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Abstract

Potential flow models are developed for a submerged body of

revolution with fin and rudder appendages.
Forces and moments on the lifting surfaces and hull have been

predicted at a steady angle of attack. The procecure is extended to

the time dependent angle of attack case. Experimental, analytical and

numerical approaches are described.
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NOMENCILLATUR™
: R = Aspect Ratio - (equivalent span)2 /(plan area)
C.(x\ - nth loading mode chordw.se

th

le‘o) = Cross mode strength; m " mode chordwise, nth spanwise

C. - Lift coefficient - (1ift) /(1/2 pUs plan area)
L 4 P

=

Step size (fractions of sail chord)
= Roil Moment

Yaw Moment

- Local pressure

v 2 .

18 ¥, - Tip vortex radius
23
S = Distance traveled after sudden change i sideslip a.agle
" t = Time elapsed aitcr sudden change in sideslip angle
E
E V. . Free Stream Velocity
] v = Local perturbation velocity in x direction
V.'a'e - Disturbance velocities due to wake in x, y, z directions
W - @ Component of disturbance velocity due to sail and wake
R
Y = 51de Force
4 - Angle of attack
, £ _  Sideslip angle
5 r(}d - Local two dimensional vorticity
3 3
K‘ = Mpde strengths for starting problem; ith mode spanwise ;
K;n__ Mode strengths for steady problem; ith mode chordwise;

nth spanwise
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x‘cI = Trathing edge value of sectional vorticity at | b time step

g3

. . , . th .
Scetional bound vorticity at I time step

Gt A e ot

Aé = lLocal potential jump across wing-wake singularity
distribution

Tor I

% § = Velocity Potential
:5 e - Fluid Density

@ = Wake Angle
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Introduction

The primary aim of the work presented in this report is to add
insizht into dynamic interaction effects experienced by high speed
submarines. The dramatic advances in submarine design since the
second World War have been in the direction of higher speed, larger
size and endurance, but depth capability, expressed in boat lengths
or seconds has not increased proportionally. As a result, submarine contro!
design, particularly for vertical plane motions and coupling between
man<uvering control in the horizontal plane and response in the vertical
plane has become of great importance. Its importance will undoubtably
increase as submarine *echnology develops.

As a result of the demands on submarine control capability,
unc~rstanding of the hydrodynamic forces acting on the boat has assumed
greater importance and effects which were considered negligible or merely

aggravating at low speed may be crucial at high speed.

The usual approach to solving problems in marine vehicle dynamics is to

express the forces acting on the vehicle due to its motion as functions of
its velocity and time derivatives of velocity. Such an approach is extremely
useful since it lends itself conveniently to linearization about discrete
operating points of interest and usually higher order derivative terms are
of diminishing importance.

There are, however, disadvantages to this general approach.
When the vehicle alters its enviro nment in such a manner that the forces
and moments acting upon it are dependent on its motion history over a
significant time span, higher time derivatives become more important and
the coefficients of these time derivatives become difficult to predict by
theoretical or experimental techniques.

An example of such an effect on the vehicle environment is the

trailing vortex system of a submarinc sail. The reclative location and strength

of this vortex system depends on the circulation history of t%e sail, the
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motion of the vortex sheet, and the trajectory and orientation of
the vehicle. The vortex sheet has an effect on the hull and rudder forces
which is strongly dependent on the relative location of the trailing sheet.
Therefore the forces on the vehicle are dependent not only on its present
velocity and acceleration, but on its motion history. To express this
effect within the traditional framework demands enough higher time
derivatives of the motion to recreate the vehicle history between the time L
the circulation formed on the sail to when it ccases to effect the rudder.
There is of course no guarantee that higher derivatives will be of monotonically
diminishing importance.

The approach taken in this work is toc consider the hydrodynamic
forces acting on the vehicle directly as a function of its motion history. The

interactions between vortex sheets, hull, and rudder are derived directly

from the geometry. This implies that for simulation work the motion history

of vehicle and vortex sheets must be stored as the alternative to employing

a large number of time derivatives.

The thrust of this effort is to develop techniques for evaluating hydrodynamic

restoring forces in a history dependent situation. Various techniques have

been employed, but the most promising for further pursuit seems to be

a slender body approximation for the hull with singularity distribution

models for the lifting surfaces. In both the slender body and lifting surface

calculations, rough approximations and widely spaced grids are used.
The purpose of the authors was to develop techniques and evaluate

the importance of effects not normally taken into account. Therefore little

effort has been invested in refining numerical results. The difference between

results including and not including interactions is the point of interest. If

the techniques investigated are to be used for simulation or prediction of

submarine motions, the numerical procedures described require considerable

refinement.
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The total effort divides into several logical parts. First an
experimental study was conducted in the MIT variable pressure water
tunnel of a sma'l submarine model with various {in configurations. Forces
and moments were measured at various angles of attack. Of greatest
importance in the experimental study, howewver, werethe visual results.

The facility used has the great advantage of plexiglass walls and control

st o e Sk s

5

of ambient pressure. By lowering the tunnel pressure, cavitation bubbles

" T

can be induced in the trailing vortex system from the sail so that its

tra‘ectory may be observed. In addition tufts rmay be attached to the

hull and fins to observe flow patterns around the model. i

These studies are reported by Luckard (1) under separate cover.

An analytical approach to the interaction problem was pursued by ks

Newman and Rodriugez making slender body and low-aspect ratio assumptions

and linearizing the problem. This approach is described by Newman and

Wu 2). :
The bulk of the work was devoted to numerical approaches to g
4
representation of the hvdredynamics problems. The approach assumes that
1
the hull is slender and a body of revolution but includes finite aspect ratio 1
lifting surfaces. Th~ boundary value problems are approximately solved with
s
d'screte singularily distribution representations of hull, lifting surfaces and 3
E
rotational wake. ;
Experimental Approach 3
-
The single greatest question at the initiation of this work was 4
where the trailing vortex wake from the sail went. To obtain linear 3
approximations to the hull forces as a function of sideslip angle it is
necessary to assume that the vortex sheet trajectory is not dependent on i

s

angle of attack. For small sideslip angies the trailing vortex sheet from

the sail is assumed to remain in the plane of the rudder axis and longitudinal
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centerhne. In this location the sa | wake has maxiraum cffect on rudder
hift. If in practice the sail wake does not pass close to the rudder, this
ceffect will be appreciably reduced. The path of this trailing vortex sheet
1s inflv enced by its own induced velocities as weil as the free stream

and the vehicle boundaries. Approximations may be made on the basis of
lifting line theory and singularity distributicons for the trajectory, but the
tendency of the sheet to roll up makes such computation questionakle.

For this reason photography of actual vortex sheet paths at steady
angles of attack was valuable input to the modeling.

The model used for the experimental and numerical work is two
foot long "submarine like " body of revolution equipped with removable
fairwater and upper and lower fins 1or testing in the MIT variable pressure
water tunnel. Perhaps the most important result of this experimental
and analytical effort is that, at small angles of attack, the lift on the rudder
behind the sail is ‘"2versed from that predicted if the wake of the fairwater
is ignored. This is of importance primarily to directional stability pre-
dictions of submarine type hulls. The effect of the rudder is destabilizing
rather than stabilizing due to its interaction with the fairwater wake. The
most recent work on the unsteady hydrodynamics problem comprises the
technical content of this report since the experimental and steady numerical
approaches are included in the report by Luckard (1). Comparisons of
results for the steady case with the Newman and Wu (2) analytical
results are also presented by Luckard {l).

The part of this project that is probably of most general interest is
the approach taken to numerical solutions of the forces on fairwater, hull,

and rudder due to a sudden change in angle of attack.
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I, The Response of 2 Submarine Sail to a Sudden Change iu
Slideslip anygle

3 A. Unsteady Lifting Surface Theory

The transient buildup of lift and mement on ar initially unloaded

lifting surface that has undergone a sudden change in angle of attack

‘ is a direct result of the physical fact that a finite time is required for the
trailing vortex sheet of the lifting surface to ettain i1s stzady state
configuration. At the instant that the surface’s orientation to the flow is
changed, all vorticity is confined to the surface itself. As the surface
moves forward in its new orientation, vorticity is shed from the surface
into the external flow, Eventually, the lifting surface reaches a steady
state conditicn in which the wake has attained its familiar "trailing vortex
sheet” structure, except for regions of the wake that can be considered to be

an infinite di.tance from the lifting surface.

Using a distribution of dipoles to represent the lifting surface
and its wake at a given instant of time, the - component of velocity is given by

the following expression: (Derivation is in Appendix A)

(13.9) \=_1 9T(x, O 3 4] ew)
u(x-l\3°r‘°’ ﬁr# o % ’l\(\z-k)‘-#io (3-«3) 2 (M‘W(W)‘

Su‘ (
'ngu,

where T is the local dipole sheet strength, its second mixed derivative
expressig the iccal strength uof the rel ated point-horseshoe vortex sheet.
Applying the boundary w ndition that there is no flow normal to the lifting

sv.-face boundary at B*O one obtains:
y
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(11.2)

The integral over the wake has been written in this manner to
allow the option of placing the wake in a plane other than » - 0. FEquation
(I1.2) is the mathematical statement of the relationship between the known
houndary conditions for the lifting surface and the unknown singularity
distribution representing the lifting surface and its wake.

The irrotationality condition on the flow external to the lifting surface
and its wake generates animportant relationship between the distribution of
vorticity in the wake and the history of the total vorticity bound to the lifting
surface. Consider a two dimensional section of the wing-wake flow. In order
for the value of A§ (the local dipole sheet strength) to be single valued at the

trailing edge of the lifting surface:

pI = OV- 4T =QV.dT

C“ Q& Fiavvc i W |

Since V C“ is the total vorticity strength enclosed by the

CA contou1 and, hence, the total bound vorticity on the wing at the moment
of interest, this relationship states that the total amount of vorticity shed
into the wake equals the negative of the present amount of vorticity bound

to the lifting surface. Consider this process of bouad verticity increase and

shedding of vorticity into the wake:




Fiaere m'?’)
)

If, ai any section, the total amount of bound vorticity increases
by dPu in dt 1mount of time, then an amount of circulation equal to

qu‘,d{- must have been shed into the waks such that:

a0, = - Yo Uudt: - o ds

IR LSS )

ds

Now

¥ '("(x,a ) 3 (‘&(,_ kx—ga\)
- %

"
| %a("‘a‘?”“*a’)

_ %C\g(xn‘a) (11.3)

Substituting into (I1.2), the boundary value integral equation becomes:
U otld) = T ex i [PORE “‘1‘:{" Pl

w«ZS% B )

5 n, i Lol ) dy
4%& ‘%@3—‘3 (x-S)aw((m\w. t“im.,\\p‘,,xlnao,l (11.6)
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;‘ Hence, the integral over the wake has been reduced to a convolution
%L integral involving (known) previous values of the total bound circulation

at vach section of the lifting surface.

In order te caiculate the forces and moments on the lifting surface

F as a function of distance traveled, it ‘s necessary to consider the time-

, dependent form of the Berniovlli equation.

? P Tt 2 v “
; (20, L% ot tahy ¢Bp Ve o - fYhe m

where @ and @ denote points on a streamline

Applying this e¢quation to points on the upper and lower surfaces of a

lifting surface section with a steady, uniform free stream one obtains:

? *-é oty \.4' M a—é" . _j_ awTUL t* .
(’a% Z((U Vg L5t 2 Uwrod P
(foph=op= ¢ 2 (280). gUYGN: (le%‘(a%» )
whaye §U)= W, = -2v,

This expression can also be written:
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ap= QUQQ%S 1 ¥(2)de K‘(x)ﬁ (11.5)

b{? is then integrates in the usual mranner to vield the total force
and moment on the nfting surface,

Although a complete solution of the problem of the transient respense
of a lifting surface requires a solution of equation (II.6), scme important
trends caa ne deduced by considering the startine instant and steady
state solutions of equation (II.{}). For a flat, rectangular wing of unit
half chord with a planar wake, equation (I1,6) reduces to-

R,
: 21 Wg@gmja skt e

() o= —

) Nu-uo)
4'«'();3‘!-_1 xga (xlo a—\a

W_Tli%’ oy \s\wta pioble)

(do) of= S B‘T “.u—m‘w o 2 A
AZX q'ﬂU@ ‘)a/ \aa

QI:UV }FQ& (x-b“‘a—vx)

It has been shown by Wagner (4}) that in the two dimensional (R= o)
limits of the above equations the starting problem is satisfied by a

vorticity mode of t1 functional form:

ﬁ'lﬂ = 20X . (3149
'U., Start \]5— X
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The resul* for the steady twoodinm - nsional case from classical

thin airfoil theory s

Y
l

L2\ i)

,,JZS 1+x

The se-tional 'ift for the starting problem: is, Ref. (I):

G s X (a3

and fcr the strady problem:
G v"'-t-‘? z
C"“Aa: 2oy ‘11-1“) ; Co et = P
For finit: aspect ratio wings the presence of the trai'ing vortex
wake and its associated downwash causes a decrease in the ratio of the
final and 1nitial lifis. As the aspect ratio of a finite wing is decreased,
the wakc makes an increasingly dorainant contribution to the boundary
condition equation (II. 6), until 1n the limit of zerc aspect ratio, the boundary
condition is assumed to be satisfied exclusively by the trailing vortex sheet.
It seems reasonable that for sufficiently low aspect ratio the starting
lift may exceed the steady state lift due to the predominance of the trailing
vortex sheet downwash in the steady case.
A numerical study was carried out to compare the starting and
steady lifts of isolated rectangular wings of various aspect ratioes.

The Integral cquation (I1.9) was solved for the sturuag problem assuming a loading

exparnsion of the form:

o, i‘é‘- — S:la) (13.38)

{ -
W i i-x
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i.e. the chordwise mode shape for the two-dimensional case multiplied
by some spanwise distribution functiont In the steady case, the loading

¢ xpansion assumed was of the form:

O ey wed g

17
Calx)= !13{; y e

QIR rea

and the S: ‘3’ are given by:

[9= 3

S‘ir\® ; l‘.‘.‘.
Sih-"B(B (‘:Z

W@ ; (=3 ® = o~ (ﬁ)

n

-~ e

S (3\

In all cases, the unknown cocfficients of the assumed lcading modes
were obtained by applying equation (II.€) at 16 evenly distributed control
points and finding a best-lecast-squares fit of the 6.3 to the (over determined)
set of linear equations that resulted. The starting and steady forces were
then calculated Yy integrating the sectional forces given by equations (I1.13)
and (I1.14) across the span.

The resulting values of CLsteady/CLstart are plotted below. The
results show that the starting and steady lifts are approximately equal at an
aspect ratio of 2. At an aspect ratio of 1. (a typical value for the aspect
ratio of a modern submarine sail) tlhe starting lift exceeds the final lift by
roupghly 257%. Herce, a significant quantitative diffcrence between the forces
calculated in the transient (step response) of a low (31} aspect ratio wing

and what would be predicted in a psuedo-steady analvsis is already apparent.
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R. Indicial Respunse of a Submarine Sail:
1) The Image System
Since the sail is attacherd to what often can be considered a locally
«ylindrical suriace (the submarine hull), an image system is required to
approximately satisfy the boundary condition of flow tangency to the huil,

The theoretical basis for the image system used is given in Milne -

; Thompson ( 5 ) and is 1eviewed by L.uckard (1) for the particular case of
” a hull-sail combination. Using Luckard’s results for the calculation of
, the equivalent span of the sail, one obtair s:

2 gl e s A S

sy,

o3 .(QSLL'P'“S) (11.18)
4- 2  BsL

where RSL and RHS are given in terms of half chords of the sail. In
addition to determining the equivalent span, the presence of the hull causes ,j

an increase in the in-flow velocity to the sail given by (1 )

1

8 :5

-

3

3

Hence, the local angle of attack seen at a control point (%, la.) on the sail “

is given by:

W)

™ Vo 30 5}
= UoBl1+ (RSL,;_’:S% \;
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2) The Spanwise Leading Modes:

The tangency condition (on the hull surface) also requires t hat

the sheet of trailing vorticity have zero strength at the hull surface,

i.c. the discontinuity in the y perturbation velocity across the trailing ‘ i
vortex sheet must vanish at the hull-sail junction. This requires that g
the sltopes of the spaawise loading functions assumed to solve equation (II.6) ‘:ii
be zero at the hull-sail junction. To satisfy this requirement, spanwise '

;

loading modes of the forms given below were chosen:
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3) The Chordwise Loading Modes
In ad<ition to the chordwise loading modes given by (I1.17) a

mode is requ.red that can provide for a non-zero value »f vorticity at
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the trailing edige of the sail. Since the starting mode given by (I1.11) yields

;
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a nearl constant chordwise downwash for the aspect ratio range of

A RS

intcrest, a special mode was constructed having the following

functional form:

; : x-%\_ 4 ! TS
3 " j.. +"- 1
Cbi e S LY \Ij.:—:' (31.20)
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The first term represents the chordwise vorticity distribution given by
(II.11) where the singular trailing edge portion of the distribution has peen
moved past the trailing edge of the chord by replacing X with kﬁp
The second term is subtracted in order to make the net circulation of
the special mode equal to zero.

Since equation (II.4) relates the trailing edge value of vorticity

to the total net vorticity bound to the lifiting surface, it is convenient to

normalize the trailing edge value of vorticity for this chordwise mnode by

dividing through by Co(l) ]
3-%
1- 55 1-x
%-% M) 2 — (71.23)

44X
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41 The Wake

The distribution of vorticity in the wake 2t any point in time was
assumed to have a y variation that could be described by the spanwise
r:odes ([1.19) and a pieccewise linear x variation. The piecewise linear
variation in x was chosen since this reduces the convolution integral
representing the downwash of the wake in equation (II.6) to a simple
matrix multiplication of a downwash influence matrix by the previous
values of the total bound vorticity on the lifting surface. A piccowise
lincar distribution also has the advantage that the x integration of the
second term of equaticn (II.6) can be carried out analytically.

The trailing edge of the wake for the indicial lift case has a
square-root singularity of vorticity strength in x. Since th!s distribution
can be comparatively troublesome to integrate numerically or otherwise,
this portion of the wake was inodeled by a piecewise linear portion plus an
impulse of vorticity at the trailing edge. The relative values of the
piecewise linear portion and the impulse were adjusted to make the areas and

centroids of thetwo distributions equal.
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5) Step by Step Solution:

At this point, equation (II.6) can be written as:

: (1)
ﬁ(x"!‘a")ﬂ N 2; é C”"‘(S)Dus“*b‘")nﬁ t iza iwln(h,a.,ﬂ%rl: =D dr

-]

\ 'Br;n (3) b
+ ——="" DWS,,, 1Ko 4a (13.22)
?‘ 3s A )

where P is the lccal sideslip angle; DNSM.\ (Xo,\ao) is the sidewash

at control point ( Xe, \3. ) on the sail due to a vorticity cross mode m
chordwise - n spanwisec. CM\S\ is the coefficient of crossmode mn.

™SI, (xp,gbﬂ‘) is the sidewash at cocntrol point (X.,no ) on the sail due
to a spanwise grip of the wake vorticity distribution located a distance T
from the trailing edge of the sail. wsok(x,,\a.) is the sidewash due to

the sp=cial chordwise mode given by (11.21). This eguation is to be solved for
a discrete set of distances traveled s.

Since the distribution of vorticity in the wake of the sail was assumed to be
piccewise linear, relationship (1].4) rnust be finitizcd. Consider the balance
of wake and bound vorticity at a section of the sail during a finite interval
of time %o with the assumption that the vorticity of the wake is linear

between x - 1 and x - 1 4 H. Relatioaship (II.3) requires that:

r-;.b 1 -1 3.1 = -‘%(&tq*Xtu-i)

R PO
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With this result, (11.22) is rewritten:

@(xo,no,n-m = 7,7, Cm(w-u)‘wwxu,ao) + 7, 2 DT, (X”Z)”’(N 30 ¢

w Il

ten T

*2 { Zwu-\zku".', o S"Du) °“b‘°'3) Zme wa're (x‘,,n.)N )
7’ (I.24)

where DWTE is the sidewash due to the wake trailing edge mode described
in section ({TT.A.4), with spanwise variation n; and DWTn(m,\Oa)N-H) is the
sidewash due to a triangular distribution of vorticity (figure 11.5) having

ite vertex located a distance N*'W  from the trailing edge of the sail with

spanwise variation n.

Moving all known quantities to the right hand side of the equation:
- ] Ml
2 < CMV\‘N'H) .bwshﬂhlxo,bo) - ZDUSO,‘_(X,,‘ ) » ([2.'.‘1")
W WA w D’ %

w-i

= Blue No#) ¢ 2T DO b, (INTYH) W

e

.7 (\w\:»—f + 8. M}Bt«)smlxo,‘a) v 2: ¥ies 'Dw‘lE(x,,j,,)N-u)
R
(I1.25)

Of the chordwise modes chosen, only the first mode chordwise makes

any contribution to ‘-;3\9

Therefore, the final form of (II.6) is

22 Guulneh) Db biyto) - %é%(w-u)-bmum,:r)

N I

= B("»,ju NH) - 2 7, DT, u.,,v.,,m-n. HY. x‘fm + ?{z—,‘;’&uw,f K&,“thsmm,ﬂ,}
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In this forin, the solution procedure is reduced to the follo wing:
1) Choose a set of control points,

A G 2) Construct (by numerical integration) the left hand-side of (II.27)
in matrix form.

3) Construct (by numerical integration) a table of 'D\A’T.«("L,a.,"'“)
and DUTE“lx,,a,,N‘N) for each spanwise mode at each control point
for a sequence of steps downstream.

4) Construct the right-hand side of (I1.27) from previously calculated
values of X\&“I ; the results of step 3 , and aumerical integrations
to determine H-JSO.\_()(,, o) at the cont rol points.

5) Solve the resuliing {(over-determined) system of equations by

the method of least squares for the unknown values of C;M..‘, IN-H)

6) Calculate the new values of X‘{“‘ N by equation (II.23).

SRigaat

7) Increase N by 1 and return to step 4.

Note that for the first time step, K‘tf—uj becomes an unknown,

and the equation (I1.27) takes the form:

1 202, Con N DS )+ Zbheny (D b oD g |

2(3(&,,00,}})

6) Force and Moment Calculations

The sectional force and moment produced by cach chordwise

1
o
2
3
3

f mode 1s obtained by integrating (I1. 8) across the chord of the sail section.

e

Identifying the "unsteady” part of AP as the (U—% ng‘({lA{ term
[

RS

and the "steady part as the (U«,X‘(x) term one obtains:

o
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Steady Terms:
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Mode Shape Sectional Force Sectional Moment
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Unsteadv Terms:

Mode Shape Sectional Force Sectional Moment
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where: S. F. denotes the unsteady sectional force for the same mode.

Note that the total sectional force for each modeis given by the local
sectional mode strength tirnes the steady term plus the rate of change of

the local sectional mode strength with distance traveled times the unsteady
term. These sectional forces and moments are then integrated (numerically)
across the span of the sail to yield the total side force, yaw moment, and

roll moment on the lifting surface.
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2.2

IT1. Hull- Wake Interaction
AL Wake Trajectory
As a result of Kelvin's vortex theorem, the trailing vortices
of the sail wake must follow the streamlines of the {low about the bull.
The trailing vortex emanating from the tip of the sail, for example, must

follow the streamline traiecto% shown below.

—
—
ll"--.

® y Ti' verkes ?q'lk

—

e

As a rough approximation to the so-called wake co.atraction trajectory,

the wake was assumed to situate itself between the sail tip <=treamline
and the hull surface; at any station the vorticity distribution was assumed

to have stretched linearly.
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The sail tip streamline trajectory is calculated in a step by

step manner from the following relationship:

Sern
ou=You.g S

ewt | dSK) due _(11.9)
R T R e W
T

which states that the local streamline slope is approximately equal to
the local radial velocity produced by the source dictribution representirg

the hull, divided by the free stream velocity.

B. The Interaction Response of the Hull to a Step Change in

Sail Circulation

The simplest means of analyzing theunsteadyforces on the hull
caused by the velocity field of the sail wake following a sudden change in
sideslip angle is to consider the response of the hull to a sten change in
sail circulation, then use the superposition thecrem (convolution integral).
In essence, the wake produced during the indicial response of the sail is
considered to be constructed from the wakes due to an infinity of infinitesimal
step changes in circulation.

The distribution of vorticity in the sail wake following a step chanpge

in sail circulation is as shown below:
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The wake resembles a lifting line moiing along the wake trajectory,

its trailing vortices lengthening at a rate equal to the free stream

velocity. For simplicity of calculation, the trailing vortices were

~onsidered to be piecewise straight as shown in Figure III. 4. This

simplification should introduce little error since submarine hulls are

typically very slender bodies (having uniformly small slope and curvature).

T

—

-

Fi(aum (111.49)

Applying ‘he law of Biot-Savart to a segment of the trailing vortex sheet

one ob!ains for the side wash velocity at the hull centerline:
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Where z, is the norma! distance from the trailing vortex sheet

(which may lie in a plane other than z  0) to the point Xgr Yo

Applying Biot-Savart to the bound element:

M (Mu-3%)  d
Veb-»d‘ -%1—\' T'\\a\ l( " 3‘0‘}%
- + ) T
W R

(111.3)

The total z component of the velocity due to the wake at the

instant that the bound element has travelled to x X _ is:

e \Xu-l(o) Cle

-Vit.u = i \—‘ l\a) l(x XODL 9 E‘J;&L
s L 4 -
. 0
Ve \‘TI
% _j_ l“—w‘;“a) dM X3- Xo -
4'“' 521 (\aaa?)"’f B: “X; ‘&JW \‘A*&JL"%‘} -
LT

X3-1 %

{(Yz 4-%) “'*kana. )+ i."‘

¥

The other two components of velocity due to the wake, V ,
x wake

.y e s considered to be negligably small compared to the V

z total wake

component.
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@ Force and Moment Calculations

The hull of a yawed submarine is typically modeled as a distribu-

tion of sources and sinks along the axis of the body to produce the body's

axial shape and a distribution of dipoles having their axes pointed in a

direciion opposing the crossflow to satisfy the crossflow tangency boundary '-7
]
{
i

condition. Both of these distributions can experience forces and moments

due to the external flow.
Following reference (7) . one reaches the conclusion that the

source- sink distribution will experience both a force and moment due to

the presence of the wake. There will be no force on the dipole distribution

Lt 34

since the sail image provides for no influence of the wake velocity field
on the local dipole strength required to satisfy the crossflow boundary
condition. There is no moment on the dipole distribution due to the wake
was a result of the assumption that Vy wake and Vx wake 27€ negligably

small compared to V .
2z wake
The force on the source distributior as a function of distance travelled

is calculated from a relationship given by McCreight which is based on

slender body theory and Tagally's theorem.
SAern
Yord = qUa | S'dwisydx  (ITLS)

Bou

Where: Wi(x, s) is the local sidewash velocity due to the wake
and S'(x) is the derivative of the cross sectional area

curve for the hull.
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Similarly. the moment on the source distribution is given by:

S~
L vam(b\"(U-p S xdy  (ZTT.0)
? Baw
E

i IV. Rudder-Wake Interaction

A. Following the philosophy described in III. B, the response of thea

Xk iabignatbed

rudder to the velocity field of the sail wake will be obtained by finding

(b kige

the response of the rudder to the wake resulting from a step change in

e

sail circulation. then applying the superposition theorem.

The rudder analysis will be carried out on a pseudo-steady bhasis;
i.e.. at each instant of time the rudder an its wake are assumed to be in

a steady state cor.lition of vorticity distribution. This is a reasonable

assumption. Typically, a submarine rudder has an aspect ratio of roughly

the same magnitude as the sail, with a chord measuring about one-third

of that of the sail. Hence, the non-dimensional dynamics (transient response
of total bound circulation versus number of chord lengths travelled) of the
sail and the rudder will be very nearly equal, tut the rudder will respond

roughly three times as quickly in real time due to its shorter chord

length. The pseudo-steady analysis essentially assumes that the rudder

3
responds instantaneously to a change in angle of attack. Since the rudder E
j
responds three times as fast as the sail, the pseudo-steady analysis should :

give a fair representation of the interaction of the sail wake and the rudder.
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B. Rudder Response to Step Change in Sail Circulation

The details of all of the steps required to analyze the response
of the rudder have been vovered in previous sections. The appropriate
integral equatior is given by II. 10. The equivalent span is calculated
irom II.18. 7"he spanwise and chordwise loading modes are those used
for the sail (the special chordwise mode is not used). Equation II. 10
is solved by chuosirg sixteen control points, integrating the loading modes
numerically, calculating the left hand side (local angle of attack at control
point) from equation III. 4, and solving the resulting system of equations
by least-squares. The forces and moments on the rudder are calculated
in the same manner as those of t+ sail, with the major ¢xception that only

the steadv contributions of each mode are considered.

V. Superpositio. Theorem

Consider a two-dimensional section of the sail-wake vorticity

distribution as shown in Figure V. 1.

e F\'juvl-'\l. 1

The wake can be considered to be constructed from an infinity of wak=s

from step changes in sail circulation of strength Ku(X-T,\a) c
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From relationship II. 4:
3

K‘(X,&,\\ = \@tc(x—T;a) S %4 U‘“ ("";37) (v.1)

3 If, for example, the velocity field, and, hence, the force on the hull
due to the wake of a step change in circulation is kncwn, the force on the
hull due to the wake of the indicial response of the sail cin be calculated

from a convolution integral:

Yol = ; (sy;m(’r‘; %T ir‘zb beT) O‘S 4

Where: Yh " (s) The side force response of the hull
u
to the wake produced by the indicial
£ response of the sail
|
Y'r;kull (3) - The side force response of the hull
to the wake produced by a step change
in sail circulation
' {(x-7,0) - The instantaneous mode strength of

2d

the vorticity being shed into the wake

['54 typically has very large derivatives at s 0, so that from a numerical

standpoint it is advantageous to integrate V.2 by parts

, I

Ym )= 'Y:W,(T)P;. (s-T) \ - ‘ - %\_{ﬂ(‘(‘)nb(;-r)d T
LI ) &

= Y:mlo) \_‘u'S) 4 %‘MW) M (5-TV T (V. 3) 4
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Similarly, for the remaining forces and nioments on the hull and sail:
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} VI. Unsteady Response Results for Example Vehicle !
A. Vehicle Description
The analyses described in the previous sections were applied
to an example hull-sail-rudder combination, the dimensions of which are
g shown ir Figure VI. 1. For simplicity of calculation, the sail and rudder
E planforms were both chosen to he rectangular.
: —l e 1 4
) T ' 2.06
4 2.%¢ ‘
: 625 3
| P . | l 4 :
] e | [es | 278 g
- 43s . .
g’ 4 3 Y F.‘aom(\l.{,l\ i
* I.,,_____'i“-l - fe e =-! ‘
]
The bowand stem portions of the hull were assumed to be parabolic
(o F‘X"C ) while the remainder of the hull was approximated by a .:,
seccnd order interpolating polynomial (ecea + by +ex™ ).
B. Indicial Response of the Sail
The strengths of the vorticity cross modes used in the solution 3
of the equation (1. H) versus the number of chord lengths travelled after
the step change in sideslip angle are plotted in Figure VI.2. For this 4
2
aspect ratio, the circulation buildup is very rapid: after the sail has b
{3
travelled only ene chord length, the lifting cross mode C” has risen to

roughly 85% of its steady state value. A rectangular wing of aspect ratio

(, would have to travel roughly 4 half chcrds to attain a similar percentage

of its steady state circulation.
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The .orces and moments corresponding to the circulation
responses of Figure Vi.Z are given in Figure VI. 3. a, L and ¢. The
force and moment calculations indicate that at the starting instant the
scctional forces on the sail are increasing, producing the initia?! "humps"
in the responses. The presence of the "humps'' is a significant result
since, for example, the sail will ¢: perience a maximum roll moment

overshoot of 28% during the transient response of the sail.

C. Response of the Hull to a Step Change in Sideslip Angle

(Sail-Hull Interaction Only)

The side force and yaw moment on the hull due to a step change
in sideslip angle are plotted in Figures VI.4.a and b. Near the start
of the response, both the side force and yaw moment are positive,
whereas their corresponding steady state values are negative. This
effect is due to extensive changes in the velocity field due to the wake
that occur as the wake lengthens. Near the start of the response the
wake has a velocity (V) distribution along the axis of the hull as shown
in Figure VI.5.a); the steady state distribution of Vz is shown in Figure

VI.5.b.
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Ttre initial distribution of wake vorticity produces a negative

L i AR et o BT

VZ on the forward part of the hull (source distribution) and a positive iy

: V., on the after part of the hull (sink distritution) and hence, bv Lagally's :,
]
- theorem, produces a positive side force. The steady wake's predominant Q!I
3 effect is to produce a negative velocity on the after part of the hull and, j‘
by Lagally's theorem, a nepative side force. ‘?‘
f D. Response of Rudder to Step Change in Sideslip Angle
]
E The side force, yaw moment, and roll mecment on the rudder due

to the sail wake are shown in Figures VIIL. 6.a, b and ¢). The wake has

-
5 e b £
S

T
-

a comparatively small influence on the rudder until the trailing edge of

the wake passes by the rudder. As the trailing edge of the wake passes the E
rudder the forces and moments change sign (indicating a change in sign 2
of the sidewash produced by the wake at the rudder) and rise rapidly

toward their final values.

B Total Configuration Fesponse

In order to compare the relative magnitudes of the forces developed

on the s2il, hull, and rudder and the relative time scales involved in
their responses Figures VI.7.a,b and ¢ were constructed. These plots
represent the sums of the total transient forces and moments on the sail
but only the interaction forces and moments due to the sail wake on the
hull ar ! rudder. Sinc: the sail has the most dominant contribution to the

force and moment on the total configuration, reference lines for the steady

state f.rces and momenis or :he sail were added to Figures VI. 7.a.b and v
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i to favilitate a quantitative comparison of the importance of each
E
'? interaction. The vaw moment was referred to the mid-chord of the
S . :
E sail: the roll moment was taken about the axis of symmetry of the hull.
: In all cases tside force, yaw moment, roll moment) the initial
; portion of the response is dominated by the sail response. The "hump"
k
i that was mentioned in Section VI. B indicates that initially the submarine

. acts as a lightly damped force and moment generator; i.e.. a step input

of sideslip angle causes a rapid rise- high overshoot response of force

T T o

and moment.

LR/

The portion of the response between one and five chord lengths

travelled is characterized by the interaction response of the hull.

i

The side force response amounts to onlv a small percentage of the steady

force on the sail. The interaction yaw moment of the hull, however,

causes an ultimate moment variation of 20% of the steady moment of the
sail.

The portion of the total configuration response past five chord

lengths is characterized by an abrupt change in force and moment due to
the rudder-wake interaction. The ultimate change in side force caused
by the rudder-wake interaction is roughly 20% of the steady force on the
sail. The yaw moment response is the most dramatic, the change caused
by the rudder being roughly 120% of the steady moment on the sail. This

is a result, as one might expect, of the large moment arm between the

mid-chord of the sail and the center-of-pressure of the rudder. The roll 3




moment interaction of rudder amounts to a very small percentage of

the steady roll moment on the sail since the rudder's center-of-pressure

is comparatively close to the axis of the hull.
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Circulation Mode Responses of Sail to o1 Radian
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Conclusions

1) The transient response of the sail to a step change in sideslip
angle  shows a large initial overshoot of sideforce, yaw moment,
and roll moment with respect to the steady state values.

2)  The interaction response of the hull to the developing sail

wake shows the development of a modest sideforce and a more
sizeable stabilizing yaw moment,

3)  The interaction response of the rudder to the developing sail wake
is characterized by a sudden reversal of rudder side force as the
trailing edge of the sail wake passes by the rudder. This force

reversal yeilds a small change in roll moment and a very large

change in yaw moment.
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APPENDIX A
DERIVATION OF EQUATION II. ]

FFor a distribution of dipoles:

w(X'ﬂa.)i’) _j 3 #ﬁflaﬁb\‘*h

SRAM

Since this flow satisfies l.aplace's equation, the integral can be written:

wxg.-e.a.:";r % ), 24 Y
(*3)) %ﬁ.‘f;ua[ (r) ?a‘—(i)}"‘a

Wakse

Considering a rectangular wing, the boundary conditions on T

are given below:

lul

e : *z_?.__--_------.--~.._1

l'“-xh L E 0

4] X i o

i :‘53&‘3
i é
5

-'....! ?l%i;'ﬂ ‘E

Integrating the first term by parts in the x direction:
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E Integrating by parts in the y direction:
i

'rd rar 2{Z)dx - - P LT L
)R [ ]

3 <3 -2
|

*j nﬁ(—:’:ﬁiffaﬂ

Hence:

@
_J_# o) &[4\ didyy = -3 ga J 2T xowlyy) )
) ol an‘(f) 8 4%:'# 3 a"%ﬁ(v«»)‘*%" v ”

fm‘mm'ﬂfww-rw A AR LOMLA T At (et e SR S ek Aviut Do rhooth op U A v ALt i i sl e Sl o M ATt Rttt T S il iie biv Hot Rl it st DR DAL T Ae LS O A i Rl ta b it e e U e SO A T AR ,_-_;«
Y = smems : s

* S
- 5'*';-_4\n'£ufx,,;_,‘.~.a-.%&_‘;‘-‘g T




- ﬁ ?(\1,5) %
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Hence:

A similar integration by parts procedure yields:
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APPENDIX B. COMPUTER PROGRAM LISTINGS

f; a
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o
SAIL STEP RESPONSE PROGRAM
INPUT: 1) Vehicle Geometry
\ 2) Side slip Angle
3) Trailing Vortex Sheet Angle
OUTPUT: 1) Step by Step Circulation on Sail
i
2) Step by Step Forces and Moments on Sail
3) Exponential Approximations to Circulation
Response of Sail
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L=vit 21 AL NATE = 74149 21/55/53

fid

CAME ST U PL20,2) s WS 20,138y T L{20,1310F(20),R1(12}.C0U1G,40)

REANZ200,(CP{1,1),I=1,NCP)
200 FOEMET(16F5.72)
N"""S:".“’S‘-'\‘”':
5 CALZIWLATS FQUIVALENT SPAN & JUNCTICN CCCRDIMNATE
AP =,5%[RSL-RHS)* (RSL+RHS}/RSL
Y1=AR=RSL+2HS
YH=,623661GT*ARSIN(Y1/AR)
: 3 TETAALISH SPANWISE CCNTRCL PCINTS
neo23 I=1,t00(
20 CP(1+(I-1)%NTPS,2)=Y14.]%4R
: ND 21 T=1,NCPC
: PO 21 J=2,NCPS
21 CP{Z2+(1-1)%N(PS,2)=(2%J-3)*,5%AR/(NCPS-1)

§ DIMENS TUN (WJI(3,40),WwhHF{3,20,40),1L(20),wWS{2C,43),CC(12),TAU(L12,2)
b DIMENSICN AL{12)
CIMENST N USF(12,20)USM{12,20),JSR(12,20),TSF(20),TYM(20)},TRM(2C)
E: SIMTHCT M ST(P0,13),SF(H)7M(5)
k FEANLUO y IMT g NYS yNOPE G NCPS G NS Tk g AL,yTH,REFS,FSL
',; NED=N P <N PC
1 NSPS=NSD
5 100 FARMAT(SIS,5F%8,3)

T

b ¢ S ZTE( ITW M;)F 70 SOLVE RC ON FIRST STEP
3 Fl=.5%H
- H2=1,.+H]
H3=1.-H1 i
; ARL=AF/H2 i
- _ no 1 1=1,NCP
! X0=(CP{1,1)-H1)/H?

YO=CO(],2}/H
g PWSL{T o NAPS+1)=AL®(1 .+ (RHS/(RSL~AR+CP(L,2)*%2)
3 DO 1 J=1,NMS
3 YHL =YH/H2
WHS(T o J)=SINT(XO0,YOsJs0sARL,YHL)/FZ
1 DWSI(T,40)=WWS(T,J)

: PO 15 [=1,NCP
4 X0=C2(1,1)
K YO=CP(1,7)

] N0 15 [J=2,NMC

d K=(TJ=1)*NMS

: nO 15 J=1 ,NMS

: 15 DWSTIT K +J)=SINTIXO YOy dsldyaR,YH)
3 N2=NUDS +1

{ PRINTSO T ™

DO 30 I=1,NCP
30 PRINTSOO, {OWS1(I,J),d=1,N2}
CALL GLSA{PWST1,4°R1,1L,NCP,AMDS,RUG,0.40.)
r FINT TEATLING ERGE VALY GF VORTICITY,ETC.
PIP=SOKT (1a-(HR /W2 )%= )
VOR=H3/H2/H2/D1P
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: P02 J=14NMS
] - COUTJ,1)==1.%B1(J)I*DIP/3.1416
£ 2 CWJ(J,1)=-1.%B1 (J)*VOR
: NO=NYS +1
, ND 17 T=N0,NMFS
! 17 CNULL,L1)=R1(1)
3 | C FIND DPWNWASH OF UNIT PSEUDD MONE
1 = PO 3 I=1,NCP
; ' X0=CP(1,1)
YO=CP{1,2)
ne 3 J=1,NMS
3 WWST 3 J)=(WWS (T30 +(NIP/3.1416)%(SINTIXO0,Y0,Jy1yARyYH)=TECMCILR K,
114X0+Y0yJeTH,YH)))/VCR
1 - DO 4 I=1,NCP
: ‘ 4 PRINTS00, (WWS({1,J)sJ=1,NMS)
" i 500 FORMAT(°0',10X,10E12.4)
e DD 5 K=1,RAMS
; DO 5 I=1,NCP
] 0=CP(I,1)
T T YORCPI1,2) S R IR
D0 5 J=1,NSD
5 WOF(K oI 3J)=WAKE(HsAR,JyX0,YO oKy THoYH)
- FIX MATRIX FQUATION ARRAY FOR SUBSEQUENT VALUES OF 15T HMCDE
3 DO 6 I=1,NCP
3 X0=CP(1,1)
‘ YO=CPT 1,27
; DO 6 J=1,NMS
5 6 DHSITI 2J)=SINT(X0;Y0sJy1 AR, YH!)=WWS(I ,J)*6.2832/¥H
5 TF(NMC .EQ.1)R0 TO 13
DO 12 I=1,NCP

o P P Gy T Ry oa

-;_{— ok mimsy

; X0=CP(1,1)
: . YOECPT N2 ca = aige acms ff 052 -
1 DO 12 J=2 NMC

i _ N=NHS

NO 12 K=1,NMS
L=N%(J=-1) +K
: 12 OWSUI,L)=SINT(X0sY0,KsJyARsYHI
| - I3"CONTINUE - = sosRl S deswe— o o
, DO 11 N=2,NSD
; DO 7 I=1,NCy
R(I)=0.
X0=CP(1,1)
YO=CP{1,2)
- DOCTTIETINMS o
c FIND NEW DOWNWASH OF TRAILING EDGE MODE
PUI)=B(T)4CCULJ, 1 I*TECMCIAR H Ny X0y Y0ydsTHyYH)
r FIND DOWNWASH DUE TN PL MODES IN WAKF
N1=N-1
0O 8 1J=1,M1 -
B R(TIZBCII+CHILS 1 ITEWGF L J5TyNST I~ e e S EtE e e P ey




g

32

JLTE = >

71 MAIN

ROU)=F{D)=0CwWI(JyN=1)46,2832=COULIyN=1)/H)XWAS (] ,J)
PO 6 I=1,NCP

DWSL(I NMDS+1)=B{I)+AL*(1.+(RHS/ (RSL-ARZCP(1,2)3)%%2)
DO 9 J=1,NMDS

DRS1(T4D)=CWS(T1,J)

CALL GLSAINMWS1,BY1,TL NCP,AMDS RUG,0 40,1}

PRKINTSQO

N3=NMDS+?2

DO 31 I=1,NCP

OWS(I.HN3)=DWS(T1,1%BL1(1)

PWSCI N2)=PIT)+AL*(1 .+ (RHS/{RSL-AP4CP(TI,2}})%2%2)

DO 32 J=2,NMDS

DWS{T4N3)=DWS({I,N3)+31(J)*DWS(1,J)

"3T PRINTSO00, (DRS(I4+J)sJ=1,N3}

25

11

23

800 FORMAT (%1%, 10X,°STEP RESPONSE OF SUBMARINE SAIL WITH HULL INTERFER
LENCE,AR= ', F5.3) '

" CALU SRUARYyVYHy,NMS,SF.RN)

DO 25 [=1,NMDS
Coull,N)=B1(1)
0O L1 J=1,NMS
CWILJGNI=(6.2832/H)=(CAUCI,N}I-COU(I,N=-1))-CWILJyN-1)
no 23 1=1,NCP

X0=CP\(TI,1)

YO=CP(I1,2)
STUIZNMS+1) =AL% (1.4 (RHS/(RSL-AR+YQ})*42)
DC 23 Jd=1,NMS
ST{IyJ)=SINT(X0,YO,J50y4R,YH)

CALL GLSI(ST4BL,ILyNCP,N¥S,BUG+0.,+0.)

PRINT B0OG,AR .

PRINT400,H

400 FORMAT('0%, 10X, '"RETA= .1 H=',F&.4," HALF CHORCS')

- - BRYRTETS - 2 ey

625

TTT300 FORMATU'0', 10X ¢ *WAKE LENGTH=" ,13,2X, YSTEPS") = 7~

10
600

G000
14
700

850

FORMAT('0?,10X,¢*STARTING MODE STRENGTHS®)
11=0

PRINT600,(T1,1,B1(I),T=1,AMS])

DO 10 N=1,4NSD

PRINT3J0,N

00 10 I=1,NMC .
PRINT60Q, (1,J,COU{CI-1)2NMS+JyN)yJ=1,NMS) '
FORMATULIX 302X ,'BU",1Y,'-*,11,")=",F12.4))
PRINTOCC

FOAMAT (10!, 10X, "WAKF MIDE STRELGTHS')

DO 1% J=1,NMS

PRINT 700, (CWJ{JyNIyN=14N3D)

FORMAT ('0°,10X410E12.4) .
TALL STTADY(AR ALy TH,NMC (NCPF P YHFHS,FSL,CN,TWS,NMS)
PRINTRS50

FOEMATOY G 10X, *STL /Y STATE MODT STERNGTHST)

D0 18 I=1,NHMC T
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TROPE [ T (T 1y (T )RS ) )=l R )
CALL T aC U vr WNS  NST L, LCU,Chy T ALy 2)
PEI*ITEAN
550 FOAWAT (v, JUXPFXPONENTTAL APPROIXIMATICANS TG NCOF HISTCRIESY)
L 15 I=1 .00
A WA o BV
Kz Jwex(]=1})+J
Al=1.-3(K)
16 PRINT SO,y I9JsCUOLK) AL TAUIK, 1) A(K),,TAY(K,2)
750 FORMAT(' I 10X "By 11y "=, 11.%0=",F12.44"01.- 'ZFl2.4,'CXxP(*',E12.
T3S )= v 12,4,'FXP{",%12.4,'=S})")
CALL EMUNMT (P MG QP B S W HES AR MLy T 0y T yH USFyUSM USSR, TSF,TYNM,TR
1M)
T PRINTOI10
910 FORMAT('0O', 10X, 'FIRCES £ MOMENTS OF MONDES')
PRINTG920,(USF(Y,J)4+J=1,NSDS)
PFINTO30
920 FORMAT (D', 10X,10212.4)
930 FORMAT('D")

S UPRINT92C, (USRUL,J3 4J=1,NSDS)

= 'Po 22 1=1,0MS
PRINTOG3Q
22 PRINTG20, (USF(T4NMS,J} ,J=1,NSDS)
- “PRINT9%0 miadee L

940 FCRMAY{'0',10X,'TCTAL SIDE FQRCE')
PPINIG20, (TSF{J)yJ=1,NSDS)
PRINTGS(D
G50 FOFPMAT('0', 10X ,"TOTAL YAW MCM=ATY)
PRINTO20, {TYM(J),J=1,NSNS)
T TTTPRINT IS0 - ) e
960 FORMAT('0',10X,'TOTAL RCLL MOMENT®)}
PRINTG20, (TRM(J),J=1,NSOS)
CALCULATE STAFTING FCPCES & MOMENTS
SSF=-1.570R*RY1 (1) *SF (1) =2,
SYM=SSF=*,5

T T SRMERMT LI #FSSF/SFUL) - et T

‘DO 24 1=2,NMS
SSFA=-1.5708%Bl{1)eSF(I)%2.
" SSF=SSF+SSFA
SYM=SYM+,5%SSFA
24 SPM=SPMERM(T)=SSFA/SF(])

Lo T SRM=SFM#SSF*{RSL-AR]

PRINT650
650 FORMAT('0%, LOX,'STARTING FORCES & MOMEMTS')
PRINTETS, SSF, SYM, SRM
675 FORMAT (VDY ,2X 4" SF=? ,F12.442X,'YM=1,E12.4,2X,"RF¥=",F12.4)
CALCULATE <STZany FORCES & MUVENTS
T TESF=3.16416%CN(L1)RSE(LI*2, T T oo
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! 2. (<
Frugerse Jyv € Lovit 21 MATN JLTz = Tal4
0le7 AT N
88" FFM=CSF%RM({1)/SF(1])
w 0189 DN 26 1=24,NMS
L 0150 ESFA=3.1416%CC(I)%SF{[}%*2,
VR =3 § ESF=[SF+-SFA
2 0162 FYM=F YN+ . 5%CGFA
0193 26 FRM=RM$CSFAXRML])/SF(T)
e EPM=FRM+Z SF%*(RSL-AR)
:' 5195 DO 27 1=1,NMS
: 0196 27 EYM=CYM+,. 7854%2 . «SF(I)*CC(NMS+I])
T 0157 PRINT660
. 01¢8 660 FORMAT(t0',10X,'STCANY STATE FQECES £ MUMENTS ')
0199 PRINTETS,ESF,TYM,ERM
[~ 770200 - 50 FORMAT(*11)
s 0201 STNP
0202 END
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LR

SOeTeRAN [V LTVEL O 21 SINT NATE = 74149

0OV01l FUNMCTION SINT X, YohNyMy,aQ,Y0)
gﬁ;*""uuvz"""“'* DIMENSION R{E)yFIE) s W(3),F(5)y71(6),C2(0)
ol 0003 ZILA,R)=R=(1,+2)-1.
0004 128, R)=RE(1 =L }+ A
. 0005 I3(A ) =42 1.#4R)+83
! 0006 L6(A,R)=3=x(1l.=-A)¢],
Q07 IFTA=. 65561 972 CIM(Y/AR)
R 1o 1<) I R(1)=.2386192
0009 R{2)==-1.=R(1)
00t0 R{3)=.6512094
; 0011 R{4)=-1.=R(3)
0017 L{5)=.332465%
0013 Flb)=—1.>xR(5)
TTTTToUTSE T W{l)=.46K79139
0015 Wi{2)=.3607616
0016 W{3)=.1713245
0 10 R 4 TF{7FTALLT.0.)GE TN 3
0018 D1=7CTA
0019 N2=1.—-2FTA
U020 - "0 1 I=1,6
0021 Al=R (1)
L_ 0022 E{I1)=Z1(A1,ZETA)
0021 FIU)=Z2(AY,Z2ETA)
00?24 P1=F(1)
(VIO P2=F(1)}
{""‘UUZB“‘ FTA1=AR*SIN{1.%5708*B1)~Y
0027 ETA2=AC%SIN(]1.57T08%R2)-Y
002 8 CL(I)=CINT(X,ETAL ;M)
B 0029 C2(T)=CINTOX,ETA2 M)
0029 G T0 5
U+l Dl=1.+7FTA
r—"' 0037 D2=-1.%ZETA
' 0031 DO 4 1=1,6
J 0034 Al=R(1)
. - 2035 E(I)=230A1,Z2ET2)
0026 F(1)=24(A1,2ETA)
0037 Rl=£(1)
r"““”‘UUXB' BZ=F(I) )
) 0039 ETAL =AR%*SIN(1.5708%B1)~Y
0040 ETA2=AR*SIN(1.5708%B2)~-Y
1041 CI(I)=CINT(X,ETL1,M)
N4 2 C2(I)=CINTI(XsFTA2 M)
U)a3l G1=0.
r—'-"UUZ? B G2=0.
0045 DO 2 11=1,3
‘ Q046 JJ=2%11
i 0047 1J=2+11-1
NDOs & X1=F{ 1})
0049 x2=f(d41)
" ~0050 Yi=F(I D
i
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FARTRAN TV

0J51
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0053

0054

0055

QoL 6

0057
0058

0059

& :v.xiﬁ‘:-‘ﬁ,‘, E;"E
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21 DATE = 74145

Y2 =t (JJ)

W1=Cl(14)

W2=C1(J4)

F1=C2(1J)

R2=C2(J4)
Cl=Clew(IT)=(FL(XL, YsWL AR N YF)+F]1 (X2, Y W242R,ti,¥YH))
C2=G2+W(IT)*{FLIYYyYyRLIJAR, Ny, YH)+FL1{Y2,Y,R2,L% ,H,YH))
SINT=(G1*D1+4G2*D2)%*.19635

RETURN

END




Ovu7
70008
0009

8 0010
ST o001
0012

0013

SR 110} 3
- 0015
© 0016

T 0017
0018
0019

2 1L

FUMCT T g TIRT Xy Ty )
DIMENSTON RUG)yE(6) 4FE) W (3)
Z1(4a,F)=a%(]1,4R)+R
12(2,B)=8%(1.-A)+1.
I2(4,R)=3=(]l.+4)-1.

LatA F)=28(]l L)+

[l =e6366197«ARSIN(X)

R{1)=.2386192
R{2)=-1.%R(1)
L(3)=.6612094
P4)=-1.%R (2}
FR)=.6324665
FlhY==1.=K(5}
Wll)=.45679139
W(2)=.3607616
W{3)=.1713245

TF(NEL.GT.0.)GE TC 10

DO 1 I=1,6
Y=R(1)
E(I)=Z1{Y,DEL)}
F(1)=22(Y,DEL)
Al=1.+NEL

£ 2==1.%NCL

GO Ty 20

nn 2 1=1,6
Y=R{1}
E(I)=23(Y,DEL)
F(I)=Z4(Y,DEL)
Al=DPFL
A2=1.-DEL
CINT=0.

DO 3 1I=1,3
X1=€({2%1-1)
X2=€(2%1})
Y1=F(2=1-1)
Y2=F(2%=])

D=A1%2(FCUXY1,ETAZ Xy MIHFCIX24ETA X, M))
C=p2%(FCIYYI ETA X yMI+FCAYZHETAy X M))
CINT=CINT+W({I )% (D+C)

RETURN
FNN
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SR
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onel
T 770002
: 00C3
0004
BRIVES
Jub
00u7
P ‘0003
v 0009

o ———— e -

21 -r NATS =

FUNCTTON FOAX,ETA,X0, M)
IF(M.EFQ.0)G=SIN(1.571)8%X)
IFIM.,EQ.1)6=1.-SIN(1.5708%X)
TF(M.70.2)6==.5%(C0S{3.1416&X)¢SIN(]1.5708%X})

0
il‘}<

74145

[F(4.0T . 2)6=.5%(CCS X1 .5T708%(1.+X) V4008t V=2)*( 57CR*(1.+X

L£=SIN(1.570R8%X)
FC=G=SORT{(A=-X0)%(A=X0)+ZTA*XTA)/ (£=-XC)
RETURN

ENT
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CoeTEAT IV oS L VL 21 F1 T = T74146<
Joul FUNCT T ™Y FLUA,Y PPy Ny YH)
[:_-_ 0002 IFIN.EQ.1IRC TN 1
3 i uouv3 IF(N.EQ.2)GC TO 2
L. 0004 IFINLEQ.3IGE TN 3
- 0005 1 CONTINYT
2 aQue TFO2 LT YHYAC=r0C (1.5703x(2+41.)/(YR+)1ai b/ (YH+1,)
QJu7 [E(L O YH)OS=0rC {1 .5708%(A~1 )/ YF=1a))/(YR=1.)
r_ 0008 GO TD 4
3§ 00009 2 CONTINUE
0ulo JTF(ALLTYH)GS=COS{1.5708%x(a+) )/ {Yk+1.) )}/ IYHe]L )
2011 IFIALCULYRIGS=00C (] .57CE8XA/YE)/YH
. Jol? TR{A .G ,0.)0GS==2,200C(4%3,741¢)
J0o113 GU T 4
f—u 0014 3 CONTTNYF
5! 0015 JTF{AGLT.YH)GS=3.2C0S{4.T7124(A+1.)/(YF+1))/(YEHSL,)
! 00.¢ IF{2 eGEYHIGS=3,.%COS{4,7124%(A=1.)/(YH=-1.2)/0LYF=-1.)
" 0ul17 4 T1=FA&GS/(APXS IN(A%] ,5T708)-Y)
o 0018 FFTURN
FNP

0016
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; SOSTRAM TV 6 LAVEL 21 NEKE DATE = 74146
g aned FUNCTIN WAKT (H AC 4Ny XOsYO, I 1,TH,YH)
T Qo0Z : CIMENSIGN R{6),E(6),F(6), W3} s
,( 0003 Z1(A,B)=3%(]1.+A)-1. P
0004 Z2(A,B)=R%(1.=A)+A .
E 2005 2304 ,0) =A% (1,40 )+P -
: , Q006 1alA,0)=9%(1.-A)+1.
: 0007 ITTA=.626619T*LRSIN(YO/AR)
A ["' ‘U008 R(1)=.2386192 S
: 5| 0009 R{2)==1.%R(1)
] 0010 R{3)=.6612094
g ' 0011 R(4)==1.%R(3]
3 . 0012 R(51=.9324655
i 0013 RI6)=-1.%R{5)
3 —TTuoTeT W{1l)=.4679139 e
. s 0015 W(2)=.3607616
: ’ 0016 W(3}=.1713245
1 5017 IF(ZFTALLT.0.)IGO TN 4
' \ 0018 R1=Z2ETL
0019 N2=1.-1FTA
ou2e T T DO 2 I=1,6 ' - L
: " 0021 Al=R(1) g
3 ‘ 0022 E(I)=Z1(AL,ZETA)
' o 0023 2 FII)=22{A1,27TA?
: . 0024 G0 TN 6
4 0025 4 Dl=1.+47%T4
i v o 7.4 T D2=-1.%7ETA Rl
i ,[—— 0027 NO S I=1,6
i 0028 Al=R(1)
L 0029 F(I)=73(A1,2ZFTA}
E " 0030 5 FI{1)=24(a1,20TA)
¢ 0031 6 WAKE=0.
E 1 | vl PO 3 1=1,3 2 -
4 ”f— 0033 RI=E(2%1-1)
E | 0034 R2=E(2%])
4 - 0035 F1=F(2%1-1)
: ' 0036 E2=F(2=})
g 017 Gl=NT=(FANA(RYL /Ry HyXOpYOeNy TT,THyYH)+FWL(R2,AP 4y X0, YCsN,II
£3. - — - e I, -y
i ‘I— 0038 G2=N2% (FAA(ELyARy Hy XOy YO Ny I1y THy YHI +FWALE2 yAR yHoXO y¥D 4Ny I1
: 1}
: 2019 3 WAKF=WZKZ+W(T)%{G14G7)
4 i D040 RETYEN
- 0041 FAN
N r_"
3 i
5 ]

Rt

W

1
:

LS

e
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; SERS PR TR SN ATU 1| Y DATE = 74145 | 4
2 13
? 1l EUMETL L Fn A0Y L8 gH X0 YO Ny 11, T,YH) ! g
E"*"'oooz GS=FSPAN(Y, [T,YH)
1 ] 0003 XN1=N&H-( X0~1.)*CCS(T) 3
é_ 0004 XN2=XN1+H Y
ouus XN3=XN] -H 7
D005 10=A8S(X)=-1,.)=SIN(T) 2
0207 Y1=£95STIN(1.5708%Y)=Y0 3
£ 0008 Y2=£3S(Y1) -
4 0009 S=Y1/Y2 i
; 0010 FAR=Y2/2) ;
- 0J11 SA1=SCRT (XN1=XN1+Y1%Y14Z0%70) E
0012 SK2=SORT( XN2%XN2+Y1%Y1+20%70) .
0013 SRA=SQRT{XA3I=XN2+Y1 %Y 1420%20) 1
T TTOOTE S1=SQRT(XN1%=XN] +70%20) 4
§ 0015 S2=SOFT{XN2*XN2+20%Z0)
- 0016 S3=SORT (XNI®XN3+20%20)
0017 A=Y1/(Y1¥Y1+Z0%20) 3
0018 Gl=ps (. 5% (XN2%SR2+4XN3#SR3)-XN1*SR1) £
00la G2=Y1*(ALCGUXNL#SRL )=.53 (ALOGIXN24SR2}+ALOGIXNI#SRI))) ]
E;““‘Uoza" 6G3=S*(XN2*ALOG( (SP2-Y2)/S2) +XN3*ALOG( (SR3-Y2)/S$3)-2 .#XN1*AL" i
‘ g 1-v2)/51)) 3
. 0021 G4=20% Sx(ATAN(RABXXN2/SR2 ) +AT AN (RAB*XN3/SR3 )=2 .#AT AN(PAB=XN e
; -0 FWA={Gl462+G3+G4) %GS*,125/H A
0023 FWASFWAXCCS (T) E
0024 FETURN E
1 g~ oozsT - END - 2
s
L.. . ~ - 4
; ;
¢ 4
3 %’.-’”"“’"’"““ . B ;
) ,
A -+ SN 3
; ~ o ":!
3 k.
A g
o .
1 )
4 -
L TN
¥ (/ :
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21 TECMN NATE =
ELNCTIIN TECMCUAP yH 1y X0y Y0, 11,T,YH)
DIMENSION RU(6),WI{3),E(6),F(6)"
Z1(A,B)=B%(1.+A)-1.
I2(A,R)=B&(l.-A)+A

I3{AR)=A%{1.4+B)+R

JH(AF)=3% (1, -A)¢+]1.,
IETA=.63661GT*ARSIN{YQ/AR)
R(1)=.2386192

R{2)=—-1.%R(1)

R({3)=.6612054

a)=-1,.%R(3)

£(5)=.9324665

Rlo)==1.%K(5)

W(1)=.46T9139 : = W S
W(2)=.3607616
W(3j=.1713245
IF(ZETA.LT.0.)GC TC 4
D1=7E(TA

C2=1.-LETA

N0 2 T=1,6 —~ =l =
Al=R(1)
E(I)=21(AY,_FTA)
F(1)=Z2(A1,7ETA)

GO T 6

N1=1.+Z[TA
D2=-1.%ZETA

DO S5 1=1,6

Al=p (1)
F(I)=23{A1,ZFTA) :
F(1)=24(A1,Z2ETA) 1,
TECMN=0. i
DO 3 1=1,3
Y1=E(2%1-1)
Y2=E4{2%1)
Fl=F{2%]-1)
F2=F(2x%])
GI=01#{FT [Y1y AR H, X0y YO yNyT1, Ty YHI+FTIY24AR,H, X053 YO N,I1,
G2=N2%(FT(EL AR yH ;X0 s YO Ny IT Ty YHIFPTUEZ2, ARy H,y X0y YOZN, 1T

TECMD=TEC MO #W( T J*(G1+G2) {
RETURN ' L
) z
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&

LW el e
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21 ?’

F'I\JFTI'-L FT(Y,ARyny\Jle)va ‘lvaYH)
GS=FSPAN(Y,I1,YF)

XNI=N&H={ X0=1.)%CNOS(T)
XN2=XN1-H

XN3 = XNP -H
Y1=ARYSINMNIL.STOR®XY)-YD

Y2=4RS (Y1)

S=Y1/Y2

Z0=ABS(XU-1.)*SIN(T)
FAR=Y2/20

SR1=SQFTE XNIxXN1+YLl=Y]1+70%2C)
SP2=CSORTIXN2EXN2+Y1%Y1470%70)
SE=SAFT{XNL*XNL+Z0=70)
S2=SQRTIXN2%XN2+Z0%Z0)
A=Y1/(Y14Y1+210%720)

SLTO = 741449

G1=,0625%(1./(XN1%XNL1+2C*20)+1./(Y1*YL1+Z0%ZQ))*XN1*xY1/SR1

G2=A%[ XN2*SR2-XN3*SR1)
G3=Y1=ALTGUIXNL4SRL)/ (XN2+5R2 1))

G4=2 %X =SxLLOG{SLIHISR2=Y2)/ (S?* (SFR1-Y2)))
G5=70%S% (AT AN{RAB®XN2/SR2)}-ATAN (RAB%xXN1/SP1))*Z.,
FT=1.57082(G1l+(.125/{H*H)I*(G2+G3+CH4C5) I*CS/ (la-.5%H)

FT=FT*COS(T)
RETURN
END
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DI
0Q02
0003
0004
J205
J0d6
Jd0u T
0008
0009
goto
0011
0012
0013
Jols
0015
0016
0017
001 8
0014

0021
0022
0023
Jd24
0025

v &t

VoL

50
500

0<
21 STLANY NDETE = T4149 21755
SEUAL P T [ STHAGY (AR AL, THyNSCyACPCPyYHyRHS,REL 77 4TSy VS

NIMENSTION CPL20,2),CNLL2),CWS (20,13} ,1L(20)
DIMENSINN (20,13}

NMNS=NMC LIANLIAN

o1 I=1,N00

X0=(2{1,1)

YO=CP(1,2)

OWS(T GNMIS+Y1 ) =AL* (1 .+ [RHS/(RSL~-AR+YO})*%x2])
DG 1 J=1,NMS

CWS(L o J)=SINT (X0, Y0 sJdylsARyYF)=TRL{ARyYHhyJ.X0,YC,TH)
iN1=NMl S+

N2=NNNSG+2

nN 2 I=1,NCP

D0 2 J=1,N1

S(I'J)=D"IS( I'J)

CALL GLSI(DWS yCQyI L NCPyNNPSBUGs0ay0.)
PRINTSO0

roo2 [ =1,NCP

ST WyN2Y=S(1,1)%C0(1)

DO 4 J=2,NMDS

S{IyN2)=S5S(T,N2)+S(T,J)*C0O{1)
PRINTS500,(S(I,4J),yJ=1,N2)

FORMAT ('17)

EC3MAT(0)',10X,10E12.7)

FATURN

END ‘%E&
W,

SR
37
f




P T P | TS TR shub R (i aleiibab o i iy RO i LTS AL et s dhaiaata b e B bt e S S A B Sl Shra B bt b b (i o Ha i S S L b D e g i

<
FORT24 v S LV L M T2 DATE = 74149 z1/55,
0091 ForsC T ™ T LY G YH, dy X0, Y0, TH)
I 0002 CIMENS TN K61, 5(6),F(h),W(3)
i 0003 T1CA,0)=a%( 1. 4F 144
™ 0004 20(h,R)=ax(].=-A)+1.
~ 0005 130 y3) =35 (1. 44)-1.
000 I T S R T I DR P
QUU7 Tl T AREA)TATRARSINIYD/AR)
~ 0008 P{1)=.2386192
" 0007 NE2)==-1.%R(1)
001V 2(2)=,6612094
T 0ol C{4)==1,=6(7)
2012 F{5)=.,73246C5
vl 2 F{6)==1a%F(5)
T 0014 Wll)=.4676139
7 0015 W{2)=.3607616
F oors w2} =, 1713245
- 0017 IS{r-tAT.2.)57 TY 10
001 8 rMoY I=1,6
0019 Y=C (1)
0020 E(I)=21(Y,NEL)
ﬁ 0021 1 Fil)=22(Y,0EL)
0022 Al=1.+DFL
0023 £2=-1.%"EL
00?4 GG TY 20
03725 10 DP 2 1=1,6
TT0026 Y=2(1)
$ 0027 F1)=23(Y,DEL)
L 0028 2 FUI)=Z4(Y,CEL)
= 002¢ A1=[ =
0020 A2=1.-0%L
0021 20 TRL=0. i i
TU32 N0 3 1=1,3 | B
E—ooaa X1=£(2%1-1) : |
X 0034 X2=E(2%1) :
L“UDBS Y1=F(2%1-1) -
0036 Y2=F(2%1) i 3
0027 ToAl=(ETA (AR, XO YDy YHy J g TH X1 +FTRIARGXO, Y0 YF JyTH,X2)) 1]
b IV 2 s C=82%CFETO (AR X0 0y YHyJ s THyYII#FTRUAR,XCQ, Y0, YH J,TH,Y2)) 4.
£ 0039 3 TRL=TRL+W(T )% (C+N) ;u
" 0040 RETURN 19
o T4 ] N g
-~ i
{1
I -
. g;ﬂ
| 3
| 8
L

755k
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0001
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0003
0004
0005
0uoL6
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0008”

21 ETR DATE = 74145

FENCTT N FTRAF X0y YO YFeJeTHy X))

GS=FSPAN{ Xy Jy YH)

FTA=AR®SIN(1.5708#*X)-Y0 .
ETA2=FTA%ETA

202=(1.-¥0)*%{ 1e=XOYXSIN(TH)®SINITH)

FIRP=,263 1«05« TAXCOS{TH)/ (ETA2+202)

RTTUEN

END

Liiea R B SIS
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AT R TR

LTI RER BV P TN I

N R (SSSURE | P SO (1 ERTR= R I
001 FIMCT R TCLANCAN,YE)
o002 ITFIN,EQ.LICT TO L
0003 [FihatQ.2)C) TC 2
0004 TRIN.EQLTNON
0005 1 COoNTIRNE
0006 PREELLT oY H)CS=0 0 (0 57095 (A4 ) /{YH+ 1))/ (YH+1,)
JO07 PEAL 0 oyt S=7 08 (703 (a~1 .}/ {YR=1.)0)/(Yr=-1.)
- 0003 nnoTY 4
0Co9 2 CONT [t af
0010 TP{L LTSYHIOS=OTMSHY HTIB(2+].)/ (Y41 ))/(YH 1)
0011 TFES S LR YRS =0NC{ ], 57C8% Y /YH) /YN
Q012 T700 .0 o) )OS == ol (ax7,141¢)
001 g T Oy
T oU0T% 3 (ONTINUE
u0ls5 TFOAGLTYH)GS =3,%xCO0S(4.7124=(a¢1.)/7(YF 1o))/0YE+LL)
001le TF(AGEaYH)RC=3 0G4, T12%%{A=1.)/(Y=1.))/(YF=1.)
T 0017 4 FSDAN=(GC
0018 RETUAN
0019 N

| RN
¢ g

) A ST me. _ AR LA Gt A R g arch
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GERGEICE O i e M

SRS Sy L Ms

o]
T 00v2
0003
0004
J0J5
RISINN:
Quu?
- 000B

0009
010
ooll
Jdunl?
0013
0014
0015
30146
0017
0ul18
go19
0020
0021
nnz?
023
ulza
~QgozZs
0026

0027
0J28
J0?9

0031
0032
7033
1074
035
~— 00386
0037
0038
079
13640
7041
- 0042
0043
0046
0045
004 ¢
1047
U048

Lo S LREVEL

21 TAUS NATL = 74l4v 21/55.

SUEAF wUT Ih7 T (Ml JAS NGOy D0 D0y H , TAL, 8)

DIMENSION 1L(20} =
DIMENSTON COUC9,640) ,2CU12),TAUCL2,2) «RAT(20,13)ANSLL2),1(12) g@‘
REAL MUL,MU2 é%
re 20 1=1,12

A1)=0.

TAUCT,1)=0.

TAU(T,2)=0.

FIPST MUNL CHORDWISE AND SPANWISE
N=NSN-1
FATET, 1)
PAT(1,2)
FAT(1,3)=1.-CCU(L1,2)/7CC(1)

DO 1 I=24N

RAT{I,L)=1.-COU{l,1}/CC(1} ¥
FaT(I1,2)=1.-COU¢{L,I-1)/CO(L)

RAT(1,3)=1.-CCU(1,1+1}/C0O(1)

CALL GLSOURAT JANS sILyN9y2+8BUG+0.,0.)

Al=.5%ANS(1)

"
SQ=SQRT{A1ZAL+ANS (2)} - ]
ML =A1+SQ i
MU2=A1-SQ

TAU(L,1)=ALTOGIMUT)/H

TAU(L,2)=ALOG(MU2}/H

DO 2 I=1,K°D

Afl)=A(1)+().-CCU(L,1)/COC1)-MUL*RT)/(NMUZx*]-MLLI*x=]) ?g
3.4
&

L7

NCTH

l.=coutl,1)r/70C(1)
1.

AlL1)=A(1)/NSD
SFCOND MONE CHORDWISE
DO 5 TT=],NVS
J=NMS +11
PATIT,1)=1.-25%COU{J,2)/CCLL)

RATAL,2)=1. . "
RAT(1,31=1.-COU(S,2)/7C0(J) ;5;
DO 3 I=2, . jé%

RAT(T,1)= =COUIJ,1)/CCLI)

PAT( 1,202 e=CU(J,1=1)7CN{y)

FAT(L 33) =1.=COULI,141)/7CC(J)

RAT(2,2)=RAT(1,1) ] L 4
CALL CUSOURAT yANS 1L sMNs24BUG,0.,0.) ~
Al=.5%ANS( 1) £
SO=SORT(AL1#2]1+ANS(2)) :
Ml =2 +S"0

M“?_:Al—(’\

TAUGS, 1) =&L0GIMUL ) /H —
TAU(J42) =ALCG{MU2)/H

AI)=(T1.a=.5%00U(J,2)/COLS)I=MUL) /{MU2-MUL) .
CC 4 J=2,ACn -
AU =20+ 01 =Crid, 1) /000N =YU1=#1) 7 (MU2% s [~rL1" 21 )
A(JYy=tig)/men

FETURN
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CIMEASTON X{4a0)RTLa0) ,CPL2O+2)YyRVP(2U42) +OXT{40,40,3}
DIMENSTON (WR(40,40,2),0WR1(20,13),0WR(20,13),8{201,C00L112 401
NIVMENSTCN SF(5),RM{5)

DIMENSTON RUF({40)RUM(40)RUR{40) 4FM(2,40)CFM{3,40),0FM{2,401}
DIMENSEICN TL(20)

READIOO yAMC yNMS yNCPC o NCPSyNSDyNXy THyRHR yRRDyRLyHCH yRHS, RSL 4 BOMW ST
1RN

FORAMAT (E15,6F5.3)

READLILIQ.WFVS,A,T1,T2

FORMAT(4FE12.4)

NPTS=NCPC¥NCPS

NMDS=NMS=AMC

READ200,(CP(T,41),41I=1,NPTS)

FORMAT(16FS5.3)

ARR=,5% (RRD-RHR)*{RRD+RHR) /RRD/HCR
Yl=1.-(RRC~-RHR)/ARR/HCR

ARS=.65% {RSL -RHS)*(RSL+RHS)/RSL
YH=,63661GT*ARSIN{Y1)

N 1 [=1,NCPC

CPUL+(I-11*NCPS,2)=(Yl+,1)%ARR

DG 2 I=1,NCPC

nn 2 J=2,NCPS

CP{J+{I-1)"NCPS,2)=(2»3-3)* ,5%ARR/(NCPS-1}
ROR=RRLC~ARR=®HCR

ROS=RSL —-ARS

DO 3 1=1,4NPTS

RVP(I,1}=CP{1,]1)*HCR+RL
RYP(I42)=CP(1,2)*HCR+ROR-ROS

X(i)=1.

QT{1)=RSL

CAlL WCT{(BCwW,STERN+X,RT4NSD)

FORMAT (0 42X +E12.442X4yE12.4%)

CO 4 1=1,NPTS

XO0=RVP(I,1}

YO=RVP(I[,2)

CALL UTRLDU(XO 4 YU THy X3 ARSyRT, 1 yNXyNSOy I 4DWI,RHS,RSL)
CALY UBNDI(XO+YO,THaXoRTL,ARS, 1 ,NXgNSD,1,DWB,RHS,RSL)
DO 5 [=1,NPTS

PRINT300s (DWI(T4dyt)ed=1,NX)
PRINT3004(CwWB({T4Jyl)oJd=1,NXJ

CO 6 I=1,NPTS

X0=CP({1l,1)

YO0=CP(1,2)

CO o I1J=1,NMC

DO 6 J=1,NMS

CWRLI{ Ty (TJ=-1)=NMS+J)=SINT(X04Y¥0eJselJsARR,YH)
TFITJeFQelICWPLIT,J)=DWRI(I 4 JI+TRLIARRyYH;JpXGe Y0404
CUNTINUE

PRINT O

FORMAT( YC" ,2X,"STATEMENT 1)
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PEINTO25,(X{1)FT(I),1=1,NSD)
D 7 =] NPTS
DWRLI(I NMDS+1)=DWwB(1,1,1)
NE=NMDS+]
N 7 J=1,NF
7 CWR{1+J1=DWRL1I{1,J)
CALL GLSCI(DWR,B,ILNPTS,NMDS,BUG,0.yD.)
DO 8 I=1,NMDS
8 COU(T,1)=B(1)
DO 9 I:ZvNX
DU 10 J=1,NPTS
DWRL{J 4dAMOS+]1)=DWRL(J,MMDS+1)4DWEBLI 91 41)-CWBLY,I-1,1)40WI{I,1,1)
DWR({JyANMCS+1)=DWRL(J4NMDS+1)
CC 10 TJ=1,NMDS
1O DWR(J,IJI=DwR1(J,1J)
PRINT400,!
400 FORMAT('C',SX,y*'DOWNWASHES AT STEP*,13)
PRINT300 4 (CWR{IK,NMDS+]),IK=1,NPTS)
CALL GLSQIDMRyByIL ¢ NPTS,NMNS,RUG+0.4+0.)}
DO 9 1J4=1,AMDS
9 COUlIJ,yID=BL(T14)
X PRINTQS5Q
G50 FORMATI([ 90! ,,2X*STATEMENT 21
PRINTQ2S5,(X(I)4RT(I),1=14NX)
PRINT350
350 FORMAT('0* 42X, 'CIRCULATICN RESPONSE OF RUDDER TO UNIT STEP')
CO 11 I=1,ANMDS
PRINT375: !
375 FORMAT (02X« *MODE®,12)
11 PRINT300,(CCUCTI4J)yI=1,NX)
300 FORMAT('C'42X,10E12.%)
C CALCULATE FORCES £ MOMENTS
CALL SR(ARR,YH,NMS,SF,RM)
CC 12 1=1,NX
RUF{T)I=—COU(L,I)*3.1416%2.=SF(1)*HCR=*2
RUM(TI}=2,2SF(1)21.5708=%COU(1,4]) ¥*HCR="3
RUR(II==-CCU(Ll,I1}1*3,1416%2.*RM(]1)*HCR**3
CC 13 J=2,ANMS
RUFLE)=RUF({I)-COU(Js 1) *¥3.1416%2*SF(J)*HCR**2
RUM(TI)=RUMIT) #2,%xSF(J)*1.5708*COU(J,y]1)®*HCR%®%3
13 QUR(T)=RUR(T)-3,141672.%RM(J)*CCU(J,TIPHCRx%S
C SECUCNC MCDE CHORDWISE
CN 12 J=14NMS
12 RUMTT)Y=RUM( )=, 7894 COULJI+NMS, T )=2 *SF(J)*HCR**3
DM 18 1=1,NX
RUM(T)=RUM{T)I-RUF({I)*RL
18 “URLT)=RURCII+RUF(]) ¢« (RRND-ARR*HCR)
“RINYT 380
380 FNRMAT(*0',2X,* FORCF RESPCANSE CF RUDDER T0O UNIT STEP')
14 PRINT3QQ(X(J) ,FUFTJ )} ,RUM(IJ),RUR(J)yJ=1,NX)

YD N = O

OV S NN ODLD LNV E NN~ DD YN

[N

LD NN -

(]
Lo tud

A

J SN -
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1 “ 1QO FURMATLION 2% g XK=t g 12,4 42XK e SF? yE12,442X,y " YM=t F12,4,2X ' RM=1 (F]
i 12.4)
1 g CO 15 I=1,AX
4 0 FM{1, T)=RUF (D)
t{ 1 FM2¢ 1) =RUM(T)
] 2 15 FM{2,1)=RURLI)
- 3 H=X(6)=-X(5)
A 4 no 16 1=1,3
; 5 CALL DERY(NX,H,FM,DFM, 1)
b 6 CALL CONVINX,HyDFMyFM, Ay T1oT2,CFHM, 1)
1 7 0O 16 J=1,NX
: 3 16 CEM{T,J)=CFM{l,J)*3,1416%FVS
9 PRINT 39S
0 395 FORMAT('0',2X,"'CONVOLVED FNRCE & MOMENT RESPGNSE®)
/ 1 PRINTSLO, (XCE) gCFMUL 1) ,CFM{2,1),CFM(3,1),1=1,NX)
B 2 410 FORMAT(P0" y2X 3'X=? gFE12.492X 9 SF=" yE12.4,2Xy SYM=9 , 2X,E12.442Xy "RM="
1,F12.4)
3 STOP
: 4 END
£
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FUNCTION SINTUX Y gNyMy AR, YH)
LIMENSIGN R6) yE(6)yAal3)FLO),CLL60,C216)
I10A,B8)=3«(1.+A)-1.
12(A,8)1=8B7(1l.—A)tA
13(A,8)=A"(1l.+B)+R
LalA,R)=R¥ (l,-8)¢+1,
IETA=,636619T7+ARSIN(Y/AR)
R{1V=,238¢192
R(2)=-1.*R(1}
R{3)=,6€1236%4%
Fl4)=-1.%R(3)
R({9)=.,9324€665
R{6I=-1,*R (5}
Wll)=,4679139
Wl2)=,3607616
W3)=,1712245
IF{ZETA.LT.0.)GO 1O 3
Cl=2ETA
N2=1.-2cTA
DO 1 I=146
Al=R(1)
E(I)I=Z1(A),2ETA)
FLD)=Z22(Al+7E7A)
R1=F(I)
R2=F(1)
ETAL=AR=SIN(1.5708*%B1)-Y
FTA2=AR=SIN(1.5708%R2)-Y
CL{I)=CINT(X,FTAL,M)
1 C2(IV=CINT{X,ETA2 M}
GO 10O 5
3 Cl=1.+471ET74
£L2=—-1.271FTa
D 4 1=1,6
Al=R(1)
FL1)=23(AL,Z2ETA)
FOL)=24(A1,72F TA)
BH1=E(1)
B2=FI(1)
ETAL1=dR*SIN(1.5708*81)~Y
FTAZ2=AR*SIN{]1.5T08*B2})-Y
CL{D)=CINT{X,ETAL M)
C200)=0INTIX,ETAD M)
5 Gl=C.
G2=0.
CC 2 11=1,3
Jy=2x11
(J=2=11-1
X1=F(14)}
X2=E(JJ}
Yi=F{1J)

s an s

NP WNPFOLO TN ND WU~ 0T ~NC DD wN -

OO0 LU N~NONWD NN~ WM N — DO DN
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TAM Ty G L VR 21 SINT DATE = 4260 Y 7=

Y2=F(JJ)

W1l=Cl{iJ)
w2=C104J)
R1=C2(1J)

R2=C2(JJ}
CLl=Ci+w {TTI) > LFLUXL Y Wl ARy NyYH)#F1(X2,Y, W2 AR ,N,YH))

£ G2=62+#w(II}*(FL{YLlsYsRLoAR Ny YH)+FL(Y2,Y,R2,AR,NyYH))
SINT=(CG1*D1+4G2=D2)1*,19635
RE TURN
END

OLD~NC N & wiNy -~
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Al CINT

FUNCTION CINTUIX RTAM)
FIMENSTON R(O) e {6)FL6)ywW(3)
I1(A,BY=A~{],+R)+R
12{(A,8)=B*{1l.-A)¢+1l.
23(A,B)=R~(l.+A)-1]1.
74(a,R)=Bx(1.~-A)+A
LFL=,636619T7+ARSIN(X)
R{1)=.2386192
R(2)==1.%R(1)
R(3)=,6€612054
R{4)==1.*R(3)
R{51=.9324665
Pl6)=-1.*R(5)
Wll)l=,4679129
Wil2)=,36C761¢
W(3)=,171324%
IF{DEL.GT.0.)ICGU TN 10
Cn 1 I=1,6

Y=R{1)

F{I)=Z11Y,DEL)
F(I)=22(Y,DEL)
Al=1.+DEL

A2=-1,*DEL

GG TO 20

DO 2 [=116

Y=R{1)

E(I)=Z3(Y,DFL)
F(I1)=241Y,DEL)

A1=DFL

A2=1.-DEL

CINT=0.

DO 3 I=1,3
Xl=g(2*1-1)

X2=E(2r1)

Yi=F(2*1-1)

Y2=F(2*1)
D=A1*{FCUIX1yETA, X, M)+FC(XZ . ETA,X,M)})
C=A2*(FCUY]l 4FTA, X M) +FC(Y2,ETA,X, M)
CINT=CINT+W(I}*(D+C)
RETURN

END
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FUNCTION FCUX,ETAXO,M)

IF{M.EQ.0U)G=SIN(1.5T08%X)

TF{M,FQ.11CG=1 .~-SIN(L.5728%X)
JF{M.FQ.2)6=-.5%+{C0OS{3,1416"X)+SIN{1.5708%X}))

[FIM.GT 216254 ({COSIMx] 57085 (1.+X) ) +COSI(M=2)=1.5708" (1. +X))]
A=SIN{1.5708*%X)

FC=G¥SQRT({A-X0)*(A-X0)+ETA*ETA}/ (A-XO)

RETURN

END
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TF(A. T.YH)IGS=3.2CNS(4.T7124%(A+1.)/7(YH+1,))/(YH+1,)

IF{A.GL . . ¥YHICS=3"C0S(4.71242(A-1o)/(YH=-10})}/(YH=-1,)
& Fl=B~"GS/UAR*SIN(A*]1.5708)-"

RETURN

END

1 FUNCTIUN FLEA,Y B yAR Ny YH)

2 IFINLEGLLIGE TO 1

3 IF(NEQ.2)6C TO 2

4 TFIN.EQ.316G0 70O 3

5 1 CCNTINUE

6 TF(ALLTLYHIGCS=COS(L.3708=(A¢tle}/({YR+Lo) )/ (YHe]1,)
! TFLALGLYRIGS=CUS{1.5708~ (A1) /{YH=1.})/(YH-14)
8 GO TN 4

9 2 CONTINUEF

J IF(ALLT.YHIGS=CuS(,5708%(A+1.)/(YH+1.))/{YH+L.)
I\ IF(ALCLeYHIGS=COS()5T0B*A/YH)/YH

2 TF{AGZ «Cu ) 6S=-2,20L5(A%3,1416)

3 GO TC 4

4 2 CCNTINUE

5

6

7

8

9
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¢l TRL

FUNCTICN TRLIAR,YHJ 1 XD, YO, TH)
DIMENSION R8I ELO)F{6)4W(3)
11{a,B)=1"(1.+B)+8B
22(A,8})=9=({1l.-p)+1.
13(A,B)=R>(1.+8)-1.

24 (A,R)=R~{],-A)+A
CEl=.63€6€19T«ARSIN(YO/AR)
R{11=,2386172
"{2)=-1.2R(1}
R(3)=,6612064%
Rl{4a)=-1.%R(3]}
R{S5)=.,9324665
R{6)==1.*RI(5)
Will=44679139
W{21=,36C7616
Wi31=,1713245
TF(CEL.GT.C.)GO TO 10O

Co 1 I=1,6

Y=R{[)

ELI)=21(Y,DEL)
FCIV=22(Y,DEL)}

Al=1,+DEL

A2=-1.*0DEL

GC 70 20

CO 2 I=1+6

Y=R({I}

E(1¥=23(Y,DEL)
FLIY=Z4LY,DEL)

Al=0EL

A2=1,-DEL

TRL=0,

CC 3 t=1,3

X1l=g(2#*1-1)

X2=E(2* 1,

Yi=F{271-1)

Y2=F(2=1)

=AY (FTR{AR XOsYOsYHyJ gy THoXLI+FTR{AR, X0, YOy YHsJy THoX2))
C=a2* (FTR{AR XOs YO s YHeJe THeYLI+FTR(AR X0y YO, YH 2 TH,Y2))
TRL=TRL#WI([)*C+D)

RETURN
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FURCTIUN FYR{EAR YO, YD)y YHyJy THyX)
GS=FSPAN{XyJysYH]}
ETA=AR~SIN(1.5708*X)~Y0
EVA2=FTA*ETA
202=(1e=XO12{1e—-XO)*SIN(TH)®SIN(TH)
FTP=,3G27GS*ETA*COS{TH)/{ETAZ+702)
RETULRN

END
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FUNCTTIUGN FSPAN{A,N,YH)
IF{NEQ.,L1}CC TO 1}
TFINEQ,2)GD TT 2
TFINLEQ.2IGE TO 3

1 CONTINUE

6 [V {ALTYHIGS=COS(1.5708*(A+]1.)/(YH+1) )/ (YH¢L,)

7 [FLALGE.YHIGS=COS(1.57T08*{a~-1.)/7(YH-1.))/(YH-1.)

] GO TO 4

9 2 CCNTINUE

0 IF A LT YHIGS=COS{1-57082(A+1a)/{YH+La) )/ (YH*Ls}

1 IFIALGE.YH)GS=COS(1,5708*A/YH)/YH

Z [7{A.GF.C.)GS==-2.%2CNS({A*3,.1416)

3 GJ TN 4

4 3 CONTINUE

5 IF{ALT.YH)IGS=3,=COS(4,T124=tA+1,)/{YH+1.))/1YR+]l.,)
o IF{ALGE.YH)IGS=3,%C0S{4.T126%(A-1,)/(YH-1s})/(YH-1.)
7 4 FSPAN=GS

8 RETURN

9 END —
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SURRNUT INE GLSO(AquIL.N'M'ALPHAvtl'EZ)
DIMENSTON A{20,13),X(20) 1L (20!
MM=Ms1]

LL=1

NO 60 J=14MV

nwieJy=0

=1

CO 3 K=1,MM

[I=1+1

0N 4 J=11,N
TELABSIA(SK)I=F1)4y4,0
Tl=SQRT((Q(JyK))*“2+(A(l'K))“*Zl
S=a{ ., K)/T1

C=Al1,K)/T1

CO 5 L=K,MM
T2=C*A(l,L)+S¥ALI,L)
A(JvL)=-S*A(IyL)*C*A(JoL)
All,L)=T2

LL=LL+1

CONTINUE
IF(ABS({A(I,K))-E2)3,3,8
ILiKb=1

[=1+¢1

CCNTINUE

X(MM)=-1,0

I1=M

Do 35 T=1,M

X{1)=0.0

DO 30 J=1.M
IF{ILI11))30,30,31
$=060

LL=11+1

I=1L(IT)

0O 32 K=LL MM
S=S48 (14 K)*X(K)
X{I1)==S/A(1,11)
fi=11-1
IF{IL{MM))50,51450
ALPHA=0.0

GO 10 52

T=IL{MM)

ALPHA=A(1.MM)

RETURN

END

G0 e Syl e el i e o e Bl ol e a
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17/33/18

6LSQ
GLSQ
GLSQ
GLSQ
GLSQ
GLSQ
GLSQ
6LSQ
GLSQ
GLSQ
GLSQ
GLSO
GLSQ
GLSQ

GLSQ
GLSQ
GLSQ
6LSAQ
GLSA
6LSQ
GLSQ
GLSQ
GLSQ
GL5Q
GLSQ
GLSQ
GLSC
GLSQC
GLSQ
GLSQ
GLSQ
GLSQ
GLSQ
GLSQ
GLSQ
GLSQ
GLSQ
GLSO
GLSQ
GLSQ
6LSQ
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D ~N O wWw

DNPVSE AN mr D DO NEWN—~O O

E: AN
E
3
%
?

Iv  LEVEL

3 VINT=VINT#2,5FUBND(YL,XC1lsYOlsZOsXNyARN YHT, 1 }4+4,*FUBND(Y2,X01,Y01

4

21 UBND

SURROUT INE URNDI XD e YOy T4 Xy RT, AR yNMS,NXyNSD,ICP,DWB,R4S,RSL)
CIMFANSICN X{40) «RT{4D) +DWH{40 4404 3),R(6),E(6),FLOE),W(3)

I71lhA,B,y,C)=.5%(A>(C-B)+(+8)
F=X(2)-%x{1)
20=(X0-1s)=SIN(T)
X0l={X0-1,)3CNA5(T)

CO 1 1=1,NMS

CO 1 N=1,NX
FF{N.GT.NSDIGO TO 6
Xh=X{N}-1.,

RTE=RT(N)

XH=X({N)

PH=HRAD (XH)

ARN=AR* (RTE-RPH}/{RSL-RHS)
YOl=YO-RSL+AR+RTE-ARN
YH1=ARN—RTE+RH
YHT=ARSINIYH1/ARN) *,56366197
CONTINUE
TF{NGGTNSDIXIN)=XIN-1)+H
IFIN.GTNSDIXN=XN+H
IF{YOl, GE.YHLIGD TO 2
Hl=al®{1l.=YHT)

Y1=YHT+HI

VINT=FU3ND(YHT ¢ XOl s YOLsZCyXNyARN,YHT, 1) ¢4 .*FUBND{YL,X01l,YCLl,Z0y XNy,
LIARNsYHT o I)+FUBND{L.  XOL,YOlyZOy XN, ARNYHT 1)

00 3 J=2+8,2
YI=YHT+J2*HI
Y2=Y1+H]

llevXNyAqu‘!HT'[’
CWB(ICP,N,J)=HI=VINT/3,
GO 10 1
CIF=.63661G7*ARSIN(YOLl)-YHT
UP=YHT+2,.4%DIF
IF(UP .GT 1. )UP=2 . %#(DIF+YHT)-1.
D1=(UP-YHT)=*,5
02=(1l.-UP)*.5
R{l)=,2386162
R(2)=-1.%*R{(1)
R(3)1=.46612054
R{a)=-1.%R(3)
R({(5)=,932445¢5
Rib)==1_.xR{5)
Wll)=446GT79139
Wi2)=, 4£CT616
WEd )= 1013245
VA & (I=1.¢
L1=RENT)
FTO1IY=/1(A1,YHT,UP)
F I1)=21(A1,UP,1.)

Friedd (2l b 215k o Y LN AL b i At M i At S A it

Rty E’-‘rniv:-]ﬁ{a’% :S"‘X;_)'p.o’ G2 ML R sah £ et IR SRk A Al Py
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= T4266 17733718
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RAN 1v 5 LEVE! 21

9 Gl=C.

0 G2=0.

1 CC 5 11=1,3

2 X1=E(2* 11-1)

i X2=E(2*11)

4 hi=F{2*[1-1)

5 we=F(2-11)

o Gl=Gl+W(I1)>»(FUBND(X1sXCl,yY0l,2Z0,XN,ARN,YHT, ) +FUBND(X2,XCl,Y01,20
LeXNyARN, YHT L 1))

7 5 G2=G2+WITI} (FURND(WL +X0LsYOLl,4Z0s XN ARN,YHT, I i+FUBND(W2,X01,Y01,20
Lo XNy ARNYHT L 1))

3 DWALICP N, 1)={GI=DLl¢52+D2)
9 1 CCNTINUE

0 RETURN

1 END

NN NATE = T4266 17/33/18
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FUNCTIUN FURNDLY p X0y Y0y Z0s XNy AR, YH,1T)
IF(I1.FQ.21CN TO 1
IF(ITLFQe1IGS=SIN(1.5708*{Y-1.}/(YH-1a1)
IF(ITWEQ.3)6GS=SIN(4eT124*(Y=1.}/(YH=-1.1))
cC TC 2

] IFEY.GT.YHIGS=SINI1.5708*Y/YH)
TF(Y.GE.C.)6S==SIN(V*3,1416)

2 CCNTINUE
ETA=AR*SIN(Y*1.5708)-Y0
CEN=FTA®ETA+20% 20+ {XN-X0)*(XN=X0)
FURNE=, 1252 AF « {XN=-X0)>GS*COS(1.5708*Y)/DEN**]1,5
RETURN
END
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1 SURCUT IR UTRLD{XD s YO 3 T Xy Ak gy N T NS NX G NSOy ICPyNDWI,RHS,RPSL)
2 CIMENSTIIN X{40) 4 RT(40) s Wl (40,404 3)4yRI6Y,E(6),F(6),W(3)
3 Z1(4,3,0)=,5" (A~ (C=-B)+(+R}
4 PRINT[LJIXCOYOVYIAQINMS1NXVNSDV[(p'RHS'QSL
1l T FORMAT{'0' 48 12.4,4154,2F12.4)

H=X{2)-x(1)
IC=(X0=1,)=SIN(T)
XO0L=(X0=-1.t*COSH(T;
DO 1 T=1.NMS
DU 1 N=2(NX
IFINJGTLNSDIGY TC 6
XA=X{N)-1.
XC=X(N)=-,5*H
XT=XN=-H
RTC={(RT(N)+RT(N=-1))*.5
RHC=HRAL(XC)
ARN=zARS ((RTC-RHC )/ (RSL-RHS))
YOl=YO-RSL+AR+RT(C-ARN
YH1=ARAN-RT(C+RHC
YHT=ARSIN({YHL/ALMY*, 6366197
6 CONTINUE
TFINJGT JASDIXIN)=X(N-1)+H
ITF{N.GT NSDYXN=XN#+H
[TFINLCT ASD)IXT=XT+H
[FIYDl.GE.YBL)IGO TO 2
Hizel*(le=-YFT)
Y1=YHT+HI
VINT=FUTRLD(YHT y X0l Y0l ¢y ZO s XN XTyARNGYHT, [ ) 44, *FUTRLD(Y]1 +X0L,YO0L1,Z
LOs XNy XT gARNSYHT , T)#FUTRLDTL 4y X01 4 YOLeZO XN XT,ARN,YHT, 1)
£n 3 J=2,8,2
YI=YHT+jnHI
Y2=Y1+HI
3 VINI=VINT#2 ,=FUTRLDIY]L X0l s YOLlyZOe XNy XTsARN,YHT 1) +4.*FUTRLOD(Y2,X0
114Y019Z0+4XNgXT sARN,YHY, )
CWI(ICP N, )=HI*VINT/3,
GO 10 1
2 DIF=.63€€61STARSIN(YOL)-YHT
UP=YHT+2.2DIF
[FOUP.GT L. JUP=2.%(DIF+YHT)-1.
DI={UP-YLT )% 5
N2={1.-UP)>,5
R(1)=,2386192
R{2)=-1.%R(1])
R{3)=.6612064
R{4)=-1.%R(3)
R(5)=.9324665
R{6)==1,2R{5)
4} Wlil=.4679139
7 W(2)1=,3607€16
4 W{2i=,1712245
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] TO 4 [1=1,6
10 AL=R(11) il
' E(IT)=Z11ALYHT,UP) i
'2 4 FLII)=71(AL,UP,1.) *
'3 c1=3.

= 05
oA S aabapinsie

§ 4 Gr2ZIe E-
1 5 CN 5 [1=1,3 E
. o Xl=£(2*11-1) E
; V7 X2=F(2¢11) E
4 ' wWi=F(2%11-1) b
3 VG We=Fi{2=11) g
3 0] GL=GLlew(IT)»(FUTFLO(XLyXOLoYOLyZO XNy XT pARN YHT [} 2 =UTRLO(X24X01 Y E
E LOLsZ0s XNy XT yARN, YHT, [ }) 4
3 i1 5 G2=G2+W(II)2{FUTRLD(WL,X0Ll,yYOL1sZ0sXNyXT yARN,YHT, [} +FUTRLD(W2,X01,Y %
4 LO1420 XNy XT JARN,YHT, 1)) .

2 )2 OWICICP N, 1)={G1*D1+¢G2¥D2) -
3 X 1 CCNTINUE A
3 v4 RETURN S

5 END i B\
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RAN LV L LFVTL 21 TUTPLD DATE = 74266 17/33/18 3

1 FUNCTION FUTKLD(Y 4 X0,Y0, 204 XNy XT4AR,YH, [ T) 4

12 FECITLENRL2IGU TO ) g

13 TF(I1.5Q.1)GS=COSIL5T08%(Y-1)}/(YR=-1.))/LYH=-1.) 17

)4 TF(T1FQ.3)6S=3.2CUS(4.T124~tY=14)}/(YH-1.})/(YH-1.)

05 GNn Ty 2

Jo 1 TF{Y.,GT.YH)GS=CUS(1.5708*Y/YH)/YH

7 IF{YeGEL0e)GS=-2.2C0SIY3.1%10) ig

8 2 CCNTINUE ;.

;9 ETA=AR=SIN{Y«1.5708)-Y0 ;

0 REN=ETA=FTA+20%20 {

1 FL=(XN=X0)/SGRT{(XN=-X0)=(XN-X0) +DEN})

2 F2={XT~X0)/SQRT((XT=X0)=(XT-X0)+DEN)

13 FUTRLD==-,125=GSsETA* (F1-F2}/DEN

L b RETURN

LS END
FS
3
]
i
1
3!

b A Rk TR e e O S b A A

S5 AL tan v e B VAR A C AR S

b
ki
3
&




D iR AR R Cel Ly e s LR At e e el e T Fave L S Dt T Lt AT i e e SR (R L LA F et S NS A d SR SN i L s eV o~

s

‘RAN IV 6 LEVEL 21 HRAD DATE = 74266 17733718

)1 FUNCTICN HRAD(X)

12 ROW=-5,125

13 STFRN=7.C31

ITA X1l=-4,25 E

)5 X2=.815 ;

16 X3=6. 3

17 Rl1=,4351 :

)8 R2=,8438

)9 R3=.3281

‘0 IF(X.LE.X1)GO TO 1

.1 IF(X.GE.X3)1G0 TO 2 i

2 A={RL+R3=-2,7"R2)*,5/(X2~-X1)"%2 3

3 R=(RL-R3)/(X1-X3) ¥

4 C=R2

15 XD=X-X2

.6 R=A*XDx XD+B*XD+C

T GN T0 3

A 1 R=R1*SORT{({X-BOW}/(X1-B0OW))

L9 G0 10 3 -

0 2 R=H3*SQRT{(X~-STERN}/ (X3~STERN))

' 3 HRAD=R

12 RETURN }

'3 END
@
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SURRIMITINE WCT LBy XyRyN}

DIMENSTIN X(20),rR(40)

FINTUFE ;FyGy I 4DV =E/({F~-1a=(I=1)%D)*(F-1—-{1-1)*D214G*G)**1.5
F=,025* (B-A)

HT={R-1.)1/N

MNi=h+1

CC 1 J=1,N1

RO=R(J}

El=ASLP(A)

Al=A+H

E2=ASLP(ALl)

F3=ASLFI(R)

XIMT=FINT(EL g AskO yJoyHT ) +4,FINT(F24ALsROUyJyriT)irINTIE3,B,RO¢J4HT)
CN 2 1J=2+,38,2

Al=A+[J*H

A2=A]l+H

E1=ASLP(A])

F2=ASLP{AZ

XINT=XINT+2 . xFINT{EL+ALl 4RO, Jo kT )+4,*FINTLE2yA2+ROyJ,HT)
XINT=H"HT=XINT/18.85

RJ+1)1=R{J)I* (1, +XINT)

X{J+1)=X(J)*HT

RETURN

END
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FUNCTICN ASLP(X)
BOW=-5,125

STERN=7.031

X1=-4425

X2=.375

X3=€.

Rl=.4351

R2=.8438

R3=,3281

TF(X.LE.XL)GD TO 1

1FIX.GF.X3)60 TN 2

A=(RI4+R3-2.%R2)=.5/(X2-X1)*%2

B=(R1-R3)/(X1-X3)

C=R2

XD=X~X2

ASLP=6,2832% (2. *A%AXXD=XD* XD+ 3, #A€R#XD* XD+ {B*B+2, +A*( )* XD+C*B)
GO TO 2

ASLP=3.1416%R1*R1/(X1-BOW)

Cu TO 2 S
ASLP=3.1416%R3%R3/(X3-STERN)

CONTINUE

RETURN

END
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KAN 1v 5 LEved 21 NgRy CATE = 74265 17/33/18

'l SUARNUTINE CE~YUIN,H H,DF, 1T)

12 DIMFASIIN F(3,40),0H(3,40)

13 t1=1./H

14 DFELTT NY=HI(FUL,N)-FLTTi,N-110)

5 CECIL, 1) =HIs(ECTT,2)-F{T1,1))

e Nl=N-1

7 re 1 I=2,N1

{ 1 CFETT,1)=.5HI=(F(IT,I+1)=F(I],1-1))
] PETURN

Q END

i 1 Rk v T A R DA R A iz i A elh s B AL i R A B et e i




A P P PR AT R e P B

R L L LT h v

; 104<
E RAN IV G LEVEL 21 SR DATE = 74266 17/33/18
; 'l SUARNDUT INE SRAR yYH,NMSy SF4RM)
4 )2 CIMENSICN SF{5),RM (5]
¥ 13 Fl=.2
4 14 DC 1 [=1,AMS
4§ 5 BP2=-1.¢HI
E: 16 ANF=0,+4.*FSR(BP2,YH.1,1)+0.
3 17 ANM=0,+4,*FSRIAP2,YH, [,2)+0,
iR DO 2 J=3,9,2

!9 BPl=-1.4J%H]
; 0 BP2==1.+(J+1)*H] -
! 1 ANF=ANF+2,*FSR(BPL ., YHy I ¢y 1) 44, *FSR(BP2yYH,1,41)
: 2 2 ANM=ANME2 ,°FSR{BPL YH,y 142} ¢4, mFSR{BP2,YH,1,2)
3 3 SF(I)=AR*HI*ANF*,5236 N
; 4 1 RM(I):AR=H[=*pNM*, 2618
- 5 RETURN
A 6 END )
. '
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RAN [V & LEVEI Jl FSR DATE = 74246 17/33/18
11 FUNCTIUN FSRIY,YHell,,1J)
v )2 TFLY.LT.YRIGO TO 3
! 13 TFOT1.€Q.21G9 TO |
" 14 TF{IlebtQal)GS=SIN(L.STOBE(Y~-1.)/{YP-1s})
¢ 15 TE(IT.FQ.3)GS=SIN(4, TLe*(Y=1.)/7{YH=1,.))
3 16 GL Tu 2
A N 1 1F(Y.GT.YH)IGS=SIN(L.5708%Y/YH)
3 18 IF(Y.GEeDa)CS=-SIN(Y*3,1416)
1 19 GC T 2
A 0 3 CCNTINUE
y 1 GS=SIN({Le5708+(Y+1.)/(YH+1.})
] 2 TF(IleEQa3)1GS=SINIG, TL2%(Y+1a)/{YH41))
! 3 2 COCNTINUE
- 4 IF(IJ.EQ.LVYFSR=GS=COS{1 5708*Y)
: 5 [F(iJ.EQ.2)FSR=GS*SIN(3.1416%Y)
; 6 RE TURN
; 7 END
;
i
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N UL N =0 5D

o &

~NoO VNS wiN~ OO

~C VNS WN = O O W

T IO LT

LFVEL

o

200

21 CONV DATE = T7<260
SUBPLUT INE CUNVINWHFoFI4AL1,T1,72,ANS,1J)
CIMESICON FU3,40),F1(3440),ANS(5,40}+G(40)
5(01)=1.
EI=EXP(T1*H}
F2=5XPyT2=H)
[F1==12/7(T1*H}
1£2=-12/(T2*H)
DO 1 [=2,N
G(I)=0.
00 2 1=2,1:1
GEIY=G(I)+AY*EL=2(]-1)
£O 3 I=2,1F2
[1=1-1
G(I)=G(I)+{L.—-Al)«E2**%(1~]])
ANS{IJ,1)=0.
DO 4 1=24N
ANSUTJ D) =FICTIJ I)=-FICIJ,1}=G(T)
CO FIRST INTEGRABRIE STEP
ANSTIJ,2)= NS EJ92)- 5*H7{F(1J,1)=G(2)+F[1J,2)%G(1)}
DO CASE UF FVEN N'IMBER 0OF BASE PCINTS
DO 5 ‘=4'Np2
ANS{TJ I )=ANSUTIJo )= S*HY (1 (T L)XG(1I)+F(]J,2)¢G(i-1})
NP=1]
ENL=F{ [, 212G 1-1)#4.*F(1J,3)=*G(I-2)+F(1J,1)%G(1}
(FINP,EG.4. GO TO 5
NE=NP-2
DO & J=44NE, ¢
ANLI=ANL 2. *F(IJyJ)*GUI-J*2 )44 .2F{1JyJ~1)*GLI-J)
AMSUEJ W[ )=ANS(IJ,I)-H*ANL1/3,
DO CASF OF UDD NUMBER 0OF BASE POINTS
DO 8 1=3,N,2
ANY=FUIJeL)=G L1 ¢4, %FL1J,2)2G(I-1)+F{1J,1)*G(1)
IF(I.EQ.2)GC TO 8
NE=1[-2
DO 9 J=3,HE,2
ANL=ANL1#2.*F{1Jy31*GUTI-J+1)+4 . xF{[J,J+1)=Gl1-J)
ANS(TIJ, I)=ANS(1J,1)-H*ANL1/3.
FORMAT(*0" 42X 4'CG(",12,%)=0,E12.4)
RETUPN
FNA

T T N O T
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s ROEAS

SAIL-HULL INTERACTION RESPONSE PROGRAM

INPUT: 1) Vehicle Geometry
2\ Trailing Vortex Sheet Angle
3) Exponential Approximations to Circulation
Response of Sail

OUTPUT: 1) Step by Step Forces and Moments on Hull

due to Unsteady Sail Wake




IV G PRFLFEASE

AL RO st Dl B bt M 2

TR

150

409

560

1360
200
3C0
500
6C)

2.0

MATA,

24 ‘.-.3515.".&'}“*‘.":5»33.-n_.mw.':z_z Feei 2o P PN

INTF =

<8<

74058

DIMENSTON VD {4),2) g X{40),FT(40),N¥A(40,40,3)
DIMENSICN DWI(46N,40,3),UF(3,40),11M(3,40)
DIMENSTON OUF(2,40) ,DUM(3,440) yCUF(3,40),CUM(3,40)
REACLO0 s NVPyNMS NS yNX gy RHS gy RSL AR, TH,ROW, STERN

REAN200,(VP(1,1),1=1,NVP)
READ200,(VP(1,42),1=1,NVP)

REALLS0,CyT1,T2,A

FORMAT (4E12.4)
X{t1r=1.
RT{1)=RSL

PRINTA00, (X(T)yRT(T)},I=1,NSD)

FORMAT (*D' 42X ' X=1,E12.444X, 'R=",E12.4)

N 1 1=1,NVP
YO0=NPti,l)
YN=VvP(],2)

CALL UTRLN{XOy YO s TheXyARyRT 4 NMS NX NSDeI sDWI yRHS,RSL)
CALL UBND(XDgYOoTH X yPT AR yNMS  NX ¢NSDy I +DWBy RHS,RSL)

NG 2 I=1,NVP

PRINT300,(ONT(I4Jsl)ed=1,NX)
PRINT3D0,(DWBITyJel)yJd=14NX)

CALL FM({DOWI,DWR,NX,AMS, VP,NVP ,X,RT,UF,UM)

PRINTS50

FORMAT ("0, 2X, "HULL RFSPONSF

TC

UNIT STEP

PRINTSOO»(X(I)sUF(L,T)yUM(L,T),yI=1,NX)

H=X{2}-X{1}

CALL DFRY{NXyH,UMyCLF,1)}
CaLL DERY(NX,HsUM,DUM,1)

PRINTEQDy(X(I) o DUF(141)4DUM{L,T),1=1,NX)
CALL CONVINX H DUFqUFyA,T1,T72,CUF,1)
CALL CONV (NXsHy;DUM LM A, T1,T2,CUUM, 1)

DD 2 1I=14NX

CUF(L,T)=CUF(L,I)%3,1416%C
CUM(L,T)=CUUM(1,T)%3,1416%*(C

PRINTE6C

FORMAT (02X, "HULL RESPONSE TN CIRCULATION OF SATL TRANSIENT?

PRINTS0D,(X{T)yCLF{1,1),CUMIL,1),1=1,NX)
FIRMAT(415,6F5.3)

FORMAT(16F5.73)

FORMAT 130 ,2X410F12.4)

OF CIRCULATION®)

FORPMAT (*0" 42Xy "X='oE1244+42Xe"CY=",E12.%492X3'CN=",E12.4)

EDORMAV(IO 22X ¢ "X=? yF12.442X,*DCY/DS=13,E12.442X,"NCN/DS=',F12.4

sSTOP
END

1574273
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D N T R T e A o

TR e D U M S T R M Y. AT VI T YRR TS VSRR EN TR (M A LTI ST e pa et s

1G5=<

.

AN NATE = 747913 15742/33

SUARITLTINE IR IXT oY L3 T g Xy PTG AR gAMS MY GNST, JOP DWW PHS,FSL)
YIVENSTON X2}y =T {20 NDWRL4),20,3)yRIA)JFLO6) 4E(6) W (3)
JIOAGH GO (R (AX((=F)+( ¢F)

d=xLi=-%X(1)

A7 =1e) SIN(T)

XYL (XD=1,)=00<(T)

11 T=14NMS

Tl M=, NY

JEUNLCTJASD )G T 4

XN=X(N)=-1,

RTE=RT (N)

XH=X(N)

IH=FRAD(XH)

AN=AR(RTF-RH)/(PSL-RHS}

YO 1=YC—RSL+AFFETE=ARN

YA]=ARN-QTF4#0H

YHT=ARSTA(YH] /8PN )% 6366197

CINTINYE

TR(N T JANSDYXIN)=X{(N-1) +H

[TF{NGTNSN)XN=XN+H

LF(YZ1l.OGTYHLICO TC 2

Tz, 1* (1 .=-YHT)

YI=YHT+H]

VINT=FHURNDIYHT 4 X)L e YD1l e ZG o XNy ARN g YHT , 1) #4 ,*FUBNDIY1,X01,YDL,70,
LARN g YHT o F) #FHRND (] ¢ o XOL g¥Y DL 9274 XNy ARNGYHT, 1)
AT 3 J=21q97
Yi=YFT+J*H]

2=Y1+HI
VINT=VINT+2,2FUAMNLY ] 4 XCLly YTl o 7C s XNJARN Gy YRT T ) 44 ,#FUKBND{Y2 ,XGL,
1 FO XN ARN,YHT , I)
DWRITCP,N,T)=HI®VINT/?,
% TE 1
VN F=,6366197T=ARSIN(YDL)-YHT
UP=YHT+2,.%NIF

[F(UPGT 1l )UP=2 . %=(CIF+YHT )1,
M ={LUP-YRT )% .5
N2=(1.-UP)=.%
R(11=.2386192
R{2)=-1.=R(1)
2(23)1=.66120G4
R(4)=-1.%R(3)
P(5)=,9324,5G5
R{6)==1.*P(5)
W{l)=.467013¢
W(2)=.260761¢
W{?)=,1713724%
NN 4 f1=1,5
Al=2{1T1)
FITI)=21(AL,YH4T,1P)
FOIT)=210A1,1!P,1.)
1=
n?=
Ml

—

D2 O




WS ko ity T e e (TONTTE
T R e T T ey A o B g ¥ A0 R L ER L Ll AR i b P 0 eas by

VK RN MATFE = 74058 157427733

Xi=E (21 1-1)
X2=F(2=]1)
al=F(2%=11-1)
WOz F (2= 1)
Cl=01 e (T L) ibIBA Y CX T YOl YOl 7Ty XNy ARN G YHT , 1) #FURMD{X2, X1, Y2147
Vo XMy AR N YR T, 1))
S5 G220 N T HFUENT (Wl 3 X0y YOy Z0 g XN ACNy YHT L T+ 1HBAD (W2 X014 Y2147,
],)(f\,,.’\.d‘\l,VHT']))
DRI N, =010 402 %ND)
1 “ONTIRNNF
Se TN
YN

el Al

e ety

\s,

R T T P Ao




e meF-y v, K)ol 400N VIV 3 YTV CLARAG AR LS b DRSS
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113
18U >, TS A AT SN R

AR N S B B I
NSl on ok

)(Yvygvy\pl‘

y YR AT VT )

VAT A

T

STNEL.ST7 0 Y=14)70y=1,1))
STANLG TE 20 (Y=1.)/70Yi=1.))

I L P AN U T
GLAL(RTIRTIN F oL Y ERIC
/ i T P
i 1 100y CT oY) SaCIN{ | 87 A Y/YH)
g TP Y el r e o )OS ==C NIy 53 1L F)
E 2 CONTINIF
TTA=ADECTIN{Y ] .67 . 9)=-Y"
PN TASE TR0 TR XN=X ) R (D =Y D))
CHONMZ 10 AT (XN=X )RS MS (], 732 cy ) /N Nsr] 5
QETIINN
A

LU A L e PN
n

TR TR R T L YRR

S

SR e g TR e

TP

b
s
iy

B
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=
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i
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Iv G1  PELEASF 2.0 HTRLD DATE = 74058 15742733

TUTE

SN

SUBRCUTINE UTRLDI{XO s YOy TeXyARyRT 4 NMSyNX yNSD, ICPyDWI,RHS,RSL}
DIMERNSTIN X(20) 4RT({2CYyDWI{40,2043)4R{E6)I4E(6)F(H6)4WI3)
710A,B,C)=.5%(AX{(C—-E)+(+R)
3 H=X{2)-X(1)
3 73=(XC-1.,)%SIN(T)
X01=(Xx2-1.)1%COS(T)
NN 1 I=1,NMS
D1 AN=2,NX
[F(N.GT.ANSD)IGO TO 6
XN=X{N)-1.
XC=X{N)=,.5%H
XT=XN-H
RTC=(RT(N)«RT(N~1))%*.5
RHC =HRAD(XC)
ARN=AR* ( {RTC-RHC ) /(RSL-RHS))
YO1=YD-RSL +AR+RTC~-ARN
YH]I =ARN-RTC+RHC
: YHT=ARSIN(YHL/ARNY*,6366197
a5 6 CONTINUE
IFINGT NSND)IXIN)=X(N=-1) +H
ITFINLGT NSD)XN=XN+H
FF{NGTASD)IXT=XT+H
IFIY0l.GF.YH1)GO TO 2
E HI=ol®(1a=YHT)
F YI=YHT+HI
VINT=FUTRLD(YHY g X019y YOl g7 s XNoXTyARNyYHT 3 I )44, *FYTRLD(Y1 4X01,Y01,2
1Dy XNy XT ARN YHT s T} #FUTRLE(T, X014 YOl 3709 XN, XTHARN,YHT, )
D2 3 J=2,8,2
Yi=sYHT+J2H1
Y2=Y1+HI
3 VINT=VINT+2 ,*FUTRLD(YL ¢ X001 o YOL g7 0o XNy XT g ARNGYHT 1) 44 . *FUHTRLD(Y?,X0
lleOleOQXN'XT'ARN'YHT'I,
DNT(ICP sy 1 )=HI®VINT/3,
GG TO 1
2 DIF=.€636€619T*ARSIN(YDOL)-YKT
UP=YHT#?2 . %xDIF
IF{UP.GT. L. YUP=2,.%{DIF+YHT)-1,
NI=(UF-YHT}*,5
N2=(1.-UP})*,5
5 R{1)1=,23861G9?
i R(2)=-1.%R(1)
B R{2)=,.6612094
R(4)=-1,.%¥R(3)
R(5)=.,9324695
R{6)=-1.%0(5)
Wi{l)=.,4679139
W{2)1=.360T75616
W(31=,1713245
ne & 1I=1,6
Al1=R (1)
E(TIN=Z1(AL, YHT,,UF}
4 FLIT)=21 (AL, 1P, .)
Gl=C.

2
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4 IV G1 eriEASF 2.C UTRLD DATFE = 74058 15/47/133 id
: 62=0. IS
‘) rA5 [1=1,3 E
3 X1=E{2=T1-1) .
! X2=E(2%11) &
4 Wl=F(2%11-1) A
1 W2=F (251 1) M
5; GL=GL+W({TI)R{FUTRLE(X 1 e X013 YD 1420y XN XT JARN , YHT , 1) +FUTRLD{X2,X01,Y ]
‘N

1910 ZC o XN XT,ARNSYHT 4 1) ) b

2 5 6G2=G2+W{TTI*{FUTRLC (WL 4 XCLl YD1 eZC o XNy XT yARN,YHTy 1)+ FUTRLC (W2 ,X01,Y (-

j._ 1011ZOVXN’XTvAR'\|7YHTQI))
g‘ DWI(ICP N, I)=(GI%2D]1+6G2%D2) 5
3 1 “INTINUE

E RETURN :
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A des o e aR A A e LA M S L S i G i A S e Rl gl

Lri<
IV G1 RILFASE 2.0 FUTRLD DATF = 74058 15/42/33
FUNCTINN FUTRLN(Y ¢ XCyY0 709 XNy XT, AR, YH, I1)
3 IF{{1.F0.2)GC TO 1
7 IF(TI.EQ.1)GS=CNS{1.5708%(Y=1.)/(YH=-1.))/{YH-1.)
A IF(I1FN.3)6S=3 .3 CS(4,7124%(Y=1.)/(YH=1.)}/(YH-1.)
! 60 TN 2
: 1 IF(Y.CT.YHIGS=CNSE1.5708%Y/YH)/YH
% TF(Y.CE.Q.)GS==2.%CCS(Y*3,.1416)
4 2 CONTINUE
! ETA=AR:SIN(Y*1.5708)-Y0
; DEN=FTARETA+20%70
3 Fl=(XN=XO0)/SQRT({(XN=-X0)*( XN-X0)}+DEN)
4 F2=(XT=X0)/SORT((XT-XO)*(XT-X0)+DEN)
! FUTRLD=—,125%GS*ETA®{F1~F2)/DEN
;. RETUPN
i END
2
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IV Gl kel FASFE 2.0 M DATE = 74153 167627133

S AR i e S

1

2

4

3

SURRCUT IME FM{OWT 4 CWR G NSD,NMS VP NVP y Xy RTUF, UM}
DIMENSTAN W (40420,3) s PWR (40,2031, VPL4D,2),X(2D),RT(20),0'F(3,2C)
1,iM(2,20)
NIMENSTIN AF(20)AM(20)
HI=zvP(2,1)-VP(1,1)
NN ] T=1,NVP
XA=VE{[,1)
AF(1)=ASLP(XA)
AM(T)=AF(T)*XA
NN 3 K=1,AMS

FINND T=2+¢ RESPCNSE
SUME=DWR (14 ¢K)HAF{ L) 44 J¥NWR( 2,1 +K)EAF{2)¢DWR(NVP,1,K)*AF(RVP)
SUMMEDWR(L 31 yK)XAM( ] ) 44 JENWH{ 2y 1y KIXAM{2)+1IWR(NVP, 1, K)RXAM{NVP)
NEND=AYP-2
CO 2 1=3,NEND,?
SUMF=SUMF 47 ,*DWRI T 41 JK)%AF{] )24 *DWR(T+1,1,K)*AF(1+])
SHMMN=SUMM+2  xNWA (T o1 gK) *¥AM(T } 44 =DWAR (T4, 1, K)=xAM(T+])
UF(Ky1)}=SUMFxHI/3,
UM(K,1)=SUMMXH]{ /3,

FIND RESPONSF W/TBAILERS
nn 3 1=2,NSD
SUMF=SUMF+ (DWB ({1 o1 ¢k ) =DWRIL,T-LoKI#DWIIL o Ty KilHaAF(L)
SUMF=SUMF ¢4 % (DWB( 24 [ 4K 1=DWB (24 T1=1,K1+DWI{2,1,K)1%AF(2)
SUMF=SUMF+ (DWR(NVP, [ 4K =NWPR{NVP T=L,K)+DWT {NVP, 1, K)I#AFINVP]
SUMM=SUMM+ (DWB (1 g T oK I =0WAL Ly I=1 K )+DRIT 14T K} )=RM{1])
SUMM=SUMM44 , % (DWR(2 o [ 4K )I=NWA L2, T=14K 1 +DWT[2, 14K} =AM 2)
SUMM=SUMM (DWB{NVP, [ 4K1 =W [NVP, [I=14K) 0w (MVE, [ ,K ) I*AMINYP)
DO 4 J=3,NEND,?
SIHME=SUME42 = (NWA (S, Ty KI1-DWALI, I=1,K14DWI{I,1,K} I =AF(J)
SUMF=SUMF 4 .= (OWR(J+1 4T K)=UWB({J#1 31 ,K}4+DWI(J+L I, K)I®AF(J+1]
SUMN=SUMM+2 . % (DWE{J 4y [yK)=DWB(JoI=1,K)¢DWI(JyT K} DIXAM()
SUMPM=SUMM+4 = (DWB(J+1 s T oK)=DWRIJ+1, I yKI+DWI(J+Le I, K)}TAM(I+])
UF (K, 1Y=SUMFxH] /3,
MK, 1) =SUMMEH] /3,
RETURN
END

ity
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RFLEASE 2.0 HRAD

e o L Tl b AN By Sl o

N

FUNCTICN HRAG(X)

ROW=-5,125

STERN=T7.0625

Xl=-4,25

X2=.8175

X3=6€.

R1=,4351

R2=.84138

R3=,3281

TF{X.LE.X1)GO TO 1
IF{X.GE.X3)GC TO 2
A=(R1+R3-2,%R2)*,5/(X2~-X1)*%*2
B=(R1-R3}/(X1-X3)

C=R2

XD=Xx-Xx2

R=A¥XD*XD+B%EXD+C

GC TC 3
R=RI*SQRT{(X-BOW)/(Xx1-B0OW) )
GO0 T0 3
R=P3%SQRT({X-STERN)}/(X3-STEFRN))
HRAD=R

RETURN

END

157472 /33
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IV G1 +rLFacsr 2.f WO T NATFE = 74058 15742733

SUHRRCHTIMNFE WOT (AR, Xx,P,N)
NIMENSTNN X (29),R(20)
E FINTUE G FaGalyNI=F/ilF=1e=(T=1)%D) % (F=1u.=(T=1)%D)¢GEG)%%X] .5
1 H=.C25%(R-A) 4
i HT=(3=1.)/N 1 3
Nl=A+] ‘
DN 1 J=1,N]
RI=R(J)
i F1=ASLP(A)
E Al=A+H
3 F2=ASLP(A1)
' F3I=ASLP(R)
E XINT=FINTIEL yAyROyJyHT ) 44 % F INT(F2,A1 4ROy Uy HT J+F INT(E3,R,RO,J,HT) 3
. PO 2 1J=2,38,2 E
; Al=A+1Jnf 3
{‘. A2=A1+H
2 F1=ASLP({A])
E F2=8S1PLA2)
k. 2 XINT=XINT#2  *F INT(EL1,AL 4RO yJyHT )4 ¥ FINT(E2,42,R0,J,HT)
3 XiNT=h*HT®X[NT/18,85
R{JELI=R(JI* (1. +XINY)
1 X(J+1)=X(J)+HT
RETURN
END




RELFASE ¢.0 aSLP

N

FUNCTION ASLP(X)
ROW=-5,125
STERN=T7.C625
X1=-4,25

X2=,875

X3A=¢ ,

Rl=.,4351

R2=.8438

R3=,3281
[F{(X.LE.XL1)GO TO 1
IF{(X.GF.X3)GC 70O 2
A=(RL+R3-2,%R2)*,5/(X2-X1)**?2
B=(R1-R3}/(X1=-X3)
~=R?

XD=X-X2

15/742/33

ASLP=6.2832% (2., % 4%A%XDEXD*XD¢3, % AXBXXD* XN+ (B%B+ 2, ¥ARC) =XD+C*} )

GO TG 3
ASLP=3,1416%R1*R1/(X1-B0M)
GO T0 3

ASLP=3,1416%R3%R2/( X3-STERN)
CCANT INUE

RE TURN

END
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TV f1 RELFASFE 2.0 NERY MATE = 74058 15742733

_‘ SURRIUTINE DFRY(NGHFyNFy 1T )

: DVIMERSTTN £ (3,40),0F(3,40)
HI=1./H &
DFCTTON)=HIS(F (T NI=F(TI,N-1)) ,
DFCTT 1 =HI*(F (1T,2)=F(1T,1)) ie
N1=h-1
N) 1 1=2,N1

I OOFEIE, 1) =o5 R (F (T, 1+ 1)=F(IT,1-1))
RE TURN
END
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v 61 PELEASE 2,0 CCNV DATE = 74058 15742733

TATTTE Y

SURRCUTINF CONVIN HyFoFI A1, TLe12,ANS,1J}
DIMENSION F(3,40),FI1(3,40),ANS(3,40!,G(40)
Glli=1.

FI=EXP(T1%xH)

ETRE

3 F2=EXP(T2%H)

4 TF1=-12/(T1%H)
B [F2=-12/(T2%*H)
] DO 1 1=2,N

1 G(1)=0.

NN 2 1=2,1F1
2 G(I)=GlI)eAL*ELl*x*(]~1)
DO 2 1=2,1FE2
It=1-1
GUINI=C(1)}+{l.—AL)®E2%*%([~]1)
ANS(TJ,1)0=0.
ND 4 [=2,N
4 ANS(TJyI)=FICTJyT)=-FILIJyL}%G(T)
C DL FIRST INTEGRABLE STEP
ANS{TJ92)=ANSITJy2)-oS*HX(F{TJy1)*G(2)¢F(IJ,2)%G(1)) 3
C CN CASE OF FVEN NUMBFR OF BASE POINTS 3
O 5 I=44N,2
ANSETJ T I=ANSITd I )-oS%HR(F(TJy1IXGITI)#F(1J,42)%G({]~1})
NP=|
ANI=F{TJ 215G (T-1)1¢4 . %FUTJ,3)%G(I-2)¢F(1J,1)G(1)}
TF(NP.EQ.4)GN TO 5
NE=NF-?
NN 6 J=4 4NE,?2
6 ANI=ANL 42 .%F(TJoJ)*C(I=J+Ll)+4.%F(1J,J+1)%G(]-J) g

‘)

PEATIEYv oe

BN Tt Lot s

AR s

S ANS{TJ,0)=ANS(IJ,])-H*AN1/3,
C PO CASE OF ODND NULMBER NF BASF POINTS
ND 8 I=3,N,2
ANL=F(TJs L )RG(I) 4+ 2F(1J,2)%GI-1)eF{TJ,1)%GI(1)
[F(T1.FQ.3)GN YO €
NE=1-2
NO 9 J=3,NE,2
9 ANI=ANL#2.*%F{TJyJI2Gli~J+]1)#4.%F{TJ,yJ+1)%G(I-J) '
8 ANS(TJsI)=ANS(TIJ,1)-H*xANL1/3, 4
200 FORPAT (20" 42X 4'Gl 4124 )=t ,F12.4¢)
RETURN
END
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