. Many cases have been run and compared with previously published

_ilr. results to check the procedure and in all cases the comparisons were exact except for

occasional differences in the last digit due to rounding differences.

= _':: CONCLUDING REMARKS

The analytic design equations for both symmetrical and cambered airfoils in the

_ NACA 4-digit, 4-digit modified, 5-digit, and 16-series airfoil families have been reviewed.

_' A computer program has been developed to calculate rapidly the ordinates and surface

slope for these airfoils and the program is included as an appendix to this report. Pro-

o_ visions are made in the program to combine basic airfoil shapes and camber lines from
different series so that nonstandard airfoils can also be generated. The program will also

:. i_: produce plots of the nondimensional airfoil ordinates and a punch card output of the ordi-

'. nates in the input format of a readily available program for determining the pressure dis-

tributions of arbitrary airfoils in subsonic potential viscous flow.

Langley Research Center

o • .... National Aeronautics and Space Administration

Hampton, Va. 23665

August 29, 1975

¢
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_., APPENDIX

at COMPUTER PROGRAM FOR ORDINATES OF ANALYTICAL NACA AIRFOILS

The program presented herein is written in the Langley Research Center version of

FORTRAIg IV and has been u_ed on the Control Data series 6000 computer systems. Both

___ the.computationalprogram and a plottingprogram are presented,althoughthe plottingrou-

fineisincludedas a guideforusers only. Severalunlistedsubroutinesare used inthe

i=_i plotting program. The computational program requires about 460008 storage locations,
and requires about 8 seconds to compile and about 1.5 seconds to execute each case on the

_:'i,,_ ControlData 6600 computer system.

Card InputFormat
o _

The inputto theprogram is ina card format as follows:

CARD 1 - Number of ordinates to be output on punched cards: (Maximum of 32) (right

justifiedin columns 1 to 3).

_-_-_ CARDS 2, 3,4, and 5 - Chordwise locationofordinatesto be outputon punched cards.

i _/ _. (Columns 1 to i0, Ii to 20, etc., with decimal point.)

o CARD 6 - Tabulated data printout airfoil title card. Any designation may be used in col-!.

ii ° _ umns 1 to 80.
!t

•_i .... CARD 7 - Airfoil thickness series and camber-line series designations are as follows:
ii.....

NACA airfoil family Card designation* Columns

4-digit 4-DIGIT 1 to 7

,--_._ 4-digit modified 4-DIGITMOD 1 to 10

Camber line Card designation* Columns

NACA 2-digit 2-DIGIT II to 17

NACA 3-diglt 3-DIGIT 11 to 17

NACA 3-dlglt reflex 3-DIGITREF 11 to 90

NACA 6-series 6-SERIES Ii to 18

NACA 6A-serles 6A-SERIES II to 19
i

*These are hollerithcards;designationsmust be in

exactcolumns.

13



APPENDIX

CARD 8 - Airfoil tl_ickness distribution parameter card. (Note that cards 3 to 7 are in

_ °:_ floating-po}nt mode. Numbers are entered with a decimal point.)

Description Variable Columns

Thickness-chord ratio of airfoil TOC 1 to 10

!_ (i.e.,0.120)

Leading-edge radius to chord ratio. LER 11 to 20
<,

i.... Not used with 4-digit but must be
used with 4-digit modified

i ': Basic chordwise increment in x/c DX 21 to 30

_: for computing ordinates. Usually

set to 0.01

o Model chord used for listing ordinates CHD 31 to 40
in dimensional units

Nondimensional chordwise location XM 41 to 50

of maximum thickness. Used for

_.'_ 4-digit modified airfoils only

'i_ Trailing-edge slope of 4-digit modified D1 51 to 60

airfoils. Take values from text or

:_ reference 2 or input 0.0 and approxi-

mate value from equation in reference 7
will be used

CARD 9 - Airfoil camber-line parameter card. Set all values equal to 0.0 for a symmet-

o rical airfoil.

Camber line Description ' Variable Columns

2-digit Maximum camber ordinate to chord CMB 1 to 10
ratio (i.e.. 0.04), p

.... Longitudinal location of maximum CM 11 to 20

camber position (i.e., 0.40), m
1

3-digit I Value of k1 from text or reference 3 CMB 1 to 10]

_ which varies linearly with design
lift coefficient

Value of r from text or reference 3 CM 11 to 20

,3 which is a function of the longitudinal
location of maximum camber

14



APPENDIX

Camber line Description Variable -_ Columns

3-digit reflex Value of k1 from text or reference 3 CMB 1 to 10
for reflex airfoils which varies

t linearly with design lift coefficient
Value of r from reference 3 for CM 11 to 20

_ reflex airfoils which is a function

of the longitudinal location of

, maximum camber

Value of k2/kl/ from reference 3 for K20K1 21 to 30
_ reflex airfoils which is a function of

!:: longitudinal location of maximum
i
i camber

E 6 series and Design lift coefficient (i.e., 0.20) CL1 1 to 10

6A-series Camber line chordwise loading A 11 to 20

(use 0.80 for 6A-series)

Number of camber line to be CMBNMR 21 to 30

summed (if only one, leave

blank or insert 1.0)

CARDS 10_ 11, and 12 - Up to nine additional camber lines may be summed on these cards

for the 6-series camber line. These curds are not necessary for

only one camber line.

Camber line Description Variable Columns

6-series Design lift for second camber line CLI 1 to 10

Loading for second camber line A 11 to 20

Design lift for third camber line CLI 21 to 30

Loading for third camber line A 31 to 40

Design lift for fourth camber line CLI 41 to 50

Loading for fourth camber line A 51 to 60

Design lift for fifth camber line eLI 61 to 70

Loading for fifth camber line A 71 to 80

CARD 13 - Title c_rd for use in plot of airfoil ordinates. Any designation may be used in

columns 1 to 80.
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,- APPENDIX

_i* Program Listing
A program listing follows:

PROGRAM AN_LIN(INPuT,OuTPUT,TAPE5=INPuT*TAPESfOUTPUT*PUNCH) A 10
DIMENSION XU(200), XL(200), YU(2OOIQ YL(200) A 20
COMMON /MAIN/ YSTART(3)ICHD,KON A 30
DIMENSION COEFFS(4} A 40
DIMENSION XA(32)I XAu(32), YAU(32). XAL(32), YAL(32), NAME(2) A 50
DIMENSION CLI(IO), A(IO)* TANTHO(IO), YCMB(IO), TANTH(IO), YCP2(IO A 60

I ), IF6XA(IO) A 70
INTEGER TITLE(B) A 80
cOMPLEX ROOTS(3),TEMP(8) A 90
EQUIVALENCE (CLI(I);CMB) A 100
INTEGER SERIEC AItO
REAL K2OKI A 120
INTEGER PROFILE,CAMBER A 130

YSTART(I)=I,O A t40
- o i_ YSTART(2)f4eO A 150

YSTART(3)=?eO A 160
: K4Df|OH4-DIGIT A 170

K4DMODflOH4-DIGITMOD A 180

= _ K2D=IOH2-DIGIT A 190
K3D=IOH3-DIGIT A 200
K3DREF=IOH3-DIGITREF A 210
K6S=IOH6-SERIES A 220
K6ASf|OH6A-SERIES A 230
KONfO A 240

C INPUT PARAMETERS NORMALIZED BY THE CHORD (CHD) A 250
C TOC - T/C, THICKNESS. RLE - LEADING EDGE RADIUS, XM - X(yMAX)/CHOR A 260
C DX - INTERVAL/CHORD, CHD - CHORD IN DESIRED UNITS A 270
C CMB - CAMBER CONSTANT KI. CM - X(MAX CAMBER)/CHORD A 280

CALL PSEUDO A 290

CALL LEROY A 300
READ (5,590) N.(XA(I). i=t*N) A 310
DIf_eO A 320

20 READ (5*600) (TITLE(I),I=I,8) A 330
IF (ENPFILE 5) 30,40 A 340

30 CALL CALPLT (0t0,999) A 350
STOP A 360

40 CONTINUE A 370
READ (5,600) PROFILE,CAMBER A 380

o KON=KON+I A 390
ICKy=OeO A 400
FRAC=IeO A 410
OtfleO A 420
PRINT 620, PROFILE,CAMBER A 430
PRINT 610, (TITLE(1)tlffil,B) A 440

_f (p_OFII.Ee_.I_H,-DIblT ) REAl) (5,63U) TOC,RLF,_,CWD,R,_,_,NA A _SO
IML(I) A 46U

XM=O.5 A _TU
IF (pP_FII.F.Eo. InH4-DIbIT_nD) READ (5,_3U) TUC,_LF,I)X,CHDoXU,t)I,H, A _O

INanE(l) A _9U
|f (CAMUEp.EQ.IOH_-nI_IT .OR,CA_HLR.EQ.IOH_-I)[(_IT ) REA r) (_,b3 A SOb

I0) CM_,CM'B_tHH'HH'HHiHH_ NAML(_) A _IO
IF {CI'_EU.EO.IOH_-nlb|T_EF) _tlO (_,63q) CM_,CM,K?_KI,H_,RP,_,HR A _U

ItNA_F(_) A _3U
IF (CAv_E_.EQ°IOH_-_EP[E_ °()_.CA_ER°_f).I_HbA-_EPIE% ) READ (_._3 a S_U

r_ lU ) CII(I),A(I),CMHNUR,_R,UH,_,HH,N"ME(?) h %SV
IF (C_'._EP.EU.IOH_-qERI_q .Up._AH_N.FQ.|oH_A-SEP|E_ ) |CwY=CMRN_ A _6U

1_ A _7_
IF (IC_r.',T,I) _FAU (5,6.,)) (CLI(1),A(1),I=2,1CKY) A %_u
_k (CIMd_oVQI|_H6-_E_[FS .O_oCAM_L_.EQ.IOHbA-ht_IkS ) C'm=CLI(i) A mgt_
++IN* ++O. mA_F A +Ou

to ORmINALPA¢
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_, IF (IC_Y.LE.I) ICKY=I A _I(_

_' UO SO I=1,10 A 6_0

_. IF_wA(1)=_, A 65U

_0 CONTI',JUE A _6U
_, iF LP_FiI.F.EO.InHW-DIbIT ) PPINT h60, IOC,_LE,I_X.CHO A _Td

iF (PPOFII._.E(_.In,_-DIbIT_mJ) PPINT b?_, TOC,_I.EtD_eC_O_X_4.()I A 6A_
_' IF (CA_EP.EO.I')wP-._IblT ) P_INT bHO, C"_H,CM A &gu

iF (C_v_Ev.E(_.I{)H3-OIGIT ) PRINT ogh. C'_H,C_ A 70u
IF (C_MuE_.EQiI"IH_'nlbITREF) PUINT 700, CMH,CM,K_KI A ?lU
IF (CAMdEP.EQ.IOH_-qERIYS .oP.CAMBEN.EO.IOHbA-SEPIES ) pRI,jT 710 A 72u

l (CLI(1),a(1)'I=I,ICKY) A 7_u
IF(TnC.LT.E)P_OFILE=K_O A 741

IF (PROF_LE.EO.IOH_-DIblI ) GO TO 70 A 75u
i_ C A 76u

C EU_IPt.;TEO CONSTANTS A 771;

i._ C n ?8u
AU:SOQT(2,_*RLE)OO.2/TUC _ 79u
UU=O.OO£ A AOU
IF (DI.GT.O.O) GA IA hO A RIO

UI=.Io(_.2_-5._oW_.I_.3*X_*_}/(I.-O.878_XM) A A20

hO CUNTI'_UE A q3"
_,_: U_=(3._OI.O.SMB/(I..x_))/(3._(Io. XM}_2) A R4U

_% I_2.5) A R7O

_ AI=-.5*AO/XMe*.5-_.*XM*A_-3.*XM**_A3 A 890

C _C IS RADIUS OF CURVATURE AT X=XM A 900
RC=((le-XM)**2/(_e*DI*(|e-XM)-Oe588))e,2/TOC A 910

.. PRINT 730, AO,AI,A_*A3,00,DI,D2tO3,RC A 920

_. C PROFILE, X LE XM A 9_0
_, C A 950

?o CONTINUE A 960
:-] IF (ABS(CMB)eLEeOeI**6) PRINT 7_0 A 9?0
_" IF (ABS(CMB).GT.O.I**_) _RINT 750 A 980

X=O.O A 990
°W" Y=O.O AIO00

XC=O.O AIOIO

•_ VC=O,O AI020

,,_,_ XU(I )=0.0 AI030
_ YU(I )=OeO AI040

XL(I )=0_0 AIO_O..... YL(! )=0=0 AIO&O
B_ XUC=O.0 AIO?O

YUC=OeO AIO80
XLC=O.O AI090
YLC=O=O AltO0

"_; XAU(I)=O=O AIIIO
"_r YAU(I)=O.O AII_O

XAL(I )=OeO All30
YAL(t)=OeO A1140

o K=_ AttfiO
IF (CAMBER.EQ.1OH_-DIGIT ) GO TO 8G All60
IF (CAMBER=EQ. IOH3-DIGIT ) GO TO 90 AII?O
IF (CAMBER=EQ=IOH3-DIGITREF) GO TO lO0 AlI80

_' IF (CAMBER.EQ. IOH6-SERIES ) GO TO IIO AII901F (CA_BEReEQ=IOHSA-SERIE5) GO TO 110 AI_o0
PRINT ?60 AI_IO
GO TO 190 AIEEO

ORIGINAL PA0_ IS
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80 _ANTHO=2,_CMB/CM AIR30
IF (ABS(CMB)eLTeE) TANTHO=E AI@40
YPmtOo_*10 A1250
YPP=IOo**IO A1260
YUP=-I/TANTHO AI2?O
YLP=-I/TANTHO A1280

GO TO 190 Al2gO
gO TANTHO=CMBtCM**2*(3oO-CM)/OoO AI300

IF (ABS(CMB)eLT,E) TANTHO=E AI3IO
YP=IO,**IO A1320
YPP=IOo**IO A1330
yUp=_I/TANTHO A1340

L YLP=-I/TANTHO A1350
GO TO 190 A1360

I00 TANtHO=CMB*(3e*CM**2-K2OK1*(I-CM)**3-CM**3)/6 A1370
IF (ABS(CMB),LToE) TANTHO=E A1380
YP=IOo**IO At390
YPP=IOe**IO AI400
YUP=-I/TANTHO AI410

YLP=-I/TANTHO A1420
GO TO 190 A1430

110 L=O A!440
CLIS=CLI(1) AI4SO
AS=A(1) A1460

120 L=L+I A1470
A(I)=A(L) A1480
CLI(I)=CLI(L) A1490
K=2 ALSO0
u=OeO05 A15tO

V=-(A.U)/ABS(A-U) A1520
OMxL=(te-u)_ALOG(le-U) A1530

AMXL=(A-U)*ALOG(ABS(A-U)) A1540
OMXLIm-ALOG(Ie-U)-Ie A1550
AMXLI=-ALOG(ABS(A-U))+V A1560

OMXL2=to/(I,-U) AIS?O
AMXL2=-V/ABS(A-U) A1580
IF (AoLToEeORoABS(Io-A)oLTeE) GO TO 130 A1590

G=.(A**2_(eS_ALOG(A)-Oe25)+Oo25)/(Io-A) At600
Q=loO A1610
Hu(OoS*(Ie-A)**2*ALOG(Ie-AI-Oe25*(Ie-A)**2)/(Ie-A)+G A1620
Z=oS_(A-U)*AMxL-oS_(Io-U)*OMXL-e25*(A-U)_*2+e25*(lo-U)t*2 A1630
ZI=eS_((A-U)_AMXLI-AMXL-(Ie-U)_OMxLI+OMxL+(A-u)-(Ie-U)) AI6AO
Z2=eS_(A-u)*AMXL2-AMxLI-eS*(Io-U)*OMXL2+OMxLI A1650

130 CONTINUE AI660
IF (AeLToE) GO TO 140 AI670
IF (ABS(A-te)eLToE) GO TO 150 A1680

140 H=-eS A16@0
O=loO ALTO0
ZI=uWALOG(u)-eS*U-e5*(Io-U)*ONXLI+o5*OMXL-e5 AITIO

GO TO 160 AI?20
150 H=OeO A1730

O=H At?40
ZI=-OMXLI AI?_O
GO TO 160 Ai?60

160 TANTHO(L)uCLI*(ZI/(Ie-Q*A)-le-ALOG(U)-N)/Pt/(A+te)/2eO AI??O
IF (ICKYeGToIeANOeLeLTelCKY) GO TO 120 AITBO
IF (ICKYeEQol) GO TO tBO At?90
DO I?O d=2t ICKY A1800

170 TANTHO(I)=TANTHO(I)+TANTHO(J) A1810
180 CONTINUE AIB20

IF (AUS(CMB)oLTeE) TANTHO=E A1830

YP=IOe**IO A1840
V_P:lOe**lO AtS_O

i YUP=-I/TANTHO A18_C

YLP=-tlTANTHO A1870

18
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[= |90 CONTINUE AIB_O,in l AIRR_
IF (ABS(CMBIoGToOoI_e6) PRINT 7900 XoXU(I )IYU(II_XUC_YUCoYUPoXL(1) A1900

I_YL(I),XLC,YLCQYLP A1910
IF (ABS(CMB)eLEoOoI_6) PRINT 770, XoYIYPoYPPoXCtYC A1920
X=eO0025 A1930

200 CONTINUE AI940
IF (PROFILEeEQeiOH4-DiGIT ) GO TO 210 A1950
IF (PROFILEoEQelOH4-DIGITMOO) GO TO 220 A1960
PRINT 800 A1970
GO TO 230 AIgBO

210 y=Oo29690eSQRT(X)-Oet2600_x-Oo35160_xe_2+OeZB43U_Xe_3-OotOlSeXe_4 A1990
yp=eSto2969/SQRT(X)-eI26-2o_o3516_X+3e_e2843_XIX-4e_oIOIS_Xi_3 A2000
ypp=-eS_eSee2969/SQRT(X_3)-2e_e3516+2o_3ole2843_X-3et4oeolOlSeX_X A2010
GO TO 230 A2020

220 Y=AO_Xi_o5+AI_x+A2_xe_2+A3_Xt_3 A2030
yp=eSeAO/xe_oS+Al+2=_AEex+3e_A3eXee2 A2040
ypp=-,25_AO/X_loS+2,_A2+6e_A3_X A2050

230 CONTINUE A2060
Y=YmTOC/o2 A2070
YP=YPeTOC/o2 A2080
YPP=YPPeTOC/e2 A2090
IF (AeS(CMB)oLToE) CM=Oo5 A2100
XC=XeCHD A2110
YC=YICHO A2120
IF (CAMBERoEQolOH2-OIGIT ) GO TO 240 A2130
IF (cAMBERoEQolOH3-DIGIT ) GO TO 250 A2140
IF (CA_BERoEQ, IOH3-DIGITREF) GO TO 260 A2150
IF (CA_BERoEQotOH6-SERIES ) GO TO 270 A2160
IF (CAMBERoEQeIOH6A-SERIES ) GO TO 270 A2170
PRINT 760 A2180
GO TO _40 A2190

240 YCMB=CMB¢(_eO_CM_X-X_X)/CM_2 A2200
TANTH=2o_CMB_(Io_X/CM)/CM A2210
IF (xoGT*CM) YCMB=CMB_(Io-2o_CM+2e_CMeX-XtX)/(Io-CM)_2 A2_O
IF (XoGTeCM) TANTH=(2oeCM-_o_X)eCMB/(Ie'CM) e_2 A2230

F=SQRT(Ie+TANTH_2 | A2240
THP=_2e_CMB/CM_2/F_2 A2250
IF (X,GTeCMI T.HP=-2o_CMB/(Io-CM)_t2/F_2 A2260
GO TO _40 A2270

250 YCMB=CMB_(X_3-36_CM_X_2+CMt_2_(3e-CM)_X}/6e A22_0
TANTH=CMBe(3otX_t2__o_CM_X+CM_2_(3e-CMI)/6e A2290
IF (xoGTeCM) YCMB=CMBeCMI_3_(le-X)/6o A2300
IF (xoOToCM) TANTH=-CMB_CM_3/_e A2310

F=SQRT(I_+TANTH_2) A2320
THP=CMB_(X-CM)/Ft_2 A2330
IF (xeGTICM) THP=O_O A23_0
GO TO 440 A2350

2_0 YCMB=CMB_((X-CM)e_3-K2OKI_(| -CM)_3_X'CMe_3eX )/6A2360
TANTH=CMB_(30_(X_CMI_t2-K2OK|_(I-CM)_3-CM_3)/6e A2370
1_ (X_GToCM) YCMB=CMB_(K2OKI_(X-CM)_3-K2OKt_(I-CM)_3_x-C_3_X+C A2380

IM_3)/_ A2390
IF (XoGTeCM) TANTH=CMB_(3_KZOKI_(x-CM)_2-K2OKte(I'CM) _e3-CMt_3)/6 A2400
F=SQRT(Ie+TANTH_) A2410
THP=CM_(X-CM)/FIeZ A2420
IF (XeGToCM) THP=K2OKI_CMB_(x-CM)/F_t2 A2430
GO TO 440 A2440

_?0 L=O A24_0
A(I )=AS AZA60
CLr(I)=CLIS A2470

_80 L=L+| A2480
A(I )=A(Lt A2490
CLI(I)=CLI(L) A2500

A2510

YC=YICHD OF P(_ QU_I_
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_ XLL=x*ALOG(X) A2530
Q=t,O Aa540
IF (ABS(Lo-AIoLToEeANDoABS(te-XIeLreE) GO TO 330 A2550

_.__.; |F (AoLToEeANDo(Lo-X)eLToE) GO TO 340 A2560
;F (A_S(A-XIeLTeE) GO TO 290 A2570

_ IF (A85(Ie-X]eLT,E) GO TO 310 Aa580
__i IF (ABs(A-|e)eL.T,E) GO TO 320 A2590

o*o i V='(A-XI/ABS(A'X| A2600
o: . OMXL=(I,-X)_ALOG(Ze-X) A2610

AMXL=(A-X)*ALOG(ABS(A-X)) Aa620
OMXLI=-ALOG(]e-X)-Ie A2630
AMxL|=-ALOG(ABS(A-X))+V Aa640

;': OMXL2=I,/(I,-X) A_650
° AMXL2=| ,/(A-X) A2660

_ Z=e5_lA-X)_AMxL-e5_lt,-X)_OMXL-e25*(A-x)_2 |e-X)_2A2670
ZI=e5_((A-x)_AMXLt-AMxL-(I,-X)_OMXLi+OMXL+(A-X)-(|e-X)) A2680
Z2=o5*(A-x)*AMxL2-AMxLI-o5*(t*-X)*OMXL2+OMxLt A2690

°_ IF (A,LE,E) GO TO 300 A2700
G=-(A*A*(,5*ALOG(A)-Oe25)+Oea5)/(t,-A) A2710

=_: H=(O,5*(Ie-A)**2_ALOG(I,-A)-O,Z5*(|¢-A)*_2)/(t,-AI+G A2720u

GO TO 350 A2730
290 Z=-,5*(I,-X)**2*ALOG(I,-X)+O,25*(Io-X)** 2 A2740

ZI=-eS_(Ie-X)*(-ALOG(le-X)-Ie|+eS*(It-x)*ALOG(te-X)-eS*(Ie-X) A2750

ZZ=-ALOG(t,-X)-O,5 A2760
_ G=-(A**2*(,5*ALOG(A)-O,25)+Oe25)/(t,-A) A2770

Hf(O,5*(Io-A)**2*ALOG(Ie-A)-O,aS*(Ie-A)_*2)/(I=-A)+G A2780
GO TO 350 A2790

,_ 300 G=-,25 A2800
H=-,5 A2810
GO TO 350 A2820

310 CONTINUE A2830
G:-(A**2*(eS*ALOG(A)-O,ZS)+O,25)/(le-A) A2840
H=(O,5*(1,-A)**2*ALOG(Ie-A)-O,25*(Ie-A)**2)/(I,-A)+G A2850
Z=,5*(A-I,)**2*ALOG(ABS(A-te))-O,25*(A-1,)**2 A2860

o. ZI=-(A-Ie)*ALOG(ABS(A-Io)) A2870
Z2=-I0,*'I0 Aa880

, o
GO TO 350 A2890

= '_ 320 G=O,O AZ900
: H=G A29|0

Q=G A2920
: Z=-(te-X)*ALOG(to-X) A2930

, .... ZI=ALOG(I,-X)+t, Aa940
Z2=-t,/(l,-X) A2950

o GO TO 350 A2960
330 Z=O,O A2970

G=Z A2980

Q=Z A3000
ZI=-tOe*_IO A3010
Z2=-10,*_I0 A30_O
GO TO 350 A3030

340 G=-,25 A30_O
H=-,5 A3050

O=l,O A3060
Z=-,25 A3070

_ 2_=_0 A3080
Z_=-tO,**IO A3090
GO TO 350 A3100

350 YCMB(L)=CL|*(Z/(I,-Q*A)-XLL+G-H*X)/Pl/(A+to)/2o A3110
XSV=X A3120

. IF (X,LT,O,O05| X=O,O05 A3130
:, TANTH(L)=CLI*(ZI/(le-_A)-t,-ALOG(X]-H}/P|/(A+|,)/_,O A3140

X=XSV A3150
IF (IF6XA(L),EQel) TANTH(L)=-Se A3|60
|F (X_GTeOeO05) GO TO 360 A3170 1

Go TO 3.o A_19o

_- t 202
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360 CONTINUE A3200
L_ IF (ABSII.-X),GTIE) GO TO 370 A321_

yCp2(L)=Ie/E A3220
GO TO 380 A3230

370 PIA=PI_(A+[,)e2e A3240
! yCp2(L)=CLI_(Z2/(Ie-Q_A)-Ie/X)/PlA A3250

t_ 380 CONTINUE A3260, C MODIFIED CAMBERLINE OPTION A3270

_ IF (CAMBEReEQeK6AS) GO TO 390 A3280GO TO 410 A3290
i; 390 YCMB(L)mYCMB(L)_oog?948 A3300

TANTH(L)=TANTH(L)_O=97948 A3310
YCP2(L)=YCP2(L)_O.97948 A3320
IF (ABS(A-eS)eLTeE) GO TO 400 A3330
PRINT 780 A3340
READ 600t NPwIPE A3350
IF (KONeEQa3) KON=O A3360
GO TO 20 A3370

400 CONTINUE A3380
IF (TANTH(L)ILEe-e24521_CLI) YCMB(L)=O*2452I_CLI_(Ie-X) A3390
IF (TANTH(L)oLEo-e24521_CLl) YCP2(L)=OeO A3400
IF (TANTH(L),LEe-e24521_CLI) TANTH(L)=-Oe2452I_CLI A3410
IF (TANTH(L)eLEe-e245ZI_CLl) |F6XA(L)=I A3420

410 CONTINUE A3430
IF (ICKYoGTeIoANDeLoLTolCKY) GO TO 280 A3440
IF (|CKY.EQ.|) GO TO 430 A3450
DO 420 J=2,1CKY A3460
YCMB(I)=YCMB(I )+YCMB(j) A3470
TANTH(I )=TANTH(I )+TANTH(j) A3480

ycp2(t)=ycP2([ )+yCp;j(j) A3490
420 CONTINUE A3500
430 CONTINUE A3510

F=SQRT(le+TANTH_2) A3520
THP=YCP2/F_2 A3530

440 CONTINUE A3540
IF (XeGTeXM) GO TO 550 A3550
IF (ABS(X-XM)eLTeE) GO TO 550 A3560

SINTH=TANTH/F A3570
COSTH=le/F A3580
I=l+I A3590
XU(I)=X-YeSINTH A3600
YU(1)=YCMB+Y_COSTH A3610
XL(1)=X+Y_51NTH A3620
YL(I)=YCMB-YtCOSTH A3630
IF (ABS(X-XA(K)),GT==I_6) GO TO 450 A36AO
XAU(K)=XU(I) A36KO
YAu(K}eYU(1) A3660

XAL(K)=XL(I) A36?0
YAL(K)=YL(I ) A36BO
K=K+I A3690

450 CONTINUE A3700
XUC=XU(I)_CHD A3710
YUC=YU(I)_CHD A3720
XLC=xL(I)_CHD A3730
YLC=YL(I)_CHD A3740
IF (ABS(CMB)eLEeO=I_e6) GO TO 460 A3750
YUP=OoO A3760
YLP=YUP A3770
IF (ABS(TANTH)eLTeOoI_elO) GO TO 460 A3780
yUp=(TANTH_F+YP-TANTHtY_THP)/(F-YP_TANTH-Y_THP) A3?qO
yLP=(TANTH_F-YP+TANTH_Y_THP)/(F+YPtTANTH+Y_THP) A3800

460 CONTINUE A3810
IF {X=LEeOe0975) FRAC=Oe25 A3820
IF (XoLEeOoO0225) FRAC=Oe025 A383C
IF (ABS(CMB)eGTeOeI_t6) PRINT 790t XtXU(I )tYU(I)_XUCoYUCIYUP_XL(1) A3B40
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_'" ItYLII )_XLC*YLCtYLP A38%0
..... IF (AHS((.M_IoLEeOoIe#6) P_iNT 770t XtYIYPIYPPtXCoYC A38&O

,. F_AC=I,O A38_0
:F (ASS(X"_M)eLT*E) GO TO 470 A3Bgo
IF (X*LToXMI GO TO 200 A3900

C A391_

.,_- C PROFIkE - X GE XM A3920
C A39_0

_,": X=XM A3940
470 CONTiNU_ A3950

l_ (PROFILEoEQolOH4-OIGIT ) GO TO 480 A3960
L iF (PROFiLE,a_,IOH4-DiGITMOD) GO TO _90 A3970

PRINT 800 A3980
° GO TO 500 A3990

4BO Y=O,29690_SQRT(X)-O,12600_X-O,35160_X_2+O_8420_X_3-OelOI_X_4 A4000
_:c YP=,5_,2969/_QRT(X)-,126-2e_,3516_X+3,_,2843eXeX-4=_eIOtS_Xee3 A40IO

YPP=-eS_eS_e2969/SQRT(X_3)-2o_,3516+_e_3*_*2843_X-3*_4_,iOIS_X_X A4020
GO TO 500 A_030

. 490 Y=DO+DI_(Ie-X)+D2etie-X)_2+D3_(I,-X)_3 A40_O
YP=-D1-2*_O2*(I,-X)-3,_D3_(I,-X)_2 A_050

=:__._. YPP=2*_D2+6o*D3*(Ie_X) AA060
" i_ _ 500 CONTINUE AA070

=_;_ Y=YCTOC/*2 AAO80
YP=YP_TOC/$2 A4OQO
YPP=YPP_TOC/o2 A¢lO0
XC:X_CHD A4110

•_ YC:Y_CHD A4120
"_' IF (CAMBEReEQ,IOH2-DIGIT ) GO TO 510 AAI30

IF (CAMBER,EQ, IOH3-DIGIT ) GO TO 520 A4140
IF (CAMBER,EQelOH3-DIGITREF) GO TO 530 A_ISO
IF (CAMBER,EQ,IOHf-SERIES ) GO TO 540 A_I60
IF (CAMBERoEQelOHfA-SERiE5 ) GO TO 540 A4170

PRINT 760 A_I80
GO TO 5_0 A4190

510 YC_B=CMB_(_eO_CM_x-x_x)/CM_2 A4200
TANTH=2e_CMB_(I*-X/CM)/CM A_iO
IF (X,GT,CM) YCMB:CMB_(Io-Zo_CM+2olCM_X-X_X)/tlo-CM)_I2 A4220

IF'tX_GToCM) TANTH=(_e_CM-2e_X)_CMB/(ie-CM)e_2 A_230
F=SQRT(I,+TANTH_e2) A4240

IF (XoGT*CM) THP=-2,_CMB/(Io-CM)e_2/Fe_2 A4260
GO TO 560 A4_?O

520 YCMB=CMB_(X_3-3_CM_X_2+CMtt2_(3_-CM)_X)/6* A_80
TANTH=CM_et3,_X_-6e_CM_x+CMe_2_(3o-CM))/Oe A_290

'; iF (XeGToCM) YCMB=CMU_CM_e3e(lo-X)/_, A¢300
• IF (xeGT_CM) TANTH=-CMB_CM_3/_ A4310

'_ F=SQRT(Ie+TANTH_2) A4320
_,_;_' THO:CMB_(X-CM)/F_2 A4330

_._ IF (xeGTeCM) THP:OeO A43_0
GO TO 5_0 A43%0

530 YCMB=CMB_((X-CM)e_3-K2OKI_(i-CM)_3_X-CM_3tX*CM_3)/& A4360
TANTH_CMB_(3e_(X-CMi_2-K2OKi_(I-CMI_3-CM_3I/6o_ A4370
IF (X_GToCM) YCMB:CMB_(K2OKI_tX-C_)_*3-K2OKI_(I-CM)_3_x-CM_t3eX+C A4380

iM_3)/O A_390
IF (XeGTeCM) TANTH:CMB_(3_K2OKI_(X-CM)_-KZOKI_(I-CMI_3-CM_3)/6 A4400
F=SQRT(le+TANTH_Z) A4_IO
THP=CM_(X-CM)/F_ A44_0
IF (X*GTeCM) THP:KZOK|_CMB_(X-CMI/F_e2 A4430
GO TO 560 A_4_O

540 GO TO 2?0 A4450
550 CONTINUE A4460
560 CONTINUE A4470

SINTH_TANTH/F A4480
COSTHmle/F A44QO
i_l+l A4_O0
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_' APPENDIX

:_.., XU(1)=X.Y,SINTH A4510

.!!_;.i YU[I )=YCMB+Y_COST H A4520

_,} XLII)=X+Y,SINTH A4530
. YL(1)=YCMB_Y_COSTH A4540

i i+ IF (ABS(X-XA(KI)eGTeeI**B) GO TO 570 A4550

_-_,_t XAU(K)=XU(I ) A4560

:! ::. _ YAU(KI=YU(I ) A4570

_ .... XAL(K}=XL(I) A4580
ii_"_ YAL(K)=YL(I ) A4590

K=K+I A46_0

! 570 CONTINUE A46|0XUC=XU(I)*CHD A4620

YUC=YU(I)*CHO A4630
XLC=XL(! )_CHD A4640

yLC=YL(I).CH O AA650

IF (ABS(CMB)oLEeOoI**6) GO TO 560 A4660

YUP=OeO AA6?O

_'(_i,_ YLP=VUP AAB80
IF (ABS(TANTH)oLT.O.I**IO) GO TO 580 A4690

_' yUP=TANTHt(F+YP/TANTH-Y_THP)/(F-YPgTANTH-y_THP) A4700
......_ A4?IO

_:_ _ YL_=TANTH_(F-Y_/TANTH+YeTHP)/(F+YP_TANTH+Y_THP)
_ 580 CONTINUE A4720

[_(_ IF (AUS(CMB)oGToOeI**6} PRINT 790, X,YU(1)tYU(I),XUC_YUC,YUP,XL(1) A4730
,._-.: I _YL(1),XLC,YLC,YLP A4740

:":: IF (ABS(CM_),LE,Oel_*6) PRINT 770, X_Y,YP,YPP,XCtYC A4750

x=x+ox A47_0
._i:i_:.:_, (XoLE,I,O) GO TO 470 A4770
!_:: PUNCH 600, (TITLE(I)_I=I,8) AA?80

_'.': PUNCH 810$ (xAU(I),I=I*32) A4790

;_""-_ PUNCH 810, (YAU(1),I.:I,32) A479t

, _ :: PUNCH 810, (XAL(I),1=1 ,3_) A479_

!- PUNCH 810, (YAL(I),I=I,32) A4793

i_!:_ CALL PLOT (XUIXL,YU,YL,I) AABO0
GO TO 20 A4810

i :i:i: ::i C A48_ n

590 FORMAT 13/(8FlOeO)) AAB30r _00 FORMAT BAIO) AABAO

_C; ' 610 FORMAT IH ,BAIO) A4850

: " 620 FORMAT IOHIPROFILE ,_IO,IOH CAMBER ,AIO) A4860
630 FORMAT 7FIOoO,AIO) A4BTO

'-_;': 640 FORMAT BFIO,O) A4BBO
_L- _; 650 FORMAT /IOX,AIO,IOX,AIO/) A4890

": _; 660 FORMAT 19H PROFILE PARAMETERS/_H T/Cm,FIOeS/12H L,E,RADIUS=IFIOe5 A4900

;!-_i A,9,0_.r 1/18H BASIC X INTERVAL='FIO'5/TH CHORO='FIOe5/)
i_! 670 FORMAT (IgH PROFILE PARAMETERS/SH" T/C=iF10"5/IaH LIE'RADIuS=eFIO'5 A4920

" 1/18H BASIC X INTERVAL=,FIOoS/?H CHORO=,FIOe5/35 H POSITION OF MAXIM A4930

;_.r" 2U M THICKNESS_ XM='FIOe5/13H CONSTANT DI=,FIOe5/) A49AO

_ OBO FORMAT (23H CAMBER LINE PARAMETERS/16H CAMBER(YCMAX) =,FIOeS/2BH P A4950
IOSITION OF MAxIMuM CAMBER=tFIOe5/) A4960

690 FORMAT (23H CAMBER LINE PARAMETERS/ZIH CAMBER PARAMETER KI=tFIOe5/ AA970

140H POSITION OF ZERO CAMBER LINE CuRVATURE=_FIO,5/) AAg80

v 700 FORMAT (?3H CAM_ER LINE PARAMETERS/21H CAMBER PARAMETER KI=,FIOeS/ A4990

140H POSITION OF ZERO CAMUER LINE CURVATUR_=_FIOo5/blH RATIO OF AFT A5000

2 TO FORWARD CAMBER LINE CuRvATURE FACTOR, K2OKI=,FIOoS/) A5010

710 FORMAT (23H CAMdER LINE PARAMETERS/7X,3HCLI,9x,IHA) A5020

7_0 FORMAT (2FI0,3) A5030

730 FORMAT (IOH _O,I ,2,3=,_FI3,6/IOH DO,I,2,3=,_F13,6/4H RC=IFI3,3//) ASO_O

740 FORMAT (gX,3HX/C,IOX,3HY/C,SX,SHgY/DX,bX,?HD_Y/DX_,2aX, IHX'I_XilHY A5050

1/) ASObO

750 FORMAT (IIBHOUNCAHBERED UPPER SURFACE VALU A5070

IES LOWER _URFACE VALUE5 /SX, ASOBO

23HX/CITXoAHXU/CBXt_HYU/CSX,?H XU 3X,TH YU 3X,7HDYU/DXUI3Xe_H A5090

3XL/C_X,_HYL/C_X,TH XL _XiTH YL 3X,TH_YL/DXL) ASIOO

7bO FORMAT (35H BAD HOLLERITH CAM_¢_ bPLCIFICATION) A51 I0

_ 770 FORMAT (4FI3e6,IOXi2FI3e6) ASI_O

780 FORMAT (52H MOL)IFIED CAM:_EN LINE OPTION ONLY ALLOWED IF A=O,8 ) A5130

; ¢):FT3_'ZkT:LL _?.0_ I_ 23
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'_' 7_0 FORMAT (FIOoS,LOX,_FiOeSIEILe2,bX,_FIOeS,EIIe2) ASi40

800 FORMAT (_6H SAD HOLLERITH P_OFILE SPECIFICATION) A5|50
810 FORMAT (SFIO,SI A5160

END ASl?O-

',,, SUBROUTINE PLOT (XUIXL,YUIYLll) B I0
COMMON /MAIN/ YSTART(3),CHD,K 8 20

'_ DIMENSION XU(t ), XL(|), YU(L ), YL(| ), X(4_O)i Y(_50) B 30
','_ DIMENS|ON TITLEi(_), TITLE2(8) B 40

_EAD 30. (TITLEI(N).N=I,8) B 50iF (MOD(K_3).EQ.I) CALL CALPLT (l,O,OeO_-3) B 60
HGT=O.14 R 70
L=! B 80
DO 10 N=I,I B 90
X(NI=XUINI B |00

,' Y(N)=YU(N) B |10
° X(I+N)=XL(L) B 120

. _ Y(|+N)=YL(L) B 130
_ I0 L=L-I 8 140

*_' M:2*I B ISO
o" XPG:IO,O B 150

_l XX=XPG/2tO.IeS,(be/7e_HGT) B l_O

XDV=O.O 8 ISOXTIC=I,O B 190

_ YPG=2,0 B 200
--:_ YDV=O,O 8 210

YTIC=IeO B 220
X(M+I)=O,O B 230
Y(M+I )=-0,I B 240
X(_ O/XPG8 250

.... Y(M+2)=X(M+2) B 260
CALL AXES (Oo,YSTART(K),9Oo,YPG,Y(M+I),Y(M+2)QYTICtYDVqIH ,HGT, I) B _70
CALL AXES (O,_YSTART(K),O,_XPG,X(M+I),X(M+2),XTICtXOV_IH ,MGT,-I } B 280

.!i YLABEL=YSTART(K)-2,5_HGT B 290
CALL NOTATE (XXiYLABEL,HGT,3HX/CiOe,3) B 300

o _ YLABEL=YLABEL-I.5*HGT B 310
_"_, CALL NOTATE (O,O,YLABEL,HGTITITLE|,eOiSO) 8 320

YS=YSTART(K)+IeO B 330
CALL NOTATE (-,9_,YS,HGT,3HZ/C_O,O,3) B 340

_tili.: CALL CALPLT (O.O,YSTART(K;i-3) B 3RO
LAP=O B 360

___ _riL CALL LINPLT (X,Y,MIIQLAP,O_110) B 370

CALL CALPLT (O.O,-YSTANT(K),-3) B 380
IF (K,LT,3) GO TO 20 B 390
_=0 B 400
CALL NFRAME B 410

_, 20 CONTINUE B 420RETURN B 430
C B 440

30 FORMAT (8A10) B 4%0
END B 460-

°0

o
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TABLE ]I.- SAMPLE COMPUTER PRINTOUT OF ORDINATES

FOR SYMMETRIC AIRFOIL

DRnF" |1 r _,-"11 r, | r C_t, FP 2-,_IGIT
WAC^ }'_17

pRnrlt r PARA_FTF_
T/_: , 12_00

L,F ,_AqiUS= -0, OOuO0
_h_TC X _NTF_VAL= .:)1090

_HO_n= _.000J3

C_MRFQ LINg PA, AHFTF°S
CAM_FR(Y_AX| : 0._0300

_o POSITIqN Or 'AA×IMU_ Ch'4_ r_: '}.00000

X/C Y/E qY/qX _2Y/DX2 X Y

0.00000_ 0.000090_30003.0000_0000000.000009 0.000000 0.003300
.000250 .002708 r._57¢76-|1266.�R45L2 .3Jl=JO ._|5786

.000500 .003945 3.90752[ -3983.7529UW .O030UU .023673

.000750 .004R27 3.t76460 -2168.672[_4 .004_00 .0289_0

• 'JOLO00 .005557 2.7636[9 -1008.74|253 .dJ6OdO ,0333W5

.001250 .006293 2.443153 -[008.[326_8 .007500 .037220

.001500 .0067fl5 _.223546 -T&T.OI2flq) .039300 .34_713

.00|700 .0073[9 2.052843 -608o7_7_44 .0|0_00 .943915

.002000 .')O7_[F 1.9L_224 -49R.33631_ .UL0000 .0_5085

.902250 .008279 [.qO[2|W -&17.699726 .3[3530 .0&9673

.0()2500 .0087| ? |.704740 -35_.690366 .0t5000 .0_2_00

.dOSuO0 .012213 I.[81943 -126o380823 .033000 .]73279

.007_00 .Ol&_&q .9497_b -68.98000_ .0_000 .08909[

.O[00OO .0|7037 .q[0932 -4_.9467_R .060000 .I02_2Z

.0|2500 .')I£03 _ .7[58_2 -32.275893 .075000 .I13630

._[_900 .020A37 ._&_439 -24.66851 t °093900 .[73920

.0|7_00 .022179 .c00&78 -[9.64L505 .[05000 .|33J74

.020000 .02_50_ .5_5984 -|_.|_72&3 .|20000 .L4158;

; .022500 .02_915 .50R963 -1_o594817 °[35000 .[_g%91

.O?SuOD .b26I_7 .&77_96 -11.663353 .[500U0 .[r5883

.0_7500 .027306 ._5020| -[0._60005 .[65000 .163837

• 030000 .U0q4Jl ._2b_42 -8.962638 .|_3300 .173%_9

.032500 .O?q&4| .40_291 -7.990_2_ .[95900 .[Tbb_

.03_000 .()_O&30 .3_3&R -7.10R413 .213330 .182_78

.017000 .031_7_ ._692_0 -6.517307 .2_5000 .[R_2_3

.]&0000 .032_77 .3_3676 -5.949025 .2_0000 .L935_

.0_2500 .9_3[W9 ._39&27 -_.462718 .255000 .[98860

.0_000 .03_7 = ._26399 -5.0&0677 .270000 .203_52

.9&7_00 ,_47f_ .3|6|EA -_.67685| ,20£300 .20055_

.3=3000 .0_5_%7 .302896 -_.3_q0_ .300000 .2[328|

.0_2_00 .0_6291 °292358 -_.072&24 .3_5000 .Z17_45

.0_0000 .03700q .282&08 -3.82052_ .330U00 .227355

.o_7_03 .037704 .2732_3 -3.595_6% .3%5000 .2_522_

.060000 .0_8_7_ .26_50L -_.393_65 .]600OO .2_5_

.962_00 .0_9027 .25&250 -3o2LL007 °375000 .23_L50

.0_000 .0_96_7 .248_32 -3.045876 .390000 °237945

.067=00 .0_0769 .2_1008 -_.Rq565L ._05000 .2_L6|5

.070000 .0408&_ .233943 -2.75852[ ._ZO00O o205177

°97_500 .94_&3 o ._27205 -2.6_292_ ._35000 °2_3535

.375000 .9_|Oq ¢' .220769 -2.St?52L .050003 .Z51qqW

°07?500 .942_3 .?L_h[O -2.WL[|T& .055000 .255259

.000000 .0_3072 .208707 -2.3_90_ ._8_000 .0rA_3_

.()R2=00 .0&3587 .2030_0 -2.221863 ._950UO .?bL52_

• 085000 .04&OSP .[97_9_ -2.137308 .5[0000 .26_5Z6

.087500 .U40575 .[92308 -2.058598 .52500J .267_50

.090000 .0&50_0 .|87_05 -t.98_17| .5_0900 .270_97

.092500 .0_|2 .18Z_|9 -1.9|_530 .55_000 .273]79

.095000 .0&5062 .[777,)8 -I.R52239 .570000 .27577|

.0q7c00 .O&6&00 oL731r_ -I.70|9|0 ._8=Ot),} °27q%0_

.|00000 .0&6028 .|6R766 -|.73_203 .590000 ._99965

",I%IGINAL'PAG__ 2'_



o , TABLE II.- Continued

X/C Y/C DY/DX D%Y/DX2 X Y

._:__=. . I It)000 • 0 _•84jY • 152413 -l. 538890 • 6'_9'J00 •293_9!
• |20000 •045852 •137841 -I •3B0572 •??.0000 •2o0291
• I_0000 •0=I193 •[24599 -1•251358 ,?_0000 •307161

" •140000 •082580 •1L2742 -l,143134 •840000 ,314278

' •ISO000 •083452 •].OITfl2 -1.•051634 •900000 •3ZOTLO
• 1_,0000 .0544t 8 • 09167 L -.97273L .96000o •326509

" .LTOO00 •05r_287 •08?293 -•90442I ).•020000 •331725
• lSqO00 •Or60_f •073£¢4 -.844538 I•080000 •33.5397

,..J_L • ! qO000 •t)=67_,0 .065 3?9 -• 7g[5 T9 [ • t40000 • 343562
• ?DO000 .0_7t1'5 •0r_71'03 -• 744372 t.200000 • 344253
• _l O000 .0_791f- .0_0675 -• 7019q5 I ,2600U0 • 347_*06
• 220000 .0 '_Blab ,0436 ¢0 -•66371 [ l •320000 • 350318
,230000 .058750 •031'180 -.628976 1•393000 •3=2741

i: .240000 •0_9L31 .0%lO_l -. 5q7151, I,.440000 .3=.41,8"t
! _,_, . _0000 .OSq4t2 .02_2_8 -,568005 I•500000 ,356475

• ?60000 ,055_57 •015694 -,K41142 I •550000 ,3¢_7821
_- ,270000 ,0_98o 7 .014408 - •5 L625[ L,520000 •3_884]
: .250000 .0599_6 .0093_2 -.493223 L,683090 •359555

•_qO000 *Or99q = •004 5_18 -•4 7|74[ ),,1'40L)00 •35997 1
:: .300000 •060oI 7 -. 00o078 - •4516 i'9 l•8,30000 .360104

• _10000 .059994 -•004500 -•432894 | ,853000 •3=.9965
•_2 f)o00 ,0_9928 -•008?40 -,61526& 1,920000 ,3.=9567
•_33000 •0c9_I_0 -, 012808 -, 398681 1,980000 •_58920

° •340000 ,05¢361,2 - •01,6716 - ,3830K5 2 •06,09'30 ,3 _,8333
•%50000 .059456 -•020472 -•368_0_ 2, 100000 ,355917

._ ,360000 •089263 - .02408_ -.3543S9 2,L53300 •355580
: .%70000 •0=500 = - .021,562 -. 34t 155 ?.220000 •354J 3v

_,, .380000 •0'=_712 -,030qI ), -,328644 2,2_3000 •35221'5
•390000 •058 t.q 7 - ,034 L3 I -•3 16772 2•340000 •3F 3323
.4 O00OO .0=8'130 -.037248 - ,305450 2,400000 •%43[81
,t.I0000 •0 _'7643 - •040249 -.2 54780 2°453003 •34¢8_

•- ,4273000 •0572_ _ -,063145 -,286588 2,52d000 •343353
\_;'!_ .430000 •0r6780 - •04_ 942 -.2 74801 2, 580000 34 8,3

!_:..... 440000 •q=6507 -.048645 -,265660 2•640000 .331,842
•& {")O(l').C) • ")=':'407 - .05[ 251, -._56872 2.,700000 .33_864
•t'_-)009 -:]r'5252 -•055754 ".248503 2,760000 *331695
•470000 ."54732 -. 056_28 -. 2405%3 2,820000 ,328392
•_.A0000 ..')_4[58 -. 058595 - *2 32044 2,883000 •324941,

" : l *"+O3q0O .053560 -.060508 -,225720 2,940000 ,321362
• r :)'1()00 .O=2q_.O -. 0_3 [ l [ - .2 t8844 3. 330000 .311,542
•c 19000 ..)c2_op -.065 ?_66 - .2 12 ]04 3,060000 ,%131'90
.529:300 .9_1/335 -. 067358 -, 20608_ 3,120000 •3098 [ 1 !
•530000 o050951 -•069399 "•200|79 3,180000 ,30570d io

I

_%--.... r43'_00 .550948 -.()1,1363 -•104573 _,2_+9000 •3f)1585 (
[' ' * _ _O(llO0 .040524 -.0732.82 -,189257 3.3,.)0000 ,291166 ;

_%::" . c(,t)OOO .548752 - •01,5[49 -. t (14_222 3• 360000 ,2q2592 i
•57UuuO .34832 | -.070967 -• [ 794F,1 3.4Z0000 •788129 i
•r a000(I .047243 -. 01,873q -. 174966 ),.680000 .283557
.'._0000 ,046447 -.080667 -.I 1,0725 3,5533,30 o27858[
•_.0000 n .0456 _ -,087.1=4 -, t66 I'46 _. 600000 ,273_02
•'11_09 ,0L4804 -.:183803 -*1¢300 r, 3,660000 •263923
.¢"_O')O0 ,u&395 q -, J85415 -, [ 5950 _ I•720000 •26_747
•¢.A );)09 .')"e30Ol. -•08& ¢)¢34 - •186244 )• 1,80000 •2585 7e+
•1)40000 .04221 S -.088561 -.15321 I 3,840(300 ,2e33U8
•,.r¢)00(1 .,la[_9 _ -. OqO0 ¢g -, 1 _0605 3,900000 ,247950
' ¢ ' l)()0o ,.]&0,,l7 -,0q[ 550 -. L4T8 [ 8 3,960000 •2_Z501
•'.70,300 ,0 _5494 -, 053016 -, 145451 6,023000 ,236')64
.f ;_90f)ll ,_3fl557 -,094459 -,1432q7 4,080000 ,,2%13")0

...... : * ' q 3 O 0 0 * " ) _ T ' { ) : -- * 0 O e R n 2 " * 1 _ i 3 ¢ _ &. l 4 _ 3 0 0 , 2 2 5 5 3 0

' 0 * _'1()()(]0 .016A_q -,057257 -,159_.|8 4•2,)L_000 .2t_834
• ? 1,) 303 • ()_= ¢l¢9 --. oq8 ¢',,76 -. ).38087 4.260000 • 2 [ 3_ 55
• "?0000 .')14_, 6 "* |OJdr'd -, [367_T 4, 320000 *2U7994

;r . ;'_O00F) .'l _'),65 q -. lOl6l 1 -. 135676 6. 380000 .201:)50
• 74,)000 .932637 l.. 1021,63 -. 1366'-)2 4.440000 .195;824
•"_.n")OO .o'),lb,(')3 -. I041C)b -.I 33951 4.500000 . I_9518
• ?61)C)OL) • O'l_")rr _ -* log4& 2 °, 133633 6,=50000 * 18-}l_] ?
•" too00 ,")204")4 -, 1061,_ 5 -.i 3304¢) 4.620000 ,1769b5

=_ . ?qqclOn .028420 -. ton 1,14 l ..I _Pq1,1 6.680000 .I?0519
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TABLE II.- Concluded

X/C Y/C DY/DX D2Y/DX2 X Y
i

.7q0300 .327_32 -.t09433 -.132RAA 4.740000 .1_3'}93

.qo000O ,_26_3| -,l[07&2 -,1330R8 4,800UbO ,[57387

.AI3OO0 .(}7Ell7 -.1120q5 -.|33479 4°860000 .153701
: .n?O000 .O_3qA _ -.113432 -.134053 4.92dOOU .143936

._0_00 ,022_4A -°114776 -.1_4776 4.g_O000 .t37089
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Figure 1.- Ratio of airfoil leading-edge radius to chord as a function of tile ratio

of thickness to chord and leading-edge index I.
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