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vehicle as a rigid body having six degrees of freedom in space subject to an
appropriate constraint derived from the cushion air dynamics as well as to the
environmental excitations due to vaves. Non—linear contributions including
effects due to large motions, viscous flows , and control logics are considered
and vehicle responses are solved numerically through time domain simulations .
Analyses have been conducted using this analy tical inoc to examine the potentia
threat of underwater explosions to a typical 2000—ton class SES, and the opera-
tional envelopes for such a vehicle in explosion generated wave environments
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SUMMARY

This report was prepared to fulfill the requirements under con-

tract N00014-76-C-0261, supported by the Office of Naval Research ,

U. S. Navy . The objectives of the study were to develop a math-

ematical model appropriate for analysis of the behavior of sur-
face effect vehicles (SEV ) in unusually large waves and to sub-
sequently apply this model to investigate the vulnerability of
these vehicles to explosion generated wave environments.

The model was formulated in a very general structure applicable

both to surface effect ships (SES) and to air cushion vehicles
(ACV). Specific features of this model include heave alleviation
ride control , thrust control , and various schemes for turning and
maneuvering. The model provides time domain solutions of SEV in
six degrees of freedom over any prescribed sea state, appropriate
for both seakeeping and maneuvering analyses. Specifically worth

mentioning is the fact that the model is efficient and can be
quickly executed on high speed digital computers. Typically , a

100-second real-time simulation can be accomplished in 19 seconds

of computer time on a CDC 7600 computer.

Another specific feature of the present model is its ability to
simulate vehicle response to large excitations. This feature was

specially incorporated for the purpose of analyzing vehicle be-

haviors in an explosion generated wave environment. Analyses of
vessel response of a typical 2000—ton class SES to various initial

conditions of explosion were conducted. Operational envelopes de-
fining the required stand-off distance and vessel heading for safe

maneuvers of this vehicle are also presented in this report. It
must be noted that, in this study, the vehicle dimensions and char-

acteristics were treated only in general terms in order to represent
a typical SES. It should also be emphasized that only a number of
vehicle speeds, control parameters, and weapon sizes have been

*
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considered in this study. Therefore, further studies are warrant-
ed for more comprehensive parametric examinations as well as for
investigations of a specific vehicle of interest. Nevertheless,
the present mathematical model provides a valuable foundation for
analyzing these problems.

In the following, several major findings from the present study are
summarized:

o Dependir~g on yield and craft heading, a critical standoff
distance can be defined for a typical SES within which

craft survival is questionable.

o Reaction time to a blast is critical. If sufficient time
is available, outrunning the waves is possible. If suf-
ficient reaction time does not exist, best option is to
head into the waves and maintain a hovering mode.

o In relatively shallow water the critical parameter affect

craft survival is wave height to water depth ratio rather

than standoff distance as in the case of deep water.

o Heave compensation devices help provide substantial

improvement to craft survival as evidenced by a limited
number of cases investigated.

ii
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1.0 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 considera-

tion 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 at-

tractive for coastal and nearshore 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 pro-

gram in which two air cushion assault vehicles are presently being

evaluated . Additionally , two 100-ton surface effect ships have

been built and tested , t~ider Navy contract, with sufficiently enS-

couraging 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 indeed , dependent on the results of the above programs, they
may prove to be the forerunners of a completely new class of fight-
ing 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 o f f sho re  patrol  and rescue , which
operations require a dash or hi gh speed capabil i ty coup led with
maneuverability, a feature  characteristic of air cushion vehicles
(ACV) and surface  e f f e c t  shi ps ( SES)  a l ike .

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 , [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 expected

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 ~e detc-rrnine~~.

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 s i tuat ions  of th is

nature.

The criteria used in def in ing  the s t ruc tura l  design and s tabi l i ty
characterist ics of SES are derived pr inc ipa l ly 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 s t ructural  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 hu l l  dur ing 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 hei ght 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

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 tynical c-;:plosirn ‘~cn cr at e r~ wave riro~ ile could lead to con—

ditions of craft plow—in , pitch poling and capsizing . Such3
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extreme motions are indeed possible under ~ertain conditions of
speed, water depth and yield . This aspect of vulnerability is

therefore of equal importance in ana lyz ing  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 .~reas , the
second provides a new and added dimension due to the adical
difference between ACV and SES and conventional ships. Ana ly t i cal
modeling of SES motions and maneuvering however, have also been
conducted by Tetra Tech ’j33 and has been used as a basis of de-

parture for the present program .

The present report deals with the investigation of the response of

a typical SES to an explosion wave environment. This study has

been directed to the formulation and development of the analytical

model describing the dynamics of a surface effect vehicle, the

description of the explosion generated wave environment and the

investigation of such a craft under various scenarios. Exercise

of the program in this area has been concentrated on various para—

meters of the problem such as the effects of yield , standoff dis-

tance , water depth and tactical maneuvers to enhance survival.

5
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In order to fully exercise the analytic program and ensure its
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 Office

of Naval Research under contract N00014-76-C-0261. This report,

covers all work performed under this contract and is submitted in

fulfillment of the requirements of the contract.
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2.0 FORMULATION OF PROBLEM

2.1 Coordinate System

The motion of the craft is described in terms of the relationship

between a body fixed reference frame and a coordinate system fixed

in space. The initial coordinates (x ,y0,z0) and the body co—

ordinates (x,y,z) are both designated according to a right hand

convention with and z positive downward. Thc origin of

the body frame is kept fixed at the center of gravity of the

craft with the x-axis parallel to the baseline of the craft,
positive forward , and y positive starboard. The two coordinate

systems coincide initially at time zero. At time t, there are

three linear displacements and three angular displacements to

describe the six degrees of freedom craft motions.

As a body moves in a fluid domain, various forces and moments
act on the body. For the convenience ‘of analysis, the total

force is resolved into three components along the body axes.

Definitions and symbols of the six components of force/moment,

displacement and velocity are given by Table 1 and illustrated

in Figure 2.

Table 1 Definition of Force/Motion Variables

Motion Force or Moment Displacement Velocity

Longitudinal X U

Lateral Y v

Vertical Z w
Roll K p

Pitch M 0 q

Yaw N 4, r
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2.2 Equations of Motion

The equations of motion for a craf t in six degrees of freedom

- 
can be written as:’

1’fi (~i + qw - rv) =

+ ru - pw) = Y

i~ (
~ + pv - qu) =

+ (I — I )  qr= K (1)

I~~g +  x~~~~z~ 
r p=M

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

Where i~~ is the mass and I~ , I~, and I~ are the moments of inertia

of the craft about the respective axes. 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 righthartd 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, control and
environmental forces which may affect the craft motions and

maneuvers. In a functional form, these components can be expres-
sed generally as:

x
Y 

0
Z f (u,v,w,p,q,r,u,v,w,p,q,r,x0,y ,z0,$,0,ip, S ,c) (2)
K
M
N

1:
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In the above equation, x
0
, y0, and z0 are the position components

or the linear displacements of the craft and 4,,0, and 4, are the
angular displacements. The parameter t~ represents a general
description of the effect of various propulsion and control

schemes, and the parameter c represents the effect due to en-

vironmental disturbances such as waves. This functional form

equation shows clearly the dependence of the external force and

moment on the various variables. To reduce this functional

relationship into a useful mathematical form, a Taylor expansion
is usually applied provided that the non-dimensional proportion-

ality constants are known or determinable. By keeping a suf-

ficient number of terms for each variable, forces and moments
can be expressed in a desired order of these variables to ac-

count for non-linear effects.

The determination of the proportionality constants, or the hydro-
dynamic derivaties, 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 external forces and moments are

determined analytically on the basis of physical concepts. By

this approach various non-linear features can be included with-

out the backup of experimental information. The general rep-

resentation of the total force (or moment) acting on an SES is

assumed to be composed of various components as follows:

F. - F  . + F  .+ F  + F  .
1 sidewall i cushion i seals i aerodynamic i

+ Fappendages i + Fpropuision i. ÷ F00~~~01 ~+ Fwaves i

10
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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 sections.
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3.0 FORCES AND MOMENTS - CRAFT DYNAMICS

3.1 Sidehull Forces

The calculation of the forces acting on the sidehulls assumes
that each component of these forces falls into one of the two
major catagories, namely viscous and non—viscous. The non—

viscous portions are those directly related to the dynamic fluid

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 dissipative damping is negligible. The viscous portions

are drags created through various origins. The term drag cus-

tomarily refers to the total resistance of the craf t in its axial
direction, which consists of several components attributive to

several different items, and will be considered in detail in a

later section. In the present section, only contributions due

to sidehulls are considered. These contributions are normally

treated as dependent on the square of the velocity through propor-

tional empirical constants. Some details for the calculation of

both the viscous and non—viscous forces on the sidehull are given

in the following:

(a) Hydrodynamic pressure on sidehull

Because of the narrow hull geometry , the calculation of the hydro-
dynamic forces on the sidehull can be performed according 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:

12
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+ g = 

. .Where ~ is the velocity potential and g the gravitational constant.
Since the sidehull immersion is normally small in comparison with

the craft length, the above condition is more conveniently analyzed
through its non-dimensional form as follows:

F2 
~ ~x ’x’~ ~~ °

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

length; x ’ is a non-dimensional axial coordinate referenced to
the craft length L, and Z ’ is a non—dimensional vertical coordinate

referenced to the craft immersion d. This normalization brings

and to the same order of magnitude. The Froude number F

is typically of the order of 1 or 2 for an SES. Since the immersion

ratio d/L is small (of the order of i0 2 for a normal sidehull),

the second term in the above equation is normally dominant. Con-

sequently , the free surface condition can be approximated by

= °

which is equivalent to the condition for a positive reflection in

the free surface.

The expression 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 negligible and as shown by Lamb [4 ] ,
the hydrodynamic effect is entirely determinable as a function

of the added mass along the principal axes of the body. Following

the procedure of classical mechanics , the effects of the hydro-
dynamic pressure on the craf t can be easily obtained.

In the derivation of the force relations , the three dimensional
sidehull is considered as a number of segments along the longi-

tudinal axis. Each segment is considered individually as a two

13
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dimensional problem; interferences between seqinents are ignored.
Consequently, the relative flui d velocities at the center of a
segment x are given by

Ur (x,t) = u

y
r (x,t) = v + xr — fp (6)

W
r 

(x ,t) = w - xq + hp

here
u2 + v2 + w2 =

and U the resultant velocity of the craft. The variables h and
f are the lateral and vertical moment arms about the craft center
of gravity, respectively. The above relations are applicable to
both the starborad and port sidehulls; a negative value of h
should be used for the port sidehull.

We shall first consider the segment to be axially symmetric and
having component added masses ~~~ and m2~ 

along the craft lateral
and vertical axes, respectively . For asymmetrical segments with
respect to the axial axis, additional treatment will be consider-
ed later. The added mass component along the axial direction is
ignored in the analysis according to the slender body approach;
however , estimates of surge effect by a gross approximation
of this component are included in the numerical model, as will be
shown in Appendix A. Specifically, m~~ and m~~ 

are written as follows:

(x) = ~~~ ~~
- d~ (x)

(7)
m (x) = k j. b2 (x)

where ~~~ and k
~~ 

are the added mass coefficients which are
generally a function of geometry and frequency ; b(x) is the
local beam of the segment at water line and d(x) is the local draft.

14
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The kinetic energy of a unit slice of fluid can be written as

T(x,t) = ½ (m~~ ~r
2 

+ 
~~~ 

W
r
2
) (8) - 

-

The hydrodynamic forces and moments acting on a unit axial length

are then given by:

dY _ d a T
-~~~~~~~~~~~P

dZ d~~~T aT

~i~
— 

~~~~~~~~~~

dK . dZ f dY
~~~— h  a-i- ai

d aT 3T aTa-— - -~~+ u ~~
.
~~+p ~~-j - r~~-~

dN - d aT a~ + ~T aT
~~~~~~

- -  

~~~~~~~~~~~~ 
q~~-~~- p ~~-~

The kinetic energy T at a fixed cross flow plane is a function of

x and t. The total derivative therefore must reflect the

changing coordinate of the cross flow plane with time, thus

d _ a a

Substituting (8) into (9), carrying out the differentiation, and

then integrating over the sidewall length, gives the total hydro—

dynamic forces and moments acting on the craft. These forces and
moments include both the linear and non—linear hydrodynamic con-

tributions. A detailed breakdown of these contributions is given

in Appendix A. -

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



It has been mentioned earlier that myy and ~~~ 
are for axially

symmetric sections . More often the sidewall sections are
asymmetrical. This asyinmetricity gives rise to cross coupling

effects which are estimated as follows:

Cx) = ky ~~~ 
(x)

(10)

mzy (x) = k
~ 

. myy (x)

where 
~~~ 

Cx) represents the sectional added mass at station x,

relating the fluid momentum in the lateral direction y to the

local normal motion in the direction z. Similarly , 
~~~ 

(x) can

be interpreted as the added mass relating vertical fluid momentum

to the local lateral motion. The coefficients k~ and k~ 
are

estimated using:

N Cx)
K = - ~- =  ~ (11)y K

~ 
N
~~
(x)

where N~~(x) and M~
(x) are average values of the horizontal and

vertical unit normal components of the hull cross-section at

station x. The average is taken with respect to the wetted length

of the hull cross sectional area.

(b) Hydrostatic Forces and Moments

The hydrostatic force acting on the body is obtained by integrating

the hydrostatic pressure over the entire wetted body surface and

is numerically equal to pg~ , where p is the density of the fluid ,

g is the acceleration of gravity and t~ is the volume of the dis-

placed fluid . Let the sectional area at station x be s(x), which

is a function of draft d defined as

d(x) = D(x) + ~ — xsine + Bsin$ (12)
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where D(x) is the initial draft at station x and B is the half-
spacing of the sidehulls ; t , 0 and • have been defined before as the
instantaneous motion displacements of heave, pitch and roll,
respectively. The total buoyancy force is then given by:

= pgf s(x) dx (13)

where the integration is carried over the sidehull length from
stern to bow. The force component along the body normal axis z
is then given by:

ZBuoy = -pg cos of sCx) dx (14)

and the component along the longitudinal axis is

XBU = pg sin OJs(x) dx (15)

The hydrostatic restoring moments are

M5~0~ 
= pgj s(x) x dx (pitch) (16)

KBuoy = - pgj s(x) h (x) dx (roll) (17)

where h(x) is the buoyancy arm from the craft centerline. This
quantity normally does not vary significantly over the sidehull
length and approximately equals to the half-spacing B. Consequently ,

the righting moment can be approximated by

= B
~
Z8~0~ PgBfS(X) dx (18)
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(c) Sidehull 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 wave separation aft the transom. In

addition to these two basic sources, there exists expecially

at high speed a significant spray drag. In this subsection ,

we shall limit our discussion only to these three components

which relates with the sidehull geometry. Drag contributions

related with other sources, including cushion pressure (wave),

craft aerodynamics and cushion seals will be discussed separately

later.

The sidehull viscous drag i~~ primarily a function of the Reynolds

number and surface finish of the body and is determined by:

DF i = ½ ~ ~
2 s~ CF (19)

where S~, is the sidehull wetted surface. Assuming the surface

finish smooth, the standard ITTC relationship is used to ap-

proximate the skin drag coefficient:

CF 
0.075 

2 (20)
(L og10Rn — 2)

where
Rn = , the Reynolds number,

in which

L = sidehull length
v = kinematic viscosity of fluid.

The pressure drag component is estimated by another drag coef-

ficient given by the following expression [5]:

18 
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c = 
0.10 (21)B ‘cV f B

and the base pressure drag is then calculated based upon the side—
hull base area S~ as follows:

DB = ½ PU2SBCB (22)

The coefficient CfB in Equation (21) is a base-area based skin
drag coefficient defined as follows:

CfB = Cf 
! (23)

At high speeds and/or at shallow immersions the likelehood of

ventilation is almost certain. Under this condition , a base
drag coefficient defined by the following is applied:

C5 = — ~-~- (24)

Here , Fci = Froude number based on transom immersion ci. The trans-

ition from a wetted wake regime to a fully vented regime is a
function of Fd. Empirically established relation shows that the
base is fully vented when Fci ~ 3.2.

The spray drag is one of the most important parameters to affect

the sidehull performance. Unfortunately very little information

exists regarding this drag component. In an effort to provide

some insight into this area, some experimental works [3] were

done to ascertain the degree of spray generation by utilizing

photographs to determine the added wetting caused by spray. On

the assumption that the major contribution of spray to drag is

due to frictional effects , this information is used to generate

a spray drag coefficient. This latter assumption is supported

by investigations performed on surface piercing struts in [6].

In keeping with the findings of [61, the spray drag component is

cast in the form:
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Dspray = f(q,c,t) (25)

where g is the dynamic pressure, c is the characteristic length

from the point of generation of the spray to the maximum thick-

ness point and t is the maximum thickness of the body.

Based on the results of [3J the following formula is used for

estimating the spray drag caused by a typical SES sidehull con-
figuration:

Dspray = 0.75 Cf qct (26)

In this formula the value of t is taken to be the maximum thick-

ness 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 [31.

(d) Viscous Cross-Flow Effect

In contrast to the hydrodynamic pressure forces presented in (a),

this component arises from the real fluid effects on the sidehull.

The contribution of this term to the overall force on thc sidehull

is small for small hull excursions but becomes dominant as the

craft motions become large. In the present study, this force is

calculated according to the following formula:

Cross—flow forces = ½ PC DSIVr~Vr (27)

where

CD = cross flow drag coefficient

S = projected area of the sidehull

Vr = relative flow velocity

20
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The coefficient CD is a function of the hull geometrical shape
and the Reynolds number. It is usually obtained from experi-

mental data by judicial interpretation of the results from tests

done on idealized geometric shapes.

3.2 Cushion Pressure Forces

In addition to the forces imparted to the craft through the side-

hulls, the cushion pressure supporting the craft has a significant
effect on the craft dynamics. For the present investigation,

since a general type of craft is being considered, the supporting

air cushion is considered as basically a rectangular box bounded

by the sidehulls and the forward and aft seals. The plenum is

fed by a fan, or system of fans, with a specified fan character-

istic. The basic equation governing the air flow into and out

from the cushion is the conservation of mass which states that

= ~ 
- 

~ OUt~ 
(28)

where rn = rate of change of mass in the plenum

= total flow into the plenum

0out = leakage flow out under the seals and sidehulls

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

istic which is a function of the cushion pressure PC as follows:

Qin Qf ao + a l Pc + a 2Pc 
(29)

where ~0,a1,a2 are proportional constants. The leakage flow is

considered to be governed by an orifice type flow equation given

by:

Ip c-p
~= C0 AL V p (30)
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where C0 = discharge coefficient

p = density

= atmospheric pressure

PC cushion pressure

AL = leakage area

The leakage area in this equation is comprised of several com-

ponents. These can be represented as

AL = A o + A sw + A s (31)

where A0 
= equilibrium leakage flow area

Asw = leakage area under the sidehull

A5 = leakage area under the seals

The equilibrium leakage area is that leakage required to maintain

the craft at a given equilibrium condition when not disturbed by

any waves. Under actual conditions this leakage area can be ad-

justed by changing the setting of the seals and determines the

equilibrium immersion of the craft. The equilibrium state is

obviously given by:

~~ 
A
~ 

= W - FBUOY 
(32)

where W = craft weight

FBuoy = buoyancy force

= plenum area

The areas A5~ 
and A

~ 
are obtained at each instant in time by in-

tegrating the clearance of the sidehull and seals with respect to

the local water elevation. The total leakage area At obviously
changes as a function of time depending on the craft motions and

the free surface elevation .

22 
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The pressure in the plenum is assumed to vary according to an

adiabatic compression law, namely

V” = constant (33)

where V is the plenum volume and y=l.-4 , the adiabatic constant.
By substituting m=pV , the mass conservation equation becomes:

= 0in - 0out (34)

These equations together determine the cushion pressure and air
flows into the plenum and consequently the resulting forces and
moments on the craft can be calculated as follows:

Xpres = 

~~c 
— 

~~ 
A
~ 

tan 0

~
‘pres = 

~~c 
- 

~~ 
Ac tan ~

Zpres = 

~~c 
- 

~~~ 
Ac B

Kpres = - 

~pres 
(VCG - -

~~~~ tan ~
Mpres = Xpres (VCG 

- —
~~~~ tan 0)

where VCG = Vertical height of CG above mean water level

B~ = Width of the plenum

= Length of the plenum

= Roll ang le

0 = Pitch angle

In addition to the pressure forces, the cushion pressure acting on

the free surface generates waves and causes a significant drag
effect. The calculation of the wave resistance for a pressure patch
is straight-forward. Following the method of Yim [7], the total
wave resistance for a combination of a pressure planform and two

sidehulls in a channel of width W can be written as follows:
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1 +j l +  (
~~~~~2

Xwave ~~ C 
~ k0W , (~ 2 

~ Q2 ) (36)
m=0

where k 2
P + jQ = 

4p~ W ff ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~] dxdy

l6vr 2 pk
+ 

~ 
oj
’
J ( )[ k  ~~~~~~~ ~ ]dxdz

— J 1 for m 0
C 

~~~2 for m .�1

pressure distribution on planforin S

= g/132

g = gravitational acceleration

U = ship speed

p = density of water

a(x,y) = singularity distribution for representation
of sidehull D

B = Half-spacing of sidehull

f ½ + ½  11+  
(

~~~~

)

7

Assuming that the pressure planform is rectangular and the side—

hulls are of parabolic shape, the above integrals can be evaluated

easily and the result is given by:
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x = ½ p U 2 L 2 
C 

l +f l +(~~~~)2

wave p m j  /4wm\ 2
m=0

.11 ;~
. 

kl
.
~
i
~~~ 

COS (
~ 

~~E 

~
). l_e~~m

k0M

sin (kX ) L k
[i cos(kiAm) k1A 2 ] - 2 ç

•(pg~p
3) 

SIfl(kiAm) sin(2~ 
~~ ~~‘! 

~2 
( 37 )

where

k1 = k0L~/2

W1 = W/L /2

= total weight of the craft = PCBP
L
P

B~ = plenum width

L~ = plenum length

b = sidehull width

H = sidehull draft.

The above equation is derived for the case of a finite channel

width W. Numerical results show that when w > 10 L~, the above

relation asymptotically applies to the case of unrestricted waters.

3.3 Seal Forces

In the present study a very simplified seal configuration has been
adopted . The purpose of this simplification is to avoid too many

details which would reflect a given design rather than a general craft.
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These seals are assumed to be of the flexible fabric type, 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 craft except for their
axial drag and the forces and moments arising due to the shift
of the center of air pressure in the plenum caused by the chang-
ing imprint length on the water. Referring to Figure 3, which

shows the deflection of a simple bow seal, the following equations
are derived:

Z = - ( p  - p ) l  Bseal c a w p
(38)

M 1seal seal s

where

1 = 1  tan e
w s sin 0B

= distance of seal tip to C.G.

0
B 

= sheer angle of seal

0 trim of craft

the axial drag due to the bow seal is:

X 1 = Cf ~- u2 l
~
B
~

here Cf is the friction coefficient, derived from the Reynolds
number as follows:

— 0.044Cf — 1/6 (40)
n

and R~ is the Reynolds number based on the seal wetted length 
~~~~~

Similarily , the force and moment due to the deflection of the stern
seal can be calculated.
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3.4 Aerodynamic Forces

The aerodynamic forces and moments acting on the craft have been

simplified and are represented by an overall drag coefficient

based on the frontal area of the craft. This drag coefficient

has been selected to correspond to test results on typical SES

configurations. The force is simply:

X = CD ½ P U2 Af (41)

where Af is the frontal area of the craft.

No aerodynamic lift or moments have been used in the present study

and no wind conditions are considered . Consequently , only an

axial aerodynamic force is included in the present study.

3.5 Propulsion and Thrust Control

Various methods of propelling and control for SES exist. Current

emphasis for SES propulsion is a waterjet. This device allows for

thrust vectoring or differential thrust for maneuver and turning.
Although only straight line operation is considered in the present
study , a typical propulsion and control scheme is included in the

numerical code. Some details for the calculation of these forces
are given in the following .

(a) Propulsion

The present scheme assumes that four waterjet nozzles are used for

propulsion and control. These four nozzles are distributed athwart

the transom so as to deliver thrust for propulsion as well as to

provide turning moment for maneuvering. In the present study the

engine thrust of the following form i? used for the numerical model-
ing

28
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Tg = A 1U
2 + A 2U + A 3 (42)

Here Tg represent the gross thrust and U is the craft speed; A1,
A2 and A3 are the proportional constants. Similarly , the total

momentum drag of - the waterjet system is approximated by a linear

function of U and given by

D = B U + B  (43)m 1 2

where B1 and B2 are constants.

(b) Thrust Control

The basic control scheme considered here is thrust vectoring by

which the side thrust and turning moment are generated through
deflecting the nozzles as well as varying the power level on dif-
ferent nozzles. A special case of this scheme is known as dif-

ferential thrust, in which the turning moment is generated by in-

creasing the power on one jet and decreasing it on the other with-

out deflecting the nozzle direction .

Let tS be the horizontal deflection anqle of the jet nozzle, positive

toward portside and a be the vertical tilt angle, positive upward,

then the force and moment contributions for a craft with a trim
angle 0 are given by:

X 5 =~~~
[Tgicos~i

cos(ai
_e)_D

mi ]

‘
~6

K~ ~~~TgjEsin (aj e)yj sin~jcos(aj o)zj] (44)
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N6 =~~~ [Tgicos(ai
_0) (yjcos6j

_xjsin6j)_D~jy.]

in which x1,y 1 and z. are the coordinates of the centerline location
of the ith nozzle, Tgi is the gross thrust at the same nozzle and
Dmi the corresponding momentum drag of the waterjet inlet. The
turning forces and moments are assumed to be confined in a horizon-
tal plane , so that no heave and pitch effects are developed from
the maneuver.

3.6 Appendages

Usual ly ,  especially in the case of an SES, directional stabilizers
or fins are fitted in order to ensure directional stability. In

the present study a nominal configuration of fins has been assumed.

Standard representations of these appendages are included in the
analysis to account for drag and lift forces.

These fins are considered as base vented parabolic sections designed

to produce the required lateral stiffness to the craft to ensure

stability . Two items attributing to the total drag of these fins,

namely pressure drag and frictional drag , are considered . Since
the quality of these surfaces has to be kept smooth and constantly
clean to ensure cavitation free operation , it is assumed that for
all intents and purposes the surface is close to be hydrodynamically
smooth and consequently the frictional drag is computed on this
basis. The total drag of the stabilizer surface can be written as:

Xfifl = ½ PU2AECci + 2 Cf J (45)

where -

A = fin surface area

Cd = pressure drag coefficient

Cf = frictional drag coefficient
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For a base venting parabolic section we have

Cd = 

~
- (

~
) (46)

where is the thickness-chord ratio , and, for a smooth surface
the frictional coefficient can again be approximated by the formula:

Cf = 0.044/R 1
~
’6 (47)

here Rn is the Reynolds numbe r based on the mean chord.

The lift force from the f in is calculated using the following clas-
sical lift equation .

Yfj~ = ½ PU 2ACL (48 )

where
2 ARCL 

— 

~~AR+3

AR = aspect ratio of the fin.

3.7 Motion Alleviation and Control

It is essential for the proper operation of SES to maintain the

cushion bubble through a series of blowers or fans. A proper

control of the fan rpm to vary the plenum pressure may not only
alleviate the craft motion but also maintain the craft’s forward

speed. In this present study, a simplified but representative

control scheme is included in the analysis so that a gross effect

of the control device to the craft response can be identified .

Heave acceleration is coupled directly to the fluctuations of

cushion pressure. When an SES running over a wave crest, the resultant

displacement of the water surface compresses the cushion air and

creates an upward force or acceleration. Conversely when the SES
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passes over a wave trough, the expansion of the air volume bring
the craft downward until it is again supported by the proper pres-
sure. The basic concept of the present scheme is to regulate the
pressure of the cushion plenum so as to compensate the force excited
by the environment and keep the craft in a nominal elevation . A
fundamental method to control the air pressure is by means of reg-
ulating the cushion venting or the equilibrium leakage. For instance,
when the plenum air is compressed the vent can be opened more , and
conversely when the plenum pressure is dropping , the area of the open-
ing should be reduced or entirely closed. Let Aha be the area of the
vent. In general the regulation of this area can be expressed by:

Ah ~~~~~~~~~~~~~ 
(49)

The above equation simply indicates that the area of the vent is to

be c6ntrolled not only by the cushion pressure and its rate of

changes but also the craft heave motion and its derivatives. A

proper design of the control constants for each of this variable

is required in order to maintain the craft elevation and the riding

comfort. Since the design optimization of these control constants

is out of the scope of the present study , a simplified but repre-

sentative scheme as follows, depending upon only 
~c 

and ~~, is con-

sidered in the analysis.

Ah = C
1 ~ + C

2
p (50)

where c1 and c2 are the control constants. In addition to the two

control constants , an upper and lower limits of the total opening

area of the vent are possibly assigned in the computer model.

32

-5- — 5 __s~_  — 5 ’  5-5-- —  

—



r

4.0 WAVE ENVIRONMENT AND WAVE FORCES

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 propagation and transformation of waves over a

given bottom topography , and the determination of breaking incep-

tion 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 ir-
regular .  Since the study emphasizes specifically the mathematical
modeli ng of the craf t , the details of the bottom irregularit ies are
not considered . In the analysis , the continental shelf is assumed
to be two—dimensional and have a constant mild slope , consequently ,
the wave environment can simply be classified into two character-
istically 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 craft responses in sinusoidal

waves are to provide a general indication of the craft character-
istics as a function of wave period , they provide little information

as to how the craft  responds when it is sufficiently close to the
source region , as the wave amplitudes are normally very large such

that the linear superposition technique is not valid and applicable .

The present model is capable of simulating either a sinusoidal wave

system or an idealized explosion-generated wave system at a given
stand-of f distance from the source at any time after detonation.

Since the sinusoidal wave form is simpler and well-known , only

modeling of the explosion-generated waves is discussed in the

following .
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The problem concerning waves generated by an arbitrary but local-

ized disturbance on a free surface has been investigated by

Kajiura [8]. In analyzing the explosion-generated waves, the

initial disturbance is assumed as a parabolic crater—like shape

with radial symmetry such that:

~ (r) = [2(r,R )2 l1 for r < R

for r > R 0

where = crater height

R0 = crater radius

r = radial distance

The waves resulting from this disturbance at a distance r from

the center have been given by Le Mehaute [9] as

~T(r,t) = ~~~~ ~ d”/dk J3(kR0) cos(kr-wt) (52)

where k = wave number, determinable from the relationship

between the group velocity V and the arrival time t,

such that

.~~~1 
w 2kd )_ rV + sinh 2kd E

= ~
/
~k tanh kd

d = water depth

J3 
= Bessel function of the 1st kind of order 3.

The above equation shows that the traveling wave train possesses

a series of amplitude peaks primarily governed by the modulating

Bessel function J3. The problem that remains is to relate the
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crater dimension 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 and R0 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 peak amplitude 

~max 
in the first wave envelope at a

given range r, and the corresponding wave number kmax can be

evaluated by knowing the arrival time t from the above equations.
Analytically, one can show that, for a particular source distur—

bance ~0(r), the amplitude of the maximum wave ~max 
is inversely

proportional to r, and the corresponding wave number kmax depends

only on the crater radius R0. For an explosion in sufficiently
deep water, the relationship between kmax and R0 can be determined
from the first stationary value of as:

k P0 = 4 . 2  (53)

Once the measurement of km x  is obtained , the crater radius can

be readily estimated . From equation (52), one also finds:

~~ 
R0 = 1.63 umax r (54)

when k = kmax • Consequently , the crater height can also be
estimated from the measurement of wave height at a distance r.

Empirical correlations of measurements of 1max with the explosion
yield W and the detonation depth Z show that there is a certain
trend between the parameter umax n W

054 and the parameter
(W in lbs of TNT equivalent); this is best presented graphically

by plotting the experimental data points as shown in Figure 4. It

is noted that there are two peaks appearing in the former para-

meter over a range of the latter. One of these peaks occurs
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at = -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 = -2.7 and is usually called as
the lower critical depth.

As discussed before, the parameter kmax can be determined by mea-
suring the arrival time of the first wave at a given distance. By
analyzing the wave profiles obtained from the measurements, empirical
relationships between the parameter kmax and the yield wight W
have also been established through experiments of small chemical
charges in deep water [9]:

k = 0.44 W~
0 3  for 0 > Z/W°3  > — 0.25max (55)

= 0.39 w ° - 3  —0.25 > z/w ° 3  > — 7 .5

Using these empirical relations together with the measured results
as shown in Figure 4, the source parameters ri0 and R0 can be deter-
mined for any yield at any water depth and detonation depth. Con-
sequently, the wave history at any point r and time t can be cal-
culated according to Eq. (52).

4.3 Shallow Water Waves

Two types of waves should be considered with regard to shallow water
wave generation: (1) waves produced in deep water as a result of
an offshore explosion which transform their heiqht, shape and

internal characteristics through the process of shoaling, refrac tion
and reflection when they propagate shoreward into shallower water;
(2) waves directly generated by explosions in shallow water on the
continental shelf. As far as the wave characteristics are concerned ,

these waves can be considered identical and treated in a similar

manner. Before entering into the discussion of how to model these
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waves mathematical ly , however , correlations of yield with wave
genera tion in sha llow 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 gen-

eration such that d > 6W°3 . For explosions in water of depth

such that 1 < d/W0 3  < 6, Le Mehaute [91 proposed a simple inter-

polation rule to fit the experimental data as follows:

= 

~deep~ 2~~ TO~ 
~~~ -1)] ( 6)

This shows that the generation efficiency is reduced by half when

the parameter d/W0 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 ver y
few data collected from shallow water explosions. Among the avail-

able data as listed in Table 2, only the WES test data [10] provide
a systematic information 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 from 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 position .

The other significant feature is that the dispersion law is dif-

ferent for waves propagating in deep and shallow water. In deep

water, wave height varies inversely with radial distance r as a

combined result of frequency and radial dispersions. In extremely

sha llow water , however , the large leading wave is expected to be-
have like a sol itary wave and its height shoul d vary inversely as

- 
- ~ 2~’3 instead of r. In moderately sha llow water , the relation below

shoul d hol d
38
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~ r~ = constant 2/3 ,~~ 8(d) ~ 1 (57)

By correlating the WES test data, the fo llowin g empir ical formula
have been derived

6 93nmaxr 
— 1/3 0.

W +0.25

and 0.07
8 = 0.83 (d/W1”3) (59)

It is noted that the power 8 varies as a function of the depth para-

meter d/WL’3; for the very shallow case, 8 approaches 2/3 as a limit.

While the derivation of the above relationship has assumed that
reasonable extrapolation of the WES data is valid , it must be noted
that the correlation is based upon the experimental data covering

d/W1”3 only up to 0.585. There is no indication that it will ap-

proach the empirical relation (56) as d increases.

Equation (58) provides an empirical relationship for predicting the

maximum wave height at any distance r from a shallow water explosion.

After the wave height is determined for a given explosion , the

important procedure required for numerical simulation is a mathe-

matical representation of the wave history as a function of time.

As mentioned earlier, disregarding whether the waves are generated

in shallow water or are propagated into shallow water from offshore,

their internal characteristics can be regarded the same if both of

their height and period are identical.

The most important parameter which affects these waves in this

case is the local water depth. As is well known, when wave s
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. Analyt-

ical and experimental studies of wave propagation and transformation

have been discussed in detail by Le Mehaute et al. [13].  Their
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analyses show that, among many existing wave theories, the cnoidal

wave theory is good for describing the transition 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 con-

tinental shelf. After the wave height and period is determined

according to the yield weight, the mathematical representation

of waves in water of depth d is given by

~ (r,t) = h sech2 a (r—ct) (60)

where
h = wave height

a = %
13h/4d~

c = ~~~~ (1 + h/2d), the wave celerity

4.4 Wave Forces

Equations (52) and (60) give the mathematical forms of the deep water

explosion generated waves and the corresponding shallow water

representation as a function of location r and time t. In terms

of ship coordinates, the wave elevation at (x,y,z) is given by

(a) explosion generated waves

~(x,y , z,t) = ~~~ ~~
- 

dv/-ak~
J3(kRo) cos k(x + x ’) - (61) ‘

(b) solitary wave

~(x ,y , z,t) = h sech 2 CIX ’ — (62)
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where -

x0 = distance of craft center from the burst

x ’ = (x cosO + z sine) cos* + y sjn4, + (U -c)t

= x sinO - - y tan$

U = ship speed

C = wave celerity

~,4,O and ~ have been defined in Table 1

From these equations, the wave elevation at any location of the

craft can be determined . The calculation of the wave forces and

moments follows the same technique of slender body theory applied

previously to obtain the sidehull forces and moments. In this

manner , the wave forces acting on each sidehull segment are first

determined . In the derivation of these wave forces, the validity

of the Froude-Kriloff hypothesis is assumed . Under this assumption

the pressure in the wave system is not affected by the presence

of the body . This assumption is justified in the present analysis,

as the wave systems which we are presently dealing with are very

long period waves, in which the static behavior or the pressure ef—

fect is dominant over all the dynamic influences. After the wave

force on each sidehull segment is determined , the total forces and

moments are obtained by integration over the entire craft length.
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5.0 NUMERICAL PROCEDURES

5.1 Method of Solution

Summarizing the forces and moments derived in the previous sections

into the equations of motion (Eq . 1) provides the complete in-
formation of this dynamic system. The six equations describe the
force and moment balances along the body coordinates and form a

set of first order differential equations with six independent
variables u, v, w, p, q and r. In order to find the trajectory and
orientation of the craft with respect to the inertial frame, six
more first order differential equations are needed to perform the
kinematic transformation; they are

x0 cosO cosip sinO sin$ cos~j~ sinO cos~ cos* u
— cos p sinip + sin4 sin~

y0 = cosO sin~ sinO sin~ sin~p sinO cos~ sin~I, v
+ cos~ cosil, - sin~

—sinO cosO sin~ cosO cos~ w

p = q,—~p sin O (63)

q = O c o s ~~+~~~cose sin$
r = ~ji cosO cos~ 

— e sin~

where x0, y0 and z0 represent the craft c.g. location with respect
to the inertial frame; all other variables have been defined in

Table 1. In summ ary , there are 12 variables and 12 equations. In

addition, the cushion volume is controlled by the eauation of state

and the fan flow which are independent from all the motion variables.

Including the cushion volume Equation 34, there are altogether 13

equations and 13 unknown variables. These 13 first order equations

have been programmed in a numerical code solving simultaneously

through time-wise integration. The solution of this model provides

time history of the craft trajectory and orientations for any given
wave environment.
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5.2 Computer Program

The computer program developed to integrate the equations of

motions under the influence of the forces and moments inputed to

the craft by the wave environments described previously is now

briefly discussed .

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

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 Sections

3 and 4 are calculated. The initial values of all the variables

are then used as starting values at time t=0, to initiate integra-

tion of the equations of motion.

An overview flow chart illustrating the general operations per-

formed in the computer is shown in Figure 5. The input/out format

is given as Appendix B and the complete program listing is included

as Appendix C.

A fourth order Runge-Kutta scheme is used for the integration.

Through numerical exercises, this method has shown to be extremely

efficient. The time step used in calculation varies depending upon

the input exciting wave form and frequency. Normally for a sinusoidal
wave run, the time step is selected equal to 1/16 the encounter

period. For long period solitary waves or explosion waves, 1/64-

1/128 of the encounter period has been shown to be appropriate.

In general, the time steps used for most of the calculations are
between 0.1 — 0.2 second or on the order of 0.05 in terms of non-
dimensional time . Typically , for a 100-second real time simula-

tion, a CP time of 19 second is required using a CDC 7600 computer .
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6.0 SES RESPONSE IN WAVE S

6.1 Craft Characteristics

The computer program has been exercised under various wave condi—

tions and craft headings to investigate the response of a typical
SES. Several assumptions are made regarding the craft size5 and
dimensions. In order to make the results relevant to current in—
terests,an SES having characteristics similar to the 2000 ton class

was chosen. Some of the salient features of this craft are listed
below:

Craft Weight = 2000 tons

Cushion Length = 240 feet

Cushion Width = 88 feet

Center of Gravity location = 130 feet forward of transom
24 feet above keel

Engine Thrust Characteristics:
Gross thrust in ibs:

Tg = 16.1 U2 — 190 U + 528,000 — ( 1—a )  x 4 x l0~
Momentum drag in ibs:

D = 3900 U — 1400 (l—CI) U

Here u = power percentage level and U craft speed in knots

Lift Fan Characteristics:

Qf = 75,497 — 121 c~~a~ 
cfs

Bow Seal Angle = 30 degrees

Stern Seal Angle = 60 degrees

Initial Air Leakage Area = 49 ft2

The definitions of inputs to the computer program and a sample input

case are shown in Appendix B. This input provides further informa—

tion , including details of the sidehull shapes chosen. This shape

is representative of typical sidehull designs for SES.
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6.2 Sinusoidal Wave Response

In order to exercise the program and obtain a reference base of

craft response, a series of runs is conducted using a sinusoidal

wave excitation. This wave is chosen to correspond to the signif-

icant wave height and period of a Sea State 3,

Wave Height = 5 feet

Period = 6 seconds

Figures 6 through 9 illustrate the results of these runs for the
craf t  at a maximum speed of 80 knots and heading angles of 00,
45°, 135° and 180°, respectively. The heading is defined as the

angle of the course of the craft relative to the direction of wave

propagation . A 00 heading indicates that waves move in the same
direction as the craft and normally it is termed as following s~~is.

A 900 beam-sea indicates that waves propagate from port to stag-
board and 180 0 headi ng refers to head seas. In these figures the

cushion pressure and wave profile are shown in the upper figure ;
the pitch and yaw in the middle and the heave and roll responses

in the lower diagram . The curves are shown as a function of a non—

dimensional time,T. The required conversion factor to real time

is given in each caption. The craft immersion at the center of

gravity is 2.0 feet at an initial trim of 1.0 degree.

The initial conditions for all these runs are set correspondingly

to those for operating in calm water. In order to obtain a smooth

transition from calm water to the desired wave height, the excita-

tional wave train is modulated by an exponential function as follows:

f = l _ e ~~
t

where t is time and a is a positive constant. This constant is

selected such that the resulting wave would reach its steady sin—

usoidal behavior in about three cycles.
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A summary of these results are given in Table 3. Two values are

given for the motion response; they are the maximum excursion

and the peak to peak value. A positive maximum excursion of

heave indicates an increased immersion in waves, and similarly

a negative maximum excursion of pitch indicates that the bow

trims downward in these waves.

As seen from these results, the craft is generally well behaved

in this sea state. A relatively larger response in heave and

pitch occurs in head and following seas as expected. Particularly

of interest is that fairly large oscillations in cushion pressure

occur in head seas. Comparison of Fiqure 6 and 9 specifically

illustrates that the cushion pressure is certainly more responsive

to head seas than to following seas. The cases with quarterina

seas, Fiqures 7 and 8, show roll and yaw .responses. The maximum

roll amplitude is less than 1 degree in this sea state. The small

yaw angles in these two cases simply indicate that the craft would

be slightly off the course due to the uneven pressure on the craft
— caused by oblique waves.

It should be noted that no heave alleviation is considered in all

these runs presented above. In order to illustrate the effect of

heave alleviation control, a duplicate run for the head sea case
was conducted . In this run control constants C1 = - 1.34 ft sec2

and C2 = 0 are included in the control logic as given in Eq. (50).

The results of this run are shown in Figure 10. In comparing with

Figure 9, it shows that both the cushion pressure oscillation and

the heave excursion are substantially reduced . The improvement

of craft behavior through a heave alleviation control seems clear-

ly demonstrated in this example. Again it should be mentioned

that the control parameters included in this example are for i1~
lustration purpose only, as no optimization analysis of these
constants has been conducted .
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6.3 Solitary Wave Response

As discussed in section 5, the waves caused by deep water explosion

when propagated into shallow water can be represented by solitary

waves. In this regard, a series of runs to investigate the craft

response to a solitary wave at various headings has been conduct-

ed. Furthermore, the effect of varying water depth and wave height

is examined. For these runs the initial trim and center of gravity

immersion are the same as before taken to be 1 degree and 2 feet,

respectively. Figures 11 through 17 show the results of these

runs for a craft speed of 50 knots, except one run in a near hov-

ering mode (acutal speed is 5 knots). The maximum craft excursions

are summarized and shown in Table 4.

The hovering condition is shown in Figure 11. In this run, the

water depth is taken as 60 feet with a wave period of 15 seconds

and wave height of 6 feet. With these conditions the ratio of

wave length to cushion length is 2.88.. Behavior of the craft is

quite acceptable with the maximum pitch and heave excursions shown

in Table 4.

The effects of varying heading angle for the conditions described

in the above case are shown in Figures 12, 13 and 14. As seen

from these figures, the pitch excursions 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 900 heading or beam seas the roll motion is excited at a natural
period of about 4.7 seconds. It is apparent from these curves

that the craft will survive this wave environment without undue

difficulty .

Figures 15, 16 and 17 illus trate the behavior of the craf t under
different combinations of wave height, water depth and wave period

for a head sea, i.e.,, heading of 1800. In the first two cases,
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as shown in Figures 15 and 16, craft response is reasonable al-

though some relatively large heave and pitch excursions occur in

the 10 foot wave condition.

The normal reaction of the craft on encountering the wave front
is to increase its trim with a simultaneous increase in immersion.

This behavior is to be anticipated since the craft is impacting

the wave. In accordance with the larger trim angle, the cushion

pressure decreases due to increase leakage. After the wave crest

has passed , trim decreases and leakage closes and cushion pressure

returns to normal. The craft continues its pitch oscillations

at its own natural period (—4.3 second) and consequently the im-

mersion remains deeper than the nominal. In Figure 17 it is

apparent that large excursions in pitch and heave are occurring

and furthermore these motions are diverging . This particular run

condition is taken at a ratio of wave length to cushion length of

2.15, which is very close to the wave pumping condition of 2.

Th~refore it is expected that severe conditions will arise. As

seen in Table 4, the maximum heave and pitch are larger in rela-

tion to the wave amplitude than in all other cases. It is apparent

that under this condition the craft is not likely to survive with-

out evasive action .

6.4 Deep Water Explosion Wave Response

Samples of calculated results presented in this section are for a

deep water explosion wave environment generated by an explosion

yield of 1 kiloton. A device having this yield and exploding at

the upper critical depth would cause a disturbance having a crater

radius of 835 ft. and crater height of 49 ft. it is assumed that
the stand-off distance of the craft from the center of the blast

is 7500 ft. The initial significant wave disturbances would take

about 80 seconds to reach to the craft at this stand-off position.

Allowing the craft to have 80 seconds reaction time to initiate
its action, some calculated results are shown in Figures 19 t hroug’)

~ 211
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Figure 21 Craft Response to Explosion Waves in Deep Water —yield = 1 KT, stand—off distance 7500 ft , c r a f tspeed = 50 knots , craft heading = 135°, ~ 6.76sec , T = 80 sec
0
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From Figure 18 it is seen that at this distance from the blast,
the maximum wave height encountered is approximately 7 feet.

The graph shows the arrival of the first wave group and the sub-
sequent response of the craft. The results are for the craf t
in hovering mode, head into the waves. As seen all the variables

are within normal excursions with a maximum pitch of _l.550 and
heave of 2.85 ft The wave envelope shown in this figure is typical

of the explosion generated wave envelopes.

Should a blast occur off the beam of the craft when operatina at

50 knots the results indicate that the craft will probably not

survive the waves I As seen in Figure 19 large excursions in roll

and heave are experienced . The maximum excursion in these variables
are 8.98° and 4.85 ft, respectively . The maximum pitch angle ex-

perienced is _l.520 which is nominal. The larger negative yaw ex-

cursion indicates that the craft tends to alter its course and turn

its bow into the wave front• 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 has been 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 head-
ings of 45° and 135° are investigated.

Figure 20 shows the response of the craft to the waves environ-
ment on a heading of 450 assuming such a heading is achieved
80 seconds after the blast. As is 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
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main group of waves. Provided sufficient clear sea is available
the craft could outrun the wave until the waves had decayed suf-
ficiently to allow a change in heading. The same conclusion can
be applied for a 00 heading or the following wave case.

Should the craft head into the blast on a 135° course, an un-
likely situation unless it was already on this course when the
blast occurred, the response is shown in Figure 21. Here it will
be seen that the motions are diverging 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.

It is apparent from this sample survey that dependent on the loca—
tion of the blast relative to the craft and the available response
time, several possible scenarios exist for evasive action subsequent
to a blast. It is also clear that relatively moderate yields can
cause an SES considerable difficulty if cognizance of the serious-
ness of the situation is not realized .
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7.0 VULNERABILITY ANALYSIS

7.1 Scope of the Study

In the present study, we limit our analysis to a 2000-ton class SES,

the characteristics of which have been defined in Section 6.1.

Although the most current trend of the U. S. Navy interest is a

3000 -ton craft, there should be little significant difference in

performance between these twt’ 3hips, as their forms and sizes are

not drastically different. The design speed of a 2000-ton craft

is taken to be 80 knots. Because of the speed—drag characteristics

of this kind of vehicle, the cruising speed is around 50 knots.

This speed occurs at an optimum on-cushion drag condition and yield

the least lift-drag ratio for the craft. In this analysis, there-

fore we conduct all the exercises at the one craft speed of 50 knots.
since the SES has another unique mode of operation - the hovering

mode , several runs at this condition are conducted for comparison

purposes.

The major parameters to be varied in this analysis are the yield ,

stand-of f distance and heading. The effects of these parameters

in both deep and shallow water environments are considered . In

summary, the ranges for each variable investigated are given in

Table 5.

Table 5. Range of Investigation

Craft Size 2000 ton

Speed Cruising (50 knots)
and hovering (0 knots)

Yield Range 0.5 - 2.0K-tons

Heading 0° — 180°

Stand—off 7,500 — 20,000 ft

Water Depth Deep ocean and shallow
shelf with 0.01 slope.
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7.2 Deep Water Hazard

In order to investigate the craft behavior in wave environments

of various yield explosions, the wave history as function of posi-

tion and time corresponding to each yield device must first be

determined. As discussed in Section 4.2, the wave history for

an explosion is controlled by two parameters, the crater radius

and the crater height, which are in turn controlled by the charge

depth. it is known that better generation efficiency occurs when

the charge is placed at the upper ‘ritical depth. As shown in

Figure 4, at this depth the maximum wave parameter Tlmaxr/w
°54 may

reach as high as 18. Nevertheless, the measurements are very much
scattered , especially at this charge depth. In the present analysis,

taking a conservation estimate, we assume nmaxr~’~
T°54 to be 10,

which corresponds to an average value for a charge at the upper

critical depth. This, together with the empirical relation

kmax = 0.29 w °3 (Eq. 55) determines the crater radius and height.

The results for four different yield explosions are calculated and

given in Table 6. With the crater radius and height known, the

wave history as a function of position and time can be readily

claculated according to Eq. 52.

Table 6. Crater Dimensions

Yield Weight Crater Radius Crater Height
W no

KT ft ft

0.5 680 41

1.0 835 49

1.5 945 54

2.0 1025 58

72

~



_ _  

-- 
5- 

-

~~~

Four stand-off distances are considered , they are 7,500’, 10,000 ‘ ,

15,000’ and 20,0O0~. The heights of the maximum wave in the lead-

ing wave envelope at these distances are calculated and given in

Table 7. The period and the phase velocity of this maximum wave
for each yield weight are also determined and included in this

table.

The craft responses at the four stand-off positions have been cal-

culated for each explosion considered. The craft headings are

varied from 00 to 1800, which are representative for all possible
encounter directions for a craft having a transverse symmetry .

These exercises have been performed for the purpose to identify

that stand-off position for a particular craft heading at which

the craft would marginally survive the explosion . A sufficient

number of computer runs have been performed to complete the

exercise. From the results of these computer runs, operational
envelopes to define the region for safe maneuvers are obtained

and shown in Figure 22. The craft is defined unsafe in a given
operating condition if its motions, especially pitch and roll,

diverge to cause large cushion leakage. These envelopes are plotted
with the craft headings as a parameter. For a given heading , an

envelope defines the limit of safe stand-off distances as a function

of the explosive yield . The operating area under each curve pro-

vides a means of identifying the degree of safety for the particular

heading . Alternatively , these curves can be used to determine a

safe heading to take for a known yield explosion w at a known stand-

off distance x. For instance, a craft would operate safely at any

heading if the environmental coordinates (x,w) fall under the ± 180°
envelope. On the other hand, if the explosive yield is so large or

the stand-off distance is so close to the blast that the coordinates

(x,w) are just under the ± 900 curve, the craft may only operate
safely with its absolute heading angle less than 90°, beyond

which the craft becomes vulnerable.
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Table 7. Wave Characteristics at Various

Stand-off Distances

Yield Stand-off Height of Period of Celerity of
Weight Distance Max. wave Max. wave Max. wave

K-ton ft ft sec ft/sec
7,500 4.64

10,000 3.47 14.11 72.290.5 15,000 2.32

20,000 1.74

7,500 6.73

1 0 
10,000 5.05 15.61 80.02
15 , 000 3.37
20,000 2.53

___________ — 

7 , 500 8.38
10,000 6.30 16.60 85.061.5 15 , 000 4.19
20,000 3.15

7 , 500 9 .80
10,000 7’34 17.29 88.632.0 15,000 4.90

20 , 000 3 .67
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+ 180° HEADING—gO °

1.0 •

0.5 - \\ ~ SAFE

CRAFT WEIGHT 2000 TONS

CRAFT SPEED = 50 KNOTS

0 0
20,000 15.000 10,000 5.000 0

X, STAND-OFF DISTANCE FROM CENTER OF BURST - FT.

FIGURE 22 - OPERATION ENVELOPE AS A FUNCTION
OF CRAFT HEADINGS
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The results show also that the craft is not too sensitive to the

size of explosion within the range of yields considered in the

present analysis, but is very much affected by the craf t  heading
and the stand-off distance. For instance , the figure shows that

at a stand-off distance of 20 , 000 f t the craft  may head in any
direction without difficulties at a cruising speed of 50 knots,

regardless of whether the explosion is due to a 0.5 kilo-ton or a

2.0 kilo—ton device. Similarly, when the stand-off distance is

7 , 500 f t , the craf t  can only head away from the explosion or run
out from the waves in order to survive. In other words, the craft

should avoid any heading greater than 90° (port or starboard),
no matter whether it is a 0 .5  kilo—ton or a 2 .0  kilo-ton explosion .
As defi ned previously, a cr af t heading between 0 and ± 900 cor-
responds to following and stern waves and a heading between ± 900
and 

~ 1800 corresponds to bow and head waves. It is unlikely in
any event that a craft  would deliberately head into the direction
of an explosion (between 

~ 
90° and + 1800) ,  un less it had been

already on that course and could not alter it before the wave ar—
rives. Should there be suf f ic ien t  t ime available , however ,
Figure 22 def in i te ly  provides a useful  guidance for a proper
response under any given set of prevailing circumstances defined .

7.3 Shallow Water Hazard

As discussed in section 4.3 , shallow water waves can be generated
by explosions in two ways, (1) produced by explosions in deep

water and transmitted into the shallow water shelf , and (2) pro-

duced by explosions over the shallow water region of the contin-

ental shelf. Since the yield size in this study is limited to
2.0 k-ton,the waves generated by a device of this size in deep

water region would not produce signif icant  effects on the shallow
water region close to the shore as a result of spreading and dis-

~ersion across the long distance over the continental shelf.

Therefore, only the second case is considered here.
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For the purpose of calculating the shallow water hazard , an ideal-

ized ocean bottom topography is assumed here. The width of a

typical continental shelf is in the order of 100 nautical miles

with a slope of 0.01, and the water depth at the edge of the con-
tinental slope is therefore about 6,000 ft. It is known that shal-

low water explosions are not as efficient as a deep water explosion .
Hence, the present analysis is centered only on the largest yield ,
i.e. a 2.0k-ton device. Explosions at two water depths, 100 ft and
50 ft , are considered . With the idealized continental shelf as-

sumed above, the charge location for a 100 ft deep water explosion

is approximately 10,000 ft from the shoreline and that for a 50 ft
deep water 5,000 ft. Assuming that the effects of dispersion and

refract ion are neglig ible and considering simply that these waves
are two-dimensional and parallel with the shoreline , the procedures
presented in Section 4.3 can be used to calculate the characteristics

of waves generated in shallow water of constant depth . When these
waves propagate toward the shoreline to even shallower water , however,
a cor rection to the wave height due to shoaling must be taken into
account.  If H0 is the he ight of the waves in deep water , through
shoaling the height in shallow water of a depth h would be

H = H
0 [tanh kh (1 + sin~ 

kh
)]

2 
( 6 4 )

where k is the wave number which has been defined in Section 4.2.
The ratio of H/HQ is called the shoaling factor . Given in Table 8

are the wave heights calculated at various stand—off distances from

the explosion detonated at two charge positions on the continental

shel f .  As ment ioned in the foregoing , the wave generation efficiency

in shallow water is not as good as in deep water ; however , because
of the bottom slope, the wave heights at comparable stand-off
distances are considerable higher due to the shallow water shoaling

e f fec t  as shown in Table 8.
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As discussed in Section 5, when waves are high in relatively shal-

low water , they can be depicted as solitary waves. The primary

parameter controlling the solitary wave form is the wave height !
water depth ratio. Waves become very peaked when this ratio is

large and when this ratio reaches ~ value of about 0.7, the waves
start to break and form a series of breakers, as is commonly seen

at a beach. Consequently , the important parameter with regard to

the craft dynamics in this case is also the wave height/water depth

ratio rather than the wave height itself. A series of computer

runs to analy ze the craft motions was performed for each case listed
in Table 8. Again , a craft cruising speed of 50 knots is assumed .
Craf t  heading s are varied from 00 to 1800 in the computer runs in
order to identify the sensitivity of this parameter to the craft

survivability. As expected , for the cases of lower wave height/

water depth ratio (0.14 and 0.15 in Table 8), the calculated results
show the c r a f t  is safe to run in any di rection with no catastrophic
results. When the wave height/water depth ratio reaches 0.3 , how-
ever , the operat ion headings are limited only to stern and following
waves, or 0 to + 90 0

. The strategy here is essentially to outrun

the waves by heading away from the blast. An additional feasible

operation for survival in these cases is to head into the waves

(180° heading) in a hovering mode . This mode of operation is especially

useful when the craft is very close to the shore with little room for

maneuvering or alternatively when no time is available for any

other action .

The above discussion has assumed that the craft is caught between

the explosion and the shore. On the other hand , if the craft happens

to be seaward of the explosion , the threat becomes much less. First

of all, the wave would be much smaller in deeper water for the same

stand-off distance, and secondly, the craft has ample room to run

from the waves toward the ocean. Interesting to note is that as

contrast to the deep water explosion case, the stand—off distance

is not the primary controlling factor for the craft safety in the
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shallow water case. As shown in Table 8, the waves present rio

threat when the craft is 2,500 ft away in water of 75 ft deep,

but the craft becomes vulnerable at 7,500 ft stand—off only

because the water there is shallower (25 ft) and the wave height !

water depth ratio becomes large.

7.4 Effect of Heave Attenuation

In the previous sections, the safe operational envelope for an

SES craft in both deep and shallow water explosion environment

has been discussed . It is noted that all the computations pre-

sented in the previous sections do not inc]’ide any control for

heave attenuation. Whereas it is not the intention of the pres-

ent effort to design an optimum control system for the craft, some

calculations including a simple control logic have been exercised

so as to demonstrate that the operational envelope defined pre-

viously can be improved through heave alleviation control.

Figure 22 has indicated that , without heave alleviation control ,
the craft could not survive a 1 k-ton explosion on the beam at a

stand-off distance of 7,500 ft. Computations have been performed

for the same case to include a simple control logic described by

Eq. 50 with the control constants assigned as C1 
= - 1.34 ft sec2

and C2 = 0. The results are p lotted and shown in Figure 23. As

seen , the calculation shows that the craft would now remain safe

in this wave environment. This exercise demonstrates the importance

of heave control devices in SF.S dynamics. Since no optimization

of the control constants has been performed for the craft, no

attempt to improve the operational envelope through heave allevia-

tion controls has been conducted . The control system design is

considered beyond the scope of the present study . Suffice it to

say that such a system improves performance and greatly enhances

craft maneuverability.
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7.5 Hovering Mode

The operational envelope defined in the previous sections can be

used as a guide for the execution of proper maneuvers in cases

where the craft is caught in an explosion generated wave en-

vironinent. As will be discussed later , one of the prime para-

meters of concern is the reaction time between blast occurrence

and initiation of a maneuver . In the case where there is no suf-

ficient time available for a ship commander to change his course
into a safe heading , he must immediately take an alternate measure
to minimize the threat so as to keep his craft afloat. The

methodology of minimizing the potential throat is to set the craft

into a passive mode at a condition of maximum stability . This can

be achieved by slowing down the craf t  speed into a hovering mode
while altering its heading either into or away from the waves
(1800 or 00) so as to minimize its lateral motions , because most
seagoing vessels including the SES have a better stability longitu-

dinally. In the event that the craft can change its course away

from the waves in time , it should always try to outrun the waves
at all available speed. The conditions considered here, however ,
refer to the case where the craft  may possibly alter its heading
to 00 or 1800 whichever is more easily achievable, but have no suf-

ficient time to react otherwise.

As shown in the operational envelope presented in Figure 22, the
present craft would not survive at a 7,500 ft stand-off distance
to any explosion , should it happen to run into the direction of

waves. As has been presented in Section 6.3, Figure 18, however,
the craft is well behaved in a hovering mode at this stand—off

distance under a i k-ton explosion . Similarly, the responses of

the craft in a hovering mode to 1.5 and 2.0 kilo-ton explosions
are shown in Figures 24 and 25. These figures show that the craft

again behaves very well although the yields are considerably larger.

These examples would therefore indicate that in many cases a reason-

able tactics for an SES under certain conditions is to head into
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or away from the blast in a hovering mode. This tactic obviously

presumes that such a hovering mode is feasible from a normal

operational standpoint.

7.6 Reaction Time and Optimum Maneuver

The celerity of the maximum wave in the leading wave group of an

explosion generated wave train can be estimated based upon the
empirical formula given in Section 4.2, and the calculated results

of the wave celerity for 0.5 to 2.0 kilo- ton yield explosions

have been given in Table 7. Based upon these estimates, the

arrival time of the maximum wave in the leading wave group at
any distance away from the center of blast can be straightforwardly

determined . In general , however, several initial disturbances ,
although of smaller amplitude , arrive much earlier than the maximum

wave. A rough estimate indicates that the approximate arrival

times of the leading disturbances are 80, 120 , 180 , and 240 seconds ,
respectively for stand—off distances of 7,500, 10,000, 15,000 and

20,000 ft. within the yield weight range considered in the present
analysis.

These arrival times provide a good guidance as to how quickly
a craf t should react in order to avoid undesirable consequences .
From the discussion in the previous section it is also clear that
the craft should avoid head or bow waves at a stand-off distance

of less than 7 , 500 f t .  If we define this as a critical stand—off
distance , then the critical reaction time is about 80 seconds. In
other words , the craf t  must react within a period of 80 seconds to
adjust to a favorable course in the event it is within the critical

stand-off distance of 7,500 ft.

The cruising speed considered here is 50 knots, or 84.45 ft/sec ,
which is slightly higher than the celerity of the maximum wave
from a 0.5 k-ton or 1.0 k-tonyield explosion but slightly lower
than that from 1.5 k-tonand 2.0 k—tonyield explosions. Within
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the range of the yields considered , the best course for action
for the craft is to take a 00 heading , as it can almost always
outrun the waves resulted from explosions of these magnitudes.
In addition, even if the craft is caught by the waves at a later
time, the stand-off distance has increased and consequently the

waves have necessarily reduced. If the craft is in an undesirable
course at the time of attack, the commander must take the proper
action within the allowable reaction time, which, of course, will
vary depending upon the stand-off distance. The proper action
implied here is to change its course into a heading within the
operation envelope as defined in Figure 22. Should there be no
sufficient time for reaction, the best choice then would be to bring
the craft into a hovering mode and head into or away from the waves
(180~ or 0

0).
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8.0 CONCLUSIONS

Analytical findings derived from modeling the response of a typical

SES to an explosion-generated wave environment have been presented .

Based upon these results, analyses to illustrate the potential
vulnerability of such a vehicle to explosion-generated waves have

been obtained and operation envelopes with respect to this wave
environment has been developed . The operational envelopes developed

provide information to identify the required stand-off distances

and necessary craft  headings under which survivability in ex-
plosions of a charge weight ranging from 0.5 to 2.0 kilo-ton can
be assured . The results indicate that the waves generated by

these explosions present no threat to the craft when its stand-

off distance is larger than 20,000 ft. However , if the stand-off

distance is no more than 7,500 ft the craft can only survive at

headings between 00 and ÷ 900 (following or stern waves)

The operational envelopes are developed based upon a craft cruising
speed of 50 knots. It has been shown that all the evasive actions
suggested by the resulting diagram depend very much upon the avail-
able reaction time. A critical reaction time has been established

f or the yield range considered . For a typical 2 , 000 ton class SES ,
this critical reaction time is 80 seconds. In otherwords , the craft

must be able to adjust to a favorable operating condition within

80 seconds after blast in order to escape the hazard at a critical
stand-off distance, defined as 7,500 ft.

Assuming there is sufficient time for the craft to maneuver before

the leading waves reach it, the most favorable course should al-
ways be a 0° heading or away from the blast, provided that there is

no obstruction in that direction . The primary reason for this

maneuver is that in this direction the craft may easily outrun
the waves with its 50 knots crusing speed ; secondly, even if

the craft should be caught by waves at a later time, the waves
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will be much less severe at this greater stand-off distance
due to the dispersion and spreading effects. Should the craft

have insufficient time to adjust to a favorable evasive head-

ing, the best strategy for survival is to head the craft into

the waves and maintain a hovering mode.

When explosions occur in shallow water over the continental shelf ,

the waves generated are different from that generated by deep

water explosions in form as well as in characteristics. In

this analysis, these waves are represented by solitary waves ,
the character istics of which vary with the height of the waves
as well as the depth of the water. Using this wave representa-

tion, the craft behavior in shallow water explosion has been

calculated and analyzed . In contrast to the craft  behavior
in deep wa ter explosions, the results show that the craft
safety does not heavily depend upon the stand-off distance .
Withi n the yield rang e considered , the wave height/water depth
ratio instead has been found to be the major parameter a f fec t ing
the cr a f t  behavior in shallow water explosion waves .

A limited number of computer runs to investigate the effect  of
heave alleviation control on the craft dynamics has been conducted .

With a simple control log ic the model has shown that the c raf t
may reduce motions and in many cases may even assure survival

under a hazar.lous situation which may otherwise prove fatal.

The above summarizes the results obtained in the present study .

It should be noted that in the present analysis , the craft

dimensions and characteristics have been treated only in general
terms in order to represent a typical SES and accordingly the

results presentec~ herein must be regarded in this light. It

is nevertheless worth mentioning that the model developed here

includes complete details to ensure that the information on evasive

procedures for other craft can be generated should the specifics
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for that vehicle be defined . In particular, the model has
capability to simulate non-linear motions of SES in
six degrees of freedom in various wave environments, including
deep water regular waves (sinusoidal waves) shallow water waves

(solitary waves) and irregular wave trains (e.g.  explosion
generated waves). Specific features include heave alleviation
control, thrust control , and various schemes for turning and

maneuvers. Most importantly, the model is efficient for time

domain solution and the program has been shown to be exceedingly
fast on high speed computers. Typically a 100 second real time
simulation can be obtained in 19 seconds of computer time on a
CDC 7600 computer .
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APPENDIX A

HYDRODYNAMIC COEFFICIENTS OF SIDEHULL

The hyc~rodynaxnic forces and moments include both linear and non-

linear contributions. The linear terms are those in the equations

of mot4on identifiable by the first order coefficients. The non-

linear terms in a hydrodynamic inviscid flow are the second order

terms i
1
n the equations of motion , arisinq from fluid inertia

couplings. The linear coefficients are usually classified into

three 4eneral categories: static (or resistance), rotary and

acceleration. The static force coefficients are the rates of

change of any force or moment coefficient with respect to the
linear velocity components; the rotary force coefficients are the

rates of change with respect to the angular velocity components;

and the acceleration or virtual inertia coefficients are those

with respect to either the linear or angular acceleration compon-

ents. These coefficients are linear with respect to the appropriate
variables within limited ranges.

The fui~idamental dependence of any particular force or moment on

the cor~plete dynamical history of a body can be written as

F = f[u,v,w, p,q,r,11,v,w,p,a,r]

In a general expansion, there are altogether 72 first order
deriv4ives or coefficients and 18 second order derivatives.

Among these 90 derivatives, some of them are zero if the body
has a ~lane of symmetry. In addition, based upon the slender body

approa~h applied in the analysis, there should be no first order
dynami forces in the axial direction , nor should there be f i r st
order :erms depending upon the dynamic variables along the longi-
tudina axis. In order to provide a simple approximate of the

body s rge effect, however, a gross estimate of the added inertia
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in the axial direction is included in the present analysis; let
this total added mass for surge be rn1. The two-dimensional section

added masses are defined by m2, m3 and m4 for motions of sway,
heave and roll, respectively. In comparing with the symbols

defined for single sidehull in Eq. (7) in the text, the following
identities are noted

m (x) = 2 m  (x)2 yy

m3(x) = 2 m
~~

(x)

2 2m4(x) = m2(x) f (x) + m3(x) h (x)

where f(x) = vertical moment arm of the lateral hydro—

dynamic inertia force

h(x) = horizontal moment arm of the vertical hydro—

dynamic inertia force.

Not including the effects due to the asymmetry of the sidehull

geometry itself , the non-zero hydrodynamic derivatives are listed

in Table A-i. This table is arranged with the dependent variables

(force and moment) in rows and the independent variables (velocity

and acceleration components) in columns, and the derivatives can
be read correspondingly. These derivatives are dimensional. In

order to non-dimensionalize these derivatives a reference length

and speed equal to the sidehull waterline length L and ship speed U

are taken and the system of normalization recommended by ITTC has
been adopted in the numerical model.
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APPENDIX B

COMPUTER INPUT/OUTPUT FORMAT
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Computer Input and Output Format

Input Format:

Card 1: Format (20A4 )

1) TITLE - Heading card.

Card 2: Format (Fl0.O , 1415)

1) DT - Number of intervals per wave period .

2) NSTEP - Number of integration steps.

~ ) NPRN T - Plot every NP RN T point .

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 , print.

10) IBUG - Flag on debug for subroutine BUOY.

If IBUG = 0, do not print debug.

If IBUG ~ 0, print debug.

H: 
_____ 
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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 subroutine VLDOT.

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.

Card 3: Format (8FlO.0)

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)

5) Cl - Control constant Eq. (50).

6) C2 - Control constant Eq. (50).

7) CVENT - Minimum percentage of vent area to be closed;
(l-CVENT) representing the upper limit of vent area.

8) DVENT - Lower limit of vent area in percent of total vent area.

Card 4: Format (SF10.0)

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).

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 2).1
9) AIY - Moment of inertia of craft about the y-axis (ton-ft-sec 2) . I

- • 
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Card 5: Format (8F 10.0)
1) WL - Reference length of craft (ft).

2) SP - Approaching speed (knots).

3) RHO - Density of water (lb. sec2/ft4).
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).

Card 7: Format (8FlO.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) ZARN - Vertical distance of water jet nozzle location below
craft C.G. (ft).

3) BACE - Vertical location of the stabilizer attachment below
the keel line (ft).

Card 9: Format (SF10.0)

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

Card 10: Format (8F10.0)

1) DELJET (I ) - Deflection angle of nozzle I (deg) .
• NJET values. Positive toward port side.
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Card 11: Format (8F10.0)
1) RMCP(I) - Engine power level delivered to nozzle I.

NJET values.

Card 12: Format (8F10.0)

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

Card 13: Format (SF10.0)

1) DWET - Height from keel to wet deck (ft).

2) WAMP - Wave amplitude (ft).

3) WPER - Wave period (sec).

4) BETA - Heading angle (deg)
BETA = 00, 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 detonation (sec).

Card 14: Format (8F10.0)

1) CDIS - Discharge coefficient.

2) RHOWA - Density of air (lb sec2/ft).

3) ATM - Atmospheric pressure (psf).

4) PiflO Coefficients for least square fit of fan
5) PHIl characteristic curve.

6) THTB - Bow seal angle (deg).

7) THTS - Stern seal angle (deg).

Card 15: Format (1615)

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

Card 16: Format (SF10.0)

1) BUBL - Air cushion bubble length Cf t ) .
2) BUBB - Air cushion bubble width (ft).

3) WALB - Maximum width of side wall (ft).

4) DEPTH - Depth of craft (ft).
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Card 17: Format (8FlO.0)

1) SLBOW - Length of planing bo/seal (ft).

2) SLSTRN - Length of planing ‘stern seal (ft).

Card 18: !ormat (8FlO.0)

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

Card 19: Format (8FlO.0)

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

Card 20: Format (8FlO.0)

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

Card 21: Format (8FlO.O)

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

Card 22: Format (8FlO.O)

1) XSW(I) - Distance from transom to station I (ft). NST values.

Card 23: Format (8FlO.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 24: Format (8FlO.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(1,I), D1(l,2),...Dl(l, NSW(l)).
Card 2 — Dl(2,l), D1(2,2),...D1(2, N S W ( 2 ) ) .
Card NST - Dl(NST,l), D1(NST,2),...

Dl(NST, NSW (NST)).
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Card Group 25: Format (SF10.0)
1) W l( I ,J) - Horizontal offset of the starboard wall,

right side of vertical reference plane ,
at Ith station an Jth waterline (ft).
NSW(I)  values for Wl for each I. All
values are positive. W1(I,J) input
similarly to Dl(I,J). Refer to Figure B.l.

Card Group 26: Format (8FlO.0)
1) W2(I..T) — Horizontal off set of the port wall, lef t

side of vertical reference plane, at Ith
station and Jth waterline (ft) . NSW(I)
values of W2 for each I. All values are
positive . W2(I ,J) input similarly to
D1(I,J). Refer to Figure B.l.

‘I.
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Figure B-i: Dl, Wl , W2 for Cross Section I.
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Definition of Outpu t

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 Cft/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.

5. Stabilizer coefficients .

6. Coefficients for ship plus stabilizer.

7. Stability criterion for ship only .

8. Stability criterion for ship plus stabilizer.

9. Cente’~ of pressure of sidewall.

10. Non-dimensional cumulative integrals.

DI -~~~~~~ DdF
s/p & S

DFI - D]f dF

- DFZI - I DF2
dF

J p&s
r

• DF3I. - DF~ c1F

DCI - f L)C dF
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DCZI - DC 2dF
p& S

DC3I - ( DC 3C3.F
J p&s

DC FI - f DCF dF
•51 p & S

DCFZI - f DCF2dF
Jp&s

DC 2 FI - f DC2FdF
J p& S

B3BI - B133 c BdF
Jp&s

WI c r c

s — In tegra t i on  l imits  o\ ’er buih port  and sLa l’l)oard sidewal ls .
D — D r a f t  at  success ive  stat ions.
F — Di~,t anc c  i~ om C . G . to su cccssi~ e s ta~ion3.
C — V cr t ic~il moment a rm , at s u c c e s s i v e  stacions , for  submerged

port ion s of cr a ft  (I t ) .
- Beam at succes s ive  st at i ons .

BB — h alf spacing of side wall s .

11, Non—dimensional C eometrical Va~riabies as Function of Roil .

G I ( I )  - Integral  of girder .
S I ( I )  - Integral of cross sectional area.
S l ( I )  - Cross sectional area at transom .
TDRAF ( I )  - Draf t  at transom .

12. Cra f t  characteristics.

13. Wave characteristics.
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14. Tab e of output plus units:

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

Location of craft (craft lengths).

7) Z - Heave ( f t) .
8) PHI - Roll angle (deg).
9) THETA - Pitch angle (deg).
10) PSI - Yaw angle Cdeg) .
11) PC - Cushion pressure , Cpsf) .
12) QF - Fan flow (ft3/sec).
13) DPDT - Rate of pressure variation (psf/ sec) .
14) DVDT - 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).
18) Al - Vent area (ft2).

15. Le4nd for computer plots:

1) HEAVE - Heave Cf t).
2) ROLL - Roll angle (deg) .
3) Pitch -Pitch angle (deg).
4) YAW - Yaw angle (deg).
5) WAV I-IGT - Wave elevation at C.G.  of craft  ( f t ) .
6) PRESS/ 100 - Cushion pressure divided by 100 (psf).

C
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THIS FAGE IS BEST QUALITY FRACTICA~~~
1I~ OM 0O~X BLh~ 1Sli~~ TO DI~Q _ .....

INPUT DAT A

TESt SIOEWALL — EXP L ~ S1Ci~ I~A V E
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

128.00 25 4 0 1 0 2! 4 c r 3 C
TuiT ,PHI iP SA , Z,Cl,C2 ,CVE0.T,0VE~.T

0.06 0.00 0.60 0.00 —1.34 0.00 C .CC 0.00
a A . 8 8 , C C , O 0 , A ~~, 3 x D U , A I y , A I Z , A I Y

130.00 0 44.000 2.C00 24.000 2000.0 0.000 bS000.0 300000.0 250000.0
• L a S F . R h G . A . U ,C 5 . L L , C 0~.N

231.500 30 .000 l.9’ô •000C12817 1.306 1.000

~~~~G A , C F s , C T . S
30.00 10.00 ~.00 20.00

ccc,T wT~~,SPTu~ h,orTh
2.00 1.00 50.00 0.00

A A , Z A , ~0 , 0 8 C E
13C .GC 4.C0 0.00

TAF ~~ (1)
.0.6C 50.30 3°.00 — 3~~.00

DCL.JET ( 1)
0.00 0.00 :.0C 0.00

RP~CP 41 )
1.00 1.00 1.00 1.00

AL Ps- A (I)
0 .0 0  0 .00  G . 0 0  0 . 0 0

~.ET,.A . CR, TA,~~oCF,xO ,R0,CTA~~,TC
1C .~~0 3 C . Q C  90.00 6C00.00 7500.00 E 3~~.0 C 40.00 56.00

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
.70 .002378 2117.0075497.05 —121.2w 30.00 60.00

4S I
12

bU$L~~6U ,.AL6,C(~~Th
240.00 86.00 8.60 30.00

20 .00  ~o .oo
3~~ISEt1 )

~ 5.00 cS .00  85.00 79.00 80 .60  4 9 .C 0 4’ .C C 4 3 .00
4 5.00 56 .00  78 .00  78 .00

tNT R C E l l )
0 .00  0 .0 0  0 .0 0  0 . 0 0  0 . 0 0  0 .00  0. 00 0 .0 0
1.50 c.SO 10.50 0.00

5.00 5.00 5.00 ~ .0U ~ .0C 5.00 5.00 5.00

~.0C 6.00 ~.00 0.00
NS.

4 4 a 4 4 4 4 4 3 3 3
*5.

0.00 25.00 50.00 75.00 1C0 .~~0 121.00 150.00 015.00
260.00 225.00 237.50 250.00

rtS h
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 C.C0 0.00 20.00

1 01 0.000 5.000 10.00 0 20.060
7.000 7.500 6.000 8.060

— 
.2 0.000 0.000 0.000 0.000

2 01 0.000 5.000 10.000 20.000
• .1 7.000 7.500 6.’S00 5.000

0.00 0 0.000 0.060 6.000

3 01 0.000 5.000 10.000 20.000
1.000 7.501 5.000 8.000
0.000 0.000 0.000 0.000
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THIS PAG~E IS BEST QUALITY PBACTIC5A~~~
T~~I COiFY ~~LSki~D TO ~~~

4 Dl 0 . 0 0 0  5. ’~00 10.000 20 .000
•1 6.500 7.500 5.000 9.000
.2 0.000 0.300 0.000 0.000

5 01 0.000 5.000 10.000 20.000
.1 4.000 7.000 0.000 0.000
.2 0 .000  0 . O O C  6 . 0 0 6  0 . 3 0 0

6 01 0 .000 5 .000  10 .0 00  2 0 . 0 0 0
Vi  2.000 6.500 8.000 8.000
.2 0.000 0.000 0.000 0.000

7 01 0 .000  5 .0 0 0  1 0 . 5 0 0  2 0 . 0 0 0
Vi .700 6.000 8.000 8.000

0.000 0.000 0.000 0.000

8 01 0.000 5.006 33.500 20.000
.1 0.000 5.560 6.0CC P.0CC

0.000 0.000 0.000 0.000

5 01 0 .0 0 0  5 . 0 0 0  2 0 . 0 0 0
0.000  5 .000 8.~~C 0
0 .6 0 0  0 . 0 0 0  0 .0 60

10 01 0.000 6.000 20.000
.1 0 . 00 0 4 . 0 6 0  6 .50 0

0 .0 0 0  0 . 0 0 0  0 . 0 0 0

11 L~ 1 0 . 0 0 0  9 .000  2 0 . 0 0 0
.1 0 . 0 0 0  2 .~~0C 5. 0 0 3
.2 0.000 0.000 0.000

12 Di 0 .0 0 0
V I 0 . 0 6 0
12 0.000

CCN~~CRT (D LNPUT
SP,AM ,AIX ,A1Y.AI Z ,FR ~~U OE

84 .4 5  . 1 0 4 5 6 — 6 1  . 1 9 3 9 6 — 0 3  • 7 4 d 7 6_ C !  . 0 9 4 9 6 — C !  .965 7
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THIS PAGE IS BEST QUALITY P~~CflC~~~
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YHOM OQE~Y YU~2USH~~ TO DDO .... .—

PRO ( dtA I4 SLSWAV E(1P1PU T ,0UT PUT ,TA P 65 :INFL~T ,TAPE E1 :0UTPUT,TAP (1
~,I APE2 )
Di M E N S i O N  Y (13),YP (13)
D1P~ENS1Or. PhIDC7 00) ,xP (700)~,YYPl 700 ) ,TIiT0 (700),Z01700)

~,FSIDt700 ),IIAV (70U ),PCP (700)
COMMO . /AbC/ DRAFT (25),.L1GHT,PI~~b .NUbL,WALB,SL6O~~,SL5’FN.TI1tTA.

•DEPIr I,SIRAY L
COMPI Ci N IS.’ P ,r.,R,x, YY,z ,U ,  V , ~,Ph T ,T HT , I -S i
CO~lML.. /0~~P V/  )S UCE L U,D PA G ,Y, 00AGN ,O FTH ,lFItiO,CCX
COMM IA /FL~).I F C ,OF,00i.VDOTP ,ACP
C 4110!~ liP.! AA, A I~~,4IZ,AM ,~~s~,CF ,CF ,CTR ,C~XDU ,FC’,t ,~~0T ,oVAL ,
.pI,RhC, ,uc,WL,XLG,XFG,COLL.cO t•3.,FRC.u0(,CC,00I,ArU,OLCQ,CLO
.,t.L,,4G,~.fTU , i i Lr 1 , 1 P T , A I Y , C C L , T f r SL

C~~~~i I s I’ .  /rr ,TI bI,:~~T EP ,PsF r~~T ,i~
C IJI.~~%- I ITt . ., I$x,$Y,~.s., ., VtD6,AF tODi~,C~

.z yrG,5r*LD(,
*SI-~ .~ ICi ~~5 i ’.CL. ,~~hIF D~...TCTLD (

CC~~’s).. !T5~~~T/ lsl l C ,h,TLC’l-’
Ci)r1;~~ J /TV CC/ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
., A LP4I A (  4~

COt~ I0;4 /.~~VI D .(T , . A M P , . P [ R ,C L L ,C AY . T P I ’ ( , F(2 ! ) , F L T A , 1 . . ’L,(~ ,C F F IC T

C~ 5~M~ °~ /~~~T/ ~~~~~~~~~~~~~~~~~~~~
• 1 . ~~~~I~ / i S E c T c 2 ~~) , C i ( 2 s ) , C F 1 C 7 5 ) .  2u (2c),D r3T(2~~),0J C T U ~ ),

C(i ’I IV•I I.- -.t.SI C O I 0 .~~r.C~~A ,Ph 1 (S ,r I~1 1 , A T W .~~Ma x , A C,DLI ,1PD
cC~;~ ;,~ /A Y (Y L/ A1. C1,C2 ,A1,~~2,~~~DT ,CV ( T,tsVLt.T

C
C CALL INPUT
C

CALL INFI
C
C 1%~~T1AL12AI10N
C

SHLPDG O.
TOILDG :0.
.6: 13
Y( 1) : U
Y (2) :V
‘F ( 3)
Y (4)~~P

Y (6):R

~~7) :X

Y19):Z
71 10)
Y(11 ) :THT
‘Fl 1 2)  :PS I

C
C C A L C U L A T F  .ClGIi T 00 CRAFT ~T 1~~1TIAL TF!M IITH NC ~A V t
C

INhGT :0
CALL S E A W A Y  (6~X ,.Y ,VZ..k,~’F...I~,V OL ,ACqY,T )
VI 13):VuL/IL..3
8U C YA. :.IJ Z

wxC :.)
F5:t~U C Y A e ~.D6M
~‘C:(..C~ G :tT—F6) /A C •A TM

ill
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THIS PAGE IS BEST QUAL’tT! PRLCTI(~JiB~~F~IO~L COPY JR~ISli~D TO DDC ~~~~~~~~~~~~

PC GAGE ;FC—A TM
A ( 2 C + PMII eF CG A )l(CDIS*5 (.RT (2 .a (FCGDG6) /P.W)s.A))
A 1 :OV (0~T.*0
A2:2..A~ .(1.—C V E P.T)
V O L DOT : (I.
IN VG T 1
IIso DX :0
AI:A,...(1.—CVENT )
CALL Rt! 0.GS (T ,D~ ,NE ,Y ,Y ,i ,iND X )
KNI 1
TP:T.IL/sP
UP :U*1.PIi.869
VP — A T A N (  V / U) IDT R

hD :YP(3).SP ..2/VL/G
XP (KNT):X
‘F V P C KNT )
ZP (KNT) :Z*dL
PHIO (Y!IT) PIII/DTR
T Ii Tu C K ~ 13:1 PIT / OT R
PSJD CKPT) :PSI/DTR
P CPI$.uT) :PC—A TM
OJAV (KN T) :0.

• VDOTP :0 .
DPDT:0.

C
C C ALCU LATC AND PPINT CRA FT AND s A V E CHAFA CTIPI STICS
C

PaM:AM.G/ 2240..( 0.5*RHO*WL ..3)

PTHTO :TKTC/DTR
PSP SP/I.639
PBLT A 8E TA /DTR
C RA P TL: 5~ I ~. ST ) ~
.p 1T616 ,31o) P APs , CRAFTL ,PB8 ,PTHTC ,,CC ,PSP
IF ( 1l.LT.3) .IRIT((6,301) P 6ETA ,VA ~’P, VF (P,.L&,C(L ,CAV
IFCi s.E~..3) WRIT(IE,302) P6ETA,s.DEP~~~D,ETAO,YC~~TO

C
C P R I N T  O U T F U T  HE A D iN GS
C

~RITL(6,22 O)
V R I T E t 6 ,2 2 2 )
IF I 1P.~.t.u) dRITE(6,221)
.PILTE (6,200) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
.ThID (~~~T),r~~ID (K~ T),PCP(K;.T),CF,CFCT,VC0~TP,,,D,VAV(K.T ),ACP,Ai
IFI 1P.~~L .o> .RATC s,208 Sx.Sy,SK,S~;,xUDELU,C ,FAbV,OP.AGN,TI41C,H
• ,TLIi.s, TOILDG.WAV L .ALRf~D&,S5RYD&,SE ALD0,~~K1NUG,FINDS

C
C INTE GRAT IOP) BY RUNGS
C

ir TRY :0
CCx :CC
00 2 I:1,RSTEP
IF (iNTR Y.t.~.i.AND. !CC.F.E.0) CALL SLCDIR
INTKV :0
C ALL RU P3GSC T.DT ,NL,V ,Y P ,1NDX )
U :YCi0
V :Y12)

• P Y l ~~I
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THIS PM~E IS BEST QUALITY PRt~rZ1~~T~$1~~N OQFY ~~~~ISli~~
G :Y15)
R:Y16)
X :Y171
yy : y ( 8 )
Z:Y 19)
FHI:YI 10)
TMT :Y 111)
p5j:y (j2)
KPoT:K~1T.j
TP:T..L/SP
uP :u .Sr11 .689
V P :—AT ANI V /U )/DTR
WF~~u.SP
.D~ Y F ( 3 ) a S P a e 2 /W L/6.
X P ( K N T )  =x
Y Y P C KNT) :yy
ZP (KNT):Z*.L
Phi b (KNT) :Ph I/DTR
TP~TD (KNT):ThT/DTRPSID( K ~lT ):PS 1/ D TR
PC PCIc I T ) : PC— AT M

C
• • C GINI RA T E W A V E  FORM FOP PLOTT IkG

XCO :YC J: ZC O :0.
CALL S.AVE (xCO,YCO,ZCO,y,T,(TA)
V AV (KN T ) :E TA

C
C PR INT RESULTS
C

W R I TE (6 ,2 00 )  TF,Ui ,VP ,W P,X PIK’ .T ) ,VYP IKI .T) ,PF YNT ) , DMJ D( KNT ) ,

IF( IP.NE.o WR1T ((6,200) SX,!Y,SK,SN,XUUELU,DFAGY,DRAGN,TMIGII
.,TLCw, TCTLOG ,WAVE DG ,A 6RODG ,Sp~ yDG,S (ALD&,SKINnG,FIN0G

C
C TEST TO SEE IF DERIVATIVES 54(10 TO BC CHANGED
C

I F(ICO.LCi.0) GO TO 2
ZT( ST : ZF C KN T ) W A V I KNT )
ZT SI :Ab SI ZT 1ST .CC CCX )
I P C Z T S T .L T . I C O )  GO TO 2
1t iTRY 1
CCX :CC •ZT LST

2 CONTINUE
C
C SE LECT (VERY N PRNT PO IN T FOR PLOTTIN G AND PLOT
C

INP :0
OCs 843 IJK:1,KPIT,NPRNT
IN Y INP .1
ZP( 1NP) :ZPI JJK )
P NIOCIP4 P):P PiID (IJk)
TP.TD( INP ):THTOC1JK )
PSID (INI- ):PSIO (IJK )
WA V CIP4 P) :WAV (IJIC)

843 PCP (INP): PCP (IJIU/100.
IPT:IPIP
1PCIPLOT .GT.2) CALL EX IT
IF (IPI.OT.(0.0) CALL PLOTT (ZP ,’HTD,VAV ,PHIU ,PSTD ,PCP ,IPT,NC,NG)
)F(IPL QT.(Q.1) CALL PLOTXY XP ,YYO ,KP T)
IFI1PLOT .tQ.2) CALL PLOTT(ZP ,’HTD ,.AV ,PHID ,PS !O,PC P ,IPT ,RC ,tiG)
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• 0 THIS PA(~ IS BEST QUALITY ~~~& U ~~~~~ I

0 •  1~~~ OQk~Y ~ J~~LSI~ D. TO D~Q ~~~~~~~~

• IFCLPLU T .EO.2) CALL . PLOTx y1xI ~,yyP ,K’~T)
C
C FURPI ATS
C

200 FCSRMA T ( 6F7.2,4r7.2,F6.D ,’FR.0,?F7 .2 ,F9.rj,r6.O)
208 FORPIA T ( c ~X , 96.11.3)
220 FC R M A T C 1 h I , 5 X , 3 H T ,6x ,1bU,3v ,4~ BFTA ,~~v ,1 ,6)i ,3P ~x ,~~X , i hY ,(x ,  1HZ

• , 4 X , Ph I.,2X, T M E T A , 4 X , 3 S 1 , 4 8 . 2 ( ,6X , ( F , 4 X , 4 H O F C T , 4X , 4Pi CVDT,

~221 FU sM A T I  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
•6X,5H DRA ,6X, TNI .7X, 4hTLC~~/~~Y ,0 T L r c , 1 x,(.I1..AV(OG,!X,
.6hA ( O O , ! v , 6 H S P R Y D G , , E 6 L D O , , 1 • C r ,,~~x ,s~sF1t.D&)

•22 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

S ,SA,2pFT,6X , 3HFT’,3X,3IIFT2I)
3.00 FORMA I t~~, I , 2) H C R A F T  Cs RA C T L P IS T I C 5 . ’ !X , 7 I~* L I G 5 S T : ,fl .C, 5N T Ct~S/•5X, i 3 nC~~A FT L(I~G T 5~: ,F6. ] .4h  F’ ./S ,I4 rCU SI -T C M ~.IUT I- :,FF..1,4ts FT.

•F5 x ,O3 nI I Is T I1A L ~~~~~~~~~~~~~~ C 0 ’ , . /5y ,14I1\. IT !SL O R V C T :,r7.3,41’I FT.
•/5X,14I ’S i;’.IT IAL S~ PCD: , 05.0, , 5’

301 F QFsIIA T (//2I ,i V I CHA CT E R I ~~T tC S / s > , ,iE*O1r&:,F5.o,s ,l DEG ./
•0X,lr,piL A .fST:,Ft..1,4p, FT./~~Iv , 7siPE~~I C P :.F~~.1,”I~ SEC.
*I5K,7~,L[~~GTp1:,F6.2,4H FT./ cA, 4CrL~~ TTV :,rSi.l,’!H FT/SEC
•/6X, 6r...,~ .C.:,r7 .4)

~~~ FC P ” O T C / / Z i r .  t !AJ I  C F A ~~L CT L k I ~~T IC S / 5 u , 0 r . 1.LAUI ,F !.C,!I~ 6160 .
•/5X, ,YCL1~~,~~~.l,45’ FT.I5V,!~~~~~ ,F7.1,kpi FT.
•/ ,55’!TL :,F 6.1,4r 0T ./~~X ,3r~~.~~,0P .j,ah FT.

~I5X,3-TCz ,06.1 ,51s ~EC.)

END
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~~~ EIS BIST QUALIfl T~~~ $

m~ Oc*Y ~
U~2l,1SliEU TO 

J~~Q ~~~

SUBROUTi NE INPT
• • DIME N SION TITLL (20)

COMMO N IAbCF DRAFT (25) ,WEIGH T ,BIJBB ,BUPL ,WALB,SL8OW,S LSTRN ,TMETA ,
eCs(PTH ,SPR&VL

COMMON o81 P,G ,R.X,YV,Z ,LJ ,V ,W, PHI ,THT ,FS I
COMMON lODE! DRI SE C 23 )  ,CNTR C( U3) ,CHI’J(C23 ) ,HSPRAY C23 )
COMMON IDER~~I XU DELU.DhAGy ,DF.AGN ,&FT) 1,IFIN,CCX
COMMON FFCOEF/ FYNCL,F IN’VV,F I I4YR,FIPKV, F1NKR ,F INNV ,FINNR
COMM ON /FOYL/ C,ALFA, GA PIA, xF
CO M MO N /G(OMM/N$W (25),W1f25 , 20) ,W?(25.25),611125,2!)

• COMMON /1P4/ A A,AIX ,ATZ ,AM ,BB,CB,CF ,DTR ,DXOU ,FO ,G,NST,NVAL,
•PI,RHC,SP,UO ,VL ,XL G,XFG ,COLL ,CDNN ,FROUCC,CC, 00,ANU,A LOD ,CLD
.,PuC.,K0 ,SPTURN, IPLOT , IPT ,A IY , CCO ,TnTO
COMMON IIT.DEMI CR ,CT ,S ,OMEGA
CO PiPICI’. /NOD/ DYP,OYQ .DYR,DVV ,DYi,DYOP,~iYD~ ,DYDR,DYDV,DYOV,a OZP,DZC,OZP,OZV,D7V,DZD P, 700 ,D?610,DZDV,DZOk,
• OKP,DKCs,DKR,DKV ,CKW,DKOP, 0’(C~~,DKDR,CKDV,DMCW,
• OMP,DM!) ,DMR, DMV ,DMW ,OMD F ,C’~O3,OND~ ,DP~DV,DMOV,
* DNP,DNC,DNR,ONV,D. ,ONDP.o~JDD,DNDR,D !~oV,DN OW
COMMON /PRES/ CDIS,RHOWA,PNIC,Phu1 ,ATN,P$AX ,AC,Q(M ,IPD
COMMON IPKNT/ DT ,NSTZP,NPRNT ,IP
C C ) MTM O N /PSE AL/ TuSTS ,THTS
CO M MO N ISESI HS1125),DEL1,D(L2,N1,N2
COMMON /T(MP/ SX,SY,SK,SN
CONMON ITVCC/ XARM,?A#M,8AC(,VA~ M (4),OELJ(T(4),RrCp(43,NJtT
*,ALPHA( 4)

• COPIKO.. FUI GI (2 5) .S I(2 5 ) ,S i (2 5 ) ,PHO (25 ) ,T OPA F(25 )
COMMON /WAV/ D~ ET,VAMP,WPER,C (L,CAY,I5U&,F(25),FETA,Ih,VDEP,OFFS(T

• ,VLG, ICC .X C ,RO,E TAC,T O
COMMON/I! ISCC7(25~~,DJ( 25),OFJt25) ,DF21f2~~),DF3I 125),DCI(25).
*DC2I(25).DC3I ( 25 ),DCFI( 25) ,0CF21125) , DC2FI (25) ,8351( 25), XSW (2!)

C O M M O N  /AYEYE / AI,Cj,C2,A1,A2,DPDT,C’/(i~1,OVENT
C
C DEFIN iTION OF iNPUT FLAGS
C
C DT:NUMtoLR OF INTERVALS PER WAVE PERIOD
C N .~T(P.-N O . CF TiME STEPS TO EXECUTE
C P.PRFuT :PLUT EVERY P4FP.NT POiNT
C IP DEBUG FLAG F~’R C”MPO04E~’T FORCE~ AN D POMEP1 T~
C SX,SV ,SN,XUDELU,DRAGV,DPAON,THIGH,ILCV.WAV (DG,
C AER000,SPR’yUG,S(ALDO,,SKIP.DG,FINDG
C IF IP:0, DONT FRINT
C IF 1P.t~E.0, PR INT
C IF1 P. FLAG ON IN CLUSI ON CF STA R IL I2E R
C • IFIN:C,00NT INCLUDE STAB ILI7 (R
C T FIN.54E.O , IN CLUDE STABILIZ ER
C IPLOT FL AG ON PLC TT It. G
C IF 1PLOT :~~ PLO T PLOTT
C IF IPLOT :j PLOT PLOIXY

— C IF IPLu T :2 PLO ’ FLC,TT *540 PLOTXY
C IF ZPLs.T 61 2 610541 PLOT
C leT NU MBE R OF STCPS TO PLOT FLOTT
C N.IET NUMBER OF .JETS FOP THRUST VECTOR COPJTPOL
C 1541 PRINT FLA G FO 0 CUMULATIVE IN TLS ~R*LS A ND GEO M ET R ICAL VARIABLES
C IF 1547:0, DONT PRIN T
C I F INT.NI~~0, PRINT
C IBUG FL AG 054 DEBUG FOR SUBROUTINE BUOY
C IF JBUC.:O, DO NOT PRINT
C I F IBUG .N( ,O ,PR1NT
C LW FL AG FOR W A VE TYPE
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~~OM ~~sFL F~~*~I.Si1EL~ TQ ~~~

C IF IW 1, SINUSOI DAL WAV E 0

C IF 1V 2, SOLITARY WAV E
• IF lW :3, EXPL OSION W AV E

C IPR FLA G ON DEBUG FOR SUBROUTINE PRESS
C IF IPR :0,00 NOT PRINT
C IF IPR.hE .0,PPINT

-C ICO FLAt , FOR GEP.ERATING NEW CER IVAT IVES WHEN DRIFT
C CHANGES MORE THA N ICO FF(T
C IF ICO :0, DONT CHANGE D(RIVA ~ IVCS
C . IF 1CO.NE .0, CHANGE IN DRAFT REQUIRED TO CHANGE CI RIVAT IVES
C

- C
C READ AND WRITE INPUT

• C .
Rt&D(5 ,j03) (TITLE(1),I:1,20)
R(AD(5,1O1 ) DT,NSTEP,NP PN T,IP,IFIN ,IDLOT,IPT ,NJLy, INT,I5u6 ,Iu ,TPR
“‘CO
READ IS sIDO ) THI,PHI,PSI,z,Cj ,C2,CVLNT ,DVENT
READI 5 ,1 00) AA ,BB ,CC ,DD,Ap ’,DXDU , A Ix,AIZ ,AI Y
R(AD(5 ,1 000 WL ,SP,RHO ,A I4U,CDLL ,CDNN
RLAD( 5,1 00) OMEIaA ,CR,CT ,S
REA DC5 ,100)  CCO,T HT u,SPT IJRN,DFTI4

• R(AD(S,30O ) XA R M ,ZAR M ,SACE
PE AD (5.100)(YARM(I),I:i,NJET)
RL AO (5, 100) (DLL.JET (I ),I:1,N.JET)
P.EAD (5,l00) (RMCP(1),I:i,N.J(T)
R6AD(5,100) (ALPIIA (I),I:1,N.JET)
uRITE (6,200)

• WRI TE (6 ,2 01) (TiTLE (I),I:1,20)
WRi T ((6,202) DT,NSTEF ,NPPN T ,IP,IFI N ,TPLCT1IPT ,NJ6T,INT ,TBUG ,1.j,IPR

*,ICO
W R I TE (6,203) TIT ,P5*I,PSI,Z,C~ ,C 2 .CVEN T ,DVEN T
WR1 T E (6 , 2 f l 4 )A A , e 9 , C C , 9 0 , A M , D X O U , Aj X , A T Z , A I y
WRITE (6, �O5) .L,SF,Rl~.O,ANU,CO LL,CD54N
.R ITE(6 , 207 )  OSICG A .CR ,CT ,S
WRIT( (b,208) CCC, THTO,SPTCJRN, OPTIC
.~RiTI( 6,21O) XA IIM ,ZARM ,B AC (

• W RITE (6,211)
wR 11C 161200 ) CYAR PI(i) ,1 :1 ,NJET)

~RiT U6.2 12)
WR ITE (6 ,100) (L~EL.i6T(I ),I:1,NJ(T)
W R ITE Ib,213)
IdRIT ((b ,100) CPMCP ( I),I:1,NJET)
aR LTCC 6,214)
WRZT ((6,100) (ALP PIA (!) ,i:1,NJ(T)

C
C READ AND .RIT E INPUT FOR WAVE
C

R E A D C S , 10 0 )  DVI T ,WAMP ,W P E R,BE TA , .DE P ,XC , RC ,ET A O ,TO
IIR ITE (6,241) DWE T .WAMP,W FCR. bET A ,WD( P ,XO, P’~,ETAO ,TO

C
C READ AND W RITE INPUT FOR PRESSURE
C

• REAO (5,1 00) CD IS ,R t4OWA, ATM,FIiI O ,PHTI ,T ITB ,TW TS
WRIT( C6,24 2)COjS ,RHOdA,A TM ,PniO, PH13 ,THTB ,T,~TS

C
C R EAD A ND W R ITE INPUT FOR SPRAY
C

P6*0 (5,1 02) NST
RLAOIS,i0 0) BUBL,BUBB,WALB ,DEPT$
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IS PAGE IS BEST QUALITY ? 4 CTICA~~~
~~~~ ~URL~ISli~~ TO D~Q .—

P1*0(5 ,100) SLROw ,SLS TRN
RLAIJ IS , i&0)  1Dk1S(II),I:1,NST)
R(AU (5, 100)  (EN T RC L( i) , I=1 ,PsST )
READ (ts , 100)  (C nAN EU),I:i,P45T)
P6*0(5 .102 )  (~~Sh( I),i:1,I.ST)
REA D(5 ,100 )  ( X 5 W ( I),1:1,NST)
P1*015.100) IHS.L’o,I:i,NST)
0051 I:1,NST
R V S:54~ h (I)

Si P6*315.100) (DI (I,J),J 1,NVS ) C
0052 I:1,NST
t.VS~ 54S.. ( 1)

52 RLAO(5,i00) (I01(i,.j),J:1,MVS) C
3053 1:1,5451
NVS:NS.(i)

53 R EA O ( 5 , 1 0 0 )  (W2 ( I ,J) ,J :1,NV S) C
aF.IIE(b,2 15) ISSI
.. PI I T E ( 6 . 2 1 6 )  BUEL,BUBb, .i*LB,DEPTIi

j T E ( b ,2 i 7) S L b~~u,SLST rc N
(6 . 218)

Wi~IIE(~~, 1 G 0 ) ( D R 1 S F ( I) , I:i ,P4ST)
.~~T T E ( b , 2 19 )
.~ TE C(.1O0) (EP.TPCF(I) ,I :i,~o S T )

.k~ TE(6,22O)w~~l T E ( G , 1 r~O ) ( C 5 4 i~~r11) , I:1,~~ST )
1, 721)

a c I T L I a , i c~~
) ( NS0. Iu ) , I 1,i~5T )

~I0ITE (‘ .222)
. i.ITE(t . ,i0C ) ( x5~~(j ) ,i:1,5~sT)
~~~IT( (0, 223)
.F1I!(b, lCj D) ( I -S.( I),I:1,NST)
0054 I:1,l.SI

~iVS:NS. (1)
• R 1 T E (  6. 224 ) C 1, ( O1II,J) qJ:J , f .V S)  )

~F.1TE(6,725) (.1(1,.J),J:1,PsVS). P IT L(6 . 2 2 0 )  (~~2(1,J).J:1,t.VS)
54 CCJ.T 1LUI

C
C CO N ST A NTS
C

NC:20
545:6
G:3~~.2P1:3.1415927
DT P:PI/ 180.

0)0:1.
U:UU

C
C C C . V C S T  IC, PAD TA’4 S
I.

TI- I :ThT ‘O Tis
—

PSI~~~S1~ 0TR
Or  IC~A :  ~~ L~ A .01 F.
Th IS: TnT,., .,, T P

• n.T.. :1L TA .OT R

THT. :TPTS.DTR
C
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THOM OOtPY !L~2US1f~

) TQ D~Q ~~~~~~~~~~~~~~~

C CONVERT AND NON DIM(N S1ONA LI ZE INPUT
C

SP:SP*1.68+
SPTURN :SPT URN .1.689
FisUUOE: SP/SURT (G .hL )
W E 16 II T: AM .22 40
OE NON :0 .5’RHO’WL”S
A 1X:A LX .2240 ./ DENO Pi
A IY A1Y .2240.IDENOH
AIZ :A IZ .2240./DENOM
AM (WEIG HTIG)l (D.5*RHO .WL .,3)
2:2/aL
X LG AAF W L
XFG :1.— XLG

• X AR M :XA RM /W L
ZA RPI Z* RM/I L
DO 20 I:1,N.)ET

20 YARM (I):YA RM (I)IWL
00 21 I 1,NST

21 XSW 11 :XSW U !WL
W R I T E(6 ,227 )  SP,APi ,A Ix ,AIy ,Aj Z ,FRQUD(

C
C CAL CULATE CAY ,C (L ,F ,00FSET FOP SUBROUTINE SWAVE
C

COP4X :4. .PI..2/G
CON2:0.5.G/P1
GO TO 14 1,42,43) , IW

41 CAY :C O~U/~ P(R..2
CEL CO N2.W P( R 0

WLG :C EL * W PER
GO TO 44

42 CAY:0 .866*SORT (WAMP/WD(P)IWDEP 0

CEL :O.5 .SQRT (G*IIOEP),( 2.4Ii AM P /WO EP)
WLG:CEL aNPIR
OFFSET :0.5.WLG
GO T O 44

43 CAY :CON1I 900 .
CEL:CO N 2’30.
W LG :CEL .30.

44 CONTINUE
C
C CALCULATE TIME INCREMENT
C

DT :(W LG /AB S CCCL — SP .COS (BET*) ))/OT
DT :DT .SP/WL

C
C CALCUL ATE N1 ,N2 ,DEL1,DEL2
C

P4STI:NST—1
00 5 1~~2,NSTI
ISAVE:!
DELI:XS.(1 )—X SW I I—1 )
DCL 1: DEL 1, W L
O( L2 :X S .( I . 1)—X SW (I)
DEL2:0tL2’ u~L
1F(A BSU. — DEL2/ DEL1) ,GT.a.1) GO TO B

5 CONTiNUE
B N1 :I$AVE

542 :NST—ISAVE .1

118



—.-,-- .- •~~~- • - - . .,‘-- —---- ~~~~~~~~~~~~~~~~~~ • 0 ~~~ 0~~~~~~ 

~
IJII

UALITY

~~~
g 

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

C
C CALCUL ATE *C ,QLP FOR PRES SURE
C

AC :~ ..bb .X SW (N1I .W L
OLM :0.5*RPiO.WL*.2.SP..2

C
C C AL C ULA 1E FIT A T CG
C

00 3 I:2,~.ST
FO1:Ai~5 I A A — X S W (  1—1)  * LJL )
FC~ :A0 ~S (AA— XS.I Ii)’i.L)
IF( F02 .LT  .FO1) KFC: I

3 CC~ TINUE
C
C CALCULAT E I O N  DIME5 ~SI0~~AL 0 ( D I VA T IV E $
C

IP6OER:0
THTCPR :ThTOFDTR
whIIE (6,205) CCO,ThTOPR
CA LL SLPI~ A .bh,CCS,DD,II1TIT,PHI,~:PT.N1, ’2,D0t I.OLL2,~~~.,\~ I,XS~ ,
C.1 ,. 1 ,.�,Fsr40,~~L)
CALL ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~GO L.a 1002
E\T~.Y SECCER
I F ( I F .T . E C . U )  I F S C P : 1
C A L L  ~ EN C A A ,~~P,CC X.OD,ThT~~,rPI,i .~~I,I .I, 2,CCL1. L2,v .,.C.,Y!.,

•D1,~~~i,.2,i J 1~~~,WL )

CALL ~L . ( A A , ~~b, C CX .50, ~L, T. T ,~,~( r’ ,~~V ’ )
C
C CALCUL M IE SPRAYL
C

1 0 C 2  %11:N1.1
05 14 I:1,N$1
ISA V:1—1
1F (LNTF.CL(I).”.E.O.O) 60 10 15

1’. Co~.TI..U1
15 LP VL~~(XS.1’~11 )—X ~~.(ISAV ) ).0JL

C
C CALCUL A TI ~~C PPj~4T FIN CCEF F 1C ICNT~ ,SHIP PLUS FIN CCrF FIC IEI -TS ,
C A NCI P~s 1NT ~.ON 0It1C~:5 I3 .AL  DE~~I W A T T V L ~C

SX SY:SK:SN:O.
CALL FIN (SX,SY ,SK.S5.,CR ,CT,S,CNEGA)
SFYV :DYV .FINYV
S FY P : DY h + F I NY R
S F MV :C s c V + Fj t . K V
SF K N = LI K a . F I .. K R

:0 N N. r ~
SC:~~Y V .  C .~ _ I C V R _ & M ) .  D.. V
SOP: V V . SF P — C  Sj - Y F — A i ’ )
IF 1~~P5(~~.N( .O) R ETU RN
I C 4 i p ~~Lr..,.I.0) .rs IT I C C  .209 ) CCX,TIl Tt.PR
.‘!TE (6.2?b)

— d~~1lE 6.22,) DY’~,DY(.,DVk,OYV,DV~ ,CVCF,ITVCi,6~VDP,DYDV.t’Yc~.,
DZP,D ,0Z~~,DZV,D?.,C2D~~,~’? , Z ~ZDa,ITZDV,OZ (W,

*

•
• D 5 F . D~~~.C~s~~.~~~V . C\ ~ ,0’:DP, .OO.P~~tID , D”0V.rJN~.1P IT E ( 6 ,2 3 . 3 )
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THOM ~~ ‘X IIJP~J1LSk1~~~ TO DDQ .... .... —~~~

154 111(6,234) F 1NYV ,F1UY ~~,F 1NKV,F1PiKR,F15,tIV,F 15451*
W R ITL (6,2 35)
.ItiTL (0,230) $FYV,SFYk ,5FY.V,SFKp,!FNV,~~FPlR
• R I T C ( c , 2 4 1 )  SC
.~~1IC ( 6,2Ms ) SCF

C
C W R ITE CU M ULATIVE INTE G RALS
C

bRIT ((b,231) PC
W R I T E  (6,232)
.NTIL (n,233) (1,OI(I),OFI (I) ,flF21( I) ,r~F!1( 1),CCTC fl,OC2UI)

C
C CCNW (RT TC DEGREES A~ D PRI NT GFCMET~~ICLL VAR IABL FS
C

bL.~~3 I :1,L
33 PH~~(I):~~I- ’ r ( 1)/0 TR

.i.~~IE (6,239)

. I T E ( 6 , 2 4 0 )  1 F h G( I ) , ’.T (j ) , S 1 ( j ) ,5 1 ( 1 ) ,T D ~~A F( I) ,j :j , b)
C
C CC~,JERT TO RADIA N S
C

J~~63 ~~~~~~
~ 3 P (1):~~-~ (1 )•CT R

C
C FChNA TS
C

~~~ F~ kMAI(~~IiO.2)
101 ~CF.~ A T C r 1~~.C,14I~~)
10.. F ..it’~ATU6I5)
113 FC~ NAT (20.4 )

~c & F ..r ’AT (1Ii,1OH1 ~’PUT L )ATA I/I
201 FLr ~4AT1i )a,2Q04)
20� ~C-~”AT( 15.57Ii0T,~J5TU,NPPNT ,!P,1FIi~,IFLrT ,1FT,N.JET,II,.T,IIUG,Id,I

.0 i~,IC~ /F3O.2, 121’)

~03 FC.t4I~AT (1X ,32nTI T,~ I1,F ~~I,2,C 1,CZ,CV !~~T,DVE I~I /PF1(~.2)
~~~~ F,j~~’~ ,T( 1~~,31 A,t~~,CC,D3,AP ,DxOU ,Ai ~ .AI Z,AIY/

*4F10.3,F10.1 ,F1l .3,3F10.1)
205 Fc~~~A IC lX.23h.L,_r,~~ ~‘,Ai. U,C5I L,cC~.~~/3Fip .3,rI2.°.2F1c.3)
207 FOS ;IAT (1A,13h~ 1~E5A,c :, cI,S /~~F1 0.2)
20N F’~kT AT ( 1x,2ohCC~ ,Ti1O, SFTt~~;.,~~cTw /~~F10.2)
~~0’- F~..o-ATI1h1 ,6hORAF T : ,F ~~~~~~~~~~~~~~~~~~~~
210 FOP’ AI ( 1y, 14I -yA~~- ,zA -rv ,bA cr /~ F1 0.2)
211 FSSMA TC 1x,P IiYARY( I )
21.. F~~~NA T~ 1X.9hCEL .)FT(1)
213 FS kt-’~ T( 1X,7n QMC P(I) )
21~ F~~i.I..TI iX ,10I -A LI 1iA(I) )

~1ta ~~— “AT ( 1X,3nNST /11- )
216 F~ ,~~A T(j~ , 2 L , 6,u*L~~,CE-TP ~ /tF 1O.2)
217 F1 - ,j u T (1X , n5L~ C , SL~.11~’. /FROT. 2 )
2 1I - FOt- ~~6T (1A,I4nDR1SL(1) )
i1~~~F AT (1Xe n(.’~Ti.CE(1) )
2 .~ F~~-, ’ A T 1 1 X . I~.C h i . L I i)  )
20 1 F~~~ - A T ( 1* , ’riNSI, )
..2.. Fr,.~~AT (1x,3MXSI )

~~~~
3 FC~~’AT (1X,3Mh!’.)

~~~~~~

22 ’. F 2 F t ’A T l 7)( ,7ni1,2~~,i-~ 11 .‘/ C  I1X , °F13 .~~) )
• 

£ . 6  ~~~~~~~~~~~~~~~~~~~~~~~~ .!/ ( 11v.oFl1 •’))
227 FCF- PcAT (I///Ilx,16$C( r.VLRTIO INPUT !1~~.24HSP,b~~,A I  X ,A IV ,A I Z ,FP CU UE
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THOM 0Di~Y P~L~2SISI*~) XO 1~ Q 

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

*/6612.4)
228 FORPIAT I/ll jX ,27854051 D IMENSIO NAL DERIVATIVES I)
229 FO .sMAT CIX ,A4HOVP, OYO,DVP ,DYV .DYW,D VDP ,OYDC,DYDR ,DYDV ,0Y0V l10112 .4!

• 1X,4RHDZP ,0ZU,OZR,DZV .DZW ,O7DP.07D1I ,D7DR ,OZDV ,D70i/lfl (12 .41
• 1X,4AHDKP,DKIT,DKD.DKV ,DKW,D VOP,~ KOQ,3KDR,DKDV,0K&hl1 0112.4/
• 1X,44HONP,DMQ,DMR ,DMV,DMW.DMDP,OMDQ,CMDR,OMDV,DMDI./10t12.4/
• 1X,44MONP,DNO,ONR,ONV,DP1W,0540P,C~4DC ,DNDR,DNDV,DN0u/10112.4)

231 FORM AT I 1X,4OHCENTER OF PRESSURE AT CEN TER CF GRAVITY : ,F1 0.2)
232 FOR M A T I /1X,3P4SEC , 9X,2HDI .8X,3PDrL .7A.4140F21,7x ,RIIDF31,

•B X,3HDCI,7X ,480C21,7X ,4110C31,7X,4HDCFL,SX ,SP’DCF2I,6X ,SHDC2FI,
•71,4HB3B1)

233 FORMAT (15 ,11(11.3)
234 FORM *T (!1X .23HSTAEIL I?ER COEFFICIENTS

* /7h F INYV ,613.4l714 FLNYR ,(13.417H FINKV :,613.4/
‘711 FINKR :,113 .4/7H F INNV :,(13.4/711 FIN ’~R ,(13.4)

235 FORMAT ( l,1X,33M SHIP PLUS STABILIZE R COEFFICI ENTS )
236 FCKMA T ( BK SFYV :,113.4l6H SFYR ,E13../ SPi SFICV :,(13.4!

*611 SFKR :,113.4/ GM SFNV :,E13 ,4~6I-I SFNis :,EI3.4)
237 FO RM AT ( /11. 34HSTABIL ITY CRITE °ION FQ~ SHIP ON LY= ,(12.4)
23R FORMAT ( TX ,38HSTAB IL 1TY CRITERION FC P SICTP PL US fjN : ,612.4)
239 FORM AT( /////1X ,2 1HGE OME TR ICAL VA R I A B L E S  !,1X,9HROLL (DE6) t

•IOX ,2 HG I, IOX ,2$S i , 1OX .2 HS 1,7X,SHTDR &F)
240 FORMAT ( 1X ,F10 .3 ,4G1 2 .4)
241 FO RM A T ( 1X ,3BHOUE T ,WAMP ,WPER ,BCTA ,UOE P ,xC,RO,(T AO ,TO/9F10.2)
242 FORMAT (jX,34KC01S,RHOWA,ATM,Ph1C,PHT 1,THTB,’i-ITS/FB.2,F10.6,GFB.2)

RETURN
(ND

vv
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SUBROUTIN E DERLV (IT,N,Y ,YP )
- REAL KC ,MC ,NC

• DIMENSION A( 6,5),B (5),A1(4,3),B1 (3),Y(13),YP (13)
COMMON /*BC/ OR AFT (25),W(IGH T ,DUMM I( (5) ,THCTA
COMMON IBJ P,Q,k,X,YY,Z ,U,V,V,PHI,THT, PSI
COMMON / DERVI X UDELU,DFAGY,DRAGN,DFTH,IFIN,CC*
COMMON /FLOWI PC,GF,GO,VOOT P,AQP
COMMON /154/ AA ,A IX ,AII~,AM,bB ,CB ,CF ,OTR ,DXDU ,FO,6,NST,NVAL ,
•PI,R HO ,SP ,UO ,WL ,XLG ,XFG,COLL ,CDNPI,FROUOE,CC .DD .*NU , ALOO ,CLD
•,P1O,N6,SPTURN,IPLOT ,IPT,AIY
COMMON IIND (R ! CR ,CT.S,ONE G*
COMMON /5400/ DYF- ,DYQ ,DYR ,DYV ,DYW,DYD P,DYD Q,OYDR,OYDV ,DYDW ,
• DZP ,OZQ,DZR,DZV ,D7W,CZDP ,DzOO,0ZDR ,DZOV .D7DV,
• DKP,DKQ,DKR,OKV , DKW,DKD P,DKOO,DKDP , DKDV ,OKDW,
* DMP,DMO,0NR,OVV,DMW,05CDP ,DP(OO .DMCaR .OVDV.DMDV,
• ONP, DhO ,DNR,DNV ,DNW, DNDP,ONDO, DNDR.DNDV,DNDW

COMMON !PRES~ CDIS,R HOWA ,PHIO ,PHT1,ATN ,PNAX,A C ,OEM
COM MON /PSEAL / THTB ,TIiTS
COMMO N /T1MP/SX,SY ,Sk,SN ,WAVE 0G ,A(~ OO G ,SPRYD 6,SEAL 0G ,
*SXINDG ,FI ND& ,SKIPDG ,TOTLO6

C O M M O N  !~ A V F D.ET,WAMP ,WPER,CEL,CAY,IBUG,F (25).BCTA
COMMON /A YEYE !  A I,C 1,C2 ,A I1,A 12 ,OPDT ,CVESIT,DVENT

C
C THE COMPONENT FORCES AND M OMENTS GENERATED BY EACH
C SUBROUTI NE AR E INDICAT ED BE LOW
C
C DR AG — CROSS FLOW DRAG
C *U X1 LY — HYDROSTATIC EFFECTS DUE TO ROLL AND THEIR INFLUENC E ON DR AG
C FIN — ST A BiLIZERS
C THRUST — THRUST
C LII4VLL — L iN EAR VELOCITY
C INERTI A — INERTIA
C StA.AV — W AV ES
C DR A GV — VERTI CAL DRAG
C PRESS — CUSHION PRESSURE
C SE ALF M — BOW A N D STERN SEALS
C

SZ:SM:TZ:T$:0.
DXPK IF:DYPH 1 F:DZP KIF:OM PMIF :DRAGZ :DRAGM :O.
U Y(1)
V Y (2)
W :Y (3)
P=Y (4)
Q :y(5)
R :YC6 )
X :Y (7)
YY :Y (8)
Z:Y (9)
PHI Y (10)
THT Y (11)
PS1:Y 112)

C
C GENERATE FORCES AND MOM ENTS

— C
ARWAL L :2.*CCFWL
(COLF :0.9
CDI :2..IO.5.O YV*V .U ) ..2/(P1*ARWALL *CCO(F)*WL/ CC

• CALL D RAG (D RA GY ,DRAGK ,OP*6t4,P ,R,V )
IF(T.(Q.0.) CALL A UX1LY (PHI,U,X UOELL’,ONPHTF,DKPHIF)
IF (1FI N .N(.O) CALL FI54lSx ,SY,SI(,$h,CR ,CT,S,Op(BA)
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~ WI 1L~ UZ1f~) T ~~~

CALL THRUST (U ,THT ,DFTK ,TX,Ty ,TK ,TN,$IIIPD;,TOTLQG)
C SET THRUST E QUAL TO SHIP DRAG AT T 0 .

J F(T. (Q.0)  TX O :S HIPDG—SX
TX TXO
DR A GX :XUOELU— SIl I P06
CALL S(*W AV 1WX,W Y ,W Z ,WK ,~IN,WN,yOL ,AO,y ,T)
CALL ORAGV (0Z2 .0M2 ,0K2 ,F,V,G ,2)
CALL DRA GV (0Z3 ,DM3 ,DK3,F ,V,Q,3)
DZ:022.DZ3
DM DM 2+ DM3
DK :DP2.0K3
CALL PRESS (T ,Y ,VOL ,XC,YC,ZC ,KC ,MC ,NC )
CALL VLDO T (T,A O,VOLDOT)
CALL LI CSVE LC FX LV ,FYLV ,F ZLV ,FKLV ,FM LV ,F P ,LV )
CALL IPIERT JA (FXI C ,FY IC ,FZIC ,FK IC, FMIC, FPIIC )
CALL SE AL FN (SLZ ,SLK,SLM,Y,T )
W Z :W Z .SLZ
WK :hlK.SLK
W M :W N . S LII
CO STH:C OS ( T M T )
SINT*4 SIN(T HT)

0 Xu6T :WI1GH T*S INT II/DEM
ZWG T :ILIGHT .COSTH/DEM

C
C CALCUL ATE 000T,VDOT,WDOT,PDCT,000T,ROQT
C Y P(i) :UDUT , Y P(2 ) :V D O T ,Y P (3 ) uDOT,y P(4 ) : DDQT ,Y P(5)~~QCO T,VP (6) : RDOT
C

A (1,1):AM— DYDV
A (1.2):-DYDW
A (1,3):—OYDP
A(1,4):—DYDQ
A ( 1,S) — DYDR
A (2,1) :— DZDV
*12,2 ) :AM—DZDW
A6 2 ,3 ) :— D 2 O P
A(2 ,4):—DZDG
A (2.5):—DZDR
A (3 , 1) :— DKDV
A(3 ,2) :—DKDW
A (3 ,3 )  :A I X— DKDP
*13,4 ) :—D KDQ
A (3 , 5) —DK DR
A(4,i):—OPCDV
A (4,2) :—OMDW -

A (4,3):—DP~DP
A( 4,4):AIY~ DMD9
A1 4,S):—DMDR
A 15,1 ) : — 05.0 V
A (5,2) — D 54 DW
A (5,3):—DliDP
A (5,4):—DNDQ

— A (S,S):AIZ—DNDR
C
C BC1) FY,b(2) :FZ,813):FK,8 4):FM,8 5):FR
C

FX :—AM . (Q.W—R ’V ) .FXLV .Sx .FxI C.TX.DRAG X ,OX PHIF— CD I .WX— XhGT .%C
B (1):— AN*(R .U—P .W ) ~FYLV •SY•FY IC •TY ,DFsAGy•DYPI-fIF .VY .yC
B (2):—AM .(P .V—Gi .U ) +FZLV ,SZ •FZIC*T7•D&AG Z*O?PHIF+W2•ZdGT4Z C4D Z
B (3):—CAI2—AIY) .Q.R .FKLV .SK .FK1C.TK.DkAGK.DYPNIF .WK .KC .DI(
B14):—C AIX—AIZ ).R.P.FMLV .5M.FM1C.TIi.DRAGM.DMpH1F.Wt ..~(C.Dp
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B( 5):—( AIY—AIX).P .Q.FNLV .SN .FNIC .TN+ORAGId ’QNPHIF•WN •NC
N(G 5
CALL COM 8 (*,NEG ,6,B ,1,NER ,DETI
YP (1):FXI(AN—OXDU)
YP(2):B(1)
YP (3):$ 12)
Y P I R I B (3 )
YP (5) =8 (4)
YP (6) :8 (5)

C
C CALCULATE XDOT ,YDOT,ZDOT
C YP (7):XDt,T,YP (8) YOO T ,YP (9):ZDOT
C

COSPHI :COS (PNI)
SINPH1:SIIl(PI1I)
CO SPSI CUS (PSI)
SINPSL :S1NIPSI)
YP 17):U*COSTH*CCSPSI.V *IS1NTP$’SIhPHI*COSPSJ COSPHi*SINPS])’
*W’( SINTPC .COSPHI .COSPS14SINPHI’SINPSI)
YP (8):U .COSTH .SINPSI.V* (SINTP4’SINPHI •SINP~ T .COSPHI.COSPSI)+

*W* (SIPITH *CCSPHI*SINPS I— SINPHI’ COSPST)
YP (9):—U*S1NTI-C.Y .CCSTH*SINPHI .u.COSTH*COSPHI

• C
C C ALCULATE PHIDOT ,THTDOT ,PSIDOT
C YP( 1O) PHIDOT,YPI1I) TIITOO T ,YP (12) PSIDOT
C

A1(1,1):1.
Al t 1, 2) ~O.
Alt 1, 3) :—SINTII
Al t 2, 1) :0.
A l(2,2) :COSPHI
A 1 (2,3):COSTH .S1NPHI
Alt 3, 1) O.
A 1 (3,2):—SINPHI
A i(3 ,3) :COST H.COSPHI
Bl(l):P F
81C2) Q
81(3) R
NEQ :3

• CALL COMB (A1,NEQ,4,B1,l,N (R ,OET)
YP (1 0):8lt1)
YP( li) :A l(2)
YP (12):B1(3)
YPI 13) :VOLDOT/ (WL .’2 ’SP)
6*11:1.4
DPDT :—G AN ’PC/VOL •VOLDOT
A I AL .C1 .YP (3)*SP .•2/WL*C2•DPDT
IFIA1.6T.A12) *1:112
IF (A 1.LE .A I1) A I :AI1
RET URN
END

vv
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SUBROUTIN E S (AWAV( hjX ,IJY ,lZ ,VK ,WN,WN,VOL,AO,y,T )
REAL MW K ,MWM, M W N

• DIME N SiON Y (13)
COMMON #154/ AA ,A IX ,AIZ ,AM,B5 ,CB ,CF ,OTR ,DXDU ,FO,GSN ST ,NVAL,

•PI,R hO ,SP,UO,VL ,XLG,XFG,CDLL,C0NN,FR000E ,CC ,00,ANU ,ALOD ,CLD
•,NC ,N 6.SPTURN,1PLCT ,APT ,A IY

COMMON /S(S/ HSW (25),DEL1,D(L2,N1,512
COMMON /WF OR / FWX (2 5 ) ,FW Y (2 5 ) ,FW Z (25 ) ,NW KC2 S ) .MWM (25 ) , I IW5.1 2 5 ) ,

‘ARE A 125),FL (*K (253
COMMO N /WGT/ BUO YAN ,INWG T ,WMO,W X C
CO MMON /BSLEAK # BLEAK ,SL (AK
00 1 I:1,NST

1 CALL SUOY (I,Y ,T)
C IN TEGRATE FOR WAVE FORCES A ND MOMENTS

CAL L SIM PSNCNS T ,N 1,DEL1,DE L2 ,FIX ,Wx)
CALL SI M PSN (N ST ,Nl ,DEL I,D(L2,FW Y ,WY )
CAL L S~ MPSh(NST,N1,D(L 1,DEL2, FWZ,VZ )
CAL L SI5.PSPJ(NST,N1,OEL1,0E12 ,MW K,WK)
CALL SIPP!N(NST,N1,DEL1,DEL2,MIM,WM)
CALL SIP.I’SN (NST .N 1 ,DELI ,DEL2,MWN,bIN )
DIMF :C.5.RHO.WL*,2*SP**2
0 C MM: DE P F ‘ WL
W X :W X/D EM F
W Y :WY /DEMF
12:WZ/D (MF
WK :uiK#DEMF/WL
WM :uM/ DENF/W L
VN :WN/DEPiF#WL
CA LL SIMPSN(N1.N1,D(L1,D(L1,AR(A ,VO1)
CALL SI M PSN (Nl ,N1,CiCLl,OEL1, FLEAK,A O )
BLEA54:FLEAK (N1)’O.S

• SLEAK:FLEAK(1)*tI.5
IF(iN.GT .LQ.0) GO TO 2
W X :W X— .xO
W$ :wM—WNO

2 C O N T I N U E
RETURN
END

vv
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THIS PAGE IS BEST QUALITY P LC?IC,A~B~~
~~ O~M 0OPx 11 L~LSk~E~) TO 

~~P,Q ._... ~..—
SUBROUTINE SW AVE (X C ,YC ,RC ,Y,T ,ETA ,AYETA ,AZE TA)
DIMENSION Y (13)
C O M M O N  1154/ AA.A1X, aIZ ,AM,BB ,CB .CF,OTR,DYOU ,FO ,G,NST,WVAL ,
‘PI,RH O,SP ,UO,UL,XLG ,XF G,CDLL .CO5.N,FROUD ( ,CC ,DD ,ANU,ALOD ,CLD
•,NC ,NG ,SPTURN,i PLOT ,I PT ,A IY
COMMON IWAV # OWET ,WAM P ,WPER ,CEL .CAY ,IBUG ,P(25),BLT* ,IW,.QEP ,OFFSCT

•.WLG,ICO, XO .RO ,ETAO,TO
COMMON /UGT/ BUL)YAN,INWGT,WMO,WXO
SINHLU ): ((XP (U )—CX P (—U ) )/2.
SECH (APG ) 2.F ((XPIARG).(XP (—ARG))
DATA C00,co1,C02,C03 ,c04/ll .53924656,—52.767I6255,107.1B76292,

*—100.9056818,35.23071$74~
)4(AVE:Y(9).WL
PHi Y11 O)
THT :Y (11)
PSI :Y (12)

C
C SET P$EAVE, PHI,T HT,PSI O TO CALCULATE WAVE FORM FOR PLOTT ING

TEST= XC4 .YC .ZC
IF CTLST.EO.0.) HEAV E :PHI THT :PSI O.
PSC :S ETA —P S I
COS T=C OS (T HT )

• TW :TeILISP
UT : (Y 17 ) • C O S ( B E T A ) . Y s ) * S I N ( B E T A ) ) * U L
AR G1:*C*TAN (THT)—hEAVL/COST—YC*T*N(PHI )ICOST
ARG2 :( X C .CUS T ,ZC•SIN(T IIT) ) * COS ( PSO ) .Y C ’~~IN( PSO)
A Y E T A : A  ZETA:0.
GO TO ( 1,2e3) , IW

C
C SINUSOIDAL WAVE
C

1 CT CEL*TW
COF:1.— EX P (— T / 3 . )
A SOP W .A MR ‘C OF
ET A :— A M P W * S I M ( C A Y . ( A R 6 2 . U T — C T ) ) / C O S T — A R G 1
A Y E T A =— A M F I . G .C A Y . S I N ( F S O ) . C C S I C A Y . (A R G 2 , U T — C T ) )
AZ ET A AM PW .6 .CA Ye STW( CAV’( AR G 2 .UT— CT ))
RETURN

C
C SOLITAR Y WAVE
C

2 A I C AY .(X C—OFF SET)
(1A:WAMP. SLCH (A 1)**2
IF (IN.GT.r0.0) RETURN
CT :CEL .TW
1 :ABS (UT—C T)/WLG
A1:CAY . (ARG2.UT—CT .OFFSET .1•WLG)
E TA W A MP * S EC h (A l  ) . ‘2 /COST—ARGI
R ET U R N

C
— C EX PLOS ION W A V E

C
3 ETA :0.

IF( iNlGT ,EW.0)  RETURN
H w 0 (P
TW :TW ,TO
R:UT.XO

• RF 54/T .~/SQRT (G.Pi)
IF( RF.GE..3)  GO TO 4
X :1./14.•RF..2)
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• ITT

1~~M QOFY ~UI~1S~~ 
TO D~Q

60 TO S
4. kF2:KF .RF

RF3:N F2.RF
RF4:R F3.~ F
X ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

S CAY :X1H
ONEG A : CAY .SOR T C G * T A M I ( X J / C A Y )
C(L:O~i E G A / C A Y
CT :C(L~~T i
11K2 2. .X
SI15 2:SINH(hK2)
AkC ~=H. (2/SMK2
AIkG3:i..ARG
A 54r~4:.ANr,1/(ApG.(1.

_ 2 / T A f c 7 , ) . ,..5.AFG~~..2_ARO3 )
ROK :C A V *
CALL t,ESSEt (3,~~OK ,bJ3)
A R C~~~: (C&V’(,C,.s-’.C,2451—cI )) /1051

C
C S~ T AR&~ To CAL CU L.~T E ~AV F FO P S’ FOR ?L~~TTp.G
C

IF  (TLST.t...~~~) ~~~~~~~~~~~~~~~~~~~~~

RET URN
E~.O

a
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SUBROUTINE BUO Y (I,Y,T)
C • DEFINITION OF PARAMET ERS

REAL MWK,M W M ,MUN
DIMENSION JT RA N(4 ) ,SG N(4 ) ,0154T C4 ) ,Y ( 13)
DIMENSION DFT(25,4),BfAM(25,4),AaY(4),AWZ(4)
COMMON IB(EM2l BEM2 (25 ) ,BEM3(2 5 ) ,AP MS.* RMP
COMMON /G(OMM / NSV 2 S ) , W 1 25 ,2 5) ,W 2 (25 .2 5) ,DI(25 ,25 )
COMMON 115.1 A A ,A IX , A I Z  ,AM,BB ,CB,CF,CT R ,OXO U,FO,G,NST ,NVAL .,

,PI,RIsO,SP,00,WL ,X LG,XFG.COLL.CDNN,FDCUO( ,CC,00 ,ANU,ALOD ,CLD
.,NC,NG,SP TURN,1PL~O T, 1PT,AIY, CCO,THT O

COMMON /S1~~/ IISW (25)
COMMON / W A V / D~ E T,WAMP ,~~PrR,CCL,CAY, IeUG,F(25)
COMMON /IFOR / F~ X (25 )  ,FW Y C 2 5 ) , F b Z ( 2 5 ) , ?WK (  25 ) ,$WP (25)  ,M~ PI(25) ,

•*REA (2 5) ,F LEA K (25)
DA TA SG5.I—1.,i.,— 1.,1.l
1F(1.EU.1.A NO.IBUG.NE.O) d RIT E(6 ,202 )  AA ,BB,CC ,00 ,V (I),YC7) ,Y(9)
*,Y (iO) ,Y (11) ,Y112)

20 2 FOR NAT ( • AA,bb,CC,00,U,SURGE,H(AVE,PHJ,THT,PS1./10G12.4)
F W X C I) :FWYII) FW Z ( I) :M .KI I) :MWM (I) :MWN( I) :O.
A R LA ( I) =  81M2(1) :BEM3( I) :0 .

• .JJ:NSI( I)
IF(~hJ. EG.l) RETURN

• RMOG :RMO.G
D O I K 2 . 3

• dT RA I~e ( K) :O
OF T C I,K) :BEAMII,K):0.
00 2 .1 2,JJ
CIT OP:D3 (I,J)
D1BOT:D 1( I,4—1)
hIlTCP:W1II,J)
WT:B8
IF(X.&T.2) WT : NT
Z DD— HSW (I )—D 1TO P
HGT :CC—D3.TOP—HShICI )—F ( I)eTAN (TIITCe)
C ALL S~ AVL (F (I) ,WT ,Z ,Y,T ,ET * .AYCTA ,AZETA )
A W Y ( K) : A YETA
A.2(K):AZ(TA
HCHK:IIGT.ETA
IF (IICMK.GL.0.) GO TO 2
OFT (I,K):OITOP,HCHI(
BE AM (I,K) :W1TOP
JTRAN (K ):J
OINT (K) :OFT (1,K)—O1BO T
IF(DINI(K) .GT .0.)G0 TO 1
JTRAN (K) 1
GO TO 1

2 CONTINUE
JTRAN (I( ):JJ
OF T ( I,K):DITOP
bE AM (I,X) :.~lTOP
DINT ( K) :O1TOP—O1 BOT

— 1 CON TINUE
8 (H2(I):BEAM (I,2)
BEM3 (i):BEA MC 1,3)
IF(DFT( I ,2 ) .LT.0 .)  OFICI ,2):0.
IF(DFT ( I ,3) .LT.0 .)  DFT ( I  •3) 0.
sR EA S :0 .5*OFT (I,2)e(BEAM (I,2).W 1(I,1))
AREAP :0.b .DFT (I,3).(B(AP(X ,3).~ l (I,1))
A RMS:BB.0.25.( BEA M(I,2),.dl( I,1))
*RMM:— (BB,Q . 25* C BLA MI I , 3) .W1CI . I ) ) )
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THIS PAGE IS BES T QtJALITYP &~r~~A~~~
THOM COFY FUR2~ISk1ED TO DDC ~~~~~~~

AZ S DD— HSW ( I )— O F T  1,2)12.
A ZP :OD—H SVCI )—DFT (I,3)/2 .
OINT (1):DINT(2)
DIPIT (4):DINT (3)

• CALL V OLUNE (I ,BB ,.flRAN ,OINT ,OWE T ,FLK ,AR )
AREA (I):AR
FLE A KC I ) FLK
R N Y ( l).SP’WL/ANU
AR6= (ALOGI0(RN)—2 .)..2
CF O .075/ARG ..0004
OP O CC—F( I)*TAN( THTO)
A b~YS A .Y(2)’EXP ( CAY’DFT (I,2)/2 .)
AWZS:AdZ (2)*(XP(—CAY .OFT (I.2)/2.)

• A W Y P :A 4 Y 13 ) * EX P(— CAY .DFT ( I , 3) / 2 .)
AIZP :A .1Z (3) ‘ExP I—CAY .DFT ( I,~~)/2.)
A KZS :AKZP :1•
IP(AREAS.hE .0.) AKZS :AREAS/BEP!2 (I)/DFTII,2)
IF AREAP .hE. 0. AKZP :A REAP/8EM 3 (I)/DFT C I,3 )
A KYS :2 .4*AKZS,O .4
AK YP 2.4*AKZP,0.4
AMYS :AKV S*DFT (I,2) ~*2
AM ZS AK ZS .BEM2C I)*’2
A MYP :AKYP .OF T( I,3)*’2
AM ZP AKZP*8E113t1)* .2
F VS :R h-CO C ARE AS. A MYS ) *A V V S
FYP :RHO. (AR E AP .AMY P) ‘A W Y P
FZS —RM OG*AR (A S ,RhO * (ARE A S .A I IZS )  •A W Z S
PZP — R NUG .A R EAP.RMO* (AR EAP .A MZ P)  ‘A W ZP
FXS:—CF* (OFT (I,2)—DPO )*Rh-iO* (SP.y(1)).*2
FXP~ — CF’ (OFICI ,3)—DPO) *RHO’(SP*V (I )) “2
FWX ( I):FXS,FXP

~WY( I):FYS.FYP
FWZ(l):FZS.FZP
IIWKU~~~— F ’fS’ t iZ S— FV P’*ZP4 FZ S*AR$S ,FZ P*A RMP
IF(ABS(H..N( I))  .LT .l .(—6) MWK (i):0.
MWP.I I):— (FZS,FZP)*F(j)
Mu N (1):(FYS.FYP)*F (I)—(FXS*ARMS,FXP .ARMP)
NWN ( I ):0.
RETURN
END

vv
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• ~~~~~~ IS PAGE IS BEST QUALITY PR~~ ZCAJ~
I
~PROM COPY FURIilSH~~ TO DD:C _~~~~~~~.

SUBROUTINE VOLUM E (I ,BB ,JTRAN ,DIN T ,DW( T ,FLEAK ,AR EA )
C SU bROUTINE TO CALCULATE AREA BETWEEN CALM WATER SURFACE
C AND WET DECK AND L E AKAGE FOR CROSS SETION I

DIME N SIO N .JTRANC4 ) ,DINT(4)
COMMON 16(0MM! NSW (25),y1 (25,25),W2(25 ,25),D1 (25 ,23)
FLL*K 0.

C STARBO ARD SIDEWALL
DS:OINT (2)
J5:~JTRA54 (2 )
IF (.~S.(G.1) 60 TO 1
JS1:.JS— I
HGTS:DIET—tIjCl,JS1)—DS
GO TO 2

1 116T$:DW[T—DS C
FLEA K=— OS

C PORT SIDEW ALL
2 DP:DINT (3)

JP:JT RAN(3)
IP(JP.1Q .l) 60 TO 3
.JP1:Jl-—1
HGTP:D WE T DI(I,JP1)—O P
60 TO 4

• 3 H6TP :DW(T—DP C
FL(A K:F LEA K— DP

4 AR EA BB* (HGTP .HGTS)
RETURN
END

vv
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SUBROUTINE PR (SSIT,Y,VOL ,xC ,YC ,Zc,Kc ,pc,WC)
REAL KC ,KC,NC
DIMENSION Y (13)
CO MN ONI *BC I DRAF T(25),VEIGWT
COMMON / BSLEA KF BL(A K,SL(AK
COMMON !FLO W# PC,(eF,00, V OOTP ,A O P
COMMO0~ /151! AA,AjX,AI7,AM,BB,C5,CF,DTR,OXOU,FC,G,NST,NV*L,

•PI ,RHO,S PIUO,W L,XLG ,XF G,CO LL,C0NN,FR OU DE,CC,00 ,AN U,A LOD,CL D
COMMO N /PRESI CDIS,RHOV A ,PhIC,PH1 1 ,ATP,PMAX ,AC ,DEM,IPR
COMMON # WG1! BU OYAN,INWG T, .PO ,WXO
GA M: 1 .4
H(V :Y(9)
PHI:Y(lO)
T HT:YC11)
VOLC :Y113).WL ..3
ACP:V OL

1 P C P C •V 0LC •*6AM~ VOL .’6API
V
IF(PC.LT .ATM ) F-C :ATM

10 PDIF :PC—ATN
ZARM: OD— CC—H(V*WL
AN :AC *THT c
BT AN :WL .TAN (THT) C
BTBL BTA N— SLEA I(• IF (T HT.LT.0.) BTBL=BTA IO.SLEAK
IFCBT BL.G1.18.) BTBL:18,
IP IbTbL.LT .—1 8.) BTBL :—18.
IF CBLCAK .GT.0 .) ZARM :DD_O .5,BTBL
IF CSL (AK.&T .o. ZARM:DO.0.5 .BTBL
1F ((5L~ A K•S LEAK ).NE.O,) AN :2..8B.BTBL
XC : A IO’ FDIF/ DEM C
YC :— PhI ‘AC .PD1FFDEN
ZC :—A C* FD 1FID( M
KC:—Y C . ZARHFWI.
PCC :XC*ZAR M#OJ L C
NC:0.
RETURN
(ND

vv

I
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THIS PAGE IS BEST QUALITY PRkCtICAB~t*
THOM COPY F N~IS1i2~D TO DD,Q .

SUBROUTINE VLDOT(T,AO,VOLOOT)
COMMON IAY (YEF AI .C1,C2
COMMON #BSLEAK/ BL (AK ,$LEAK
COMMON / FLOW/ PC,GF,00 ,VDOTP,A O P
C O M M O N  11541 AA,A1X,AIZ,AIi,fsB
COMMON /PR(S/ CO1S,RHOWA,PNIO,PHI1,ATM,PMAX,AC,DEM,IPR
C O M M O N  #PVO / PVOL
PMAX :AThi—PH1O1PH ii

1 ASB:2.’EB *(SL (AK .SLEAK)
AT :A I.AO•ASB
PDIF PC—ATM
IF(PDIF.GT.0.) 60 TO 20
QF RHIO
QL:AT.CDIS.SGRT(2..ABSI PD1F) IRHOW*)
WO :AO .CDAS*~ ORT ( 2.’ABS(PDIF) !RHO.A)
IF (IPR.taE.O) WRiTN6,202) T,PC

262 FORMATI1X,*PC LESS THAN ATMOSPHERIC PR (SSURE~ ,•5X, ’ T * .F10.2,SX, .PC:* ,F10. 2)
GO TO 2

20 IF (PC.LT.PMAX) GO TO 3
AR:, 9,
(aF :— CD1S *AF * S U R I (AB S ( PC— PMA X )/ R H OW A )
Q L :—AT .C D IS •SQ RT(2 . ’FD IF/RHO WA)
QC :—AO*CD1SeSQRT 12.ePDIF!RKOWA )

• - iF(IPK.51(.O) WRLTF(6,203) T,PC
203 FORMAT (1x,.PC GREATER THAN PMA X.,SX,*T:*,F1O,2,5x,.PC:.,F16.2)

GO TO 2
3 OF PHI U,Ph-$11 .(PC—ATM)

OL :—AT*CDIS*SuRTC2 ..(PC —AT M )/RHOWA)
DO :—AO*CDIS.S~ RT (2,.(pC — ATP)/RHOWA)

2 VOL OOT:QF.QL
V DO TP CL DOT
RETURN
END

vv
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~~~~~~~ ~~~ ~~~ qUALITY 
PB&.-C?ICABI4

THOM COPY 1tD~USäU) TO DD~ ... .. ..—

~~~

SUBROUTINE INERTIA (Fx1C,FVIC,FZIC,FPIC,FNIC,pxIc)
COMMON /8/ P,G, R,X,yy , Z,U,V,w,p141,THT,pSI
COMMON /5400! DYP,DYQ,DYR,DYV,DYW,DYCP,CYOO,CYDR,DYDV,DYOW,

• OZ P,OZ Q ,DZ R ,OZV ,DZW,O Z O P ,CZDD,DZD R,DZO~~,DZDw ,
* DRP,0KO, DX R,O I(V ,OKW. DKDP,OKDO,IW DR ,OK DV.DKDI,
* OMP,QMQ,OMR,DMV ,OMW,DIIOP ,OMOQ,tirOR,D”OV,OI’DW,
* ONP,DND,DNR,DNV,DNW,DNDP,DNOO,DNDP,DN0V,ONDW
FXIC: —OYDV*R•V—DYDP’R’P—DYDP.R’R.DyQW.v.Q .DZOQ.Q.Q .DjDp.p.Q
FYIC: —DZD.s’W’P—DZOU’P.O—DZDP.P’P
FZIC: UYDV*V’P.[ayDR’P’R*DYDPsPsP
FMIC: —DYD~.P•V’DYOP’R’V.(OKDP—0h0R).P*R.O51DP* R.R—P*p)

• •DZDP•h’R.DIIDP*QaR
FN IC =—OZ D PeW *Q .DZO ~~*d* P .(OM DO—OKCP ) ‘P~~C.DKDO’(P* P—O.Q)

* — DYD P’V ’G— DNDP.U* R
FKIC :(OZDv—DYDV) *V’W (DYDR.DMDW) ‘R’W.( DZDQ+D5’IDV) .V*O

•‘(OPdDR—DMDD) ‘R’G—DVDP’P’V.DZDPeV’P—DMOP .R.P,DNDP*Q•P
RETURN
(ND

vv
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• T H I Sp  
____PROM COPY F 

~~24ISkIil Ii TO D~Q ~~~~~~~~~~~~~~~~~

SUBROUTINE LINVLL (FXLV ,FYLV,FZLV,FKLV,FMLV,FNLV)
COMMON /8/ P,O,R,*,Y,Z,U,V,~~,PHI,THT,PSI
COMMON /ND0/ DVP,D YO,DVR,OYV,DYU.DVDP,DYDG,OYDR,DYDV,DYDW,
• OZP,DZO,DZP,DZV ,DZW,DZCP,DZC G ,DZDR,DZDV,DZDV,
• DKP,DKU,OKR,OKV,DKW,DKOP,DKOC,OKOR,OKOV,DKDII,
* DMP,OMO,DMR,DMV,DMW,DMDP,opDG,DMOR,DNDV,DpiDW,
• DNP,ONQ,DNR ,DNV,flNW.DNDP ,DNDO,CPIOR,OWDV,DNDW
FXLV :O.
FYLV :(DYV*V+OYW* W*DYP’P.DYO *G,DYR’R)*U
FZ LV :(OZV .V .OZW *W .DZP.P,D2I. . .Q.0 7R* R)* U
FK1.V:(DKV •V.DKW*..DKP*P,DK O*G,DKP*R) ‘U
FNLV:0NV*V .DMISi,DMP.P.DP’O.c.,OVR•q) ‘U
FNLV: CONV.V .DNW.W,ONP’P.DNG’O,DNR*R)*U
RE TURN
(PhD

vv
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THIS PAGE IS BEST QUALITY P~~cri~~p~~Z~)M COPY I..s&wj~ TOD~C ~~~—

SUBROUTiNE S(ALF M (SLZ,SLK,SLM,Y,T)
C SUBR OUTINE TO CALCULATE FORCE ANU MOMENT ON BOW AND STERN SEALS

DIMENSION Y( 13)
COMMON / 154/ AA ,A IX,A IZ,A M,8B,C B,CF,DTR,DX OU ,FO,6,N ST ,I~VA L,

•PJ,RhiC,Sh~,UO,iL,XLG,XFG,CD LL.COI.N,FROUCE,CC,DD,ANU,ALOD,CLD
*,NO,PIG,SPTURN,IPLOT,IPT,A1Y
COMMON /PS(ALI THTB,THTS
COMMON h Ay ! OWET,WAMP,WP (R.CEL,CAY,18U0.F (25) .811*
COMMON IPRES! CDJS,RHOWA ,PHIO,PHI1,ATM,PMAX,AC ,DER
COMMON /FLOWI PC,GF,00,VDOTP,AOP
PCG*G(:EC—ATM
NI:l1
TESTB :AMINI (BETA/OTP. .0001,180.)
1FIbE1 A.U.~.O..CR .TEST8 •EQ.180.) 541:1
DELSL:2..B8/NI
CON: DELSL’PCGAGE
ZSL DD—CC

C BO W SEAL
BSLM :BSLK O•
XSL :A FG .W L
YSL — (Bb.O.5*DELSL)
DO 1 1:1,511
‘V SL: V SL ‘0 EL SL
CALL SWAV€IXSL,YSL,ZSL,Y,T .ETASL,OUMX,CUMY)

• D(P ETASL
1FCOEP.Lt.O.) GO TO 1
W ID :DEP/TANC THIB)
DELZ — CO h. .ID
XSLA :XSL.V1D/2.
BSLM :BSLM—OELZ.X SLA
BSLK :BSLK.DELZ*YSL

I CONT1M)t
C STERN SEAL

SSLM:SSLK O.
XSL :—XLG*WL
YSL —(Bb .0.5*OELSL)
00 2 1:1,511
YSL:YSL.D(LSL
CA LL S~ AVECxSL,ySL,ZSL,Y,T,ETASL,DUMX,DUMY)
DEP:ETASL
IFID EP.L(.0•) GO TO 2

• WIO :O EP/ T A ICC T HTS )
O ELZ:CO N *W ID
XSLA:XSL .WIO#2.
SSLM:SSLM—DE LZ’xSLA
SSLK:SSLK,OELZ•YSL

2 CONTINUE
SLZ:0.
SLM :BSLM.SSLM
S LK = B SL K SSLK
SLZ:SLZ /DEM
SLM :SLM/DEM/VL
SLK :SLK !D(M!WL
RETURN
END

I 
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THIS PAGE IS BEST QUALITY ~~~C T ’~5L~PROM COPY FJJI~i(Isg~~ To DD,C ~~~~~~~~~~~~~

SUBROUTiNE FIN (Sx,SY,SK,SN,CR,CT,S,ONEGA)
COMMON /ALL/ AR,CBAR,COSO,P4(,SINO,U2
COMMON IBI P,Q,R,X,YY,Z.U,V,W,PHI,THT
COMMON /FCO EFI F 5P4CL,FINYV, FINYR, FINKV,FI51KR,FINNV ,FINNR
COMMO N !FINVOR/ A,8EP,D(LI,TCBAR,XFN,00P
COMMON /lk! A A,AiX,AIZ,AM,eb,CB,DUNMY,OTR,DXOU,FO,6,f~ST,NV AL .
•P1,RMO,SS ,UO,WL,XLG,XFG,CDLL,CDNN,FROUD(,CC,00,ANU,ALOD,CLD
•,NC,NG,SPTURN,IPLOT,IPT.AIY,CCO,THTO
COMMON /LIFT/ ETA (30),CLIFT,GAMNA,YIAM
COMMON ITVCCI XARM ,ZARM,BACE
U2:U..2
IF(SX.NE.0.0) GO TO 5

• CLIFT:O.2’PI
SINu:SIN(OMEGA )
CO SO SC OS C OME GA )
TCBAR :0.1
CBAK :(CR.CT)/2
A C B AR * S
AR:S..2/A
XLA II C T/ C R
GAMMA :A IANC 0.75’CR*CI.—XLAM )/S)
BbP BR—S’SINO!2•
DDP:DD,S*COSO/2..8ACE
XFN : CXLG CBAR/ (2.*WL))
DEL SI (NE—i)
DEL I:1./(IOE—1)
(TA (1) :0.0
DO 4 1:2,541

4 (TACI):ETA (I-1).DEL
VOR X:VOR y:VORK:VORN:0
CALL FINCOF (CR,CT,S,OMCGA)

5 IF (THTO.GE.0.O) GO TO 10
6(14:—C V•XFG*R)FU
CAL L VORT EX (VO RX,V O RY, V O R K,V ORP4.B (T *  ,CR,CT,S,OP(GA)

10 FBETA:— (V.XFN .R)•COSO/U
ft54:U*CBAR/ANU .SP
CF O . 0 4 4 / (RN ’ * 0• 1646)
CD:O.125*PI*TCBAR,.2
DRAG :(CO.2.*CF.(FYN CL•F8(TA)•*2/(PI•AP))’A#WL.*2*U2
FIN X:—2.’DRAG
SX:F1NX .VORX
SY:(F1NYV’V.FINYR.R)*U,VOR Y
SK:(FINKV,V .FIPKR.R) .U.VORK
SN:IF INNY.V.cIhhR’R)’U.VORN
RETURN
END

‘V
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TiltS PAGE IS BEST QUALITY P~~~fl~ I~14
FROM COPY F1J1~2~ISHED TO DDC ~~~~~~

SUBROUTIN E FIPCCOFICR ,CT ,S ,OMEGA )
COMMON FALL! AR,CBAR,COSO,N(,SINO
COMMON /FCOEF/ FYNCL,FINYV ,FINYR,FIRKV,FIPKR,FINNV ,FINNR
COMMON / FINVORI A,B BP.OELI,TC BA R,XFN,DDP
COM MON FIN! AA ,AIX,AIZ,AM ,bB,CB,CF,DTR ,DXDU,FO ,6.NST,NVAL .
‘PI,RHO ,SP.UO ,WL
IVOR :0
CALL LIFTC (O•.CL ,CL ,CR ,CT,S ,UN(GA ,IVOR )

• FYNCL :CL
F BC:COSO !UO
FINLV :CL.A#WL.*2*UO**2’FBC
FI NLR :FINLV eXF N
SFV :FINLV *COSO
SFR:F INL R*COSO
VFV:FINLV*SINO
V FR :F 1 NI R ‘SI NO
FIPJYV:—2 .*SF V
F ISJYR =— 2 .*SF R
FINKV —2,’VFV ‘bbP!WL.2.’SFV’DDP/VL
F INKR:—2. *VFR .BB P/WL .2 .*SFR’DDP!W L
FIN PeV=FINYV’XFN
F INNR :F iN VR *X FM
RETURN
END

‘V
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THIS PAGE IS BEST QUALITY P
TH(~ COPY ~W~2~ISki~) L’O DDQ ~~~~~~~~~~~

SUBROUTINE LIFTC (BET A,CL.CLD ,CR,CT,S,C~M (GA,IVOR)
DIMENSI ON CLC (30),CLCPC30)
COMMON /*LL/ AP,CB*R,CCSG,P1E,SIRO,U2
COMMON /8/ P,Q,R,X,YY,2,U,V,31JM,PHI,THT,P5J
COMMON /FIt.VOk/ A,BBP,DELI,TC8AR ,XFN,00P
COMMON / LIFTI E T A C 3 O ) , C L I F T , G A M M A ,X L A M
COMMON FIR! AA,A IX ,A I7,AM,~ b,Cp,CF,DTR .OxDU,FO,G,NST,NVAL ,
‘PI,RHO,SP,UO,WL,XLG,XFG,CQLL,CUNk,FROUO(,CC
W:IP:O.
AL PH A :AL P MAR
CCS4:(1.— XLAM )IS
CON1:2. •PI.AR/ (2.’AR )
C0512:4..(I.— COS (GAMMA ))
P14~ 4.1PI
S2:~ .S
00 40 L:i,NE
IF (AV OR.tD.o) GO TO 20
IF (bETA.LO.0.O) GO TO 19

C
C CALCULATE SIDEWALL PARAMETERS
C

SINT:SIN( T NT)
DT:CC,A A*SINT
OF CC— (WL—AA )’SINT C
O O F
IF(DT.G C.O.O) GO TO 10
D:—W L’SIP. T C
DT O•O

10 02 0* *2
C
C C A LCULAT E LIFT ON SIDEWALL
C

X L IFT:CL 1FT . U2’D2* BETA C I

C
C C ALCULATE VORTEX STRENGTH AND POSITION
C

SINB SIN (ATA NIB ETA ) )  C
P4:0.2 5.PI*D
GRK :XLIFT/ (UIH)
Y1 :SINB*WL C
Y2 E1A ( L)’S INO
Y:Y1.Y2
YP :Y1—Y2
C 1:11* C L ) *CO SO
C2:H—C1—DT
C3:H.C1.OT
Rl :Sl.RT CC2”2.Y**2)
R 1P:S RT (C2..2.yP”2)
Q1:GRK/(2.’Pi*Rl)
QIP :~~R K / ( 2 . .P 1*R 1P)
IF(Y.EG.0.O) XMU1:Pi*0.5
IF(Y.C.i.O.O) GO TO 22
XIIU1 :AIANIABS (C2/Y) )

22 W1 :Q 1* S IN(XM U 1—Oh * EGA )
I FC Y P . t C . O .O )  XMU1:PI,0.5
IF(YP.(I..0.0) DC’ TO 23
XMUI:ATA5. (ABS (C2!YP))

23 W1P :W1P*SZN(XMU1—OMEGA )
C
C SID(~ ASh CALCULATION FOR IMAGE VORTEX

I I .
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TillS PAGE IS BEST QUALITY PRLCTI~ApT~FROM Copy Typ~ISi~~ TO DD,C ~~~~~~~~~~ .—

C
R2:SWRT(C3a.2.Y’.2)
R2P:SQRT (C3”24YP’’2)
Q~: GRK/ (2.’Pi*R2)
02P 6RK!(2..P1*R2P)
IFCY. ED.0 .0)  )CMU2 PI’D.S
IF(Y.1O.O.0) GO TO 11
)CKU2:ATAN(AB5(C3~ Y))

11 W2:02•S1N(XMU2 .OMEGA)
IF(V P.(O.0.0)  X MU2:PI’O•S
IF(YP . Ehà.0.0) GO TO 12
XMU 2 *TAN (A8S(C3~YP))

12 .2P:i2P*SINIXNU2.OMEGA )
V:•1,W2
VP: • 1 1-. W2P

19 ALPHA :—WPFU
ALPHAR :—W!U

C
C CALCUL ATE FORCE ON FINS
C

20 CETA :CR—CR*ETA (L)*CON
CLc~R:CONI*A LPHAR
C LO: CON 1* ALP HA
CCN3:0 .5’ (CE TA/C BAR . P 14* SO RT ( 1 . C T A C L ) 2 / S 2 ) (1, CTA ( L)/S ) ’CON2 )
CLCR (L):C0N3*CLOR
CLC (L):C0513’CLO

40 CONTINUE
CA LL SIMPSKCP1E,NE,OELI,DELI,CLC,CL)
CAL L SIhiPSN(NE,NE,DEL1,DELI,CLCR,CLR )
RETURN
E N D

‘V
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QUALITY P~ACTZCVA$II~
THOM COPY 7L7l~N~ISIiED TO DD.C ~~~~~~~~~~

SUBROUT INE AUXIL Y ( PHI  ,U,XU DCLU,OPiPHTF,DYPHIF)
CO MMON /154 /  AA ,  AIX ,AIZ ,A M~,8B,C8,DUM’Y, DT D ,DxQ U,FO,G,,~ST,NV aL,

*PI,R MO,SP,00,wL,XLG,XFG,CDLL,CDNPs,FRCUC(,CC,DO,ANU
COMMON IUI GI (2~ ),Sl(25),SI(25),PHOC25).TORAF(25)COMMON / iALL / V O LO , DRAGO, DELD RG
Y Q ( X 0 , X 1,X2,Y 1,Y2) Y 1 . C X O — X 1 ) * ( V 2 - Y I ) / ( X 2 X1)
COIDTRA ):2./ (SP/SQRT(G.DTRA )).a2
N V A L:5
IF(U.NE.1) GO 10 10
KO NVALI2.1
UO:1.
CON:SP’WL/ANU
RN :UOe CON
ARO : (MLOG1O (RN )—2 . )**2
C F 0: 0 • 0 7 5/AR 6.0 • 000 4
RN:Ue CON
ARG (ALO61OIRN)—2. )*’2
CF:0.075/ARG..0004
SiAO GI (KG)
SBAC:S1(KO)
VOLO :SI (KO)
TCiRAFO TDRAF (KO) *WL
C80:0.0
IF(SBAO.L (.0.0) GO TO 9• CFb :CFO * SW AO /S8A O
CbC :O .029/SQRT (CFB)
C F F~:Cl( TDRAFO
IF (CFR•LT .CBO) Ch3O:CFR

9 ORAG0 :CCFO.SWAO .CBO’SBAO)’UO*’2
10 DO 1 1:2,NVAL

K:!
IF(PHI.GL.PHO (I).ANi~.PHI.LT.PHO (I—1)) GO TC 2

I CO~ TINU (
2 SWAFt :YO (PHI,PHOCM ) ,PHO (K—1),GI (K),GI(K—1 ))

S 8 A K : y o ( p h 1 , p h L C K ) , F - p t C ( K — i ) , S 1 C ’~) , c 1 C K — l ) )
VOLR:YC (PHI,PHOCK),PHC (K—1 ),SICK),~SICK—1 ))
TUR AFR :YO(PHI,Ph-$O (K),PCOCK—1 ),TOPAF (K),TDRAF (K—1) )*WL
CBR:0.0
lF (Sø~.R.LL.0.O) GO TO 11CFE.:CF ‘S .AR/SBAR
CBk:0.02~ /S~ RT CCF8)
CFK :CQ (TDRAFR)
I F C C F r ~.LT.CBFt ) CBR:CFR
PHIM :—PhI

11 00 3 1 2,NVAL
K I
I F (PM 1M *G1 .PHO (I) .AND. PHIM .LT. PHC (1—1 )) DC TO 4

3 C ON TINUE
‘. SIAL:YO (PHIM,PNC(K),PIIC (K—i) ,GI (K) ,GI CR— i) )

SEAL: YO C PH1M ,P t1~~ (K ) P~iO C K—i) .S1( K) ,S1( K— i )
VOLL YO ( PRiM ,PRC CR ) ,PMO (K—i) ,SI( K) ,S IC K—i))
TDKAFL :YO (PH1M,PHCCK ),PMOCK— l ),TDRAFIK),ID RAFCK—1)).WL
CBL:0.O
IF (SBAL .Lt.0.0) GO TO 12
CF5 :cF •S W AL e’S BAL
C~ L:O.Q29/SQRT (CFB)
C F R:C~ ( TDR AF L
1F (CFR.LT .CBL) CBL:CFR

12 CGNTflIUE
U2:U *U
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TillS PAGE IS BEST QUALITY PRAC.TIC4,B~~
- • 3~OM COPY 11.~~ISk1ED I’O DD,C ~~~~~~~~~~~~~~~

SUBROUTINE T HRUST ( U,T HT ,DFT H,TX,TY , TK ,T N,SHIPDG,TOT LDG)
DIMENSiON OEL4(4),OPC4),T4LT(k)
COMMON /1541 AA ,A 1X ,ATV ,AM,8R,C9,CF,DTR,D%OU,FO,F,,,4ST,NVAL,
•PI ,RHO,SP,UO,IJL ,XLG,XFG,COLL ,CONN,FROUDE,CC,00,ANU,ALOD,CLO
•,PJC,NG,SPTURN .IPLOT,IPT,AIY,CCO,THTC’
COM MON /THRST/ THIGH,TLOW
COMMON /TVCC/ XARM,ZARM,BAC(,YARM (4),DELJ(TC4),RMCP (4),RJ(T
•,ALPHA (4)

DL LT C XX) XX
D(LH(YY):0.01334*YY**2.0.2667*ABS(YY)
FMIP(SS) 16.6’CSS/1.689)’*2—190,’C55/j,689).528000,
DGMOM(WW) :WW/1 .689*C390O .—350..C4.—TCO~ 4 ) )
RMIP (SS): 2.4’(SS/1.68~~~’e2—i0.’ CSSF1.649).82000.
TCUN3:0
TCON4 :RKCP( 1 )‘RMCP(2) .RMCP( 3).RMCP(4)
IF (U.NE.1.) 60 10 1
CA LL RE)O LO (SP ,CCO,T HT O, S PCIPD G ,T OT LDG)
THM( AN: 101 LOG
IF(CC.NE•CCO) CALL RESOLDCSP,CC,THT,DUMMY,00MMY )
V:SP
THMIP=FNIP (V)
CCaFF= ,5•RhO*WL**2*SP**2
C (.51 ST 1:10 00 0 0 .1 COFF
CONS T2 :60000 ./COFF
THM1PO:THMIP/COFF
TMMARG :TCCN3ICOFF
T h-i C 0511: ThM1P 0—1 HMARG
T MM C P = TM CON T
THRCVS:RNIP( V)/COFF
TNT URNs TI4MLAN
IF(SPTURN.EQ,SP) GO TO 3
CA LL RESO LD(S PT URN ,CC, THT, DLJMMY,T HTIJRN)
IHM1PO :FPtIP (SPTURN)/COFF
1HCONT :Th-tM1PO—ThMAR~3 IF(TMTURN.GT.THCONT) THTURPl:THCONT
01FF TNC 05.1 —THTURN
THR WD:THMCP —01FF
DO 4 1:I,kJET
O(L~J CI ):OELT(DEL4(T (1))*DTR
DP i):DELI-iCO(L .JET I))
IF (ABS IDLLJETII)).EG.90.) DP(I):D.
Ir(DELJET (I).E1..160., DP(I):O.

4 CONTINUE
CO TO S

1 CONTINUE
V :U•SP
CALL RESOLD (V,CC,THT,SpCIPDG,TOTLDG)
TMMIP=FMIP V)
IHMIPO:THM1PFCOFF
THCONT :TMMIPO—TpthARG
I HRO D: T HCCNT —01FF
IHREVS : R MI PCV )/ COFF

5 CONTINUE
1F (OFT M.NE .O) GO TO 26
DO 25 I:1,NJ(T
A NJ ( T : PC C T
TJLT ( A  ):THCONT/AN.J(T
TJ(TCI):TJETII)— (1.—RMCP (1))*CONST1
IF (OELJET (1).EQ .180.) TJET (I):THR (VS— ( i._PMCP ( I) )‘CCNST2
IF(ABSIO(LJ(I (I)).EO.90.) IJETCI ):THPEV (1.—RPICP (I)).CONST2
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THIS PAGE IS BEST QUALITY PRACI’ICA,BLE
FROM COPY 1URJ~ISkIED 10 ~D,C ~~~ —

TJLT ( I) :TJ ET( I) ’ ( i . D P( I)/ l O O . )
25 CON TI NUE

• GO TO 10
26 CONTINUE

PAIR:NJ(T/2.
THIGH :ITHMIPO—CGMOM (V) ~C0FF)/NJE T

• R faD:ThRGD/PAIR
IFITPI IGH,GL.ROD) THIGH:RQD
TLOW :RDD—THIGH
NJT :NJET—3
DO 40 I:I,NJT,2
TJET (1):THLGH

40 TJET (I.1):TLOW
IF(D FIH.GT.O) GO TO 10
DO 50 I:I,NJT,2
TJLT (I):TLOV

50 TJET (1,1):THIGH
10 TX:C

TV :
1K:..
TN 0.
00 30 I:1,NJET
T1 TJLT(I)
DEL 1 DELJ C I)
ALF1 :ALPHA (I )‘DIR
TX :TX.TI*CCS ( ALF1) .COS( DELi)
TY TY,T1 .COS (ALF1) ‘SIN (DELiP
TK :TK .Ti.SINCALFI)*YARM (I)
TN=Th—I1 .COSCAL F1).COSIDEL1)’YARM (I)

30 CONTINUE
IF LOFTIi.LG.C .) TX :TX—OGMOM(V)/COFF
TK :TK—TY •ZARM
TN :TN—T Y *XARM
R E T U R N
END

‘V
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THIS PAGE IS BEST QUALITY P A ~TI~A~TZ
~EOM ~~PY I C ISIiF ~ TO 1~DC

&uRp~0UTI..1 RC~ CLD (V ,C~ rT,TkI’, . 1 ’TLD’)
CGHMLN IALCI ORA FT (..b),WE!&t T . 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.~ L~ TH ,SrRA YL
C(~

-,KC.. / i t.! AA ,~~1x ,1-I ,AI .’~- ,CE ,C~ ,T f  ,C Cu,F(~,O,~
’$T,t.vAL,

•h- I ,~ K.. , ~h- ,U~) it- I
Cur,M~~:. /t-~~E A L /  ThT F~,Th’ i~c r ~~ /1E~~~/$.x,~~Y ,SK,C ,I ~~~~*~~o c  ~~~~~~ ; v

~~r ,~~(A L ( . C ,

~~~~~~ /..~LL/ VLLD,DRAG’ ,C(LOFG

IF(V.’.L.$t- ) GO TO 10
b (JL :bUuF/CURL
HLL:0F~F T / R U b L

10 C: V~~L~. r O (,I4(I(.,I~T *2.*OLa *3
F— W/ S~.F.1 (‘

.&~J~ L1
C~~):.r 1f.nh/ ( RO .i)/D!IbL .*~
C A L  .. i -vC  (~~4~,h~”L,C,F, ,.A VVT )

/. V I i, : r • 
r • ,  Q • ~ t • .~L • •C 11 * •2 •~ vii

. LLL ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
CALL SP-LY (V ,S~ ‘~~ vL ,SP i~y 3O )
CA LL ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Fr.L(z..i~* )*.~L *2*St- ..~
S,~I ’~~~,:2. ~~~~ A G~ .h.~~Ir
F ~~~~~~~~~~~~~~~~~~
~ -iF :~~:( ~~~~~~ ~~~~~~~~~~~~~ • $ F~~ YC 5[ -LD ’VI ~ C)/~~~Ei
T L 1 L D ~~:Sfl Ir ~..,

.
~~LLOc( .F1 C / ~~.L’

R I  I t~ ~.
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THIS PAGE IS BEST QUALITY PRLCTICA1~~
FROM COPY PUPrt34ISHED TO D~Q ~~~~

SUBROUTINE VORTE X SX,SY,SK,SN,B(TA,CR,CT,S,OMEGA )
COMMON FALL! AR ,CBA~ ,COSU,NE,SINO,U2
COMMON /FINVOR/ A,b8P ,U[Lj,ICRAR,xF14,00P
COMMON li RI AA ,A IX,A!Z,AM,B~~,CB,CF,DTR ,DXDU,FO ,G,NST, NVAL ,
‘P1, RHO, SP, UO~ WI
IVOR:1
CALL LIFTC (B(TA,CL,CLR,CR,CT,S,OMEGA, !VOR)
CONI :A/WL*’2aU2
C0512:PI ‘AP ’CONl
FI 5.LR:CLRaCON1
FI NI CL.CCN1
ORA G R:CLR*.2!CON2
DRAG :CL *e2/C0512
SFR:FINLR *COSO
SF = FL NI * COS 0
SX :— (DRAD .DRAGR)
VFR :FINLR .SINO
VF :—FINL*SINO
SY:~ F+SFR
SN:SY.XFR . (DRAGR—DRA G ) ‘BBP/WL
SK:CVFR—V F) ‘BbP/~ L—SY * Q0PIWLRETURN
END

‘V
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THIS PAGE IS BEST QUALITY PR&Vfl(~5~~
~~OM COPY 1WJUSZI.ED TO D~~

• SUBROUTiNE AERO (SLFT,D (PTPh,B,B1,DRFT,V,A (RODG)
APiU:1.56(04
R Os 0 .0 02 38
R(tSOLD:V .5LFT~ AN U
CF :0.455/ALOGXO (RENOLD)*.2.58
CO F :DEPTP4—D~ FT
ARLA :SLFT* ( B.B1.2.’CON)
FRONT:COP* (B+81’2.)
PR(:6.S’RI’V’’2
FR 5.TDG :FkE*O .6’FRONT
SKINDG :PRL*CF’APEA
AERODG :FRNTOG,SK INDS
RETURN
END

‘V
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THIS PAGE IS BEST QUALITY PR&~~~flCA~?L1FROM COPY !UJ~N.I~lj~~ TO ~D•C _ ._

SUBROUTINE WAVE (BOL,NOL,C,F,TOTAL)
PI:3.14i59
1:10.

W1 2..V
TOT AL : V A V(0G:0
DIFF :EPSL:1.
GANA :i.—C
B iOL:C!14.13.*NCL)
AKi 0.5/F**2
F 2sF ‘F
BDL2:2. .BOL
W1 PI:Wi!PI
CON) ~4.’P1*F2lW
CGN2:2.*PI.80L/W1
COt 5:2.’AKi’HOL
CON6:8.*810L/C AKI*S0RT (W!F2))
CON1 :2./BCL*SQRTIAK1FW1 )*GAMA
DO 10 54:1,20
AP~:Pi 1
ALFA :CONI*AM
BETA:CON2 *A M
CON 3:SURT(i .‘ALFA .’2)
F AC:(1..CON3)ICONO
Sb:SURT C0.5.O.5*CON3)
S82:~ B’SB
CO5.4:AK1 ‘SB
SIGMA:CCS (CON4)ISB SIN (CON4) /(C0514’$B)
DLLT A :COPIS . 582
A:CONb’C (.S (BETA)’(i.EXPC—D ELTA ))*SIGMA/SB2
IF(AM) 5,6,5

S PSI:W1PI*SIN (BETA)!AM
GO TO 7

6 PS I:80L2
7 B:CON7’S IR(CON4) ’PSI

hAVLOG : (A—b ) “2.FAC’F2’(PSL’WAVEDG
(PSL:2.
I F ( T O TAL .EQ.0 .)  GO TO 8
01FF :ADS C ( W A V E O G — 1O T A L ) IT O T A L )

8 TOTAL :WAV (DG
IF (D1FF.L (.0.OO1) GO TO 99

10 CONTINUE
95 RETURN

(ND
• VV

- 

147



PAGE iS BEST QUALITY
oQ~

y TO D~)~C . ..... .-~~~

SUBROUTINE SPR A’V (V,SPRAYL,SPRYDG)
COMMON /ABC! DRAFI (251
COMMON FCDC/ 0R15E173) ,(NTPC((23),CI4IN((23),NSPRAY (23)
COMMO N FIN! £A ,A Ix ,A I  Z ,AM ,BP ,CB.CF ,QTR ,DXUU,FO,G,N$T ,NVA L,
•PI,R MO,SP,UO,WL,XLG,XFG,CDLL,CDP,N,FkOucE,Cc,00,ahU
CO MMON ISIS! HSi(25),D(LI,Q(12,511,N2
FAC:3.14159!180.
COP4=0.5.V.~I6
00 10 1:1,5151

10 H~ PR AY(I) O.
00 30 I:i.WST
AN G=SIN(ORIS((1).cAc ).SJN ((NTRCF (1)*F4c)
,I3PRAYII ):CON’AP~~’ANG
CMK:CMIP,((I) —DRAFT I!)
1F (Cp’X ,Ll.O.O) CPCK:0.0
I1(biSPRayCI).GT.CHK) HSPRAY (I):CP4g(

30 CONTINUE
CALL SIMPSN(N~ T,N1 .DlL I,D(L2,HSFRA,,ApLA)M:Nj.1
U:V .COS (Li.TRCL (P)’FACI2.)

CF:0.O7SICAt.OGio(R (NCaLO)—2. ) ‘‘2 ‘0.0004

$Pk ‘V 06 :1- RE s A RE A ‘2.
RETURN
(ND

VV
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THIS PAGE IS BEST QUALITY ~~~
FROM COPY YUR1U~1~~

) TO DD,C. ~~~~~~~~

• • SUBROUTINE 5EAL (b,V,SL8OW,~ LSTR N,TP4Tb,1hTS,~ (ALD6)• COMMON /ALC/ D~ AFT (7’S.J
• - C i M W O t .  / I ~ I
• 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~• CC’M ’ON /~ fS/ ~
.
~~~~~~~~CLj,D(L2,~~

RiO~ :0.

V A ~ U: V / £ N U
SL1 :D~~LFT (~~3)/SIN ( TR~~b)
iF 5L1.oL .~ Luo~) Si1~~SL 8V)tjSL~~.L1.C..S (ThT~.~
IF (bJ ~~~L.LF.0.) Ct’ lO ifl
1~E’ uLD~~~C’.SL .VAKU
CF:0.C4.4/(~~LNCLO *.(J./6.))
c~~~~~~~~L i1’~iOWSL .CF

10 CL~-TI.iU(
r~-T~..N:o.

(2  ) /$.It.( IriS)
(SL ..i,E.SL5T~~~) SL �~ SLST~....STr ’.~.L:SL2 .CO SCTKTS)

~.i. T~ 20
F L ’ .. I C S  STr~~~ L ’V~~~U

K ... 1 I- .: - t ~~ ~~~~~~~~ CF
.~~
‘ 
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THIS PAGE IS BEST QUALITY PBAC1’V~A~Wr1
FROM COPY PUR2USHED TO DDC ~~~-

SUBROUTINE DIAG (DY,OK,DPi,F,R,V)
COM MON ~IN/ AA,AIW,AJZ ,AM ,bb,CB,CF,DIR,D%DLJ,FO,G,NST,PVA1,
‘RI ,Rh0,SP,UO,WL,xLla,XF G,CDLL,CDNN
COMMON/ X! ISECTC2S) .01(25) ,DFI(25),0F21 (25),0F31(25),DCI(25),
‘OC2I(25J.DC 3IC251,DCFI(25),DCF2I(25),~~C2FI(25),B3B1(25),xSI(25)
COMMON IZI AR,ARL,ARL2,ARL3,AP~~,APF2,A F3,LPFL,ARFL2,ARF2L,B3B

R2:k.R
V 2 V
RP2:R’F’2.
VP2:V ‘P’ 2.
VR2:V.R.2.
VO:V~ FO *P~WL
0Nt 516%U.O,VO)
IFCR.EQ .0.)G O TO 7
X 0 :— V O !R

7 CONTINUE
A REA :D 1 (NST )
AREAL :DF1 (NST)
ARC AL2 :0F21(NST)
ARE iL3 DF3I C P1ST)
AR IA F DCI (NST)
ARE AF2 :DC2ICPEST)
A KEA F3 :DC3 I( NST)
ARE AFL :DCFI (NSI)
AFL2:OCF2I(NST)
AF2L:DC2FICNST)
D’V~ —CDLL~ CV2’ARLA.S2*ARLAL2 .P2 .AREAF2 .VR2 .AREAL—RP2’AREAFL—

*VP2*AREA F)
DN —COLL’( V2*AR(AL .R2*APEAL3 .P2.AF2L .VR2.aDEAL2~ RP2.AFL2_
•VF2’A ~.EAFL)
DK :CDLL*(W2’AR(AF.R2sAFL2+P2 .AREAF3 .V °2*ARLFFL—RP2 .AF2L—
‘V P2’AR(AF2)
DKV —CDNR*b38ICI~ST)’P.ABSCP)
IF(R.I*~.0.)GO TO 2
IFI XO•XLG ) 2.2,1
IF(XO—X F& ) 3,2,2

3 CALL GEOPHxO)
A V —CDLL.1V2.AR.R2*ARL2.F2.ARF2.VR2. A FL_RP2*ADFL_V P2 .AR F)
A5.:-COLL • (V2.ARL.R2.APL3.P2.A ~ F2L.VR2*A PL2~~ P2 *A RF L2~ VP2.APFL)
A K:COLL’ (V2’ ARF .k2.ARFL2.P2* ARF3.VR2 ’ A~ FL—RF2 .APF2L—VP2*A PF 2)
O1~EP:SI6N(1.0,—x 0)
DY:(D’V—AY.2.)*ONEP
IJK (DR—AK’2.) ‘ONEP
ON:(DPi—AN’2. ) ‘GRIP

2 DY:DY.ONE’2.
DR:2..DK’ON( .DRV
0 54: 054’ ONE ~2.RETURN
END

‘V
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J~ OM COPY JtJI~1USkii~

) TO D~~~Q ~~~~~~~
.—

6’

SUBROUTINE G~OM(x0)
COMMON FiNl ,~~A,AIX,A1?,AM,Bb,ce,CF,DTR,DXDU,FO,G,N$T,hV*L,
‘P1 ,RHO.SP.UP,1L .XLb.XFG,CDLL,CUNN
CO MNON/X / $ECT (25),DIC2S),OFTC2S),DF2!(2b).DF3I(25),OCI(25).
•UC2I(25)4C3I I25),OCFI (25),ocF2I (25),Qc2cj~~ 5),~~3BI 2s),A5u(25I
COMMO N /ZI AR,ARL,ARL 2,ARL3 ,ARF,ARF2,ARF3,ARFL,ARFL2 ,APF2L,83B
YOUO,X1,X2,Y1,Y2):Yi.(XO—yi).(y2—yl)/(v2—x1)
XO :X0+ AA !I1~L
DO 1 !:2,NST
K I
I F CX O . G E . X S W ( I— 1 ) . A N D . X 0 . L T . X S W ( I ) )  60 TO 2

1 CONTINUE
2 R isK—I
Xi:I.Si( Ki)
X 2:X S V (K )
AR :YO (X0 .xl.x2,DI (KI) ,OI(K))
ARL:Y0 (X0 ,X1 ,X2,OFI(K1),UFICK ))
AR L2 YOCXO,Xi.X2,0F21(K1),DF2ICK))
ARL3 YO IXG,X1 ,X~ ,DF3I (K1),OF3I(K))ARF:YO (X0.X1 ,X~~,OCI CR1) ,DC1 (K))
AR F2 YO (XO,X1,X2,0C21(Ki),0C2! (K))
ARF 3:YO(KQ,XI,X2,0C31(Ki),3C31 (R))
ARF L Y O  C X C,  Xl ,  X 2 , D C F I C  K!)  ,DCFIC K) )
A R F L 2 ~ YO(XO,Xi,A2,DCF~~T (Ki),DCF2J (K))ARF 2L :VO~~t 0,Xi,X2,OC2Fj(K1),DC2FI (K))
b3b~ V3 xO ,X1,x2,B3 eI(K1),8 3Bj (IO )
R E T U R N
END

‘V
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~~~~~~~~ TO DDC ~~i”~~~~~

~~~~ GOFY

SUP.ROUTINE DRA GVICZ,DM,DK,F,V,O,K)
COMMON /BLLMI 8 EA N I2 5 ) , 6 L A M j ( 25) ,b (A ~~Fj ( 25 ) ,BE Av F2I(25 )
,8EA54F31 (2S)
COMMON /b (1542I BEM2 (25) ,b(M3 (25) ,*RMS,ARMP
COMMON FIN! AA.AJX,AIZ,AM,BR,Cb ,CF,DTR,OXDU,FO,G,NST ,NVAL ,
•P 1, RHO, SR , UD, WL, XLU , XFG , CDLI. ,C
COMMON IXI OUMMV(300 ),X~ V (25)
COMMON /21/ BR,BRL.88L2,BRL3
DiMENSION F(25)
TR AR (N. V 1. Y2 ) :0 .5’ H’ CV 1~ Y2)
00 3 I:1,PiST
BEAM (1):BLM2CI)
IF(N.E6.3) BEAM (I):BEM3 (i)

3 CONTINUE

W02:W’Q*2.
ONC:SIGN(1.0,V)
IF (O.Eti.O.) GO TO 17

17 CONTINUE
BEAMI(l ):BEAMFI (i):8EAMF2ICI):BEAMF3IC1):0.
00 14 I 2,NST
H :XSV(I )—XSUtI— 1)
M:h iJL
BFI :BE APC (I)*F (I)
BF I1:BEA N( I— 1) ‘F( I— l)
8F21:BFI’F(I)
BF2I1:8FII.F ( I—i)
bF3i:BF21.F (I)
8F3 11:8F2 11 ‘FIT—i )
BI=TR~ Pth,BLAMU ,BEAM (I—1))
82:TRAPUI,BFI,BFII)
B3 :TRA P (H,8F21,BF211)
B4:TRAP CN,BF 31 ,bF3I 1)
BEA MI ( 1):BEAMI (1—i ).B1/IJL..2
bLAMFl (I):b [AMFI(1—i)i82/VL ..3
B(AM F21 ( I):8EAMF2ICI—1).B3~~~ .,4
BE AMF 31 (I ):BEAPIF31 U— i ).B4/VL..5

14 CONTiNUE
AR (A :bLAM I (NST)
AR E AL BEAMF 1(5451)
AR (AL2:BEAMF2I(NST)
AR EA L 3:BEAMF3I (NST )
D2:—CON N’(.2’AR(A .Gt~”A Rt AL2—VQ2 .aQ (AL )
Ml: C ONN ’ (  .2 ’A REAL .C~2’A R E A L3— d O 2 . A R EA L2 )
IF(U.(t..O,) GO To 12

• IF(X0 .xL~~) 12,12,11
11 LF (X 0—XFG ) 13,12.12
13 CALL &EOMV (X0)

bZ:—CONh*(~t2SBR4C2*BRL 2~~ O2sBRL)
854:—CaNt.. (W2’BRL .02a8RL3—W02*BRL2)
ONCP=SXGN(1.,—x 0)

• DZ~ (QZ—BZ .2,)’0RLP
CM: C UM—BPC’2) ‘054CR

12 DZ:DZ.ONE
054:054* ONE
A P M A R M S
J FCK .EQ,3) ARM :ARM P
OK: DZ*ARN

C
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RETURN
END

VV

- 

153



- —

TH AGEISB ?QU~~~Ø~~~~~~~~~
~~~ ~LJI12~1S~~~ TO 1~~ .~~~~~~~ • 

•

SUBROUTINE GEORVIXOB)
C •
C VERTICAL DRAG
C

CO MMON FBEEMI ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
‘,BE AMF3I (25)
COMMON /154! AA ,A IX,A I ? ,AM ,BB,CB,CF,DT R ,DXDU,FO,G ,NST,NVAL,

COMMON IX/ OUMMY (300),xSwC25)
COMMON /211 BR,BKL,BRL;,8R13
VO (XO,X1,X2,Y1,y2):yi.(xO—x1 ).(y2—y1)!(X2~ X1)XO8:XOB .AA/WL
00 1 1 2.NST
K l
IFI XOB.GE,X5V(1—1).AND,y0B.LT,X$VCI)) GO TO 2

1 CONTINUE
2 K1:K— 1

X1 :XSd( K 1)
X2:XSW (K)
ø~~ VO (XOB ,X i,X2,BLAIV I (Ri) ,BEAM I (K))
BRL VOIAOB ,X1,X2,RLAMFi(Rj),BEAHFI (K,)
BRL2 :Yu CXOB ,X I ,X2, B(AMF2IC RI) ,B E A IV F2 I(
BRL3 :V0(XUb,xl,x2,BEa.MF3I (K1),BEAMF3X(K))
RET URN
(ND L

‘V
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THIS PAGE IS BEST QUALIrypMCrx~L~x~2~~)M COPY FW~NIS1lE~) I’O DDC ~~~~~~

SUbROUTINE DER C AA,BB,CC,00,TMT,PI4I,NST,Nj,542,D(L1,DE12,M$W,NSW ,

• •XSW,til,W1,.2,RHO,WL )
DIMENS iON NSW(1),NSIi(1),XSW (1)
0154(5451GM 0(25),F(25)
DIMENS1 0~ 8(25).S(25),CS2(25),SW*YC (25),H(AVC (25)
DIMENSION Di(25,25),Wi(25,25),V2 (25,25)
DO 1 M:1,P~ST
F ( M ) :X SV ( P t ) .VL — AA
D(M) :CC—HSW (PI ) —THT’F (M)
IF(O(M).LT.0.) D(M):0.

1 CALL SLCT (N,D,D1,NS.,W1,V2,B,S,CSZ,DD)
C COMPUTE DERIVAT IVE .S WIT H RESPECT TO F
C FORM INTE GRA LS
C INTEGRATE A XIALLY

CALL INTE6(B,D,F,S,CSZ,N1,542,D (Lj,DEL2,’4~ T,SWAyC,HEAVC )
CALL Le(jNDIM(BB, RHO.WL,B,D,F,CSZ,SWAYC ,HEAVC)
RETURN
END

V V
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GE IS BEST QUALITY PB~~T~~~~~

~~ )M COFY EU US13~
) TO D1~Q ~~

SUBROUTINE SCCI(I,D,O 1,NSW,u,I,V2,B,e,CSZ,00)
DIM (N~ 1ON B(25),S(25),C~ Z(25),D1 C25,25),W1(25,25),V2 (25,25)
DIMENSION D(1),NSW (1)
FLINER CX,X2 ,X1,Y2,Y1):Yi .CX—X1 )’CY2—Y1 )11X2—X1)
BU):S1I):CSZ(I):TEYP1:0.
DRAFT :D(I)
JJ:NSW(I)
RI 1:0
DO 1 J:2,JJ
RD2 DI Ci ,J)
RD 1:D1( I,J—i)
RW 12:..1(I,J)
RW11 .1(I,J--1)
RW22 :~~ ( 1,J)
Rtt 21:12 (i,J—i)
1F (DR AFT .LE.0.0) GO TO 4
IF (URAFT.GL.D1 (I,J)) GO TO 2
Rt-i12:FLIN(k ( DRAFT, P02, PD1,RW 12,R Vii)
RW22 :FLINER(DR AFT,RD2,RD1,R b22,RW2i)
KL1:1
P02: DRA FT

C
C CALCULATE ARLA ,GIPDER,APCD BEAM
C

2 DELD :R02—RDi
V 10: R~ I 2—Ru 11
V2O R.22 RW21
OELS O.S’OELD.CRW12’RW11.RW22.Rh2i)
B(1):Ri12~R l22
SC 11:5(1 ).OELS
BJM1 R.ii.RV2 1

C
C CALCULATE CENTROID FOR AREA ABOUT ‘—AXIS
C

102:01! )—RO2
SMOM: (TO2 .0 .5~ DELD )‘&JMi ‘DELD.

‘C T02 .D(LD/ 3. )‘O. 5 ’ DE LD ’ CW ID.120)
TE NP 1sT E MP 1• SM CM
IF(KL 1.EQ.1) GO T 0 3

1 CONTINUE
3 CSZ(I):IEMPi/S (I).DD—D (I)
4 RETURN
(ND

‘V
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THI S PAGE IS BEST QUALITY PRA~TX~~PLR
• F R U a O P Y F~JRl~ISHED rO DDC __.

SUBROU TINE INT (GC8,D ,F,S ,CSZ,N 1,N2 ,DELI ,0r12 ,NsT ,SvAyc ,HFAV C)
DIMENSiON S w A y C ( 2 5 ) , , C EA V C C 2 S ) , 8 2 ( 2 5 )  ,b2F(2 ~~),B2 F2 C 2 5 ) , B2 C S 2 (2 5 ) ,
•B2FCSZ 125) ,B2~)DF (25) ,B2FODFC 25) ,02 (25) .D2F (2 ~~) ,D2F2 (25),.D2CSl12 S) ,D2 C5Z2 (2 5) ,D2DDF(25 ) . FC~~Z ( 2 5) , D CS ? D F C 2 r ) ,D 2 F O O F (2 5 )
•,D2CZO F (25)
COM MON IINT (GL/ B2I.82F1 ,82F21.B2CSZ I.RFCS7I,B200FI.BFDDFT,
•021,02F1,C2CSZI,OC’221 ,D200FI.DFCSZ1,DFDOFI.D2F21,0CZDFI
DIMENSiO N BCI),OC1 ),F( I).S(l).CSZ(1)

C
C COMPUTE OCRIV ATIVES OF 0 AND CS? WITH RESPECT TO F
C

Njl Ni—1
DC SZ OF (  1) : ( C $212 )— C SZ (  1)) /0(11
OCSZDF (NI): (CSZCN I )—CSZCNI1 ) )/DELI
DO 1 I:2.fl11

1 DCSZ D FC I ) :O .5 * C SZ ( I . i )— C S Z (  1—11)10(11
N21:N1.i
N22:N ST—I
DCSZ DF(NS1) : C C S Z ( N S T ) — C S Z ( 5 4 2 2 )  1/0(12
00 2 1:t121,N22

2 DCSZDF (1):O.5’ICSZC141)—CSZ (I—I’,)/DEL2
C
C COMPUTE AND STORE VARIABLES FOR AXIAL INTEGRATION.
C

• 00 3 j :~~~g5T
IF(B11).EO.0.0.Oh*D(I I .EC.O .0)  h L A V C C I  1:1,0
IF (b (D.E~~.o.0.OR.O(I).CQ.0.O) GO TO A
ItEAVC (1) :5(I)/B (1)/DC!)

A S.AYC (I):2.A’P~CA VC 1 11.0.4
b2CI ,:BCI )‘84 I) .H(At/C ( I)
B2 FC I ~:B2(I) ‘F Ill
b2F2 ( 1)sft2F (I )‘F(I)
B2CSZ(i):B2 CI ) .CSZ C I)
B2FCSZI1):82F (1)*CSZ(I)
B200F C1):82U).OCSZOF (t)
B2FOOF ( I) :B200F( 1) ‘F( I)
02 (1):OCI).D (I)’SIAVC (I)
D2F (11:02(1) iF CI)
02F2( I ):D2F( I) ‘FIll
02C5211 ) :D2( I ) ‘ CSZ C 1)
O 2CSZ2C I):O2CSZ( I) ‘CSZ C I)
D200F ( I ) : 02 ( I ) a D C SZ D FC I )
D2FCSZ C I):02F( I )‘CSZI I)
O2FODF ( I )~~D2DDF ( I)’FC I)

3 D2CZDFCI ):D2II)*CSZ (I) ‘DCSZDF(I)
C
C PERFORM A XIAL INTEGRATION
C

C ALL SIMPSN (NST,Ni,CCL1,0CL2,82,B21)
CALL S1MPSNCNST,N1,C (Li,D(L2,M2F ,B2F!)
CALL S1MPSNCNST,Nj,DELI ,DEL2,o2F2,B2F2I)
CA LL SIMFSi ~(NST .N1 , DEL 1,O EL2 .P 2C~~Z , 87CSZI )
CALL SI?’PStJ(NST.N1,OCLI,OEL2,B2FCSZ,BFCSZI)
CALL S1W FS-~CNST,N1,CEL1,DEL2,b2DDr ,B2DDFfl
CALL SIKPSN (NST,N1,i.EL1,D (L2,B2FDDF,BFDDFI)
C A LL S1 M P~ r~1NST,;,1,DELI,D(L2,D2,D2I)
CALL 51$PS.l1N5T.N1,OELI.0tL2 ,02F,D2FI)
CALL S IMPSNCNST ,N1,D(~.) ,DE L2,D2C52 ,D2CSZ I)
CALL SIPc~ sNu.ST,r~1,DE LI .0EL2,02CS72,OCST2I)
CALL S1MP~N (NST,N1,O(L1,0(L2,D2QDF,D2DOFI)
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FROM COPY P 7~1~1Sff~~ T~

CALL SIP’PSN(NST,N1,D(LI,D(12,02pC52,DFCSZI)i
CALL SIMPSN (NST,N1,UEL1,DEL2,D2FDDF,DFDDFI)
CALL SIMPSN (ICST,N1,DEL1,0CL2,D2F2,C2F2fl
CALL SINPSN (NST,N1,D(L1,DE12,D2cZ0F,Dc?CFI,
RETURN
(ND

‘V
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TillS PAGE IS BEST QUALITY PMCT.tCABT~
FHOJA COPY F1YR2~IS}iED TO DDC ~ ._

-

SUBROUTINE GEO (AA,B8.CC,DQ,VL,RST,THT,KFO,FO)
DI MENS iON B(2S),C5ZC25),FC25),G(25),S(2~ ),DF(25) .0F2(25),0F3(25),•DCSZt25),DCSZ2(25),DCS73I25),0C~ 7f(25),flC~ ZF2(25),DC5z2F (25)
‘.0(25)

COMMO N ~AbC / ORAFT (25)
COMMON /GEOMHFNSW (25), V1 (25,25) ,12(25,25 ),U1(25, 25)
COMMON ISIS! HS~ (2S),DEL1,DCL2,~~1,N2
COMMON /0/ 6! I25),SI(25),Sj(2~ ),PHO (25) ,TOkAFC2S )CCMMOtJ/X/ 1SECT (25),DI (25),Dr1C2S),DF2IC2 ,DF3I 2~ ),DcI(25I,
‘DC2I(25) ,DC3I (25) ,DCFI(25) .DCF2I(25) ,OC2FI(25) ,b381( 25) , 1 25)

C
C STATEMENT FUNCTION FOR TRAPEZOIDAL INTEGRATION
C

TRAP (pi,y1.Y2):0.55H.(Y1.y2)
C
C
C STATEMENT FUNCTION FOR LINEAR INTERPOLATION
C

STATE (*,X2,x1,12,V1):Y1+tx—xa, y2—vl )/ x2—x1 )
C CONST AN TS
C

~L2:WL*WL
WL3:~ L2.I~L
WL4:~iL3.VL

~L5:WL4’uL
DTR:3.1415927F180.
PHIZ:2.’OTR
DO 995 (:1,5
PHI:J-HIZ—CK—1)’DTR
PHO IK):PHI

C C ALCULATE DRAFT AND CC
C

00 9 M:1,NST
FIll ) :X$l~~(M)  .WL—AA
D(M):CC—HSu (M) TNT’FZM).BB’PIlt
IF(D (M) .LE.O.0) D(M) O.0
IF(K.EQ.3) DRAFT (M):D (H)
1F(K.E0.3) CCO:CC

C
C C A LCULATE GIRDER AN D CROSS SECTIONAL AREA
C

I :M
DRFT :D(M)
G(I):W i(I,1),W2 (I,1)
8( I) :CSZ ( I) :DF( I) :DF2CI :0F3( 1) : DCSZCI :0cSZ2( I) :DCSZ3( I) :
.OCSZF(I):DCSZF2(i):DCSZ2F(1):S1I):IEMP1:0.

- 
JJ:MSWLI)
KLISO
DO 8 J 2,JJ

• R02:DICI,J)
• RO 1:U1 (I,J—1)
• R.12:.1(1,J)
• Ri11:~i i(I,ii—j)

RW 22~~ 2(I,J)
RW2 1:.2C I,J—1)
IF (DR FT .LL.0.O) GO TO 9
IF C D R FT •GL.D1(I,J)) GO TO 7
RW12 :STATEIDRFT ,RD2.RD1,Rw12,Rw1i
kW22 :STATEIOkFT ,RD2,KD1,R~i22,R~ 2I)
ICLi:i
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THIS PAGE IS BEST QUALITY ? ~I~ A~~11~(W COPY ~ flI1USH~ ) TO DD,Q ... —

R02:DRFT
7 0ELD :RDZ—hOi

DL LD2:DLLD’DELD
WID :R.12—RWI1
V2D :k122—RW21
D(LS:0.b’DELD’ (Rd12.RV1I.Rw22.R1121)
D(LG1:SGRT ( ~ ID’ hiD’0E102)
DEL G2:SQRI I?d2D’~t2D.DELD2)
DEL G:D(LG1.O(LG 2
b (I):Rs~12.RW228JM 1:Rdii.RV2i
102:011 )—RD2
SMO M:( TD2.0.5’CELD)’BJM1•DELD.(TO2’DELD/3.)’O.S’DELD.CW1D+12D)
T(MP1:IEI(P1.SMOM
$ (J  ):SC~~),~(Ls
GIl) :GC 11.0116
CSZC I) :TE MPI /S( I)  .D0—D(I)
IF(KL1.EG,1) GO TO 12

8 CONTINUE
12 IFCK.NE.3) GO TO 9

OH I) 0( I)’FCI)
DF 2III:DF (I)*F(I)
0F3(1):DF2( I) .F(1)
PARM :CSZCI)
DCSZ (I):DCI) ‘PARN
DCSZ2 ( i ): DCSZ ( I) ’ PA RM
D C S Z 3 C  I ) :0C522(J  ) ‘ RARM
DCSZF ( 1) : O ( I) . F (  1) ’PARIC
OCSZF2 (I):DCSZF(I).F(I)
OC SZ 2FC I) :DCSZF( 1) ‘PARM

9 CONTINUE
C
C INTE GRATES FOR hETTED SURFACE AREA AND DISPLACEMENT
C

CALL SIMPSN (NST.Ni,O(L1,OEL2,S,SI(K))
CALL S1NP~ N (NST,N 1,D(L1,D(L2,G,GI(K))
SI(R):SI(K)I.13
GICK):GI (K)/WL2
S1 (K):S (I)/WL2
T&R AF (K):D~~~)~~~L
1F (K.NE.3) GO TO 999
DI( 1) ~DFICI ) =DF2I ( 1):0F31( 1) :DCIC I)  :DC2I(1):DC 31( 1)  :DCFI(

*OCF2I (1 ):DC2F1 (11:8381 (1):0.
FO:CSZ( KFO)
DO 1 1:2,PST
11:1 XS~C (I )—XS~1( I— i) )‘VLA1:TRAPIH,DC1),D1I— )))
A2 :TRAP(Il,DF (I),DF CT— i ))
A3~ 1RkP IM,LF2I1 ),tF211—1))
A4 :TRAP (h,0F3 (I ),0F3(I—1))
A5:TRAFIN,B ( 11,8(1—i))
A6 : T R A F ( h , D C S Z 2 (  1) .DCSZ2 ( I—I))
A7 :T RAP ( H, t t C SZ (  I> ,DCSTI I— 1) )
A8:TRAP (tl,00SZF(I ),DCSZF(I—1))
A9 :T RAPItI ,0C5 2 F2( 1 ) ,DCS? F2( I— 1) )
A10:TRAP (H,DCSZ3(I ),DCSZ3( 1—1))
At1 :TRAPIh,OCSZ~ FCI ),DCSZ2F(I—1))
01 C I):DI I I— 1).A1/VL2
OFI (a) :DFI( 1 1  ) ‘A2 F~1L3
DF21 (I):DF2I( I—1).A31W14
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• THIS FAGE IS BEST QUALITY
FROM COPY y~n~iiISKSD TO DDO

0F3 1 (I) :OF3I CI— I ) .A 4 / W LS
DCI C 1):DCI( I— j ) . A 7 /V L~0C21 (I ):DC2I I 1—i).A6/W14
0C3 1 II) DC3 1( i—1) .A 1o/WLS
DCFI 1Il:DCFI C I—i) ’Ad/WL4
OCF21(I I:&CF2I C 1—1 )‘A9/WLS
0C2F1 (I):DC2FI C I—1)’Alj/VLS
8381 (11:838! (I—1)’BB’.3’A5/vL5

I CONTINUE
999 CONTINUE

RETUR N
END

V V
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THIS PAGE IS BEST QUALITY FRAC CA~LE
FROM COPY FUR~ISi~~D TO DD:C

SUBROUTI NE NOND1M (8B, RHO,wL,B,D,F,CSZ,TIMPA,T(PIPR)
REAL K1P ,KLQ ,K1W ,K1DP,K1DG,K1OV,riP ,1410 ,M3~ ,MIOP,

- 
‘ 54100,5410W,

K2P ,K20 .1(2W ,K2DP ,K2DO.K20V,l~2P ,P420 ,N2W ,R2DP,
• N200,N2OW.
• K3P ,K3P ,K3V ,K~~DP,K3DP,Y3DV,l~3P ,‘13R ,PJ3V ,N3OP.
* N3OR,N3DV,
• RAP ,RAR ,KAV ,K4OP,KADR,K4CV,MAP ,MAR ,PIAV ,rAOP ,
* M4DR,NADV,
* 12 .13 .14 ,L5
DIMENSION B(1),D(1),F( 1),CSZ(1),TEMPA13),TE~PR (1)
CO MMON /INTEGL/ B2I,B2FI.b2F2I.B2CSZI,bFC~~7I,E2DDFI .BFDOFI,
•02I,D2FI,C2CSZI,DCS?21,C20DFI,DFCSZT,OFpO~ T,02F2I,DC2DFT
COMMON /NOD/ DYP,DVG.DVR,DyV,OV~~,DVOP,QVCC,~ VDP,0yDV,DyOW,

* DZP,CZG,DZP,OZV,0?.,0?DP,DZC! ,~ ZDR,DZDV,D7D V,
DKr-,DKq,oKk,DKV ,oK~~,~ KnP, DKCO,C ROR, DKOV ,DKOW,

• DMP,DMG,DMR,DHV,OM.,054DP,D54D~~,~ MCR,OMDV,DMOV ,
• DNP,DP.O,DNR,DNV ,DNW,DNOP,DWCO,DNDP ,DNDV,DNDW
P1:3.14 15927
AKY:0 .
AKZ:0.
H: O.25.PI’RHO
Ci: PC
C2: Cl’AKY
C3: H
CA : C3’ARZ
12: 0.5.RMO’VL’.2
L3: L2’wL
LA: 13.WL
L5: L4.WL
210W: —821’Cl
Z1DF:88’Z iDI
210 :18(1 )* ‘2 ’F( I  ) I ‘Cl’T(MPR Ci)
2106: B2FI’Cl
21W : —B ( 1) ’ ’2 ’C i ’TE KPR( 1)
ZiP = 88.21W
5410W : B2FI’Cl
M 1DP BB ’ P’ID W
5416 :(—B(j)*’2*F(j) “2*TEMPR (i)—82F1) ‘Ci
M1DW: —B2F21’Ci
MI.~ : (RU) ‘‘2’F(1)’TEMPRII),B21 I’d
M 1P : bB*PC1V
KIOW: B8*Z1DW
RIDE’: BB’ZiDP
K iD : BB’ZlQ
1(100: BB•Z100
K1W BB.ZIW
K1P : Bb.21P
Y2DW: —821’C2
Y2DP: BB’Y2DV
Y2Q = (B( 1) ’ ’2 ’ F( i ) ) ’C2*TE MPR( i I
Y206: 82F1*C2
Y2 w : — b( i) ’ ’2 ’C2 .T (KPR( 1)
Y2P : BB*Y2 ~5420W : —B2 FI*C2
N2DP: 88.5420W
5426 : (8(1)’*2*F( 1)”2•T(PCPR(1).82F1).C2
54200: 82F21 ’C2
542W = (—B(i)’’2’F( i)’T (MPR (i)—821)’C2
542P : B8•N2W
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THIS PAGE IS BEST QUALITY ~~~~~
PROM COPY YUP2~ISkIP~ TO DDQ —~~~

1(20W: B2CSZI’C2
K20P 88.K2DW
1(2Q = (—B(1)”2.FIi).CSZ (i)’TEM ~ R CI)—BFDDFI) ‘C2
1(200: —BFCSZI’C2
1(2W = (8(1)”2*CSZ(1).T(MPR(1).B2DDFI) ‘C2
K2P = 88*1(2W
Y30V —D2I’C3
Y3R : (—O (1)’’2’F(i))’C3’TENPA(1)
Y3DR: —D2FI.C3
Y30P DZCSZIeC3
Y3V : —D (33*’2’C3.T(MPA (1)
Y3P S (0(1)’ .2’CSZ(1).TEMPA(1) ).C3
N3DV: —D2 F1 ’C3
543R : C—& (1)”2*F(1)”2’TEMPAU)—02F1).C3
N3DR: — 02F2 1’C3
N3OE : DFCSZI.C3
543W : (—D (1).*2.FC1)*T (MPA(1)—021)’C3
N3P : (D1i)’’2.F(i).CS2C1)’TEMPA(1).D2CSZI )‘C3
K3DV: O2CSZI’C3
R3R (CI 1)..2’H 1)’CSZ (l)*T(MPA ( 1 ).~ F~ 1~fl )*C3
K3DR: DFCSZI.C3
K 3DP -DCSZ2I’C3
K3V : (DC1)’’2~ CSZC1)’1LMPA ( i).D200FI)*C3
K3P = (—D (1)’.2’CSZC1)”2’TEMPAC1)— DCZDFI)*C3
240W: —021*C4
ZAP = (—D(I)”2’F(1)).C4.TEMPA (i)
240k: —D 2FI’CA
Z4UP: D2CSZI*C4
24V : —DI1)**2’CA’TEMPA (l)
ZAP (0(1) ‘*2’CSZ (1)*TEMPA( 1).O200FI)’C4
5440W: D2F1’CA
MAR : (O11)’*2’F(1)”2’TEMPA(1).O2FI)*C4
5440K: D2F21*C4
MOP: —CFCSZI*C4
MV = (D(I)*’2* F(1).T(l(PA (1).D21)*C4
MAP : (—D(1)”2’CSZ (1) *FC1)*T (PPA (1)~~D2C52I_DFDD FI).C4
1(40W: bB*ZADV
1(4k : BB’ZAR
1(40k: BB.Z4DR
KADP: BB’Z4DP
KAy : BB*24V
R AP : 88.Z4P
OYP : (Y2P.Y3P)!L3
DYD = Y2QIL3
DYR : Y3R!L3
DYV : Y3V/L2
DYW = Y2W/L2
DYDP : (Y20P.Y3OP)/14
DYDO : Y 2 D0~ L4
O V OR : Y3DR/14
DYOV : V3 DV/L3
DYDW : Y2DW/13
DZP = (Z1P.ZAP)/L3
020 = Z1Q/L3
DZR : Z4R/L3
DZV = ZAV!12

• 02W = ZiW~ L2
DZ~P :
0200 : 2100/14
DZ0R = Z4DR/L4
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THISPAGE IS BEST QUALITY
1~~)M COPY PUEV~ISI~~ TO DD,C _....~...—

DZDV : ZADV/L 3
020W Z1DW/L3
DK P = CK1P+K2P.K3P.K4P)/L4
OKO : (1(10.1(20)/LA
(IRk : CK3R.KAR)/14
0KV : (K3V.K4V)/L3
0KW = IK1W+R2W )/L3
DIIDP :(KIDP.K2OR,K3DP.K4DP)!L5
01(00 :(K100.K20f,)/15
UKO R (R3DR.KADR)!L5
DKOV : (K30V .KADVJFL4
01(0W : CK1DW’K2Dw)1L4
DMP : 1M1P~ M4P)IL4
D M 0  : 5410/14
054k : 544K/LA
CMV : 544W/ U
0MW = M1W /L3
OMOP : (MIOP.144DP)/L5
05400 : 541001L5
DMDR : P!4DR!L5
0540W : 5440W/LA
0540W : I(lDd/L4
ONE’ : (542P ,N3P)/ L4
0540 : 5420/14
DNR : N3R /L4
DNV = N3V/13

N 2 V~ L3
ONCE’ : (N2UP.N3DP)/L5
ONDI. : 542 001L5
0540k : 543DR/L5
0P.DV = N3DV/ LA

= 5420W/LA

C COEFFICIENTS FOR TWO HULLS

DY W :DYG:DKW:DKD:D54.:DNQ :0YDW:DYDG:DKDW:DKOG:DKDW OMDQ:0.
DY V :2. ‘ DY V
OVP 2 .‘Y3P /L3
DYR:2..DYR
D2W:2..OZW
OZP :Z4P IL3
OZO:2..DZQ
DKV:2..K 3VIL3
DKP:2 .*(  K1P.K3P)/L4
OKR:2.*K 3R/L4

• DMW 2..DMW
DMP:M4 P/ L4
0540:2.. DM0
ON V:2. • ON V
0NP:2.’N3PIL4
0NR:2.’DNR
DY DV:2 . .DYDV
DY OP :2 • *Y3DP FL4
DYOR:2 . SDY O R
02DW:2.,OZOW
OZ DP:Z4 DR/LA
0200:2. •D?D0
DKDV :2..K30V/L 4
0KDP 2.•CK1DP.K3DP)1L5
OKDR :2.*K3DRIL5
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~~is ~~ JZ ~~ DDC —~~~

0540Vz2,.0540V
OMOP’5440p/(3
D5400 2. .D5400
DNDVZ2..DNOV

DNDk:2,’D1(D~

C DZP
~
OZR

~ DZVIOZOP,0ZOP,0ZDV,D~~~,DWM .D$V DPDP DMDR DNOV A PE ODD FUNCTIONS

RETURN
END

V.
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THIS PAGE IS BEST QUALITY ffi&CflOAlL$
)ROM COPY FtJRLUSli~~ TO Dã~Q ~~~~_.—

SU8ROUT1N ( RUNGS (X,H,N,y,YPRIPI(,INDEX)
DIMENSION YC i3),YPk1MEC13).Z(13),~~i1 13),W2 (13),V3C13),W4C13)• CRUNGS — KUNGE—KUTTA SOLUTION OF SET OF FIRST ORDER D.O.E. FORTRAN 99

C DIMENSIONS MUST BE SET FOR EACH PROGRAM
C X INDEPENDENT V ARIABLE
C H INCREMENT DELTA X. MAY BE CHANGED IN VALUE.
C N NUMBER OF E (UAT IONS
C Y DEPE NDENT VARIABLE BLOCK ONE- DIMENSIONAL A RRAY
C YPKIPCE DERIVATiVE BLOCK 0 ( D154ENS.~ 0N AL A P R A Y
C THE PRO G RAMMER MUST SUPPLY INITIAL .VALUES ~ F VU) TO YIN )
C INDEX IS A V A R I A ~ L( WH ICH SHOULD BE SET TO ZE RO BEFORE EACH
C INITiAL ENTRY TO THE SUo RCUT INE, i.E., TO SOLVE A DIFF ERENT
C SE T OF EQUATIONS flR TO START W I T H  NEW 1541T 1A1 CONDIT IONS.
C THE PROGNA MMER MUST uRITE A SUBROUTINE CALLED DERIVE WHICH CON—
C PUTES THE DERiVATIVES AND STORES THEM
C THE ARGUMENT LIST IS SUBROUTINE D (RIV ((X,N,Y,YPRIME)

IF (INDE X) 5.5,1
i 00 2 1:1.54

W i(I ):H*YPRIME(1)
2 2(I):YCI).(W1 (I)..5)
A:X.H/2.
CALL DERIV ((A,N,Z.YPR1M()
DC 3 1:1,54
112 (1 ):H.YPRTM( (I)

3 ZCI):Y(I)..5.W2 (I)
A:X.H/2.
CALL DERIVL (A,N,Z,YFR1ME)
(.0 4 1:1,54
113U):M*YPRIP(E(I)

4 Z(I):Y(i).w3(I)
A:X.H
CALL DERIVE (A,ti.Z,YPR1ME)
00 7 1=1,54
WAIl ):H*YPRIME(I)

7 Y(I):Y(I).(((2.*(W2(I).13(i) )).h1(I).W4(I))/6.)
X:X.Pt
C ALL DERIVE (X,N,Y,YPPIM ()
GO TO 6

5 CALL DERIVE (X ,N,Y,Y PRIME)
INDE X:1

6 RETURN
END

V V
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THIS PAGE IS BEST QUALITY

~~~M COPY P~JRI~LS1I~~ TO DD~Q -~~

SUBROUTINE B(SS(1(10,X,V)
DIMENSION TIl000)
TW :1./12.
114:1./3.
011:10
M:3..3.’X’*TW.9.’X.’TH,AMAX I (OR,X)

• 1F(MUO1M,2).NE.O) 54:5441
N 1:54—1
54 2:54—2
T(PU:O
T(M11=j .
Z 2./X
J:M2~ 1
MX:542/2
SN OR N so
DO 1 I:1,MX

T(J)=J’Z’T(~l’1)—T (.i.2)
J :J— 1
T~~~) ’Z.T(i,l)—TIJ.2)

1 SNORII:SNOPM.T (d)
SNORM:2. ‘Si~1ORM~ T(i)
V :TC 10.1)/SNORM
RET URN
(ND

V V

Ho
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THIS PAGE IS BEST QUALITY P1~LCflC.&~X~• - FROM CO?Y PUB~US}IED TO DDO

SUBROUTINE COMB A,N,ND,R,M ,NERR,D)
C SOLUTION OF SIMULT .EO. FORMING KUTTA COND.

DIMENSION All), 8(1)
EOUIVALENC L (i,FI), (K,FK)
0:N(RR 1

10 DO 90 1:1,54
AL1JMAX : A C ! )
IJMAX : I
IF(N.EQ.1)GO TO 30
DO 25 J:2,N
14 : I • (J—l)ØND
IF(ABS (A (I4) )—ABS (AIJMAX))25,25,20

20 AI JMAX : AC Id )
IJMAX : 14

25 CONTINUE
IF (A IJMAX) 30,999,30

30 DO 35 4:1,54
Id : I • (J—1)’ND

35 ACId ) = A (IJ)/A IJMAX
O = 0 • A IJMAX
DO 40 4:1,54
14 : I • (d—1 )’ND

40 8(14) 5 B (IJ)/AIJMAX
DO 70 K:1,N
IF CR—i) 50.70,50

50 K.JMAX : I4PIAX • (K—I)
ARAT : —A (K4MAX )
Rd = K
Id = I
00 60 4:i,p4
IF (ACId )) 55,58,55

55 ACK4) : ARAT’A (IJ) • A (K4)
58 Rd : Kd • ND
60 Id : Id . ND

A IK.J MAX ) = 0.0
1(4 : K
Id = I
DO 69 4:1,54
IF (bUd)) 65,68~~6S

65 8(1(4) : ARAT’B (IJ) • B (Kd)
68 Rd : 1(4 • ND
69 Id : Id • ND

70 CCNT INUE
1(4 = IJM AX — 1.1

90 A (Kd) = Fl
DO 100 1:1,N

93 Il = K’ND — ND . 1
FK : A ( I i )
IF (K—I) 93,100,95

95 14 : 1
1K : IC
DO 99 4 :1,54
A (2) : 8(14)
8(14) : 8(1K)
BIlK ) = A ( 2 )
Id = Ii • ND

99 lii = ICC • ND
100 CONTINUE

kERR = 0
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~ HIS PAGE IS BEST QUALITY P~ & C I~~PT~I
~~OM COPY FURZ1ISk1~D TO DD,C ~~~~~~~~~~ .—

999 RETURN
END

V.
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THIS PAGE IS BEST QUALITY ~~~~~~~~~~~
- 

FROM COPY 1URlilsi-m~ TO fll~C _-.--

SUB ROUTIN E S INPSNCNP,NB ,D1,02 ,y ,A )
C
C SUBR OUTINE TO INTE GRATE BY SIMPSON RULE FOR EVEN NUrBEP CF I1JCR (MENTS
C OR BY TRAPEZOIDAL RULE IF THE NUMBER CF INCREMENTS IS 000
C
C THIS ROUTINE WILL INTEGRATE FOR ONE OR TWO STEP SIZES
C IF ONLY ONE STEP SIZ(,SET NP:NB AND 01:02.
C
C NP — TOTAL NUMBER OF POINTS TO bE INTEGRATED
C Nb — INDE X O1V~ (IIPJ G T~ O STEP SIZES
C 01 — STEP SIZE FROM iNDEX I TO NB
C 02 — STEP SIZE FROM INDEX NB TO NP
C Y — FUNCTION TO BE INTEGRATED
C A — INT EGRAL OF Y
C

OIMENSIC YC I) ,0C2)
A :0.
0(l):D1
D(2~~ D2
I F: 1
IL:NN:NB
DO 5 4:1,2
IF (NN.EQ.1) GO TO 6
IF1 1F.1
IL1:1L— 1
IF( MCD(54N,2) .NE.1)  GO TO 2

C SIMPS ON INTEGRATION
1L2 :IL1—2
*2:0.
A4:Y ( 111)

C IF THE A R R A Y  HAS ONLY 3 POINTS , A : I i . ( y C l ) ,4 *y (2 ) .Y (3 ) )/ 3
IF(NN .EG.3) GO TO ~
DO 1 1:1F1,1L2,2
A 4 :A A ,Y  ( I)

1 &2 A2~ Y(I.1)7 *1:0(4) ‘ (Y ( IF) .YI IL ) .2 . .A2 .4. * A 4 ) /3.
GO TU A

C TRAPEZOIDAL INTEGRATION
2 A 1:0 .5 . (Y ( 1F) .Y ( IL))

C IF THE ARR AY HAS ONLY 2 POINTS, A : H, (Y ( 1) ,Y (2 ) )F2,
1F(NN. (Q.2) GO TO 8
DO 3 I:IF1,lLi

3 A i:A1.Y(I)
8 A1:b (J)*A1
A IF:NB

IL:P4P
hN:NP—NB.i

S A :A .A 1
6 CONTINUE

RETURN
END

V.
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TBIS PAGE IS BEST UAL PRLC~L~~~Lj

SUBROUTINE SCAL (INRN6,A,Np,A1,
G,
~~~

C
~
IU

DIME N SiON A (t),A1(1)

C FIN D MA X iMUM VAL UE OF A RRA Y Al
Y M A X A 1 (1)

C DETE RMiNE AXIS SCALE
DO 1 1:2,NP

1 YMA X :AMAX1 (YMA 1(,A 85 (*1U )~~
00 2 I:1,N RNG
ISAVE S I

• IF(YNkX.LL.1II~~ 
GO TO 3

2 CONTI NUE
IUPSYMA X
KNG IUP
RN GM:—RNG
RETURN

3 RNG A (ISAVE)
RNGN:- RNG
RETURN
END

V.
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1 %

~~ s 
5~~~~~~~~~~~C2L~A3LI

SUI9Iu TI%L I~~. T C A 1 ~~A2 ,13,L4 ,4~~,A6 ,~~P ,NC ,NG )
REAL WU~~(1~i~
DIMEN SiOr~ A~ 11),42~~1),~~~ ),A4 (1, .A5(1),A 6C1)
DI R ~~S I C N  ~~~~~~~~~~~~~~ ~[1~ ~~ ~,132 ),STAkI6).DRNG (B),RANG54 (6)
DATA iZNs C’/2 1 . t - , . i Z ,2 1  . E t~~~~i 1 /
DATA
D A T A  STA R!  ~~~~~~~~~~~~~~~~~~~~~~~~~~~
DATA bLA NK/1r ~ I
DATA DASH /1H—/
DATA EY E /1141/
DAT A PLUS /1)4.!
DATA TEE/1HT/
DATA NUM /iHO , 1541,1542,1543, 1H4,1545,1146,1I17,1P48,1149!
SF 1 Q):IZ.Q.SCL

C /

C IN1TL~&IZE
C /

NG:6
NPNG:8
N C T:i31
IX=1O
1(X 10

C
C SCA LIN G FOR AXIS
C

• CALL SCALEC54RNc, ,RRNO ,54P,AI,RANG((j),RaNc,M(1) )
CA LL SCAL ( C~~R~~G , R R N G , M P , A 2 , RA N G ( ( 2 ) , RA 1~G M( i ) )
CALl. 5CAL ((NRN0,RRNG,~dP ,A3,kA54G(C3),RANGM(3))
CAL L SCAL E( N RNG ,RRM G, NP,A4 , R A N G E (4 ) , R A N G M ( a ) )
CAL L S CA L( ( NRN& , RRN& , NP ,A5 ,RA ~ G E ( 5 ) , R A W G r (~~))
CALL SCA~ E(NRN&,RRNG,NP,&6,RANGE(6),RM ~GM (6))

C
C PR INT Y — A X I S
C

WRITE (6,200) P.A G M( 1) , P.A ~l& E C  1) ,Rt.54GM (2 ),RA .G~~(2) ,RArJGM (3) ,PANGU3)
200 FCRMAT (l541 ,FS.I,j~~X,7I-~hE AV (:.,1’~~,F4.1 ,4X,F5.i,1 1X,7hF ITCIl *,

•14X, F4.1,4X,FS.1,1CX,3 1H~ AVE hGT.5.,11X,F4.I)
ikITE(6,201) R~ 54o1CA ),PANG((~~),PANOMt~c),R~~~,E(5),R*Nc)M(G),RANGEIG)

201 FORMATCIX,F5. j ,I3x ,~ HRCLL:C,j~~X,,FA.1 ,Ax.F5.1, 13X,SMYAh :O,14X ,
•F4,1,4x,F5.j,1Ox,11HPRESS/100 :O,11X,F4.1)

C
C PREP A RE PLOTTIN G AR R A Y
C

DO 1 I:l,NP
DO 2 K:i,NC T

2 A (K) BLANK
DO 3 J:1,NG
IZ : IZ EROCJ )
RNG :RANGE (.J )
S CL :N C I R PIG
IF(i,NE.1) GO TO S
IH1:IZ.NC
ILO=iZ—NC
KNT 1O
DO 6 R:ILO,IHI
A (K):PLUS
IFIKNT.NE .NX ) GO TO 6
A (K):EYE
1(541=0

6 KNT KNT,1
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5 GO TO (7,8,9,1O,1I,IA),J
7 &(IZ) PLUS

IC:SF(A1(1))
GO TO 12

8 A (IZ) PLUS
IC:SFIA2 (l3)
GO TO 12

9 A(IZ):PLUS
1C:SF(A 3(I))
GO TO 12

10 IC:SF (AA(I))
GO TO 12

11 IC:SF(A5(1))
GO TO 12

14 IC:SFCA6II))
12 A (IC):STAR (J)

3 CONTINUE
IF CKX.NE.NX) GO TO 13
IZ1:1ZERO (1)
IZ2 IZERO (2)
IZ3:IZERO (3)
A ( I Z 1) :A ( 1Z 2 ) A ( 173):DASH
IF(I.(W.I) GO TO 16
R1 :CI—1 )/1O..l
(2:1(1.1
IF(K1.GE.10 GO TO 17
A (I11+1):A(1Z2,1):A (IZ3—1):NUM (K2)
GO TO 16

17 12:MOD (R1,10)
Ii=CK1— I2 )/1O.l
12:12.1
A (IZ1,1) SAC 1Z2.1):ACIZ3—2) NLJP’ (1 1)
A (IZ1.2):A( 1Z2.2):A (IZ3—1):NLfll(12)

16 KX:0
13 K X:KX.1

WRITE(6,202) (A(K),K:1,NCT)
202 FORMATC IX, 131A 1)

1 CONTINUE
DO 15 I:1,NCT

15 AC I):BLANK
IZ1:IZEROC1)
I2~~~1ZERO(2)
IZ3 IZERO (3)
A(IZ1 ):A( i72):A( 123):T(E
WR ITE (6,202) (ACR),K:1,NCT)
RETURN C
END

V.
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~~~~ M COPY FUB2US1 TO DD,C ~~~~~~~~~~~~~~

SUBROUTINE PLOT XYCX P ,YVP,N P ) C
DIMENSION A (91),RAI(G( (4),AX (10) ,XP (1) ,YYPC)),IP (500)
DATA BLANK /U4 /
DATA (YE/1H1/
DAT A 0*514 I1H—~DATA PLUS /1144/
DATA STAR/iH .I
DATA RA N GE /4.,5.,10./
DATA AX /1 ho ,1H1,1H2,1543 ,1HA,1I -45 ,1546 , 1147,1548,1149/

C
C SCALE
C

KXAXIS:0
YMAX :ABS(YYP (1))
00 11 1 2,NP
NP$AV :I
IF(XP(I).LT.0.0.OR.ABS (YYP(I)).6T.8D.) GO TO 18

11 YM A X :A MA X1 CYM AX,ABSCYYP (I)))
18 NP:NPSAV

YH i:8O.
C
C ORDER X

• C
00 1 i 1,NP
1(547:1
00 2 J 1,NP
IF(i.EO.J) GO TO 2
IF (XP L1).GT.XP(4)) KPIT:KNT4I

2 CONTINUE
IP(I) :ICPIT

1 CONTINUE
C
C INITIALIZE
C

12:81
IF (Y YP(NP).LT.0.0) 12=11
KSAVE :0
LINE :1
NC =80
NL:9l
SCL :NC/YHI
LY 1O
K Y:L Y
LX: 10
KX:LX
IF(YYP(NP).G(.0,0) h~RITE(6,2Q1)

201 FORHAIIIMI ,56X,7HY VS. X/
‘20X,3I-t+80,17X,3M.~ 0,17X,3H.40,17X,3I4.20,19X,1HO/)IF ( YYP(t ~P).LT .O.ta) WRITE (6 ,202)

202 FORRAT (~~C41,56x,7psy VS. X/
•30X,1H0 ,ISX,314—20,17X,314—4O,17X,314—b0,17X,3H—80/)

C
C PREPARE PLOTTING ARRAY
C

00 3 K:i,NL
A C K) PLUS
IF (KY .NE.Lv) GO TO 14
A (K):EYE
KY= 0

14 KY :KY .1

174

• _ _ _ _ _

~~~~~~~~~

•-

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

——

~~ 

• - - • •_-•-
~~



-

~~~~~~~~~~~~~~~~QU pR

3 CONTINUE
00 9 1:j,NP
AC I2):PLUS
DO A J:1,NP

A IF(1P(J).LO.1) 10:4
IY iZ—SCL~ YYP1IO)
IX:1• (XP(IO) •SCL.5./1O. ) ~~~~~~
IF (KSAVE .EG .0) GO TO 5
1F CIX.N(.KSAVE) 60 10 7

S 1f(LX.GT.L IhE) GO TO 7
A (IY):STAR
KSA VE:LINC
IF(I.EG.NP) GO TO 7
GO 10 9

7 IFCRX .NE.LX ) GO TO 10
KXA ).IS:KXAX IS•1
IF (KXAXIS,E0.1) GO TO 17
IFCYY P(NP).LT.0.0) ~O TO 15
IZON( IZ.1
IZ1~ O:IZ.2
GO TO 16

lb 120541 12—2
IZT .O :IZ—1

16 A ( I Z O N E ) :A X ( KX A X I S )
A (IZTWO ):AXC1 )

17 A (IZ):DASH
Kx:0

10 KX :KX.I
1F (AC1Z).P4E.DASII.AP.O.A(IZ).NE .STAR) A l 1Z) PLUS
WRIT (l6,200) (AIid),Id:I ,NL)

200 F C ’ R MA T ( 2 0X , 9 1A 1 )
1FC I .EQ.t .P.AND.LINE.EO.IX )  CALL EXIT
DO 8 R ’~1,NL

B A11():BLANK
LIN(:LINE,1
GO TO 5

9 CO NTiNU E
RETURN C
END

V V
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