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INTRODUCTION

This report documents the numerical analysis for the hydrofoil design

procedure given recently by Parkin and Fernandez (Ref. 1). It also

presents a computer program for the implementation of this design method,

along with outputs from sample runs.

The design method given in Ref. (1) uses a linearized cavity flow

theory to determine the vetted surface shape from a prescribed pressure

distribution and to evaluate its overall performance parameters, while

controlling the cavity thicknesses at two points along the chord. These

thicknesses are specified at the trailing edge and at an arbitrary point

between the leading and the trailing edges. For further details of this

design method , the reader should consult Ref. (1).

The computer program is coded in FORTRAN IV and has been implemented

to run on IBM system 370/168. The program contains about 1200 statements

and consists of a MAIN program and 34 subprograms. The main program reads

input data and calls the principal subroutine SECT6 , which performs the

necessary computations for the design method. The input to the program

is described in the comment statements for the MAIN program. The program

listing and the sample output are given in the Appendix. The following

sections describe the Implementation details for the various subprograms.

For those subprograms that are included In the program listing, but are

not described in this repor t, the reader is directed to References (2) and

(5).

SUBROUTINE SECT6

SECT6 is the major subro ‘ne for the third design method . This

subroutine opera tes in two moae.~., namely , the estimation mode (NEST 1)

and the design mode (NEST O).

_ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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In the estimation mode SECT6 performs the following:

(1) Estimate the value of CL at which y (l)”O for a

prescribed m. This is the maximum permissible

value of C~ for the given m.

(2) Estimate the value of p for the prescribed CL and m . 
-

For the general case K~O, the above estimates are obtained by solving
- 
for the cavity length parameter ‘a’ by using the appropriate equation. These

equations are evaluated by FUNCTION FA. For the particular case K—O, the

above esimates are calculated in SECT6 itself.

In the design mode, SECT6 computes the cavity shape, y(x), camber curve, -

1(x) and the slope of the camber curve, rl’(x), along with various performance

parameters. In this case, the designer prescribes p from the range of -

p values obtained in the estimation mode. The following operations are -

performed by SECT6 in the given order. -

Case A. K,~0 
-

Step 1:

The transcendental equation f(a)”O is solved for a in this step. The

expression f(a) is given in the description of FUNCTION PA for various 
-

-

cases that arise in the estimation and design modes. The method for - -

obtaining ‘a’ consists of two steps. The first step uses a sequential search

procedure to obtain at and a
r 
such that -

,

O < a  < a  < a£ r max
and (1) -

- 

f (a &) f (a ) < 0 .

— 

I

_ _ _ _ _  -— —~~~~~~~
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Thus the root of the equation f ( a ) ’O  is located within the range

< a < ar . In the second step , the value of ‘a’ is obtained to within a

prescribed tolerance using the method of false positions (Regula Falsi).

At this point control is returned to the calling routine if the program

were in the estimation mode. Otherwise, SECT6 obtains the following

design parameters.

Step 2:

The parameter B is obtained from the equation

— 
(l—m)C~ ~~~~~~~~~~~~~~~~~~~~ 

+ 
m f (R~-.2x)P-(x)dx (2)

ir(1+K) at(~—ac) 4i1(l+K)aL 
~ lx(&—x)

The value of the integral In the above equation is obtained in

the subprogram FUNCTION FA and Is transmitted through co=on as B5
.

The parameters c and ~ in the above equation* are def ined by

- 

{
~

} - [v’~+l]~~~ ± (~~~~]
l/2 (3)

where 2., the cavity length is obtained from

*The following expansion formulas for c and 6 are found useful In obtaining
various limiting values as a-~~ (or , equivalently, as 1(4-0)

6 v’ (2 + 
~~~~~~~~ 

+
4a a

1 (1
* l’ 852 a
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£ — 1 + a 2 
. 

.

Step 3:

The parameter D is obtained from the relation

1

D — 
(1—rn) CL 6 + 

m f P(x)dx — 
B 

4n(l+K) ~~ac 4iT(l+K) J £—x 2
0

The integral in the above equation is obtained in subprogram

FUNCTION FA and is transmitted through Common as B3
.

Step 4:

Next , the value of the parameter E is obtained from

1
(1—rn) CL (2a2+3)c + a6 m IE ~ — 

2ir(1+K) Z(ó—a~) 
— 

2ir(1+K)2, j /(9.1x)/x P(x) dx . (5)

0

The value of the integral in the above equation is transmitted as B2

from FUNCTION FA.

Step 5:

The parameter A is obtained from the relation

—2(1—ui) CL ~cA — 
tr(l+K) (6—ac) 

(6)

Step 6: 
-

Next, the value of the drag coefficient, CD, is calculated from

C
D 

— 2-n (1+K) t(aB + E)
2 (7)

__  --- - _ _-~~~~~~~~~ ~~~ -- - - - -
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Step 7:

The moment coefficient is obtained from the relation

— — (1—rn) C
L 
(36-4ac) + a2(6-2ac) 

— m J x P(x) dx . (8)
8c/i 

0

It should be noted that the factor (36—4ac) in the above formula is

of the order al~’2 while the factor (6—2ac) is of the order (1/a312).

Therefore the later has to be computed in double precision in order to

ensure accuracy at large values of a. The integral in the above formula

for is computed by the function subprogram BICH.

Step 8:

Now the contribution from the nose singularity to the cavity thickness

at the trailing edge, viz. y (l), is calculated from

yc(l)
~~~~~ 

.

Step 9:

The parameter V1(O) is needed fo r the off—design calculations . V1(x)

is the well—behaved part of the camber derivative function and is defined

as

E p /
~~

— n ’(x) + 
d d 

, O<x<2h
2&

(10)

fl ’(x) , x>2h

where Ed and are respectively the coefficient of the complementary

function and the cavity length at the design conditions. V
1
(0) is

obtained from

—.—-- - - - .‘ 
_ _ _ _  _ _



I

— 
(l_m) CL 6v1(O) — u — n(1+K) (6—ac) (11)

Step 10:

The cavity function y(x) is obtained for points along the chord from

the relation 
-

y(x) — cix — 2a22. AF
1

(x ,a) + aB[/x(Z—x) — £ tan’~~ /x/ (t—x) ]

— (
~ 
+ D)x + EIx(L—x) + 2w(1+K) 

G(x ,a;P) . (12)

The function F
1

(x,a) is described in Ref. 5 and is computed by

FUNCTION F1FUNC.

The function G(x ,a;P) is given by

G(x,a;P) — ~ B
3 

+ ~[Ix(R.—x) + 2. tan
’
~~ /x/ (9.—x)] B

1

— tan~~ / x / ( 9 .—x) B
4 
+ j

1
~

- in (j~~ ) (13)

- J P(t) in 1 + &~i-t)/t (2.-x) dt

The quantities B1, B3 and B4 represent integrals involving the function

P(x). These are obtained in FUNCTION PA and are transmitted through

COMMON. The integral in the above equation can be rewritten as

J P(t) in 1 + ix (L-t ) f t (L-x)  dt P(t) 2.n(/t(L-x) + Ix(L-t)) dt

- ! J P( t) £n t dt - —
~~ tn(L-x) . (14)2 2 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —‘--- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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The first integral on the right—hand side of the above equation is

obtained from subprogram FUNCTION BTX7. The seco~d integral is given

by BTG5.

Step 11:

The camber function 1(x) is obtained from the relation

fl(x) — ax -(i- + D)x + aB[t tan~~ /x/ (t—x) - Ix( 9-x) ] — E Ix(2.-x)

• + 2-ff (1+K) {-
~ B3 

— 4(v’x(2.—x) + £ tan~~ /x/ (2 .— x) ]B1 + tan~~ lxi (2.—x) B
4

+~~~~Ln ~~~~~~~~~~~ 
- J P(t) in ~l - /x(Z-t)/t (L-x)~ dt) . (5)

The quantities B1, B
3 

and B
4 
are obtained in FUNCTION FA and are transmitted

through COMMON. The logarithmic integral can be rewritten as

J P( t) £n ~1 
- lx(2.-t)/t(2.-x)~~dt 

1

— CL 
£n (&/ 1 i .~~ ) + J P(t) £n(t—x)dt — .

~~ f P(t) in t dt

- J P(t) £n(/t(t-x) + Vx(2.-t))dt . (16)

The first integral on the right—hand side of the above equation is given

by FTJX , the second by BTG5 and the third by BTX7.

Step 12:

The derivative of the camber function , viz. fl’(x) is calculated in this

step. n’(x) is given by the relation

- - -

~ 
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r~’ (x) — a — ~~~
- (1 — 2a/x/ (L-x) ) — D - t—2x

/x(L—x)

+ 2w(1+1() (4 B3 - 4 

yT(t_x)/ : B
1 

+ 
2 1x(L-x) 

(17)

- ____ + P.V. f P(t)(jt(R.—x) +2 (L—x ) 21~ (2.—x) t x

The quantities B1, B3 and B
4 
are obtained through COMMON from FUNCTION PA.

The Cauchy principal value of the singular integral is obtained from subprogram

FUNCTION CPVI.

Step 13:

The overall design parameters like C
M
, C

D~ 
y (l) , A, B, B etc. are

printed. The cavity shape, camber shape and the camber derivatives are also

printed as functions of x.

Case B: K 0

In the estimation mode, SECT6 performs Steps 14 through 17. In the

design mode, Steps 16 and 18 through 27 are performed.

Step 14:

In this step, SECT6 computes the maximum value of CL for the case K0.

This maximum permissible C.1~ corresponds to y (l)=O. The C
~~ax is given

by

irTC — (18)Lmax 1 1
(l—m) {3v’~ — tn(l+v’~)) + m (I g(x )~ x — I q( x)9.n (~~~~!) dxl

o~~ c i—pc

where q(x) is the normalized pressure function and is defined by

q (x) — 
P(x) 

• (19)

.fP (x)dx0



Thu.

J
q(x)dx u. l .

The first integral in Eq. (18) is calculated using BTG9. The second

integral can be rewritten as

1 1 1

f 
q(x)tn (~~” )dx 2 f q(x)2.n(1-I-ic)dx — J q(x)&n(l—x)dx - (20)

0 l-& 0 - 0

The first integral on the right—hand side of the above equation is

evaluated by FUNCTION BTG8 and the second by FUNCTION PTJX.

Step 15:

This step computes the value of m corresponding to y (l)”O for a

prescribed C
L
. This value of m is given by

3/i — £n(1+/i) — iTT/C
L (21)

3/i - £n(1~~~) - J 
g(x)dx + 

4 J 
q(x) t ( l~~~) dx

0 i—ic

The integrals in the above equation are computed as described in Step 14.

Step 16:

This step computes the quantities C1 
and C

2
. C1 and C2 are def ined

• as

I .

- , - - ~~~~~~~~~~~~~~~ - - _ -
~~~~~~~

—----
~~~~~~~~~~~~~~~

_ -  - -~~~~~~~ -~~~~~~~
- -_ -
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— 2C~((3/i — £n(1+/i~} 
~~ 
+ 

21~~

• — (l+2/~~) /(i+,’~~) x0 + ~~— £n(x 1/4 +

- 1 1
C2 

— C1 + J 
P(x) £n(l + 

~
—) dx — 

~

— 
J 
P(x) £n (1 + —~~

) dx
&

• - (1 - l_) 
J 

P(x) in (
~~~~~~~

)  dx . (22)
• 2v’x i-ico O  -

The quantity C2 can be rewritten as

C2 
— —i-— 

J 
P(x ) £n( 1 + ,‘c)dx — ~~~— 

J 

:~~~_

:‘“

~~
1

÷ ~‘~E) dx + C1

— ~- (1 — —) f P(x) Zn x dx + (
~~

- — ) P(x) in( 1—x)dx . (23)
o ~ 2v~~0 o O

The first and the second integrals in the above equation are computed

by SUBROUTINE BTG8, the second by SUBROUTINE BTC5 and the third by SUBROUTINE

FTJX. -

Step 17:

This step computes p for a given m in the estimation mode. p is given

by

(si C - C ) x  x2 1 o ~~~~o 0 (24)
27TT 2

Step 18:

The value of m is calculated in this step for a given p in the design

mode. m is given by

- • --- -

~

-—-- -- - • ••- - - - -
~~~~~~~~

--  - • - - _ _“
~~~~~~~~~~~ 

—
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--

C +2~~(~~~
_ !_ ‘ )1 x 2o 2,’x

° . (25)
2

Step 19:

The value of is computed from the formula

(1—m)C

~~~~ ~~ 2w 
L (3/ i -  £n( l+  / i) }

- 
m 

~ J 
P(x)dx 

- 4 J P(x) £n(’~~~~ dxl - (26)

The first integral in the above equation is given by BTG9 and the second

is computed as described in Step 14.

Step 20:

The value of a, the design attack angle is computed in this step from

the relation

1 12(l—m)C 
~ )  

- 1
— 

~ 

L 
+ 
~~~~ 

+ ~~ {J ~ dx + 
J 
P(x)tn(l — —)dx } . (27)

The f irst integral in the above equation is given by BTG9 . The second

can be rewritten as

J 
P(x) £n(l - L) dx = 

~~ 

£n(1-x)dx - 4 J P(x) Zn x dx

— 
J 

P(x) tn(l + ic)dx . (28)

The first integral on the right—hand side of the above equation is given

by FTJX, the second by BTC5 and the third by BTG8. 

~~~~~~~~
--- —

~~~~~~
• - -~--- -— -~- 
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Step 21:

The drag coeff icient C
D 

is computed in this step from the relation
— 

-
~ 

1

• C,~ — 
~~ 

{2(1—m)C
L + 

~ f 
~~~~ + rry~~i~}

2 
. (29)

O X

The integral in the above equation is given by BTG9.

Step 22:

The moment coefficient C
M 
is obtained from

CM — —(1-rn) 
~~ 

CL 
- rn 

J 
P(x) x dx . (30)

The integral, in the above equation is computed by FUNCTION BICM.

Step 23:

The value of V1(O) needed by the off—design calculations is computed

in this step. V
1

(0) is given by

C
= a — 2(1—rn) • (31)

Step 24:

This step computes the cavity shape y(x) for points along the chord

for the case K—0. This is given by

(1—rn)C 1/4 1/4
y(x) - ax + 

~ 

L {(l+2ic)x 1i?~ - 2x - £n(x + /i+/~)}

+ 3
~c
W ic + ~~ ~ P(t)dt - 

J 
P(t) Ln(l + 

~~~~
) dt} . (32)
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The first integral is given by BTG9 and the second can be rewritten

as

• 1 1 1

J 
P(t) £n(l + -~~~dt — 

J 
P(t) Lu (1~~ + &~dt — 4 J P(t)in t dt - (33)

The first integral on :he right—hand side of the above equation is given

by BTG8 and the second by BTG5.

Step 25:

In this step, the camber shape of the hydrofoil is obtained from

the result

1(x) - (a - 

2(1 rn)C 
- y (l) ic - ~ J 

P(t)dt

- 

~~ J 
P(t)Ln - 

~~1~~
t . (34)

The first integral in the above formula is given by BTG9 and the

second can be rewritten as

P(t)Ln (~l - ~~ j)dt = J P(t)Zn(It-x I)d x  - 4 J P(t)Ln t dt
- I P(t)2.n (

~~~~ + &~dt . (35)

The first integral on the right is given by FTJX, the second by BTG5

and the third by BTG8.

• Step 26:

The slope of the camber function is needed by the off—design

calculations and this is .given by
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y
“‘ ‘ — a — ~~-‘ C — 

C
7, L i--2ix

1 1

+ ~ {~ .v. 
J 

P(t)dt  
— 
J 
P(t)dt

1 (36)

The Cauchy Principal value integral in the above equation can be

rewritten as

• 1 1
I !ct)d ~ — f P(t)(/~+ic) dt . (37)

The integral on the right is evaluated by function CPVI.

F 
Step 27:

The overall design parameters like K, CL, T, CM, CD, etc. are outputted

in this step. The cavity shape, camber shape and the camber slope are also

outputted.

SUBROUTINE EST

This subroutine computes the limiting values or “estimatest’ the parameter

p for prescribed CL and other input variables. These estimates are obtained

in two steps.

Step 1:

The maximum values of C~ are obtained at m=O and m l . These are

designated as CL0 and CL1 respectively. The maximum CL is obtained by

setting m to the required value. The program switches NEST and NCLM are

• set to 1 and the subroutine SECT6 is called. The maximum CL 
is obtained

through COMMON upon return from SECT6.

Step 2:
• 

- The limiting value of p is obtained for a specified m and CL in this

step. The switch NEST is set to 1 and the switches NEM and NCLM are set

-j
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to 0. Various cases arise depending on the value of C
L
. 

-

Case a:

CL ~ mm (CL0 , 
CL1
)

The limit ing p values are those corresponding to m=O and rn— i. These

are obtained by calling SUBROUTINE SECT6.

Ca5e b:

C1~ < max (CL0 , CL1
)

In this case the diagnostic message “Design CL is greater than maximum

permissible CL
” is printed and the control is returned to the calling

routine.

Case c:

CL1 � C L �C LO

In this case the switch NEM is set to 1 and the value of in’ in Eq. (39)

is obtained from SECT6. The limiting values of ~i correspond to rn—rn’ and

m=0.

Case d:

CLO � C L � C L1

The value of a’ is obtained from Eq. (39) by setting NEIl—i and

calling SECT6. The limiting values of p correspond to ui—rn’ and rn—i. 

-~~-~~~~~~• , •~~~~~~~~~- . -- -—- -~~~~~~~~~~~~~~~ -~~~~~---- --- .—
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SUBROUTINE FA

This subroutine computes the limiting values of CL and p and also

calculates the appropriate functions f(a) for the iterative solution of

the equation f(a)”O.

Step 1:

The parameters c and iS are computed from

{~~
}  — (/i+l]~

”
~ ± (/2. 1]~~

2 (3)

where 2.—1+a2 .

Step 2:

This step computes the limiting value of C
L 

for a given m. This is

given by

C — — 2 
2IT(l+K)89 (38)

L 
(1-rn) 

(2a +3)~ + aâ + ~ I /(L-x) /x q(x) dx
a

where q(x) is the normalized pressure distribution defined by

P(x)
q(x) 1 .

P(x)dx

0

Step 3:

This step computes the value of m correspond ing to for a

given C
L
. This is obtained from 

~~~~~~-- - - - --~~~ --~~ - .- ——— - -
~~~~~~

- - .  ~ i _ •~ -
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B2ir(l+K)L/C
L — 

T
1 

-

f(i
~
x)/x q(x)dx —

where

T — 
(2a24-3)~ + aiS

1 6—as

Step 4:

The following integrals are evaluated in this step. The values of

these integrals are made available to other subprograms through COMMON

1 -

3 .~ Ji~~
±c)dx (40)

o /x(L-x)

B1 
is Computed by FUNCTION BINT1.

B2 
- 
J 
P(x) /(2.-x)/x dx - 

- 

(41)

B2 
is given by FUNCTION BTG1.

B
3 

- 
I 

P(~ )d~ (42)

B3 is obtained from FUNCTION BINT3.

B4 
- 

J 
P(x) ~~~(L-x) dx . (43)

B
4 
is obtained from FUNCTION BINT4.
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B — 
J 

P(x ) (L—2x )dx 
- LB — 2B . (44)

o x(L -x)

B6 — f P(x )dz - CL
f 

_ _ _ _ _ _B 1 P(x) Ln dx

6
can be rewritten as

B
7 

- CL 
Ln(L) + J 

P(x)ZnJ x—lIdx

- 2 
J 

P(x) Ln(ai& + v’i~~) dx - (46)

The first integral in the above equation is c .aputed from FUNCTION FTJX,

and the second by FUNCTION BTX7.

Step 5:

The quantities H
1 

and F
1 
are computed in this step. These are given

by

C 4a2 Lic + 6
H
1 

— 
L

(15~8~ ) F1(l ,a) + {a  — 2. tan ’ (~~
)} C

L 1(6—ac)

- 
~ 

CL 
(2a2~3~~ + aiS + ~~ B2 - (a - 2. tan~~ (1))  B

5

— 4 (a + 2. tan~~ (1))  B
1 
+ tan~~(-~) B

4 
— (47)

_ _ _ _  _ _  • ________
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- T - 2a8 - w(1+K) F~ (1,a)

CL —i 1 €+aiS
— ir(1+K) 

(a — 2. tan (-;) }  
L (6—ac)

+ — 

CL a (2a2+3)c + ad 
4it(l+K) £ 6—ac ( 8)

The function F
1

(x,a) is obtained from F1PUNC.

Step 6:

The quantities H
~ 

and F
t 
are computed from the equations

F ( x , a) 
_ _ _ _ _ _

CL (iS—ac) 
{F
1
(1,a) — ~~ 

Ha — / (L— x )/x  — 2. tan ’ (—)

- 2. -l CL c+a6 
B
5 

B
2 

CL (2a2+3)c + ad
+ tan Ix / ( Z_ x ) } { j -- £(d—ac) — -

~ i~ 
+ - 

2 £(6-ac)

__________ G(x ;a;P)
x (a — 1(2.— x~)/x ) + j  {G(l,a;P) — 

0
~ } (49)

C 2 r- F ( x ,a)
F T — 

L 4a £v’a (F (1 a) — 
1 o

t ir(l+K) (6—ac) 1 ‘ x

- (a - 1(Z_x
~

) / x
~ 

- 2. tan~~ (1) + ~~
— tan~~ Ix~

/ ( Z_ x
~

) )  
~~~~~~ Z~~~~c)

- - 2w(1+K) 1 _ )  ad}{a - 1Z-x Ix I . (50)

The funct ion F
1

(x ,a) is obtained from F1FUNC. The function

G(x ,a;P) is given in Eq. (13). 

----• ------~~--•- -- -- ~~~~- - - - ~~ -~~~~~~~~~~~~~~~~~~ - • • •~~~ j
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Step 7:

This step is executed if the program is in the estimation mode (NEST—i).

This step computes the appropriate function f(a) used in the iterative

• - solution for a. f(a) is given by

f(a) — F
1 
+ w(1~K) 

H
1 - (51)

The corresponding value of p is obtained from

LI — ;2. 
~~ 

+ ir(1+K) Ut
) - (52)

The control returns to the calling routine.

Step 8:

This step is executed if the program iS in the design mode (NEST O).

The function f(a) is given in this case by

f(a) — F
1 
H~ 

— — 
~~~~~)  H

1 
. (53)

0

The corresponding value of m is obtained from

m — — F
1 

rr ( l+K) /H
1 

. (54)

The control is now returned to the calling routine.

FUNCTION CPVI

The function subprogram CPVI evaluates the following Cauchy Principal

• 

- 

value integral

- J
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— 
P( t) g(t ,x)dt (55)

where

g(t ,x) — (It(L—x) + Ix(L—t ))  v’~~~ , K#O

— (/ ~~~+ &) , K—0 -

The value of x and its index I in an array of x values are inputted

to the subprogram CPVI. Various cases arise depending on the value

of t.

Case A: 11

In this case, we write

P( t) g( t,x) = a1(t— x) + a2
(t,x) 2 , x~~ t~x3

• Since -

P(x) — 0 for I—i - (56)

- The values of a1 and a2 are obtained from DIFF5. The integral J can be

written as

x +2h X
N

— J [a1 + a2(t — x1) ) d t  + J P(t) g(t,x) dt . (57)

x1
+2h

The f irs t integral is evaluated as



I
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• x +2h •

J (a1 + a2 (t—x1)]dt - 2h(a 1 + a
2
h) . (58)

xl

The second integral is evaluated by subprogram D1FF2.

Case B: 1—2

In this case, we write,

P(t) g( t,x) a
0 

+ a1(t— x) + a2 (t— x) 2 
, x1 i t ~ x3 (59)

where the coeff icients a0, a1 and a
2 are obtained from DIFF5. The integral

can be written as

x +2h xN
— 

j

l 

— + al + a2(t—x)]dt + J P(t) g(t,x)d t 
- (60) -

x1 x1+2h

- 
The value of the first integral is given by function F(x1, x, x1

+2h ,

a0, a1, a2) where F is defined as -

F(x 2., x , x , q0, q1, q2) = q0 
Zn () +

q2 2 2+ r [(X —x) — (x&—x) )] . (61)

The second integral can be evaluated by DIFF2.

Case C:

3 � t � N — 3  -

In this case, the integral J is written as

S 

~~~-~~ ---~~~~~- - -~~~--—— --- - - •- -- - -•- ----- -- --. - - -— — -- ---~~~- -----------
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• 
Xi l  x~~1 a

— J P(t) g(t,x) 
dt + J [

~~~~~~ 
+ a1 + a

2(t—x)]dt

xl xi_1

- + 
r 

P(t)~~~t~7c) dt - (62)

- 

Xi+i

The first and the third integrals in the above equation are evaluated

by DIFF2. The second integral is given by F(xi_,, x, x1~1, a0, a1, a2) ,

where the constants a0, a1 and a
2 are defined by the relation

P(t) g(t,x) = a0 + a1(t— x) + a2 (t— x) 2 
, x± 1 �t�x~+1 . (63)

• Case D: I N—2

The integral J is written as

- 
P(t: ~ (t,x)d t 

+ 

~~~

‘ ~1+ b1 +

+ J [-i—— + c1 + c2(t—x)]dt (64)

where (b0, b1, b2) are obtained from the parabolic fit

• 
- - 

P(t) g(t,x) = b
0 

+ b
1
(t—x) + b2 (t— x) 2 

,

for

X
~_3

� t � X N i  (65)

• and (c0, c1, c
2

) are ob tained from the approx imation



16 June 1977
JF:jep

P(t) g(t,x) — c
0 

+ c1(t—x) + c2(t—x)
2 

, x. 2 ~
t
~x.d

The first integral in Eq. (64) is evalu&ted by D1FP2 and the second

and the third integrals are given by function F in Eq. (61).

Case E: I—N— i

In this case the integral J is given by

• 
XN 2

— J P(t) g(t,x)d t + J ( 0 + b1 
+ b2 (t— x) ]dt  (66)

x
l

where (b0, b1, b2
) are obtained from the approximation

P( t) g( t,x) — b
0 

+ b1(t— x) + b2 (t— x) 2 
, X

~~ 2~
t�X

N 
- (67)

The first integral in Eq. (66) is given by DIFF2 and the second by

function F of Eq. (61).

Case F: I—N

In this case, the integral can be written as

= 
~~—2 P(t) &(t,x)d t 

+ 

~~-2 

[b
1 

+ b2(t-xfldt (68)

where the constants b1 
and b

2 
are obtained fr om the approximation

P( t) g(t,x) — b1(t— x) + b2 (t— x) , XN_ 2~~
t

~~
X

N 
(69)

which satisfies the condition P(x.H)=O. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - . - . -
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The first integral in Eq. (68) is given by DIFF2 and the second

is given by

[b1 + b2 (t—x)]dt 2h(q1—q 2h) . (70)

I-

_ - j
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COMPUTER PROGRAM FOR THE DESIGN OF

HYDRO P O I LS ~4ITH t40 POINT CAVITY THICKNESS CONTROL

by

Joe F e r n a n d e z

Garfield Thomas ~Jat er Tunnel
App lied Research Laboratory
The Pennsylvania State University
Un iversity Park ,Pennsylvania 16802

C MAIN LI N E PROGR AM FOR THE T H IR D D E S I G N  PROCE DU R E  ( SECT 6)
C TH IS PROGRA M REA DS TH E INP UT DATA AND CALL S THE PRI C I PA L
C ROUTI NE SECT6 FOR THE HYDROFOIL DESIGN 4 ITH T-J O POINT
C CAVITY THICKNESS CONTROL.
C
c JUNE 15 , 1977
c
C
C D I C T I O N A R Y  OF SYM BO LS
C A IS THE CAVITY PARAUET ER LITTLE A.
C ACAP IS TH E ‘NOSE SINGULARITY’ PARAMET ER CAPITAL A.
C A J I ,A J 2 ,AJ3 ,A J 4  A R E  THE E X P R E S S IONS J 1 ,J2 ,J3 ,J4 ¶IHICH INVOLVE THE
C F U N C T I ON S F 1 ( N U ,A),F 2 ( N U ,A) ,L ( N U ,A ),AND T (NU,A)——SE E SECT5 .
C ALEFT AND ARIT E ARE END— PTS . OF A—I NTERVAL FOR REGULUS FALSI ROUT.
C ALP IS THE TABLE OF ATTACK ANGLES COMPUTED IN THE OFF— DESIGN CALC.
C AL PHA IS THE A TT A CK AN GLE ( RA D I A N S)
C AMDA IS A UNIVERSAL FUNCTION BOUND USED TO SET SUBINTERVAL LENGT H S
C AIIU IS THE RATIO OF CAVITY TILICKNESSES AT XO AND THE TRAIL ING EDGE
C AON E IS TILE FUNCT . A1(A) NEEDED TO COMPUTE SIG1—— SECT5.
C ASQ IS A**2.
C AT-I O IS A2(A) REQUIRED BY 51C2.
C Al IS THE CAVITY PARAMETER FOR Til E FIRST FOIL (SHOCKLESS ENTRY).
C A2 IS THE CAVITY PARAMETER FOR TIl L SECOND FOIL (NOSE SINGULARITY)
C BB I S L I T T L E  B , TUE COEFFICIENT OF THE ‘SQUARE ROOT’ 3EHAV IOR -rERM
C BET I A ND BET 2 ARE FUNCTIONS OF OUGSQ AND A.
C BETA AS A VARIABLE IS COMPUTED IN SECT5 ,—Y~AX((TAU—S IG2 )/SIGI).
C BINT IS TILE PARA: IETER CAPITAL B.
C BON E IS BL(A) REQUIRED 11? SICI .
C BT10 IS 82(A) NEE DEfl FOR S1G2—— SECT5 .
C CAY IS THE CAVIT ATION NUMBER.

• C CD IS TilE DRAG COEFFICIE NT.
C CL IS THE LIFT COEFFICIENT.
C CM IS T Il E ~1O9ENT COE FFICIENT.
C CO IS THE F IRS’r TERM OF FOURIER EXPA N SION
C DELTA IS A SPECIA L FUNCTION OF TUE CAVITY LENGTH F.LL. 

—• -•-“-~~~- -- • -—-~~~~~~~~~~~ - • - - •
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C DELI!  IS A * B E T I / 2 / O M G S Q .
C DEL T 2 IS A*BET2/2/OMGSQ.

• C DINT IS THE PARAMETE R CAPITAL D.
C DLPHA IS TIL E ATTACK ANGL E IN DEGREES.
C DROIT IS THE RIGHT—HAND END—PT. OF SUBINTERVAL COMMUNICATED
C TO REGUL THROUGH THE SUBROUTINE LIST.
C ECAP IS THE PARAMETER CAPITAL E OF THE SHOCKLESS ENTRY’ CASE.
C ELL IS THE CAVITY L E N G T H  = A**2+I.
C EM IS THE PRES SURE FUNCTION MULTIPLIER COMPUTED FOR 2ND. FOIL
C EPSILN IS A SPECIAL FUNCTION OF THE CAVITY LENGTH.
C ETA I , ETA2 , ETA3 ARE FU NCTION VALUES AT XC .1, XC2 , AND XC3.
C • ETN 1 IS THE CA MBER FUNCTION FOR THE FIRST FOIL.
C ETN2 IS THE CAlIBER FUNCTION FOR TILE SECOND FOIL.

• C ETP1 IS TILE DERIVATIVE OF TIlE 1ST. CAMBER FUNCTION.
C ETP2 IS THE DER IVATIVE OF TIlE 2ND. CAMBER FUNCTION.
C ETPR lI IS TIL E DERIVATIVE AS COMPUTED BY DIFFER.

• C FX IS THE TABLE OF ORDINATES NEEDED BY THE INTEGRATION ROUT . NTGRT
C G IS THE PRESSURE MINUS THE SQ. ROOT TERM — G=P_BB*(1_X)** .5.
C GAH 1 , GAM 2 AR E F U N C T I ONS OF SM GS Q, A , BET 1, BET2.
C GAUCHE IS THE LEFT—HAND END PT. OF TUE SUBINTERVAL CONTAIN ING.
C ROOT — SUBINTERVAL IS COMMUNICATED TO RECUL.
C H IS TH E MAPPING OF C UNDER THE MAPPING OF THE Z—PL. TO THE NU— PL.
C IFOLS I IS A FLAG USED IN SECT5 — =1 ,2 F OR 1ST , 2ND F O ILS , RESP.
C II IS SUBSCRIPT OF X DURING EVALUATION OF FOIL FUNCTIONS
C NA IS THE N U M liER .OF LITTLE A VALUES—CAVITY PARAMETER VALUES—INPUT
C FOR TUE OFF DESIGN CALCULATION .
C NM IS THE NO. OF ORDINATES ~I HICU IS REQUIRED BY NTGRTE.
C NN IS THE N U M B E R  OF ME SH PO I NT S IN  I NT E R V A L  ( 0,1).
C N S~~CH— l FOR NEXT CASE P=CONST .. , —2 FOR NEXT CASE NONCONST. P.
C —4 FOR 110 MORE DATA
C OMGSQ IS A*SELL
C ONE IS THE INTEGRAL OF G(X) OVER (0,1).
C P IS THE INPUT PRESSURE FUNCTION DEFINED OVER (0,1), (Z—PLANE).
C PCON IS THE VALUE OF THE INPUT PRESSURE FOR A CONST. P CASE.
C Q IS THE TRANSFORMED P UNDER MAPPI NG FROM Z TO NU PLANES.
C SALL IS SQ. ROOT OF A*ELL
C SELL IS S) RO OT O F ELL
C SI G 1 I S THE FU NC TI ON SI GM A 1 ( X ,A)—— OFF— DESIGN CALCULAT ION.
C SIG2 IS THE FUNCTION SlC~lA 2 ( X ,A)—— FOR THE OFF—DESIGN CALCULATION.
C TAU IS REDUCED CAVITY USED IN OFF—DESIGN CALCULATION .
C TEE IS THE STRENGTH PARAMETER APPLIED AT THE TRAILING EDGE.
C THETA IS TIl E CAVITY CONTOUR MULTIPLIER USED IN THE OFF—DESIGN CALC
C THR IS T ILE I N T E G RAL OF 11 ( T )  O V E R ( 0,1 )——IN MU—PLANE.
C T I l ,T12 ,T13 ,T 14 A R E  S P E C I A L  I N T E G RA L S  COM P U T E D  BY T I I F N ,T12FN ,TI 3 F
C N , TI4FN FOR SECT5 FOR TUE FINITE CAVITY CASE.
C T 15 ,T16 ARE SPECIAL INTEGRALS COMPUTED BY TI5FN ,TI6FN FOR TUE
C INFINITE CAVITY CASE (CAY—O) OF SECTS.
C T.~O IS THE INTEGRAL OF X*G(X ) OVER (0,1).
C JA IS THE FUNCT. ~~A) COMPUTED IN SECT5——N EEDE f) FOR ALP HA.
C X IS TUE INDEPENDENT VARIA HLE . P IS INPUT AS FUNCT. OF X IN (0 ,1).
C XC O ,XC I ,XC2 ,XC3 SPECIFY PTS. IN (0,1 ) FOR Q U A D R A T I C F I T  BY P A R A B
C XII IS TUE STEP—SIZE —— X ll * (NN_ 1 ) — 1.
C X K Z  IS IMAGE OF X UNDER MAPPING OF Z— PL . TO NU— PL. ——
C —

C XSQ Is X**L 
E.. S CONTOL POINT NEAR THE LEADING EDGE

—-- -
~~~~

“ • - - •- - -
~~~~~~~
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C YYU I IS T H E  C A V I T Y  F U N C T I O N  FOR THE F I R S T  F O I L .
C Y YU2 IS THE CAVITY FUNCTION FOR THE SECOND FOIL.
C
C INPUT DA TA
C FIRST CARD —

- C N S~~CH — SET TO ONE (1 )  FOR CONSTANT P R E S S U RE CA SE
C — SET TO T-J O (2) FOR NORMAL PRESSURE CASE
C I P U N C H  — ZERO ( 0 )  — N O PUNCH
C — ONE (1)  FOR P U N C H E D  OUTPUT
C K’JIT — ZER O (0 )  — RUN OFF D E S I G N  CON D I T I ONS
C — ONE (1) NO OFF—DESIGN CALCULATIONS
C • IUPPER — ONE — U P P E R  S U R F A C E  CON TO UR IS T O BE C H E C K E D  F OR
C I N T E R F E R E N C E  ~I I TR CA V I T Y
C IPRNT — ZERO (0) PRINTS OVERALL DESIGN PARAMETERS ONLY.
C — ONE (1) PRINTS DETAILED RESULTS LIKE CAVITY SHAPE ETC.
C NEST — ONE ( 1)  FOR E S T I M A T I O N  MODE
C — ZERO (0) FOR DESIGN MODE.
C SECOND CARD
C NN — NUMBER OF INPUT POINTS ON PRESSURE CURVE
C THIRD CA RD
C XII — DELTA X I N C R E M E NTS ALONG T H E  CHORD L I N E
C AMDA — LA M DA F U N C T I ON USED TO LI M IT I NT E G R A T I ON
C BB — C O E F F I C IE NT OF S Q U A R E  ROOT B EPAVI OR
C STEP — S T E P  S I Z E  IN THE S E A R C H  FOR A
C AMX — MAXI M UM V A L U E  FOR A
C FOURTH CAR D
C NA — NUMBER OF OFF—DE SIGN CAVITY LENGTH VALUES TO BE COMPUTED
C F I F T H  CARD
C A A ( I )  — ARRAY FOR C A V I T Y  L E N G T H  VALU ES
C SIXTH CARD
C ITHET — N U M B E R  OF T h ETA V A L U E S  TO B E C OM P U T E D
C SEVENTH CARD
C T H E T ( I ) — ARR AY F OR THETA V A L U E S
C NEXT N N / 8 CA RD S
C SUPPER(I) — ARRAY FOR COORDINATES OF UPPER SURFACE
C NEXT MN C A R D S
C X ( I )  — AR RAY C ON T A I N I NG I N C R E M E N T S  OF C HORD SPA C I N G
C PP(I) — ARRAY OF PRESSURE DIAGRAM POINTS COORSPOHI)INC TO EACH X
C NEXT TA O CARDS F OR AS MANY C A S E S  AS ARE T O BE RU N
C KAY — D E S I GN CAVITATION NUMBER
C CL — DESI GN L I F T  CO E F F I C I E N T
C TEE — M AXI M U M CA V I T Y  T H I C K N E S S  AT T R A I L I NG E DGE

S — P E A K  P R E SS U R E  LOC A T I ON
C NEXT CA RD
C N 1IU — N U M B E R  OF MU V A L U E S
C A M UV — A R R A Y  COM T A I N I NG T U E  M U V A L U E S
C

R E A L  K A Y ( 5 0 )
REAL L A M D A
D I M E N S I ON A M U V ( 5 )
D I M E N S I O N  P P ( 1 O 1 )
COM M ON P ( 1 O 1 ) , G ( 1 O 1  ) , Q ( I O I  ) , H ( 1 O 1  ) , X ( 1O 1  ) ,X S Q ( 1 O 1  ) ,F X ( 1 O 1  ) ,ETNI (10

1 1 ),  ET N 2 ( 1 0 1 ) , ETP 1(101) , E T P 2  (1-31) , Y Y U  1 ( 1 01)  , YYU 2(1)1) , TAU (101) ,A L P  (
2 l O 1) ,D E E ( l 0 1 ) ,~\A (SO), KAY ,cAY ,A ,A 1 ,A2 ,A CAP ,ALrI1A ,A’~nA ,AsQ ,Bri ,i~INT ,c
3O ,CL ,CM ,DELTA ,OINT ,EC A P ,CLL ,EM ,EPSILN ,ET A 1 ,ET A 2 ,~~TA 3 ,T E E ,~)NE- ,TIO ,T4II R ,TIIE TA ,T S A V E ,XCO ,XC 1 .XC2 ,XC 3 ,XU ,X K Z ,N~I ,NN ,JL6 ,J ?I 6 JE 6 JL 13 J~I 13

—— —- ——~~~ —-—- — • . - - -
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HYDROF OIL DESIGN PROGRAM 
JF:jep

5JR 13 ,JT TI ,JTMI I JTT2 ,JTM2 ,JTT3, JTM3 ,JTT4 ,JTrI4 ,JTT5 ,JTM5 ,JTT7 ,JT tI7 ,J
6TT8 ,JTM 8,JTT9 ,JT M 9 ,JTTIO ,JT M IO ,J T T I I ,JT M 1I ,J T T I 2 ,J T M I 2 ,JTT2 I ,JTM2I
7 , JTT23 , JT’123 , J T T 2 4 , JTH24 , JTT2 S , JTH2 5

- COMM ON / B L K I / V IB A R ,V IBAR I ,E C A P I ,Y C I 2
COMM ON / B L K 2 / L A M D A ,S,I P U N C H ,IERROR ,I P R N T
COMM ON /BLK3/SELI
COMM ON / B L K 4 / N A ,A L P A ( 8) ,T H E T ( 8 ) , IT H ET ,IUPPE R ,SUPPER(101.)
COMMON / B L K 6 / A M U ,XO ,K,ACL ,T,B1 ,B2 ,B3 ,B4 ,B S ,36,B7 ,FT ,HT , EPSL N ,DN M ,P

1I ,T’-1 ASQ, SQA , Fil , F 1XO , BETA , FE , IIETA ,N E N D  , IXO , NCLM , N E S T , NEM
COMMON / B L K 8 / S T E P ,AMX - •

COMMON / B L K 9 / A M O , Att 1, IMU , EM 0 , EM1 ,M~~I
C

100 FORMAT ( 1012 )
110 FORMAT ( 1013)
120 FORMAT (SF10.5) -

130 FORMAT (2FL5.5)
140 FORMAT (36111 LISTING OF IN-PUT DATA FOLLO~4S/23IIO NO. OF GRID—

I P TS .  NN—1 3 ,17H STEP—SIZE XH—E16.8 ,24H FUN CTION BOUND AMDA=E 1
26.8/2311 COEF. OF SQ. ROOT COMP. =E1 6.3 ,27H CAVITATION NO. K (

3CAY)—E16.8,16H LIFT COEF. CL—E16 .8/21H PARAMETER T (TEE)—E16.8 ,
4 5X ,’S— ’ ,F7. 3,5X ,’XO= ’ ,F7. 3)

150 FORMAT (8F10.5)
C SECTION I. IN PUT SECTION

READ (5 ,100) N S~I C H ,I P U N C H ,K4 IT ,I U P P E R ,IP RN T ,N E S T
P1=3. 141593
PCON— 1 .0
IF ( N S~.-1 C1I—3) 170 ,160,160

160 CALL EXIT
170 READ (5 , 110)  NN ,NMU

READ (5 ,120) XH ,AM DA ,BB ,S T E P ,AMX -

IF (ICJ I T )  180 ,230 ,180
180 READ (5 ,210) NA , ( A A ( I ),I—1 ,NA )

DO 190 1— 1 ,8
190 ALPA(I)—FLOAT(I)

IF (XUPPER) 220,200,220
200 RE AD (5 ,21 0) ITH ET , ( T H E T ( I ) , I—l ,IT HET)

GO TO 230
210 FORMAT ( I 5 ,/(8F10.5))
2 2 0  R E A D  (5 ,150) ( SU P P E R ( I ) ,I=1 ,N N )
230 IF (NSJCH—1) 240 ,240,260
240 READ (5 ,120) PCON

X ( 1 ) — O .  0
NNN — N M — i
DO 250 I— 1 ,N N N
X ( I + 1 ) — X ( r ) + x h 1
P(I)=PCON

250 CO N T I N U E
P (NN)—P CON
CO TO 27 0

260  C O N T I N U E
270  READ (5 ,130)  ( X ( I ) ,P ( I ) ,I=1 ,NN )

READ (5 ,12 0) K A Y ( 1 ), CL ,TEE ,S
CAY—KAY (1)
LAMDA -0. OS
N N N — N N—i
XO—O. 1

• —
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- JF:jep

HYDROFOIL DESIGN PROGRAM

EPS— 1.OE—6
IMU—1

280 FORMAT (II0 ,7F10.5)
MS~I — 1
IF (NEST.EQ.1) GO TO 300
MU— 0
READ 280 , NHU , ( A M U V ( I )  , I—1 ,N M U )

290 }IU— l-IU+1
IF (MU.GT.NHU) GO TO 370
IF (L4SJ .EQ.0) AMU—A I1UV(MU )
IF (MS4 .EQ. 1) Et1—A1-IUV(MU )

300 NE ND—NN
IXO— il

C SECTION II. SQUARE ROOT BEHAVIOR.
IF (NS’JC}L— i) 310 ,310,330

310 DO 320 I—1 ,NN -

C ( I ) — P ( I )
320 C O N T I N U E

BB—O.O
GO TO 350

330 DO 340 I=1 ,NN
R(I)u”P(I)/CL

340 G ( I )~~P(I)_B B*SQRT(1.0_X(I))
350 W R ITE ( 6,140) NN ,XH ,AMDA ,BB ,K A Y ( 1 ),CL ,T EE ,S,XO

C W R I T E  (6 , 150) ( I , X( I ) , P ( 1) , C( I ) , t=1 , N N )
IF (NEST .EQ.1) GO TO 360
N C LM -0
NEM—O
CALL SECT6
CO TO 290

36 0 CALL EST
370 CON T I N U E

CO TO 270
C CALL SECT4 (NS- 4CH ,PCON ,IC4 IT)

IF (K.JIT.EQ.O.OR .I ERROR.EQ. 1) GO TO 270
C CALL SECT5 (N S .I CH , PCON )

CO TO 270
END

SUBR OU T I N E  E ST
REAL K A Y ( 5 0 ) , K
CO MM ON P ( 1 O 1)  ,G(1O1) ,Q (1OI) ,1l (1O1) ,X ( 1 0 I )  ,X S Q ( 1 O 1)  , F X ( 1 O 1)  , E T N 1 ( 1 O

1 l) , ET N 2 ( l O l ),ET P 1( 1 O 1) , ET P2 ( 1 O 1 ) , Y Y U 1 ( 1 O 1 ) , Y Y U 2 ( 1 0 1 ), TAU (101),AL P (
2 10 1 ), D E E ( 1 0 1 ) , A A ( 5 0) , KAY ,CA Y ,DUH ,A 1 ,A2 ,ACA P ,ALPtl A ,A~1DA ,As~~,BB ,Bj!:T
3,CO ,CL ,CM ,D E L T A ,DI NT ,E C A P ,ELL ,EM ,EPSILN ,E T A 1 ,ET A 2 ,ETA 3 ,TFL ,oNE ,T~ o
4, THR , T H E T A , TS A VE , XCO , XCI , XC 2 , XC 3 , XII , XKZ , NM , NN , JL 6, JM6 , J R 6  , JL 13 , JM 1
53 ,JRI3 ,JTTI ,JT M I ,J T T 2 ,J TM2 ,J T T3 ,JT M 3 ,JTT4 ,JT M4 ,J T T 5 ,J TM 5 ,JT T 7 ,J1p1 7
6,JTT 8,JT M 8,JTT 9,Jt119 ,J T T I O ,JT’11O ,JT T1 1 ,JT ’t11 ,JTT 1 2 ,JT?112 ,J TT2 1 ,JT~t
72 1 , JT T 23 , JT?123 , JTT 24 , JT M 24 , J T T 2 5 , JT 12 5

COMM ON / B L K 6 / AM U ,XO ,K ,ACL ,T,B 1 ,B2 ,B3 ,B4 ,B5 ,B6 ,R7 ,FT ,HT ,EPSLN ,DNH ,p
1I ,T.IASQ,SQA ,F 1 1 ,F I X O ,B E T A ,FE ,IIETA ,NEND ,IXO ,NCLM ,NEST ,NEM

CO MM ON / B L K 2 / L A M DA ,S,I P U N C II ,IERROR , I P R N T

- ••.~_ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • . . •~~~~
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COMMON /BLK9/AMO ,AHI ,IMU ,EMO ,EMI ,MSJ
IMU L
INF O
NEM—0
NEST— i
NCLM—1
CLD—CL
EM —0
CALL SE CT 6
CLO CL
PRINT 170 , EM ,CL
EM—i
CALL SECT 6
CL 1 CL
PRINT 170 , EM ,CL
IF (CLO.LT.CLI) GO TO 100
IMP—i
TEMP—CLO
CLO—CL1
CL 1 T Eli P

100 IF (CLD.GT.CL1) GO TO 140
CL—CLD
NCLM—O
P R I N T  180, CLD
IF (CLD.GT.CLO). GO TO. 110
EM—O
CALL SECT 6
PRINT 190 , EM ,AMU
AIlO—ANU
EM 0—EM
Eli—i
CALL SECT6
P R I N T  190 , EM ,A M U
AN i—A l-lu
EMI—E’l
GO TO 15 0

110 IF (IMF.EQ .1) GO TO 120
EM —1
CALL SECT6
PRINT 190 , EM ,AMU
All 1 —AMU
EM 1—EM
GO TO 130

120 Ell—O
CALL SECT6
P R I N T  190, EM ,AM U
AM 1—A lIU
Eul—EM

130 ME lt—I
CALL SECT 6
P R I N T  190 , EM ,AI4 U
AMO—AMU
EM 0— E H
CO To 15 0

140 P R I N T  160
IMU—O

~~ ~~~• -~~~~~~~~~~~--~~~~—---—•--—--— —•~-•- , - -  - ---~~—-- --- -•-- -“—-- - -—
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• CL—CLD
EMO—O. 0
EM 1—0. 0
A M O — O . O
A M i — O .  0

150 C O N T I N U E
C IF(IPUNCH .EQ.1) PUNCH 150 ,K ,CL ,T,S,A MO ,AM1

RET URN
160 FORMAT (5X ,’ DESIGN CL IS GREATER THAN MAXI !-IIUM PERMISSIBLE CL ’)
170 FORMAT (SX ,’ FOR Na’,E15.7 ,’ MAXIMUM VALUE OF CL IS— ’,E15.7)
180 FORMAT (5X ,’ TUE RANGE OF H AND MU FOR DESIGN CL— ’,E15.7)
190 FORMAT ( 5X ,’M— ’ ,E15. 7,SX ,’MU— ’ ,E15. 7)

END

S U B R O U T I N E  SECT 6
C MAIN PRO GRAM FOR THE THIRD DESI GN PROCEDURE
C
C

REAL K
EXTER NAL FA -

DOUBLE PRECISION DA , DELL ,DXO ,DQLX ,DBFAC ,DA M LX ,DDELTA ,DEPSLN
DIMENSION XOV ( 3 )  ,IX OV ( 3 ) , C L V ( 2 )  ,AIIUV(3)
REAL K A Y ( 5 0 )
COMMON P(101) ,G ( 1O 1) ,Q ( 1O I ) ,H ( 1 O 1 ), X(I01) ,XS Q ( 10 1 ) ,F X ( 1 O 1 ) ,ET N I ( 10

1 1) , E T N 2 ( 1 O 1 ) , E T P I ( 1 0 I ) , E T P 2 ( 1 O 1 ) , YY U ’. ( 1 O 1 ) , 1Y 1 12 ( 1 0 1) , T A U ( 1 0 1 ) , A L p (
2 10i ) , DEE(101),A A ( 5 0) , KAY ,CAY ,DUII ,A 1 ,A2 ,ACAP ,AL PHA ,A’IDA ,ASQ , BB ,BINT
3,CO ,CL ,C’4,D E L T A ,DINT ,ECAP ,ELL ,EH ,E PS I L N ,E T A I ,ETA2 ,ETA3 ,TEE ,ONE ,T-1 O
4,THR ,THET A ,T SAV E ,XCO ,XC1 ,XC2 ,XC3 ,XIl ,XKZ ,NM ,NN ,JL6 ,JM6 ,J R 6 ,JL 1 3 ,JH1
53 ,JR 13 ,JTT 1,JT M 1,JTT2 ,JT H2 ,JTT3 ,JTM 3,JT T4 ,JT M 4 ,JTT5 ,JT M 5 ,JTT7 ,JT~t7
6,JTT 8,JTM 8,JTT 9,JT M 9 ,JTT IO ,JTHIO ,JTTI 1 ,JTIIII ,JTT I2 ,JT JI12 ,JT T 2 1 ,JTM
721 , J T T 2 3  , J T M 2 3  , J T T 2 4  , JT M 24 , J T T 2 5  , JT”t25
COMM ON /BLK6/Al-IU ,XO ,K ,ACL ,T,B1 ,B 2 ,B3 ,B4 ,B5 ,B6 ,B7 ,FT ,HT , EPSLN ,DNII,P
II ,Ti ASQ, SQA , FL! , F I X O , BET A , FE , II ET A , N E N D , IXO , NCLM , NEST , NEM

C OMMON /BLK7 / DDELTA ,DE P S L N
COMMON / B L K 8/ ST E P ,A?-!X
COMMON / BLK2/LA MDA ,S ,I P U N C H,I E R R OR ,IPRNT
COMMON /BLKI /VIBAR ,VIBAR 1 ,E C A P I ,YCI2
COMMON / B L K 3 / S E L I
COM M ON / B L K 9 / A M O , A?•l 1 , IHU , EM O , Ell 1 ,M~ J
DATA CLV/O.1 ,2.O/
DATA X O V / 0 . 0 4 , O . 1 , O . 16 /
DATA IX OV / 3 , 6,9/
G0(XX)_XX* 83/2÷ (SQRT(XX*(ELL_xX))+ELL*ATAN (SQRT (xX/(ELL_xx))))*B1/
12 .0_ATAN (SQRT(XX/(ELL_Xx)))*B4+ALOG(ELL)*~36/2.O_ (BTx7(xx)_sTcs (1.o
2)/2.0)

C S E C T I O N I .  I N P U T
A C L — C L
T—TEE
P1—3 .14159265
K-CAY
IF (K .Eq.O.O) GO TO 280

• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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C 2. ITERATE TO GET THE VALUE OF A
A 1 0. 1
AL A I
AR A I + i .  0
SU—STEP
BPS 1—0.01
PL—FA(AL , PC ON , NSJ  CII )

100 FR—FA(AR ,PCON ,NS~~C H )
T T —FR * FL
IF (TT.LT.O.O) GO TO 120
AL-AR
FL FR
AR-AR+SH
IF (AR.LT.AMX) CO To 100
PRINT 110

110 FORMAT (5X ,’NO SOLUTION FOR A IS FOUND IN THE GIVEN RANGE’)
RETURN -

120 CALL R ECUL (FA ,O.O ,AL ,AR ,0.00005 ,A ,PCON ,N S 4 C H )
P R I N T  130 , A

130 FORMAT (‘ A— ’,E15.8)
C COMPUTE 14,ETC.

ERR1=FA(A ,PCON ,NS’JCH)
P R I N T  14 0, E R R 1

140 FORMAT (‘ ER ROR IN FA — ‘,E15.8)
IF (MSJ .EQ.1) CO TO 150
IF (NE ST.EQ.1) RETURN

150 BINT= (1.O_El1)*CL/PI/(1 .O+K)/DNM*(EPSLN+A*DELTA)/A/ELL/2.0+Elt/A/ELL
1/4. 0/PI/( 1. 0+K)*B5
B2PD= (1. O_EM)*CL*DELTA/PI/(1. O+K)/DNH+EM*B3/4. O/PI/(i . O+K)
DINT—B 2PD— BINT/2 . 0
E C A P = B E T A _ ( 1 . 0 _ E M ) * C L * T A A S Q / 2 . O / P I / ( 1 . O + K ) _ E l t * B 2 / 2 . 0 / P I / ( 1 . O + K ) / E L

IL
C—1 .0/A
11—NM
ALPHA =T_ (1_E M )*CL*4.O*A **2*ELL*SQA*F11/PI/ (1.O+K )/DNI1_ (A_ELL*ATA~~(
11.0/A))*A*BINT+B2PD_ECAP*A_EM*G0 (1.0)/2.0/PI/(1.0+1~)
ACAP=_2.O*(1. 0_EM)*CL*SQA/?I/(1.0+K )/DNM
CD=2.O*P 1*(1 .O+K)*ELL*(A*BINT+ECAP/2.O)**2
DA=A
CM__ (1 .0_EM )*CL*((3.ODO*DDELTA_4.ODO*DEPSLN*DA)+DA**2*(DDELTA_2.OD
1O*DA*DE PSLN ))/8.O/TJEPSLN/SQRT(ELL)_E’l*BICM(A)
XBAR—— C M/CL

ALOD—CL/CD
V 1BA R=AL PIIA_B2PD+El1*B3/4 .O/PI/(1 .O+K)
ECAP 1— ECAP
SELI=SQRT( ELL)
P R I NT 180 , K ,AU U ,XO
PRINT 190, CL ,T,S
PRINT 200, AL OD ,CM ,CD ,XB A R ,A L P H A ,YCI ,A C A P ,EM , BINT ,DINT
PRINT 160 , V 1 B A R ,ECAP I ,SE L I

160 FOR M A T  ( ‘ INPUT FOR OFF—DES IGN CALCU LAT IONS : ’,/, SX ,’ V IB AR—
1’ , E l S .  7 , SX , ’E C A P I — ’, E 15 .  7 , SX ,’SQRT OF ELL I— ’,E15. 7)
IF (IPUNCH.~~Q. 1) PUNCH 170 , K ,XO ,A M U
IF (IPUNCU .EQ .1) PUNCH 170 , CL ,T,S ,ALOD ,CM ,CD ,X B AR ,ALr IIA ,EL L ,Y C I ,E

IM ,ACA P ,B I N T ,D INT
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• 170 FORMAT (SEIS.7)
• 

180 FORMAT (5X,’K— ’,F7.4,5X ,’A IIU— ’,E15. 7,5X ,’XO— ’,F7.4)
190 FORMAT (5X,’CL— ’ ,E15. 7,5X ,’T— ’ ,F7.4,5X ,’S— ’ ,F7.4)

• 200 FORMAT (5X ,’L/D— ’,E15.7 ,SX ,’CN— ’,E 15.7 ,5X ,’CD— ’,E15.7 ,5X ,’XBAR— ’,E
115.7 ,5X ,’ALP1IA— ’,E15.7 ,/ , 5X ,’YCI ’,E15.7 ,5X ,’ACAP ’,E15.7,5X ,’Efl’ ’
2, E15. 7, 5X , 3— ’ ,E15. 7, 5X , D— ’ ,E15. 7)

• CONTINUE
IF (IPRNT.EQ.O) GO TO 270

C C O M P U T E  Y , ETA , ETC.
BT5—BTG5 (1.O )
ETP1(1) 9999.O

210 FOR MAT ( 14 X , ’X ’, 14X , ’Y ’, 13X , ’ETA ’, 12X , ’ETP ’, 12X , ’P T OT ’)
PRI NT 210
DO 260 I=1 ,NN
Fl i—I— i
FN I—NN— 1
XX—F I1/FNI
II— (XX—X(1 ))/XH+1+0.5 

-

SQ X X — S Q R T  ( X X * ( E L L _ X X ) )
C— S Q R T ( X X / ( E L L — X X ) )
X N U~ A*C
Til—ARCOS (1.0—2. O*XNU )

• P1— 11(I)
IF (I.N E .1 .AND.I.NE.NN ) GO TO 220
i~ ( I . E Q . 1 )  P 1 1 1 — 9 9 9 8 .0
IF (I.EQ.NN) P’-tl— 0.0
GO TO 230

220 PMI—1 .O/TAN (T11/2.0)
230 PTOT.~E!i*CL*P1_ 2.O*ACA P*(1 .O+K )*PM1

YYUI (I)=ALPHA* XX_ 2.0*A**2*ELL*ACA P*FIFUNC(XNU ,A )+A*BINT*(SQXX_ELL*
• 1ATA N(C))_B2PT)*XX+ECAP*SQXX+I Pl*G0 (XX)/2.0/P1/(1 .0+K )

ETNL (t )=ALP~ A *XX_B2PD*XX+A *B1NT*(ELL*ATAN(C)_SQXX)_ECA P*SQXX+E ’1/2 .
• i0/PI/ (1.O+K )*(XX*B3/2 .0_ (SQXX+ELL*ATAN (C))*Bh /2.0+ATAi~(C)*B4+AL0G(

2ELL/ (ELL_XX ))*CL/2.O_ (ALOG(ELL/SQRT(ELL_XX))*CL+FTJX(It ,XX)_BT5/2.
30—BTX7(XX )))
IF (XX.EQ.0.0) GO TO 240
ETP1(I)=A LPHA_BINT*(1. 0_ 2.0*XNU)/2.O_ DINT_ECA P*(ELL_ 2.0*XX)/2.O/SQ

1 X X + E M / 2 . O / P I / ( l . 0 + K ) * ( B 3 / 2 . 0 _ B 1/ 2 . O / C + 5 4 / 2 . O / S Q X X + C L * X X / 2 . 0 / ( E L L _ X
2X )+ C P V I ( I I ,XX )12.0/SQRT(XX)/(ELL—XX))

240 IF (IPRNT.EQ.1) PRINT 250 , II ,XX ,Y Y U L ( I ),ETNI (I),CTPI (I),PT0T
IF (IPUN CH .EQ.1) PUNCH 170 , XX ,Y Y U L ( I ) ,ETNI (1),ETPI (I ),PT OT

2 50 FORMAT (5X ,I3 ,5E15.7)
260 C O N T I N U E
270 CONTINUE

RETURN
C CASE K— O

280 CONTI N UE
DO 290 I—1 ,NN
P(I)—H (I)

290 C(I)—P(I)
STAR— O .6 6
BTS—B T C5(1.0)
BT8—BTG8(1.0)
8T9—BTG9 (1. 0)
F T I 1 — F T J X ( N L N D , 1 . 0)
B1 1—F T I l— BT 5/2. O— BT8
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B 1 2 — 2 .  O *3 T 8_ F T 1 I
SQ2—SQRT(2. 0)
IF ( N C L M . E Q . 0 )  GO TO 300
CLTM_ (1.O_El1)*(3.0*SQ2_ALOG(1.O+SQ2))/PI+EM/2.0/PI*(2.0*BT9_812)
CLTM—i.0/CLTM

• CL.CLTlI*T
IF ( E M . E Q .  1. .A N D . S . C T . S T A R )  C L — 9 9 . 9
RETURN

300 IF (N E !- t . E Q . O )  CO TO 310
• TRSQ=3.O*5Q2_ALOG(1.0+SQ2)

EM_ (TRSQ_PI*T/CL)/(TRSQ_BT9+B12/2.0)
310 CLOT—CL/T

SQXO—SQRT(XO ) 
•

B 1 X O— F T J X ( I X O  , XO)—BTS/2. 0—BTG8(SQXO )
Cli=2.0* ((3.O*SQ2_ALOG(1.O+SQ2))*(O.5+O.5/SQXO)_ (1.O+2 .O*SQXO)*SQR
1T(i.0+SQXO)/XO**O.75+ALOG(XO**0.25+SQRT(1.O+SQXO))/XO)
CI_BT8/ SQXO_BTC8(SQXO )/XO_ (O.5_O.5/XO)*BT5+(0.5_0.5/SQXO)*FTI1
CJ—C i 1+CI
IF (MSJ.EQ.0) GO TO 320
ANU=XO*(EM*CJ_C11)/2. 0/PI*CLOT+XO/2. O+SQXO/2. 0
G0 T0 340 

-

320 IF ( N E S T . E Q . 0 )  CO TO 330
AMU_X O*(EM*CJ_C11)f2.O/PI*CLOT+XO/2.O+SQXO/2.0
RETURN

330 EM~ . ( C 1 1 + T * 2 . O * P t / C L * ( A M U / X O _ 0 . 5 _ O . 5 / S Q X O ) ) / C J
340 YCIT_ 1.O_ (1.0_EIl)*CLOT/PI*(3.0*SQ2_ALOG(1.04SQ2))_EM*BT9*CLOT/PI+E

1M*B12* CLOT/2. 0/Fl
YC1T=YCIT/2.O
YC 1~ YC1T*T
BT5=BT5*CL
BT8=BT8*CL
BT9=BT 9*CL
FT1l~~FT i1*CL
Bl1..B11*CL
B 12—B 12 *CL
DO 350 I=1 ,NN
P(I)=H (I)*CL

350 G(I)— P(I)
ALPHA=2.O* (1.0..EM)*CL/Pt+YCI+EM*BT9/PI/2.O+EM/2.O/PI*(FTII_BT8_BTS
1/2.0)
CD= (2.O*(1.0_EM)*CL+EJl*3T9/2.0+PI*YCI)**2/PI/2.O
ACAP=_2.O*(1.O_EM )*CL/PI/(1.O+K)
ALOD—C L/CD
CM__ (1. O_El1)*CL*5. 0/16. O_E’t*BIC’t( 1. 0)
XBAR—— CN /CL
V 1 B A R — A L P H A — 2 .  0 * (1 .  O_ E l i ) *C L / P I
tCAP1—YC 1
SELI=1 .O
PRINT 180 , K ,AM U ,XO
PRINT 190 , CL ,T,S
P R I N T  360 , AL OD ,CM ,CD ,X B A R ,A L P H A ,Y C 1 ,ACAP ,EU
P R I N T  160 , V1~~A R , E C A P 1 , SE L 1

360 FO RMAT ( 5 X , ’L / D — ’ , E 1 5 . 7 , 5X , ’C M — ’, E l S .  7 , 5X , ’C D — ’, E 1 5 . 7 , 5X , ’X B A R — ’, E
115.7 ,5X ,’ALP I1A= ’,C15.7 , / , 5X ,’YCI— ’,E15.7 ,5X ,’A CAP— ’,E15.7 ,5X ,’Efl— ’
2,E15. 7)
IF (IPUNC1!.EQ. 1) PUNCH 170 , K ,XO ,A9U

• • • •.---- • . - — • • —--•-—- -—- .~~ -- —- — ~ - -- -. ~~- -~~- -



• •~~~~~~ — -~~~~~~~ - -—~~ - -~~~~~~ - — -- -~~~~~“-“• - - 
~~~~~~~~~~~~

~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ 
— 

~~~~~
-

~~
——- ----

~
---- 

~~~~~~~
F- - - 

~~~~ 

—
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H Y D R O F O I L  D E S I G N  PROGRAM JF:jep

.1
• IF ( I P U N C H . E Q . 1)  P U N C H  170 , CL ,T , S , ALO D , CM , CD , XB A R , ALPII A ,YC 1 , EM , AC

lAP
IF (IPRNT.EQ.0) GO TO 410
ETP1.(l) 9999.0
PRINT 210
Do 400 t — 1 , NN
F I i ’ I — l
FNI NN—1
XX FI 1 / F N  1
II— (XX—X (1))/XH+1+O.5
SQX ’SQ R T ( X X )
BT8X—BTG8(SQX)
XNU— SQX
TR—ARC OS(1-.0—2 . O*XNLJ )
Pi—R (I)
IF (I.NE.1.AMD.I.NE.N N) GO TO 370
IF (I.EQ.1) PH1— 9998.0 -

IF (I.EQ. NN ) P?11_0.O
GO TO 380

370 PMI—l .O/TA N(TH/2.0)
380 PTOT_EIl*CL*P1~~2.0*ACAP*(1.O+K)*PM1

YYU1 (I.)_ ALPHA*XX+(1.O_EM)*CL/PI*((1.O+2.O*SQX)*XX**0.25*SQRT(1.O+S
1QX)_2.O*XX_ AL0G(XX**0.25+SQRT(1.O+SQX)))+YC1*SQX+E~l/2.O/PI*(SQX*BT
29+8T5/2. 0—BT8X)
ETN1 (I)_ (ALPIIA_2.0*(1.0_El1)*CL/PI)*XX_YCI*SQX_EM*SQX/2.O/PI*BT9_EM

• l/2.0/PL*(FTJX(II ,XX )_BT5/2.O_BT8X)
IF (XX.EQ. 0.O) GO TO 390

• ETP1 (I )_ALPHA_2.O*(1.O_EM )*CL/PI_YCI/2.0/SQX+E1I/4.0/PI/SQX*(CPVI(I
II,XX)—BT9)

390 IF (IPRNT.EQ.1) PRINT 250 , 1I ,XX ,Y Y U 1 ( I ), ETN 1 (I) , ETPI( I ) , PTOT
IF (IPUNCH.EQ. 1) PUNCH 170 , XX ,YYUI (I),ET N I(I),ETPI (I),PT OT

400 CONTINUE
410 RETURN

END

FUNCTI ON FA (A ,PCON ,NSJCH)
DOUBLE PRE CISION DELL ,DTRM1 ,DTRII 2,DD E L T A ,D E P S L N ,DK ,DBE TA ,DA ,DXO ,DQ
ILX ,DBFA C ,DM ILX

REAL K
REAL K A Y ( 5 0)
COMMON P(1Ol) ,G(1OI) ,Q(IOI) ,11 ( 1 O 1 ) , X ( 1 O 1 ) ,X SQ ( 1O 1 ) ,FX(1 01) .ETN1 (I0

ii) ,ETN2 ( 101) , ETPI (101) ,ETI’2 (101) ,YYUI ( 101) ,YYU2( 101) ,T A U (  101) , AL P (
21 01 ) , DEE (101),AA(50) ,K AY ,CAY ,DUM ,A 1 ,A2 ,ACAP ,ALP’IA ,A’IDA ,A sq ,BB ,iUNT
3 , CO ,CL ,CM , D ELTA ,DINT , ECAP , ELL , EM , EPSILN , ETAL , ET A 2 , ETA 3 , TEE , ONE ,T4O
4,TMR ,TII1:TA ,FSAVE ,XC0 ,XC1 ,XC2 ,XC3 ,XH ,XKZ ,i;~-t ,NN ,JL6 ,J’I6,JR6 ,JL 1 3 ,J11

• 53 ,JR 13 ,JTTI ,JT M 1,J T T 2 ,J T M 2 ,JT T3 ,JT~I3 ,JT T 4 ,JT114 ,JT T 5 ,JT’15 ,J T T 7 ,JT1 17
6, JTT 8, JTM8 , JT T 9 , JT M 9, JTT 10, ji~: 10 , JTT 11 , JTUI 1 , JTT 12 , JT~t 12 , JTT2L  , JT M
721 , JTT 2 3 , JU l 23 , JTT 24 , JT~-!24 , J T T 2 5 , JT’125
COMMON /BLK6/M1U ,Xo ,K ,ACL ,T , B1 ,B2 ,B 3 ,B4,B5 ,B6 ,B7 ,FT ,~T-r , EPSLN ,DNU ,P

1I,T4 AS Q , S~~A ,u11 ,F 1 X O ,11ETA ,FE ,f lE T A ,NEND ,IXO ,NCL~t ,N E S T ,NCi
COMMON /BL~~7/D!~ELTA ,DEI’SLN
COMMON /BLK9 /AlI0 , AM 1 IMU , EMO , E M! , MS4

--



--

40 1.6 June 1977
• JF:jep

HYDR OFOIL DESIGN PROGRAM

G0(XX)_XX*83/2+ (SQRT (XX*(ELL_XX))+ELL*ATAN(SQRT (XX/(ELL_XX))))*BI/
• 12 . 0 _ A T A N ( S Q R T ( X X / ( E L L _ X X ) ) ) * B 4 + A L O G ( E L L ) * 3 6 / 2 . 0 _ ( B T X 7 ( X X ) _ B T G 5 ( 1 . 0

• 2) 1 2 . 0 )
— 

P 1—3 . 14159265
SQA-SQRT(A)
D K-K
DBETA—l .0—1.O/DSQRT (1.O+DK)
BETA—DBETA
ELL~~(1. 0+A**2)
DELL-ELL
DTRHI— DSQRT (DSQRT(DELL)+1.O)
DTRM2—DSQRT(DS QRT (DELL)—t.0)
DDELTA— DTPJII+DTRM2
DEPSLN—DT RIII—i )TRM2
DN ll~ DDELTA_A* DEP SLN
DELTA— DDELTA -

EPSLN— DEPSLN
DO 100 t—1 ,NN
P(I)—H(I)

• 100 C(I)—P(I )
IF (NCLM. EQ .O) GO ~‘.i 110
CLDNl1_ (1.0_E1l )~~((2.0*A**2+3.O)*EPSLN+A*DELTA)/DNh1+EM*BTG1 (A)
CL~ BETA*2. 0*PI* (1.0+K)*ELL/CLDNM
GO TO 120

11 0 IF (NEM .EQ.0) GO TO 120
TSQ=( (2.O*A**2+3)*EPSLN+A*DELTA)/DNH
EM= (BETA*2.0*PI*(1.O+K)*ELL/CL_TSQ)/(BTGI (A)_TSQ)

120 DO 130 L — 1 ,NN
P(I)~~Il (I)*CL

130 G(I)=P(I)
DUN—A

C C O M P U T E  TH E  V A R I OUS INT EGRALS
Bi—BINT 1 (DUn)
82—BTGI (A)
B 3—BI N T 3 (1) U ~-1)
B 4—B INT 4 (1) 1711)
B5=ELL*B1_ 2. 0*34
B 6 — C L
B7~ ALOG(ELL)*B6+FTJX(NEND ,1.O)_2.O* 3TX7(1.0)

C COMPUTE }1(ETA)
F11—F IFUN C(1 . 0,A )
UETAU.CL*(4.O*A**2*ELL*SQA*F1l/DNM+(A_ELL*ATAII (1.0/A))* (EPSLN+A*DEL
ITA)/ELL/ DNM_A *((2.O*A **2+3)*EPSLN+A *DELTA )/ELL/DNI)_ (A_ELL*ATAN (I/
2A))*B5/2.O/ELL+A *B2/ELL_ (A+ELL*ATA N (1.0/A) )~~B1/2.0+ATAl1 (1 .0/A )*B4_
3B7/2. 0

FE~ T_2.O*A* BETA+CL*(A* ((2.O*A**2+3)*EPSLN+A*DELTA)/ELL/DN~i_ 4. 0*A**
12*ELL*SQA*Ft 1/DNII_ (A_ELL*ATAN( 1 .O/A ))*(EPSLN+A *I)ELTA)/ELL/ DN’t) /PI/
2(1. O+K)

H E 1~~CL*4. O*A**2*ELL* SQA*F 11/DN~.l
11E2 .(A_ELL*ATAN (1 .0/A))*CL*(EPSLN4A *DELTA)/CLL/DNM
h1E3 ._ (A_ELL*A TA~~(1.O/A))*B5/2.0/ELL
HE4__A * CL*((2.O*A**2+3)*EPSLN+A*DCLTA)/ELL/DUn
UE5~ A *E2/ELL
HE6—- (A ÷ E L L * A T ~~ ; (1.0/A)) *31/2.0
UE 7—AT AN (1 . O/A)*34
ltE8——B7/2. 0

•

~ 

•
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- JF:jep

H Y D R O F O I L  D E S I G N  PRO GRAM

• H9—FTJX(NEND ,1.0)
HiO—BTX7(l . 0)

C PRINT 100,HEI ,11E2 ,11E3,HE4 ,11E5,11E6,11E7 , 11E8,H9 ,H1O
HETA—HE 1+}1E2+11E3+11E4+11E5+11E6+HE7+11E8
IF (NCLM .EQ. 0) GO TO 140
F A .F E + E M * H E T A / P t / ( 1+ K )
RETURN

C COMPUTE T H E  F U N C T I O N S  F1(1 ,A ) , F l ( X ,A)
140 X N U ~~A * S Q R T ( X O / ( E L L _ X O ) )

F 1 X O — F 1 F U N C ( X N U , A )
II—N N
x X — i . O
G lA—G O ( 1. 0)
Il—IXO
XX-Xo
GXOA— GO (Xo)
SQLX— SQRT((ELL—XO)/XO ) -

TW ASQ= ((2.O*A**2÷3)*EPSLN+A*DELTA)/ELL/DNII
DA=A
DELL~ DA**2+1 .0
DXO-XO
DQLX=DSQRT ((DELL—DXO ) /Dxo )
DBFAC=DA_ DQ LX_ DELL*DATAN (1. 0/DA)+DELL*DATAN(1. 0/DQLX) /DXO
DA 1ILX—DA—D QL X
FT=T_ CL*4.0*A**2*ELL*SQA*(F11_FIXO/XO)/PI/(1 .O+K )/DNM_DBFAC*CL*(EP
1SLN+A*DELTA)/2.O/PI/(1.0+K)/ELL/DN1I_ (BETA_CL*TJASQ/2.O/PI/(1 .0+K ))
2*DANLX
HT=CL*4 .O*A**2*ELL*SQA*(F11_ F1XO/XO )/DN:1+DBFAC*(CL*(EPSLN÷A*DELTA)
1/2. O/DN1t/ELL—85/4. 0/ELL)+(_CL*r4 ASQ/2. 0+B2/2. O/ELL)*DAULX_ (G IA— GXO
2 A / X O ) / 2 . O

• IF (MS~4.EQ .1) GO TO 150
IF (NEST.EQ.0) GO TO 160

150 F A = F E + E M * I I E T A / P 1/ ( 1+ K )
AN U~ XO*(FT+E1-1*11T/PI/(1+K)) I T
R E T U R N

160 FT=FT_AMU*T/XO
EM=_FT*PI*( 1-H:) fliT
FA=FE+EM*HETA/PI / (  1+K)
R E T U R N
END

F U N C T I O N  C P V I  ( II , X X )
c
C

• 
- C-

C T H E  C A U C H Y  P R I N C I P A L  V A L U E  I N T E G R A L  ( N U — P L A N E )  A P P E A R I N G  IN T H E
C E Q U A T I O N  FOR T H E  DERIVATIVE IS ‘r R M:sFoR~!ET) TO THE SUM OF A J ELL—
C BENAV E I) INTEGRA l , (01FF!) AND ANOT HER CAUCHY PRIN CI PAL VALUE
C INTEG RAL I lIEN THE NU—~ LANE IS ~IAPPED INTO THE Z— PLANE . THIS
C R O U T I N E E V A L U A T ’~S rILE LATTER INTEGRAL.

~~•
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JF : j  ep
HYDROF OIL DESIGN PROGRAM

.-
~ C 

--

C NEEDS COM MON .
REAL K A Y ( 5 O )
COMII ON P ( 1 0 1 ) , G ( 1 O 1 ) , Q ( i O 1 ) , H ( 1 0 1) , X ( 1 0 1) , X S Q ( 1 O 1 ) , F X ( 10 1 )  ,ET N 1( 1O

Ii) ,ETN 2 ( 1 01) ,ETPI( i0 1) ,ET P2 ( 1 0 1 )  ,YYUI (1 01) ,Y Y U 2 ( 1O I ) ,I A U (  101) , A L P (
2101), D E E ( 1 0 1 ), A A ( 5 0) ,KAY ,CAY ,A ,A1 ,A2 ,AC A P ,A L P H A ,AMDA ,A SQ, BB ,BI NT ,C
30 ,CL ,CM ,D E L T A ,DINT ,ECA P ,ELL ,EM ,E P S I L N ,ETAI ,ETA2 ,ET A 3 ,TEE ,ONE ,Tl0 ,T
411R,T HETA ,TSAVE ,XCO ,XCI ,XC2 ,XC3 ,XI1,XKZ ,NM ,NN ,JL6 ,JM6 ,3R6 ,JL 13 ,JMI 3 ,
5JR13 ,JTTI ,JT111 ,JT T2 ,J TM 2 ,JTT 3 I JT M 3 ,JTT4 ,JT U4 ,JTT5 ,JTII5,J T T 7 ,JT M7 ,J
6TT8 ,JTM8,JTT9 ,JT M 9,JTT IO ,JTU 1O ,JTT I1 ,JT?111 ,J T T 1 2 ,JTI112 ,JTT2 I ,JTN2I
7 , JTT23  , JT 1123 , JTT24 , JT M 24 , JTT2 S , JT1125

C
- 

F U N ( X L  ,XR ,Q O ,Q1 ,Q2 )~~QO*CKL OG( (XR_XX)/ (XL_XX))+Q1*(XR_XL.)+Q2* ((XR_X
lX)**2_ (XL_XX)**2)/2.0
NN2—NN—2
TEILP1.O.4142136/2 .b ’4213 6
IF (II.CT.NN) GO ~ 120 -

IF (Il—i) 12 0,100 ,130
iOO CALL DIFF5 (XX ,1 ,P,CAY ,AAO ,AA I ,AA2 )

• TD i—DIFF2(XX , 3 ,NN 2 , P, C A Y )
TD2—DIFF2 (XX , NN2 , NN , C , CA Y )
CALL D I F F 8 (XX ,CAY ,~~B O ,BB1 ,BB2)
CpvI_TDL+Tn2_AA0 *cKLoc ((x(1)_xx )/(x (3)_xx ))÷AA1*2 . 0*XH+AA2* ((X(3)_
IXx)**2_ (X(1)_XX)**2) /2 . 0+BB*DZFF4 (X (1) , XII , 880, 831 , 3B2)

ilO RETU RN
120 C P V I — D I F F 2 ( X X , 1 ,NN , P , CA Y )

GO 10 110
130 IF (11—2) 100 ,140 ,150
140 CALL D I F F 5  ( X X , 1, P CAY , A AO , A A I , AA 2 )

TD1—DIFF2(XX ,3,N N 2 ,P,CAY)
T02=DIFF2(XX ,NN2 ,NN ,C ,CAY )
CALL D I F F 8  (X X ,CAY ,BBO ,BRI ,3B2)
CPVI~ TD 1+T D2+FU N (X ( 1 ) , X ( 3 ) , AAO ,AA 1 ,AA2)+33*DIFF4(X(1),XH ,HBO ,B81 ,I3

1B 2)
GO TO 110

150 IF ( I I — N N + 4 )  16-3 , 160 , 170
160 X C O — X X

11111—I t—I
l I P  1—1 1+1
TD1—DIFF2(XX ,1 ,IIMI ,P,C A Y )
CALL D L F F 5  (XX ,IIHI ,P ,CAY ,BB O ,BB1 ,3B 2 )
TD2—DIFF2(XX , IIPI ,NN2 ,P,C A Y )
TD3—DIFF2(XX ,NN 2 ,NN ,G ,CA Y )
CALL D I F F 8  (XX , CAY , CC O , C C I , CC 2 )
CPV I~ T D 1+TD2 +T D3+FU N (X( IP t1) , X ( I I P 1 ) , B3O ,B B 1 ,BB2)+BB*DtFF4(XCQ ,XH ,

ICCO ,CC 1 ,CC2 )
GO TO 110

170 IF (II— (NN—3)) 160,180 ,190
180 l I r f i — l i — !

I I P I — I I + 1
XCo—o .O
TD1—DIFF2(XX ,1 ,tPt l,P ,C A Y )
CALL D I F F 5  ( X X , II~l 1 , P , CA’i , B1l O , B B1 , 3R 2 )
T D 2 — D I F F 2 ( x ; : , N N 2 , NN , G , cA y )
CALL r)IFFB (XX ,CA Y ,CCO ,CCI ,CC 2)
CPVI~ Tl)1+Tl)2+FUN (X (II~l1 ), X(IIt)1),BBO ,BI~1 ,382)+BB*DtFF4 (XX ,xfl ,ccO ,C
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H Y D R O F O I L  D E S I G N  PROGRA M -

1CI ,CC2 ) 
-

GO 10 110
190 IF (II—(NN—2)) 180,200 ,210
200 X C O — 0 . O

11141—11—1
IIPI—II+1

- T D I — D I F F 2 ( X X , l , I IN I , P , CAY )
CALL DIFF5 (XX , IIMI,P,CAY ,BBO ,BBI ,B82 )
CALL DIFFS (XX , 14142, G ,CAY , CC O , CCI , CC 2)
CALL D I F F 8  (XX , CAY , D D O ,DD 1 ,D0 2 )
CPVI—TD1+FU N(X(ItM1),X ( I I P 1 ), BBO ,BB1 ,BB2)+FUN (X(NN—1),X ( N N ) , CCO ,CC

11 , CC 2 ) + ( _ D D O * S Q R T  ( 2 .  0*XII )* (ALOG (TEMPI)+1. 4142 136 )+2. O*DD 1*XH*XII**O
2.5/3.O+14.O*DD2*X1I**2.5/15.O)*BB

• GO TO 110
210 IF (tI— (NN—1)) 200,220 ,230
220 XCO—O.O

11141—11—1 -

IIP1—I 1+1
TD 1—DIFF2(XX , 1 ,IIMI,P,CAY )
CALL DIFF5 (XX , IIHI,G,CA Y ,BBO ,B B 1 ,B B 2 )
CALL DIFF 8 (XX ,CAY ,CCO ,CCI ,CC 2 )
CPVI_TD1+FUN(X(II1tl),X (IIP 1 ), BB0 ,BB1 ,8B2)+BB*DIFF4(XX ,XH ,CCO ,CC 1 ,C

1C2 )
CO TO 110

230 XCO— 0.O
TDI—DIFF2(XX , 1,N N 2 ,P,C A Y )
XN —X(MN)
XN2—X (N 14—2)
CALL D I F F 5  (XX ,N142,G ,CAY ,BBO ,3B1 ,B82)
CALL DIFF 8 (XX ,CAY ,CCO ,C C I ,CC2)
CPVI_TD1+FUN (XN 2, XN ,BBO , SB !, ~3 B2)+3B*DIFF4 (1. 0, XH , CCO , CC !, C C 2 )
CO TO 110
END

FUNCTI ON DIFF2 (XX ,ILL ,IRR ,F,CAY )
C DIF2
C
C
C
C EVALUATE A DEF. INTEGRAL OVER (X(ILL ),X(IRR) 14 HOSE INTEGRAND
C IS G ( X ( I I ) , U)*F (U)/(U_X (II)) ~411ERE U IS THE DUMMY
C V A R I A B L E , F IS P OR G , AND C IS GIVEN BY DIFF7. —— N EE DE D B Y  ZZZ..
C
C

- C
C N E E D S  COMM ON

REAL KA Y ( 5 O )
COMMON P (101) ,G ( 1 O 1 ) ,Q ( 1 O 1 )  , H ( 1 O 1 )  , X ( 1 O L ) ,X SQ ( 1 0l) ,F X ( 1 01) ,ET N 1 (1 0

11) , E T N 2  (1 01) , ETP 1(1 01 ) , ‘T P2(101) , ?Y U 1 ( 1 01 ) ,  YYU 2(101) , TAU (It) 1 ) ,ALP (
-
. 

2101),DEC (1O1 ),AA (50),i ? ,t)W ,A ,A 1 ,A2 ,AC A P ,ALP I I A ,\~~L)A ,ASQ, PH ,BINT ,C
30 ,CL ,CM ,D E L T A ,DI N T ,LCAP ,ELL ,E71 ,F.PSILN,ET A I,ET A 2 ,!T A 3 ,TEL ,TG1 ,TG2 ,T
4 G3 ,THET A ,TSAVI. ,XCO ,XC1 ,XC2 ,XC3 ,~~-I ,XKZ ,NI ,NN ,JL6 ,JM 6 ,JP~6,J L 1 3 ,J~I13 ,

~~~~~~ • • • • •~~~~ • ~~~ • _ -
~~~~~~
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5JR13 ,JTT1 ,JTMI ,JTT2 ,JT142 ,JTT3 ,JTH3 ,JTT4 ,JTM4 ,JTT5 ,JTM5 , JTT7 ,JTH7 ,J
6TT8 , JTM8 , JTT9 , JT~19 , JTT10 , JT !I10 , JTT 11 , JT? 111 , J T T L 2 , J11412 , J T T 2 I , JT112 1
7,JTT23 ,JTM23 ,JTT24 ,JTU24 ,JT125 ,JT’125
DIMENSION F(101) -

C
N H — I R R — I L L + 1  

-

J—I LL
DO 100 t— 1 ,NI1
FX(I)_DIFF7 (XX X(J),ELL ,CAY)*F(J)/(X(J)_XX )
J —J + 1

100 C O N T I N U E
CALL N T G R T E  ( D I F F 2 )

- R E T U R N
END

F U N C T I O N  D I F F 4  (XX , XH ,BB O ,B B I , B8 2 )
C DIF4
C
C
C -

C EVALUATES THE EXP RESSION OBTAINED FOR THE INTEGRAL OVER (1—28 ,1
C OF F(XX ,U)*SQRT (1_U)/(U_XX)/SQRT(U) ~J H E N F / S Q R T ( U ) I S R E P L AC ED BY
C BBO+B BI*(U_XCO)+332*(U_XCO)**2 OBTAINED USING PARAB PREVIOUSLY.
C (F IS GIVEN BY DIFF7).
C
C
C
C

T 1— S Q R T ( 1 . O — ~~X)
T2—SQRT(2. O*X11)
DIFF4.BBO*(_TL*CKLOG((TI_T2)/(T1+T2))_2.O*T2)+2.O*BBl*T2* (2.O*XH )/
13.O÷2.O* 332*((1.O_XX)*T2*(2.O*XH)/3.0_T2*(2.O*XH)**2/5.O)

RETURN
END

SUBR OUTI NE D IFF5 (XX ,ILL ,F ,CAY ,AA O ,AA 1 ,A A 2 )
C DIPS
C
C U S E S  P A R A B  To A P P R O X I M A T E  Z ( X X , U ) * F ( U ) / S Q R T ( U )  BY
C AO+A 1 * ( U _ X X ) ~+ A 2 * ( U _ X X ) * * 2
C ON ( U ( I L L ) , U ( I L L + 2 ) ) — — F — P  OR C , Z ( X X , U )  IS 7)IFF7.
C
C

- C
-• C N E E D S  COM M ON

REAL K A Y ( 5 O )
CO~-lMON P ,G ,Q,H ,X ,X SQ, FX ,ET N I,ET?~2,rT p 1 , ET P 2 ,? Y U I ,YY U2 ,TAU ,A L P ,DEL , -

lAA ,I
~

A Y ,DU11 ,A ,A1 ,A 2 ,A CA P,ALPJ1A ,AMDA ,ASQ , B8 ,BI NT ,CO ,CL ,C~I DE L T A  DI NT

~

---—- —

~ 

~~~~~~~~---
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2,ECAP ,ELL ,EM ,EPSILN ,ETAI ,ETA2 ,ETA 3 ,TEE ,TC 1 ,T C2 ,T G3 ,THC TA ,T S A V E ,XC O
3,XC 1 ,XC2 ,XC3 ,X11,XKZ ,N M ,NN ,JL6 ,J~I6 ,JR6 ,JL13 ,J~t 13 ,J R 13 ,JTT1 ,4T?f I ,JTT
42 ,JTII2 ,JTT3 ,JTM3 ,JT T4 ,JT!14,JTT S ,JT M5 ,JTT 7 ,JT M7 ,JTT8 ,JT- 18 ,JTT9 ,JT. 1 9
5,JTT1O ,JTM1O ,JTT II ,JT M II ,JTT I2 ,J11412 ,JTT2 1 ,JT?-121 ,JTT23 ,JT123 ,JTT24
6,31M24 ,JTT25 ,JTII2S

DIMENSION P( 1O 1) ,G ( l 0 1)  ,Q( 10 1) ,H( 1O 1)  ,X ( 1 01) ,XSQ(I01) ,F X ( 1 O L )  ,ETNI
1(101) ,E T N 2 (  101) , ETPL ( 101) ,ET P2 ( 101) ,YYU I (  101) ,Y Y U 2 (  101) ,TAU (101) ,A
2LP(lOl),D E E ( l 0 1 ) , A A ( 5 0)

DIMENSION ~~ IO!)
C

XCO—Xx
XC 1 X ( ILL)
XC2—X(ILL+1)
XC3—X(ILL+2)
ETA 1~ D 1F F 7 ( X X ,XC1 ,ELL ,CAY)*F(ILL)
ETA2_DIFF7(XX ,XC 2 ELL ,CAY)*F(ILL+1)
ETA3II.DIFF7(XX ,XC3 ,ELL ,CAY )*F(1LL+2)
CALL PARAB (AA O ,AA I ,A A 2 )
RET URN
END

F U N C T I ON D I F F 7  (XX ,UU ,ELL ,C A Y )
C EVAUATES THE FU NCTION z(XX ,UU )—
C SQRT(UU*(CLL_XX))+SQRT(XX*(ELL_IJU)),K N O N Z E R O ,
C AND S Q R T ( U U ) + S Q R T ( X X ) ,  K— O.
C
C
C NO COMMON
C

IF ( CAY )  100 ,120 ,100
100 DIFF7i=SQRT(UU*(ELL_XX))+S QRT(XX*(ELL_UU))

DIFF7_ DIFF7*SQRT(ELL_UU)
110 R E T U R N
120 DIFF7—SQRT(UU )+SQRT(XX)

GO TO 110
END

SUBR OUTINE DIFF8 (XX ,CAY ,AAO ,AA I ,A A 2 )
C DIFS
C
C
C
C APPROXIMATES Z ( X X ,U) BY AO+A1(U_ :~X)+A2(U_xx )**2 OVER
C (1—2 11 ,1)—— Z (X ,U)=DIFF7 (X ,U ,ELL ,CAY). US ES PARAR.C
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C NEEDS COMMON
C

REAL K A Y ( 5 0 )
COMM ON P ( 1 O 1)  ,G( 1Ol ) ,Q ( 1O 1) ,H( 10 1) ,X ( 10 1)  , XS Q ( 1O l )  ,FX( 1O 1)  ,ETNI (10

11), ET 142( I01), ETP I( 1O 1 ), ETPZ ( 1 01), YYU I ( 101), YY U2 (1 01 ) ,TA U(IO I) ,A L P (
2 10 1), D E E ( 1 01) , AA(50),KA Y ,DU tI ,A ,A 1,A2 ,ACA P ,A L P H A ,AM DA ,ASQ, BB ,BII4T ,C
30 ,CL ,CM ,DEL TA ,D I N T ,ECAP ,ELL ,EM ,EP S I LN ,ETA1 ,E T A 2 ,ETA3 T LE ,TGI ,TG2 ,T
4G3 ,T H E T A ,T SAVE ,XCO ,XCI ,XC2 ,XC3 ,XII,XI.Z,N1I ,NN ,JL6 ,JM 6 ,JR 6 ,JLI3 ,JM 13 ,
5JR13 ,JTT 1 ,JTH1 ,JT T2 ,JT712,JTT3 ,JTII3,JTT4 ,JT N4 ,JTT 5 ,JT!15 ,JT T 7 ,JTM7 ,J
6TT8 ,J1M 8 ,JTT 9,JT!19 ,JTT IO ,JTM1O ,JTTII ,JTMII ,JTTI2 ,JT M 12 ,JTT2I ,JTM2I
7,JTT23 ,JT ?-123 ,JTT24 ,JT M24 ,JTT25 ,JT I-125

C
N —N N
XC0 — Xx
XC 1— X ( N ) — 2 .  0*XH
X C 2 — X ( N  )— X H
X C 3 — X ( N )
ETA I—D IFF7(XCO , X C I , ELL ,C A Y )
ETA2—DIFF7(XCO , XC2 , ELL ,CA Y )
ETA3—DIFF7 (XCO ,XC 3, ELL ,C A Y )
CALL PARA B (A A O ,AA I ,A A 2 )
R E T U R N
END

FUNCTI ON BINTI (A )
C
C
C
C A COMM ON L Y  U SED D E F I N ITE  I N T E G RAL A P P E A R I N G I N S E V ER A L  EQ ’NS.
C IS EVALUATE D BY THIS ROUTINE. TIlE INTEGRAND TAKES THE FORM ——
C P(X)* ((ELL_X)/X)** .5. —— SEE I RITE—UP.
C
C
C
C
C N E E D S  COM MON
C

REAL KA Y ( 5 0 )
COMMON P(101) ,G(l01),Q(101),I I ( 1 O 1 ) , X(10I ) ,X S Q ( 1O 1 )  ,FX( 1O 1 ) ,ET N I( 1O

11) ,ET N 2 ( 1O 1)  ,E T P 1 ( 1 O 1 )  • E T P 2 (  101) ,Y Y U L ( l 0I) ,Y Y U 2  (1 01) ,TAU( 101) ,A L P (
210 1), DE E ( IO 1 ) , A A ( 5 0 ), KA Y ,CAY ,DUM ,A 1 ,A2 ,ACAP ,ALPHA ,AMDA ,ASQ,BB ,B I N T
3,CO ,CL ,CM ,DEL TA ,D I N T ,E C A P ,ELL ,EM ,EPSILN ,E T A 1 ,E T A 2 ,CTA3 ,TCE ,0r’~E ,TIO
4,TIIR ,TIIETA ,TSAV E ,XCO ,X C I ,XC2 ,XC3 ,XII ,XKZ ,NM ,NN ,JL6 ,J116,JR6 ,JL 1 3 ,JMI
53 ,JF~13 ,J TT1 ,JT 1’1 ,J T T 2 ,J T M 2 ,JTT3 ,JT M 3 ,JT T4 ,JT’14 ,JTT 5 ,JT’15 ,J T T 7 ,JT,17

- 6,JTT 8,J TN 8 ,JTT 9,JT M 9 ,JTT 10,JT?110 ,J T T 1 1 ,JT M 11 ,J T T 12 ,JT M 12 ,JT T 21 ,JT~L
721 , J T T 2 3  , J 1M23 , JTT24 , J11124 , JTT25 , JT:125
CoMMoN /BLKI /VIBAR ,V1 BAR I ,E C A P 1  ,Yc12

C
C

ELL~ A**2 1~1.O
XCO-O.0
XC I—X( 1 )

~
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X C 2 — X ( 2 )
X C 3 — X ( 3 )
ETA 1—P (1 ) / S QR T  ( E L L — X C  1)
ETA2—P (2)/SQRT(ELL—XC2)
ETA3—P(3)/SQRT(ELL—XC3)
CALL PA RAB (AAO , AA 1 , A A 2 )

• XC I—X (NN—2 )
X C 2 — X ( N N — 1 )
X C 3 — X ( N N )
ETA 1—1. 0/SQRT ((ELL—XC 1)*XC 1)
ETA2~~l.0/SQRT((ELL_XC2)*XC2)
ETA3— 1. O/SQRT ((ELL_XC3)*Xç3)
CALL PA RAB ( BBO ,B B 1 ,8B2)
N M — N N — 4
J— 3
DO 100 I— 1 ,N M
FX (I)~~P(J)/SQRT ((ELL_X(J))*X(J))
J— J+ 1

100 C O N T I N U E
CALL N T G R T E  ( T G 1)
N M — 3
J—N N— 2
DO 110 t— 1 ,NT-1
FX(I)_G(J )/SQRT((ELL_X(J))*X (J))
J— J + 1

110 CONTINUE
CALL NTGRTE (T G 2)
B INT 1~~S I X ( X ( 1 ),X (3 ),AAO ,AA 1 ,AA2)+TGI+TG2+BB*FOUR(XC 1 ,BBO ,BB 1 ,3B2)
RETURN
END

FUNCTI ON BT G8 (DX)
C BTG8
C
C
C
C TIlE DEFINITE INTEGRAL OF P (X)*LOG(DX+X** .5), ~4HIC}1 OCCURS IN
C SEVERAL EQ UATI ONS , IS EVALUATED 3Y TillS ROUTINE.
C
C
C
C
C N E E DS COM MO N

R E A L  K A Y ( 5 0 )
COMMON P (1O 1) , G ( 1 O 1)  ,Q ( l O l )  ,H ( 1 01) , X ( 1 01) , X SQ ( 1O t ) ,FX (101) ,E T N 1 ( 1 0

11) ,ET N 2 ( 1 0 1 )  , ET PL ( 101) ,FTP2(101) , Y Y U I (  101) ,YY U 2 ( 1 O I )  ,TA U (1 01)
2I 0I),DE E(1OL), A A ( 5 O ) , KAY. CAY ,A ,A1 ,-~2 ,ACA P ,A L P U A ,A’!DA I A S Q , 1~B ,BINT ,C
30 ,CL ,C’1,D E L TA ,DINT ,ECAP ,LLL ,EM ,EPSILN ,ET A I ,ETA2, ETA 3, T E E ,OHE ,TIO ,T
49R ,TIIPTA ,TSAVE ,XC O ,XC 1 ,X C 2 ,X C3 ,~:II ,XKZ ,, I ,NN ,JL6 ,J’I6 ,JP6 ,JL13 ,J~~I3 ,5J RI3 ,JTTI ,JTMI ,JT T 2 ,JT;12 ,JTT 3 ,JTI3 ,JT T4 ,JT M 4 ,JT T S ,JT’15 ,JTT7 ,JTI-77 ,J •

6TT 8,JTM 3,JTT9 ,JT M9 ,JTT IO ,JTMIO ,JTT I I ,JT TIIL ,J1T 1 2 ,JT 912 ,JT121 ,J17121
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7,JTT23 ,JTM23 ,JTT24 ,JTM24 ,JTT2 5 ,JT’125
C O M M O N  / B L KI / V I B A R , V IBAR I , E CA PI , Y C I 2

C
IF (DX) 100 ,100 ,110

100 BTG8~ O .5*BTG5(DX)
GO TO 140

110 N M — N N — 2
DO 1 2 0  I — 1 , NM

120 F X ( I ) _ P ( l ) * C K L O G ( D X + X ( I ) * * O .  5)
CALL NTGRT E (TC I)
J—NN— 2
N 1 4 3  -
DO 1 3 0  I — 1 , NM

- 
F X (l ) 1 G ( J ) * CK L O G ( D X + X ( J ) * * 0 .  5 )

J—J+ 1
130 CONTIN UE

CALL N T G R T E  ( T G 2 )
_ XCO—0 .O 

-

X C 1 — X ( N N — 2 )
X C 2 — X ( N N — 1 )
XC3—X(NN )
ETA 1~ CKLOG(DX+XC1**0.5)
ETA2~ CKLOG (DX+XC2**O.5)
ETA3=CKL OG(DX+XC3**0.5)
CALL PARA B (AA O ,AA I ,A A 2 )
BTG 8—TG 1+TG2+BB*FOUR(X(NN_2) ,AAO , AA 1 , A A 2 )

140 R E T U R N
EN D

F U N C T I ON BT G9 ( A )
C BTG9
C
C
C
C EVALUATES TILE DEFINITE INTEGRAL OF P(X)/X** .5 OVER(O ,1).
C
C

REAL K A Y ( 5 0)
COMMON P(1Ol),C ( 1O I ) , Q ( 1 O 1 ) , H ( 1 O 1 ), x(1 01),xSQ (1O1),px(1o1),ETNI (10

11) , E T N 2  ( 1 0 1)  , ET P I ( 1O 1)  , E T P 2 (  101 ) ,YYUI ( 101) ,Y Y U 2 (  101 ) ,TAU( 101) ,A L P (
2 101) , DE C ( I01) ,A A ( 5 0),~~AY ,CAY ,DUM A ,A 1 ,A2 ,A C A P ,A L P L IA ,A9DA ,A S Q , ’~Th,BIN3T ,CO ,CL ,CM ,D E L T A ,D I N T ,ECAP ,ELL ,ETt ,E P S I L N ,ET A 1,E TA 2 ,ET A 3 ,TEE ,O’~E ,1’J
40, TUR , T H E T A , IS AVE , XCO , Xci , XC2 , XC 3, XII , XKZ ,NM , i~~ , JL6 , J?16 , JR6 , JL 13 , JM
513 ,JR13 ,J TT1 ,JT’1I ,J T T 2 ,JT i2 ,JTT 3 ,JT~l3 ,JTT4 ,JT’44,JT T 5 ,JT~15 ,JT-t 7,JT’-I

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
71121 , J T T 2 3  , JT’t23 , J T T 2 4  , JT’124 , J 1T25 , JT M 2S

COMMON / BLK l/V 1~1AR ,V1 BA r~1 ,ECA p 1,YCI2
XCO— 0.O
XC 1—X (1)
XC2—X (2)
X C 3 — X  (3 )

-_-

~
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E T A I — P ( 1 )
E T A 2 — P  ( 2 )
E T A 3 — P ( 3 )
CALL PARAB (AAO , AAI ,A A 2 )
N M N N — 4
J— 3
DO 100 I — 1 , NM
F X ( I ) — P ( J ) / S Q R T ( X ( J ) )
J—J+ 1 -

100 CONTINUE
CALL NTGRTE (TGI)
1114—3
J—NN—2
DO 110 1=1 ,3
FX(I)—G(J)/SQRT(X(J))
J—J+1

110 C O N T I N U E  -

CALL N T G R T E  ( T G 2 )
BB1—SQRT(X(3))
B32—SQRT (X (NN—2))
BTG9=SIX(X (1),X ( 3 ) , AAO ,AA 1 ,AA2)+TG1+TC2+B 8* (ATAN(BBI/BB2)_BR1*332)
RETURN
END

SUBROUTINE NTGRTE (TG)
C NTGR
C
C
C
C TUIS SPECIAL INTEGRATI ON RO UTIN E IS US ED REPE ATE DLY BY T H E
C PROGRAM . HIGH—ORDER NE-J TON—COTES FORMULAS ARE USED
C
C
C
C

REAL K A Y ( 5 0 )
COM M ON P ( 1 O 1 )  , G ( 1 01 )  , Q ( 1O 1)  ,II (101 ) ,X(10i ) •X S Q ( 1 01 ) ,FX(101 ) , E T N I  (10

11)  , ETN2 ( 101) ,ET PI ( 1O 1 ) , CT P 2 ( 101) , Y I U 1 ( 10 1 ) ,Y Y U 2 (  10 1) , TAU(iOI ) ,A L P (
2 1 0 1) , DE E ( 1 O 1 ) , A4 ( 5 O ) ,KAY ,CAy ,A ,A 1 ,A2 ,A cA p ,ALP1~A ,A~InA ,AsQ, EB ,BI~ ’r ,c
30 ,CL ,CM ,DELTA ,DIHT ,ECA P ,ELL ,EM ,EPSILN ,ETAI ,ET A 2 ,E T A 3 ,T E L ,TGL ,TG2 ,T
4G3 , THETA , TSAVE , XCO ,X C I  • XC2 ,XC 3, ~E , X K Z ,NF1 , NH , JL6 , JH6 , JR6 , JL 13 , J’-f l 3,
5JR 13 ,JTT 1 ,JTI1 1 ,J TT 2 ,JT~-t2 ,JTr 3 ,JT l 3 ,JT T4 ,JT ’ t 4 ,J T T 5 ,JV 1 5 ,J T T 7 ,JT7-17 ,J
6TT 8, JT M 8 , JTT 9, JT?19 , JTT 10 , JT’~iO , JIT 11 , JT~- li1 , JTT 12 , JT’112 , 311 21 , JTi121
7,JTT23 ,JT M 23 ,J T T 2 4 ,JT7124 ,J1125 ,JT?125
DIMENSI ON Yl1 1l (iO)

C
TC—O.O
IF (NM— I) 100 ,100 ,120

100 -IR ITE (6,1 10 )
110 FORMAT (54110 ***ERRoR RETURN PP.011 NTGRTE——NO. OF CRIT)—PTS. L .T.l)

GO TO 390
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120 IF (N M — 8 )  140 , 130 , 140
130 117—I

LN —0
• - K N — 0

GO TO 230
140 N D — N M — I

147—0
• 150 IF ( N D — 1 2 )  170 , 160 , 160

160 N D — N D — i
N 7—N 7+1
GO TO 150

170 IF ( N D — l i )  180 , 2 2 0 , 180
180 IF (ND —i )  190,200,210
190 KN ND

LN —O
G0 T0 230

200 1 4 7 — N 7+l
• KN—O

LN—0
GO TO 2 30

210 K N — 4
tN—ND—KU
GO TO 23 0

220  K N — 6
LN—5

230 NSTRT—1
14147—Ni

240 IF ( N N 7 )  250 , 280 , 250
250 I S -f l — i

J—NSTRT
DO 260 1=1 ,8
YNN(I)-’FX(J)
J=J+l

260 C O N T I N U E
ASSIGN 270 TO KLOC
GO TO 400

2 7 0  T G = T C + T G I N T
NSTRT—NSTRT+7
NN 7— 14147—1
CO TO 240

280 IF (KN ) 290 ,320 ,290
290 151 t — K N

KK—KN+I
J—NSTRT
DO 300 I=1 ,KK
YNN (I)—FX(J )
J — J + i

300 C O N T I N U E
NSTRT—N STRT+KN
A S S I G N  310 TO KLOC
GO TO 400

310 T G — T C + T G I N T
320 IF (LN) 33 0,360 ,330
330 I S 1 I — I , ’J

KK-L N+1
J—N STRT

- L ~~~~~~~~~~~~~~~~~~~~~~~~~ —‘—----—---. - •
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DO 340 I — 1 , KK
Y N N ( I ) — F X ( J )
J— J + i

340 C O N T I N U E
NSTRT—NSTRT+LN
A S S I G N  350 TO KLOC

- C O T O 400
350 IG—TG+TGINT• 360 IF ( N M — N S T R T )  370 , 390 , 370
370 ~- 1R I T E  (6 , 380)
380 FORMAT (67H0 ****ERROR IN FINAL VALUE OF STEP COUNTER (NSTRT)——NT

LGRTE ROUTINE)
GO TO 390

390 R E T U R N
400 IF ( I S d I )  410 , 410 , 430
410 I R I T E  (6 , 4 2 0 )

• 420 FORMAT (4711 0 *****ERROR IN ISlI SETTING IN NTGRTE ROUTINE)
GO TO 390

430 IF ( I S J I — 2 )  470 , 480 , 440
440 IF ( I S 1t — 4 )  490 , 500 . 450
450 IF (tSfl—6 ) 510 ,520 ,460
460  IF ( I S ’ 4 1 — 7 )  370 , 530 , 370
470 T G I N T = ( Y N N ( 1 ) + Y N N ( 2 ) ) * X f t / 2 .  0

CO TO 540
480 T G I N T ~~( Y N N ( 1 ) + 4 . 0 * Y N N ( 2 ) + Y N N ( 3 ) ) * X l l / 3 . 0

GO TO 540
490 TGINT= (YNN (1)+3.0*YNN(2)+3.0*YNN(3)+YNN(4))*3.0*XH/8.0

CO TO 54 0
500 TGINT=(7. 0*YNN (1)+32. 0*YNN(2)+12. 0*YNN (3)-4-32. 0*YNN(4)+7. 0*YNN (5))*

14. O * XH / 9 0 .  0
GO TO 54 0

510 T C I N T = ( 1 9 . O * Y N N ( 1 ) + 7 5 . O * Y N N ( 2 ) + 5 0 . 0 * Y N N ( 3 ) + 5 0 . 0 * Y N N ( 4 ) + 7 5 . 0 * Y N N ( 5 )
1+19.O*Y NN (6))*S. 0*XH/288. 0

GO 10 54 0
520 TGI NT= (41.O*YNN (i )+216 .O*YNN(2 )~~27.0*YN N (3)+272.O*Yr~N(4 )+27.0*YNN (

l 5 ) + 2 1 6 . O * Y N N ( 6 ) + 4 1 . 0 * Y N N ( 7 ) ) * 6 . 0 * X H / 8 4 0 . 0
GO TO 540

530 TGINT=(751.0*YNN(1 )+3577.0*YNN (2)÷1323.O*YNN (3)+2989.0*YNN(4)+29S9
1 . 0 * Y N N ( 5 ) + i 3 2 3 . 0 * Y N N ( 6 ) + 3 5 7 7 . O * Y N N ( 7 ) + 7 5 1 . O * Y N N ( 3 ) ) * 7 . o * x n / 1 7 2 8 0 . o

540 CON T I N U E
GO TO KLOC , ( 2 70 ,310 ,350)
END

F U N C T I O N 3T64 (X 1 ,X2 ,BB0 ,BBl ,882)
C BT G 4
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C BY TUE ROUTINE BTC5.
C
C
C
C NO COMMON.
C

FLOl — 0 . 0
IF (X1.NE.O.O) FLOJ_BBI*X1**2*(ALOG(X1)_O.5)/2.O+B82*X1**3*(ALOG(X

11)~~l .  0/3 .  0)  /3. 0+BBO*X1*(ALOG (X1)—I . 0)
8TG4=BBI*X2**2*(ALOG (X2)_O.5)/2.O+BB2*X2**3* (ALOG (X2)_1.O/3.O)/3.O
1+BBO*X2*(ALOG(X2)_i . 0)—PLO-I

RETUR N -

END -

FUNCTION BTG5 (A)
C
C
C
C THE DEFIN ITE INTEGRAL OVER (0 ,1) ~flT I! I N T E G R A ND P ( X ) L OG ( X )
C IS EVALUATE D.
C
C
C
C
C NEEDS COMMON.
C

REAL K A Y ( 5 0)
COMM ON P(1O 1)  ,C( 1 01) , Q ( 1O 1 ),II (101), X (1O1),xSQ(101),F X ( 1 O 1 )  ,ET N 1( 1O
1I),ET N 2 ( 1O 1) ,ET PI(1Ol ),ETP2(101),Y Y U I ( 1 O 1 ) , Y Y U 2 ( 1 01),TAU (101),A L P (
2 1 0 1) , D E E ( i 0 1) , A A ( 5 0) ,KAY ,CAY ,DUMA ,Ai ,A2 ,ACAP ,ALPI1A ,AMDA ,A SQ , }iR ,BIN
3T ,C0,CL ,CM ,DELTA ,DI NT ,ECAP ,CLL ,E1,EPSILI’I,ETA I ,ET A 2 ,E T A 3 ,TEE ,ONE ,T-Z
40,TU R ,THETA ,TSAV E ,XCO ,XC1 ,XC2 ,XC3 ,XlI ,XKz ,NM ,N N ,JL6 ,J116,JRÔ ,J L I 3 ,JM
513 ,JR 13 ,JTTI ,JTFI1 ,J T T 2 ,JT U 2 ,J T T3 ,JT M 3 ,JT 14 ,JT M 4 ,J T T 5 ,Jr!5 ,Jr-r 7,JTI1
67 ,JTT 8,JTIi8,JTT 9,JT~~9,JiT 1O ,JT110 ,J T T 1 1 ,JT M 11 ,JTT 1 2 ,JT~I12 ,J T T 2 1 ,JT
71421, JTT 23 , JT’-123 , JTT 24 , JT1124 , JTT 25 , JT 1125

COMMON / BL IZ 1/V I B AR ,V l BAtt i ,ECA PI ,Y C I2
C

Nfl—NN— 4
J— 3
DO 100 1 1 ,NM
FX(I )=P(J )*CKLOG (X(J))
J— J+1

100 CON T I N UE
CALL NTG RTE (TGI)
XC0—O . 0
XC I — X  ( 1 )
XC2—X(2 )
XC3—X (3)
ETA 1— P (1 )
ETA 2—P (2)
ETA 3— P (3 ) 
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CALL PARAB (AAO , AA 1 , A A 2 )
1 4 M 3  -

J —N N —2
DO 110 I—1 ,NM
F X ( I  ) —G ( J ) *C K L O G  ( X ( J ) )
J—J+ l

110 C O N T i N U E
CALL N T C R T E  ( T G 2 )
BTG5_BTG4 (X (1) , X (3 ) , AAO , AA 1, AA 2 )+TG 1+TG2+BB* BTG6 (XH )
RETURN
END

FUNCTI ON BTG6 (XII)
C
C
C
C
C THE DEFINITE INTEGRAL OVER (1—211 ,1) W ITH I N T E CRA N D
C LOG(X)*(1_X)** .5
C IS EVALUAT ED. — REQUIRED BY IITG5.
C
C
C
C
C
C NO COMMON .
C

X 1 — ( 2 .  O*Xl l ) **1.  5
X2— (2. 0*XII)**0. 5
X3= (X1_ 1.O)*CKLOG(X2_ 1.O )
X3=X3+(X1÷1.0)*cKLOG(X2÷i .O)
X3=X3_2.O*X1/3.O
X3=X3_2. 0*X2
BTC6=2. O*X3/3. 0
R E T U R N
END

SUBR OUTI N E PARA B (C ONO ,CoN l ,coN2)
C PAR B
C
C
C
C PUTS A Q UAD RATI C O F THE FORM
C CoNO+CoNi*(x_xco)+cm ;2*(x_xco)**2
C THR OUG H THE POIN T S (XC I,ETAI ) ,(XC2,C T A 2 ) , ( X C 3 ,C1A3).C
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C
REAL K A Y ( S O )
COMMON P( 101 ) ,G( l0 1  ) ,Q ( 1O 1 ) ,H( 1OI) ,X ( 1O i ) ,XS Q ( 1O I ) ,F X ( 1O 1  ) ,ETNI (10

11) ,ETN2(lOi) , E T P L ( i O 1)  ,E T P 2 ( 10 1)  , Y Y U I ( 101) ,Y Y U 2 (  101) ,TA U (101) ,A L P (
• 2101),DEE( 1 01), A A ( 5 0) , KAY ,CAY ,A ,A 1 ,A2 ,AC A P,ALP }IA ,AMDA ,ASQ, BB ,BI IIT ,C

30 ,CL ,CM ,DELTA ,DINT ,ECAP ,ELL ,EM ,EPSILN ,ETA1 ,E T A 2 ,ETA3 ,T E E ,ONE ,T.J O ,T
4}IR ,T HETA ,TSAVE ,XCO ,XCI ,XC2 ,XC3 ,XH ,XXZ ,NM ,NN ,JL6 ,JM6 ,JR6 ,JLI3 ,J!113 ,
5JR13 ,JTT I,JT RI,JTT2 ,JTI(2,JTT3 ,JT?13 ,JTT4 ,JTM4 ,JTT 5,JT!15 ,JTT7 ,JT H 7 ,J
6TT8,J1118,JTT9 ,JT:-19 ,JTT 1O ,JTI-110 ,JTT II ,JTMI1,JTT 12 ,JT M 12 ,JTT2 1 ,J T U 2 1
7,JT123 ,JT1123,JTT24 ,JT M24 ,JTT25 ,JT1125

C
DENN1— (XC2—XC 1)*(XC3_XC 1)
DENM2= ( XC 1—XC2 )* ( XC 3—XC2)
DENM3= (XC1_XC3)*(XC2_X C3)

• CONO_ETA 1* (XC2_XCO )*(XC3_XCO )/DENLII+ETA2*(XCI_XCO)*(XC3_XCO )/DENII2
1+ETA3*(XC 1_XCO)*(X C2_XCO)/DENU3
CONI_ETAI*(2.0*XCO_XC2_XC3)/DENH1+ETA2*(2. 0*XCO_XC1_XC3)/ DENM2+ETA
13*(2.O*XCO_XC 1_XC2)/DENM3
CON2— ETA1 /DENII1+ETA2/DENM2+ETA3/DENFI3
R E T U R N
END

FUNCTI ON SIX (X 1 ,X2 .SFO ,SF1 ,S F 2 )
C EVALUATES TH E INTEGRAL FROM 0 TO 1-I OF -

C SFO+SFI*T+SF2*T**2)/sQRT (T).
C
C
C
C

SIX=O. 06&666667*(30.0*SFO+X2*(iO.O*SFi÷6.0*SF2*x2))*SQRT (X2)_0.066
1666667*( 30. O*SF0+X1*( 10. 0*SF 1+6. 0*SF2*X1) ) *~~Q~~ (x l )

R E T U R N
END

F U N C T I ON CKL OG ( G A R G L E )
C CKLG
C
C
C CO’!PUTES THE LOG OF ABSF(GARGLE) ,RET IJRNS 1 IT1I ZERO IF GAPGLE— O.
C
C
C
C

IF  (G A R G L E )  1 1 0 ,100 ,120
• 100 CKL OG-0.0 

~~~~~~~ • • • •
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HYDROFOIL D E S I G N  P ROGRA M 
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RETURN
110 C K L O G — A L O G ( — G A R G L E )

R E T U R N
120 C K L O G — A L O G ( G A R C L E )

RETURN
END

FUNCTION FOUR (H ,CFO ,CF1 ,C F 2 )
C FOUR
C
C EVALUATES THE EXPRESSION OBTAINED FOR THE INTEGRAL FROM H TO I OF
C (CP0+CFI*T+CF2*T**2)*SQRT (l_T).
C
C -

C
C
C

- FOUR_O. 019047619*(35.0*CFO+7.O*CFI*(3.O*H+2 .O)+CF2* (H*(15.O*H+12.O
1 )+8. 0)) *(1. O_ }1)**1.5

RETURN
END

S U B R O U T I N E  R E G U L  ( F U NN Y ,HE R E ,G A U C H E ,DROIT ,SMALL ,ROOT ,PCON ,NS4C11 )
C REGU
C
C
C
C
C FINDS THE ROOT OF THE EQ UATI ON ——

• C FUNNY(X ,PCON ,NS IC II )—HERE—O
• C BY TIlE METHOD OF REGULUS FALSI.

C
C
C
C
C FUNNY MUST APPEAR ON AN F—CARD IN TIl E CALLING ROUTINE
C A S S U M E S  FU NN Y (X ,PC ON ,!I S I C F 1 )

ICNT—O
VR ’-FUNNY(DROIT ,PCON ,NSICH )
VL— FUN NY(GAUC }l E ,PCO~~,NS-1C II )
IF ((VL_HERE)*( VR_ }IERE)) 100 , 240,260

100 EMU— DROIT
11 0 IF (ICNT—50) 120 ,160 ,160
120 EF-f~~(DROIT_GAUCUE )* (~i ERE_VL)/ (VR_VL)+GA UCHC
13 0 IF ( A f l S ( E~t—EMN )— SMA LL ) 140 , 170 , 170
140 ROOT—EM

- - -  -~~~~~~ - - -~~~~~~~~~ - •
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HYDR OFOIL DESIGN PROGRAM JF:jep

150 R E T U R N  -

160 EM—0 . 5 * ( G A U C H E + D R O I T )
GO TO 130

170 IF (ICNT—100) 180,280 ,280
180 V11—FUNNY(E M ,PC ON ,NSJ CH)

IC NT — IC NT + 1
IF ((VM_HERE)*(VL_HERE)) 190 , 220 , 210

190 DROll—EU
VR—VM

200 EMN—E !I
CO TO 110 

-

210 GAUCHE—EM
• VL—V11

G O T O 200
220 IF (V;1—RERE) 230 ,140 ,230
230 ROOT—GAUCHE

GO TO 150 -

240 IF (VL—II ERE) 250 ,230 ,250
250 ROOT—DROIT

GO TO 150
260 W R I T E  (6 ,270 )
270 FORMAT (6411 0 *****ERROR EXIT FR0~4 REGUL—— END— PTS. INPUT DO NOT BRA

• 1CKET R OO T )
GO TO 150

280 W RITE (6 ,2 90)  G A U C H E ,EH ,D ROIT ,VL ,VR ,I I E R E
290 FORMAT (3711 0 **** REGUL ITERATION COUNT PAST 100/6X ,I4HLEFT—HAUD P

1T. —E14.6,6X ,I3 FILAST APPROX .=E14. 6,6X ,6X ,I3IIRT. — IIAND PT.—E14. 6/6X ,1
25HFUNCT. —AT LEFT=E14. 6,6X ,14}IFUNCT. AT RT.—E 14.6 ,6X ,18HINPUT FUNCT
3. VAL. — E 14 - . - 6 )

STOP -

END

FUNCTION BTG I (A)
• C

C
C
C A CO MM ON LY US ED DE F I N I T E  IN T EGRAL A P P E A R I N G IN  S EV ER A L EQ’NS.
C IS EVALUATED BY THIS ROUTINE. THE INTEGRA~ D TAKES TUE FORM ——
C P(X)*((ELL_X) /X)** .5. —— SEE - IRITE—U P.
C
C
C
C
C N E E D S  COMM ON
C

R EAL KAY(50)
COMMON P (10L ) ,G( 1O 1 ) ,Q( 1O1 ) ,11 (101) ,X ( 1 01) , X S Q ( 1 O i ) ,Fx (1Ol ) ,ET~~1 ( 1 O

1 1) ,  ET~: 2(101) ,El P1 (101 ) ,NT P2(101 ) , YYt T 1(101) , YYU 2(101) , TAU (101) ,ALP (
2LO 1 ), DEE( 10L), A.\ (50),~:AY ,c:\Y ,;)ti F ,A1 ,A2 ,i\c,\p ,AL p ILA ,A’fn A ,As Q,~~~,flt~;T
3,CO ,Ct ,C’~,D E L T A ,oI Nr ,ccA p ,ELL ,E-t ,L ;psILN ,l~rA1 ,ErA2 ,Er~~~,TEt ,o ;E ,TJo
4,TUR ,T L E T A ,TSAVF. ,XCO ,..C1 , XC2 , XC3 , ~.lI ,X~ Z,F. - I , .iN ,JL6 , ~J - I 6 ,JR6 ,JL 1 3 ,J-I 1 

-~ —- —- -—- - — ——- - ---—•• - — ------- --------- -~~~~~~~~~~ -— - — —-~~~
----—•-- ‘ --- • ~~ _~~~~~~~ . - - --



- 57 16 June 1977
HYDROFOIL  D E S I G N  PROGRAM JP:jep

53 , JR 13 , J TTI , 31111, 3112, J TM2 , JTT3 , JTU 3 , J TT4 , J TM 4 , J TT 5 , JIll 5 , JTT7 , JT II7
6,JTT 8,JTI-t8,JTT9 ,J1119 ,JTT IO ,JTMIO ,JTT I1 ,JTHII ,JTTI2 ,JT III2 ,JTT2 1  ,JTM

- 72 1 ,JT123 ,JT1423 ,JT 124 ,JT M 24 ,JTT25 ,JT F I2S
COMMON /BLKI/V1BAR ,V IBAR1 ,ECAPI ,1C12

C
• C

ELL~ A * * 2 + 1 .0
X C 0 — O . O
XC 1—X ( 1)
X C 2 — X ( 2 )
X C 3 — X ( 3 )
ETA 1—P(1 )*SQRT(ELL~ XC 1)
£TA 2~ P(2 )*SQRT (ELL_XC2)
ETA3=P (3 ) QRT ( ELL—X (3) )
CALL PARA B (AA O ,AAI ,A A 2 )
XC 1—X (NN—2)
XC2—X (NN— 1)
XC 3 — X ( N N )
ETA1—SQRT ((ELL—X C 1) /XC 1)
ETA2— SQRT((ELL—XC2)/XC2)
ETA3—SQRT((ELL—XC3)/XC3)
CALL PAR A B ( BBO ,BBI ,BB2)
NM—N M —4
3—3
DO 100 t—l ,N?I
FX( I)~~P(J)*SQRT ((ELL_X(J))/X(J))
3—3+1

100 CON T I N U E
CALL NTG R T E ( T G 1)
NM-3
3—N N —2
DO 11 0 t— 1 ,NM
FX(I)=G(J)*SQRT((ELL_X (J)) /X(J))
J— J+i

110 CON T I N U E
CALL N T CR T E  ( T G 2 )
BTG1=SIX(X(1),X ( 3 ) , AA O ,AA 1 ,AA2)+TGI+TG2+BB*FOUR(XC I ,BBO ,BBI ,B82)
RETURN
END

FUN CTION FTJX (I I ,XX)
C FTJX
C
C
C
C THIS SUBSIDI A RY ROUTI N E EVALUATE S THE DEFINITE INTEGRAL I HOSE
C INTE GRAN D IS P(U)*LOG(U_XX) FOR 0 LT XX LE I —— U IS THE DUMMY
C VARIA BLE OF INTEGRATION. 
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HYDROFOIL  D E S I G N  PROGRAM JF:jep

C NEEDS COMMON
REAL K A Y ( 5 0 )

• COMMON P ( 1 O 1 ) , G ( 1 O 1 ) , Q ( 1 O 1 )  ,H ( l O i ) , X ( l O i ) , X S Q ( i O i ) , F X ( l 0 1 ) , E T N 1 ( 10
11) ,ET N2 ( lO 1)  , ETPI ( 101) , ET P 2 (  101) ,YY U1 ( 1O I )  ,Y Y U 2  ( 10 1) ,TAU (101) ,A L P (

• 2101),DEE(1O 1) , A A ( 5 0) ,KAY ,CAY ,A ,A 1 ,A2 ,A CAP ,A L P H A ,AM DA ,ASQ , BB ,B INT ,C
30 ,CL ,CM ,DELTA ,DINT ,E CA P ,ELL ,EM ,E P S I L N ,E T A 1 ,ETA2 ,E T A 3 ,TEE ,ONE ,T1O ,T
4HR ,THETA ,TSAVE ,XC O ,XCI ,XC2 ,XC3 ,XH ,XKZ ,N r-I ,NN ,3L6 ,JM6 ,JR6 ,JLI3 ,J’113 , - -

5JR13 ,JTT I ,JT!-11 ,J T T 2 ,JTM2 ,JTT3 ,JT!-13,JTT4 ,JT M 4 ,JTT5 ,JT!15 ,JTT7 ,JT M 7 ,J
6TT 8,JTM 8 ,JTT 9,JTM9 ,JTT IO ,JTUIO ,JTT 1I ,JTMLI ,JTT I2 ,JTM12 ,JTT2 I ,JTM2I
7,J1T23 ,JT:!23 ,JTT24 ,JTM 24 ,JTT25 ,J1H2 5

COMMON /BLK 1/V I SAR ,V IBAR 1 ,ECAPI ,Y C 12
IF (lI—I) 180 ,180 ,100

100 IF (11—2 ) 190 ,190 ,110
110 IF (11—3) 200,200,120
120 IF ( 1 . 1 — M N )  130 ,260 ,180
130 IF (ti— (NN—4)) 210 ,220,140
140 IF (II— (NN—3 )) 230,230 ,150 -

150 IF (II— (NN—2)) 240,240 ,160
160 IF (1 1—0114—1)) 250 ,250 ,170
170 W RITE (6 ,280)

— STOP
180 FTJX—EJI (1 ,N N ,XX ,P)

R E T U RN
190 XCO—XH+X (1)

XC 1—X ( 1)
XC2—X (2)
XC3=X(3)
ETA 1— P (1)
ETA 2—P (2 )
ETA 3—P (3 )
CALL PARA B (A A O ,AA I ,A A 2 )
N142—N N— 2
FTJX=EJ3 (AA0,AA2 ,XH )+ EJ l(3 ,NN2 ,XH ,P)+ EJ 1(N N2 ,~1N ,XH ,G)+BB*EJ4(Xfl,XH 11)
GO TO 270

200 XCO=2.0*X11+X(1)
XC 1—X ( 1 )
XC2—X(2)
XC3—X (3)
ETA 1~~P (1)
ETA 2—P (2 )
ETA 3—P (3 )
CALL P A R A B  ( A A O ,AAI ,A A 2 )
XC 1—1 (3 )
XC2—X(4)
X C 3 — X ( 5 )
ETA 1—P (3 )
ETA 2—P (4 )
ETA3— P(5)
CALL PARA B (B BO ,BB 1 ,8B 2 )
11142— 1414—2
FT3X— EJ5(AAO ,AA 1 ,AA2 ,BBO ,BB1 ,~~B2 ,Xl1)+EJj (5,FI N2 ,xx ,p )+EJ 1(~~~2,NN ,’:x

I ,C)+BB*EJ4 (XH ,X X )
Ci) TO 270

210 IlL—Il — I
h R—I 1+1

_______  _ _ _ _ _ _ _ _ _ _
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• XCO -XX
XC 1— X ( I I L )
X C 2 — X X
X C 3 — X ( I I R )
ETA 1—P (IlL)
ETA2—P(II)
E T A 3 — P ( I I R )
CALL PARAB ( A A O ,AA 1 , A A 2 )
NN2—NN—Z
FTJX—EJI(1 ,IIL,XX ,P)+EJ3(AAO ,AA2 ,X H)+EJI(IIR ,N U 2 ,XX ,P)+EJI(NN 2 ,NN ,

lxx , G)+BB*E34(X 1 ,XX )
GO TO 270

220  1 4 N 6 — N N — 6
N M 2 — N N — 2
NN5—NN—5
NN 3—NN—3
XCO—XX
XC l=X(N N6)
XC2—X(N N5)
XC3 -XX
ETA 1—P (14146 )
ETA2—P(NN5)
ETA 3—P(II)
CALL PARAB (AA O ,AA I ,AA2 )
XC 1—XX
XC2—X(NN3)
XC3—X(N N2)
ETA 1—P (t I)
ETA2—P (14:13)
ETA3—P(NN2)
CALL PARAB (B BO ,B B 1 ,3132)
FTJX—EJI (1 ,NN6 ,XX ,P) + EJ S (AA O ,AAI ,AA 2 ,BBO ,B R 1 ,B82 ,x1-l)+EJ1(N142,NN ,Xx

1, C) +B3 *EJ4  (XII  , X X )
GO TO 270

230 X C O — X X
XC 1—X( II—1 )

XC2—XX
XC 3—X (11+1)
ETA1—P( II—1 )
ETA2— P (II)
ETA3—P(II+1)
CALL P A R A B  ( A A O , A A I , A A 2 )
IlL—lI—i
11R— Il+1
FTJXUIEJI(1 , IlL , XX , P)+EJ3 (AAO , A A 2 , XlI)+EJI( IIR , N M , XX ,G )+BB*EJ4 (XII, XX

1)
GO TO 270

240 XCO—XX
XC 1—X ( I  1—2 )

XC2—X (h L — l )
X C 3 — X X

- ETA1— P (ll—2)
ETA 2— P(hI—1 )
ETA3— P(II )
CALL PARA B (AA O ,AA I ,A A 2 )
XC I — X X
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XC2—X(II+’1)
XC3—X(I1+2) -

ETAI—C (11)
ETA2—G (II+1)
ETA3 G(II+2)
CALL PARAB (B 8O BBI ,B B 2 )
IIL—II—2
FTJX—EJ1 (1 , IlL ,XX , P)+ EJ5(AAO ,AA I ,AA2 ,BBO ,8B1 , B B 2 ,XH)+BB*EJ4(XH ,XX )
CO TO 270

250 XCO-XX
XCI—X( It—1)
XC2—XX
XC3—X(NN)
ETAI—G(NN—2)
EtA Z—G (UN— i)
E TA3 G ( N 1 4 )
CALL PARAB (AA O , AA 1 , A A 2 )  -

IlL—Il—I
F T J X _ E J I ( i , I IL , XX , P ) + E J 3 ( A A O AA 2 , X H ) + B B * C J 4 ( X H , X X )
GO TO 270

260 XCO—X(N I )
XC 1—X (NN—2)
XC 2—X (MN—i)
XC3—X(NN )
ETA 1—G(NN—2)
ETA2—G (NN—1 )
ETA3—G (MN )
CALL PARAB (AAO ,AA I ,A A 2 )
NN2—N N— 2
FTJX~ EJ1(I ,UN2 ,XX ,P) + EJ5 (AAO ,AA 1 ,AA 2 ,0.O ,O.O ,O.O ,X1i)+BB*EJ4(XH ,X X )

270 RETUR N
280 FORMAT ( IHO ,1OX ,9H********* ,27IIERROR IN FOPTAB——FTJX ROUT.)

END

FUNCTIO N FIFUNC (XNU ,A)
C F IF r I
C
C
C
C SPE C IAL FUNCTI ON NEEDED FOR THE NOSE SI NGULARITY CASE (IN T U E
C CALCULATION OF THE CAVITY) MID FOR THE OFF—DESIGN CALCULATION .

C
C
C

DOUBLE PRECISI ON DA S Q , D’IGSQ, DBET I ,DBET2 ,DCA’11 ,DGAII 2
ASQ A**2
DASQ—ASQ
D’-IGSQ .A*DSQRT (DASQ+L. 0)
DFETI——DSQ IIT( (DMGSQ—DASQ) /2. ODO)
DBET2—— DSQRT((DIGSQ+DASQ)/2. ODO) 

—-—---—m—-—~~- - - - ~~ --- - -~~~~~~~~ - •- —---~~~~~~-— -— ~~~~~~~~~~~ —
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DGAMI_ (A*DBET2+D BET1/2.0)/DMCSQ
DGAii2~~(A*DBET1_DBET2/2 . 0)/DMCSQ
BET 1—DBE T I
BET2—DBET 2
CAN 1-DGAM 1
GAM2—DGAM 2
DELI 1_ A *D B E T 2 / 2 . O / D 1 IG S Q
DELT2.A*DBETI/2. 0/DMGSQ
OMGSQ—D I4GSQ
F1FUNC~ XNU*SQRT(XNU*(XNU+1. O))/(XNU**2+ASQ)
F1FUNC~~F1FU MC+BETi*ALFUNC(XNU ,A ,OM G SQ , BET 1,BET 2 ,DELT 1,D E L T 2 ,GAM 1,G

1A M 2 ) / ( 4 .  O*O M CSQ )
FIFUNC_FIFUNC+BET2*TEFUNC(XNU ,A ,DELT 1,DELT2 ,CAM I,GAM2)/(2. 3*OHGSQ)
PIFUNC—O . 5*FIFUNC /ASQ
RET UR N
END

F U N C T I ON U i ( IL ,IR ,XX ,F) -

C NEED S COM MON —— USE S NTCRTE
REAL K A Y ( 5 O )
COMMON P(101) ,G ( l 0 1 ) ,Q( i0 1 ) , H ( 10 1) , X ( 1 O L ) ,X S Q ( 1 O 1 ) ,F X ( 1 01) ,ET N 1( 1O

11) ,E T N 2 (  101) ,ETPI ( 101) , ET P2( i0 1) ,YY U 1( 101) , YY IJ2 (101) ,TAU( 101) ,ALP(
21 01) , D E E ( 1 01), AA ( 5 0 ), KAY ,CAY ,A ,A 1 ,A2 ,ACA P ,ALPIIA ,AM DA ,A SQ , BB ,BI N T ,C
30 ,CL ,CM ,DELTA ,D I N T ,ECAP ,EL L ,E11 ,EPSILN ,ETAL ,ETA2 ,E T A 3 ,TEE ,ONE ,T.J O ,T
4HR ,TH ETA ,TSAVC ,XCO ,X CI ,XC2 ,XC3 ,X11 ,X K Z ,NM ,NN ,JL6 ,JM6 ,JR6 ,JLI3 ,JM 13 ,
5JR 13 ,JTT I ,JTM 1 ,J T T 2 ,JT M 2 ,J T T 3 ,JTU 3 ,JT T4 ,JT M 4 ,JTT5 ,JT M 5 ,JTT7 ,JT M 7 ,J
6TT 8 ,3T118,JT 19 ,J1M9 ,J-rTIO ,JT?t1O ,J T T 1 I ,JT?-t11 ,J 1T12 ,JT?-112 ,JTT2 I ,JT1121
7, JTT23  , JT1123 , J T T 2 4  , JT}124 , J T T 2 5  , JT~l25

COMMON /BL K I/V 13A R ,V IBAR I ,CCAP I ,YC I2
DIMENSI ON F( 1O 1)

C
NH— IR—IL+1
3—IL
DO 100 I—l ,N M
F X ( I  ) = F ( J ) * C K L O G  ( X ( J ) — X X )
3— 3  + 1

100 CON TINUE
CALL NTGRTE (EJi)
RETURN
END

FUNCTI ON EJ3 (AZ ,A 2 ,XH)
C
C EVALUAT ES TME EXPRESSIO: FOR TIlE D i : F I N I T F .  INTEGRAL OF
C P(T)*LUG(r_xx) F~ O:1 XX— I-1 To XX +Il .C
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C (3—PT. INTEGRAL ACR OSS LOG. SINGULARITY. )

C
EJ3_2.0*AZ*XI1*(CKLOG(XH)_1.0)+0.66666667*A2*XH**3*(CKLOC (XH)_0. 333

-‘ 133333)
RET UR N
END

FUNCTION £34 (X H,XX )
C
C EVALUATE S THE DEFINITE INTEGRAL OF (1_T)** .5*L OG(T ._XX) OVER
C (1—2 11,1) AS OBTAINE D IN CLOSED FORM (T THE VARIA BLE OF INTEGR ATION
C -

C
C
C INTEGRATE SQ. ROOT TERM FROM 1—211 TO 1.
C

IF (ABS(XX_ (l .0_2.0*XH))_5.OE_07) 12 0, 120 , 100
100 EJ4= ((2.828428*XH**1.5_ (1.O_XX)**l. 5)*CKLOG (1.4l4214*SQRT (xH )..SQRT

1(1. O—XX) )+ (2. 82 842 8*XH**1. 5+ (1. O—XX) **j 5) *C K L O G ( 1 .  4 14 2  14 * S Q R T  (X H )

2+SQRT (1. O—XX) )~~1. 885619*XH**1. 
5_2. 82 8428*SQRT (XII )*(l. 0~ XX ) ) *o,~ 6666

36667
110 RETURN
120 EJ4= ((2.828428*X1l**1. 5+(l.O_XX)**1.5)*CKLOG(1.414214*SQRT(XH)÷SQRT

1(1.0_xX))_1.8856188*X11**l.5_2.828428*SQRT(XII)*(1.0_XX))*O.66666
GO TO 110
END

FUNCTION EJ5 (BLZ ,BL1 ,3L2 ,BRZ ,B R 1 ,B R 2 ,X II )
C
C
C
C EVALUATE S THE EXP R ES SION FOP T HE DEFI Ni TE IN TE GR AL OF FT JX O VER
C Til E LIMITS XX— 211 TO XX+2H . 8LZ ,P L 1 ,EL2 ,ET tZ ,BR 1 ,~~R2 ARE THE COEF—
C Fl  C I E N T S  OF TU E Q U A D RA T I C A P P ROX I~IAT1ONS TO P(X) OVCR(XX— 211 ,XX ) AND
C (X X .xX+211), RE SPECTIVELY.
C
C
C
C (5—PT. INTEGRAL ACR OSS LOG. SINGULARITY.)
C

EJS.2.O*((BLZ+BRZ)*XIl*(CKLOG(2.O*XII)_I .O)+ (BR1_BLl)*Xjl**2*(CLLOG (2
1.O*Xfl)_ 0.5)÷4.O*(Er12÷8L2)*xu**3*(CKLoc(2.O*xu)_o .33333333)/3.o)

R E T U R N •

EN!)

_ _ _  - - • - --• - - - - -
~~~~~~~ - -
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HYDROFOIL DE S IGN PROGRAM 
-

FUNCTION BINT3 (DUMI) 
-

REAL KAY (5 0)
COMMON P ( i O i)  ,G ( 1O 1) ,Q ( 10 1) , H ( i 0 l ) , X ( 10l) ,YSQ (iOi),FX( 1O 1) , ETNI (iO

1l),ET N 2 ( IO 1) , ETPI(1OI),ET P2 (1 O 1) ,Y Y U I ( 101), YY U 2 ( 1O 1 ) , T A U ( 1O I ) , A L P (
2101) , DEE( 1O 1) , A A ( 5 0 ) , KAY ,CA Y ,DUM ,A I ,A2 ,A C A P ,A L P H A ,A M D A ,ASQ ,8B ,BINT —

3, CO ,CL ,CM ,D E L T A ,DINT ,ECAP ,ELL ,EM ,EP S ILN ,ETAI ,E T A 2 ,ET A 3,TEE ,ONE ,T.1O
4,THR ,T IIETA ,TS A VE ,XC O ,XC I ,XC2 ,XC3 ,XH ,XKZ ,NM ,NN ,JL6 ,J’16 ,J R 6 ,JLI3 ,JN1
53 ,JRI3 ,JTT 1 ,JTHI,JTT2 ,JT!12 ,JTT3 ,JT’13 ,JTT4 ,JTI-14 ,J T T 5 ,JTM 5 ,JTT 7 ,JTI-1 7
6,JTT8 ,JTM8 ,JTT 9,JT M9 ,JTTIO ,JT M1 O ,JTT I1 ,JTMI1 ,JTT 12 ,J T M I 2,JTT2 I ,JTI-1
721 , JTT23  , JTM2 3 , J1T24 ,JT1124, 3TT25  , JT!425

- NIl—MN
DO 100 1—1 ,141-I

100 FX(I) — P(I)/ (ELL—X( I))
CALL NTGRT E ( B I N T 3 )
RETURN -

END

F U N C T I ON BI NT4 (D U t~11)REAL KAY(5 0)
COMMON P (1OI) ,G(101) ,Q(1O1 ) ,I I ( 1 0 1)  , X(1O1 ) ,X S Q ( 1O 1  ) , FX(1O1 ) , EI N I ( IO

l1) ,ET~12 (1OI), ETP1(1O 1), ET P2 ( l 01) ,Y Y U l ( 1O l ) , YYI. 2 (l01),TAU(101), ALP (
2 101), DE E ( l O 1 ) , AA ( 5 0 ) , K AY ,CAY ,DU’l ,A1 ,A 2 ,ACA1’,ALP}IA ,A’IDA ,ASQ ,B13 ,BI NT
3,CO ,CL ,CM ,D E L T A ,~)lNT,ECA P ,ELL ,EM ,EPStLN ,L T A 1 ,E T A 2 ,ET A 3,T E E ,0NE ,T~ o
4, THR ,TUETA , T SA V~ , XCO , XC 1 ,XC 2, XC 3 , X~1 , XKZ , NP , NH , JL 6, J46, JR6 , JL 13 , JM1
53 ,JR1 3 ,JTT I ,JTMI ,J T T 2 ,JT ’1 2 ,JTT 3 ,JT:13 ,JT T4 ,J T 4 ,J T T 5 ,JTI5 ,JT-r 7,JTM7
6,JTT 8,JT~18 ,JT T 9,JT’19,JTT10 ,JT~~1O ,JTT 11 ,JTU1I ,J T T 12 ,JT’112 ,JTT21 ,JT11
721 , JTT 23 , JT M 23 , JTT 24 , JT?124 , JTT 25 , J T I 2 S
14:1—N N
DO 100 I=I ,NM

100 FX(I)=P(I)*SQRT(X(I))/SQRT(ELL_X(I))
CALL NT CR T E  ( B I N T 4)
R E T  U R 11
END

I
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FUNCTION TEFUN C (XNU ,A ,DELT 1,DELT 2 ,GAM I ,G A M 2 )
C TFUN
C
C
C
C PLAYS A PART SIMILAR TO THAT OF ALFUNC.
C
C
C

TEFUNC_ (GAII2*XNU+DELT2)/(GAM1*XUU+DELTI_SQRT(XNU*(XNU+i .O)))
TEFUNC—ATAN (TEFUNC)—ATAN (DELT2/DELTI)—ATAN(XNU/A)
R E T U R N
END -

FUNCTI ON ALFUNC (XNU ,A ,OMGSQ , BET I, B E T 2 ,DELT I ,D E L T 2 ,GA II1 ,GAM 2 )
C ALF N
C
C
C
C THIS SPE C IAL FUNC TION IS PAR T OF EX PRES SION FOR F1(NU ,A)——ALS O
C NEEDED BY F2(NU ,A) IN THE OFF— DESIGN CALCULATION..
C
C
C
C

ALFUN C= (GAMI*XNU+DELT1_5QRT(XNU*(XNU+I .O)))**2+ (cA112*XNU+DELT2) **2
A L F U N C = A L F U N C * A * * 2 / ( D E L T 1 * * 2 + D E L T 2 * * 2 ) / ( X N I J * * 2 + A * * 2 )
ALFUNC—CKLOG(ALFTJNC )
RETURN
END
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HYDROFOIL DESIGN PROGRA M

-• 
FUNCTION BICR (A)
R E A L  K A Y ( 5 0 )
COMMON P( 1O1 ) , G(1 O i ) ,Q( 101 ) , H( 1O I) , X (1 01) ,X S Q ( 1O 1 )  ,F X ( 1 O 1)  , ET NI ( 1 0

11) ,E T N 2  ( 1 0 1 )  , ETP I( 1O i) ,ETP2( 101) ,YYUI (1O1) ,YY L’2 (101) ,TAU(101) ,A LP(
2 101) ,D E E ( 1 0 1 ) ,A A (5 0) ,KAY ,CAY, DUM ,A 1 ,A2 ,ACAP ,ALPIIA ,AMDA ,ASQ, BB ,B I N T
3,C0 ,CL ,CN ,D E L T A ,D I N T ,E CAP ,ELL ,EM ,EP S ILN ,ETA I ,E T A 2 ,ET A 3,TEE ,ONE ,T.JO
4, T1IR ,TIIETA , TS A VE , XCO ,XC I ,XC 2 , X C3 ,X!I, XKZ , NP -I , NN , JL 6, J1-16 ,JR 6, JL 1 3 , J’-1 1
53 ,JRI3 ,JTT 1 ,JTMI ,JTT2 ,JT U 2 ,JTT3 ,JTM 3 ,JTT4 ,3T144,JTT5 ,JT M 5 ,JTT 7 ,JT’-17
6,JTT 8,JTM8 ,JTT 9,JTM 9,JTT IO ,JT II1O ,JTTII ,J T M 1 I ,JTT I2 ,JT M I2 ,J T T 2 1 ,JTM
72 1 ,JTT23 ,JT M 23 ,JTT 24 ,Jflt24 ,JTT25 ,J T M 2 5
NI! —N N
DO 100 I=1 ,N M

100 FX( I)~~P(I)*X(I) -

CALL NTGRTE (BIC:I)
RETURN -

END

FUNCTION BTX7 (XX )
C BTX7
C
C
C
C 11115 SPECIAL ROUTINE EVALUATES A DEFINITE INTEGRAL OVER (0,1)
C 9HOSE INTEGRANI ) INVOLVES P(X) AND A LOGARIT HM IC FUNCTION OF THE
C VARiABLE OF INTEGRATION. THIS INTEGRAL iS NEEDED BY TUE ROUTINE
C 1111.
C
C
C
C

REAL K A Y ( 5 0)
COMMON P( I O 1)  ,C(1O1) ,Q( 101),I1 ( 1OL ) ,X ( 1 O 1 ) , X S Q ( IO I ) ,FX(IOI) ,ET N I( 1 O

11) , E T N 2 ( 1 O 1) , ET PI ( 1O 1 ) ,ET P 2 (  101) , Y Y U I ( l O 1) ,yYU2 (101) ,TAU (101) ,AL P (
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~3T , CO , CL , CI1 , DEL T A , D I N T , ECA P , E L L , E’1 , E P S I L N , E T A I , E T A 2 , E T A 3 , TEE , O N E . T 4
40 , THR , T H E T A , T S A V L , XCO , XC 1 , XC2 , XC 3 , XII , X K Z , N ’I , NN , J L 6 , J’-16 , J R 6 , J L I 3 , JII
513 ,Ji~13 ,J T T 1  ,JT’tl ,J T T 2 ,J T U 2 ,J T T 3 ,JTI13 ,J T T 4 ,JT’I4 ,J T T 5 ,JT~~5 ,JTT 7 ,JT U
67 ,JTT B ,JTI-1 8,J T T 9 ,JT’19 ,J T T IO ,JT H IO ,JTT I I ,JT1111 ,JTrI 2 ,JT?i1 2 ,J T T 2 I  ,JT
7M2 1 ,JTT23 ,JT’123 ,J T T 2 4 ,JT1124 ,J T T 2 5 ,JrM25

COMMON / BL K I/ V 1BA R ,V 1 BA R 1 ,ECA PI ,Yc12
C

I
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G7(S)_AL OG(SQRT(ELL_XX)*SQRT(S)+SQRT(XX)*SQRT(ELL_S))
xCO—0.0
XC 1—X (NN—2)
X C 2 — X  ( M N — I )
XC3~’X(NN)
ETA1—G7(X C1)
ETA2— G7(XC2)
ETA3—G7(XC3)
CALL PARAB ( B BO ,BB1,B B 2 )
N M — M N  —2
FX(1)—O.O
DO 100 1=2 ,1411

100 FX(I)=P(I)*G7(X(I)) -

CALL NTG RTE (TG I)
NM—3
J—NN—2 

—

DO 110 I=1 ,11’-I
FX (I)~~G(J)*G7(X(J))
J—J+ 1

110 CO NT I N U E
CALL NT GRTE (T G 2)
BTX7=TG1+TG2+BB*FOUR(X(NN_2),B8O ,BB1 ,B B 2)
RETURN
END H

-
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• PROGRAM FLOW CHART

COMPUTE
PERMISSIBLE
RANGE OF ii

c~
&Ic

’

~~~~I~
a

COMPUTE PERFO RMANCE
PARAM ETERS CD, CM, X ,
a, etc.

-—

COMPUTE CAMBER,
CAVITY SHAPE AND
TOTAL PRESSURE
DISTRIBUT I ON

PRINT
RESULT S

END
OF NO

INPUT ?

YES

- - STOP

~
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