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1 INTRODUCTION

Currently, there is a concerted effort being made by the Navy
and other Governmental agencies in exploring the feasibility

of using alternate concepts to present day naval ship design

for the Navy of the future. These investigations have led to
the consideration of Air Cushion Vehicles (ACV) and Surface
Effects Ships (SES) as viable candidates. These vehicles offer
the potential for much greater versatility and higher operational
speeds than hithertofore possible with conventional ship design.
The ACV with its totally glexible skirt system presents an
amphibious capability most attractive for coastal and near-
shore operations, assault landing operations, and for arctic
environmental use. The SES, on the otherhand, while not of an
amphibious nature, provides an ocean going vehicle capable of
very high speed performance in reasonable sea states and weather
conditions.

Interest in these concepts has led the Navy into a development
program in which two air cushion assault vehicles are presently
being constructed for evaluation purposes. Additionally, two
100-ton surface effect ships have been built and tested, under
Navy contract, with sufficiently encouraging results that the
Navy is currently conducting a detail design of a 3000-ton
class SES. It is apparent from this activity that more than
just casual interest is being given to these vehicles and in-
deed, dependent on the results of the above programs, they

may prove to be the forerunners of a completely new class of
fighting ship for the Navy of tomorrow.

The advent of the Surface Effect Vehicle as a serious contender
for Naval applications has led to the need for an evaluation of
the vulnerability of this type of craft under typical tactical
situations. As presently envisaged the role these vehicles are
to play in naval operations is one of antisubmarine warfare (ASW),
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escort duties and near or offshore patrol and rescue, which
operations require a dash or high speed capability coupled with
maneuverability, a feature characteristic of air cushion vehicles
(ACV) and surface effect ships (SES) alike.

Due to this mounting interest it is appropriate, at this time,
to obtain an assessment of the vulnerability of such craft to
possible threats. 1In identifying possible threat areas one
outstanding possibility is that due to explosion generated waves.
Past experience in this field, Reference 1 and 2, has shown the
great damage potential such a phenomenon can have on submarines
and conventional ships. The effects on ACV's and SES are ex-
pected to be of greater significance since the unique features
of these vehicles make them particularly susceptible to sudden
and anomalous changes in sea surface topography, such as are
known to be produced by nuclear detonations.

Past studies have been primarily concerned with the behavior

of ships and submarines within the transient surf zone produced
by high yield explosions at the continental margins (Van Dorn
Effect). However, because of their dynamic response we expect
that the damage potential on SES and ACV's cannot only be
restricted to these conditions but must be extended to include
the effects of small and moderate yield devices and operations
in deep water. It is evident that even under these latter
conditions waves can be produced that are capable of limiting
the performance of these craft.

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

is only by conducting an investigation, wherein the features

of these vehicles are faithfully modeled, that the vulnerability
of these craft can be determined.
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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 question of craft stability
and survival are of equal importance. The response of an SES to
a typical explosion generated wave profile could lead to con-
ditions of craft plow-in, pitch poling and capsizing. Such

3
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extreme motions are indeed possible under certain conditions of
speed, water depth and yield. This aspect of vulnerability is

therefore of equal importance in analyzing SES operational
characteristics.

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

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

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

Whereas previously conducted work by Tetra Tech, References 1

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

basis of departure for the present program.

The present report deals with the first phase in the investigation
of the response of a typical SES to an explosion wave environment.
This initial phase has been directed to the formulation and
development of the analytical model describing the dynamics of

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

to assess the effects of a chosen explosion condition on an

SES. Exercise of the program in this area has been limited,
pending the start of the second phase which will investigate
various parameters of the problem such as the effects of yield,
standoff distance, vehicle size, water depth and tactical
maneuvers to enhance survival.
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In order to fully exercise the analytic program and ensure its

validity several cases of sinusoidal waves and solitary waves
were also run. These latter waves are representative of
waves in the shallow water environment and consequently are
worthy of investigation in their own right.

The work described in this report was conducted for the Office
of Naval Research under contract N00014-76-C~0261. This report,
as already mentioned, covers work during the first phase of the
contract and is consequently an interim report.

2. FORMULATION OF PROBLEM
2.1 Coordinate System

The motion of the craft will be described in terms of the
relationship between a body fixed reference frame and a co-
ordinate system fixed in space. The initial coordinates

(Xgr¥ 02, ) and the body coordinates (x,y,z) are both designated
according to a right hand convention with z, and z positive
downward as shown in Figure 2. The origin of the body frame is
kept fixed at the center of gravity of the craft for all time, t.
The x -axis is parallel to the baseline of the craft, positive
forward, and positive y is therefore pointing to starboard.

The two coordinate systems coincide initially at time zero.

The body moves with six degrees of freedom; at time t, there will
be three linear displacements (surge x, sway y, and heave z)
and three angular displacements (roll ¢, pitch 8, yaw V¥).

2.2 Kinematic Relations

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

6
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about the body axes. Definitions and symbols of the six com-

ponents of force, displacement and velocity are given by Table 1.

TABLE 1

Motion Force or Movement Displacement Velocity )
Longitudinal X x| u ’
Lateral Y ¥y v |
Normal A z) w
Roll K ) o) '
Pitch M q
Yaw N ¥ r

It is noted that the linear displacements along the inertial
axes have been defined by x, y, and z. These are related to
the displacements along the body axes by the following equations:

X

Y =

L Z

[cos 9 cos ¥ sin 8 sin jcos¥ - cosssiny sSinécosscos¥+sinésiny X,

cos 9 sin ¥ sin 6 sin 4sin¥ + cos¢cos¥ sSindcos¢sin¥-singcosv Yy

_ - SIN 8 cosf8 sing cos 8 cos % z,
(1)

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

axes respectively.
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2.3 Equations of Motion

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

w be the linear velocity components of the craft center of gravity
along the body axes x, y and z and p, g and r be the angular
velocities about these axes, respectively. The equations of
motion in this body coordinate system are then given by

m (4 + gqw - rv) =

m (v + ru - pw) =

m (w + pv - qu) = 2 (2)
IX p + (Iz - Iy) gr =K

Iy g + (Ix = Iz) rp =M

Iz £ + (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 axis. Terms on the lefthand
side represent the rigid body inertial reactions and the cen-
trifugal effects acting at the origin with respect to the

moving coordinate system. The terms on the righthand side refer
to the total forces and moments applied to the craft, including
the hydrodynamic effects arising from the overall motions of the
craft as well as the results of propulsion and control forces
which may affect the craft maneuvers. In a functional form,

these components can be expressed generally as:

} = £ (ﬁr\"rwpth'f:urvrwpprq:r:xorYO:Zo:¢:er\}’:(S;E)

5 3 & N KK

(3)
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In the above equation, W and z_ are the position components

of the linear displacements of the craft and 4,6, and Yy are the
angular displacements. The parameter § represents a general
description of the effect of various propulsion and control
schemes, and the parameter e represents the effect due to the
environmental disturbances such as waves. The functional form
of the equation shows clearly the dependence of the external
force and moment on the various variables. To reduce the

above functional relationship into a useful mathematical form,
a Taylor expansion is usually applied provided that the linear

and non-dimensional proportionality constants, are known or deter-

minable. By keeping a sufficient number of terms for each
variable, the forces and moments can be expressed in any
desired order of these variables to account for the non-linear

effects.

The determination of the proportionality constants, or the
hydrodynamic derivatives, by analytical methods is generally
limited only to the linear terms. The non-linear coefficients
are normally determined experimentally by means of captive model
tests. In the present analysis, however, external forces and mo-
ments are determined analytically on the basis of physical
concepts. While the non-linear coefficients are not explicitly
identifiable by this approach, this method is more convenient
to include various non-linear features without the backup of
exper*mental information. The general repfesentation of the
total force (or moment) acting on an SES is assumed to be com-
posed of various components as follows:

Fi = Fsidewal1 1 * F

Qi

i o B e Sl 2ok
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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 section.

Sic FORCES AND MOMENTS - CRAFT DYNAMICS

3.1 Sidehull Forces

The calculation of the forces acting on the sidehulls assumes

that these forces fall into two major catagories, namely viscous
and non-viscous components. The non-viscous components of forces
and moments are those directly related to dynamic 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 dissi-
pative damping is negligible. The viscous components are drags
created through various origins. The term drag customarily

refers to the total resistance of the craft in its axial direction,
which consists of many components from many different items, and
will be considered in detail separately, in a later section. 1In
the present section, only contributions due to viscous cross

flows on the sidehulls are considered. These contributions are
normally treated as dependent on the square of the velocity .
through proportional empirical constants. Some details for the
calculation of both the viscous and non-viscous forces on the
sidehull are given in the following:

(a) Hydrodynamic pressure on sidewall

Because of the narrow thin geometry, the calculation of the
hydrodynamic forces on the sidehull can be performed according

24
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to the fundamental concept of slender body theory. For a
slender body of constant speed U in an inviscid, incompressible
fluid the linearized free surface condition is given by:

2
U ¢ BRGNS = (4)

X X VA

Where ¢ is velocity potential. Since the sidehull immersion is
normally small in comparison with the craft length, a normalized
equation for the above condition can be written as follows:

: % d’x'x'
Here F is the Froude number based on craft speed and sidehull

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

to the craft length g2, and 2z' is the non-dimensional vertical
coordinate referenced to craft immersion d. From the above equation,
it is clear that even though F may be large (typically of the

order of 1 or 2 for an SES) the fact that the immersion ratio

d/¢ is small (of the order of 10—2) makes the second term dominate.

F + 8,0 = o (3)

Consequently, the free surface can be regarded as a reflection

boundary where:

$r =0 (6)

which is equivalent to the condition for a positive reflection

in the free surface.

The derivation of the boundary condition.suggests that the problem
can be treated as a body moving in an infinite medium, in which
the dissipative damping is negligible., Consequently, as shown by
Lamb, reference 4, the hydrodynamic effect on the body is entirely
determinable as a function of its added mass along the principal
axes of the body. Following the procedure of classical mechanics,
the effects of the hydrodynamic pressure on the craft can be

obtained.

12
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In deriving the force relations, we shall break the three

dimensional sidehull into a number of segments along the longi-

E 1 tudinal axis. Each segment will be considered individually as a

: ‘ two-dimensional problem; interferences between segments will be

i ignored. This is the basic approach of the slender body technique
which is adopted in the present analysis.

‘ In so doing, relative fluid velocities at the center of a segment ¢
! from the normal plane are given by
‘ u, (,t) = u
) V. (el s v+ er - £p (7)
W, (s8] =w -89 +hp
where
p =9
! ek
! ¥ = 9
and

u2 + v2 ok w2 = U2
where U is the resultant velocity of the craft o,i,b, and £
are the lateral and normal moment arms about the center of
_ﬁ gravity respectively. The above relations are applicable to
both the starboard and port sidehulls; for the port sidehull
however, a negative value of b should be used.

{ We shall first consider the segment as being axially symmetric
and having component added masses myy and m,, along the lateral
and normal axes, respectively. For asymmetrical segments with
respect to the axial axis, additional treatment will be con-

sidered later.

13
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Specifically, myy and m,, can be written as follows:

(€) 22 (e)

o
Ty vy

(SIE]

(8)
nz(i)

mZZ () kZZ

oo| 3

where kyy and kzz are the added mass coefficients which are generally
functions of geometry and frequency; n(g) is the local beam at the
water line and ¢ (£) is the local draft.

The added mass component along the axial direction is ignored
according to the slender body approach.

The kinetic energy of a unit slice of the fluid can then be written
sy 1 2 2
5 t) ==
(€,t) == (mYY Yoo b (9)
Neglecting the second order terms, the hydrodynamic forces and

moments per unit axial length are given by

4= §<_33> (10)
g_g Rl %(23‘) (11)
%g R ggz- f%g (12)
-ﬁ-é”-‘ g '5":‘(%\ il Z—;,r (13)
a %(ir).gz 16
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The kinetic energy T at a fixed normal plane is a function of g

and t. The total derivative —dit therefore must reflect the

changing coordinate g of the normal plane with time. Thus

d 3 3203 d 3
-— e + —— e = —_——
dt - 3¢t 3t o S as

Substituting (9) into (10) to (14), carrying out the differentiation,
and then integrating over the sidewall length, gives the following
expressions for the normal and lateral forces and moments

acting on the body. In each of these expressions the integrals

are taken fromstern to bow.

Z__ = - (% +Bp + ug) fmzz (£} dg
4 fm 0 s
+u(w + Bp)‘/'mzzl (g) de
-ugfm, ' )g

Myq= (4 +Bp +uq) fm_ (€) g as
u quzz (g) g% de
-u(w+ Bp)fmzz| (e) g dg

» uquzz' (g) & de

Knn e Znn

LS

(15)

(16)

a7

(18)




Y, = -(\}-ur)fmw(g)dg
-rfmyy(g)gdg
+}5fmw(§)f(§)dg <
* uvfmyy' (g) dg

+urfmyy (€} de

c upfmyy () f () de (19)

+i>fmw () f(g)g de

+uvfmwl (g) g dg

+urfmw' (g) g2 az

-upfmw' (£) £ () g de (20)

K, = (\'r-ur)fmw (€) f (z) dz
+i-fmw(§)f(g)gdg
-f:fmyy(g)fz (g) de
-uvfmyy' (€) f (g) dg
: urfmyy' (g) £(5) g dg

* up f m_ (@ ¢ (g de (21)

1L R —




The first subscript designates the contributing force component
and the second subscript stands for the motion direction. For
instance, Kll represents the rolling moment generated by lateral

forces which are induced by lateral motions L and ﬁr.

2z
symmetric sections. More often, however, the sidewall sections

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

are asymmetrical. These asymmetrics give rise to cross coupling
effects which are estimated as follows:

myz (g) ky : mzz(a)

(22)

Wy, 8= kg o m s

where myz (£) represents the sectional added mass at station ¢,
relating the fluid momentum in the lateral direction y to the

local normal velocity in the direction z. Similarly, mzy (g)
can be interpreted as the added mass relating vertical fluid
momentum to the local lateral velocity. The coefficients ky

and kz are estimated using:

K. =N, (&)
: R S
N, (&)

where Ny (¢) and N, (¢) are average values of the horizontal

and vertical unit normal components of the hull cross-section

at any station. The average is taken with respect to the wetted
length of the hull cross sectional area. Note that for a side
hull with axial symmetry Ny (¢) is zero and hence there would be

no cross coupling forces or moments.

"

o dhe

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

R
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Nip == ky Mpn
K, = ky{(w +B b +uq)/mzz (2) £ (g) dg
e annzz(g)f(g)g de
-uw+Bp) fm @6 4
+uqfm_ @1 ¢ d)
G W T
L Wl
Hap = B oy
(b) Hydrostatic Forces and Moments

(23)

(24)

(25)

(26)

(27

(28)

The hydrostatic force acting on the body is obtained by inte-

grating 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 displaced fluid. Let the sectional area at station

£ be s(&), which is a function of local draft z defined as

5 (&)

where D (£) is the initial local draft of the body at station &£.

=D (£) + z ~ £sind® + Bsind

The total buwoyancy force is then given by:

18
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b
F. = p% s(3) dg (30)

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

component along the body normal axis z is then given by

= b
Zs =-pg cos% s (g) dg (31)

and the component along the longitudinal axis is

X, = pgsin v‘b s(z) de (32)
S

The hydrostatic pitching moment is given by:

M =g gJébs@)gd

g (33)
Similarly, the rolling moment is given by:
b
xs=-pg£s<g,g>.b<g>dg (34)
If b-B is small as compared to B, then approximation of Ks
can be simply obtained by
b
KS-B.Zsz-pr/s‘s(g)dg (35)

(c) Axial Drag

The axial drag on the sidehulls arise from two basic sources.
Firstly, the frictional drag caused by the viscous effects of
the fluid over the body, and secondly the base pressure drag

which arises due to the separated wake existing aft of the

transom.




The sidehull viscous drag is primarily a function of the Reynolds
number and surface finish of the body and is determined from:

1 2
Drag = 3 pu Sw G (36)

where Sw is the wetted surface given by

b
Sw =‘/S‘G(§) dg

and G(z) is the girder length at section z.
The frictional drag coefficient Cg may be obtained by using

the standard ITTC relationship given by
0.075

Cf = (Log Rn -2)¢ g
10
where
UL
Rn = ' the Reynolds number,
in which
L = sidewall length
v = kinematic viscosity of fluid.

In addition, a pressure drag component exists on the sidewall;
because of the usual design of this type of body being long and
slender and having a sharp transom. This can be estimated by

an additional drag coefficient given by the following expression:




= (38)
B S8
where
CZB = drag coefficient based on base area.
CfB = frictional coefficient based on base area.

This value of drag holds provided the base area is not fully
ventilated. At high speeds and/or at shallow immersions the
likelihood of ventilation is almost certain. When this occurs,

the base drag coefficient is given by

2
FPi
where
F}{ = Froude number based on transom immersion
U

- —

The transition between a fully vented and viscous wake is

determined from the following empirically established relation:
if Fy > 3.2 the base is fully vented.

The force and moment components due to axial drag are thus
given by

X, =-50u’[Sw G +50). c,) (40)
2 gt

M =-lpu [CffG(g h(z )z + Cy SWIEW)] (41)

N =

- B X (42)
a a
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where h(z) is the vertical moment arm of the girder at section ¢

and S(l1) is the immersed transom area.

In addition to the normal components of drag, viz the skin
friction drag and the pressure drag, there exists expecially at
high speed, a significant spray drag. Unfortunately very little
information exists regarding this drag component. However, using
the results of some experimental work, references 3 and 5 the

spray drag can be expressed in a general form as:
Dspray = f{g,c,t) (43)

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

from the point of generation of the spray to the maximum thickness

point and t is the maximum thickness of the body.

Based on the results of reference 3 the following formulae were
obtained for the spray drag caused by a typical SES sidehull
configeration:

Dspray = Q.75 Cf gect (44)
In this formula the value of t is taken to be the maximum
thickness in the waterline plane and the friction coefficient Cf
is evaluated at the appropriate Reynolds number.
This result has shown excellent agreement with the test results. 1

(d) Viscous cross-flow effect

As mentioned this component of the sidehull forces and moments 9

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

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

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

greater. This force is usually cast in the form:

22




Cross-flow forces = %pCDSIVrIVr

where CD cross flow drag coefficient
S projected area of the sidehull
Vr relative flow velocity
The coefficient Ch is a function of geometrical shape of the

body and Reynolds number. It is usually obtained from experi-

mental data by judicial interpretation of the results from
tests done on idealized geometric shapes.

Accordingly, the forces and moments due to this effect are

given by:

c
2 -5 (.CD)sz“ () 1w, | w_ dg (46)
. .

M = (CD)lm fn () 1w_] w. g dg (47)

C
K (48)

Y fD(g)lvrlvr de (49)

c
NG = - fD(g)lvrlvrgdg (50)

=
Ky = fD €) |v.lv, £ (g) dg (51)

In addition to these terms there are also cross coupling terms
arising due to these cross flow drag forces. These forces are

given by:

|
Yln
o

Nln
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g £ ky¢<cD)nnfn () |w, | w, f(g)de (54)
2 T (55)
MS = -k NT (56)
% B.25 (57)

where the superscript C designates cross flow, and the subscripts
have the same meaning as defined previously.

The value of the cross coupling coefficients ch and kz in
this case are taken to be proportional to the cotangent of the

local deadrise angle of the sidehull at any given section.

3.2 Cushion Pressure Forces

In addition to the forces imparted to the craft through the
sidehulls, 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 characteristic. Details of the fan ducting and heave
alleviation devices which are usually used on such craft have

not been included in the analysis as this would require a more
detailed definition of the lift fan system, a task beyond the
scope of the present preliminary study.

The basic equation governing the air flow into and out from the

cushion is the conservation of mass which states that

B=p Qi = ut

) (58)




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

characteristic which is represented by:

2

G = Qe =, + 1P F en (59)

2

where ¢ e $, are constants

p. = cushion pressure

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

Qout = 9 2L o PcPa (60)

where S = discharge coefficient

o = density

Py = atmospheric pressure
Ps ™ cushion pressure

AL = leakage area

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

BE T R T Ry T (61)
where AO = equilibrium leakage flow

Asw = leakage flow under the sidehull

As = leakage flow under the seals
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The above equilibrium leakage flow is that leakage required to
maintain the craft at a given equilibrium condition when not

disturbed by any waves. This leakage area can be adjusted by
changing the setting of the seals under actual conditions and

it determines the equilibrium immersion of the craft. The
equilibrium pressure is obviously given by

(P = Pp) A, =W - Fy (62)
where W = craft weight

FB = buoyancy force

Ac = plenum area

The areas Asw and As are obtained at each instant in time by
integrating the clearance between the sidehull and seals with

respect to the local water elevation.

This leakage area obviously changes as a function of time

depending on the craft motions and the free surface elevation.

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

adiabatic compression law, viz

(Pq + ) v' = constant (63)

where V = plenum volume.

From the conservation of mass equation the following equation

can be obtained,

vV = Q.

in = Yout (64)

on substituting, m =pV.
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Using the above equations the pressure and flows into the

plenum can be found and the resulting forces and moments on the
craft can be calculated as follows:

Zores = (P = Pyl A (65)
Ypres = (pc = pa) A_ B tan ¢ o
xpms = (pc = pa) A, i tan o e
M = - =

pres xpres e 2 E=n gl (68)

B -
K == Ve - =
pres  ‘pres (VCG = = tan 9) (69)
where VCG = vertical height of CG above keel

B = Width of the plenum

® = roll angle

3 = length of the plenum

In addition to the above forces, the pressure acting on the free
surface causes a wave drag effect which has to be accounted for
in the computations. The wave drag has been discussed extensively

in the literature.

The wave drag referred to here includes that due to the sidehulls,
the pressure planform, and their interactions. The calculations
for the wave resistance of a pressure patch and a pair of thin
walls is straight forward provided that the geometrical form is
simple. Following the method of reference 6, the total wave
resistance for a combination of a pressure planform and two
sidehulls in a channel of width W can be written as follows:

1+ /1 4 (i”__‘“
N kW
L T S - e mins 12 * 43}

m i s

(70)
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E 4 l»:o“
] P+iQ = ____f { p. (%, ¥y) em[ik b_x+ i2ny ‘—17 cdsely
3 (6] ' O m b . A :
‘ apgw J.J
E | S
i
2
+ ———0 O (x,z) exp{k b__(b_z+ in)] cos 2my, or dxc
W f/ el e ok ) cos Imy, 3y dxdz
‘ D
i 1 form=20
| e 5
m 2 form=1
P (x.y) = Pressure distribution on planform S
Kk 2
o = glv
g = gravitational acceleration
i
i v = Ship speed
P = density of water
O(x,y) = singularity distribution for representation
of sidehull D
P - Y1 = distance of sidehull center plane from the

craft centerline

3 m of B T 2. M O /

N

Considering that the pressure planform is rectangular and the sidehulls
) are of parabolic shape, the above integrals can be evaluated easily

and the results have been given by:

1+\/1 pofdmmy ¢
™ k W
d

B2 dpvrt B e
. - 2 \ ]J s - x

W m 5
m=0 P &
14 Fihim
; k W
(o]
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L kl\/i\ W 1 bm
: k,b
sin ( ) ’ K, °
[bl cos \lbm) - lzm = 2% ¢ ik
kb W
/T \sn(Kb sin (Zﬁr’— )/—m g (71)
\ngJ/ 1 L W
where
kl = kOL/Z
Wl = ‘\\r/L/Z
W = total weight of the craft = P_BL
B = bubble width
L = bubble length

o
"

sidewall width

3.3 Seal Forces

For purposes of the present study a very simplified seal config-
uration has been adopted. Again, this has been done in order to

avoid too many detail points which would reflect a given design
rather than a general craft.

The present seals are assumed to be flexible fabric seals, such
as a bag and finger design, which when immersed in the water
simply deflect and lie on the water surface. Hence they do not
contribute any forces or moments to the craft except for their
axial drag and the forces and moments arising due to the shift
in the center of pressure of the air in the plenum caused by

29




L S L
¢ v

oA e

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

derived:
z seal = (p, - p,) 1w B (72)
M seal = Z seal ls (73)
where 1lw = 1ls tan 8
sin eB
ls = distance of seal tip to C.G.
eB = sheer angle of seal

@
]

trim of craft

the axial drag due to the seal is:

2
X seal = C, -Z‘ZV 1wB (74)

where Cf is the friction factor, derived from the Reynolds
number as follows:

Ce = 0.044 (75)
R T/6
e

R, is the Reynolds number based on the seal wetted length 1lw.

3.4 Aerodynamic Forces

The aerodynamic forces and moments acting on the craft have

been simplified and are represented by an overali drag coefficient
based on frontal area of the craft. This drag coefficient has
been selected to correspond to test results on SES type con-
figurations. The force is therefore simple:

X aero = CD

(76)

where Af = frontal area of craft.
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No aerodynamic lift or moments have been used in the present study

as the craft is operated in a straight line course at all times
and no wind conditions are considered, consequently only an axial

aerodynamic force exists.
3.5 Propulsion and Control Forces ;

Various methods of propelling and controlling the craft exist.
Current emphasis for SES propulsion is a waterjet. These devices
allow for thrust vectoring or differential thrust for maneuvering
and turning. Since we are only considering straight line oper-
ation in the present study no such devices will be considered.

The methodology used is to calculate the drag for a given immersion
and trim at a specified speed and allow the thrust to be equal to
the calculated drag. As the craft responds to the wave environ-
ment its attitude and draft will be varying causing chanages in

drag and cushion pressure. The thrust, however is kept constant
to the initially calculated value thus slight surge motions will

occur during the time the craft encounters the waves.

3.6 Appendages

Usually, especially in the case of an SES, directional stabilizers
or fins are fitted in order to ensure directional stability.
Standard representations of these appendages exist in the program
code developed, which account for drag and lift forces. 1In the
present study a nominal fin has been assumed.

i
g
:
These items are considered as base vented parabolic sections g

designed to produce the required lateral stiffness to the craft to
ensure stability. For present purposes, therefore, 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 being hydrodynamically smooth and consequently the frictional

drag is computed on this basis. The total drag of the stabilizer l
surface can then be written as:

s 2
Bgin = % oV A[Cd + 2 Cf] (77)
where
A = fin surface area, ft2
Cq = pressure drag coefficient
Ce = frictional drag coefficient

For a base venting parabolic section we have

2
el el
Ca == 8 (c)

where

thickness-chord ratio

Qlct

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

(@)
I

: 0.044/Rc1/® (78)

where

Rc

Reynolds number based on mean chord.

The 1lift force from the fin is calculated using the following
classical lift equation.
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1
Yfin s V AC {79)

where
ik AR
% R
AR = Aspect ratio of the fin.
Y = Relative velocity of the fin in the water.
4. WAVE ENVIRONMENT

4.1 Wave Representation

The computation of explosion generated waves can be divided into
three parts; they are the modeling of the source condition, the
calculation of propogation and transformation of waves over a

given bottom topography, and the determination of breaking inception
and wave run-up according to some acceptable criteria. The last

two parts would involve tedious bookkeeping of propagation history
from point to point, should the bottom topography be irregular.
Since the study in the current phase emphasizes specifically the
mathematical modeling of the craft, the details of the bottom
irregularities are not considered. If the continental shelf is
assumed two-dimensional and to have a constant mild slope, the

wave environment can simply be classified into two characteristically
different groups; deep water and shallow water waves.

4.2 Deep Water Wave Generation

The deep water waves theoretically can be represented by sinusoids

of various frequencies. While the craft responses in sinusoidal

waves are to provide a general indication of the craft characteristics
as a function of wave period, they provide little information as to
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how the craft responds when it is sufficiently close to the

source region, as the wave amplitudes are normally very large
such that the linear superposition technique is not valid and
applicable. The present model is capable of simulating either

a sinusoid wave system or an idealized explosion-generated wave
system at a given stand-off distance from the source at any

time after detonation. Whereas the sinusoidal wave form is
simpler and well-known, only modeling of the explosion-generated

waves 1s discussed in the following:

The problem concerning waves generated by an arbitrary but
localized disturbance on a free surface has been investigated by
Kajiura, reference 7. 1In analyzing the explosion-generated
waves, the initial disturbance is usually assumed as being of a

parabolic crater-like shape with radial symmetry such that:

= = ro(F 2.
n (x) ng [200/R)*-1] for r < R, (80)
=0 for ¥ > RO
where "o = crater height
RO = crater radius
) 3 = radial distance

The waves resulting from this disturbance at a distance r from

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

n (rlt) = ] ] V/k = (81)
- [ IV /K ] J; (kRo) cos (kr-wt)

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

w 2kd &
V (k) =% k (1+ sink 2kd) = T

w = v gk tanh kd

Q.
I

water depth
J3= Bessel function of the lst kind of order 3.
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The above equation shows that the traveling wave train possesses

a series of amplitude peaks primarily governed by the moderating
Bessel function J3. The problem that remains is to relate the
crater dimension Ny 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 N, 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

"max in the first wave envelop at a

measure the amplitude peak
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-

"max is inversely

bance n (r), the amplitude of the maximum wave
proportional to r, and the corresponding wave number kmax is
independent of the crater height n,- For an explosion in
sufficiently deep water, kmax can be determined from the first

stationary value of J; as:

k 7 ) 1
Once the measurement of max is obtained, the crater radius can

be readily estimated. From equation (8l), one finds:

n. R = 1,63 "max r .
(o} o}

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

Empirical correlations of measurements of 'max with the explosion

yield W and the detonation depth 2 s%ow that there is a certain
5

n 3

4 0
trend between the parameter 'max r/W ° and the parameter Z/W

(W in 1lbs of TNT equivalent); this is best presented graphically
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by plotting the experimental data points as shown in Figure 5.

It is noted that there are two peaks appearing in the former
paramegeg over a range of the latter. One of these peaks occurs

i at z/W ° = ~0.05 and is commonly termed as the upper critical depth.
- Detonation at this depth is seen to produce the highest responses.
The other peak occurs at Z/W’.3 = -2.7 and is usually called as

k the lower critical depth.

As discussed before, the parameter kmax can be determined by

measuring the arrival time of the first wave at a given distance.

T T

By analyzing the wave profiles obtained from the measurements,
an empirical relationship between the parameter kmax and yield
might W has also been established, namely:
-0.3 0 3
kmax =0.44 W for Q > Z/W “ P25
=03 7 0,3 (82)
=10/ 3190 e -0.25> 9w ° 5 = 7.5 i

Using these empirical relations together with the measured results

as shown in Figure 5, the source parameters "5 and RO can be

determined for any yield at any water depth and detonation depth.
Consequently, the wave history at any point r and time t can be \

calculated according to equation (81).
4.3 Shallow Water Waves

} Two types of waves should be considered with regard to shallow

_ water waves. Firstly, those waves produced in deep water as a
i 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. Secondly, waves directly generated by explosions
in shallow water on the continental shelf. As far as the wave

f characteristics are concerned, these waves can be considered i
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identical and be treated in a similar manner. Before entering
into the discussion of how to model these waves mathematically,
however, correlations of 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
generation such that d > 6 W.3, For explosions in water of
depth such that 1 < d/WO.3 <6, Le Méhauté, reference 9, proposed
a simple interpolation rule to fit the experimental data, as
follows:

1
n =n (%5 + TH( 70 .3 =1} (83)

deep
This shows that the generation efficiency is reduced by half
when the parameter d/W’.3 approaches unity. In the case of very
shallow water where d/W’.3 <<1, the linear model is no longer
valid and different correlations must be used. Unfortunately,
there are very few data collected of shallow water explosions.
Among the available data as listed in Table 2, only the WES

test data, reference 10, provide systematic variations of charge
weight and water depth.

By means of small-scale charges (0.5 -2048 lbs.) the WES program
was designed to estimate wave effects due to a 20 KT explosion
in water of 30 to 200 feet deep. The charge position varied
from beneath the bottom to above the free surface. The results
showed that variations of Z/d from -1.0 to 0 had little effect
on wave height. 1In 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
different for waves propagating in deep and shallow water. 1In
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deep water, wave height varies inversely with radial distance r
as a combined result of frequency and radial dispersions. 1In
extremely shallow water, the large leading wave is expected to
behave like a solitary wave so that its height varies inversely
as r?/3 instead of r. 1In moderately shallow water, the relation
below should hold

n r® = constant 2/3 < gld) =2 1 (84)

In correlating the WES test data, the following empirical formula

is derived

8
max

we/3 +0.25

" a
= 1.44 (W1/3)0'93 (85)

d
where 3 = 0.83 (W1/3)0'07

It is noted that the power 8 varies as a function of the depth
parameter d/W!/3; for the very shallow case, 3 approaches 2/3

as a limit. While the derivation of the above realtionship has
assumed that reasonable extrapolation of the WES data is valid,

it must be noted that the correlation is based upon the experi-
mental data covering d/w!/3 up to 0.585. There is no indication
that it will approach the empirical relation (83) as d increases.

Equation (85) provides an empirical relationship for predicting
the maximum wave height at any distance r from a shallow water
explosion. After the wave height is determined for a given
explosion, the important procedure required for numerical simu-
lation is a mathematical representation of the wave history as
a function of time. As mentioned earlier, disregarding whether
the waves are generated in shallow water or are propagated into
shallow water from offshore, their internal characteristics are
approximated identical if their height and period are the same.
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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 d to 0.78 d, waves start to break.
Analytical and experimental studies of wave propagation and
transformation have been discussed in detail by Le Méhauté et al,
reference 13, and Divoky et al, reference 14. Their analyses
show that, among many existing wave theories, the cnoidal wave
theory is good for describing the transition from deep water
waves to shallow water waves but the solitary wave theory best
describes the long, shallow water waves including the spilling
type breakers. In the present study, the solitary wave form is
used for numerical modeling of the long period waves on the
continental shelf. After the wave height and period is determined
according to the yield weight, the mathematical representation

of the waves in water of depth d is given by

n (x,t) = h sech? a(x-ct) (86)

where

o
]

wave height

* = V3h/4a

¢ = vgd (1+ h/;4d)
5.  NUMERICAL TECHNIQUES

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 will

now be 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
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sidehulls and seals are also required. With the above information
the submerged geometry of the sidehulls and seals are calculated
and the forces and moments from all sources described in section 3
are calculated. The initial values of all the variables are

then used as starting values at time t=0, to initiate integration
of the equations of motion.

A fourth order Runge Kutta scheme is used for the integration
and all variables are updated at each time step. Time steps of
the order of 0.1 seconds are normally used.

The wave field is also started at t=0 and, depending on the par-
ticular case being considered, propagates towards the craft in

a predetermined direction (heading). Three options are currently
available for the wave field, as previously discussed. Experienced
gained with the program indicates that runs vary typically from
about 15 seconds to 70 seconds when using a CDC 6600.

An overview flow chart illustrating the general operations per- ]

formed in the computer is shown in figure 5.
6. RESULTS

The program was exercised under various wave conditions and craft
headings to investigate, on a preliminary basis, the response of
a typical SES. 1In order to conduct this study several assumptions
had to be made regarding the craft size and dimensions. In order
to make the results relevant to current interests an SES having

characteristics similar to the 2000 ton class was chosen. Some
of the salient features of this craft are listed below:

-

Craft weight
Cushion length

2000 1lng tons
240 feet
88 feet

iy s TR
]
o

Cushion beam
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Center of Gravity location = 130 ft. forward of transom
24 ft. above keel

Lift fan characteristic:

Qe = 75,497 ~ 121 (pC - p,) cfs

Bow seal angle = 30°
Stern seal angle = 60°

Initial air leakage area = 49 ft.?

Phe definitions of inputs and a sample input case are shown in
Appendix A. This input provides further information, including
details of the sidehull shapes chosen. This shape is also
representative of typical sidehull designs for SES.

The results of these runs are shown in the following figures.
6.1 Sinusoidal Wave Response

In order to exercise the program and obtain a reference base

of craft response a series of runs was conducted using a
sinusoidal wave excitation. This wave was chosen to correspond
to the significant wave height and period of a Sea State 3
Pierson Moskowitz spectrum, namely:

Wave height = 5 feet
Period = 6 seconds

Figures 6 through 9 illustrate the results of these runs for
heading angles of 0°, 45°, 165° and 180°, respectively. 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 response and roll in the lower diagram. The curves are
shown as a function of a non-dimensional time, t/T. The re-
quired conversion factor to real time is given in each caption.
For these specific runs the craft immersion at the center of
gravity was 1.9 feet at a initial trim of 0.9 degrees.
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It will be seen from these results that generally the craft is

well behaved in this sea state. However, in the cases of 165°
and 180° heading fairly large oscillations occur in cushion
pressure with corresponding heave excursions. These two runs,
which deal with head seas, illustrate that the cushion

pressure 1is certainly more responsive to head seas than to

the following seas, shown in figures 6 and 7.

It should be emphasized, however, that no heave alleviation
devices have been modelled in the present program and conse-
quently this type of behavior is not unexpected. It is antici-
pated that installation of such a device would alleviate this

situation considerably.

The cases with quartering seas, namely figures 7 and 8 show roll
and yaw responses. In particular figure 7 shows a roll amplitude
of approximately 2°. This case, run for a quartering following sea,
also shows an increased pitch response which is to be expected.
The wave length to cushion length ratio for these runs is 1.29
which is removed from the wave pumping value of 2.0. It should
also be pointed out that the natural frequency of the craft under
the above initial trim and heave conditions is approximately:

Pitch natural frequency = 1.45 Hertz

Heave natural frequency = 1.67 Hertz

6.2 Solitary Wave Response

As discussed in section 5, within the continental margins in
shallow water , the waves caused by deep water explosion can be
represented by solitary waves. In this section we have con-
ducted a series of runs wherein the craft response to a solitary

wave at various headings has been investigated. Furthermore,

the effect of varying water depth and wave height is also shown.




I

For the present runs the initial trim and center of gravity

immersion was taken to be 1 degree and 2 feet, respectively.
The runs~Were performed at a craft speed of 50 knots, except
for one run which was conducted in a near hovering mode. (actual
speed was 5 knots.) The wave height and period were varied
during this series and are identified in the caption of each

figure.

The hovering condition is shown in figure 10. As will be seen
in this run the water depth is taken as 60 feet with a wave
period of 15 seconds and wave height of 6 feet. With these
conditions the ratio of wave length to cushion length is 2.91.
Behavior of the craft is quite acceptable with the maximum

pitch and heave excursions shown in Table 3.

The effects of varying heading angle for the conditions described
in the above case are shown in figures 11, 12 and 13. As will

be seen from these runs, all at 50 knots, 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 frequency of about 1.34 Hertz.
It is apparent from these curves that the craft will survive this
wave environment without undue difficulty. It should be pointed
out that whereas it may appear desirable to head away from a
blast situation, should one occur, the results would depend on

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

Figures 14, 15 and 16 illustrate the behavior of the craft under
differing combinations of wave height, water depth and wave period
for a head sea i.e., heading of 180°. The exact conditions

are given in Table 3. 1In the first two cases, figures 14 and i

15, craft response is reasonable although some relatively large

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

Solitary Wave Results

Period = 15 sec. Wave Height = 6 ft. Depth = 60 ft, A/L = 2.91
i ' : ia
i ; Heading Speed N ol Max. Heave
(Deg) (Knots) (Ft)
Trim (Deg) Roll (Deg) | Yaw (Deg)
! 0 0 -3.61 0 |0 4.7
’ |
5 90 50 -0.31 +5.10 { <5 50
135 50 -1.97 +4.19 i -0.89 -4.48
180 50 -3.69 0 | 0 o
Period - 30 sec. Wave Height = 10 ft.Depth = 60 ft. ASL =601
l ' |
[ 180 [ 50 =537 { 0 } 0 ' -8.08
r )
| { | | & |
Period = 30 sec. Wave Height = 5 ft. Depth = 30 ft., A/L = 4.25
‘ 180 50 -3.55 { 0 i @ 4,46
s |
Period = 15 sec. Wave Height = 6.5 ft.Depth = 30 ft. A/L = 2.18
180 50 -5.78 0 0 1490

Note: Heading angle defined as 0° for following seas,
. - 180° for head seas.

|
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The normal reaction of the craft on encountering the wave front
is to increase its trim with a simultaneous decrease in immersion.
This behavior is to be anticipated since the craft is impacting
the wave. In accordance with this reaction the cushion pressure
decreases due to increase leakage. After the wave crest, trim

decreases and immersion increases.

In figure 16 it is apparent that large excursions in pitch and
heave are occurring and furthermore these motions are diverging.
This particular run condition however, has been taken at a ratio
of wave length to cushion length of 2.18, which is very close to
the wave pumping condition of 2. Therefore it is expected that
severe conditions will arise, as seen in Table 3. The maximum
heave and pitch are larger in relation to the wave amplitude than
in all other cases. It is apparent that under this condition the

craft is not likely to survive without evasive action.
6.3 Deep Water Explosion Wave Response

A deep water explosion wave environment was generated by con-
sidering the wave caused by a yield device of 1 kiloton.

It was assumed that the stand-off distance of the craft from
the center of the blast was 7,500 feet. A device having this
yield and exploding at the upper critical depth would cause an
initial water disturbance having an initial radius of 740 feet
and initial water height of 55 feet. Using these conditions
the craft response was calculated for a hovering situation at
0 degree heading, and at 50 knots for headings of 90°, (beam
sea), 45° and 135°. The results of these runs are shown in

B oAt s

figures 17 through 20.

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

s

the maximum wave height encountered is approximately 6 feet.
The graph shows the arrival of the first wave group and the
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subsequent response of the craft. As seen all the variables are

within normal excursions with a maximum pitch of -1.55° and heave
of 2.85 feet. The wave envelop shown in this figure is typical

of the explosion generated wave envelopes.

Should a blast occur off the beam of the craft when operating
at 50 knots the results indicate that the craft will barely
survive the waves. As seen in figure 18 large excursions in
yaw, roll and heave are experienced. The maximum excursion in

these variables are:

maximum heave = 4.85 feet
maximum roll = 8.98°
maximum yaw = =1L. 91"

The maximum pitch angle experienced is -1.52° which is quite
nominal. It is apparent from this response that the craft is

guite vulnerable to beam explosions.

Should the craft be operating at 50 knots and an explosion occur
the guestion arises as to what evasive action it should take.

As a preliminary maneuver it was assumed that a reaction time of
80 seconds is required for the craft to either alter its course
to another heading or head up into the blast and kill its engines.
We have seen that in this latter mode it can survive the present
explosion. The gquestion arises as to whether an alternative
course heading is preferable. To investigate this possibility
two headings of 45° and 135° were investigated.

Figure 19 shows the response of the craft to the waves environ-
ment on a heading of 45° assuming such a heading is achieved

80 seconds after the blast. As will be seen little if any
motion occurs to the craft since the craft is heading away from
the wave front and is apparently in small, long period waves
ahead of the main group of waves. Provided sufficient clear sea

is available the craft could outrun the wave until the waves
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had decayed sufficiently to allow a change in heading. This
situation would obviously be changed if the continental margin
were reached, since in that case the waves would begin to

experience bottom effects and become solitary waves.

Should the craft head into the blast on a 135° course, an un-
likely situation, unless it was already on this course when the
blast occurred the response is shown in figure 20. Here it will
be seen that the motions are 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. The maximum excursions of the craft at this point

are:
maximum heave = 4.526
maximum pitch = 1.548
maximum roll = 2.325
maximum yaw = =0, 331

It is apparent from this brief survey that dependent on the
location of the blast relative to the craft and the available
response time several possible scenarios exist for evasive
action subsequent to a blast. This evasive action, however
depends on a great many variables and will be the topic of
further investigation during the next phase of the present
program. It it clear however, that relatively moderate yields
can cause an SES considerable difficulty if cognizance of the

seriousness of the situation is not realized.

It should be reiterated at this point that the above analyses
were performed without heave alleviation devices on the craft. The

results should therefore be viewed in this light.
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Craft
yield =
speed
sec,

Response to Explosion Waves in Deep Water -

1 kt, stand-off distance = 7500 ft, craft

50 knots, craft heading = 135°, £ = 1.69
i

To = 80 sec
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2. CONCLUSIONS

We have presented the preliminary results derived from modelling
the response of a typical SES to an explosion type wave environ-~
ment. This effort represents the status of the project at the
end of its first phase and is by no means complete. Results
obtained to date however, indicate that some consideration is
needed to developing suitable tactical maneuvers for minimizing
damage potential from explosion generated wave environments.

It is further apparent that the unique high speed capability of
these vehicles provides them with a great deal of versatility

in generating evasive action.

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

take the procedure further with the development of the computer
code to enhance its versatility and to perform a parametric
analysis on the various variables of the problem, in order to
develop a meaningful procedure for action under possible threats
of this nature. Such scenarios would be most valuable in future

planning of the operational fleet.

67

i SR i S K i

SO i T R RN e 4 O 3 e AT R R T S N R G T YOI




8. REFERENCES

L. LeMehaute, B., Hwang, L., Divoky, D., and Butler, H.L.,
"Explosion-generated Wave Environment in Shallow
Water," Tetra Tech Report TC-116, 1967

2. Wang, S., "Ship Behavior in Explosion-Generated Wave
Environment," Tetra Tech Report TC-130D, 1970
{ Yang, I-M, "Theoretical and Experimental Study of
Submarine Dynamics With Applications to Explosion
Generated Waves," Tetra Tech Report TC-181, 1971
Wang, S., Hwang, L., and Webb, L., "Study of Ship
Vulnerability to Large Waves Raised by Nuclear
Explosion," Tetra Tech Report TC-213, 1972

3 Wade, R.B., and Wang, S., "Some Aspects of Sidehull
Hydrodynamics and Maneuvering in the Design of
Surface Effect Ships," 1llth Symposium of Naval
Hydrodynamics, 1976.

4. Lamb, H., "Hydrodynamics," Sixth Edition, Dover,
New York, 1932.

5. Chapman, R.B., "Spray Drag of Surface-Piercing Struts,"
NU€ TP25L, L9971

6. Yim, B., "On the Wave Resistance of Surface Effect
Ships," J. Ship Res., Vol 15, No. 1, March 1971

- Kajiura, K., "The Leading Waves of Tsunami," Bulletin
of the Earthquake Research Institute, Vol. 41

68

& ROV e iy M R P SRR T T Y R R e A T T




- e T gy g A Ay Ve

10/,

11,

2

13.

14.

Van Dorn, W.G., LeMehaute, B. and Hwang, L., "Handbook
of Explosion-generated Water Waves," Vol. I,
Tetra Tech Report No. TC-130, 1968

LeMehaute, B.,"Theory of Explosion-generated Water
Waves," Advances in Hydroscience, Vol. 7, Academic
Press, New York, 1971

Waterways Experiment Station, "Effects of Explosions
in Shallow Water," Technical Memorandum No. 2-406,
1955

Glasstone, S.,"The Effects of Nuclear Weapons," U.S.
Atomic Energy Commission, 1962

Garcia, W.J.,"Water Waves Produced by Cratering Explosions
in Shallow Water," Lawrence Radiation Laboratory,
University of California, Livermore, California,

L7 0

LeMehaute, B., Divoky, D. and Lin, A.,"Shallow Water
Waves: A Comparison of Theories and Experiments,"

11th Conference of Coastal Engineering, 1968

Divoky, D., LeMehaute, B. and Lin, A.,"Breaking Waves
on a Gentle Slope," J.G.R., Vol. 75, No. 9, 1970

T T M N TN R S T Sy T g

3




|
i
3
E | .
! d
i
APPENDIX A
]
1. COMPUTER INPUT/OUTPUT FORMAT :
! ]

n

T T R, R




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 - 1
4) IP - Debug flag for component forces and moments, printed
in main program.
If IP = 0, debug not printed.
If IP # 0, debug is printed.
5) IFIN - Flag on inclusion of stabilizer.
If IFIN = 0, do not include stabilizer.
If IFIN # 0, include stabilizer.
6) IPLOT - Flag on plotting.

If IPLOT = 0, call PLOTT. |
If IPLOT = 1, call PLOTXY. |
If IPLOT = 2, call PLOTT and PLOTXY. j

Tf IPLOT > 2, do not plot. |
7) IPT - Number of points to plot for PLOTT. |
8) NJET - Number of jets for thrust vector control. b
9) INT - Flag for printing cumulative integrals and geometrical |
variables.
If INT = 0, do not print. J
If INT # 0, print.
10) IBUG - Flag on debug for subroutine BUOY.
If IBUG = 0, do not print debug.
If IBUG # 0, print debug.
11) Iw - Flag on wave type.

If IW = 1, sinusoidal wave.
If IW = 2, solitary wave
{ If IW = 3, explosion wave

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




Card

Card

Card

Card

Card

Card

3:

Format (8F10.0)

THT - Initial pitch angle of craft (deg).
PHI - Initial roll angle of craft (deg).
PSI - Initial yaw angle of craft (deg).

Z - Heave (set = 0).

Format (8F10.0)

AA - Distance from transom to C.G. (ft).

BB - Half spacing of side walls (ft).
CC - Side wall immersion at C.G. (ft).
DD - Distance from keel of craft to C.G. (ft).

AM - Craft weight (tons).

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

AIX - Moment of inertia of craft about the x-axis (ton-ft-sec?).
AIZ - Moment of inertia of craft about the z-axis (ton-ft-sec?).
AIY - Moment of inertia of craft about the y-axis (ton-ft-sec?).

Format (8F10.0)

WL - Reference length of craft (ft).

SP -~ Approaching speed (knots).2 4

RHO - Density of water (1lb. sec”/ft")

ANU - Kinematic viscosity of water (ft?/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).

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 €.G. (£E).

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

BACE =~ Vertical location of the stabilizer attachment belo\
the keel line (ft).




Card

Card

Card

Card

Card

Card

Card

Card

9: Format (8F1l0.0)

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

10: Format (8F10.0)

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

1ll: Format (8F10.0)

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

12: Format (8F10.0)

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

13: Format (8F10.0)

1) DWET - Distance from keel to wet deck (ft).
2) WAMP - Wave amplitude (ft).
3) WPER - Wave period (sec.).
4) BETA - Heading angle (deg)
BETA = 0,° following or overtaking waves.
BETA = 180°, head waves.
S5) WDEP - Water depth (ft).
6) XO - Distance from center of explosion to craft (ft).
7) RO - Crater radius (ft).
8) ETAO - Crater height (ft).
9) TO - Reference time with respect to time of detonation (sec).

14: Format (16I5)

1) NST - Number of sections along craft from transom to bow.
15: Format (8F10.0)

1) BUBL - Air cushion bubble length (ft).

2) BUBB - Air cushion bubble width (ft).

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

4) DEPTH - Depth of craft (ft).

1l6: Format (8F10.0)

l) SLBOW - Length of planing bow seal (ft).
2) SLSTRN - Length of planing stern seal (ft).
3) THETA - Angle of planing seal (deg).

i D < g B e 7y BN oo &




Card 17: Format (8F1l0.0)

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

Card 18: Format (8F10.0)

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

Card 19: Format (8F10.0)
1) CHINE(I) - Height of chine above keel line at station I (ft).
Card 20: Format (8F10.0)

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

Card 21: Format (8F10.0)
1) XSW(I) - Distance from transom to station I (ft). NST values.
Card 22: Format (8F10.0)
1) HSW(I) - Height of bottom profile above keel line at
station I (ft). 1If profile below keel line HSW(I)
is negative.
Card Group 23: Format (8F10.0)
1) D1(I,J) - Height of Jth waterline above keel at Ith
station (ft). NSW(I) values of Dl for each I.

All values are positive. D1(I,l) = 0.0. Refer
to figure A.1l.

D1 is input as follows:

Card 1 - D1(1,1), DL{1,2),; «+. D1{1l, NSW(1l)).
Card 2 = Dl(2,1), D1(2,2), +.- D1l(2, NSW(2)).
card NST - D1(NST,l1), D1(NST,2), ... D1(NST,NSW(NST)).

Card Group 24: Format (8F10.0)

1) W1(I,J) - Horizontal offset of the starboard wall, right
side of vertical reference plane, at Ith station
and Jth waterline (ft). NSW(I) values of Wl for
each I. All values are positive. W1(I,J) input
similarly to D1(I,J). Refer to figure A.l.




PP, LR e ——

Card Group 25: Format (8F10.0)

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

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

Card

Card

Card

26: Format (8F10.0)

1) DYV - y'

v

2) DYpP - i
) y'p
3) D¥R = ¥ 5

4) DYDV - y‘v
5) DYDP - y'.
) % D

- )
6) DYDR - y',

27: Format (8F10.0)

1) DRV =- k'v
2) DKP - k'

) P
3) DKR - k'r
5) BRDP = k',

P

6) DKDR - k'f

28: Format (8F10.0)

l) DNV - n'
v

2) DNP - n’p
3) DNR - n'r
- '
4) DNDV n &
5) DNDP - n'p
6) DNDR - n'

If CC # CCO a second set of nondimensional derivatives are read as
cards 29, 30 and 31.

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

Il

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.

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

SP (ft/sec).

AM (non-dimensional).

AIX (non-dimensional).

AIY (non-dimensional).

AIZ (non-dimensional)

FROUDE (non-dimensional) - Froude number

Craft attitude

1)
2)

Draft (Et).
Trim (deg).

Non-dimensional derivatives printed as read from input.

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.
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p&s
pcst - | char
p&s
DCFI - J DCF dF
p&ks
e
DCF2I - BCF 4dF
p&s
< iy
DC2¥I - DC Fd¥F
Jpk&s
3¢
B3BI - BB j Bd4dF
p&s
where
p&s - Integrvation limits over both port and starboard sidewalls.
D - Draft at successive stations.
F - Distance from C.G. to successive stations.
C - Vertical moment arm, at successive stations, for submerged
portions cf craft (ft).
B - Beam at successive stations,
BB - IHalf 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.
S1(I) = Cross sectional area at transom.
TDRAF (I) - Draft at transom.

If CC# CCO output from (3) to (1l1) will be printed for new craft :
attitude corresponding to CC and THT. ‘ ;

12. Craft characteristics.

13. Wave characteristics.




14. Table of output plus units:

1) T - Time (sec).
2) U - Craft speed (knots)
3) BETA - Sideslip angle (deg).
| 4) W - Heave rate (ft/sec).
! B
i 6) Y Location of craft (craft lengths).
7) 2 - Heave (ft).
8) PHI - Roll angle (deg).
9) THETA - Pitch angle (deg).
10) PSI - Yaw angle (deg).
11) PC - Cushion pressure, gage pressure (psf).
12) QF - Fan flow (ft3/sec) i
13) QO - Leakage flow, difference from initial condition (ft°/sec).
14) VOLDOT - Rate of cushion volume variation (ft3/sec).
15) WD - Heave acceleration (G's).
16) WH - Wave elevation at C.G. of craft (ft).
17) VOL - Cushion volume (ft3).

15. Legend for computer plots: 1

1) HEAVE - Heave (ft).

2) ROLL - Roll angle (deg).

3) PITCH - Pitch angle (deq).

4) YAW - Yaw angle (deg).

5) WAV HGT - Wave elevation at C.G. of craft (ft).

6) PRESS/100 - Cushion pressure divided by 100 (pst).
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INPYyT nATA

TEST SroemALL = cXPLOSTON wAVE
DT /mSTEP o NPRNT o IRy LF [N, [PLUT, IPT,NJUT, INT,18UG, IW, [PR,1CO

138700 691 ( 9 t 0 09! C; 9, Io=0 A=Y
THI,PHY,PSL,2
=070y =000 ~0.00 =0,00
AA/RBrcCoiDD,AMIOXLU, AIX, ALL,ATY
1304000 44,4900 2,900 24.000 2000.0 0.000 65000,0 300000,0 200000,0
WLrsPrHU,ANU,COLL,CONN .
237.500 Su,900 1,988 .000012817 1.300 1.000
UP‘E(‘,A'CQICY/S
{ 5000 10,00 5.00 10,00
: CCO, TheN, SPIURN,OF TR
g 2700 1,90 50.90 0,00
AAiRw, LaRM,3ACC
130700 a,00 .00
YARM( L)
S5u700 %0 ,00 38.00 -38.00
DELJET(T)
=0700 =0,00 -0,00 -0,00

RMCp (1)
lluo

1,00 le00Q 1,00

ALﬂq&li)
=000 =-0,00 -0.00 0,00

DwET,#aMP, APLR,BE TA,WOCP,A0,R0O,ETAD, TO
18700 10,00 30.00 45,00 2000,00 7500400 740,00 55,00 30,00

LOLSsNRUWA ATM PUTU,PHIL, THIH, THTS 3
o0 002578 2117,0075497.09 =121,25 30.00 60,00

NST

12
3UBL 413188, ALB,DCPTH

200700 88,00 8.00 30,34
SLEBNW,sLSTRN,THETA
20,00 20,00 15400
DRISE(1)
35720 85,00 85400 79.00 60,00 49,00 44,00 43,00
05700 56,00 78,00 78,00
LNFQCELIJ
=000 =0, 00 -0,00 0,00 =0.00 «0,00 =0,n0 =0,00
1,50 a,su 10450 Q.00
LHlHE(I)
9,00 5,00 5400 S.00 S.00 S.00 5.90 5.00
5,00 6,00 9.00 0.00
NSw»
a [ a 4 4 4 4 4 3 3 & !
ASw
u:no 25,00 50.00 75.00 100,00 125.00 159,00 175,00
200 vv 225,00 N37.50 250,00
HS o
-u:oo -0 _,00 =) ,00 «0.00 =0,00 «0,00 -0,00 0,00
v, 00 0,00 0,00 20,00

( nl JeW00Q 5.000 10,000 29.000
wl 7.000 7.500 3,000 8.000
' wa ~).000 0,000 “0.000 0,000

) 2 ol Y000 5,000 10,909 29,000
wl 7.000 7.500 Bendv 3.900
=0.000 «0,000

“l =0.000

T T ——————



3 ol 9000 5,000 10.90v 20,000

wl 7900 7500 8.000 8,000
we =y.00Q ~0,000 =0.000 =0,000
a ot JaU00 5.000 10,000 20,000
Wl 0500 7.500 d.000 8,000
IR =9.000 ~0.009 =0,000 =0,000
§ s ol 1000 5.000 10.000 20,000
1 wl NeU0Y 7.000 3.000 3,000
: w2 =9.000 ~0,000 =0.000 =0,000
y 6 ol 9a000 5,000 10.000 20,4000
B Wi 2.000 6.500 8.000 3,000
\ wa =g.V00 -0,000 =0.0060 =0,000
’ . T ot 9.900 5.000 10.500 20,000
wl 700 6.000 34000 8.000
w2 =9.000 -y,000 =0.000 =0.000
3 a ol 1000 5.000 13.500 20,000
wi VeV00 5,500 3.00vu 8.000
we =9.000 -0,000 =0.000 =04000
9 nlt 9.000 5.000 20,000
wl 9000 5,000 3,000
w2 =y.U00 -0,000 =0.000
tn ol V000 6,000 20,000
wl 24000 4,000 64500
[ "R =9.000 =-0,000 =0,000
' 1 ol 94000 9.000 20,000
wl 3000 2.000 54000
wa =9.000 »0.,000 =0,000
12 nlt 9.000
wl Ja000
wa =9.000

LONYERTFD [NPUI
SPraAMsAIX, ALY, ALZ,FROUNC
du.le «1yd5C=01 +19%9E=03 25966C=03 JHSU9L=03 9697
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‘ ORApT= 2,00 TR{M= |,00

NMON DLIMENSLUNAL NPRIVATIVES

GVP,DVQ.DVR;DYV,nYI,DYcP;DYDQ.DVDQ,DYnV.OVOH

- G3bpE=03 0. <lSU1TE=02  =,2772L=0C 0, ~.2365E=03 o, J2BUSE=05 =,9U62E=05 O,
0ZP,D4n,0ZR,0LY, nén.oLoP.oldh.DZDH uzuv-ozoa
9. “slplLE=G2 0. 0, =,2984€=02 0, =, 4103E=05 0, 9. “,1510E=02
4 ULP DIQ,DKM'OKV,T(-.O«DP OKQUL.GKOR,0XDVY,DK0On
i dO"g&-O' 0. L1296E=03  =,2400C=03 0, ,2173L=0S 9, W2410E=04 =, /779E=04 0,
OMP DM, UMK, UMY, DMm, OMDP , NMDO, UMDR, 00V, 0MO
)5 = d337F=03 0. a, =,3235C=03 0., =, 16l1E=05 0. 0. . G4103E=03
D\u‘ DNn,nNH:D‘JV,oNn:nMDP ONUW,ONDR,DNOY, ONDW
§SlgE=94 0. ~.3462C=93 WJOLLIE=03 2. L7378L=04 0, =~ 121 1E=03 .CBU3E=03 0,

STAQIL{ZER CUCFFICIFLTS
FINyV=S e, dualr-02

s FInyR= «C489C =02
FlNgyY= LBL15C=04
FINgR= = 49T9E-04
Fluny= «2N89C-02

FINNRE =.1523€-02

SHIp PLuS STABILIZER COFFFICIENTS
SFYy=s -, JUSat =yl
SFYn= J40us

UFAys *,1543E8=93
SFAQs 337 TEanu
SFNys= «3100L=y2

SFNp= =, 1809 ~y2

STAa[LpTY CRITERTION FUR SHIP ONLYS L6973L=05
STAAILeTY CRLTLELUN FOR SHIP PLUS FIN= 53910 =04

LENTER (F PHRLSSURE A1 CENTCR OF GRAVITY=s 22,85
SEC 91 OF [ OF21 DF31L 0C1I ocaol 0Cs3I DCFI ocrel VCeFL bsul
1 Oa Ne 0, 0 (78 0. 0. 0. Ve 0. .
2 L180€=02 =,893C=03 HAOEe0T = ,229k=0% «156C=053 »1S3E=NA JUQF=0S =, ,8425E=04 «41SE=04 =, 762E=0% «209E=0
3 L,O40C=02 =.152C=~02 701{-0, ..J)‘C'n‘ «315L=03 e 293E=04d WdT2F =35 e ldlE=y] «6d8E=vd  =,131Levd sdlbk=u
u L4BIC=0C =.195C-02 =308L=07% <4UAC=us A PE=0Y «390E=05 =,179k=03 «I65e=0d  =,ib/L=u4 «02UF =0
S £OVCL=02 =,2|5C=02 =e37TL=0% «B6UC=N3 «SC8E=04 WH40UE=0Y =, 201kE=03 +BU5E=~04 =,l8/Et=vd s /197F=0
3 L1 0UE=0C =.223C=02 ®. 373L=0% «0062C=1 3 HQAE=04 WHBUdEenf, @ 20RE~05 «B15k=0d  =,19uE=0u4 «VSuE=D
7 LTRTE=02 =,221C=02 BTTE=03  =,373L=93 «742C=03 «599E=04 659k =05 =, C0BE=YS «3loc=yd  =,]92L=ud Jdlo2E=9
A a LBS51C=yd =, 213C=02 JBIE=03 3 «3)3C=03 <159k =04d 717609 e,198E=03 JHlnb=Ud =, lobL=04 A0T7k=y
9 L,395L=02 <,203C=02 PR AR . «84TC=03 «SUlk=04d W19t =08 e, l88E=05 «852F=0d e, 175L=04 «ll0k=23
In LP20L=02  =.]94C=)?2 «FULE=DS  =,30LCL=0% e/ IC=03 «Hl0k=04 o7hir =0y =,lduk=03 <879L=04d  =,lb/E=04 oll2b =4
t .925:-0& =.192C=02 «D30L=03  =,357L=0% «2TolL=03 «BIlE=nY «T8UL=0Y e 1 T7KE=DQ3 383t=04  e,165c=04 adl2t=
12 s P20E=02 =.192C=02 «953F=03 «,355L=9% «S78L=03 G2k =0d «19E=05 = 177E=05 «3Y1E=ud =, lLutevd dl2E=)
1

GEUMETQICAL YARTARLLS

: «QLLIU;() Gt 51 Sl 1DRAF
! 27000 «4B2b =y} «3502E=03 «TS02E=N3 Jlfludt eyt
‘ 15000 LunaSiegl P204NE=DT  L04T6Ce0S  LL1lIEeu|
U, 0uo PRI 2CHNE=03 «5459L =07 <17S7E=U1

¥ =i 0o ect3UL=g] It =8 «401996=03 «1339€=01
2 000 «J350E-01 .ulOJF-uu «20IBE=0Y J10CTE=01
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APPENDIX B
COMPUTER LISTING
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PROGRAM SESWAVE (INPUT,QUTPUT, TAPESSINFUT, TAPL6=0UTPUT,TAPE]

* TAPLL

pIMENSION y(L2),YP(12)

DIMENSLUN RPLTO0) o VPCTO00) #FHIN(T00),XP(700),YYP(700),ACC(T70G0)

* BETARD(704),UP(T700),THTOC700),ZP(T00) WP (T700),%D(T700)

A, PSID(70G),wAV(700),PCP(T700)

cOMMON /A7 FLUY,QLUOT, K001 ,PHIDOT, THTDOT,PSIDUT,UDOT,VDOT,wW0OT,
x*xDUT,YLOI,Z0UT

COMMON /B/ PoQ, R, X, YY»2Z,UrV,W,PHL,THI,PS]

COMMUN /NDD/ DYP,DYQ,0YR,DYV,DYA,DYDP,DYDC,DYDR,DYDV,DY0H,
DZP,DZ2Q,0LR,02ZV,02WeNZDP,BZDE,DLDR,DLLY,DZDN,
DKP,DKB,DKR, DKV, DKW ,DKDP, DKDY, DKDI¢, DKOV,DKDW,
DMP, OMQ, DMR, DMV, DMw, DMDP , D*DA, DMDR, D™DV, D10w,
DUP, DNQ,ONR, DNV, DNW, DNDP, DNDR, DNODK, DNDV , DNOW

COMMON /DERV/ NK,OELTA,FXoFY, FRK,FNpXULELU,DRAGY ; DRAGN,

ANELTAY,DLLTAN/DRACK,BLTAR,UFTH, DELTAX,)0ELTAK,DF THT, THRATE

%, DELP,OELS,RPM, IFULL, [FIN

COMMON /INy AA AIX,ATZ,AM,BB8,CB,CF,DIR,DXDU,FQ,G,NST,NVAL,
*pI,RHU»SP, 1Us WLy XLG, XFG,COLL, CONN, FRUUDE,CC,DL, ANU,ALDD,CLD
* NCoNG,SPTURN, TPLOT, TPT, ALY

CcOMMON /PRNT/Z DI,NSTCP,NPRNT,IP

cOMMON /IEMP/SX,SY,SKs SN, WAVEDG,ACRONG,HYDROF , SPRYDG, SEALDG,
*qKINDG,FINDG

CcOMMON /TEMPL/ THIGH, TLOW,SHIPDG, TQTLOG, TX

COMMON /THRST/ TCONL,TCUN2, TCON3, IDRAG,CCU, THIO

cOMMON /U7 GL(29),S1(2%),S1(25),PHU25S), TDRAF(25)

COMMUN/X/ TSLLT(25),D1(25),DFTIC25),DF21(L5),0F31(25),nCIC2S),

AnC2I(2S) e DCSTL29) /DEFIC29),DCFRT(2S),DLE2FT(25)83B1(25),XSW(25)

cOMMON /1Y C/ XARM, ZARM,BACE, YARM(4) JOLLJET(4) »RMCP(4) yNIET

* ALPHACAQ)

cOMMON /WGT/ BUUYAN, TNAGT,wM0, wX0
CONMUN /FLAW/ PC,AF ,QU,VOOTP,AQP, A
cUMMUN /YO M/ VOLP
cOMMON /TUyA/Z PUM,PANZ,PMC,PZC,PSLZ,PSLM
CUMMUN /wAYV/ DWET pwAMP,WPER,CLL,CAY, IBUG,F(25) »BETA, IW, WOEP,QFFSLT
X WLG,ICOr X0 o RU,FTAQ,TU
cOMMUN /ASPFG/ CCX

* 4 x R

SINH(T)=EXPLLY=CXP(=C)) /2,

SCCHIARG) =D/ (UXP (ARG +EXP (=ARG) )

NATA CLUPCHL,L02,C03,CU4711,53924050,=52.76716255,107.1876292,
*a100.9050818/,35.22071874/

cALL INPUT

LTAPL=L
FALL INPIT(LTAPE)

INITIALUZATTIUN

PETHI=0.6
DELTAX=0.0
NELTAY=0.0
HnFLTAZ=0.
WELTAK=0e0
NELTAMZ0.
PDELTANZ0L0
sHIPDG=0.
TOTLDG=0.
1=0.0
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u=uo
NDX=0
COEF=0S*RHUAKRLAXDASP*%2
NE=12
y(1l)=u
y(2i=v
y(3)=W
y(4yr=p
y(%)=q
y(6)=R
y(7)=x
y(8)=yyY
y(9)=2
y(10)=PHL
y(11)=THT
y(12)=PS1

CALCULATE WEIGHT OF CRAFT AT INITIAL TRIM WITH NU WAVE

CCo

INWGT=0
cALL SEAWAY (WXoWY,NZrWKyWM, WN,VOL,AQ,Y,T)
RUUYANSwnZ
WwHO=WM
WXU=AX
INKGT=1
cALL RUNGS(T,DY,NE,Y,YP, [NDX)
kNT=]
TP=TawlL/SP
NP LKNT)=U%xsP/1,0689
YPLANT ) ==ATAN(V/U)/DTR
WP (KNTI=wagP
ADLKNT)=A0nT
pP=p
AP=QASP/AL/0TR
RPIKNT)=RASP/W| /DTR
XP (KNT)=X ;
YYP(KNI)=YY
ZPUKNT ) =Lawl
pHID(XKNT)=pHI/DTIR
THTDIKNT)=THI/DTR
PSIDIKNT)=pSI/DIR
WAY (KNT) =0, 4
ACCIKNI)SFRUUDLAADR(RAU+VDOT)
RADIUS=0a0
" TFIR,NLC.U, 1)) RADIUS=U/REWL
RETARD(KNT)=BEYAR/DTR
TXPSTXRLUEF g
TURG=TOTLDG*COEF

INTEGRATION BY RUNGS

o CC

1090 tHC=0
| PDAMZAMAG/ 2210 .20 SARHU*WL*A2)

} pPAR=2.AHRE ;
) PTHTUSIHTO/DTR 9
pSKE=SP/1.089 33

PRETA=BETA/VIR
CRAFTLEXSW(NSTYIAWL
WRITLCG,30y) PAM, CRAFTL,PIB,PTHTU,LC,PSP
300 FORMATCIHY ,2LHCRAFT CHARACTLERISTICS/SX, THAL LGHT=,F6,0,54 TUONS/

R L e S Sdete ) an BV 4 T
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26X, | 3HCRAFT LENGTH=  ,FO.1,4H FT4/5X, 1U4HCUSHION WIDTH2,Fb6,1,4H FT,
X SX, ISNINITIAL TRIMZ,F6.,2/,5H DEGL/SX, LYHIN[TIAL DRAFT=,F7.3,4H FT,
*/SX, J4NINITTAL SPLED=/,FS5.0,6H KNUTS)

1FCIwalTe3) WRITC(G,501) PRETA, 8AMP,WPER,“LG,CLL,CAY

301 FORMAT(//2(H WAVL CHARACTLRISTICS/SXsBHHLADING=,1S.0,5H DEG./
AX s THRUTGHTS o FSalsdH FT,./%X, 7THPLRION=,FS.1,5%H SIC.

*/5X s THLENGTHZ,F O, 1, 4H FTL/5X,9RCLLERITY=,F6oLl,TH FT/SEC
*/SX, 8HwAY NOe=,F7.0)
tFUIn.lla3) ARITC(O,302) PBETA,wDEP,RO,ETAU, X0, TO

302 FORMAT(//2|R WAVE CHARACTERISTICS/SX,8HHLADING=,1'S,0,5H DEG,
X)SKySHNDEP=pFO 8 ,AH FT./5X,3HRO=,FT741,4H FT.
*/SXpSHLTAC=s 6,1 ,lH FT,/5X,3HX0=,FB8e1,4H FT,

*/SX,3HI0S,Fbel,5H SEC.)
wRITL(G,229)

220 FORMATCLIHY,S5X, JHT 06X LHU, 2X, GHBETA,OX ) LN, 6X ) 1HX, 06Xy LHY, 7TX, JHL
*,:X,'.’:HPHI,'_’,XISH[HETAJSX'SHPSIIOXIZHPUIQX,;.’HQF »6X,2H0G,2X,6HVYOLOOAT,
*‘;X,EHWD':JX,EHWH’ 7X,3HVUL)

WwRITL(L,222)

202 FORMAT(3X,nHSCCS,2X, SHKNOTS,, 40X, 3HOEG, LX, 0HFT/SLC,4X, 3H/LC,4X, IH/LC
*, 06Xy 2HFT 25Xy 5HDFG»SX» SHOEG,SX# 3HVEG, SX» AHPSF ) 1 X, THF T3/SEC, 1 X,
*7HF T3/SCC, | Xo THFT3/SEC 84X s SHFTQ,5X s 2HF T, 71X, 3RF13/)

IFLIP.NE.0) WRITE(G,221)

221 FORMATC(L7X,2HSX,9X,2HSY, 99X, 2HSN,5X,0HXUDCL U, 06X, SHORAGY,
%Xy SHDRAGN, 5X, 6HDCLTAY ,5X, OHOELTAN,O0X, SHTHIGH, 7X,4HTLOW,5X,
A GHTUTLDG//)

WRITL(L,200) TPL,UPCKMNI),VP(KNT) ,wPC(KNT) , XP(KNT),YYP(KNT),ZP(KNT),
ApHID(KNT) , THTD(KNT) ,PSID(KNT) ,PC,QAF G0, VOUTP, ACGP, WAV (KNT)
TFUIP.NE.0) WRITEC(G,208) SX,SY,SN,XUDELU,DRAGY,DRAGN,DLLTAY,DELTAN
% » THIGH, TLOW, TOTLDG
* WAVLDG,ALRUDG,HYDROF,SPRYDG, SEALNG, SKINDG,FINOG
INTRY=0

cCx=CC

nM 2 I=1/,NSTLEP

1FUINTRYENalaAND. [CU.NELO) CALL SEUDER(LTARE)
IHIRY=U

INC=INC+!

CALL RUNGS(T/DT,NE,Y,YP, [NDX)

n=yl)

v=Y(2)

w=Y(3)

p=Y(4)

n=Y(%)

R=Y(G6)

x=Y(7)

YY=Y(8)

7=Y(9)

pHI=Y(10)

THTI=YC(11)

pSi=Y(li2)

TFUINC.NELNFRNT) GO TO 2

KNT=KNT+]

Te=T2aL/SP

P LKNT)I=UASP/ 1,089

YPLKNT)==ATAN(V/U)/DTR

yPLRNT)=aagP

WOLRNT)=nDNTXSPAAP/WL/G

pCPIRNI)=PC

pP=P

AP=GASK/w| JDTR

RPULKNT)ERASP/WL/DIR
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xP(KNT)=X

YYP(KNT) =Yy

7PUKNT) =Lxul

pHID(KNT)=pHI/DTR

THTD(KNT)=THT/DTR

pSID(KNT)=pST/DIR

cT=CLLATF
UT=(Y(T)*COSCBLTA)+Y(B)AXSINC(BLETA) ) *wl

60 TO (14, 1 1,12),1INn

WAV (KNT) == (WAMPASIN(CAYA(UT=CT)))

a0 TU 13

1T=ABS(UT=CcT)/WLG
AL=CAYX(UT-CT+OFFSET+[T%wlLG)
WAVIKNT)ZwAMPASECH(AL) X%

r0 TO 13

H=ADLP

Tw=TP+T0

§=UT+X0

QF=S/TH/SORT(GxH)

IF(RF.GE.,3) GO TO 4

HK=) o/ (0o xRFXXD)

50 TO S

RF2=RFARF

RF3=RF2*RF

RFU=RFI*RF

HKSCO4*RF 14+ CU3ARFI4CO2*RF2+CNIARF+CO0
CAY=RK/H

NMEGAZCAYASORT (GATANH(HK) /CAY)

CEL=UMLGA/(CAY

cT=SCLL*TNW

YK2=2a*HK

GHR2SSINH(HK2)

ARG=HKL/ SHKk2

ARG =1.+ARG

ARG2==ARG) J(ARGA (1 ,=HK2/TANH(HK2))+0,.5AARG | **2=ARG])
ROK=CAY*R/

rALL BCESSEL(S,ROK,HJI3%)

ARGUSCAY* (XU=CT+UT) ¢
WAVIKNT)S(ETAUXRO/S)ASART(ARGEZ I *BJ3SACOS (ARGY)

5 CONTINUE

ACCCKNT)EFRUUDEA*x2A (RxU+VDUT)

RADIUS=0.0

RETARD(KNT)=BL TAR/DTR

TFURANLLL L)) RADIUS=U/R*WL

TXP=TXACUCF

TNRG=TUTLNAR*CULF

pPMTI=PWMAP M +PSILM

pG=PC=2117,

WRITLC(G,200) TP,UP(KMT) VP (KNT) pWP(KNT) ,XP(KNT), YYP(KNT) ,ZP(KNT),
YPHINCKNT) p THIDCANT) pPSIDCKNT) pPGorOF s QU VDOTPp WO (KNT) p wAV(KNT) , AOP
IFUIPHES0) ARTTC(6,2U8) SApSY,»SHsXUDELUSDRAGY ,DRAGN,DCELTAY,DELTAN
* s THIGH, TLOW, TOTLDG
* WAVLDG,AERUDG,HYDRAR ,SPRYDG, SCALDG,SKINDG,FINOG
tFLICOLEY, ) GN TO 15

7TEST=LP (kT ) +WAV (KNT)

7TST=ABS(ZTFST4+CC=CCX)

tFLLTSTLLT (TCU) GO Tu LS

tHIRY=L

COXSCC +LTEST

15 cONTLINUE

7




INC=0
2 CONTINUE
pCP(1)=0.
n0 843 IJK=2,KNT
843 pCPIJKIZ(PCP(IJIK)I=2117,)/100,
kN8=0
nf) 767 IKQ=L1sKNT,4
KNB=KNE+]
7P (KNB)=LP (1KQ)
THTO(KNSISTHTO(IKA)
PHID(KNS)=pHID (LKA}
pSID(KNB)=pSIN(IKQ)
WAV (KN3)=waAVIIKA)
767 PCP(KNS)=PCP{IKQ)
TPT=KNG
IFUIPLUT6T.2) CALL LXIT
TFUIPLUTCR.V) CALL PLOTTCZP,THTD,wAV,PHID,PSID,PCP,IPT,NC,NG)
fFULIPLUTLENGL) CALL PLOTXY(XP,YYP,KNT)
TFUIPLUT.EQ.2) CALL PLOTTC(ZP,THTD,wWAV,PHID,PSID,PCP,IPT,NC,NG)
TFUIPLUTLEQ.2) CALL PLOTXY(XP,YYP,KNT)
200 FORMAT(OFT7 2/U4FB.3,0F8,0,F7,.3,F7.2,F10.,0) c
208 FORMAT(8X, 1 1EL11,3//)
sTOP
END

-

— 2




SUBROUTINE INPT(L)
NIMENSION TTILLC(20)
COMMON /A/ PDOT,QDUT,RDOT,PHIDOT,THTNOT,PSIDUT,UDOT,VDQOT,WOUT,
AyDOT,YDDI,2DUT
i cOMMOUN /B Pal,RpXpYYsZoUeVY, WePHI,THI,PSIT
| COMMUN /UERV/ NK,DELTA,FX,FY, FK,FN,XUDELU,DRAGY ,DRAGN,
i *ELTAY DELTAN,DRACK,BETAR, [ TH,OELTAX, DELTAK,DF THI, THRATE
*, DELP,OCLS,RPM, IFOIL, [FIN
i cOMMON /FCNCF/ FYNCL,FINYV,FINYR,FINKV,FINKR,)F {NNV,FINNR
i COMMUN /FNiYL/ CoALFA,GAMA, XF
COMMON /GENMM/NS®(25) r 41 (25,25),K2(25,25),01(25,25)
cOMMON ZIN/ AA,AIX,A[Z,AM,88,C8,CF,DMR,DXDU,FU,G,NST,NVAL,
Ap[)RHU»SP U0 4L s XLG o XFG, CULL, CONN, FROUDE,CC,0Dy ANU,ALUD,CLD
*,NC,NG:SPTHNN,[PLUT,IPT;AIY
{ COMMON /PRNT/ DT, NSTLP,NPRNT,IP
cMMUN /PRgES/ CDIS,RHURA,PHIO,PHIL,ATM,PMAX,AC,DEM, IPR
cOMMON /TEMP/ SX,SY,SK,SN
COMMON /IFMPL/ THIGH, TLOW,SHIPDG,TOTLDG
cCHMMON /THRST/ TCUN1,TCION2,TCUN3, IDRAG,CCO, THTO
COMMON /U7 GT(25),ST1(2%),S1(25),PHO(2S), TDRAF(25)
cOMMON/X/ TSECYT(25),D1(25) ,DFI(25),DF21(L5),0F31(25),DCT(2S),
A3C21(29) DE3T(25),DCFICR2S),DCFRI(25),DL2FI(25),6838I(25),XSw(25)
cOMMON /INNDUR/ CR,CT,S,0MEGA
cOMMON /TVEL/ XARM,ZARM,BACE, YARM(4) ,DELJET(4) ,RMCP(4) ,NJET
* ALPHA (W)
COMMUN /ABC/ DRAFT(2S) ,WEIGHT,BUBHB,BUBL,WALR,SLBOW,SLSTRN,THETA,
*pFPTH, SPRAYL
COMMON /CDE/ PRISE(23),ENTRCE(23),CHINE(Z3) ,HSPRAY(23)
cOMMON /SES/ HSW(2S),0LLL,DELZ,NL, N2
cOMMUN /NDD/ DYP,DYR,DYR,DYV,DYW,DYDP,DYDG,DYOK,DYDV,DYON, i
NZP,DZR,NZR, DLV, DLW, DZNP,DZ20DE,DIDR,DZDY,DZ0NW,
PKP,DKA,DKR, DKV, DKAN,DKDP,DKDB, DKDR,NDKDV, DKDw,
NMP, DMA, DMR, DMV, DMW,DMDP,DMDQ, DMOR, DMOV,DMD W,
DNP,DNQ, ONR, DNV, DNW, DNDP, DNDG, DNDR, DNDV , DNDW é
COMMUN /WAV/ DUFT,NAMP , APER, CLL,CAY, IBUG,F (25) yBFTA, IW,WOEP,UFFSET
LHLG,ICOr X3, RU,FTAQ, TU
COMMON /PSgaAL/ [HTB,THTS
cOMMON /ASPDFG/ CCX

NESRpTIpO——

s o i e £

* Ok * X4

*

NEFINIITIUN 0OIF INPUT FLAGS

NSTEP=NDO. nF TIME STEPS T0 EXLCUTC
MPRNTSPRINTING INCREMENT
TP.NL.U= PRINT DCHUG k|
IFINJNLLUG=TNCLUDE FIN
TPLUf=====c==F | AG ON PLOTTING
Ir IPLUY =0,PLOT PLUTT
ir IPLOT =t PLAT PLOTXY
Ir IPLOT =2 FLOT PLOTT AND PLOTXY
IF IPLOT 6T 2 QONT PLUTY
tPTeeeccma =aNMRER (IF STEPS T, PLOT PLUTT
MIETemmmma eaNMRER NF JETS FOR THRUST VECTNR CONTROL
tHleecceca,«=PRINT FLAG MUOR CUMULATIVL [NTEGRALS AND GEUMETRICAL VARIABLES
I INT=0, DUNT PRINT
IF INT NEeODp PRINT
fN=ee=meca aaf | AG FIIR WAVE [YPE
IF TWw=1, SINUSUIDAL WAVE
IF IwW=2, SCLITARY WAVE
Ir Iw=%, UYPLOSIUN WAVE
fClimmececacaaf| AG FOR GENLKATING MEW DERIVATIVLS WHEN URAFT

~ P OORCC O CC O

reCCCer

o~ g =y

§ TR N Ry e 1 e PR



S =

[l o

LHANCES MNRE THAN ICO FEET
Ir ICO=0, DONT CHANGE NDERIVATIVCS
IF ICU.NE.O0, CHAMGE IN DRAFT REGUIRFD FO CHANGE DERIVATIVES

1F(L.EG.2) GU 10 1000

READ AND WRITE INPUT

READ(S,1L3)
READ(S,101)
+1C0

READ(S,1060)
READ(S, 1L
READ(S,10U0)
READ(S, LLO)
READ(S,160)
READ(S,1L0)

(TITLCCI)»121,20)
DT ,NSTLP,NPRNT, [P, LFIN, IPLOT, IPT,NJCT,INT,IBUG,IN,IPR

THY,PH(,PSI,Z
AA,BB,CC,DD,AM,DXDU,AIX,AIZ,ALY
nl,SP,RHC,ANU,COLL,CDNN
UMEGA,CR,CT,S

CLO,THTD, SPTURN,DFTH

XARM, LARM,RACE

READ(S, LUO) CYARM(L), I=1,NJET)

READ(S,LU0)
READ (S, 10L0)
READ(S,100)
WRITL(G,C0y)
WRITL(G,200)
WwRITL(G,202)
,ICU

WRITL(GL,20%)
WRITLC(UL,200)
WRITL(GL,208)
WRITL(L,207)

(DELJETCL) 2 I=L,NJET)
(RMCP( (), I=1,NJET)
LALPRA(T) /I=1,NJET)

(YITLECT) I=1,20)
DT ,NSTUP,NPRNT, I[P, IFIN,IPLOT,IPT,NJCT,INT,IBUG,IW, PR

THT,PHI,PSI,Z
AA,BB,Cr,0D,AM,DXDU,AIX,AIZ,AIY
wL,SP,RHD,ANU,CPLL,CDNN

UMEGA,FR,CT,S

WRITLCO,208)CLU,THTO,SPTURN,DFTH

WRITL(Gs21y)
WRITE(G,21 )
WRITL(G,10gy)
WRITL(O,212)
WRITL(G,10y)
WRITL(GL,2173)
WRITLCO,10y)
WwRITL(G,210)
WRITL(L,100g)

READ AND WRI

RFAD(Ss1G0)
wRITL(G,2u )

X4RM, ZARM,BACE
CYARM(TI) »I=1,NJCT)
(DELJLTC(L) ,L=1,NJET)
(RMCP(I),I=1,NJET)
CALPHACT) »I=1,NJET)
TE INPUT FUOR A~AVE

OWL I, WAMP , WPER,BETA»wDEP, XJ, RO,ETAD, TO
Dl TpWAMP , WPER,BLTA, wDEP, XU’RU;ETAD, TU

READ AND WRITC INPUT FOR PRESSURL

READ(S,1G0)
WRITL(G,202)

CNDIS,RHUWA,ATM,PHID,PH{1, THTB, THTS
CDIS,RHOWA,ATM,PHIOWPHIL, THTH, THTS

READ AND WRITL INPUT FUR SPRAY

READ(S,102)
RFAD(S, LLD)
READ(Sr L)
rFAD(S, LU0
READ(S,LLO)
READ(S, 1LY
READ(S,162)
READCY, LG0)

NSY

HUBL,BIBR, wAL B,DEPTH
SLBUN,SLSTRN, (HETA
(RRISCCL) »1=1,NST)
(ENTFRCECT) »T=1,NST)
CCHINC(T) »1=1,NST)

(NSw(L),[(=1,NST)
(XSN(L),T=1,M5T)

SO —

e =0 it

PTG PN TR T A TP R




READ(S,1060) (HSW(L),[=1,NST)
NSl I=1/NST

NVSSNSHLL)

51 READ(S,10L0) (DLCI1,d),J=1,NVS) c
p0S2 1=1,NST
NVS=NSH(I)

&2 READ(S,1L0) (ANPCI,J)sJd=1,NVS) c

p0S> I=1sNgT
NVSENSH (T
53 READ(S, 1LY (W2(I,J),J=1,NVS) C
WRITC(O,2185) NST
WwRITL(G,21¢) BUBL»BUBB, nALB,OCPTH
WRITL(6,217)SLBOW,SLSTRN, THETA
» WRITLC(G,218)

{ WHRITLCOp10g) (DRISECI) s I=1,NST)

: WRITE(G,219)
WRITLCO,10g) CENTRCECT)»I=1,NST)
WRITL(G,22y)
WRITECG, J0y) CLHINECT) ,I=1,NST),
WwRITL(G,22¢)
WRITL(OL,102) (NSW(L),I=1,NST)
WRITE(G,222)
WRITE(L,I0n) (XSW(L)yI=1,N8T)
WwRITL(6,223)
WRITCL(G,3009) (HSW(L),I=1,NST)
nOSd I=1,NsT
NVS=NSH(I)
WRITLCL,224) (L, (DLCT,J)sd=1,NVS))

‘ WwRITL(6,225) (WICL[,Jd)sd=1,NVS)

i WRITL(GL,226) (W2(I,J)rJ=1¢NVS)

51 c()NT[NUE

€ CONSTANTS

L
: NC=20
p NG=6 L]
\ G=32.2

PI=3.11415927
nTR=PI/180
p=U=R=V=n=x=YY=0,

no=1.
y=un
WEIGHT=AM22240,
(S
5 CONVLRT TO RADTANS
L
THT2THT*OTR
PHIZPHI*DTR
pSI=PSL*VTR
NMEGA=UMLGA%DTR
THTO=STHTUANTR
RFTA=BLTAXpTR |
THTB=THTBADTR
/ THTS=THTSap TR 1
, ‘ |
\ FONVLERT ‘
{ L

AIXSAIX*22410, |
ATY=ALY*2240, w
ATLSAIZ*22n0.
AMSAMAZ240 /0
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al

ah

19

(ol

o

c v

oo e py e~y e

sP=SP*1_.089
gPTURN=SFTIIRNA] . 689
FROUDL=SKF/SURT (GAAL)

CALCULATE CAY,COL,F FUR SUBROUTINE SWAVE

g TO (41,42,43),1w
CAYSUL*PL*x22/ (GAWPLR**2)
CEL=0.0*GAWPLR/PT

WLGS0 .U xLAWPLERRAD2 /P

0 TU 44
CAYS0,860%SUKT(WAMP/WDLEP) /WDEP
CELZ0.9*#0GURT(GAWDERP ) * (2, +wAMP/WOLP)
WwLG=CEL*nPER

0 TO 44
CAYSU.*P1xx2/(GA30,04%2)
CEL=0.526x30,0/P1

WLGS0 926250 ,04A2/P1

CONTINUE

pt 19 [=1,NST

FCIV=XSW(I)=AA

CALCULATL TIME INCREMENT

pT=(iLG/ABS(CEL=SP*COS(BETA))) /D1
NT=DI*5P/w

NON DIMENSTONALIZE INPUT

NENMM=0 ,SARHUAWL A%S
AIXSAIX/DENUM
AIY=SALY/UENUM
AIZ=AL1L/UENUM
AMEAM/ (D aDARHUAWL A %3)
7=2/WL

xLG=AA/Z WL

xFG=1.=XLG
YARMEXARM/ WL
ZARM=ZARM/ WL

ph 20 [=1,NJLT
YARMCL)SYARMUL) /WL
p 21 [=1,nST
xSACL)=XSu(T) /WL
WRITL(L,227) SP,AM,ATX,ALY,A[Z,FROUDE

CALCULATE ML1,N2,DELL,DUL2

NSTI=NST=1

nf) 5 =2,NSTI
TSAVL=L
PELI=XOW(I)=XSW(I=1)
pELI=0DCL) AWL
NEL2EXSw (T4 1)eXSW([)
nEL2=nLL2awL
TFCABS(Le~nlL2/DCL1) 46T ,0aL1) GO TO O
cONTINUE

NLI=[SAVL
N2ENST=ISAVE+1

CALCULATE AC/DEM FUR PRESSURE

92
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D=AD34 49]1 TETRA TECH INC PASADENA CALIF F/6 13710
VULNERABILITY OF SURFACE EFFECT VEHICLES TO EXPLOSION=-GENERATED==ETC(U)
NOV 76 R B WADE., S WANG: T W WIER N0001'+-76-C-0261
UNCLASSIFIED TETRAT-TC=-645

........ 2

DATE
FILMED

2 w77




e A

cc

cen

ce

(74

1000

1001

100c

L4
15

X

x

* % % ¥

ACS2.28BEXSWIN])AWL
DEMZOOARHOXALAAQASPA®2

CALCULATE FU AT CG

n0 3 I=2/NST

FO1=ABS (AAXSW(I=f)%nL)
FOQ=ABS (AA=XSh(I)*nL)
IFLFOCLLT (FUL) KFO=T
cONTINUE

READ AND WRITE NON DTIMENSIONAL DCRIVATIVES

1FLL.EQ.2) GO TO L0001

1PDER=Y

THTOPRSTHTO/DTR

WRITC(6,209) LCU, THTOPR

cALL DUR(AA,UB8B,CCO,DD,THTO,PHI,NST,N1,N2,DELL/DCL2/HSW,NSK,XSHW,
NleWlon2sRHUWL)

cALL GLOCAA,BB,CCO,DD,wL,NST,THTO,KFO,FO)

¢0 TO 1062

eNTRY SCCOER

THIPKR=THI/pIR

CALL DLERCAA,BB,CCXoDDsTHTO)PHISNST,N1,N2,DELLsOCL2/HSW,NSH,XSW,
plowlsnw2s,RN0,WL)

cALL GLOCAA,88,CCX,DD,WL,NST,THIQ,KFQ,FO)

CALCULATE SPRAYL

Nll=NL#L

nO 4 [=1,NST

1SAV=I=1

[FLENTREE(T) «NCL0.0) GO TV 15 .

CONTINUE

SPRAYL=S(XSW(NL])=XSWCISAV))*WL

§X=0.0

§Y=0,.0

§K=0.0

§N=0.0 :

cALL FIN(SYX,S8Y ,SK,SN,CR,CT,S,QMEGA)

SFYV=SDYVHFINYV

SFYR=DYR+F INYR

SFKVSOKVHF TNKV

SFKREZDKR¥F INKR

§FNVECNVHF INNY

SFNRSDNRHF TNAR

SC=DYVANNR-(DYR=AM) *DNV

GCF=SFYVASENR=(SFYR=AM)ASFNV

TFUIPOLRNE ,0) RECTURN

IFULIPOLReNEQV) WRITE(L,209) CCX THTNPR

WwRITL(G,228)

WRITL(G,229) DYP,DYQ,DYR,NYV,DYH,DYNDP,LYDG,LYOR,DYDV,0DYDNW,
NZP,0ZA,D2ZRYCIV,NZW,DZDP,LZVA,DINR, DZOV,DLNK,
DKPyNKQpDKR, DKV, DKWy DKNP, OKDU, DXKDK, DKDY ¢ DKDOW,
NP, OMGpUMR UMY, DMWp DMDP o DMOG, DMV, DMLV, DND A,
DMP, UNGp DNRy DNV, DNW, DNDP » GADR, ONUIR, DNDV , GNDN

WwRITC(L,235)

WRITLCG,234) FINYV,FTHYR,FINKY,FINKR,FINNV,FINNR
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Fee

-

e

ccc

N Y X
.

63

cec

190
1ot
o2
103
200
201
2n¢e

203
200

205
207
208
209
210
21
2ie
213
244
215
216
2817
218

WRITL(G,235)

WRITE(UL,)236) SFYV,SFYR,STKV,SFKR,SFNV,SFNR
wRITLE(L,237) SC

wRITL(0L,233) SCF

WwRITE CUMULATIVF INTLGRALS

WRITE(GL,23]1) FO

WRITL(0,232)

WRITC(G»235) C(I,0LC1),OFLCL),OF2ICI),DF3ICTI),DCICI),DCRICI),
*pC3L(1))UCFLCL),OCFRICI),OC2FICI) BIBICI)»=L,NST)

CONVERT T0 DEGRECS

n033 I=1,5

PHAO(L)=PHOCI)/DTR

WwRITE (60239)

WwRITL(Us2Ay) (PHUCI),GICE),SICI),S1(1),TDRAF(I),1=1,5)

CONVCRT  TQ RADIANS

p063 I=1,5
PHU(1)=PRO(TI) 2D IR

FORMATS

FORMAT(8F 19.2)

FORMAT(FID 0,1415)

FURMATC10IS)

FORMAT(2GAYH)

FORMATCLHL, LUHINPUT DATA //)

FORMAT(1X,20A4)

FORMATC  AX,S57THDY,NSTEP,NPRNT,IP,IFIN,IPLOT,IPT,NJET, INT,[BUG, LA,I
*pR, [CO /F1y9.2,1219)

FORMATC(LX, | THTHT,PHT,PSI,7 /8F10,22)

FORMATC  IxXs351HAA,BB,CC,DD,AM,DXOU,ALX,AIZ,ALY/
ANF10.3¢F10,1,F10,3,3F10,.1)

FORMATC  1Xs23HNL, SPpIkHO, ANU, COLL,CDNN/3F10,3,F12.9,2F10,3)
FORMAT (L X, | SPOUMFGA,LR,CT,S /8F10.2)

FORMAT(C  1X,20HCCO, THTO,SPTURN,DF TR /8F10,2)
FORMATCLNL, 6HDRAFT=,F 0,2, 10X, 5HTRIM=,F0,&)

FURMATC  {xo l4HXARM,ZARM,BACE /8F10.2)

FORMATC  txsBRYARM(I) )

FORMATC X, 9HDELJILTCI) )

FORMAT( LXe THRMCPCT) )

FORMATC  IXs LOMALPHA(L) )
FORMATCLX,5RNS) /19)
FORMATC(LX, 2OHBUBL,,BUBB, WALB,DEPIK /8F10,2)

FORMATC1X, | BHSLBOwW,SLSTRN, THETA /8F10,.2)
ENRMATCLX,8HDRISC(E) )

FORMATCULX, QHUNYRCE(T) )
FORMAT(1X,8HCHINC (L) )

FORMAT(LX, 5NNSW)

FORMAT(LX,5HXSW)

FORMAT (1 X, 3HHSW)
FORMATC/IS,2X,2HD1,2Xp8F11.3/(11X,8FL1a3))
FORMAT(7X,2Mwl ,2X,8F11.3/7CL1Xs8FL143))
FORMAT(7X, pHu2,2X,8F11,3/C11X,8F11.3))

T FORMATC///7771%, LoHCONVERTED fNPUT Z1X,2U11SP,AM, AIX,ATIY,AIZ,FROUDE

A/uG12.)




228 FORMAT(///|Xs27HNON DIMENSIONAL DCRIVATIVES /)
229 FURnAT(lX.Q“HDYP,DYQ,DYR.DYV,DYH.DYDP.JVDG,DYDR,DYDV,DYON/l0[12.“/
1A, n4HDZP ,DZRp 0Ly 124V, DLW OLNP,DLOG,DZDR,DZDV,DZDN/)O0EL2
LX, n4RDKP , DKQ, VKR, DKV, DKWy DKNP,NKDG, DKDRR, DKDY, oxou/joelh.a/
(X A4HDMP , OMR ) UMR ) DMV, DMW, OMOP, 080G, OHUR, OMOV,OMUN/10EL2,4/
: lX,nanNP,DNQ,UNR.UNV,DNW.DNDP,DNUO,DNDN'DNDV.DNDN/lOtIE.")
231 FNRMATC( IX,40HCENTER UF PKLSSURL AT CENTEfe UF GRAVITY= LF10;2)
232 FORMAT( ZUIX 5ASEC, 9X,2M01,8X¢3HDFI, 7X,4HDF2L,7Xs4HDF 3],
*aXsSHOCI 7X s 4HOCOL»7TXoUHDCII, TX s IHOCFI,6X,5A0CF21,6%,5HDC2FI,
*9X,4HB3HI)
233 FORMAT(IS, J1E}}.3%)
: hzﬂ FORMAT(/1X,25HSTABLLTZER COFFFICIENTS
‘ /7H FINYVS,L135.4/7H FINYRS,EL3,4/7H FINKV=,E13,.4/
B *7H FINKRS, 7 13.0/7H FINNVZ,E13.4/TH FINNKS,(13.4)
. 235 FORMATC  /,1X,33HSHTIP PLUS STABILIZER COLFFICIENTS )
i 236 FORMAT( 6H STYV=,E13.4/6H SFYRZ,E13,4/ GH SFKV=,E13.47
A *oH SFKRZe[L 344/ 6H SFNVE,EL3_ 4/6H SFiuk=z,C13,4)
237 FORMATC /1x, 3aASTABILITY CRJTERION FGR SHIP OUMLY= ,E12.4)
238 FORMAT(  1X,58HSTABILITY CRITLRIUN FOk SHIP PLUS FIN= ,E12,.4)
239 FORMATC(/// /770X, 2LHGEUNETRICAL VAKIABLES /,1Xs9HKOLL (DEG)
X10X,2HGTr19Xe2HST 10X, 2HSL,7XsSHTORAF)
4 240 FORMATOLX,710,3,4C12,4)
24l FORMATCLX,38HDWFT,NAMP, APER,BETA,WOEP , XU, RO,CTo0,TO/9F10.2)
24c FUORMAT(LX,34HLDIS,RHONA,ATH,PHIU,PHIL, THTSE, Tth/na 2,Fl10,6,6F8.2)
RETURN
ENOD

|
3
{
i

* ¥ » ¥

-~

vy
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LRl
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cc

vv

SUBRUUTINE DER(AA,BB,CC,00,THT,PHI,NST,N1,N2,0ELL,DEL2,HSH,NSH,

AxSW,DLowl pWoRHI, AL)

DIMENSLUN HSW(]),NSW(1),XSW(])

pIMENSIUN n(25),F(25)

DIMENSLION R(2%5),5(25),CSZ(25),TEMPA(29), TEMPR(2S)
DIMENSLUN DLLRS,25),W1(25,235),02(25,25)
CCHECK=CL=~pB#*PHI

pHIU=CC/HB

FINI)SXSWH(NL) 2WL=AA

DINI)SCC=HSWIN]) =THIAF(NL)

D0 1 M31eNST

F(M)ISXSwM)anL At

ND(MIZCC=nNSK(M) =THT2F (M)

IFLO(MILT 0.) O(M)=0.

cALL SECI(MsD,D!t,NSW,ALl,W2,H,S5,CSZ)

HGI1=0D~CC

cOMPUTC DLRIVATIVES WITH RESPUCT TO F

FORM INTEGRALS

INTEGRATE AXTALLY

CALL INTLG(B/D,F,S,CSZ/NLsN2,DELL,DEL2/NST, TEMPA,
CALL NUNDIM(BB,HGT,RHO,WL,B,D,F,CSZ, TEMPA, TEMPR)
RETURN

eND
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SUBROUTINE SECY(I,0,DL,NSWw,n]|,w2,B8,8,CSZ)
NIMENSION B(25%),5(25),CSZL25),01(25+25),41(25,25),1W2(25,25)
DIMENSLION pCL),NSW(L)
FLINCROX 2 X2oX1,Y2,Y1)=Y1#(XeX ) (YR=YL)/(X2=X1)
R(1)=0.0
s(I)=0.0
cSZ{l)1=0.0
TEMPLI=SO0 .0
A pRAFT=0(1)
E | JJISNSH(T)
l. KLl:“
{ n0 | J=2.,JJ
RN2=01(1,J)
RO1=V1(IsJ=1)
‘ pwi2=wi(l,J)

; gwllswl(l,g=1)
{ pw22=nWa(1,))
1 rRr2i=wl(l,J=1)
IFLDRAFTSLELVUL0) CO TU 4
1F(ORAFT.GE.OL(I,J)) GO YO 2
RWI12=FLINERC(URAFT,RD2,RO1,RWIZ,RW1Y)
3 RWC2=FLINER(DRAFY,RD2/,RD1,RW2EZ,RW21)
1 kL1=1
RD2SVRAF T

CALCULATE AREA,GIRDER,AND HBEAM

{38 ol o

2 PDELD=RD2=Rp1
{ wilD=Rwl2=Ryll
’ W2D=RW22=Rw2l
{ DELSS0.S5*DELOA(RWI2+RWI14RW22+RW21)
4 ] RIII=RWI24RWI2
s(I)=S(1)+plfLS
RJMIZRALI+RW2]

CALCULATE (FNTROID FOR AREA ABQUT Y=AXIS

e

™2=n(l)=kp2
SMOM(IN249) SADELL)*BIMIADELD+
XeTD2IDELN/ 56 ) X0 5ADELDA (WD #RED)
TEMPLI=IEMP+SMOM
IFLKLLLEY, 1) GO T O 3
1 cUNTLINUE
3 FSZOL)STLMPL/S(I)
H RETURN
END
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SUBROUTINE INTUG(B,0,F,S,C52Z,N1,N2,DELL,OEL2,NST, TEMPA, TEMPR)
NIMENSLION TFMPA(25), TEMPR(25),B2(25),B2F (25),B2F2(25),B2C52(25),
*2FCSZ(2Y),B2DDF (25),42FDNF (25),02(25) y ULk (25) ,D2F2(25) )
*p2CSZ(25),D2CSZ2(25),D20DF (25) ,D2FCSZ (%), DCSZDF (25) , D2FDOF (25)
*,DACZ0F (25)

CUMMUN /INTCGL/ B2(,B2F[,B2F21,82CSZ1,BFCS5Z1,B20DFI,BFDOFI,
*921,02F1,02CSZT,0C5221,0200F T, UFCSLI,OFDDF [,02F21,0CZDFI
DIMENSIUN BCU1),0(1),F(1),5(1),CS2(L)

COMPUTL DERIVAYIVES OF D AND CSZ WIIH RESPECT TO F

NL1=NL=1
NCSZOF(1)=¢CSZ(2)=CSZ(1))/DELL

DCSZUF (N1)=(CSZ(NL)=C3Z(N11))/DELL

D0 | I=2/Njd
NCSZOF(1)=yabax(CSZ(I+1)=CSZ(f=1))/0ELI
N21=NLHL

N22=NST=]

pCSZDF (NST)=(LSZ(NST)=CSZ(N22))/DCEL2
n0 2 I=N2t,N22
PCSZOF(I)=y.5*(CSZ(TI+1)=CSZ(1=1))/DELL2

COMPUTLC ANp STQRC VARIABLES FOR AXIAL INTEGRATION,

p0 3 I=t,NsT
IF(BCI).LQ,0.0,0R.D(I),EQ.0,0) TCMPR(I)=1,0
IF(BC(I).EQ,0.0 UR.DCT).ER.0,0) GO TO 4
TEMPR(L)=S(1)/B(1)/D(1)

TEMPACL)Z2 U4XTULMPR(TII+0,.4
R2(I)=SB(L)ABUI)ATEMPR(I)
A2F(L)=R2(T)4F (1)

R2F2(I)=B2F(1)&F(I)
g2CSZCL)=B2(1)xCS2(1)

R2FC3L(1)=82F (1)ACSZ(1)
R2ODF(L)SR2(1)IADCSZNF(I)

RAFDDF (1) =B20DF (L) *F (1) ;
N2LL)S0CI) 2D LLI)XTEMPACT)
NAF(LI=DECTI*F (L)

NRF2CLI=N2E (T AF (])
NRCSZ(I)=D2(1)2CSZ(1)
N2CSL2(1)=p2CSZ(1)*CSZ(1)
PLDECL)=Pp L) 2VCSZOF(T)

N2FCSL(1)=p2F (1)aCs2(1)
N2FDLFCL)=p2uDF (DI AF (L)
D2CZOFCII=p2LL)ACSZC(TI*DCSZNF(I)

PERFURM AXTAL [INTEGRATION

n l=0.
Qa.z .
n3=0.
0U=0.
nS=0.
N6=0.0
N7=040
ne=0.0
n9=0,0
Qto=0.0
nli=0.0
nl2s040
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SUBROUTINE NONDIM(BB,AGT,RHO,WL,8,0,F,CSZ, TEMPA, TCMPR)

REAL KIP ,K1Q »KIW ,KIUPPKLIDUW,KEOW,MLP
MIDQ,MIDA,
K2P s K2Q oKW oKSDP,K2DQ, K2DW, NZP
N2LQ@IN2D Ay
K3P ,K3R »K3VY ,K30P,K30R,K30V,N3P
N3DR,N3DY,
K4P sK4R K4V 'K‘.DP'KQ‘)R'K“DV'”I‘P
MUDR, MODV,
Le L3 fL8 SLS

MiQ
P N2Q
¢t N3R

s MAR

NIMENSLION BCL),0(L),FCL1),CSZ (L), TEMPACL),TEMPR(Y)
CcOMMON /INTCGL, B2L,B3F1,B2F21,R2CSZI,BFCS2Y,B2DDFI,BFDDFI,
An21,D2F1/D2CSLT,DCS221,N2NDFT,DFCSZL,NFDOF [,D2F21,0CZDFT
COMMUN /NDp/ DYP,DYQ,DYR,DYV,DYADYDP,DYDR,DYDR,DYDV,DYDN,

P MINW
o NOW
P N3V

P MUV

'"‘DPI
s N2DP,
' N3IDP,

s MUDP,

NZP,0ZQ,0ND2K,0ZV,DZAsDZDP,DZDE,DZOR,DLDOV,DZDW,
PKP,DKQeOKR, DKV, DKW, DKDP ,DKDO, DRDR »DKLY ,DKDW,
DMR,DMQ, DMR, DMV , DMW, DMDP , DMDG, DMDR, OMDV , DMOW,
PNP,DNQ,DNR,DNV ,DNW,DNDP,DNCQ,DNDR,DNDV , DNOW

pI=3.1415927

AKY=),

AKZ=1.

H= 0.25#PIaRHO

cl=H

c2= Cl*ARy

c3= H

c4s C3%AKZ
L2S 0.SARHOAWLAAD
L33 La2xnwl
L4= L3anL
L5= LaxwL
Z71DW= =B2IaCl
zDP=BB*L1pW
710 S(B1)A*2AF (L) IXCLXTEMPR(L)
71lDQ= B2kFIxCL
ZINS =8 (1) a*22CLATEMPR(])
z(P = BB*Z[V{
MLDW= B2F 1l
MLOP= BBAM|OW
ML =(=BU1)2X2xF (1) 2x24TEMPR(1)=B2FI)*C1
MDAz =B2Fo12L]
Miw = (BUL)*x22F (1)ATLEMPR(L)4B21)ACH
MLP = bHAM|W
KLDN= BB*Z|Dw
x loP= Bh*Z|DP
S BH*Z )14
k lDQ= vB*Z)0u
= HBAZ W
= BH*Z)P
yanDwWws =B21xC2
Y20P= BB*YDDW
= (BOL)*22xF (1) )XC22TEMPR(1)
= B2F[aC2
yoWw = =H(1)*X2ACOATEMPR(1)
S bBBAYDW
NoDW= =B2F 1#C2
N2DP= BE*NDOOW
(Yiede] (BUL)*422F (L) #2224 TEMPR(LI*BCFI) AL
N2D0O= BRF2TA(Q2
N2W = (=8 () *a2xF ()2 TEMPR(T1)=821)2C2
M2P = BBANDW
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pYV

pYDP
nvD8
nYDR
pYbLV
pYOW
nZP
nZU
nZR
nZv
niw
nZLP
nZ00
pZ0R

B2CSZT2L2=HETAY20NW

= UBXRDOW=HGTAY20P

(=B )*A2AF(1)ACSZ(1)ATEMPR(L)=BFODFI)*C2=HGTAY20
=bFCSLLAC2=HGTAY2DQ
(BUL)A*2aCSZ(1)*TEMPR(1)+B2ODFI)AC=HGTAY2W
BBAKDA=HGTAY2P

=D2IxC3

(=D(p)2224F (1)) *CIATEMPA(L)

=N3F1*C3

L2CSZI#L3

=N(1)**22CIrTEMPA(L)
(DC1)*224CSZ(1)*TEMPA(1)+D2INDFI)AC3

=N2Fy*C3

(=D(jI*A22F (1) A*2xTEMPA(1)=N2F1)AC3

=D2F21*L3

DFCSz1*L3y

(=DCL)**2AF (1)XTEMPA(]1)=D21)%C3

(DCLYXX2xF (1)XCSZCL)*TEMPA(L)+D2CSZI+DFDVUFI)I*C3
DRCSZ2IX(3=Y3IDVAHGT

(DCL)Y**2xF (1) 2CSZ (1) *TEMPACL)+DFDDF1)2C3=-YIZRAHGT
DFCSZI*(3=YIDRAHGT

=NCS72TACI=Y3DPAHGT
(DCL)*x2xCSZ(1)RTEMPA(L)+D2DDFI)AC3=YIVAHGT
CoD(I2RDACSL(1)XA2XTEMPA(L) =2, 2DCZUF 1) *C3=Y3IPAMGT
=D214C4

(=D ) *224F (1)) *CUA4XTEMPA(L)

= =D2F1*C4

D2CszI*Ly

=DUL)*222CHXTEMPA(L)
(DUL)#222CSZ(1)*TEMPA(1)+D2DDF)AC4
D2aF1aC4
(DCLY*#*2aF (L) %A 2ATEMPA (L) +D2FI) L4
DarF21*CYy

«DFCsZiach

(DLL)**2x FOL)XTEMPACL)+D21)%CH .
(=D([)XXDACSZ(1)XF (L) XTEMPA(L)~D2CSZ=DFOOrI)ACH
BB*Z/DV

BBAZ4R

BB*Z/0R

BE*Z /0P

(YD2P+Y3P) /L3
Yaa/Ll
YIR/LS
Yiv/L2
Yew/L2
(Y2UP+Y30P) /LAY
Yapu/Ln
Y30R/ZLO
Y30vV/L3
Ya0n/L3
LZ1P+Z4P) /L3
Lin/Ls
LuR/Ly
Lay/LR
Liw/LR
(ZIDP4ZunP) /LG
Z10a/LY
YA ULTAR
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p2DV = Znaov/L L3
. NZOW = 210W/L3
[ pKP = (K)P+KQP+K3P+KUP) /LY
£ nKa@ = (Ki3+K23) /L4
F1 oKR = (K3REKAR) /L4
DKV = LKZV4eKAV)/L3
DKW = (KIWK2W)/L3
PKDP  =(K|DF+K2DP+K3DP+K4DP) /LS
! pkDQ  =(K]DU+K2DA) /LS
i pKDR = (K3DR4+KADR) /LS
, OKDY = (KSDV+KADV)/L4
i PKOW = (KLDW4+K2DW) /L4
pMP = (MF+MaP) /LA
A pME = Mig/LY
DMR = MaR/L4
1 pMV = May/L3
g pMW = MIw/L3
! pMOP = (MLDP+MUDP) /LS
| pMDA = MIDO/LS
pMDR = MADR/LS
pMOV = MADV/LA
NMOW = MIDw/LAG
nNP = (N2P#N3ZP) /LG
pN@ = N2g/La
ONR = N3R/LA
DNV 3 N3y/L3
DNW = N2w/L3
‘ DNOP = (N2DP#N3DP) /L5
nNDQ = N2DLQ/LS
ONDR = N3ZDR/LS
{ ANDV = NBOV/LN
PNOW = NPDW/LU

NYASDYUSDZY=0ZP=DZR=VUKW=DKG=PMV=DOMPINMR=DNW=DNQ=0,
pYDW=DYDUW=pZLV=DZDOP=DZDR=DKDPWSDKLA=NMDVEDMDP=DMDK=DONDW=DNDQ=0.
nYV=2.*DYV .
i PYP=2.ADYP
i PYR=2.XDYR i
| NIN=2.%DLA
‘ n2GQ=2.%0LQ
E DKVSZXDRY
NKP=2 . XDKP
NKR=2.*DRR
NMAS2 . XDMW
B pMas2.%NMO
PNVE2.ADNY
DNP=2. XDNP
NNR=Q . *DNK
NYOV=CexYDV
nYDP=2.xYnP
pYDR=2 . *#DYDR
NIZDW=2 . 2DZpW
0ZDR=2.20/p0
NKDV=C o *DKDY
PKDP=2 *DKDP
NKDOR=C (*UKNDR
o D PETE D EA, [T
F pMLO=C *NMDA
PNDVEZ L ADNDY
PNUP=2 o xNDP
PNOR=Z . *NDR

RRSTI T

o T

S

T YT
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RETURN
END
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SUBROUTINE GLOCAA,BR,CC,DD,WL,NST, THI,KFO,F0)

NIMENSLON RC2Y),CS2(25),F(25),6(25),S(25),DF (25),0F2(25),DF3(25),
AnCSZ(29) s DCSL2(25),DCSL3(25),0CS2F (25) ,DCSZF2(25),0CSZ2F (25)
*,0029)

COMMON /ABC/ DRAFT(25)

COMMON /CDEZ DRISE(25),ENTRCE(23),CHINE(23%) ,HSPRAY (23)

COMMUN /GEAMM/NSA(25) 2 a1(25,29)»n2(25,25),D1(2%,25)

COMMUN /GES/Z RSA(25),DLEL1,DELZ2,NL,NR

COMMON /U7 GT(25)+51(2%),S1(2%),PHUC2%), TDRAF (25)

COMMON/X/ TSLLYZ5),DI(2%) ,DFT(25),OF2ICL5),LF31(2%),0CI(25),
*pC2L(T5)/DCIT(25)»OCF 1(25),DCF2ICCS),DC2FL(25),B3BL(25),)XSH(25)

STATEMENT FUNLYION FOR TRAPEZOIDAL INTEGRAT1ON

TRAP(HeY1,Y2)Z054HX(Y+Y2)

STATUMENT FUNCTION FOR LINEAR INTERPOLATION

STATL(X X2, X1sY2,Y1ISY14(X=X1)A(Y2=Y1)/(X2=X1}
CONSTANTS

wLo=WLAnl

WLI=ALO*WL

whLa4=nwlo=n

WLSSWLA*n

RSTART=8Y

CSTART=CC
nTR=3.1415927/180.
PHIZ=2.*DTR
NELTA=SL*DTR

ph 999 K=1,5

RB=USTART

CC=CSTART
PrRI=PHLIL=(K=1)2DCLTA .
PHO(K)=PH]
CCHECK=CSTART=BBAPHI
pHIO=CSTART/BH
CALCULATL pRAFY AND CC

FONI)SXSA(NL) XxWL=AA

NINI)ISCL=HSWINL) =THTXF(NL)+BBAPHI

nfl 9 M=L,NST

FC=CSTART

FIM)SXSw(M)rnwl =Ap

PIMIZCCHNSWIM)  ~THTXF (M) +hBAPHI

IFLOCL)aLE, 0eU) D(M)==THTA XSA(M)AAL+HESW(1)=HSW(M) +UBBAPHI
TFLOCL) GLC,04)CL==AAXTHTIHSH (1) +H3APHI

TFOMNL) el a0a)OCH)STHTACXSH(NLI)=XSWIMIIAWL+HSW(NL)=HSK(M) +BB*PHI
IF(D(NL)aLEeVL0) CC=(XSWINL)AWL=AA)XTHT +RHBAPHI
TFNCL)AGT 0.0 ,AND,D(NL) LGT,0,0) CC=CUL+BUAPHI
[FADCL) Q6T 040, ANDLDINL) oGT 000 AND  THT.E0e0404ANDJCCHECKLEL0L0)
ACCSPHIUABRALSTART#(PHI=PHIU) 248K

TFLDCH) JLL,060) D(M)=0,0

TFAKLENLE) DRAF T (M)=D(M)

IFUR.ELLS) CCu=CC

CALCULATL GIRDLR AND CROSS SIECTIUNAL AREA

=M




pRFT=D(M)
cSZ(1)=0.0
R(I)=0.0
4 aCId=wi(l, ()¢nW2(1,1)
k-1 g(I1=0.0
{ TEMPL=0,
\ DF(L)=°.
| nF2(1)=0.
| nF3(5)=0.
! y)CSl(l)=(_l.
pcsZaf)=o,
; pCSZ3(L)=n,
pesSLrcr)=o,
nCsSLre(I)=ya
nCSZ2fF(ll=y.
JISNSN(I)
xL1=0
p0 8 J=2,3J
pb2=L1(I )
RDL=01(IrJ=1l)
ryi2=wl(Il,J)
pWllswi(l,J=1)
pra2=we(l, )
pw2l=wa (I, g=1)
{FLORFT «Lf.0.0) CO TO 9
IFLDRF I «GE.LLC(L,J)) GO TO 7
RW12=STAIE(DRFT ,RD2,1V1,RA12,RnLY)
RW22=SIATLL(DRFY ,RD2,RD1,Rn22,RW21)
kLi=t
| RDA=URET
] 7 pELD=RD2=Rpl
pELD2SVELDADELD
WwlDERAL2=RuIL
WODSRN2=R w21
PELSZ0S*0ELDX(RWLI24RWLI1+RWI2+RW2Y) .
NELGLI=SERT (wIDxND+OLLDR)
NDELG2=SURT (w2DAW2D+0OLLD2)
PELG=DLLGL40ILG2
a(I)=RWLC+RN2
aJMl=RWII+RW2]
T02=D (L) =kp2 .
SMUMS(T024y.5*DELD) *BIMIADELD+ (TD2+DELD/3,)#0,54DCLOA(WI0+W2D)
TEMP L= ICMP | +SMOM
5(1)=SC1)+plLS
3 gC(I1=6(I)+nlfLG
. cSZ(L)=TLMPL/S(I)
: TFUKLL1.CW, 1) GO TO 12
8 CNNTINUC
" 12 TFUK.NEL3) GU TO 9
pFLL)=DCI)ak L I)
pF2CLI=DF (T AF (1)
NF3CLIEDF2¢I)AFCT)
i PARMZCSZ(T)+DN=0C(])
NCSZCL)=U(T)*PARM
! NCSZ2(I)=DCSZ(T)IAPARM 3
P NCSZH5CLISNDESZ2(L)APARNM i
i PCSLFCL)ED(T) AT (1) APARM :
PESLF2(T)=pCSLr (1) xF (L)
NCSZ2F (1) =pLSZF (1) APARM
9 cONTLNUE

T
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INTEGRATES FUR WCTTED SURFACE ARCA ANC OISPLACEMENT

Ql=0,0
: n2=0.0
{ NSTI=NST=1
x IF(NL.NC.NSTT) GO TO 10O
N[:Nl#l
g TO 1t
10 cALL SIMPSD  (N2,DLL2,S(N1),qQl)
CALL SIMPSp (N2,DEL2,G(NL1),Q2)
11 cALL SIMPSn  (N1,DEL1,S(1),R1)
CALL SIMPSn  (N1,DEL1/G(1),R2)
SI(KI=SC(Al+RLD /WL
cI(K)=(G2+R2I /WL
sLLK)=S(1)/nL2
TORAF(K)=0(Ll) /WL
IF(K.NCL3) GU YO 999
plti)=u,
pFIC1)=0.
pFa1(l)=e,
pF3I(1)=0,
pCIC1)=0,
pC31(1)=0,
DC"I(I)=“-
pCF2L(1)=0
pC2FL(L1)=0,
RIBIC(1)=G,
FO=CSZ(KFO) +0D=D(KFO)
n0 1 I=2sNgT
HEXSW(L)=XsA([=1)
H=HAWL
AL=TRAP(R,D(D),D(I=1))
A2STRAP(H,DFLI),DF (I=1))
AT=TRAP(H,nf 2(1),0F2(1~1))
AUSTRAP(H,DFS(1),DF35(1~1))
ASSTRAP(H,p(L) ,B(J=1))
AGSTRAP(h,nLSZ2(1),DC522(I~1))
A7=TRAP(H,pCSZ(1),00SL(1=1))
A8=TRAP(H,nCSZF(1),DCSZF(I~1))
AV=STRAP(H,pDCSLr2(1),0CSZF2(1=1))
ALO=IRAP(H,DCS23(1),DRSZ5(L=]1))
ALI=TRAPUH, DCSZ2F () ,DCSZ2F(f=1))
DICI)IZUTCTIal)+AL/AL2
DFICLI=EDFI(I=1)4A2/WL3
PF2LCT)=NFRIL[=)) FAZ/ WL A
AFSLUTI)=RF5TLL=f ) +A4/ALS
NCLOAI=DLI(L=L)+AT/WL3
PC2LCII=DC2TILI=l)+AL/414A
DELCII=CSILI=1) FALO/Z LS
NCFICI)SNCFILI=1)rA8/nLY
NDCFRLCL)=DCFRLCL=1) #A9/ML5S
NC2FICLI=NC2I I(I=1)+ALL/WLS i
) RIBICIISBIRI[=]) +BRXALXAS /WS s
1 cNNTINUE
999 ¢ONTINUE
cc=ccou
RETURN
END

R
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SUBROUTINE F IN(SX,SY,SK,SN,CRsCT,S,UMEGA)

COMMUN /ALL/ AR,CBAR,COSU,NE,SINO,U2

COHMUN /8/ Pl‘i,RgX,YV",U}V,N,P"!ITH"PSX

COMMUN /FCGUF/ FYNCL,FINYV,FINYR,FINKV,FINKR,FINNV,FINNR
COMMON /FINVUR/ A,BBP,DELI,TCBAR,XFN,DDP

COMMON /INy AA,AIX,A[Z,AM,BB,C8,0UMMY,DIR,DXDU,F0O,G,NST,NVAL,
*p[,RHUISP,UUs WL, XLG, XFG,COLL,CDNN,FROUDE,CC,LL,ANU,ALUD,CLD
CcOMMON /LIFT/ LTA(30),CLLFI,GAMMA, XLANM

COMMON /1VeL/ XARM,2ZARM,BACE, YARM(4) pUELJET(Y) ,KMCP(4) ,NJET
”‘_=Uii:_‘

IFLSXJNCa0 ,0) GO TO S

NESTL

cLIFT=0.2xp1

SING=S[N(OMEGA)

cNSUSCUS (OMIEGA)

TCHAR=0,]

CBAR=(CR+CTI/2

A=CBAR%S

ARSS*#2/A

xLAM=CT/CR

GAMMASATAN(O¢7SACRR(1.=XLAM)/S)

RAP=BB=S*35NU/2,

POP=DD+S*CASU/ 2, +BACE

XFNS=(XLG=CBAR/(2.%xAWL))

PEL=S/(NL=})

NELI=Sl./(NE=L)

ETA(L)=0.0

p0 4 I=2/Ng

FTACI)SCIACI=1)+DEL

yORX=0.0

vORY=0.0

VORK=0,0

vORN=0.0

cALL FINCOF(CR,CT,S5,0MLEGA)

TFUTHTLGL.y.U) GO TO 10 .
RETAS=(V+XFG*R) /Y

CALL VURTEX(VURX,VNRY,VORK,VORN,BETA ,CR,CT,S,UMEGA)
FBETA==(V+xFNXR)ACQSU/U

RNSUXCBAR/ANUASP

CF=0.004/(RN2%),10666) i
CNE0.15*PTXTLBARAAR

NRAG=(CN+2 ACF+(FYNCLAFBETA) 242/ (PIXAR) ) AA/WLA*22xUQ
FINXS=Q ,*DRAC

SX=FINX+VORX

SYS(FINYVAV+FINYRAR) AU+ VORY
SK=(FINKVAV4F [NKRAR) AU+ VORK
SNE(FINNYAVIF INNRAR) *U+VURN

RETURN

END

R
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SUBROUTINE FINCOF(CR,CY,S,UMEGA) ]
cOMMON /ALL/ AR,CRAR,CUSO,NE,SINO,U2
CUMMON /B/ PpQ,R, X, YYsZpUpVynoPHI,THT,PSI
E COMMUN /ZFCOCF/ FYNCL)FINYV,F INYR,FINKV,F INKR,F INNV,FINNR
B 1 CAMMON /FTNVUR/ A,BRP,DELL, TCBAR,XFN,DDP
cOMMON /ZIN/ AA,AIX,AT1Z,AM,BH,CB,CF,DTR,OXDU,FU,G,NST,NVAL,
‘ ip[,RHu'S?,UD)WL;XLG;XFG;CDLL,CUNN,FRUUUE:CC:DD:ANU:ALUD;CLD
TVOR=0
CALL LIFTC(0apCL,CL,CR,CT»S,OMEGA, IVUR)
FYNCL=CL
i FBC=CUS0/ZUN
B | FINLVZCL*A/WLAx2AUO*%22FBC
FINLR=FINLVAXFNn
! SFV=FINLVACOSO
{ SFR=FINLKA(¢0SO

T

yFV=SFINLYASINGD

- VFR=FINLRASTINO

E FINYVE=2,45FV

FINYR==2.4SFR

FINKVS=2.4VF VARBP/WL+2 . *SFVXDDP/ WL
FINKRS=2 o AVFRABBP/ WL+, 2SFRADDP /WL
: FINNVEF INYYAXFN

: FINNR=FINYRAXFN

RETURN

L END
; vv
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SUBRQUTINE LTIF1C(BETA,CL,CLR,CR,CT,S,0MEGA,IVOR)

DIMENSIUN (LC(30),CLLR(30)

Cc(MMUN /ZALL/ AR,CBAR,COSO,NE,SIND,U2

COMMON /B/ PoW,RyXpYTpZ,UsV,DUMPHL, THT,PST

COMMON /FINVUR/ A,BRP,OCLLI,TCBAR,XFN,DOP

CUMMON /LIFT/ LTAC30),CLLIFT,GAMMA,XLAM

CUMMUN /1N/ AA,AIX;AIZ.AMpBH,CB:CF,DIH,DXDU,FU,G,NST,NVAL;
*PI!RHUOSP;UU:*LrXLG'XFGpCDLL,CDNNIFRUUDEICC:DU'ANUJALUD'CLD
w=0,0

WwP=0,0

ALPHA=L U

ALPHAR=1.

p0 40 L=1,NC

IFULLVOGR LA, 0) 6O TQ 20

IF(BLTAEG,0,0) GO TU 19

CALCULATE SIDEWALL PARAMETERS

SINT=SINCTHT)

DT=CCrAAXSINT

DF=CC=(WL=AA) ASINT ¢
D:DF

IFLDT.GES0,0) GO TO 10

DE=WLASINT c
DT=°.°

DZ:O’*;’!

CALCULATE LIFT ON SIDEWALL
XLIFTSCLIFT#U24D2+BETA c
CALCULATE yORTEX STRENGTH AND POUSTTION

SINBESINCATANCBETA)) g
H=0,25%P 1lap ;
GRKEXLIFT/ (U*H)

yYLSSINB*WL i
Y2ZETA(L) S INO

v:Ylsz ;

yP=Yl=Y2

cl=ETALL)ACLSO

c&:H'cl‘Ut

Co=H+ClenT

RUSSORT(C2x22+4Y442)

RIPSSURTLCO*%24YP4AR2)

ALSGRA/ (2, 2P T#R1)

OIP=GRK/ (2 *PIxR{P)

TF(YLEULU,0) XMUL=PT*Y,S

TFLYEW.L,9) GO TO 22

YMULISATANCABS(C2/Y))

WISGIASIN(XMUL=0OMIIGA)

TFLYPLEQ.0,0) XMULS=P[#0.5

TFLYP.LG.0,0) GU TO 23

xMUL=ATAN(ABS(C2/YPR))

WIPSQLIPASTM (XMl =0MFGA)

SIDEWASH CALCULATION FOR IMAGLE VOURTLX

RISSERT(L 52224 y42D)
RAPSSUKT(LGXA24YPRRQ)




e —
cc

2= GRR/ (2, *PIxR2)
NAP=GRAR/ (2 *PIAR2P)
IFLY.CU,U,0) XMUR=PI*0,S
1FLYL.EQ.ten) GO TO 11
XMUSATAN(ABS(C3/Y))

11 w2=Q2ASIN(XMU2+UMIGA)
TFLYP.LB.0,0) XMUP=PT20,5
IFLYP.LRe0,0) G TO 12
XMU=ATAN(AUS(C3/YP))

12 WAP=QCP2SIN(XMU2+UMEGA)
WEW] +Ha
wPSWIP+W2P

19 aALPHAS=wP/y
ALPHARS=n/y

CALCULATE FORCE ON FINS

20 CETASCR=CRaFTA(LIA(1.=XLAM)/S
CLOR= AR/ (2.+AR)IAD 2P [*ALPHAR
cLO = ARZ(Q.+AR)AD %P LxALPHA
CLCR  (L)=05%(CCTA/CHARYE(4,/PI)ASORT(L1=(ETA(L)/S)2%2))
* =(L.=CTACL)/S)*(Uex(1e=COS(GAMMA))))ACLOR
cLcC (L)=9aO2(CCTA/CBARTC (4, /FI)ASURT (L=(ETACL)/S)A%2))
* =(l.=CTA(L)/SI*(4ex(1la=COS(GAHMA}IIIRCLO
40 cONTINUC
CALL SIMPSH(NE,DELL,CLC 'CL)
CALL SIMPSO(NL,0CLL,CLCR ,CLR)
RETURN
END
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SUBROUTINE VURTEX(SX,SY,SK,SN,BLTA,CR,CT,S, UHEGA)

COMMON /ALL/Z AR,CBAR,COSO,NE,SINONUR

COMMUN /FINVUR, A, uRP,DELI, TCBAR,XFN,DDP

COMMON /UIN/ AA,ALX,A(L,AM,BB,CB,CF,DIR,DXDU,FU,G,NST, NVAL'
*PI:RHU.SP'UUrNL:XLG XFG,COLL,CONN, FRUUVDE ,CC,DD,ANU,ALUD,CLD
1vOR=1

CALL LIFIC(BETA,CL,CLR,CR)CT,S,UMEGA, IVOR)
FINLR=CLRAA/WL 22 0a Y2
FINLSCL*A/wlL 222442
DRAGR=CLRAXC/(PIAAR) XA/ WLA%2a12
DRAGSLL2%22/ (PIAAR) XA/ WL AR *UQ
SFR=FINLR2CUSO

SF=FINL*COSU

§X==(DRAG+DRAGR)
VFREFINLRASING

VFS=FINLXSINU

SYSSF+5FR
SN=SYAXFN+(DRAGR=DRAG) *BBP/ WL
SKS(VFR=VF)*BBP/WL=SY*DDP/WL
RETURN

END

vv
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SUBROUTINE DURIVE(T,N,Y,YP)
REAL KC,MC,NC

AIMENSIUN AC0,5),B(5)
DIMENSLON ALCY,3),B1(3)
DIMENSION Y(12),YP(12)

COMMUN

/A/ PLOY,QDOT,ROOT,PHIDOT, THTNDOT,PSIDOT,UDOT,VDOT,w0OT,

xyDUT,YDOU,2ZDUT

cOMMON
¢ OMMON
cOMMON

% % ¥

cOMMON

XnELTAY,

/ABC/ DRAFT(2S) ,WEIGHT,DUMMIE (5), THETA

/87 PyQ,R, Xy YYsZ,UrVyw,PHI, THI,PST

/NDD/ DYP,DYG,DYR,DYV,DYW,DYDP,DYDQA,DYOR,DYDV,DYDW,
NZP,DZN,02ZR,DLV,0DIN,DZLDP,DLZDE,DLDR,0ZDV,DZDN,
NPKP,DKQB,sDKRy UKV, DKW, DKDP,DKDU,NKDIR, DKDV,DKDW,
NMP ,DMB,DMRy UMV, DMA, DMDP , DFEDW, DMDIK, DMOV , DMD W,
MNP ,DNQ,UNR, DtV ,DNWyONDP, ONDG, ONDK, DNUV ,DNDW

/NERV/ NKpDELTA,FX,FY, FK,FN,XUUELU,ORAGY ,DRAGN,

DELTAN,ODRACK,BETAR,DFTH,OELTAX,DELTAK,DFTHI, THRATE

* DELP,DELS,kPM,IFOLIL,IFIN

cOMMON
CDHMUN

/FOYL/ CrALFA»GAMA,XF
/IN/ AA,ATX,ATZ,AM,BB,CB,CF,DTR,DXDU,FO,G,NST,NVAL,

ApI,RHO,SP,yUr WL s XLG, XFG,CDLL ,CONN,FROUDE,CC»LD,ANU,ALUD,CLD
*,NO/NGySPTURN, IPLOT, TPT,ALY

COMMON
cNMMUN
cOHNUN

/PRES/ CDIS,RHUWA,PHIN,PHIL1,ATH,PMAX,AC,DEM
/IEMP/ SX,SY,SK,SN
/TEMPL/ (HIGH,TLOW,SHTPDG,TOTLNG,TX

COMMON/Y/ DNPHI,OKPHT,DYPHI,DCLN/DELK,DELY

¢ OMMON
cOMMUN
COMMUN
cOMMUN
cOMMON
CcOMMON
cOMMON
cOMMON
COMMON
u=y(l)
y=Y(2)
w=Y(3)
p=Y(4)
n=Y(Y)
R=Y(0)
Xx=Y(7)

yY=Y(8)

7Y (9

/INDER/ CR,CT,5,0MEGA

/]VcC/ XARM,ZARM,BACE,YARM(4) ,DELJET(4) ,RMCP(4) NJET
/NAV/ DWET ,WAMP, wPER,CLEL,CAY, IBUG,F (25),BETA

/WGT/ BUUYAN, INWGT,WMQO, WX

/VLDUT/ VOLDOY

/VOLN/Z yOLP

/TUVK/ PWM,PwZ,)PMC,PZCsPSLZ,PSLM

/PScAL/ THIB, THTYS

/FLnw/ PC,QF,Q0,V0UTP,AQP, AT

PHI=Y(10)

THT=Y(L1)

pSI=Y(12)

RETAR==ATAN(LV=XLCAR)/U)

rALL DRAGL(DRAGY,CRAGK,DRAGN,P,R,V)

tF(T.EQ.G,)
*cALL AUXILY(PRTI,UsXUDELU,DONPHIF,DKPHIF)
TFUIFINGNE ,0) CALL FTIN(SAsSY,SKsSN,CR,LT,S,UMEGA)
cALL THIUST(U)YHT,DFTH, TXs TY,TKs TN, SHIPDG, TOTLDG)

ARWALL=E

QeACC /v

FCUEF=0,.9
COLI=2.2 (L, SXVYVAVAU) %2/ (PLAARWALL*#ELUEF)

CALCULATE ybuT,vDuUT,WUT,PROT,aNUT,RDUT

All,1)=

AM=DYDY
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AC1,2)==DYDW
Al1,3)==Dypk
A(l,4)==b¥Ypa
A(1,S)==DYpR
A(2,1)==0ZnV
A(2,2)=AM=pZDW
A(2,3)==0ZpF
A(2,4)==D2DC
A(2,5)==DZpR
A(S,1)==DKpV
A(3,2)==DKpwW
A(3,3)=AlX=DKDP
A(5,4)3=DKDO
A(3,5)==0KDR
A(4,1)==DMpV
A(4,2)==DMpN
4 (4,3)3=0MpP
A(4,4)=A1Y=-DMDQ
A(4,5)3=DMpR
A(S,1)S=0NDV
4(S5,2)==DNph
A(S,3)==DNDP
A(S,4)==DNpG
A(S,»S)=A1Z-DNDR

CALL LINVEL(FXLV,FYLV,FZLV,FKLV/FMLVFNLV)
CALL INCRTTACFXIC,FYIC,FZIC,FKIC,FMIC,FNIC)

§2=0,
sM=0,

SET THRUST CGUUAL TO SHIP DRAG AT T=0,

TFUT.EWLG) TXO=GHIPOG=5X
TX=TXU

T2=0,

™=0,

nRAGZ=0,

pRAGM=0,

NXPHIF=0,

[\YPHIF=°-

niPHIF=0.

PMPHIF=0.
PRAGX=XUDRELU~SHIPODG

CALL SCAWAV(WX, AY, WZ,)AK, WM, WN,VOL,AQ,Y,T)

CALL ORAGV (DZ2,DMP,DK2,F,W,0,2)
CALL DRAGV (VLI ,DM3,0K3,F,n,3,3)
nNZ=0Z2+¢NL?

AMSDHZ+NM3

NKEDK2+DK3

yOLP=vUL

cALL PRESS(T,»Y,VOL,AU,XC,YC,2C,KC,MC,NC)

PAMSWMADEMANL /2240,
PWZ=WRLXDEM/2240 .
PMC=MCADEMARL/2240,
pZCSZCADEM/E200 .

g0W SZAL FORCES AND MUMENTS WITH ROLL MOMENT

HEV=SY (9) 2w
MI=1

TESTB=AMIN | (CLUTYA/DTR+.0001,180,)
TF(BLTALEN 0., UR, TLSTB.EQ.1804) NISU

NELSL=d.*RB/NI
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XSLEXFG#*nL
ySL==(BB+0 5*DLLSL)
Z5L=DD=CL
RONZ=BUWK=BOnM=G,
STNZ=S INN=STNR=0,
PCGAGE=PC~ATM
‘ IF (PCGAGL,LTL0,) GO TU 3
’ p0 1 II=3,NI
ySL=YSL+UELSL
CALL SWAVE(XSL,YSL,ZSL,Y,T,ETASL)
nBOW=ETASL
1FL0BUN.LE,0.) GO TO 1
WwBUW=DUON/SINCYHTB)
NELZ==0CLSLXWBOWAPCGAGEXCOS(THTA)
aOwZanuwlenti’L2
p ARMX=XSL
ARMY=YSL
ROWMSBUNM=DL LZAARMX
ROWK=BUWK+DLLZXARMY
1 CONTINUE

STERN SCAL FURCES AND MOMENTS WITH ROLL MOMENT

-0

XSLI=XLG*w|_

ySL==(BB+0 5*4DELSL)

pC 2 II=1,NI

E ySL=YSL+UELSL

CALL SWAVE(XSL,YSL,ZSL,Y,T,ETASL)
NSTN=ETASL

tFLDSTN,LE,0.) GO TO 2
WSTN=DSTN/SIN(THTS)

HYDROU=U ,5ARHUXGADSTN
NELZ==DELSLAnSTNAPCGAGE*COS(THTS)
gINZ=SINL+DILZ

ARMX=XSL

ARMY=YSL

STNM=S [NM=DFLZAARMX |
STNK=SINK+DILZAARMY

cONT LNUE

CONTINUE

pPSLL=BUWZ+STNZ
pSLL=PSLL/ 2240,
pPSLM=BUAMeSTNM
pSLM=PSLM/ D240,
sLZ=(BUNL+STNZ)Y/DCM
SLK=(bUKK+STNK)/DEM/ WL
sLM=(BUWM+STHM) /DEM/ WL
WZSWI+SLL

WKSWK+SLK

WMSWM+SLM
XWGT=WCIGHTASINC(THT) Z0LEM
ZAGT=aLIGHT2COS(THT ) /0EM
EXSaAMA(UAW=rRAYV) 4 XLV+SX+FEXTICHTXTORAGX+OXPHIF=CDL+wWX=XWGT+XC
FYS@AMX(RA(I=PXN) bFYLY*SY+FYICH+TY+DRAGY+OYPHLF+nY4YC
FZS=AMA(PAY~ux) #FILV+SZ+FLICHTLZMORAGZADZPHIF+RZ4ZWGT+2C+02Z
FRE«C(ALZ=ATY)AOQARIFKLVESKAFRTCHIR$DRAGKHORPHIF+WKEKC+UR
FMSm(AIX=ATZ) ARAPIFMLVESMEFMTCHTIMAORAGMFDMPHLE +wM+MC+0OM
FHS=(ALIY=ATX) APAQH+FNLVESNEFNICH+TN+DRAGNHDNPHIF+WNENC

R(1)=FY
R(2)=FL

vine
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R(3)=FK

R(4)=FM

R(S)=FN

NEQ=S

cALL COMB(A,NCQroeB,1+,MER/DET)
WOUT=FX/ (AM=DXDU)
yO0T=8(1)
whUT=8(2J
pLOT=B(3)
nh0T=8(4)
rOOT=8(5)
yPL1)=UDOT
yPL2)=VDUT
yPL3)=wlUT
yPL4)=PDUT
¥P(5)=GbUT
YPLG)=RDUT

CALCULATE xDOT,YDOT,Z00T

cOSTH=COS(THT)

SINTHSSIN(THT)

cNSPHI=CUS (PHI)

SINPHI=SIN(PHI)

cOSPSI=CUS(PSI)

SINPSI=SIN(PSI)

xDOT= U*COSTHACUSPST+VA(SINTHASINPHIACUSPSI=CUSPHI*SINPSI)+
Awx (SINTHXCOSPNIACUSPSI+SINPHIASINPST)

yOUT= U*COSTHASINPSI+VA(SINTHXSINPHIASINPS[+COSPHI*COSPSI)+
AWk LSINIHACOSPHTIASINPSL=SINPHTACUSPSI)
Z00T==U*SINTHAYACOSTHA*SIMNPHI+WACOSTHACUSPH]I

yPLT)=XDUT

yPLB)=YDUT

yP(9)=4DUT

CALCULATE pHIPOT, THTDUT,PSIOQY

altl,1)=1,

attl,2)=6,

AlLUL,3)==SINTH

All2,1)=4,

altl2,2)=C0sPHT
All2,3)=CusThaSIMPHE

Alid1)=6,

ALL3,2)==STNPHT
ALL3,35)=C0STHRCOSPHT

glti)=pP

AlL2)=4

gli3)=R

NEGS3

rALL COMB(AL/NEO,8,81,1,NER,DET)
yPLIO)=B1C())

yPLIL)=BI(Q)

yPLI2)=B1(3)

IFLKP.LGet) KP=u

RETURN
EgND
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SUHRDU‘INE DRAG(DYpDKlDN'PpR,V)

COMMON /1My AALATIX)ATL,AM,BB,C8,CF,DIR,DXDU,FU,G,NST,NVAL,
*pIsRHO,SF, UV WL o XLG, XFG,CDLL,CONN

COMMON/ZX/Z [SULT(29),00(25),DFI(25),NDFRT(25),DF31(25),0C1{2%),
ApCRI(25)rDC31(25)/ONFIL2S) ,DCFRIC2S) P LL2FT(25) 1 B3BL(25)XSH(25)
COMMUON /Z/ AR, ARL,ARL2,ARLZ, ARF ,ARF2,ARF3, ARFL,ARFL2,AKRF2L,B38
pPASPAP

RAZRAR

vasVayY

RPOsR*P22

yP2=vapx2,

VRA=VAR22

VOSV=FU*P/uL

ANE=SIGNCL ,0,V0)

1FIR.EU.V,)GU TU 7

x0==VU/R

CONTINUC

AREA=DL(NST)

AREALSOFI(NST)

AREALRZ=DF2T(NST)

AREAL3=NDF3T(NSY)

AREAF=DCI(NST)

AREAF2=DC2T(NST)

AREAF3=0C371(NSY)

AREAFL=DCFTI(NST)

AFL2=DCFRI(NST)

AF2L=DC2FI(NST)
NYS=COLLA(Y2XAREA+R2AAREAL2+P2XAREAF2+VRUXAREAL=RP2AAREAFL=
*yP2xARLAF)
ONS=CULL*(VEXAREAL#RC*AREALI+POAAFZL+VR2AAREALQ=RP2AAFL2=
AyP2XARLAFL)
nK=CDLL*(V2*ARLAF9R21AFL2+P2aARLAF3fVRJ*AREAFL-RPQ*AFEL-
AyP2XARLAR2)
PKV==CONNARSBI(NSTI*P*ABS(P)
TF(REGLL G T 2
TFUX0+XLG) 2,2,1

TFIX0=XFG) 5,2,2

cALL GLUM(x0)
AYS=CNLL*(V2XAR+RXARL2H+POIXARF2+VR2XARL=RP2XARF |, «VP2AARF)
ANS=COLLX(V2XARL+R2*XARLS+PIAAKF2L+VREAARL2«RP2XARFL2=VP2%xAKEL)
AKSCOLL*(VR*ART+ROKARFL2+P2AARF 3*VR2AARFL=RFZXAR) 2L=VP2*ARF2)
ANEPSSIGN(].0,=X0)

nYS(DY=AYXD ) x()NCP

PDK=(DK=ARAD ) XONCP

NNS(DN=ANAD . ) XONEP

DYSDYXUNEXD,

NK=2 2K*NE +0OKV

PNSONAUNLAD,

RE TUKN

END
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SUBRUUTINE GLOM(XO0)

COMMON /INy AA,AIX,AT1Z,AM,BB,CB,CF,DTR,DXDVU,FO,G,NST,NVAL,
ApT,RHO»SP, UswL o XLG, XFG,CDLL,CLNN

cOMMON/X/ TSLLYI(25),D1L25) ,OFT(25),DF21(25),LF31(25),0C1(25),
*nC2I(259)/DCS1(2S),DAF1(R25),0CFRL(CS)»DU2FI(R2S),B3BI(2Y),ASK(2S)
COMMON /4/ AK,ARL,ARL2,ARL3,ARF,ARF2,ARF3,ARFL,ARFL2, ARF2L,B3H
YOUXOpX12X2, YL, Y2)SY14(X0=X1)X(Y2=Y1)/(XZ=X])

XOSXO+AA/ |

p0 1 I=2/NsT

k=1

IF(X0CEeXSWlIml) JANDXO LT XSW(1)) GO TO 2

cONTINUE

Kl=K=1

X L=XSw(K))

Xx2=XSW(K)

ARSYO(XO0 ,x1sX2,DL(K1) ,DI(K))
ARLEYU(XL, XL e X2/ DFL(KL),DF1(K))
ARL2=YU(XD , X1,X2,DF2T(K1),DF2I(K))
ARLS=YU(XO , X1, X2,0F3T(K1),UF3T(K))
ARF:YO(XQ;XllX:lDCI(Kl)IUL'X(K))
ARF2=YU(X0,X1,X2,0C2T(K1),0C21(K))
ARFI=SYULX0,X1,X2,0C3T(K1),0C31(X))
ARFL=YU(X0,X1,X2,DCFT(K1),DCFI(K))
ARFL2=YO(Xy X1, X2,DCF2L1(KL),DCFRI(K))
ARFRL=YO(Xy,X1,X2,DC2F1(KL),DCRFI(K))
BIB=SYU(XU,x1,X2,B381(K1),B3B1(K))

RETURN

END
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SUBRUUTINE AUXTLY(PHI,U, XUDELU,ONPHIF,0KPRIF)
COMMON /B/ PyQ,R,X,YYsZ,0UML,V,4,DUM,THT,PS]
cOMMUN /Lt AALATX,ALL,AM/HB,CEyOUMMY , OTR,DXDU,FG,GoNSTINVAL,

*pl,RHO,SP,yUp WL » XLG, XFG,CULL,,CONN, FROUDL,CC,DD, ANU

cAMMON /U7 GT(25),SL(25),51(25),PHOC2S), TORAF (25)
COMMUN /WALL/ VOLO,DRAGU,CELDRG
YOUXOPXLpX20 YL, Y2)=Y1+(X0=X1)A(Y2=Y1)/(X2=X])
CQALDTRA)=2 /LSP/SQART(GXDTRA) ) *xa2
NVAL=S

1FLU.NLLY) GU YO L0

KUSNVAL/CH)

pi=la

RNSUOASP*W| /ANU
ARG=(ALOGL1 ) (RN)=2.)x%2
CFUS0.075/ARG+0.0004

RNSUASPAWL /ANY
ARG=(ALOG Ly (RNY=2, ) 242
CF=0.07%/ ARGt 0G04

SWAO=GI(Rr0)

SRAO=S1(KQ)

vOLO=S 1 (KDY

TORAFUSTORAF (KQ) WL

cB0=0,0

1FLSBAU.LE,0.0) GO TO 9
CFB=CFU*Sapl/SBAD
CRU=0.029/5URT(CFB)
cFR=CACTDRAFU)

1FLCFR.LI,CBO) CBO=CFR
PRAGD=(CFiIAaSWAD+CBOU*SBAL) XxUDA*2

n0 |} I=2/NvAL

k=1

IFAPHILGE ,PHU(T) ANDLPHI,LTPHO(L=1)) GO TO &
cONT [NUE

SWARSYU(PHT »PHO(K) pPHULK=1) ,GI(K),GI(K=1))
SRARSYU(PHT 1 PHOIC(K) pPHU(K=1),81(K),5L(K=1))
VOLREYU(PHT yPHO(K) yPHULK=1) ,ST(K),SI(K=1))
TORAFREYU(PH T, PHOCK) »PHO(K=1) y TORAF(K)  TORAF (K=1) ) AWL
cBR=0 .0

1F(SBAR.LE,0.0) GO TO (1

CFB=CF #*SwAR/SBAR

CAR=0,U29/SURT(CFB)

rFRECACTORAFR) .

TFCFRLLY .CBR) CBR=CFR

pHIM==PH]

p0 3 I=2,NvAL

k=1

TFIPHIMIGE ,PHOCI) S ANDJPHIMLLT.PHU(I=1)) GO TG 4
cONTLINUL

QHALSYU(PHTMyPHO(K) ,PRO(K=1) ,GI1(K) ,GI(K=1))
SHALSYU(PUTH PHICK) (PHO(K=1),S1(K),S1(K=1))
VOLLSYQ(PHTM,PHUCK) , PHU(K=1),ST(K),S1(K=1))
TORAFLEYU(PHIM,PHOI(K) pPHOC(K=1) , TURAF (K], TDRAF (K=1))AWL
cBL=0.0

TF(SBALLLE,0.0) GO TO 12

CFBECF *0wAL/SRHAL

CBL=0.0Q29/3GRT(CFR)

CFRECRCTURAFL)

TFLCFRLLI . BL) CBL=CFR

cONT (NUL

U2=u*J

——

L




DRAGR=(CF aSWAR+CBRASHAR)*UQ
PDRAGL=C(CEH £SWAL+CHBLASIAL) %UQ
NRAGVSURAGR+VRAGL
YUR=ONAGU=DRAGR
XUL=DRAGU=DRAGL
XUDELUSXUR+XUL
DFLORG==XUpFLuU

pRN=BB /WL
ONPHLF==(X1R=XUL)ABBN
PKPHLIF==(VOLR=YULL) *BBN*2,/FROUDE**2
RETURN

END




SUBRUUTINE THRUST (U, THT,DFIH, TX, TY, TK, IN,SH1PDG, TOTLDG)

DIMENSLON AELJCH),0P(d) ,1dLT(4)

CUMMUN ZIN/ AN AIX,ATZ,AM B, CRICF,DIR,DXOU,FU,G,NST,NVAL,
ApT,RHUPSP, ULy WL XLG, XFG,COLL ,CDNN, FROUDE,CC,DD, ANU,ALUD,CLD
* NC,NGeSPTURN

COMMON /IHRS T/ [CON1,1CON2, TCONS, IDRAG,CCO, THTU

cOMEUN /TVEL/Z XARM,ZARM,BACE, YARM(4) yOLLJCT (4) ,RMCP(4) »NJET
*,ALPHA(4)

DELT(XX)SXX F19

NELHCYY)S0 0L334xYYx%240,2067%ABS(YY) F19

FHIP(S8)=10.04(55/1.689)x%2=190.%(S5/1,689)+528000,

PEMOM(WWI =W/ 1 ,089%(3900,=350.4(d.=TLONY))

RMIP(SS)= D2,4%(55/1.689)%x42=10,%(SS/1,689)+82000,

TCUN3=0,

TCONU=RMCP (L) +RMCP(2)+RMCP (3) +RMCP (4)

IFLUNLLL,) GO T 1

cALL RLCSULD(SP,CCU,THTIU,SHIPDG,TOTLDG)

THMEANSTUTLDG

TFLCCNELCL0) CALL RESOLD(SP,CC, THT,DUMMY,DUMMY)

y=5§pP

THMIP=FUIP (V)

COFFS OARHOAn x4 2A5P A %2

CcONST1I=100900,/COFF

CONS 2266090 4/CUFF

THMLIPUSTHMIP/LQFF

THMARGETCONS/ZLNFF

THCONTSTHMIPO=YHMARG

THMCP=THCONT

THREVSERATIP (V) /COFF

THTURNSTHMEAN

TFLSPTURN,CGLSP) CO TU 3

cALL RLCSULD(SPYURN,CC,THT,DUMMY, THTURN)

THMIPUSFMIP (SPTURN) /COFF

THCONTSTHMTPU=])HMARG

TFCTHTURN ,GTTHCONT) THIURN=THCONT ¢

DIFF=THCUNT=THIURN

THRAD=THMCP =DIFF

nd 4 I=St/NJET

NELJCII=UEL TUPLLJET(T)IADTR

PP UI)SLELHLIELIET (L))

TFCABS(PELJC 1 (1)) .ER490.) LP(I)=0,

TFIOLLJCET(I)«L0.1480,) DP(I)=0.

cONTLINUE

ch TU S

CONTINUE

v=UxsPe

cALL RESULD(V,CC,THT,SHIPDG, TOTLDG)

THMIPSFMIP (V)

THMIPUSTHMP/LOFF

THCIHNTSTHMIPU=)YHMARG

THRUDSTHLONT=DIFF

THREVSSRMIP (V) /COFF

cONTLINUL

TFCONTHONE ,0) GO 10 206

pt 29 L=1,NJLT

AMJE F=NJLT

TJETCL)=THCUNT ZANJET

TJETCIISIIET L) =( 1 =RMCP (L) IACINSTY
TFOOLLJCT (1) alinak804) TJE1CL)STHREVS= (1 a=RYCP (L)) *CONSTR
PFCABSCOLLYC (1)) at0a904) TJETCIISTHRLYS~( [ 4=RMCP (L)) *CUNSTE
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TIETCIISTIETUIIA(1,=0P(1)/100,)
CONTINUE

g0 TO 10

cONT [NUE

PALR=NJET/2.
THIGH=(THMIPU=DGMOM(V) /CUFF) /NJET
REGD=THRQAL/PALR

TFUTHIGHGF.KRD) THIGH=RGD
TLUNSRAND=THIGH

NJT=NJLT =1

p0 40 [31,NJT,2

TJET(I)=IHIGH

TJETC(I+L)=7LUW

1FDFTH.GT ,0) GO TO 10

p0 S50 L13),NdI,2

TJET{1)=1Lon

TJET(I+1)=THIGH

TX=04

TY=0.

TISTJET(D)

pEL1=0CLJI(T)

ALFISALPHA(CT)ADTR

TXSTX+ I 1*CNSUALF L) *CUS(DELY)
TYSTY+TI*CNSLALF L) ASTIN(DELL)
TKSTK+TUIXSTALALF L) AYARMCL)
TNSTN=TL*COSLALF i) ACUSIDELL)IAYARMCT)
CUNTINUC

IFUDOFTHLLG,0e) TX=TX=DGMOM(V)/COFF
TKITK=YX/ZARM

TNSTN=TYXXAKM

RETURN

£NO s
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SUBROUTINE RESOLD(V,DRFT,TRIM,SHIPDG,TUTLDG)

OMMUN /aALL/ vOLWO,DRAGO,DELDRG

COMMUN /LNy AA,AIX, AL/, AMBH,C8,CF,DTR,OXDU,FO,G,NST,NVAL,
XpI o RHUPSP i WL XLG» XF G, COLL,LONH, FRUUDE,CC, LD, ANU, ALOD,CLD
COMMON /IEMP/SXsSY ,SKs SN, HAVEDL, ALRUDG,HYURUF » SPRYDG, SEALDG,
*gKINDG,F LNDG

CcOMMON /AB(C/ DRAFT(2Y) ,wEIGHT,BUBH,BUBL,WALB,SLBUGW,SLSTRN, THETA,
*EPTH, SPRAYL

rO=RHU

TF(V.NC,SP) CO T0 10

BRUL=BUBHB/BUBL

HOL=DRFT/BYHL

€= VOLU*ROAG/WEIGHT*2.xwlL*#3

FSV/SURTLGABUBL)

CVISWIIGHT /(KUXG) /BUBLA*3

CALL WAVE (BUL,HOL,C,F,WAVET)

WAVEDG=0.0aRUAGABUBLAXS4CY TA424wAVET

cALL ALRU(WL,DLPTH,BUBB,wALB,DRFT,Vv,AERUDG)

cALL SPRAY(V,SPRAYL,SPRYDG)

CALL SCAL(BULB,V,SLBO~,SLSTRN, THETA,SCALDG) $
PREUS05% RUAWLAXIASP*%2

SKINDG=2.4nRAGUAPREQ

FINDG==SAxpRLO

SHIPLDG=(WAVELG+AERONG +SPRYDG+SCALDG+SKINDG) /PREO
TOTLOUG=SHIPOG+DELDRG+F INDG/PREU

RETUR®N

END




SUBROUTINE wWAVE(BOL,HUL,C/F,TOTAL)
pI=3.10199
H:lOQ
i Wl=2.%n
{ TOTAL=0,
l WAVEDG=0.
DIFF'—-l-
¢ n0 10 M=1,20
i FPSL’E.
ANSM=1
1FLAM.EGW0,) EPSL=1,
GAMA=1.=C
RLUL=C/ (4, /5.2HOL)
- ALFASU AP TR AMAT AR/ W
RETAS2.API2BULAAM/ W]
FACS(1o+SGRTUL.+ALFAX*2))/SART () ¢ +ALFAARD)
SBESURI (.54 ,52SURT (L1 . PALFAXA2))
AK1S0.5/Fax2
STGMASCOS(AKIASB)/SB=SINCAKIaSH)/(AKI*SBa*2)
DELTASAKIASUXA2AHUL A2,
AS8.ABLIOL/ (AKLIASQRT( W /F*x*2))*CUSC(RETAI X (| ,~EXP(=DELTA))ASIGMA
% /SB%xx2
1FLAM) S46,5
PSI=SIN(UETA)/(PI*AM/WL1)
g0 TO 7
pSI=2.xBUL
R=Q./BULXSQRT(AKL/ W1)AGAMAXSIN(AK]|ASB)*PST
WAVEDG=(A=R) XA 2AFACAF *22xCPSL+WAVEDG
TFLTUTALCERSVL) GO TO 8
nIFF=ABSU(WAVYLDG=TOUTAL) /TOTAL)
B TOTALSWAVYEDG
[FUDIFE JLE,0e001) GO TO 99
10 cONTINUE
99 RETURN
END :

-
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SUBROUTINE AERQ(SLFT,OFPTH,H,B1,DRF1,V,ACRODG)
ANUS1.506E=qgd

RU=0,00238

RENOLOSVASFT/ANU
CF=0.495%/ALUC10 (RCNOLL) x%x2,58
ARCASSLFTA(HB+H]+(DEPTH=DRFT)a2,)
FRUNIS(DLPTH=NRF1)4(B+R1%2,)
PREZN . D*xDaVvaap

FRNTDGSPHEAQ «6xFRUNT
SKINDG=PRExCF*ARCA
AEROUGSFRNTDU+SKINDG

RETURN

END




.
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SUBRUUTINE SFRAY(V,SPRAYL,SPRYDG)

*cUM:UN /ABC/ DRAFT(2S),WEIGHT,BUBB,BUBL,AALE,SLROW,SLSTRN,THETA,
pEPTH

COMMUN /CDE/ DRISC(23) pENTRCE(23) »CHINEC2%),HSPRAY(23)
COMBUN ZIN/ AA ATX,ALL,AM» BB, CB,CF,DIR,DXDU,FV,G,NST,NYAL,
*pT o RHD PSP ,UG, WL 2 XLG» XFG,COLL , COMN, FRUUYVE,CC, LD, ANU
CUMMUON /SES/ RSA(RS),OLLL,DELZ,/NL,N

RUO=RHI)

FAC=3.14159/ 1890,

pO 10 [=1,48T

HSPRAY(1)=g,

Pl 30 L=1,NST

ANGESIN(DRYISL(T)AFAC)ASINCENTRCL{I)AFAL)
HSPRAY(I)Syx22/ (2. AG) *ANGAAD

CHK=CHINCL(T)=PRAFT(I)

TFLCHK LT ,9.0) CHK=0.0

TFUPSPRAY(T) 4GY.CHR) HSPRAY(T)=CHK

CONTINUE

rALL SIMPSO(NL,DCLI,HSPRAY(1),AREAL)

CALL SIMPSN(IN2,DCL2,HSPRAY(N]),AREAR)

AREASARCA1$ARFA2

M=Ni+1

UsSV*CUS(LNTRCL (M)AFAC/2.)

"RENOLDSVASPRAYL/ZANU

cF30.0/5/(ALOGLO(RENOLD)=2,)a%*2 4+0,0004
PRE=0.LDAR0AUXAD

SPRYDG=PRExAREAXD ACF

RETURN

END

i
B

. e
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SUBRUUTINE SUAL(B,V,SLBOW,SLSTRM, YHETA,SCALODG)

COMMON ZARG/ DRAFT(25)

CnHH(]N /lh/ AA,QIX,A[t:AM,BH,CBulZ,D!R,DXDU,PU,G,NST,NVAL,
ApI,RHUsSP, UL s v Lo XLG, XFG,COLL ,CONN,FROUDE,CC,00 0 ANU
COMMON /35L§/ HSA(25),ULLL,DEL2,NL,N2

N3SNi+E

pO=RHU

PRE=0.S*ROAVARD
ANG=THETAX;.14159/180.
RBOW=0.
SL1=LRAF T (N3)/SIN(ANG)
TFLSLL.GL,SLUBOKR) SL1=SLADNW
ROWSL=SL1%¢US(ANG)
TFLRUASL.LELVL) GO TO 1O
RENOLO=BUASL AV/ANU
CF=0,01d/ (RONOLDAA(1.7/6.))
RBUNSPRE*AABONSL *CF
cONT INUL

RSTRN=U,

SL2=DRAFT(] )/SINCANG)
TFISLE.GL,SLSTRN) SL2=SLSTKN
STRNSL=SL2aLUS(ANG)
TF(SIRNSL,L.0,) CO TU 20
,nENOLD=S|kNSL +V/ANU
cF=0.040/(ROCNOLDAA(1./6.))
RSTRN =PREAB*SYRNSL *CF
SEALDG=RHBOW+RSTRN

RETURN

END




SUBROUTINE LINVEL(FXLV,FYLV,FZLV,FKLY,FMLY,FNLV)

COMMUN /87 P,Q,R,X,Y,2Z,U,V,n,PHI, THT,PSI

cOMMUN /NDZ DYP,DYR,OYR,DYV,DYA,DYDP,0YDG,DYDR,DYOV,DYDW,
NZP,02Q»0DZRsDZV,DLA,DZDP,LZDE,DZDR,DZNV,DLDN,
NKP,DKQ»DKR, DKV, DKW, DKDP, DKDQ,DKDI, DKLV, DKDW,
PMP , OMQ, OMR, CMV , DMA, DMDP , DMDL, DMDR e DHDV , DMDW,
DNP,DNGy UNR,DNY , DNW,DNOP,UNDQ, DNUDI¢, DNOV, DNDW

FXLV=0.
FYLVS(DYVAVHOYWAW+DYP*P+DYGAQ+DYRAR) AU
FZLV=(DZVAVHUZwWAW+DZP*P+DZQAQ+DZRAR) AU
FKLVS(UKYAVHUKAAWFDKP*P +DKQAQ+DKRAR) AU
FEMLV=(OMVAV+UMAAWEDMP AP +DNUAQ+OMRAR) AU
FLLVS(DONVAVHUNNAW+DNP *P+DNQAQ+DNRAR) AU
RETURN

gND
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SUBROUTINE INERTIACFXIC,FYIC,FZIC,FMIC,FNIC,FKIC)

COMMON /B/ PoG,RoXpYYrsZyUsVyW,PHI,THT,PSI

CcOMMON /NDD/ RYP,0YR,0YR,DYV,DYW,DYDP,DYDE,DYDR,DYDV,DYDN,
NZP,DZG,0LR,0IV,02W,DZDP,D2DG,DZUR,NDZOV,DL0DW,
DKP;DKQ'UKR'DKV,[)KW’DKDP'DKDU,DKDRIDKDV'DKD“'
PMP , DMy UMR, DMV , DM¥ , DMDP, CMDG, DMDR, DMOV , DMDW,
DNPpUNG s DNRy DNV, Lisw s DNDP, DNDG , DMNDIGp BNDV » DNDW

FXICE =DYDVARAV=DYDPARAP=DYDRARXR+DYDWANAQ4DZDAAQ2Q+DZDPxPAQ

FYICS =DLDWxAWAP=DZ0QAP*Q=DIDP*P AP

FZIC= OYDVAVAPLOYDRAP*R+DYDPAP &P

FMIC= =DYDR*PAV+DYDPAx2AVH (DKDP=DNDR)APAR+DNDPA(RAR=PAP)

* +DZDPAWARLDMPPAQAR

FNICS=UZOPan2Q+0ZDQ*w*P+ (DMNA=DKDP) APA*Q+DKDRA (PAP=QAQ)

* =DYDPAVAGeDNNDPAQAR

FKICS(VZNWaDYNY)AVAW=(DYDREDMDAW) ARAW+(DZDB+DONDV) 2V AQ

*, (DNDR=DMDQ) AR xW=DYDPXP X A+DZDPAVAP=DMDPARXP+DNOPXQAP

RETURN

END

* % % ¥




SUBROUTINE bLAuAV(«x.ny,ul,wx,NM.dN.VULaAO,V.l)
REAL MWK, MWMpMWwh,MTM,MTN
pTMENSION Y (1)
cOMMON /1INy AA,AIX,ATZ,AM,BH,CB,CF,DIR,DXDU,FO,G,NST,NVAL,
*pTsRHU»SP,ylraL, XLG, XFG,CDLL,CUONN,FRUUCE,CC,0D,ANU,ALUDL,CLD
* NC,NGoSPTYURN, IPLOT, TPT,ALY
COMMON /UES/ HSH(QS) »UELL,DELZ2/NL,N2
COMMUN /TRAN/ FIX,MTM,MTN
cOHMUN /NFNR/ FAX(25) pFWY(25) s FwZ(25) yMAK(25) ,MUM(25)  MAN(25),
XAREA(CS) PFLIAK(25)
COMMON /WGT/ BUOYAN, ITNWGT,WMQ,WXO
cOMMON /BSLCAK/ BLLCAK,SLEAK
nd 1 I=st,nNgT
1 cALL BUQY(L,Y,7)
INTEGRATL FOR WAVE FORCES AND MUMENTS
nl=Q2=43=9,4=US=06=0,
NSTI=NST=1
NT=N]
IF(NL.NE.NSTT) GO TO S
NTSNST
g0 T0 6
5 cALL SIMPSQ(N2,UCL2,FWX(NT),QL)
cALL SLMPSNINQ,DCL2,FAY(NT),R2)
CALL SIMPSA(NZ,DCL2,FAZ(NT),Q3)
cALL SIMPSQ(N2,DEL2,MAK(NT),Q4)
cALL SIMPSOINZ,DCL2,MaM(NT),Q5)
cALL SIMPSA(NZ,DCL2,MAN(NT),Q6)
6 cALL SIMPSO(NT,DEL1,FAaX(1),R1)
cALL SIMPSQ(NT,DCL1,FAY(1),R2)
cALL SIMPOOUNT,ULLI,FYZ(L)oRS)
cALL SIMPSOINT,DELL,MAK(1),R4)
cALL SIMPSOINT,ULCLY, MWM(1),K5)
cALL SIMPSOINT,DCLL1,MwN(1),R6)
CALL SIMPSOCNT,CLLI,AREACL),RT)
CALL SIMPSH(NT,DCLT,FLEAKCL),R8) =
NEMENSV DARPURWLAA2ASP* %D
WXS(W1+RI+FTX) /OCMEN
WX=(E1+R] ) /UCMEN
WwYS(GI+R2) /DLMEN
wZ=(QZ¥R3) /DLMEN
WK=(UUd+RY) /DEMENZ WL
WMS(QS+ROEMTM) /DCMEN/Z AL

WM (NS+RY ) /OCMEN/Z AL
WN=(UO+RO+MTN) /OCHEN/ZWL
wN=(YOotRoO )/DCMEN/ZAL
yuL=Rr7
AN=RE

RLEAKSFLEAK(NL)*0,.5
SLEAK=FLEAK(L)2G,S
tFUINAGT(Q.V) GO TO 2
WXSwX=wXU
FRECLELEAV]

e rONTLHRUE
RE TUKN
Fho
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SUBRQUTINE BUUY(I,Y,T)

DEFINITIUN OF PARAMETLERS

RLAL MASRK,MASM, MWSN, 4APK ) MwPM,MAPN, MWK, MAM, MWN,MBK, MBM,MTM,MTN
DIMENSION JTHANCH) ,SGN(4),DINT(4),Y(12)

DIMENSLION ARLAD(2S) ,DFT(25,4),BCAM(25,4)

cOMMON /GENMA/ NOA(25) ,w11025,25),42(2%,25),01(25,25)

cOMMON /1INy AA,ALX,ATZ,AM)83,CH,CF DIR,DXOU,FU,G,NST,NVAL,

*pIoRHUISP g a2 XLG, XF G, COLL ,CONN, FRUUDE,CCoUD,ANU,ALUD,CLD

*,NC.NG:SHII,‘KN'[PLUT'[PT.A!Y
CHMMUN /SLS/ HSA(5
cOMMUN /IHRS I/ (CONL, TCON2,TCON3, IDRAG,CCU, THTU
CUMMON /IRAN/ FTX,MTM,MTN
COMMUN /AAV/ TiWET)WAMP, wPER,CEL,CAY» IBUG,F (25)
cOMMUN /HFORZ FAX(25) rFAY(25) ,FWZ(25) pHWK(25) ¢ MAM(25) ,MWN(2S),

XAREA(RLS) P FILFAK(2S
COMMUN /X7 DUMMY (300) ,XSw(25)

COMMON /LCEM/ BEME(2S) #»BEAMI(25) /BEAMFI(ZS) ,BEAME2I(2S)

* BEAMFSIR2Y)

CcOMMUN /dFEM2/ BCM2(25),8EM3(25)+ARMS, ARMP

COMMON /bSEAL/ ZARMSL,AREASL

DATA SGN/=j sl pel, 1/

TFUILEQL] ANV TBUGLNL«0) WRITE(6,202) AA»BB,CC,DD,Y (L), Y(T) Y (D)

X, YL YLD PY(12)

s FORMATC(LAL, 2A4,B8,CC,0D,U,SURGE,HEAVE,PHI, THT,PSI*/10G12,4)
FAX(LISFAY(CL)SFAZCL)=MaK (L) =MwM(I)SMNN(I) =0,
AREAD(I)=0,

REME(I)=0,
REM2(I)=BEM3(1)=0,.
JJSNSWIT)
1F(JJ.LA.1) KEYURN
RHUG=RRO*G

p0 ) K=2,3
JTRAN(K) =0
AFTCLeK)=spAn(L,K)=0,
pd 2 J=2.Jy
pntToP=01(1,J)
plEul=vilI,d=1)
wlToP=wl1(]1,J)
wlodfr=at1(r,J=1)
w2ToP=w2(1,J)
w23n0r=wall,Jd=1)
cALL SLGAL(K W TOP,WIBOT,w2TOP,W280T,D1TUP,DLH30T,BETA,HYPOT)
wi=tp

(FIKLGIL2) wizanT
2=00=HSw()=UlTuP
HGT=CCDITNHP=hSACI)=F (I)ATAN(THTO)
CALL SHAVE(FUL)/WT,2Z,Y,1,ETA)
HCHK=SRGTHETYA

1F(HCHK ,GF ,04) GO TO 2
PETCLpR)ED | TUP +HCHK
REAM(IsK)=wLiCP

JTRAN(K) =Y .
WINT(RISVFT(L,K)=D18OT

1FCOINTCR) 6TL0.300 Tu I
JTRAN(R) =1

gl TO 1

CONTINUE

JTRANCK) =]y

WFTCLeR)=DTUP




REAM(I,K)=wlTOP

DINT(K)=ULTUP=D1BOT

cONTINUE

REM2(I)=BLAML[,2)

REMS(I)SBEAMLI,3)

tFUDFTCI,2).LT, G,) DFT(I ,2)=0,

TF(DFTCTIP3).LT,0,) DFT(I ,3)=0,

AREADCL)=0 SADCI(L,2) 2 (BEAMCT,2)+WL (I, 1)) 40, 5%0FT(I,3)*(BEAM(1,3)+
| wll1,1))

ARMSZBH+U DS (BEAM(L,2)+W1(1,1))

ARMP==(BB+9.25x (BCAM(L,3)¢w1(I,1)))

DINTLL)=0DINTLR)

NINT(Y)I=DINT(3)

cALL vOLUMECL ,B8BsJTRAN,DINT,OWCT,FLK,AR,ASEAL,HSCAL)
AREA(I)=AR

FLEAKC(L)=FLK

AMNZY (1) *SPxnL/ANU

ARGS(ALOGLY(RN) =2, ) %

CF=0.075/ARG+.,0004

pPU=CC=F (1)*TANCTHTO)

FWX([)= =CFA(DFTC(I,2)+0FTC(Ts3)=2.%DPO)XRHOX(SPAY (1)) 2%
FAY(L)=0.

LFWZ([)==AREAD(T)ARHOG

MWK ([)S=RHOGX (ARMS*0 ,5*2DFT(1,2)A(BEAM(T, 2)+WiC(f,1))+
* ARMP*0 540k [ (1,3)*(BEAMCL,3)+nl(I,1)))

MHM(L)= AREAD(I)AF(I)*RHOG

MANCL)=0.

RF TURN

END
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SUBRUQUTINE SAAVE(XC,YC,ZC,Y,T,ETA)

NIMENSLUN y(12)

cOMMON /IN/ AA,AIX,ATL,AM,BB,CB,CF,DITR,DXDU,FO,G,NST,NVAL,
ApT,RHULSP,Uenl s XLG, XFG,COLL,CUNN, FRIOUDE,CC,DD,ANU,ALUD,CLD

X, NCoNGoSPTURN, IPLOT, [PT,ALY

COMMUN /nAy/ DWFET,wAMP,WPER,CLL,CAY,IBUG,F (25) /BETA, TN WOEP,OFFSET
* wlGe ICO,XD,RO,CTAD

COMMON /nGT/ BUJYAN, [NAGT,WMO, wXU

SINH(U)SLIXPLUY=CXP(=U)) /2,
SEFCHCARGIZD/(CXPF (ARG +EXP(=ARG) )

PATA CUrtNLeln2,C05,C0U/11,5392806%6,=52.706716255,107.1876292,
Xa100.9050818,35.23071874/

HEAVLSY (9)anl

pPHI=Y(10)

THI=Y (L)

pSI=Y(Ll2)

PSUSBETA=PS]

cOST=CUS(THT)

TWETAWL/SP

PTSCY(7)*CQOSBLTA)+Y (B)ASIN(BETA) ) *wl,
ARGISXCXIAN(THY ) =HEAVE/COST=YCATAN(PHII/CUST
ARLES(AC*UNS+Z2CASINITRT) ) *COS(PSD)I+YCASIN(PSO)
R0 TU (1,2,3)91n

SINUSULIDAL WAVE

FTAS=AAMPASIN(CAYAXE)

TFUINAGTEQ.0) RECTURN

cT=CLLAT*yu_/SP
FTAS=HWAMPASIN(CAY2(ARG24UT=CT))/COST=ARG]
RETURN

SOLLITARY waAVL

NFFSLT=0.59XCELAWPLR
ALSCAYA(KC=OFFSET)
FTASHAMPASCCH(AL) A®2
IFUINAGTEQa0) RECTURN

CT=CLLATw

T=ASS(UT=CT) /LG

ALSCAY X (ARG2+UT=CT+FFSCT+12wlG)
FTAZWARPXSELH(AL)A22/CUST=ARG]
RFTURN

EXPLUSLUN wWAVE

cTA=O,
IFULINAGTFRL.0) RCTURN
H=SnOLP

TUSXU/SURT (GAH)
T1=80,

Tw=TarTu

R=UT+XU
RIFER/IH/5NRTLGAH)
TFARI WGE«LD) 60 TO 0
Y31/ (/N R AR

60 TO 9

OF Q=K ARE

QF 3=RF *RF

131




RFU=RF3*RF

X SCU4ARFU4CUTXRFI+CO24RF2+C(11 ARF+COU
S cAY=X/H

NMEGA=CAYxgUKRT (GATANH(X) /CAY)

cEL=UMLGA/CAY

cT=CLLxTn

HK2=2 . %X

SHK2=SLNH(HKQ)

ARG=HKd/SHKZ
3 ARG3=1.+ARg
E | ARGU==ARGT/(ARGA (L ,=HK2/TANH(HK2) ) +0,52ARG32x2=ARGS)
k RUK=CAY%K()

cALL BESSC (3,RUK,BJI3)
{ - ARGS=(CAYA (ARG2+UT=CT) ) /COST

FTAS(ETAUARU/N)ASURT (ARGU) ABJ3ACUS(ARGS) =ARG]
RE TURN
] END




SUBROUTTINE VOLUMC(L,BB,JTRAN,DINT,DWET,FLEAK ,ARLCA)
{4 SUBROUTINE TU CALCULATE AREA RCIWLEN CALM WATER SUKFACE
AND WET DECK AND LEAKAGE FUR CKUISS SETION T
DIMENSLON JTRANCH) ,DINT(O)
cOMMUN /LEOMM/ NSW(2S) ,W1(25,25),W2(25,25),01(25,25)
FLEAK=0,
G sTARBUARD SIDEWALL
ASSDLINT(2)
JSEJTRANC2)
IFLJS.La1) GO fo 1
JS1=Js=1
HGTS=0ACT=n1(I,JS1)=DS
0 TO 2 .
1 HGTS=DALI=pS €
FLEAK==DY
t pIRT SIDENALL
2 pP=DINT(3)
JP=JrRANT3)
[FLJP.LRAL) U0 TU 35
JP1=JP=1
HGTR=DWL =Dl LI, JP1)=DP
g0 TO 4
3 KRGTP=LAL [=pP C
"FLEAKSFLEAK=LP
0 AREA=HBB2(HGTP+HGTS)
RETURN
eND

-




SUBROUTING SLGAL(K,w1TOP,WIBOT,42TOP,»2B0T,DT0OP,DBUT

SUBRUOUTING TU CALCULATE SEGMENT LENGIH AND’ANGLéeao e
nN1F=DTULPepBUT

WOLFSalTUPawLBQT

[FUK.ENLC NRK FRL3) ADIF=A2TOP=wZBOT

RETASATANZ (WDIF,DDLF)

UYPUIESURT (AULFAA2+DOIF Ax2)

RETURN

END
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SUBRUUIINE DRAGV(DZ,OM DK, F,WsU,K)

COMMON /BEEM/ BEAM(2S) ,BEAMI(25),BEAMFI(25) ,BEAMYI(2S)
* REAMFO1(2S)

COMMON /BEEM2/ BLM2(25) 4BEM3{2%) s ARMS, ARMP
COMMON /IN/ AA,AIX,ATL AN, B7,CH,CFyDIR,OXDY,FU,G,NST,NVAL,
*p1yRAUFSP, Yt p WL XLG, XFG,LOLL ,CONN

COMMUN /X/ DUMMY (300),XSw(25)

cOMMON /L1y UR,BRL,BRL2,BRL3

NIMENSLON F(2%)

TRAP(H Y1, ¥2)S0.5AHA(YI4Y2)

D 3 1=1sNgT

REAM(I)=BEM2(])

TFIKERLS) BLEAM(I)=BEME(L)

CONTLNUE

WOSWAW

p2=0*AQ

ARETE TP E i

ANE=STIGNLL, 0, W)

1F(U.CULb,) LO TO 17

Y0=n/0Q

CONT [NUE
REAMIC(L)=BEAMFTI(1)=BLAMFRI(1)=BEAMF3I(1)=0,
nd 14 [S2,NSI

U= XSW(L)=xsw([=]1)

'N:Hﬂ«L

RF ISBEAM(I)*F (1)

RFIIZBLAM(T=|)xF(I=1)

2 L[=HEI*F (1)

aF2L1=bF ItaF LL1=])

gF>I=8F 21 (1)

pFOIISBF2I | #F ([=})

RISTRAP(P,BREANC]I) ,BEAM(I=1))

R2=THAF(H,nrF L,HF]IL)

RISTHAP (M, uF2[,BFP[1)

RA=TRAP (h,mF[,8F32(1) .
aFAML(L)SOpANE(L[=1)+BL/aL 422

AL AMPTICI)=RLAMI I ([=1)+#B2/ 4L Ax43
REAMFOL(L)=BUAMFRI(I=1)4B2/ul.*ad

AbAM 34 (L)=BLAMFSI(T=l) tBa/uL*25

cONTAINUL

ARLASHLAMI (NST)

AREALSBEAMET(NST)

AFFALZSBEAMF2I(NST)

AREALD=RLAMF L[ (NST)

NZ==CONNA (W2AARTA+UCAARTE AL =W *AREAL)

NS CONNR(Q2XARTAL+HCHAREAL 3=n QX AREAL D)
[FLOEUabyy) v 10 12

TFUXO+XLG) 12,122,110

IFUX0=XFG) 135,12,12

3 cALL GLOMY((XU)

AZZ=CONNR (2 A R+QO*8RLE=wH2ABRL)
ANZ=CONNA(W2ABKL A 12 %L §=aQ2atnL2)
ANEP SR (ar=X0)

DTN YA LN S W TN of o
nu:(uh-nﬂiz)kﬂnrp

nlZ=DLrUNE

pMEOMEUNL

ARMZARMS

[FUK.EWL3) ARH=ARMP

nK= DLRARM
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RETURN
END
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SUBROUTTNE GLGMV (X0B)
VERTLCAL DRAG

COMMON /OEEEM/ BEAM(2S) ,8EAMI(25) /BEAMFI(2S) ,BEAME21(25)
*x REAMF31(2g)

COMMUN /1Ny AA,ALX,ATL,AMs8B,C8,CF,DIR,UX0U,FU,G,NST,NVAL,
*pIoRROPSP, U WLy XLG, XFG,CDLL,CDNN

COMMUN /X/ DUMMY(300),X54(25)

COMMON /41y ER,BRL,BKL2,BRL3
YOUXO0pXLrX2p Y1, Y2)IY14(XO0=X1)*(Y2=Y1)/(X2mX1)
xOBIXUB+AA /WL

p0 1 I=2/NsST

k=1l

IF(XOBGE  XSW(T=1) JANDXOB,LT.XSWCI)) GO Ty 2
CcONTINUE

Ki=K=1

X 1=XSw (K1)

X2=X5w (K)

BREYD(XOB, X1/, X2,8CAMI(K1),BEAMI(K))
BRL=YU(XUB, X1,X2,BEAMFL(KL) ,BLAMFI(K))
RRLR=YU(ADR, X1, X2,BEAMF2[ (K1) )HLAMFRI(K))
BRLI=YU(XOR, X1, X2,BEAMF3II (K1) ,RLAMFII(K))

RE TURN

END
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SUBRUUTXNE PRESS(T,Y,VOL »A0,XC,YC,ZC,KC,MC,NC)
REAL KC M o NC

DIMENSIUN Y (1)

cOMMONZAYC, DRAFT(25),WEIGHT

cUMMUN /INM/ AA,ATX,ATL,AM,B0,C8,CF,DIR,DXDU,FO,G,NST,NVAL,
*pI)RHO¢SP, 0, WL » XLG» XFG,COLL, CONN, FROUDL ,CC, LD, ANU, ALDD,CLD
CAMMON /PRES/Z CLIS,RHUWA,PHIN,PHIL,AIM,PMAX,AC,DEM, IPR
COMMON /WGY/ BUUYAN, INWGT, WMD), v X0

cOMMUN /FLOW/ PC,UF,QU,vOOTP, ADP,AL

COMMUN /BSLLAK/ BLLAK,SLEAK

HEV=Y(9)

pPHI=Y(10)

THI=Y(11)

AF=49,

IF(T.NL.G,) GO 10 1

FREBUOYANADIM

PC=(HWELGHT-FB)/AC +ATHM

PCGAGESPCL=ATM
AIS(PHIO+PHILAPCGAGE)/(CDIS*SART(2,*(PLGAGE) /RHOWA))
PMAXSATM=PHIU/PH]IL

gt TO 1o

ASB=2.*BBA(BLCAK+SLEAK)

AT=A[L+A0+ASB

GAM=1.4

pPOLIF=PULN=ATM

TF(PDIF 6T _0,) GO TO 20

AF=PHIU

AL=AI2CDISASGRT(2.2ABS(PDIF)/RHUOWA)

QOSAUACDISASARY (Z.xABS(PDIF) /RHUWA)

TFUIPRANLG9) WRIIE(G,202) T,PULD

202 FORMAT (1A, 2P0 | LESS THAN ATMUOSPHLCRIC PRLESSURE=#,

ACX e * (=%, F19o2,SK,APCS*,F10,2

c0 TO &

20 FLPULDLLT PMAX) GO TO 3
AF==COLS*AFASAR [ (ABS(POLD=PMAX) /RHOWA)
AL==ATXCDTIS*SURI(P.2PDIF/RHUWA)
NO==AUXCRTS*SURT(2.*PDIF/RHIUWA)

TFUIPRaNE ,9) WRITE(6,203) T,POLD
FORMAT(1A, 2P0 GRLUATER THAN FPMAXXpSKpAT=#*,F|0,2,5X,%PC=*,F10,2)
O TO &

nF  SPHIU+PHLLI2(POLD=ATM)

ol ==aTACDISASURT(2,*(POLD=ATM)/RHUNA)
Al ==A0ACDISASERT(2.*(PILD=ATM)/RHOWA)
yOLDUT=0QF +QL
VEVOLO4VULPUNX(Ff=TOLND) xAL/SP
PC=PULD*VARGAK /VILAXGAM

IF(PCaLTATH) PL=ATHM

pDIF=2PC=ATN

ZARMZDD=CCeHE VaulL

AN SACKXTHT

RTANSWLATANCINT)

RTS8 I AMegLLAK

1FUTHILT.9ae) BTBL=HTANSSLEAK
(FL8TBL.GE,18,) RIBL=18,

TF(B3TBL.LT, =Ll8,) BTBL==18,
TFIBLEAKGTaV.) ZARMIVD=0,543TBL
TFUSLLAKWGTLU,) ZARMZUD+0.528THBL
TFUILLLAKSSLLAR? (NEL04) ANSQ #BBABTBL
xC= ANAPDLF /0CH

YCS=PHI*ACAPOLF/DLM
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ZC==ACAPDIF/0DEM
KC==YC*XZARM/ WL
MC=XCALARM/AL
NC=0.

pOLD=PC

TOLD=T

yuLD=VUL
TFLTLE0.0,) REYURN
vDUTP=VOLDNT
AOP=VUL

RE TURN

END
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SURROUTINE PLOVI(AL,A2,A3,AUd,A50A6,NP,NC,NG)

QFAL NUML1y)

cOMMUN /PRNTZ DI,NSTLP,NPRNT, IP

pINENSLON ALLSQ0),A2(500)+A3(S00),A4(500),A5(500),A6(500)
DIMENSLUN TLLROC(L) ,RARGE(6) ,A(152)4STAK(O) ,RSET (0),RANGM(S)
nATA ILERO/21,006,111,21,660,110/

DATA RSCI/,0l0elrlerlerllarlloy/

DATA SIAK/|HX, JHA, LH%, 1HO, LHO, LHO/

NATA bLANK/LR /

NATA DASH /lMey

PATA EYE /|HI/

DATA PLUS /1H+/

nATA TCE/ZLHT/

PATA NUM/1HO,1H1,1H2,1H3,1H4, LHS, 1HO, LHT, 1H8, 1H9/
sFLA)=[Z+gaSCL

INITLALLIZE

NG=6
NSET=0
NCT=131
NX=10
KkX=10

SCALING FNR AXIS

nh 20 1=1,NG
c0 Tu (21,22,23,21,25,27) 1
21 cALL MAXX(NPrAf,YMAX)
60 TU 26
22 rALL MAXX(NP,AZ,YMAX)
g0 TO 26
23 cALL MAXX(NP2A3,YMAX)
e TD 26
20 CALL MAXX(NPoAG,YMAX) E
0 TO 26
25 CcALL MAXX(NP/AS,YMAX)
G TO 26
27 cALL MAXX(NP,AG,YMAX)

20 rALL SCALE(NSLY,RSCT,YHAX,RNG) N

RANGLCLI=RNG
20 RANGH(L)Z=RANGE (1)

PRINT Y=AX1S

WRITL(G,C0g) RANGM(1) »RANGE (1), RANGM(2) yRANGE (2) ,RANGM(3) ,RANGE (3)
200 FORMATCLRL PO 1o k2X, THHEAVE =R 13X, Fd, L pUXpFSe1 ) LIXp 7THPITCHE >,

X paAX Pl ot eFS 1, 10X, LIHAAVE AGTe=*, L UX,F4, 1)

WRITL(G, Q0] ) RANGACU) »RANGE (4) s RANGM(S) »RANGE (5) ,RANGM(6) ,RANGE (b)
201 FORMATULIX, FOal, 15X 6HROLL=0, 1 3XppFdal,dX,FS 1 13X, SHYANZO, 14X,

Al o dXpPS Lo lOX, 11HPRESS/ 10050, 01X Fdal)

PREPARL PLOTIING ARRAY

n0 1 I=l.Np
n 2 K=lehgd
o A(K)=BLANK
a3 JEleng
1/=1LERGUTY
RMGESKANGL ()
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§CL=NC/RNG
IFLL.NLLT) 6L 10 S
tHI=1denNC
rLO=L4=NC

kNT=10

p0 6 K=ILO, NI
ACK)ZPLUS
TFLKNT.NE NX) GU TO 6
A(KISLYE

khiT=0

KNTSKNT+1

G0 TO (7.8,9¢10,11,14),J
A(1Z)=PLUS
[C3Sr(Al(T))

R0 TU 12
A(I2)=PLUS

(C=3F (A2L1))

0 TO L2
A(1Z)=PLUS
1€=3SF(A3LI))

G0 TO 12

7C=SF (A4LT))

gt TO 12
1CSSF(AS(T)Y)

a0 TO 12
JE=SF(AGCL))

A (IC)=STAR(J)
CONTINUE
TF(KX.NFeNX) GO TO 13
1Z1=L4LRUCY)
1722=12LRU(2)

1255 1ZLRUC3)
ACLZI)=DASH
AC1Z2)=DASH
ACIZ3)=DASH
IFULL.EV.T) GO YO t6,
kl=(1=1)/19¢a1
K2=K1+1
IFIKL.GE1y) 6O TO 17
ACIZI+L)ENGHLKR)
ACIZ2+ 1) 3NUMLKD)
ACLZS=1)3NgMLKR)
g0 TO 16
12=M00(K1,10)
Tl=(R1=12)/10+]
I::[:_”l
ACIZ)#1)=NyrLny)
ACIZL+Q)=NGMLLR)
ACIZ2+1)=MyMLly)
ACTZe+Q)=dMLI2)
ACLIZ3=3)=hymMift)
ACIZS5=1)30yMLiLQ)
kX=0

KX=KXtl

WRITL(G,202) (ACK) ,K2L,NCT)
: FORMATCLA,15LA))

cONTINUC

n0 15 [=1,NCT
ACT)=BLANK
141=14LRU( L)




{
{

122=12ZCRUCR)

123=14LRUC3)

AC(1Z1)STEE

ACIZ2)STEE

ACIZ3)STEE

WRITL(G,202) (A(R) »K=1,NCT)
RE TURN

END




[}
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SUBROUTINE MAXX(NP,A,YMAX)
DIMENSIUN ACL)

yMAX=A(1)

p0 I I=2,Kp
YMAXSAMAXL(YMAX,ARS(ACI)))
RETURN

END
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SUBRUUTINE SCALF (NP,A,YMAX,RNG)
DIHENSION ACL)

pO | I=t/Np

1SAVLE=L

TFUYHAX,LE,ALT)) CU TU 2
cONTLINUE

JUP=SYMAX

RNGE LUP

RETURN

RNG=A(ISAVE)

RETURN

END
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SUBROUTINE PLOYXY(XP,YYP,NP)
DIMEMSION AC91) s KANGE(4),AX(10)
PIMENSLION xPLS00),YYP(S00),1IP(500)
cOMMON 1P

NDATA BLANK /LlH /

PATA CYE/HL/

NATA DASH  /lH=e/

DATA PLUS /LH4/

NATA STAR/ HE/

NATA RANGE /U0epSarl./

NATA AX/THQ) LHL, LHE, tHD, LHA ) 1HS5) LHO, LHT» 1H8 LHY/

SCALL

NR=ES

NR1SNR=1

KXAX1S=0

yMax=ABS(YYPL]))

pnO 11 [s2,NP

NPSAVEL
yFlXP(l).LT.0.0.0N.ABS(YYP(I)).GT.80p) GO TD 18
YMAXSAHAAL (YMAX,ABSCYYP(L)))
MPENPSAY

yHI=80.

yLO==YHI

nRDER X

pl 1 I=t1.NP

kMT=1

nh 2 J=t.Np

tFULLEU,J) GU YO 2

PFCXPCL) eGTXP(JI) KMTSKNT+Y
CONTINUE

(PLL)=KNT

CONTLINUC

INIT(ALIZE

12=81

IFLYYPINP) LT.0e0) IZ4=11
KSAVL=Y

L INE=)

MC=b0

ML=91

SCLENC/YH]

nY=SCL

1LY=10

kY=LY

NXE(NY2S5./10.) 22,

| X=10

kX=LX

[FLYYP(NP) GL.0s0) WRITE(H,20))

201 FORMATCOLAL, 50X, THY VS. X/

AO0X s SHEBG, [TXp3H+6U, 17X, 3HIL0, 17X, 5H+20,19X,110/)
TROYYPUNP) (LTL0.0) wRITE(S,202)

Qne FORMATOLHL,56X,THY vS. X/

X30Xp IHU ) 18X, 0H=20, 17X p5H=80, tTXs5H=60, LTX,3H=80/)

pREPARL FLNTTING ARRAY
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00 3 K=1,N
ACK)=PLUS
TF(KYNEWLY) GO TO 14
A(KI=EYL
kY=0
14 «Y=RKY+L
cONT {NUC
nQ 9 I=t/Np
A(IZ)=PLUS >
pd 4 J=l.hp
N IFUIP(I)eEQaD) 10=J
YYSIZ=SCLAYYP(IU)
[X2I+(XPUIN)ASCLAS . /10.)%2,
; TF{KSAVE.ER.V) GO TO 9
{ TFUIX.NCeKSAYVE) GO TO 7
| ¢ IFUIXeGTalTNL) GO TO 7
ACIY)SSTAR
KSAVL=LINE
{FUI.EW.NPY GO 10 7
c0 TO 9
7 1F(KX.NCeLx) GO TO 10
KXAXLSSKXAXIS+]
T1F(KXAX1S.zQ.1) GO TO 17
tFLYYP(NP) (LT.0.0) GO TO 15
1ZONC=1Z+1
12TAO=LZ+2
G0 TU 16
15 rZokC=1Z=2
\ 12TrHa=L2=2
| 16 A(IZUNL)=AX(KXAXIS)
ACIZIwu)=ax(L)
17 aC(IZ)=0ASH
KX=0
10 KX=KX+1 -
TFUACIZ) oNELODASHOANDLACTZ) JNELSTAR) A(IZ)=PLUS
WRITL(L,&09) (AC(1J),T1Jd=1,NL)
200 FORMAT(2GX,91A1)
PFULLEWL P AND (LINELEWLTIX) CALL EXIT
Nl 8 KalsMy
8 A(K)=bLANK
LIHE:LLNLQ‘
0 T S
9 cONTINUE
RETURN
END
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SUBROUTINE RUNGS (X, N, Y, YPRIML, INDEX)
DIMENSLON y(U2)p YPRIMECLIZ) 92 (L) r w1 (22D, w2(12)»n3(12),n4(12)
LRUNGS = RUNGE=xuTIA SOLUTIUN UF SET uUF FIKS) URDEKR UlDebs FORIRAN 99

(W NIMENSLONS NUST 8F SET FOR FACH PROGRAM
© X INDCPENDUNY VARTAELE
(5 " INCREMENT DFLTA X, MAY KE CHAWGED IN VALUE
[ N NUMBLR (F pQUATIONS
£ Y LDEPENDENT VARIARBLE RLOCK UNE DIMONSIUNAL ARRAY
L yPRIME DERIVAYIVE BLUJCK ONE DUMENSIUNAL ARKAY
C THE PRUGKAMMLR MUST SuUPPLY INITIAL VALUES UF  Y(1) TO Y(N)
v THDEX 1S A VARIABLE willCh SHOULD BE SET TO ZEWOD BEFUKL EACH
€ INITLAL CATRY YU THE SUBRUUTINE, 1.E., TO SOLVE A DIFFERENT
[ §FT UF CUUATIUNS OR 11 START WITH NEW INITIAL COMDITIUNS,
L THE PRUGKAMMER MUST wRITE A SUSRUUTINE CALLLD ULRIVL wHICH CUM=
L PpUTES IHL pCKIVATIVES AND STQRES THEM
C THE ARGUMENT CIST [S SUBROUTINE DERIVE(X,N,Y,YPRIME)
1F CINDEXR) 55,1
1 pO 2 I=t/N
WLLL)IN*YPRINE (1)
2 Z(=Y (D) +(wl(1)a.5)
ASX+H/C.
cALL DLRLIVECA,N,Z,YPRIME)
n 3 I=1,N
W2 LL)ZHAYPRIMU(T)
3 zCII=YLL) b 5% N2(]1)
ASX+H/D,
rALL OLRIVECA,N,2Z/YPRIME)
pO 4 I=l,N
WILL)SHAYPRIMC (I
B 2CDI=Y(1)+wiLI)
ASXEH '
cALL DURIVE UA,N,Z,YPRIME)
pN 7 I=1,N
WALL)SH*YPRIML (1)
7 y(DI=Y (D402, A(A2CT)+w3CI))I+WL (D) +wU (1)) /0.)
X=X+H
CALL DLRIVE (X,N,Y,YRPRIME)
nfi TO &
5 cALL CERIVE (X,N,Y,YPRIME)
ThVEX=1
6 pETURN
END
vy
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LT RN,

10

5%
3
6"

99
tp0

SUBROUTINE CUMB(A,N,ND,B,M,NERK,D)

SULHTINN UF SIMULY,CA. FORMEING KUTTA COND,
NDIMLNSTUN  ACL), B(1)
FOULVALDINCE  (I,FL), (K,FK)
ASNERR=]

ph 90 I=t,N
ATJMAX = A(L)

TJHAX = L
IFLNLER 1G0T 30
pt) 29 J=2,N

1d = 1T + (J=0)anD

TFLABS(ACTJ))=aBS(ATJMAX))2S,25,20

ATJMAX = A(Ld)
IJMAX = I
CONT LNUE

1F  (ALJIMAX])  30,999,30
nil 35 J=L,N

1J = 1 + (Jg=l)aND

ACIJ) = A(TJI/ATIMAX

n = 0 % A[JMAX

nd 60 JS1,M

IJ =1 + (.)-l)*ND

R(IJ) = O(1J)/ATIMAX

p0 70 K=3L,N

IF (X=~01J) 50,76G,50

«JMAX = IJMAX & (K=1)
ARAT 3 =pA(KJMAX)

wJ = K

jd = 1

no o J=1N

1F (ACXJd))  55,58,55
A(KI) = ARAT*A(LJ) + A(KJ)
kJ = XJ + ND

1J = IJ ¢+ NO
A(KIMAX) = 040

xJ = K

16 = 1

nil 69 J=t,m

(T (80L))) 65,068,065
alAJ) = ARAT*B(IJ) + H(xJ)
w] = KJd + NV

= IJ + ND
CONTINUE

wJ = LJMAX = [+l
A(KJ) = FI

pt J00  I=p.N

0=k

1L = Kxtil) « ND 4+ |
FK = A(I))

1F (&=() 93,100,995
1J = 1

IK:K

ph 99  J=1,M

al2) = isity)

a(l1J) = B8(1K)

a(Ixk) = A(2)

td = IJ + WD

tk = Ik + nNU
cONTINUC

NFRR = [

-

MISS0060
MISS0070
M1850080

MISS0090
MISS0100

MISS0120.
MIS5S0130
M1SS01i40
41550150
MISS0160
115350170
MISsSol 0
M1SS0190
MISS0200
MISSn210
MISSN220
MISS0230
41850240
MISS0250
MI5S0260
MISS0270
M1ISS02 0
41550290
41550300
MISSu310
11880520
M1SS0%30
M1SS0340
11850350
418304560
4[SS0370
418503 0
“[550390
MI550400
M1S8S0410
411581420
1550430
41550440
M15504%0
415804k0
MIS30470
415504 0
41550499
M1SS80500
M1550510
MISStS20
15560530
11550540
M1S505%0
11550%60
41580570
41880 0
11580599
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41850600

999 RETURN
END

vv




SUBRUUIINE SIMPSQ
ROUTINL 10 PIRFURM SIMPSOt INTEGRATIUN FOR EVEN WUMBER (F INCREMENTS,

=NUMHLCR Of
HEINCRLMENT

ASINTLGRAL

Ll o

DIMENSION y(L)
NNSN
TFAMODINN,2) o NL o)
15 kOUNT=0
NIZN=1
ASY(L)+Y(N)
{ THIRDH=H/ 3,
n0 | I=2.,N)

’ IFLKOUNT.ER.L) GO T0
ASA+U. XY (])
KOUNT=1
g0 TO 1

2 A=A+2.%xY (D)
KDUNT=0

1 CUNTINUE

ASTHIRCH%*A

RE TURN

A=0.0

p0 20 I=1,N

A=A+Y(I)

CONTINUC

i ASA=0.52Y(])=0, 547 (N)

ASAXH
RETURN
END

(NeH,Y,A)

LNDEPENDUNT VAKIABLES

Y=INDEPENDENT VARIABLE

GO TO 10

2

150 ' {




SUBROUIINE BESSFL(LU,X,V)

NIMENSION YCL000)
Twsl,./12.
TH=1./5,

NR=10

M35t AAR T WA AXAXTHEAMAX] (OR, X)

TFIMUD(Mp2) aNL ,0) =M+

Mi=M=1

M=M=

T(M)=0

T(MI)=1,

1s2./X%

JeM2+ L

MXEM2/2

SNOKM=1) o

Py LIsteMx

JsJ=1
TUII=I*axT(J+ 1) =T (J42)
J=J=1
TUIISJ*LaT(J41)=T(J+2)
SNURM=OUNORM+Y (J)
SNURMZ2 . ASHURM=T (1)

v=T(10U+1)/SNORM

RETURN

END
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