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Abstract

Documentation and listings are presented for a sequence of computer
programs to be used for problems in continental shelf dynamics. Three of the
programs are to be used for computing properties of free and forced
coastal-trapped waves. A final program may be used to compute wind-driven
fluctuations over the continental shelf and slope.
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CHAPTER 1

GENERAL INTRODUCTION

In a recent sequence of papers (Brink, 1982a,b; Chapman, 1983; Clarke and
Brink, 1985) a number of computer programs have been described which compute
properties of linear coastal-trapped waves and wind-driven motions over the
continental shelf. These programs, since they allow rather arbitrary choices
of topography, stratification, etc., may be of fairly general use to the
oceanographic community. For this reason, listings and documentation for
these algorithms have been assembled here in an accessible form. |

Some definitions are common to all of the following routines. Specific-
ally, we use the coordinate system shown in Figure 1, such that the coast (if

. present) lies at x = 0 and the ocean in the region x > 0. The alongshelf

coordinate is y and the vertical coordinate is z (positive upwards), such
that z = 0 at the ocean surface. The x, y and z velocity components are
then u, v and w respectively. Depth-integrated u and v velocities are
defined as U and V, respectively. Pressure and density are given as p and
o, respectively. A few other commonly used variables are N2, f, g, hy w
and 2, . which represent the Brunt-Vaisala frequency squared, the Coriolis
parameter, the acceleration due to gravity, the water depth, wave frequency
and alongshelf wavenumber.

A few assumptions are common to all programs below. First, only linear
problems are considered. Second, the water depth is always assumed to be a
function of x only. Third, the Brunt-Viisala frequency may vary in z only,
and must be non-zero everywhere. The only exceptions are in computing baro-
tropic continental shelf waves (program BTCSW, Chapter 2) where the problem is
linearized and the Brunt-Vaisala frequency is not specified.

The general free-wave programs BTCSW and BIGLOAD2 (coastal-trapped waves

-with continuous stratification; Chapter 3) search for free-wave solutions using

resonance iteration. The general approach is to assume that the dependent var-
iables are sinusoidal in time and the alongshelf direction, e.g.

U(x,y,t) = U(x) exp[i(ut + 2y)] ,
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Figure 1:  Topography and coordinate system definitions used in all
programs: (upper) with a coast, (lower) without a coast.



reducing the problem to a two-dimensional eigenvalue problem in (w, 2):

L (O(x50,2)) =0 .

This is solved for arbitrary forcing and a fixed 2. The frequency w 1is then
varied until the free-mode resonance is reached. Resonance is defined as the
frequency at which the integrated field variable squared,

or

is at a maximum.

A few comments are in order about the workings of the programs. The

units internal to all programs are cgs, although input values are often in

convenient units (e.g. km for x). The input file is always number 5, and the

output file number 6. A1l programs are self-contained except for BIGLOADZ2,
which requires the use of IMSL subroutine LEQT1B. This subroutine is used to
solve the banded matrix equation by L-U decomposition.

The programs described below can be briefly summarized as follows:

1) BTCSW: barotropic continental shelf waves (e.g. Buchwald and Adams, 1968)
and barotropic bank or trench waves (e.g. Brink, 1983; Mysak, LeBlond and
Emery, 1979). Dispersion curves, modal structures, and wind coupling coef-
ficients can be computed for arbitrary topography and mean alongshore flow.

2) BIGLOAD2: Coastal-trapped waves in the presence of continuous stratifica-
tion (e.g. Wang and Mooers, 1976; Huthnance, 1978; Brink, 1982a,b). Dis-
persion curves (up to w = 0.9f), modal structures and wind coupling coef-
ficients can be computed for arbitrary topography and (horizontally
uniform) stratification.

3) CROSS: Finding flat-bottom baroclinic modes and where w = f for general
coastal-trapped waves (Chapman, 1983). The program allows arbitrary
stratification and monotonic bottom topography.



4) BIGDRV2: Wind-driven motions over the continental margin (e.g. Clarke and
Brink, 1985). The velocity, pressure and density fluctuations driven by a
wind stress of the form _i(x) exp[i(wt + 2y)] can be computed for general

topography, stratification and bottom friction.

Finally, the user should be aware that programs BTCSW and CROSS require
very little CPU time to complete whereas program BIGLOADZ uses approx1mate1y
one minute of CPU time for each point on a dispersion curve and program
BIGDRV2 requires approximately one minute of CPU time to complete (both on a

VAX 11/780).




CHAPTER 2
BAROTRQPIC SHELF WAVES
Documentation for BTCSW

A, Introduction

This program computes modal structures and dispersion curves for free
barotropic shelf waves. It can also compute bottom friction and wind coupling
coefficients as in Brink and Allen (1978). Either a free surface or a rigid
1id may be used, and a stable mean alongshelf flow can also be included. A
variety of boundary conditions are available as options.

B. Formulation

For a linearized, inviscid barotropic ocean, the depth-integrated equa-

—--—————%t4ons—ofm 0’1'?1"0“.’ -ares— - —

eUt + t-:VQU‘y - fV = —gh Ty s (2.1a)
Vt + Vovy + Uvox + fU = ~gh Cy R (2.1b)
8§, + Vo Cy + Ux + Vy =0, (2.1c)

~ where the onshore, and alongshelf directions are x and y, respectively, and

there are no alongshelf variations in the mean flow v_(x) or in the depth h,

0
U and V are the depth-integrated velocities in the x and y directions. The

free surface elevation is ¢, and subscripts x, y and t represent partial

differentiation. The constants g and f are the acceleration due to gravity
and the Coriolis parameter. The variablies ¢ and § are defined as follows:

€

0 for the long-wave approximation,

1 for general frequencies and wavenumbers,
§ =0 for the rigid-1id approximation,
and § =1

€ =

for a free surface.

With the assumption that U, V andz vary as exp[i(wt +2y)], (2.1)
become
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Each of these equations presents a practical difficulty. The ¢ equa-
tion (2.3) possesses a spurious solution. For example, when Vo = 0 this sol-
ution has w=f, and ¢ = coexp(— 2x). (See Pedlosky, 1979, pp. 79-81 for an
explanation.) This spurious mode may, in turn, affect the true solutions. The
U equation (2.2) does not possess a spurious mode, but can lead to numerical
difficulties for very shallow water (e.g. solving for a laboratory case where
h <1lm everywhere). In general, it is preferable to use the U equation,
and to check it against the results of the r equation. The program allows
the choice of the U or T equation.

C. Program Input

As explained below, the user provides a bottom topographic profile, a
mean flow profile (if desired), and choices for boundary conditions. The
-——program-returns-modal-structures—for—U-and—z——andfrequencies—for-the

prescribed wavenumbers. A1l outputs are in either cgs or arbitrary units,
although inputs are in convenient units. Two geometries are possible
(Figure 1, p. 2). The first case (Figure la) contains a coastal barrier,
while the second case (Figure 1lb) does not. The second case is useful for
bank- or trench-trapped waves. Note that o > 0 1is assumed, so that waves
propagating in the positive y direction (opposite to standard shelf waves in
the northern hemisphere) must be found using ¢ < O.

The following presentation of input parameters describes the user

options. A compact list of parameters is given in section 2E. All data are
read from file 5.

line 1: IMDM NN
IMDM is the number of cases to be studied. If IMDM £ 1, all of the
other Tines of input must be repeated for each case. This is useful
if, for example, several geometries are to be studied in-—-one run: -
NN is the number of grid points in the x direction. Presently,
NN < 100, but this could be easily changed by the user.



line 2: NITM 1ISD EPS DEL
These are all parameters used in the search for the resonant frequency.
NITM 1is the maximum number of iterations allowed for finding a resonant
frequency (typically 20-40).
ISD directs the frequency search.
For ISD = 0, the program searches for the free-wave frequency closest
to the initial guesses.
For ISD = 1, the program searches only towards lower frequencies.
For ISD = -1, the program searches only towards higher frequencies.
EPS is the nominal fractional accuracy desired for w. This is always
less than the true error range within which o s known. Typically,
EPS = 0.005 (0.5 percent accuracy).
DEL 1is the fractional step size used for initially searching for w.
Typically, DEL = 0.05 (5 percent).
line 3: IUP ILLW v
IUP provides the choice of searching with the U or ¢ equation (see
section 2B).
IUP = 0 specifies a search using U.
IUP = 1 specifies a search using Z.
If some other value is given, the program defaults to IUP = 0.
ILLW allows the option of making the long-wave approximation exactly.
ILLW = 0 for long waves (e = 0 in section 2B).
ILLW = 1 for the general case (¢ = 1 in section 2B).
[f some other value is given, the program defaults to ILLW = O.
Also, if ILLW = 0O, NCALM (see below) is set to 1, since the waves
will be nondispersive.
1ine 4: 1IDD1 1IDD3 1IDD4
These parameters select the boundary conditions.
IDD1 = O for a rigid 1id (8 = 0 in section 2B).
10Dl = 1 for a free surface (s = 1 in section 2B).
Other values set the default of IDDl = 0.
IDD3 = 0; the boundary condition at x = XMAX is UX = 0. This is not
the "real" condition, but is used for comparison with the stratified
wave program (Chapter 3).



IDD3 = 1; the boundary condition at x = XMAX is U = 0. This simulates
a channel problem. .

IDD3 = 2 sets up the real, exponentially decaying condition at x = XMAX.
This is the preferred condition, but it is only valid if h and v
are constant near x = XMAX,

If another choice is made for IDD3, the program reverts to IDD3 = 0.

IDD4 = 0, the boundary condition at x =0 is UX = 0. This may be

0

useful for bank or trench waves.,

IDD4 =1 sets U=0 at x = 0. This is the desired condition for shelf
waves.

IDD4 = 2 uses the exponential decay condition at x = 0. This is again
the preferred condition for bank or trench waves, but it is only valid
for h and A constant at x = O (geometry of Figure 1lh).

Other values of IDD4 cause the program to revert to IDD4 = 1, the shelf

CToTwave case. T o e e
line 5: NCALM ILW _

NCALM is the maximum number of (w, £) pairs to be calculated for a
given dispersion curve.

ILW provides an option on calculating parameters valid for the long-
wave limit. These will only be computed for the first (w, 2 ) pair.

If ILW =0, then no long-wave parameters are computed.

If ILW £ 0, then the “"streamfunction" ¢n(x), wind-coupling coeffi-
cient bn and bottom drag coefficient a ., are computed. The
definitions follow from Brink and Allen (1978).

For computation and conceptual reasons, these parameters will not be
computed if either IDD4 4 1 or if h(0) = 0, even if ILW = 1.
ILLW need not be set to 0.
line 6: RLF DRL
These parameters define the wavenumbers for which o is calculated.
The wavenumbers used in the program will be:

2= (RLF + (n - 1) DRL) x 1078cmt
when n represents the number of the (w, 2 ) pair on the dispersion

curve. n ranges from 1 to NCALM (see line 5).



For example, if RLF = 0.5 and DRL = 1.0, then the first wavenumber
to be computed is 2 = 0.5 X 10'8cm_1 and the others will be (1.5,

2.5, 3.5,...) x 10'8cm'1.

line 7: 1IPC

If IPC # 0, then the program prints out modal structures as well as
search information for each (w, ) pair.

If IPC = 0, then the modal structure is printed only for the first (w, 2)
pair. ’

line 8: F XMAX

F is the Coriolis parameter, which is multiplied by 10—5 within the
program. Thus, F = 7.5 represents f = 7.5 x 10—55_1.

XMAX 1is the distance (in km) from x = 0 to the offshore boundary of
the grid (Figure 1). Typically, XMAX ~ 2L, so that about one half
of the domain has a flat bottom.

Tine 9: NRX

This is the number of [x,h(x)] pairs to be input to define the bottom
topography.

line 10 and following: X H

NRD

WW(1)

These are pairs of offshore distance (x) in km and depth (h) in m. These
can be arbitrarily spaced, and the information is linearly interpolated
to the grid poiﬁts. The first pair must have x = 0. For x > (the last
x value read), depth is set to the last h value read.

This is the number of [x, vo(x)] pairs to be input. If NRD = 0, the
program sets v, = 0 everywhere.

These are the NRD pairs of offshore distance (x) in km and mean along-
shelf velocity (vo) in cm/s. These can be arbitrarily spaced. For x <
(the first x value read), the programs sets Vo = 0. For x > (the last
x value read), the program sets Vo equal to the last Vo value read.
WW(2) WW(3)

These are three initial guesses at the free-wave frequency w for the
first value of 2(= RLF x 10'8 1).

cm The program multiplies WW(I)
by 107

, SO WW(1l) = 0.5 corresponds to w = 0.5 Xx 107271,

10



NW

These are [x (in km),

This is the number of x (in km) and friction weight function (WF, non-
dimensional) pairs to be input. This is useful for x dependent bottom
drag, i.e.

EL/2 < EWF(x) ,

where E0 is the Ekman number, E' 1is the Ekman number at x = 0, and
WF(x) a weighting function such that WF(0) = 1. If NW = 0, then

WF(x) = 1 for all x as in Brink and Allen (1978). If WF varies, then

L
a = J WF(x) (8, (X))2 dx ,

nn 0 X
where ¢n is the streamfunction modal structure.

WF (non-dimensional)] pairs to be input. The
first pair must start at x = 0. For x > (last x value read), WF
is set to the last value read.

General Comments

i.) The program will work with h = 0 at x = 0 only in the U equation
mode. Thus, if h(0) = 0, use IUP = 0. Alternatively, h(0) can
be very small with either IUP = 0 or 1.

ji.) When the ¢t equation is being used (e.g. IUP = 1), there is a
check for small diagonal elements in the finite-difference matrix
equation. If a diagonal element is less than 10-36, a message
is printed and the solution is omitted.

iii.) As a check of the UX boundary condition against the "real"

boundary condition, calculations were run for XMAX = 2L, no mean

flow and n =1, 2. The worst error in w was 3.6 percent for
n =1, and the error decreased for large 2. The n =2 long-
wave coefficients (a22 and bz) varied substantially, however.
The error in b2 was about 50 percent.

11



iv.)

Identifying modes. The Kelvin wave mode will have no zero cross-
ings of ¢ . The first shelf wave mode will have 1 zero crossing,
the second 2, etc. The first shelf wave mode will have no sign
changes in U, although U = 0 at x = 0, The second mode has one
zero crossing, etc.
When Yo # 0, the program checks for critical layers, and prints
out the number of critical layers in the solution. Further, the
program checks to see if the necessary condition for barotropic
instability is satisfied. That is, if

f+v

( ox)x

changes sign, a warning is given.

12



E. Input Summary

The input file should include:

IMDM NN
NITM ISD EPS DEL
1P ILLW
1001 1DD3 1DD4
NCALM ILW
RLF DRL
IPC
F XMA X
NRX
X H _

| NRX times
NRD
X v

NRD times

WW(1) WW(2)  WW(3)
NW

- NW times

F. Program Output

The output (file 6) includes statements about which boundary conditions
were used, and listings of h(x), vo(x), Un(x), cn(x), WF(x) and ¢n(x). The
functions of x(h,»vo, U, z, WF, ¢) are listed at ax increments across the

13



page, beginning at x = 0 and proceeding to x = XMAX. ax 1is given in the
header information.

A1l units in the output are cgs, except for U and ¢z which are in arbi-
trary units. d¢(x) is normalized as

L h
1=J %qsnzdx,
0 h

so that ¢ has units of cmllz.

The coefficients bn and 3 for ¢n are only strictly valid for
Vo = 0, and for a rigid 1id. Two different LI bn pairs are given. The
first (streamfunction) set is as defined in Brink and Allen (1978). The second
analogous set is defined for the long-wave problem in terms of pressure. This
is useful if there is a free surface, since the streamfunction is invalid. In

this case

p= 1 F,(x) Y (yt)
n

where the free-wave modal structures Fn(x) are orthogonal by

8 =(hFF)‘ + J h F F dx ,
nm nm x=0 0 Xnm

and Yn obeys

v Y _1 _ '
bn To B Yny Ch Ynt o % %m Ym *
The program prints out bn', ann' and the pressure normalized as above.
The bottom stress is taken to have the form

TBy = prOWF(x)v s

. . . .. . -1
where WF s as above, r, isa bottom resistance coefficient incm s °,

and p the fluid density.

14



G. An Example

Input File:
1 100
20 0 0.001 0.05
1
2 1
1
1.0 1.0
10.0 400.
3
0. 10.
100. 150.
200. 4000.
3 - , , o
0 0.
50. 100.
100. 0.
0.5 0.52 0.54
0

The result is, after 14 iterations, w = 0.6867 x 10-55_l

a =
> apg
0.19865 x 10~ em ! and b, = 0.1428 x 107Yer /2. This is the n = 1 mode.

15



CHAPTER 3
COASTAL-TRAPPED WAVES WITH STRATIFICATION AND TOPOQGRAPHY
Documentation for BIGLOAD2

A. Introduction

This program calculates free-wave dispersion curves (w, ¢ pairs) by
‘resonance iteration, given input parameters including arbitrary bottom topog-
raphy and stratification. Options include the choice of a free-surface or a
rigid-1id boundary condition, and the inclusion of the component of planetary
g perpendicular to the coast.

Note that this program uses an external (IMSL) subroutine in the solution
procedure.

B. Formulation
The problem is formulated in the geometry of Figure la. Note that the
depth at the coast h(0) is non-zero, although it can be arbitrarily small.
The governing equations are

€U, - fv = --;; Py .

1

+ = - =

Vi fu °opy
0=-p, -9o L(31)
Uy + vy + W, = 0
and

pp T Woy, =0 y

The variables u, v and w are the velocity components in the x, y and z
directions, respectively. The Coriolis parameter is f, the acceleration due
to gravity is g, and the pressure is p. Density is defined by

16



o(X,¥,2,t) = o (2) + o(x,y,2,t) .

The Boussinesq approximation is made throughout. Finally, subscripts x, y, z
and t represent partial differentiation. The quantity e 1is set to either O
(1ong-wave approximation) or 1 (general frequency and wavenumber).

A11 variables are taken to vary as exp[i(wt + 2y)], so that equations
(3.1) reduce to:

2 p
2f8 2 28 2f B2 2 2 Z

w(f -cw N
subject to
NZ
+ — —_ -
P, 8 3 =0 at z=0
W +rhxu =0 ~at -z = =h(x) _
u=20 at x =20
and
u =0 at  x = XMAX.

X

where N is the Brunt-Vaisala frequency. The fourth boundary condition
(Brink, 1982b) replaces the more desirable

p bounded as X » o

o

which is not very practical on a finite difference grid. The parameter § 1is
either 0 (rigid-1id surface) or 1 (free surface) at the user's discretion.
Note that only the component of B perpendicular to the coast has been includ-
ed, so that f = f0 - BX. This means that if the land is north of the ocean,
then 8 > 0, while if the land is south of the ocean, then 8 < 0. The com-
ponent of B parallel to the coast is not included because of the considerable
complications involved. -

The problem is solved by using the coordinate transformation

9=W.

17



This maps the domain into a rectangle, where the problem is solved on a fixed
17 (vertical) by 25 (horizontal) point grid. Thus, vertical resolution is far

better close to shore, in shallow water.

C. Program Input
The user must supply stratification, topography, the Coriolis parameter,

- and other information. The program then, after converging to a free wave
solution, prints out frequency, wavenumber and the modal structure. Al1l
program outputs are either in arbitrary or cgs units.

The contents of the input file (file 5) are as follows.

line 1: EPS EST DDI1.
EPS is the nominal fractional accuracy desired for the free-wave

frequency, i.e. Aw/w. The program stops searching when its next
frequency estimate agrees with the previous best estimate to this

accuracy. Typically, EPS = 0.005.
EST is the fractional initial search increment for . Typically, EST =

0.05.
DD1 determines whether there is a rigid 1id (DDl = 0.) or a free surface

(DD1 = 1.0). This corresponds to the & 1in section 3B.
line 2: ICCM NCALM NITM ISD
ICCM is the number of dispersion curves to be calculated. If ICCM £ 1,
all of the remaining lines of input must be repeated for each disper-

sion curve.
NCALM is the number of (w, £ ) pairs to be calculated along each disper-

sion curve.
NITM 1is the maximum number of iterations allowed for finding a single

frequency on the dispersion curve. If NITM is exceeded, the program

terminates.
ISD determines the direction of search for frequency.
If ISD = O, the'program searches for the free-wave frequency closest

to the initial guesses.
If ISD = 1, the program searches only toward frequencies lower than

the initial estimates.
If IDS = -1, the program searches only towards higher frequencies.

18



line 3: F XMAX

F dis the Coriolis parameter, which is multiplied by 10—55_1 within the

program. For example, F = 5, represents fo =5x 10'55'1.
XMAX is the offshore extent of the grid in km. Typically, XMAX ~ 2L
(see Figure la).
line 4: BETA ILWW
BETA 1is the component of planetary 8 perpendicular to the coast (see
section 3B) entered in units of s~ cm'l.
ILWW dis e of section 3B.
If ILWW = 0, the long-wave limit is taken exactly.
If ILWW = 1, the program runs for general frequency and wavenumber.
If ILWW is not equal to 0 or 1, the program terminates.
Tine 5: NCAL, WH(1)
For a new dispersion curve, NCAL =1 and WH(1) ds any number.
When resuming an older curve which has beenpartially completed, -NCAL =
2 and WH(1) 1is the frequency of the last & of the previous run.
This must correspond to RLF (see line 7). This information will allow
better estimates at succeeding frequencies. Note that WH(1) is multi-
plied by 10_65‘1, so that WH(1) = 0.5 corresponds to o = 0.5 x
10757,
line 6: IDIAG
If IDIAG # 0, then the v, u and p fields (as well as p) will be
output for the first (w, % ) pair on the dispersion curve.
If IDIAG = 0, then only v (and of course p) will be output.
Regardless of IDIAG, only p will be output for points after the first
(w, 2 ) pair.
line 7: RLF DRL
These parameters determine the wavenumbers for which w is computed.
Specifically,

2 = (RLF + (n-1) DRL) x 10 cm™L,

for n=1, 2, 3,... NCALM.
Tine 8: WW(1) WW(2) WW(3)
These are three initial estimates of the free-wave frequency for the

starting wavenumber. The program multiplies these values by 10_65-1,
so a value of 0.5 corresponds to w = 0.5 x 10_65_1.

19



Tine 9: NRX
This is the number of [x, h(x)] pairs to be input. NRX > 1 s
required.
Tine 10 and following: X H
These are values of offshore distance (x) in km and water depth (h) in m.
There must be NRX pairs, and the first pair must have x = 0. The spac-
ing in x is arbitrary, and the program fills out the topography by
linear interpolation. For values of x gréater than the last value
read, the program assigns the last depth read.
NR DZR ALPH
These are parameters used for reading the profile of N
Vaisald frequency squared).
NR is the number of N2 values to be read.
DZR is the vertical spacing of N2 values in m,
ALPH describes the exponential tail on the N2 profile. Often N2
is not available from surface to bottom. In this case, an exponential
extrapolation is used:

N2 =N 2 exp ( Lo~ z ) /ALPH)

2 (the Brunt-

0
where

No2 is the last N2 value readé
o is the depth of the last N~ value read, and
r 1s the depth of the point, i.e. z = -z.
ALPH 1is then the exponential length scale of N2 decay, in km.
CMLT

This is a conversion factor by which the input N2 are multiplied in

order to get units of (rad/s)z.

Nz(radzlsz) = CMLT x N2(user units)

Specifically,

following lines: N2

These are the values of N2 in user units, one per line. There must

be NR regu]af]y spaced values. The first N2 value should be at
z = 0, and N2 should never equal zero.
NRR
This is the number of [x, r(x)] pairs to be input, where r(x) is a
bottom resistance coefficient in cm s"1 defined by

20



%;‘13 = r(x) v(x, -h) .

This information is used in subroutine LGWH for computing the bottom drag
coefficient. NRR > 1 is required.

These are the NRR pairs of offshore distance (x) in km and bottom resis-
tance coefficient (r) in cm/s. The first x value read must be zero.
The x spacing is arbitrary, and is filled out by linear interpolation.
For values of x greater than the last value read, the last value of R
will be used.

General Comments

i.) Identifying modes. Generally, the barotropic Kelvin wave (n = 0)
will have no zero crossings in pressure. The first coastal-trapped
wave (n = 1) will have one zero crossing, etc. Occasionally, iso-
lated small pockets of reversed sign in p will exist, represent-
ing numerical error. These extraneous zero crossings are usually
obvious when the modal structure is plotted.

ii.) The program does not generally work well when the shelf-slope width
is small relative to the first internal Rossby radius of the deep-
ocean. For such a case, the user should experiment to see if o
is stable with respect to small changes in XMAX.

iii.) Since the governing equation is formulated in terms of pressure, a
spurious mode exists for 8 = 0 and w = f. It has

with p, = 0. (See Pedlosky, 1979, pp. 79-81 for more detail.)
This mode makes the program's performance suspect near w = f.

iv.) For w > f, the inertia-gravity wave continuum is quantized by the
offshore boundary condition, and the results are useless. The
program will stop after three iterations if w > f is sought.
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v.) The program has trouble finding the barotropic Kelvin wave.

vi.) The program uses an external (IMSL) subroutine to solve the matrix
equation.

E. Input Summary

EPS EST DD1
ICCM NCALM NITM ISD
F XMAX
BETA ILWW
NCAL WH(1)
IDIAG
RLF DRL
WW(1) WW(2) WW(3)
NRX
X H

NRX times
NR DZR ALPH
CMLT -
NZ

- NR times

NRR
X R

NRR times

F. Program Output

The program first lists the boundary conditions chosen, and a few param-
eters, such as f and 8.
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Next, N2 at x = XMAX is listed at grid point locations, starting at

the bottom of the water column. (The first point is at z = -h, and the last at
z = 0). The Az can be found in the pressure listing.

Then, information about the frequency search is listed. For each itera-
‘tion, w, £ and ¢ = w/% are listed, along with

RI = Jpzdzdx ,

a measure of resonance, and [ER, an IMSL error code. A message announces
convergence,

The v (alongshelf velocity) field is listed, beginning at x = 0. Total
depth (h) and depth increment (DZ) are given for each x. Then v 1is listed,
beginning at z = -h. The v field is computed after p has been normalized

so that
' 0
o

N pldz ‘x=0 + [m hxpzdxl seh

/0
The pressure field is also listed, and (optionally) wu and p. Al1 units are
consistent so that if p were in dyne/cmz, then v would be in cm/s.

After the first (w, £ ) point on a dispersion curve, only p will be
Tisted, and in this case it is not normalized.

Immediately after the v printout, A and bn are listed. (See
Brink, 1982a.) This is an improved version due to Clarke and Van Gorder
(1985). Finally, at various points in the output, the contributions of u and
v to wave kinetic energy, and of p and free-surface height to wave potential
energy are given. These can be used to compute the diagnostic

R = kinetic energy
~ potential energy °

This quantity approaches 1 for a baroclinic Kelvin-1like wave, and becomes large
(> 10) for a barotropic shelf wave.
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. An Example
Input file:

0.005 0.05 0.
1 1 20 0
10.0 200.

0. 0

1 0.

0

0.1 0.5

3.0 3.1 3.2
2

0. 10.

100. 4000.

2 5000. 5.
1.0 E-06

1.375

1.375

1

0.0 0.05

This represents a uniform N2 and a uniformly sloping shelf. After

seven iterations, w/ 2 = 315.05 cm/s for the n = 1 mode. The coupling coeffi-
cients are

2

cm'll2

o
]

-0.36614 x 10~

a 0.18207 x 10_8 cm—1 .

nn

Note that the sign of bn can be positive or negative, depending on the
sign of p.

This result can be compared to that obtained by Huthnance (1978) of
w/%t =310 cm/s. Note that he had h(0) = 0.
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CHAPTER 4
NEAR-INERTIAL COASTAL-TRAPPED WAVES WITH STRATIFICATION AND TOPOGRAPHY
Documentation for CROSS

A. Introduction

This program finds the wavenumbers (if any) at which the dispersion
curves for free coastal-trapped waves approach w = f. Also determined is the
lowest-order pressure field at w = f. Input parameters include arbitrary
bottom topography and vertical stratification. Options include the choice of
a free-surface or a rigid-1id boundary condition. The program is designed to
be compatible with BIGLOAD2 (Chapter 3).

This program can also be used to find the vertical structures and phase

speeds of flat-bottom baroclinic Kelvin waves for arbitrary vertical
stratification.

B. Formulation

The solution procedure is based on the near-inertial analysis of
Huthnance (1978, Section 6¢, see also Chapman, 1983). For a coastal-trapped
wave with frequency w slightly less than f, i.e. w = f(l-y) where vy << 1,
then the pressure may be assumed to take the form

p = [py(2) + vpy(x,2)le” **
where x 1is positive offshore, 2z positive upwards and 2 the alongshelf

wavenumber. The topography is shown in Figure la. It can be shown that with
these assumptions, the lowest order pressure field obeys

dp <
& (—2—:l = 2 tX(2) 2oy v 222X(2) g (4.1)

where Nz(z) is the squared Brunt-Vaisala frequency, and X(z) is the inverse
topography defined by z = -h(X) where h 1is the depth. Note that the topog-

raphy must be monotonic to be inverted uniquely. The program checks for this.
Boundary conditions are

25



Z-=0 at z = -H (4.2a)
dp 2

o, sN°(0
Iz + g( ) Py = 0 at z=0 (4.2b)

where H is the maximum depth at L < x < XMAX, g gravitational acceleration,
and s = 1 for a free surface or 6§ = 0 for a rigid 1id. Thus, for known f,
topography and stratification, equations (4.1, 4.2) can be solved to find the
wavenumber(s) ¢ at which o = f.

Solutions are found by a shooting technique in which (4.1) is represented
in finite difference form and (4.2b) is assumed satisfied. Then & 1is varied
until the integration of (4.1) from z =0 to 2z = -H results in a pressure
distribution which satisfies (4.2a). The wavenumber % is found to a relative

fractional accuracy of 10_7.

cC. Program Input

The user must supply such information as stratification, topography, the
Coriolis parameter, etc. A1l program outputs are either in arbitrary or cgs
units.

The contents of the input file (file 5) are as follows. They are
designed to be similar to the contents of the input file used with BIGLOADZ.

1ine 1: NV DDl
NV is the number of grid points (in the vertical) to be used in the
solution. First, the topography is computed exactly as in BIGLOADZ to
obtain 25 depths. Then the topography between the coast and the flat
bottom (0 < x < L) is filled with NV points by linear interpolation.
The maximum NV is 101.
DD1 determines whether there is a rigid 1id (DD1 = 0.0) or a free surface
(DD1 = 1.0). This corresponds to s in (4.2b).
line 2: F XMAX
F is the Coriolis parameter, which is multiplied by 10"55"1 within
the program. Thus, F = 5.0 corresponds to f = 5. x 10-55-1.
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XMAX is the offshore extent of the BIGLOAD2 grid in km. It is used here
only to insure that the original 25 depths (before interpolation) are
computed as in BIGLOAD2.

line 3: NRX
This is the number of [x, h(x)] pairs to be input. (NRX > 1).
line 4 and following: X H

These are values of offshore distance (x) in km and water depths (h) in

m. There must be NRX pairs, and the first pair must have x = 0. The

spacing in x is arbitrary, and the program fills out the topography by

linear interpolation. For values of x greater than the last value
read, the program assigns the last depth read.
NR DZR ALPH

These are parameters used for reading the profile of N
Vaisala frequency squared).

NR is the number of N values to be read.

DZR is the vertical spacing of N2 values in m.

ALPH describes the exponential tail on the N2 profile. Often N2 is
not available from surface to bottom. In this case, an exponential
extrapolation is used:

2 (the Brunt-

b exp({z g - ¢ )/ALPH)

where

2

N0 is the last N2 value read,

o is the depth of the last N2 value read, and

¢ is the depth of the point, i.e. ¢ = -z.

ALPH is then the exponential length scale of N2 decay, in km.
CMLT

This is a conversion factor by which the input N2

are multiplied in
onder.to,getﬂunjts.of.(rad/s)z. Specifically,

N2(rad2/52) = CMLT x N2 (user units)

following lines: N
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These are the values of N2 in user units. There must be NR
regularly spaced values. The first N2 value should be at
z =0, and N2 should never equal zero.
NRS
This is the number of wavenumber searches to be made. For each search,
,Eﬂ_mﬂglminimum’,zunaximum? A% ) set is read. This allows several
searches for the same mode or searches for several modes.
following lines: X5 X6 X7
X5 s the minimum £ to start the search
X6 is the maximum 2 to end the search
X7 is the a2 wused to locate the solution.
The program multiplies these values by 10—7 to obtain cm-l. Thus,
(X5, X6, X7) = (2., 3., .1) corresponds to % in = 20 X 10~/
% =3. X 10'7cm-1, At = 0.1 x 10 "cm ~. The program then

max
locates a root by shooting using 2 = Qmin +nat (n=0,1, 2...)

-1
cm T,

up to 2 = gmax‘ If a root is located, Newton's method is used to

ome i it . '
h in on it If no root is found between 2m1n max®

then the search moves to the next choice for X5, X6, X7. There must:
be NRS sets of X5, X6, X7.

and ¢

D. Genera1 Comments

i.) Identifying modes. The barotropic or Kelvin wave (n = 0) will have
no zero crossings in pressure. It will exist only if a free sur-
face is used (DDl = 1.0). The first coastal-trapped wave (n = 1)
will have one zero crossing, the second (n = 2) will have two, etc.

ii.) The program is probably best used when BIGLOAD2 predicts a dis-
persion curve which reaches w ~ .9f, above which BIGLOAD2 has
problems. The BIGLOADZ2 dispersion curve can be used to estimate
the search parameters for CROSS. The same topography and stratifi-
cation should be used in both. It may be dangerous to use CROSS if
the dispersion curves are unknown, because they may never reach v =
f and CROSS will only report that no root was found in the specific
interval (i.e. CROSS cannot tell whether or not a dispersion curve
ever reaches w = f, only whether or not it reaches w = f in the
specified interval).
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iii.) This program can find flat-bottom baroclinic Kelvin wave modal
structures and phase speeds by using one depth and the desired
stratification (NRX = 1, [x, h] = [0., H]). Since Kelvin waves
are nondispersive, the phase speed at f is the same as at any
other frequency.

E. Input Summary

NV D01
F AMAX
NRX

X H
:}_ NRX times

NR  DZR ALPH

CMLT
N2
NR times
NRS
X5 X6 X7
NRS times

F. Program Output

The program first lists the surface boundary condition chosen, and the
parameters used (f, XMAX). Then az is listed followed by the inverse topog-

raphy at z = -(naz) where n =0, 1, 2... NV=1. Next N2 is listed also
at z = -(naz).

For each search, if a solution is found, the wavenumber ¢ and phase

speed (f/ %) are listed followed by the pressure structure (poe' QX)
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0 1/2
normalized by (J pozdz) . The pressure is listed at z = =(n + 1/2) az
-H
where n = 1,2,3...NV-1. That is, the pressures are given midway between the

topography grid points.

—G. An Example

51 0.
10. 200.
2
0. 1.
100. 4000.
2 5000 5.
1.0 E-6
56.25
56.25
2
2. 3. .1
4, 5. .1

This represents a uniformly sioping shelf with uniform stratification.

The analytical solution of (4.1,4.2) is 2 = ﬂ%—[(%%oz - 1)]_1/2 (Huthnance,

1978, p. 83) from which 2; = 1.11 x 1077em b, 2, = 2.22 x 10 7en™ L. The
values predicted by CROSS are 21 =1.11 x 10—7cm'1, 22 = 2,22 % 10'7cm"l.
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CHAPTER 5
WIND-DRIVEN MOTIONS
Documentation for BIGDRV2

A, Introduction

This program computes the velocity, pressure and density response of
stratified shelf and slope waters to a time and space harmonic wind stress.
Options include using

a) rigid 1id or free surface,

b) “"long wave" or general parameters,

c) alongshelf or cross-shelf winds.

The cross-shelf distributions of bottom resistance coefficient and of
wind stress are at the user's discretion.

B. Formulation 7

The interior region (away from surface and bottom boundary layers) is
described by the linear, inviscid equations:

-1 .
eUp - fv =-;; Py (5.1a)
v, +fu=2tp (5.1b)
t 0y ¥ ’
0=-p,-9p (5.1c)
u, * vy *w, =0 (5.1d)
0 = pt + prZ . (5.19)

The variables u, v and w are the velocity components in the x, y and z
directions, respectively. The Coriolis parameter is f, the acceleration due
to gravity is g, and the pressure is p. Density is defined by

5(Xsysz9t) = pO(Z) + D(X,y,Z,t) .
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The Boussinesq approximation is made throughout. Finally, subscripts x, y, 2
and t represent partial differentiation. The quantity e 1is set to either O
(1ong-wave approximation) or 1 (general frequency and wavenumber). Equations
(5.1) can be reduced to a single field equation for pressure,

=)

2
vep  + (e i), (5.2)

— 0 = Pyxt vy ot zt

=2

where N2 is the Brunt-Vaisala frequency squared.
The problem is solved by assuming wind stress in the form of

TY(x) expli(ut + 2y)] ,

or
X = ™X(x) exp[i(at *+ 2y)],

A
]

and all of the variables (u, v, o, p) are assumed to have a similar y and t
dependence. Given these assumptions, (5.2) reduces to

2 2 2, Pz '
O-DXX—lep+(f - ew )(-N—z-)z. (5.3)
The boundary conditions are
0 =w ; hou + (f2 - mz)-l[-(frv + jureuy), + rv, * 12 ferug] (5.4a)
= X B~ 'Wrelgly T wielVg €' .
at z = -h(x),
0 = -0+ iwsg ip + (Fo= cwl) L[ (iweT*+ ) + e o (-7 WwT))] (5.4b)
at z =0,
0= uy at x = XMAX , (5.4c)
and

0=-i(2f *+op)h+ £(1Y - b rVg) * jwe(T* = o ru (5.4d)

P o} B)

at x = 0.
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The variables Ug and vg are the interior velocities evaluated at the
bottom:

—i(fz - smz)-l( % fp + mpx) ‘

ug 7 = —h (5.5a)
and
vg = (7% - ) (fp, +ewn) |, Ly (5.5b)

The parameter & is either 0 (rigid-1id surface) or 1 (free surface) at the
user's discretion. Implicit in (5.4a,b) is the assumption that the surface
and bottom frictional boundary layers are infinitesimaily thin. The offshore
boundary condition, (5.4c) has been shown to be reasonably accurate for free
coastal-trapped waves (Brink, 1982b), and is applied here as well.

The coastal boundary condition (5.4d) has been justified by Clarke and
Brink (1985). It states that the net onshore transport (interior plus Ekman)
sums to zero, with the further assumption that u, = 0 at x = 0, In practice,

this appears to be reasonable. The work of Mitchum and Clarke (1985) suggests
that the "coast" be placed such that

h(0) =%—@ , (5.6)

where r(x) is defined by

g = Po"g -

The general problem defined by (5.3) and (5.4) reduces to that of Clarke
and Brink (1985) when

§ =0
e =0
™ =0
1y =0.
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Note that the cross-shelf component of wind stress only enters when the long-
wave assumption is not made. Our sensitivity studies suggest that the cross-

shelf wind stress is rarely an effective driving agency except near resonance
with a coastal-trapped wave.

C. Program Input

The user provides an N2 profile, bottom topography information, choices
of assumptions (e.g. rigid 1id), the bottom resistance coefficient, wind stress
profiles, f, w and g&. The program returns v, u, p and p in the form of
amplitude and phase, as well as diagnostic information.

A full explanation of input is given here, and a compact listing in
section 5E. Al1 data are read from file 5.

line 1: 1ICCM

This is the number of (w, 2 ) pairs for which the program will run. Al1l
other parameters stay the same for each run.
line 2: F XMAX
F is the Coriolis parameter, multiplied by 10'55’1 within the program.
For example, F = 5. represents f = 5. x 10—55_1.
XMAX is the offshore extent of the grid in km. Typically, XMAX should
be about twice the sheif-slope width.
line 3: ILW IRL IXY
ILW determines whether the long-wave assumption is made. It is e in
section 5B,
If ILW = 1, general frequency and wavenumber.
If ILW = 0, long-wave limit.
If ILW is neither 0 nor 1, the program defaults to ILW = O.
IRL determines whether the rigid-1id assumption is made. It is & in
section 58.
If IRL = 1, free surface.
If IRL = 0, rigid 1id.
If IRL is neither 0 nor 1, the program defauits to IRL = 0.
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IXY determines which wind stress component is used.
If IXY = 1, cross-shelf (Tx) winds.
If IXY = 0, alongshelf (TY) winds.
If IXY is neither 0 nor 1, the program defaults to IXY = 0.
If the user sets IXY = 1 and ILW = 0, the program automatically stops and
prints out an error message.
line 4: NRX
This is the number of [x,h(x)] pairs to be input. 50 > NRX > 1 is
required.
line 5 and following: X H

These are the values of offshore distance (x) 1in km and water depth
(h) in m. There must be NRX pairs, and the first pair must have x = 0.
The spacing in x is arbitrary, and the program fills out the topography
by linear interpolation. For values of x greater than the last value
read, the program assigns the last depth read.
NR DZR ALPH
These are parameters used for reading the profile of N2 (the Brunt-
Vaisala frequency squared).
NR is the vertical spacing of N2 values to be read.
DZR is the vertical spacing of N2 values in m.
ALPH describes the exponential tail of the N2 profile. Often N2
is not available from surface to bottom. In this case, an exponential
extrapolation is used:

N - Nozexp((c0 - ) /ALPH)

where
No2 is the last N2 value rea%,
Eo is the depth of the last N~ value read, and
z 1is the depth of the point, i.e. ¢ = -z.
ALPH 1is then the exponential length scale of N2 decay, in km.

CMLT

This is a conversion factor by which the input N2

order to get units of (rad/s)z. Specifically,

Nz(radzlsz) = CMLT x N2 (user units).

are multiplied in
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following Tines: N2

These are the values of N2 in user units, one per 1ine. There must be
NR regularly spaced values. The first N2 value should be at z = 0,

and N~ should never equal zero.
NF

. This is the number of [x,r(x)] pairs to be read. NF > 1 is required.

The format for reading the bottom resistance coefficient r is exactly
1ike that for depth h.

following lines: X R

These are values of offshore distance (x) in km and of the resistance
coefficient (r) in cm/s. There must be NF pairs, and the first pair
must have x = 0. The spacing in x 1is arbitrary, and the program fills
out r by linear interpolation. For values of x greater than the last
value read, the program assigns the last r value read.

NW
This is the number of values of T(x) to be read. Whether it is T*
or 7Y depends upon the choice of IXY in line 3. If NW =0, T =1
dyne/cm2 for all x.

following lines: X T
These are values of offshore distance (x) in km and wind stress amplitude
in dyne/cmz. If NW = 0, these lines should not be inserted. The first
pair must be for x = 0. The x spacing is arbitrary, and the program
fills out the wind stress by linear interpolation. For values of «x

greater than the last value read, the program assigns the last wind
stress read. '

following lines: W RL
These are the frequency, wavenumber (w, &) pairs for which the program
runs. There should be ICCM lines. Units are s'1 and cm_l respectively.
The program includes no internal multiplications for these parameters.
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General Comments

i.) Using r = 0 results in a divide by zero. Thus, inviscid problems
should not be attempted.

ii.) Using g = 0 causes no problem until the program is about to print
the last values of pressure. An error message will result, but
there is nothing wrong with the program's output, which is virtu-
ally complete.

ii1.) No external subroutines are required.

jv.) The program uses the same 25 x 17 stretched grid as in BIGLOADZ.
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E. Input Summary

1CCM
F XMA X
ILW IRL IXY
NRX
X H
NRX times
NR DZR ALPH
CMLT
N2 -
- NR times
NF
X R —
NF times
NW
X T _
| NW times
W RL _
- ICCM times
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F. Program Qutput

The program first lists f and XMAX in s-1 and cm respectively. The
assumptions chosen on line 3 of input are then stated.

Input functions are then listed:

i.) N2 (radls)2 at x = XMAX, beginning at z = -=h up to z = 0.in
increments of Az at x = XMAX (i.e. h(XMAX)/16).

ii.) r(x) (cm/s), beginning at x = 0 out to x = XMAX in increments of ax
(i.e. XMAX/24).

jii.) T(x) (dyne/cmz) in the same format as r(x).

Following this, the program prints out w (s—l) and £ (cm-l), and the
resuits for this particular input pair. A1l field variables (v, u, p, p) are
listed as amplitude and phase at each grid point, beginning at the bottom for
each x. For each x, water depth h (cm) and ax (cm) are also given. The
phase is negative for wind leading the response. The field variables are:

iv.) v (cm/s), followed by the v contribution to kinetic energy per unit
length of coast (erg/cm), and the alongshelf bottom stress beginning at
x =0 (dyne/cmz). '

v.) u (cm/s), followed by the u contribution to kinetic energy per unit
length of coast (erg/cm).

vi.) (ot units), followed by the p contribution to fluctuating potential
energy per unit length of coast (erg/cm). This is followed immediately
by the free-surface height contribution to fluctuating potential energy.
The free-surface contribution is set to zero if a rigid 1id-is imposed.
At this point, the total (kinetic plus potential) fluctuating energy per
unit length of coast (erg/cm) is given, along with the ratio of kinetic
to potential energy R (Brink, 1982b). For R > 10, the response is
generally highly barotropic, and for R < 2, it can be regarded as very
baroclinic.

viis) p (dyne/cmz).
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G. An Example
Input File:

1
10.0 200. :
1 0
. 30.
100. 4000.
2 5000. 5.
1.0 E-06
1.375
1.375
1
0.0 0.05
0
1.0 E-05 2.0 E-08

The resulting output has the following energy components:

v > 2.94 x 1014 erg/cm

u > 0.08 x 1014 erg/cm

p »0.31 x 1014 erg/cm

p > 0.45 x 1012 erg/cm
and R = 9.6.

The alongshelf velocity (Figure 2) is uniform in depth at x = 0 at
34.2 cm/s and a phase of -9°. The v maximum is at the surface at x = 8.33 km
(85, -48°),

The cross-shelf velocity is depth-independent at x = 0 (2.5, -21°), and
has a maximum at the surface at x = 8.33 km (6.6, -136").

The maximum in density is at the bottom at x = 8.33 km with p = 0.032 o
and a phase of -39°. Density goes nearly to zero at the surface, and its phase
is consequently unreliable there. When a rigid 1id is used and NW = 0O, density
fluctuations are zero at the free surface in the long-wave limit.
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Figure 2: Alongshelf velocity for the example in section 5G. Amplitude (cm/s)
is shown in solid 1ines and phase is shown by dashed contours. Only
the upper 1250 m is shown.
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The pressure is depth-independent and at a maximum at x = 0 (0.190 x
105 dyne/cmz, phase = 131°). To get sea level, divide by g = 981 cm/s2

to obtain 19 cm.
A1l fields become weaker far offshore and at great depth. The v and p

fields have a roughly 180° phase change far offshore. The strength and struc-
ture of response vary radically near (w, 2) resonances with free coastal-

trapped waves.
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Word of Caution

We have performed what we feel are extensive tests with all of the
programs contained herein. However, we cannot guarantee that the programs
will give sensible results in all situations. That is, it may be possible to
find parameter combinations for which a program'will complete the run, but the
computed results will not make physical sense. Therefore, we cannot be
'responsib1e for the ways in which the programs are applied. On the other hand,
if actual programming bugs or inconsistencies appear which are not mentioned
in this document, please contact us with the details.
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Program BTCSW

Listing

46



oo
1co

110 _

12¢
130
140
15¢
160
170
18¢C
180
2C0
210
220

23C

240
25¢
26C
270
280
29¢C
300
310
320
330
340

350

36C
370
380

390

400

410
420
430
44C

OO OO
H 1

1
!

n:nrwrsr{n(ﬂryn

}

45¢
32¢

46C
470
TTE
490
5C0

T

520
530

£4¢ 310

550
56C

'
|
i
i

30¢

30¢

e

580
2380
600

3
4

CIMD = 1

IUP = 0O

WRITE(65925)

G0 TO &4

PRCGRAM BTSK

DIMENSION WF{400)

NN _LESS THAN CR EQUAL 100

" MAIN PROGRAM CALLS ALL OF THE PIECES

READ{54¢%) IMDMsNN
...DD1 = 1. FREE_SURFACE

_COMMON RH(400)sRHX{(4CC0)5A012C0C)»B(40C)»V{400),VX(400),VXX(400)
CIMENSION BH{4CO)shwW(3)sRX{3)9sRLH(4CCIoWH{400)CE(40CC)

bD1 0o RIGILC LIC
IDD3 =1 U = 0 AT X = XMAX

. _IDE3 = 0__LX = 0 AT X = XMAX e
IDC3 = 2 REAL BeCe AT X = XVMAX FOR VXsHX = 0. THERE
IDC4 =1 U= 0 AT X = 0

... IDEL4 = 0 UX = Q AT X = C
IDC4 = 2 DECAY Bele AT X = € FOR VXe4HX =

IPC = C REDUCED PRINT OUT
_1UP = G SEARCH IN U

8 THERE

1 SEARCH IN P
C STRICTLY LONG WAVE

Ltk = 1 GENERAL FRECUENCY AND WAVENUMBER

REVISED 1179784
READ(5+%) NITMZISDGEPSHDEL

_READ{55%) 1UPsILLK

READ(5+%) IDD1,IDD3+1D04
DDl = FLOAT{IDD1)

CNCAL = 1

READ{5+%) NCALM,ILW
READ(S5+%) RLFsDRL

 READ{(5,%) IPC

DRL = DRL*1.CE-08
RLF = RLF*1.0E-08

. READ(54%) FoXMAX

XMAX = XMAX*¥1.0E+05
F = F#1.0E=-05

DX = XMAX/FLOAT(NN-1)

WRITE(69907) FoXMAXoLX
IF {IUP.NE.O) GO TO 315

 WRITE(649924)

GO TC 320

_IF (IUP.NE.1) GO TC 312

IF (IDD4.NE.Q) GO TC 3C5

 WRITE(64921)

GO TC 310

IF (ICD4.EC.2) GO TG 3Cé¢
IDD4 = 1

"WRITE(6+922)

60 T0 310
WRITE{6+4G2¢E)

IF (IDD1.EC.1) GO 70 3
OD1 = Q.
WRITE(6,917) =

WRITE{(64918)

~IF tIDB3.EC.1) GO 1C 6
IF (IDD3.EG.2) GO TO 7
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610 IDC3 = 0O

€20 __WRITE(65916G) .
630 GG TO 8

640 & WRITE(64+92C)

€50 60 IC 8 B
€60 7 WRITE(64923)

670 g IF {ILLWeEG.1) GO TO 11

€80 e ILLW = O _
690 NCALM = 1

700 WRITE(64+926)

710 G0 TC 12

_7z¢ 11 WRITE(6+527)

730 12 REPS = FLOAT(ILLK)

740 _.CALL DEP{NAN,XMAX)

75¢C CALL VRDUNNsXMAXsF)

76C DO 10 I = 14NCALNM

770 10 _RLHE{I) = DRL*FLOAT(I-1) + RLF

780 RL = RLHINCAL)

790 READ{(Se%) (wWhlJd)eJd=1y3)

80C D05 J = 1.3

210 5 WW{J) = WW{J)*1.0E~-05

€20 1 RB = 0.

83C  WRITE(64908)

840 DO 18 J = 1,43

850 W= WW(J)

860  IF (IUP.EQ.1) GO TC 33¢ .
870 CALL MUTS(NNoXMAXsDD19FowaRLsIDD3sRIsIDD44REPS)
880 GO 10 ¢

890 330 CALL MATS(MNsXMAXsDD1sFoWsRLyIDD3IsRIIDD4sREPS)
SCO 9 CP = W/RL

G510 CALL CRLC(WsRLsNNLICR)

520 __ WRITE(€9905) WeRL9CP4RILICR

630 RX(J) = RI

94C IF ( RILLT.RB) GO 10O 18

8950 RB = RI

960 ICRH = ICR

G170 WB = W

580 DO 15 I = 14NN

590 15 BH(I) = B(I)

1600 18 CONTINUE

1C10 NIT = 3
1020 IGP = 0
1C3¢ 20 CALL NGW{WWeRXosWBoWNe ISUCIEPSIDELINSISDLIGP)
1C40 _IF (ISUC.EQ.1) GO 70 1c¢0O
1650 "IF (IUP.EQ.1) GO TC 340

1660 CALL MUTSU(NNoXMAX9DD19sFoWNsRLsIDD3sRISILD4SREPS)
1070 GO TO 345
1C80 34C CALL MATSUNNoXMAX9LDI19sFekNyRLyIDD3 4RI IDC44REPS)
1090 345 IF (INJNE.C) GO 7O 26

1100 IF (R1I.GT.RB) GO TG 21

1110 IF (WN.LT.hW(2)) GC T0 23
1120 22 IN = 3 '
1130 GO TO 29
1140 23 iN = 1
1150 GO TO 29

1160 21  IF (WN.GT.WW{2)) GO TO 23 -
1170 GO TO 22
1180 259 RX(IN) = RI

1190 WWCIN) = WN B

1200 CP = WK/RL
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1210

1226

123¢C
1240

1250

1260
1270

1280 .

128¢
130G
1310
. 1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460

147C

148C
1490
1500
. 1510
1520
1530
1540

1550

15¢¢0
1570
1580

1590

"1600
1€10

1620

"1630
1640

1650

1€60C
1670

1€8C

1€90
17G0

1710 T

- 1720
1730

1740

. 1750
1760

1770

1780
1790
1800

25

3C

10C

JA1c

12¢C

S 35¢

36C

15C

¢0C

_BHEI) = _B(I).

"WH{NCAL) = kB

CALL CRLC(WNsRLsNNoICR)

IF U RILLT«RB) GO 1O 30

WB = WN
ICRH = ICR _
RB = RI

DD 25 I = 14NN

_WRITE(£9905) WKNgsRLSCPIRISICR

NIT = NIT + 1

IF ( NIT.LT.NITM) GO 70 20

L WRITE(€+502) NIT __ _

GO TO 140
DO 110 I = 14NN

BH{I) = BH{I)/RB _

CC = WB/RL

IF { ICRH.EQ.D) GO TC 115

. WRITE(649911) ICRH

WRITE(69903) WBoRLICCHEPSsDX4NIT
IF {(NCAL.EC.1) GO TO 12¢C
IF (IPC.EQ.Q0) GO_TC _15C

IF (IUP.EQ.1) GO TO 35¢C

WRITE(64913)

GO TC 360

WRITE(6+912)

WRITE(64904) (BH{I)sI=1sNN)
If (IUP.EQ.Q0) GO TG 135
CALL MUTSUNNsXMAX9CD19FsWBoRLyIDD34RI»IDD4 9REPS)

DO 143 I = 14NN

CB{I) = B(I)/RI

WRITE{(6+9513)

WRITE(635904) (B{I)el = 1sNN)
IF (RH(1).EC.Ce0) GO TC 15C

CALL MATSUNNgXMAXsCD1oFoWByRLIDD3,RI9IDD44REPS)

DO 130 I = 1NN
B(I) = B{(I)/RI

IF (IUP.EQ.1) GO TO 145

WRITE(6+912)

WRITE(6+904) (B(I)yI=1,5KN)

IF (ILW.EQ.C) GO TO 150

IF (NCAL.NE.1l} GO 70 15¢

IF ( RH{1).EC.0.) GO TC 150

IF (IDD4.NE.1) GO 10 150

WRITE(€+908)

 CALL LGWVINNsXMAXyF oWF

CHINCAL) =CC
NCAL = NCAL + 1

IF ( NCAL.GT.NCALM) GO TC 25C

RL = RLH(NCAL)

IF (NCAL.GE.3) GC 70 200

shByRL)

WW(2) = CC*RL

GG TO 205

I1 = NCAL - 2
“I2 = NCAL - 1
€6 =

WW(2)=
WWil)
WWi(3)
GO T0 1
WRITE(6+509)

WhW{2)%(1.
WWi2)*(1.

(WH(IZ2) = WH(I1))/U(RLE(I2) -

- DEL)

+DEL)

T

RLELI1))

WH(I2) + CG*(RLH(NCAL)=RLH(I2)) _



1810 DO 260 I = 14NCALM

1820 _26C  WRITE(64+91C) WHC(I)SRLH{I)yCHII) e
183¢ IMD = IMD +1
1840 IF (IMD.LE.IMDM) GO 10 2
1850 S02 = FORMAT(//*® USED UP®4I3,° ITERATIONS'/)
1860 9023 FORMAT(//' CONVERGED: hslLsCyEPSeDXsNIT =?45E15.5+15)
1870 904 FORMAT(10E13.5)
1880 905 = FORMAY(/® WoeRL9CPIRISICR ="'44E15.,5,11C)
1890 S07 FORMATIL//®' FoXMAXsDX =%33E15.5/7)
150¢C SO E FORMAT(//7)
1910___S0S ______FORMAT(///® W L c*/)
1920 91C FORMAT(3EL15.5)
1930 911 FORMAT(/' SCGLUTION hAS ®*4I3,® CRITICAL LAYERS'/)
1640 912 _ __FORMAT(/! ZETA'/)
1550 9113 FORMAT(/"® u*/)
16560 17 FORMAT(/* RIGID LID*/)
197C __S1& __ FORMATU/' FREE SURFACE"/)
168¢C 616 FORMAT(®' UX = 0 AT X = XMAX'/)
1690 S2¢ FORMATI(' U = 0 AT X = XMAX®'/)
200C S21  FORMAT(® UX = 0 AT X = 0%'/)
2C10 g2z FORMAT(' U = 0 AT X = g%/)
2€20 G213 FORMAT(' REAL BeCoAT X = XMAX')
2C30 924  FORMAT(/' SEARCH IN U*)
2C40 92¢% FORMAT(/" SEARCH IN P')
2C50 G2¢ FORMAT(®' LCNG WAVE EXACTLY')
2060 S27  FDRMAT(' GENERAL FREQUENCY AND WAVENUMBER')
2C70 G2¢& FORMAT(" DECAY CCONCITICN AT X = Q')
2C80 14¢C ~ STOP
2090 END
2100
211¢C SUBRCUTINE NGW{WWsRXsWBsWNe ISUCSEPS yDEL+INsISDsIGP)
2120 DIMENSION Wh(3)sRX(3)
2130 C
214C C SUBROUTINE TC GUESS THE NEXT W
"215C¢ €
2160 5 IC = 0
217¢C DO 1C 1 = 1,2
2180 Il =1 +1
2190 AA = ABS(WW(Il))
2200 BB = ABS{WW(I))
2210 IF (AA.GT.BB) GO TG 10
2220 IC =1
2230 RI = RX(I)
224C WX = WW(I)
2250 RX{I) = RXUI1l)
2260 WWII) = WH(I1)
2270 WW{Il) = WX
2280 RX{I1) = RI
2290 10 CONTINUE
2300 IF (IC.NE.C) GO T0 5
2310 ISUC = ©
2320 IF ( RX{(3).GT.RX{2)) GC TO 150
2330 IF (RX{1).GT.RX{(2)) GO TC 16C
2340 IL = 1
2350 IH = 3
236C IF (RX(3).GT.RX{1)) GG 70 9 -
2370 IL = 3
2380 IH =
2390 9 WB1 = (WW(1) +kWi(2))/2. S
2400 WB2 = {(WW(2) + WK(32))/2.
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2410 RWl = (RX{2) = RX(1))/7(hNl(2) - WW{(1l))
2420 . _RwW2_ = (RX(3) = RX{2)1/(wwi{3) -Wh(2))

2430 A = (RW2 —RW1)/{WB2 - wB1)

2440 B = RWl - A%*MWB1

2450 oo . _WN = =-B/A

2460 EP= (WN ~WB)/WB

2470 EP = ABS(EP)

2480 IF ( EPLLT.EPS) GO T0 100 e
2490 IGP = IGP + 1

2500 IF (WN.LT.WW(1)) GC 10 15

2510 IF (WNeLTemW(3)) GG _T0 20 S
2520 15 WN = (WW(2) +Wh(IH))/2.

2530 20 IN = 0

2540 G0 70 130 — I
2550 10¢ Isuc =1

2560 IF (IGP.NE«O0O) GO TC 130

2570 . IGP = 1IGP + 1

2580 ISUC = 0

2590 WN = (WW(2) + WW(lIL))/2.

260C GO YO 20 o
2¢1C 15¢ IF (RX(1).GT.RX{2)) GO 1C 18C

2620 155 IF (ISD.EQ.1) GO TO 165

2630 WN = WW{(3)*({1l. + DEL) R
2640 WW{l) = WN

2650 RX(1l) = O.

2660 , AIN=1 - .

2670 G0 TO 130

268C 16C IF (RX(3).GT.RX(2)) GC TO 18C

2690 165 ~IF (ISD.EQ.-1) GO TO 155 o
2700 WN = WW{l)%(le. - DEL)

2710 WH(3) = WN

2720 , RX{3) = 0.

273¢C IN = 3

274C G0 TC 130

2750 18C  IF (RX{3).GT.RXx{1)) GO TO 155 o
2760 GO Y0 165

2770 13¢ RE TURN

278¢ END . L
2790

2800 SUBROUTINE CALC{NNsRX)

2810 COMMON RH(400)9RHX{40C)9A{1200)sB{40C)yV(4C0)sVX(400),VXX{400)
2820 DOUBLE PRECISION RISCSCRT

2830 C

2840 C SUBROUTINE TO CALCULATE THE INTEGRAL COF RESPUONSE SGQUARED
2850 C

2860 RI = (B{1)#%%2 + B(NN)*%2)/2,

2870 NX = NN-1 R
288¢C DO 5 I = 24NX

2890 5 RI = RI + B{I1)*%2

26606 RI = DSQRT(RI) R
2610 RX = RI

.2§20 RETURN

263¢C END

940 . e

2650 SUBRCUTINE DEP(NNyXMAX)

2960 COMMCN RH{400)» RHX(4CC)sA(12C0) 9B{400)sV(400)4VX{4C0)4VXX{400)
2670 READ{54%) NRX

2980 C

2660 C  SUBRCOUTINE TO READ AND INTERPGLATE THE DEPTH PROFILE
3000 € RH = DEPTH
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3€10 c RHX = X DERIVATIVE OF DEPTH

3620 C .

3C30 DO 10 I = 1,NRX

3C40 READ(Ss%) A{I)4B(I)

3050 A{I) = A(I)*1.0E+05 I
3C60 10 B(I) = B(I)*10C.

31070 DX = XMAX/FLOAT{(NN-1) )
3080--.____ RH(1) = B(1) ‘ ] _
3¢90 “B@.20_N = 24NN

3100 X = CX*FLOAT{(N=-1)

3130 IF {X«GT.A{NRX)) GC 10 15
3120 IC = 0

3130 DO 8 J = 29NRX

3140, . _ . IF (IC.NE.C) GO 70O 8 o
31150 I =4 )
3160 IF (XeGT.A(I)) GO TO 8

3170 Ic =1

3180 8 CONTINUE

3190 IM =1 -1

3200 ... . = (BAI) =BUIMI)/Z(ALI) = A(IM)) N
;210 xx = X - A(IVM)

3220 RHIN) = B(IM) +AA%XX

3230 . . 60_70_20 e
3240 15 RHIN) = B(NRX)

3250 20 CONTINUE

1260 . _  RHX{1) = (RH(2) = RH(1))/DX

3270 NM = NN -1

3280 RHX{NN) = (RH(NN) - RH{NM))/DX

3290 .. D2 = 2.%*DX o
33C0 DO 30 N = 24NM

5310 IP = N +1 .
3320 IM = N -1 o
3330 30 RHX(N) = (RH{IP) - RE(IM))/D2

13340 WRITE(6+9903)

3350 . WRITE(6+902) (RHUN)ysN=14NN)

3360 90z FORMAT(10E13,.5)

3370 503 FORMAT(//* DEPTH IN CM'/)

3380 _RETURN

339C END

3400

341C SUBROUTINE LGWVINNsXMAXsFyWFFoWBsRL) B
3420 COMMCN RH(40C) 9RHX(4C019A(12C0)9BL40CIoV(400)sVX{400)VXX(400)
3430 DIMENSION WFF(400) -
3440 ¢ o
3450 C SUBRCUTINE TU CALCULATE THE BN AND ANN IN THE LONG WAVE
3460 C LINMIT

3490 €

3480 DX = XMAX/FLOATI{NN -1)

3490 DXX = 2.%DX

356 GF = 980./F

3510 CALL WFRINNGXMAXoWFF) S
3520 All1) = O.

353C DD 100 N = 2,NN N o
31540 ACN) = (RHX(NI*BIN) + RHX{1)%B(1))/2. T
1550 NX = N = 1

3560 IF (NX.LE.1) GO 7O SC - o

3570 DO 20 I = 24NX

3580 20 AIN) = A(N) + RHX{I)#*#B(I)

35690 SC . A(N) = A(N)I#*DX - R

3600 AIN) = A(N) + RH{1L)*B{1) —RH(N)I*B(N)
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3610

362C ..

363C
3640
3650
3660
3670

ioC

3680 _ .

3690
3700

3710

3720
3730
3740
3750
3760

3770 .

378&C
3790
3800
3E1Q
3820
3830
384G
3850
386C
387¢
‘3880
3890
39cCge
3610
362¢C
3630
394C

3650

3960
397C
368C

13690
4600
4010
4C20

'4C30
4040
4050
4C60
4070

4C80

4C90
4100

4110

4120
4130
4140
4150
4160

4170

418C
4190
4200

—..14C

15¢C

16C

18¢C

21¢

21¢

WF

Do

IF.

1F

IF2Z
_WF_=

A(N) = —GF#A(N)

NX = NN-1 -

WF = RHX{1)*(A(1)/RH(1))*%2

WF = F + RHX(NN)*(A{(NN)I/RHINN)DI*%2
IFZ .

= uF/z;'”"M“M’”
150 N = 24NX
(_ IFZ.NE.O). GO 70 150

{RHX{N)} eNEeC.) GO TG 14C
= N
WF _+ RHXINI#*(A(N)/RHIN))I*%2

CONTINUE

WF

Wk

WF
BO

AUN) = AIN)/WF

WRITE(64901) WF

WF*DX
_SQRT{(hF*KF)

SQRT( hF)
160 N = 14NN

NH = IFZ - 1
PX = (A(2) =-A(1))/{DX%*RH(1))
CWF = 0.5%PX*PX*WFF{1) -
BN = O0.5%REXINH)®AINF)}/(RHINKH)%%2)
NH = NH -1
DO 180 N = 2,NH
BN = BN + RHXIN)*¥AINI/(RH{N)}®*22)
Il = N -1
I2 =N+ 1
PX = (A{I2) =-AlI1))/CXX
PX = PX/RH(N)
WF = WF+ PX*PXIWFF(N)
BN = BN%*DX
WF = WF¥*RHU(1)#%DX
WRITE(64905)

WRITE(64903) BN

" WF

WRITE{(65506)

WRITE(6+4904)
WRITE{65902) (A(I)sI=14NN)
o WB/RL

NX = NN =1
WF = RHX{1)%#B(1)*B(1)%#C.5
DO 210 I = 24NX
WF = WF +RHX{I)*B(I)#*B{I)

= WF + C.5%RHX{NN)#B(NN)I#*BI(NN)

WF = WF*DX

WF = WF + RH{1)*B(1)*B(1)
WF = SQRT(WF)
DG 215 I = 14NN
BU(I) = BUI)/WE )
BX = =F¥B(1)/C N
WF = 0.5%WFF(1)%BX%BX
DO 220 I = 24NX L
IP =1+ 1 )
IM=1-1
BX = (B(IP) = B(IM))/DXX
WF = WF + WFF{I)*BX*¥BX
WF = WF#DX/F
BN = B(1l)

WRITE(64907) WF
WRITE(6+508) BN

WRITE(64+90G)
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4210

4220

423¢C
4240
4250
4260
4270

4280

428Q
4300
4310
4320

4330

4340

435¢C
4360
4370
4380
4350
4400
4410
4420
4430
4440
4450
4460
4470
4480
4490
450C
4510
4520
4530
4540

4550

456C
4570
4580
4590
4600

4610

4€20
4630
4640
4650
4660

9502z
$03

804

505
SGe

GOE
509

.20

o

S01

$07

_FORMATU//7° ANN =%4E15.5,° 1/CM%)

WRITE{6+902) (B(I)sI = 14NN)

FORMAT{10E13.5) _
FORMAT(/' BN ="49E15.5+' CM-1/2%/)

_ _FORMAT(//* PHI ='/)

FORMAT(® USING STREAM FUNCTICN®) )
FORMAT(//" USING PRESSURE®)

FORMAT(' ANN = *,E15.5,' SEC/CM2?)

FORMAT(® BN ='3E15.55° CM~1/2") A
FORMAT(* NGRMALIZED PRESSURE (CM-1/2)°%)

... RETURN_

END

__SUBRCOUTINE MUTS(NNsXMAX9DOD1yFoWsRLIDD3IsRISIDD4SREPS)

COMMON RH{40C)sRHX{4C0)5A(12CC) »B(40C) V(400D ,VX(400),VXX(400),
DOUBLE PRECISICN Als224A35AL sDSQRT

N1

SUBROUTINE TC SET UP AND SOLVE THE U EQUATION

. NU_= NN

IF (IDD3.NE.1l) GO TO 2
NU = NN - 1

_IF_(1DD4.NE.1) GO T0 4

NU = NU - 1
DX = XMAX/FLGATINN-1)

GG = DD1/980.
RLL = RL¥RL
DXX = DX#*DX

..DDD = DX/2e. —
DO 160 N = 14NU
N1 = N
IF (IDD4.NE.1) 60O TG 8 o

=N+ 1
BIN) = C.

WP = W _+ RL#V(N1) e
W2 = WP*WP
RR = RHIN1l)

CRX = RHX{N1)_ I
WX = RL*VXIN1) .
FP = F + VX(N1)

Al = RR¥(GG¥W2 — RR®RLLY i
A2 = RR¥(RX¥RLL -2.07KP*RX*GG) )
A3 = =GG#GG*W2*(F#*FP —REPS*W2)

A3 = A3 + REPS*RR*#RR#RLL*RLL
A3 = A3 + GGHRRH*RLL%(-2.0%W2*REPS + F#FP + 2.0%FP#VX(N1))

A3 = A3 — RR¥RLLHRL*#FP*RX/HKP
A3 = A3 - RR®RL*VXX(N1)#(GG¥h2 — RRHRLL)/WP
N1 = N + NU
N2 = N 4+ 2%KNU

CAIN) = =2.%A1 + A3%DXX o
A{N1) = Al =A2#DDD -

AUN2) = Al + A2%DDD

IF (N.EQ.1) GO TO 20

" IF (N.EQ.NU) GC TO 3¢ o

GO TO 100
IF (IDD4.NE.O) GO 10 25

A(N2) = A(N1) + A(N2) .

A(N1) = Q.
G0 7€ 100

IF (1DD4.EC.1) GO TO 28 o, S




4810 WRITE(69%) ALlsA29A39REPSsGGoRRyW2sRLLIFPoF 9yRXsUP 3 VXINL) 3 VXXINL)
4820 ... .. AL = DSQRT{(-A3/A1l) .

4830 AI(N2) = AIN2) + A(N1)

4840 ACN) = A(N) =2.0%DXTAL*A{N1)

4850 28 ~ A(NY) =0e . . ——

14860 GO T0O 100

487C 30 IF (IDD3.NE.C) GO 10 35

488C  _A(N1) = A(N1) _+ A(N2) , .
4890 A(N2) = 0.

490C GO TC 100

4910 35 _  IF {IDD3.EC.1) GO _TC 36 e
.4920 AL = DSQRT(=-A3/A1)

4930 A(N1) = A(N1) +A(N2)

4940  AIN) = AIN) =2.0%DX*AL¥A(N2) L
14950 36 A(N2) = C.0

4960 10C CONTINUE

#1970 . ..B(S) = 1.

4980 CALL TRI(NU)

4690 IF (IDD4.NE.1) GO TO 14¢C

5C00 . DO 120 I = 1sNU = e
5¢10 N = NU =1 +1 .

5€20 N1 =N + 1

5€30  12¢ BINL) = BIN) e
5C4C B(1) = Ce.

550 14¢C IF (IDD3.NE.1) GO 710 150

5060 ~ BINN) = 0. o
5C70 15¢C CALL CALCUINN,RI)

©5C80 RETURN

590 o END L
5100

.311C SUBROUTINE VRD(NNyXMAXsF)

512C COMMCN RH{40C)sRHX{4C0)4A11200)9B(40C)sV(400)4VX(400)9VXX{40C)
5130 C

5140 C SUBROUTINE TC READ AND INTERPOLATE THE MEAN V PROFILE
5150 C V. = ALCNGSHORE VELCCITY o
516C C VX = X DERIVATIVE COF V

5170 C VXX = SECOND X DERIVATIVE COF V

5180 C _ . e
5180 DX = XMAX/FLCAT(NN-1)

5200 READ(54%) NRD

5210 IF {(NRD.EQ.C) GO TO 2CC e
5220 DO 5 I = 14NRD ’ '
5230 READ(54%) A(I)sB(I)

524C  C - A = DISTANCE FRCM SHORE IN KF e
5250 C B = V IN CM/SEC -

5260 5 A{I) = A{1)%1.0E+05

5270 10 DO 100 N = 14NN -
5280 7 X = DX*FLOAT(N-1) T
5250 IF (X.GT<A(NRD)) GG TO 90

5300 IF (X.LT.A{1l)) GO 10 8C

2310 T e g e
©5320 DO 20 I = 24NRD

5330 IF (J.NE.O) GO TO 20

‘5340 IF (XeGTeA{I)) GO TG 20 T o

. 5350 J =1

5360 20 CONTINUE S

5370 Jd = J -1 ' o . '

5380 XX = A(J) - X

5350 XY = A(J) - A(JJ)

5400 VIN) = B(J) =XX*{B(J) =-B(JJ))/XY
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5410

2420 €0

5430
5440 90

5450 10C

5460
5470
5480
5490
5500
5510 S
5520
553C
5540 _
5550
55640
5570 120
5580
5890
5600
5€10
3620
5630
5640
565G
5€6C
5670
5680 13C
5¢9C
570G
571C
5720 1335
5730
5740 14¢C
5750___15C
3760
5770
5780
5790
5800
5810
5820
5830 200
5840
5850
58640 22¢C
5870 503
$880 S04
5860 90¢
5900 30¢

5910  S07
5620  25C

VAN) = 0.

DD 150 N = 14NN

_END

GO TO 100
GO TO 100
VIN) = B{NRD)

CONTINUE

VX{1) = (V(2) - V(1))/CX )
NO = NN = 1

. YXANN) = (VENN) - V{hQ))/DX

DXX = DX*DX
DZ = 2.*DX

_VYXX{1) = Q.

VXXI{NN) = G.
D0 120 N = 24NQ

LIl = N=-1

I2 = N + 1
VX{N) = (V{I2) - V{(11))/DZ

L VXXAIN) = (VUI2) = 2.3VIN) + V{(I1))/DXX

WRITE{6+904)
WRITE(6+9903) (VIN)4N=1sNN)

IS8T = C

Q = ~RHX{N)*(F+VX{N)) + RHI(N)IZVXX{N)

_A(N) = Q

IF (IST.NE.O) GO TC 150 —
IF (N.NE.1) GO TG 130

PQ = Q

G0 TO 150 -
IF {PQ.EQ.0.) GO TC 135 "

RQ_= Q/PQ

IF (RQ.LT.C.) GO TG 140
IF (Q.EQ.0.) GC TO 150 .
PQ = Q

60 TO 150
IST = 1

.CONTINUE _

IF (I5T.EQ.0) GO TG 25¢C
WRITE(6+905)

_WRITE(6,906)

KRITE(64905) e
WRITE(64+907)

_WRITE(6+903) (AIN)sN=14NN)

GO TO 250 -

DO 220 N = 14NN
_VIN) = C.

VX(N) = 0.

YXX{N) = 0.

_ FORMAT(10E13.5) -~
 FORMAT(//* V IN CFM/SEC*/)

FORMAT(/® #2855k k¥ ¥ 230400 ed 00 b o0tk kbt d e xnt )
~FORMAT(' POSSIBILITY CF UNSTABLE MODES')

FORMAT(//* PBARX'/)

RETURN

SUBROUTINE MATS(NNsXMAX9DC1loF sesRL9ICD3sRI9IDD4sREPS)
~ COMMCN RH(QCO)aRHX(#CO!oA(1200)98(400),V(400)sVX(400)gVXX(4OO)

" DOUBLE PRECISICN AlyA293A33B19B24B34BB19BB29BXsDSCRT AL
_SUBROUTINE 7O SET UP AND SOLVE THE PRESSURE EQUATION
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6Cl0 DX = XMAX/FLOATI(NN - 1)

6620 . GG = DD1/9€0. . . . .. .. e
6C30 RLL = RL*RL*REPS

6C40 DXX = DX#*DX

6C5C__ . DDX = 2%DX _ .. . N .
6060 DDC = DX/2.

6070 DO 100 N = 14NN

508C._ . .. BIN) = 0e .. . . ___ R
5C90 WP = W + RL#*V{N)

6100 FP = F + VX{N)

6130_ . _FW = F*FP - WP¥WP*REPS

6120 RR = RHI{N)

6130 RX = RHX(N)

6140 WX = RL*VX(N) _ - -
6150 FLK = F*RL/WP

5160 Al = FW¥RR

5170 .. A2 = FW¥RX = RR¥(FFV¥XX{(N) ~2,0%WP2hX2REPS)

518C A3 = =GG¥FW*®Flh +RXP*FLW¥FW —~RR¥FLA*¥(FFVYXXI(N) =2.%hPE*WX*REPS)
5190 A3 = A3 ~RR¥RLL*FW

52C0 o N1 = N + NN i
5210 N2 = N + 2%NN

5220 A{N) = =2.%A1 + A3%DXX

523¢C _ CAUN1) = Al - AZ2*DDC_

524C A(N2) = Al + A2%*DDD

525¢C IF (N.EQ.l) GO TO 20

526C ~ IF (N.EC.NN) GO 71O 30 - L
527¢C GO TO 100

"528C 2¢ IF (IDD4.NE.O) GO TO 25

3290 _ - Bl = RL*RR&FP

5300 B2 = RLL*WP#RR +GG*WP#F MW

5310 A(N) = AIN) + 2.0%CX%B2%A(N1)/B1

>32C A(N2) = AINZ2) + A(MN1) -

5330 A{N1) = O.

£34C GO TC 100

5350 25 IF (IDD4.NE.1) GO 10 27 o
6360 A(N2) = A(N2) + A(N1)

6370 AUN) = A(N) + DDX*FLWh*A(N1)

6380 A(N1) = 0. e

6390 GO TQ 100

6400 27 AL = DSQRT(-A3/Al)

6410 AUN2) = AUN2) ¢ ACNL)

6420 A(N) = A(N) = 2.0%DX*AL*A(N1)

6430 A(N1) = 0.

6440 60 70 100 o o
6450 30 IF (IDD3.EGC.1) GO TO 35 ' -
6460 IF (IDD3.EC.2) GO TQ 32

6470 Bl = —RR*WP*FW

6480 B2 = ~FW¥(RR#*¥RL%*F + RX¥WP ¢ RR*WX) o

6490 B2 = B2 + RR¥WPH{F#VXX{N) —-2.0%WP*nX#*REPS)

£500 B3 = RLEF*(=RX*FW + RR¥(FH¥VYXX(N) ~2.*WPSWXFREPS))
6510 = BX = l. + CDD*B2/B1 ' o

6520 BBl = =(-2. +B3*DXX/E1)/8BX

6530 BB2 = -{1. -B2#DDD/B1)/BX

654C AIN) = A(N) + A(N2)#*BB1 ’ o ey
.655C ACNY) = A(N1) + A(N2)*BB2

6560 A(N2) = Co

6570 GO TO 100

6580 32 AL = DSQRT(-A3/A1l)

6560 A(N1) = A(N1) + A(N2) - )

6600 A(N) = A(N) -2.0%DX¥AL*A(N2Z)
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58

6610 A{N2)
6620 GO 70O 100 _ . e
6630 35 A(N1) A{N1) + A(N2)
6640 AUN) AIN) -DDX*FLW*A(N2)
6650 , A(N2) = 0,
6660 10C CONTINUE .
6670 B(5) = C.00001
6680 __EQQ = 1.0E-36 _ .
6690 IKK = 0
6700 DO 105 I = 14NN
6710 AQ = ABS(A{I))
6720 IF (AQ.GT.EQQ) GO TO 1C5
6730 IKK
6740 105 CONTINUE i
6750 IF (IKK.EQ.1) GD TC 115
6760 CALL TRI(NN)
6770 CALL CALC(NNSRI)
6780 GD TO 110
5790 115 WRITE{64901)
6800 901  FORMAT(® NUMERICAL PROBLEM: SMALL CIAGCNAL ELEMENT®)
6810 11¢ RETURN
6820 END
6830
6840 SUBRGUTINE CRLC{(WsRLsNNsICR)
6850 COMMON RH{400)s RHX{4CO0)9A(1200)+B(40C)IsVI400)sVX{4C0)sVXX(400)
6860 C
6870 C SUBROUTINE TO CHECK FOR CRITICAL LAYERS
5880 C
6890 = ICR =
690C DO 100 N
6910 WP = W + RL*V(N)
6620  IF (NeNE.1l) GO TO 30
6930 PQ = WP
6940 GO TO 100
6950 306 PQ =
6660 IF (PQ.GT.Ce) GO TC 40
6970 ICR
6G80 40 = PQ =
6960 10¢ CONTINUE
7000 RE TURN
7010 END
7020
7030 SUBROUTINE TRIIN)
7040  CDMMON RH{4CC)yRHX(400)5A(1200)9B(40C)oV{400)sVX{400)9VXX(40C)
7050 DOUBLE PRECISION AALEB
7C60 C ’
076 € : :
7080 C SUBROUTINE TC SOLVE A TRIDIAGONAL MATRIX BY GAUSSIAN
7090 C ELIMINATION
7100 | c_ . -
7110 C STORE MAIN DIAGONAL FIRST
7120 C Os LOWER DIAGONAL
7130 C - UPPER DIAGONAL,C o
7140 ) N3 =
7150 N2 =
716C NN = o
717¢C DO 5
7180 11 =
7190 _AA = ALIId/ACIY — -
7200 12 =



7210 I3 =N2 + 1
7220 ... ... . BB .= A(I2) -AA¥A{I3)

7230 A{I2) = BB

7240 BB = B(I2) -AA$B(])

7250 5  B{I2)Y = BB . . e
7260 DO 10 IJ = 14NN

7270 I = N3 - 1J

728C . .. BtI) = BCId/ARY) . e

7290 II1 =1 ¢« N2 -1

7300 ip =1 -1

7310 . BB = BUIP) ~A{II)*B(I) .

.732¢C 10 B{IP) = BB

7330 B{1) = B({1)/A{1)

7340 , RETURN e
7350 END

7360

7370 . SUBRCUTINE _WFR{NNyXMAXyWF) o
738¢C COMMCN RH{400)sRHX{400)4A(120C)+BL40C)sV(400)4¥X(4C0) VXX (400)
7390 CIMENSION WF{400)

7406 C R — e
7410 C SUBROUTINE TC READ ANC INTERPOLATE FRICTIONAL WEIGHT
7420 C FUNCTIONMNSs WF

7430 C _ IR . L
7440 READ{Ss+%) N

7450 IF {NW.EQ.C) GG TO 100

7460 D05 I = 1lsNW B o o o

7470 11 = 100 + I

"7480 READ(S54+%) A{I),A(II)

7490 5 A(I) = A(I)*1.CE+05 o
75G6C DX = XMAX/FLOAT(NN-1)

-7510 WF(1) = A(101)

7520 NMM = 100 « NW o

753¢C WFM = A{NMM)

754C DO 50 N = 24NN

755C X = DX*FLOAT(N-1) ) B o o
756C IF (X<GT<A{NMW)) GO TC 48

7570 IC =0

7580 DO 46 J = 24NN e
.7590 IF (ICNE.C) GC TC 4¢

7600 1 =4

7610 IF (X.GT.A(I1)) GO 70 46 e
7620 IC =1

‘7630 46 CONTINUE

7640 B Ir=1w00+1_ S

7650 IIM = 11 - 1

766C iM=1-1

7670 WX = (A(II) = ACIIMID/(ACI) -A(IM))

7680 XX =X =-A(IM) o
7690 WFIN) = ACIINM) ¢ WX¥XX

770C GO TG 50 -

7710 48 WFIN) = WwFM T T

"7720 50 CONTINUE

7730 GO TO 200

7740 icc DO 15C I = 1leNN 7~ TTmommmrm o mmemmmm e

<7750 15¢C WF{I) = 1.C

7760 20¢C WRITE(64+901) -

7770 WRITE(64902) (WF(I)sI=14NN)

7780 9C1 FORMATIL{/® FRICTION WEIGHT FUNCTION®)

7790 502 FORMAT(10E1245)

7800 RETURN '

7810 END 59



Program BIGLOAD?2

Listing

60



10

20

30
40
50

60
70
80 .
9¢C
1100

110 .

120
130
140
150
" 16C

170 ..

180
190
200
210
220
230
240
250
260
270

© 280

250
300

- 310

320
330
340

350

36C
370

380

350
400
410

420
" 430

440
450
460
470
480
490
500

oy T

510

- 520

530
540

. 550

560

R

580
590

co T

3

P

17

15

5,0. R

~ DRL = DRL*1.0E-07

NN

PRCGRAM HYBD

COMMON _FeDXoDToNNo MMoNMoNMX
DOUBLE PRECISION AX.BXeXL

COMMON AX{(425553)+4BX(425),XL{11475)

_ COMMON RH{25)sRHX{25) 9 RHXX(25)9BVI25417)9BVZ(25+17)

DIMENSION WwW(3), RII(3)
DIMENSION R{25)

DIMENSION BXB8(423) _—
DIMENSION whH(10)s CH(1C)sRLH(10)

. MAIN PROGRAM TC CALL ALL OF THE CTHER PIECES

DIMENSIONCIXL) = NM#(NN+2)
o DIMUAXY = NF92NN+3

REVISED APRIL, 1985

_ READ{5,%*) EPS,E5T,DD1

READ(59%) ICCMaNCALMyNITM,ISD
I1CCC =1

 READ{54+%) FyXMAX

XMAX = XMAX*1.0E+05
F =F#1.0E-05

 WRITEL69907) FoXMAX

READ{(59+%) BETAsILWh
IF (ILWW.EC.1) GO TO 4
IF (ILWW.NE.G) GO TO 140

" NCALM = 1 T

WRITE{645910)

60 TO 5

WRITE(6,911)
DDLW = FLOATC(ILWW)

WRITE(6,9909) BETA

READ(5+%) NCALsWHI(1)
READ(Sys%) IDIAG

_READ(5+%) RLFsDRL

WH(1) = WH(1)*1.0E-0¢
RLF = RLF*1.CE-07

WRITE(6,905) EPS.EST,DD1
MM = 17
25

NM = NN¥MM o
NMX = 2%NN +3

DX = XMAX/FLOATU(NN-1)

DT = 1./FLOAT(MM-1)
DO 50 I = 15NCALM

CRLH{I) = RLF + DRL#FLOAT(I-1)

"RL = RLHINCAL)

READ(5+%) (WW{J)sd=1,3)

DD 6 J = 1,3

WH{J) = WW(J)*1.0E-06

CALL DEP

CALL NSQ

RIB = 0. -
1 =1

W= WWeDy
CALL MATS(RLsWsDD14RISIERSBETA4DDL W)

IF (IERJNELC) GO TC 14C

CRII(I) = RI

IF (RI}LT;RIBi'GG>TC“18'Héi'm”h”'>m'Awumwmﬁm"”



62

610 RIB = RI1
620 MB = W__ e
€30 IB = I
640 DO 10 IJ = 14NM
650 10 = BXB(IJ) = BX(IJ) _ o
€60 18 1 = I+1
670 IF (1.EQ.2) G0 TO 15
680 IF (l.EG.4) GO T7C_19 I
690 IF (RII(1l)LTLRII(2)) GC TO 15
700 WWi{3) = WW(l)*{1l. =-EST)
“16____ . GO 70 15 _
720 19 NIT = 3
730 IGP = 0
740 20 . CALL NGSW(WWoRIIgWByhNyISUCIEPS9INSIGP4ESTLISD)
750 IF (WN.GT.F) GO TO 140
760 IF (ISUC.EC.2) GO 10 140
770 . IF _(ISUC.EQ.1) GO_T0_100
780 CALL MATS(RLyWNsDD1sRIZIERSBETAyDDLK)
790 IF (IER.NE.O) GO TG 14¢C
800 IF (IN.NE.C) GC TO 24
810 IF (RI.GT.RIB) GO TO 21
820 IF (WN.LT.WW(2)) GO TO 23
830 22 . IN =3
840 GO TC 24
850 23 IN = 1
860 GO TO 24 o
870 21 IF (WN.LT.WW(2)) GO TQ 22
880 G0 To 23
B9C = 24 _WWUIN) = WN
500 RII({IN) = RI
910 IF (RILLTLRIB) GO 1O 30
S520 WB = KN .
930 RIB = RI
S 40 DO 25 1 = 14NM
950 25 ~ BXB(I) = BX(I1)
S60 30 NIT = NIT +1
570 IF(NITLLT.NITM) GO TG 20
980 _ _WRITE(649902) NIT _
990 GO TO 140
1C00 10C RN = SQRT(RIB)
010~ DO 110 I = 14NM N
1C20 11¢ BX(I) = BXB{I)/RN
1030 CC = WB/RL
Lg4c _ RRITE{6+503) WBeRLCCoEPSHNIT R
150 IF (NCAL.NE.1) GO 10 125
1060 CALL LGWH(WByRL9DD19sRsBETASDDLW)
170 ~IF (IDIAG.EQ.0) GO TG 125 e
1C80 CALL UCAL(WBsRLsBETA,DCLW)
1090 CALL RHOC
1100 125  KWRITE(6+908) e
111 DO 130 N = 14NN
1120 X = DX*FLOAT(N-1)
1130 DZ = RH{N)#*DT N
1140 WRITE(69904) XsRHIND 4DZ
1150 ML = 1 +MM&(N-1)
t160 MH = MM~ . _
1170 WRITE(65901) (BX{(M)sM=MLyMH)
1180 13¢C CONTINUE
1190 CALL DIAG{(WBsRLsDDLWY)
12¢0 WHINCAL) = WB '



L1210 CH{NCAL) = CC

1220 . NCAL = NCAL #» e

1230 IF (NCAL.GT.NCALM) GC TO 140

1240 RL = RLHINCAL)

L1250 IF (NCAL.GE.3) GC T0O 200 _ B e
L1260 WW(2) = CC*RL -

.270 GO TO 205

.280 _ 20C Il = NCAL - 2 e

290 I2 = NCAL - 1

£t300 CG = (WH(I2) =-WH(I1l))/(RLHC(I2) - RLH(I1))

£310 . CHWW(2) = WHUIZ2) + CG¥{(RLHINCAL) —-RLE(I2)) e
.32¢C 205 WW(l) = WW(2)*(1.0 - EST)

2330 WW(3) = WW(2)%{1.0 + EST)

-340 . IF (WW{1)eLT0.) GG _TO_ 140 I
.350 IF (WW(3)eGT.F) GO TC 140

.360C GO 70 1

.370 140 ICCC = 1ICCC +i

.380C IF (ICCC.LE.ICCM) GO TC 3

390 901 FORMAT(2X410E12.5)

-400C 50¢ FORMAT(//' USED UP *,4154° ITERATIGMNS'//) e
410 03 _ FORMAT(///" CONVERGEL: WoLsCoEPSsNIT =% 44E15.5411C//)

420 904 FORMATI(/' XsHeDZ ='93E15.5)

430 905  FORMAT(/' EPS.EST4DD1 ='3 2E15.54F1Ce2/) o
440 90¢ FORMAT(3F10.5)

.45C S07 FORMAT(//' FoXMAX ='42E15.5/7)

460 GCE&  FORMATU//*' PRESSURE®/) e
.470 $09 FORMAT(/® BETA= '4E15.5)

' 480 G1¢ FORMAT(® LONG WAVE LINMITY)

490 911~ FORMAT(® GENERAL FREQUENCY AND WAVENUMBER')

560 STCP
-.510 END

.20 e

.530 SUBROUTINE NGSW{WWsRII4yWBswWNsISUCIEPS9INGIGP,EST4ISD)

.540 COMMON FsDX9DToNNgMMaNMo4NMX

.55¢  _DOUBLE PRECISION AXsBXsXL

560 COMMON AX(425553)9BX{425)4XL(11475)

570 COMMON RH{25)9RHX{25) 9 RHXX(25) oBV125417)sBYZ(25517)

-580  DIMENSION Whi{3),RII(3)

590 C

1600 C SUBROUTINE TO COMPUTE THE NEXT GUESS AT W

.1¢ ¢ R ) ——
620 c ISC = 0 NCGRMAL

_€30 C ISD = 1 SEARCF DOWN

.64¢ € 150 = -1 SEARChk UP N
650 DEL = EST T o
.660 5 IC =0

-€70 DD 10 I = 142 S
.680 11 = 1 +1

.690 IF (WW{Il).GT.WW(I)) GC TO 10

200 Ic=1 o
710 T RX = RIIUID i
720 WX = WW{I)

.730 WWII) = WW(I1) ,

e - e
1750 RII(I) = RII(I1)

(760 RIICI1) =RX
.770 10 CONTINUE

.780 IF (IC.NE.C) GO TO 5

1790 ~ IF (RIT{3).GT.RII(2)) GO TC 15¢

_800 ' IF (RII{1)«GT.RII{2)) GC TC 160
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2120
2130
2140
2150
r1éC
217G
2180

2190

220C
2216
222C
2230
2240

3¢ T

2260

- RW2_

. WN = =B/A

. WN = WB2
EP = WN - KB

JIsuc =0

WB1_

60 10 20

ISD 0

JAWWLL) +WW(2)2/2.

WB2
RW1

(WW{Z2) +« HWW(3))/2.
(RIT€(2) - RII{(1})I/7(nWK(2) -wh(1l))

i i
([T I I

O RIT(3) - RIIC2))/(WK{3) ~ WWil2))

A = (RW2 —RW1)/{WB2 -WB1)
B = RWl — A#WBl

IF (AN.LE.WW(1)) GC TO S0
IF (WN.GT.wW{3)) GO T0 45

WN = WB1
GO TO 20

EP = ABS(EP)
EP_= EP/WB

IF (EP.LE.EPS) GO 10 100
IGP = IGP +1

IN = 0
GO TO 120
ISUC =1

IF (IGP.NE.O) GO TO 120
IGP = IGP +¢1

CISUC = O

IF (RII(3).GT.RII(1)) GO TO 110

WN = WBZ2

.60 70 20

“iye

15¢C

155

T16C

165

18¢C

2270

2280
2250
2300
231C
232¢
2330

P

125

- 13¢

2340

2350
2360

2370

2380
2390

2400

- SUBROUTINE NSQ@

1SUC = 0

RETURN

ISUC = 0

WN = WB1l
60 TO 20
IF (RII(1).GT.RII(2)) GO TC 180

IF (ISD.EQ.1) GO TO 165
WN = WW(3)%(1l. + DEL)

IGP = O
IN = 1

.60 TQ 120

IF (RII(3).GT.RII{2)) GO TC 180
IF (ISD.EQ.-1) GO TO 155
WN = WW(1)*(l. - DEL)

IGP = 0O
IN = 3

W edize—
IF (RIT{(3).GV.RII(1)) €O TO 155
GO TO 165

IF (WN.LE.O.) GO TO 125
60 TO 130
ISuUC = 2

END

COMMON FoDXoLDToNNoMMsNMyNMX
DOUBLE PRECISICN AXeBXex
COMMEON AX{425553)9BX{425)XL(11475)

COMMON RHE25)9RHXI25) 9 RHXX(25) 9BV (25417)9BVZ{25417)

"SUBROUTINE TC READ ANC INTERPOLATE BUOYANCY FREQUENCY
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2410

2420

2430
244Q

2430

2460
2470

2480

2490
1500

2510 .

2520
’530
540
2550
2560
2570
2580
’59¢
7600
2616
1620
2630
'640
€50
266G
1670
168G
‘690
'700
2710
1720
2730
2740

15C

1760
2770

2780 L

2790
2800
2810

2820

2830
284G

C

O

20

5o

50

11C

126

2850

2860
2870
188C
2890
2900

’°610

292¢C
2930

2G40

2850
2960

2670

2980
’G90
300C

13¢

~NL = NR +1

-
z

125  XBB = 0.

SQUARED PRCOFILE BV,

READ{5s%) NRyDZR,ALPH

ALPH = ALPH®1.0E+05
DZR = DZR*100e.
MX = MM -1

READ(5+%) CMLT

D0 20 I = 1eNR_

ANC Z CERIVATIVE BVZ

READ(S54+*) XL(I)
XL{I) = XL{I)*CMLT

TF = XLINR)

DZR*FLOAT(NR=-1)
RHINN) - 221

221
DZ1

NH = 600

DB 30 I = NLsNH

1 = DIR¥*FLOAT(I-1)

XL(I) = TF#EXP((2ZZ —=2)/ALPH)
DO 200 N = 14NN
DD = RH(N)

DZ = DT*DD
IF (DZ.GT.DZR) GO TO 110
BY(N,MM) = XLE1)

DO 5C M = 14MX
Z = DD - DZ¥*FLGAT(¥=1)
IBXL = 1 + IFIX(Z/CZR)

IBXH = IBXL +1
ZS = DIR*FLOATC(IBXL =-1)

BY(NyM) = XLUIBXL) +{Z=Z5)*(XLUIBXH)-XL{IBXL))I/DZIR

Z = DD - DZ
IBXL = 1 + IFIX(Z/DZR)
IBXH = IBXL + 1

ZS = DZIR*FLOAT(IBXL-1)
AQ =

XLCIBXL) 4(Z=ZS)*(XLU{IBXH)=XL{IBXL))/DZR
GO TG 145

D =
XBB =

Di1/2.
Ce

NAVG = 0

1sNR
DZR*FLOAT(I-1) .

DO 12C I =
C =

IF (2C.GT.2D) GO TO 12C

XBB ¢+ XL(I)
NAVG <1

XBB =
NAVG =

_ CONTINUE

BV(NsMM) = XBB/FLOAT(NAVG)
DO 140 MQ = 1.MM
MQ -1

DD = DZ*FLOAT(M-1)
Z - DZ/2.
Z5 + L1

Z5
ZD

NAVG = ©
DO 130 I = 1eNH

IC = DZR*FLOAT(I-1)
IF ( IC.LT.ZS5) GO 710 130

IF (2C.6T.ZD) GO TO 13¢
XBB = XBB + XL(I)
NAVG = NAVG + 1
CONTINUE o L
IF (NAVG.NE.C) GO T0 13%
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1010 IBXL = 1 « IFIX{Z/DZR)

320 . 1BXxH = IBXL + 1 - - e
3030 ZSS = DZR*FLOAT(IBXL-1)

5040 IF (M.EQ.0) GO TG 133

€50 .. . BVINeM) = XLUIBXL) «{(Z-2SS)#{(XL(IBXH)=XL(IBXL))/DZR -
iC60 GO TO 140

1C70 133 AQ = XLUIBXL) +{Z-ZSS)®{XLUIBXH)=-XL{IBXL))/DZR

680 60.70_140 = _ e
1090 135 IF (M.EQ.0) GO TO 138

100 BY(NsM) = XBB/FLOAT(NAVG)

1110 . . GO _TO 140

1120 138 AQ = XBB/FLOAT(NAVG)
5130 14C CONTINUE

1140 145 D0 150 M = 24MX_

'15¢ IP = M +1

160 IM = M -1

170 15C . BVZ{(NeM) = (BVI(NsIP) = BVINsIM))/(2.%DZ)

180 BVZINs1l) = (BVINs2) -AQ)/{2.C*DZ)

196 BVZ(NsMM) = (BVI(N,MM) - BV{NyMX))/DZ

20C 20C ~ CONTINUE _
210 WRITE(64901)

220 WRITE(6+9902) (BVI(NNgJ)yJ=1ly4MNM)

230 901 ~ FORMAT(//®  NSQUAREC AT XMAX */) e
240 902 FORMAT(2X+10E12.5)

250 25¢ RETURN

260 END S
270 o

.280 SUBROUTINE MATS(RL yWoeDD1leRISIERSBETA4DDLK)

290 COMMON FeDXoCToNNyMMyNMyNMX

300 DOUBLE PRECISICN AXsEXeXL

310 COMMON AX(425953)9BX(425)9XL(11475)

320 B - COMMON RH(25)9RHX(25) sRHXX(25)4BV(254+17)4BVZ{25417)

‘330 C

340 C SUBROUTINE TC SET UP AND SCLVE THE PRESSURE EQUATION
350 € _ R

360 C DD1 = 0 RIGID LID

370 c DD1 = 1 FREE SURFACE

‘380 GG = 1./980.

;390 DXDT = DX/(2.%DT)

1400 DXX = DX#DX

3416 DDC = DXX/{(DT#DT)

1420 ~ RLL = RL*RL*DDLW

31430 DDX = DX*DXDT

3440 ~ DQ = 2.0¢DX B
3450 FLW = F*RL/W

1460 BLW=BETA%*RL/W

1470 CCCl = W*(F2*F - DDLW$W*K)/DXX B
1480 CCC2 = 0.5¥F#(2.0%BETA*W + RL*(F*F - DDLW*W*K))/DX

3490 CCC3 = BETASRL*(F*F + DDLW*W#K)

3500 AAS5 = 2,0%F%BETA/{F*F ~WSW#DDLW)

35107 RLG = DDLW®RLL — BLW#*(F¥F + DDLWSW¥W)I/{(F¥F —DDLW¥W*W)

3520 D0 5 I = 14NF

1530 5 BX(I) = 6.

1540 DO 10 J = 1sNMX

1550 DO 1C I = 14NM

i560 10 AX{14d4) = Co e
1570 BXx{39) = 1,

;580 J = KN + 2

1590 IPL = J « 1

;600 IMI = J -1
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3¢€10 IPM1 = 2#NN +1

3620 ... IPM = 2%NN ¢ 2 o e
3630 IPMM = 2%NN + 3

3640 DO 100 M = 1,MM

3650 ... . . DO 9C N = 1eNN_

3660 I = N + NN¥(M=1)

3670 CALL AS(Al14A29A3 3WoNeMeyC1leC29C3+00LW)

3680 . . . AX{Ie1) = AZ%DXDT_ . _ .. _ . _ __.._ o .

3690 AX{IsIMl) = 1e~AA5%#DX/2.0

3700 AX{I4IPM1) = —A2%DXDT

3710 . AXU(Ie2) = A1*DDD -~ DOX*(A34A2%AA5) .
372¢C AX(I9d) = =24 =2.%¥DDD#A1 - RLQ*DXX

3730 AX{I9IPM) = AL1¥DDD + DOX*(A3¢A2%AA5)

3746 AX{I43) = -A2¥DXDT e
375¢C AX{I4IP1) = 1.+AA5%DX/2.0

1760 AX{IsIPMM) = A2#DXDT

37726 . IF ( N.EQ.1) GO TO 20 e
3780 IF (N.EQ.NN) GO TO 30

3790 IF (M,EQ.1) GO TC 40

;800 IF (M.EQ.MM) GO 7O 5C I
1810 GO TO 98¢

1820 20 AX(Is1) = O,

1830 AX{IsIM1) = Q. _ e
1840 AX(IsIPM1) = O.

1850 AX(I143) = Ce

1860 , AX(I4IPMM) = 0o B , B

1870 AX(IsIP1) = 2.

3880 TH = =1, + DT#*FLOAT(P-1)

3890 Bl = —TH#*RHXIN)/RH(N) )

360C AX{I192) = AX{(I42) —A2%B1%DLCC + A2%FLW#%2,0%DDX - B1%2.0%DXDT
41610 AX({I9Jd) = AXUIgJ) ¢ 2.¢DX*FL% + 2,%A2%B1*DDD

3620 AX(IoIPM) =AX(I,IPM)=-A2%B1*D0D-A2*FLK*2,0%DDX ¢+ B1%2,0%DXDT
3630 IF (MNE.MF) GO TO 25

31940 D5 = DD1¥RH(N)*BV{NsM)*GG

3950 . AX(I+2) = AX{142) + AX{I.IPM) -
1960 AX({Isd) = AX{(I9J) = 2.C*DTH#DS#AX(I4IPM)

3670 AX(I4IPM) = G,

3sgc. 6O _TO 90

3690 25 IF (M.NE.1) GO TO 90

3000 AXCIoIPM) = AX{ISIPM) + AX(Is2)

i€l0 AX(I,2) = Q.

4020 GO 7O 90

4030 30 DZ = DT*RH(N)

4040  AX{I.3) = Q. e e
4050 AX(IsIPMM) = O,

4060 AX{Is1) = C.

93670 AX{(I,3) = Ce. _ _
4080 AX(IsJ) = AX(Ied) +AX(IIP1)#({2.0%CCC1-CCC3)/(CCC1+LCC2)

$090 AX(I4IM1) = AX(IoIM1) +AX(IoIPL)*(CCC2-CCC1)/(CCCL+CCC2)
106 AX{I4IP1l) = C. = L L
+110 IF (F.NE.MM) GO TO 35

4120 AX{I32) = AX{Is2) +AX{I.1IPM)

¥130 AX{I9d) = AX(I9J) =2.0%CZ2CD1I¥GGEBVINsMI*AXUIIP¥)
4140 ’ AX{IoIPM) = C. '

4150 G0 TC 90

1160 35 IF (M.NE.1l) GO YO 9O

5170 AXT{IZIPM) = AX{ISIPM) + AX(I42)

+180 AX{Is2) = Ca

$190 GO To s0 , _

;200 40 Dl = 2.%C2¥DT/(Cl +C2%(C3)

67



4210
4220 _
4230
4240
4250

4260
4270
4280 .

4290
4300

4310 ___

4320
4330
4340
4350
4360

4370 __

4380
4390

%406

%410
4420

4430

4440
4450
4460
4476
4480
4490
4500
4510
4520
4530
4540

74550

4560
45170

4S5
48

50

4580 S0

4590
4600
4610
4620
4630
4640

4650

46¢€0
467C

4680

4690
4700
4710
4720
4730
4740
4750
4760

4770

4780
4790

1l0c

C

scr

4800

AX{I+1PM)

AX{IosIM1)

AXCISIPM) + AX{(I42)

. AX{I4IP1) = AX(14IP1) + C1%AX{1+2)/DQ

AX{IsIM1) -D1%AX(I+2)/DQ

AXUIod) = AX{IeJ) +DI3FLW*AX(I42)

__NNN = N +1

TJIP = J ¢+ 2

CALL AStAlsA23A39hsNNNsMes(14C25sC34DDLMW)
L1 = 2.0%C2%*CT/(C1 ¢ C2%C3)

AX(IoIPMM) = AX({IoIPMM) + AX(I,3)

AX{I4144P)
AX(Isd) =

AX{I-IJJP) + D1%AX{1,+3)/0C
AX(IsJd) —01%AX(1,53)/DQ

AX{141IP1) = AX(IsIPl) + D1*FLk¥AX(I+3)

IF (N.EQ.2) GO TD 45

CIJIM = J = 2

NNN = N -

CALL AS{AL3A25A34WsNNNyMsC15C245C390DLNW)
D1 = 2.0%C2*DY/(C1 + C2%(C3)

1

AX{IsIPM1)
AX(I,J) =

CAX{1,41JJM)
AX{IsIM1) = AX(IsIM1l) + DI*FLW*AX{Is1)

= AX{I+IPF1l) ¢+ AX{I41)
AX(IsJ) + D1%AX(1,1)/DQ

_AXtIs1JJM) -D1%AX(I,1)/780Q

GO TO 48
AX(IoIPM1) = AX{I4IPM1) + AX{(I41)
AX{Is1l) = G,
AX{Is2) = Q.
AX(1,3) = C.
GO 70 90
AX(Is1) = C.
_AX(I53) = C.

D5 = RH(N)#*DC1#BVI(NsM)%GG
AX{Ie2) + AX(I4IPM)

AX(I42) =
CAXtI,J) =

AX(Iy9J) — D5%2,0¢DT#AX(I,IPM)

AX(Is1IM1)

AX(I,IPMM)

CONTINUE

AX{IsIM1) ~D5%2.08DT*AX(I4IPM1)
AX{I4IP1) = AX({IsIP1) =-D5*DT#2.0%AX(I5IPMM)
. AX{I,1PM1) = C.O0

= 0.0
AX(ISIPM) = 0.C

CONTINUE

NDD = NN +1

NNS = NM

CALL LEQT1IB(AXyNMyNDLoNDCoyNMoBXs1sNM 0o XL»1ER)

LEGT1B IS AN IMSL ROUTINE
CALL CALI(RI)

- CC = W/RL

WRITE(6+901) WsRLsCCyRISIER

FORMAT(/?

WaLsCoRIZIER =%94E15.55110)

“RETURN
ENC

" SUBROUTINE AS(AI,AZ5A35WsNyMsC15C2,C3,COLNW)

COMMON FoeDXoDToNNoMMaNMgNMX

- DOUBLE PRECISION AXgeBXaXxL

COMMON AX(425+53)9BX(42515XL(11475)

COMMON RH{Z25)4RHX(25) ¢RHXX{25)9BV(25917)9BVZ(25+17)

~ SUBRGUTINE TC COMPUTE COEFFICIENTS FOR MATRIX

F2
W2

F*F

WEWEDDLW
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5300

5310

"532C
5330

5340

-5350
5360

OO0

- a -

5370

5380
5390

15
20

540C

TZ = 1./RHIN)

TH = —1l. #DT*FLOATAM=1)
TX = —RHX(N)*TH%TZ

AA = (RHXUN)/RH{N))*#2

Al

TXX = (2e%AA =RHXX(N)/RHIN))I¥TH e
BW BVINs M)
BWh = BW¥3h

= TX*TX ¢ T2Z*TZ*(F2~WZ2)/8h I
A2 = TX
A3 = TXX =TZ%BVZ(NsM)*(F2~-W2)/Bhk
c1L = 12 o
€2 = RHX(N)*BV(Ngl)/(FZ hZ)
C3 = C1*RHX{N)
RETURN e
END

_ SUBROUTINE DEP

COMMON FeOXeDToNNgMMgNMgNMX

DOUBLE PRECISICON AXsBXoXL

COMMON AX(425+53)9BX1425)+XL(11475)

COMMON RH((5)9RHX(25)9RHXX(25)QBV(2591l)’BVZ(Z5917)

RH = DEPTH
RHX = X DERIVATIVE OF CEPTH
_ RHXX = SECONC X DERIVATIVE OF DEPTH

SUBROUTINE TG READ AND INTERPOLATE DEPTH PROFILE

READ{5+%) NRX
DO 5 I =1sNRX

READ(5+%) XL(I),BX(I) } .

BX(I) = BX(I)*100.

XL{I) = XL{1)*1.,0E+C5S .
RHMA = BX{NRX)

RHI1) = BX{1)

D0 20 N = 25NN e
X = DX¥FLOAT(N~1)

IF {X<GT.XLINRX)) GO TC 15
1C =0

DD 8 J = 24NRX
IF (IC.NE.Q) GO TO 8
I = J

IF (X.GT«XL(I)) GO TC 8 T

1C = 1

CONTINUE

T CONTINUE a B R

In = I-1
RHX(N) = (BX{I) =BX{IM)I/{XLC(I)=-XL{IM))
XX = X = XL{IM)

RH(IN) = BX(IM) + RHXUN)*XX T

GO TO 20
RH{N) = RHMA

RHX11) = (RH{2) - RH(1))/DX
RHXX(1) = Ca

D2 = FapxK - _ S
DXX = DX*DX
KX = NN -1 R
DO 30 N = 24¢NX . '
IP = N +1
IM =N -1 L T
RHX{N) =(RK(IP) - RH(IM))/D2
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(S 1]
\n
D
o
(e XaN el

5716 10
5720 15

" DOUBLE PRECISION Ax,ex.XL

RHXXA{N) = (RH(IP) =-2.*%RE(N) + RHUIM))/DXX
_RHX(NN) = Ca ____
RHXXINN) = 0.
RETURN
_.END

SUBROUTINE CALI(RIX)

COMMON AX(425953)9BX(425)9XL{11475)
. COMMON_RHU(25) sRHX(25) 9 RHXX(25) 9BV (25+17)9BVZ (25, 17)

DOUBLE PRECISION RIsRZ

e SUBROUTINE TC CALCULATE THE INTEGRAL OF RESPCNSE SQUARED.

DO 2 M = 14MM
DO 2 N_=_15NN
IN = N + NN¥(M =1)

II = M + MME(N-1)

o XLeIXI) = BX(IN) —
DO 3 I = 14NM
BX(I) = XL(I)

Rl = C. — __

RR = 0.
RZ = Q.
DO 5C N = 14NN

"~ IF (NJEQ.1l) GO TO 5

IF (N.NE.NN) GO TO 1€

_ DXX = DX/2a

GO TC 15

DXX = DX

DO 50 M = 1,MM )
DZ = DT#RH(N)

IF (M.EQ.1) GO TO 25

- IF (M.NE.MM) GO TO 3C

"CONTINUE

"RETURN

DZZ = DZ/2.
GO TO 35
DzZz = DZ

I = (N=1)%MM +M
RZ = RZ + LCZZ1#DXX

RI = RI + CZZ*DXX*BX(I)%%2

RI = RI/RZ
RIX = RI

END

~ SUBRCOUTINE DIAG(WsRLDDLK)

COMMON FoDXoDToNNgFMgNMyNMX

 DDUBLE PRECISICN AXyBXsXL

COMMON AX(425+453)4BX(425),XL(11475)
COMMON RH(25)9RHX(25) 9 RHXX({25)9BV{25917)+BVZ(25417)

- SUBRBUTINE TC CCMPUTE MOFMENTUM DIAGNCSTICS

N =5 o
o e e e } |
IP = 1 + MM

IM = I -MM R . - —— - [ . e e e ———

PX = (BX{IP) =BX(IM))/(2.%DX)
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71

6C1l0 F2 = F*¥F - W®W#*DDLk

5020 . VI = W¥{F*PX + DDLW*RL*W¥BX(I)M/F2_

6030 FU = ~F¥(RL*F¥*BX(I) + W¥PX)/F2

604G PY = RL*BX(I)

6050 X = DX¥FLDATU(N=-1) L

6060 WRITE(6+901) X

6C70 WRITE(6+902) VTsFULPY

6C80 901 FORMAT(//% Y MOMENTUM TERMS AT Z = Q04 X ="4E15.5)
6090 G502 FORMAT(/' VTsFUsPY ='433E15.5/)

6100 RETURN

5110 _END _ e e
65120 ,

5130 SUBROUTINE LGWH(WeRLsDD14sRsBETASDDLHN)

514C COMMON FoDXsCTaNNoMMyNMyNMX .
5150 DOUBLE PRECISION AXsBXsXL

6160 COMMON AX{425453)9BX{(425)9XL{11475)

517C . COMMON_RH(25)9RHX(25)9RHXX(25) 9BVI(25417)4BVI(25417)

5180 DOUBLE PRECISION RLyRPSRIGZXINT4XP

5190 DIMENSION R{25)

5200 C U e
5210 o SUBRCOUTINE TC COMPUTE LONG WAVE PARAMETERS BNsANN
5220 C

5230 XINT = 0o e
5240 RHG = 1.03

5250 F2 = F*F

2260 MX = MM -1 )
5270 c NORMALIZE

5280 NX = NN -1

5290 CRI = (BX{1)*%2 + BX{(MM)*#2)/2.

5300 RD = (RHX(1)#BX(1)%*%2)/2.

5310 DO 10 I = 24MX

532C 10 RI = RI + BX(I)*%2 )
5330 DD 20 I = ZeNX

5340 IJ = MM%(I-1) +1

6350  2C ~RD = RD + RHX{I)*BX(IJ)*#%2 _
5360 RD = RD #DX

537C RI = RI*RH{1)*DT

538G RD = RD + RI

5390 RD = DSQRT(RD#*RD)

5400 RD = DSQRT(RD)

6410 DO 30 1 = 14NM

6420 3¢ BX(I) = BX{I)/RD

8430 CALL VCAL{WoRLsBETASODLKW)

644C C ; - COMPUTE WIND COUPLING B
6450 40 BN = BX(MM) N
6460 C NOW GET BOTTCM FRICTIGM

6470 C L READ R{X)

6480 READ(S.%) NR

5490 DO 45 1 = 14NR

6500~ READ(5s%) AX{Is1)4AX(1,2)

5510 45 AX{Is1) = AX(I41)%1.CE+05 S
6520 R{1) = AX{1,42)

6530 - RMA = AX{NRy2)

6540 DO 5C N = 24NN

£550 X = DX*FLOAT(N-1)

6560 IF (X.GTeAX{NRy1)) GC TG 48 e o
6570 IC = 0

5580 DO 46 J = 24NR

5590 1 =14 _ o L .

5600 IF (XeGTeAX{Is1)) GG TC 46



6610

5€20

6630
5640

5650

5660
5670

5680

66GC
5700

6710

61720
5730

5740

5750
5760

57170 _

5780
5780

>8C0

5810
2820

48

. LB

5C

c

C

C

15¢C

>830

5840
5850
5860
587C
588¢C

5890

5900
5510
592C
5930
5G40

6950
5960
597C

5980

6960
7C00
7010
7C¢20
7C30
7040

2056

7660
7€70

7080

7090
7100

7110

7120
7130

7140

715Q
7160

7170

7180
7190

7200

C

501
902
503
904
- 90‘4_‘ S
50C

21¢
21¢
22¢C

XX

%

 FORMAT('

- RHO = 0.515%

IC = 1

CONTINVE
IM=1-1

RX =

X = AX(IMs1)_

(AX(I,42) -AX(IM;Z))/(AX(I,I)—AX(INQI))

RIN) = AX{IMs2) + RX¥XX
GO TG0 50

RIN) = RMA

CONTINUE
X=0 CONTRIBUTICN
I = 0.5%R(1)*(RL*¥F*BX(1)/h)3%2

X = L CONTRIBUTION
1 + MM¥*{NN-1)

I =

BXP = F#XL(I1)

RI = RI + 0.5%R(NN)*(BXP)*#2
INTERMEDIATE X

DO 150 N = 2sNX

I = 1 « MM%(N-1)

IP = 1 + MW

IM = 1 = MM

RX = 045%(BXUIP)-BX(IM))/DX
RI = RI + RUN)=RX*F*XxL{1I)

ANN = RI*DX/F

WRITE(6+902) BNyANN
WRITE(6+901)

WRITE(65905) (R(I)sI=14NN)
CC = 0.5/71(98C.%RHKH0)

DD 220 N = 14NN

XX = DX
IF {(N.EQ.1l) GO 7O 210
IF {(N.NE.NN) GO TO 215

XX = DX/2.
I = N:MM

XINY = XINT + CC¥XX*BX{(I)*BX(I)

WRITE(6+904) XINT
FORMAT(/' R =%)
 BNyANN ='42E15.5///)

FORMATI(2F10.5)

FORMAT(//* FREE SURFACE CONTRIBUTION TO PE ='4E15.5/)

FORMAT(10E12.5)

RE TURN
END

 SUBROUTINE VCAL(WsRLsBETALLCDLK)

COMMCN FoeDXoDToNNoMMoNNMoNMX

DOUBLE PRECISION AXsBXsXL

COMMGN AX{425953)+BX{425)+XL(11475)
COMMON RH{25) gRHX(25) sRHXX125)4BV1253517)9BVZ(25,17)
_ DOUBLE PRECISION XINT

SUBRGUTINE TC COMPUTE THE V FIELD CF THE WAVE

XINT = 0.
WRITE(64+905)

FW = F#F - DDLW¥W*w

WL = DDLW*W#RL
RLW = RL/®W
FLW = F®RL/W



721G

7220

7230
7240

7250

. 7260
7270

7280

7230
7300

7310

7320
733¢C

734C

7350
7360
7370
7380
732G9¢Q
740C
7410
742C
7430
7440
7450
7460
7470
"7148C
7450
7500
.7510
7520
7530
7540

7550

7560
7570

7580

7590
7600
7610

7620

‘7630

1640
7650

7660
7670
7680
7690
7700
7710
7720
7730

2750 "

7750
7760

7770

7780
7790

i¢

15

18

19

20

30
40

7800

IP

XPT = (BX{(I2) -BX(I1))/(2.%07)

MX = MM -1

CDXX = 240X e
K2 = W&WHDCLW

DO 50 N = 14NN

XX = [OX e
X = DX*FLOAT(N=1)

D = RH(N)

DD = RHXIN)/D B o -

DZ = DT%*D

RHZ = RHX(N)*#2
IF (N.EQ.1) GO 7O 10

IF (N.NE.NN) GO TO 26
GO TG 18

DO 15 M = 1.MM

I = (N=1}%MM +NM

DQ = 1./(F*DX)
DO 19 M = 14MM

I = (N=L)%MM +M

IM = 1 —MM
XP = BX(I)#({2.0%CC1 =CC3)/(CC1+CC2)
XP = XP + BX{IM)*(CC2-CC1)/(CCl+CC2)

XPX = (XP = BX(IM))/(2.0%DX)
XLAT) = (F*XPX ¢ WL¥BX(I))/Fw

XX = DX/2a

GO TC 40

I = (N-1)%MM +1
IP = 1 + M¥

IM = 1 = M¥

CALL AS(Al19A29A39WsN314C19C24C3+D0DLNK)

XL(I) = —RLW#BX(I)

XX = DX/2. __

GO TC 40

CCl = W*FW/(DX*¥DX)

CCZ2 = Co5%(2,0%F*BETA®K +RL¥F*FW)/DX e
CC3 = BETA*RL¥(F¥F +[DLR*h#h)

CQ = C2%C3/{C1+ C2%C3)

XPX = (1.0 =CQ)*{BX(IP) ~-BX{IM}))/DXX
 XPX = XPX =CQ*¥FLW¥BX(I) L
XL{I) = (WL¥BX{I) + F#XxPX)/Fh
I = N*MM
IP =1 + MM
IM = 1 -MM

XPX = (BX(IP) - BX{IM))/DXX
XL{I) =(WL*BX(I) + F*XPX)/FW

DO 3C M = 24¥X
I = (N=1)%MM +M

=1 + MM
IM = 1 =MM
12 = 1 +1
11=1=-1 o
XPX = (BX{IP) - BX(IM))/DXX
T = =1e +DT*FLOAT{(M-1)

XPX = XPX - T*DD*XPT
XL{I) = (WL*BX(I) + F¥XPX)/FWn
DO 45 M = 14MM

I = (N~l)sMp + M et e e e e

IZ = DI
IF {M.EQ.1) GO TO 42

IF (MONE.MM) GO TG 48 =~ o
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7810 42 17 = DZ/2.
7820 45 . XINT = XINT + RHO¥XL{ID*XL{I)*XX*Z7

7830 WRITE(64504) XsDoL2
7840 IL = (N=1)%MM +1
7850 _ _IH = N*MM . e
7860 WRITE(69901) (XL(IJ)sIJ=ILyIH)
7870 50 CONTINUE
7880 . WRITE(69902) XINT _ ;
7890 901 FORMAT(2X910E12.5)
7500 G502 FORMAT(//® V CONTRIBUTION TG KE =%9El15.5/) -
7510 S05  FORMAT(///1%_ _N'1/) e
7620 S04 FORMAT(/?® X9 Hy DZ ="33E15.5)

7530 RETURN
7940 _ END )
7950 _ )
7560 SUBROUTINE RHOGC

7970 COMMON FeDX9DTaNNyFMyNMyNMX -
7680 DOUBLE PRECISIGN AXesEXeXL
7590 COMMON AX{(425953)¢BX{425)9XL(11475)
300C __  COMMON RH(25)9RHX(25) 9 RHXX(25)9BV(25417)9BVZ(254+17) o
3010 DOUBLE PRECISION XINT
3020 C :
3630 C  SUBROUTINE TO COMPUTE THE DENSITY FIELD OF THE WAVE
3C40 c -
3050 G2 = 980.%980./2.06
3660 XINY = 0. R
3070 WRITE(64903)
3080 G = 980. -
309C¢ DD 50_N = 19NN S
3100 DXX = DX
3110 IF (N.EQel) GO TO 2
3120 IF (NeNE.NN) GO TO 5
3130 2 DXX = DX/2.
3140 5 X = DX*FLOAT{(N-1)

3156 . DZ = DT*RH(N)
3160 GDZ = G*D2
3170 DO 40 M = 14MM
3160  ~ DZIZ = DZ i
3190 I = {N=1)2MM +M
3200 . IF (M.EQ.1) GO TO 10
8210 IF {(M.NE.MM) GO TO 2C o
8220 DZZ = DI/2.
8230 XL(M) = BY(NyM)#BX(I}/(G*G) -
824¢ GO TO 35 L
8250 10 IP=1+1
8260 pzz = Dp1/s2.
8270  XLtM) = —{BX(IP) -~ Bx(I))/GDZ
8280 GO TO 35
8290 20 IP = I +1
830 ~~Im =1 -1 _ -
3310 XL{M) = —=(BX{IP) —-BX{IM))/(2.%GDZ)
3320 35 XX = G2*XLAM)I¥XL(M)/BVI(NsM)
8330 XINT = XINT ¢ XX*DZZ#¥DXX o
3340 40  CONTINUE '
3350 WRITE(65901) XsRH{N)4D2Z -
8360 50  WRITE(65902) (XL(M)eM=1eMm) -
3370 WRITE(€9904) XINT
3380 501 FORMAT(/' XsD9yDZ =*93E15.5)
3390 904 ~ FORMAT(2X,10E12.5) =~~~
3400 G013 FORMAT{(//7* RHO'/)
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3410 904 FORMAT(//* RHO CONTRIBUTICN TG PE ='4E15.5/)
3420 ... .. RETURN

3430 END

3440

3450 - SUBROUTINE UCAL(WsRLsBETA,ODLW) . e
R46C0 COMMON FeDXoDToNNgFMgANgNMX

3470 DOUBLE PRECISION AXeBXsXL

3480  COMMON AX(425953)9BX(425)9XL {11475} =~ o
3490 COMMON RH{25) sRHX{25) s RHXX(25) sBV(25417)9BYZ(254+17)
3500 DOUBLE PRECISION XINT

3510 C . -

3520 C 'SUBROUTINE TC CCMPUTE THE U FIELD OF THE WAVE
3530 C

3540 RHO = C.515 _

3550 XINT = O

3560 FW = F%F = DDLW*h#h

3570 _FL_= F*RL

3580 WRITE(6+903)

359C DO 1C0 N = 14NN

1600 o ~ DXX = DX ~

3610 X = DX¥FLOAT(N-1)

562C DZ = DT#RH{N)

5630 DO 5 1 = 1,MN

3640 5 XL(I) = O.

3650 IF (N.EQ.1) GO TO SO

3660 , IF (N.EQ.NN) GO TO 110

3670 DD = RHX{N)/ZRHIN)

“3680 DO 85 M = 14MM

3690 B I = (N-1)%MM +M

370¢C IP = 1 + MM

_3710 IM = 1 —-MM

3720 T = =1. + DT#FLOAT(M=-1)

3730 IF (M.EQ.1) GO TC 10

3740 IF (F.EQ.MM) GO TC 15

3750 GO0 TO 20

3760 1C I1 = I +1

8770 XPT = (BX(Il) - BX(I))/DT

878C ... .. 60O 10 25

3790 15 XPT = Ce

3800 GO TC 25

881G 26 = I2 = I+1 _
8820 11 = I-1

883C XPT = (BX{I2) = BX(I1))/(2.%CT)

8840 25  XPX = (BX{IP) = BX(IM))/(2.%DX) o
8850 ' XPX = XPX =T#DD#¥XPT o
8860 85 XLIM) = =(WEXPX + FL#¥BX(I))/Fh

8876 GO TO 90

8880 11C CC1l = W*FW/(DX*DX)

8890 CC2 = Cue5%(2.C*F*BETA®W +RL*¥F*FW)/DX

8900  CC3 = BETA¥RL*(F*F +DDLW¥W%W) B
8610 = DXX = DX/2. T
8920 DO 120 M = 14MM

8930 I = (NN=L)%MM M

oao T IM e Tk . o e
8950 XPIM = BX(I)#(2.0%CC1-CC3)/(CC1+CC2)

896C XPIM = XPIM ¢ BX(IM)*(CC2-CC1)/(CC1+CC2) -
897C 12¢ XL{M) =—(FLEBX(I) + h#CoS%{XPIM = BX(IMI)/DX)/FW

8980 9¢C DO 95 M = 1,MM

8990 .~ bzz =002 o

900C IF (M.EQ.1) GO 1O G2
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0190

€20__ S2

C30
040
€50
ceQ
070

C80.___SC1__

09¢C
100

110 S04

120
130

10C

95

902
S03

IF (M.NE.MM) GO TO 95

D2z =
XINT

WRITE(6+G01) XyRH(N)DZ
WRITE(65902) (XL{M)yM=1,MM)

= Di/2.

XINT + RHO®XL(M)*XL(M)*OXX*DZ2Z

CONTINUE
WRITE{6+904) XINT

FORMAT(2Xy1CE12.5)

FORMAT(//7°

RETURN

END

_FORMAT{(/* XsDy4DZ ='43E15.5)

u'/s)

... FORMAT(//7* U _CONIRIBUTION_TO KE

=%4E15.5/)

75a



Program CROSS

Listing
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IMPLICIT DOUBLE PRECISICN (A-KE,0-2)
EXTERNAL FNA
i s e lG O LN - SL101) 9 PL{ 101 ) o G{1C1l) T 0101 )4 XL{1L01 ) NS LL1L1)aNV9DZsSURF — .
CIMENSION RH(25)
C
e _MAIN_PROGRAM_JIC_CALL THE CIHER PIECES
C
C REVISED APRIL,1G85
[T S —— .
READ(S,%)NV,DD1 )
REAGC(S4%#)F o XNAX
i e - XMAXZXMAX R ] o ED
- F=F%].E-5
IF{DC1.EQeC}WRITE(H2GCE)
JF{4EL1eEQeledWRITE{ 64569 e
WRITE(€+4G07)F ¢ XMAX
NN=2¢
e DA X MAXSINN=1)
CALL CEPIDXsRHeNN)
DI=RH{NN)/(NV-1)
L K1sY o
X(13=C.0
X1=0.0
e X2=0el
Hl=C.C
H2=Rk({1)
L0 1CC I=2¢NV
I=FLCAT(I-1)%DZ
IF(Z cGERHINN} YZ=RHI{NN]}
160 IR Z L E.H2)G0 I0 150
- Kl=K1le1l
Hl=RE{K1~1)
.- H2=REA{K1l)  _.
X1=DX*FLOAT{K1=-2)
X2=DX*FLOAT{(K1-1)
.. ..G0.IC. 1860
15C DH=HZ=-F1
SX=tXx2-X1)/D¥F
BX=={X2%H1=X1%H2)/DH
X{I)=SXx#2+BX
100 CONTINUE
. CALL NSGCE(RHUNN)aFsDZsV¥SeNV)
SURF=DLC1#VS{1)*F%F/981.,
READ (549 %)NRS
s ... WRITE(6,.901)CZ -
WRITE(€49C2){X{I)91=1,N¥)
WRITEL(64+503)
S L KWRITE(6+902)(VS{I)aI=19NV)
CG 2CC IR=14NRS
READ(S+ %) XMINeXMAX9 XINC
i XMIN=XMIN®1LE-T
XMAX=XMAX%*] ,E~7
XINC=XINC*1l.E~-7
i CALL FOOTAXMINSXMAXsXINCoFNA9X39IRCOT)
IFCIRCCTLEQ.Q)GD TO 2CC
DO 3CC I=24NV ‘
_3C0C PCI)=PAI)*DEXPA=X3*UXII)+eXt1=1))%.5)
PSUM=C.0
CO 35C I=2,4NV
el 350 PSUP=PSUM+PLI)%¥2
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200

- 36C-

—_%01.

§02
GG3

-804

G077 FORNMATUL/Z/Y  _FaXMAX='142015.8).

OO0

1

PSLM=LCSQRT{DZ#PSUM)
CO 3¢C I=24NY¥

CF=F /X3

PLII=PLI)/RSUNM.

WRITE(E4504)X3,CF

CONTINMNLE

FORMLTL /Y-

CWRITELE£.905) . . . .
WRITE(EZGC2)(PLI}sI=Z9NV)

_INVERSE_ TGPOGRAPKHY,. [Z=24015+5/)-

FCRMAT(1X4+10L12.5)

FCRMAT(//?

FORMATL/// /"~ CISPERSION - CURVE CROSSES - w=F_AT L=%30]15e555%Xy -

NSCUARED/FSCQUAREL' /)

"PHASE SPEED='4015.5/)
G035 FORMAT(/?

G008 FORM2TU(//?

. READ{EZ+%)JNRX .

L XMA=XLUINRXDY
RH(1)=BX(1l)

. IMPLICIY DOUBLE-PRECISICN (A-H4(—2)

BX{IN=BX(I)*10C.a

S0S FORMATL//?
- STCP
ENC

SUEBRCUTINE

PRESSURE FIELD {(SURFACE TC ECTTCM}'/)

RIGID LIC*/)
FREE SURFACE'/)

DEP{DXsRHeNN)

CIFENSION XLU1C1)+BX{1CLl)9RHINN)

.. SUBROUTINE_TO READ _AND INIJERPOLATE CEBIEH PRCEILE .. . . .

RH= DEPTF

C0 5 I=1sNRX
READ{(S+¥)XL{1)+BX(I)

XL{I)=XL{I)*1.ES
IFINERX<EQL1)GO TC 7

L0 6 I=29NRX
IF{BX(I).LE.BX(I-1))G0O TQO 100

RHMA=EX{NRX)

LG 2C N=2425

X=CX4FLOATAN-1)_ .

IF{X.GT<XMAMGO TG 15

IC=¢C

. 00..8. J=2sNRX.
IF(IC.NE-D)GD TO 8

I=J

JEAXCTXL(I)IG0. T0- 8 —

IC=1
CONTINUE

. IM=1=-1
EHX={EX{I)=-BX{IM))/{XL(I)}=XLCINM]})

15
20

16C
SC1
20C

XX=X=XL{IM)

RHIN)I=BX{IM)+RHX*XX

G0 TC 20
RHIN)=RHMA
CONTIMLE

GC TC 200m7.q;W”.LN

WRITE{€4501)

FCREATL/®
RETUENM

ENC
SUBRCUTINE

TCPOGRAPHY. IS NCOT MONCIONIC®//1).

NSG{RHMAsFsLZsVSsNV] .
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IMPLICIT DCUBLE PRECISION (A-hy0=-2)
CIMEMNSION XLC1COO)+VSINY)
R oJ

C SUBRGUTINE TO READ AND INTERPOLATE BUCYANCY FREQUENCY
C

e _ESG=EF#*F
REAC{S+*#)INRsDZRyALPH
ALPF=ALPH®1.ES
oo~ DIR=L IR %1004
READ(5+%)CMLT - )
CO 2C I=1sNR
e REAC(54#3XLL1)

L 2C XLCI)=XL(TI)®CMLT e .

TFE=XL{NR)
e 112=CIR$FLCATANR-1]

I=hR+1
5C ZI=CIZk*FLOAT(I-1)
e e XLAT =T ERDEXPAL 222=2 )/ ALPH]

IF(Z.CT.RHMA)IGC TO 1CC
I=1+1
e GO TL-50.
10C¢ K1=1
VS({1)¥=XL{1)/FSQ
- hHl=C.0

H2=D1R

DO 2C0 I=24NV

I=FLLATI11<-1)%D2Z

IF{Z.CE.RHMA) Z=RHMA
16C IF(Z.LE.H2)GC TO 150

Kl=K1+1

F1=FLCAT(K1-1}#%DIZR
HZ2=FLOAT{(K1)*DZIR
oGO TIL 160
15C Dh=tz-H1
SN=(XL(K1+1)-XL(K1))/DH
. Bh==(XL(K1l¢1)*H1-=X1 (K1)%H2)/DH
VS{I)=(SN*Z+BNJ)/FS5Q
200 CCNTINUE
SREILRN. —
END
REAL%8 FUNCTIDN FNA(K)
_ IMPLICIT COUBLE_PRECISION {(A=He0=-27)
COFMCN S{1C1)4P{101)+G(1CL)»T(101)sX(101)sVSU1C1)sNV4DZySURF

_SUBFUNCTION TO_ INTEGRATE FRCM Z=0 IC Z=-=k

aXaXel

NVF=AV=2
e W2=W%h
TIW':-ZQ*H
DO 1CC I=14NV
EX=DEXPATWEX(I))
T(I)=w2*EX
106C S{I)=EX/¥S(1) : :
_PINV)=1.0_
G(NV)=C.0
DG 2CC I=14NVM
J=NV-1
K=J+1
CLII=CKI=oS*DZH(T(JI)+TIK) I%P LK)
200 PLJI=P(K)+DZ*G(JI/SLJI) _
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oo

G{1)=Cl2)=-5%¥DZ*#(TL1)+T(2))I%P(2)

FNA=C{1)+S{1)*SURF* . 5%(3.%P{2)-P(3))
CRETURN L e
END
SUBRCLTINE RODTUX5+XE9X79FNA4X39IRCCTI
AMPLICIT DOUBLE PRECISIOM (A=HeGC-2) .. .
SUBROUTINE TO FIND ROOT OF FNA BETWEEN X5 AND X6
IRCG1 l
220 IG=INTI(X6=X5}/X%X7)~-1
~I1=0 .. .. e it e e e
24C Xi= X‘*II*X7
X2=X1+X7
CYI=SEMNALOXL) . o -
Y2=FMNA{X2)

IF(Y1#Y2.LT«C.01GC TO 340
S A1=1141

IFtIl. NE IC)GO 70 240
RRITE(£+13)
~IRECTI=C

13 FORMZTL//* NO RGOOT FCUND*/)
GO TC 400
340 IF{X1.NEL.X51G0 TL 37C

X7=X7/2.
GC TC 22¢C
370 X2=X1..

X1=X1=-Cel®#X7
Y1=FAA(X1)
Y2=FENALX2) . o

420 X3=(1Y2%X1-Y1*%¥X2)/{Y2-Y1)
IF{X2eCTaX5eANEeX3aLTeX€)G0 TO 2CO
WRITE(ESLILIX2

20C Y3=FMNA{X3)

11 FORMATL(/? PRUJECTIOB cuv UF IhTERVAL *sL1

4C0

Se5717)

IF{LABSIA{X3=-X2)/ X2l TolaE=Z7)GL 10
X1l=Xz

X2=X3

YI=Y2 o

Y2=Y3

GO TC 420

.4C0 RETUEN_ .

ENC

0




Program BIGDRV?2

Listing
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150
36C
370
380
390
40C

410

420
430
440

4eg

460
470

15
25

480

490

00

510
52¢
530

54C

550
560
570
580
590
500

20

 WRITE(65917)

- Dx -

PRCGRAM wDSTF

 COMMON FeDXsDTaNNyMMaNM o NMX

COMMON RH(25) yRHX{25) sRHXX(25) 9BV(25917)9BYZ{25+17)

COMMCN XL (60C)

DOUBLE COMPLEX AX(425953)+BX1425)9BXB{425)sDCMPLX =

DIMENSION EBB(S50)sTX(25)4TY(Z5)eTYX(2Z5)9TXX(25)

DIMENSION K{25)+RX1(25)

DOUBLE COMPLEX FFC125)

_ . MAIN PROGRAM _TC CALL ALL OF THE OTHER PIECES

DIMIAX) = NMy2NN+3
READ(5+%) ICCH

. DOUBLE PRECISION DREALsDIMAGsDATANZ y24B9AMTHTHTSOSCRT . =

ICCC =1
READ(54+%) FyXMAX

FF = 180.0/3.14149

XMAX = XMAX*1.0E+05
F =F#*1,0E-05
WRITE(6+4907) FoeXMAX =

READ{S %) ILWeIRLsIXY
IF (ILW.EQ.1) GO TC 5
ILW = C

WRITE(6,910)
60 TO 10
WRITE(64911)

DD2 = FLOAT(ILW)

IF (IRL.EQ.1) GO TC 15
IRL=0
WRITE(65912)

G0 TC 25
WRITE(65513)

IF (IXY.EQ.1) GO TG 27
IXy = 0

WRITE(6,915)
GO TO 29
IF (ILW.EQ.0) GO TC 28

WRITE(6491€)
GO T0 29

GO TO 200
MM = 17
NN = 25

NM = NN®*MM
NMX = 2Z2%NN +3
_XMAX/FLCAT{NN-1)

DT = 1./FLCAT(MM=1)
CALL DEP{(BEB,RGPP)
CALL NSGQ

CALL FRICUR.RX)
CALL WRDITXsTYsTXXeTYXsIXY)

 READ(5+*) WyeRL

CALL MATS(RLsWsAX9BXsRsRX9DD1sOD2sTXsTYsTXXeTYXsFFC)

DO 20 M = 1,MM

DO 20 N = 15NN
IN = N + NN¥(M=1)
II1 = M + MM#(N-1)
BXB(II) = BX(IN)
DO 30 I = 14NN
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€10
620

30

€30
640

€50

€60
€70

€80

690
700

710

720

T30
740

750
760

70

780
790
800
810
g20

830

840
850
860
870
€80
890
500
510
G20
930
540

G50

S6C
G570

980

990
1600
1010

1020

1030
1C4¢C

_xes

12¢

128

13¢
14C

901

903

S04
G0
908
90¢
91cC

91z
913
914
G15
516
G517

- 20C

1050

1060
1070

icsc

1¢S0
1100

1110

1120
1130

1140 ~

1150
1160
1170
1180
1190

1200

OO0

_CALL RHOC(BXsBXBsRPEsDL140D2yFFC)

WRITE(6,+908)

_DZ = RHIN)*DT

. B = DIMAGI(BX(M))
AMT = DSQRT(A%A + B*B)

G511

BX{I) = BXB(I)

_WRITE(64903) WeRL =

CALL YCALUWsRLsBX9BXBoRyRXyVKE9DD2sTXsTY)
CALL UCAL{UWwoRLyBX9BXEgRoUKESLD29TXsTY)

CALL PEC(BXsSPEsIRL)
RRRR = (UKE + VKE)/(RPE + S5PE)

_TE_ = UKE + VKE_+ RPE +_ SPE

WRITE(65914) TE
WRITE(65909) RRRR
DO 13C N = 1,NN
X = DX*FLOAT{N-1)

WRITE(65904) XsRHIN)sDZ
ML = 1 +MM#(N-1)

MH = MMEN

DO 128 M = MLsMH
A = DREAL{BX{M)})

THT = FF#DATANZ(BsA)

C BX{M) = DCMPLX{AMT,T+T)

WRITE(69901) {EX(M)sM=ML,MH)
CONTINUE

~ ICCC = ICCC +1

IF (ICCC.LE.ICCM) GO TC 3
FORMAT(2X5E12.55F9425E12.59F5025E12059F9225E12.5+F9225E12.55F922)
FORMAT(////" KoL ="42E1545)

FORMAT(/' XsHsDZ =*43E1545)

FORMAT(//' FoXMAX =*42E1545//)

FORMAT(//' PRESSURE'/)

FORMATI{/® KE/PE =',E15.5)

FORMAT(® LONG WAVE®)

FORMAT(® GENERAL FRECUENCY AND WAVELENGTH®)
FORMAT(Y RIGID LID")
FORMAT(® FREE SURFACE?)

FORMAT(' TCTAL ENERGY/LENGTH =%'45E15.5)

FORMAT(' TAU Y DRIVING®)
FORMAT(' TAU X DRIVING®)

FORMAT(® ERRCR: TAU X DRIVING IN THE LONG WAVE LIMIT?)
sTep T T
END

SUBROUTINE NSQG .
COMMON FoDXoDToNNoFMoaNMoNMX
COMMON RH(Z253 9RHX(25) 9 RuXX(25)9BV(25+17)4BVZ{25,17)

COMMON XL(600) e e

 PROGRAM TO REAC AND INTERPOLATE BUDYANCY FREQUENCY SQUARE
BY = BUOYANCY FREQUENCY SQUARED -
_BVZ = 7 CERIVATIVE OF BV

READ{Ss%) NRsDZRsALPF
ALPH = ALPH¥1.0E+05
DZR = DZR¥100.
MX = MM -1
READ(59%) CMLT
DO 2C I = 14NR
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1210

1226

1230
1240

20

1250

1260
1270

1280

1290
130C

30

1310

1320
1330

1340

1350
'136C

1370

138¢C
136¢C
14C0C
141C
1420
143C
1440
1450
1460
1470
1480
1490
150G
1510
1520
1530
1540

1550

1560
L570

50

11C

12¢

1580

1590
160G

1610

1620
1630
164C
1650
1660
1670

1es0

1690
1700

1710

1720
1730
174C
1750
176C
1770
178C
1790
1800

12¢

13¢

132

D0 200 N = 1eNN

READ(5.%) XL(I)
XLAI) = XL{I}*CMLT _

XLAI) = TF*EXP((ZZZ =2)/ALPH)

TF = XL{I{NR)

227 = DZR*FLCAT{NR~-1)}

DZI = RH{NN) = Z2Z
NL = NR +1

NH = 6C0

DD 3C 1 = NLoONH e

Z = DIR*FLOATUI-1)

DD = Rh{N)
DZ = DT*DD
IF (D2.GT.DZR)_ GO_TC 11C

BVINsMM) = XL (1)
DD 50 M = 1.MX
Z = DD = DZ*FLOAT(M=1)

IBXL = 1 + IFIX(Z/DZR)
IBXH = IBXL +1
IS = DIR¥FLOATC(IBXL =-1)

BV(NsM) = XL(IBXL) +(Z-ZS)#(XL(IBXH)=XL(IBXL))/DZR

Z = DD - D2
IBXL = 1 + IFIX(Z/CZR)

IBXH = IBXL ¢ 1
ZS = DZR*FLCAT(IBXL-1)
AQ = XLUIBXL) +(Z=ZS)*(XL{IBXH)=XL(IBXL))/DZR

GO TO 145
ZD = DZ/2.
XBB = Q. =

NAYG = 0
DO 120 1 = 14NR
ZC = DZR*FLOAT{(I-1)

IF (2C.GT.2D) GO TC 12C
XBE = XBB + XL{I)
NAVG = NAVG +1

CONTINUE
BYINsMM) = XBE/FLOAT(NAVG)
DO 14C MQ = 1,MM

M = MQ -1
Z = DD - DZ*FLOAT(M=-1)
Z5 = 1 = D1/2.

ID = IS + L2
XBE = O.
NAVG = 0

DO 130 1 = 1sNH
ZC = DIR¥FLOATUI-1)
IF ( ZC.LT.ZS) GO T0_ 130

IF (2C.GT.ZC) GO TC 13¢C
XBE = XBB + XL(I)
NAVG = NAVG + 1

CONTINUVE B T

IF (NAVG.NE.O) GO TO 135
IaxL 1 +« IFIX{Z/DIR)
1B XH feerit_
ISS = DIR*FLCAT(IBXL-1)
IF (M.,EQ.0) GG TG 133

BVINsM) = XLUIBXL) +(Z-2SS)*(XL{IBXH)=XL{IBXL})/DZR

GO 70 140

AQ = XLUIBXL) +(Z-ZSS)*{(XL{IBXH)=XL(IBXL))/DIR
GO TO 140 84

Isxl + 1 e — (SR



1810 135 IF (M.EQ.0) GC TO 138

1820 . BVINsM) = XBB/FLOAT(NAVG) S
1830 GO TO 140
1840 13¢ AQ = XBB/FLOAT(NAVG)
1850 14C  COMNTINULE = e
1860 145 DO 150 M = 2,4MX
1870 IP = M +1
1886 . _ . IMm =M =1 o N N i
1890 15¢ BVZ{NsM) = (BVINsIP) - BV(NsIM))/(2.%DZ)
1900 BVZINysl) = (BVI(Nes2) -AC)/(2.0%DZ)
1910 BVZI{NsMM) = (BVINsMM) - BV{NaMX))/DZ e
£920 20¢ CONTINUE L -
TTIG30 WRITE(64+901)
1940 WRITE (6,902) (BV(NN,J),d=[ ,mm) .
1950 9C1 FORMAT(Z/TY NSQUAREC AT XMaXx */)
1960 S0Z FORMAT(2X310E12.5)
1§70 25C_ _ RETURN
1980 END
1990
2C00 . SUBROUTINE MATS(RLIWsAX9BXsRaRX9DD19DD2+sTXsTYsTXXsTYXsFFC)
2C10 COMMON FoeDXoCToNNgMMgNMoNMX
2020 COMMON RH(25) 9RHX(25) sRHXX(25) 9BV (254517)9BVZ{25417)
2630 COMMON XL (60GC) e
2040 DOUBLE COMPLEX AX(425953)9BX{425)9AB+DCMPLX9B34B5S
205¢C DOUBLE COMPLEX AA33AA49AAS53DQ9AAL2AA2,FFC(25)
260  DODUBLE COMPLEX GAM.B4,ABB
2070 DIMENSION R(25)9RX{25)9TX(25)5TY(25)sTYXL25)TXX(25)
2080 c
2090 C - 3
2100 o SUBROUTINE TC SET ANC SOLYE THE P EGUATICA
.211¢ C
2120 GG = 1./98C. o
2130 CSS = GG¥2.0%DT*DD1
2140 . CALL FFCCAL(TXsTYsTXX9TYXsFFCohsRL4DD2)
2150 . DXDT = DX/(2.*DT) N
2160 DXX = DX¥DX
217¢C DDD = DXX/(DT%*DT)
2180 RLL = DD2#*RL*RL .
219G DDX = DX¥DXDT
220C RAP = 2.0%DX
2210 ~  DQ = DCMPLX(RQP,+0.0) — i
2220 FLW = F*RL/K
2230 3 DO 5 I = 14NN
2240 5 BX(I) = (0.Cy0.0) I
2250 DO 1C J = 14NMX
2260 DO 10 I = 14NM
2270 10 AX{IsJ) =(C.050.0) e
2280 J = NN + 2
2290 IP1 = J + 1
2306 o IM1 = J -1 3 _
2310 O IJIP = J o+ 2
2320 CIJIM = g - 2
2330 IPM1 = 2%NN +1 o
2340 IPVM = 2%NN + 2 T
2350 IPFM = 2%NN + 3
2360 DO 1CO M = 1,MM e _
2370 DO 90 N = 14NN
2380 I = N + NN#(M-1)
2390 CALL AS(Al,A24A39WsNsMyC1sC2+C3,5DD02) ==
2400 RQP = A2%*DXLCT

85



2410

2420

2430
2440

2430

2460
2470

2480

2430
2500

2510 _

2520
2530
2540
255¢C
2560
2570
258¢C
255¢
2600
7¢10
2620
2630
2640
2650
2660
2670
2680
269C
270G
2710
2720
2730
2740

20

2750

2760
2770
2780
2790
2800
2810

282C

2830
2840
2850
2860
2870

24

2880

2890
2600

2910

2920
293¢0

2940

2950
2960

267C¢

2980
2990

25

3000

. RQP = A1*DLCD = A3*CDX

AX(IsIPM) = DCMPLXI(RCP,0.0)

AB = DCMPLX(RQP,0.0)

_AX(Isl) = AB__

AX{I41PM1) = -AB
AX{I43) = —AB
AX(IsIPMM) = AB - ‘ S
AX{I+IM1) = (1. 0’0 0)

AX{I+4IP1l) = {(1.040.0)

AX{I$2) = DCMPLX{RGP,CeC) R
RQP = A1*DDC + A3%DDX

RQP = =2.0 -2.0%¥A1%DCD -RLL*DXX
AX(1sJ)} = DCMPLX{RCP40.C)
IF [ NeEG.1) GC_T0 20
IF INJEQ.NN) GO TO 3¢

IF (M.EQ.1l) GO TC 40

JIF_(P.EQ.M¥) GO TC 50

GO TO 90

RQP = 2.0%CX
FWw = F¥F — DD2¥W%W__
CHE = RL*F*RH(N)

CH = R(N)#DD2%2.0%F¥W¥RL/Fh

BX{I) = BX(1) + AX{IsINM1)%*ABB
BX{I) = BX(I) + AX(IsIPF1)®ABB

BXLI) = BX(I) + AX(I,1)*ABE e

AX{IsIP1) = AX{Is1P1) ¢ AX{(I,IM1)

CAX{IaJd) = AX{IgJ) + RKGP*AAI*AX{I,IN1)/AA2

AXUIsIPM) = AX{IsIPF) + AX(I,IM1)%A2%DX/DT
AX(I92) = AX(I42) - AX(I.INM1)*A2%DX/L7T
AX{I+IPMM) = AX{I,IPFM) + AX(IsIPMl)

AXUIsIPM) = AX{I,IPM) + AX{I,IPM1)*RCP*(AAL1/AA2 + A2/DT)

AX{I9d) = AX{IeJ) = AX{(IGIPF1)®A2*RCP/CT
AX{I43) = AX{I43) + AX{I,1)

CAX{I92) = AX({Is2) + AX(I1)*%KQP*(AAL1/AAZ = AZ/DT)
AX(I9J) = AXU{IeJd) + AX{I.1)%A2%RCP/CT

AX({Is1) = (Ga0s0.0)

_ AALl = DCMPLX(CHsCHK) o
CH = RINI¥(F*¥F + DC2%n*k)/FHW
CHH = W¥RH(N)
AA2 = DCMPLX(CHyCHF) -
CH = F*TY(N)
CHE = WETX(N)¥DD2
ABB = DCMPLX(CHyCHED e
ABB = 2.0%DX*ARB/AA2

AX(IsIPM1) = (C.CeCaC) I

AX{I+IM1) =(CeCsC.C)
IF (MoNE.MFM) GO TO 25

TAX(T192) = AX(I52) + AX(I,IPV)

AX{I+3) = AX{I+3) + AX(I.IPMK)
CZQ = RHIN)®BV(NsMI%CSS

AX{I3IP1) = AX{I+IP1) - AX(I,IPMM)*C2ZC - T

AXUIsd) = AX{Ied) = AX(I+IPMI%CZC

CBX{I) = BXUI) = AX(IoIFPM)*2.C3RH{1I*LT*FFCI(1)

BXU{I) = BX(I) = AX(1,IPFM)*2.C*¥RH(1)3DT*FFC(1)
AX{IsIPM) = {0.050.C)
AX{I+IPMM) = (Ce0+0.C)

co0 To g0 N e e e e e

IF {(MJNE.1) GO TO SO
CH = RIN)*DD2%2.0%F*k*RL/FW
CHH = F*RL2RH(N) 86



3C10
3gc2c
3C30
iC40

3050

3660
3070

3C80 .

3690
3100

3110 _

3120
3130

314C 0 _

3150
3160

3170

3180
3190

;200

3210
31220

323C .

3240
325C
3260
3270
3280
3260
3300
331C
31320
3330
3340

3350

3360
3370
3380
339C
3400
3410

3420

3430
3440
3450
3460
3470

3¢

3480

34GC
3500

3510

3520
3530
3540
3550

3560

3570
3580
3560
3600

B3 DCMPLX{CHy CHH)
CH = RAN)¥(F%F + DD2*W%*W)/FMW
CHR = W*RHIN)
B4 = DCMPLX{(CHsCHH)
_CH = F*TYI(N)
CHF = WXDD2*TX(N)

CH = R(N}*{F*F +DD2*uW*K)/BY{N,yM)

AA3 = DCMPLX(CHs04C)

CH = —(F%F + DC2*K*%W)*RX{N)/FMW e
CHE = —W*RHX(N)
AA4 = DCMPLX(CHyCHF)

AA4 = AA4/BA4

DZ = DT#*RH(N)
ABB = (0.5%AA2 - AA3/DZ)/D1
CAXUIsJd) = AX(Isd)+ AX{I.2)%(AA)l -2.0%AA3/(DZ%¥D2))/ABB

AX(IoIPM) = AX(ILIPM) +AX(I,2)%(C.5%AA2 +AA3/DZ)/(LZ%ABB)
BX{I) = BX(I) = AX{Is2)%AA4%B5/ABS

RQP = 2.0%[DX

CALL AACAL (WsRL9RsRXsNsNsDD29AAL9AAZsAA3sAA4sAAS)

ABB = AA1%*0.5/DT =—AA4/(DT#DT)

AX(I9d) = AX(IsJ) + AX(I43)%(-AA3/KQP ¢ AA5/(DX%*DT))/ABB _

B5 = DCMPLX{CHyCHH)

CH_=_=2.0%K¥RL¥DD2#F4RXIN)/Fh B -
CHH = —RL*F#RHX(N)
AAl = DCMPLX(CHsCHK)

... CH = (F%F_+ DD2¥hW*k)¥RX(N)/Fh ——

CHH = WHRHX(N)
AA2 = DCMPLX(CHsCHH)

_AAl = AAl + AA2%*B3/B4 B
CH = =RINI®(F#F +DD2%W*K)¥BVZ(NsM)/(BVINsMIZBVIN,H¥))
CH = CH + 2.0%W*RL¥DD2#*F#R(N)¥RHXIN)}/Fk

_CHH = =W¥*FK/BVINsM)
AA2 = DCMPLX(CHsCHH)
CH = (F*F + OD2*W*W)#(—R{N)*RHXIN))/FNW

_RhAZ = AA2 + CH¥B3/B4

B3 = AX{I+3)%(AA2 -2.0%AA4/(CT*DT) -AAS/(DX*DT))/ABB
AX{IsIP1) = AX(I+IP1l) + B3

CAX(IZIJJP) = AX(I,I1JJP) + AX(I43)%AA3/(RQP*ABB)

AX{IsIPM) = AX{IsIPM) -AX(I,3)%AA5/(DX*DT%ABB)
B3 = AX{I,3)$(AA1%0.5/CT + AA4/(DT#DT) + AAS/(DX*DT))/ABB
 AX{IoIPMM) = AX{I,IPMM) «B3 )
AX{I43) = {0.090.0)
AX{I92) = (0ale0a.0)

GO TC 90

DZ = DT*RH(N) S

AX(I4IPM1) = {QeCsCalC)
AXU143) = (0.050.0)
AX{I4yIPMM) = (0.CyCa0)
AX{Isl) = (Ge0s0.0)
Cl = 1.. + FLW¥*DX/2.

C2 = 1. - FLW¥DOX/2.

AXUI9J) = AX(Iy9J) +2.0%AX{(Is1P1)/C1
AX(I9IM1) = AX{IoIM1) =C2*AX(I,IP1)/C1 S
AX{I9IP1) = (0.0490.C)

IF (M.NE.MM) GO TO 35
AX(I52) = AX{I+2) +AX(I4IPV)
CZQ = RHIN)*BVINsM)I*CSS
AX{I9d) = AX[I9J) - AX(I,IPM)2CZQ

BX(I) = BX{I) =AXU{IoIPM)*2.0%RH(NI*DTI*FFC{N)
AX{IsIPM) = (0e090.0)

87



3610 GO 16 <0

3620 35  IF (M.NE.l) GC 10 .90 e

3630 CA = R(NI*¥(F%F + DLC2%w¢w)/(F*F =DD2%n*h)

3640 CH = —CA#BVZ(NyMI/BVINyM)

3¢50 . CHH = <w_ o o

3660 ABB = DCMPLX{CHyCHF)

3670 ABB = ABB/CA

3680_ . AAl = 1.0 -ABB*¥*RHIN)®*DT/2.0 e

3660 AA2 = 1.0 + ABB*DT#*RH(N)/2.0

3700 AX{I9Jd) = AX{I9d) +AX{I42)%2.C/AAL

3710 AXUI9IPM) = AX({IsIPM) -AX(I92)%AA2/AA1 e
3720 AX({I42) = (0aC9040)

373¢C GO TC 96

3740 40 . CALL AACALU{WsRLyRsRXINsMyDL2+AA15AA2+AA39AA44AA5) N
375C DTC = 2.0%DT#DX

3760 RQP = 2.0%0X

377C ABB = AAl%0.5/DT —~ AA4/(DT#DT)

378C AX{IsIM1) = AX{IsIM1) + AX{I+2)%{-AA3/RGP + AA5/DTGC)/ABR

3760 AX{I9Jd) = AX{IsJ) + AX(I142)%(AA2 = AA4#2.,0/(DT#DT))/ABB

jgoc . AX(IsIP1l) = AX(IsIP1l) + AX{(I+2)*%{AA3/RCP - AA5/DTQ)}/ABB
3e1C AXCISIPM1) = AX(IoIPK1) + AX{I+2)%(~AAS/DTGC)/ABB

382¢C AXCIoIPM) = AX(I9IPM) ¢ AX(I42)*%(AA1%0.5/DT + AA4/{(DT*DT))/ABB
3830 AX(I,IPMM) = AX{IsIPFM) ¢ AX(I42)%AA5/(DTQ#AEB)

3640 IF (N.EQ.2) GO TC 42

3850 AX{I9IJJM) = AX({IsIJJM) = AX{Is1)%¥AA3/(RGP*ABB)

3860 B3 = AX({I41)%(AA2 - 2,0%AA4/(DT*CT) + AAS*2.C/L0TC)/ABB
3870 AX{I4IM1) = AX{IoIM1) ¢ B3

3880 AXCIgd) = AX{IsJd) + AXEI91)%{AA3/RGP ~ AA5%2.,0/DTQ)/ABB

3890 B3 = AX{Is+1)%(AA1%0.5/DT + AA4/(DT*LT) - AA5%2.,0/DTQC)/ABB
3500 AX{I4IPM1) = AX(IsIPM1) + B3

3510 AX{IsIPM) = AX{IoIPF) ¢ AX({I41)%AAS5%2.C/(DTQ%*ABR)

3520 41 CAX(I9d) = AX(Isd) + AX{I93)%(-AA3/RCP + AAS¥2.C/0TQ)/ABB
3930 B3 = AX{I93)%{AA2 - AA4¥2.C/(CT#DT) -4A5%2.,0/DTC)/ABR

364C AX{I43IP1) = AX{IsIP1) + B3

3950 CAX(ILIJJP) = AX{IsIJJP) + AX{Is3)¥AA3/(RGP*ABB) o
3660 AX{IoIPM) = AX{I+sIPFM) = AX(Is3)%AAS%2.,C/(DTQ%ARB)

397C B3 = AX{I93)%(AA1%Ce5/LT +AA4/(DT*DT) + AAS%*2.0/0TGC)/ABB

3980 . AX{IsIPMM) = AX{1,.IPMM) + B3 R
399¢C AX(I93) = (0.0+0.0)

400C AX(I131) = (0eC90.0)

4C10 AX{I+2) = (C.0,0.0) e
4020 GO TO 90

4C30 42 B3 = AX{I,1)#(AA2 =-AA3/DX =2.0%AA4/{DT#DT) + AAS%2.0/DTQ)/ABB
4C40 AX{IsIM1) = AX(I,sINM1) + B3

4C50 AX(I9J) = AX(IsJ) + AX{Io1)%{AA3/DX ~ AA5%2.C/DTC)/ABB

4060 B3 = AX{I1)*{0.5%AA1/CT + AA4/(CT*D1) -AA5%2.C/0CTQ)/ABB

4¢70 AX{IsIPM1) = AX(I,IPF1) + B3 L
4080 AXI{IsIPM) = AX{IsIPM) + AX(I+1)*%AAS*2,.C/(DTGQ%ABB) S
4090 GO TC 41

4106 50  AX(Isl) = (Ce05040) o
4110 AX(I193) = (0.0+0.0) o
4120 AX{I4IPM1) = {(0sCeCe0)

413C AX(IsIPMM) =(0.050.0) -

4140 AX(I92) = AX(142) + AX(ISIPM) T

4150 CZQ = RHI(N)*BV(NsM)*CSS

4166 AX{Isd) = AX{IsJd) -AX(I,IPN)®CZQ -

4170 BX{I) = BX(I) = AX{IsIPMI*2.C*RHIN)I*®LTHFFCI(N)

418C AX(I+IP¥) = (0.04904.0)

4160 50 CONTINUE

4200 100 CONTINUE S g e e



4210

CALL BANDG{AXsBX)

89

4220 ___RETURN S
4230 END
4240
4250  ___SUBROUTINE AS(A1yA23839WeNsMsC1l9C2+C34+E02)
4260 COMMON FoDXoCToaNNgVFMoeNVoNMX
427C COMMON RHU{Z25)4RHX(25) 9 kHXX{25)9BV(25917)9BVZ{25,17)
4280___ . COMMCN_Xx1600) .
4290 C
4300 C SUBRCUTINE TC CALCULATE COEFFICIENTS FGR MATS
4310____C_ .
4320 F2 = F*F
© 433¢C W2 = DU2Z2¥W¥h
4340 . _ T2 = le/RHIN) — -
435C TH = =1. +DT#*FLOAT(M-1)
4360 TX = =RHX{N)2TH#*T2Z
437C. . AA = (RHX{AN)/RH(N))*%2
+380 TXX = (2%AA —=RHXX(N)/RHI(N))®TH
+36¢ BW = BV(NsMV)
+400 - _.BWh_=_ BW¥Bh
2410 Al = TX*TX + TZ*TZ*(F2-W2)/Bh
1420 A2 = TX
+43C A3 = TXX =TZ¥BVZINgMI*(F2-h2)/BUk o
1440 Cl = T2
145(C C2 = RHXIN)*BVINs1)/(F2-hk2)
+460 €3 = CLERHX(N)
2470 RETURN
1480 END
o )
+50C SUBRCUTINE DEP{BXysRQPP)
+510 COMMCN FoDXoDToNNoMMaNMoNMX
1520 COMMON RH(25)9RHX(25)9RHXX125)9BV(25917)4BVZ(25+17)
4530 COMMCN XL (600) .
4540 DIMENSION BX(50)
455¢  C R |
4560 C SUBROUTINE TO READ AND INTERPOLATE DEPTE PROFILE
4570 C RH = DEPTH
+580 C o RHX = X DERIVATIVE OF RH ) _
4560 C RHXX = SECCND X DERIVATIVE OF RH
4600 C ‘ ’
4610 _ READ(54%) NRX o
4620 DO 5 I =1sNRX
4630 READ(S+%) XL{I)4BX(I)
4640 BX(I) = BX(I)¥100. _ L
4650 5 XL{1) = XL{I)*1.0E+05
466¢C RHMA = BX{NRX)
4670 ~RQPP = XLINRX) o
4680 i RH{1) = 8X{1) S
4690 DO 20 N = 24NN
4700 X = DX¥FLOAT(N-1)
4716 CIF (X.GT.XL{NRX)) GG TC 15 -
4720 IC =0
4730 DO B J = 24NRX -
4740 IF (ICJNE.O) GO 10 8 o B ) S
4750 1 =4
4760 IF (X.GT.XL(I)) 6O TC &
4770 IC = 1
4780 8 CONTINUE
4790 = 1-1 o
480C RHXIN) = (BX(I) =BX{IMI)I/{XL(I)=-XL(IM)})



4810 XX = X = XL(IM)

4820 RHIN) = BXCIM) + RHX(N)#*XxX
4830 G0 TC 20

4840 15 RH{N) = RHMA

¥85C 20 CONTINUE

4860 RHX(1) = {(RH{2) - RH(1)}/DX

1870 RHXX{1l) = Ce

+88C . .. D2 = _2%0X . ,- e

+890 DXX = DX#*DX

4900 NX = NN -1

+910 . DD 30 N = 24NX o _ o
%920 IP = N +1

+$30 IM = N -1

194C RHX{N) =(RR(IP) = RH{IM)I)/D2 o
1950 30 RHXX{N) = (RH{IP) =2.%RH(N) + RH{IM)I)/CXX

1660 RHX(NN) = Q.

+G70 . RHXX{NN) = C. e
1S 80 RETURN

1990 END

»GOC B . , e . e
1010 SUBROUTINE VCAL(WsKL9BXsXLgRsRXsXINT4DL2+TXeTY)

5620 COMMON F3DX3sDTyNNyFMsNFgNMX

5030 , ) ,CUMMONWRH(ZS),Rthzsz,thx(25),BV(25,17),BVZ(25,17)

3040 COMMON XB(6GC)

3050 DOUBLE COMPLEX BX(425) XL (425)9XPX s XPToCCMPLXsRMUST39B39B59AALAA2
5060 _  DOUBLE COMPLEX GAMsB49AA34AA44AAS ]

5070 DOUBLE PRECISION DREAL+DIMAGsDATAN2yLCSCRT4AsB

5080 - DIMENSION R{25)4RX{25)9TX(25)sTY(25)

590 DOUBLE PRECISICN XINT _
510C C

3110 C SUBRGUTINE TC CALCULATE V FRCM P

512¢C c -

3130 RHO = 05015

5140 FF = 18C.0/3.14159

3156 XINT = 0e o
5160 WRITE(64905)

3170 FW = FXF = DO2%W%W

>180. _ WL= DD2%W*RL S
5190 RLm = RL/W

5200 FLi = F¥RL/W

210 MX = MM -1 e
3220 DXX = 2+%DX

5230 W2 = DD2%W*h

35240 DO 50_N = 1,NN .
5250 XX = DX

526C X = DX*FLGAT(N-1)

3270 D = RHIN) o
5280 DD = RHX{N)I/D

3260 DZ = DT*D

5306 RHZ = RHX(N)¥*2 R
5310 IF (N.EQ.1) GO TC 2

5320 IF {N<NE.NN) GC TO 2¢C

5330 , ¢ ¢ 18 e
3340 2 CH = RINY*{F*F + W2)/Fh ) o

5350 CHF = W*RHI(N)

5360 , GAM = DCMPLX(CH,.CHKY

3370 CH = F*TY(N)

5380 CHE = W®TX(N)#*DD2

530 XPX = DCMPLX(ChyCHF)

5400 XPX = XPX/GAF

90



30

L 4c

LH =

XX =

€2 =

1M

XPT =
CHH =
B4 =

.B0 5.

XPX =
XL(I)
Go TC
Cl =

DQ =
DO 19

1=

IM =
XPX =

CXL(I)

XX =
GO0 710

= {

-y
x4
[ T I |

o
(V8]
Wowinowouon

B3

XPX =
T = -
XPT =

XPX =

XL{I)
I = N
IP
iM
XPX =
XL (1)
DO 3¢
I =«
1P

12
Il

o b

CXPX =

T = -
XPT
XPX
XL(I)
DO 45
I = A

DX/2.0.

le = FLW*DX/2.

XPX
RIN)I*DD2%2.0%h*F*RL/F¥w

RL*F*RHKH(N)

DCMPLX{CHsCHH)

I =10

XPT =B4*BX(I1)/GAVM
= (FEXPX + WL*BX(I))/Fn

40
le + FLW¥*DX/2,.

le/(F%DX)
M = 14MM
N=1)%MM_+M

I ~-MM

(BX(I)*2.,0/C1 = BX{IM)#*(1l. + C2/C1))/DXX

L= (F*XPX + WLE*BX(I))/Fh

DX/2.
40
N=1)*%MM +1

MM
MM

I +1 +

L
1
AA

CAL(WSRLIRIRX s NyMyDD29AALAL29AA3,AR43AA5)
= 2.0%DT

AAL/CTTY - AA4/{DT#*DT)
BX{IM)*(~AA3/DXX +AAS/(DXX%¥DT))
B3 +BX(I)*(AA2-Z2.C*AA4/(0T*CT))

B3 + BXC(IP)*{AA3/DXX -AAS/(LCXX%LCT))

B3 + BX{IQQ)*{-2A5/7(DXX2DT))

B3 + BX{I2)*(AA1/CTT ¢ AA4/{(DT*LT))

B3 + BX(IQR)*(AAS/(DTT#*CX))
B3/GAM
ABX{IP) = BXEIM)I)/DXX

1.0
(BX{12)-B3)/DTT
XPX = T#DD¥XPT

= (F%XPX + WL*EX(I))/Fh
*MM
I + MM

I -MM
(BXCIP) = BXUIM))/DXX
=(WL#*BX(I) + F¥XPX)/FHW

M= 24X
N=1)*MM +M
I + My

oMM
I +1
I -1

{BX{IP) - BX(IN))/DXX
le ¢DT*FLOATI(M-1)
(BX(I2) =-BX(I1))/(2.%*DT)
XPX - T#DD#*XPT o
= (WLEBX(I) + F*XPX)/Fn
M= 1,MM L
jom % +
N=1)*FM M o1



5C10 21 = DI

5620 A = DREAL(XL(ID) e

5C30 8 = DIMAGIXL{I))

5040 CQ = A*A + B*B

€50 IF {M.EQ.1l) GO _TC 42 _ L
3060 IF (M.NE.MM) GO TO 45

5C70 42 11 = D1/2.

5080 4% XINT = XINT + RHO*XX$Z72%(CQ L

3C9C WRITE(E3904) Xy9DsD2

5100 IL = (N=1)%MM +1

5110 . IH_ = N*¥MM__ i e
2120 DO 46 1J = IL4IH

3130 A = DREAL(XLU(IJ))

;140 B = DIMAG(XL(IJ)) . e
>150 AMY = DSQRT(A%A + B#*B)

5160 THT = FF#DATAN2(BoA)

>17C6 . 46 XLUIJ)_ = DCMPLX{AMTSTHT) o
>180 WRITE(64501) (XL{IJ)eId=IL,yIk)

5150 50 CONTINUE

»206 - WRITE(65902) XINT *_ __ e
;210 DO 110 N = 14NN

5220 IJd = 1 + MMS(N-1])

2230 A = CREAL(XL{IJ)) o

5240 B = CIMAGIXL(IJ))

3250 AMT = RI(N)#A

26C THT =8 -~ e
2270 1ic XLIN) = DCMPLX{AMTTHT)

»280 WRITE(6490¢)

250 o - WRITE(69901)(XLIN) yN=14NN) e
>300 9Cc1 FORMATI2X 9E12e59F9e29FE12e53FF429E12e59FGe29E12e59FFe29E12.59FG2)
»31¢ 902 FORMAT(//' VvV CONTRIBUTICN TC KE =%,E15.5/)

2320 905 FORMAT(///7/7% N'//)

»330 9C4 FORMAT(/® Xe He D2 ='33E15.5)

2340 906 FORMAT(//' Y BOTTCM STRESS (DYNES/CM2)='/)

>350 . RETURN _ e
3360 END

3370

>380 . SUBROUTINE RHOC(BXsXL 9XINT9yDLC14DD2,4FFC) e

5390 COMMON FoaDXoDTaNNeFMgNNMoaNMX

5400 COMMON RHI(25) 9RHX{25) sRHXX{25)9BV(25517)9BVZ(25417)

5410~ COMMON XQ(600) e
3420 DOUBLE COMPLEX BX(425)9sXL{425)3sDCMPLXSFFC(25)

2430 DOUBLE PRECISION DREAL+DIMAGsDATAN29sCSCRT9sA9sBsCDABS

2446 ~DOUBLE PRECISIGN XINT R
5450 C

5460 C SUBROUTINE TO CALCULATE DENSITY FROM P

476 C e =
5480 G2 = 980.*%G80./2.06 D
54 G0 GRC = (1.0/980.0)%%2

5500  FF = 180.0/3.14159

3510 XINT = 0.

5520 WRITE(64+903)

>53¢C G = 980. )

554C DO 5C N = 1aNN T ' I

5550 DXX = DX

256C IF (N.EQ.1) GO TC 2 o

5570 IF (N.NE.NN) GO TO 5 ' S

5580 2 DXX = DX/2.

3590 5 X = DX#FLOAT(N-1)

5600 ' DZ = DT#*RH(N)
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5€10 GDZ = G#¥DZ

5620 S DO 40 M = 14MM e

56130 DZZ = D2 _

5640 I = (N=1)%FM +M

6€5¢ IF (M.EC.1l) GO TO 1¢ _ e

€60 IF (F.NE.MNM) GC TO 20

5670 D2Z = DI/2,.

9680 . XL{M) = DD1*BVI(NsM)*CRC*B8X{(I)} ~-FFC(N)/GBC. _~ .

5690 60 T0 35

5700 1C IP =1 +1

5710 .. D11 = Di1/2. S

5720 XL(M) = =(BX{IP) - BX(1))/GDZ o . —
5730 GO TO 35

8740 20 IP =1 +1 e _

£750 IM = I -1

5760 XL{M) = —(BX(IP) —BX(IN))/(2.%GD2Z)

577C. .35 XX = G2*¥CDABS{XL(M))*#CCABS(XL(M)I/BV{hsM)

5780 XINT = XINT + XX#*DZZ%DXxX

5790 40 CONTINUE

SBOO0 . WRITE(64901) XeRH{(N)sDZ _

3810 DO 45 M = 1.MM

5820 A = CREAL{XL(M))

5830 B = DIMAG{XL{M)) o

5840 AMT = 1000.C*%DSQRT(A%*A + B#*B)

5850 IF (AMT.NE.C.0) GO TO 42

2860 41 THT = 0.0 S

3€70 GO TC 45

5880 42 THT = FF*DATANZ2(ByA)

5890 45  XL{M) = DCMPLX(AMT4THT) o

5500 5¢C WRITE(64902) (XL{M)eM=1y4MM)

5610 WRITE(6+4504) XINT .

5620 901  FORMAT(/' X4DsDZ ='43E15.5)

593¢C 9¢2 FORMAT(2X9E12.59F9e29E12e59F9. 2,512 59FGe29E12e59FGe29E12.59F%.2

5G40 503 FORMAT(///" RHO {(SIGMA-T UNITS)?'/)

5950 9C4  FORMAT(//* RHD CONTRIBUTICN TO PE =*4E15.5/)

2660 RETURN

5970 END

568C

6960 SUBROUTINE UCAL(WsRLeBXeXLoRsXINT9DD2sTXTY)

7000 COMMON FoDXsDToNNs FMgNF s NMX

7016 COMMON RH{25)9RHX{25) yREXX(25)9BV(25917)9BVZ{254+17) o

7020 COMMON XX(600)

7C3¢C DIMENSION R(25)9TX(25)5TY(25) :

7C4C  DDUBLE COMPLEX BX1{425)3XL(425)sDCMPLXsXPToXPXeXPIM9GAMeB4

7050 "DDUBLE PRECISIGCN XINT

7060 DOUBLE PRECISION CLCABSsDREAL,DIMAG,DATAN24DSGRT 94 4B

7070 C

7680 € SUBRCUTINE TC CALCULATE U FRCOM P

7090 C

7100 ~ RHO = C.5015 S

711 FF = 18C.0/3.14159

7120 XINT = O,

7130 FW = F$F — DD2¢W¥*W N -

7140 . FL = F#RL I

7150 WRITE(64903)

716C DO 100 N = 1,NN

7170 DXX = DX

7180 X = DX#FLOAT(N-1)

7190 - DZ = DT#RHI(N) L

7200 IF (N.EG.1) GO TO g6
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7210 IF (N<EQ.NN) GO TO 110

7220 _.....DD = RHXU{NI/RHINY
723C DO 85 M = 14MM

7240 I = (N=1)%MM +M

7250 _ P =1+«M e
726C IM = 1 —MM

7270 T = -1. + CT*FLOAT(M-1)

7280 ___ .. IF (M.EQel) GG TO_10 N_ e
7250 IF (M.EQ.MM) GG TO 15

.730¢C GD TO 20

7316 10 11 =1 %Y SR
7320 XPT = (BX(I1l) - BX{I))/DT

7330 GO TC 25

7340 15 XPT = (0.090.C) _ _
7350 GO TC 25

7360 20 12 = 1I+1

7370 . Il = I-1

7380 XPT = (BX{I2) = BX(I1))/{2.%*CT)

739¢C 25 XPX = (BX{IP) — BXU(IM)}/(2.%LX)

7400 XPX = XPX -T#DD#XPT o
7410 g5 XLAM) = ={Ce09le0)¥{h¥XPX + FLEBX(I))/FMW

742C GO TC 9¢

7430 86 CH = RIN)I¥*(F*F_+ DD23%W*h)/FMW I
7440 CHE = W*RH(N)

7450 GAM = DCMPLX{CH4CHE)

746C _ CH = F*TY(N) -

7470 CHE = W*TX{N)*#DD2

748C XPX = DCMPLX{CHyCHK)

7490 XPX = XPX/GAF .
750¢C XPT = XPX

7510 CH = R(N)*DD2%2.0%W*F¥RL/FW

‘7520 CHE = RL*F*RH(N)

753C B4 = DCMPLX(CH,ChHH)

754C DD 87 M = 1,.MM

7550 . . _XPx = XPT - B4*BX(FM)/GAM

7560 87 XL{M) = =(0.05140)%(FL*BX(M) + W¢XPX)/FW

7570 DXX = DX/2.C

7586 .60 _TC 90 S
7590 11¢ FLW = 0.5%FL/M

760C DXX = DX/2e

7610 . DO 120 M = 1,MM

762C I = (NN-1)2MF +M

7630 IM = 1 - MM

7640 CXPIM = 2.%BX{I)/DX +BX(IMI*(FLW -1./DX) o
7€¢50 XPIM = XPIM/(FLW + 1./DX)

7660 12C XLAM) = ={Ce091aCIS(FL*BX(I) ¢W30.5%(XPIM=BX(IF))/DX)/FH
7670 S0 DO 95 M = 1sMM I
7680 DZZ = DZ

7650 IF (M.EQ.1) GO TC S2

7706 IF (M.NE.MM) GO TO 95 o
7710 92 DZZ = D1/2.

77206 S5 XINT = XINT + RHO®CDABS{XL{M))*CODABS{XL{M))*DXX#*02Z
77930 DO 98 M = 1.MM _ S
7740 A = DREALUXL(M))

7750 B = DIMAGIXL(M))

7760 AMT = CDABS(XL(™))

7770 THT = FF*DATAN2(BsA)

7780 98 XL{M) = DCMPLX(AMToT+T)

7790 WRITE(69901) XsRHIN),4DZ S

780C WRITE(69902) (XL{M)yF=14MM)
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7810 1CccC CONTINUE

7820 . WRITEl&s904) XINT _ . —_— - e o
7830 501 FORMAT(/* X¢DsDZ ='43E15.5)
7840 GC2 FORMAT(2X9E12e59F9e29F12e59FFe29E12e59FFe29E12e59FFe29E1259FF.2!
7850 S03 _  FORMAT(///'  U'/) , _ e
7860 S04 FORMAT(//®' U CONTRIBUTICN TC KE ='4E15.5/) )
7870 RETURN
7880 _END o e
7890
7900 SUBROUTINE BANLCG(A+BR)
7910 COMMON FseDXeDTsNNgKMaNMaNMX N
7820 COMMCN RH{25)9RHXU25) 9 RHXX(25)9BV(25517)9BVZ(25+17)9XL(600)  _
7630 DOUBLE COMPLEX A(4254+53)4+BB{(425)
794C ~ DOUBLE COMPLEX R e
7950 C
7560 C SUBROUTINE TG DG BANC GAUSSIAN ELIMINATICN
77?0 C _
7980 MBW = NN + 1 :
7590 NH = NM -1
s8¢0 MDIAG = MBW + 1 o
3C10 DO 50 N = 14NH
3C20 iIP = N + 1
303¢ MH = N _+ MBNW R
8C40C IF (MHW.LE.NM) GO TC 5
3C50 MH = NM
8060 5 DO 50 IR = IP4MH -
8C70 ICD = MBW ¢« N +# 1 -1IR
8C8C R = A{IRSICD)I/A(NsFMDIAG)
809C . _BB(IR) = BBU(IR) —R*BB(M) e
8100 DO 5C IC = IPeMH
. 8110 ICC = MBW + IC + 1 - IR .
3120 . ICB = MBW _+ IC + 1 =N e
813C A{IRsICD) = ACIRsICD) - R#%A(N,ICB)
814C 50 CONTINUE
8150 - . D0 1060 I = 14NH S
816C N =NM=12+1
817C BBI(N) = BBUN)I/A(NSMDIAG)
818C o IL = N - MBM R
8190 IH= N - 1
8200 IF (IL.GE.1) GG TO 6C
g21¢ IL =1 o
8220 6C DO 100 IR = IL,IHK
8230 ICC = MBW + N + 1 - IR
8240 ~  BB(IR) = BB(IR) —-A(IR,ICDI*BE(N) e
825C 1CC CONTINUE
8260 8B{(1) = BB{1)/A(1,MDIAG)
827C ~ RETURN
828C o END o o
8290
8300 _ SUBROUTINE FRIC(RsRX) o
8310 ‘ COMMON FeDX9DToaNNyMMyNMoNMX T S
8320 COMMON RH(25)sRHX(25) 9sRHXX(25)sBVI{25917)9BVZ(25+17) XL {600)
8330 , DIMENSION R{25)4RX(25)5A(25)
8340 " C JIMENSIUN KRic2odskX(LD3)sAlCS
8350 C SUBRCUTINE TC READ AND INTERPOCLATE BOTTOM RESISTANCE
8360 C COEFFICIENT R -
8370 c
8380 C RX = X CERIVATIVE CF R
839¢ C ) o
8400 READ{54+%) NF
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8410 DD 5 I = 1lsNF

8420 . READU(Se*) AlIdexrpLA(I1) .

8430 5 A1) = A(I)*1.CE+05

B440 RMA = XL(NF)

8450 _ R(1) = XLC1Y} o e

8460 DO 2C N = 24NN .

8470 X = CX*FLOAT(N-1)

B48C  IF (X.GT.A(NF)) GO _TO 15 o o

8490 iIC = 0© _

8500 DO 8 4 = 24NF

8510 , IF {IC.NE.C) GO TO 8 o o
8520 I =4

8530 IF (XeGT.A{I)) GC 70O 8

3540 ic=1_ o
3550 8 CONTINUE

8560 IM =1-1

8570 . RO = (XL{I) = XLCIM))/(A(I) -A(IN)) e
358C XX = X = ACIN)

3550 RIN) = XLUIM) + XX*RG

3600 60 T0 20_ o , e
35610 15 R(N) = RMA

3620 20 "CONTINUE

3630 , RX(1) = (R{2) - R(1))/CX e
5640 D2 = 2.0%DX

3650 NX = NN = 1

3660 DO 30 N = 24NX o

83670 IP = N + 1

3680 IM = N -1

369C 3C CRX{UIN) = (REIP) = RUIFI)/C2 — I
3700 RX(NN) = O

.371¢ WRITE(6+901)

3720 WRITE(6+9902) (R(I)sl = 14NN) o

373C WRITE(6+4503)

3740 5C1 FORMAT(//' R(CM/SEC)'/)

875C 9C2  FORMAT(10E1l2.5) I
2760 03 FORMATL(///)

8770 RETURN

gyg¢  END R
8790

8800 SUBROUTINE FFCCALITXsTY s TXXeTYXeFFCohoRLsDD2) '

8810 . COMMON _FeDXeDTyNNyMM,NMyNMX e
882C COMMGN RH{25) 9RHX{25) yRHXX(25)9BV(25+17)3BVZ(254+17)+%XL1600)
‘8830 DIMENSION TXE25)+TY(Z25)4TXX(25)sTYX(25)

8840 ~ ~~~ DOUBLE COMPLEX FFC(25),DCMPLX S
8850 C ,

8860 C SUBROUTINE TC CALCULATE WINDC FCRCING TERMS

gg70 € _ _

BESBO FW = W¥{F*F = DD2%h%*h) -

8890 FW = 1.0/FH

8¢oc M= MM e
8910 DO 20 N = 14NN

8920 CC = BVI(NyM)*Fu

8630 CR = DD2*¥(~w*TXX(N) + RLEF*TX(N)) o o
8940 CI = F*TYX{N) —-DD2*RL*w*TY(N) T

L8650 FFCIN) = DCMPLXICRSCI)

8966  2¢C - FFCUN) = CC*FFC(N)Y . e
897C RETURN

8980 END

8990 _ e

9000 ' SUBROUTINE PEC(BXsSPE4IRL)
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9C10

9C20.._

9C3C
3040

9050

3C60
9070

9C¢80_

9090
2100

9110_ .
91240

9130

9140

9150
9160

$170

9180
5190
920C
9210
9220
9230
5240
3250
5260
9270
928G

929G

3360
331C
5320
9330
9340

§350

9360
3370

G38C
93940

9400
9410
9420
9430
9440
9450
9460
9470

5
20

50

€8

501

1

Aeoeacnemo
1

9480

9450
9500

9510

9520

9530 s moe [ER

9540
3550

9560

9570
358¢C
9560

9600

XINT = Ge

Wxx”; DX

_ COMMCN FoDXsDToaNNgMMaNN gNMX

COMMCN FsDX9DToNNgMMgNMgNMX
_.COMMCN_RH{25)9RHX(25) s RHXX(25)9BV(254+17)+BVZ{25417)4XL(600) _
DOUBLE COMPLEX BX(42%)

DOUBLE PRECISION XINT4.CDABS

" SUBROUTINE TG CALCULATE THE POTENTIAL ENERGY ASSUCIATED
WITH FREE SURFACE ELEVATION

IF (IRL.EQ.0) GO TO 50
GG = 1e0/{2.0%980.%1.03)

DO 20 N = 1sNN
I = N#MM

IF (N.EG.1) GO 70 S
IF (N.EQ.NN) GC T0 5

...G0.T10 20

XX = DX/72.

XINT = XINT + CDABS(BX(I))*CLABSIBX(I))*XX
SPE = GG*XINT
GO TC 60

SPE = O
WRITE(6+901) SPE

FORMAT(/* FREE SURFACE POTENTIAL ENERGY =%43E15.5)
RETURN

_END

SUBROUTINE WRD(TXsTYsTXXsTYXsIXY)

COMMON RH(25)9RHX(25) 9 RHXX(25)9BV(25417)sBVZ(25417)sXL (600)
DIMENSION TXU(25)sTY(25)+TXX(25)4TYX{(25) -

'SUBROUTINE TC READ AND INTERPOLATE WIND STRESS PROFILES

TX = X WIND STRESS
TXX = X DERIVATIVE GF TX
TY = Y WIND STRESS
TYX = x DERIVATIVE OF 1Y

READ(5+%) NRD

IF (NRD.EQ.C)} GO TG 10G e
DO 5 I = 1,NRD

READ(S5+%) TXX(I)sXL(I)

CTXX(I) = TXX(I)*1.CE+05

RMA = XL(NRD) , T
TX(1) = XL(1)

DO 20 N = 24NN

‘X = DX*FLOAT(N-1) - o

IF (Xe«GT«TXX(NRD)) GO TO 15

ic =0 ” e
DO 8 J = 24NRD
IF (I1C.NE.0) GO TO 8 v
I =24
IF (X.GT.TXX{I)) 60 70 & Tttt
IC =1
IM =1 -1 - _
RQG = (XL(I) -XLOIM))IZLTXXLI}) =TXX{IM))

XX = X = TXx{IM) S
TXINY = XLUIR) « XX#RG



9610 G0 TO 20
9626 15 . . TX{N) = RMA

9630 2C CONTINUE

9640 GO0 YO 110

965C_10C. DO 105 I = 1eNN I
9660 10¢ TX(I) = 1.C

967¢C 11¢ TXX{1) = (TX{(2) = TIX(1))/DX

9680 _ . . . D2 = 2.0%DXx —

9650 NX = NN - 1

3700 DO 30 N = 24NX

s7vic. . .. IP =N+ 1 i : N
5720 IM = N -1

973¢C 30 TXXEN) = (TX(IP) — Tx(IM))I/D2

974C L IXX(NN) = 0o — R
3750 IF (IXY.EQ.0) GO TC 140

9760 WRITE(65901)

s77¢ . . .6GD_T0_150 e
G780 14¢C WRITE(645902) :

3790 DO 145 I = 14NN

9800 COTYU(IY = TX(IY o o o
9810 TYX(I) = TxX{(I)

9820 TX(I) = 0.0

9830 145 TXx(1) = 0e e
584C WRITE(69903) (TY(I)eI = 14NN)

3850 GO TC 160

9860 15¢ DO 155 I = 14NN

387G TY(I) = C.

3880 155 TYX(I) = 0.

3890 . WRITE(69903) (TX{I)el = 14NN) e
3900 901 FORMAT(® TAUX (DYNE/CM2)')

9610 902 FORMAT(' TAUY (DYNE/CM2)?)

3620 902 = FORMAT(10E12.5)

9930 1¢C RETURN

9940 END

9650 e e
966C SUBROUTINE AACAL(WsRLORsRXsNsMsDD2+AA1sAA29AL39AL49AAS)

3970 COMMON FoDXoCToNNeMMaNNgNMX

9980  COMMON RH(25) 9RHX(25) yRHXX(25)9BVI25+17)3BVZ{25417)9XL(600)
9990 DIMENSION R(25)4RX(25)

0000 DOUBLE COMPLEX AAl9AA243AA34AA49AAS DCMPLX

0010 C

pc20 ¢ SUBROUTINE TO CALCULATE COEFFICIENTS FGR MATS

0030 C

004C  CALL AS(Al9A24A39WsNsMsCl,C2+C3,0D2) -
0050 == CB = F*F + DD2%W*NW

0C60 CC = F#F = DD2*W*W

0070  CA = BVINsM)I/ICC%%2) ~ S
0C80 T TCH = (=RX{N)*C3=R({N)*C3%C3)1*CB-RIN)I*CC*CB*BVZI(NJMI*CI1/(BV(N,M)%%2)
0090 CH = =CA%{CH + 2.0%DD2*w*RL*FIR(N)I*C3)

0100 CHH = W¥(C1l + C2%(C3) o
0110 7 AAl = DCMPLX(CHsCHR)

0120 CH = CA%2,C¥DD2*W*RL*¥F#*RX(N)

013¢C CHH = C2%F#RL ) -
0140 7 777 AA2 = DCMPLX(CH.CHF) -

0150 CH = CA¥CB¥RX(N)

o 160 CHH = R H*Cz — [, — e et e e e e e et e it e s e cotnr & — e+ = — e e e e e
0170 " AA3 = DCMPLX{CHyCHE)

0180 CH = CB#R(N)®C3%*C3 + R{N)*CB#CC¥C1#*C1/BVINsM)

0190 . CH = =CA®CKH

C200 CHH = Q.
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0210
0220

AA4 =

DCMPLX{(CHsCHH)
CH = —CA*CB*RINI*C3

023¢
0240
0250

AAS =

RETURN
END .

DCMPLX(CHoCHE)
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