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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
guickly 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 typicai 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




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. WNevertheless,
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 Depending 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.
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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, under Navy contract, with sufficiently en-
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),




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

Due to this mounting interest it is appropriate, at this time,

to obtain an assessment of the vulnerability of such craft to
possible threats. In identifying possible threat areas one
outstanding possibility is that due to explosion generated waves.
Past experience in this field, [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 behavicr

of ships énd submarines within the transient surf zone produced
by high yield explosions at the continental margins (Van Dorn

. Effect). However, because of their dynamic response we expect
that the damage potential on SES and ACV's cannot only be
restricted to these conditions but must be extended to include
the effects of small and moderate yield devices and operations
in deep water. It is evident that even under these latter
conditions waves can be produced that are capable of limiting
the performance of these craft.

The radical differences between the design of these craft and
those of present naval ships makes it impossible to extrapolate
the results obtained in past studies to the present case. It

is only by conducting an investigation, wherein the features

of these vehicles are faithfully modeled, that the vulnerability

of these craft can be determined.




In light of the above discussion, it is deemed imperative that
such a study be conducted with the objective of defining the
operational limits of ACV's and SES under explosion generated
waves, and to ascertain, where possible, the survival potential
of these vehicles when subjected to tactical situations of this

nature.

The criteria used in defining the structural design and stability
characteristics of SES are derived principally from the desired
operational envelopes. The envelope defines the speed-wave
height domain over which the craft will operate. Typically,
such an envelope is shown in Figure 1.

Two factors which greatly affect the basic structural design

of the SES are the highest wave environment to be encountered

when operating on-cushion and the maximum impact loading to be

seen by the hull during operation. The former factor is of

prime importance in selecting the height of the flexible skirt
system and thus impacts hull design. The latter determines plating
thickness and consequently weight. From Figure 1 it will be seen
that point A on the chart determines maximum wave height on
cushion. The worst combination of sea state and speed will be
determined by line AB along which maximum impact loads are likely
to occur. If such an operating envelope is determined without

due consideration for potential threats as outlined above grave
consequences can arise. It is easily conceivable that a wave
environment outside the typical boundaries now being considered

in the SES field can be generated by low to moderate yield

devices. Such circumstances could cause structural and operational
failures.

In addition to the above impacts the gquestion of craft stability
and survival are of equal importance. The response of an SES to
a typical explosinn ccneraterl wave profile could lead to con-

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

characteristics.

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

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

(b) The analytical treatment of the craft dynamics and
motions when subjected to a disturbing functions as

defined in (a) above.

Whereas previously conducted work by Tetra Tech, References 1

and 2, is directly applicable to the first of these areas, the
second provides a new and added dimension due to the rsadical
difference between ACV and SES and conventional ships. Analytical
modeling of SES motions and maneuvering however, have also been
conducted by Tetra Tech{3] 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.




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.




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 ,yo,zo) and the body co-
ordinates (x,y,z) are both des1qnated according to a right hand
convention with zg and z positive downward. The crigin 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 n v
Vertical Z 5 w
Roll K ¢ P
Pitch M ] q
Yaw N (/] r

I A e b
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2.2 Equations of Motion

The equations of motion for a craft in six degrees of freedom

can be written as:

i

m (0 +qw-rv) =X
™ (v+ru-opw) =Y
™ (W+pv - qu) = 2

. i = -
pr+(Iz Iy)qr K (1)
I, g+ (T, ~1,) =4

I r+(Iy-Ix) pg= N

Where m is the mass and Ix' Iy and Iz 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 righthand side refer to

the total forces and moments applied to the craft, including

the hydrodynamic effects arising from the overall motions of

the craft as well as the results of propulsion, control and
environmental forces which may affect the craft motions and

maneuvers. In a functional form, these components can be expres-

sed generally as:

0 (6:‘.’:‘.\715:&'i'rurvlwlpoqlrlxoryolzol¢061'0'615)

ZRXRNKKN

(2)




In the above egquation, Xyr Yoo and z, are the position components

or the linear displacements of the craft and ¢,6, and ¢ are the

angular displacements. The parameter § represents a general
description of the effect of various propulsion and control
schemes, and the parameter ¢ 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:

Fy = Potaowary ¢ 1 Foushion i ¥ Fseals i * Faerodynamic i

—

‘ i ¥ .+ F i
B Fappendages i i Fpropulslon i Fcontrol 1 waves i

Ny
¥
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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.

11




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 craft 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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U“e + g 0 =0 (3)

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:

=0 (4)

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

L S
is typically of the order of 1 or 2 for an SES. Since the immersion
ratio d/L is small (of the order of 10”2 for a normal sidehull),

and ¢z' to the same order of macnitude. The Froude number F

the second term in the above equation is normally dominant. Con-
sequently, the free surface condition can be approximated by

¢ = o (5)

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 alonag the principal axes of the body. Following
the procedure of classical mechanics, the effects of the hydro-
dynamic pressure on the craft 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




dimensional problem; interferences between seaments are ignored.

Consequently, the relative fluid velocities at the center of a
segment x are given by

u,. (x,t) =u

x
v, (x,t) = v + xr - fp (6)
W (x,t) = w - xq + hp

here

u2+v2+w2 2

i
(=]

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 myy and m,, 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, myy and m,, are written as follows:
- . 2
ey (x) = kyy a“ (x)

S

(7)

2
Mz2 (x) kzz

b® (x)

| =

zZzZ
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.

where kyy and k are the added mass coefficients which are

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

ks 2 2
T(x,t) = *s(myy Y, B ") (8)
The hydrodynamic forces and moments acting on a unit axial length

are then given by:

o O B |

dx - " da&iv T Piw

dz _ _ 4 3T _ 3T

dax dt ow P33

dx _ ., dz _ . 4y

ax - P ax~ fax (9)
am _ _ d 3T 9T 9T . 3T

dx dtaq+uaw+par ol 1

. SR - I i S IT _ o 2T

ax - " aasr Yvt93;p " Pig

The kinetic energy T at a fixed cross flow plane is a function of
x and t. The total derivative é% therefore must reflect the
changing coordinate of the cross flow plane with time, thus

B TH. SREve e

dt ot I X

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.

15




It has been mentioned earlier that myy and m,, are for axially
symmetric sections. More often the sidewall sections are
asymmetrical. This asymmetricity gives rise to cross coupling
effects which are estimated as follows:

myz (x) Y z2

]
x
3
¥

(10)

My (X) z ~ Myy

I
-
3
¥

where myz (x) 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, mzy (x) can
be interpreted as the added mass relating vertical fluid momentum
to the local lateral motion. The coefficients ky and kz are

estimated using:

N_ (x)
gt TR b
Ky = Kz Nz(x) (11)

where Ny(x) and Nz(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 pgA, where p is the density of the fluid,

g is the acceleration of gravity and A 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) + ¢ - xsin6 + Bsin¢ (12)

16




where D(x) is the initial draft at station x and B is the half-
spacing of the sidehulls; %, and ¢ have been defined before as the
instantaneous motion displacements of heave, pitch and roll,
respectively. The total buoyancy force is then given by:

FBuoy = pgj.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:

Z -pg cos ql.s(x) dx (14)

Buoy e

and the component along the longitudinal axis is

xBuoy = pg sin ej.s(x) dx (15)

The hydrostatic restoring moments are

MBuoy qu s(x) x dx (pitch) (16)

KBuoy = - pgf 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

K, = B'zBuoy= -prfs(x) dx (18)




(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 i1: primarily a function of the Reynolds
number and surface finish of the body and is determined by:

2
= L
Dpric 5 p u” S, Cq (19)
where Sy is the sidehull wetted surface. Assuming the surface
finish smooth, the standard ITTC relationship is used to ap-

proximate the skin drag coefficient:

0.075

€ (20)
F 2
(LoglORn - 2)
where
Rn = %% , the Reynolds number,
in which
L = sidehull length

kinematic viscosity of fluid.

The pressure drag component is estimated by another drag coef-
ficient given by the following expression (5]:
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CB = (21)

and the base pressure drag is then calculated based upon the side-
hull base area SB as follows:

= % pu®s.C (22)

DBase BB

The coefficient CfB in Equation (21) is a base-area based skin

drag coefficient defined as follows:

S
= ..
Cep = C¢ 3 (23)
B
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:
e E12
Cg = ;—5 (24)
d

Here, Fd = Froude number based on transom immersion d. 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 F, > 3.2.

d
The spray drag is one of the most important parameters to affect
the sidehull performance. Unfortunately very little information
exists regarding this drag component. 1In 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 [6], 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 [3] the following formula is used for
estimating the spray drag caused by a typical SES sidehull con-
figuration:

Dspray = 0.75 C; qet (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 [3].

(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 the 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 = % pCDSIVr|Vr (27)
where

Cp = cross flow drag coefficient

S = projected area of the sidehull

Y - relative flow velocity
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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

m= p(Q, -Q

in out) (28)

where m = rate of change of mass in the plenum

Qin = total flow into the plenum

Qout = leakage flow out under the seals and sidehulls
The flow into the air plenum is governed by the lift fan character-
istic Q¢ which is a function of the cushion pressure P, as follows:
Q = Q. = a +ap+up2 (29)
in £ o L ¢ 25%¢
where Agraq sy are proportional constants. The leakage flow is

considered to be governed by an orifice type flow equation given
by:

P.~-pP
L c ~a
i C:0 AL P (30)

out




where C = discharge coefficient

o
p = density
P, ™ atmospheric pressure
e; " cushion pressure
AL = leakage area

The leakage area in this equation is comprised of several com-
ponents. These can be represented as

AL - Asw + AS (31)
where Ao = equilibrium leakage flow area
- leakage area under the sidehull
A = 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:

(pc -y pa) Ac =RW= FBuoy (32)
where W = craft weight

FBuoy = buoyancy force

Ac = plenum area

The areas Asw and Ay 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 AL obviously
changes as a function of time depending on the craft motions and

the free surface elevation.
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The pressure in the plenum is assumed to vary according to an
adiabatic compression law, namely

Pe v’ = constant (33)

where V is the plenum volume and y=1.4, the adiabatic constant.
By substituting m=pV, the mass conservation equation becomes:
V=90. -0 (34)

in out

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 % (pc i pa) Ac tan

Ypres R (pC e pa) AC i

Zpres By P A (35)

(VCG tan ¢)

w' .

Kpres e Ypres
(VCG -

wl,or' !

tan 8)

Mpres Xpres

where VCG Vertical height of CG above mean water level

B

Width of the plenum

L Length of the plenum

e Y 'O

= Roll angle

@
]

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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(36)

where
P+ iQ = To. (x,y)expl[ik A x+i2wry =] dxd
4pgW P X,y p o'm Y i : 4
S
16172pko 3
+ _VT——ff o(x,z)exp[ko)‘m(kmz+lx)+iZuB —v‘?]dxdz
D
" & {1 for m= 0
m 2 form> 1
pc(x,y)= pressure distribution on planform S
iy 2
ko = g/G
g = gravitational acceleration
U = ship speed
p = density of water
o(x,y) = singularity distribution for representation
of sidehull D
B = Half-spacing of sidehull

J 4
4
: ven e (85)

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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= 1 +-V/ 1 +
Y, 2 2
=% pU Lp E €n

xwave Sy
m=0 1 +
/)
L

2
= B
P .. 3] sinCkr ) sin(2n B i\,‘—“—)/%m } (37)
pgL - Sl |
p
where
kl = koLp/Z
W1 = W/Lp/Z
W = total weight of the ft = B L
a ig cra P pl'p
Bp = plenum width
Lp = 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

P
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:

Zeeal = " P~ By L, Bp
(38)

Mseal = Zseal ls
where

i = tan 6

w S sin eB

b distance of seal tip to C.G.

eB = sheer angle of seal

86 = trim of craft
the axial drag due to the bow seal is:

= £ g%

Xseal = Cf 5 U lep (39)
here Ce is the friction coefficient, derived from the Reynolds
number as follows:

_ 0.044
n

and Rn is the Reynolds number based on the seal wetted length lw'
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:

(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 is used for the numerical model-
ing
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2

Tg = A,U” + AU + A, (42)
Here Tg represent the gross thrust and U is the craft speed; Al,
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 32 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 § be the horizontal deflection angle 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 6 are given by:

4

X =Z [Tgicosﬁicos(oni-e)—Dm ]

.Slllé . COS(a., 'e
( )

i=1
4
L =Z'rg
i=1
4
KG==2:Tgi[sin(ai-e)yi—sinsicos(ai—e)zi] (44)
i=1
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4
NG==§:[Tgicos(ai—e)(yicoséi-x151n6i)-0miyi]
i=1

in which XY and z, are the coordinates of the centerline location

of the ith nozzle, is the gross thrust at the same nozzle and

i T
gi
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

Usually, especially in the case of an SES, directional stabilizers
or fins are fitted in order to ensure directional stability. 1In
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:

gi 2
xfin =% pU A[Cd + 2 Cf] (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

2
-
Ca= 38 (c) (46)

where % is the thickness-chord ratio, and, for a smooth surface

the frictional coefficient can again be approximated by the formula:
¢, = 0.044/8 /6 (47)
here Rn is the Reynolds number based on the mean chord.

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

2

Yfin =% pU ACL (48)
where
>, AR
G = 2" 3
AR = aspect ratio of the fin.

= Lo 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

Ji




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 A be the area of the

ha
vent. In general the regulation of this area can be expressed by:

B = f(pc.pc.c,c.c) (49) -

The above equation simply indicates that the area of the vent is to
be controlled 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 éc and I, is con-
sidered in the analysis.

Aha =Cyp L+ cyp, (50)
where ¢ and c, 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.




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
modeling of the craft, the details of the bottom irregularities 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-off 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.




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:

g (r) = n°[2(r/Ro)2—l] for r <R,

(51)
= 0 for r > Ro
where B = crater height
Ro = 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
- ooRo V/k
n(r,t) = [~ av/dk ] J3(kRo) cos (kr-wt) (52)

where k = wave number, determinable from the relationship
between the group velocity V and the arrival time t,
such that

w 2kd s
g O+ ginnoRa) T %

V gk tanh kd

V(k)

e
]

Q
]

water depth

Bessel function of the lst 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 "o and Ro 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 W and Ro 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 S in the first wave envelope at a

X

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 Hé(r), the amplitude of the maximum wave n is inversely

max
proportional to r, and the corresponding wave number kmax depends

only on the crater radius RO. For an explosion in sufficiently

deep water, the relationship between kma and R, can be determined

X

from the first stationary value of J3 as:
kmax Th 4.2 (53)
1
Once the measurement of kmax is obtained, the crater radius can
be readily estimated. From equation (52), one also finds: ‘
o R0 = 1.63 e & (54)
when k = k Consequently, the crater height can also be

max”’
estimated from the measurement of wave height at a distance r.

Empirical correlations of measurements of n with the explosion

max
yield W and the detonation depth Z show that there is a certain
—_— r/wo‘54 and the parameter Z/Wo'3

(W in 1lbs of TNT equivalent); this is best presented graphically

trend between the parameter n

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

35




*(uot3e3ls Jusurisdxy sAemasiem Aq pepraoid ejep) pPIoTA uotsotTdxdg
pue yidag =baey)n B, Jo sanyep burjzersy 3IT4 buryeos Teovratdumg uy p 2anbtg

oMz
6- .- e .- g~ ye €- 2~ b= 0 [
T T I ) ] T T 7 T 9
° o
o
- oocn t o & = L
0 $ o
moa o »ﬁ. ]

36

Q13IA
' | 1 1

$ O
. v ¥ + %
= ANL %2100006'b1¢ B v- T VHOAN nR aa °
INLswoo0sz6e O  H96) ONOW ¥ 4
INL %91 00GREs @ 3
INL 891 00G21s 4 °
e ANL 8010001 @ s$3Im L] o1
ANL 844002 © #
ANL 8391050 M O '
L




at Z/w°‘3 = ~-0.05 and is commonly termed as the upper critical depth.

Detonation at this depth is seen to produce the highest responses.

0.3

The other peak occurs at Z/wW = -2.7 and is usually called as

the lower critical depth.

As discussed before, the parameter kma can be determined by mea-

X
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]:

3

0.3 gor 0 > zw% 3 > - 0.25

0.44 W

P
]

max (55)

0.3 0.3

0.39 W -0.25 > Z/W = Y

Using these empirical relations together with the measured results
as shown in Figure 4, the source parameters B and Ro 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 Eg. (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 height, shape and
internal characteristics through the process of shoaling, refraction
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 mathematically, however, correlations of yield with wave
generation in shallow water are briefly outlined below.

The method of correlation between wave heights and yields dis-
cussed in the previous section is limited to deep water wave gen-~
eration such that 4 > 6w0'3. For explosions in water of depth
such that 1 < d/w°'3

polation rule to fit the experimental data as follows:

< 6, Le Mehaute [9] proposed a simple inter-

i

o' (i 0.3_
n deep " 2

1
+ E(d/w 18 ] (56)

This shows that the generation efficiency is reduced by half when

the parameter d/Wo'3 approaches unity. In the case of very shallow

water where d/WO'3

<< 1, the linear model is no longer valid and

different correlations must be used. Unfortunately, there are very
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 1lbs.) 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. 1In deep
water, wave height varies inversely with radial distance r as a
combined result of frequency and radial dispersions. In extremely
shallow water, however, the large leading wave is expected to be-
have like a solitary wave and its height should vary inversely as
rz/3 instead of r. In moderately shallow water, the relation below
should hold
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n r? = constant 2/3 s 8fd) <1} (57)

By correlating the WES test data, the following empirical formula
have been derived

8
n._.r 0.93
max 1/3
= 1.44 (a/wt/3) (58)
w/340.25
and 173 9507
8 = 0.83 (a/wt’/3) (59)

It is noted that the power B8 varies as a function of the depth para-
meter d/Wl/3;
While the derivation of the above relationship has assumed that

for the very shallow case, B approaches 2/3 as a limit.

reasonable extrapolation of the WES data is valid, it must be noted
that the correlation is based upon the experimental data covering
d/wl/3

proach the empirical relation (56) as d increases.

only up to 0.585. There is no indication that it will ap-

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 waves
propagate into shallower water, their crests become more peaked
through shoaling. When the local depth d becomes so shallow that
the wave height h = 0.67 4 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. 1In 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

Tir.t}l = h sach® a(r-ct) (60)

where

o 3
il

wave height

¥3h/4a>

Vgd (1 + h/2d), the wave celerity

R
it

(9]
]

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
n_R
— - 00 . Wik s
n({x,y,2,t) = —;; [ v dk]J3(kRo) cos k(xo + x') ny (61)

(b) solitary wave

nx,y,2,t) = h sech? ax' - n (62)

1

Seand
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where
X, = distance of craft center from the burst
X' = (x cos® + z sinf) cosy + y siny + (U-c)t
n, = X sin6é - ¢ - y tan¢
U = ship speed
c = wave celerity

t,9,9 and y 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 (Eg. 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, 9 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
p-. - = _T - oo
X, cosf cosy sin6 sin¢ cosy sin6 cos¢ cosy u
- cos¢ siny + sin¢ siny
= cos6 siny sin® sin¢ siny sinb cos¢ siny v
+ cos¢ cosy - sin¢ cosy
z -siné cos6 siné¢ cosb cosé w
e 2 5 b i
p = ¢-¥ siné (63)
q = 6 cos¢ + Y cosb sing
r = ¢ cosf cos¢ - 8 sing

where Xor Yg and z_ represent the craft c.g. location with respect

to the inertial frgme; all other variables have been defined in
Table 1. In summary, there are 12 variables and 12 eguations. 1In
addition, the cushion volume is controlled bv the eaquation 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 WAVES
| 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 size 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

130 feet forward of transom
24 feet above keel

Center of Gravity location

Engine Thrust Characteristics:
Gross thrust in lbs:
T, = 16.1 v? - 190 U + 528,000 - (1-a) x 4 x 10°
Momentum drag in lbs:
b, = 3900 U - 1400 (1-o) U
Here o = power percentage level and U = craft speed in knots

Lift Fan Characteristics:

Qf = 75,497 - 121 (pc-pa) 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,

]

5 feet

6 seconds

Wave Height

Period

Figures 6 through 9 illustrate the results of these runs for the
craft at a maximum speed of 80 knots and heading angles of 00,

450, 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 0 heading indicates that waves move in the same
direction as the craft and normally it is termed as following seas.
A 90° beam-sea indicates that waves propagate from port to star~-
board and 180° heading 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:

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 bhow
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 Figure 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 Cl = - 1,34 T¢ 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 il-
lustration purpose only, as no optimization analysis of these
constants has been conducted.




uoTsInoxe yead-o03-¥ead/UOTSINOXS WNWTIXew Se usATh sxe sasuodsay
0T 0 4 0 60°0/60°0-] SS°0/9T1°1 08T
6 0 0 0 ¥1°0/80°0-| 00°T/0S°T ,08T
8 0 0 $Z2°0/0z°0| ST°0/LT°0-| TS°0/LT"T JSET
L 0 0 8€°T/LL°0| 8T°0/9%°0-| 69°0/28°1 oSV
9 0 0 0 61°0/6T1°0-| 80°T/L9°T o0
*ON @anbrg (29 1, (bap) (bsp) (33)
aousxazay S3Ue3ISUC)  TOIJUCD 1108 yo3td anesy Butpesy

s3ouy 08
Spuooas 9

3993 ¢

saaepm Teprosn

= poads 33eI0
= potxad saem
= 3ybray saem

uts o3 asuodsay SIS

€ STqeL

53




T

298 0/£'0 = L/3 ‘,098 13 %€°T - = "D JuBISUOD
Toa3u0d 2aeay ‘83p (8T = Surpeay 3jead ‘sjouy Qg = paads
3Jeld ‘098 g = potaad daeM ‘3 ¢ = JYSTOY SABM - SIABM

TBPTOSNUES UF JOIjUO) UOTIBTAIT[V 9A®3H Y3IFa asuodsay 3jery (T 2andtg

°
. reccod3nec i 4 teee

cec eo < -
D tonmovootas sesnionc000? t%ercnai100ni02800%chnnccane? ce2
- - - e - . "% Ci] .s
> - eesscs . . . s _ee
. e . . . .
.o - . . cse
. . ..
.o . . . .
. . cse
.
. .o
.o,
.s
. .
. .
. . .
. . . .
. . ses
o nona s I3 . .
*ifnraa3¢303;, 0007200 "000e 001700003000 :000000506,0329000000,000000000 07000000 ,0607000060,063003000300000
- - .
- - e - . - . Y . .
ve . . .
. . . . vove
. . oo . sescece
. . . . .o . . .
ve . . e s .
. . . . .
. - .. - . -
esse . . soee
.e .
.o

.o
- .
.
. .
. .
v . - e v
Tesevsesoseisosennrsoe
.
.
. .
. soe
ecvee ee e
ooee ® ecocvecec
- e®

ecovoecroncoc

ov 0N
AN

g
"r

ey
sadile

54




™

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 1l. 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
guite 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 90° 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 illustrate the behavior of the craft under
different combinations of wave height, water depth and wave period
for a head sea, i.e., heading of 180°. 1In 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.
Therefore 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 18 through 21.
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Figure 21 Craft Response to Explosion Waves in Deep Water -
7500 ft, craft
speed = 50 knots, craft heading = 135°,

yield = 1 KT, stand-off distance =

sec, To = 80 sec

68




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 craft

in hovering mode, head into the waves. As seen all the variables
are within normal excursions with a maximum pitch of -1.55° 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. 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 -1.52° 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 45° 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 [ heading or the following wave case.

Should the craft head into the blast on a 1‘35o 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.




7.0 VULNERABILITY ANALYSIS

Tl 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 twe ships, 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. 1In 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-off distance and heading. The effects of these parameters
in both deep and shallow water environments are considered. 1In
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 - 2.0 K-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

w0.54

Figure 4, at this depth the maximum wave parameter . r/ may

reach as high as 18. Nevertheless, the measurements a?e very much
scattered, especially at this charge depth. In the present analysis,
taking a conservation estimate, we assume nmaxr/wo'54 to be 10,
which corresponds to an average value for a charge at the upper
critical depthb 3This, together with the empirical relation

k = 0.29 w °

max
The results for four different yield explosions are calculated and

(Eg. 55) determines the crater radius and height.

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 Eag. 52.

Table 6. Crater Dimensions
Yield Weight Crater Radius Crater Height
W Ro o
KT ft &t
0.5 680 41
1.0 835 49
LS 945 54
2.0 1025 58
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Four stand-off distances are considered, they are 7,500', 10,000',
15,000' and 20,000'. 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 0° 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 thelimit 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 + 90° curve, the craft may only operate
safely with its absolute heading angle less than 900, beyond

which the craft becomes vulnerable.

3




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 £t £t sec ft/sec
7,500 4.64

G 14,008 st 14.11 72.29
i 15,000 2.32
20,000 1.74
7,500 6.73

T 10,000 5.05 15.61 80.02
: 15,000 3.37
20,000 2.53
7,500 8.38

i G ond 8.0 16.60 85.06
' 15,000 4.19
20,000 LS
7,500 9.80

S Aty ks, 17.29 88.63
¢ 15,000 4.90
20,000 3.67

)
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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 craft heading
and the stand-off distance. For instance, the figure shows that
at a stand-off distance of 20,000 ft 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 ft, the craft 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 defined previously, a craft heading between 0 and + 90° cor-
responds to following and stern waves and a heading between + 90°
and + 180° 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 + 180°), unless it had been
already on that course and could not alter it before the wave ar-
rives. Should there be sufficient time available, however,
Figure 22 definitely provides a useful guidance for a proper
response under any given set of prevailing circumstances defined.

a3 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 significant effects on the shallow
water region close to the shore as a result of spreading and dis~
persion across the long distance over the continental shelf.
Therefore, only the second case is considered here.




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 2.0 k-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 thé shoreline and that for a 50 ft
deep water 5,000 ft. Assuming that the effects of dispersion and
refraction are negligible 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 correction to the wave height due to shoaling must be taken into
account. If HO is the height of the waves in deep water, through
shoaling the height in shallow water of a depth h would be

=
. 2 kh E
H = HO [tanh kh (1 + m)] (64)

where k is the wave number which has been defined in Section 4.2.

The ratio of H/Ho 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
shelf. As mentioned 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
effect 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

e~

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 o 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 analyze the craft motions was performed for each case listed
in Table 8. Again, a craft cruising speed of 50 knots is assumed.
Craft headings are varied from 0° to 180° 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 craft is safe to run in any direction with no catastrophic |
results. When the wave height/water depth ratio reaches 0.3, how-

ever, the operation headings are limited only to stern and following
waves, or 0 to + 90°. 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 no
threat when the craft is 2,500 ft away in water of 75 £t 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 include any control for
heave attenuation. Whereas it is not the intention of the pres-
ent effort to design an optimum control systemr 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
L = - 1.34 ft sec’
and C, = 0. The results are plotted and shown in Figure 23. As

2
seen, the calculation shows that the craft would now remain safe

Eg. 50 with the control constants assigned as C

in this wave environment. This exercise demonstrates the importance
of heave control devices in SFS 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 quide for the execution of proper maneuvers in cases
where the craft is caught in an explosion generated wave en-
vironment. 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 thrcat is to set the craft
into a passive mode at a condition of maximum stability. This can
be achieved by slowing down the craft speed into a hovering mode
while altering its heading either into or away from the waves
(180o 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 0° or 180° 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 1 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 guickly

a craft 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 ft. If we define this as a critical stand-off
distance, then the critical reaction time is about 80 seconds. 1In
other words, the craft 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-tonor 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 0° 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°).
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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 0° and + 90° (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
for 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




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 characteristics 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 water explosions, the results show that the craft

safety does not heavily depend upon the stand-off distance.
Within the yield range considered, the wave height/water depth
ratio instead has been found to be the major parameter affecting

the craft 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 logic the model has shown that the craft

may reduce motions and in many cases may even assure survival

under a hazardous 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 oniy in general
terms in order to represent a typical SES and accordingly the
results presented herein must be regarded in this light. It

is nevertheless worth mentioning that the model develcped here
includes complete details to ensure that the information on evasive

procedures for other craft can be generated should the specifics




for that vehicle be defined. 1In 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 irreqular 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

i HYDRODYNAMIC COEFFICIENTS OF SIDEHULL

The hydrodynamic forces and moments include both linear and non-
linear /contributions. The linear terms are those in the equations

of motion identifiable by the first order coefficients. The non-
linear terms in a hydrodynamic inviscid flow are the second order

.i

couplings. The linear coefficients are usually classified into

terms in the equations of motion, arising from fluid inertia
three éeneral categories: static (or resistance), rotary and
acceleration. The static force coefficients are the rates of
changeiof any force or moment coefficient with respect to the
linear velocity components; the rotary force coefficients are the
rates éf change with respect to the angular velocity components;
and thé 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
variabies within limited ranges.

The fuﬁdamental dependence of any particular force or moment on
the cowplete dynamical history of a body can be written as

l F = flu,v,w, p,q,r,ﬁ,&,&,é,é,f]
In a g!neral expansion, there are altogether 72 first order
derivaIives or coefficients and 18 second order derivatives.
Among these 90 derivatives, some of them are zero if the body
has a ilane of symmetry. In addition, based upon the slender body
approach applied in the analysis, there should be no first order
dynami‘ forces in the axial direction, nor should there be first
order terms depending upon the dynamic variables along the longi-
tudinal axis. 1In order to provide a simple approximate of the

body surge 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 ﬁl. The two-dimensional section

added masses are defined by m,, m and m, for motions of sway,

3
heave and roll, respectively. In comparing with the symbols
defined for single sidehull in Eq. (7) in the text, the following

identities are noted

mz(x) = 2 myy(x)
m3(x) = 2 mzz(x)
m,(x) = m,(x) £2(x) + m,(x) h%(x)
; 4 2 3
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-1. 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. 1In
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 (F10.0, 14I5)
1) DT - Number of intervals per wave period.
2) NSTEP - Number of integration steps.
3 NPRNT - Plot every NPRNT 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) 1IFIN - 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.
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11) IW - Flag on wave type.
If IW = 1, sinusoidal wave.
If IW = 2, solitary wave
If IW = 3, explosion wave
12) 1IPR - Flag on debug for subroutine VLDOT.
If IPR = 0, do not print debug.
If IPR = 0, print debug.
13) 1ICO - 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 (8F10.0)
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) 2 - Heave (set = 0)
5) Cl - Control constant Eg. (50).
6) C2 - Control constant Eq. (50).
7) CVENT - Minimum percentage of vent area to be closed;
(1-CVENT) representing the upper limit of vent area.
8) DVENT - Lower limit of vent area in percent of total vent area.
Card 4: Format (8F10.0)
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.

1

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

Card

Card

Card

Card

Card

Ss
1)
2)
3)
4)
5)
6)

6:
1)
2)
3)
4)

1)
2)
3)
4)

10:
1)

Format (8F10.0)

WL - Reference length of craft (ft).

SP - Approaching speed (knots).

RHO - Density of water (1b. secz/ft4).

ANU - Kinematic viscosity of water (ft2/sec).

CDLL - Drag coefficient, lateral force, lateral motion.
CDNN - Drag coefficient, normal force, normal motion.

Format (8F10.0)

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

Format (8F10.0

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

Format (8F10.0)

XARM - Longitudinal distance of water jet nozzle location
from craft C.G. (ft). 3

ZARM - Vertical distance of water jet nozzle location below
craft C.6. (£¢).

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

Format (8F10.0)

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

Format (8F10.0)

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

Card

Card

Card

Card

Card

11:
1)

12:
1)

13:
1)
2)
3)
4)

5)
6)
7)
8)
9)

14:
1)
2)
3)

4)
5)

6)
7)

15:
1)

16:
1)
2)
3)
4)

Format (8F10.0)

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

Format (8F10.0)

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

Format (8F10.0)

DWET - Height from keel to wet deck (ft).
WAMP - Wave amplitude (ft).

WPER - Wave period (sec).

BETA - Heading angle (degq)
BETA = 09, following or overtaking waves.
BETA = 180°, head waves.

WDEP - Water depth (ft).

X0 - Distance from center of explosion to craft (ft).

RO - Crater radius (ft).

ETAO - Crater height (ft).

TO - Reference time with respect to time of detonation (secj.

Format (8F10.0)

CDIS - Discharge coefficient.

RHOWA - Density of air (1b sec?/ft).
ATM ~ Atmospheric pressure (psf).

PHIO Coefficients for least square fit of fan
PHI1 characteristic curve.

THTB - Bow seal angle (degq).
THTS - Stern seal angle (deg).

Format (16I5)
NST - Number of sections along craft from transom to bow.

Format (8F10.0)

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

Card

Card

Card

Card

Card

Card

Card

17:
1)
2)

18:
1)

19:

20:
1)

21:
1)

22:
1)

23:
1)

Format (8F10.0) /

SLBOW - Length of planing boy/;eal (Ft) .
SLSTRN - Length of planing*étern seal (ft).
Format (8F10.0)

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

Format (8F10.0)

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

Format (8F10.0)
CHINE (I) - Height of chine above keel line at station I (ft).

Format (8F10.0)

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

Format (8F10.0)
XSW(I) - Distance from transom to station I (ft). NST values.

Format (8F10.0)

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

Group 24: Format (8F10.0)

1) D1(I,J) - Height of Jth waterline above keel at
Ith station (ft). NSW(I) values of
D1 for each I. All values are positive.
D1(I,1) = 0.0. Refer to Figure A.l.

D1 is input as follows:
card 1 - p1(1,1), D1(1,2),...D1(1, NSW(1l)).
card 2 - p1(2,1), D1(2,2),...D1(2, NSW(2)).
Card NST - D1l(NST,l), D1(NST,2),...

D1 (NST, NSW (NST)).
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Card Group 25: Format (8F10.0)

1) W1(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 W1 for each I. All
values are positive. W1(I,J) input
similarly to D1(I,J). Refer to Figure B.l.

Card Group 26: Format (8F10.0)

1) W2(I.J) - Horizontal offsct of th 11, left
14

side of vertical reference plan 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.1l.

()
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Definition of Output

l.

10.

Input data are reproduced as they appear on data cards,
with the exception of D1, Wl, W2 which are not printed
in the order they are read.

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

l) sp (ft/sec).

2) AM (non-dimensional).

3) AIX (non-dimensional).

4) AIY (non-dimensional).

5) AIZ (non-dimensional)

6) FROUDE (non-dimensional) - Froude number
Craft attitude

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

Non-dimensional derivatives printed,
Stabilizer coefficients.

Coefficients for ship plus stabilizer.
Stability criterion for ship only.

Stability criterion for ship plus stabilizer.
Center of pressure of sidewall.

Non-dimensional cumulative integrals.

{p&sn dF

o

DII - K DF aF

pés
prai - | Dprigr
Jp&:s
r 3
DF31 . ¢ D dr
Jp&s

DCI - _{ DC dF
p&s

104




where
p&s - Integrvation limits over both port and starboard sidewalls,
D - Draft at successive stations.,
r - Distance from C.G, to successive stations,
C - Vertical moment arm, at successive stations, for submerged
portions cof crait (ft).

b - DBecam at successive stations.
BB - Ilalf spacing of side walls, ‘
11. Non-dimensional Geometrical Variables as Function of Roll.

GI(I) - Integral of girder.

SI(I) - Integral of cross sectional area. L

S1(I) - Cross sectional area at transom.

TDRAF (I) - Draft at transom.
12. Craft characteristics.

i

13. Wave characteristics.

DC2¥I - ( DC FdF
J

B3BI - BB
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14.

15.

Tab%e of output plus units:

1)
2)
3)
4)
5)
6)
7)
8)
9)
10)
13}
12)
13)
14)
15)
16)
17)
18)

T - Time (sec).

U - Craft speed (knots).
BETA ~ Sideslip angle (deg).
W - Heave rate (ft/sec).

¥ Location of craft (craft lengths).

Z - Heave (ft).

PHI - Roll anglie (deg).

THETA - Pitch angle (deg).

PSI - Yaw angle (degqg).

PC - Cushion pressure, (psf) .

QF - Fan flow (£t3 /sec) .

DPDT - Rate of pressure variation (psf/sec)

DVDT - Rate of cushion volume variation (ft3/sec).
WD - Heave acceleration (G's).

WH - Wave elevation at C.G. of craft (ft).

VOL - Cushion volume (ft3).

Al - Vent area (ftz).

Legend for computer plots:

1)
2)
3)
4)
5)
6)

HEAVE - Heave (ft).

ROLL - Roll angle (deg).

Pitch -Pitch angle (deg).

| YAW - Yaw angle (deq).

| WAV HGT - Wave elevation at C.G. of craft (ft).
[PRESS/IOO - Cushion pressure divided by 100 (psf).

|
(
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INPUT DATA

TEST SIDEZWALL - EXPLCSICh wAVE
OT 0is STEF oNPRNT o iF o IFINeIPLCT o IPToNUET o INT 4 JEUGeTa o TFRQICC

12800 25 4 0 1 (] 2% 4 c ¢ 3
THT9PHIsPSie29C10C24CVENTGOVENT
0ell 000 Celd DeCO =1e34 0«00
AAsBEICCoDDyAM 9OXOUATIY9AIZALY
130.000 444000 2eCC0C0 c4s00C 2C00.0 0.0010
el oSFeRNGe ANU9CLLL 9 CONN
237.500 30.000 le9P5 o000C12817 1.20C 1.00C
JMEGAGCReCTeS
30400 1000 Se0C0 1000
CCCaTHTL ¢SPTURNSDFTH
200 100 50.00 000
AARMoLARYMO2ACE
13CeGC 4eCO CeCGO
YARMC(L)
Llell =5000 3P.00 -38.00
DELVET(I)
Ce00 0430 fe00C 0400
RMCP(I)
1.00 100 1«00 100
ALPRACD)
CeGC C.00 Ce0O 0«00
SeEToah™F o nFERGBETAGREF o XO4ROGETAUSTO
leevd 1Cei0 3Ce0C S00C 6CC0.00 7%0C.CC

COISWRFOwAsATMePHIQeF NIl e THTBeTHTS
e7C eU02378 2117.00754S7e05 =121e2% 30.0C 6000

NST
12
oUBLeBUSEsaALBICLEFTH
240400 856400 Ee0CO 30e0C
SLEIReSLITRA
20.00 20400
ORISEC(D)
85400 t500 Se00 7500 60eCC 494C0
45,00 S6e0C0 7600 78.0C
ENTRCECD)
0.00 CeGO 0eCO 0400 0.00 0e00
1eSC0 ce50 1050 Ds0C
SHINECD)
S00 Se00 SeDC .00 ®.0C £.00
S5e0C €400 2400 0400
NSw
4 L} 4 4 L 4 & 4 3 hJ b b
XSws
0600 25.00 S0eC0 75400 1C0ene 12%CC
2004060 22500 23750 250400
Sk
0e0C 000 0e00 0.00 deOP c.0C
0eCO CsCO 0eCC 20.00
1 8} 0«00C S«000 10.000 204CC0
1 T«000 7300 6000 Be0OCO
a2 0.000 0000 0000 oe.00C
2 D1 0000 54000 10.000 20.000
Wl T«000 T+500 E.N00 Ee000
w2 04000 Ce000C Ge0CO Ce0CO
3 0 6e000 Se000 10.00C 20000
w1 7000 T7.5C3 Ee.0CC ge000
«2 0000 0000 0.0C0 Ce00C
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C.CC

6SCCCe0

EI%.0C

44 o0C

Ge00

SefC

15000

0400

0.00

3C000C.0

4S.CC

43.00

Ce0C

€elC

17%.00

0.CC

25000040

£6400

s A wir E
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& D1 0.000 SeN00 10000 20,000
wl 6500 Te500 £s000 2e00C
w2 0000 0300 0000 0.000
S 81} Ce.000 5000 10960 20000
wl 44000 7000 2.000 2000
w2 0000 ce00C Ce0CC 2.200
e 01 0.000 S000 10000 204000
¥l 24000 6500 8002 54000
a2 0000 0,000 0000 geropQ
A | 0e000 $.000 10500 20.000
Wl «700 €eUOD 84000 8e00CT
(Y3 0«000 Ce.0C0 0.COC 0e.000
8 D1 0000 S.00C 134500 2n.00C
il 0000 SeSCC 6e0CC Pe0CO
w2 0000 0000 0000 0000
g D1 0.GG60 S«00C 20.000
sl Ce000C $.000 8e7C0O
w2 GelOC Ged00 CetCO
10 01 G«000 €.000 20000
sl 0e.G0C 4.0C0 €e500
“2 0.000 0.000 0e0G0
11 b1 0.000 9.000 206000
al Ge000 24700 SenCC
w2 0.000 0eCO00 0000
12 Bl 0.000
w1 0.0CC
a2 0e.00C

CCNVERTED INPUT
SPeAMIAIXGAIYWAIZ4FRCOUDE
b4e4S «1045€=-01 «1939€~-C3 eT4ETE-(2 eBS49E~-C2 «SEET
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THIS PA
FROM COPY

NRAFTZ 2,00 TRIM= 1,00

HON OLuENSLUNAL NIKRIVATIVES

QYP,0Y¥a,0YR,0YV,nYw,DYCP,NYLO,DYDR,DYNY,DYDW

= G3bnE=03 V. 15176 =,2772L=02 0, «.2365E=0% o, 2843005 -,9002ke03 0,
322 ,048,022,00¥,085,0d0FP s GEINpUEUN,DIVY,DLDN
9. “elnosb=Gd 0, U, -,2984C=02 9. «,1103E-05 0, 0. ~s1510E=02
ULV ,ORn, LKR,UAY ,AXn, CKDF , OKDG, CKUR,OKDV,DKD A
4082k =05 0, «1276L=03  =,2400C-03 9, «2173L=0S 3, 22410L=04 =, /779E=~04 O,
M2, DM UMR UMY DM, OMDP , NMDO, UMDP, D0V, OMD W
). e )3ill=lb, 0, 0, =,3235C=13 0. =,l6l1lk=00 0. 0. “sG193E=03
ONP,CNa, DNR DNV, ONA, DNOP , UMW, DNGR , D5NDV, ONDW
(GSlgE=0u 0. =24062C=03% oHLLIC=03 9, «7378L=04 0, =«1211E=03 «CB43%E=05 0,
STaa[LpZER CUCFFICIFLTS
Flnyys e, 4L0lE-02
FruyR= e i89C 02
Flwgvs «BulS( 04
Flegss =4 TYEQ4
Fligvs 2N89C <02
FIvnR= =.13523€-02
Srlp PLyS STABILIZLR COFFFICIENTS
YFYfys -, T4S50L=y2
sFras «d0UBL=y2
LFave * 19138 =y3
lFans 3577k =nu
SFNys «3100L=y2
SFNoeSE =, 1869k ~y2
STaa[LypTY CRITERTON FUR SHIP OMLY= «6973E=05
STARILYTY CALTLSUN FUR SHIP OLUS FINS «23717 =04
LENTER OF PRLSSUME A1 CLNTCR OF GRAVITY= 22,45
SEC A1 OF2I OF 5L oclt [ long § vest CCFI otrel VCeFl binl
Ty n. 0, 0, (7 0. 0. 0. Ve . 0.
< L180E=02 =,803C-03 JHIOEe0T =, 220be0 «156C=93 «15TE-04d JN42F =S e, 825E=04 «4ISE=04 =, 762E=0% «299e=04
3 LOINE=0C =, 152C-02 T0L=03 =, 351k=0% 23150=03 e 293k =04 «¢72F 08 e ldlbeuyl «049E=0d4 e, 3lL=yud cdibb=Un
a LHARIT=UC =, 1050=02 B2IF=073 =, 308L=0"% aUdAC=n S i) PEe0U 300035 = 179r=03 «ib63e=0d4 =,lb/L=u4 «02UF=0u
5 LO0XL=02 =, Q|5(C=02 Ao N3 =, 377L=0% $DOUC=N) «S28E=0y W4OUE=0Y «201k=u3 «BUSL=04 «,l8/t=v4 +/97F =04
b siNUE=)l  =,205C=02 378 L=0% a006JC =iy D2AEC04 AULeOY e 20RE~0S «Bl5t=0u  «,194k=04 <V SuE=0
7 LIBTT=02 =, 221C=02 .. 373L=9% $7420=03 «C99E =04 059t 205« ll0E=03 «dlok=vd =,]Y2t=v4 Jdoee=03
n J0510=0d e, Q) 30=02 “ 370k=0% «)30=05 750 =04 «T17e=0% e, 198c=d5 «BlBL=Ud e, lebL=04 ANTE=y)
9 La5CL=02 203C=02 PLARTIET R e PR AR T R $SUTL =05 sult=td 75N @y e, BHE=0S JHBS52H=04d e, 17504 dlllk=J3
1a J20L=02 e l9dCey? RN DA T DR SN0 =0) Aokl eThireuy e, lduk=03 «Y79L=04  e,1b/E=04 «ll2t=a}
1 #9250 =0c =.172C=02 L5001 =03 =, 3%71=03 snlof=03 B3t TAJL=0Y e [ TRE=D) «38at=0a e,1n85c=04d allgt=i)
12 JN20E=02  =,192C=02 J95EFe03 @, 354L=0% «ST78L=03 CAlb ey WL elh e iT7k=05 «BY1E=ud <, l0at=0d ellct=9s
GEUMETQICAL vANLaANLLS
WAL (VEG) 6t 51 S 10RAF
27000 JU4RI2N =y «2502E=0}) R ADM TR dfluidteul
15000 Leralisgl  L26a0E=)3  L0aT0Le04  LofltCeul
u‘uuo edlidL=g] ecClk=ny «DA59L =0 <1 TSTE=0I
=l e s i2uL=gl dlafiLeys «4999C=03 W15:00=01
2,000 J350tegl JOL0LE=0a «2018E=0S JA0CTL=010
3
i
|
i
!
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APPENDIX C

COMPUTER PROGRAM LISTING
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(s NaN el

o000

(s NN ol

THIS PAGE IS BEST QUALITY PRACTICABLE
FROM COPY FURNISHED T0 DDC o

PROGRAM SLSWAVE(INPUTeOUTPUT 9o TAPESSINFUTeTAPE6=CUTPUT+TAPEL

=y TAPE2)

DIMENSION Y(13)eYP(13)

DIMENSION PHIDCT700) ¢XPCT700)3YYPCT00) oThTODC(T00) 2P (700)
*9FSIDCT700) 9 WAVITOU)PCP(T00)

CUMMOiv /ABC/ DRAFT(25) ¢yWb1GHT9RUEB 9BUBLIWALBeSLEOWeSLSTFNGTHETA,
*DEFTHeSFRAYL

CUMMUN /B/ PoluoReXeYYeZoUgVyehoyPHToTHToFSI

COMMUN /DERV/ XUCELUSOPAGYDPAGN¢OFTHGIFINGCCY

CUMMUN /FLNa/ FCeOFeQUeVDCTFoALTP

COMMON JIK/ AAQAIXGAIZ gAeEcoCRoCFoCTRGUXDUGFO oG oNET o VAL y
*PIyRRCeSroUCoWL o XLG9XFGeCOLL oCONNgFRCOUGE vCCoDO9ANU9 ELLDSCLD
oo Gy LFTURNIiPLCToIFToAIY G CCUaTHTL

CoMliCiv /PrnwT/ LTol STEP oNFRNTWIF

COtMULN FTEMP /SXeSY oS K9Sl whVEDC 9 AESOD G o SFEY Ge SEALDC
*SAINOGeFINDLeENIFDS«TCTLDG

CLEMUOL ZTERSTZ TrlGHeTLCY

COMI'0Y /TVCC/ XAKMoZ7ARIIGBACE ¢YAFM(4) ¢DFLJUET(Q) oAl CF (&) oNJLT
*yALFHACG)

COMIMON /aAV/ DaETowAMP 9 iPER9CELOCAYQTRGoF(2S) oFETAGI weVLEF o(FFSET
*omlLGeICCOXUIRNIETACYTY

CLIMUN /wGT/ BULYANGINUGTeabCyuxl

COMNMUNZRY ISECTU(2S) qCIC2S) ¢OFL(25) alF20(25)4DF3T(25)90CTC2E)
2DC2ICLS) aDC2I(2%) e DCFIC2S) qCCF2T(25) o0 C2FLUTSY 48 36T (25 4¥SL (25)
CUMMUN /FrES/ COISePRCUASPHIOGFEI19ATM o MAX QAL ODE 9 IPP

COMMCN ZAYEYEZ ATaC14C2¢A1 0P 2¢0FDTACVENTHOVENT

CaLL INPUT
CALL INFT
INATIALIZATION

T=0.0
SHIPDG=0e
TOTLUG=0e
wE=13
Yc1=u
Y(2)=V
Y(3)=4
Y(4)=P
Y(S5)=Q
Yi(6)=R
Y(7)=X
YLRIZYY
Y(9)=2
Y(10)=FHI
Y(11)=THT
Y(12)=PS1

CALCULATE «E1GHT CF CRAFT AT INITIAL TFIM WITH NC aAVE

INKGT=0

CALL SEAWAV (UXgaYonZoeaKe''loealkioeVOlLeaCeYeT)
Y(13)=VUL/wb#e3

EUCYAn=-W2Z

WMUZwh

WNXC=aX

FE=cUCYAN*DEM

PC(LELiGHT=FBI/AC +ATM
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(s NaNse]

OO0

(g Mo Nel

PCGAGE=FC=-ATM
AG=(FRiC+PRI1*FCGAGE) /(COIS*SURT(2.#(FCGAGEY/RHOIWKA))
A1=DVENT#=AQ
A2=2e*AL*(1.=CVENT)
VCLDOT=0e

INeGT=1

INDX=0
AI=Au*(1,-CVENT)
CALL RUNGS(ToDToNE«YoYPoINDX)
KNT=1

TP=T*&L /5P

UP=U*5P /16569
VF==ATANCV/Y)ZOTR
aP=weSP
WD=YP(3)=SPee2/WL/G
XP(KNT) =X
YYPC(KNT) =YY
2P(KNT)=2+dL
PHID(KNT)=PHI/DTR
THTOUCKNT)=THT/DTR
PSIDCKNT)=PSI/DTR
PCPCANT)I=PC=-ATHM
WAV(KNT)=0.
VDOOTP=0.

OPDT=0.

CALCULATE AND PPINT CRAFT AND wAVE CHAFACTERISTICS

PAM=AM®G/2240e*(0e5*RHO®WL 2+ 3)

FeB=2e+*BB

PTHTO=THTC/DTR

PSP=SP/1.689

PBETA=BETA/DTR

CRAFTL=XxShtwST) »yl

wPRITEC69300) PAMy CRAFTLoPBBePTHTOsCCoPSF

IFCluelTe3) WRITECE9301) FEETAGWANPehFEPewLGoCEL9CAY
IFCineEheld) WRITECH9302) PEETA9aDEP9RUcETAD¢XT o TO

PRINT CUTFUT HEADINGS

WRITE(64220)

WMRITE(B4222)

IFCIPoNESU) dRITE(69221)

«RITE(69200) TFRoUFgVF ¢ WP o¥PUKAT) oYYP (KAT) qZF (KNT ) oPHID(KNT) o
*ThID(KNT) or SIDCKNT) o PCP(KuT) oCFaOFDToVLOTPow Do AVIKET) g ACPo AL
IFCIPeNE o) wRATECE92N8) SXoSYeSKeSNeXUDELUSUFAGY4DRAGNTHIGH
* 3 TLUW TOUTLDGOWAVEDGeAERODGySFRYDGOSEALDG 9 SKINDGoFINDG

INTEGRATICN BY RUNGS

INTRY=0

cex=cc

L0 2 I=14NSTEP

IFCINTRYeEueleANDse TCCWoNEeO) CALL SECDER
INTRY=0

CALL RUNGS(ToeDToNE oY YPoINDX)

u=yv(1)

v=Y(2)

wz=Y(3)

P=Y(&)
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G=Y(5)

R=Y(6)

X=Y(7)

YY=Y(8)

2=Y(9)

FHI=Y(10)
THT=Y(11)
PLI=Y(12)
KNT=KNT+1

TP=Teal /SP
UP=U*Sr/1.689
VP==-ATANCV/U)/DTR
WF=weSP
wD=YF{3)«SPau2/WL/0
XP(KNT) =X
YYP(KNT)I=YY
ZP(KNT) =2+ul
PRIL(KNT)=PnI/DTR
THTDCKNT)I=ThT/DTR
PSIDC(KNT)=FSI/DTR
PCP(KNT)=PC-ATH

c GENERATE WAVE FORM FOR PLOTTIKG
XC0=YCV=2C0=0.
CALL SaAVE(XCOoYCO9ZCOyYoToETA)
WAV(KNT)I=ETA

PRINT RESULTS

(s Xalel

WRITE(64200) TFoUPoVPoWPoXPUK.T) 9YYP CKNT) ¢ZF C(KNT) oPHIDCKNT) o

*ThTOCKNT) oPSIDCKNT) ¢PCP(KNT) «CFoDPOT VD TR ohDe WAVIKNT) ¢ ACPo AL
IFCIPeNEeD) WRITEC(E¢208) SXeSY9SKeSNeXUUELUWDRAGYsDRAGN THIGH
*oTLCWe TCTLDG9WAVEDGYAERODGeSFRYDGeSEALDG9SKINDGeFINDG

c TEST TU SEE IF DERIVATIVES NEED TO BE CHANGED

IF(ICO+EGeD) GC TO 2
ZTEST=ZF (KNT)*WAVIKNT)
2TST=ABS(ZTEST+CC-CCX)
IF(ZTSTeLTe1C0) GO TO 2
INTRY=1
CCX=CC +2TEST

2 CUNTINVE

c SELECT EVERY NPRNT FOINT FOR PLOTTING AND ?LOT

INP=0
U0 843 IUK=19¢KNTeNPRNT
INP=INPe]
ZPCINP) =ZP LI JK)
PRIDCINP)I=PHIDC(IUK)
TRTIDCINP)I=THTDCIJK)
PSIDCINF)I=PSIDCLIJK)
WAVCUINP) =WAVLIIUK)
643 PCPCINPY= PCP(IUK)Z100.
IPT=INP
1IFCIPLOT4G6Te2) CALL EXIT
IFCIPLOTGEGSD) CALL PLOYT(ZDo'NTGoUAVoPHIDOPSTDOPCP'!PTQNCQLG)
IFCIPLOTOEQe1) CALL PLOTXY(XPaYYOGKNT)
IFCIPLOTCEGe2) CALL PLOTT(ZP ¢THTDeaAVoPHIDGPSIDePCP4IFToNCoNG)
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1FCIPLUT4EG2) CALL PLOTXY(XEoYYPyKNT)
C  FUKMATS

200 FURMAT(EFTa204F7e20F6a093Ffe09?FT7e2¢9F9eNyF640)

206 FOFRMAT(EXe 9El11e3)

220 FORMATCIH1 ¢S X91HT 96X g 1HU 93X g 4HBF TA9A Yo lHWoEY 91 X 96X e 1hYo€EXg 1HZ
Pe4X g SHPhLo2X 9 SNTHETA94X e 3hFSIadX e2HF La X lHGFquX oaHNFCTa4X44HDVOT,y
*5X92HaDeSX e 2HWHEX ¢ TNV L9 Y4 2HAI)

“221 FURMATCO1TXe2HSX9GX 9 THEY X 42 HEK @ GX 0 2P SN EX ¢ HYLDELU 36 Y 4SHDRAGY
26X 9 SHDRALN 9 X g SHTHIOH e TX @ 4HTLUW/ LY 96T TLNCe 12 Xe bHNAVEDG9EX o
*EHAERIDGEY 9 6HSPRYDG 4 X o AHSEALDG ¢ SX 9 £ FKILEH 9 X e SHFINDG)

222 FURMATUIXOY9NSECO9zX90HANUT 04X 93NDENRo1X yoHFTASECe4r ¢3H/LCo4X oZR/LC
P eOXI2HF TN e IHNL GgAY 9 2HDF Goh Xe JHDEGe 3IX g 3RFSF o1 Y g THFTI/SECe1 Xy
PTHPLF/SLCoaXaTHFT3/SECoaR9 3k G 95X 9 CnFTeEXe ZHF TR 3Xe2HFT2/)

300 FORMAT(1r1¢21HCRAFT CHARACTLEFISTICS/ZEX 971wl IGHT=gF¢ oCo5H TCHS/
*SX¢13nCRAFT LEKGTR=  oFEoelebh FTo/5yg16nCUSHTION KINDTH=gFEelg4H FT,
o/S5Xe 1ININTTIAL TRIM=9FSecefn [Fue/SY g l4rINITIAL DRACT=oFT7e394H FT.
*/S5SXe14HINITIAL SPEED=¢FS.04F Kk K*ITS)

301 FORMAT(//21n WAVE CHAKACTERISTICS/S) o FHHEAUING=9FSe0eSH DEG S/
*SXeTnnt i0HT=oFLaletn FTo/ Y ¢aTrFERICD=aFSaleSFE SEC
*/SXeTHLENGTH=oFhalodH FTo/ SN 9GHRCELERTTY=gFEalg7H FT/SEC |
/S XebriaiV WTe=qFTab) : ’

SCe FCEMAT(//ZIn VAVE CHA~ECTERISTICS/SxeReHEADING=9FSaleSH DECe
P/ESXQUNUCLF=qFE el 94t FTo/5Y 470 C=gFTaloeart FT,
/SR ERFTA SoFEelobr FTa/iYo3rX =gFFelgth FT.
#/5Xe3-TC=eF6el¢5H SECW)
STCF
END
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SUBROUTINE INPT

. DIMENSION TITLEC(20)

COMMCN /ZABC/ DRAFT(ZS)'UEIGHY.BUBE.BUFLoHALBQSLBOUoSLSTRNQTHETAQ
«LEPTHeSPRAYL
COMMON /BZ PoGoReXeYY9ZoUsVeWePHI9THT9FSI .
COMMON /CDE/ DRISE(23)9ENTRCEC(23)oCHINEC(23) ¢HSPRAY(23)
COMMON /DERV/ XUDELUSDKAGYsDRAGNsLFTHe IFINGCCX
COMMON /FCOEF/ FYNCLoFINYVoFINYRGFIMKV oFINKRGFINNVyFINNR
COMMON /FOYL/Z CoALFA9GAMAGXF
COMMON /GECMM/NSUWE25) e N1(25425) ¢ N2(25925)401(25425)
COMMON /IN/ AAJAIX9AIZ 9AMoBB9CBeCFoDTR4OXDU9FO9GoNSToNVAL e
*PIoRHC 9 SPoUO g WL 9 XLG9yXFG9COLL yCONNoFROUCECCoDD9ANUyALODSCLD
2y NCoINGe SPTURNeIFLOTeIFPToAIY4CCOe TNTO
CCMMUN ZINDER/ CReCToSeOMEGA
COMMON /NDD/ DYPoDYGoDYReDYVoDYuoeDYDP¢2YDNeDYDRyDYDVeDYDS
OZF 9DZCoDZR 02V e02ZVeDZ0P « 2706 4D2D"9D2UV D20k o
DKP ¢DKGeDKR9 DKV oDKWeDKDP o CXKD S o DKDReCKDVeD¥CW o
DMP ¢DMN ¢DMR ¢DMV ¢DMW o DMOF ¢ CM0Q ¢ OMDR 4 DMDV 9 OMDW o
DNPoONGoONR DRV o DN W oONDP « CNDR oDNDRyDNDVeDNDY
CUMMON /PRES/ COISyRHOWAePRICePhI1gATK PMAXeACIDEHoIFR
CUMMCN /PRNT/ DToNSTEPoNPRNTIP
COMMON /FSEAL/ THTBeTHTS
COMMON /SES/ HSW(25)¢40EL14DEL2g¢N1gN2
CUMMON /TEMP/ SXeSYeSKeSN
CONMMON /ZTVCC/ XARM9ZAPMoBACE s YARM(A) 9CELJET(4) RMCF (&) oNJUET
*9 ALPHA(S)
COMMON 22U/ GI(25)eSI(25)¢S1(25)¢FHO(25)TOFAF(25)
COMMON /wAV/ DnETowAMPoWPERICELICAYeIEUGOF(25) ¢RETA9INoWDEP ¢CFFSET
*ohLGy ICCoXCoROWETACHTO
COMMON/X/ ISECTU2524D1825)4DF1125)¢DF2i(25)9DF31(25)eDCI(25),
*DC2IC25)eDC3I1(25)eDCFI(25)4DCF2I(25) ¢DC2FI(25)9B3BI(25)¢XSK(2%)
COMMON ZAYEYE/ AIeC14C24A14A24DFOTeCYENTOOVENT

* % % ®

DEFINITION OF iNPUT FLAGS

DT=NUMBER OF INTERVALS PER WAVE FERIOD
NSTEP=NOe (F TIME STEFS TC EXECUTE
NPRNT=PLOT EVERY NFRNT POINT
JPesemeccme-==DEBUG FLAG FOR CAMPONEMT FORCES AND MOMENTS
SXeSYeSNeXUDELUWDRAGY ¢DPACNgTHIGHsTLCW «WAVEDG
AERCDGeSPRYUGYWSEALDGeSKINDGeFINDG
IF IP=0s DONT PRINT
IF IPeNEeOy FRINT
IFlh'------°-FLAG ChN INCLUSION CF STARJLIZER
IFIN=CoeDONT INCLUDE STABILIZER
IFINJGNESOy INCLUDE STABILIZER
IPLOTo==~==x=FLAG CN PLOTTING
IF IPLOT =04PLOT PLOTT
IF IPLOT =1 PLOT PLOTXY
IF IPLUT =2 PLOT FLOUTT AND PLOTXY
IF IFLUT GT 2 DONT PLOT
IPlecccccaanaNUMBER OF STEPS TO PLOT FLCTT
NUET====wcea=NUMBER OF JETS FCR THRUST VECTOR CONTPOL
INTeeoeeaceec=PkINY FLAG FOP CUMULATIVE INTEGRALS AND GEOMETRICAL VARI‘BLES
IF INT=0¢ OONT PRINT
1"‘ INT.'\['O' PR!NT
IBUG=~=======FLAG ON DEBUG FOR SUBROUTINE EUOY
IF 1BUG=0s DO NGT PRINT
IF I8UGeNEDePRINT
JfweewwewacecaFLAG FOR WAVE TYPE
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IF IW=1y SINUSOIDAL VAVE
IF IW=2¢ SOLITAPY WAVE
IF 1d=3¢ EXPLOSION WAVE

IPRe=====caceFLAG ON DEBUG FOR SUBROUTINE PRESS

IF IPR=0+D0 NOT PRINT
IF IPRoNEOGPRINT

IC0=====w=c=<FLAG FOR GENERATING NEW CERIVATIVES WHEN OPAFY

CHANGES MORE THAN 1CO FFET
IF 1C0=0¢ DONT CHANGE DERIVATIVES
IF 1COeNEeDy CHANGE IN DRAFT PEGUIRED TO CHANGE CERIVATIVES

READ AND WRITE INPUT

READ(S4103)
READ(54101)
*e1CO
READE54100)
READ(S54100)
READ(S+1060)
READ(S+100)
READ(5+100)
READ(S5+100)
PEAD(S4100) (
READ(S5+100)
PEAD(54100)
READ(S5¢1C0)
WKITE(60200)
MRITE(BE4201)
WRITE(64202)
*91CO
WRITE(64203)
WRITE(64204)
WRITE(64205)
WRITEC(64207)
WRk1TE(64208)
WRITE(64210)
WRITE(64211)
WRITE(64100)
wRITE(Ee212)
WRITE(64100)
WRITE(E4213)
WRITE(64+100)
wRITE(E¢214)
WJRITE(64100)

CTITLECI) 4 I=1420)
DToMNSTEF oNPPNT9IFoIFINQIPLOToIPTONJET9INToIRUGsIuoIPR

THToPHI¢PST929C19C29CVENT9DVENT
AAeBBoCCoDD9AMyDXDU9AIX9AIZoAlIY
MLeSPeRHO9ANU9CDLLoCDNN
OMEGACRoCToS
CCOeTHTUGSPTURNGDFTH
XARM9ZARMyBACE
YARMCID o I=14NJUET)
(DELJET(I) 9 I=1oNJET)
(RMCPUI)eI=14NJET)
CALPHAC(I) ¢ I=14NJET)

(TITLE(I) 9I=1420)
DToNSTEF oNPPNToIP 9 IFINgTPLOToIPTONJEToINToTBUGoIuoIPR

THET9PRIePSI929C19C2¢CVENT4DVENT
AAeBBoCCoDDeAMyDXDUGAIXgATZ4AlLY
@LeSFyREDyANUSCDLL 9 CONN

OMEGAGCR4CT oS
CCCe THTO9SPTURNG DFTH

XARM¢ZARMyBACE

CYARM(I) 4 1214NJET)

CUELJET(I)oI=1oNJET)

CRMCP(ID o I=19NJET)

CALPHACI) gI=14NJET)

READ AND #RITE INFUT FOR WAVE

READ(5+100)
WRITE(64241)

ONEToWAMP o WPERBETA¢wDEP «XCoRCHETAOTO
DWEToWAMP g WFERGBETAGWODEP o XCoPOWETADLTO

READ AWD WRITE INPUT FOR PRESSURE

READ(54100)

COISeRHOWAGATMgFHIOWPHT1 o THTBe THTS

WRITE(69292)COLS sRHOJA ¢ATM4PrI0¢PHI] o THTB o THTS

READ AND WRITE INPUT FOR SPRAY

READ(5¢102)
READ(S+100)

NST
BUBL yBUBB ¢WALB9DEPTH
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READ(S+100)
READ(D4100)
REAU(54100)
READ(Y9100)
READ(S«102)
READ(S4100)
RLAD(S¢100)
0OS1 I=14AST
NVS=NLN (]
READ(S«100) (D1(IsJ)eJ=14NVS)

DG52 I=1¢NST

NVYS=hSW(])

RLADC5¢100) (W1ClgJ)eJ=19NVS)

JG53 I=1¢ANST

NVS=NSa(1)

READ(S4100) (W2(IgJ)eJ=14NVS)
wRiTE(b6e215) NST

¥»RITE(69216) KEUELoBUBE +?ALB¢DEPTH
atITE(0e217)SLBL weSLSTRN

a%1TE(6e218)

WRITECS91G0) (DRISF(IDeI214RST)
wkITE(B4219)

ASITECE100) CENTFCECI) 9I=14NST)
ahiTE(69220)

WETTECCo100) (CHANECT) 9I=14NST)
whRITE(Es221)
4RITE(6e1Cc)
dRITE(64222)
wn ITECL 910C)
wRITECE$223)
wk1TECH6e1006)
0CE4 I=144ST
NVS=NSe (1D
WRITE(60224) C1etD1(IaJ)gU=14AVS))
FRITECE4225) (alClgu)ed=14NVS)
WRITE(60226) (W2C1gJ)ed=1ehVS)
CCi.-TINUE

SLEOWeSLSTRN
(DRISELIDeT=14NST)
(ENTKCL (1) oI=14KST)
(CRINEC1) 9 I=14NET)
(NSW(ID)e1=19KST)
(XSW(I)el=14NST)
(HSQ (i) e I=1eNST)

(REWCLDeI=1einET)
(XSwlidel=14h5T)

(FSW(T)el=14NST)

CONSTANTS

hC=20

NG=6

6=3ce2

P1=3.14159%27

DTF=PI1/180.
SOEKEVZezX=YY=0.

Ud=1e

(VERVIV)

CCWVERT TO RADIANS

THET=ThT*DTk
PrI=FRnisQ0TR
PSI=FSI*DTk
CMLGAZUVELACDTFR
ThIO=TRTGeLTR
GETAZCETADTR
InTe=ThnTo+*DTR
THTIL=TKTS*DTR
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CONVERT AND NON DIMENSIONALIZE INPUT

SP=SP*1.687

SPTURN=SPTURN*1.689

FROUDE=SF/SURT (Gekl)
WMEIGHT=AM#2240.

DENOM=0 eS5*RHO*WL ##5
AIX=AlX*2240./DENOM

AIY=AlY «2240./0ENOM
A12=A12+2240/DENOM
AM=(WEIGHT/G)/CU0e5*RHO*WLe23)
2=2/sl

XLG=AAZ WL

XFG=1le~XL6

XARM=XARM/WL

ZARM=ZARM/WL

DO 20 I=14NJET

YARMCI)=YARM(ID /WL

DO 21 I=1eNST

FUI)=XSw(I)=AA

XSWCLX=XSW(I) /WL )
WRITE(64227) SPyAMeAIXeAlYsAIZ4FROUDE

CALCULATE CAYoCELsFsOFFSET FOR SUBROUTINE SWAVE

CON1=44*PI*%2/6

CON2=0eS*G/P1

GO TO (41¢42¢43)41VW
CAY=CON1/uwPERw®2
CEL=CCON2+uPER

WLG=CEL*=WPER

GG TO 44
CAY=0e866*SCGRT(VAMP /LDEP) /WDEF
CEL=0e5*SCGRT(G*WDEP) 2 (2, +WAMP/WDEP)
WLG=CEL «WPER

OFFSET=0.5*4LE

60 TO &

CAY=CON1/500.

CEL=CON2+30.

WLG=CEL*30.

CONTINVE

CALCULATE TIME INCREMENT

DT=(WLG/ABS(CEL-SP*COS(BETA)))/DT
DT=DT«SP/uWL

CALCULATE N14N2,DEL1oDEL2

NSTI=NST=-1

DO 5 1=24NSTI
ISAVE=1
DEL1=XxSw(1)=XSH(I~1)
DEL1=DEL1+uWL
DEL2=XSa(I*1)=XSW(])
DEL2=DEL 2l
1FC(ABS(1+-DEL2/DEL1).6Te0e1) GO TO 6
CONTINUE

N1=1SAVE
N2=NST-1SAVE+1
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CALCULATE AC4DEF FOR PRESSURC

AC=coeobbb*XSWIN1)#WL
DEM=0e5*RHO e L 202eSPee?

CALCULATE FO AT CG6

DU 3 I=2eiST
FOl1=AcS(AA=XSW(I=-1)+4L)
FCe=hAESCAA=XSdtI)*al)
IF(FO24LT «FC1) KFC=I
CCNTINVE

CALCULATE WON DIMENSIONAL DEPIVATIVES

IPDER=0

THTCPR=ThTO/DTK

WRITE(E£9205) CCO9THTOPK

CALL ODLP (XA BDbICCTeDDeTHT O GFHI 4N SToN1 9" 2¢DCL 19DEL29eHSn o \ShoXSky

*OlealoncoitdQowl)

CALL GECCAAGEEWCC T aCDanbl oNSToTHT M ¢KFOoF ()

G0 Tu 1002

ENTRY SECCER

IFCINTEGeO) IFOEP=]

CALL UERCAAGEB oCCXaDDgTHT O or kT oiSToli10" 2oTLL1eNREL29rSueliSho¥Say

*Dlealien29kHOo ML)

CALL GEUC(PAGEBICCX 90Dyl aNETaTHT L KEDgFR)
CALCULATE SPRAYL

N11=N1el

DU 14 I=14NST

ISAV=]=-1

IFCENTRCE(I)eNEeOsO) GO TO 15
CUnTIwIL
SPRAYL=(XSx(N11)=X>aCISAV)) #\L

CALCULATE ANG FPINT FIN CCEFFICIENTSoSHIP FLUS FIN CCEFFICIENTS,
AND PXRINT NON DINENSIONAL CEPIVATIVES

SX=SY=SK=S\=0.

CALL FINCSY9SY ¢SKeSNeCReCTeSeCMEGA)

SFYV=DYVeFINYV

SFYR=DYR+FINYR

SFKV=CKVeFINKV

SFKR=DKR ¢FINKR

SFAV=DWVeFINNY

SFNR=DNR*FINNR

SC=0YVeDONF=(CYR=E¥)# DNV

SCF=SFYVeSFIR=(SFYF=AY) *#SFLV

IFCIPLEFeNESD) PETUEN

IFUirlErenEel) anITECE«209) CCXeTHTLFR

wnkITE(E4225)

JEITE(6022%) DYC4DYRqOYRQOYV4DYL qCYLF4DYCO4DVOP9OYOVeDYDNY
DZP¢DZG o025 eD2VeDZaoD20% ¢ 02074l Z0ReNZDVeD 2l W e
DKF oLV G oDKE oDKV oCKL o DKL E LKL e OKLUR«DKDVeDKDV o
OMP g M e Ao ChVadM o OMCP o0V Do T¥DK oDMOVeDMD o
DNFaDNUSTNP e DNV eDVN o ONDP o ONDGePADR 4 DMDV LN W

WwFRITE(60213)
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WRITEC69234) FINYVoFINYFoFINKVoFINKRoFINNVoF INNR
WRITE(64235)

whiTE(E9Z236) SFYVeSFYR gSFRVeSFKR ¢TFNVeSFNR
akITECLe237) SC

wRITEC60258) SCF

WRITE CUMULATIVE INTEGRALS

=RITE(69231) FO

<FITEC60232)

WFTTECE0233) CieDICIDZOFICIDoDF2ICI) oNFTIICINGCCICINZDC2TCI)
*CC3IC1) oUCFIC1)9DCF2TICI)eDC2FI(TIOBIRILTI)oI=1eRST)

CONVERT TC DEGREES AND FRINT GECMETRICAL VARIABLES

DLA3 I=1e¢

PHLC(1)=FFO(I)/DTR

WRITE (€4239)

aRITE(L9240) (FhT(I)eGI(I)eSINIDeSICI)oTORAF(ID)eI=145)

CCIVERT TG RADIANS

Ui63 I=145
PRUCII=SFRICI) TR

FCRHATS

FURMATC(FF1042)

FCRYAT(F10e09141I3)

FLUXMAT(1615)

FCRY“AT(Z0A4)

FURNMAT(Ih1410HINPUT DATA /7))

FURMAT (1N 92044)

FCHVYATE 1y a0 THCTeNSTEF o NPRNT o IP o IF I o IFLOTQIFToNJEToIhToIEUGeId o]
*FRheICD /F10e29121%)

203 FLRFATOIXa32NTHToPHTaFS1929C14CloCVENTHWDVERT /EF1062)
204 FORVMATC  1x931hAhAeticeCCoDDoAMoDXLUGAIXQATIZ ALY/

e

N MR
~Oo ;e

N AR A A

*4F10e39F10el19Flle3elF10al)

FCrMATC  1Xe23hmblolr oAt CoAUGCULLOCC N/ 3F10e29F12e%¢2F1Ce3)
FORUMATCLRA91IhINMEGAGCH4CTyS /EF10e2)

FORFATC 1X920hCCUSTHTIC9SPTUR @ UETH  /EF1062)
FCRYATCIN1a6hURAFTZ g Fr o249 10X 4S5HTRIVZ4FE42)

FORMATC 1Y 9l4EXARE 4 ZARkMeBACF /EF10e2)

FCRMATL IXeBHYARM(]) )

FORMATC  1Xe9hCELJETCI) )

FORFAT( 1Xe 7THPMCPC(I) )

FURMATC  IXelOHALFHACI) )

FUFMATCL1Y 9INNST /13)

FOrMAT(1Xs 2CHEUBL o FUEBy kALF4CE=TH /EF1042)
FOrbATCIXe1AnSLECAoSLE TR /EF12342)

. FOrYAT(IXeHHDRISEC]) )

FORMATCIX e9nENTRET (1) )

FOURYATCIXebnCHIGLLL) )

FURMATCIXe*HNSH)

FORMATCIXeIHXSH)

FOFMATOIXe2HRSY)

FORMATC/IVacX 92Dl azXobF11e2/7C11X9%F114.%))

FOFMATI TN 92nule2XebF1147/(11XePF1147))

FORMATC TN e2rmcoZXobF1la2/C117atF11e2))
FCRMATC(/ /777 1X e 16HCONVERTED INFUT /1K024KESP el sAIXAIY4AIZoFRCUDE
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*/6612e4)
228 FORMATUL///1X92THNON DIMENSIONAL DERIVATIVES /)
229 FORMATC1X944HDYPoDYQ9DYPoDYV oDYWoDYDP ¢DYDC ¢DYDK4DYDV4OYDW/10E12047/
1Xe44HD2P¢yDZ2AeDZR9D2VeDZMeNZ0P e 070G ¢DZDReDZDVeDZD/1NEL24/
IX944HDKP oDKR9UKR ¢ DKV ¢DKW oDKLP ¢ SKDG ¢ OKDR¢DKDV4DKOW/10E1204/
1X944HDMP ¢DMG ¢ DMR DMV ¢ DMV o DMDF ¢ OMDO «CMDReDMDVDMOLW/10E1204/
1Xe944HONP9ONGyONRo UNV eDONWoONDP o CNDC o DNDReDNDV4DNCu/10E1244)
231 FORMATC 1Xe4OHCENTER OF PRESSURE AT CENTER CF GRAVITY= 4F10.2)
232 FORMAT( /1X93HSECy IXe2HDI ¢EXoe3HDF Lo The4HUF2T e TXe4HDF31
*B8Xe3HDCI 97X 9 4HDC2I 97X e4HDC3I 4 TX94HDCF L 06X eSHDCF21 96X 9SHDC2F Ty
*TXe4HB3BI)
233 FORMAT(1S011E11.3)
234 FORMATC/1Xe23HSTABILIZER COEFFICIENTS
. /Th FINYV=gE13e4/TH FINYR=9E1344/TH FINKV=9E13e4/
*TH FINKR=0E13e4/7H FINNV=9E13e4/T7TH FINNR=9E13e4)
235 FORMATC /91Xe33HSHIP PLUS STABILIZER CCEFFICIENTS )
236 FCRMAT( 6H SFYV=4E13.4/6H SFYRS9E13e8/7 6H SFKV=oE13.4/
*6H SFKR=9E13e4/ 6H SFNV=9E13.,47/6H SFNR=4E13.4)
237 FORMATC /1Xe 34HSTABILITY CRITERPION FOR SHIF ONLY= ¢E12.4)
238 FORMATC 1X¢38HSTABILITY CRITERICN FCR SHIF PLUS FIN= ¢€12.4)
239 FORMAT(/////1%Xe21HGEOMETRICAL VARIABLES /¢1XvSHROLL(DEG)
*10X92HGI 910X 92HSI910X92HS1 97X eSHTORAF)
240 FORMAT(1X9F10e3946G1244)
241 FORMATC(1Xe3BHOMEToWAMP o WPERGBETAGNOEP e XCoROWETAOSTO/SF1062)
242 FORMAT(1Xe34HCDISeRHOWAGATMoPHIC o FHI 14 THTBoTHTS/FRe2¢F10e69EFRL2)
RETURN
END
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SUBROUTINE DERIVE(TQN.YQYP)

REAL KCoMCyNC

DIMENSION A(605)95(5).AI(QQS’OBI(S’QV(IS)0"(13’

COMMON /ABC/ DRAFT(25) ¢WEIGHT ¢DUMMIE(S) o THETA

COMMON /B/ PoeQoReXoYYe2ZeUgVoeWePHIGTHTGFSI

COMMON /DERV/ XUDELUDRAGY¢DRAGN oDFTHo IFINGCCX

COMMON /FLOWZ PCoGFoGOWVODOTP¢ACP

COMMON /ZIN/ AA'AIX"!Z’A"'ba.ca'cF'DTRQDKDU'FOOG.NSTONV‘L'

*PIoRkHO9SPoUO s WL o XLGoXFG9COLL «CONNoFRCUDE 9CCoDDeANU9ALODoCLD

*oNGeNGeSPTURNGIFLOToIPToALY

COMMON ZINDER/ CReCTeSyOMEGA

COMMON /NDD/ DYFsDYQeDYReDYVeDYWsDYDP+DYDGoDYCReDYDVoDYDWy
DZP ¢DZA9DZR¢DZV 4DZW oC2DP ¢0DZDO9sDZDR¢DZDVeDZDVW
DKPoDKQeDKR ¢ DKV ¢ DKW ¢ DKDP ¢ DKDO¢DKCR o DKDV o OKDW o
DMPyDMO9DMR ¢ D™V 9 DMW o DKDP ¢ DKDGeOMUR4D¥DVoDMDV o
DNFoONQeDNRo DNV 9DNW o DMDP o DNDC o DNDRoDNDV o ONDW

COMMON /PRES/ CDISeRHOWAPHIO¢PHI1 AT PMAX9ACIDEM

COMMON /PSEAL/ THTBeTHTS

COMMON /TEMP/SXeSYeSKy SNeWAVEDGeAEPODGySPRYDG9 SEALDG

*SKINDG9FINDG9SHIPDGSTOTLDG

CUMMOUN /wAV/ DaETodAMP qWPERGCELeCAYoIBUGoF(25) oBETA

COMMON /AYEYE/ AI¢C19C29Al19AI2¢0POToCVENToDVENT

> ® 5 @

THE COMPONENT FORCES AND MOMENTS GENERATED BY EACH
SUBROUTINE ARE INDICATED BELOW

ORAG - CRLSS FLCW DRAG

AUXILY - HYDROSTATIC EFFECTS OUE TO ROLL AND THEIK INFLUENCE ON DRAG
FIN = STABILIZERS

THRUST = THRUST

LINVEL = LINEAR VELOCITY

INERTIA = INERTIA

SEAWAV = KAVES

DRAGV = VERTICAL DRAG

FRESS = CUSHION PRESSURE

SEALFM - BOW AND STERN SEALS

O0O0OOCONOO0OO0O0OO0ON

S2=SM=T2=TM=0.
OXPHIF=DYPHIF=DZPHRIF=CMPHIF=DRAGZ=DRAGM=0¢
u=y(1)

v=Y(2)

N=YC(3)

P=Y(4)

Q=Y(5)

R=Y(6)

X=Y¢(7)

YY=Y(8)

2=Y(9)
PHI=Y(10)
THT=Y(11)
PS1=v(12)

GENERATE FCRCES AND MOMENTS

o000

ARWALL=2+*CC/WL

ECOEF=049
CDI=2e%(0e5+DYVeVeU)*a2/(PleARNALL*ECOEF)*kL/CC
CALL DRAG(DRAGY¢DRAGK4DRAGN¢PoReV)

IFC(TeEQeOe) CALL AUXILY(PHIoUeXUDELU ¢ONPHIFoDKPHIF)
IFCIFINeNE«D) CALL FIN(SXeSYeSKeSNeCReCTeSeOMEGA)
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CALL THRUSTCUoTHT oDFTH oTXoTYoTKoTNoSHIPDGoTOTLDG)
SET THRUST EQUAL TG SHIP DRAG AT T=0e
IF(TeEGeD) TXO=SHIPDG~-SX

TX=TX0

DRAGX=XUDELU=SHIPDG

CALL SEAWAVIWXeWYoeWZoWKoWMoeWN9VOL 9AOeYoT)
CALL ORAGV(DZ240M2+0K29FoWeGe2?

CALL DRAGV(DZ3¢DM34DK39FoWeQe3)

02=D22+D23

DM=DM2+DM3

DK=DK2+DK3

CALL PRESS(ToYoVOL4XCoYCe2CoKCoMCoNC)

CALL VLDOT(ToACeVOLDOT)

CALL LINVELCFXLVoFYLVeFZLVoFKLVeFNMLVoFNLY)
CALL INERTIA(FXICoFYICoFZICoFKICoFMICoFNIC)
CALL SEALFM(SLZeSLKySLMeYeT)

W2=wW2eSL2

WK=WKeSLK

WM=WMeSLM

COSTH=CUS(THT)

SINTH=SINC(THT)

XuGT=WEIGHT*SINTH/DEM
ZMGT=WEIGHT*COSTH/DEM

CALCULATE UDOToVDOTeNDOT9PDCTeGDCTARDOT

DDG e

YPC1)=UDOTsYP(2) =VDUTs YP(3)=uDOToYP(4)=PDOT4YP(5)=QLOToYP(6£)=RDOT

ACl191)=AM-DYDV
AC1¢2)=-DYDW
A(1¢3)==DYDP
AC144)=-DYDQ
AC1e5)==DYDR
A(Z241)=-D20DV
AL2492)=AM=-DZDW
AC2¢43)==-D20DP
A(244)==-D2D0Q
A(2+¢5)==DZDR
A(3+1)==DKDV
A(392)==-DKDW
Al3¢3)=AIX-DKDP
A(344)==-DKDQ
A(3¢5)==DKDR
AC4y91)==0MDV
At&y2)==-DMDV
A(443)==-DMDP
ACQaqe4)=AIY=-DMDQ
Al4¢5)==DMDR
A(Se1)==DNDV
ACSe2)==DNDW
A(5¢3)==DNDP
A(Se4)==-DNDQ
A(5¢5)=A12=-DNDR

BClI=FYsB(2)=FZeBU3)=FK¢B(A)=FMeB(S)=FN

FXZ=AM*(QeW=ReV)ISF XLV SXeFXIC*+TX4DRAGX+DXPHIF=COI*UX=XuGToXC

B(1)==AN®(R*U=P W) +FYLVeSY4FYIC*TYSORAGY*DYPHIFoWY+YC

B(2)==AMA(PaV<UWU) +FZLV*SZ4F2IC+T2+4DRAGZ4N2PHIFeW2424GT¢2C+02
B(3)==(AIZ=AIY)*QeR+FKLVSSK*FKIC+TX+DRAGK*D¥PHIF ¢WKeKC DK
BlA)==(AIX=AIZ)*ReFP*FMLVSMFMIC+TM*DRAGM*DMPHIF ¢ UM oK CoDM
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CoPY

B(S)==(AIY=AIX)*P*Q+FNLV*SN¢FNIC*TN*DRAGN*DNPHIF ¢UNeNC
NEG=S

CALL COMBCAYNEGs69Bo1oaNERGDET)

YPC1)=FX/CAM=DXDU)

YP(2)=B(1)

YPL3I)=B ()

YP(4)=B(3)

YP(S)=B(a)

YP(6)=B(S5)

CALCULATE XDOT+YDOT4ZDOT
YPCT)=XDOTeYP(E)=YDCToYP(9)=20D0T

COSPHI=COSC(PHI)

SINPHI=SIN(PHI)

COSPSI=CUSIPSI)

SINPSI=SIN(PSI)
YPUT)=U*COSTH*CCSPSI+V*(SINTH*SINPHI*COSPST~COSPHI*SINPSI)+
«Wde (SINTHeCOSPHI+COSPSI+SINPHI*SINPSI)
YP(B8)=UsCOSTH#SINPSI+V#(SINTHaSINPHI *+SINPSI+COSFHI*COSPSI)+
*W*(SINTHeCOGSPHI«SINPSI=SINPHI*COSPSI)
YP(9)=~UsSINTH+V«CCSTH#SINFHI +u«COSTH*COSPH]I

CALCULATE PHIDOToTHTDOToPSIDOT
YP(10)=PHIDOT4YP(11)=THTDOT,YP(12)=PSIDOT

Al(lel1)=1e

Al1(142)=0,
A1(1¢3)==SINTH
A1(241)=0s
A1(2¢2)=COSPHI
A1€(2¢3)=CCSTH*SINPHI
A1(341)=0e
A1(342)==SINPHI
A1(393)=COSTH*COSPHI
B1(¢1)=P

B1t2)=Q

B1(3)=R

NEG=3

CALL COMBCAl14yNEQy&9B1e1oNERGDET)
YP(10)=81(1)
YP(11)=B1(2)
YP(12)=B1(3)
YP(13)=VOLDOT/C(Le=2«SP)
GAM=1.4

DPDT==GAM*FC/VOL +VOLDOT
AI=AL*CloYPU3)*SPw22/WL+C2+DPDT
IF(AL«GTeal2) ALI=AI2
IFCAloLEsALLl) AI=AIl
RETURN

END
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SUBROUTINE SCAUAV(hl'UVQHZoiKoUHvUNoVOLQAOvYQT)

REAL MuKoMWMoMUN
DIMENSION Y(13)

COMMON ZIN/ AA9AIX9AIZ 9AMyBBeCBoCFoDTRIDXDUoFGoGoNSToNVALYy
*PIoRHO9SPoUO WL XLGoXFGoCDLL ¢CDNN9FROUDE9CCoDDoANU9ALODoCLD

*gNCoNGoSPTURNGIPLCTolPToAlLY
COMMON /SES/ HSW(25)¢DEL1eDEL24N1gN2

COMMON /WFOR/ FUX(25)oFUY(25)oFWZ(25) ¢MUK(25) ¢MUM(25) ¢MLN(25),

*AREAC25) oFLEAK(25)

COMMON /W6T/ BUOYANJINWGToWMOoWXO
COMMON /BSLEAK/ BLEAKeSLEAK

D0 1 I=14NST

CALL BUOY(IoYeT)

INTEGRATE FOR WAVE FORCES AND MOMENTS
CALL SIMPSN(NSToN1e+DEL19sDELZ2sFuXolUX)
CALL SIMPSNINSTeN1+DEL1yDELZsFLYoWY)
CALL SIMPSNINSToN19DELL1eDEL29FW2Z4V2)
CALL SIFPSN(NSTeN1¢DEL1+DEL2¢MWKeWK)
CALL SIFPSNUNSTeN1oeDELL1eDEL2eMuMe¥WM)
CALL SIMPSNC(NSTeN1¢DEL19DEL29eMWNgWN)
DEMF =CeS5*RHO*NLo#24SPwe?2
DEMM=DEMF L

WX=WX/DEMF

WY=WY/DEMF

W2=WZ/DEMF

WK=wK/DEMF/WL

WM=wM/DEMF/ML

WN=WN/DENF/WL

CALL SIMPSN(N1eN1eDEL1+DEL19AREASVOL)
CALL SINMPSN(N1sN1sOEL1+DEL1+FLEAKeAQ)
BLEAK=FLEAK(N1)+*0e5
SLEAK=FLEAK(1)*0,5

IFC(INaGTeEGeD) GO TO 2

WX=WX=-wX0

WN=uM=-WMO

CONTINUE

RETURN

END
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SUBROUTINE SWAVECXCoYCoZCoYoToETAWAYETAGAZETA)

DIMENSION Y(13)

COMMON ZIN/ AAQAIXGAIZoAMyBBICBeLF4DTRDOXDU4FOsGoNSToNVALYy
*PIoRHO9SPoUO oWL ¢ XLG9XFGoCDLL ¢CONNoFROUDE ¢CCoDD9ANU9ALODoCLD
#oNCoNGoSPTURNG IPLOToIPToAlIY

COMMON /WAV/ DWETeWAMP ¢MPERGCELGCAYoIBUGoF(25) ¢BETA4IWsuDEP 4OFFSET
*oWLGoICOX09RO9ETADSTO

CONMMON /wGT/ BUOYANSINWGT ¢WMOeW X0

SINH(UI=C(EXPLU)=EXP(=U)) /2.

SECHCARG)=2+/CEXP(ARG) *EXP(~ARG))

DATA COO4CO1¢C029C0O39C04/11e539286569=52e76716255910718762929
*=10069056618935.23071874/

HEAVE=Y(9) WL

PHI=Y(10)

THT=Y(11)

PSI=Y(12)

SET HEAVE oPHI9THTePSI=0 TO CALCULATE WAVE FORM FOR PLOTTING
TEST=XC+YC+2C

IFCTEST eEGeO0e) HEAVE=PHI=THT=PSI=0.
PSG=BETA-PSI

COST=COS(THT)

TH=Teul/SP

UT=C(Y(7)*COSC(BETA)*Y(E) *SINCBETA)) oWl
ARGI=XC*TANCTHT) -hEAVE/COST=YC*TANC(PHI)/COST
ARG2=(XC*CUST+2ZC*SIN(THT))«COS(PSO)+YC*SIN(PSO)
AYETA=AZ2ETA=0.

GO TO (1¢42¢3)01V¥

SINUSOIDAL WAVE

CT=CEL*TW p

COF=14-EXP(=T/3,)

ANPWU=wAMF*COF
ETA==AMPu*SINC(CAY*(ARG2+UT=-CT))/COST=ARG]
AYETA==AMPW*G*CAY*SINCFSO)*CCSUCAY*(ARG2+UT=CT))
AZETA= AMPU#Ge*CAY*SINCCAY*(ARG2+UT=CT))

RETURN

SOLITARY WAVE

A1=CAY*(XC-0FFSET)
ETASWAMPeSECH(AL) *#2
IFC(INaGTeEQe0) RETURN

CT=CEL*TW

I=ABS(UT=CT)/MLG
A1=CAY*(ARG2+UT=CT+OFFSET+1*alLG)
ETASWAMP*SECH(A1)*#2/COST=ARG]
RETURN

EXPLOSION WAVE

ETA=0.

IFCINWGTeEWeO0) RETURN
=w0EP

Tu=TWeTO

R=UT+x0
RF=k/Tu/SQRT(Geh)
IF(RF4GEee3) GO TO &

XZ1e/(4e*RFe2)
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60 YO0 S
4 KFe=KF*KF
RF3=KkF2*RF
RF4=RF3*RF
X =COA4*RF4+CO3*RF3+CO02*RF2+4CC1*RF*CLD
S CAY=X/H
OMEGA=CAY*SGRT(GeTANH(X)/CAY)
CEL=0MEGA/CAY
CT=CELTw
HKZ=Zot X
SHK2=SINH(hK2)
ARG=HK2/ShHK2
ARG3=1e+ARG
Akﬁb:—ARGLI(ARG'(l.-HKZ/TALH(NK?))0£.5‘LFGT“2-ARGS)
RUK=CAY*ROU
CALL vESSEL(34KOKybJ2)
ARCE=C(CAY*(XU+BRE2+LT=CTII/C LY

c
(> SET ARGE Tu CALCULATE VAVE FOPF FCR SLCTTING
(=
IFCTESTatualeo) AXGEZCAY#(XC=CT+UT)
ETAS(ETACARU/RI*SURTCARCA)#=J34CLSCL-6E)=-ARGY
PETURN
ElD
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SUBROUTINE BUOY(IeYeT)
DEFINITION OF PARAMETERS

REAL MuKoMWMoMUN

DIMENSION JTRANCG) ¢SGNC(AD) oDINT(4)4Y(13) ——

DIMENSION DFTE2594)¢BEAM(25¢4) oAuY (4) 9AMZ(S)

COMMON /BEEM2/ BEM2(25) ¢BEMI(25) ¢ ARMS ¢ ARMP

COMMON /GEOMM/ NSW(25) oW1€25925) eW2(25425)401(25425)

COMMON /IN/ AASAIXGAIZoAMoBBoCBeCFoDTR4OXOUsFOsGeNSTeNVAL,
*PIoRHD¢SPoUOeWLOXLGoXFGeCOLL «CONNoFRPCUDE¢CCoDD9ANUSALODSCLD
#gNCoeNGeSPTURNe IPLOT9IPToAIY4CCO9 THTO

COMMON /SES/ HSW(25) :

COMMON /WAV/ DuEToWAMP oWPERGWCELOCAYIBUGHF (25) -

COMMON /JdFOR/ FWXC25) o FUWYC25)¢FW2C25)¢PaK(25) o MUML25) ¢ MEN(2E),y
*AREA(25) 4FLEAK(25) ;

DATA SGN/~leslev=~leele/ |

IF(leEWel1eANDeIBUGeNE«D) WRITE(E£9202) AA9BBICCoDDeY(1)oY(T)oY(T) !
soY¥C10)eY(11)oYL12)

202 FORMAT(C * AAgBBeCCoDDWUISURGE ¢HEAVE ¢PHI 9 THT 9PS1+/1061244%)
FRXCI)=SFRYC(IISFUZOII=MWKCII=MEM(TI)=MUNC(ID=0. :
AREAC(I) = BEM2CI)=BEM3(I) =0,
JU=NSW (1)
1F(JJeEGel1) RETURN
RHOG=RHO*G
DO 1 K=263
JTRAN(K) =D
DFTCI¢K)=BEAM(IoKI=0e
00 2 J=2¢uJ
C1TOUP=D1(1sJ)

D160T=01(I¢Jd~-1)

N1TCP=W1(IeV)

uWT=B8

IF(KaGTo2) NT==aT

Z=DD~HSW(1)=-D1TOP

H6T=CC=D1TOP=HSW(I)=F(I)«TAN(THTC)

CALL SwAVECFUIDquToZoYoToETALWAYETAGAZETA)

AMYCKIZAYETA

As2(K)=AZETA

HCHK=HGT+ETA

IF(HCHK eGEe0De) GO TO 2

DFTC(IeK)=D1TOP+hCHK

BEAM(I¢K)=W1TOP

JTRAN(K) =Y

DINTC(K)=DFT(I4K)=D1BOT

IF(DINT(K)eGToe043G0 TO 1

JTRAN(K) =1

60 70 1

2 CONTINUE

JTRANCK)=JJ

DFTCIeK)I=D1TCOP

BEAM(I+K)=N1TOP

DINT(K)=0D1TOP=D1BOT

1 CONTINUE

BEM2(I)=BEAM(I+2)

BEM3C1)=BEAM(1+¢3)

IF(DFTCIv2)elTeDe) DFTCI 42)=0e

IFCDFTCI¢3) el TelDe) DFTLI ¢3)=0e

AREAS=0e5*UFTU(TI 92)#(BEAMCI42)+W1(Ie1))

AREAP=G e 9*0F Tl o3)*(BEAM(Io3)ew1(I41))

ARMS=BB+0+25+(BEAM(1¢2)4d1(101))

ARMP==(BB*0+25*(BEAM(L ¢3)4W1(Ie1)))
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A2S=DD=-HSW(I)=DFT(142)/2.
AZP=DD=-HSW(I)=DFT(I¢3)/2¢

DINTC(1)=DINT(2)

DINT(C4)=DINT(3)

CALL VOLUMECI 9B5BeJTRAN¢DINToOWEToFLKoAR)
AREAC(I)=AR

FLEAK(I)=FLK

RN=Y(1)*SPeWL/ANU

ARG=CALOG10(RN)=24)##2

CF=0.075/7/ARG*+0004

DPO=CC=FCI)*TANCTHTO)

ANYS=AuY(2) *EXP(~CAY*DFT(I42)/24)
ANZS=AW2C2)*EXP(=CAY*DFT(I42)/24)
AWYP=AdY(3)«EXP(=CAY*DFT(I¢3)/24)
AW2P=ASZ(3) *EXP(=-CAY*DFT(143)/2.)
AKZS=AKZP=1,

IFCAREASelEeDe) AKZS=AREAS/BEM2(I)/DFT(192)
IFCAREAPeNEoDe) AKZP=AREAP/BEM3(I)I/DFT(I43)
AKYS=2e4*AK2S*0e 4

AKYP=2.4%AKZP+0o4

AMYS=AKYS*DFT(I¢2) #e2
AMZS=AKZS«BEM2(I)w#2
AMYP=AKYP2DFT(I1¢3)##2
AMZP=AKZP*BEM3(I)*e2

FYS=RHO* (AREAS+AHMYS) #+AWYS

FYP=RHO* (AREAP+AMYFP) = AWYP
F2S==RHOG*AREAS*RHO*(AREAS+AMZS) *AWZS
FZP==RHUG*AREAP+RHO* (AREAP*AMZP) *AWZP
FXS==CF*(LFT(192)=-0P0) *RHO%(SPeY (1)) #e2
FXP==CF*(DFT(I1¢3)=DPO) *RHO*(SPeY (1)) ##2
FUXCI)=FXS+FXP

FUYCID=FYS+FYP

FWZ(1)=F2S+FZP
MUKLCIV==FYS*AZS~-FYP*AZP+F2ZS*ARNS*F2P*ARPP
IFCABS(MuK(I)) el TeleE=6) MWK(I)=De
MWMCI)==(FZS+FZP)+F(]I)

MuNCI)=(FYS¢FYP) «F(I)=(FXS*ARMS+FXP*ARMP)
MUNCI)=0.

RETURN

END
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SUBROUTINE VOLUMECI+BByJTRANSDINToDWEToFLEAK9ARESR)
Cc SUBROUTINE TO CALCULATE AREA BETWEEN CALM WATEK SURFACE
c - AND WET DECK AND LEAKAGE FOR CROSS SETION I
DIMENSION JTRANC4) 9DINT (W)
COMMON /GEOMM/ NSW(25) ¢W1(25425)9W2(25925)401(25425)
FLEAK=0.
C STARBOARD SIDEWALL
OS=0INTC2)
JS=JTRANC(2)
IF(US.EGel) GO TO 1
JS1zysS-1
HGTS=DJET~D1(19JS1)~DS
60 TO 2
1 HGTS=DWET~DS
FLEAK==DS
C PORT SIDEWALL
2 DP=DINT(3)
JP=JTRAN(J3)
IF(JPeEGel1) GO TO 3
JP1z=JF=-1
HGTP=DWET~D1(Io¢uJP1)~DP
60 70 &
3 HGTP=DJET~DP
FLEAK=FLEAK=-DP
4 AREA=33*(HGTP*HGTS)
RETURN
END

vy
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SUBROUTINE PRESS(ToYoVOLeXCoYCeZCoKCoMCoNC)

REAL KC oMCoNC

DIMENSION Y(13)

COMMON/ABC/ DRAFT(25) yWEIGHT

COMMON /BSLEAK/ BLEAKe SLEAK

COMMON /FLOW/ PCoGFoQOD4VDOTP4AOQP

COMMON ZIN/ AAWAIX9AIZ¢AMeBBoCBoCFoDTRoNXDUsFCoGoNSToNVALY
*PIoRHO9SPoUD o WL 9 XLGoXFGeCOLL +CONN9FFOUDE9CCoDD9ANU9 ALODGCLD
COMMON /FRES/ CDISoRHOWASPHICIPHI1 oATMoPMAX9ACsDEMe IFR
COMMON /ZWGTZ BUUYANo INWGTeuMOoWXO

G‘":l..

HEV=Y(9)

PHI=Y(10)

THT=Y(11)

VOLC=Y(13)allLwe]

ACP=vVOL

1 PC=PC *VOLC*+GAM/VOLenGAM
YC13)=VOL/UL #e3
IF(PCeLTeATM) FC=ATM
10 PDIF=PC=ATM

ZARM=00=-CC-HEV*WL

AN =AC+THT c
BTAN=WL*TANCTHT) c
BTEL=BTAN-BLEAK

IF(THTeLYe0e) BTBL=BTAN®SLEAK
IF(BTBL.GFe18¢) BTBL=18+
IF(oTBLeLTe~18+) BYBL==18,
IF(BLEAKeGTe Do) ZARM=DD~0e5+BTBL
IF(SLEAK«GToDe) 2ARM=DD+05+BTBL
IFU(BLEAK*SLEAK) eNEeDe) AN=24+BBeBTBL
XC= ANSFDIF/DEM c
YC==Phl+AC+*PDIF/DEM
2C==AC*PDIF/DEM
KC==YCe*ZARM/YL
MC=XC*ZARM/WL c
NC=0.
RETURN
END
LA
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SUBROUTINE VLODOT(T4AO,VOLDOT)
COMMON /ZAYEYE/Z AleCleC2
COMMON /BSLEAK/ BLEAK¢SLEAK
COMMON /FLOW/ PCoGFeQO9yVDOTPoAOP
COMMON ZIN/ AAoAlXoeAlZoAMoEB
COMMON /PRES/ CDISoRHOWA9PHIOWPHI1oATMoPMAXoACoDEMe IPR
COMMON /PVO/ PVOL
PMAX=ATH=-PHIO/PHIY

1 ASB=2.+BB*(BLEAK+SLEAK)
AT=AI+AO0*ASB
PDIF=PC=-ATH
IF(PDIF«6Te0e) GO TO 20
GF=FHIO
QL=AT«CDIS+«SART(2,+ABS(PDIF)/RHOWA)
GO=AG*CDiIS*SGURT(2,*ABS(PDIF)/RHOGA)
IFCIFPReNESD) WRITE(E4202) To4PC

202 FORMAT(1XeePC LESS THAN ATMOSPHERIC PRESSURE®,
*S5Xe*T=weFl0e295Xe*PC=*¢qF10.2)
60 TO 2
20 IF(PC.LT<PMAX) GO TO 3
AF=49,
GF==CD1S*AF*SGRT(ABS(PC=PMAX)/RHOKA)
GL==AT*CDIS*SQRT(2+.*FPDIF/RHONA)
GC==A0+CDIS+SGRT (2++PDIF/RHOVA)
IFCIPReNEeD) WRITF(64203) ToPC
203 FORMAT(1Xe*PC GREATER THAN PMAX#*¢S5Xe*T=#qF10e2¢5Xe*PC=24F10.2)

60 TO 2

3 GF =PHIU+PHI1+«(PC=ATHK)
QL ==AT*COIS*SURT(2+(PC <~ATM)/RHOWA)
Q0 =-AC*CDIS*SGRT(2++#(PC =ATM)/RHOWKA)

2 VOLDOT=QF +GL
VOOTP=vVOLDOT
RETURN
END
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SUBROUTINE INERTIACFXICOFYICoF2ICoFPICFNICIFKIC)

COMMON /B/ PoloRoXeYYgZoUsVoWoePHIZTHToFSI

COMMON /NDD/ DYP+DYGeDYReDYVeDYNoDYCP oCYDO+CYDRoeDYDVeDYDe
DZP9sD2GeDZR9DZVeD2W eDZDP ¢CZDGeGZDReDZ0OV oDZDN ¢
DKP9DKQ9DKRoDKVoDKWoDKDP ¢ DKDQoP¥DRe DKDVoDKDY o
OMP qDMQ ¢DMR 4OMY 4OMU ¢DMDP o DMDG o OHDR ¢ DMDV ¢ D¥DN o
ONPoDNGUoDNR 9oONV ¢ DNW ¢DNDP ¢ DNDQ ¢ DNDR o DNDV o ONDW

FXIC= =DYDV*Re*Y=-DYDP*R+P-DYDR*R*R¢DYDW*weQ+DZDA+*Q¢Q+D2DP+P*0Q

FYIC= =DZDW*V*P=-D2DU*P+Q=D20DFaP P

FZIC= DYDVeVeP«LYDR*P+ReDYDP *PeP

FMIC= =DYDR*PeVeDYDP*ReV+(DKOP-0ONOR) #P ¢+R*DNDP* (ReR =P eP)

« ¢DZDPeLeF*DMDP*QeR

FNIC==D2Z0Peid*QeDZ2DQ*d+P +(DMDU-DKDP) *P *C+DKDCe(PeP~Q+Q)

* =DYDP+VeGC~DNDP*Q«R g

FKIC=(DZDw=DYDV) *VeW=(DYOR+DMDW) *R*y+(DZDQ+DNDV) 2VeQ

*+ (ONDR=DMDG) *ReG=DYDP*P*WeDZDP+V*P=DMOFP*R*P+DNDP 2 QeP

RETURN

END

vy
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SUBROUTINE LINVELC(FXLVoFYLVeFZLVoFKLV9FMLVoFNLV)
COMMON /B/ PeGoRoXoYeZoUgVokoFHIoTHT oPSI
COMMOW /NDD/ DYFoDYQGeDYR9DYVeDYWVeDYDPoDYDGCYOReDYDVoDYDUy

FxLV=0.

DZP¢D20¢DZP¢D2ZV9DZW9DZCP ¢DZCG ¢DZDReDZDVeD2ZDW s
DKPoDKUeDKRe DKV oDKWe DKDOP 9 DKOC o CKOR9OKOV 9 DKOW o
OMP sDMQ9DMR DMV ¢ DM yDMDF ¢ DMGG 9DMDR9DMOV o DMOW e
ONP9DNQsDNRoONVeDNW ¢DNDP ¢ ONDG o CNOR9ONDV e DNDW

FYLV=(DYVeVeDYUeu+OYFP+P+DYC«GeDYReR) ¢U
FZLV=(DZVeVeDZW*W+DZP+P+DZWueQ+D2R*R) el
FKLV=(DKVeV¢DKY*a+DKP *P+DKQ*G+DKR*R) *U
FMLV=(DMVeVeDMueu¢DMP*PeDMQe G+ DMR2R) o
FNLV=C(DNVeVe¢DNW*i +DNP+P+DNG*Q+DNReR) *U

RETURN
END
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SUBROUTINE SEALFM(SLZeSLKeSLMeYeT)
SUBROUTINE TO CALCULATE FORCE AND MOMENT ON BOM AND STERN SEALS
DIMENSION Y(13)

COMMON /IN/ AAoAIX9AIZ9AMeBBeCBeCFoDTRoDXOU9FCoGoNSToNVAL e
*PIoRHC 9ySPyUO oL 9 XLGyXFGoCOLL oCONNoFROUCE o CCoDD ¢ANU9ALOD oCLD
#gNOoNGoSPTURNGIPLOToIPToAlY

COMMON /PSEALZ THTBTHTS

COMMON /wAV/ DWETeWAMP oWPERGCELoCAYoIBUGSF (25) ¢BETA

COMMON /PRES/ CDISsKHOWA9PHIOWPHI1¢ATH PMAXoACoDEM

COMMON /FLOW/ PCyGF9GO9VDOTP ¢AGP =

PCGAGE=FC-ATM

NI=11

TESTB=AMINI(BETA/DTR+,0001¢1806)

IF(BETALEGeDeoCReTESTBoEGe1B80e) NI=)

DELSL=2.4EB/NI

CON= DELSL+PCGAGE

2sL=pD-CC

BOw SEAL

BSLM=BSLK=0e

XSL=XFG*WL

YSL==(BB+0e5*DELSL)

DO 1 I=14NI

YSL=YSL+DELSL

CALL SWAVE(XSLeYSLeZSLeYeTeETASL «CUMXeOUMY)

DEP=ETASL

IF(DEPeLE«De) GO TO 1

WID=DEF/TANCTHTB)

DELZ=-CON*alD

XSLA=XSL+WID/2.

BSLM=BSLM-DELZ*XSLA

BSLK=BSLK+DELZ*YSL

CONTINVE

STERN SEAL

SSLM=SSLK=0.

XSL==XL 6okl

YSL==(5B6+0.5*DELSL)

D0 2 I=14Nl

YSL=YSL+DELSL

CALL SWAVE(XSLoeYSLeZSL9YsToETASL ¢DUMX 9DUMY)

DEP=ETASL

IF(DEP.LE«OS) GO TO 2
' WID=DEP/TANCTHTS)

DELZ=CON*WID
'XSLA=XSL+WID/26

SSLM=SSLM=DELZeXSLA

SSLK=SSLK+DELZ*YSL

CONTINUE

SL2=0.

SLM=BSLM+SSLM

SLK=BSLK+SSLK

SL2=SL2/DEM

SLM=SLM/DEM/ZUL

SLK=SLK/DEM/WL

RETURN

END

135




THIS PAGE IS BEST QUALITY PRACTICABLR
CTIC.
COPY FURNISHED 70 DDC g

SUBROUTINE FIN(SX9SYeSKeSNeCReCToeSeOMEGA)
COMMON /ALL/ ARoCBARoCOSO¢NE¢SINOoU2
COMMON /B/ PoGoRoXoYYeZoUeVoUWePHIZTHT
COMMON /FCOEF/ FYNCLoFINYVoFINYRoFINKVoFINKRoFINNVoFINNR
COMMON /FINVOR/ A¢BEP oDELIoTCBAR oXFNoDCP
COMMON ZIN/ AAQAIX9AIZ9oAMeEL9CRoDUMMYoCTR oDXCUGFOe6oiSTeNVAL
*PLoRHO ¢SSP eUD oL ¢ XLGoXFGoCDLL ¢CONNgFROUDE 9 CCoDDoANU9ALODSCLD
*¢9gNCoNGoSPTURNGIPLOToIPTeAIYoCCOoTHTO
COMMON /LIFT/ ETAC(30)oCLIFToGAMMAYLAM
COMMON /TVCC/ XARM9ZARMIBACE
U2=Uee2
IF(SXeNEeOeO) GO TO S
NE=11
CLIFT=0e2*P1
SINU=SIN(OMEGA)
COSO=COS(OMEGA)
TCBAR=0.1
CBAR=(CKkeCT)/2
A=CBAR+*S
AR=Sw*22/A
XLAM=CT/CR
GAMMA=ATARN(Do75*CR*(1,=XLAM)/S)
BBP=BB-S*SINO/2.
DOP=DD+S+*CUSD/2.+BACE
XFN==(XLG=CBAR/(2+%WL))
DEL=S/(NE-1)
DELI=1e/(NE-1)
ETA(1)=0.0
00 4 I=24NE
4 ETACI)=ETACI=-1)+DEL
VORX=VORY=VORK=VORN=0,.
CALL FINCCF (CR<CT4S4QMEGAY
S IF(THT0«GE«D0e0) GO TO 10
BETA==(VeXFG*R)/U
CALL VORTEX(VORX9VORYoVORKeVORNIBETA ¢CReCTaSeOMEGA)
10 FSETA==(VeXFN#*FK)«COSO/V
RN=U*CBAR/ANU*SP
CF=0e044/(RN#**0,1666)
CD=0e125+PI*TCBAR®*2
DRAG=(CD+2e*CF+*(FYNCL*FBETA)*¢2/(PTeAR)) *A/WL**22U2
FINX==2++DRAG
SX=FINX*VORX
SY=(FINYVeV+FINYReR)*U+VORY
SK=(FINKV*V+FINKR#R) «U+VORK
SN=(F INNVeV+F INNR*R) »U+VORN
RETURN
END
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SUBROUTINE FINCOF(CReCToeSeOMEGA)

COMMON /ZALL/ AR¢CBAR¢COSOWNE+SINO

COMMON /FCOEF/ FYNCLoFINYVoFINYR oFINKV ¢FINKR oF INNV oF INNR
COMMON /FINVOR/ A¢BBP<DELISTCBARsXFNoDDP
COMMON /IN/ AA9AIX9ATIZ4AMoBE ¢CBoCFeDTRoDXDUsFOeGoNSToNVALe
*PIosRHO9SFeUOo WL

IVOR=0

CALL LIFTCCOeoCLOCLICR9CToSsUMEGASIVOR)
FYNCL=CL

FBC=C0USO/V0

FINLV=CL=A/WL*22U0*e2+FBC
FINLR=FINLV*XFN

SFV=FINLV+COSO

SFR=FINLR+CO0SO

VFV=FINLV*SINO

VFR=FINLR*SINO

FINYV==24eSFV

FINYR==2e*SFR
FINKV==2¢oVFV*pBP/UL+2.*SFV«DDP/WL
FINKR==2¢+VFR*BBP/YL+2 +*SFR*DOP/WL
FINNV=FINYV*XFN

FINNR=FINYR*XFN

RETURN

END

vv
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SUBROUTINE LIFTCC(BETA9CLeCLR9CReCToSeOMEGA9IVOR)
DIMENSION CLCt30)+CLCR(30)

COMMON ZALL/ AP +CBAR9CCSCeNE+STNOsU2

CGMMUWN 7B/ PeQokoeXeYYeZeUgVeDUMePHIZTHT4PSI
COMMON /FINVOK/Z A9BBEPeDELI«TCBARGXFNCDOP

COMMON /ZLIFT/Z ETAC30)oCLIFTeGAMMAGXLAM

COMMON /IN/ AA9AIXoAl79AMoEB oCPoCFoDTR ¢DXDUGFO oG oNSToNVAL ¢
*PIeRHO9SPoUD e NL ¢ XLGe XFGeCOLLsCONNgFROUDESCC
W=uP=0.

ALPHA=ALPHAR=1,

CCh=(1e=xLAMY/S

CON1=2e*FI*AR/(2¢*AR)

CONZ=4¢*(1e=-COS(GAMMA))

Pla=44P1

S2=31§

DO 40 L=1eNE

IFCIVOReEQeD) GC TO 20

IF(BETA«tGe0e0) GO TO 19

CALCULATE SIDEWALL PARAMETERS

o000

SINT=SINCTHT)
DT=CC+AA*SINT
DF=CC-(WL=AA) *SINT
D=DF
IF(DTeGEeD0e0) GO TO 10
D==WL*SINT
DT=0.0

10 D2=Dwe2

CALCULATE LIFT ON SIDEWALL

o000

XLIFT=CLIFT»U2+D2*BETA
CALCULATE VORTEX STRENGTH AND POSITION

(s NaNal

SINB=SINCATANCBETA))
H=0e25+PI#D
GRK=XLIFT/(U=H)
Y1=SINB WL
Y2=ETACL)*SINO
Y=Y1le¢Y2

YP=zY1-Y2
C1=ETA(L)*CGSO
C2=H=C1~-0T
C3=H+C1+DT
R1=SGRT(C2e%2¢Ye22)
R1P=SuRT(C2#22+YP*+2)
Q1=GRK/(2e*PI*K1)
GI1P=GRK/(2.+P1*R1P)
IF(YeEGe0e0) XMUL1=P1#0e5S

r IF(YeEueOoC) GO TO 22
XMUI=ATANCABS(C2/Y))

22 W1=Q1+SIN(XMU1-0OMEGA)
IF(YPeEGeDe0) XMULI=Pl#0e5
IF(YPeEGeDeU) GO TO 23
XMUL=ATANCABSC(C2/YP))

23 M1P=WIP+SIN(XMUL1=0MEGA)

c SIDEwWASH CALCULATION FOR IMAGE VORTEX
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R2=SuURT(C3es24Ye02)

R2P=SGRT(C3I*924YFre2)

Q2= GRK/(24*P1#*R2)

G2P=GRK/(2+.+PI*R2P)
IF(YeEQeDa0) XMU2=PI®*0eS
IF(YeEQeDeC) GO TO 11

XMU2=ATANCABS(C3ZY))

W2=G2eSINC(XMU2+0MEGA)
IFC(YPeEGeDe0) XMU2=PI®0e5S
IF(YPeEGeCe0) GO TO 12

XMU2=ATANCABS(C3/YP))
w2Pzu2P «SIN(XMU24UMEGA)
TaleW2

WP=ulF+W2P

ALPHA==-WP/U

ALPHAR==-W/U )

CALCULATE FORCE ON FINS

CETA=CR=CR+ETA(L)*CON
CLOR=CON1*ALPHAR

CLO=CON1*ALPHA
CCN3=0e5*(CETA/CBARSPIA*SCRT(1e-ETACL)*#2/S2)=(1+=ETACL)/S)*CON2)
CLCRCL)=CON3+CLOR

CLC(L)=CON3=CLO

CCNTINUE

CALL SIMPSN(NEGNE9DELI+DELISCLCoCL)
CALL SIMPSN(NEGNEsDELIsDELIGCLCR4CLR)
RETURN

END
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SUBROUTINE AUXILY(PHIoUeXUDELU4ODMNPHIFoDKPHIF)
COMMON ZIN/ AAQAIX9AIZoAMeBHeCHBeDUNMMYSCTRoCXDUFOeGoNSToNVALS
*PIoRHO9SPoUO oL o XLGoXF GoCDLL«CONNyFRCUCE ¢CC+DD9ANU
COMMON U/ GI(25)9S1¢25)951(25)9PHOC25) ¢ TCRAF(25)
COMMON /wALL/ VULO+DRAGOGDELDRG
YOUX09X1oX29Y1gY2)=Y14(X0=X1)e(Y2=-Y1)/(X2-X1)
CQ(DTRA)I=24/(SP/SART(G*DTRAY) #e2

NVAL=S

IF(UsNEe1) GO TO 10

KO=NVAL/2+]1

uo=1.

CON=SP«WL/ANU

RN=UO«CUN

ARG=(ALOGI0(RN)=2¢,)e02

CF0=0e4075/ARG+0.0004

RN=U«CON

ARG=(ALOG10(RN)=2e)**2

CF=0e075/ARG*+< 0004

SwA0=GI(KG)

SBAC=S1(KO0)

VOLO=SI(KD)

TURAFO=TDRAF (KO) »WL

CB0=040

IF(SBAG.LE«DeO0) GO TO 9

CFb=CFO*SWAO/SBAO

CBG=0029/SQRT(CFB)

CFR=CG(TDRAFO)

IF(CFReLTCB80) CBO=CFR
DRAGO=(CFO+*SWAO+CBO+*SBAO)*UC*e2

DO 1 I=2¢NVAL

K=1

IF(PHI.G[.PHO(!,.AND.PHI.LT.PHO(1‘1)) GC TC 2
CONTIMUE
SWAKR=YO(PHI g PHO(K) ¢FHOCK=1) 9 GI(K)¢GIC(K=1))
SBAR=YU (PRI ¢PRUCK) ¢PHC(K=1)¢S1(¥)¢<1(K=1))
VOLR=YC(PHI 4PHO(K) yPHC(K=1)9SI(K)4SI(K=1))
TURAFR=YO(PHI9PHO(K) gPHO(K=1) ¢ TORAF(K) ¢ TORAF (K=1))«kL
CBR=0.0

IF(SohARLECD0) GO TO 11

CFH=CF *SJ4AR/SBAR

CEKR=04029/SGRT(CFB)

CFK=CG(TDRAFR)

IF(CFRsLTeCBR) CBR=CFR

PHIM==PHI

00 3 I=2¢NVAL

K=1

IF(PHIMeGE«PHO(I) e ANDePHIMeLTeFPHOCI=1)) GC TO &
CONTINUE

SWAL=YO(PHIM¢PHC LK) ¢PHC(K=1)9GI(K) 4GI(K=1))
SEAL=YO(PHIM¢PHU(K) ¢PHO(K=1) 9S1(K)¢S1(K=1))
VOLL=YO(PHIM¢PHC(K) yPHO(K=1) ¢ST(K) 4SICK=1))
TORAFL=YC(PHIMoPHCIK) ¢ PHOCK=1) o TORAF(K) g TORAF(K=1)) ayL
CbL=040

IF(SBALCLESDSO) GO TO 12

CF5=CF *SwAL/SBAL

CEL=0Ue029/SGRT(CFB)

CFR=CG(TDRAFL)

IF(CFReLTWsCEL) CBL=CFR

CONTINUE

u2=usl
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SUBROUTINE THRUST(UeTHT oDFTHeTXoTYoTKeTN9SHIPDGe TOTLDG)

DIMENSLON DELJC4)40PLA) 4 TUET (A)

COMMON /IN/ AA9ALlX9AT7gAMoBReCBeCFeDTRoDXDUGFO9GoNSToNVAL,
*P1oRHO9SPoUO WL o XL GeXFGoCOLL yCONN9FRUUDE9CCoDD9ANU9 ALODCLD
*9NCoNGeSPTURNOIFLOToIPToAIYsCCO9THTO

COMMON /THRST/ THIGHeTLOW

COMMON /TVCC/ XARMeZARM¢BACE¢YARM(4) 9DELJUET(4) okMCP (&) yNUET
*9ALPHA(W)

DELTC(XX)=XX

DELHCYY)=0e013342YY*2240,266T*AES(YY)

FMIP(SS)=16e6%(SS/1e689)2¢2-190e%(SS5/1.689)¢528000¢ .

OGMOM(WNI=NN/1e689%(3900e=350e*(44=TCOMG))

RMIPUSS)= 2642(S5S/1e689)%#2-10++(SS/1.6689)+82000.

TCUN3=0e

TCONA=RMCPC(1)*RMCP(2)+RMCP(3)+RMCP(4)

IF(UetEele) 60 TQO 1

CALL RESOLU(SP9CCO9THTO9SHIPDGe TOTLDG)

THMEAN=TOTLDG

IF;CCONEQCCO, CALL RESOLD(SP4CCoTHT9DUMMY 9DUMMY)

V=SP

THMIP=FMIP(V)

CUFF=eS5*RHO*UWL*#2¢SPes 2

CCNST1=100000./COFF

CONST2=60000 +/ COFF

THMIPC=THMIP/COFF

THMARG=TCCN3/COFF

ThCONT=THMIPO=-THMARG

THMCP=THCONT

THREVS=RMIP(V)/CGFF

THTURN=THMEAN

IF(SPTURNGEQeSP) GO TO 3

CALL RESCLD(SPTURNGCCoTHT 9OUMMYoTHTURN)

THMIPO=FMIP(SPTURN) /COFF

THCONT=THMIPO=-THMARG

IFCTHTURWeGTeTHCONT) THTURN=THCONT

OIFF=ThCONT-THTURN

THRGUD=THMCP =DIFF

DO 4 I=1,NJET

DELJCID=DELT(DELJET(I))*DTR

DF(1)=DELHC(DELJETC(I))

IF(ABS(DELUETUI)) ¢EGe90De) DPLID=D.

IF(DELJUET(I) eEGelE0e) DPLIN=0.

CONTINUE

GG TO S

CONTINUE

V=UeSP

CALL RESOLD(V4CCoTHT9SHIPDGeTOTLDG)

THMIP=FMIP(V)

TUMIPO=THMIP/COFF

ThCONT=THMIPO-THNARG

THRGD=THCCNT=DIFF

THREVS=RMIP(V)/COFF

COUNTINVE

IFCCFTHeNE.O) GO TO 26

D0 25 I=14NJET

ANJET=NJET

TUETCi)=THCONT/ZANJET

TUETCUII=TUETCI)=(1=RMCPCI)) «CONST]

IFCDELJVET(I)eEQe1806) TUET(IDI=THREVS=(14=PMCPCI))*CONST2

IFCABS(DELUET(I)) eEGe906) TUETCII=THPEVS~(1e=RMCPCI))*CONST2
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TUETCI)=TJUET(I)*»(1=0DP(1)/100.)
CONTINUE

60 TO 10

CONTINUE

PAIR=NJET/2.
THIGH=(THMIPO=-CGMOM(V) /COFF) /NJET
RGD=THRGD/PAIR

IF(THIGH.GEL «RGD) THIGH=RGD
TLOW=RGD=THIGH

NJT=NJET=1

DO 40 I=1eNJTe2
TJETCI)=THIGH
TUET(I+1)=TLOW
IF(DFTHeGT«0) GO TO 10

DO S0 I=14NJTe2
TUET(1)=TLOW
TJETCI+1)=THIGH

TX=0

TY:=

TK=u.u

TN=0e

DO 30 I=14NJET

"T1=TJET (D)

DEL1=DELJ(I)

ALF1=ALPHA(I)*DTR
TX=TX+T1+COSCALF1)*COS(DELD)
TY=TY+T1+COSCALF1)+SINC(DEL1)
TK=TK+T1+SINCALF1) *YARM(I)
TN=TN~T1#COSCALF1)*COS(DEL1) «YARM(I)
CONTINUE

IF(DFTHeEGeCe) TX=TX~DGMOM(V)/COFF
TK=TK=TY*ZARM

TN=Th-TY*XARM

RETUKN

END
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SUBRQUT I RESCLDU(VDEFToThIMe ™ '706G47°TLDS)

COMMUN FALC/ LDRAFTULSY oWwEIOHT.  oFUFL e w2l FoSLEOWGSLETRRGTHETA,
*OLFTHeSPRAYL

CURMCin F10/ AAQALIX GLIT qhMebt gCEWCF ol TR QUXCUGFO oG gMSTohVEAL @
*FToebrUeSFeUD WL

Cum¥0i. ZFSEALZ TnTEeTHIC

COMMON JTEMF/SKe Y 9SKe S g AVEDGAREP T DR F =YL Lo SEALLGY
*CRINDGFILLG

CO¥Mirlhy ZwaALLZ VULOoORAG” oCELDRG

RO=Rh

IF(VeNE«SF) GO TL 10

bUL=BULE/CcVEL

HUL=OKFT/RUbL

C= VUL #FUSG/WEIOHT 22 qolilne]

FaN/SLART( sl

CVI=aClCnT/(RO*5) /B EL#2

ChLL «bVECENLOF Ly CoFy~AVFT)
nAVEDS=CaConOobolipglwe2aCyTaedanpViT

CALL ALRC G CoDEFTHOFUEZ 9aALZ 9CRF T 9V AEFLDG)

CALL SPREY(V¢SHRAYLGSPHYDSG)

CALL SFPALCGEUEE«VeSLEC A ¢SLETF g THTE gTHTLaSFALOR)
FrE(=vel® 0o lLea2sSFas

SKINLOL=2e*URAGC*FPECD

FLINULE=SX*FRET

SHMLIFDCS(RAVEDS+ARRILG *SPFYCS*SELLDA*“KINT C)/PREC
TCTLOG=SNIFCO+TELORNC4F 1P Ca/FRED

RETunt

END
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SUBROUTINE VORTEX(SXeSY9SKeSNeBETASCReCToSeOMEGA)
COMMUN /ALL/ ARWCBAFsCOSUsNE9gSINOsU2
COMMON /FINVOR/ A4bEPGUELI 4TCBARWXFH4DOP
COMMON /IN/ AAeAIX9AIZ9AMOEBRsCBoCFoDTR ¢CXDUsFOsGoNSToNVAL S
*PlokHO9 SPeUOg WL

IVOR=1

CALL LIFTC(BETA9CL9CLR¢CRoCT¢SeuUMEGA9IVOR)
CON1=A/klL#**22U2

CON2=PI+AR*CON1

FINLR=CLR=CON1

FINL=CL+*CCN1

ORAGR=CLR**2/CON2

DRAG=CL*#*2/CON2

SFR=FINLR«COSO

SF=FINL*COSO

SX==(DKkAG+DRAGR)

VFR=FINLR«SINO

VF==FINL*SINO

SY=SF+SFR

SN=SY*XFN*(DRAGR=-DRKAG) «BBP /KL

SK=(VFR=VF) *BBF/WL=-SY«DDP /WL

RETURN

END
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SUBROUTINE AERO(SLFTyDEPTH¢B4B1l9yDRFTeV4AERCDG)
ANU=1.56E-04

RO=0.00238

RENOLD=VeSLFT/ANU
CF=0e455/ALOG10C(RENOLD) »#2,58
CUN=DEPTH=DRFT
AREA=SLFT*(B¢B1¢2,+CON)
FRONT=CON*(B+B1%2s)
PRE=CeS*R(#Vae2
FRLTDG=PRE*0e6*FRONT
SKINDG=FRE*CF*APEA
AERODG=FRNTDG+SKINDG

RETURN

END
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SUBKOUTINE WAVE(BOL ¢HOL ¢CoF 9 TOTAL)
PI=3.14159

W=10.

V1z2e0W

TOTAL=WAVEDG=0.

DIFF=EPSL=1e

GAMA=le~-C

BI1OL=C/t4e/3e*HCOL)
AK120e5/Fe*2

F2=F «F

BOL2=2.+BOL

M1PI=W1/P1

CONI=4etPI1eF2/u
CON2=2+.+*PI*BOL/VW1
CONS=2e+AK1«HOL
CONO=8e*BI1OL/C(AK1¢SORT(W/F2))
CONT=2¢/BUL*SQRTCAKLI/W1)*GAMA
DO 310 M=1420

AM=M=1

ALFA=CON1*AM

BETASCON2+AM
CON3=SURT(1e+ALFA®®2)
FAC=(1e+CON3)/CON3
SB=SURT(0e5+05*CON3)
SB2=5B*SB

COlv4=AK]1+SB
SIGMA=CCS(CON4)/SB8=SINCCON4G) /(CON4*SB)
DELTA=CONSeSB2
A=CON6*CCS(BETA) *(1e=EXP(=-DELTA))*SIGMA/SB2
IFCAM) S4645
PSI=W1P1+SIN(BETA)/ZAM

60 TC 7

PS1=BOL2

B=CONT*SINC(CON4)«PSI
WAVEOG=CA=b) **2+FAC*F2+EPSL+WAVEDG
EPSL=2.

IFCTOTALGEQGeDe) GC TO 8
DIFF=ABS((WAVEDG=TOTAL)/TOTAL)
TOTAL=WAVEDG

IF(DIFFoLEsDe001) GO TO 99
CONTINUE

RETURN

END
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COMMON /ABC/ DRAFT(2S)

QODQQ 4-"”

1S BEST QUALITY PRACTICABLE
FURNISHED

COMMON /CDE/ DRISE(23) qENTRCE(23)4CHINEC23)4yHSPRAY(23)
COMMON /IN/ AAGAIXoAIZoAMoBE 9CBoCFoDTRoOXDUsFO9GoNSToNVALY
*PIoRHO 9 SPoUO9 WL o XLGoXFGoCDLL9oCONN9 FRCUCE 9CCoDD eANU

COMMON /SES/ HSW(25) +DEL1eDEL2gN1eN2
FAC=3414159/180«

CON=DeSeVeV /6

00 10 I=1eNSY

HSPRAY(I)=0.

DU 30 I=1enST
ANG=SINCDRISECI)*FAC)*SINCENTRCF(I)*FAC)
NOPKAYUI)=CON®ANG*ANG

CHK=CHINEC(]L) -DKAFT(])

IFICRKoLTeDe0) CHK=040

IF (RSPRAY(I)e6ToCHK) HSPRAY(I)=CHK
CONTINUE

CALL SIMPSN(NOToN1¢DEL1+DEL2+HSFRAYGAREA)
M=N1e]

USVeCOSCEWTRCE(M)I*FAC/2,.)
RENCLO=VeSPRAYL/ZANU
CFz=0e075/7CALOGI0CRENCLD)=24)022 0, 0G0
PRE=0e5eRR0eUU

SPRYDG=FRESAREA®2,+CF

RETURN

END
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SUEKOUTINE SEAL(beVeSLBONISLSTRNeTHT B THTS¢SEALDG)
COMMON /AEC/ DRAFT(2%)

CuPNGn 21/ ARV ATX9ATZ 0 AF o l:F oCEa27Z oLTR o DXCUGFC oG ot STohVAL o
*PIoRMDgOF sULa WLy XL Gy XFGoCOL Lo TN InaF - GULE4CCoDTANY
CUMMON /5ES/ HSal25)4TEL14JEC24V]E
H3=N1+])
RECL=0,
PREZUeLU*RHO =V *y
FREESFKE»®
VatuUzv/ahu
SL1=0RAFT(NII/SINCTETB)
IF(SL14GE«SLOR) SL1=5LBOW
BLwSL=5L1«CUSCTHTR)
IF(EUASLeLEeCe) GO TU 10
REMULD=HCaSL#VANU
CF=0el44/(MLNCLD**(14/64))
ReCaskhine30wSLPCF

10 CCANTILUE
RSTnN=0,
SL2zURAFT(Y I/SIRLTRTS)
IFCSLE e 5T «SLSTRI) SLZ=SLSTAN
STRANSLISLZ#COS(THTS)
1€ (STR&SLeLEeCe) &L T 206
FELCLO=STRGSLeVANY
CFoa {4/ ENCLT**(14/%4))
KolrizreEEeSTRASLeCF

«f SEALUO3T2C ¢83TRN
RETUKN

Gy =
L %2
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SUBROUTINE DRAGC(DY DKo DNoFeReV)
COMMON /IN/ AAQAIXeAIZoAMoBBeCBoCFoDTR ¢OXDU9FOoGoNSToNVALS
*PIyRNOSPoUO WL o XLGoXF GoCDLL ¢CDNN
COMMON/ X/ ISECT(25)eDI(25)¢DFI(25)¢DF21C25)¢DF3TC25)4DCIC2%),
*DC2IC25) oDC31C25)9DCFIC25)9DCF2IC25) ¢CCZFI(25) oB3IBI(25) 9 XSk (25)
COMMON /Z/ ARARLVARL23WARLIGAPFoAPF2oARF 39ARFLGARFL2vARF2L4E3B
P2=FeP
R2=R*R
V2=VeV
RP2=ReF*2,
VP2=VePe2,
VR2=VsRe2,
VO=V=FO*P/WL
GHE=SIGN(1.04VD)
IF(ReEG¢04)60 TO 7 i
X0==VO/R i
7 CONTINUE
AREA=DI(NST)
AREAL=DFI(NST)
AKREAL2=DF2I(NST)
AREAL3=DF3I(NST)
AREAF=DCI(NST)
AREAFZ=DC2IC(NST)
AKEAF3=DC3IC(NST)
AREAFL=DCFIINST)
AFL2=DCF2I(NST)
AF2L=DC2FI(NST)
DY==COLL*(V2+eAREA+R2*AREAL2*P2*AREAF2¢*VR2*AREAL-RP2*AREAFL~
*VP2*AREAF)
ON==COLL*(V2*AREAL*R2*AFEAL3+P29AF2L+VR22APEAL2-RP2#AFL2~
*VFE2eAREAFL)
DK=CDLL*(V2*AREAF+K2=AFL2+P2«AREAF3+VR 2+ AREAFL-RP2=AF2L~
«VP2*AREAF2)
DKV==CONN*53BI(NST)*P*ABS(P)
IF(RekGe04)6G0 TO 2
IFIX0*XLG) 29241
1 IF(X0-XFG) 392¢2
3 CALL GEOM(XO0)
AY=-COLL*(V2«AR+R2+ARL24F 22 ARF2+¢VR24 AFL=RP2« ARFL=VF 2« ARF)
AN==CDLL*(V2*ARL4R2*ARLI+F2*ARF2L+VR2*APL2~-FP2+ARFL2=-VP2+ARFL)
AK=COLL*(V2* ARF+R2+ARFL24P2¢ ARF3+VR2* ARFL=RF2+ARF2L ~=VP2+ARF 2)
OWEP=SIGN(1e09¢=X0)
DY=(DY=AY*24) *ONEP
DK=CDK=AK*2¢) *ONEP
DN=(ON=AN*Z o) *ONEP
2 DY=DY+ONE*2,
DK=2¢+*0K=ONE DKV
ON=DN«ONE=2,
RETURN
END
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SUBROUTINE GEOM(XO0)

COMMON /IN/ AAAYAIX9AIZ ¢AMoEB9CBeCFoDTRoDXDU9FOGoNSToNVAL,y
*PIokHO ¢ SPoUB ¢ WL 9 XLG9XFGoCDLL sCONN

COMMON/ X/ JSECT(25)9DT€25) ¢DFI(25) ¢DF21C25)90OF 31€25)40CI(25),
+0C21(25)¢EC31C25)40CFI(25)4DCF21(25) +0C2F 1€25) 4£3B1(25) ¢ XSU(25)
COMMON /Z/ AR9ARLoARL29ARL3¢ARF¢ARF29ARF39ARFL9ARFL29AFF2LeB3E
YO(XO09X19X29Y19Y2)ZY14C(X0=X1)e(Y2-Y1)/(X2=X])

X0=XO0+AA /sl

DO 1 I=24NST

K=1

IF(X0eGEaXSW(I~1)eANDeX0eLToXSWCI)) GO TO 2

CONTINUE

K1=K=1

X1=XSu(K1)

X2=XSW (K)

AR=YO(XD ¢X19X24DICK1) 4DI(K))

ARL=YO(X09X19X29DFI(K1)4UFICK))

ARL2=Y0 (X09X19X24DF2ICK1) ¢ DF 21¢K))
ARL3=YOUXCyX19X29DF3ICK1) ¢OF 31¢K))
ARF=YU(X09X19X2eDCICK1)4DCICK))
ARF2=YC(X09X19X29DC2I(K1)¢DC2ICK))
ARF3=YOUX09X19X29DC3TCK1)4DICIILKY)

ARFL=YO (X09X19X2¢DCFICK1)9DCFICK))
ARFL2=Y0(X09X194X290CF21 (K1) ¢DCF21(K))
ARF2L=YO(X0¢X19X29CC2FI(K1) 9y DC2FI(K))
B36=Y0(X09X19X20B3BI(K1)4E3BIK))

RETURN

END
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SUBROUTINE DRAGVC(CZoDF ¢DKoFoloOoK)
COMMON /BEEMZ BCAM(25) oELAMI(25) ¢BEAMFI(25) yBEAYF2I(25)
*oBEAMFII(2%)
COMMON /BEEM2/ BEM2(25) ¢BEM3I(25) yARMSeARMP
COMMON /IN/ AAGAIX9AIZ ¢AMyBBCB9CFoDTR ¢DXDUoFO oG oNSToNVAL ¢
*P1oRHO9SPoUDIVL e XLLWXFGoCDLL 9CDNN
COMMON /X/ DUMMY(300) e XSV (25)
CUMMON /217 BReERL¢BRL24BRL3
DIMENSLION F(25)
TRAPC(HeY1eY2)=0eSeHa(Y12Y2)
DO 3 I=14NST
BEAM(1)=pEM2(])
IF(KaEGe3) BEAN(II=BEMI(])
3 CONTINUE
2-urly
02=weG
WQ2=W*R*2,
ONE=SIGN(1.0¢W)
IF(ueEGeDe) 60 TO 17
X0=k/G
17 CONTINUE
BEAMIC1)=BEAMFI(1)=BEAMF2I(1)=BEAMF3I(1)=0.
D0 14 I=2¢NST
H=XSW(I)=XSUCI-1)
H=ha Wl
BFI=BEAMCI)+F(])
8FI11=8CAN(I=-1)+F(]=~1)
BF21=BFI«F(I)
BF2I1=BFI1+F(1~1)
BF3I=BF2I+F(I)
BF311=RF2J1+F(I-1)
B1=TRAP(H¢BLAM(I)+yBEAM(I=-1))
B2=TKAP(H¢BF14¢BF11)
B3=TRAP(HsBF2I4EF21I1)
B4=TRAP(H¢BF 31 46F311)
BEAMICI)=BEAMICI~1)+B1/WLwe2
BEAMFLICIDIEBEAMFIC(I=1)eB2/MLe*3
SEAMF2ICI)=BEAMF2I(I=1)¢B3/ULwe4
BEAMFII(I)=BEAMF31(I=-1)+B4/WL*eS
14 CONTINUE
AREA=BEAMICNST)
AREAL=BEANFI(NST)
AREAL2=BEAMF2I(NST)
AREAL3I=BEAMFITI(NST)
D2==CONiN*(a2* AREA+G?2*AREAL2=-WQ2+ AREAL)
JUM= CONN#*(w2*AREAL+G2«AREAL3-4QG2*AREALZ)
IF(GeEWLeDe) GO Tu 12
3 IF(X0*XLG) 12012011
11 IF(XG=XFG) 134912412
13 CALL GEOMVIXD)
B2==CONN*(n2¢BR*G2+BRL2-WG2+BRL)Y
BM==CONN*(W2*BRL+G2+*BRLZ-WQ2+BRL2)
ONEP=SIGN(le9=X0)
02=(0Z=-B2%24) *ONEP
DM=(DM=BN*2) *ONEP
12 D2=DZ+ONE
DM=DM*ONE
ARM=ARMS
JF(KeEQe3) ARM=ARMP
DK= DZ*ARM
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RETURN
END
vv
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SUBROUTINE GEOMV(XO0B)
VERTICAL DRAG

COMMON /BEEM/ BEAMU25) ¢BEAMI(25) ¢BEAMFI(25) ¢BEAMF21(25)
*9BEAMF31(25)

COMMON /IN/ AAsAIXeAI?¢AMebBBeCBICFoDTR¢DXDUGFO oG 9eNSToNVAL
sPIgRHO9SFoUOI KL XLGyXFGyCDLL yCONN

COMMON /x/ DUMMY(300)¢XSW(25)

COMMON /21/ BReBRLeBRL24BRL3
YO(XO0oX10X29Y1oY2)SY1e(X0=X1)2(Y2=Y1)/(X2=X1)
XOB=X0B+AA/ZWL

00 1 1=2¢NST

K=1

IF(X0BeGE«XSW(1=-1) e ANDeYOBoLTeXSW(I)) GO TO 2
CONTINUE

K1zK=1

X1=XS4(K1)

X2=XSWIK)

ORZYOU(XUB9X19X29bEAMIC(K]1) ¢BEAMI(K))
BRL=YOUXOBoX19X2¢BEAMFICK1) oBEAMFI(K))
BRL2=YU(XOBoX19X29BEAMF2I(K1) ¢REAMF2I(K))
BRL3I=YO(XUBsX19X2+BEAMF3I(K1)4BEAMF3II(K))
RETURN

END
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SUKROUTINE DERCAAWBBeCCoDDoTHT oPHIGNSToN1oN29DEL19DEL29HSWoeNSW

« *XSWeDlehlew29RHOGWL)

DIMENSION HSW(1)9ivSW(1) oxXSW(])

DIMENSICON D(25)+F(25)

DIMENSIOUN B(25)9S(25)9C32¢25)¢SWAYCL25) ¢ HEAVC(25)

DIMENSIUN D1(25925)9W1(25925)¢02(25425)

DO 1 M=14AST

F(M)=XSW (M) *UL=-AA

D(MI=CC~HSW(M) =THT+*F(M)

IFCO(M) eLTe0e) D(MI=Co
1 CALL SECT(MeDoeDloeNSwoW1leh2eBeSeCSZ90D)

COMPUTE DERIVATIVES WITH RESPECT TO F

FORM INTEGRALS

INTEGRATE AXIALLY 2

CALL INTEG(B¢DoF 9SeCSZyN1oN24DELIeDEL29NSToSWAYCSHEAVC)

CALL NOUNDIM(BBo RHO eWL9B9DesFoeCS29 SWAYCGHEAVC)

RETURN

END

o000
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SUBROUTINE SECT(IeD9eD1¢NSWen1eW2¢4B9S9CSZe0DD)
DIMENSION B(25)¢S(25)9CS2€25)9D1(25925)eW1(25925)4W2(25425)
DIMENSION D(1)¢NSH(1)
FLINERCXoX29X19YZeY1)=Y10(X=X1)e(Y2-Y1)/(X2=X1)
B(I)=SCI)=CSZ(I)=TEFP1=0e

DRAFT=D(I)

JU=NSK(])

KL1=0

DO 1 U=24JJ

RD2=D1(14¢J)

RD1=D1(14J=1)

RW12=w1(14J?

RE¥11=wl(Ied=1)

RWz22=u2(1eJ)

R¥21=w2(led=-1)

IF(DRAFTLE«0o0) GO TO &
IFC(ORAFTeGEeD1(I9J)) GO TO 2
RW12=FLINER(DRAFTePD2¢RD1¢yRW12¢RV¥11)
RW22=FLINER(DRAFT4RD29RD19RW229RW21)

KL1=1

RD2=DRAFT

CALCULATE AREAJGIRDER9AND BEAM

(e NsNsl

2 DELD=RD2-RD1
W1D=Rw12-Rwll
w2D=Re22-R¥W21
DELS=0+5+*DELD*(RW12+*RW11+RW22+Rk21)
BCI)=Rw12+RW22
SCI)=S(I)+DELS
BJMI=Re114RV¥W21

CALCULATE CENTROID FOR AREA ABOUT v=-AXIS

noOoo

T02=0(I)=RD2

SMOM=(TD2+0+5*0ELD)*»BJM1+DELD?

*(TD2+DELD/3e)%0e5+DELD*(W1D+w2D)

TEMP1=TEMP1+SMCM

IF(KL1+EQel) GO T O 3

1 CONTINUE
3 CSZ(I)=TEMP1/S(1)+DD~-D(I)
4 RETURN

END

vv
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SUBROUTINE INTEG(BoDoF ¢SeCSZeN1¢N2+DEL1eCEL29NSTySWAYCOHFAVC)
DIMENSION SWAYC(25)4riEAVC(25)9B2(25) 9b2F (25 9E2F2¢25)¢B2CS2(25)
*B2FCS2(25)+B2NDF(25) 9B2FDDF(25)4D2(25) oDZF (25) 4D2F2(25) ¢
*D2CS2425)¢D2CS22(25)9D2DDF (25) oL2FCSZ(25) oDCS?7DF (25) 4D2FDDF (25)
*9D2CZ0F (25)

COMMON ZINTEGL/ B2IleB2FI4B2F21¢482CSZ1¢BFCS2I9B2DDFI9EFOCFT,

*D2]1 yD2F1402CS2T4DCS221 ¢D2DDF I 4DFCS21 oDFDDFIeD2F219DC2DFI
DIMENSION B(1)eD(1)4FC1)9S(1)4CS2(1)

COMPUTE DERIVATIVES UF D AND CSZ WITH RESPECT TC F

N11=N1e-1
DCSZOF(1)=(CS2¢2)~CSZ2(1))/DELY
DCSZDF(N1)=(CSZ(N1)=-CSZ(N11))/DEL]

DO 1 I=2eN11
DCSZOF(1)=0e5+(CS2(1+1)=-CSZ(I-1))/0EL2
N21=N1e1l

N22=NST=1
DCSZDF(NST)=(CSZ(NST)=-CSZ(N22))/DEL2
DO 2 I=N21¢N22
DCS20F(1)=05+*(CSZ(1+1)-CS2(1-1))/DEL2

COMFUTE AND STORE VARIABLES FOR AXIAL INTEGRATION.

DU 3 I=1eNST
IF(BU1)eEGeOe0eOheD(I)eEGeDa0) HEAVC(IN=140
IF(BCI)eEGe0a0o0ReD(I)EQR040) GO TO &
HEAVC(1)=S(I)/B(I)/D(I)
SWAYCTI)=2e4+KLAVCLI)I*D 4
B2CI)=B(I)*B(I)*HEAVC(I)
B2F (12=B2(I)*F(])
B2F2C1)=B2FLII+F(])
B2CSZ(1)=52(1)+CSZ(])
B2FCSZ(I)=g2F(1)#CS2(I)
B200F (13=82(1)«0CS20F (1Y
2FDDF(I)=B2DDF(I)+F(I)
D2C(1)=0C1)*D(I)*SWAYC(I)
D2FC12=D2(CI)*F (1)
DeF2(I)=D2F(I) *F(I)
D2CSz(1)=p2t1)+CS2(D)
D2CSZ2(1)=p2CS2(1)+CSZ2(I)
D2C0DF(I)=D2(1)*DCSZDF (I)
D2FCSZ(I)=D2FLI)*CS2( 1)
D2FODDF(I1)=D2DDF(I)*F(I)
D2CZOFC1)=D2¢I)«CSZ(I)»DCSZDF(I)

PERFGRM AXIAL INTEGRATION

CALL SIMPSNI(NST4N140EL140EL2+8B24821)

CALL SIMPSN(NSToN1eCEL14DEL2¢R2F4B2FT)

CALL SIMPSN(NSTeN1+CEL14DEL2¢b2F24b2F21)
CALL SIMPSnC(NSTeN1eDEL140EL2+F2CSZ4B82CSZI
CALL SIMPSN(NSTeN1+0EL1eDEL24E2FCS24BFCSZI)
CALL SIMPSHN(NSTeN1sCEL1eDEL2y22DDF9B2DCFI)
CALL SIMPSN(NSTeN19LEL14DEL24E2FDDF¢BFDDFI)
CALL SIMPSNINSTeN14DEL14DEL2¢D2+D21)

CALL SIMPSWU(NSTeN1vDELIeDEL2¢D2F¢D2FI)

CALL SIMPSN(NST¢N1¢DELI9DEL2¢D2CS2+02CS2Z1)
CALL SINMFSN(NSTeN1eDEL140EL2+402CSZ240CSZ21)
CALL SIMPSN(NSToN1+0EL1+CEL2402DDF+D20DF1)
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CALL SIMPSN(NSTeN1eDEL1+DELZ2¢D2FCSZeDFCSZI)i
CALL SIMPSiW(NSTeN1sLUEL1+DEL29+D2FDCF+DFDDFI)
CALL SIMPSNC(NSTeN1+DEL14DEL2¢D2F24LC2F21)
CALL SIMPSN(NSTeN1eDEL1¢DEL2¢D2CZOF¢DC2CFI)
RETURN
END
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SUBRGUTINE GEO(AA9BB9CCoDDoWLoNSToTHT ¢KFO4FO)

DIMENSION B(25)9CSZ(25)¢F(25)¢6(25)¢S(25)¢DF(25) eDF2(25)9DF3(25),
*DCSZ(25) ¢DCSZ22125) ¢DCS23(25) ¢DCR2F (25) ¢NCS2F2L25)¢DCS22F(25)
*9D(25)

COMMON /AbC/ DRAFT(25)

CUOMMCN /GEQMM/NSW(25) 9 W1(25925) ¢a2(25925)¢01(2%5925)

CCMMUN /SES/ HSW(25) ¢DEL1eDEL2eN1aN2

COMMON /ZU/ GI€25)¢S1(25)4S1(25)¢PHOC25)4TORAF(25)

CCMMON/ X/ lSECT(25)oOl(25)00‘1(?‘1oDFZI(ZR)oDF’I(Z‘)oDCT(ZS)v
*DC2I(25)¢DC3I(25)¢DCFIC25)eDCF2I(25)¢DC2FI(25) ¢B3RI(25) XS (25)

STATEMENT FUNCTION FOR TRAPEZOIDAL INTEGRATION

TRAPCHaY19Y2)=0e5oH2(Y1eY2)

STATEMENT FUNCTION FOR LINEAR INTERPOLATION

STATE(X9X29X19Y29Y1)=Y14(X=X1)*(Y2=Y1)/(X2~X1)
CONSTANTS

dl2=WL*NL

WL3=wlL2ebhL

Wlhaz=dL3»wl

wLS=WLA*wl
DTR=341415927/180.
PHIZ=2.+DTR

DO 999 K=145
PHI=FHIZ=(K=1)+DTR
PHOUK) =PHI

CALCULATE DRAFT AND CC

DO 9 M=1¢NST

F(M)=XSW(M)slWL=-AA

D(MI=CC-HSu (M) =ThT+F{M)+BB«PHI
IF(D(M)eLEeOe0) D(M)=0e0
IF(KeEQe3) DRAFT(MI=D(M)
1F(KeEQGe3) CCO=CC

CALCULATE GIRDER AND CROSS SECTIONAL AREA

I=M

DRFT=D(M)

GCIN=W1C(Ie1)+W2(Ie1)
B(1)=CSZ(I)=DF(1)=DF2(I1)=DF3(1)=DCSZ(I)=DCSZ2(1)=DCS23¢(I)=

JJ=NSWI(I)

KLi=

D0 8 J=24JJ

RD2=D1(IsJ)

RD1=D1(IéJ=-1)

Rul2=al(leJ)

Rwll=wl(Igu~1)

RE22=w2(IJ)

RW21=a2(1eJ~1)

IFCDRFT oLEe0e0) GO TC 9

IFC(DRFT «GEeD1(¢IeJ)) GO 7O 7
RW12=STATE(DRFT +RD2eRD14RWI124RK11)
kW22=STATECDKFT +sRD2eRD1¢RW22+RN21)
KL1=1
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RD2=DRFT

DELD=RD2-RD1
DELD2=DELD+DELD
w1D=Rel12-RV11
W20=kw22-RW21
DELS=0e5*DELD*(RW12+RW11+RW22+4RW21)
DELG1=SGRT(«10*w1D*DELD2)
DELG2=SGRT(W2D*W2D+DELD2)
DELG=DELG1+DELG2
b(I1)=Rd12+RW22
BJUM1=Rd11+RW21
TD2=D¢(1)=-RD2
SMOM=(TD2+0eS*CELD)*BJMI+DELD*(TD2+DELD/3e)*0e5+DELD*(W1D+L20D)
TEMPI=TEMP1+SHOM
S(J)=S(I)+DELS
GCI)=GCI)+DELG
CSZ2(I)=TEMP1/S(1) «DD~-D(I)
IF(KL1+EGel) GO TO 12
CONTINUE

IF(KeNES«3) GO TO 9
DFCI)=DCI)eFC])
DF2(1)=DF (1) =F (1)
DF3CI)=DF2CI)»F(I)
PARM=CS2(I)
DCSZ(I)=D(I)«PARM
DCSZ22¢1)=0CSZ(I)+PARM
DCSZ3(I)=DCSZ2(I)*FARM
DCS2F(1)=DCI)*F(1)*PARM
DCSZF2CI)=DCSZF(1)*F(I)
DCSZ2F(I1)=DCSZF (1) *PARM
CONTINUE

INTEGRATES FOR WETTED SURFACE AREA AND DISPLACEMENT

CALL SIMFSNC(NSTeN1oUELLeDEL2¢SeSI(K))
CALL SIMPSN(NSTonN1eDEL19DEL29¢GeGICK))
SI(K)=SI(K)/wlL3

GI(K)=GI(K)/WL2 o
S1(K)=S(1)/¥WL2

TORAF(K)=DC1) /WL

IF(KeNEo«3) GO TO 999
CIC1)=DFIC1)=DF2IC1)=0F31€1)=DCI(1)=0C2I1C1)=DC3IC1)=DCFI(1)=
*DCF2I41)=DC2F1(1)=B3BI(1)=0.
FO=CSZ(KFOQ)

DU 1 I=24¢NST

HE(XSA(I)=XSY(I=1))*VWL
AL1=TRAP(H4D(1),4DL1I~-1))
A2=TRAP(HsDF (1) 4DF(T1=1))
AS=TRAP(RHeLF2L1)gDF2L1=1D)
A4=TRAP(HsDF3(I)4DF3I(1-1))
AS=TRAF(HeB(1) yBLI-1))

A6=TRAF (heLCS22(1)eDCS22(1-1))
AT=TRAP(HDCSZ(1)¢DCS2(I-1))

AB=TRAP (HeDCSZF(I)¢DCSZF(I=1))
AS=TRAP(HIDCS2F2¢1)¢DCS2F2(1~1))
A10=TRAP(HeDCS23(I)4DCS23(1~-1))
AL1=TRAP(H4DCSZ2FC(I)4DCSZ2F(I~-1))
CICI)=DpICI=1)+Ad/4L2
DFICL)=DFICL=1)+A2/4dL3
DF2ICII=DF2I(I=-1)+A3/NLA
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DF3ICI)=DF3I(I-1)+Aa/uLS
DCICL)=DCICI=1)+AT/7ULS
DC2ICI)=DC2I¢I-1)sa6/ULAE
DC3ICId=DC3ICI-1)+A10/ULS
OCFICID=UCFICI=1)*Ad/WLA
OCF2ICI)=0CF2IC1=1)+A9/kLS
DC2FI1CI)=DC2FIC(I=1)+A11/WLS
B3BICI)=B3BI(I=1)+EBee3*AS/WLS
CONTINUE

CONTINUE

RETURN

END
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SUBROUTINE NONDINM(BBs RHOwWLoBoDoFoCSZoTEMPA9TEMFK)

REAL K1P 4K1Q oK1W ¢K10P4K10G4K1DWeP1P 4M1Q oMIL 4F10P,
. M1DGeM1DW e

. K2P ¢K2Q oK2W ¢K2DP 4K2DQ oK 2DW 412P oN20 ok2k o¢N2DPe
- N2DQyN2DW o

* K3P oK3P o¢K3V oK3DPeK3DPeVFIOVetiZ3P ¢N3R ¢N3V ¢NIDPe
' N3CRoN3DV e

. K4P oK4R oK4V oK4DP JK4DR 9 K4CV K 4P oM4R M4V oM 4DFP 4
. M4aDRoeM4DVy

. L2 JL3 ola HLS

DIMENSION BC1)eDC1)9F(1)¢CS2(1)+TEMPACL) «TE¥PR (1)

COMMON /INTEGL/ B2I¢B2FI9b2F21eE2CSZ1ebBFCS7I9E2DDFI1oBFDOFIy
*D21¢D2F I 4C2CSZI9DCSZ21 9C20DF14DFCSZT oDFDCFT«D2F2140DCZ0FT
COMMON /NDD/ DYP4DYGeDYRGDYV4DYW4DYDP4OYCGaZYDR4OYDV4OYONy

DZP¢C2G9D2ReD2ZVeCZa9DZDPeD2ZCT¢3ZDR9DZDVeDZDN »
OKFoDKA9DKRoDKV9OKWoCKDP9DKC Q9T KORyDKDVeDKDK o
DMP ¢DMG 9OMR ¢ DMV 9OMu yOCMDP ¢ DMC o CMCR9 DMDV 4 DMDV o
DNFPoDNQ9DNR9DNV ¢ ONW 9 DNOP ¢ ONCO 9 INDR ¢DNDV 9 DNDW

L B 2 1

PI1=341415927
AKY=0e
AKZ=0.
= 0e25+PI*RHO
Cl= H
C2= Cle*AKY
C3= H
Ca= C3eAK2
L2= 0eS*RHO®WL*w2
L3= L2eWlL
La= L3~WL
LS= Lées\VL
Z1Dk= =-B2I+C1
21DF=Bb*210%
210G =(B(1)**2+F (1)) «C1+TEMPR(1)
210G= B2Fl+C1
ZlW= =B(1)*+2+C1«TEMPR(1)
21P = BB*21VW
M10W= B2FIe«Cl
M1DP= BE*M1DW
M1G =(-B(1)*#2+F(1)*e2«TEMPK(1)=-B2FI)=C1
M1De= -B2F21*C1
Miw (B(1)*e2«F(1)«TEMPR(1)+B2I)+C1
M1P BB*M1W
KiDW= BB+«Z10DW
K1DP= BB#Z10P

K1@ = BB+21Q
K10G= BB8+Z10Q
KiW = BBe21W
K1P = BB#*21P

Y20W= -B2Ie«C2

1 Y20P= BB*Y2DW

Y2G = (B(1)*#2+F(1))*C2+TEMPR(1)

Y20G= EZFI*C2

Y2u = =pB(1)e#2«C2+TEMPRC(])

Y2P = BBeY2d

N2DW= -B2FIeC2

N20P= BB*N2DW

N2G = (BU1)**2eF(1)##2«TEMPR(1)+P2FI)=C2
N20G= B2F21+C2

N2W = (=B(1)*#+2+F(1)*TEMPR(1)=821)eC2
N2P = BB*N2W
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K20W= B2CSZI«C2

K2DP= BB#*K2DW

K20 = (=B(1)*2e2«F(1)eCSZ(1)+TEMPRC1)=-BFDDFI)C2
K2DG= -BFCS2I+C2

K2W = (B(1)*+2+CS2¢1)+*TEMPR(1)+B20DF1)C2
K2P = BB#K2W

Y3DVv= =D2I+C3

Y3R = (=DC1)2e2¢F(1))C3+TEMPA(])

Y3DR= =D2FI+«(C3
Y30P= D2CSZI«C3

Y3V = =D(1)+«2+C3+TEMPA(])

Y3P = (D(1)«e2eCS2(1)+TEMPA(]) 3+C3
N3DV= =D2FI«C3

N3R = (=GC1)**2«F(1)ea2+TEMPA(L1)=D2FI)*C3

N3Dk= =D2F21+C3

N3DF= DFCSZI+C3

= (=D(1)*e2+F(1)+TENPA(L1)=D21)eC3

N3P = (D€1)**2+F(1)+CSZ(1)*TEMPAC1)+D2CS21 I*C3
= D2CSZI+«C3

= (CU1)w%e22F(1)+CS2(1)*TEMPAL]1)+DFDOFI)*C3

K3Dk= DFCSZI+C3

K30P= =DCSZ2I+C3

K3V = (D(1)*e2+CS2(1)+TEMPA(1)+D20DFI)+C3

K3F = (=D(1)*#2«(CSZ2(1)**2+TEMPA(1)~ DCZDFI)=C3
Z40V= =D21+Ce

Z4R = (=D(1)#22+F(1))»Ca~TEMPA(1)

Z4Dk= =D2FIeC4

240P= D2CSZ1+Ca

24V = =D(1)»e2«C4+TEMPA(])

Z4P = (D(1)*##2+CSZ(1)«TEMPAC1)+D2D0FI)eCH

M4DV= D2FI+C4

(DC1)*a22F(1)ee2+TEMPA(1)+D2FI)Co
M4Dh= D2F21+Ca
M40P= -DFCSZI+*C4

M4V = (D(1)*e2+ F(1)+TENPAC1)+D21I)+C4
M4P = (=D(1)*#*2+CS2C1)*F(1)*TEVPAC(L)=-D2CSZI-DFDDFI)=C4
K4bLV= Bb*Z40V

K4R = BB=Z4R

K4Dk= BB+ZaDR

K4DP= BB*Z4DP

K4V = BB=24V

K4P = BB«2aP

oyp = (Y2P+Y3P)/L3
ovaQ = v2@/L3

DYR = Y3R/L3

DYV = Y3V/L2

oYw = yYa2W/L2

DYDP = (Y2DP+Y3DP) /LA
Dyoe = Y2DQ/Ls4

DYDR = Y3DR/La&

DYDV = Y3DV/LS

DYDW = Y2D0W/L3

DzZpP = (Z1P+24P)/L3
pzu = 21Q/L3

DZR = Z4R/L3

ozv = Z4V/L2

pzv = Z21v/L2

ozup = (Z10P+240P) /LA
p2oe = 210Q/L4

D2ZDR = Z40R/L4
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Dzov = Z40V/L3

D20W = Z10M/L3

oKP = (K1P*K2P+K3P*K4P) /L4
DK@ = (K10+K2GL)/LA
DKR = (K3ReK4R)/LA
oKV = (K3VeK4VI/L3
DKW = (KlWeK2W)/L3
DKOP =(K1DP+K2DF +K3DP +K4DP) /LS
DKDG =(K1DG+K2DG)/LS
DKOR = (K3DR<¢K4DR)I/LS
DKDV = (K3DV+K4DV)I/L4A
DKOW = (K10W+K2Dw)/L &
DMP = (MIP*M4P) /L4
oMaQ = M1Q/L4

DM = Mak/L4

DMV = M4V/L3

DMW = MIW/L3

DMDP = (M1DP+MADP)/LS
oMDQ = M1DQ/LS

DMDR = M4DR/LS

OMDV = M4DV/LS

DMDwW = M1DW/L4

DNP = (N2PeN3P) /LA
ONQ = N2Q/Ls

DNR = N2R/LS

DNV = N3V/L3

DNV = N2W/L3

ONDP = (N2DP+N3DP)/LS
DNDG = N20Q/LS

DNDR = N3DR/LS

DNDV = N3DV/Le

ONOW = N2DW/L4

CCEFFICIENTS FOR TWO HULLS

DYW=DYG=DKW=DKG@=DNa=DNG=DYDN=DYDG=DKDW=DKOG=DNDN =DNDG=0e"
DYV=2.+DYV
DYP=24+Y3F/LY
DYR=24*DYR
DZW=2.+D2W
DZP=24P/L3
02@=2.+D20
DKV=24#K3V/L3
DKP=24*(K1P+K3P) /L4
DKK=2e*K3RK/L &
DMW=2,+DMM
DFP=M4P/L A
DM@=2.+DMQ
DNV=2,+DNV
DNP=2+*N3P/L4
ONR=2+*DNR
DYDV=24+0YDV
OYDP=24++Y3DP/L4
DYDR=24+DYDR
0Z0W=2++020M
DZDP=Z4aDP/L4
0ZDQ@=2.+D200
DKOV=24*K30V/LA
DKDP=2++(K1DP+K3DP)/LS
DKDR=2+ *K3DR/LS
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OMDV=2,+DMDV
DMOP=MaDP/LS
DMD@=2.+DMDQ
ONDV=2,+DNODY
ONDP=2,oN30P /LS
ONDKk =24 *DADR

Dl'oollQUthDZDP.OlOIQDlOV.D"vbhlQDIVQBPDPQDHDRQDFDV

RETURN
END
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SUBROUTINE RUNGS (XoHoNoeYoYPRIMEGINDEX)
DIMENSION YC(13)oYPKIMECL13)eZ(13)oh1C13)oW2C13)oW3C13)0oha(13)
CRUNGS = RUNGE=-KUTTA SOLUTION OF SET OF FIRST ORDER OeDeEe FORTKAN 99
DIMENSIONS MUST BE SET FOR EACH PROGRAM
X INDEPENDENT VARIABLE
H INCRENENT DELTA Xo MAY BE CHANGED IN VALUE
N NUMBER OF EGUATIONS
Y DCPENDENT VARIABLE BLOCK ONEL. DIHENS!ONAL APRAY
YPRIME OERIVATIVE BLOCK O%E DIMENSIONAL APRAY
THE PROGRAMMER MUST SUPPLY INITIAL -VALUES OF Y(1) TO Y(N)
INDEX IS A VARIAELE WHICH SHGULD BF SET TO Z2ERC BEFORE EACH
INITIAL ENTRY TC THE SUBRCUTINEe leEes TO SCLVE A DIFFEFENT
SET OF EGUATIONS OR TO START wITH NEW INITIAL CONDITIOAS.
THE PROGRAMMER MUST WRITE A SUBROUTINE CALLED DERIVE WHICH COM=-
PUTES ThE DERIVATIVES AND STCRES THEM
THE ARGUMENT LIST IS SUBROUTINE DERIVEC(X4NeYoYPRIME)
IF CINDEX) SeSe1
1 DO 2 I=1eN
W1C(I)=HeYPRIME(])
2 2CI)=Y(I)+(N1t])e,.5)
A=X*H/2e
CALL DERIVECAGN9ZoYPRIME)
DC 3 I=14h
N2(I)=H+*YPRIME(I)
3 Z(I)=Y(Idee5e42¢])
AzX*H/2.
CALL DERIVECA9NoZy YFRIME)
LO &4 I=14N
¥3CI)=H*YPRIMECI)
4 2¢DD=Y(Id)eu3C])
A=XeH
CALL DERIVE (AeNeZo YPRIME)
80 7 I=1eN
W4a(I)=H=*YPRIMECI)
T YCI)=YCIde( (2 (L2CI)*h3C(I)))ek1(Idena(]I))/60)
X=X*+H
CALL DERIVE (XoeNoYoYPRIME)
GO TO 6
S CALL DERIVE (XoeNoYoYPRIME)
INDEX=1
6 RETURN
END

OO0OOOO0OOO0ON00O

\AJ
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SUBROUTINE BESSEL(10¢XoV)

DIMENSION T¢1000)
Tu=1e/12.
TH=1e/3e

OR=10

M3ee3etXeeTUH4T oo X oo THCAMAXICOR W X)
IF(FMUD(Me2) eNED) M=Me)

M1zM=1

M2=M=2

T(M)=0

T(M1I=1e

2=2e/X

J=M2+1

Mx=M2/2

SNORM=0.

D0 1 I=1lg¢MX

J=Jd=-1
TCUI=I*2eTUU+1)=T(Je2)
J=J=1
T(UIzU*2:T(U+1)=T(J+2)
SNURM=SNORM+T(J)
SNORM=2 ¢ #SNORM=T(1)
V=T(10+1)/SNORM
RETURN

END
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SUBROUTINE COMB(AoNoNDoRoMoNERRGD)
C SOLUTION OF SIMULTG.EQe FORMING KUTTA CONDe.
DIMENSION A(1)y B(1)
EQUIVALENCEL (LloFI)e (KoFK)
D=NERR=1
10 DO 90 I=1eN
AlUMAX = A(I)
IJMAx = 1
IF(NeEGe1)GO TO 30
DO 25 JU=2eN
Iy =1 ¢ (U=-1)+ND
IFCABSCACTIU))I=ABSUATUMAX) DI 254254920
20 AIJMAX = ACIJ)
IUMAX = TV
25 CONTINUE
IF  C(AIJUMAX) 30¢999¢30
30 DO 35 J=14N
Iy = 1 ¢« (Uu=1)«ND
35 ACIJ) = ACIV)/ZATJMAX
D = D » AIJMAX
DO 40 J=1¢M
Iy = 1 ¢« (J=-1)=ND
40 BCIJ) = BCIJ)/AIJUMAX
DO 70 K=14N
IF (K=1) 500¢70¢50
50 KJMAX = IJMAX ¢ (K=I)
ARAT = <=A(KJMAX)

KJ = K
Iy =1

DO 60 J=1¢N

IF  (ACIJU)) 55458955
55 A(KJ) = ARAT#A(IJ) ¢ A(KJ) i
58 KJ = KJ ¢+ ND
60 Iy = IJ ¢ ND

ACKJUMAX) = 00

KJ = K

Iy =1

DO 69 J=14M

IF (BCIJ)) 65468965
65 B(KJ) = ARAT#+B(1J) + B(KJ)
68 KJ = KJ + ND
69 1J = 1IJ +« ND
70 CCNTINUE

Ky = IJNMAX = Je1
90 A(KJ) = FI

D0 100 I=1¢N

K =1

B U

93 I1 = K«ND = ND ¢ 1
FK = A(I1)
IF (K=I) 934100495
95 1y = 1
IK = K

D0 99 J=14M

At2) = B(IJ)

BC(IJ) = B(IK)

BLIK) = A(2)

Iy = IV ¢« ND
99 IK = IK ¢ ND
100 CONTINUE

NERR = 0
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999 RETURN

END
vv
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SUBROUTINE SIMPSN(NPoNByD1¢D24¢YsA)

C
Cc SUBROUTINE TO IGLTEGRATE BY SIMPSON RULE FOR EVEN NUMBEP CF INCREMENTS
C OR BY TRAPEZOIDAL RULE IF THE NUMBER CF INCREMENTS IS (DD
c
C THIS ROUTINE WILL INTEGRATE FOR ONE OR TWO STEP SIZ2ES
c IF ONLY ONE STEP SIZE+SET NP=NB AND D1=D2.
C
C NP = TCTAL NUMBER GF POINTS YO bBE INTEGRATED |
c NB = INDEX DIVIiLING TWOQ STEP SIZES |
c D1 - STEP SIZE FROM INDEX 1 TO NB
C D2 - STEP SIZE FROM INDEX NB TO NP
c Y = FUNCTION TO BE INTEGRATED
c A - INTEGRAL OF Y
Cc
DIMENSIC (1) +0(€2)
A=0.
D¢1)=D1 i
D(2)=D2 |
IfF=1 |
IL=NN=NB
D0 5 JU=1,42
IF(NN«EGel1) GO TO 6 |
IF1=1F+1 |
IL1=1L=-1 |
IF(MUDU(NNg2) e NEel1) GO TO 2 |
C SIMPSUN INTEGRATION |
IL2=1L1-2 |
A2z=0e |
Aa=Y(IL])
{ = IF THE ARRAY HAS ONLY 3 POINTSy ASH«(Y(1)+4+Y(2)+Y(3))/3
IF(NNeEGe3) GO TO 7
DO 1 1=1F191IL242
A4zAaq+Y (D)
1 A2=A2+Y(I+1)
7 A1=0CJ)*(YLIF)SYLIL)#2,%A244,2A4)/3.
GO TU &
Cc TRAPEZOIDAL INTEGRATION
2 Al1=0e5*(YULIF)*Y(IL))
c IF TnE ARRAY HAS ONLY 2 POINTSy A=He(Y(1)4Y(2))/2.
IF(NNeEQe2) GO TO 8
DO 3 I=1F1elIL1
3 Al1=AleY(D)
8 A1=D(J)+*Al
4 IF=NB
IL=NP
NN=NP=NB*1
3 S Az=AeA]
6 CONTINUE
RETURN
1 END
5 vy ]
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SUBROUTINE SCALC(NRNG.A.NPQAI.RNG'RNGH)
DIMENSICN AC1)ea1(1)

FIND MAXIMUM VALUE OF ARRAY Al .
YMAX=A1(1)

DETERMINE AXIS SCALE

DO 1 1=24NP
YHAX:AHAX](YHAXQABS(AI(l)))

DO 2 I=1NRNG

1SAVE=1

IFCYMAXSLESACI)) GO TO 3

CONTINUE

IUP=YMAX

RNG=1UP

RNGM=-RNG6

RETURN

RNG=A(ISAVE)

RNGM=-RNG

RETURN

END
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SUBRUUTINE FPLOTTUIALcAZ o/ 2oL gA5 AL JNPoNCoNG)

REAL NUM®10:

DIMENSLION AT (1) eA2€13 AR 1426011224501 )0AE(1)
DIMENSION 17eRULEIWFALLELI 1w 2 132 sSTARIGD oPRNGIB) oRANGF(H)
DATA 1ZEKC/21e669312e210600211/

DATA RRNG/elssisloslotber.0e32deablo/

DATA STAR/IH*ylhey1He 180 t 1HO/

DATA BLANK/1H

DATA DASH /1H=/

DATA EYE /1H1/

DATA PLUS /Z1He/

DATA TEE/1KWT/

DATA NUMZ1MO91H191H291H391H491HS591H691HTe1HE91HS/
SF(Q)=]Z+U*SCL

INITIZLIZE
/

NG=6
NRNG=8
NCT=131
NX=10
KX=10

SCALING FOR AXIS

CALL SCALEC(NRNGoRRNG9NP9A1¢RANGE (1) ¢RANGM(1))
CALL SCALE(NRNGoRRNGONP9A2+RANGE(2)9RANGM(S))
CALL SCALE(NRNG9RRNGoNP9A3sKANGEC(3) yRANGM(3))
CALL SCALE(NRNGoRRNGoNP9A4sRANGE(4) 9 RANGM(a))
CALL SCALECNRNGoRRNGeNFoeAS¢RANGE(S)9RANGM(E))
CALL SCALE(NRNGoRRNGoeNPqAG¢RANGE (6) ¢RANGMCE))

PRINT Y=AXIS

WRITE(69200) RANGMC1) o RANGEC1) ¢ RANGM(2)gRANGE(2) ¢RANGM (3) ¢RANGE(3)
200 FORMATCIN19FSa191ZXeTHHEAVE=»91XX9F4e144X9F5e1911XeThFITCH==,

*14X9eF4e194X9oF5e1e1CX911HWAVE HGTe=wqgl1XeFdel)

«RITE(64201) RANGMUGDI9RANGE (4 4P ANGMES) JRAGEL(S) ¢RAKGMIE) yRANGE(H)
201 FORMATC1X9FSe1e13XebHROLL=Col3XooFde1etXeFSalel3IXeSHYAR= 914Xy

*F4e194X9F51910X911HPRESS/100=0911XeFé,1)

PKEPARE PLOTTING ARRAY

00 1 I=1eNhP
00 2 K=1oNCT

2 A(K)=BLANK
D0 3 JU=14NG
1Z2=1ZERC(J)
RNG=HRANGE(J)
SCL=NC/RNG
IFC(1eNEel) GO TO 5
IHI=1ZeNC
ILO=12~NC
KNT=10
DO 6 K=ILOyIHI
A(K)=PLUS
IF(KNTeNEeNX) GO TO 6
ACK)=EYE
KNT=0

6 KNT=KNT+1
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S GO TO (7¢899910011914)¢J

T ACIZ2)=PLUS
IC=SF(A1(]))

60 TO 12

8 A(IZ)=PLUS
IC=SF(A2(1))

60 TO 12

S A(IZ)=PLUS
IC=SF(A3(I))

60 TO 12

10 IC=SF(A4(]I))
60 TO 12

11 IC=SF(AS(]1))
60 TO 12

14 IC=SF(A6t(]I))

12 ACIC)=STAR(J)

3 CONTINUE -
IF(KXeNEeNX) GO TO 13
121=12ER0O(1)
122=1ZERC(2)
123=1ZEROC3)
A(1Z21)=AC1Z22)=A(123)=DASH
IF(leEGWel) GO TO 16
K1=(I=1)/10+.1
K2=K1+1
IF(K1eGEel0) GO TO 17
ACIZ21+1)=A(122+1)=AC1Z23-1)=NUM(K2)
GC TO 16

17 12=MOD(K1410)
I1=(K1-12)/10+1
12=12+1
ACIZ1+41)=A(122+1)=AC]123=-2)=NUM(I])
ACIZ21+2)=A(122+42)=A(123-1)=NUM(]2)

16 Kx=0

13 KX=KX+1
MRITE(64202) (ACK) 9K=14NCT)

202 FORMAT(1Xe131A1)

1 CONTINUE

DO 15 I=1¢NCT
15 ACI)=BLANK
1Z1=1ZERO(1)
12¢=1ZEROC2)
123=12ERO(3)
ACTZ1)=AC122)=ACIZ3)=TEE
WRITE(6+202) (A(K) sK=19NCT)
RETURN c
END
vy
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SUBROUTINE PLOTXY(XPoYYPyNP)

DIMENSION AC91)9RANGEC4) gAX(10) oXP (1) YYP(1)4IP(S00)
OATA BLANK Z1H /

DATA EYE/Z1HI/

DATA DASH /1H=/

DATA PLUS /1He/

DATA STAR/Z1He/

DATA RANGE /8e9509106/

DATA AX/1HO091H191H2e1H3elHA91HSe1HEe1HT 91HB41HI/

SCALE

000

KXAXIS=0

YMAX=ABS(YYP(1))

DO 11 I=2¢NP

NPSAV=]

IF(XPCI)eLTe0e0e0ReABSCYYP(I))6Te804) GO TO 18
11 YMAXSAMAX1C(YMAX9ABS(YYP(I)))
18 NP=NPSAV

YH1=80.

ORDER X

o000

DO 1 I=1oNP

KNT=1

DO 2 J=1eNP

IF(l1+EQeJ) GO TO 2

IF(XPLI)eGTaXP(U)) KNTZKNT+1
2 CONTINUVE

IPCII=KNT
1 CONTINUE

INITIALIZE

(s NeNal

12=81
IFCYYP(NP)oLTe0e0) 1I2=11
KSAVE=0
LINE=L
NC=80
NL=91
SCL=NC/YHI
LY=10
Ky=LY
LX=10
KX=LX
IFCYYP(NP)oGEeOeO) WRITE(69201)
201 FORMATUIH1456X9e7HY VS. X/
*20X93H+E0 917X o3H*R091TX93H*40 91T Xe3H*20019Xe1HO/)
IFCYYP(NP) oL TeDel) WRITELGe202)
202 FORMAT(1H1456Xe7HY VSe X/
*30X9lHO 918X 3H=2091TXe3H=4001TXe3H=60917X ¢3H=80/)

PREPARE PLOTTING ARRAY

o0o

00 3 K=1¢NL
ACK) =PLUS
IF(KYeNEeLY) GO TO 14
A(K)=EYE
KY=0

14 KY=KY*1
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3 CONTINUE
00 9 1=14NP
AC(I2)=PLUS
DO 4 J=1¢NP
& IFUIP(JU)eEDR.T)Y 10=V
1Y=12-SCLeYYPCIO)
IX=1e4XFCIU) *SCL*Se/1040%20
IF(KSAVE<EG.0) GO TO 5
IF(1XeNEKSAVE) GO TO 7
S IFCIXeGToLINE) GO TO 7
ACIY)=STAR
KSAVE=LINE
IF(1.EGeNP) GO TO 7
G0 10 9
7 IF(KXeNEelLX) GO TO 10
KXAAIS=KXAXIS*1
IF(KXAXIS.EQel) GO TO 17
IFCYYP(NP)eLTeDe0) 4O YO 15
IZONE=12Z1
1ZT60=12+2
GO TU 16
15 120NE=12-2
12Ta0=12-1
16 ACIZONE)=AXC(KXAXIS)
ACIZTWO)=AX(])
17 ACIZ)=DASH
Kx=0
10 KX=KX*]
IFCALIZ) eNEoDASHeANDoACTIZ) ¢ NE4STARY ACIZ)=PLUS
NRITECH9200) C(ACIUDo1U=14¢NL)
200 FURMAT(20Xe91A1)
IFCI sEQeNPoANDeLINESEGeIX) CALL EXIT
DO 8 K=1g¢NL
8 A(K)=BLANK
LINE=LINE+]
60 TO S
9 CONTINUE
RETURN
END
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