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1. INTRODUCTION

Currently, there is a concerted effort being made by the Navy
and other Governmental agencies in exploring the feasibility
of using alternate concepts to present day naval ship design

for the Navy of the future. These investigations have led to
the consideration of Air Cushion Vehicles (ACV) and Surface
Effects Ships (SES) as viable candidates. These vehicles offer

the potential for much greater versatility and higher operational
speeds than hithertofore possible with conventional ship design.

The ACV with its totally flexible skirt system presents an
amphibious capability most attractive for coastal and near-

shore operations, assault landing operations, and for arctic
environmental use. The SES, on the otherhand , while not of an
amphibious nature , provides an ocean going vehicle capable of
very high speed performance in reasonable sea states and weather
conditions .

Interest in these concepts has led the Navy into a development
program in which two air cushion assault vehicles are presently

being constructed for evaluation purposes. Additionally , two

100-ton surface effect ships have been built and tested , under
Navy contract , with su f f i c iently encouraging results that the
Navy is currently conducting a detail design of a 3000—ton

class SES. It is apparent from this activity that more than

just casual interest is being given to these vehicles and in-
deed , dependent on the results of the above programs, they
may prove to be the forerunners of a completely new class of

fighting ship for the Navy of tomorrow.

The advent of the Surface Effect Vehicle as a serious contender
for Naval applications has led to the need for an evaluation of
the vulnerability of this type of craft under typical tactical

situations. As presently envisaged the role these vehicles are

to play in naval operations is one of antisubmarine warfare (ASW),

1
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escort duties and near or offshore patrol and rescue, which
operations require a dash or high speed capability coupled with
maneuverability, a feature characteristic of air cushion vehicles
(ACV) and surface effect ships (SES) alike.

Due to this mounting interest it is appropriate, at this time,
to obtain an assessment of the vulnerability of such craft to
possible threats. In identifying possible threat areas one

outstanding possibility is that due to explosion generated waves.
Past experience in this field, Reference 1 and 2, has shown the
great damage potential such a phenomenon can have on submarines
and conventional ships. The effects on ACV ’s and SES are ex-
pected to be of greater significance since the unique features
of these vehicles make them particularly susceptible to sudden
and anomalous changes in sea surface topography , such as are
known to be produced by nuclear detonations.

Past studies have been primarily concerned with the behavior
of ships and submarines within the transient surf zone produced
by high yield explosions at the continental margins (Van Dorn
Effect). However , because of their dynamic response we expect

that the damage potential on SES and ACV ’s cannot only be
restricted to these conditions but must be extended to include

• the effects of small and moderate yield devices and operations
in deep water. It is evident that even under these latter

conditions waves can be produced that are capable of limiting
the performance of these craft.

The radical differences between the design of these craft and

those of present naval ships makes it impossible to extrapolate
the results obtained in past studies to the present case. It

is only by conducting an investigation, wherein the features
of these vehicles are faithfully modeled, that the vulnerability
of these craft can be determined .

2



In light of the above discussion , it is deemed imperative that
) such a study be conducted with the objective of defining the

operational limits of ACV ’s and SES under explosion generated
waves, and to ascertain, where possible, the survival potential
of these vehicles when subjected to tactical situations of this

nature.

• The criteria used in defining the structural design and stability
characteristics of SES are derived principally from the desired

• operational envelopes. The envelope defines the speed—wave

height domain over which the craft will operate. Typically,
such an envelope is shown in Figure 1.

Two factors which greatly affect the basic structural design

of the SES are the highest wave environment to be encountered
when operating on-cushion and the maximum impact loading to be

seen by the hull during operation. The former factor is of
prime importance in selecting the height of the flexible skirt
system and thus impacts hull design. The latter determines plating
thickness and consequently weight. From Figure 1 it will be seen

that point A on the chart determines maximum wave height on

cushion. The worst combination of sea state and speed will be

determined by line AB along which maximum impact loads are likely
to occur. If such an operating envelope is determined without

due consideration for potential threats as outlined above grave
consequences can arise. It is easily conceivable that a wave

environment outside the typical boundaries now being considered
in the SES field can be generated by low to moderate yield

t devices. Such circumstances could cause structural and operational

failures.

In addition to the above impacts the question of craft stability
and survival are of equal importance . The response of an SES to

a typical explosion generated wave profile could lead to con—

ditions of craft plow-in , pitch poling and capsizing . Such

3
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extreme motions are indeed possible under certain conditions of
speed, water depth and yield . This aspect of vulnerability is
therefore of equal importance in analyzing SES operational

characteristics.

The problem at hand can be divided into two basic sub tasks :

(a) The analytical description and modeling of explosion
generated water waves , and

(b) The analytical treatment of the craft dynamics and

motions when subjected to a disturbing functions as
defined in (a) above.

Whereas previously conducted work by Tetra Tech, References 1
and 2, is directly applicable to the first of these areas , the

second provides a new and added dimension due to the radical

difference between ACV and SES and conventional ships. Analytical

p modeling of SES motions and maneuvering however, have also been
conducted by Tetra Tech, Reference 3 and has been used as a
basis of departure for the present program .

The present report deals with the f i r st phase in the investigation
of the response of a typical SES to an explosion wave environment.
This initial phase has been directed to the formulation and

development of the analytical model describing the dynamics of
a surface effect vehicle and the description of the explosion
generated wave environment. This analytic model has been used

to assess the effects of a chosen explosion condition on an
SES. Exercise of the program in this area has been limited ,

pending the start of the second phase which will investigate
various parameters of the problem such as the effects of yield ,
standoff distance , vehicle size, water depth and tactical
maneuvers to enhance surv iva l .5



In order to fully exercise the analytic program and ensure its
P validity several cases of sinusoidal waves and solitary waves

were also run. These latter waves are representative of

waves in the shallow water environment and consequently are
worthy of investigation in their own right.

The work described in this report was conducted for the Of f i ce
of Naval Research under contract N000l4-76-C—026l. This report,

as already mentioned, covers work during the f i rst phase of the
~ p contract and is consequently an interim report.

2. FORMULATION OF PROBLEM

2.1 Coordinate System

The motion of the craft will be described in terms of the

relationship between a body fixed reference frame and a co—

ordinate system f ixed in space . The initial coordinates
(x 0 ,y 0 1 z0 ) and the body coordinates (x,y,z) are - both designated

according to a right hand convention with z 0 and z positive
downward as shown in Figure 2. The origin of the body f rame is
kept fixed at the center of gravity of the craf t for all time , t.
The x -axis is parallel to the baseline of the craft, positive

forward, and positive y is therefore pointing to starboard .
The two coordinate systems coincide initially at time zero.

The body moves with six degrees of f r eedom ; at time t, there will
be three linear displacements (surge x , sway y,  and heave z)
and three angular displacements (roll q ,  pitch e , yaw ~) .

2.2 Kinematic Relations •

As the body moves with six degrees of freedom , forces and
moments are genera ted and act on the body.  For the convenience
of analysis , we shall resolve the total force into three components

6
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about the body axes. Definitions and symbols of the six corn-
ponents of force , displacement and velocity are given by Table 1.

TABLE 1

Mot ion Force or Movement Displacement  Veloci ty

Long itudinal X u

Lateral Y V

Normal Z w

Rol l  K p

Pitch M e q

Yaw N r

It is noted that the linear displacements along the inertial

axes have been defined by x , y ,  and z. These are related to

the displacements along the body axes by the following equations:

x
I =

rcos e ~ e sin ~cos~ — cospsin~ SinecOs~cos~ +sin~ sin~~ x1

1 c0s e sin ~ sin 8 sin ~sin~ + cos~cos V Sifl@cos
~~si nk

~
l _ s in

~ cos~~I ~1
L — sin ~ cose s i n t  cos e cos 

~ J z1
( 1)

In Table 1, u , v and w are the linear velocities along the body axes ,
x , y and z, and p, q and r are the angular velocities about these

axes respectively.

8
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2.3 Equations of Motion

Consider the craft in six degrees of freedom and let u, v , and

w be the linear velocity components of the craft center of gravity

along the body axes x, y and z and p, q and r be the angular

velocities about these axes, respectively. The equations of
motion in this body coordinate system are then given by

• m (ü + qw — rv) = x
m (~ + ru - pw) = y
m (~ i + pv - qu) = z ( 2 )
Ix ~ + (Iz - ly) qr =K

ly ~ + (Ix - Iz) rp =M

Iz f + ( ly  - Ix) pq =N

Where m is the mass and Ix , Iy and Iz are the moments of inertia
of the craft about the respective axis. Terms on the lefthand

side represent the rigid body inertial reactions and the cen-

trifugal effects acting at the origin with respect to the

moving coordinate system. The terms on the righthand side refer
• to the total forces and moments applied to the craft, including

the hydrodynamic effects arising from the overall motions of the

craft as well as the results of propulsion and control forces

which may affect the craft maneuvers . In a functional form ,

these components can be expressed generally as:

x
y
z = f ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ( 3 )
k

m
n

ii 9
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In the above equation , x9, y ,  and z are the position components
of the linear displacements of the craft and ~,8, and ~ are the

angular disp lacements. The parameter 5 represents a general
description of the effect of various propulsion and control

schemes, and the parameter c represents the effect due to the
F environmental disturbances such as waves. The functional form

of the equation shows clearly the dependence of the external

force and moment on the various variables. To reduce the

above functional relationship into a useful mathematical form,

a Taylor expansion is usually applied provided that the linear

and non—dimensional proportionality constants, are known or deter-
minable . By keeping a sufficient number of terms for each

p 
variable , the forces and moments can be expressed in any

desired order of these variables to account for the non—linear
• 

• effects .

The determination of the proportionality constants, or the

hydrodynamic derivatives, by analytical methods is generally

limited only to the linear terms. The non—linear coefficients

are normally determined experimentally by means of captive model

tests. In the present analysis, however, external forces an~ mo—
ments are determined analytically on the basis of physical

concepts. While the non-linear coefficients are not explicitly

identifiable by this approach , this method is more convenient
• to include various non—linear features without the backup of

experi~menta1 information . The general representation of the

total force (or moment) acting on an SES is assumed to be com-

posed of various components as follows :

F. = F  + F  • + F  • + F  •
1 sidewall i cushion i seals i aerodynamic 1

+ F  . + F  • + F  . •appendages i hydrostatic i. propulsion i

control i waves i

10
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P where i = 1 to 6, represents a particular mode or direction of
motion. The calculation of each of the component forces is

discussed in the following section.

3. FORCES AND MOMENTS - CRAFT DYNAMICS

3.1 Sidehull Forces

The calculation of the forces acting on the sidehulls assumes

that these forces fall into two major catagories , namely viscous
and non—viscous components. The non—viscous components of forces

and moments are those directly related to dynamic f lu id pressure
resulting from the sidehull motion. These forces are intimately
associated with the energy exchanges between the fluid and the

moving sidehull and can be deduced from the fundamental principles

of classical mechanics . Consequently all non—viscous terms, both

linear and non—linear , can be analytically identified as functions

of the body added inertia, provided that the non-viscous dissi-

pative damping is negligible. The viscous components are drags

created through various origins. The term drag customarily

refers to the total resistance of the craft in its axial direction ,

which consists of many components from many different items, and

will be considered in detail separately, in a later section. In

the present section , only contributions due to viscous cross
flows on the sidehulls are considered . These contributions are

normally treated as dependent on the square of the velocity

• through proportional empirical constants. Some details for the

calculation of both the viscous and non—viscous forces on the

sidehull are given in the fol lowing: •

(a) Hydrodynamic pressure on sidewall

Because of the narrow thin geometry , the calculation of the

hydrodynamic forces on the sidehull can be performed according

11
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P to the fundamental concept of slender body theory . For a
slender body of constant speed U in an inviscid , incompressible
fluid the linearized free surface condition is given by:

2
+ =

Where ~ is velocity potential. Since the sidehull immersion is

normally small in comparison with the craf t length , a normalized
equation for the above condition can be written as fo llows:

F j
~ 

+ 0 (5)

Here F is the Froude number based on craft speed and sidehull

length. x~~ is the non-dimensional axial coordinate referenced

to the craft length p , and z’ is the non-dimensional vertical

coordinate referenced to craft immersion d. From the above equation ,

it is clear that even though F may be large (typically of the

• order of 1 or 2 for an SES) the fact that the immersion ratio
d/~ is small (of the order of 10 ) makes the second term dominate.

Consequently, the free surface can be regarded as a reflection

boundary where:

~z ’ ° ( 6 )

which is equivalent to the condition for a positive reflection

in the free surface.

The derivation of the boundary condition suggests that the problem

can be treated as a body moving in an infinite medium , in which

the dissipative damping is negli gible . Consequently , as shown by
Lamb, reference 4 , the hydrodynamic e f f ect on the body is entirely
determinable as a function of its added mass along the principal
axes of the body . Following the procedure of classical mechanics ,

the effec ts of the hydrodynamic pressure on the craf t can be
obtained.

12
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In deriving the force re lations , we shall break the three
dimensional sidehull into a number of segments along the longi-
tudinal axis. Each segment will be considered individually as a
two-dimensional problem; interferences between segments will be
ignored . This is the basic approach of the slender body technique
which is adopted in the present analysis.

In so doing, relative fluid velocities at the center of a segment ~
from the norma l plane are given by

Ur 
(~~, t) = u

Vr 
(~~, t) = V + ~r - f p (7)

Wr 
(~~, t) = w - 

~q + b p

where

q e

and

2 2 2 2
U + V  + w  = U

where U is the resultant velocity of the craf t o ,i,b, and f

are the lateral and normal moment arms abou t the center of

gravity respectively. The above relations are applicable to

both the starboard and port sidehulls ; for the port sidehull
however , a negative value of b should be used.

We shall first consider the segment as being axially symmetric
and having component added masses myy and mzz along the lateral

and normal axes, respectively . For asymmetrical segments with
respect to the axial axis, additional treatment will be con-

sidered later.

13
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Specifically, myy and m zz can be wri tten as follows :

~~~~ (~~) = kyy 
~~ . ~~~~~

- 
- (8)

ir 2
~~~~ 

(~~) = 
~~~ 

. r~ (~~)

where kyy and k are the added mass coefficients which are gener ally
functions of geometry and frequency ; n (~~) is the local beam at the
water line and 

~ 
(~~) is the local draft.

The added mass componen t alon g the axial dir ection is ignored
according to the slender body approach.

The kinetic energy of a unit slice of the fluid can then be written

as 
T (~ ,t )  ( m V

2 
+ m w 2

) (9 )

Neglecting the second order terms , the hydrodynamic forces and
• moments per unit  axial length are given by-

dY 
- d / ~T\ 10- - dt~~~~J

af ~T\
dt(~~w) 

(11)

dK dZ dY:, = b - f (12)

I /..~~\
• .

~~~~ = - ~~~~~~~~~ + u ( 1.3)

~~~~~~~= ~~~~~~~~~~~~~ ( 14)

(

14
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p
The kinetic energy T at a fixed normal plane is a functio n of ~

• arid 1. The total derivative ..
~~~ therefore must reflect the

chang ing coordinate of the normal p lane with time . Thus

= + = - u~~~- (15)

s Substituting (9) into (10) to (14), carrying out the differentiatio n ,

and then integrating over the sidewall length , give s the following

expressions for the normal and lateral forces arid moments

acti ng on the bod y. In each of these expressions the integrals

are take n from ste rn to bow .

Z
~~

= - (vt’ + B~ + uq) fm~~ 
(
~~ d~

+ c~fm (~~) ~ d~ 
-

+ u (w + Bp )fm ’ (~
) d~

- uqfm (~~) ~ d~ (16)

M =  (v~ + 13~ + uq)fm (~~) ~ d~

- d~

- u (w + Bp)frn (~
) ~

+ uqfm
’ (~~) ~~ d~ (17 )

K = B Z  (18
flfl

c -i
15



-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- 

-

_ _-

p

= - (
~ 

- u r ) fm (~
) d~

- i~fm 
(
~ ) ~ d~

+ 

~f  !flyy 
(
~) f (~

) d~ ~

+ uvfm 
‘ (~

) d~

+ urfrn (~
)
~ d~

- u~frn (~ ) f (~
) d~ (19)

N11 = - ( ‘c’ - ur )fm~~ (~~) ~

. 1’ 2
~~rj m (~~)~~ d~

-
- 

- 

+ ~~~ (
~ ) f (~

) g

+ uvf rn ’ ~ 
~+ ur frn (~

) d~

- upfm~~~
’ (~~) I (~) ~ d~ (20)

- 

~

- 

K
1 

= (+ - ur )fn -t  (
~ ) f (~ ) d~

+ Ffrn (~~) f (~ ) ~

- ~fm (
~ ) f

2 (~
) d~

- uvfm (~) I (~
) d~

- urJ’m (~) £ (~
) ~

+ upfm
’ (~

) f 2 (
~

) d~ (21)
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The first subscript designates the contributing force component
and the second subscript stands for the motion direction . For

instance , K11 represents the rolling moment generated by lateral
forces which are induced by lateral motions V

r 
and

It has been mentioned earlier that m and m are for axiallyyy zz
symmetric sections. More of ten , however , the sidewall sections
are asymmetrical. These asymmetrics give rise to cross coupling

effects which are estimated as follows:

myz (~~) = ky m~~~
(
~~

)

(22)
mzy (~~) = k~ .

where 
~~~ 

(~~) represents the sectional added mass at station ~,relating the fluid momentum in the lateral direction y to the

local normal velocity in the direction z. Similarly, mzy ~~
can be interpreted as the added mass relating vertical fluid

momentum to the local lateral velocity . The coefficients ky
and k

~ 
are estimated using :

k~ = N~ ()~~
(
~~

)

where N~ (~~) and N
~ 

(~~) are average values of the horizontal

and vertical unit normal components of the hull cross—section

at any station. The average is taken with respect to the wetted

length of the hull cross sectional area. Note that for a side

hull with axial symmetry N~ (~~) is zero and hence there would be
no cross coupling forces or moments.

The forces and moments due to cross coupling are then given by:

17
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‘tin = k .  Z (23)

N = - k  M 124in y ~~

K 1 = k +8  ~ + u q)fm ~~ (~~) £ (~ ) d~

- 4frn~~ 
(~~) I (g) ~ d~

_ u ( w + B p)fm~~~ 
(~) f ( ~ ) d ~

+ uqfm~~ (~) f (~ ) ~ d~ } (25)

Z 1 = k~ Y11 (26)

M 1 - k N 11 (27)

1< B . Z (28)ill

(b) Hydrostatic Forces and Moments

The hydros tatic forc e acting on the body is obtaine d by inte-
grating the hydrostatic pressure over the entire wetted body

surface and is numerically equal to pg~ , where p is the densi ty
of the fluid , g is the acceleration of gravity and i~ is the

- I volume of the displaced fluid. Let the sectional area at station

be s(~~) ,  whic h is a func tion of local draft ç defined as

c (
~~) = D (~~) + z — 

~sine + Bsinc~ (29)

where D (~ ) is the initial local draft of the body at station -~~~.

The total b~~yancy for ce is then given by :

18 
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FB ~ gfb ~ 
(ç ) d~ (30)

where the integration is carried from stern to bow. The force

component along the body normal axis z is then g iven by
z8 -p g cos ~j~ s (~ ) d~ (31)

and the component along the longitudinal axis is
p g 8j ~~8fb s(~ j d~ (3 2)

The hydrostatic pitching momen t is given by :

M5 q gts (
~~~

d
~

F 

- 
Similarly, the rolling moment is given by:

K5 - p gf
b
s(~~~ ) b (~ ) d~ (34)

If b—B is small as compared to B, then approxima tion of KS

can be simply obtained by

K 5 B . Z 5~~~~~pgBf~~~~) d ~ (35)

(c) Axial Drag

The axial drag on the sidehulls arise from two basic sources .
Firstly, the frictional drag caused by the viscous effects of
the fluid over the body, and secondly the base pressure drag
which arises due to the separated wake existing aft of the
transom .

L ~ 
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I

The sidehull viscous drag is primarily a function of the Reynolds

number and sur face finish of the body and is determined from :

I aDrag = T p U Sw (36)

where Sw is the wetted surface given by

Sw 
~CG(~

) d~

and G(~~) is the girder length at section ~~.

The f r ictional drag coefficient Cf may be obtained by using

the standard ITTC relationship given by
0 . 075Cf = (Log 10 R n  ~~~~ 

(37 )

where
ULR n  = the Reynolds number ,

L in which

L = sidewall length

= kinematic viscosity of fluid.

C
In addi tion , a pressure drag component exists on the sidewall;

because of the usual design of this type of body being long and

slender and having a sharp transom. This can be estimated by

an additional drag coeff ic ient given by the following expression:

4 r

20
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(38)
(B

where

CB = drag coefficient based on base area.

CIB = frictional coefficient based on base area.

This value of drag holds provided the base area is not fully

ventilated. At high speeds and/or at shallow inimersions the

likelihood of ventilation is almost certain. When this occurs,

the base drag coefficient is given by

2C ( 3 9 )
F HZ

where

Froude number based on transom immersion

The transition between a fully vented and viscous wake is

determined from the following empirically established relation:

~~~~~ > 3.2 the base is fully vented .

The force and moment components due to axial drag are thus

given by

Xa = - p u2 [Sw Cf + S(1) . G B ] ( 40)

M a = - p u2 [C 1f
G ( ~~)h (~ )d~ + G

B 
S(1)f(1)] (41) —

N = - B X  ( 4 2 )a a
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where h(c) is the vertical moment arm of the girder at section r

and 5(1) is the immersed transom area.

In addition to the normal components of drag, viz the skin

fr ict ion drag and the pressure drag, there exists expecially at
high speed, a significant spray drag. Unfortunately very little

information exists regarding this drag component. However , using

the results of some experimental work , references 3 and 5 the

spray drag can be expressed in a general form as:
D = f ( q , c,t )  (43)spray

where q is the dynamic pressure , c is the characteristic length
from the point of generation of the spray to the maximum thickness
point and t is the maximum thickness of the body.

Based on the results of reference 3 the following formulae were

obtained for the spray drag caused by a typical SES sidehull

configeration :

D = 0.75 C qct 4spray f

In this formula the value of t is taken to be the maximum
thickness in the waterline plane and the friction coefficient Cf
is evaluated at the appropriate Reynolds number.

This result has shown excellent agreement with the test results .

(d) Viscous cross-flow effect

As mentioned this component of the sidehull forces and moments

is a non-linear term arising due to the real fluid effects

occurring on the sidehull. The contribution of this term to the

overall force on the sidehull is small for small excursions of
the hull but becomes the dominant term as craft motions become

greater. This force is usually cast in the form :

22 H
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p

L

Cross—flow forces = ½ P C DS
~

Vr 1V r (4 5)

where CD 
= cross flow drag coefficient

S = projected area of the sidehull

Vr = relative flow velocity

The coefficient CD is a function of geometrical shape of the

body and Reynolds number. It is usually obtained from experi-
S mental data by judicial interpretation of the results from I

tests done on idealized geometric shapes.

Accordingly, the forces and moments due to this effect are

given by:

Z C 
~~ ~~~~ r inf ~1 (~~) ~W !  W

r 
d~ 

(46)

MC 
~ 

(C
D) f?l (~~) ~~W f  W

r ~ d~ 
(47)

B . (48)

Y1~ = - ~ 
(C~~)~ fD  (~~) ~

‘r ’ V r 
d~ (49)

= - ~~ 
(C D )

~lf
D (

~~
) ~v l v  ~~~ ( 5 0 )

= -
~ 

(C D ) 1I fD (~ ) Iv ~~ v I (~) d~ (51)

In add ition to these terms there are also cross coupling terms

arising due to these cross f l ow drag forces. These forces are

given by:

Y~~ k ( 5 2 )In yc nn

NC = -k  MC (53 )In yc ~~

I
1~~ - -

~~~~
-- 

~~~~~~~~~~~~~~~~~ 
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- ___________

= k (CD) (~) ) W I  W r 
f (~) d~ ( 5 4 )

k ~ C 
(5 5

ni zC 11

M C = _  k NC (56)
nl zC U

K C = B . Z C 
( 5 7)

ni iii

-
~ I where the superscript C desi gnates cross flow , and the subscripts

have the same meaning as defined previously .

The value of the cross coupling coefficients k and k inyc zc
this case are taken to be proportional to the cotangent of the
local dead r ise ang le of the sideh u ll at any g iven section.

3 . 2  Cushion Pressure Forces

In addition to the forces imparted to the craft through the
sidehulls, the cushion pressure supporting the c ra f t  has a
signi f icant  e f f e c t  on the c ra f t  dynamics. For the present
investigation , since a general type of c ra f t  is being considered ,
the supporting air cushion is considered as basically a rectangular
box bounded by the sidehulls and the forward and a f t  seals. The

plenum is fed by a fan , or system of fans , with a specified
fan character is t ic .  Details of the fan ducting and heave

-

- 

- I alleviation devices which are usually used on such c ra f t  have
not been included in the analysis as this would require a more

detailed def in i t ion  of the l i f t  fan  system , a task beyond the
scope of the present prel iminary study .

The basic equation governing the air flow into and out from the
cushion is the conservation of mass which states that

th = 
~~ ~~~~ 

- (58)
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P

where th = rate of change of mass in the plenum

= total flow into the plenum

= leakage flow out under the seals and sidehulls

- I The flow into the air plenum is governed by the lift fan

characteristic which is represented by:

I 2

~in = Q f = + 
~~ ~c 

+ 
~~2~~c (59)

where -~~‘~~1 
-
~~~~~ 

are constants

PC = cushion pressure

The leakage flow is considered to be governed by an orifice

type flow equation given by:

= C0 AL ~ ~c~~~a ( 6 0 )

where C0 = dischar ge coe f f icient

— 
p = density

~a 
= atmospheric pressure
= cushion pressure

AL = leakage area

The leakage area in this equation is comprised of several

components. These can be represented as

AL = A Q + A sw + A s (61)

where A0 = equilibrium leakage flow

= leakage flow under the sidehull

A5 
= leakage flow under the seals
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$ The above equilibrium leakage flow is that leakage required to

- - maintain the craft at a given equilibrium condition when not
disturbed by any waves. This leakage area can be adjusted by
changing the setting of the seals under actual conditions and

it determines the equilibr ium immersion of the craf t . The
equilibrium pressure is obviously given by

(Pc Pa)A c F3 (62)

‘ where W = craf t  weight
FB = buoyancy force

Ac = plenum area

The areas A5~ 
and A

~ 
are obtained at each instant in time by

integrating the clearance between the sidehull and seals with

respect to the local water elevation.

This leakage area obviously changes as a function of time
depending on the craft motions and the free surface elevation .

The pressure in the plenum is assumed to vary according to an

adiabatic compression law, viz

+ 
~~ 

V1 constant (63)

where V = plenum volume .

From the conservation of mass equation the following equation

can be obtained ,

- 
in out

on substituting, m = pV.

4,
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Using the above equations the pressure and flows into the
plenum can be found and the resulting forces and moments on the
craft can be calculated as follows :

Zpres = 

~~c 
- 

~~~ 
Ac 

-

( 6, )

~pres 
= 

~~c 
- 

~~~ 
A~ B tan 

~ ( 6 6 )
Xpres = 

~~c 
- 

~~~ 
Ac 1 tan 

(67)
Mpres = Xpres (VCG - 

~~
- tan 

~ (68)

Kpres ~pres (VC G - tan ~ ( 6 9 )

where VCG = vertical height of CG above keel

B = Width of the plenum
= roll angle

1 = length of the plenum

In addition to the above forces, the pressure acting on the free
surface causes a wave drag effect which has to be accounted for

in the computations. The wave drag has been discussed extensively

in the literature .

The wave drag referred to here includes that due to the sidehulls ,

the pressure planform , and their interactions. The calculations

for the wave resistance of a pressure patch and a pair of thin

walls is straight forward provided that the geometrical form is

simple. Following the method of reference 6, the total wave

resistance for a combination of a pressure planform and two

sjdehulls in a channel of width W can be written as follows :

1 -

~ 

( .~1.LLL1~L)
R = 

~~~~~~~~~~ 

c
~ 

~~~~~~~~~~~~~~~~~~~~
--

~~~~~~~
-— — —_  (P

2 

(70)
I 
~
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where

P + iQ = 

~~~~~~~~ 

f r ~~~ 
L-, v )  r - 

~~~~~~~ ~~
-] r1~:-! - ~

1P g~ V

+ 
1G 

~~~~~~~ ff  ( - : , :~~ :1i11~~U ( b z I L - ) l  cos

1 for n-i 0
C
m 

-- 
2 for m~~~1

p (x.y) = Pressure distribution on planform S

= g /V 4

g = gravitational acceleration

V = Ship speed

P = density of water

O (:-:,y) = singularity distribution for representation
of sidehull D

= distance of sidehull center plane from the
- 

craft centerline
-
I
- 

1~ I 1~~-
~ i + (r~.. —

1

Considering that the pressure planform is rectangular and the sidehul].s
- - 

are of parabolic shape , the above integrals can be evaluated easily
and the results have been given by:

I + / I -~~ (
~~~

-
~~~~~~~~

T’\ 
‘~

‘V ~~k w )
-
~~ 

i~ p -\r j
~~ :~ E ——-

~~~~~~ X2 r i
\ k W)

2~
- , .  ~~~~~~~~~~~~~~~~~~~~ ~~~~ ~~~~~~~~~~~~~~~~ 
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8B 1 1
- 

— 
~~~~ 

i?~ in l-e 
-

- 
- L Ic ( L 

~~ 
) b

- - • 0 n-I

r ~~~ ( k1b~~~ L f~ ~COS (k 1b )  - 

k1 b1~
2 ] - 2 ~

-
- 

I (
~~~~

) sin (ic.b ) sin (2-r 
~~~

_ -

~~~~

_ 
~~~ } (71)

where
k k L/21 0

W 1 =

W = total weight of the craf t = p0BL

B ~bubble width

L = bubble length

B 1 = sidewall width

3.3 Seal Forces
1

For purposes of the present study a very simplified seal config-

uration has been adopted . Again , this has been done in order to
avoid too many detail points which would reflect a given design
ra ther than a genera l craf t.

The present seals are assumed to be flexible fa bric seals , such
as a bag and finger design , which when immersed in the water
simply deflect and lie on the water surface. Hence they do not

contribute any forces or moments to the craf t except for their
axial drag and the forces and moments arising due to the shift

- 

- 

in the center of pressure of the air in the plenum caused by

29
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the chang ing imprint length on the water . Referring to figure 3,
- - which shows a simple bow seal , the following equations can be

derived:

Z seal = — 

~~~ 
1w B (72)

M seal = Z seal ls (73)

where 1w = ls tan 0

sin OB

is = distance of seal tip to C.G.

= sheer angle of seal
= trim of craft

the axial drag due to the seal is:

X seal = Cf ~
.V lwB (74)

where Cf is the friction factor , derived from the Reynolds

number as follows :

C 0.044 ( 7 5 )
-

- 

R ’’6
Re is the Reynolds number based on the seal wetted length 1w.

3 .4 Aerodynamic Forces

The aerodynamic forces and moments acting on the craft have
been simpl ified and are represented by an overall drag coefficient
based on frontal area of the craft. This drag coefficient has
been selected to correspond to test results on SES type con—

f igura tions. The force is therefore simple :

X aero = CD 
1 p V A f 

(76)
2

where Af = frontal area of craft. 1-

‘4.

L 
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No aerodynamic lif t or moments have been used in the present study
-
: as the craft is operated in a straight line course at all times

and no wind conditions are considered , consequently only an axial
aerodynamic force exists .

3.5 Propulsion and Control Forces

Various methods of propelling and controlling the craft  exist.
Current emphasis for SES propulsion is a waterjet. These devices
allow for thrust vectoring or diff erential thrust for maneuvering
and turning . Since we are only considering straight line oper-
ation in the present study no such devices will  be considered .
The methodology used is to calculate the drag for a given immersion
and trim at a specified speed and allow the thrust to be equal to

the calculated drag . As the c ra f t  responds to the wave environ-
ment its attitude and draft will be varying causinq chances i n

drag and cushion pressure. The thrust , however is kept constant
to the in i t ia l ly  calculated value thus slight surge motions will
occur during the time the c ra f t  encounters the waves .

3.6 Appendages

Usually , especially in the case of an SES , directional stabilizers

or fins are fitted in order to ensure directional stability .

Standard representations of these appendages exist in the program

code developed , which account for drag and l i f t  forces . In the —

present study a nominal fin has been assumed .

These items are considered as base vented parabolic sections
designed to produce the required lateral stiffness to the craft to -

ensure s tabil i ty. For present purposes , therefore , two items

attributing to the total drag of these fins , namely pressure drag
4 and f r i ctional drag, are considered.
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Since the quality of these surfaces has to be kept smooth and

constantly clean to ensure cavi tation free opera tion , it is
assumed that for all intents and purposes th~ sur face is close
to being hydrodynamically smooth and consequently the frictional

drag is computed on this basis. The total drag of the stabilizer

surface can then be written as:

Dfi = ½ PV
2A (Cd + 2 Cf] (77)

where

A = fin surface area, ft2

Cd = pressure drag coefficient

Cf = frictional drag coefficient

For a base venting parabolic section we have

— 
~~ /t\2Cd 

—

where
t = thickness-chord ratio

- S c

and , for a smooth surface the frictional coefficient can again be
approximated by the formula :

C f = O.044/Rc~
”6 ( 7 8 )

where

Rc = Reynolds number based on mean chord.

The l i f t  force from the f i n  is calculated using the following
classical lif t equa tion .

I.
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• 1 2

~ f in  = -
~~~ 

p V A CL (79)

where

ARCL = 211 AR+3

AR = Aspect ratio of the f i n .
V = Relative velocity of the fin in the water.

4 .  WAVE ENVIRONI4ENT

4.1 Wave Representation

The computation of explosion generated waves can be divided into

three parts;  they are the modeling of the source condition , the
calculation of propogation and transformation of waves over a

given bottom topography , and the determination of breaking inception

and wave run—up according to some acceptable criteria. The last

two parts would involve tedious bookkeeping of propagation history

from point to point, should the bottom topography be irregular .

Since the study in the current phase emphasizes specifically the

mathematical modeling of the craft , the details of the bottom

i rregulari t ies are not considered . If the continental shelf is
assumed two—dimensional and to have a constant mild slope , the
wave environment can simply be classified into two characteristically

-
. different groups; deep water and shallow water waves.

4 . 2  Deep Water Wave Generation

The deep water waves theoretically can be represented by sinusoids
of various frequencies. while the c ra f t  responses in sinusoidal
waves are to provide a general indication of the c ra f t  character is t ics
a s a  function of wave period , 

: 
ovi little 

r

~~~

f

0r i

~~~~~

0n as to
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how the craft responds when it is sufficiently close to the

source region , as the wave amplitudes are normally very large S

such that the linear superposition technique is not valid and

applicable . The present model is capable of simulating either

a sinusoid wave system or an idealized explosion-generated wave

system at a given stand—off distance from the source at any

time after detonation . Whereas the sinusoidal wave form is

simpler and well—known , only modeling of the explosion—generated

waves is discussed in the following :

The problem concerning waves generated by an arbitrary but

localized disturbance on a free surface has been investigated by

Kajiura , reference 7. In analyzing the explosion-generated

waves , the initial disturbance is usually assumed as being of a

parabolic crater-like shape with radial symmetry such that:

~ (r) = no [2(
’~/R0)

2_ l I for r < R0 (80)

= 0  f o r r > R 0
where n0 = crater hei ght

R = crater radius

r = radL’~l distance

The waves resulting from this disturbance at a distance r from

the center are then given by, Van Dorn et al , reference 8, as

n (r,t) = 
_____ - dV / d k  

j 3 (kRo) cos ( k r — w t )  ( C U

where Ic = wave number , determinable from the relationship,

between the group velocity V and the arriva l time
t, such that

2kd
V ( k )  = ½ i~ ( 1+ sink 2kd ) =

= I gk tanh kd ~ 
-1

d = water depth —

J 3 Bessel funct ion of the 1st kind of order 3.
Il

I )
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The above equation shows that the traveling wave train possesses
a series of amplitude peaks primarily governed by the moderating

Bessel function J3. The problem that remains is to relate the

crater dimension n 0 and R0 to the yield of a given explosion so

that prediction of waves at a given location r and time t can be
made .

It is noted that both n 0 and R are not easily measurable . What
one can measure are the wave height and period at a large distance
from the source disturbance. It is in fact  more convenient to
measure the amplitude peak 1

~niax in the first wave envelop at a

given range r, and the corresponding wave number kmax can be
evaluated by knowing the arrival time t from the above equations .

Analyt ical ly ,  one can show that , for a particular source distur-
bance n (r), the amplitude of the maximum wave ‘

~max is inversely

proportional to r , and the corresponding wave number kmax is
independent of the crater height n o . For an explosion in

s u f f i c ien t ly  deep wa ter , kmax can be determined f rom the f i r st

stationary value of J 3 as:

k R = 4 .2max a

Once the measurement of kmax is obtained , the crater radius can
be readily estimated . From equation (81) , one f i nds :

n 0 R 0 l. 63 T1max r

when k kmax . Consequently , the crater height can also be
estimated from the measurement of wave height .

Empirical correlations of measurements of nmax with the explosion

yield W and the detonation depth Z show that there is a certain
~ 5~+ 0 3

trend between the parameter nmax r/W and the parameter Z/W

(W in lbs of TNT equivalent) ; this is best presented graphically
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by plotting the experimental data points as shown in Fi gure 5.
It is noted that there are two peaks appearing in the former
parameter over a range of the lat ter .  One of these peaks occurs

— 
at Z/W = —0.05 and is commonly termed as the upper critical depth .
Detonation at this depth is seen to produce the highest responses.
The other peak occurs at Z/W 0 . 3 = - 2 . 7  and is usual ly called as
the lower crit ical depth.

- Si

As discussed before , the parameter kmax can be det ermined by

measuring the arrival time of the f i r s t  wave at a given distance .
By analyzing the wave profiles obtained from the measurements ,

an empirical relationship between the parameter kmax and yield
mig ht W has also been established , namely :

Ic 
— 0 . 3  

~ 
0 3 ~~~.max =0.44 W for 0 > ‘~/W - 0 . 2 5

... 0 3 0 3 ( 8 2 )
= 0 . 3 9  W — 0 . 2 5  > 

. 
— 7 . 5

Using these empirical relat ions together with the measured results
as shown in Fi gure 5 , the source parameters ~o and R 0 can be
determined for any y ield at any water depth and detonation depth.
Consequent ly ,  the wave h is tory at any point r and time t can be
calculated according to equation ( 81) .

4 . 3  Shallow Water Waves

Two types of waves should be considered with regard to shallow
water waves. First ly,  tho se waves pr od uced in deep wate r as a

resul t  of an of fshore  explosion which t rans form their height , shape
and internal  characterist ics through the process of shoaling ,
re f rac t ion  and reflect ion when they propagate shoreward into
shallower water . Secondly, waves directly generated by explosions

in shallow water on the cont inental  s h e l f .  As fa r  as the wave
characteristics are concerned , these waves can be considered
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identical and be treated in a similar manner . Before entering
into the discussion of how to model these waves mathematically,
however , correlations of y ield with wave generation in shallow
water are briefly outlined below .

The method of correlation between wave heights and yields dis-

cussed in the previous section is limited to deep water wave

generation such that d > 6 W 0 .3 . For explosions in water of

depth such that 1 < 
d/W o 3  <6 , Le Mehaute , reference 9, proposed

a simple interpolation rule to fit the experimental data , as

f ollows :

n = 

~deep 
[ ½ + j~~

( 
~ 0 3  -1) 1 (83)

This shows that the generation e f f i c i ency  is reduced by half
when the parameter d/W°.3 approaches unity . In the case of very
shallow water where d/W0.3 < < 1, the linear model is no longer
valid and different correlations must be used. Unfortunately ,

there are very few data collected of shallow water explosions.

Among the available data as listed in Table 2, only the WES

test data, reference 10 , provide systematic variations of charge

weight and water depth .

By means of small-scale charges (0.5 —2048 lbs.) the WES program

was designed to estimate wave effects due to a 20 KT explosion

- - 
in water of 30 to 200 feet deep . The charge position varied

from beneath the bottom to above the free surface. The results

showed that variations of Z/d from —1.0 to 0 had little effect

on wave height. In contrast to deep water explosions , the most

significant parameter for wave generation in shallow water is
water depth , instead of charge posit ion .

The other s ign i f icant  fea ture  is that the dispersion law is
d i f f e r e n t  for waves propagating in deep and shallow water .  In
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¶ deep water, wave height varies inversely with radial distance r
as a combined result of frequency and radial dispersions . In

extremely shallow water , the large leading wave is expected to

behave like a solitary wave so that its height varies inversely
as r 2 /3  instead of r. In moderately shallow water , the relation
below should hol d

= constant 2/3 < 
~(d) < 1 ( 8 4 )

In correlating the WES test data , the fo llowing empir ical formula
is derived

nmax 
= 1 44 (~ )° ~~ (85)

+ 0 .25 w’ ,~~~

where 3 = 0.83 (~~~~ 3) 0 0 7

It  is noted that the power 3 varies as a function of the depth

parameter d/W’’3 ; for the very shallow case , 3 approaches 2,3

as a limit. While the derivation of the above realtionship has

assumed that reasonable extrapolation of the WES data is valid ,

it must be noted that the correlation is based upon the experi-

mental data covering d/W ’’3 up to 0.585. There is no indication

that it will approach the empirical relation (83) as d increases .

- 

- 

Equation ( 85 )  provides an empirical relationship for predicting

the maximum wave height at any distance r from a shallow water
explosion . Af te r  the wave height is determined for a given
explosion , the important procedure required for numerical simu-

lation is a mathematical representation of the wave history as

a function of time . As mentioned earl ier , disregarding whether

the waves are generated i~-i 3hallow water or are propagated into

shallow water from of fshore, their internal characteristics are
approximated identical if their height and period are the same .

[ 41

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — ~~~ —~~
- 

~~~~~~~~~~ 
- _________________________



- --n- ~~~~~~~~~~~~~~~~~~~~~~~~~ --_ ___ -r__ _ _  
- ---- -- 

---- - -  - - _

The most important parame ter which af f ects these waves in this
case is the local water depth. As is well known , when waves
propagate into shallower water , their crests become more peaked
through shoaling . When the local depth d becomes so shallow

that the wave height h 0.67 d to 0.78 d, waves start to break.

Analytical and experimental studies of wave propagation and

transformation have been discussed in detail by Le Mehaute et al ,
reference 13, and Divoky et al, reference 14. Their analyses
show that, among many existing wave theories , the cnoidal wave
theory is good for describing the transit ion from deep water
waves to shallow water waves but the solitary wave theory best

describes the long , shallow water waves including the spilling
type breakers. In the present study , the solitary wave form is

used for numerical modeling of the long period waves on the

continental shelf. After the wave height and period is determined

according to the yield weight, the mathematical representation

of the waves in water of depth d is given by

n (x,t) h sech2 o (x—ct) (86)

where
h = wave height

~~3h/4d
3

c = /~~ (1+ h/2d)

5. NUMERICAL TECHNIQUES

The computer program developed to integrate the equations of 
- S

- 

- 

motions under the influence of the forces and moments inputed to

the craft by the wave environments described previously will

now be briefly discussed .

I i
Initiation of the computation is made by entering into the program

the initial conditions of the craft such as altitude , speed and
craft weight. Overall craft dimensions and the geometry of the
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sidehulls and seals are also required . With the above information

the submerged geometry of the sidehulls and seals are calculated

and the forces and moments from all sources described in section 3

are calculated . The initial values of al l the variables are
then used as starting values at time t=0, to initiate integration

of the equations of motion.

A four th order Runge Kutta scheme is used for the integra tion
and all variables are updated at each time step. Time steps of

the order of 0.1 seconds are normally used .

The wave field is also started at t=0 and , depending on the par-

ticular case being considered , propagates towards the craft in

a predetermined direction (heading) . Three options are currently

available for the wave field , as previously discussed . Experienced

gained with the program indicates that runs vary typically f rom
about 15 seconds to 70 seconds when using a CDC 6600.

• An overview flow chart illustrating the general operations per-

formed in the computer is shown in figure 5.

6. RESULTS

The program was exercised under various wave conditions and craft

headings to investigate , on a preliminary basis , the response of
a typical SES . In order to conduct this study several assumptions
had to be made regarding the c ra f t  size and dimensions. In order
to make the results relevant to current interests an SES having
characteristics similar to the 2000 ton class was chosen. Some

of the salient features of this craf t  are listed below :

Craft weight = 2000 lng tons
Cushion length = 240 feet
Cushion beam = 88 feet
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Center of Gravity location = 130 ft. forward of transom
24 f t .  above keel

Li f t  fan characteristic:

Qf = 75,497 — 121 
~~c — 

~~ 
cfs

Bow seal angle = 30°

Stern seal angle = 60°
Initial air leakage area = 49 f t . 2

cPhe definit ions of inputs and a sample input case are shown in
Appendix A. This input provides further information , including
details of the sidehull shapes chosen. This shape is also

representative of typical sidehull designs for SES .

The results of these runs are shown in the following figures.

6.1 Sinusoidal Wave Response

In order to exercise the program and obtain a reference base

of craft response a series of runs was conducted using a

sinusoidal wave excitation. This wave was chosen to correspond

to the significant wave height and period of a Sea State 3

Pierson Moskow itz spectrum , namely :

Wave height = 5 feet

Period = 6 seconds

— 

Figures 6 through 9 illustrate the results of these runs for

heading angles of 0°, 45° , 165° and 180°, respectively . tn

these figures the cushion pressure and wave profile are shown

in the upper figure ; the pitch and yaw in the middle and the

heave response and roll in the lower diagram . The curves are

shown as a function of a non-dimensional time , t/T. The re—

quired conversion factor to real time is given in each caption .

For these specific runs the craft immersion at the center of

gravity was 1.9 feet at a initial trim of 0.9 degrees .
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It will be seen from these results that generally the craft is

well beha ved in this  sea state . However , in the cases of 165°
and 180° heading f a i r l y  large oscillations occur in cushion

S 
pressure with corresponding heave excursions. These two runs ,

which deal with head seas, illustrate that the cushion
pr essur e is certainly more responsive to head seas than to

I - the fol lowing seas , shown in f igures  6 and 7.

It should be emphasized , however , that no heave alleviation
devices have been modelled in the present program and conse—

- S 

quently this type of behavior is not unexpected. It is antici-
pated that installation of such a device would alleviate this

situation considerably .

The cases with quartering seas, namely figures 7 and 8 show roll

and yaw responses . In part icular f i gur e 7 shows a ro ll ampl itude

of approximately 2° . This case, run for a quartering following sea,

also shows an increased pitch response which is to be expected .

The wave length to cushion length ratio for these runs is 1.29
which is removed from the wave pumping value of 2 • 0 .  It should
also be pointed out that the natural  frequency of the c raf t  under
the above initial trim and heave conditions is approximately :

Pitch na tura l  frequency = 1.45 Hertz

Heave natural  frequency = 1.67 Her tz

6.2 Solitary Wave Response

As discussed in section 5 , within the cont inenta l  margins in
sha l low water , the wa ves caused by deep water explosion can be
represented by sol i tary waves.  In this  section we have con—
-Jucte~~ a series of runs wherein the craft response to a solitary

wave at var ious  headings has been inves t iga ted .  Furthermore ,
the effect of varying water depth and wave height is also shown .
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For the present runs the initial trim and center of gravity

immersion was taken to be 1 degree and 2 feet, respectively.

The runs 
•
were performed at a craft speed of 50 knots, except

- 

I for one run which was conducted in a near hovering mode . (actual

speed was 5 knots.) The wave height and period were varied

during this series and are identified in the caption of each

f igure .

The hovering condition is shown in figure 10. As will be seen

in this run the water depth is taken as 60 feet with a wave

period of 15 seconds ~nd wave height of 6 feet. With these

conditions the ratio of wave length to cushion length is 2.91.

Behavior of the craft is quite acceptable with the maximum

p itch and heave excursions shown in Table 3.

The e f f ec t s  of vary ing head ing angle for the conditions described
in the above case are shown in f i gur es 11, 12 and 13. As wil l
be seen from these runs , all at 50 knots , the pitch ex cur sions

increase as the heading varies from a beam sea condition to a

head sea . Attendant with  this change in heading the roll
and yaw decreases. In the case of 90° heading or beam seas the

roll motion is excited at a natural frequency of about 1.34 Hertz.

It is apparent from these curves that the craft will survive this

wave environment without undue difficulty . It should be pointed

out that whereas it may appear desirable to head away from a

blast situation , should one occur , the results would depend on

the craft relative velocity to the wave . This approach for reducing
wave induced damage may or may not be appropriate .

Figures 14, 15 and 16 illustrate the behavior of the craft under

differing combinations of wave height , water depth and wave period

for a head sea i.e., heading of 180° . The exact cond~ tions

are given in Table 3 . In the first two cases , figures 14 and

15, craft response is reasonable although some relatively large

heave and pitch excursions occur in the 10 foot wave condition .
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TABLE 3

S 
Solitary Wave Results

- 
Period = 15 sec. Wave Height = 6 ft. Depth = 60 ft. ~/L = 2.9 1

a 
Heading F Speed . Max. Heave
(Deg) (Knots) Maximum (F t )

Trim (Deg) Roll (Deg) 1 Yaw (Deg)

0 0 —3.61 0 0 —4.7

90 50 —0.31 +5.10 -2.7 -5.0

135 50 —1.97 +4.19 —0.89 —4.48

180 50 —3.69 0 0 
—4.72

Period — 30 sec. Wave Height = 10 ft .Depth = 60 ft. ~/L = 6.01

180 50 —5.37 0 0 —8.08

Period = 30 sec. Wave Height = 5 ft. Depth = 30 ft. X/L = 4.25

180 50 —3.55 0 0 4.46

Period = 15 sec. Wave Hei ght = 6.5 ft.Depth = 30 f t .  X I L  = 2.18

180 50 —5.78 0 0 7.90

Note: Heading angle de fined as 0° for following seas ,
180° for head seas .
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S The normal reaction of the craft on encountering the wave front

is to increase its trim with a simultaneous decrease in immersion .

This behavior is to be anticipated since the craft is impacting

the wave. In accordance with this reaction the cushion pressure

decreases due to increase leakage. After the wave crest, trim

decreases and immersion increases .

In f igure 16 it is apparent that large excursions in pitch and
heave are occurring and furthermore these motions are diverging .
This particular run condition however , has been taken at a ratio

of wave length to cushion length of 2.18, which is very close to
the wave pumping condition of 2. Therefore it is expected that
severe conditions will arise , as seen in Table 3. The maximum

heave and pitch are larger in relation to the wave amplitude than
in all other cases. It is apparent that under this condition the

craf t  is not likely to survive without evasive action .

6.3 Deep Water Explosion Wave Response

A deep water explosion wave environment was generated by con-

sidering the wave caused by a yield device of 1 kiloton.

It was assumed that the stand-off distance of the craft from

the center of the blast was 7,500 feet. A device having this

y ield and exploding at the upper critical depth would cause an
init ial  water disturbance having an initial radius of 740 feet
and init ial  water hei ght of 55 feet. Using these conditions

the c ra f t  response was calculated for a hovering situation at
0 degree heading , and at 50 knots for headings of 90° , (beam

sea), 45° and 1350 . The results of these run s are shown in
figures 17 through 20.

From figure 17 it is seen that at this distance from the blast ,

the maximum wave hei ght encountered is approximatel y 6 f ee t .
The graph shows the arrival of the first wave group and the
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subsequent response of the c r a f t .  As seen all the variables are
within normal excursions with a maximum pitch of -1.55° and heave

of 2.85 feet. The wave envelop shown in this figure is typical

of the explosion generated wave envelopes.

Should a blast occur o f f  the beam of the c r a f t  when operating
at 50 knots the results indicate that the craft will barely

survive the waves. As seen in figure 18 large excursions in

yaw , roll and heave are experienced . The maximum excursion in
these variables are:

maximum heave = 4 . 8 5  feet
maximum roll = 8 . 9 8 °
maximum yaw = ~~1l . 9l°

The maximum pitch angle experienced is ~~1 . 5 20  which is quite
nominal. It is apparent from this response that the craft is

quite vulnerable to beam explosions .

Should the craft be operating at 50 knots and an explosion occur

the question arises as to what evasive action it should take .

As a preliminary maneuver it was assumed that a reaction time of

80 seconds is required for the craft to either alter its course

to another heading or head up into the blast and kill its engines.

We have seen that in this latter mode it can survive the present

explosion. The question arises as to whether an alternative

course heading is preferable . To investigate this possibility

two headings of 45 ° and 135° were investigated . -

Figure 19 shows the response of the craft to the waves environ-

ment on a heading of 45° assuming such a heading is achieved S

80 seconds after the blast. As will be seen little if any

motion occurs to the craft since the craft is heading away from
the wave front and is apparently in small , long period waves
ahead of the main group of waves. Provided sufficient clear sea

is available the craft could outrun the wave until the waves
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had decayed sufficiently to allow a change in heading. This

situation would obviously be changed if the continental marg in
were reached , since in that case the waves would begin to

experience bottom effects and become solitary waves.

Should the craft head into the blast on a 135° course , an un-
likely s i tuat ion, unless it was already on this course when the
blast occurred the response is shown in figure 20. Here it will

be seen that the motions are diverg ing and indeed , based on
the present analysis , the craft will not survive . As will be

seen the run was actually terminated before the motions become

excessive . The maximum excursions of the craft at this point

are:

maximum heave = 4 . 5 2 6
maximum pitch = 1.548

maximum roll = 2.325

maximum yaw = -0.331

It is apparent from this brief survey that dependent on the

location of the blast relative to the craft and the available

response time several possible scenarios exist for evasive

action subsequent to a blast. This evasive action , however

depends on a great many variables and will be the topic of

further investigation during the next phase of the present

program . It it clear however , that relatively moderata yields
can cause an SES considerable difficulty if cognizance of the

seriousness of the situation is not realized .

It should be reiterated at this point that the above analyses

were performed without heave alleviation devices on the craft. The

results should therefore be viewed in this ligh t .
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Figure 20 Craft Response to Exp losion Waves in Deep Wa ter -

-
S 

yield = 1 kt, stand—o ff distance = 7500 ft , craft
speed = 50 knots , craf t heading 135° , ~ 1.69
sec , T = 80 sec

0
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7.  CONCLUSIONS

We have presented the preliminary results derived from modelling

the response of a typical SES to an explosion type wave environ—
ment. This effort represents the status of the project at the

end of its first phase and is by no means complete . Results

obtained to date however , indicate that some consideration is

needed to developing suitable tactical maneuvers for minimizing

damage potential from exp losion generated wave environments .
It is further apparent that the unique high speed capability of

these vehicles provides them with a great deal of versatility

in generating evasive action .

It is presently planned in the next phase of the project to

take the procedure further with the development of the computer
code to enhance its versatility and to perform a parametric

analysis  on the various variables of the problem , in order to

develop a meaningful procedure for action under possible threats

of this nature . Such scenarios would be most valuable in future

planning of the operational fleet.
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Computer Input and Output Format

Input Format:

Card 1: Format (20A4)

1) TITLE - Heading card.

Card 2: Format (FlO.0 , 1415)

1) DT - Number of intervals per wave period .
2) NSTEP - Number of integration steps .
3) NPRN T - 1
4) IP - Debug flag for component forces and moments , printed

in main program.
If IP = 0, debug not printed .
If IP 

~ 0
, debug is printed.

5) IFIN — Flag on inclusion of stabilizer .
If IFIN = 0, do not include stabilizer.
If IFIN ~ 0

, include stabilizer .
6) IPLOT - Flag on plotting.

If IPLOT = 0, call PLOTT.
If IPLOT = 1, call PLOTXY .
If IPLOT 2, call PLOTT and PLOTXY.
If IPLOT > 2, do not plot.

7) IPT — Number of points to plot for PLOTT.
8) NJET - Number of jets for thrust vector control.
9) INT - Flag for printing cumulative integrals and geometrical

variables.
If INT 0, do not print .
If INT ~ 0, prin t.

10) IBUG - Flag on debug for subroutine BUOY .
If IBUG = 0, do not print debug .
If IBUG ~ 0, print debug .

11) 1W - Flag on wave type.
If 1W = 1, sinusoidal wave .
If 1W = 2, solitary wave
If 1W = 3, explosion wave

12) IPR - Flag on debug for pressure subroutine
If IPR = 0, do not print debug .
If IPR ~ 0, print debug .13) ICO - Flag for generating new derivatives when draft changes
by more than ICO feet.
If ICO = 0, do not change derivatives.
If ICO > 0, ICO equals the change in draft required ~

update derivatives.
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Card 3: Format (8FlO.0)

5 1) THT - Initial pitch angle of craft (deg).
- - 2) PHI - Initial roll angle of craft (deg)

3) PSI - Initial yaw angle of craft (deg) *
4) Z - Heave (set = 0).

- 

- 

Card 4: Format (8FlO.0)

1) AA - Distance from transom to C.G. (ft)
2) BB — Half spacing of side walls (ft)
3) CC - Side wall immersion at C.G. (ft).
4) DD - Distance from keel of craft to C.G. (ft) .
5) AM - Craft weight (tons).

- 
I 6) DXDU - Added mass coefficient of side wall in axial flow.

7) AIX - Moment of inertia of craft about the x-axis (ton—ft-sec 2)
8) AIZ - Moment of inertia of craft about the z-axis (ton-ft—sec).
9) AIY - Moment of inertia of craft about the y-axis (ton-ft—sec 2).

Card 5: Format (8F10.0)

1) WL - Reference length of craft (ft)
2) SP - Approaching speed (knots).2 43) RHO - Density of water (lb . sec /ft
4) ANU — Kinematic viscosity of water (ft2/sec)
5) CDLL - Drag coefficient , lateral force , lateral motion.
6) CDNN - Drag coefficient , normal force , normal motion .

Card 6: Format (8FlO.0)

1) OMEGA — Dihedral angle of stabilizer (deg)
2) CR - Chord length of stabilizer at root (ft)
3 )  CT - Chord length of stabilizer at tip (ft).
4) S — Stabilizer span (ft) .

S 

Card 7: Format (8F10.0)

1) CCO - Side wall immersion at C.G. before turning (ft).
2) THTO - Pitch angle before turning (deg) .
3) SPTURN - Assigned speed at turn if different from SP (knots)
4) DFTH - Control for differential thrust (set = 0)

Card 8: Format (8F10.0)

1) XARM - Longitudinal distance of water jet nozzle location
from craft C.G. (ft) .

2) ZARM - Vertical distance of water jet nozzle location below
craft C.G. (ft).

3) BACE - Vertical location of the stabilizer attachment belo~
the keel line (ft) 5
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Card 9: Format (8F10.0)

1) YARM(I) - Transverse location of Ith water jet nozzle from
craft centerline (ft)
NJET values. Positive starboard side.

Card 10: Format (8FlO.0)

1) DELJET(I) - Deflection angle of nozzle I (deg) .
NJET values . Positive toward port side.

Card 11: Format (8FlO.0)

1) RMCP( I )  - Engine power level delivered to nozzle I.
NJET values.

Card 12: Format (8FlO.0)

1) ALPHA(I) - Vertical tilt angle of nozzle I (deg)
NJET values. Positive upward .

Card 13: Format (8FlO.0)

1) DWET - Distance from keel to wet deck (ft).
2) WAMP - Wave amplitude (ft).

I 
3) WPER - Wave period (sec.)
4) BETA - Heading angle (deg)

BETA = 0,.° following or overtaking waves .
BETA = 180°, head waves.

5) WDEP - Water depth (ft) .
6) XO - Distance from center of explosion to craft (ft) .
7) RO - Crater radius (ft)
8) ETAO — Crater height (ft) .
9) TO — Reference time with respect to time of detc ation (sec)

Card 14: Format (1615)

1) NST - Number of sections along craft from transom to bow .

Card 15: Format (8FlO.0)

1) BUBL - Air cushion bubble length (ft).
2) BUBB - Air cushion bubble width (ft) .
3) WALB - Maximum width of side wall (ft).
4) DEPTH - Depth of craft (ft) .

Card 16: Format (8F10.0)

1) SLBOW - Length of planing bow seal V t )  .
2) SLSTRN - Length of planing stern seal (ft) .
3) THETA - Ang le of planing seal (deg) .
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Card 17: Format (8F10.0)

1) DRISE(I) - Dead rise angle at station I (deg).
NST values . I = 1 at transom , I = NST at bow.

Card 18: Format (8F10.0)

1) ENTRCE(I) - Average entrance angle at station I (deg).
NST values.

Card 19: Format (8FlO.0)

1) CHINE(I) - Height of chine above keel line at station I (ft)

Card 20: Format (~ Fl0.0)

1) NSW(I) - Number of water lines used for defining offsets
at station I.

Card 21: Format (8F10.0)

1) X5W(I) — Distance from transom to station I (ft) . NST values .

Card 22: Format (8F10.0)

1) HSW(I) - Height of bottom profile above keel line at
station I (ft) . If profile below keel line HSW(I)
is negative .

Card Group 23: Format (8F10.0)

1) Dl(I ,J) - Height of Jth waterline above keel at Ith
station (ft) . NSW(I) values of Dl for each I.
All values are positive . Dl(I,l) = 0.0. Refer
to figure A.l.

Dl is input as follows :
Card 1 — Dl(l ,I), Dl(l ,2), ~~.. Dl(l , NSW(l)).
Card 2 — D1(2,l) , Dl (2,2), . . .  Dl (2, NSW(2)) .

- - Card NST - Dl (N ST ,l ) ,  D1(NS T ,2 ) ,  ... D1(NST,NSW (NST)).
j  Card Group 24: Format (8F10.0)

1) Wl (I,J) - Horizontal offset of the starboard wall , right
side of vertical reference plane , at Ith station S

and Jth waterline (ft) . NSW(I) values of Wl for -

each I. All values are positive . Wl (I,J) input
similarly to Dl(I,J). Refer to figure A .l.
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S Card Group 25: Format (8F10.0)

1) W2(I ,J) — Horizontal offset of the port wall , left
side of vertical reference plane , at Ith station
and Jth waterline (ft) . NSW(I) values of ~2 for
each I. All values are positive. W2(I ,J) input
similarly to D1(I ,J) . Refer to figure A.l .

The following nondimensional derivatives may be obtained by
calculation or from model tests.

Card 26: Format (8FlO.0)

1) DYV
~~~ Y

’
v

2) DYP -

p
3) DYR -

4) DYDV -

5) DYDP -

6) DYDR -

Card 27: Format (8F10.0)

1) DKV -

2) DKP -

3) DKR -

4) DKDV -

5) DKDP — k’ .p
6) DKDR - k’f.

- 

I 
Card 28: Format (8FlO.0)

1) D N V _ n ’v
2) D N P _ n h

~
3) DNR —

4) DNDV - n ’~
5) DNDP -

6) DNDR - n ’~.

If CC ~ 
CCO a second set of nondimensional derivatives are read as

cards 29, 30 and 31.

Card 29: Similar to card 26 for CC , THT case.
Card 30: Similar to card 27 for CC , THT case .
Card 31: Similar to card 28 for CC , THT case .
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Definition of Output

1. Input data are reproduced as they appear on data cards ,
with the exception of Dl, Wi , W2 which are not printed
in the order they are read .

2. Any input data that are converted in the program are
printed in new units .

1) SP (ft/sec)
2) AM (non-dimensional) .
3) AIX (non-dimensional) .
4 )  AXY (non-dimensional) .
5) AIZ (non-dimensional)
6) FROUDE (non-dimensional) - Froude number

3. Craft attitude

1) Draft (ft)
2) Trim (deg).

4. Non-dimensional derivatives printed as read from input.

5. Stabilizer coefficients.

6. Coefficients for ship plus stabilizer.

7. Stability criterion for ship only.

8. Stability criterion for ship plus stabilizer.

9. Center of pressure of sidewall.

10. Non-dimensional cumulative integrals.

DI c D d F
)pCz s

DFI - D~’ dF
S

DFZI - I DF2dF
~I
J
p&S

(5

DF3I - DF dF
5j p&s

DCI L)C dF
j
~
- & 5
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- (~ 
IJC

2
C1F

.,p & S

DO lL .. DC 31~FJ p &s

DCFI - f DCF dF
Jp as

DCF2I - f DCF2dF
J p &zs

DCZFI - ç DO 2
FdF

S 

J p &s
S 

B3BI ~~~~ BdF
jp&s

whcrc

p&s — Integration limits o\’ - r  both port and starboard siciewall s

D — D r a f t  at s u c c e s s i v e  s tat ions .

F - D i st an ce  from C .G. to succcssi~e sta tions.

C — Ver t i ca l  m o m ent ar m , at su c c e ss iv ~ s t a L i o n s , f ; r  submerged

por t ions  of c r a f t  (It) .

B - l3cam at  s u c c e s s i v e  st at i o n s .

BB - Half spacing of side ‘,vall s.

11. T’~on—dimensional 
(
~eometrica1 Variables as Function of Roll.

GI(I) — Integral of girder.
SI(I) — Integral of cross sectional area.
Sl(I) — Cross sectional area at transom .
TDRAF(I) — Draft at transom .

If CC� CCO output from (3) to (11) . 1.111 be printed for new craft
attitude corresp-3nding to CC and THT.

12. Craft characteristics.

13. Wave characteristics.
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14. Table of output plus units :

1) T - Time (sec)
2) U - Craft speed (knots)
3) BETA - Sideslip angle (deg)
4) W - Heave rate (ft/sec) .
5) X

• 6) Y Location of craft (craft lengths) .
7) Z - Heave (ft)
8) PHI — Roll argle (deg)
9) THETA - Pitch angle (deg).
10) PSI - Yaw angle (deg).
11) PC - Cushion pressure , gage pressure (psf) .
12) QF - Fan flow (ft3/sec)
13) QO - Leakdge flow , difference from initial condi tion (ft3/sec)
14) VOLDOT - Rate of cushion volume variation (ft3/sec)
15) WD - Heave acceleration (G’s)
16) WH - Wave elevation at C.G. of craft (ft)
17) VOL - Cushion volume (ft3 ).

15. Legend for  computer p lo t s :

1) HEAVE - Heave (ft).
2) ROLL - Roll angle (deg).
3) PITCH — Pitch angle (deg) .
4) YAW - Yaw angle (deg) . S

5) WAV HGT - Wave elevation at C.G. of craft (ft) .
6) PRESS/lOG - Cushion pressure divided by 100 (pst) .
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CT CLL*T W

S1-1~ 2 S1N1-~(HK2)
4 RG:HM.~/S H(2
A~ Gl • ÷ A FOG
A PG2~~ AR ,(APG* (L.~ HK2/TANH(HM2)).O .5A ARGI **2~ A #lC 1)
POM CAY*4”)
CA L L  1-~CS~~~U -LL . , R O M ,RJ3 )

A bh i~~~~~~CA Y * (X L )
_
(.l÷UT)

WAY I K N r ) (~:
1-) CONT INUE

acc I I~N r — F RI uIlUt* 3*( R V OUT)
P AU £ US :0 • I)

I A RD ( M 1-4 7 ) :

1FLR .NL. t. .U) DA D I US : ( J / R - k W L
~ 

-‘ fX * C UC
T f l R G T Lj1I.r)f~kCU CF

-• p M T : I ’ .’.HI 1 ’ f : + PS L M

w R I T L ( l ,~~f lo )  T p , U P ( K N T ) , V P ( K I - T ) , l .P(KNI  I ,X P ( K N I ) , Y Y P ( I < ’ I T ) , Z P ( K M T ) ,
-9PI-4Ifl (KN1),T 1- 1fl (KNa1 ),PS 1D ((NT),PC.,)F,(3II ,VO 11TP,~~L)(KNI),~~AV (KNI),A (J (-51 C
1F (I P.-~L .fl) Mi ~j1C (ü ,31i~i) SX ,$Y,S IJ ,X (lI)LLU,DR A (Y,C’RAUN,L )EL 1A Y,DE LTAN

* ,T1-II (H,11oW,T- JTLDG
-9 ,N A V L UG, A F Rl .IOG ,1-IY OiO l 1 F ,S P RYOG , S C A L O G , S I~1ND G , F l h O G
IF ( IC (I.E’~ ,~j )  Cr 1 T 1J 15
7T E 5 I L P ( I 1 P 1 ) + 4 4 ~~V ( K I - J T )
7 T S T A b S ( Z T r S ( I S C C ’ . C C X )

• 
~~

F ( L I S I  .L T~ IL- LI ) GO III L

T P ) l I4 ’I I

CC X C C  +LT~ 5T
~5 1— ] ~~TjN U(3
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1~~C l )
2 CI1N ILNUE

pCP(i) O.
S r,C~ 843 IJ K:2 ,MNT

8ü3 PCP (IJsc) (PCM(IJM )—21 17.)/Ioo.
K N 8 0

C’~ 7~ 7 I’cQ:I,MNT ,lI
kN8~~ N~ +1
zP (KNa)=~ PcIXQ)
T M I O ( X N ~~

) T h T f l ( Ik0)
S pHIO (I~N8):PMtfl( IK1_I)

pSID (KiI J3 )~~pSIfl (IkO)
w AV (PcNd) IIAV I. 1K’))

~ô7 P C P ( M N U ) P C P ( I K I ) )
1 PT KlI b
1F (1PLUT .Gi.~~) CALL CX IT
tFLIPLUT.CQ.U) CALL PLOTT (Lp ,THID, 4V, Pt1ID, PSID,PCP ,IpT, NC ,NG)
1FL I P L U 1 . E r ~.t) CALL T’LOTXY(XP ,YYP ,MN()
iF (IPLI-1T.E 0.2) CALL PLOTT(ZP ,T 4-,TO ,.4AV ,PHID, PSIU,PCP, IPT,NC,NG)
1 1 -L IP LU T .I Q . 2 )  C A L L  PLOTXY(XP , YY4 ’,KNI)

2o0 FO1OMAT (bF7 _ 2,~~F8~ 3, 1I F Fj .O, F7 •3,F7,3,F1 0.Q) C
2o8 ~l )RMAT t8X ,j1L1j ,3//)

STOP
END

v v
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SU b Ro U T IN E INPT (L)

~T MENSU 1N T I I L L ( 2 0 )
CI)M M ON / A /  PDUT ,QD UT, N D Q T , P H J D Q T , T 4 - I T D ( 3~~, p S f O U T , t J D Ij T ,v O Q T , WDU1,

S - *~~ I ,OT ,YUO} ,Zf)UT

CO MMON /bJ P,L ,N,X ,y y,Z,U,V ,W,P HI,T1-$1,PSI
~~UMMON / o [ pv /  N O t ~L 1A ,F X , f Y ,FK, FN ,X J f l E L U , D R 4 G Y , D R A G N ,

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
* ,0 1 1 P, O C L S ,HPM ,IF O IL, I F IN

FSOM MO 0 / f r c n r F/  FY ’CL, f 1N YV ,FJNY R ,FIN KV, FINKR, F INN V, FINNR
C OMMON / I I F yL /  C ,~’L F A , G A M A , X F
CflMM~~~ /G1flMII/ NS~~(2 5) , .4 I( ,25) , W 2 ( 2 S , 2 5 ) , D 1 ( 2~~,25)
CO MMON JIM ,’ A A , ‘oI X , A L L , A M ,~1lI ,C b , C F , D 1 F 0 ,DXUU, i -U ,G , PJ ST ,NV A L ,

*P I , O , SP , UI I , t L , X L C , , X F G ,C F) L L , CDNN , ( M U U C ’ 1 , C C , 0 0 , 3 N 1 3 , A L U U , C L D
* ,N4.C, N(,, SPT II IOFI, ,I P L U T , I pT , A J y

C CMMO N /I ’1N1/ DT , 1-4 ST LP ,’IPIJN r ,IP S

C IOMMUIO 
~

1’
~~c51 C D i S , R N UW A , P? I IO ,PHI I , A I M ,Pt IAX , A C , D C M , IPR

CC MMON / I E M P/  ~3X ,S Y , 5 K , S N
COM MON / 1 1 - M Ph  T NIGN ,IL UW , S H I P L ) G , T O T L O G
C C I I M D N  / I PR S T /  TC UN I , IC l’42 , TC ’iN U 3 , ID I 1 )A G , CC O ,T H T O
CUMMON /0/  GI (J~~),SI(25),Sj(25),MHIl(25),TD RAF (25)
C 0 M ’ 0 N 0 ’X~’ 1SLC1(25),DI(25),flFI(25),OF~’1(25),UF3I(25),OCI(2~ ),

COMMON / I~~l)( f( / C P , C T ,S , I J M E GA
COMMON /1 VCL/ X~ R;I ,ZARM ,0ACF ,YAIOM(L(),DLLJET(4 ),RMCP(Ll ),NJET
*,ALPMA( 1I )

CI1(~~~
UN /A9C/ ORAFT(25) ,.4EIGHT,0060,FJUL3 L,WA I .B,SLOI1W ,SISTRN ,TMET A ,

* F P TH , 5PM A YL
C OMMON /CDE/ DqlSE (23),Et4T4rE (23),CMII~E(23),HSPRAy(2c )
COMM ON /~~ 1-~~~/ M~3M (? 5) , 0L ~L 1 ,O E L 2 ,N t , i-2

CO MMON / :MDo/ DYP , DY O , O Y R , D Y V ,D Y . 4 ,O Y D P ,  DY I)1) ,TIYDI< ,ulY OV , D Y O W ,
* PZ P , OZ O ,  )Z R , U Z v  , O L) ~, D ZD P  • 02013 , O L D I I , DZ I) ’/ , DZD !4,
* PKP ,D ,s 7ic P ,I) P1 v ,D K W ,UKI ) P ,DWDI3 , D I<D I l ,fl1- UV ,f l KD* ,
* PMP ,DMO,1) 7 ,D ’-) V ,F1M* ,DMflP ,DN’ D0 ,r)M~)t l ,9 M D V , O M D W ,
* PNP , DM0, LI1 .01. V , 0 ~~~ D ‘oI) P , DNOD , DM011 , fl~ DV , O I - D~CO MMON /~~ A V /  D 1 - F T ,~~~A M P ,-4 P ,t : LL , CA Y , I M U G ,F ( ? 5) , h F T A , I- ,W 0 F P ,U F I - S E T
* ,.~Lr . , ICO ,X f l ,NU ,FTA ( ) ,JU

C1)MMIJN / I- ’S CA L/  IHTO, TNT S
C OIIMIJN / A S O F G /  C C X

I-
I. nEFINI I IUN III I~U P UT FLAC. S
I.

I. IIST EC:N O. 01 l IME ST E PS TI) EXL C F JT C
S L .J PIN I:PP I~~y I N (; INC PEMLNI

y P . L.U-  ~‘ R t ’ T  UC ISI :G
1. If - I N .’.4L.U — T N C L U D E  F I N

L. 1PL01 F L ~~r, CII PLUIT ING S

I. ir IPL I ~ O, PL. i~ T P L U T T
C- I C IPL (II :1 PLi’T PLUIXY
C Ir  IP L OT ~2 ~ L0T I’LUT I A ND P L U T X Y
I. Jr IPLOT Dl 2 O u S T  P LU ’
C- IPT _ — 1 4 1J s IO C R  1W SlIPS ii; P L I !  P1(311
I. •1JET ..— 1.UMRCR iF  J ET )~ FF111) 111 1-4(351 SEC TION CPNTI1)FII .

~NT PR I-i T FLAG rv~ CU MU LAT iV E LSM T~~~r , W A L S  A N I ) G~ UMF TRIC A 1 VAIOIA13 LE S
ir 1-1)1:0, 9I1~~1 

p .o j - ~T
1. IC ~~~~~~~~~~~~~~ 

—‘- Q f ~~~1

I .— 1 - L~~~C. FtU -l — O I L  T Y P E

C. IT- I- ~~h , Sl .)SI) IDAL W A V E
C- IF t - ~~ ?~ 5(11100’ !  W A V L
I. ir J.4:3, U Y P ( . I S S I ’ S S 1  “ A V E
C- T C ~ I — — — F L 1 ) G  FU’-l I , [ N~ - S T j - ,1 J(-~ ’ I ) L M I V A T I V L S  - h L . u R A F I
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C. L1-I ’~NUCt1 S MI)Rf THAN ICI) FEE I
I. Ir ICO = 0 ,  0011 1 CI A N G E  O E R IV A T IV C S

C IF ICU.NE.0. CHANC ,L Is O P A F T  R1:OUIREO 10 C HA N GE 1 ) L M IV A T IV E S  S

C.

1F(L.1Q.2) GO TO 1000
S C

C R EAD AND W p1IL INPUT
I.

RE AD (5, 1(33) (TITLC (I) ,I:1 ,20)
pEAD (5,t ’.- t ;  OT ,NSTCP , U’RNI,IP,1F1)4 ,IPLUI , IPT, NJCT ,INT,I8UC,,IW,IPR

*, ~~~~~
pE AD (5, 1130) T H T , P HI , p51,Z
p EA DIS,  l O t ’ ) A A ,IIFI ,CC, 00, A’I ,S-) X D U ,A IX ,A I Z , A I y
p EA O ( 5 ,  tOll ) nL, SP, RI -1C,AMU.CDLL ,C0I-4 N
R EA D ( ~~, t C - t ) ) U M 16 4 , C R , C T , S
P E A D ( 5 , t O I ) ) CL{1, T ’ - I T C , ,SPTU RN ,DFTI-l
IDEAO (5,tUfl ) X A P I ,LAI 1)M,RACL
pLAD( 5,L1.It ) (YM1)FI(I),I~~1,NJET)
PUAO(5, 10.1)) LI 1ILJ ET(t ) ,1 I,MJEI )
RE AO (5, 10’ II ) ( N M C P ( I ) , i 1,NJ ET)
p E A D ( 5 ,  1 1 3 0 )  t~~L P N A ( I ) , 1 : I , N J E T )

N IlL (6 , 20 a 3
w R I T L ( U , 2 0 1 _ I  ( T I T L C (  I) ,I~~1 ,20)
WR IT L(U,2112)I) T ,NST L P, I OP R N T , I P , I F I N , I PLOT , IP T, NJCT , IN T , I B UG , Iw ,IPR

*. lEO
W PI TL(6 ,2113) IHT ,PH1, P SZ , Z
W R I T L  (U, 3 A A  , 303 , CC , 00, AM ,DX O U ,  A I X , A I Z , A  I’!

p R I TL  (U, 2nç ) “L, SP • 044’) , A NU ,  CO LL Cl) M N
w R I  T L ( u , 2 07 )  u M r r ,A , C R ,CT , S
w P I T E ( O , 2 I 4 . I 3 ) C L t I , l 1 T I l , S P T U 1~N ,0FT 11
~U I IL ( O .  21))) )~t.RM , Z A R)1 , I3A CE

-,~wITC( (3,2l 1 )
~~N I T L ( 1 3 ,  1t’ ,j) (Y AR!j (I), 1:1 ,NJET )
W~~~I O L  (o,2 13)
W R I T L ( U ,  I O U )  (DULJLT (I),t=1,oJCT )
w P 101 (0,2 1 3)
w N I T L ( U ,  II) ))) ( R M c P ( I ) , J=j , N J ET )
W NI T L ( U ,2 1 / I )
W IlL (I’ , I i).j ) ( A L P HA  ( 1)  , I = 1 , NJE I)

S C.
C. READ AND W R I TE P F’UT I- OR “ A V E  S

C-

D F A O ( ’ , 1130 )  DM 11 ,.O~ ’I’ ,~~~P E N ,bE 1 ~~~~~~~~~~~~~~~~ Flf l ,F T A O , 10

1- PITL  (o. 2’i j 3 fII-. iT, ,IA M P ,,,PEQ , B L T A ,MOEP ,  xo , < ( J , L T A O ,Tu
C-

C IOEAD AN D wR111 i1.PUT I- lIP PkESSU,O L
C

~-Ao 5•1t;o) CDIS .R H UM A ,A T 1 ’,PHTO, PH [1,T1-ITR, T I-ITS
W 1~ I TL ( (~,2 02 ) C PIS, I lH,(1~A ,A T M ,PF1 IO. PI1i t, T 1 - i T I - T , 1 H T S

C-

C READ ANI ) WR ITE INPUT i-OR SPRAY
C.

pEAO (5.1132 )

~FSi)(5.1t ;fl) ~4IJ,3 L ,H’J03’~,.bAl 1J,DEpTH
p EA Dt~ , LUI ) ) I LA ( I M , S L S T P N , I H F T A

S 
p F A O ( 5 ,  10. 11 ) (r.R L S[ (  I) .  L=1, I - - S T )
p FA Q (~~ , 1(31)) ([ IOC [( C) ,1 :1,- -4S T)
p FA D ( 5 ,  It- Il ) ( C J - ( j - \ [ ( t )  .1:1 ,‘~‘1T)

~EAU (5, 1t~ -~) (N S.-.( 1) , 1:1 ,‘- I S T )
‘oEA O (~~~L (- lI ) (xs- ~~r ),j=I, ’tSr)
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qF AO (5, 10.0) (HSvl (j),1 1,NST)
; ) I ~~~~ I:t,N ST

S ~ p E A U( 5 . l t ’ 0 )  ( D I ( I , J ) , J :t , N V S )  C
S ) 5 1 ~~2 I:I,NST

c~ qe~ o s , too ~ u-. I ( I , J ) , J : x , N v 5 )
~O~ -’ 1 1,N51

ç3 pE~ f~(5.t~~0) tI12 (I,J),J 1 , NVS ) c
~ 4 4 I T C ( U • 2 t 5 )  N~~1

TIi
w P IT L (o , 2 1 7 ) S  LO G- . , S L SIR N, TI-i El’s
w PI T C ( U ,2 L 8 )
W P I T L ( U , I I ) ) ) ) ( T ) R i S E ( I ) , I : t , N S T )
W P I T L ( O ,2 t 0 )
w i1)I IL (0 , 1 tl.j) LESS TI - F CC (13,1 1,4)51)
w ’ 1 ) I T C ( O,2?~~)
W L i I T L ( O ,Ili ij)LLI - I I~,C(t) ,I :1 , r1)ST)

w P III 0’-- ,  22 j )
w PITL (0, 103 ) ( N S M ( L ) ,  1 1 , NST )
MR I IC (0 ,2 d 2)
~P I T L (U ,  ID))) (XS i - .(L ) ,X~~ l , -~ ST)
w R I I L ( O ,22~~)

W R I IL(0,l0 U )  (HSw(I),I~~l, NST),,il~ 4 I:l,MST
p V S:NS “C I)
,4PITL (U,2~~FI) (L, (DI(l,J),J 1,NVS))

- ., ~1TL ( U ,22 ~~) ( - I  ( I ,J)  , J :t , NV S )
W PIT L(’-.,22N) (~I2(I,J) ,J:j,NVS)

S4 I C ) .
~
T £1-IUE

0. CO11S1ANI~
C.

44C 20
p
~ 

= U

,)T ~~)‘ SI / IHI) _

i~O 1 .
i 1 Ufl
W F I G ? T A M* 2 2 0 0 ,

0.

C. C~~’J ’ILFU If) RA D IA NS
C

19T rl 1*’)Tt?
p 4) I: p i-4j* I)

4.4  p SI PSL*i)IR
f l f r ) E G A LJ M L GA * D I R
Il rfl:rIIIU*DTN
t~FI A :I4L IA*DIR

I T f3 : I NT b* f l 1  N
T 915 11115-501R

C
-

~- P I - 4V [ W f

0.

~ IX A I X * 2 2 , i O ,
A r v = A 1 Y ~ 2? ’lo.
tTL :A1Z4 ’?-t O .
A ! A M k 2 2 U O _ / 1J

-: 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - -  -~~~ -5_I 
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S - 5 S 5 5~~_ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

5p: SF’ * j • ‘~ ~

5P TUN 1J~~S N’ T I , R N*  I .UF3 9
FPUULL Sr/SUNT(G*WL)

C-

0. CALCULAT E LAY ,C IL,F FUN SU ORCI UT INE S W A V ~
0.

O~ TO ( ‘l I , /, 2 , 4 3 ) , I W
RI C A Y  I.~~P 1* * 2 / ( G * ,~P[R*-h2 )

C EL 0 . ~,*(, -t 4 ’ L f1)/ P I
W LG :0 ~~~~~~ ~PiJl**3/ P I
r( l  TI) ‘ILl

S zi2 C A Y = ~~.13U~~* S U N T ( 1 4 A M 1 ’ / ~~
) L P ) / W D I ~P

CEL~~~.~~*OLPl LG*’- l Dr~P) *( 2 .+~~A Mp / -~ Q[ p )

W LG :2E L~~’.PCP
r,O TO 5 4 4

a3 C A Y 4. * P I k * 2 / ( G * 3 0 _ J ~~k2 )
CE L tI.5*t ,,~~ 0.0/ PI
w L G : t I .~~*0.St 30 .0* *2 / P I

q I  CONTI NUE
S Jo l’ j:I .NS t

1~ 
F(I) X5W01 ) .AA

C
C CALC ULAT E TIME INCRE -lElir
C-

S, T ( S ~LG /A ~~S((.LL SP*COS ()3ETA )))/Dl
,T:DI*bP/,L

C.
0. . J ~ OI I-IENSJONA LIZC INPUT
L.

~ EN 1)9 = 0.5 P H U * ~4 L * * 5
4IX ZAIXJU[NUM
A I Y A I’ !/U CNUM
A I Z ~~A I  L /lit ~N UM

A M
~~~~~~’ (0 .~~*RHU*WL** 3)z Z / L

X LG :AA /ML

‘ !FG I.— X L G
XA IOM XA PM /W L
Z A I1 ) M LA H M / W L
~I1 24.) 1 1 ,NJL I

20 v A N M ( 1 ) ~~~~~~~ L I ) / - ~L
)fl 21 I.:1,#~151

2 1 X S ~~( i ) :X S ~I( l)/ NL

~0 I T E ( U ,22 7)  SF’ . A M ,A IX , A J Y , A J Z ,FI100JOE
0.

C- C O L C L ’ L S T E  N I , N2 , O EL 1 , I)LL2
0.

~ ST 1 -~ S I — I
,,!) 5 1:2,~jSTi
0 S A V L : I
o F L I  ~~ X 3 ’ 1  (1 ) XSrJ (1—1)
flE L J~~l)LL I*~ L

~EL2 X S— (I+ 1) — x S , - ( I )
O EL2 O L L 2 A S W L
,F ( A 4 L ( t . — n r L2 , D C L I ) . G T .o . i)  CI) TI) 0,

‘3
Li

p2:4431—ISA V C +1
0.

C- CA LC U LAT L AC,0 EM Fl IP - ‘ N ) S S L I N E
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TD AO3’e kg! TETRA TECH INC PASADENA CALIF FIG 13/10
VULNERABILITY OF SURFACE EFFECT VEHICLES TO EXPLOSION—GENERATED——ET C(U)
NOV 76 R B WADE. S WANG . T W W IER N000 1k—76—C—0261

UNCLASSIFIED TETRAT TC—6k5 NL

20F 2
44 Tha

_ _

__ 

_U.
_ _ _ _ _ _

UUUP~i2~7

p



A C~~2.~~~B*X S~~t N 1) A W L

CA LCULAT L FL) A T CC
I.

nO 3 I~~2 ,NST
FOI :A h S (A A . . X 5 W ( j ~~1 )*WL )
~~~~~~~~~~~~~~~~~~~~~~~iFt FO~~.L1 ,~~U1) KFO:t

3 C(
~P~T L~~~EC

C. ~EAO AND I’~RZ T[ NUN DTML~NS1ONAL DCR IVA I IV CS
L.

1000 ~Ft L.EU .~~
) GO TO 1001

T PDEN U
THT Ui~~~ T MT f l /~~T I~w~~tTC(( i ,~~09) (

~CU ,THTOPR
CA LL D C R ( A A , L ~6,CC0,DD, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

CA LL G L O (A A , W ~~CCO, DO,wL, NS T, TH1U, KFQ,FO)
~o ~~ 10(~2Ff ~rKY sc co 1~~

t Oo l  TH1PN~~TH~ / nT I~
~F(1~~T .CL~.U) 1POCR~~iCA LL O C R( A A . U8 ,CCX .OD, TH TO,PH I  ,MST, NI ,N2,DELI,DCL2, H$W ,NS W ,XSW,

• * ,) L, W h , i12 ,RHQ,nL)
• CALL G L O (A A , I~t3 ,CCX.DO, ~~L, NST ,THf (J ,KFO,FQ)

C.
cA LCU~.A Tt $~‘HAyL

I.
10o2 M L 1 NI+t

~~(l 14 1 1 ,NS T
1 S A V I L
r F ( E N I . 1 ( I ) . N 1 . O . 0 )  G~) TO is *

f ll C O N T I ~ U~15 SPI~A Y L : ( X S w ( H L 1 ) . X S N ( L SA V ) ) *w L
sx= O. O
s ’~’:o.o

sN~~O.0
CA LL FL N(Sx , SY ,S K .SN, C R,C T ,s,O ’4 EGA )
S FY V

~~
O Y V + F I NYV

5 FY N OY R + F J N Y R
~F KV :OKVtF T Nf ~V
s F O ~~RtF 1~~~1~SFNV CNV + FI~~~V

• SFNP D~1R$ I? T NNR
DY V ONP.. ( DY P—AM )  *ON V

SC ~~ 3F Y V *SFN~~~( SF Y R~~A M) * SFNV
• 1FI.1r’DLR .pq .o)  RCT UqN

r F(I POL.P.NE.U) $R~~~F ( b , 2 Q ~~) C CX,THT O PR
w NITL (L. ,228)
w RI TL((I,..~29) D’ (P,OYQ , DyP , V ,D ,t) y rW, UYUD .tj YDI~,() Y D v , O Y D W ,

* flZ P, U Z~~, 
1)1 P .C iv ,n/ ~~, 0 ~ DP , UI Ø( ~, 1)~ OP , 010 V ,DL OW ,

L 
*

F * ( - ~P , IntO, LnIP, ~~~ , 01w , O iOt~, D’~O{ ~ , W~L)t~, D~~UV ,
* ONP ,UNQ, IP~R , I)~.V , ON~..,nN0~’. t,~.D0 , DNC .U, (‘NDV , &~~() vd

w R IT C (L . ,Z !3 ; )
W R ITL ( ( , .23/ ; ) F I t J Y V ,F1~~Y~~,F 1~1XV ,~~1NK W.F 1 NNV ,F1~~t4R

~



C wRIT ( Ui,235)
WRITL ((’,230) S rYv ,S FY I~,SrKv ,s FPcR,SF NV,S FN 1~
~RIT~~(L~,237) Sc
wRITI. ((~~238) SCF

I.
wRITL CU MULAT IVF £RT( GRALS

I.
W RIT L. U...231) FO

wRiTCU’,23~ ) (1,01(1) ,DFL (1),L)F21 (1),0F31(I),I)cI(1),0c21(I),

c

~0NV LRT T O D~.GRECS
I.

)033 121,5
33 pP4U ( L)~~PP’O( 1)/ DT R

wRITL (6.i~393
WRITL( (i.211U) (PIitJ (I),GI(l),S1(I),S1 (I),TDRAF(I),1 1,5)

4..

cONV~ I~ TO RA DIA NS
4..

i)063 I~~1,5
o3 pNOU) PP10(1)*DIR

1;
C FOR MATS
C

t~~0 FORM A T (8 f1 U.2 )
l~~1 ~I~RMA T ( F 1~~• 0,1IIZ5)
t~~2 FO~4 MA T ( IÜI5)
103 FC~~ 4 A T ( 2 ~ A14 )
2~ 0 FURS~!AT( t Ht , L0HT MPUT D A T A  1 / )
2~~1 FPRMAT (1X ,2OALI )
2ô � F I IRM A IC IX , ! , 7HD T,N STE P,NPRNT ,IP, IFIN, IPLUT,I PT,NJ F.T,  XN T , IBUC ,  Ln ,I

*pR, ICO /F1u.2,j2j~~)
203 FC~R M A 1 ( l X ,17HT ~I1 ,pH T,pSI,i
2~~0 Ffl RMA T (  1x~~j 1 I iAA ,  i~3,CC,DD,iW ,DX O U,A IX ,  A LZ , AIY/

* fl F lO . ) , F144 .j , F jC , .3,3F10.l)
2n5 F1!R MAT( 1x,23H.’.~..,SP, WHO, AN U ,CO LL,C DNN/ 3 F10.3,F12.9 ,2FiO.3)
207 FW ~~A T ( 1 X ,I.~~OMFG~~,CR,C T ,S / IWIO.2)
2 08 Fc~I~~A T (  tx , 2oH C Cu,THTO,5 p i ( ,’ITh,OFT ~1 /8~~10 .2)
2~ 9 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
2t0 F(~R~ AT ( jx,(’IHXARM ,Z4RM ,MAC~ / G F L O. . f l
211 F0R~iA 1(  tx , 8~iy~~pM( I) )
2t~ F1~R~~~T( tx,9Hr)L~LJ1T(1) )
2~ 3 F (IRMAT( jX,7H~ MCj’(T) )

~ t 1I F~~I~~ A T (  1x ,10HA L Pkal~L) )
2 1j  F111 A T ( L X ,~~PlN51 /15)
2i6 F U R M A T ( I X , 20t4bLI8 L,DU 3,WA LU.O &1 I~ / f l f j O ,2)
217 F0RMAT (tX ,18HSL~ O~~,SLST R~1,F PtIITA /8flO,2)
218 cr1 tV1A T(IX ,8~iOfl ISC (I) )
219 Ft) ’AT (tX ,9MLNTMCI~-(I) )
220 FflRMAT (U,8~ CMIt~C (1) )
221 Fflf~flAT( t X ,~~$~ SW)
2~~ Ft1I~MAT(LX ,:~~XSM)
2’3 ~ OR~~A T ( t X ,~~I1P4 S w )
22/I Ff lMMA1(/15 ,2X , 2~1D t ,2X , i 3F 1  1 .3/f L JX 9BFI 1.$))
225 FflI 4 1 ( 7 X , 2 1 ,2X~~lF 1 1. 3 / ( L tX , s F 1 1 .~~))
226 Fl~RMA1( 7* ,2~~ 2,2X,8FtL .3/(11X ,8F11.3))
227 F O R M A I (/ / / / / 1 x ,IbHCmI V LRTED f NPUT / lX ,2’ I I1SP ,AM ,A Ix , A Iy ,AI Z ,FRI1UDI~ 

-
~~~
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t . 
228 FORMAI (///LX,27HNON DIMENSIONA L DLRIVA IIV ES /)
229 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

* ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
*
* tA ,,l f7 MI’,uMq ,oMR ,,’$ v ,oM w, op ,0~1ocJ ,a/lup ,aMov,oMu,& 1oEl2 .a/
*

231 FflN~$#T ( ~X ,~4U HCE~~T~ R LIF P~~LSSUR L AT CL~~T f ~I~ OF IiRAV ITY :  S F 1 0 ; ? )
232 FORMAT ( ~~~~~~~~~~ 9X. vf,~~X,3HVFI,7X ,4HDF21,7x,~~HDF3I,

*7X,4Hf~~~j)
233 F0R MAT (1~~,11~~ij .3)
2311 FO R MAT ( , IX ,2.JHSrA BLLIZ ER C0I!FFICIENTS

* /7M F~ Nyv = ,~~I3.q/7H FINYR= ,E13.4/7H FLNKV :,E13.ss,
*71.1 FI Nlc R ,C13.0/7~, F1N NV ,€13.~l/7K Ffl4N1~:,C13.4)

235 FORM A T (  /,L X,33HSMIP PLUS STAdILIZEN CL~EFFICIE NTS )
236 FO R MAT (  oH S r Y v2 ,EI3. /I,o~ S F Y M~~,E13. 4/ bH SF KV = ,E13.4/

*6H SFKI.1 ,E13. Zl/ bPs SFNV ,L 13 .4 /bH $F~IkS ,C1~~.14)
237 FOR MATt  / j~~, 3/I SI STA $3I L ITY C1~j t ER1ON FOR SHIP 01..LY: ,E12.4)
23~ FPRMA T (  t x , .~8H STA I3IL11Y CR 1TC RIU~.1 FOk SHIP PLUS FI N= ,E12.4)
239 Ft1f~~A 1 (/////LX ,2t HGEU~ LTR IC 4L VA R1A 8L1~S /,IX,9HRULL (DEG)

*10 X,2HGI,jUX,2HSI,1QX,2HSj,7X,5HTD~ 4F)
2a0 FO1* 1AT (1X ,F tU.3, 1ICt2.~~)2~~1 F O R MA T ( 1 A ,3&ft4fl p,FT ,/4AMP ,,lpER ,BL T A , v ~DEP, X O,I~O, CT _ iJ ,TU/q F 10.2)
2ig2 FOR MA1 (1A ,3’l/iLQ L S, RkQv~A ,ATH ,pI.1jU,P$$jl, 1HT$3,ThT5/i8,~~,F1O.b,bF8.2)pETU RN

END
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~~~ r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

~~~~~

---

~~

—- —-

~~

su~~ ourz NE D~ R( AA,t ~B,CC,QO, THT ,PHI,NST,N1 ,N2,UEL1SD~L2S$SW,NSWS . 
-

* X SH ,U 1 , W i ,W 2 , (~f$I),W L)
- . (~$ IMENSIO”$ HS”(1) ,NS~’I( 1),XSW (1)

0f MtM5LU~ fl (25),F (25)
oI~1ENSLON H(25 ) ,S (25 )  ,CSZ(25),TCMPA(25),TEMpR(25)
DIMENSL (JN 0Lt25,25),Psl(25,25),n2(25,253
CCHEC~~ CL.8H*PHLpHIU CC/~ 8F (NI)2XS~ (Nt3* ~ L .AA
1,(Nj)5CC $4Sw(NI) ~r M r * , cNL ,
DO I M:1,I~.$T
F C M) X S M ( H ) * W L_ A t
f l (M ) :CC— f l$ 1~(M) — T HT *t (M)
1F( O(M) .LT~ Q.) ) (M)=O.

1 C ALL SLC)(M,O ,D1 ,N5N ,~U,W2,H,S,C5Z)
MG I O D CC
CO~~~~TL OLRIV A TI~ ES WIIH R~ SPI~CT TO F
FORM lNTI~GRALS

4.. 1NTEI RA IE AX IA LLY
CALL XN7Lr(thD ,F ,S,CS1,~VL , 1.~2,DEL ),DEL.~,NST , TC MP A ,TEM PR)
CALL NUNOjM (U B,HG I,RHO,siL,ts ,D,p ,CSZ , 1~~MpA, TEH PR)
Q~~TIJRN
END

vy

w
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• 1
SUHROLIII NE S$f(.1(I,D,D1,NSN,~~1,W2,8,S,CSZ)nIME1..SLCI~. B (2~~),5 (25J ,csz 25),ut S,2s ,*tc25,253,~~~(25,25)
0IME1~SiON 0(1),NS~~(1)
FLINLR(X,X2,Xt,Y2,Y1 )Y1$ (X XI)*(Y2 V1)/CX2 .X1)

5(1)20.3

TE MP
DR AFT :01 1)
JJ:NSl.i(I)
KL1 U
s~O I J 2,JJ
p02 D1(I,J)
RO1 L)1(I.J.4 ) - -

pw12 W1(I,j)
q
~~
1i:.i1(1 ,j—1 )

TV(DRAFT .LE .0.0) CO TO 4
IF(DRAFT.GE.01 (I,J)) GO TO ~QNI2 FLINER (UUAF T,R02,RDI,Rw12,Rw1L)
R~i22 FLI~ CR (DRAFT,RD2,RD1,Rw22,RW21 )
i L l I
PO22DRAF I

I.
CALCULAT E AW~ A ,GIROER,A NO SEAM

C
2 DE LD:R02 RD 1

U I O:R ~12— RwL I
W20 :RW22 5.1W21

LS O.S*DELO* (RNt2fR~.11.RN22+RW21)
R (I) RMl24RI ~22

• 
- 

s(I):S(I)+DcLS

I.
I. CALCULA TL (.FNTPOIO FOR AREA AOOUT V—AXIS
C

TI~2I )(1) k~ 2
S~ OM (1O2+.J. .~~~OE LU)* UJ H1* DELD+

T EMP I ILMPItSMOM
iFLKL 1.1~U .I) GO T o 3

1 CU~~T L~IUE
3 CSZ (i) 1LPP1/S(I)
‘I RETU R~’~END

Vy
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S(/I~ROUT1NF INTL-G (13,0,F,S,CSZ,N1, N2,I)ELZ,OEL2,NST ,TEM PA ,TEMPR )
rsI MENSLON TiMPA(Z~5) ,TLMpR(25 ),B~~(2s),B~ F (.~5) ,52F~� (25),B2C5Z(2S),
*R2J.C (2,),B2O~ F (l~ ),d2FDI*(~~5),U2(25) ,L’~~F (25) ,D2I’2(~~5),

* ,D2CZL) P~ (25)
COMMON / INTCOL, B2I,H2F1,B2F2I ,H2CSZ I, I3FCSZi ,~~2 DOFI,B FODFL,
*fl2I,D2F1,D2CSZJ,OC522I,D2I~DVI ,OFCSLI,DFODF1,U2I •2I,UCZDFI
DL NC~ SLLJ N 6(13 ,U( 1 ),F( 1),S(1) .CSZ(1)

C
C COMPUTL DER IVA TIVES OF 0 A~.D CSZ 1111.5 RESPECT TO F
1.

N1 1 N1 1

~CSZOF ( 1):(CSZ (2)—CSL (1))/DELI
• 0CSZDF (NI)= (CSZ (N1)—CSZ (N1t))/OEL1

~O I I 2~ Nj1
1 ,cSZoF (I):~.~~*(CsZu+u ~ CSZs:I~~1fl/oELL

N21 N 1+L

0CSZDF (NST):((.sL(MST)~ CSZ(Pl22))/DEL2
,~0 2 I2NZt ,N22

a 0CSZ0F(I~~~U.5*(CSZ (I+t) CSZ(1 1))/DEL2
4..

COMPUTE AND STONC VARIABL ES FOR AXIAL INTEGRATION .
C

00 3 I:t,NST

~FtE (I) .LO.0.0.OR.D (1) .EQ.0.0) TCMPR (I):1 .0
IF(6(I).CU.0.0.UR.O(I).CQ.O.0) GO T(J 4
TE MPR (L) 5(I)/B(I)/0(I)

• ‘I TF M PA(1) 2.U*TUrIPR(I)+0.4
p2t1) b (L)*bII )*TCMPR(I)
R2F(1 )82(T)*F (I)
R2F2 (I)2t~2F (t )*F(I)

~2CSZ(I)~~~2( 1 )*CSZ (j)
R2~ C51(I)M2f (I)*CSZ(I)
n20r1 (1):R2 ( I)*0C5Z01(I)

n2(1) 0(I)*O(I )*TCMPA (I)
02F (I) 02(IJ*F(I)
n2F2( 1 )202F I I)*F (I)
q,2C52(I)02 (L)*CS1 (I)
n2CSL 2(Ii :O2CSZ (1) *CSZ (I)
2001 (1)2I)2( L)*UcSZDF(j)

~2 F C S L( I) : p 2 F( I) * c SZ U)
rs2FDUF (I) n2Uflr (I)*F (1)

3 i,2CZUF (1J 02L1 ) ACS1 ( t)*OCSZOF (I)
C
4. pF• RFURM A X IA L  INTEGRAI ION
4.

~ I:0.
0220.

~5:O.

~7O . 0

~ I0:O.0 f
0(1:1.0

~ L2 :0 .U
4..

. 1
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s(JbROUTINC NUNDIP4 (BB,F4GT, RHII ,IL,d,D,F,CSZ, TEMPA,TCMPR )
RE AL ~j? ,K1Q ~~~~ ,KIU ~’,Ki04.i,K1U~’,M1P ,MtQ ,P$IW ,MIDP,

* MjDQ,M 1D~l ,
* f(2I~ ,I(25) .k2’~ ,k2OP,K~ s ,K2OI~,N2P ,N20 ,N2W ,M2OP,
*
* k3P ,K3R ,K 3V ,K3DP,K30R,K3OV,N3P ,N3R ,N3V ,N3PP,
*
* 5(01.1 ,k/I R ,K IIV ,5(40P,KOOR,5 ( 00V, MOP ,MOH ,MIIV ,/l11Dp,
* MIIOR,M/IDV ,
* 12 ,13 .10 ,L5

~IMENSi(JN B (L),0(t),F (1),CS7 (i)~ IEMPA (1),TEMPR (1)
C0MMO’~ /ZNTCGL, 1,82F1,02F2J,82CSZI,L3FCS~ i,a42DoFI,!.3FDDFI,

COMMON /N D f l /  rIYP,DYQ, OYR . OYV ,OYn.OYDP, 00,)V0H,OYDV ,DYON,
* flZP,DZQ,I)ZR,OZV,DZ~5 ,Di0P,DZDU,0ZOR,0~ DV,OZDl,
*
* fl)4P, DM4) , O~~R, CMV ,DMW , DMOP ,U’~q)Q , DPOR, O MDV ,DMOW ,
* flNP ,ONQ,DUP, DNV ,Dr~w ,DNl)P ,ON D0,D NDk, Dt4Q V,D N0w
p 1 :3~ LI I I

~~~~~~AKL I.
1.12
c’ H
C2 C1*A 5(Y
r.3 H
c4 C3*A Ic Z
12: 0_5*i4I-$O*ML**2
L~~ 

L2*WL
L ’~ 

L3~ WL
152 L4*WL
7 10W :  —621*C (
Zt D P2 B~~*Lt DW
~ tQ :($3(1)**2kr(j))*CL*TEMPR (j)
ZLD4 ) b2I j~ Ct
?L N= —d (I)**2*C1*TE MPI.1I1)
7 ( IJ 2

HIUW D2FI*LL
M10I2 t~H* f r j O~i
MID NI:4 l~t )*.~2*F (j)*.*2*TEMpR (j)~ 5~2FI)*C1
.~($) 3: —62 F2 1* L1
M(PI  S

-• HIP
• 5 ( ( 0 W  tS8 * Z IO n

V K(O1 ’ Uh*ZI DP.4 KI D :
,dD~ ~~3*Z 1DU
:

KIP 5 DH*LjP
4. y 201 —H2I~ C2

• y2OP t~B*Y 2 D w
(b(t )*k2*F(1))*C2*TEMPR(1)

- • y 2002 82F 1~ C2
y21 = &(1)**J*C2*TEMPR(1)
v2P = bB~~Y2vl

• ~~~f)w: —621. j*C2 4
~d 21)P2 ~~~*~~~ t , 4

pj? Dfl: b2~~j~I*(:2
2 (— d ( l  )*I2.~F( I) *  IIi~PIi(I  )— 4J2 1)*C2
2

L 

¶ • 

~~~

-—__.



0 K201. 82CSZI*$..2~ HG1*Y2Dw
5(2UP: 5ft4*h-iDw...1.IGT*Y?Op
5(20 = (—~~(i )**2*F(1 )*CSZ (t)*TEMPR(1).$3fOQFI)*C2~ $.$Gf*y2Q
K2DI~~ bFCSLI*02.I4GT*Y200

(B(t)*-fr2*CSZ(I)*TEMPR(j)+43200F1)AC2.HGI*Y2w
5(2P
y3DV 1)21*C3

C y3$~ = (~~U(I)**2*F (1))*C3*TEMPA (1)
y31)R —O2Fy*C3
y DP: 0215z1*13
y3V 0(1)**2*C3*TEMPA(1)

(D(1)**2*CSZ (1)*TEMPA(t)+0200F1)*C3 c
~~DV: —O2Fj -hC3
1.J3R
~i3D R ~02F2L*L3

~j 3DP DFCSZ1-*13
(— U (L)**2*F (1)*TCMPA (1)~~02I)*C3
(D(t )**2*F(1)*CSZ (1)*TEMPA( I)+D~ CSZI+DFDUFI )*C3

K~~DV# U2 C~ ZZ*C3~ Y3l3V*M&T
(I.’(1)**2*F(1)*CSZ (1)*TEMPA (1)+UFD0FI)*C3~ Y3R*HGT

K50P: UFC5ZI*C3~ Y3OR*HGT
K30P ~OCSz2I*c3_Y3flP*I4GT( D C I  ) * *2 * CSZ( 1)  T E M P A (  I ) s0200F I) AC 3— y3 V* HGI

(~ O (I3**2AcS 1).k*2*1EMPAU)_2.*DcZOFI)*C3_V3P*HGT
2ODV —021*C4
714R (—0(1 )**2*F(t))*C4*TEMPA (l)
7~~)R: —02F1-*C4

~aDP= D215z1*La
Z~~ ~DI.I)*A2*C 0*TEMPA (t)

S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
( M4DV 021. 1~ C4

H0M 2 (0 ( t , * *2 * F( t ) * *2 kT E M PA ( 1 )+ 0 2 F 1 ) *C 4
M140R 02F21*C0
M401’ —O FCSZL*CII
NOV (DI.t )**2* F (1)*lI~MPA(I)+D2I)*CII
M OP (~ 0(1)**2*cSZ (I )*F (1)*TCMPA(t)—02C51(—O$ DDII)*C4
K ODVZ ~~*Z,$DV

5
K40R ~j 43 * zj 5~ $~
5(45)P ~~~~*~~,5) $I

1~uP

~VP = (v2PsV3P /13
,~YQ Y2r~/L3
0YR ‘13p/L3

( 1~YV : Y~~~/L~
r~Y w = Y2w/L2
0VDP (y2DPsY3DP)/L4
oV O D =

~YOR : Y30R/L1I
0YUV V~,DV/L3
0YDU =

= (ZIP$ZOP)/L3

~ZR
0ZV =

= L tw/L2
flZDP = (ZLL)P+LODP)/L ($

~ZDO h OD/Lu
0ZDR = Z/lf)Ps/L0

-i

C 100



~ 
~~~~~~~ 

‘
~~~~~~~~~~~~I~~~~ ~~~TT : ITJ

~2DV = ZOOV/13
• 

~Z0$ = ZtD’~/L3• flKP =
=

• 01(R 2
IK~jV+ K~~V )/L3

0K1 5

I~N O P (K IOP+5(20 P+K30p 1 .,(OOp )/L5
flK DU (K1U&I+5(200)/L5
0K0R (K~.OR +saDR)/L5

• 0K0V = (K~ OV+KilOV)/L4
l,Kuw (KIDM+N201)/L4
0MPI - 0M0 5 MIQ/L4
$)MR 5 MO R/L4
0MV 2 M’Iv/L3
4~MW 2 l$lw/L3

(MIDP+HLIDP)/L5
flMDQ = 1.1100/15
0MDR = M/ION/L5
OMDV 2
nMOW 2 MIL)W / L/$

~NP = (1.12P+N3p),L0
2 N2g/L4

0NR = N3R/L4
044V = N3v/L3
0NN N2w/L3
DROP : (N2OP.N3DP)/L5

• 
• rsRDD N200/15

0NOR = N30N/L5

~NDV = N30V/L0
nN OW = PJ201/LuI
u,Y DY U= I)Zv 0Zp=DZR=O~~~=pKG= DMv=O MP2OMR =O Nw:DNQ =O.
flYDW UYOU DZLIV :OZDP DZD OI~D W O KO I)MDV DI DP5DMDR ONDW ONDQ:O.
0YV:2.*O’VV
0yp 2.*Dyp
0VR 2.*l)YR

I) X V  = • * I) P. V

flK R 2 . *01.~R

• ~. 4. ,M Q 2. k I) M0
V:2. * ON V

- F ,IP 2. kDNP
0NR 2.*DNM
O Y D V 2.* OY DV
OYDP 2.*UY!)P

0LD~ =2.aI)ZOwr~.
f l KDV~~~.*I)KflV 

• 
-

• flKI) fJ .~.* $ ) X O P

0N L)P 2.*I)N f ) P

101
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RETURN
• END

V,.

I 4

1 
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~hibR0U$ INE GLO(AA ,I3u3,CC ,0O,.~L,MST,THr,KFO,F (j)
d I M E N SION B(2~,),Csz(25),r(2s),r,(25),S(25).’)F(2~,),oF2c25),oF3(25),

* 0(25)
c~~MMUN /A 13C/ flR~ FT (25)
CO MMON /COE/ flRISC (?~~),ENTRCC (23) ,CHINL (23) ,P~S PR A Y (23)
CO~~iUN / OHf l/NS ),~~ I(2 5 , 2 ’~ ), (25,~~5 ) , t) 1( 2~~,25 )

~ I rflMM~JN /~~ES/ ~~~5),UEL1,DI L~~,N L, N2
rCIMMON /U/ Gi(.5) .~3t (2’.),S1 (2 5) , P i~4 O ( 25 )  , TDMAF(25)
rI4M M1JN/X / 1S$:LT(~~5),D1(2b),oFI(2s),)Ffl(~~5),oF3x (2~~,.oc!(2s),

C
I. ~TA TE ML~iI FU NLUON FOR TRAPE ZO IDAL INTEGRA TiON

• I.
TRAP (H,Y1,Y2) 0_5*M* (YL+Y2)

4.-
4.

• C ST ATCHEMI FUNCTION FOr~ LI NEAR INTERPOLAIION
C

STATL(X , ,XI,y2 ,y1 )YI$ (x .XI3k (Y2~ yl3 / (X2~ X 1.)
C CONSIA N TS
4..

wL 2 W L  * s~L
wL3~~ L2*ML

WI. 5 MLII * ML
RST A RT 8~
CST A RT CC
0TR~~~. iL l ) 5927/lao.
phIZ 2.*UTR
dELTA5
or) 9’~) X~~t ,5
B 13 =0 S TAR I
CC S I AR T
PHI P~1iL (K L)*DCLTA
pHO(X) Prt j
CCIIEC X CST A RI R~3*P P4I
PH I O C  ST 4 

~ I / l~ U
C. CALCULA IL DRAF T AND CC
I..

r (~~I 3 X S F I ( N 1 )  *W L AA
• n(N i ) C C HSM(Nl) _TNTkF($1)a1313*?)HI

0~
) 9 M= t , 1 .1 5T

CC C S 1 A $ ~I

,(M):CC—rFSM(M ) — 1 N T k F ( P l ) + t . , F i * P t ~~• IF(D(1).L~~.0.U) 1)(M) — (SIT* ~S.~(M) L+1.~SI1(t)~~HSM(M) .U13*PHI
TF 4.U(l).LC_ 0.)cC2~ 4A A r H T sH s~~~13 tNdAPH I

-
• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

jF(O (~.i).LC.U .Q) CC=(XSM(NI) *p LL—A A)*r NT +54 54*I) Ilj
TFt0 (1).Gt .0.0.~~~I).D(’~1) .GT~~0.0J CC CC+dU-A PHI
!FtD( t ).~,T .0.0.A~~.).c,(F,l) .O1 .O.0. 41).TNT.LQ.0.O.ANU .CC HECK .LE.0.0)

• 1r ID~~
; .LL .U. o O(~i)=u .0

~~~~~~~~~~ cN AF r (M)=o (M)
1F 1P. Li ..:.) CC’~~CC

I.
CA LC U LATL  r,I MPC#u 444 0 C4 .OSS SC CT ILJNAL AREA

4..
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~

0RF T :D(M)
• CS Z ( I ) 0.1~• p C I ) O . O

r~( I ) M I ( L , j)i’Ps2 (I,13

TEMP Q

- 
-

• ~F ( I) O.

~CSZ2(L) fl.
,c S Z 3 ( L ) O~
S C I ) = 1.

• ~CSLi.~tI):j.
0C512F (1) 1).
j J :NSvS( I)
KL1 O

8 J=2,jJ

pI) l Dl ( z , J — t )
~~i12 .4.1 (I ,j)
RWI I~~~1(I ,J I)

P 21 = ri ~ (I , •j — 1)

1F (DRFT •LC.U.o) CO TI) 9
1F(ONFI .GE.Ui(I,J)) GIl 1(1 7
p.~12 SI A IE(URFT ,RD?,UUI, F)~~12,NMI 1)p 122 S1A $L(DRF) ,RD2,RDt, Rpi22,Rv~21)
KLI I
pr)2 UR 1. I

7 p E L D R D2 R D L
0IELD2 OELD*OELO

w 2 N ~~~2~~~iq2 1
~EL S = 0.5 * 0 ~ L U (N ~ 12 + N 1 1+ N ~i 22 + MM 2 1)
r,E LGI 5G’~1 (s l l)*~.j 0* 1,CLO?)
,ELG 2:SW~T ( .20*M 2D+UCLD 2 )
O ELG DLIG 1+ ULLG2

TO2 D (L)~~~O2 
-

s~ UM=( 1O2+u .5-*DcLD )*BJMI*oELDs(IO2~ OEL.4/3.)*0.j*oCLo.A(wto+~ 2D)• - yEMt ’ 1= tC~ pI +S~4nPs
5(l):S(I)s.t~I L S
-, ( I ) G ( I ) . o C L G

~
S1 (i )~~TLMp 1/5 (I)

• 1F (KL1.E1$ ,1) GO TO 12
8 C~~~~~~~ -
(2 11-LK.NL..~) GO TO• r .Ft 1) 0 ( J ) * 1 .t I)

0F2 (t) 1)I (J)*F (I)
oF 3 ( L ) = r ,~ 2 ( I 3 k r ( 1 )  1 -

pAI~ ’ C SZ(I)+0f)..1)(1)
• nCS I(lJ~~~(TJ*P AN M

nCS12(I) OCSZ(T)APAI-I M
I)CSZ.)(L) 1)(.SZ.’(I )*PANII
0C~~L r (  I ) f l  ( I)  * r ( )  ) * PA N M
r ,CS 112( I) :Dc .sL r ( 1) * F( 1)
0C522$ (I) DCSLF (1)*PAI4M

~ ~~~~~~~~
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r~~ TI IT1~::: ~~III ‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~

-~~~ C
C 1NTEGRA TES FUR NETTED SURFACE A REA AND D ISPLACEMENT
I-

~ I 0 .0

N SF I NST I
1F(Ni.14C.NS1I ) GO TO 10
N 1 )1 l Si
r,O TO It

• t~~ 
CALL SIMPS~ (N2 ,01L2,S(N1),qj)
C ALL SIM~~ 0 (N2,DEL2,O(N1 ),02)

11 cALL SLM I~So (Nl,DELI,S (1),Rj)
CALL SIMPSO (i~l ,OCLt,G (1),R2)S I ( K 3 ( 1 ~1 $ R I ) / W L 3
r.I (K)(02+R2)/WL2

TONAF(K) 0(1)/WL
1F(X .NL. 3) GO TI) 999
C)I (I )0 .
I)FI(I ) 0 .

It 1)
DC III )Q •

~C21 (1 ):U~
r)C . 1 ( 1 )=t . •
DC~~L (13 :4..OCF2I (1 ) 1 ’ .
DC 2FI(1) 0 ,

FO LSZ(KFU)1.00.D(KFO)
0~ I z :2 , N sr
w :XS..I ( I ) X 5~It I — i )

DI 1) , DC I—I ))
~2 T N 4 P ( H , nF I L )  , 04- C I—I ))
A~~~T 4/ 4~~(N ,~4 4 2 ( I ) , O F 2 C L ~~~3 )
£ 0 T ~~~~

( , 0F ~~( I ) . D F 3 ( I 1) )

A O I P A I ’ ( h , OL SZ 2 (  I) ,DCSZ2 ( I—i))
A 7 1 P(H ,DCSZ (I ),DCSLII_ 1) )

TNA P (N , r) CSZr  ) f lC S~~F C I — i ) )

4 1 0 : r1AI’(H ,DCs ,3 ( z ) , o r.Sz ; ( )_ 1) )
-• A t1 :I~~4PLH ,UCSz2F(L), )CSz2F(I— l))

F ~I(1) 4fI (1— l )+At /v~( 2

0F21( t ) I ) F 2 1 ( j . . J ) 1 4 3 / -..L44

i4C I ( A ) t)LI(1—I)+47/WL3

it I) ~~~ 4. 1— 1) P A  10/IlLS
OC F 1(1 ) ‘4CF (4.1—i) PA8/~ L4

r.c 2FI(1):f lt~?I 1 U. . I ) +A I L / N L5

1 ~~~~~~~~9q9 C II~ T~~NUE
CC CCO
RETURN

‘
I

4 -
~~~~~~
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5UaROUTINE 1.-IN (SX ,SY,SK,SN,CR,CT,S,IJMEGA )
C~~

MMUN /ALL/ AR, C S3A R ,CU$U, IJF•,SLNU ,IJ2
COMMUI~ /I~/ P,~~,R ,X ,YY,L,U,V ,M,PHI , THI ,PSI
COMM4SN /1.C~ [F/ PYNCL,4- INYV, FINYR ,FINKV , FI NXR,FV4NV ,FINPaR
COMMO N /$ 11.JVUR/ A ,OBI’,OEL I,TCBAN ,XF N ,DOP
COM1.h1)N /1’i, AA ,4IX ,A(L ,AM,UO ,C~I,(~JMMV ,DTN ,DXDU,F(),G,~IST,NVAL ,
*PI,RH(J,SP,4.IIJ,,FL,XLG,X4-U,CD LL,CDNI4 ,$:RI)UDE,CC,00,ANU ,ALIJD,CLD
C~ MMO N /LIFI/ L 1A( 3~)),CLtFF ,r,AMMA,X LA ,’

~UMMON / I V (~~
/ XA RM ,2AI~M ,BACE, YAWN(O) ,DELJET (LI),HMCP(4),NJE I

112 U*F*2
1F (SX .NI~.0.0) GO TO S
piE: I I
CLI~ T U .2*Pt
5IN(i SI~~(OM V G A )
CIISU CUS (OM I IJA)
TC LIAN O. 1
CRAR (CR+CT)/2
A CBAR*S

XLAM C 1/CR
CA M MA AT~~~(0.75*CR*(1 .—XLAM) /S)
p PP1 3 S.S* Sj 1.LU/ ~.
OOP PD +S*CflSU/ 2 ,+DAC E
X FN~~~(X LL~~t UAf l/ (2 . *,d L) )
rit~L S/ ( N L— 1)
,,ELI L ./INE.L )
ETA CI ) :0. I’

LI I 2~ N~
‘I FIACI ):CIA (I—1)+DEL

VORX O.0
VOI~Y O.0
vORK O.0
VflI/N O .0
CALL FIIICI1 F(CR ,C I , 5 , O MC C A )

S y F(T I11 .G L .1).Q) oO To 10

~E r A=~~(vfxF G*p),u
CALL VON IEX (VUMX , VORY,Vf)R K,VQi~N,5jETA ,CP,CT,S,IJ MEGA )

$0 F~ 1:TA (V+XFNAR) *COSU/tJ
pN 4J*CSAK/4NUA 5P

C1 0. 1.~5*Py -~ 41.4* *2
dPAG (CD+2 .*CF+(FY NCL*FRETA) **2/ (pI*Ap ))*A/WL**2*02
F I ~1 X = — 2 • * DR A (
f i X :F £NX + V OpX
cY:(i jNY ‘*V +F INYR*R)-AI J+VORY
5X (FINI4.V *V sF11. IIcRaR)iu+VURK
SN:( F ( N r L V * v + F I N N R * R ) * I I + V (J H N
RETURN
END

Vv
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SU6ROUTINE FINC I)F (CR,C1.S,UMEGA )
• COM1.10N /ALL/ AR,CBAR,C uSO ,NE ,SINO,I.32

CU MNON /6/ p,Q,R ,x ,y y,z,U,v,~~,pi11 ,I Hr,psI
• COMMUN /FCnIF/ FYNCL ,11 N Y V ,F INYN ,FINK V ,FINKR ,FINNV, FINNR

CO MMON /FTp ivU R / A ,UOP,OELI, ICMAN,XFR ,00P
COMMON /IN/ AA , AI X, AIL, AM ,6U,C6,CF.OIR ,DXDU,Fo,G ,NsT ,NVA L ,

7VOR O
CALL LLFTC(0.,CL,CL,CR ,CT,S.OMCGA, IVUR)
FY NCL CL
pPC CUSO/UI)

• EI NLV CL*A/I~L**2*UO**2*F6C
FI4-ILR F IN L V * X F N

• SF V VINLV *COSO
SF W FINLM*COSO

• vF V F1I~LV*SINO
VFR:FINLX*SII4O

~INY V~~~2.*SFV
FI N Y R .2 . *SF N
F (MN V~~~2 .* V1. V*~~4 3P / 4 p~~+~~• *SF V*ODP/ML
FINKN ~~~2 .*V F  M* HbI1/WL +2. * SFK* DQP/PI L
FI N1.IV P INYV*XFN
FI NNR FI4~YR*XFN
RETUR N
END —

VV

4)
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SUBROUTI NE L (F)C(HETA,CL,CLR .CR,CT ,S,OMEGA , IVOR)
0IME NSIUN CLC (30),CLCI.1(30)
C(~MMUN /ALL/ AR,CMAR,COSO,1..E,SINU ,U2
COMPION / D /  P,4.l,R ,X ,YY,h,u,V ,OUM ,Pu4(,1b (,P$f
COMMON /4-jNVUI~/ A,BBP,OELI,1C434R ,XFN,00P
CIIMMUN /LIFI/ EIA (30),CLIFI,GAMMA ,XLAM
CONHON /IN/ AA ,A IX ,AIZ,AM ,130,C43,CF,fl IW ,$3X00,FU,G,N5T,NV AL,
*PI,RH U,SP ,UU,VL,XLG, X1.5,COLL,CDNN ,I~RL)UDE,CC,OD,ANU,ALU0,CLD

N:O • 0
~P 0 .0
*LPHA L.0
4LPHAR I.

~O ~IO L 1 ,NC
• 

T F(IVU R .LQ.0) GO TO 20
1F(f3LTA .ii0~ O ,O) GO Iii 19

I.
C. CALCULATE S [UCWALL PAIIA PETERS
4.-

SINT SIN(IHT)
01:CC+AA*S INI
DF=CC~~(NL~ A A )*SINI C
i) :OF

• T FIDI.&C.O.0) GO TI) 10
0 .PIL*SINT C
0T 0 .0

10 ~2 O**2
4.
1 cALCULAT E LIFT ON SIDEWALL
C.

X LIFT CLIFT* U2*02*6ETA C
I.

CALCUL.ATL VORTEX STRENGTH AND POSITI ON
I.

f i T N H S I N ( A T A N ( B f T A ) )  C
1.i:0.25*P1*o
GWX XLLF T/CU*H )
yt :SINH*PIL C

A CL ) *~~ I NO
y YItY2
yP Y1 Y2
CL CTA (L)*CUSL) -

C2 H C 1 I)T
- • • C~~~~’C1~~)T• p I S U R T ( C 2 * *2+ Y * * ? )

pIP :S~l RTLC2**24YP**2 )

~ t G R F c / ( ~~. *P i * R i )

1F (Y.E0.0.U3 XMUI PT*(J.5
1F1’r.E’ ,I.t...u )  GO T O 22
XPUL I A N ( MS C C2/Y) )

2a wI:U’*SIN(x~~J1_qMI :GA )
-1 F(YP.CO.0~ 0) XM III P(*0.5
1F ( Y P . L 0 . i ~.O) CU TO 23

~ •I~ XMUI:ATAN (AHS(C2/YP) )
j3 w (P:U1P*~~T~:(XMI II~~ONFC,A)

I. - 
—

I. 510€P’ASH CALCU L IT ION FOR IMA GE VORTEX -
~~

C.

R2P SWT(C.~ *A2fYP**? )

108
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~2
d2P GRP./12.*PI*R2P)• TF (Y.E0.0.1)) XMU2 PI*0 ,5

• TF (Y .EU .t .U) GO TI) 11
- XMU2 ATAI.1(AUS (C3/Y))

L I w2=~ 2~ S1N (xMU2+UMr :GA
- 1F(YP.LD.C)~ 0) XMU?=PIh0.S

TF(Y I .LU.0.Q) GO TO i~i• ~c~ U2:AIAN (atsS(C3/YP))

~2 w2P 02P*SIN (AMU2+UMEGA )• 
w :MI+I12

- 
wP WIP+ M2 P

• - i~ 
ALPHA~~~~~/U• ALPHAI~~~’~/U4..

4. CALCULATE FUR(.E ON FINS
I-

2~ 
CETA=CR~ CR*F1A (L)*(1. XLAM)/S
CLOR AR/(2.tAR )*~~.*p1*ALP HAR
CLU
CLCR (L)=U.5*iCEIA,CdARs ((4 ./PI)*SQRTC1~~(ETA(L)/8)**2))

• *
CLC (L):1).!,a cTA/cbARs(l ~o.,PI *suRT (t~~(ETACL)/s)**2))

* — (l.CTA (L)/S)*C4.*Ct.~ CflSCGAi I1.IA3)))*CLr) C
~0 c (INTANUE

CALL SLMPSO (NE ,DELI,CLC ,CL)
CALL SLMP1SO (NL ,OCLI,CLCR ,CLR )
pETURN

• END- s V V  -

•

I 
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I Su BROUTINE VURTFX (SX,SY,SK,SN,BETA,CR,CT,S ,OMEGA )
- COMMON /411/ AR,CBAR,CUSO,NE ,SINLJ,U2
- CtIMMI3N /4-INVUR / *,h14P,OELI,TCI3#R,)CFN ,Dt)P

COIINUN /IN/ 4*, A 1X ,A (L,AM ,b6,CU,CF,I)IR ,L)XDU,FU,G ,UST,NVAL,
• *pI ,RHU,SP1,UU,IUL,XLG, XFG,CDLL,CON N ,FRUUUE,CC,00,ANU,ALUD,CLD

I 7v0R:1

• I CALL LLFICCUETA ,CL ,CLR ,CR,CT ,S,UMEGA,IVQN )

i FINLN CL,~~A/ML**2*U2
FI NL :CL*A/NL**2*U2

SFN FINLM*CUSO
SF FL NL*C (ISU

• SX=~~(URAG +DRAGR)
- VFI~~FI~1L NAS1NO -

VF~~ FINL*SINU

I SN SY *XFN +CORA r,R_ DRAG )*BBP/WL
• SN (VFM VF)*UUP/WL_SY*ODP/1.IL

pETURN
END
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- 
— SUBROUTINE DCRTVE (T,N,y,YP)

pEAL XC,MC,NC
• OIME NSLUN A (6,5),53(5)

0IMENSLUN A L IO ,~~),8t (3)
I)IMENSLON y( (2),YP(12)
CO MMON /A/ POOl ,00(JT,ROOT,PH,00T,THTOOT,PS IDIJT,UUOT ,VDOT ,w0UT,
*XI)UT,YDQ I ,ZDuT
C~ MMON /AOC/ DRIFTC25),44E 1GF41,DUMMIE (5),T HET*
COMMON /8/ P,Q,N ,X ,yy,Z ,IJ,V ,4..,PMI, 1Psf ,pS I
COMMON /NDD/ DYP , OYQ, OYN ,DYV , I)YW , DYOP , DYOQ ,DVOR ,DY DV ,DYDW ,

* DZP , DZq, UZR ,OIV , OZpd, OZDP, 0100, 01DM, DZ DV , OZD1.~,
* 

- DKP ,D X Q ,O K R , i ) KV ,O K W ,t)X DP ,D X D U , D KO R ,O I4 . t )V ,D KDW,
PHI-’ , DM0, D1.iR ,Or V ,0Mfl,DMl)P,OI~D0,OMDII , DNDV, 01.50w,

* fl1.~P,DNQ,ONR ,Or.V ,I)Nn,DNOP,0,’~DC ,ONOI(,DNUv ,DNOs
COMMON /OERV / NP.,DELT A ,FX,FY ,FN,FN ,XUUELU,00AGY,DRAON,
*flELTA Y ,DELTAN ,OR4C)F~,~~ETAR ,DFTH ,4)ELTAX ,OELT4K,OFTH I,T$pATE
* l)ELp ,DELS ,4~I M ,IF( 41L,IFIN
COMMON /t~OyL/ C,ALFA, GAMA , XF
COMMO N /11.4/ AA , A IX ,AjL ,A M,FIB,CB,CF,flIR ,OXDU,FO,G ,NST,NVA L,
*PI,RHO,SP ,UU,~~L,XLG ,XFG ,CDLL ,CD NN ,4RUUDL,CC,DD,ANU ,ALLJD ,CLO
*,I4O,NG,$PIIJI4N, IPLOT,IPT,AIY
COMMON /PRES/ CDIS.RHOMA, PHIO,P I1I1,A r,a ,p MAX,Ac ,OEM
COMMON /IEMI’ / SX ,SY,SN ,SN
COM MOII IIEMP(/ 41.sIGH ,TLOu,SHTPDG,TOTLDC,TX
CI)MM0P1~~

# DNPHI,DKPHI ,DYPh1 ,DELN,DELK,DELY
COMMON /LNOrR/ CR,CT,S,OMEGA
COMMON lIVEd XANr-1 ,ZARM ,RACE , YARM(LI),VELJET(I4),RMCP (4),NJET
COMMON /NAV / I FI,WAMP ,u.1.’CR,CCL,CAY, IUUG,F (25),BETA
COMMUN /NGT/ RUUYAN,TNMG T, MP1Q, sSXO
COMMON /VLDOT/ VOLOOT —

Ct)MMO N / V O 5 N/ VO LP
COIS1MU N /lUV w/ PwIl,Pwh,P1.IC,P/C,PSLZ,PSLM
COMM~ N /~ SC AL/ IsiIQ, TuI TS
COMMON /&LnN/ PC ,OF,Qu),VOUTP,AOP ,AI
s~:Y(I) •
v Y (2)
u YC3 )
p=V (4)

p Y(()

~:y(7) - -

yY=YCt ~
7 Y(9)

• •• p141:1(10)
10151 (11)
pSI:1(12)
RFTAI4 AIAN ((V_XLC*R )/U)
C ALL DHAb (pHAGy,C-1AGK,DR4GN ,p,R,V )
1F(T .EU.0.)

*CALL AUXILY(PbT,iJ ,XL)DELIJ,I)1.iP~i1F,U KPHIF)
TF I IFI I4.NE ~0J CALL FP4(SXu 51,5K, SN,CN,C T,S,UMEGA)
C ALL FHI UST(U,THI,DFTM ,TX ,TY ,TK,TN ,SHII’UO,TIITLDG)
A RMA L L 2.ACC/YIL
1 CUEC U.V

C01 2.*(t..~~*0YV*V*U)**2/ (P1kA1JMALL*EL0EF )
C

CA LEOLATL IJ1)0T,Vt)IJT,WO4)T,Pr)~)T,0J)UT,RI)UT
5.
4.

AC 1 , I ) AM DYUV 4
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A (1,2) .DYOW

AC 1,0 ) .I)YD0

- •

• A ( 2,I) 1)ZOV
412,2) AM DZDW

A (2,0)~~~I)ZDG
*C2, ~) :~ DZDR
AC - ), 1)~~~OX DV

• A C~~,2)~~~I3NDM
A (3,3) AIX ..DKflp

* (3 ,5)~~~l3K0R
A(O ,i)~~~OMDV

£C4,))~~~0MDP
4C4,4) 41Y_DMOQ

4 (~~, L):~ UkDVA (5,2)~~~DN~ W
• A (5,3) ’)NDP

A (S,5) 61Z—ONPR
CALL LINVLL (FXLV ,FYLV ,FZLV ,FKLV, FMLV, F NLV)
C ALL INERTIACFXIC ,FyIC,FZIC,FKIC,FMIC,FNIC)
SZ=0.
SM O .

C. SET THRUST CDUAL TO SHIP DRAG AT T 0 ~
TF (T.C~~.

4. ) TXO:3HIPOG—SX
TX TXU
TZ O.
1M 0.

N A C. M:0
X PH 1 1.

~YPHIF 0.
0IPHIF O.
flMP HLF O.
OP 4 C,X X 04) E1 U S H  (P06

- • • C A LL SC A~~A V (MX , iLY ,MZ,MK,W M , WN,VOL, AO ,y,T)
CALL ORAOV(012 ,oM?;D K2,F,M ,o,�)
C A L L  3 X 4 I V ( L )~~~,I)1.j3,~~K3 ,~~, w ,Q,3)

- -.
n M O M2+0M3

F -1 -

VOLP VVL
CALL I’W CSS CT,Y ,VOL, AU ,XC,YC,ZC,KC,MC,P4C)

pW Z NI*OI iM/224 1j.

pZC ZC* D /~ .20u.

4. pOW SEAL Ffl 1.1C1 5 ArID MOMENTS WITH ROLL MOM ENT
•

- I.

~iT I1
IFSItI AM I1.1L (UU1A/ DTR+.0 001,1B0.)
1F(8LrA .Eo.o..up.rcsTH.Iu.Lan .) NI= t
rIELSL 2.*RB /NI

112
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P XSL=XFG* FIL
ysL=~~Iao+o .s*nCLsL~I
7SL DU CL
RO~ Z=8U~ K:0OwM=0.
~TRZ S1N1.1 STN 1 ’ 0 .
PCGAGE PC A T M
1F(I~CGAL.L..LT.O,) CO TU 3

D ~O i II=1,N1
V SL ‘V SL + UEL SI
CALL SP.A~ E(XSL,YSL.ZSL,Y,T ,ETASL )
OBOM LTAS L
1F (DBUv’.LE .0.) Go To 1
WBQM:OUC)v./SINC P4114)
OFLZ~~ OLL5L*M8Ou~*PCGAGE*COS (THT13 )
pOW I MUM~ sDrLZ
4RMX XSL
4RMY YSI..
ROwM:BuJwrl~~D L L Z * A R M X
ROMK~~ UWl’.+0CL1*ARMY

I cU~ TA~ UE
C
C STER N SEAL EURCF5 AND MOMENTS WITH ROLL MOMENT

r
Y5L~~~XLG*WL
ySL —(8B+0 .5*I.4CLSL3

~
O 2 11 1,Nt

YSL :YSLtUELSL
CALL 8M A V E C X ~ L,YSL,ZSL,Y ,T,ETASL)
dSTN=IEI*SL
1F( D ST N .I..E .0.) GO TI) 2
wS INSOS TN/5 (44  C THIS)
MYUPU 0.5*NhU~ C.~.DST N
DELZ~~ DE LSL*WSTN*PCGAGE *COS (THTS)
5I NZ SINL+OCLZ
A RMX XSL
A RMV YSL
S N M S  I NM—DELi A ARMX
5TN K S  INK +01 11*

2 C(1~dT LN UE
3 C~~~TL I-~U~pSLL=8U*LPSTHZ -

PSLI PSLL/2200.
p SIP’ 2 bUM N S

- •. PSLM I’SLM/2240.
SLZ (I3U*LPSINL)/DCM
5LK (OU~~’+S1NK )/DC•M/WL
sLM:(UuMM+STr-IM)/PCM,wI.
M1 M1+SLL

wM MM+SLM
XNGI~~~EIbkT*SINCTHT)/0EM
Z T L I I1 ~T*COS (IMT)/t)LM
FX~~~AM* (0kW~~~*V ) +4- xLv+sx+ r-xIcsTx+w44cx+o xp I-4 1F— chI+wx— xMGl+ xc
FY #M* (MAI1 .~’*M)PF YL l ,S1t 4VIC+TY +DNAG Y+OYPH1I . +~ Y+YC
FZ=.AM-* (P1*V~-sE *IJ).VZLV+SLsr-1Tc .1Z )NAOZsDZPolF+~ l+ZwC,TsZC+DZ
FN~~~(A1L 4JY) *0* IlI FXLVt +FP.f Ct +I )F4AUK+OP.PI 4If+~.K+ KC+DK
F~ = .(A1X~~4TL )A R* Pp FM LV ,~~~+ fC+I M÷r)~ A (;M+OMPN1I-+NM+M C,t )M - r
FPI~~~(A1Y A TX) *P*0+EN LV$SN+ FN IC+TN+D RA I N+DNPH14-+*N+NC

‘4
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pCS) 1.N

CALL CUMU(A ,NL 0,o,B,1.NER,DET)
IItIOT FX/ (AM UXDU)

~ OOT B(t )
wDUT B (2i
pOOI:$3(3)
nOOI H (LI)
pOOT 6 (5)
yPtI ) UDUT
yPL2)VDUT

• 1P(3 ) MD01
yP(LI) PDLJ T
.
~P(5)=QDuT
yP((~3 RDUT

• C
CALCULATE XOOT ,YDOT,ZOOT

C
COSTN COS(THT)
SINTH SIN(THT)
C05PHI~~~U5(~~~L)
5TNPHI SIN(PIVI3
COSPSI CUSCPSI)
SINPSI SINCPSI)
XOUT= U*CCI5TH*Ctj5P5I+V* (5INTH*5tNPI-4I*CQ5PSI_CLJ54~HI*5INpSI )+
*W* (SINTH*COSPHI4.CUSPSI+SINPHI*SINPSI )
yI)OI U*CIISTI-4*5I4IPS(+V* ($INTP4*SINPHI*SJNPS(+COSPM(*COSP$j)+
*W* (SXN lH*COSPHJ*SINp Sj_ SINPHJ*CUSPSI)
ZOOT= U*5!4ITM+V*COSTF4-*S j1LPHj tWA CUS IH*CIJSPHI
yP (7) XDUT
yP(8)YDUT
yP (9) LDUT

5. •
C C ALCULAT E PH(POr ,THTDOI ,PSIOOI
C

F AL (j ,1) 1 .
AUI ,2) 1,.
A L I i ,~~

)
~~~STNT H

• * 1(2,1)21. . - -

- ; A IL2 ,2) LOSPHI
A L ( 2 ,~~) C U ST h*SINPHI

*I.(3,~~)CC1ST H*COSPHI
p((13 P
p 1(2 )20
RI (3) R

rALL CUM P1CAL ,NUU ,LI ,Bl,1, t~ER ,OET )
YPII’)) 01C 1 )
Y P( 1 1) U I C2 )
Y P ( J 2 ) 0 1 ( 3 )

-• T F(Ic P.LU. uI) P.P Lj
pETURN
11ND

vv

4) 
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SUBROUTINE DR#G (DY ,DK,ON,P,R ,V )
• 

COMMON /11.1/ AA , ~IX ,A IL,A M ,M0 ,CB,CI:,DrW ,DXDU,FU,G ,NST,NVA L ,
*p I,RHQ ,SP1,IIU,M L.XLG , XI-G,CI ) LL, Ct) Mt4
C05~ 40N/~~ (5LLT(2S),DL (25),C)FI(25),DF23 (Z~5),DF3I(25),OCI~ 25),

CO1.IMON /1/ AR ,ANL ,ARL2, A RL 3,ARI - ,ARI ,AW F3,A PI-L ,A RFL 2 ,AN F,~L,B38
p2 P*P
p2 R*R

VP2 V*P*2.
VR2 V*R*2.
VO V-F U*P/WL

• flNL SIGN(1.0,VO)
1F(R.EU.0.)GU TO 7
X0~~~VU/R

4 7 COI-~T L4I~~
A PtEA DL (NST)
A REAL UFICN SI )
AREAL .~~OF 21 (1.1ST)
A REAL .~~~~ 3j Cr454 )
AREAF :OCI (NST)
A REA F~~ 1)C2I (r.S T)
A RFA F3 0C31 (NST)
A PEAIL I)CFI CrIST)
AFL2 DC4-21(NST)
A F2L OC2F I (NST)
flY 1CDLL* (V2*AREA+R?*AREAL2+ P2*AREAF2+VRg~*AR tAL NP2*ARLA1.L..

• *vp2*ARLAI- )
0N _C0LL *(V2*AREAL+R12*AREAL3 P2*AF2L+VR2*AREAL2_RP2*AFL2
*vP2*ARLAFL )

ruK c O L L * (V 2*AI~L IF PR2*AFL~~+P ARLAF3+VR2*ARE4FL~ RP2*AF2L
* .., p ~ * A I-IL *1’ 2)

r ) K v : —C U N P I * 1 1 3 5 1 ( N s r i *p * A U S ( p )
11 ( R .LIL .0 .)GIJ 14 ) 2
11(XO*XLG ) 2,2,1

j 1FIXO—XF(’) ~,2,2
3 CALL GLUM(x0)

AY=_COLL* (v2*AR+R2*AR L2+P~ *A RF2svR.~*AR L_ w P~ *AN r .I._vP?*AN F)

~1.J _C )LLkt V2 frA PL+Il2 *AI~L3+ AAI.1.2LPvk~~AAH L2_ RP .~*AN4 -L2_VP1 2*A *L)

I

• ‘.

2
4-1K 2.l UK’UNE -P 0KV

pE TURN
END

I~1
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5IJUROUTIII E GIUM (Xo )
COMMCJN /IN/ AA , 4JX ,AT1,AM ,l38,C13,CF,0rW ,DXDU,FO,G,NST,NVAL,

N P40 , 5P1,14U, IF Li XLG, X4 - C. C OIL, C UN 14

CO~~
U4
~~~

I’ (Sill (25),01L25),OFI(25), 0F21 (25),0F31(25),UC ((25),
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
CO MMON /1/ Ab ,A WL,AIIL.2,AP13,ARF ,ARI-2 ,ART 3,ARFL,ARFL2,AM Ft~L,H3I-4
yO (X0,X1,X ?,Y1,Y2):Y1+(X0

~
X 1 )*CY2

~
Yt)/ (X2

~
Xi)

yO :XO +A A/PF L
• ~O I 1 2 , N~~I

i~:I
iFLxo.cc.X SN(I—t) .AND.xo .Lr .xSw (I)) CI) TI) ~

1 CU~ TL~~ E
2 sc1 K~~1

X L X S I F ( K 3 )
4 12:XSM(tc )

4R 10(X0 ,X 1,X2 ,DICKI ) ,OI(K))
ARL :YU ( Xl., x 1, DEl (II 1 ) , 1CM)
A 1.4L2 Y0(X5I , X I  ,x2,0F21 (Ni) ,0F21(K))
4RL3=YU (X (’,xt, x2 ,0r31(K1),0F31 (K))
A RF= ’VO (X~~,Xt , X2,DCI(N1),UC1CK ))
*RF2 YU(XO ,Xt,X2,0C21 (K1),0C21 (K))
4RP3 YU (Xu4 ,~~L,X2,DC3I(K1 ),L~C3 1CK ))
AR1. L YU (X0,XL,X 2,DCFI(KI ),OCFX(K) )
IRFL2:YI)(X 1),A i ,X2,OC1-~~1(Ic1).DCF2I (K))
ARE2 L UL X F J ,X I ,X2,0C2F1(Y,1),DC2FICK))

1, X2,83b1 (K 1) ,I33H1 (K))
QETU RN
END

vv

F •~~(

il:

4

116 
- 

- _ _ _

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



•••_•-~-._--.
•___• _,•,____ • •—_—_—-.— --•- $v•—— - _•_-_~_.~~_----~------.• ~~~~~~~~~~~~~~~~~~~~~~~ ~••~n_ - ~~~~~~~~~~~~~~~~~~~~~~~ 

-,-••--•- •—•- - - -  - - ;- • -. ---~ -~ —-•-#•~ V

___________ _____- - - •

SUBROUTINE AUXILy(PHI,U,XI)DELtI.ON PHIF,O4l PV.
~IF)

Co MMON / t~ / P,0,N ,X ,yY,Z ,UUMi,V ,w ,OUM ,TH T ,P5~• rfiMMU’~ /L1./ A A , ~I~(,AtL, AM, Hb ,C.b, UUMM Y,0TR ,OXOU ,FC,,G,NST ,NVA L ,
*pI,Npi(I,SP ,I,[u,ML ,XL&, XF(,,CI)LL,CDNN ,IRUUOL,CC,00, ANU
COMII~~ /0/ 0T(~~5),SI(25),Si(25),PHO(25),T0RAI C25)

• COMMON /IFALL/ VOLO,O RAGU ,CELDI G
yO (X~~,X l,X~~,1I,Y2) y1s (X0—X 1)* (Y2~ Yt )/(X2~ XI)
CQ(DiN4) 2./(SP/SQRT (G*DT44A ))**~!
N V AL :5
1FLU. NL .1) GO TO 10
KO~~ VA L /~~+L
1)1121.
R N UO .kSP*ML/ANLI
4PG (ALObi )(HN) 2. )**2
CF0 1).Ol~I/A ~~1+U .000hI
p1.J U*SP*1IL/A1..U

CF 0.0l~ /ARG t.0GOhI• 
S~ AO Gl(~ 1J)
qV~AU:SL (NO)
vOL (J=S1 (ISO)
TI)NAFU TURA F (KO)*WL

C 140=1) • 0
1E(SH AU.LE .O.O) 61) TO 9
CFB CFU*SAA (u/SBIU
CPhi~~~

_02’h/SUkT (CFB)

C F P :C 0( 1 I)R A F U)
1F (CF R.LI .CFIU) CRU CER

9 ONAGI ) (L4-I)*SVFAO+C50*SSA (J)*4.IQ**2
i~ 00 1 I:2,NVAL

IF(PMI.GE .PHU (I).A ND.PP1I .Lf ,PI-IO (l—i )) 60 10 ~
I rflNT -L~ UE
2 Sw4 R=YI.4 ( I•’ 1.4 I ,P1Ht I ( K) ,P I-4U(K ~~I) ,ç,I (I-c),GI(K—1 ))f i RA R Y U ( P H r , P V 1 r , C K ) , P N O C I c — j ) , S j ( K ) , 5 L ( I ~— t ) )

vOLM YI)( T,l ’HO (K),PH1J t~~— L ),S I (,(),SI(K—1))
TI)NA YU ( (,PM(i(N), I J(K t ),TOl~A I (M),TUUAF (K i))*ML

1F(S8AM .L[ 0.I)) CU TO Ii
CFI3=CF ~ J,~A H /5RAR
CRR=ll .029/SUMT (CFB )
r$ -I C Q ( T U N A F P I ) • -

• T NCi~~.L’ .C 8R) CBW CFN
p44 1M2 P141

- 
•~~
‘ 

~i nI) 3 I:2,MVAL
K 1
JFLP HIM .l.E.PMUCI ).Ar4D.PHIM .LT.PHU (I—1)) 60 10 4

• 3 C0~”14-~~~
‘I 5WAL Y IICPH T ’i ,P5IIJ (K ) ,P N O ( K — L  ) ,GI (N) ,GJ (K—i) )r . 

fi~~A 4 . V U ( I~ UT ~~ ,P4 , I ) (K )  , I’ ’ IO(S—I ) ,S ) ( M )  ,SJ ( K — I ) )
• v 4 ) LL :YJ (P1M T~1 ,P H4 -IC K ) , I~4 1I) ( K_ i),S I( Ic ), S 1 ( K_ I ) )

,ORArL:nJCPHTM , P4-40(1< ) , P40 (1<—I I , TU-4AF ( N ),  TORA F C N— i ) )* Mt.

r TF(5BAL.LC .0.0) GO TO 12
I

’ CFb C4- *b~ IL/5HAL
C~ L:4).U29/S (,NT (CFH)
CFI4 C(

~
(II)

~~A FL )(F(LI-~4 •Ll .(~-IL) CBL:C FN
~2 C~~~TL~~I~L
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F ~~1 ~~~~~~~~~~~~~~~~~~ I~~

0RAGH:(CF *SwAR+CbR*SHAR) *L12
I~RAGL (L4- *SIFAL+CI3L *S~ AL)*(I2
0 N A G V O NAG R + URAG L
X 1 4  R: ( )  44400—DRAG R
XUL=O I4A GU— OWA GL

110 EL U X UP + X U L
OFt. DRG —X UDELU
p
~~
N :tV14/WL

fl1<PHL4 -~~~ 4.VOLP4—Vt JLL ) *liIjN*2,/FRIJIJOE**2
RE 1 URN
END

vv

___________ 
-- ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ - • ~~~~~~~~~~~~~ 
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cIIMRUOTI NC TP4PUS1 (U,1NT,DFtH,TX,TY ,TN ,TN ,5H1I-~t)6,TIJJL0G)
I P F . N J IUI flI LJ(~4 )  , O P ( ~ I)  , I i L T ( 4 )

• C~~~~~IJ
SI /1~4/ A A , A I X ,A1L, 4 M .1J f I ,C r ~,CF ,D  1k , I ) X W ) , F U , l . , F4 ST ,~ i V 4 L ,

* PT ,R1 U ,S P F ,~J I , 4 - L , X L U , X 4 G , CD LL,C I) I 4N ,FM (JLUL ,CC ,0D ,A1..U,ALI ) D ,CLO
* kid, NC. SP I OW - ‘F
11IMMUN /IM~ SF/ IC (P1, ICDl.~ ,T C I)N 3,JDRAG ,CCU ,1 rtTU
r(4~~~UN / I V ( 1/  X A R M ,ZA t’,~~A C E , Y A R M ( 4 ) , O LL JL I( 0) , I4MC p( 1 4 ) , NJ E T

* A Lp I-44 ( (4 )
1,FLT (XX) XX F 19

LH(YY) : .UI~~~I.~YY**2+0.2CIÔ7*A BSCVY) I-T9
C

p1.jP(~~S) 2.~~4.(SS/1. 9)*~~~— i O ,*(SS/I.O80)+4i.~QO0 .
- 

- iC’i~ - ,Q . C
• TC44~~4 W MCF (I)+RMCP(2)-P R r1CPC3)sR41CPC~4 )

1F4 . u .NL. i.) 01) 1 0 1
¶ CALL WLSULP (SIF ,CCU, THIU ,SHIPD G, TOTLDG)

TI- IML A N T0 TED C.
TFLCC .NC.CE0) CILL RESI)LO (5P ,CC, TI4T ,00MMY,DUMMY )
V:50
III ~ I ‘ F III P( V I
C t 1 ~~.~~*44Hu1*sL*i2*SP**2
CONSI 1 tl.I I~ OU ./COFF
C~~I-~ r.r=~,o1I.Jo.,coFF
114 ‘I I PU T N I-’! P/LUFF
11-I M A MG 110 N 3 / (.n F F
T4-4CONT 1M t~frO—YHMARG
THMCI’ IHC (]NT
TH~~ VS 41IP I v )/C~~FF
I H 104 ~4 ~~ N MEAN
1F ISC TUN FL .çIL .Sp) GO TO 3
CA L L  I4C5U LP (5 PTUR ~4, C C , T H T , 0 U M f - ~Y ,  INT UI-IN)
T~~M LI’U FM I P ( S P l  UR N)/ COF F
rIIC II4 - I  T T P I M T P U — 1  F 4 M A R G

3 iFI TNTURN .0T. TOCu iNT) TM IURN T4’C (JNT
01FF :THCUNI— $41 iNN
T HI~Q D5TMM C P — 0 1 F F
40 4 I~~l,N .Ji l
nELJ (I) OELT (P[LJCT(j ))ADTR

I) :UC L4-f ( tJI~L J C T ( L )  )
T FtAM S (I’F I~LJ1 I CI)).t1L9O .) GP(I)~~Q ,T F I O L L J C I ( I ) . E Q . j B Q . )  D P ( L ) ~~n .
r I ) NTi4 ~J~C,11 TO b

• 
F 1

V Ii * S P
CALL  I4 LSLI I D C V  ,CC , THT ,SHIPOG , TOTLOC)
I N £ 1’ :f ~ I P ~ 

V )

THMII’ IS Tr t ’ p ’/ IOFF
T M CI 111 1 1 P 1 1 _ I M I A R C
T ‘~ 0 I HLO~j 1—~~I F ~
T

~~

I U V S 4 M L P ( V ) / L n F F
5 C T1’~-~

T ru~I Trt .~ E~~o J C’) II) 2G
i i  ~5 1 1  ,ijJLT

4.~~JEI:~4 J L T
i-IL T (j ) s J II(~ i - F  I / INJCT
T J E 1 ( I ) i J l ~T ( I )_ ( i . _ 44 F C P(1) ) ~t i I r . S T 1
(F (OLLJE I (~~) •r~ • j ~~ • ) T J~- ( 1)~ T I I I l ( V S— ( I  •~~I?-~CP (1)) *5J1N5 $2

~F4.A~~5(4)LL J1 I (t ).C ).‘41).) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~ ________ 
119 

______~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~ :~~ ~~~~~



T J FT C I ) 1J CT 11)* ( 1 . _ 0P ( 1)/ I00 .)
• .~~~ c~J4-~TX I-~UE

GO TO 10
26 C O1.F T INUC

pA iR:NJCT/ ~~.
TOIGH (Ttfr (PU OGMUMCV )/CI)EF)/NJCI

F pr.U:INRQU/pAIM
T F I T HIGH.GE. NOD) T H I G M= P0O
TLU~~

I
~~O TH (GP4

~4JT:NJLI I
00 40 1 1 ,NJT,2
TJETC I) IHIG H

IIO TJET (I+1) TLUIF
• 1F(DFT H.GT •0) GO To iv

~O 51) 
1 1 ,NJ I ,2

TJET.1 ) IL OM
90 TJET (I$1) T~~(1~H
t~ 

TXSO .
TY O .
TM O . 0
T N Q .
~U ‘0 l~~3 .NJI: T
I 1:TJ~~I (I)
DELI OLLJ (I)
A L F I :ALPI-I A CI ) *r~~p
1X IX tIi *Cfl St.~LF i)*CUStDEL1)
TY TY+ T l* LflSLA LFL )*S (cI (DELL )
TN T K+T (*~ IAL FI ) *YAMM( 1)
TN T N ’ l t ~~1I)S1AL FL )*CUStD[LL)*YARM (1)

30 CIJrITLNUC
1 F(orIFI .Lo •o.) T X TX—UGMI)M(v )/CUFF
IN:11<

~~
1 Y*L I 44M

‘N TN T N T Y * * A H M
q 1 TOM N
END

“ V

r
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5UB WOUTINC #LSOLD (V ,DWFT, TRIM ,S1.IIPDG,TOTLOG )
F 

COMMON /.~aLL/ vOL’J,r,RA GU, OELDRG
C OMNIJI. / 14:, A A , A IX ,A Lt ,ANI ,F3Ii ,CL I ,C F, 1) IN ,t) X I)II ,FO ,G, N ST , N V A L ,

*P!, NNII ,SP ,III.,IFL,X L( ; ,X FG.CII LL ,LUrFII ,1I- IUIJIJC ,C C,00 ,A PIL J ,A L(JU, CL D
C()rI kIUN / $ C F — P / S X , S Y , S K , S N ,W A V EOb ,A LMI IOG , I410NUF , 5P R Y D G ,S EA L O G ,

C1)1.M01.1 /‘~1~C/ PR AFI(2t ),w EL C.HI,UU ,BUL,L,MALH ,SLHGw ,SLSIRP.,THETA,

pO HIIO
• TF(I~.0~L.5P) 00 10 10

• BI1L 8U88/BU8L
HOL DRF I/13U15L

t° C: VI1LU*r4(I~ G/MiIGHT*2 .*wL**3
• F V/S~~

MT
~~G*HUHL)

CVI ~1(.1h1/(MU*G)/BU14L**3
C ALL IFA’.E(M1-L ,4IQL,C,F,MAVET)
wAVEDG20.~~*MU*G*8UBI . 4.*3-kCV1**2*,FAV~~T
CALL A LRUCwL ,PLPTH ,~4.U1,H,wALB, DRI~ f,V,AER UDG)
CALL SI’NAY(V ,SPRAYL ,SPRYf)G)
C ALL SCAL (DUG(J,V ,SL HI).~,SLS1 RN, THEIA, SCALDG)
p I~EG 0.5* RUhP,L~ *?*SP**2
I

F jNOG~~~SA * PRLO
5H100G (“AV I t)G+&ERI1OC, +SPRYDG+SEALOG+SKINDG)/PRLU
TOTLL)G SN!POC+DELUIIG+F INOG/PREU
RE I OH II
€ 1410

V V
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S(JBRUU (INE MAVE (B()L,HUL,C,F,TOT AL)
pI:3.1’Itt~9
w tO.

• w1 2_ *II

IOTAL U.
wA VEDG O.

~ IFF 1.
¶ ~O II) M:2 ,20

• I FP5L 2.
A Fl M — 1
7I:tA 41.L0.~~,) EPSL:1.
GAMA 1. 1
ML C JL:C/C4./3.AHOL)
4LFA:4.*441*AM*r**2/w

FA C C1 .+~F C RTti .+ALFA **2 ))/SQRT(J ,tALFAA *2 )
SK:S~4MI(U.S+ .5*SQ R1 (L.+ALEA**2))

STGMA COS (AKL*Sl3)/S14 5t41(AKt*SIiJ/ (AK1*S8**2)
O E LT A ~~ K 1A SU**2*HUL*2.
A IS.*810L/(ANL *SQRTC N /F**2))*CUSCRETA)*CI.~ EXP (_DELTA))*SIGMA

* /SB**2
TEI AM ) 5.6,5

9 PSI SIN (LJETA)/ (Pj*AM/W1 )
r.O 10 7

6 PS1 2. +OUL
7 ~s:~ ./@UL*5QHT (AKt/ WI )*~ AMA*5fN (A4ç (*55)*p5(

W A V EDG ( A _ M ) * * 2 * F A C * F h k 2 * E P S L+ M A V E D G
TF(TOT AL .CO.U.) CI) II] 14
0IFF AIiS ( ( W A I I U O G _ T O TA L) / 7 O tA j ,)

‘4 T O T A L W A I E O G
1F (OLFV .LE.O.0o1) GO TO 99

jO C(~44TLN UEq9 RETUR N

V V

-1

122
I ~~~~~ 

— -
~ 

- - - 
~~~~~~~~~~~~  

-
~~~~~~

—- - _:•~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



_ _ _ _ _ _  _ _ _  _ _ _  _ _ _ _ _ _ _  • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

.11
~UB ROUTTt.E A~ I~O(SLFT, DL~PTM ,H,Bj,D RI1 ,‘~,ACIlODG )I ANU L.SbL U4
p1)20_ U
PE1.IOL0:V*~ LFT/A NU
C F O .4S5/4LUCl0 (~~CNUL U)**2.58

- IRE A :SLFT.~(L4+HI, (DI.PTN~ nRF1 )*~~P)

PME II .b* l4J$V * *2
FR IIDG PIIE*O .6*FRUNT

I 5 K I 1 . 4 0 6 4 4 1 1 C * C F * A R C A
AER000 :FFNTUU+SKINOG
pETURN

~N0
- . V V

Pt

r

III
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SIJBRUUII4-IE SI.FRAY (V,SPNAYL,SppyOG)
CUJThUN /ABC/ (‘RAE 1 (?5),WL1CNI,HU88,8UbL,M ALH,SL$~OW ,SLS1MN ,TM~~fA ,P 1 H
COMMU I~ /CDE’ PR1SE (?~~) ,E NTRCEC2 3) ,CI IIJU(2 ),uiSPR AY C23 )
C0M4IU~ / 14-., AA ,~~1~~,A 1L ,A M ,bIF ,CL4,CF,0I).,DXDU,V-0,G ,NS1 ,NV AL ,

C(J M MI IN /SE~ / HSMU’5),OLLL,C.EL2,rII, N2RI) RH11
• FAC :3.t11159/ 180.

F pCI II) j:i ,NSi
j O  I4S P RA Y ( I ) 0.

t-~
h l ‘0 j 1 ,I-JST

AN G SIH(I)RISL (I)AFAC).hSIN(ENTRCEU)*FAC)
• WS4’RAY( I) v**2/(1~.*G)*AN &A*2

CMI
~~

C 1 l NL(T) flPA FT C I )
TP1ChN .L1 .). U) CHK5O .0

- T F ( N $ 3 1 ’ 4 - (A Y ( I ) . G T . C 1 l 1 < )  4-ISPRAY(I) C4lK
30 cONTINUE

C ALL S1MI~Sn (N1,L1CL3 , HSPPA Y( 1) ,AREAL)
CALL Sill P’S4)(H2,OCL2,HSF’RAY (4-4j),AIILA2)
A REA ARLAI +A MCA 2
M N  I + 1

(IS C 11.4T H CC (H) * FAC/2 .  )
F RE,,IIJLO V*SPI-IAYL /ANU
rF:0.OIS/ (ALO G10(I~LruOLD )_2,)**2 +0,0004
pM L = 1) • ~ * HO * U * *
s P14 V 0 G PHE * All E A * 2 • *c F
pET URN
END

V.’
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F
r - - _ __ _

~UBROU ((NIT SL*L (B,V ,SLBOW,SLSIRN , 1 NE IA ,SEALDG )
• COMMON / A ~4c/ ORAFT(25 )

C1
~MMII~I /I~~/ .I4,A jX , 4L g~,AM ,6R ,C5,L j,D(44,DXDU,f 0 ,&,NS T ,NVA L ,

- *PI,RI1I1,SP ,UU,IFL,XLG,XFG,COLL ,CI)tJN ,~~ROUOE .CC,UD,ANU• CO MMON /~ L5/ hSIFC~ 5),ULLi,DEL2,NL ,N2
H3 N1+1

I pO MHIJ
4 pRE:0 .i~*UIJ*V**2

I ANG tMLTA *~~.L 4i59/180.
- pB(IM O.

SL1 URAFI(N3)/SIN (ANG )
yF (SL1.GL .5LUOw) SL L SLROM
ROMSL SL1* (;OS (ANG)

- TFtHU~
15L I•E• U .) GO TO to

RENOL0 &4~~ St. * V / A NI J

1 cF=o .O’I1I/(RrNOLD-**U./6.))
RHO 041*0* 1401<51 hCF

jO CONTIN UE
pSTWN U.

• SL2SO N A F I (I )/SINCANG )
IFISL2_G 1.SL S1RN ) SL2 SLSTRN
SII4NSL SL2-ACUS (&NG)
TF(S II4NSL.Li.0.) CO Iii 20
RENOLI) SINMSL *V /ANU

- p$TpI N PKE*13*STrINSL

20 SEAL DG RbUW $HSTR1.4
RETURN
END

VV

.

)
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

4 SLJBROOF1NE LINVF L (FXLV,F YLV, FZLV,FKLV ,FMLV ,FNLV )
CO MMO N /d /  P ,Q ,R,X ,Y , L ,U, V , W ,P HI,T N T ,(’St

- - COMMON /r~DI)/ PV P,oYu,u YR , OV V ,DYM,O YDP,OYU0,OYDII,D YOV ,DYDW ,
t)ZP,OZ0,OZM , ()Zv , ULn ,OLDP, (IZuU, DZD R , OZD~ ,DZDW ,

*
* O M P ,O M Q , U i - R , U M V ,DMM,DM O P,04IOIJ ,04ID14 ,I)MDV ,OMD1 <,
* ONP ,DNQ,U NII, OPI V • ON,I , ON OP,UN DQ ,UNUI1, ONOV . ONDW

FYL V :CU V V V+I~)Y w* 1< fDVP*P + P V C *  0 + QYR *  ~ ) * U
FZLV (DZV*V UZ1<*W+OZP+P+OZ ()A0+UZI1*R)*U
FKL V (  UN V A Vt UK I~~ P4 +DKP +0K 0*0+ OK RA N) AU
FM LV = COP’ V * V + UI-i n * 1< + OH P k P + () N U * P + ()MR * R ) * U• FF1 LV = (0’I V *)/ +01.. ~4 * ,+ 0440 k P $1) NI * U + 04444* Il) * U •

• pETU RN

‘p4
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r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~

--- • -

s(IIJROUT I1.-IE I1<fRT IA (FXLC ,CYIC ,FzIc,FMIC,FNIc ,PNIC)
COMMO4-~ /14/ P,6,R .x,y’t,l,u, V ,I4~~PF4I1 TH1,PSI
COMMON / NDfl /  PyP , DVI), D’R, DVV , OV I , DYI)P,OYD (?, 0(044, DVD V , DYD*,

* P-Z P~ OZI), DIR , 0 ~ V , ~ j  W~~D 1 UP .01 Ill..)) ZUR, I) Z DV , 0 ~~~~
* PKP, 01<1), 1)Ic R, DNV ,Ox~~,oND P, D$DU ,DKOI1 , DKDV , 0K0IF,
* PH~ ,D$hi, 1) M N , (IM V ,DMW ,  DM00, GMD Q • DMOU ,DMO V , DM044,
*
FX IC ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
FYIC — I)~ 0n*MA p—pZOQ*44*g~ DLDp*P*P
FZIC DYI)~ *V*P+OVDR*P .R+OYDP*r~ PP
cHic: 0Y0Q*P*VtDyDp*W*V+ (OKDp ~ DNQR)*p*R+DNDp* (R*R—0*P)

* .OZDP*w*M+0Mflp*P*R
FNI C UZOP* IF +OZ DQ* ,1* P+(0MOf l l)KDP) * p* t )+ D K O P* ( P* p— U -A Q )

* _ 0YDP*V*C_DI,FPPA 0*R
FKIC (UZI)M_0’yflv )*v*w~~(DyoR pnMn4l) *p*w+(ozoa+Dp .ov)*v*Q

* 4 (DNI~4—1)M~~~) *fl*U_OyDp *p*44+DZDPAV *p f)Mpp-*R*p+o4JUp*Q*p
pETURN
END

V.’
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5UB RUUIINE sL :AWA v CW x , ny,wz, w 1<, -IM,Wr,,VOL,Ao,y, r )
pEAL MIFK ,MWM ,14441-1 ,MTM,MTN
pT~-1ENSL(iti y(12)
COMMON /1)1/ A A ,A I X ,AIL ,AM ,6Il ,CU,CF,01R ,D XDU,FO,G ,NsT, NVA L,
*PI,WHU,SP ,UU,nL,XLG,XFG,COLL, CUNN,IHUUIIIT ,CC ,00,ANIJ,ALIID,CLD

NC , HG, SO 10kM , IPLUT, (PT , A IY
• COM MJ1N /

~iE$/ NS4-IC2~i),OL~Lt,DITL2,NL,N2C (1MMUN /IP4N/ F (X ,MT M ,MTN
COMMON / ‘~FriR/ rnX(25),FwY (25),Fv.lC25),MP4K (25),Mwi~(25),PinN (25),

Co MMON /‘~GT/ 1400YAN,INWGT, IFMQ,WXO
CUMMON /14SLC~ K/ 14LCAK ,SLEAK
00 1 I:1,NsT

• 1 CALL SUOYC (,Y,T)
C 1NTEGuI#T 1 F04 W~ VC FORCES AND MUMI~NTS

3 , I U5:Q6=0.
NSTI~~~S T 1
11T 111
F (N1.ME.NSIT) GO) 10 5

PJT NST
r,O TO (a

5 CALL SIM PSO(N2,0EL2,FWX (NT),QL)
CALL SINI~Sr1(N2,DCL2,F.YC NT),q2)

,C AL L S LM 4 -~Sfl (N2 ,I)CL2 ,F .42C NT),Q3)
CALL SA MI-~SO (N2,DEL2,MpK(4-iT),Q4 )• C ALL S1M~ Sfl(PF2,0[L2,M~ M(NT),Q5)
CALL SLMP’Sn (N2 ,DCL2,M~ N (NT),Q6)
CALL SIMP’SO (NT,UCLI,Ei X (l),NJ )
CALL SIMPSO (NT ,DCLI ,F’iV( 1 ) ,R2)
C ALL SLMPS()(NT,oLLj,F~~L (I) ,P~~)
CALL SIM PSI (NT ,OCL1 ,M 4K(t ) ,R~~)
C411 SIMP’SnCNT ,(ICL1,M,~i (t) ,R~J)
CALL )

~IMPSo (NT ,UCL1,M.II’,(1),R 6 )
CALL SLM PSOCN T ,ULLI ,A14C4( 1),07)
CALL SLM 44 S IJ (-’F I ,UCLl ,FtEAK ( 1) ,-~8)
pF r1E N~~J _ t,*Rbu~ WL**2*5P**2

4.
wX 2(Ul tRI )/UCMC1.1

4. w i-~~ ( rJ5 t W ta+MT M)/ 0 C MEr I/ n L
-

-I W M ( ( ~~~t N~~ ) / O C M C F I/ A L
- • iF

wN:(U~~$RO )/OCMCN/P4L
vUL Nl
A I R S
MLE AK FLEA K (Nl )~~O.S
~LE4 K FLt ~A K ( L ) * II.5
yFL1 44~ 1.T•Co_ U) GO TO 2
44X IFX...’XU

- 
• 

~ 4 a.M~~IMU

Z rONT L~ UE

“V

U 

_______________________ 

K. 128

— - •  
-
- - - -•-- 

-
_

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

I



F

5IJ9ROUTIIV E 000Y(f,Y,T)
I. )FFI44IIIUN UI- P~~NAM E TLNS

pE AL Mn~.N , ~~FSM ,$4.ISN, :4~FPN , ~1FPM,  MillaN, MIlK, MIFM, M.IN, ¶ 18 1<, M I3M ,MT M ,M(N
0IME1.4S1f,1’~ J I4lA ~~(L I),SGN(i ),D1r~T (4) ,Y(12)
‘4TMENSII’N 4I4LA ~~(~~5),DI.T(?5,4J),li (AM(~~j,4)
C~

’’4-04
~ 

/ G F I ) i -i -l / ,SnC2S) ,IF1 5,~~5),Ild(2~,,2S ),D1(25,25)
C0~

441O4 /1’, 44, 41X ,A IL ,A~~,14’1,CH,CF.0FR,1 )XDU,4-o,G,NST ,NVA L ,
*PI,NHU,5P ,III4 ,,FL , XLG ,X I.I ,C OLL,CUNr4,I?RUUDE,CC,00,ANU,ALUO,CLO
A , NC • NC, Sr’ It 44 I F (PLOT , 01,4 IV

CIIMPUN /SLS/ MSV (’~ )
C I1MMUN / I~~R~~I/ ICOIII, 0 C 0 N2 , TC O N3 , I O RA G , C C U, T HT U
CI1M MOM /144N/ FTX,MTM ,MIN

Co MM ON /.dAV / fiIlFI,W AMI’ ,..PC N ,CEL ,CAY, I1400,F(25)
C OMMON / lF Fo)H/  r n x(2 ~~), F I lY ( 2 5 ) , F I F Z C~~S) , M w N ( 2 5 ) , M W M ( 2 5 ) , Mw N ( 2 5 ) ,

r.(1MMUN / -‘~~~ D4)4-iMY(3O0),XSNC~5)
C~~

P’HOI-
~ 

/UCI M/ p4EC2t ), AMI(~~5),8tANFI(2S),6EAMr2I (25)
*,BEA MF~~I t~?’3)

Co MMON /ciFEM2/ 14CM2(25),dEM3 (25),ARMS ,ARMP
COM4101’F /USCAL/ ZARM SL ,A REA SL
pATA S(;rI/~~I.,I.,.i.,I ./
1Ft1 _ E U .1 ,A NU.(811G.NC.Q) NN(TE(6,202) AA,BB,CC,00,yC1),y(7),y(q)( I 0) ,y (~ j )  ,Y (  12)

2~ 2’ FOMMA IC IrU ,I) :4 F I V (  1) F W Z C I )  SMIFK( 1) :MIFM ( I) IIPINCI) :0.
ARIA (1) U~
4READCL ) I4,
R F 1 . IE ( I  )= l ..
R E M 2 ( I) : 1 41 1 3(  1)20.
j J P1S 4-I C 1)
TFtJJ.L’).I) kI1URM
p 4406 :R liD * C
i)C) 4 K 2 ,3
j TN A ¶

~ C K) =
r , F I ( 1 , K )~~~1CA ~1( I  ,
n’1 2 J 2,Jj
0 ( T ( JP 0 t ( ( , J)
,, LI~Ul Ut C I ,..~— I )
141 T OP ,I(I .J)
4 I r I F I I .’F t C ( ,J 1 )
w2T0P~~I2 (1 ,J)
w2~~11 1 ,.2tI,J I )
C ALL SLGAL (~c , i ~ IflP,whI .1UT ,.’~2ToP,.l214uT,OI T OP,D 1 iul T ,I3IIA, NYPOT)

1F(N .CI ..2) nl :—MT
j : 0 ( I~~~ N S. .  C f) — i 1  1 UP
wC ,T:CC—G 1Tr IP— P.~~IC f)_ 1( I )*TAN (IMTIj)
CALL S.’8IE(F(1),.FT,Z, y ,),E1 A)
MC H K = 01 + I: TA
1F(14C~~~.~ l •0.) CI) TO 2
OFI(i,N ) 00 1 Q13 4 4ICMK
NEA ” (I,K) W1 ftp
jTWA N (I~~~J
,)(4T ( K)  2 ) ) -  It I • K)  —D1’4’)T
1r(OINI( c) .1.I.u.)C0 TU i

C,0 I O I

2 C t I ? J T I NO E
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pEAM(I ,K) :WL (OP
OINT(K1 IITIIP D14IUT
CO~

11
~~~

C
Rf12(I ) IICAM(L,2)
R E M  3(1): bEAM CI, 3)
1Ft 01-lCI,2 ).LT.C~_ ) DFT(I ,2):O.
7F (DIT(1,3).LT .Ci.) DFT (I , 3) : 0~
A MEAD(1 ).II.5*Pr1(X,?)-kC AM(I,!)tIl1(I,t ))+0.5*UFTCI,3)* (BEAM(1,~~i+

F It t ! ,t ) )

A 4MS 14N14U.25*(DF AMC I,.fl+4l (1,I))
A RMP~~~C14d*U.25*CBE AM C 1, SI t~4 1(  I, 1)
,,INTC1):01 i1C2 )

• PXNT(4 ) DINT (3)
CALL VULUM 1 (t ,136,JTRAN ,DI N T ,D*CT,F L1<,A R ,ASE AL,HSEAL)
A~~~A (I)~~~
FLEAK(L ) FLK
p1.2:Y (j )*SP*,.L/ANU
A MG: ( ALIJG I 

~
j (  MN) — 2. )

C F 0 • 075/4 pG + • 000’!
p002CC—F (I)* IAN (THTO )
FWXU ) —CF*(DFTCI ,2)+DFF(J,3)—2. *opo)*olHfl* (sp*y (1))**2
F N V 1• I. ) = 0.
Fil l (I ):~ A#ITAD( I

* ARMP *0.t.*flF I( I , 3 )* (f3~ A~l (I,3 )t.1(I,1)))
M F M C I )  444140(1 )-*F( I)-k 44H06
~IlN(I) 0.
p~ I IJ RN
END

“ V
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‘ T ~~~~~ T 1 1 TTT ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

5IJHR UU rTN E SAA V E(X C , YC,ZC,Y, T,ET A)
0IM EN SCU N yC I2 )
CO MM(I I /LN, AA , IIIX ,AjL,AM,HI3 ,CM ,CF,D(M ,DXD U,fl),G,N$T ,1.4VA L ,

• *pI, PHU,SIJ ,lI ll ,A L , X L G , X F G , C O L L , C t ) N F l ,F4IJ UD1,CC ,00 ,ANIJ ,ALIJO ,C LI)
* , I-IC , 1-It; , SP I iNt’l , I’ LIlT, C I— ’ T, A IV
c1)Mt-~ I ’ F /n#v/ PP4hT,a~A 4P ,nPEN,CLL,CAY ,I14UG,4 (2~~),14ETA ,I~~,wDEP ,OF4SET

r *,FkLC , ICO,X0,4U,CTAI)
CPMMI)N /~ CT/ 14Ui)YAN , LN .I0T,,IMO, i~X U

~INll CU ) (C~ PtU )— CXP (~~U) )/2,

04TA CUi,I  o)I,Lf)2,C03,Ci1’4/1I,5 )2465(a,—52.7(,716255, i07.1 87~’2I)2,

I I.4E&VL Y(9)*$IL
0 pHI:’V(lO )

(1 1)
pSI ’1 (1’)
pSU 14ETA P$ I
tOS T 2C U S ~ Il—I T )
I 11 TA L / S P
,4I (FY( 7)*CUSLbCTA)+y (8)*$IN(I3 LTTA ))*WL
£WGJ5x (.IkI A N(IH1) .HLAvE/c (1Sr_yC*IAN (pHI)/CosT
a l , 2 ( X C * C O S I + Z C * S L N C T N T ) ) * C 0 S ( P S I ) ) + Y C A S I N ( l ) S 0 )

‘r,O TI) (1~~2,3),j”
IF.

~IMUSULUAL nAV E
C

I FT4:_~ #M44*StN(CA YtXC)

~ IN-’(’ I •E~~_ U) ,- lCJ (J W l-l
C1 CLI I * 4 L/SP
F 1 A = _ a A ~~44*St :-I(c~~y* (AR(;2+UT_CI))/Ct)ST_ARG1
pElt) N N

I.

~O L 1 1 A N (  ~ A V L
IF.

~ f l FFSLT 0.~~)kC CLinP[R
A I C8Y* (-~L lJFFS (T)
142 Il A M~~ * S 

~. 
C. 11(41) * %?

1F( [1-11.1 •Iiq.O ) NC TUl~N
CT CLL
T t U1 T C 1 ) / 4 4 L 1  -

A t L ’ %~ k ( f ~I~~ 2-pIJ ( ._ C 1 f t ) F F S ~~T +~~A 4 4 L G)
F T A 1 44 P* L N ( A 1 ) * * ? / C 1 J S T _ A I~r,I
p FTUW -N

4.
4. F~ PLUSIl -~N P4441.
IF.

3 ~TA :f l.
1FI.1’-4 .-.t; T . r r ) .Q)  RE TURN
4 V ~CLP
T L ! X Li /~,J M T ( G * M )
T I:~~II.
1 1 I l + T 1 1
p tO T t XU

T~~C N( .U~..,) *;o TI) II
y l  . / ( l ) .* M F * * 2 )
r 1 ’  1(3 5

/
~ ~~~kl-44

• F
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I RF~~~RF~ *HF
- ~ :C U4* N4 I I+C U3*4 F3+C02* RF2 I-C I I I * RF+COU
- 5 

~~~~~~~OMLGA CA T-*SUNT(G *TANH(X) /CAY)
I C EL : UML ( ,A/ CAV

CT :CLL*1I

SHK2 S1~~1C H1<2)

~~G l  
~~~~~

a N G ~
42

~~A R G 3/ (A 1 l G t , _ H 1 < 2 / TA N H C I 1 N 2 f l s Q . 5 A A R G 3 * * 2_ A R r ,~~)
p0 K C A V * (1)
C A LL ML SS C1 ( 1, R U K , 8 J 3)

- A,4G~,:(L4rA(ANI, 2+tII _ rT) )/cOSr
11 4= ( a  IAU * R U/ l i ) * S t lR1 (A RG I I ) * 13J3 * COS CAHG5 ) .ARG I
pIT TURN
11.10

• V.’

/ I
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5 IJ 14RO LJ I INC VU LUME( 1,~i I - 4 , J T R A N,0 INT ,0-P4 IT ,F L EAK ,A I4 C A )
4. SUOMUU11 4l~ T i CA L C U L A T E  4014 NL1~~LEN CALM MA T E I1 SUNFACI

• • I— 4 41) u I ICC I AND L I A K  ~G[ FUR CN-J5S SETI (IN
)IMEMSLn- 4 J INA N ( LI) ,0(fl( 1l)
CUMMUIF / ( .FOMM/ N3n(?~~),wj (25, ),W~~(~~5,25),Dj(25,25)
FL EA K O .
STA M

~3UARI ) SIDEWALL
F $r

1F C J S . L ’ • I )  CC’ ([3 1
j Sl :J S I
NGTS U~ E I—ru (I ,Js1 )—os
GI1 TO 2

1 +iGTS~ D~ L I—f) S C
FLIT 4 Ic 1)5

1. pi)i-O T 51014411
I 2 DP O L h 1 ( ~~)

J P : J I 4A N ( 3 )
1F (JP.LT .L) 00 10 -~
JPI2JP I
NGTP DFL (D I  LI , JPI)—OP
60 TO ~I

3 ,~G T P ~~u~~L I— o P
‘FLEA K l-L IA I< L)P

Ij A 4LA2~ b* (NG T4I +,- I,TS)
pIT T URN
END

V V
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~U14R0UT(NE SI GAL(K,~~t TOP ,W IHOT, 12T00,* S1)I,DT OP ,0801 ,6ITA, HYPUT)
sUS~ UU iINE TO CA LCULATE SEGMENT LL~P,GIH AND ANGL E ,

• OOIF DTL-1.F.DNUI

• - wDI F ..LTUP_ .L ~3OF
( F C K .~~~ .2 .l)4 .K _ ç Q . 3 )  1DIr:n2TflpF.w~~3O(I q F T A : A IAN2( 1~O 1V,~~Dj F )

p~ I U RN

- V .’
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r~ Iii ~~~
T ’T T T~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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~~~~~~~~~~~~~~~~~~~~ 

—

~~~~~

SU14kU01I’~E D4AGV (DZ,DM ,OK,F ,N,(I,Ic)
CO M~

II)N /~~~~~~M/ aEAM (p5),6 .Mz(2~~), AMF 1(z~~),eEA MraiC2s )
* ,EE AI1F ~~1t?5 )

C(~
M141tJ14 / U[CI 2/ bCM2(25),NEI-S(~~ ,),AN MS,ARM P

~~~~~~~~~~ 
/14., 44, A I X ,A IL ,Atl ,b’1,CN, CF,0114 ,D XDIJ ,FU,G,NST ,NVA L ,

0 riO, SP , U’1, N( , X LG, XFG. C OLL , C DON
C1l~~’UN /A/ Oli ’-HY(3Q0),X5w (~~5){ C 1MIJ~ / Z t ~ UU ,dP L, F3RL~~,14RL3
1)IMENSLO I4I Ft2!,)
TkAP CH ,Y l ,Y2) 0.~a *4*(Y1+Y,.~)
0~

) 3 1 t , N S T
~EAM ( I) dEM2 (I)
!Ft~~.E0.5) UEAM ( =B~~il~~(I)3 C~~~~T L l -~

1
~E

A 
~ 2 Q*t)

0 4 L .3 1 1 N ( 1 ,0 , I l)
CC) TO 17

~7 C(TNTLIIUE
q E AM 1 U ) B EA M FI ( 1 ) : ~~~CA M F 2 I( 1 ) F 0C A M F3 I C t ) : 0 .

rIO Ill L:2,NS l

1* ‘IL
ITFI :UITAM(I)*F(I)

~FI 4 : N LA M ( ( — j  ) * F ( 1— 1 )
~~~

- 1i~~~4 I~ F~~t)

~i~~1~~~l-~~ j * F (  I)

= I ~~~~ (“ a 91 ~
-
~ - i ( () ,  PEA ~ (I—i) )

~.2 ~~~~ C ’ , 4-l~ I, 1J - ( 4 )
R~~:I~~4P C” , ~I- ~~~~~~ 1)
I-. 4211 4 ( h ,,- r I tl F 7 Il)
QI -  -~~~ U)~~~r -‘ - ‘iC I— ()÷14L/..L**

~c a ~~r’j(j) - I •F - - F : I c t — L ) + o ~~ / ( L * A q

j I l ~~f l .  IINUL
L4 ~~.LA M I ( ~~SI)

A L - ~3 . L A ~~I- . J1 ( . S T )
41I~~ F lU)  A L~~ — 4 , I 2 * A 4 4 t 4 L )

ii: CU ~~~~~~~~~~~~~~~~~~~~~~~~~~ — . -  •~ *A 0EAL 2)
( 1: 4 0  ~~~4 I. ) ~- l~ i~~ i .
T r ( X I I 4 X C  I i )  12, 1 2 , 11

11 1r (xo— A4U ) 1~~~12,t2
t 3  r 4 LL ;LE1~~(~~u~

~Z~ — Cifl~1 .’ ( ~2 
A ~~i. +(~‘*9NL2— ..l42

I I ? * b l l L 3 — ’ .0 12* b 1 L 2 )

~.: ( )b - i - *  ~ ) * ( I I 44 ~I~
j a  ,1 ~~~ ~~~~~

(3 14 F I I

p 4 4 < 114 3 )  A k P 1 : A M M P  •
,~~F 2  U L * A i ~~ -~~

- F’

~:1.35
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pET URN
END
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-~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ —--- - - •~~~~-

9U 14WO IJTTIJE (.LOMVCX0 ~~)4.
C vE I~TiC AL CRAG
IF.

COMMON /14E EM/ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
* P E A M F 3 1 ( ~~cj)
cOl-OMIIN lit,, 44 , A IX ,A C Z , A M ,d( J ,C 1 4 , C F , D j O , V X 0 U , ~- 0 , G ,N5T , N v A L ,

*PI, IIHI), SP ,IILI, I 1, X LG, X F G ,C I ) I L,II)N1.I
COMM (IN /11/ DUhMy (300),xs’I(2’,)

C~~MNON /~~1/ IiR,URL, Ij I-iL2, I3HL3
yO( X O , X t ,X 2 ,Y 1 , Y 2 ) :Y  I +(X 0—X 1 )*(V2~ Y 1)/ (X2—x 1)
XCiB :XUU+A A /IlL

~O 4 1 2,NsT

IF(XOH .GL .XSW ((—L).A1.40.xuB .LT.x544(I)) GO Irj 2
1 CO~ TL~~ I
2

X I XSM (1<I )
• x2:XSIl (K)

BPL:YU(X Uh ,X ( ,x 2 ,8 C A M I L C 1 < 1 ) , 1 4 L A M F I ( K ) )
RML2 YU(hOB,X1 ,X2,BEA~ F2 1CK 1 ),14LAME 2IC1<) )
RR L Y U(XUB ,XI ,X2,UEA~lF~ I(K1),HIAk1F3I(1< ))

~E TUR N
0

“ V
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5UB RIIUTIME PHUSS(T,Y,VOL ,AO ,XC,YC,ZC,KC, MC,NC)
pE AL ‘<C ,MC ,NC
0INENSIUN yC12 )
CUNMUh h/At ~C / UR4FT(2~~),WEIGHT
COM MON / 1~i/ 44 , * IX ,A I Z ,A M , b 0 , C 1 4 , C F , O I R,DXO U, 411 , G ,NST ,NV A L,
*PI,RHCI,SP ,IJ I),I.IL,XLG,XI.G,CDLL.CL)NN ,1 1401101,CC,00,ANU, A L I)U,CLD
C(3MM1J~ ~~~CS.’ COI S,RM)alA ,PRICI .PNII , A IM ,PIIA*,AC,OF M ,IPN
C0~tM0N / “ G T/  S I P J V A N , (NalCT, ~~ 0, 

—
~X O

C~~M4IUN /
~ LO’ / PC,UF ,QJ,vDO I P,AU P,A j

CITMMLIN /14SLL41</ I3LCA I< ,SLFA K
HEV Y(9)
pIll:’! (10)
141 2 ’! (it)
411:/19.
1Ft1.NL. G.) Cu 10 1
FM~~3Ut)YAIl*DI:M
PC : ( J E i C ,P IT_ F B)/ A C  + A T M
PCCAGE PL—AI M
A I ( P H I ( 1 + PH h L *P CC ,A G E )/ C C DI S - * S Q R T (2 .* ( P C CA G E) /H HO W A ) )

p NA X A 1M ?H IU/PH( 1

~~ 
TO 10

1 4S8:2.-*I314A C14LEAK+SLEA1< )
A 1241+40+458
6AM 1•/I
pDI i := PULO_A T M

• TF(1~UiI .GT.0.) GO TO 20
gF2PHIU
I)L A I*CDLS*SQRT (2.*485(PDLF)/RHUWA )
p1 AUACOI5 *SI )1l1 (~~.*AtIS(PDIF)/RHUalA )
1F(1PIl .NL~~j) WR I IE(6,.202) I,00LU

202 FOOMA T(t~~,*PU. LCSS IHAN ATMD SP11Cl~41C PMCSSUNE* ,
X, * I F ,I.j J...! ,5X ,* PC * ,F1(I ,2)

C0 Ii) .2
20 1F(PllLCi .LI.PMA X ) GO 10 3

1)F _ C )iS *AF*SCRI (Af3S(IOLj)_Pl~AX) /flHQWA )
I)i~~~ 4 1* C I ) I S * S J R I ( ? . * P U I F / R H U W A )
pCO .A 11*CU IS*5 ,~R C
IF 4 1~’4 ..NL .~~ ) ‘~Pi TCC6,203) I,PULO

2~ 5 Fh1i~’1AT (1X ,*PC GNLAI ER lI - iA N l - M A X *,5X,*T * ,FjO 2,5X,*0C *,FI 0.2)
r.C’ 11) .2

3 pF :Pp 1tU+ph!1*( IJOLD .AT4l )
nt- — *T*COTS*5,IRT(?. k (PQLD_AT M )/RF-4044A)

~() :_AU*CD15A5:)Nj (?.*C p,JLO .ATM )/RH()WA)
-. 2 V OLDUT W .+I)L

v :V~~L D+V ULf l U 1k (  1— T I)Ll))*nL/SP
PC :PIJLI)*V**04K/V1)L**GAM
TFLI’C .LT. AT 4l ) Pt~~ 4 T M

j O pp(~~:PC A~~.~
7A I 4 M 1)O~~CC_ I -4I V*I~L
~ N A C *TM T C
~ TAN :n L* IApj ( I I1 j )  C
R T~~L : M I A M F .~~LL .AK
y F I.tHI .LI .). ) RTRL :MIAM+SLEAK
7F(01’IL .UE .lC .) ~‘I14L :tI3 ,• TF(~~1u1L .LT ._ L B .) 44TrlL :~~i3 .
TF (OLEAK .G T . IJ .) ZAMM:OU—0.5*OIUL

— 
(F(SLL~~K .GT.U.) LAMM :L)D+0.’~,*(5T0L
TF4 (ULLAI’F+SLLAK) .”4C.0.) A N 2 ,*bl3*MTI3L •

XC A r J * p Oj & / U C N  -
~~

yC~~ PHI*AC*44DIF/DCM :

V
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ZC~~~AC*PI)1F/DL M
• I WC~~~YC*ZARM /’IL• MC :XC*IAKH/’IL C

NC O.
POLD PC
TOLD T
V OLD = V UL
1F4T.L~4.~~.)
V (‘U TO: V (IL Di) T

• 411P:VUL
pETUR N
END

V.’

- 
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SL~ RDI4IINE 44Lorr (A1,A.2 ,A~~,A1l ,As.A6 ,Np,NC,Nc)
pEA L NUI FICIO )
CUMhh 1~ /~ R4It / or ,oslCp ,NPRNT ,Ip
0111E051(J l4 At (SOC’),A? (500)),A3CSUO),A4 (500),A5 (500),A6(500)
0iM€NS LLui TILOO( ra),I4ANCE (6),A(132),S(A14 (O),RSE F ( t j ) , R A U G M ( b)
r~4IA lIE
1)A TA  4511/ ,1, .2~ t.,2.,

Ll ., 10./
DATA SIAN /jH * , LI lA , IH* ,1HO, IHO, 14-40/

• ~A 1A bLA4KfZ I I  /
~A IA DASH /10I ./

1’iATA EYE /jHI/
)A)A PLUS /14-4+1
fl AFA IEC/IH1/
0AT A ?UM/ 1I4 Q, 1IF11 ,1H2,1H3,jl14 ,1 H5,1H6, 1F17,1H8,1H9/
5F (Q)LZ+0*SCL

C
1N ITLALI1 C

I.
M C 6
I-4SE1 6
NCT I3I
(IX 214)
K X I U

C
SCAL1 I-~c Pf l p

I..

~0 20 1 1 ,NG
no T I)  (21 ,22,23,2’!,25,27),I

21 CA LL rlAX~~(N0,A1,yM4X)
~ () TO 20

22 CALL MAX X(~ p,A~~,yMAX)

~
() TO .16

23 CALL NAXX(NP ,43,y1.t4X)

~~
l) TO 26

211 CALL MAXX (Np ,A (4,YMA X)

~~ 
lii C16

2~ 
CALL MAX X CN P ,AS ,YMA X)
nO TI.) 26

2~ 
CA L L  M A X X ( N P , A b , V M A X )

26 C ALL SCALC(N5L1,MSCT, VMAX ,RN G ) *

pA -lC, L(L)~~RNG

20 pA,~&P( i) :_ pANG L( l)
C

• 
- -• C pRio r V—AX I S

W HITL O,2DQ IlANcN(3) ,RANoEIj ), HAr4cM(2),xANcC (2),~~ANo~-I(3),wANG ~~C3)
200 Ft IM ATC L PI I ,4S .l,1’x ,711HC4’lL:*, 43X ,ILl ,i, IIX ,r5.(, LIX .7111’I T C H * ,

• *4L1 )l ,1- L4.I, lIX ,F5 .I , lOX , I IH4 ” Il -I G1 .:*, L L X ,1-4.t)
• ~~~IT L ( ( j ,2I h1) ) i 4 N G 1 ( t I ) ,RA ~4 ( , E( /J ) , I4A N G M ( 5 ) , R A I - 1 G C ( 5 ) ,PM G M ( b) , R A H G E ( b )

2t1 F) M A I ( l A ,F5.1,i3X ,&I lML) LL u J , I ,,i l . I ,R X ,I5 . 1, i 3X ,~5 I I VA ’ I U, I 4 lX ,
*FL4.J , , l J .j,i 0tF, (1HPRLSS /1I)0 11 , 11 X ,F4.j)

4. F.

P~1E PA (~L MIDIUNG AR RAY
C

1)0 I I t,Np
pu 2 K (,piç, 1

~ 4 (’<) 1 3L4,4’<
3 4

p(IT; kANGL (J)

)
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SCL NC/WNG
1F(i.NL.l ) CU 10 5

C K ILO ,IP1I
A (1< ) PL US
y F4KNT .NLNX) GO 10 b

4N T:I)

6 ocNT II NT+I
5 ~O TO (7,8,9,1O ,tt ,1 4),J
7 A (IZ)~~~L~~I

• 
1c=sr (AttI))
r~~ TO 12

8 4C11):PLUS
1C:SF (A211 ))
CO TO 12

9 4 ( IZ ) PLUS
(C :54- C A~ C I) I
~ C) II) 12

i~ 1C S F C A N ( I ) )
~~~~ 

10 12

~1 1C S11(A5(I))
nFl 10 12

• I~ 
T C S ~~(~~~(1 ))

12
3 C0~U~~ E

TF4KX _ NF~~~X) CO TI) 13
TZI :LLLRUCI)
T Z2 IZLOU(2)
1Z~~~A 1100 (3)
4 (LZI) 045M

4(1Z3) OASH
111 (1.10.1) GO ii) ~6

42:1<4+1
TF (K1.0L.L.J) GO TI) 17
4 (IZJ+I) 4001tK2)
A (IZ2 L) 011 u 1t 4<2 ) •

• A (1Z.~~t) (1Uh41<2)

~,() TO 16
• - -• i7 12 = MUDCK I ,4 O)

F _ _i T t :(1<1 12)/1U+1
12=12+1
4 ( i Z J 1) ’U~’ l - h 1)
A (I1 (+2)

~~
FIJt(I2)

A (IZ2+L) I-U 0t 11 )

A ( I Z .) 2) 1.JI J M L I I )
A ( I Z i ) 1Io1 1.1 L12 )

lb < ‘j (O

l~ 4~~~1c X 4 - l
W 4LI L (C,202) (A (K), 1 < L ,NCT)

2o2 F U I 4 MA I ( I A , l3 IA l )
1 C(’~~~1~~~E

rtO I~, I l ,NCl
i ’ 4(I) HLA~ 1<

T II LILRU( ~)
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1Z2 LZCRU (2)

113;LILRUC3 )
1 (IZI) 11E

• 4(IZ.2) T11
AC ~~~~~~~~
WPITL (0.202) CA (Ic),K 1, OIC () C
RETUR N
END

VV

I

t

I 
-~~
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SUbROUTiNE MA )CX (NP,A,YMAX )
0IMENSLI J’~ 4(1)
yHAX A (I)

F pCi I l:2,NP
1 yMAX: A MAXt C VM A X ,A ~ 5(4(I)))

pE TON N

V.’

- 
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S00000hI14E SCA LF( Np ,A ,YMAX , MNG)
F 0IMEN&ION A U)

Do i 1 (,Np
ISA’I L L
(F (YMAX .LE ,A tI )) CU TO 2

I CC~ T~ 1.~UE
104-:’! MAX

jUt’
pE 1URIFI

2 RNG ACI SAV E )
¶ RETURN
- END

VV

1*

4 t1
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~~ti t 3 RO UI I ” E  P L O I X Y (X P , V V P , N P )  C

p IME~ZSLON 4 ( 1 1  ),MAt,CC (Ll),AX( 10)
nIMINSLUN x~~4 5 O 0 ) , V Y P ( S 0 0 ) , I P ( 5 0 0 )
CI1MM0N it’
0A TA bLANK /111 /
p A IA lYE/tol /
PIT A UASII R H— I

* 1)ATA PLUS /jM$/

1)41A SIAPC /II-ib /
riA T A  I-lA IiG~ / L i. ,5 .,t 0 ./
I,A 1A AX/1l-4 Q ,tH j ,LH2 ,tl1~~,jH’4,LN5,LH6,4Hi,lH8,lH9 /

I.
C SCAL L.
4-

t1R 1~-N W—t
K XA X L S O
y (I4X Ab SCYV P( 1))
00 Ii I:2,iiP
(IPSAV L

1F I F X P ( 1) . LT . U . D . O R .A U S (YY P( I ) ) . GT .B0, , ) GO 10 18
11 yMA X Aii A~4t(Y11AX ,A85(YyP(j )) )

I t  t 8 NP NPSAV
y H IS dO .

VLO YHI
C
C pRDER X
C

~)t) I 1 1,NP
4nr=1
pCI 2 J l ~~NP
1F (1.~~’4.J) CU TI-I 2
IF( XP(1).GI.XI~(J)) 1<I-,T KN T+I

2 CONT INUE
y Pt i) :KNf

I c~~~T~~~uC
I—

4- To ’lLAL ’Lr
I:.

TZ~~~J
1F ( Y ’ Yl ’ ( 1.uI ) .Li .Q.0)  11 L 1
K SAVL U
i I tvE:1

- •

piL 9l
sCL~~-’C/YHL
IIY SCL
y :Il)

IIX:(NY*5./IU.)*2.
X I 0

4X LX
1 FL Y’!0(I.P).GL.0.0) •~R1TE (h ,2Oi ) -:

2p1 Ft1~~- A T C I r l t ,A (,X ,7I-1 Y ~S. 1/
* 2 0% ,3 Hs8 ( ; , 17X , 3 p I + 6 o ,t ( x , 3of I~~n , i 7 X ,3l-f + .2O, i9x , 1 Il0 / )
IF(Y’!I’(Nt’).LI .O.O) IRITE(O ,202 )

2p~. ~~~~~~~~~~~~~~~~~~~~~~~ ~S. X /  - -

C
pREPA RL M LO1 ( IMG A R R A Y  F

-4
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4.
DC~ 

3 K:t,NL
A (K) PLUS
I F C’ < ’ t . N L . L~Y )  CI) TO 14

‘<Y20
~4
3 CONTINUE

1)0 9 1 1,-’p
4 ( IL) 0L05 •

• oO 4 J:1,11p
i~ 1 1 1 ( I P( J ). FQ L )  I D J

TY IZ SCLA YYP (IU )
f X 1+ (XP (10)*tjCL*5_ /IQ .)*2 ,
1F(KSAVC.E~~~J) GO TO S
TF (IX .:4C.’<SAVt) GO 10 7

F 5 1F(IX .GT .LJ~ L.) GO TO 7
4 ( IY ) S T A R

K SA VL LINE
T F L I. E U .~~~P)  00 10 7

~
f) 10 9

7 iF(1<~~.~ C.Lx) GO TO to
( X A X L S I c A A X I S + t

• 1F (KXAX 1S .114.I) GO TO 17
I F ( Y V P ( ~ I4 -* ) .LT . O _ O )  GO TO 15
IZU NL ILtI
1ZT.l0:LZ+2

~
1) TO 16

t~ 
TZUIIL:I1 2
yZ T P I 1 : 1 2 (

là 4 ( I Z U N L) :A X U ~X 4 X I5)
4 (IZIMUL~ 4X (L)

t~ 
4 ( 11)2 04544
K X 0

1I KX= KX+I
TFLA(IL ). t~C .OA t -1 .AND _ A t T L .IFJE .SiAR A (IZ):PLUS
I F R I T L ( L * ,.2ll.J) ( 4 ( I J ) , t J I, NL)

2o0 FOII IA 1(21;x ,914j
rF (i .L-~.

P.At-~I~.L1 4iZ.EU . IX) CALL EXIT
p1) b

8 , ,( lc) OLANK
LI1.IE LL~IL+ 1
GO TO 5

•• ~) c0~~Ti~~UE
R ET U R N  c
IT04 )

V .’

d 
~

I

I
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S U6 W U U T I I 1  RUNGS (( ,U,’. ,Y ,Y P R I 4 L , 1 N U E X )
0IM EMS- LUN y l, ( 2 ) , Y P R t : - i i~ IF l 2) , L (j 2 ) ,~~ l ( I d) ,~~~ (L~) , n 3 ( l 2) , a~4 ( l 2)

LRUF,GS — ~UN C—F ~~, 1 i A  CJ LUTCUI I  UI: S ET - H- FI~~Si UIiUC H 0.0.1. 1 114 t H A N  ~~Q

IF- 0IM EN SLCO S OUST 1iE SE I FUR EAC H Ml-H) GRAM
IF- x LNUCl~ [~~~) L O T  V A F u L - , r L E
4. o INC~ L4*C F~I DCL II X, M4 ~~ HE CIlAlICCI) IN VA LUL.
C N -OU~ -~~L~ II- L U U A T  Iii u- S
C y UEPEOUEI. I A - A R ( A 8 L F  BLOCK U~ IE OI’t E~~S1U~~AL A R R A Y
IF. y PRIME ‘ ) E R I V 4 T  lvi SL JL K OM IT I)j~~~ N~i I L t I 4L  A U~~A Y

T~~1 
PR L,GN4Hi~Lfl OUST ~‘JP 1’LY IN I T I A L  V.ILUIS UT Y (L ) TO Y ( N)

C 1oo~ x 1 A ~A RIA)~lLE ~,4 l L l  S441 )UL() -~E S E T  TI )  L~~IIL HE FUF F I IF 4111
C 1 N T T i A L  LkT ~~Y TO T O E ~~UI3R0 l I IJ NE,  I.E., TO Sl)LvE A DI F IFIREO T
4- SF~ (i F C H L - / T I L I N S  00’ 1-)  5 ( 4 W)  ~I 1 I4  “~E~’ I N I T I A L  C I ) 1 . . D I T I U N S .
I. r~~E PI~u (KA urL U r-IUST ~R1 lIT A SIiH-~U )I1 t~E CA L L L U  I JLk IVL  ~I4 i t L 1 4  CU M—
1. pU lLS ( HE D 1 H C V & T I / E S  A ND S T O R E S  THEM
C THE ANUUMEO4 T LIST IS SU8RcIL,TTNC OERIv E(X ,o ,Y ,yP01~~E )

1F (INOEA ) 5,5,1
1 p0 2 12L~~ F

A L  t 1)~~I~*~~PR 1Mi(1)
~ 7(fl:y( ()+(~~1 C L )~~.5)

CALL DIM IVE (A ,o, Z,YPRIME)
p(l 3 1 1,N
w2 (I)~~°~ YPRI~~U (I)

3 z(I~~~~41) I.5~ N 2 C I )

CA L L  0 Lk IV t ~ ( A , N, 1, Y P R I M E )
(‘11 4 (—1, 0:

II z(I)~~ (1)+~i~~11)
~: X I -  H

C4 L L  1) L NIV C 4 A , N,1,YPI 1 IME )
)1) 7 1 t , t u

7 ~ ( I ) 1 ( l ) + ( t 4 2 .~~ (~I 2 ( t ) ÷ ~~~~( I ) ) ) + - ~ 1( t ) 1 ’ . 4 ( I ) ) / . L , . )
X :X 1~~4

CALL OL UIVE U,-’~,Y,yPR1~~E)
r0 (H 1i

S C ALL CU~~l -~E x ,N ,y,yp~~~’)f)

o

-. 

V .’
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SU~~MUUT1 NE CUMB (A,N , ‘IL~ , 3, M ,NERN, I))
4. SULI III’~~ 

UT SI MLILT.CJ . F J t ~”1’u0 <(i t IA CUI’4D .
- • D I M L O S t I J I A ( 1 ) ,  3 ( l )

El)0 IA AL ICL ( I , F L ) ,  ( K , r ’ <)

jo ~fl 911 1 t ,N MISSO OOO

4IJ MAX 2 4(1) M15500i0
yJ IlAX S liSSOOb O
y F t O.~~U.l )GU T” 30
i)’ 25 J2 2 ,?4 M I SSOO’l O

= + (j — t ) * 0 1 3  M(SS0100

20 4I J M A X  4 ( 1) )  M ISSOI2O .
1JM AX I) Mj55fl1 30

25 CoNT I NUE M 1SSOL4O

IF (A IJMAX ) 3 0, 999, 30 M IS SOLSO

30 p4 ) 5 ~~~~~~ ‘1155( 1160
= 1 4- (j—I)*NO •1L~)SOL7O

35 4(IJ ) AUJ )/AI JMAX 115S01 0

I) : 0 * A ( J~ IA X  ‘415501 90
p0 (fl) J:I ,M MISSD200
: 1 + (.P1)*44 0 - - ILSSO2IO

£10 ~((J) ~‘(TJ )/4IJMA ~ 
4ISS 0~ 20

0(’ ~~ c:1, ru M I SSO23O

1r C~~— t ) 5u,70,SO -NIS$0240
60 ~JMAX 5 IJuAX , (K—j) ~IISS0250

A RA T S 4 ( K J M A X )  SISS()260
I(J : ‘<155 )1270

T J : M l S S O 2  0
pE’ 00 J t , i~ 

MISSI)290

111 (4(1))) 55,5~~,c5 MISSO300
ç~ 4(4(1 ) 5  4i-~~T kA (L J ) + 4 ( 4 < - i ) ‘llSS~ 310
c3 ~J = K)  f -U) j1SSI)-~20
N4) t~ 

U + ND -
0.0 ‘4l~~5H34 0

4<) : K -11 550350
2

Ph (19 J I ,u i L sS i I 3 7 0
r ( H ( A J ) )  65,08,65 4ISS0~ 0

&S ~ t~~J) -* P 41 kI~(IJ) o N U J )  M j5 5 P~~9Q

~,d w i  ~J + ~uu) ~‘( SII~~)0

N’~ ~~~ 
: I) + ND ML SSO4IO

7~, ~~‘;4 T 4tJ~ ‘4 IS ST-1 20
wJ  1J - A X  — 1+1 415S0-’30

qo ~~‘<,j) 5 l I S - S O ’-1 44 0

~~I• i 1 (40 1:1,0 ~1SS0 4So
r I = j  11S S 0 4 h )

93 T I 2 (* 0(1 — HI) + I 41531)qlO

F’< A C T )) 1)5511 -i 0

1F (4< 1) o3,IO0,95 4 ( S G 0~ I94)

95 tJ : I M tSS Q SQ O
K M S0~5~~

pCi 94 J~~t , M 11 SSIt~~~0
4(2) ItT! ) •l3S0330
r i d ))  2 

~
(T4<) 115S lI ’~40

1 ( 1 4 < )  A ( ,~) MiSslisso
= ~J -0 ~ I) .ltSSI) ’,ou)

9’) 14< = l + ,~~(j 11S S * I , I 0
I pI) ~(INI I t * UC ‘I IH 4)

= ii
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9q9 RETURN 4ISSI1600

- E0D
V.’
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3. A B S T R A C T

The objective of the stt~y is to investigate the response of a typical surface effect
- -

- - vehicle (SEV) to an explosion wave environment . The present report deals with the first
phase of the investigation , which covers the following two basic tasks: (a) analytical

- 
- 

- - description and nodeling of explosion-generated water waves, and (b) analytical treat-
nent of SEV dynamics and notions when subjected to a disturbing eunction as defined in

• (a) above. The generation of surface waves due to an explosion is nodeled neth~~~tica1l’
- 

- as a function of the explosive yield, detonation depth and water depth. Further, the
dynamic property of the propagated waves is treated to vary with the local water depth.
The dynamics of SEV are nodeled math~ naticaLly by considering the vehicle a rigid body
having six degrees of freedan in space , subject to an appropriate constraint derived
fran the cushion air dynamics as well as to the environmental excitations due to waves .

- I - Non-linear contributions inc1~~ing effects due to large notions, viscous flows, and
control logics are considered and the ship responses are solved numericafly through tine
dcm~in integrations . Sanple examples have been exercised using this analytic nodel to

- examine the effects of several chosen environments on an SEV and the results are pre - —

sented herein.
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