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PFREFACE

This manual presents a brief discussion of the theory and
a detailed description of the computer program for an airfoil in-
~ version technique developed by Eppler. Tﬁe program represents re-
vision of a deck supplied te us by Dr. Stanley Miley. Contribu-
tions by Dr. T. B. Edwards and by Mr. R. H. Awker are also grate-
fully acknowledged. While the program has been set up specifi-
cally for the University of Illinois IBM 360/75 computer, its
modification to other computers should be straightforward.

This work was funded by NASA under grant NGR 14-005-144 as

part of a low speed airfoil study.



I. THEORY

The method developed by Epplerl’2 is an inverse conformal mapping technique
that determines the x and y coordinates from a given velocity distribution. The
two planes involved are shown in figure 1. The [ plane shows the flow about a
circular cylinder, while the z plane represents the flow about the airfoil. The
velocitx in the z plane is given in terms of coordinates determined in the %

plane. z and 7 are defined as:

Z =X+ iy 7 (1)

£+ in = re’? (2)

g

The flow in the Z plane is such that the rear stagnation point falls on the
real aXis at £ = 1,

Thare exists a transformation of the I plane to the z plane such that the
z plane rgpresents parallel flow about a closed airfoil at an angle of attack «.
Since Z = 1 represents a stagnation point, the Kutta condition requires that this
must transform to the trailing edge of the airfoil. As this is to be an infinite
parallel flow, z («®} = = and (%%Jm must be real. The general function that satis-
fies these requirements is

o (3]

2 () =B +32 B g7

b
v=o Y

where Bl is real, but not equal to zero.
The complex potential in the % plane can be represented as

F (o) =0+i¥=Cle % +&%) -1-Ing (4)
z T

where I' is given by
T' = 41C sina (5)

The Eomplex velacity in the z plane is given by

ldzl - {dz7de)
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The inverse of this will be used, or

dz _ dz/dg,
IF - dF/a . -

In order to prevent an undesirable root, this can be written as

dz _ dz - dF
In —= IF 1n'&f - 1n == & {8)
The velocity vector in the z plane can be introduced as V = Vele. Then
dF -i9
a—zﬂ-—- Ve (®)
Therefore,
1 dz
na-ﬁﬂ-lnvi'le. (10)

The real part of In -g—% is then ~in V. Outside the boundary of the unit circle,

In %—% is regular, and can be calculated when the real part is known on the

boundary. Since F (£) is also known (eq (4) ), equation (8) can be solved for
%—‘Z- . z (g) then can be found by integration. z () must be of the form of
equation (3) to match the boundary conditions. Therefore, the problem is to
find an equation for in Cdlé which results in a satisfactory g—‘-é- .

From equations (4) and (5)

df _ o 1 1 -21i0
F = e C(‘; 1)(c+e ). (11)

In 1igh;c of the singularities invcolved at the stagnation points, In %—;.—

can be represented by

dz _ e 1, -2ia - . -m
Ingg=-1nC- 1n [e C 1] +mio (a, +ibJ % (12)

Using this equation and equations (8) and (11),
dz 1 -

. ~m
G P eI (g + i) (15)
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This results in

==
- - E (a, + b)) LT o
.- ™o (14)
— dc g .
Expanding this yields
i oLl -2 -
dz 1. . % * lbo _{al + 1b1) ;e(a2 + 1b2); ‘ (15)
-a—iﬁ CI-E') e e - : mevens
z {¢) must be of the form of equation (3), so %é-must be of the form
[= -]
-g% =B, +L - vB_vc'v'l (16)
v=1 .
If we let An =a + ibn? equation (15) can be further expanded to
2 3
2 3 A A A A
dz _ 1 A A TP 1 ... 2
I - ! -Eﬂ (1 + Ab *'EET + EET + )(1+ 7 + T172 + AT + 3 (1+ Ez-+
2
l A (17)
-z—-g-]-o.-)o-:
Comparing equations (16) and (17) yields
‘ Aoz Abg Ao
BI‘:I-!'AO'*‘-?——I-#--:—;—-T'!"":e (18)

Since Bl is real, AO is also real. At infinity, we want dz _ 1, indicating that

dzg
the flow at infinity in the circle plane is in the same direction as the flow at
infinity in the airfoil plane. From equation (16), %§-= 81 at infinity. There-
fore,
_ A
31 =eg0=1 (19)

Because of this, Ao = 0,

Comparing the %—term yields

_E_l_'+A1.31.=‘o _— . _ 20




o

the prescnbed values,

A’t 1nf1n1ty, we can arbx.trar:.ly set the Veloglty equal to un:.ty. From

dF

equat:l.on (12), in the 11m1t as E.Z"“’ = C.e-m'.'

'I‘herefore, C 1 and ln C 0.
The problem that rema:ms 15 to defme the a and b that have not yet

been deflned such that along the surface of the alrfo:u., the veloc:.ty assumes

Along the surface of the circle plane, L = 1¢_ Using this N 'eqﬁation (12)

results in

ln%g--" -1n [eia ( i¢ * e210r. 3] # E (a + ib ) e :.md: (21)

m-o

If we use the substitutions

P (9 =2 (am cos ﬁup + b sin m$) ) (22)
m=0 .

Q@)= (a ., sin md + b cos md:) | {23)
m=0

equation (21) can be written as -

1n 5}}, - 1n[e3-¢/2 (elcc’- ¥ ¢/2) (OL + (i)/Z)] + P c¢)

+iQ@) . | (24)

This can be written as

“InV(§) + 16(4) = - In 2]cos (p/z-a) |+0 @) + i[E + Q@)
- {mh o @s)

where {{w}} is given as

0 (0<d<m + 20) - (26)
{{n}} = T (m+20<d<2m) o _



The {{ﬂ}} term is mecessary due to the shift in the direction of the velocity

at the stagnation poimt.

. s The real part of equation (25)"céﬁ be rearranged into the form

P ) = In 2Jcos &-a |-mv @®.

" Through harmonic analysis, the ‘a 's and b 's can be determined from

equation (27). However, we must have a, =0, 2 =1, and by = 0, due to

equations (19j and (20). Therefore;."

£ a4 =0

o

IZ“P(¢) cosp dp =
)

“Tp(¢) sing df = 0
o . :
b

The velocity distribution we specify must meet these requirements.

By integrating equation (14), the transformation

% (ay + ib) £
z2(z) = F(1-1/g) e ™°° dz

L

27

(28)
(29)

(30}

(31)

can be derived. This yields the flow for the entire z plane. If g = e1¢ is

entered into this transformation, the resulting z = x + iy will yield the profile

of the airfoil. The results are

x9) = f-4 sin$ | cos & - o) | §gy cos &+ Qo)) @

(32)

. y@) = -4 sin$ | cos & - ) | gy sin (§+ Q@) @ (33)

The only quantity remaining to be defined, thea, is Q(4).

However Q(@)

is a conjugatevharmonic function of P(d), and can be derived from the formula




2w

L [ PB(g) cot (?-—72-"’—-) do (34)
o .

2w

Q) =

Given a velocity distribution that yields a P(§) such that equations (28)
through (30) are satisfied, and an angle of attack, the x an& y coordinates of
the desired airfoil can be generated using eguations (32) and (33). The angle
of attack,.a, need not be held coﬁstant, but can be a function of ¢. Thus,
the uppexr surface can be designed at a different (higher for reasonable airfoils)
angle of attack than the lower surface, or even different portions of the upper
{or lower) surface can be designed at different angles of attack.

| The profile of the airfoil is determined by a, and bm' Therefore, for
a fixed profile, a and b are fixed. Altering the angle of attack will not
alter the airfoil profile, and, therefore, will not alter &, or bm' This means
thét P{¢} is independent of the anéle of attack. Equation (27) can, then, be

written in the form of
P(#) = In 2jcos (E- o )] - m V' @) (35)

*
where V {¢) is the specified velocity at the point on the airfoil corresponding
- .
to ¢, and o0 (¢) is the corresponding angle of attack. At any angle of attack, «,

then, the velocity can be given as

_ cos (9/2 -a) *
Vot = oo gy ¢ W &)

The circle plane can be divided into Ia segments, as in figure (2), where

¢D = 0<¢1<¢2<;"'¢I a-..<¢1 . ¢I indicates the stagnation point. The angle of
. L a L
attack specification takes the form

o (§) = o, = constant for ¢, <bsp, (37)

and the velocity tskes the form

V@) = VW, (4) (38)




Figure 2.

Segementing the profile




where Vi is a constant for ¢i—1 <¢s¢i and W (¢) is given as

Ky

= [ { cosh - cos¢m1} ~H {C05¢ - C°S¢q}}2 3‘
W) = [k {epomeg 1 [ - 036t o1t (39)

on the upper surface. On the lower surface, the velocity distribution is similar,

but different values of Ky, M ¢ . and ¢_ are used, indicated by'ih,'ﬁ}'$§, and E;,

respectively. The terms in the double brackets of equation (38) are defined by
1£(¢) £($)> 0}

{{E@)}} =1 1 (40)
{ o £(¢)s0l

Equation (39) can be considered to be of the form

W(g) = W (4] W, (] E (41}

or, on the lower suxface
W9 = W (0) W_($) u (42)

The W& (cr‘W;) term produces the major pressure recovexy. This is in the
form specified By Wortmann,g in which the shape parameter is held constant, which
delays separation. The WS (ox W;} term develops the cusp distribution. It is
generally applied to the last 3-5% of the airfoil length. Outside of the range
of the specified vegion, ¢>¢ for W or ¢>¢_ for W_ (or ¢é$§ ar'$; on the lower
surface); the value of Ww or Ws is one, as dictated by equation (40). Thus, the
variation of WW and Ws is as is given by figure (3).

ﬁ&p) must be continuous over the airfoil, so P{¢;3 = P(¢;?, and P(0)} = P(2m).

* * .
Substituting our values for V and o into equation (27) yields

P($) = In 2[cos( ¥ - a(@)) | -In tviwsw)wscwxn) | (43)

Since, at the trailing edge, P(0) = P(2m);

1n2|cosa, | -ln-'zvlwwcomscofﬂl = nz[cosay | -inlyy W, (2m)

—_ i K : . FAAY
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Figure 3.

The form of the velocity components.
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At all other segment boundaries, which are generally outside of the cusp

s ) w - +
region, WS = Ws = 1’P(¢i ) =P(¢i ), and therefore

b, -
1n2|eos (- - @) [-In[V,H (6,01 = in2fcos G -, ) |-Inlv,, W (4] (45)

On the lower surface, NW is replaced by'ﬁ% in equation (45).

1f, in any segment, ¢ = T + Zai, P(¢) becomes infinite. This is most likely

1.0 occur in the segments to either side of the stagnation point, ¢I __1<¢<¢I +1
L L *
where ¢I indicates the stagnation point. In order to prevent this, we require
: L
g, > o
IL IL+1 (46)
and N
T #20, P ¢, OT 42 O (47)
1 IL I+l

If all the ¢i's and aj's along with u, 1, ¢w

R E;, ¢ > and E; are given

in the problem'specification, this leaves only Kﬁ and ?ﬁ left to be determined.
However, with equations (28)-(30) there are three conditions that must be met.
Therefore, we need to free one of the quantities listed above. The quantity best
suited for this is ¢I , the location of the stagnation point.

L
If we use equation (43) to define P(¢), equation (29) becomes

2%
! [lnlcosG% -0.{¢)|-1n V(9] -1n W_($)-KylnW_($)+In2] cos¢dp=m (48)
23

This can be expanded to

¢, |

- i

1 b

EL S {lnl cos (3 —ai} | - ani-— anw- KHInWS-i- in2] cos¢dd

=19

LI, ¢i 6 '
+i£I i [lnlcosﬁf —ai)l-ani~1nWw-KH1nW5+ln2] cosddd=7 {(49)

L ¢1-1
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The integral cosé 1ln|cos %—- aifdtb can be evaluated as

9 _ = (s : $ .
Seosln|cos 5 ai[d¢ = (sing + sin2a,) 1n|cos 3 ai|
+ 1/2 (dcos Zai - sind) + constant {50)
If we denote W_. as
) ci
b |
wci =~ [ cosj In W5(¢) dé (51)
951

and introduce the notation

In (i,3) = 1n|cos (932» - uj)[ (52)

equation (49) can be written as

_ 1a
KyWy + KW + ?_ {sin 20, (In (1,3} ~In (i-1, 1))
a i=1
i
1 1 .. . . . .
+ 5-(¢i - ¢i—1) cos Zai * 5-[51n¢i - 51n¢i_1)+ 51n¢i[ln(1,1) -lnvi]
¢w
-sin ¢ [In(i-1, 1) -1n Vi]} - f " cos o 1nWﬁd¢
. o
2n — .
-~/ cosp In W (¢) dp = (53)
¢
W

Due to equation (45), the next to the last term, with i=m, and the last term,
with i=n+l {(n=1, Iafl), cancel each other out. Out of thkese terms, only the
last with i=1 and the next to the last with i=Ia remain. However, since ¢Q=0
and ¢1_ = 27, sin ¢ = sin ¢y = 0, these terms also drop out. The third term

of the summation also drops out. Therefore, ecuation (53} can be written as

I
a
Ky Woq * ¥y wcla + §=1 {sin 20; (In(1,1) -1n(i-1, 1))
1 cI’w 27 _
+ 5-(¢i - ¢i»13 cos zui} - [ cosg 1n Ww d¢ ~ %_ cos ¢ In Wﬁ @) dd = 7
o

¥ (54)
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) We now introduce Jc such that
. 1, . '
) , . O R
J, = i§-1 {sin 2= ((In(L,1)-1n (i-1,1)) + 5 (4; ¢i-1) cos 2°=i}
¢w. o _ 2
- [ cos ¢ In¥ dé - f cos ¢ 1n Ww do - (55}
0 Ew :

If we define ¢, = Cy +1‘= 0, we can alter the indices to get
a

I
a.
Jc - T = 121 {sin 2<=i In{i,i) ~sin 2°=i+1 In(i, i+l1)
1 b
+ —2-¢i {cos 2%, - cos 20::2.4-1)} - [ cos ¢ In Ww dd
o
2r

-J cos ¢ 1n Ww dd : {56)
By

Now equation (54) can be written as

Ky + Ky cha +J ~T=0

(57}
In a similar manner, if we define Wsi as
9
wsi = [ sin ¢ In WS (¢) dé (58)
%51
and we define J5 as
5
3, = i§0 {-(l+cos 2=,) In (4,1) + (I+cu: 2, 1) In (i,i+1)
W
* % $s (sin 2=, - sin 2°=i+1]} - o.f sin¢$ In Ww () ddb
27
- J sing¢ in Wo¢) a (59)
$w

M e

L e
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Equation (30) can now be written as

ky Wop * By o1, *9s =0 | (60)
From equation (45),
in Vl = 1n {i,i) -In (i,i+l) + In VZ (61)
Substituting this value of vy into equation (44) yields
1n]cosc=I1] -in (i,i) + In (i, 3+1) + In V, - K  1n W (0)
= lnlcoso'-lal - In vIa - fH 1n Ww (2r) (623

From equation (45), Vz can be determined as a function of V_, and so forth until

VI is reached. In this manner, Vl and VI are eliminated from (44}, yielding
a a .

~K, 1n W (0) + EH in WW (2m) +_§0 {-1n {i,i) + In (i,i+1}} = 0O

i (63}

Defining JT as being the summation term of this equation, equation (63) can be

written as -K, In W (0) + 'rIH 1n i@‘w (2m) + 3, =0 (64)
We now have three equations (equations (57), (60}, and (64)) for the

three unknowns (K, X,, and ¢; ). Eliminating K, and EH yields
L

(Jc-Tr)Dl«JSD2+JTD3=0 (65)
whexe

I:t1 = Wsl In WWCZ’IT] + WSIa In Ww (0) (66)

D2 = wcl In WWCZ'IT) + WCIa In WW {0) (67)

D,=W_.W._. ~W_ W (68)

3 cl "sI cIa sl

PP T —

T LA A

A
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1

Equation (65} is a transcendental equation for ¢I . Once the value of ¢I is
L L
determined, K and'fﬁ can be determined from equations {57) and (60).
With eguation (45}, we now have Ia - 1 equations for the Ia values of Vi'

The last equation comes from the previously unused equation (29}, which guarantees

uniform flow at infinity.

2w Ia %3 v
0] i
! p(¢) d‘i’ = z { S [ln]cos ( 5 - ai) l-ln V;
o i=1 ¢i~1

-KH In WS - In W&C¢J} de¢} + 2w(in 2 - 1n Vl) = 0
(69)
Now that all of the ¢i's, Kﬁ, and fh are known, P(¢) can be caleulated
from equation (43); Q{¢) can be calculated from equation (34), and x(9) and
y(¢) can be calculated from equations (32} and (33).
Fol practical numerical calculations, the circle plane is divided into

2N equal parts, with the positions given by

$ = o, = 1’1{- W=0,1,2, ..., 2N-1). (70)

Next, the ¢i's (except ¢i 3 ui's, K, K, u, and U are chosen. The values of wcl’
L

WC s Wé , and WS can then be calculated (equations (51) and (58)). Using

Ia 1 Ia

equations (66) through (68), Dl’ D2, and D3 can be calculated, and the transcen-
dental equation can be established. Once ¢IL is determined Ky and ?ﬁ can be
calculated from equations (57) and (60). P{¢$) and Q(¢)} can be determined at

each point on the circle.. x(¢) and y(¢) are then determined, so 2N points ave deter-
mined on the airfoil. These points are equally spaced on the circle plane, but
they are not equally spaced in the airfoil plane.

The resulting coordinates wil’l yield an airfoil oriented at it's zero 1ift

line. However, the angle between the zero 1ift line and the chord line (B) can bhe

determined and subtracted from « to yield the angle of attack with respect to the

chord line.

— . e
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Since the values of I(H and _K-H are determined by the closure requirements,
there is no direct control of these values in the input specifications. KH
and '}_('H determine the trailing edge angle. In order to maintain some control
over this tfailing edge angle, a desired value of KS = KH + .fH can be specified,

and by iteratiomn, varying either o, on the upper or lower surface {or both

surfaces), or K or K, the desired K, can be attained.
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* II1. PROGRAM

.

The calculations required for the solution of the Epplef problem are
carried out with the aid of an IﬁM-360/75 computer at the Unive;sity of Illinois.
The Eppler pfogfam not only determines the profile of the airfoil but also
determines the boundary layer momentum thickness and the enqrgy‘form.pérameter.
However, in the present application, the boundary layer capabilities of the
program have not been fully utilized. |

The required progréms are kept in files on the PLORTS system, The
file name of the Eppler program is EPPLER, while the file names of the re-
quired input data are EDATA through EDATG. A sample input data deck is
shown in Figure Al.

The first card in an input data deck for the Eppler program is a card
with an Alpha-numeric listing of the titles of the cards that folluw. These
titles are read in 20A4 format. It is essential that the order of the titles
not be changed and all titles must be included on this card, even if the
named card is not used in the program. This first card can be thought of as
part of the program itself, as it is never changed. The remaining cards, with
the exception of the title, are in the format (A4, I6, 14F5.2). Some of the
data that is input through the F5.2 format is divided by a factor of 10 in
the program, so it is important not to specify the decimal point. All the data
should be right justified, and the program will convert the data to the correct
multiple of 10, The data that is divided by 10. in the program will be identified
in the following discussion as having a psuedo~format of F5.3.

The manner in which the data on each card is treated is determined by the

“title, which is listed in the first 4 spaces on each card. The data is read intc



ol S i S L T e T Ty . T T
Il :

TRAITRA2ALFAAGAMABSZ REENDEBETAPLOTTITL

ABSZ 9200 100

AGAM 100 100 100 180 100 100
TITL

UOF I HLE 1657-20-28-15 AIRFOIL
PLOT 3470-83372128815625330711089424C00
TRA1000027 4120 4800 4290 0975 0000 480C 9200 3200
TRA2000027 150 4290 100 5000 0542 300 4000 100 3000 0499 20014500 GO1
BETA -1 100
RE 03 01633

ENDE

/*

Pigure Al, A sample input data deck

-8‘[—
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oo
the program as MARKE, NUPU, and PUFF; where MARKE is the fitle, NUPU is an integer,
and PUFF is a 14 element array. The data isithen transferred to the appropriate
variable according to the title. |

The first title listed on the first card is the TRAL title.. The TRAl
card is the caxd that inputs the ¢i and Oy Tha.¢i are input in terms of circle -
divisions, and the ¢, are inmput in &egrees; ¢IL is'detérmiged by the pibgram,
so it is inppt as zero, The ¢i and o, are input as pairs, and up to seven palrs
can be input on one card. If it is desired td break the circle Plane into more
than seven segments, more TRAL cards need bhe specified; with a maiimum of four
cards, as storage is alléwed for only 28 segments. The last ¢i must bé.equal
to the number of divisions in the circle. The ¢i must be listed in increasing
order, including the com?uted value of ¢11;

Spaces 5 through 10 of the TRAlL card (NUPU) are reserved for the profile
number, Iftseveral different airfoils are developed at the same time, they
can be identified by this profile number,

Spaces 5 through 10 of the TRA2 card are also reserved for the profile
number, but in this case, the profile number is used only to keep track of the
input data, as this number is not used in the program. These spaces can also
he left hlank on the TRAZ card,

The remainder of the words on the TRA2 card define the input velocity
function. Words i through 5 define the upper surface and words 6 through 10
definé the lowsr surface. Word 1is ¢s¢.given in circle divisions, and word 2
is 4. The meaning of words 4 and 5 depends on word 3. If wozd 3 is 0.0, word 4
iﬁ k_an& word 5 ié U. If word 3 is 1.0, word 4 is w' and word 5 is w. If word 3
is 2.0, word 4 is | and word 5 is w. Words 4 and 5 are divided by 10.0 in the
program, 50 the psuedc format is F5.3.

The specification of w and w' {word 3 being equal to 1.0) is recommended

only with large values of w', so the path of Ww is strongly curved, The process
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converges slowly when w' is small, and convergence is not guaranteed when U is
negative. For less strongly curved paths, the specification of H and w is
recomménded (word 3 eguals 2.0). |

Words & through 10 define the lower surface in the same manner that words 1
tﬁrough 5 define the upper surface; Thus, for a symmetrical airfoil, words 6
through 10 would repeat words 1 through 5.

Wo;d 11 is referred toc as ITMOD, and determines the variable that is
changed in the iteration process te set Ks to the specified value. If ITMOD is
0.0, no iteration is carried out. If ITMOD is 1.0, the o, on the upper surface
are altered by a factor Aai until Kg attains the desired value, If ITMOD is 2.0,
the oy the lower surface will De altered and if ITMOD is 3.0, the oy will be

altered on both the upper and lower surface by an equal amount. If ITMOD is 4.0,

K is modified, if ITMOD is 5.0, K is modified, and if ITMOD is 6.0, K and ¥ axe

modified by equal amounts. ITMOD = 3.0 or 6.0Q is useful for symmetrical airfoils.

Word 12 is Ks, written in the psuedo~format of F5.3. Word 13 is the toler-
ance acceptable in the Ks computation, also wriéten in the psuedo-format of F5.3.
A suggested value.for this is .001; the smallest value available in the F5.3 format.
Word 14 is not used,

The next card in the list is the ALFA card. This card inputs the various
angles of attack that the pressure distribution is developed for and that are used
in the boundary iayer portion of the program, The first word after the title is
NAL, the number of angles of attack listed, in 16 format. NAL can be as large
as 14. If'NAL is specified as larger than 14, it is reset to 4. The next 14 (or
.less) words are the angles of attack, in degrees, written in F5.2 Format. If
NAL is given as a negative number, the angle of attack will be oy given on the
-TRAI card, where i is on the ALFA card in F5.2 format (see the sample data deck

in Figure Al for an example of this)., If an ALFA card is given with no angles of

attack and NAL=0, the angles of attack of the previous profile are repeated.
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The AGAM card controls the output of the Eppler program, The 16 of the
'AGAM card is ignored, but 14 AGAM{i)'s are read in F5.2 format. In general,
the AGAM({1)'s are either zerov or not zero. If AGAM(1} is not Zero, the x and y
coordinates of the airfoil are generated, If AGAM(1) is equal to zero, only
the transcendental equation is solved. If AGAM(2) is not equal to zero, the
profile lillst will be printed, along with a velocity distribution for each angle
of attack on the ALFA card. If AGAM(3) is not zero, the input data and the
solution to the transcendental equation is printed out for the initial input |
and the final iteration. If AGAM(4) is not zero, the input data and the solu-
tion to the transcendental equation will be printed out for all iteratioms.
AGAM(5) and AGAM(6) refer to the boundary layer portion of the program. If
AGAM(5) is not zero, the program will print out a listing of the distance along
the surface from the stagnation point, the local velocity, the energy thickness
form paramefer sz (the energy dissipation boundary layer thickness divided
by the momentum thickness), and the momentum thickness. If AGAM(5) is equal
to 1.0, the local Reynolds number, based on the momentum thickness and the
iocal velocity is printed out instead of the momentum thickmess., If AGAM(6)
is not equal to zero, the boundary layer transition point, boundary layer
separation point, and drag (calculated by the Squire Young Methed) are printed
cut. AGAM(7) through AGAM(14) are not presently used, but ave reserved for
further use.

At the University of Illincis, most runs are made with AGAM(I) through
AGAM(6) equal to 1.0. This results in the most complete ocutput. An attempt
to run with AGAM(6) equal to zero resulted in the failure of the program for
unknown reasons.

Card ABSZ lists the number of circle divisions, NKR, in spaces 11 through

15. NKR must be divisible by 4, and NKR + 1 peoints resulf in the profile of
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the airfoil. As NKR is increased, the accuracy uc the sclution increases, as
well as the computational time required. The maximum NKR is 120, but 60 is
usually a sufficient mumber unless large slopes in the velocity function are
encountered, as with a Stratford distribution. For the airfoils designed at
the University of Illinois, an NKR of 92 was chosen.

The ABSZ card also lists ABFA in spaces 16 through 20, which multiplies
all values given in circle divisions. ABFA is normally equal to 1.0. It is
necessary to change ABFA only if the number of circle divisions is changed, so
it is not necessary to change all the inmput data given im circle divisions.

If no ABSZ card is given, NKR is set to 60 and ABFA is set to 1.4.

The RE card is used to input the Reynolds number into the program,

The psuedo-format of the RE card is (A4, 6X, 5(211, 3X, F5.3)). The first of
the I1 words represents MA, which at one time was used to determine the suction
mode. Since the capability of boundary layer suction has been removed from the
program, this word is no longer used. The second Il word is MU, the mode for
boundary layer transition. When MU is equal to 1, tramsition is by laminar
separation. If MU is equal to 2, transition occurs at the first decrease in
velocity. If MU is equal to 3, transition occurs when the velocity remains
constant throughout a step distance or decreases. If MV is 4, transition
occurs when the natural logarithm of the loczl Reynolds mumber based on 62

and the local yelocity exceeds or equals 18.43 H32 - 21.74. MU =5 is

similar to MU - 4, except the value that ln (RE) is compared to is 18.43

H

20 " 22.10. Therefore, MU = 5 is a more conservative estimate for trans-

sition. The F5.3 word is the free stream Reynolds numbexr, based on the chord

length and free stream velocity. All lengths in the program are non-dimensionalized

with respect to this chord length, and all velocities are non-dimensionalized with
respect to this velocity. There can be up to & Reynolds numbers, each with its

own MA and MU. The program will continue to read in Reynolds numbers {up to 5)




until a zero value is read as a Reynolds number,

| The ENDE card is neceééary'for proper termination of the program. It
is the final data card, and indicates all data has been read in.

‘ The‘néXt tﬁrée titles on the list are cards that have been added to

the program at the University of Illinois. The first of these cards is the BETA
card, ﬁhich repiaces the ALFA card. If a BETA card is used instead of an ALFA
card, either a punched output is.generated or data is filed into the PLORTS
system that is used by the Stratford pxogram. This data consists of four parts,
written in 6F12.9 formal. The first part is DS, the increment of the surface
distance for each x increment. There are NKR DS's generated. The othexr three
parts are a velocity function (VF), and x and y coordinates of the airfoil.
There are NKR + 1 of each of these values. The velocity £unction is equal to
the local velocity divided by (1 + cosdi_)° The program was originally designed
to give a punched output, but was modified to file the data directly into PLORTS,
However, as the PLORTS system is due to be removed from the IBM-360 at the Uni-
versity of Illinois, it will be necessary to change back to a pundhe& output
deck.

The next card that has been added to the program is the PLOT card. This
card reads data intc the system that is then either punched out or filed into
PLORTS. Nothing is done with this data by the program, as this is only a con- -
venient method of getting data into the input deck for the Stratford programs.

The last card to be described is the TITL card. No daté is on the TITL
card, but "this card signals that the next card is in 20A4 format, and is the
title of the airfoil. This title will be printed iIn the output and inserted inéo
.the Stratford input deck.

There are some restrictions on the order the cards are read in. The ABSZ

(if one is used), AGAM, TITL, and PLOT cards should be read into the computer first,

o

TR T T T, T n......_.w“,.,m,—-..._,,..ﬁ,..,..._:1_..____V T
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although not necessarily in that order. The data on these cards remains valid
until another similar card is read into the computer. Thus, for example, if

several profiles are to be developed with the same mumiber of circle divisions,

it is not necessary to repeat the ABSZ card. The next cards to be read in are

the TRAL and TRAZ cards, in that order. Once the TRAZ card is read in, the

- profile is generated, _The ALFA or BETA card is then read in, followed by the

RE card. -The RE card initiates the calculation of the boundary fayer. If other

‘profiles are desired, new TRAL and TRA2 cards can now be read in, preceded by

new ABSZ, AGAM,.PLOT, and TITL cards, as necessary. These cards can be followed
by ALFA or BETA and RE cards if bourdary layer information is desired. The ENDE

card terminates the program aftor all the profiles and boundary layer calculations

are complete,

The descriptions of the output which follows assumes AGAMCIJ through AGAM{6}
are not equal to zeré; If any of these words are equal to zero, the corresponding
portion of the output will be deleted,

Tﬁe first data listed in tﬁe output are the input data and the solution to
the transcendental equation, This déta is preceded by the title, profile number,

iteration number, and iteration mode (0 through 6). The headings of the table of

data do not agree with the nomenclature presented in this paper. NUE represents

the same quantity as ¢, ALPHA is &, WS is w and w, WHK is w' and W', DRAK is K
and X, DRAM is y and 71, HK is K, and ?ﬁ, FIA 1s ¢, and $%, and LAS is ¢_ and E;.

The next data listed are the profile of the airfoil in x and y coordinates

and the velocity distribution for each angle of attack on the ALFA or BETA card.

At the end of this listing, the values of CM, BETA, ETA, SX, and SY are printed

-~

out, CM is the moment coefficient at zero 1ift and BETA is the angle between the

‘zero 1ift line and the chord line. Since all angles of attack are given in reference

tp the zero lift line, this angle is necessary to compute the geometric angle of




~25~

attack. ETA, SX, and SY are apparently remnants of trouble shooting the program,
as they are not particularlyruseful. ETA is the number of points in the circle
plane divided by the chord and w. This term is used iﬁ non—digensionalizing the
chord. SY and SY are summation of the x and y coordinates of the airfoil profile,
The lést section of data is derived from the boundary layer portion of the
program, First there are 2 tahles, one for the upper surface and one for the lower

surface. These tables list the surface coordinate, local velocity, H and 62.

327
If AGAM(5) is equal to 1.0, the local Reynolds number based on 62 and the local
velocity is printed in place of 62. However, nothing in the output indicates
that this has been done, so it is important that it be noted that AGAM(5) is
equal to 1.0 if this data is to be used. If HSZ is a negative number, the flow
in the boundary layer is turbulent.

Following these two tables are listings for the upper and lower surface
transition points, separation points, and drag coefficients, Once again, there
is a problem of nomenclature, as the transiticn points are under the hezding
INS., the separation points are under the heading TRANS,, and the drag coefficisnt
are under the heéding SEP,. The transition and separation points are given in

terms of surface coordinates.




12
i4

13
15

1.3
17

18
19
20
21

22
25

DIMENSICN ALV(24)oVidle) oMARKEN(1S)

DIMENSICN Xaxt3)sYYY{3)

DINREMSICN RE{E] +FA{S) s MUIS)

DIMENSICN TSTUS) oBANTLS) publdyZols)d sSUL4,2918)35A84,2,14)
COFMON PICL1S1) o XPULI2L)oYPT 1210 oARGE 121 2(121),¥(121),P{221),
1PUFF {14 :AGAN{14) LS5 E1200 g VF(121)4ANT{90 ), ALFA{90} s FKERN(30),ABSZ,
ZABGR;FAEGRf!BQVC'hKRINCriJPRCsJAB'JST.SNQETA,ABFA PI,BGCEN,SX,
30ARCySY s EZ22oW1yTITLELLS)

CCNNCK /GRIK/CDKAR(T 9Bl T)

I11l=] .

DB 4 1 = 1,16

MARKENITI) = (.

MARKE w (€,

PI = 3,1415352854

BEGEN = ,C17453292%199

REAC(Sy LYIM2FKEN{]I)yixlyl0)

FCRMATL1E A4)

ABS2 = &C.

ABFA =2 1,

ABGR = 360, /ABSZ THE
HABGR= ,S#ABGR Y OF

1B = ,25948S1 #.1 REPROD Upmilélgls POOR
MO s 2¥18 ORIGINAL P

AKE = 2uMG .

ABSZ = KKR

NE = MKR 3]

C2 8 ¥u],IR

ARY = MQ + ] —- 2%M

FKEthNI= AFGRGCCSGiARI'dABGR!ilSIhG[AQ[*HA&GRl*PI)
RERC (5. 2)MARKE JNLFL,, PUFF

FORMAT{A4p I by 14F5,2)

ariz i=i,1é

IF (MARKE.EC.MARKEN{I}) 34 T 13

CONTINUE

WRITE{%,3} WARKE

FORMAT(LXs* TACCRRECT DATA C23C WITH CODEsewsatypAdl

GC TC 11

GO TC(15+22+2332140914202591150y 231437593 T0el4s1%r14 1441t 9ls)y]
NUFRT = ANUPL

Ju )

I=1

#NI(J! = RUNDIPURF{] }13AQFA,10CC,)

IF(AR?‘J]-EC-G-,JST‘J

I=I+]1 .

ALFALY) SPUFFil)

TF{AMIIJI=-ABSZ +41) 189215021

NENRLS)

IFLI-14} 15420920

I=s1+]

GC 1¢ 17 -

READIS,Z)PAPKE:NUFU PJFF

GG -1 16

JAB=Y

ALFALJ+1)=0

GOTO 11

CALL TFAF&D

GO0 TC 11

TF{PLFF{2).EC.D) GO TC 2¢

RERX=PUFF{24J4)

T (SRR

e e e e e



26

21
28

140
141

142

334
335
336
3361

337
379

338

339

240

341
342

IFIRERX)26428526

RE(J) = 1.ES#RERX
IPU=INT{FUFF{2#J-1)}
MA(J) = IPL/10C

MU({J} = IPUZ10 ~ 10%MALJ}

JR = J

CALL GRPUALVyNALyRE MU JR 7 AAASEBB,DODAZMAZ yAKK,PED)

GOTC 11

00 141 I= 1,14
AGAM{I)= PLFF{I}

GC TC 11

ABSZ = PUFF (1)

IPUNCH=1
GC TC 232
IPUNCH=Q

PUFF(2)

IF{NUPI)2231 ,335,3223

NAL=-NLPL

DO 2332 I=1l,sKAL
N=TFiS{PLFF{I)]
ALVII}=ALFA{RN)

GC TC 335
NAL=NUPU

IFINLPUGTc14)INAL =4
0N 334 I=1,0AL

ALV{I)=PLFF{1]

IF{AGAML 2))236411,536

A=0
NZ=2
IFLIZZ.CT. C)

NL = 3

CALL ZEZ{TIZ2Z4NZsNIT}

WRITE(64379) N2V, TITLE
WRITE{6+337INUPFCy {ALV(4d,M=1,40NALY)
FCRMAT{L1F ¢ 7FPRTFIL ¢1I3¢7H ALFFAs14FT,.2)
FCR¥AT(AL1,1944)

IZZ = 1Z12+1
WRITE(6,338)
FCRMAT(E2H A
IFIN.NE«CY CC
DC241 A=1gNC
IFI1271.GT.€2)
A = A1

IhN= AD

X Y V-DISTRIBUTICN FOR GIVER ALPHA}
T2 339

G0 TT 2261

PHIk= ZMN¥HABGR
XCR = 1CC.*Xx(N)
YCR = 1CC.rY({N}

OC 340F=1,NAL
VIM) = ABS{VF
122 = 12Z+1

(NY*COSGIPHIA — ALVIM)))

WRITE(G6y342INCyXCR s YCR i V(M) ¥=1,AAL)

FORNATI(IA,2F8
122 = 121+1

23¢14F7.3)

WRITE(G,344)(MyDARC,ETAp XY . )
344 FORNATL4R CN=4FT.b4ebh BEfa=ygF54299HCEG. ETA=pF5.354H SX=eFGo2eéaH 3§ 4

1¥Y=pyFE€.3)

IF(IFUNCF.EC.C) CC TO 11

hi=hC-1]
IITrI=T111+1
WRITE(T,230)
WRITE{7,4330)

(DS{FIeb=1,y1d12
(VF(N),P“.:[;-"IQ,

~&T



WRITE{T4330) {X{M)M=1,NQJ
WRITE(7,230) {Y{M},yN=1,NQ)
GC T1C 11

330 FORMAT{{6F12.9})

375 AAA=PLFF{1)/100.

. BBB=FUFF (2)/100.
DDD=FUFF{3)/100.
AZM=FUFF {4} /1CC.
AZ=PLFF{5)/1(0.
AKK=PUFF {8} /100.
REO=PUFF{T)*1CCCC,

GL 17 11
376 READ{5,377) TITLE
WRITE(7,378) TITLE
377 FCREMAT{1S4A4)
378 FCRMATL' *',.194A4)
GO TC 1t
150 STCP
CEBLE SUBCHK
END

-



SUBFCUTINE ZEZ(IZ218,IZT)
DIMEASICN ITU&)

DATA IT/1P+:1F 41b0y1H1/
IF(IC-21242,1

In=2

12 =1

GC 7TC 3

IZ = 1Z2+1IC

IZT = IT(IC+1)

RETLEN

END

T RS L

i R AR e SRR

i A« e




SUBRCLTINE CECF(RETsULSsH2D2,CD4CFpHL2)
CALL F12B{HF124EPST)
IF{H)Z2y 15,1
1 CC={{H*x6.,8377561~20.521103)%F+15.7071952)/RET
CE=EPST/RET
GG T 19
2 H32=-H
ALPHA=Q .,02S*(C.93-1.95kALJG 10112} ) %%, 7(5
CF=ALPHA/RET#%*(,2468
T={1sL~1.0/F12)/SCRTICF)
PI=—-F12%C2¢LS/{CF¥*)}
IF{T-10.0)343.4
3 P1=-0.77380~-T*{0.07212~T#{0.03263~0.000942%T1})
GG T 5
4 Pl==(107.7651-T*[2C.4916=-T*{1,1407-T*{0.C281-0,0001*T))}}/
1 {20.5403-T*(1.1341-7Tx{0.0312-0.0002%T)})
S5 IF{PI-P13Ss&,46
4 C3=0.40
IF{T-10.C1Be8&,7
T Ci=106.2651-T*{2C4516~T»{1.14C7~-T*{0.0281~0.0001%T) )]
C2=18.0403-TH(1.2341~T*{J.021¢~-C.0002%T))
GC 7€ 14
8 C1=7.53440+TA({C.81300-T*10395C -0, 01L135%T))
£2=6,605
GC TC 14
9 P5==3,63819+T#(C.S3C59-T*{0.09422=-T*{0.00%641-T*0.T3LE~04}}])
IF{FT=P5}10,11,11
10 Cl==TEaC#+TH{63,7-T-(*T)
C2==30.5-{C1+33.5)/P5
C3=0.0
GG TC 14
11 P3=~1,072214T*{Ca06537T¢+T*¥{0.01C46~-T*{0.,0C0174~T*0.6E~Q5))}
IF{FTI-P23)13+12,12
12 P2=-C.42195-T%{0,17378~TH(CaC4L22~TA (0. 00 428-T*0W25E-C4)1}])
CA={{H.5*%P2~-10.9%P3-2.,8) «(P2~P1)+(6.5«P2-2.5%P1+1.8)%{P3~-P2})}/
1 {{P3-PL)=2(F3-F2)*{02~-P1)}
C2={£.5%P2~2,834P1+1.B)/{PL-P2)~C3¥*{PL4P2)
Ci==1,5-F1%{{2+2,5)-Ci%PlxP]
GC T 14
13 Pa=wz2 24228+ T*(C.45376+TH{ CaQ3LE2+T* (0. CCLO26-T*0.27TE=~C4}}}
C3=({19 ,4%P4~30,5%P5~16.,7)%{(P4~P3]+{19.4%P4-10.9¥%P3+10.61%{P5~-P4]}]}
1 FUIPS=-P3}A{FS~P4}*(P4=-P3)}}
C2={19+42P4—1C.S¥P3+10.0)/{P3=-P4)}-C3*[P3+P4)
Cle==Eg.2-F3%{C2+10.9)~-C3%Ps*P3
14 TP=C1+C 24P +C3¥FI#PI*P]
TESP={H1Z2-{H]12-1 0}*{1,0~0 T2 158/{0a93~1.55¥ALIGIO(HL2}}) }*
L {0.55216~0.38750%H32+J.0485548QFT(Q. TT500%H32~1.10667)}/
2 {SORT(O0.,TT50C0%H32-1ate 8T VRSORAT(2LPHAIR{ H12%{#+32-1.,43100)}**2}
CL=CFP&{{TP~C 134T (1. 0+P I%{ 1.0+1.0/HLZ2}}/{TSP*RET*%0.134})+h32%
1. {110+PI“{1-O"'1'0/H12)J’
15 RETURN
EAD

RIPRODUCIBILITY OF THE
_ PRIGINAL PAGE 18 POOR
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10
11

12
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17

SUBRCUTIRE GRUP{bFyL2sUs ARzl S20L2Z2,0Z,002,V4MA)
COMMIN JORIKFUDKA2A{T),B8LT)

I = C2*%bBSLI} ’

RET = WRE*WRERU*[CZ2

CALL CODCFARET U LS s 9D2eCeLFyH12)
IFI{MA)141,2

V = 0.

GC TC 13

GE TCUY12,134513464€95,593),FA
IF(H}4y 1yl

V = 25.%({H*¥1,.981*%02%, 3

GG TC 12

IF(FYEpl,l

8 = BB{MR)

PSI = AA(MA)

IFIBY JMELQ. IPSI=BV*ALOGIRAET ) +PS1
IFEPSI=1.52)Bs747
IFtPCI-1.99)11,11,49

"PS51=1.52

GG T 10

PSI=1.4G%

B = C.

L = SIGNIPSI,H)

CALL CDCF{REToU,US)yHL,025;C0D5,CFS5,HL2S)

V={U%(COE~(FSTI+B)¥CFS )+ U2 rUSH{E~-PSTI+F12%{B+PST)) I/ IB+ABSI{H)~1.]

1F{ViIl3slel

vpu =v/L

LSU =L&/L

CCZ2 = {CF=12+H12}#LSU¥D2+VDU)*DL
DZ = {CC - 3.¥Z%USU + voJ)*0L
RETURM

END



SLBRCUTINE F12B{HsH12,EP5T)
IF{H)4,5 41
1 IF{F-1.5725€)2;3,3 ‘ ,
2 H12 =(SQFT{H-1.515090) ) #{{~227.18220%H+T24.55916}%H-583.60182)
1+4.02922CC
EPST= ({-.03172850£55%H12+ 235154055231 %H12-1.686094758 )%H12
1+2.512588652 :
G TC 6
3 EPST = (H%2.,221687229-4..26252829)%#H+1.372390703
H12 = (25.71578574%H-89.53214201)%H + TS.B7084472
GC TC 5 _
4 H12={0.C4855~SORT{~0.77500%F~1.106668))/{H+1.43100)
5 RETURN
END



A e

10
12
14
18
20
22
24

26

e

e e ns

SUBRGUTINE CGRPIALVyNAL yREsMUyJRyAAABBB,DDDAZMAZyAKK,RED)
COMMEN PLU1Z21)oXP{121)sVYPUL2L)sARG{121)4%(121),¥{221),P({121),
LPUFFi14),AGAN(14)yE541203, VFI121) 4ARI(90)ALFA{90) sFKERN{301),ABSZ,
ZABGR yFABGR ¢ IBoMC e NKReNC yNUPR Iy JAB 9y JSTeCMsETAyABFARP I ¢BOGENSX s
BCARGeSYIZZyV1,TITLELLD]

DIMENSICN ALVILI4)sRE(S)pHULED2hRE(S)HIS) yD2(5).9CHIS2,14),
15415929143 9SU{S42914)ySAR(5),SUR{S5)},CHCI5)yDD{5),RRI{5),RELL(S)
HABLC=2 .49

UKK=C.0

DC 2 J=1,4R

H{J} =

RR({J) = RE{J)#1.E~4

WEE(J}= SQRTIPE(JY})

NALA = 1

NALE = TAES(MNAL)

IFINAL.LT-0)} NALA = NALE

D 38 IA = KN&LA, NALE

IFLAGAMIS] kE.Qc) IZ2Z = 99

DT 28 JU =12

ND = 2%4L -3

NDSD = JU - 1

FAD = ND

NENL = 1 # RDSD®ARKR

AP = ALV(IA}/HABGR + .5#A8SZ + 1.

NU = INTEAP+..01¥FRD) + ND

NLNDSD = NU - ND3SD

DSR = DS{NUNCSD)I*ABS{FLIATI(NUI~APR)

S=C.

UK=C«

IF(AGAM{5} 1442644

1Z2P = 122 + IABS{MU-NENU} -€4

IF{12P}iCy1C 6

CALL ZEZ(IZZ93+1IZ7})

WRITE{6,7) IZTTITLE

WRITE{G6s8)INUERT (ALVIIAY

FORMAT{21:154%] -

FORMAT{1F , "BCUNELCARY LAYER PROFILEY yI6y 10X FALPHA=® 3FO.2)
CALL ZEZU1Z241,5127) '
IF{JL~-1}16-12,16

WRTITE{S6+14) IZTs{RR{J)sNLEd} p=10JRI

FCRMAT{AL;13FUPPER SURFACCE +2X¢5(3Xy ARRAN=3yF G245 X« 3HMUSI2})
GOTT 2¢

WRITE{E,18312To (RR{J) sMUl U] sa=1sdR}

FARMAT (A1 I2FLUWER SURFAGCC 12X 9 5{3Xy 2hRN=9F 6,254 Xe3HMU=,12}1}
IF(1ZP)}26+¢26420

CALL ZEZ(IZZ91,12T7)

WRITE(67,22) 1ZTs{Jru=1sJR)

FCRMAT{AL,TH s s 8H U +5011,9H H32 s 11H cz 1}
GC TT 26

NUADSD = NU -~ NDSE

DSR = DS{NUALCSD)

IN = NU

CALY=CTSG{{ZN-1.Q)*HABSR~ALVY{I2}])

UKL=ABS{VWFINL}*CALYV]}

§ = § + GSR
NC 33 Jd=1.J4R
D57 = Q&R

LR = LK

CALL GRSIH(JI D2{d)yURPJISLeDIZaWRE(SI yMUII) 30900 0.0sHIIID20d)
1XAy XL,CCCY
CLUJ) = C2{4)




28

30
33
333
31

32

35
34

36

317

34
316

39
40
42
44

45
%48

49

IFIAGAMIS ) EQL1.IDC(J)=UKL¥RR{J)*D2{ J}
IFI{UK)Y30:28,420

SAR{J)=C.0

SUR{JI=G.0

SAR{J)= SAR{J)+XA

SLR{J)Y= SLR{JI+XU

TF{ACAM{S))21,35421

CALL ZEZ(1Z2Z41,I2T)
WRITE(6¢32)I2TsSsUKLy{H(KK) jLLAKK) s KK=1,JR])
FORMATL{ALsF 74 +F8a495iF10.59F11.6))
IFINU~NEND) 3436434

UK = LK1

IF (LK1.GT.LEK) LKK=UK1

NU = KU #ND

GC TC 24 :

IF (J.EQ.1) YRITE(T¢376) AAAEBBsDCLyUKK AZM)AZ,SyAKK
IF {J.EC.1) WRITE{7,377) REQ
FORMAT(F15.4) )
DC38 J=1,JR

CALL HIZBIF{J},FP12F LTS}
IF(F12R.CT.FABLC)HL2R = HaBLC
CH{JrpJUTAI={UKLER(2.5+ 2% MI2R 1} ED2(J) %2,
SA{JsJUIAY= SAR{J}

SULJJU,IA)= SLEEJY

FORMAT(EFL0.4)

1 =0

TELAGAK([£) 135,560,439

IFLAGAM{SY ) 44,460,464

IF {(122-55)42944%44%

IF{NAL)4Ey 4l 44

CALL ZEZ{IZZ43,41IT2%

WRITE{647) TITLE

WRITEL& 46 )NLERD

FCRMAT{1} , 'BCUNCARY LAYSR RESLLTS PROFILE' 161
CALL ZEZ{1224241TZ}

WRITE(E et JITZo(RELIIsNLLId) suz1gdR)
FCRMAT(AL. 15Xy 5(3FRE=yE%eds1Xs3HMU=,12,3%))
IF{I.NELC: GCTC 5%

NC &0 I=NALA,FALE

IF(IZZ.CEL5T) CLTC 44

CALL ZBZ(1Z2Z414172)
WRITE(ESSCIITZ4ALVII ) slugd=1,JR)

- WRITE(7,55) ALVIIL)

55
50

52

54

56

58
&0

FORNAT(' ENAF1 ALPRA=t4F3. 245 yM=92, EENDT)
FORNATIALsGHALPPA= 3 FG 2934 5{T Ly TH INS. o7H TRANS,9TH
CALL ZEZ2(122+1.17Z)

WRITELE 3521 ITZe (SLIdpLsldgSAldaly I} +CWidstyIdpd=LyJdR]
FORMAT (21 L3FUPPER SURFACE 22Xy S{2F T a34F T4} )

Catt ZEZ{TI2Z41+1IT7TZ)

WRITELE 224 TTZy(SL{Jsdel) oS8 251) 2CWHLU231)ed=1sJR)
FORMAT (A1, L3FLCWER SURFACEy2XeS{2FTu3sFTa4l})

DE 5& 4 = 1gdF

Chl(JY = Cutldslel) +C{dp2,1)

CALL ZEZ(I2241:1T7Z)

WRITE{6,88)1IT7,{CwEld)yd=1yJR)

FCRVMAT{AL,BFTOTAL CLoTX2i 13X¢FB.4) )

CCNT IMULE

REYLFM

ErC

SEP.

H)



SUBRCUTINE LMPIUS,UyD2yWRE bV FUM)
GO TOULe29334989898)¢M
IF{LS+1.E~4) 7,48,8

IF{US-1.E~4) 7,7,8

AK=21.74

G TC 45

AK=22.1C
FUNMSALUG({WREHWRE*D2%U ) +AK~1£8 o 4 H
GG TC 9

GC Te 9

FUN==22.10

RETLEN

END




SUBRCUTINE CGRS{HyC2yUKyUKLyGCLyWREyMUsMA9VoVIsHR yD2R ¢ XAy XL,DCC)
CATA EAP,EUMNFE/.CCOCO5,.L001,~1.0/
BIT=C.
IF{MA)2,101,3
101 V1 = C.
v = (.
IF{FE}3p3y1
1 IFU{ABS{UK-UKV)+ABS{UKL-UKLYV }+ABS{DL~-DLV)+ABS{H=-HY)~41E=6)2,3,3
2 IF{ABS{EZ2%WRE~C2V*WREV).CE. o lE~-6) GC T3 3

BIT = 1.
D2E = DZ2EXWREV/WRE
3 G2V=C2 ,
HY = H
UKV= UK
pLv = 0oL
WREV = WRE
DCE = 0.
XA = CL
XU = 0oL
X1=01
VY = V
IF{CL}4y4,5
4 FE=F
D2E= C2
GO TC sC

S LSTRE =(LlK1-LK}/CL
IFIVMALT AIVSETR ={Vvi-Vi/OL
TF(UK)EsT96 7
& TF{{LKL-LK)}/ZUK - 1,.)848,7
T D2E = L2SCCELZ/(WREASQRT{LHTR)}
HE = 1,616¢17?
GC TC 5¢C
E TF{CZ219,9:10
9 D2E ={.£641CEB/WREIMIURT(2. #DL/TLKI+LK]})
FE = 1.BET725R4
G2 TL 5C
10 X = 0.
ISTAER = €
EF{I‘ULTQCl}xU = (.
B N T p o o o
1AM ST Ry S B TR ET Ry FUY T
G40
13 IF{X 0L =-CLVv)1lzelz:19
12 XS5 = X
UK=LKY+ L STE=XS
Y¥G= VWV + VETR#XS
IF{H}14,14,1¢
14 HAP=).S1¢&2
IF{HAP+EAL4F 20520415
15 XA=X
' CALL F1lzERF+12,EPST)
B2F = D2*{LK/LKLI2R((5,+H12])*,.5]) 3
FE = F 4
R0 TC 5¢C :
16 HAP = 1,518(%65 i
IF{HAP+EAP-})]17,418,14 gt
17 CALL UMP{ULSTRsLKC24uREgH ML, FLM}
IFIFUMEELNM)}20 18,18
19 Xt = x
M= =k
ISTAR = C




19 DL = DLV - X

o GO TC12° : ,
' 20 CALL CRLP(P;BZ,LK HRE;USTR ,DL;Z,DZ;DDZ'VG,MA)
Lo EBBP o= G002

_ 'IF{H# 3)&2.&‘,‘1
21 ESP = «CC1
, ‘.;IF(X »EC.0.)V = VG
22 XSh= XS + L5%0L
. D2M = DZ + W.5*0D2
oI = Z + JS5HLZT
CUM= LKV+LQTR*XS

CI1S6 =k
. IFIT2N)25,2 5023
23 1S6 = 2
 wM =" zw/oae

IF{bM - Z2.330925,25
25 1SGV = 1SG
IFfISTAB~-G)2£+45449
26 ISTAB. = ISTAB +1
- ot —1-5*CL
GC TC 13
30 IF(FM ~ PAP+EAP)31,32,32
31 DL = S5*QDL*{ABSIH)-HAP)/{ABS{bk}-HF]
L GT TO 132
. 32 IF{*".LT-C:]"N = KM
IF{NALLT4)VF= VYY+ X53ySTR
CALL CRUP{FN§DZMJUF9hRE;UbTH DL IMDZINM,DD2Ma WM MA)
156 = 3
D2E = D2 +CC2¥
IF(LC2E}25525433
33 FE= (Z+CIM)FLC2E
ISC = 4
TR{FE~24)34425,425
34 HCIFF = FE-ABRSIH)
ISG = 5 :
IFIABS{MCIFF)I~.01)35435,25
35 HS = AES{ABS{H)-2.%ABS(HM}+FE)
I5G6 = 6
IF(FS-ESF)3€4536425
36 IF{+E~HAF+FAT |37 ,38,38
37 DI = CL*(ABS(H}~FAP}/{AB3IB)-FE]
GT TC 13
38 IF(¥Y39,25,4C
39 HE = ~ME
GC T2 472
&0 UE=LK+LSTR=CL
CALE. UMPILUSTRJLEYDZE wWREsHE ¢ ML 4FUMED
IF{FUME-FEUM)42,42441
41 DL = CL*FUM/IFLF-FUME)
. GC 7C 132
42 0CR = LCG ¢ CL*VM
424 X=X+CL
TF{X -DLVv)4T,5C 450G
47 B = BE
nz = D2E |
GO T2TU42+13+43445513,443)90506Y
43 IF(PS-,1#ESF1464,13,13
4% DL = 2.%CL
ISTAE =15TAB-1
Go TC 13
.45 IF{FCIFF)44,13,13

Al




L

49

51

50

STP=0.0
TF{ISTA
WRITEL6
FORMAT(
1FERE.
HR = }E
D2k = D
PETURN
END

BohEW9) STP=FLIATL(L/{ISTAB-9)}

1511

1Xg 043+ *YARNINGY 42 3% Bl . INFCRMATION IS WNOT VALID AFTER
STEP SIZE IS AT ITs LJIWEST BCUND.')

2€




O

SUBRCUTINE CRAW[WCyWSshb UK yC¥ oFL4AGyNA)
CLSP = CCSCGUAG*FL)

CALL ERAW({WCowShLyDRAK(JI yDIAR{II,FLALI),ABGR,VKP)

WERN NRP=0,8IRD LK ALS KAPPA ALFGEFASST,SGNST ALS K.
FK= CK

IFIMAY2,41,2

Fk= FK¥{]1,.,~-CCSP)}/{1.+LaSP}

SINP = SING{AG*FL)

WL = ~DFAALCC{1c4FK)

IF(FL-EC-O-’ FK = 1.

BETA ={CLSP-1.}/FK + COSP

ROM1 = RETA%*%Z2 - 1.

WUBER= SCRTIABS(BGM1))

U= (La+BETAJASINP/{1.+CI5P)
IF{BCNL)}2,5:4

WF = ALCGIAES{{WLBEN+U)/{nUBEC~-U))}}

GC TC 6

WF = Z.* ATAM(U/WLBEQ}

GG T 6

WF = Ca

WC ={WUBEQ*WF — SINP - ZdrTA*FL*AG¥1.7453229E-2)*DM
WS = (COSP=1.)%{le~(1o/FK + 1.)=ALOC(L.+FK}]#DM
RETLRN

END




R

23

24

25

26

27
28

29

30

32

33

34

39

35
36

SUBRCUTIMNE TRAPRO ‘

DINEASICN PLRES(13)4FLS{2)sFLAL2),DRAK{2);DRAM(2),AC(4%4y3)4D(2),
IWST{2)yWCI{2),FINTI3)+A14) 2K Z2)R{3)

COMMIN PII121)2XP(121),YPU121)ARG{1Z21)oX1121),Y(121)4P (121},
LPUFF{14 s AGAN{ 14 ) 4DS1120VF(121),ANI{90),ALFA{S0)sFKERN(30),ABSZ,
ZABCRyFAEBGR y IRy MOy AKR o NSy NUPRT 9 JAB» JST9CNMETAABFALPT 4BOGENsSXy
IDARG 9SY s TZZ 4V1,TITLE(L1G)

I1Z7Z = 99

DO 22 1 = 1,13

PURES({IJ=RFLADIPLFF{]) 100y,

I=1

J=1

FLS{Jd)= FLRES(I}HAEFA

CALL CRAW{WC WSyl satiy—1asFLES{J),ABGR,11}

CALL CRAW{WCTI{JI)yuSI{d) il g~aly~1asFES{J)sABGR 1)

WCI{Jd)is hCTILd)+hl

hWGSI{J)= RWSTI{J)+hS

WET = WLYI+WL

FLA{J)= FURES{I+1) * ABFA

IF(FLA(U) 125425426
CRAK({J)}= C

DRAM ()= 1.

GCTr 24

W] = CCOSC{ABGR#FLA{J)}

IF{PURESII+2)-1.312T430:29

DFAK(J)= .1#PURES{I+3)

CRAM{J)= J1HAPLFES{I+4) -

GCTN 34

CRAKL S} =({ e JAFLFES{I+4) J2k{ =10 /PUPES(I+3)}~-1)*(la+WI)/{lo=~0])
DRAK (4)= RUNC{DRAK{J} 10U}

CRANM{J} = JISPURES(I+3)

GC T2 34

AA = ,C52{)1.-h] )F¥PURES{{+3}

WILN = ALOG{LJI%PLRES{I+4)}

FMIT = .5

#IT = (

F¥ = =WILN/ALCG{AA/FMIT +1.)
MIT=vIT+1
TF{ABS{FVM~FNIT)=1,E=0} 2d432,22
FMIT = &M

GT TC 31

CoaMfJ) = BURC(FM,1L0U.}
DRAS = CS®PLRES{I+3)#(witvl }/FN
DRAK(.4) = ®SLACI{DRAS,1UCU.!

I= I+5

= J+1 .
IF(Jf3}24p39:38
MER = ()
WSIt{zi= -kSI{2]

i
CEL) = hir H{wSI(2)+nSI(1L))
C{2) ==L ] S(WCIL2)+UIILL))

C{3) = wCI{1)*wSTI(2)-wCI(2}>n51(1)
ITMOY = FULRES(L1)

TT¥R=]TMID

SHKS » 1¥PLFES{12)

HKST «12PLEES{13)

D 2¢ Jd=1.7

i n

ﬁCf]rJ)= Ct
ALINV = C.

SINAL = C.
Crsal = 1.




(@]

37

39

40

41
42

43

49

44
45

47

£l
&3

62

&5

FNI = Q.

J=1
CSAIP = CCSGl2.%ALFALd))
SNAIP = SINCG(Z2.%ALFA(J)})

IF(J~dST~1140+39,440
AC{z.,1)= SIhAI
AC{2,2}= ~1.~COSAlI
ACL1243)= =1
AC{241)= -Sh2IP
AC{3,2)= 1.+CSATP
AC{3,3)= 1.

AC{441)= CESATI-CSALIP
AC(442)= SINAI-SNAIP
AC{443)= C.

ALIS. = ALIV

ALISF = ALFA{J)

GCTR 41

FII = CSLG(HABGR*FANI-SC.sALIV)

FIIP= CSLG{HABGR¥FNi-90.ALFA(U})

PR=FNI®RABGRIBOGEN
AC{1r1)=-FTIF*SNAIP*FIIF:LNAI*‘CQSAI-PSAIP}*PB +AC(L, 12
AC{192)=-FII%{]1.4C0SAI)+FLIP*11.+CSAIP) +{SINAI~-SNAIPI*PB+AC (1,2}
AC(1,3)= FIIP = FII + AC(1+3?
YF{J~JAE~1 Y42 443,443
ALTIV =ALFALY)
SINATI=SNALP
COSAI=CSAIP
#NI = ANT({J}
J=Jd+i
G TC 37
DT 47 J=l.2
IF{FLALJ))Y &T947449
CALL CRAW{WC pnSowL sCRAK(J) yDAMII}+FLALJ)2ABGR 0O}
AClLsl)= WC+ ACI1,1)
IF{J~2)145+44 445
WS = =WS
WL =~ WL
AC{142) = w8 +4C(1:2)
Cll1y3) ==wl +48C{1:3)
CCRTINUE
DC B2 J=1:4
A{JS) = C.
BC 82 I=143
AldY = B{JSIHDITI*ACH 412
LCTRA

1=C

FY = G,EQ
PRITH = 5 F[ALISHALLSP]
CSLI = CSLGIFHISEALISS
CSLIF= CSLC(FFISH4ALISP)
FP=(A{1)+A(4 ¥ 90 F¥RIGEN)+{ AL2)#CSLI+A{3IRCSLIP)+AL4)#PHISH*BCGEN
IF{1-201¢E1+£6466
IF{BES{FFI-LAES(FV]) + . SE-7)6€24€34¢€3
1 = 2¢C
PHISF = PhISF - PCIF
GC T™ 6C
PCIF = «FP / (A123/(PAISA-ALIS) + A(3)/{FHISP-ALISPI]}
I = T4}
Fy=FFf
PHISE = PRIEEF + PDIF
GC ¥r 6C

e e e M ST

A



&6
70
71

69

12
13
14
15
76

B9
7
17

78

79

80
81

104

105

T 106

1c7
108
109
1L1cC
111

112

ANTLJSTE = (FHISH+490.)/HAQGR
DE 71 1=1,3 '
FIMT{TI)=AC(1,I)+AC (2513 #CSLI+AC(3,I)*CSLIP+AC{4 1V *BOCGEN*{PHISH+

FS0.)

FRALI={FINTCLIRWLT-FINTI3)¥0C1{2))/E(2)
HREZ2)={FINT (L) *WLI4FINT (3} 4#W2I(1))/0(2)
HKS = HK{L)}+FK{2)

IF{ABS{FKS ~SHKS) —-HKST)744972,72
IF{ITVMCLIT3 475,73

IFLAGAMI4) ) T16,458 T4

ITvoR =C

IF{AGANM(2))7€43CC, 106

NZ = 2

IF{I72+JABaCELSS) NZ=3

CALL ZEZ{Y224NZ24NZT)
WRITE(6sTINITSTITLE
WRITE(6y 77 INUPRCYMER ITMR
FOFRNAT(£141G84)

FORMAT(1t »20HRESLLTS FG# PRZIFILE ,IS5+5X,10HITERATION 3 1I3,5X,5+MCDE

1 .12}

127 = 122+1

WRITE{6,78)

FCRMAT[® MNLE ALPHA A rHK DRAK BRAM HK FLA LAS
1)

Jh= 1

Jh= 1

122 = 117+1

IFI{JN-1)EC;s E1y8C

IF{UN-JOAR)IR3,8]1,93

X1 = V5= {1.+ CrSC(FLA{JH)*ABGR])

hRK = (Lo#+CRAK{JIR)®{lo=Xs) s XL )4 % (=DRAM{IH)}

WSTF= CPANM(JFI=CFAR{JIM I/ XL
WRITE{6¢B2YANT{INIJALFA (U ) o nSTReWHK yDRAK{JH) oy DRAMI JH]) yFKIJH )Y FLAT

LJH}FLS(JH}

FORMAT{FT 2 ¢FCe2¢F1:33F0e312F7 43:F2.6¢F5.19F4,.1]
Jb= Jk+]

IF{JM-JAB)ES, EE&4RE
WEITELGs82YAMTUINY sALFA LU
JE=JdH+1

GCTCs

IF{IT¢PE)LICC £3060,100
TF{MER)}1(GC+€G,100
IF(AGAM{3))T¢,1CC,106
IF{T1TMAR-4}101:120,120
IC{NMEE}IC2,41C2,41C3

DAL = .1

67 TC 104

DAL = (SFKS~HKS)*DAL/{HKS=HKSY)
CAL = FEUNC{CAL,100.}
TE(CALILC4y 74,104

J =1

HL=C.

IF(FL)1ICT41CE,1CT
IFLITMAC-2) 1CE4 1C9,y 1CH
TRLTTMED-1)1C8,171,108
ALFALUY = ALFA(JI+DAL#{L—bL)
IF(J-JST)IL1Ly1104111

'-Lzz’

J = J+l
IF(J-J2E-1)1C5,112,105
HKSV=FKS




e

MEK =MER+1
GITC 25
120 IF(VER}1225121,122 _
121 DDK=.1 .Oog*
G0TC 123 O - e 9P
+ 122 DDK={SHKS-HKE)XLOK/{FKS=HKSV) %Ah Pﬁ‘-’.ﬁ“@

DOK= RUNC(DEK1000.) &
IF{CLK)123, 14,123

123 IF(ITMED-5) 124,125,124
124 DRAK(Ll)= CRAK{1)+DCK

125 IF{ITMOLE-4)1264112,126 i

126 CRAK{(2)= DRAK{(2}+LCK 5)

GC TC 112

300 IF(AGAM{1))301:11,301 ;

301 AK=" SH(COSGIPHISH-ALFA{JST+1))/SINGIPHISH~ALFA{JST+1}) :

1 ~COSC(PHISP=ALFA{J>T )}/ SING(PHISR-ALFA(JST} )} l

AKP =AK#18C./G.86G56044% %

;

i b

L

PHIN = Cn
KNU=1
i= 1 : i
ANU =C. '
JH=0 ;
VI= C- I
302 JH=Jjk+1 3
FF1 = CCSGUARZR*FLA(JR)? *
FF2 = DRAK{JHY/{1¢FFL) |
FGl = CCSGLABGR*FLS{JH) 1
FC3 W6/ (FCE1-1.} i
304 VI= V1 - CSLG{PHIM=90., ALFA(I})
GO TC 210
306 ARGR = AMNU
IF(ANU.GT..5% ABSZ)ARGA= ABSZ - ANU
CSP = COSG{APGM*ABGR}
F=0.
TFUAFGM LT FLACJR) JF=ORANL JF J¥ALCGL {CSP=FFLI%FF241.)
G=Oo
IF(AFGN LT . FLS(JIH) J6=—FKIJFIFALCCIYL o= { {CSP-FGL) *FG3I%%k2)
PL:UY= F+G+CSLG(ANUSHABGR-9C s ALFALI)} + VI
PLINLI=FINU)=-AK*ARS{SINGLtANURFABGR =~ 9C.} - PHISH))
AL = NU + 1
ANU= AMLe 1. E
310 TF{ANU-ANI(T1}1306,3064212 i
112 IF{ANU- ARSZ)3144320,220 y
114 PHIF = ANI({I)XHABGR |
VI=VI+CSLGIFFIN-G0 ., ALFA{L) )} i
I = 1¢1 3
IF{I=1-JST) 3C4, 302,304 H
320 PS=C. :
B2=C.
DI 324 T=],MNKR
FS=PS+P (T}
BT = 2»(T=1}
324 B2 = B2 + SING(RI%A3GR)P(I)
V1 = 2.%EXP(PS/ABSZ}
€XI = .Cccccece
§Y=C.
D0228 h=14AC
G=0.
Prage psl, I8
MR o= N o+ 1 + MO - 2&M
MM = 2@ = MM

T e FTT T - - ———— " b i " T '. - E s Bt § \,_,\_/-A

uonouon

nn u

A



326

330

327
333

331

332
11

IF(NMMGTMKR) MN = MN = NKR
IFIMNLLTLL) MK = PF + AKR

Q = 0+ FKERNIM)¥{PL{MN}-PL{MM}]
ANU= N=~1

Z0 = ANLPHABGR - 9(C.

ZL = COSCG{ZP - PrISH}

ZL = ABS((1.-ZL}/(1.+ZL))

IF{ZL NE.Q. }ZL=ALOG(ZL]

ARGIMN)Y = Q - AKP%*SING{Z2P-PHISHk}*ZIL + 1P
VEINY = VI*EXF{-F(Nk)]}

WY = CNSGLZP}/VF{N)

XPIN)= WVH#SING(ARGIN})
YP{N)==-wy*CTSC{ARG(N])

SXI= SXi+ XP{N)

SY = 8Y + YF{N)

SX = §XI

XPK = SX/{AESZ -~ 1.}

X(1)=C.

YPK = SY/{ABSZ -l.i

SXI = JCLCCCTOOo

Y{l)=C,

XP{ll= XPK

YP{l)= YFK

XP{NC j=XPK

YPIANC)I=YFK

RQV = 0.

EA33CN = 24KNG

SXI= XP{A=1} —=XPK - XPK * XPIN} + SXI

X{N} = Sxl

Y{N) = YIN=1) + (YP{(N-1) - YEK & YP(N)} - VYPK)
RQ=X{N)*X{N)+Y(N}*YIN])

IFIRGCL.GT.ROIVIL=N

RQV = RQ

DT 227 I = 143

IEPFL = (-2+1]
E(T)=SORT{X(IEPPLIMX{IER2L)+Y{IEPFL )*Y(TIEPPLI)}
TaY = (2{3)-R{11)/{4.*%(R(2)+R{2})-R{1}~R(3])))

ANAS = X{U)ATAUR{X{L#L)=X{L~1) 42 2T AUR (X (L+1 X LL~13=X(L}=-X(L}}]}
= 11

YNAS = YOL)+TAURIY(L+L}=v{L—~1) 42 %TALK{ Y{L+1)+Y{L~L)=YIL)-Y (L)
$SQ = XhASHXMAS + VYRASEYRAS

AT=XNAS /SN

R= YMAS/SQ

STREF = 1./SART{SQ)

ETA = ABSZ*ETREF/PI

CV = HAETAXSTREF%B2

CARC = 15.CSE59 #(3.*%YNA3/XNAS =~ {YNAS/XNAS }¥%3)
SX=STREF¥SX#200.

SY=STREF*SY*2C0.

DN 231 h=2,AC

XP=X{N]

X{N)}= la-B=y(N)~AT*XR

¥Y{M)= B%RXR -AT*:Y(N)

ARG(N) = ARGIN} - [ARG

WQ = {XP[M)+XPIN=L)=XPR~XPR)#%2 + (YP(N}+YP{N-1)-YPK-YPK])*x2

DS(h=1) = STREF*SQRT(WQ)*#{lat . £E06666TR({{XP{NI¥YP(N=-1)
L=XP{N-1)3YP (M} )/ WC}xx2)

X{(1} = 1.

ARG(LI) = ARG(1) - CARw

RETUFRN

ELD

T
o
4



SUBRCUTINE CIP{XyYsA)

DIMENSICN X{2},¥(3),4(3)

CL = (Y{2)-Y(L1})7I{X{2}=X{1))
AL31=1Y(3)-Y(L)-C1H(X(3)3~-X{1))I/CLX{2)=-X(1) 1*{X{(2)-X{1) )}
ATL)=Y{L)-CI*X{LI+#AI3)I%X{LI%Xx(2)

A{2)=CI-A13)%(X{1)+X{(2}}

RETLRA

ENMD




N

SUBFCUTIhE EIA(X,Y;&P Di
DIMEMSICN U(B);VKBJgHIB}yL(BIgﬁ(Bl B(3), X(ller?IIZII

D—Qo

DO & M=2,NP
NR = NP-1 ,
IF{XINR)}-X(N)})342,42
NR = NR =1
6o 7€ 1

4]

m o
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DNN=Y{N}-Y(NR]~- (Y(Nﬂ+l) ~{ANRIII(X(N)- XlNR)fI(X(NR+l! X{NR})
IF(CAN- D}q’*94 ,

D = DNN

DS & 1 = 143

NC N+1-1

NU NR-1+1

U(I)=X{NC}

V{I}=Y(AL}

WITI)=X{AU)

Z{1)=Y(NL)

CALL CIP(UyVeA)

CALL QIFtW,Z4B)
IF{ABSCA{3)-EB(31}.LTasCUUL) GO TO 11
XS5T = {(R{2)-Al2})#%.5/{A(3)~E{3]))

¥S = AL2)+2 *A{3)%XST :
IF(ABS{YS§)~.C0C1)5 8,8

TA = 1./SQRT{1.+4YS#Y35}

DC 10 I = 1,3

XG = TAF{L(TI}+VIII*YS)

VTl = TAX(v{I)-YSaU{L})
Jir) = X¢

X0 = TAx{W{I}+YSHZ{I])
ZL1) = 7AX%(Z{])- YS*H(I))
WiT) = X¢

GC TZ 7

D= ALLI-BLLI+{£(2)-EL2}+(A(3)}-B{3})¥XST)RXST
RETUPM
END




FUNCTICN SING(A}

SINCG =DSIN(A*.0174532925199DC0}
RETURN

END

TS e i T s

B




FUNCTICN CISG{A)

CESG =DCCS{A*.D1745329251%90C0)
RETULRN

END




U S

FUNCTIGA FUND(&,E}

RUND =
RETURN
END

i

{AINT(A%B+SIGN{ «54A2)) /B

A




"FUNCTICN CSLG{A,B8)
C5LG = ALDG{ABRS({SINGI(A-B8J})
RETLEN

' END
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