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FOREWORD

This report was prepared by UNIDEV, INC., Huntsville,
Alabama, under Contract NAS8-21272 for the George C. Marshall
Space Flight Center of the Natioﬁal Aeronautics and Space
Administration. The work was administered under technical
direction of the Aero-Astrodynamics Laboratory, George C.
Marshall Space Flight Center, with Mr. Frank Bugg, acting as
Project Manager. |

This document deals with the computational aspects of
the problem. Theoretical considerations are presented in
Volume I.

Technical contributions and helpful suggestions were
made by Dr. D. 0. Lomen, University of Arizona.

This study was executed under the direction of

Dr. L. L. Fontenot, Program Manager and Principal Investigator;

Mr. T. S. Chandler developed the Digital Computer Program

described herein.
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ABSTRACT
This document describes the Digital Computer Program
used to determine eigenfrequencies, eigenfunctions, forces,

and moments for propellant "sloshing" in rotationally

symmetric tanks under weak gravitational fields. The

description of the analysis is given in /1/.
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NOTATIONS#*
Total free surface displacement.

Free surface displacement in the absence of
surface tension.

FPree surface displacement due to surface tension
and contact angle effects.

Total force resulting from action of liquid on
the tank wall(s) in the y(or X2)—direction.

Force resulting from action of liquid on the
tank wall(s) in the x,-direction, in the absence
of surface tension.

Force resulting from action of liquid on the
tank wall(s) in the y(or x,)-direction, due to
surface tension and contact angle effects.

Total force resulting from action of liquid on
the tank wall(s) in the z(or x3)—direction.

Force resulting from action of liquid on the
tank wall(s) in the x.,-direction, in the absence
of surface tension.

Force resulting from action of liquid on the
tank wall(s) in the x,-direction, due to surface
tension and contact angle effects.

Total moment of the forces exerted on the tank
wall(s) about the x(or x,) axis.

Moment of the forces exerted on the tank wall(s)
about the xl~axis, in the absence of surface
tension.

Moment of the forces exerted on the tank wall(s)
about the x(or x.,) axis, due to surface tension
and contact angle effects.

Time dependent amplitudes of free surface dis-
placement Fourier expansion.

See /2/ for notations not given herein.
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Time dependent amplitudes of free surface dis-
placement Fourier expansion, in the absence of
surface tension.

Time dependent amplitudes of free surface dis-
placement Fourier expansion, corresponding to
surface tension and contact angle effects.

Acceleration in the xz—direction.

.Acceleration in the x.-direction (assumed constant).

3
Angular acceleration of tank about the Xz—axis.
Mass of the liquid.
Bond Numbeér = pugaz/c
Undisturbed volume of the liquid.
Surface tension.
Density of the liquid.
Distance from point B to the z-axis (see Fig. 1).
Polar coordinates.
Contact angle.
Distance from the center of gravity of the liquid
to the undisturbed free surface, in the absence
of surface tension.
Distance from the center of gravity of the liquid
to an arbitrary point along an extension of the
line AC (see Fig. 1), in the absence of surface

tension.

Angle between the tangent line and local horizontal
(see Fig. 1).

Antisymmetric eigenfunctions associated with the
"high~g'" eigenoscillation problem.

Eigenfrequencies

Non-dimensional parameter = Lwi/a3
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5 Y ’I]l Liquid parameters associated with the
noontoL "high-g" slosh problem /, / defined
in (1.8).
B:: .a
nm’ n
«w 5e?¢
”,hw Additional liquid parameters resulting
noon from surface tension and contact angle
effects defined in (1.4) and (1.5).
»Bom
T__ 4V
nm’ “nm
Stokes' potential determined from system (1.7).
Frequency correction = - Bnn/2BO
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INTRODUCTION

In /1/, the equations governing the behavior of
liquids in moving tanks under conditions of weightlessness
and weak gravitational fields were derived.

The objective of this document is to develop a
Digital Computer Program to calculate the pertinent liquid
parameters derived in / 2 / for rotationally symmetric tanks,
wherein the axis of symmetry coincides with the vector of

effective mass forces.

ix
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SECTION 1
SYNTHESIS OF FUNDAMENTAIL EQUATIONS

The equations which govern the motion of liquids en-
closed in moving tanks under weak gravitational fields are
derived in /1/. 1In particular, the equations are specialized‘
to rotationally symmetric vessels, wherein the axis of sym-
metry coincides with the vector of effective mass forces.
The forces, moments and free boundary displacement are given
in terms of hon—dimehsional coefficients, which are express-
ible by means of the geometry of the vessel, properties of
the liquid, contact angle and parameters associated with the
"high-g" eigenoscillation problem. Iﬁ tﬁe notation of /2/,

these equations are

n=n + C/BO s

1
¥

(6?01)y = F, + Fy/BO R
— !

(GFOl)Z = F3 + FZ/B0 s (1.1)
_ 1

(6N01)X = T, + TX/BO R

q = ¢&_ + A_/B

n. n n 0 °?

=
1

sins ®n<r,L)€n(t) ,




o

t .
P, = - Ma, + ML) (- D) - M 2 ; Yo o

(1.2)

§
F3 = - MOL3 5
1 : N oo ]
Tl = ML o, ( D) - M E Yy [U C € anin s
. 0L3 & N &
En + T Kngn = - Kn[an(—D)'FcnU,B] 5
z = sind E [@n(r,L)An(tH E Bnmém(r’,L)gn(t)J >
n=1 m=1 :
n#m
Fy = - H E : Ynlntn ~ M § : Yn[engn+a3fngn] >
n=1 n=1
F, =05 (1.3)
T, = - B(-D) - M E Yn[a3cnkn+anxn]
n=1
- M E : v [(b_tg DE tagle +h -(L+L)f g 1,
n=1l
. ag @ A o, - "
AP T %M T E : (Anm£m+ T~ “n nm€m> - Knbn( D) >
where
& Kn _ Ta Kn
Anm = v o Pom ¥ Vy Vnm©OSY n#m
n m n
rals n? [ ra’l )
= Uy w (2Tnnwvnn)008y Sl T vnn”Q cosy, n=m ,
non n /
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B n 7a L
Bnm h Ewt?mtgnm ! Vy "nm ném
n m n
- ﬂa2L -
T Vy Tan> MM
n
.an = L(bn"hn) - len 5
% ﬂaL3
b = Vv v (@n(a,L)Wl(a,L)—QDn)COSY +
nn :
TraLl1L ZVYH
7y @n(a,L)~ 3 bn) cosy
n Ta
c:: - b ’
n n
e?: - a N C‘a( ,
n nm-m
m=1
n#m
* _ rma
fn Ty @n(a,L)cosy,
n
h T 7 2 : Bom@m 2
: m=1
n#m
* _ ma
h, = T @n(a,L) R
* ﬂaLL+ A 1
,Q,n = VYn (@n(a,L)‘Pl(a,L)—an)(bn'!' 5

o]

5
a AN
B =M %v— cosy *+ 2 : Yngn 5
n=1

with

(1.4)

hn)cosy,
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Figure |. Rotationally Symmetric Vessel, Notation
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B ra L “m® 2nL3
8 =z - T - e 2 - T +
nm Vy nm X nm Vy_ k_k nm
n nonom
ﬂLg 1 ~ iz ‘v cosy |
p: 7 5
Vyn KoK LZ nm
am - Bnm with Ko replaced by Ky o
B (1.5)
i aén(r,L) Bém(r,L) . @n(r,L)Qm(r,L) o
Tnm ~ 3T T ) . >
C T
Vom © @n(a,L)®m(a,L),
B lso (r,L} 3¥.(r,L) ¢ (r,L)Y (r,L5
_ n 1 + .0 1 r dp
°n 3r T 2 ¢
C - .

The eigenfrequencies K and functions e satisfy the boundary

value problem (see Fig. 1)

2 2.
3 o R 9 o
n 1 n 1 n _ . .
togp - Ty ot = = 0, (interior to ABCOA),
dr T 3z
3®n K
T T o (along BC), (1.6)
L | 8o _
sinf 5—— - COSB xz— = 0, (along AB),

while the Stokes potential is determined from

Y 3 Y
1.1 %% 1 _ . ,
;;§m e ;i.wl + 5~ = 0, (interior to ABCOA) ,

(1.7)




Py

oY 8%1 24
sinB =—= - cosf —= = —5 sinp, (on ABC).

ar 3z L2

Finally, the coefficients

B
o 2
n
C ‘
B
_ 2w
h = Ty j( zr o (r,z) dz,
n“n
B (1.8
= IL rlo_(r, )12
n WY
C
P ./p(r sinZe+z2)av - bp Jg.zzdv
uv uv

+ 2pL2ﬂ J{.erl(r,z) dz + M Li
A
are parameters associated ﬁith the equations of motion in
the absence of surface tension, ana therefore can be found
once @n, Ky and Wl are known.

In the absence of surface tension (Bozw), tﬁe motion
of the liquid in the moving tank is completely determined
by equations (1.2) whose coefficients are expressible by
means of the solutions of (1.6) and (1.7) and parameters
(1.8). The NASA-MSFC Digital Computer Program /2/ is
available for solving (1.6) and (1.7) and calculating (1.8)
for rotationally symmetric vessels. The program and comﬁu—

tational procedure are well documented in /2/, and not

repeated here.
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To find the corrections due to surface tension and
contact angle effects, we must compute the additional
matrices and vectors in (1.3) which are expressible by
means of (1.4) and (1.5). However, an examination of
(1.3-5) and the Digital Computer Program /2 / shows that
the required quantities can be formed readily if the
additional integrations %nn and p ~are known. Therefore,
we shall extend the Digital Computer Program to calculate
these parame%ers and “the resulting matrices and vectors
called for in (1.3). In addition, we shall compute the

frequency correction

ey = - g__/2B (1.9)

n nn 0"
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SECTION 2
PROGRAM DESCRIPTION
The existing program (Tank Sloshing Version 1, 37£2}
was modified to accept the equations described in Section 1.
To make the necessary changes, five routines were added and
the matrix and main routines were modified.
Gauss's Quadrature Method was used as the integration

scheme and was written as a new routine, INTG3. The inte-~

“grands of 1 and p were placed in the four remaining routines.

The program was written and checked out on the IBM

7094, Mod II, Version 13,
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SECTION 3
UTILIZATION OF THE COMPUTER PROGRAM

3.1 DESCRIPTION OF INPUT. There are three sets of required
input data, as described in Sections 3.1.1, 3.1.2 and 3.1.k4.
An optional fourth set is described in Section 3,1.3. Input
is subject to the restrictions outlined in Section 3.1.5.

Data is entered in allocated spaces on a coding form. Each
digit of a number, a decimal point, or a minus sign occupies

1 space. Unless otherwise specified in the following sections,
a number must be entered with a decimal point. A number that
must not contain a decimal point must be right-adjusted.

That is, all digits must occupy the last of those spaces
allocated for the number.

All coordinates required as input must be in inch units, from
a system in which the r-coordinate of the tank centerline is
zero and the z-coordinate increases upward. The origin may
be anywhere on the centerline. '

Figure 2. Coordinate System

v
[

3.1.1 Problem Input. The first three lines of the coding
form contain general information about the problem. On the
first line:

Spaces Data

1l through 72 Enter any desired characters to be used as
an identification title.
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On the second line:

Spaces bata
1 through 10 Contact Angle (Radians)
11 through 20 Bond Number

On the third line:

Spaces Data

1 through 10 Enter the number of segments of the curve.
The number must be right-adjusted, without
a decimal point.

11 through 20 Enter the number of modes of oscillation
desired. The number must be right-adjusted,
without a decimal point.

21 through 30 Enter the liquid density (in kilograms per
cubic meter).

31 through 40 Enter the r-coordinate (in inches) of the
beginning of the segments of the curve.

41 through 50 Enter the z-coordinate (in inches) of the
beginning of the segments of the curve.

51 through 60 Enter the-number of baffles. The number must
be right-adjusted, without a decimal point.

3.1.2 Tank Geometry Input. Beginning with the fourth line of

the coding form, a line of the data below is required for each

segment of the curve. Segments must be ordered in a continuous,

counterclockwise path around the curve. The number of these

- lines of input must equal the number entered in spaces 1 through
10 of the third line of Problem Input (Section 3.1.1).

Spaces Data

1 through 10 Enter the r-coordinate (in inches) of the end
’ of the particular segment, having proceeded
along the segment in a counterclockwise
direction around the curve.

11 through 20 Enter the z-coordinate (in inclies) of the end
of the particular segment, having proceeded
along the segment in a counterclockwise
direction around the curve.

10
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Spaces

21 through 30

31 through 40

41 through 50

51 through 60

Data

Leave blank for a straight line segment;
otherwise, enter as follows, depending on
the type of segment:

Elliptical. Enter the r-coordinate (in
inches) of the center of the ellipse.

Circular. Enter the r-coordinate (in inches)
of the center of the circle.

Parabolic. Enter the r~coordinate (in inches)
of the vertex of the parabola.

Leave blank for a straight line segment;
otherwise, enter as follows, depending on
the type of segment:

Elliptical. Enter the z-coordinate (in inches)
of the center of the ellipse.

Circular. Enter the z-coordinate (in inches)
of the center of the circle.

Parabolic. Enter the z-coordinate (in inches)
of the vertex of the parabola.

Leave blank for a straight line segment;
otherwise enter, depending on the type of
the segment, as follows:

Elliptical. Enter the semimajor axis (in
inches) of the ellipse.

Circular. Enter the radius {(in inches)' of
the circle.

Parabolic. Enter the directrix {(in inches)
of the parabola.

Leave blank for a straight line or parabolic
segment; otherwise enter, depending on the
type of the segment, as follows:

Elliptical. Enter the semiminor axis (in
inches) of the ellipse.

Circular. Enter the radius (in inches) of
the circle.

i_“l
l,__..'I
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Spaces Data

61 through 70 Leave blank for a straight line or circular
' segment; enter the amount of counterclockwise
rotation (in degrees) from the norm (as shown
in Figure 3) of the ellipse if the segment
is elliptical, or of the parabola if the
segment is parabolic. It may be left blank
for an angle of zero degrees.

3.1.3 Baffle Input. This data is entered only if a number is
entered in spaces 51 through 60 of the third line of Problem
Input (Section 3.1.1). Beginning with the next line of the
coding form, a line of the data below is required for each
baffle. The number of these lines must equal the number
entered in spaces 51 through 60 of the third line of Problem
Input (Section 3.1.1).

Spaces Data
1 through 10 Enter the z-coordinate (in inches) of the
baffle.
11 through 20 Enter the r-coordinate (in inches) of the

inner end of the baffle,

21 through 30 Enter the r-coordinate (in inches) of the
outer end of the baffle.

Normal Orientation of an Ellipse

SEMIMINOR AXIS

S
e

CENTER SEMIMAJOR AXIS

>

Figure 3. Normal Orientations
for Tank Geometries
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Normal Orientation of a Parabola

Z
&
—j DIRECTRIX
S—
VERTEX
» I
3.1.4 Case Input. Each case to be run requires a line of

input as listed below. Any number of cases may be specified.

Space(s)

1 through 10

20

21 through 30

31 through 40

41 through 50

Data

Enter the z-coordinate (in inches) of the -
undisturbed free surface.

Leave blank to indicate three degrees of
freedom; otherwise, enter the digit 6 to
indicate six degrees of freedom.

Leave blank to indicate no force distribution
coefficients; otherwise, enter the z-coordinate
(in inches) of the point dividing the liquid
into an UPPER and a LOWER region of partitions.

Leave blank to indicate no force distribution
coefficients; otherwise, enter the increment
(in inches) along the z-axis between force
distribution partitions in the UPPER region
of liquid. '

Leave blank to indicate no force distribution
coefficients; otherwise, enter the increment
(in inches) along the z-axis between force
distribution partitions in the LOWER region
of liquid.

3.1.5 Restrictions on Input.

1. There can be no more than 50 segments.

2. There can be no more than 30 baffles.

13
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There can be no more than 5 modes of oscillation.

Do not enter the tank centerline as a segment unless it -
is a segment of the curve. !

The tank must not be completely full.
Each segment must be defined such that for a given
r-coordinate, there is only a single value of the

z—-coordinate.

i.e. A toroid must be described by U4 segments of the
same circle:

Figure 4. Toroid
Geometry

s o e W G CE GR me e ewe

. T

3.2 DESCRIPTION OF OUTPUT. Program output consists of the
following printed information:

' A .

Title Page

1. Name of the computer program

2. Identification title

3. Liquid density (in kilogramé per cubic meter)
4. Contact Angle (radians) |

5. Bond Number

6. Tank geometry - a description of all segments (in
inches and degrees)

7. Lowest point in the tank (in inches)

14
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Case Information (each case begins on a new page)

1.

2.

- 10.

11.
12.

13.

Identification title

Undisturbed free surface (in inches)

Mass of the liquid (in kg)

Undisturbed center of gravity (in inches)
Number of degrees of freedon

Eigenvalue statistics for each mode used - eigenvalue,
and eigenvector and its normalizing factor

Force and moment equation nondimensional coefficients
for each mode used:

Kn Yn bn hn
& ' % P !
an len bn en fn
B + % P 3
gnleen hn 2n
a (:bn) _ ,
a for 6 degrees of freedom only
n

Maximum wave height at the outer radius of the
undisturbed free surfaoe/xl

Kinetic energy/éi (in kg)

I., and its 4 terms (in kg—mz)

11
I and its 4 terms (in kg~m2)

22 o

- 5 for 6 degrees of
Iaq (in kg-m”) . freedom only

Force distribution coefficients for each partitio
used: .

z-coordinates of partition (in inches)

a, coefficient (in kg), [nAo of (5.17)]

2

15
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15.

16.

17.

18.

v coefficient (in kg-m), [an of (5.17)1

Gabq coefficient (in kg/m), £nC£ of (5.17)]

A . - ,
G g%y coefficient (in kg/m), [anKlbl of (5.22)]
£ coefficient (in kgJ, [Qn of (5.2u4)3%

Undisturbed center of pressure (in inches) only if
force distribution coefficients have been calculated
in-the LOWER region of the liguid

Spring-mass analogy parameters for each mode used:
m_ (in kg)

8 (in inches)

Kf/a, (in kg/m)

Spring-mass analogy parameters for ALL modes used:
m (in kg)

% (in inches)

I (in Kg-m?)

<

™0

>, ™l

)
w

B

Baffle effect on energy for each baffle used:
Baffle z-coordinate (in inches)

Baffle r-coordinates (in inches)

Tnstantaneous dE/dt factor (in kg/ma/u)

(see (4.23) of Reference 2)

oo

See Reference 2

16
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/4

Average dE/dt factor (in kg/m3 )

(see (4.27) of Reference ?2)

Diagnostics

If normal program calculations cannot be continued, an
appropriate diagnostic comment is printed out and either
execution is terminated or continued with assumptions,
or a new case is begun.

17
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SECTION b

SAMPLE INPUT
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SAMPLE OUTPUT
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SECTION 7

PROGRAM LISTING
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T ——

T TCONMON/GANBG/GANMAL yBO

e G RO SR W L)

CTTTTTTTTTTTTTRERAD IS 2T TRETT -
L TTTTTTTTTTRRITE (6330 TITLE T
: ‘“— TREAD (D U ) TGAMMAAGBYT T

TS w:emm—rﬁljp:smm UVTTO -

fALN = LEHN SOURCE STATEMERT - JERES) - ~

t"}&"";

SLOSH, LOW GRAVITY COURRECTIUN

DIMENSTUN TlTLL(lZJ;thP(})

(RSN S

CUI‘HOH/&O[V/LU R QLU J/;(..O‘\.'}QCUN%?\.UN&) g(..UN(D;LO \179L(‘JNH§(«ON9
COMIGON/CCON/CCORTO,CONL L CONL4YCONLDCONTG )
COMMON /GAUSS/NORD A{8) W (8)
T COMMON/Z AW/ el Yy G iy
COMMON NS&G;LEVEL;ZCG,L,Q,H;AJ,VDL,PI,thL,RHU,HODLb.ZHUT,IDLBR,
X S A R I A S R A i | I
COHION /BAF/NBAF s ZBAFL30) +REBAFI(I0T «RBAFO(30)
T T CUMMON JELEM/MORDER G HMPOLY SJNISY WORDER(NPOLY VACORF IO 1Oy 7
COMMON /ZPARKAM/MigNs NI JNN RN 3 LZ (FUNLC s ANS
T CORAO NN ASEG/TYPE(ROY Y BEGRPT Y RPOINTIS0D) s BEGQZPTZPOTINTIBDY s RC(R0Y e
giL(JO};A(JQ);B(;U);QAHMA(ba);UAI(5&?
TNTeGER TYPL A
REAL LEVEL ¢l JN
TR XTERNAL FlsF 2
Pl“Jel“lS?ZbV
TR i = NORD
KG{i1)=0ebeX(])

I COnNTlnUE

TPRUBLEN DESCRIPTION 7

‘
1
e els

2 FORMAT (12A6)

3 FORmMATULIHL s24X 41 2A0)

REAU (545) WSEGMODES,RA0,BEGRPT,BEGZPT ,NBAF

iF (NbE‘prf‘_adeANDoNJL\:eL—Fch) (JU TO 1033

WRITE 16,8) NsEG e e
8 FORMWAT llHUsllQ;Z&H SEGHENT (ST (5 ITwVALID)

e e E X T T I S

100% WRITE (6,51010) KHO:
TTTTTTUTU TFORMAT (IROGTZHLTEUTIDT DENS@TY“""]ZiéeSa&H KG7i¥e3) ™
WRITE(6:4) GAMMAABO
T TR ORMAT /T TH O CONTACT ANGIET ”ghTZ?S}bH"RADIANS//' T
% le dONQ NUndtH = sll2evn)

CTTTTTTTTTLBOT SBEGZPT
HRITE (641015
1016 FORMAT (IHO 52X 13HTANK QEOHETRY/ T
299K 21 HLENGTH UnIT 0S5 LiwCHES//
SIXp 7HSEGHENT s 6 X s HATVPE ¢ I3+ 4HF RO 18X, 203705 26K ISHCHARACTERISTICS)

C — o g
S R I B
27



S e T

Y

Y P NN

31 G [0 65
IF (ZPOINT([)eLTeZBUT) 2BOTSZPOINTC(L)
IF (B(I11ek@e0.0) GU U 30
CTrPe(l) =l o
IF (A(I)eNE«B (1)) GuU TO 20

CARITE (64150 L RFOINT (I=1) kPOIWT (L) yAGI) s ZPOINT(1=1),ZPOINT(1),RC

TR RYAAE S

15 FORKAT (11n0s2X, 127X BHCIRCULAR,ORSHHR = sF10eH97Xs

N ZHHR = 4F10eH5X, GHRKALIUS = (FlOe4 - /26X 4HZ = 4
C3F10e4,7Ky HHZ = 4Fl0etynXy L4HCENTER AT R = 4

WF.‘Q L‘,?H ANU Z = 0‘7106%’
G0 10 5%u

T SLusSH i ) i - T o B 12/13[?
MATN e LFN SOURCE STATEMENT = IFN(S]) -
C FANK GEOMETRY UESCRIPTION

B _ _ B} ;

DU a0 l=lsNSEG

REAL (5100 RPOINTOLY sZPO0INRNTULY e CUl 2000 Y entthentlyy, G!Hu (1

QU FORMAT (7F 13601 ‘

i U URPOINTU L =1 ) el TelelBeUReRPUINTILY elTs0eUeURsRLIT)eLToeleleOK t
o _'eﬁA( i } © L.»I e \Jooo() R cd( I ;’ FTelleOe 9'&"}’,‘“%";{” 1 e[_gT s Je Da@!\t§uf\!‘l~|:h‘\(1}ei‘:3 F&Bé@a() -

TTUTTTTT0 WRIIE (64250 1sRPOINTOI=E) s KPUINTOI I sACL) s ZPOINT (L =11 ZPOINT(L),
BTy GAMMALL) JRCLLD 4 2ZCLT) , e i
] 25 FORMAT (10, ?XylZsbAslUdELLIPYILALs3A§4Hh %= GF10ely 74,
Z9HR = 4F10e4:¢%54e  1BHSEMI-MAJOR AXIS = 3P 104y 9Rhe
TSI OHKOTATED GY/26K, iz = fFlOeq, 7%, 4HZ = (FlUet,
4SSN 1 BHSEN l = l NON AXLIS = F 1 U ey / }’\ 5 o F éelyb H _UE(‘JBL:LS/Wb 67\)“_ I
LT ANHCENTER AT R = GFL0e4s9H ANU £ = LF10eA4)
GO (0 %0 ) - ) ) B ) -
T30 IF (ALY eNEeGeD) GO TU H0 .
TYPE(L1)=2
T COWKITE (69351 I RPOIRTCI=1}yKPULNT (1, ZPOINT (=1} yZPOINT (L)Y )
35 FORMAT (1n032X,s12444, L3HSTRATGHT LIHtQQA»th = cFlDe4:7Acﬂ“A“”MM_MWM”~
TUTTTTUTTUZEER = L F10ed | 726Ky 4HZ = G FlUeH4 s TASHHL = GFlaed)
G U ' 0 50 i i e e et e e et . - ‘ e oot e e e e e e e e e e e A e < ety 2 P At ot e it S
) U0 TYPL(11s3
WRITE (6445) 1¢RPOINT(I=1) s kPUINTUL) WACI) s ZPOINT(I=1) 4 ZPOINT(L) sGA
i TZMHACL) W RCCID 4 Z2C01) i
45 FORHAT (1HUs2X412564, 9HPARABOLIC 6K 34HR 5 4F 10047 X%,y
Z4HR = ,rxoeq.Ja, 120DIRECTHRIA = 4F1De%4,9%, T
S1OHKOTATED BY/26xsH0L = 4Fl0e4y7Xxy  4HZ = ,F1Qe4,
436X sFbel sbH DEGRELS/66Ks J4HVERTEX AT R = »F 10 499H AND £ = sF10e4)
50 CONTINUE e

WRITE (6355) ZBUT
55 FORIBAT (IHOp31HLOWEST PUINT TN THE TANK 1S AT oF 104,713 INCHES)
IF (BLGZPTebWeZFOINT(NSEG) e ANUBEGRIToEWeRPOINT(NSEG) e 0K

_ 4BEGAPTeNEZPOINT(NSLG) e AND c BEGURPToEWwe0o0eANDRPUOINT(NSEG) cbwolel)

3G0 10 75
HRITE (6460)

60 FUKWAT (1RO, 18BHTANK IS NOY CLOUSEUD)
R O .1 Y SR 0% 0 S o o B e
65 WRITE (6s70) 1
70 FORMAT (IHD, 1SHSEGHENT NUMBER ,12y)1H 1S INVALID)
CALL EXIET ‘ A
75 LBOY=iBOT=0.0254 O S
: bLGNP}%U&bhpi&UeUZb%
 BEGAPI=BEGZPTeDe0254 , ) - , - -
Do 40 l‘”ieN—J{;b R




e S e g g,
MA LN = LFN  SOURCE STATEMENT = IFN{5) = ‘

REFOINTLII=sRPOINTOL #0004

U ZPOINI (L) =4POINT (T e00254 .
RC{iI=RCE11#0.0254
ZCU1)1=2C11)e0.0.54 ;
 A(llsALI1s0.0254 '
o Bll)mwp(i)*0e025¢4
. GAMUl)seAMMA(L)®P1/160e0 ) o
o B0 CONIINUE
: ¢ -
C
C KEAD BAFFLE INPUT CARDI(S)
¢
_JF UNBAFelTeloOReNBAF«GTe30) &0 TO 100 . R B
T DU 95 1=l 4 NBAF
; REAL (5,90) ZBAF(1),RBAFI(L1),xBaFOCI) - -
i 90 FORMAT (3F10.0) ’
:  IBAF{1}=ZLAF(1)#00254 - e

RBAFI(I)=RBAFI(1)*0el2b4
ReAFO(1)1=RBAFO(1)*002b4

¢5 CUNTInNUE

RO ,‘C,, e e e i i R S o i e i R A e S e e e e A i o e i e i i i e o S S e - .
C
t C READ A CASE INPUT (CARD AND BEGIN A NEw CASE OR TERMINATE RUN
e

100 KEAL (5:105) LEVEL:EDEGK;?@!Y:DZ(I{iy%iglm o
TTTUS FORMAT (F10«0,T10,3F1Ce0)

- LEvel=Level«0.0454 o
T Iulvsabiveo02ey T . ) )
i DZUII=sDZ{1)%0:0254

LT T D2 &bz e 06028 T T — - - o
L IF \LEVELeLE«ZBUT) oG TO 170 -
B TF UIDEGReNEe6) IDLGR=3 T T e
3
e — o o — o
} FIND THE OQUTER RADIUS ANu THE KA110 OF THE INNER RADIUS 70 THE

GUTER KALIUS OF THE UNDISTURGED FREE SURFACE

% ASEUS0 T
) TEMP(1)=0.0
e P LR G R D e e e e
DO 130 [=1¢NSEG
T TR U ZROIRTUL ) Ewe 2PUTNHT Y=Y GO YO 13 o -
IF (IFLAGeEWeO) GO 10 115
TTTTTTTTTTIFLAG=0 N - T -
GO YO 130
TS ARGISLEVEL-ZPOINTOIY - o B o o
ARGe=LEVEL=AZPOINT(]l=1)
i TUIE ARG eNEOL0Y O TO v 20 B )
RR=POINT(]) -
S R W Y CE N - T o I
6o 10 125
V20 1F (ARGIZABSTARGI ) sl ARGEZ/AaB0LARGZYTY GU TU 130
Cabl FINDR tl,LeVEL, RR)
125 IF (ASeLTeRK}) AD=KR h
IF (TEMP{LI)eGTeUelU) GO TO 155 )
‘I' L H E.‘( ‘L”“’.; R r('""’ T ———— T T e ‘ o - T
29



“SLOSH 12/16.
MATHN -  EFN SOURCE STATEMENT = IFN(S) = ?
130 CONTINRUE
T T T ST
ErsL=0.0
GU TO 140
135 IF (TEMPUL)GT<RR] TEMPLL)=RR !
 EPSL=TENP(LI/ZAS o ' - ‘ - T T

e

i

i

aon

 F1aD THE UNDISTUKSED CENTEK OF GRAVITY AND THE LIWUID VOLUME

140 £CG=0.0
CALL INTGL (FlsLEVEL,ZBUT)
e ELGEANS S
CALL INTGL (F2 LEVEL,LB0T)
. ECG=ZLG/ANS
] VOL=ANS*P(

C
L=bLEVEL=ZCG

N LY T ) T

o  HsLEVEL=ZBOT i )
{ ¢ o
CTTTTETTTTTTTTTTESTABLISH THe CENTER OF koTATION o o
S o e .
i TGlI=UeD o S o
L - G2=l.u o o o B B ) 3 )
= G3zu R -
[ C
zkAwﬁﬁutw,uwwﬂ“Aw, I e Mdﬁuwwﬁu,wmu,mﬂmwuﬁWﬂﬁwi/%WAMV%W,M“HVA,ﬂ“wuwwwmﬂM_;ﬂw,mme~ww
i C VETERMINEG THE RUMBER OF tleENFUNCTIONS TO BE USEL FOR THE
I C ETGENVALUE PROgLEM 7 - - o )
[ ¢
[

CUTTTTTEWMP Y =B8.029692/7 02 0L ZASY e
- DO 145 I=lsd

EEel e S i O
TP (Jrtdl el TeTEAPLLIY) GO TO 150

CERCIR T ’“‘ . “’
GO 10 170
TR G MORULER=MPOLYSYT T T T
C
S _ . N
C CHECK VALIDITY OF MOLES
c _
IF (MUDESelLTele OReMODESeGTed)l HULESSJ

TEMP U Y=LEVEL /0 028y
TEHP(Z2)aRn0e VUL

T E M P (3 e 4 CG /0. 02T T T T
WRITE (61651 TITLE TEMPIDLGK
P65 FORRBAT (1L 23%128677/7 R
ZIX 3 1HURDISTURBED Frew SURFACE 1S AT F10e%:7/ LHCHuS///
TURE K21 aMASS UF THE LIQUID B ZELIZ2WSE3N KGY/T R o
HH X . 36HUNDISTURGBED CLITER OF GRAVITY 15 AT (F10e%,7H IRCHES//

TTHEGK L TS VAS TAADEGREES OV FREEOOWY T T T .

30
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MALN = EFN SOURCE STATEHERT = IFN(S) - :

CUNI=ASeCO0SLLAMMARD

I
CONg=pPlehses2el/VOL

CONJ=CLONI/L ‘
CON4=PlelLe»s/vOoL o T T

CONu=2.0%C0ONY

CTTTTTTTTTTTT U CO0He= (AS /L e 2 -
) CONZ=CONl*Plelee2/VOUL
T Cuug=EPleASEe2/VOL o h I
CONY=L/20
T o ioEP IR AS/VOL T T T A T
CONI1=AS*AS
T CUN 1 4 =COSTGAMMA R T T -
: CUNjbS=slLeel
T CON L bl e el o e —
i CALL NATRIX
GG O . , e .
C
c .
170 TEMP (1) =LEVEL/D.0254
TTUTTTTTTUTTWRINE (e 1 75 TITLE,TEMP LY T ) ) T T T
t 175 FORMAT (IH) 23K 12A6//771X426HUNDISTURBED FREE SURFACE AT +F10.4,
LT U BH TINCHES IS TINVALTD)Y T T T T T e e e
GO 10 100
i C — o
K C
i’;' ST e e E N D’ T T T T e e — R
i
S 4 e _ - 31 _ S e _




SLUSH

12/18{

SIBFTL MAIRILE LIST,DECK
‘, e e - S e e e
b . I - o
T R 7 - i - -
i
(-
[ R -
i
;
e — e
P

32
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ETRIX o EFN SOURCE STATLHMENT = IFN{S) -

‘%ﬁézgri‘mgnmoc«wzw HATHT
DlveMEslunN mvj»:cmw JoBETABL LG 10 4010}, 0BLI0GY MEGAC (10O}
DIMENSTON XINTLID IO s XINTZ0104 100 s TAUA Mr“wc~w>rcﬂwcvw i

SR SUMEL10)
C T U D e NS TuN ZFORcE LAY s aLP I CLD Yy TUCCALC S e CPRINT LS Y
' DIMENSTUN JUN(5) _
M‘ﬁssszf;};duzmzmaczl>:zﬁ_cm»cwwm:rmucwa‘v,laacwwoufmqu,, ) . o
: DIMENS]TUN n:wawc,wovmr>3¢c>ﬁw Vs HRSTARCLO)D
) T DIMENSTON 51 GAMMANES Y s BR IS ) siinln ) s LNEEY s MNIEY KNSTARISY ONIS)
. DIMENSTON rﬂzbﬁﬁwcmpcv.rﬁuhcwnm G) o &nt10) TERM{4)
T D HENSTON REON(L0) JASCORF (1010 BSCOEF {10,100 yAACORFCIOY,,
$BCOEF (10),ECOEF (10} (FCOLF (1T ) ,GUOEF (10) ,HCOEF{IU) XLCUEF (10
T CoNRON NSE G s LEVEL s 2CGsL s 0sH ASsVOL s PIVEPSLYRHOMODES 2B0T,10EGRY
: KOwoGNmGuohUb(aCNth
w‘5i:i;imfsnczzo:\opzm,\mpzzmx,mo‘;isf;ssgﬁfazzfégfliz;w T -
£ COMMON/CON/CON] CONZsCONI s CUR ;,nczu.ncze,rCAN nczm,nozw
T COMAON/CCUN/CCORTO s CONT L s CONLE L CONTL s CONTE T T T
ooz:oz \a>ﬂ\zm>7,nm>*chv”,:pwﬁﬁuc,,rs>ﬂoﬁuov
T T T e W O N FELE R/ MORDER L TIPOLY s Jiv ) s NURUER  NPULY ,ACVUEF (1O, 10T
COMMON /ZGAUSS \zczc,>pavozﬁmv
T CUNMON /PARAN/M Ny INH IR RR, ZZ FUNC ANS T
w COMMON/ZBES \n;M.Upr;prLuu:v{m\;.pww,Lh»memL_.uH.LL
TTTTTTTUUUUTTREAY  UN G IRM s NNy JIN o o L
- REAL LoLANBUA KN KNSTAR LNGHN,MO4LD, 0 LEVEL
w,;}%sziaf}wmsr:e,~1fwuum.rd:>.i;§iztifazs=;if T ) o T i -
g EXTERNAL FleF2,F4,FS;F6 w\n_ya w@ ~.Mkm wax.mwwaﬂumu#ﬂ,wvmﬂhm

TEATELRNAL F2ueF27,F304F31 .
DATA LLZ\Q«U&Nmsmu.mm»lom.uc_mu._m&mgj \ mnwocx—s.o.mwwwcxr* DQ\O\OH muU\

S ,zL
‘. C
ST T TGENVALUE T PROBLET - 0 - o
C
e g O ME Ly MORDER T - o
: : DO 60 N=M,MURDEK
CTTTTTTTTUUTE MG GT e RPOLY) GO TUT3E T T S e
: IF (NeGTeMPOLY) GO 10U Ib
T T ERLL INTGZ TF e LEVEL, ZBUTT e
AMN(MaNI ==l dedFLOATLMEN) =20« FLOAT(M+R) +2¢) ¥ANS
e N UM N Y E L L e EPSL e« (2% (HANY ) V7 U2« FLOATUNSNYY ~ 7
GO 10 50
T pﬂm\:g =NaMPFOLY T T T T T T
JNN=JW (1)
e R UL TNT G (RS LEVEL S ZBUTY T e S
AMN I N E=ERP (=JNNEL/AS)/INR®ANS
T T AL BESSEL (UNR(BIP BIU T T T e
ARGEJRNEPSL
“CALL BESSEL (ARG,B1:B1D} - e R S
IF (HeGTel) GO TO 2%

T T T R MR UL s N E L e FUNNEE IS TINNER TP ARGEL I+ ARGE S 25810

GO 10 50
S5 BRN(M NI ] o /JNNs 42 (FLUAT{28M= ) #BIP-EPSLes{ Ze= e (FLOAT{Z0H=11¢#
was}fﬁw5wtwﬁﬁm@wrc wn:wﬁﬁamwvﬁa WM} s} T
: GQ 10 54 ;
a5 l=aM=MnpPpoLyY

e N E TR T S - iz;aizifytésiésxe;>,!§(:
‘ 33 - B -




R )
¢
i

oy et i -

g Sy N

SLUSH ' - ' ’ o ' ' 12718,
ATRIX - EFN SOURCE STATEMERT - PFHES) -

JaN=HPOLY

NS FNTT e ) )
ChLL INTGZ (FB,LEVELZBUT)
SUMUEUNR+dNN '
AMNIM NYz=L AP (mzu?d¢i/kbl/%ytdﬁﬁﬂ)
CIF (MeEwel) GO TU 4% ‘ i
ARG U=JNN¥EPSL - o
T CALL pESSEL (ARGl BIN:BIDN) i
)  ARGg= NP EEPOSL - - S
CALL bESSEL (ARGRZsBLlrgBIDM) ,
 BMN(MeNIE(ARGZOBIN*CIUM~ARGI€BINsBIDN) / (ARG24#2~ARGI##2)¥EPSL#%2
GU 10 50 o
45 CALL BESSLL (JUNWBIPBIL) ~ o

AkGadinNeEPSL

CALL BESSEL (ARG«BLl,11Dy

BUNLH W)= foNNse2=]6) sBlPs82m (ARG¥B L) enZ=(ARGe#2=1,)uples2)/
£l Z2ewdiNew )
50 AMIN(N,M)= /wm(M,N)
_BHNAN M) =BHN (M, )
Al R)YsAMN{MN)
AN MIsaMNirig N}
BIMeN)IssHN(RgN)
BN, M)-«LS:HV(H,N)
60 CONTINUE o

TTCALL UACOBT (1O, MORUER s TERR L &y CHK LAMBGUA s HODES)

CIF (TERRetWs0) 6O Tu 100
WRITE (6360)

80 FURMAY (1RO, 35HeIGENVALUE PkQuLtP CANNOT BE SOLVED)

T RETURN B
C
mm . e _ e
S C NOR=UIHENSTORAL COEFFICIENTS
g oo e S e
fuld DO 1IDL N=| mut)hb
e saMyAN (Y=o ———171 ——--"""""""""""""
DO U K=] MORDLR
TTTTTTTTTOUO 10y sl s AURDER T T o
IUB GAMHAN(N)MGAﬁ 4/:,N(N)+Pl*LFA.m¢a/ vUL*(_M\U\ sN ) *CM\ ( J N)*BMNH\ ed)
TUTTTTTTTTTTUO LU RE Ly MORDER T T T o )
CALL INTGLl (F9 .L.f;VhL 4801 )
THTO O HNSTar((m)Y=ANSY o T - o o T )
PO 115 wN=1+mUDES
TN (N Y RO - T
BN{N)=0.0
T TRNTN Y =L/ (LAMBD AN YenrSYy ) T T
DO 415 M=) sMORDER |
THRIWNYsHlNT v 2, P lvAoex3/ (‘VOLM{AHHZ« NURY S RN INT Y s ONK (AP NTEHNSTAR MY
115 uNh‘w‘)‘“m\g(wMPI*cAaw%J/(\/UL BGAMPARNINDY Y &C JK(M, )émi ( l ,i )
TTTTTTTTTTUIF T UEGR e Ne e 6 GUTTO 29y o T
HRITE (651300
T30 FORBMAT UIHOHE 2IHCUETFICTE 'eT:«? . MODE s TOX s 2HEN T X 6HGARMMANTTE R o
LTHAN = ﬁNsidX94ﬂﬂ€§&6A5¢HUN//)
PO LHD R MUDES a T
Dt =2 0eBRINT=H N

THO WRTTE (o 14T N KNTUNTVEANITAN TN BRIWT yHRIRY NIy

e
-



HATRIX = kEFN SOURCE STATEMENT = LFN(S) -

146 FORMAT (24X,11,5E18:5)
OIS r— ) _ e - o
295 WRITE (643009
300 FURMAT (1HO.4X.21HCUEFFICIENT
LZHBIs L bk s ZHEN/ /)
DO 30% N=1.HODES
305 WRITE (653100 NeRNIND) ;GARMANCN) BN LH) sHNIN)
T FORIAT B T T IS . .

L7

CTTTHODE T OY y2HEN s VA K EHGANMAN T H X,

MAAIIMUN «AVE HEIGHT AT THE OJTER RADIUS OF THE UNDISTURBED
T FRLE SURFACE AWD THE KINETIC &nEreYy

‘alie e WaNol

TR0 TERATTI =060
DO 770 J=l s HORDER

o e

T TUUIE (JeGTeHPULY) GU TG 760 T B .
TERM(I)STERACI)+CHR Iyl )
T 6o 0 7vQ T S I
760 I=J=MPOLY ]

CTERMCII = TERATCIICNK (I D sadniL)
770 CONTI1aUk _
T UUTERM D) S TERM D sKN (I eBN (LY T T
I TERM(2) =060
CTTTTTTTTTTTDU 780 sl d0RDER
DO 780 k=1,MO0RDELR :
TR TTERAN Y =TERF 2T+ CRK U = CHR{RK, T T #ARN (J 4K
TERA(Z)STERH(Z) #RHO®P I#AS L e #2231 (1) 8%2/240
TERMZ=TERN(Z]

CALCULATE THE POLYWNOWTAL CUEFFICIENTS UF THE EIGENFUNCTIONS
ASSUMED FOR THE oVFP NOSe | AND 2

RO 800 wN=lKNPOLY
© 0 8U0 ACOLFUINGII=i.0
DO w05 N=ZNPOLY

00 0L KEgas2 T
805 ACOLF{N,K)=0.0 » - e N

DU W10 nN=3,nPOLY
DO 810 K=3:n4s2
T8I0 ACOEF (NG K E=FLOAT (IN=K+Z) 2 (WN=K+T))/7FLOAT(Ke#2= 1 wACOEF (N,K=2} 7

HOUNDARY VALUE PROBLEM NUe |

Cﬂﬂﬂ

CALL INTGZ (Fa LEVELZBUT)
e = 1 S B 0= £ g
c
T AL UTINTGZ T (Fy L LEVEL BTy T
TERM(21=28e/ 3P | 2RHUEANS
g . A e S,
TERM{3)=0,0
DO 222 m=1,.NURDLR
CALL INTGL (Fil8,LEVEL,Z80T7T1)
RIS I DL MY EZ e A e s A/ e s 2 AND

ELAN



vrc aH o o o ; i 12714,
MATRIX = LfN SOURCE STATEMENT = TEHLS) -

Lo kuu N=M s NORDER

I :m 1e GToNPULY) GO 70 222
N )

1f sGTeNPOLY) GO TO 220
CaLL MquN (Fle,LEVEL,ZBUT?
. LTMAT (M, H)==ANS
.60 10 223

. 220 CalLi INTGZ (F17.LEVEL,ZpOTY . o
P LTHAT (M) ==ANS .

. GO 10 223

272 CALL INTGZ (F1S.LEVELZoUT) R o T
“ F‘MZbﬂA:.Zvl} NS ] ) B - o o 3 o B

223 LTHMATI(N,MISLTMAT (FenN)

CALL SOLVE (NORUDERLTHAT RTSIDE, 13 eUE=d,25,aN JERR) S
IF (IERKeGT0) GO TO 245
WRITE (6:230) ‘ S
7230 FORMAT (IHO 44X, 65HTHIRD TERM UF 111P CANNOT-BE CALCULATEDR = 1T IS5
25ET BEWYUAL Tor ZERO)
GU tO 255

245 RO 250 M= yWURDER e o n -

CALL INTGL (F18,LEveL+Z0QT)
250 TERMUIDETERMI3)I+2s05RHOPI#L 64254582 32QN (i) #ANS

1 255 TERM(4)=(G2602¢u3%82) ¢RH0% VUL

[11F=TE xzﬁwvéﬁﬁxzﬁm~+dﬁxqAuv+~wxzﬁ$~

D TERI] )= 4rzzafﬁi¥» T - o
TERvile=TERM(2) ) e
T TERML3STERM(3 ) - ) . - ‘ )
J4=TERM {4} i B -
C COMPUTE mw-

PST (=00
DO &1y N=l .wORDER

.i»z?xt;ﬂigﬂAZrﬂ4m219r<v::o B O S T
. . PSUM=00
T SIS TUsT N T ar T T
D : C OPSUNSPSUMSACOEF (NeJ) e {L/AS) e {N=d)
LTRSS CONTITRUETTTT T B - ) B o
mw_pstwb”+azﬂzv»1w:w
P . I ‘ e
817 ARG=FLOAT(N= ovatmxz
ARG [mARGeAS ) o T
CALL FPMUDOLS{ARKG] sPBS,PBSP) i
POl =r S I +PuS*COSTARGs (L+D T T 2dN{NT
~@ ncz_bzcr -
R SR
C COMPUTE RHON N
TTTTTTTTTTTTRO w27 = s eSS T - T - . T
RHON(1 ) =00 S
D0 627 MEl,MOROER T e
Il=t=nPuly
e M s R U T) e —— S - - B )
ROosUn=0.0
U gdb N=1nORDER o B T
IFiwelT o NPFOLYY w0 TU 821 )
AT TNTER I R e
36




MATRIX -  kFHN SOURCE STATEMENT = IFN({5) -

GO 10 823
TR CALL INTGI R T e
823 RKEOSUN=RAGCSUMsGNIN)}=ANS :
B25 CUNTInUE ) T
RHON (L 1= RAOR T J+0NEIM T sRHUSUN
B2z7 CONTInUe

. IF (1LEGReNEe&)Y GO TO 2950

c - —
) C
e THOUNUARY VALUE PROBLEM NGO, 2777
c .
e S e e et e e . et et et et e e et et

122P 1S THE SAME AS T11P
TERM(1) FOR THE pOUNUARY val Ut PHGBLLH MOe 2 13 THE SAKE
TAS FOR THE BUUNDARY vaLUb PRogLErm NO L

LB
OO NO N

CALU INTGe (FrasLEveLZelT)y o ' - o o
TERF () =1 e 0xRHO®P L #ANDS
C
i TERF(4I=(Glee 24030 x2)eRH0=VUL
R
IF (IeRRe«GT«C) GO TU 425
R T e T )
410 FORmMAT (IHO,4X,65HTHIRD TERM OF 2z CANNUT BE CALCULATED =~ 1T 15
TUUUUZSET EwUAL Ty ZEROQY T
Tekti(s)=0e0
G0 10 435
425 TERM(II=TLIt=TERN{LI=TERNMIZ)=TERH4)

[
435 WRITE (6,450) T1IPs(TERE(TI1=1,4)

TTTTTTRRUTFORMAT CLTHD s AR THIZ2EP 2 W ELEe 5 26 H KGeMe# 2T WHERE THL TERMSTARE s

2Ll 6eb)

3
£
i
H

- BUUNDARY VALUE PROBLEIT N3 e T
T33P Gl re2gee e 2  kHUPVOL T

L WKLTE te,b500) 1338
500 FORMAT (LHOH4X,7HI33P = sEl2eS5aH Kontinez) -

no
1
i
|
!

RETURN

g R AR S
C
O TTTTUTUUFORCE @IS TRIGUTION COEFFICIENTS T o T
C -
TZ950 IF (DZ(1)eEWe0eUeANUCDZ(2) el @s0e0) GO Tu 200 T
ARGH=(.0
ARG5=060 I
DU £9595 Jal, b
2955 CCALC(J)I=060

CIF (DAUE) e NELDLB) GU TO 2960
l=2 "

3 S

v



S5LUSH ‘ ' ‘ o o2/
MATRX = EFN SOURCE STATEMENT = IFN(S) =

ZFORKCE(II=ZUlV=- uZ({)
ZFQnCh(z)nluuT

GO 10 2965
2260 1=1

ZEORCE(L)=LLvEL=DZA (1] )
ZFORCLLZY=ZU1Y
o £%65 ZFORCEL(3I=LEVEL. . o o R

i kHG;A,EvEL/Jto'ﬁ%

' o WRITE (6:2970) ARG3 R
Z??O FURNAI (1RO 34X, 31HFOR Qt Ul 1BuTION COEFFICIENTSYZ/

bR | 2HEZ-CUOORDINATL s

JBX s LHHALPHACZ) COLF ¢y

46X s 13HTHETAce COEF e . . . e - S

B2Xs £OMALPHALIY# AT LT} COEF o

O X cOMALPHA(3 Y #AN(L) COEF oy
7YRe13HXI{1)ee CUEF o/

B8R YHIN INCHES ¢
PLIX5HIN KG,

2L 3X 7l KG-

T U S2 ke 7HIN RG/M,
 H23Xs5HlIN KRG/ - o ) B
5F 1764
| S T . ~ e - _ ;
b 3000 M=1
o ARGUELFURCE(1) /00204 - , . 3 )
. DG 3015 N=1,MORUER
S IF (NeGleMPULY) GU T0 3010 e - )

CALL INTGZ (Fe.u&VtL;L%umCL(l:)
ALPHLalin) @=ifaef LOAT (N =20 #*FLUATIN*[1%2¢) ANS
uu {0 30l5
: 3010 JsN=MPOLY
ﬂfmwwwrwdhwquu)
oo ' CALL INIG2 (F7,LEVEL ZFURCE(1))
CALPHIN(N)S=L AP (=~ JNN®L/AS) /JNNOANS
4015 CONTINUE
o ARGLI=0.0
- Do JU&O-,N_Z}‘MD RiER
5 3020 ARGISARGI<PI®ASex 2% CNK Ny LY «ALPHINCN)
’ CALL INIGI (F2,LEVEL,lFURCE(I))

VM= F 1 «ANS

C

CPRINT(1)=CCALCCLY
CCALC(L)==RHO# (VM=BH(1)sL*ARGI)
CPRINTCI)=CCALCOI I =CPRINT (L]

CPRINT(3)=CCALC(3)
CCALCI3)=RHU» ARG
CCPRINT(3)1=CCALCI3) =CPRRINT(3)

CPRINT(41sCLALC (4
COALCHIY)=CCaLC{a)2sRrli i) =BNLL)
TCEFRINT{4)=CLALCIHY=CPRINT (Y)Y —

ST UCPRINT(S 1 =CCALCUS) T
CCALCIEB)==L/KNELI#CLALCL3)
CPRINTISI=CUALCIST=CPRINTIS)

38

o
»



G L USH e R S . R e ey zse
MATRIX - tLFN SOURCE STATEMENT = 1FH{5) -

IF (D221 eEwe0Qal) GU TO 30425

T e IR T F L AFURCE (ST S ZFORCE (Y -
ZCGH=ANS
CaLlt INTGL (F 2 2FO0RCELI ) aFuRcECL)Yy /77—
ZCGHs A0 GMAANS 200G
ARGH=ARGY«CPRINT IS ) 2 20GH
~ ARGLEARGLFCERINT(S) . . e
| C .
: 4025 1F (1ERHGT0) GO TU 3045
‘ S WRITE (6530300 CPRINTOL)GICPRINTIJ) »U=3,5) ARG )
3030 FORMAT (17X5E19e5419X43017e5/F1704)

TGU T4 299
.5@'15 AF\(Jé, UeU » B
TTTTTTTTTB0 sU6U N=LGNORDER T T o I
IF (NeGTeNPOLY) GO TD 3050
TTCALL INTGZ (FlasLEVeLZFORCECLY )Y
GO 10 3060 ¢ ‘
TTTA050 CabL INTGZ (F17.LEVELsZFORCE(LY))
JUbU Akﬁameuz FL*(Ag@L)ﬁ%ZﬁqM(N)#ﬁNQ

C

v

g

g

CPRINT{Z)=CLALC(Z]) _
‘ TCALL INTGD UF LW LEVEL s ZFURCECHYY
t CQALC(Z)«KHUﬂ(PlﬁANJ°b3§VH“Ahb?*(b3%UN(I'“L*(DN(I)*HN(!)))“L*HRUI) ‘
CCPRaNT (21=CCALC2) ~CPRINT (2T i R o

T TTWRTTE (643900 (CPRINT(UY sJd=1,01,ARGS
3980 FORMAT (17X 9E195/F17e4)
3995 ZFORCEA(3)=ZFURCE (L]
TTTIFORCeE UL Y2 ORCEC Y -DZCY ) I T T
IF (ZFORCE{l)eGESZFURLE(2)) GU TO 3000
- IF T {Z2FORCEUET s EWe 2FURCE(IY Y GU TO Hgdo T o
ZFOhCL(l)»ZfORCt(Z) ‘
TGO TO3goo T - S T
‘*U(JU IF (DLG2)sEWeD0) GU TO ZUG

LT IF Ul eEwe2) GO TO 4005
l».

[l’()KCL(dJ-ﬂZbUT

G0 10 3000
C

TGS T ZCPEARGH/ ARGS /0 D254 T T T e
WRITE (644010) 4CP
C TTTTTHOTO FORGAT IR X 3 7HURD IS TURBED CENTER UF PRESSURE TS AT HF 104,
N Z7H INCHES)
s [ ,C,‘,, S — ~_‘, U S O
‘ C .
e O T S PRTNG = MASS T ANALUGY PARAMETERS T

C

00T DU AU T WET L HODES
. LRl aGd=teLsHN(N) /8N{N)

- Ml ) sRHOSVOL s GAMHANIN) s NN » # 2% KN (1 . ) -
205 KWSTAR(N) sHu Ny sKi () /L
T HsRrHUBYOL '
Do 210 ualpuUQLb B o
; ”'/'2"1”[) MU .,,“Uwf NiNY T o -
&
39

o



o o S g
L olMhiinuaoe ety 4T

£
A4
|

aLosSH

HATRLX -  LFN SOURCE

LO=udeRi0«VUL /R0

STATEMENT

12718,

= JFEN(5) -

DU 2T NEL L MUDES
215 LUWLJ RHO*#VUL.@ {um«nmmmwmum’%m‘u(
PEAEY
10=11iP=H0#L0ss2
QU £940 N=) 00005

Zji,u iU"'l{_) 11‘4( }@LN({ )gp,?{

}’?‘(G;ié-BN(

Hr=Le (Ba{N)=HNIN)) )]

c
C CUMPUTE INTEGRAL FOR TAU )
- Lt LR v an . _
DU 75 1=1HMURDER
CXll=2el=] T o - S -
DG 7% J=laMORDER e
R Jlszede]
XJl=di
T dF(leaTMPOLY) wO TO &% R I o }
IF(JeaTeMPOLY) w0 Tu 70
T UANSE (KT eKJl e 0/ VAT ERIL Y ) ) o T
e RINT G s YSANS S
GO 10 7%
65 Il=l=nPuLY L - i )
N S JiuNsJINCLT ) S B o ) ) )
Jd=Jd=HPOoLY ) o - L i
S AN (Jd ) ) a
CALL INTGA(F28) o
T T UXIN (s JYSANS )
GU 10 7h
70 ddsJenPoLyY T - i i T I
JhMadntdd)
T TChLL INTGs(F2ey i I T
AINT(L s J)=ANS
TS TCONTINUE T T o “‘ T T
C
TTTCTTTTTUCUMPUTE TAU AND RNU T T S
C
DU 95 M=, MaDES T T T T T "‘
DO &7 N=M,MODES
TAUTA, NTEU G e
DO 87 1=1,MORDER
TTTTTTTTTTTTTRQ 87 sl MORUERTTTTTTTTTTTTTTTTTTTTTT - - T T
IFlleaTed) GO TU &1
T TTXINT 20T Y BN INT I; B - 0 T
GQ 10 8BY
BT ATIRTZU T TV =XTNTTIT T -
85 TAUCH NI =TAUCH, M) +CNK LT N) #CNK I M) s XTNT2UT . J)
87 TAU(IV.P)-FAU(tﬂ,N) T R T - T T
SUMM (1) =0
TTTTTTTDUO w0 1:1d ;Hpc)gy"*“W**M'ﬁ‘”””“""“““*‘““““"*““A"“ T . T
SUMM (M) =SUMM{M)+CRE (T 1)
S0 CoNTinUE T e
Ml=mPaLY+1
- DO Y2 T=MI L HORDER T B -
[i=i-1PoLY
CUNNEJN
CALL BESSEL(JNN Bl nlv)

e

TTTEUMH Y

L0

=5URATHY+CNR O et



~SLUSH
MATRIX = LFN
?2 rowrlnuu
MY (BN (HY-HN{MIY
95 Cumiiwuﬁ
' DU 128 N=1jMUDED
ECO bt iNI=l0
GCOLRF{NI=0.
BCCUEr =00
f"""MWW~M Cunias ;LON1§7SA{ﬂAN¢w>
. CUNL3=CUNZ/ahdMAN (N}

SOURCE STATEMENT =

ITFN{S) -

REYER:!

vOo 126 nﬁlguUUtb
XNUi\gH)~5UmM(ﬂkéban€M)
IF(NeLNaH) GO0 TU llo
DELH=0.0

T “ﬂflﬂ$IQE¥ﬁq(}§f7TKéi(Nfl%ﬂffﬁfﬁmgw‘”"
GQ (0 118

DELAM=1¢0
BETAB(N,M)=00

116

e
i

SERNON) FCONT® (CONTSEANU (N, ]
TUBSCUEF (N i) sCON1I3eTAUIHN )
GO T0 120

T

CASCUEF (N M) sCONTO=CUNTHsCON = (20 TAU(N NI =XNUCN N ) ) /RNIND

N)I=2e0 /L

BETAB (N M1 ==~CONZETAJ (N I /GARAAN(N) =CONI#RN (M) »

j a("CUNaFIAU(Neh)/(KN(1)¢RN(M:*QAHHP“(H))+LUN%ﬂ(leU/(hN(M)¢KJ(M))

L 120 BETAlNs#) ==CON

T eeCON6 e RNUlH M) /GAMHANTNY Y
2eTAUCNSMI/ZGAMMANIN) =CON3eKNIM) (2 0%SURT -
TS TGANFAN (M) ZGAMMAN (N ) ) De LNt =CONS e TAUCN, M) Z (KN (R sKN (M) sGAMMAN(NY )

x*LONQF(loU/(RN(N)%kN(H))”CUHQ)?ANU(N.M)/QA“MAN(N})

TEF U MeLQeM) U TU 124

1&4 CUNllNUL

TTUZ6 CONTIwUE T
OMEGACIN)==0ehogtTathyN} /B0
TTEMPE{SUNHIN) sPAT =2 ¥
BCQEF (HNI=CONE3 =

FCOEF(N)=CONIO*CONT»SUMM(N)

ECOEF (N e=B3COEF (N R ¥BNTHTYECORTFTNT ™
GCOEF (N1==BOCOEF (N,r)*AACOEF (M) +0COLF (N)

GRHONIWNT ) *CONTsCONTH/AS
TEMP/KN(NI+CUONIO#CUNTI#CONT= (SUMHIN)~2
SEGAAHANINY* 0N (NI /(FT#ASse3) ]

TTHCOEF(N)=CONI0&CONL LoSUMNINY

Aocutf(wsh)wtoul2*hlTAB(NQM)+LONlJ¥LUNlléhN(N)ﬁhNU(N,N)vCONLH
baCuLl(u,ﬂ)~COJlZfaLTA(w,ﬁ)*CUinﬁTHu(N,h) B

cUEVOL

XLLULr(N)mCUNlSﬁL?TLHP‘(DN(N)+003*HN(N)}

128 CUNTInNUE
TBCCUETSRHUBVOL s (PTHASs¥G
WRITE(L,11110)

THTITU FPORMAT CIHO s 94X, ZTHCOLFFICTENTS

EDIBAg.&”&.f\ﬁ,l'gx’_jHF“ﬁ//)
TPOTE2Y WEl s HUODES S T

B29 WRZlﬁ(é;lllll)N,ﬁACUtF(N),BLOLF(H),LLUEF(N},FLOEF(N)

TTTRBCCUET 2 CCOEF «GAMMANTHN Y« XLCUEF ()

FCUNTA/ (2. 0svVO w2 0%BCCUEF Yy

TMUUEYBX S

FORMAT (LR s L1 4ET G a0
WRITE (6, 11112)
14112 FQC
slbAsdubive/ /)
DU w31l k=] HMODEDS
31 Wi

B NN

REATUIHD 4% 2 HCOLFFICTENTS 77

Klﬂ{éskiléj‘H;QCUL%§Jlstgub

WODE 7Ky SHONE VL TENs 3 128, 3HHM 2

Flbd s X COEF (N

T I T S FURMATUZH A UL, 3L TER S

o

SHANS*LIBNy 12Xy 3HBN=y 7 7

s



SLUSH T ‘ B ‘ ' 12711
MATRIX - LFN SOURCE STATEMENT = IFN(S) =

WRITECO,785) TERMITERMZ

785 FURMAT (THO 4K, I7HNAK. ©TAZANCT) = Ll2.57/7
ZRK27HKINETIC ENERGY/ZANCL)ea®2 = ,£1265,31 KG)

’ WRKITE(6:260) 11IPsTLRALL S TERHIZ TERMLZ, TERNLY )
260 FORGAT (LHD A, 7HIILIP 5 481453280 no=Wwe2 WHERE THE TEKHMS ARE,
o , St FAALER - , - BRLRE THE TesBa
- WRITE(6,11116)BCCOEF - - - o
T H6 FURSATLIHO s HA 7018 . = sE12e5) ’ ) -
" WRITE (o0s315)
’ TS FURMAT (IHU UK IIHSPRING=MADS PARAMETERS  MODE 9XAs2HMN 15X,
LZRLIN YR s IOHRKNSTAR /ALPHA(&)/ - B N B -
T 3H3% . hHIN KRG I0A.9HIN INCHES,; 1QX, 7HIN KG/ZH//) ' S
e (J U ) 4 U = l s H U D i 5 e o e o i
L LNGN)=LNIN)/70.0254
3 320 WRITE (643325) NyHMN{H) LN (M), KNSTARK () B
é 325 FURMAT (34Xs1143E17e5) . o .
| LU=L0/0.0254 - - -

BT UWKIIE (a4330) HO,LOG IO
; 330 FORMAT (1RO 31X,5HM0 = 412454310 KG/

232X550L0 = sE12e5,71 [NCHES/
CS32X,56nl0 5 4E12e5,8H KG=H#s2)

- ) WRITE(O 111 17) ((TAUCL,J) sd=1 4 MODES) y 121 ,HOUES) S
t WHRITE (6 L1118) (LANULT ¢J) pd=) ,MoulS)ys =], MODES)
ST URRIE 6, LIS ) (UBETAUT ) sd= 1, HURES) s I= Ly 0DESY
- WRITE (6, L1120 ((BETAB(IyJ) eds,it0UES) s 1=],H00ES)
M TWRITE (G, T LTI ((ASCULF (L Jd) ydsl s HMODES) 3 I=1,HODES) T

WRITE (6, LLIIB) CUBSCUEF (1 yJ),d=1,M00ES) 5], MOUES)
CRRETE (6 L1143V L0ONEGACIT ) =] riGDES)
11114 FORMAT(//5CA2HAR/ (258 3E 1681
TUTHLLLS FORAATL//90as2HB e/ (28R 3E LS8 T
Litl7 FURMAT(//50K,3HTAU/Z 25X ,3E16e8))
TN INL8 FORMAT(/Z/B0RK42HNU/ (5K, 3616660 o i
L1119 FORMATL/ /49X 4HDETA/1254,53E1648))
TTHTN 20 FURAATC//87 K BHBETA BAR/ (28X, 3816801

i 0 11143 FORNAT(//35A428HNATURAL FREQUENCY CORRECTION/(25X,3E1648))

L e Sl SR iSh e
- ¢
T T BAFFLE EFFECT ON ENERGY T T

& C

T T TR T NBAF LT e TEORGNBAF <G T30 ) RETUKN
HRITE (6,335)
TU3E5 T FORKAT (VRO 6Xy 6HBAFFLE 6Ky I2HZ=COUKDINATE » 16X, I3HR=CUOORDINATES s
14Xy 1BHINSTe DE/DT FACTUR 4K 17HAVG, DE/DT FACTUR/
TEZTK SRTN T INTHES Ty X 9HTW TNCHES V28X TeRTR KG7ies (36 /7907771
Iy DO 406 L=1sKBAF
ARG a=4BAF (1Y /0e0254
ARG4sKBAFL(1)/0.0254

S

- T AR GG ERB AT U Y /0 Q2 ST e e T
- TEF (ZUBAF (L) oL TelLEVEL ANDZBAF (1) e0E ZBOTAND, RBAFI(l)eNtoRBAFO(l).
ZAND T REAF T W G T G U AND VRBAT O (T IV GE S C 0 GO YU 34y — 7777 T
“y WRITE (6534H0) 1,ARGI ARG ARGD
- TR FORMAT AR T2 3F 19 A2V A 9HG0 EFFECTYY T
GU TO 400 ‘

¢ 34s ARGLERBAFLLIY T T
. ARGz=rBAFULLL)

e T TARG T LT ARG ZT G0 T 355 e s
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MATRILX =  BEFN SOURCE STATEWMENT = IFN(S) -

ARGE=KBAFOL L)
TTUAKGZERBAFTUTY
350 SuM=0.0
DU a%0 Jd=1s2
DU 390 us) o nURD
GU 10 (39956001 ,dJ
AL 1l=spnlRrbD=J+]
T R e
. S50eb=0eG#X (1]}
' GO 10 370
360 T=DHaW(J}
T T EsGe S+ 09X dYy
370 Rik={AxGez=ARG]l)&S+ARu]

e e e e TLf’H?( —1— )7'3 D;O S —— S e i e S
: KlsnPul v+l

i U SBU K=K L HORUER T e e R
; KKsR=rPULY

TRARGeJIN(KK)YeRR/Z7AS
CALL BESSEL (ARG:B1:810D}

T UTTERMA{ I =TERAT Y ONKIK s TV EIRURR ) R B T s AP (=N (RKY = {LEVEL=ZBAF (1Y ) Z7ASY
SUMsSUMAABSCTERNILI)I 199 (H /2o ) vsRReT# (ARGZ=ARGL )

T390 CONTYTIRUE T I S ‘ e

4 TER{ 1) ==SUNSRHO® 1 Bo02 o 228 {KSTARILI/MNL{L)Y)eelle/He)® -

T T T T T T S R T I ARG 2= ARG T I/ P I A L e BN UL /AS T E R (R e /2 )T e

TERM(IZ)=TERM (] e (RNSTAR(LI/ZHNGL ) u2eiBe/He )} 510/ 3.0/7F1

i{"wm”“ TTWRTTE (633950 TYARGIARGH s ARG s TERWULY s TERMOZ)Y o N

X 395 FURNAT (FAs12,3N19e442E41eh
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SUBROUTINE THvGL (Febevy,LEVZ)

UHE IuTEGrANHD

e e Rt alalalat

hé"COUNUlHQTh‘FOK Tﬁﬂi PORTIUN QF THE TANK
(LEVY AND LEvZ2Ys $ubERE F IS TrbE SUBROUTIHE CORTATWwING

JFHNES)

i

Dp/le

ROUTINE EVALUATLS A CLOSED LInE INTEGRAL #1TH RESeeCT T0 THE
GETWEEN Tw0D LEVELS

COMMON NSEGLEVEL ZCG, Ly, H AS,VOLPIEPSLRKHD ,HMODES,9B0T ,I0EGR,

26G1,G62,63,201v,0z7(2)
G0N ZAUSSAHOND R ) s (8 . e
COMMUN ZFARAM/H N JdNM, JNTT RN, ZL,FUNC 3 ARS i
COHMUN /SEG/TYPEISD) s LGRET RPUTATIOU) ,BEGLPT ,ZPUINT €R0) RCIHUY,

ZZCUBOY ALY ) s (BU) s GAMMALS0D) s GAMHA)
REAL LEVI,LEVZ

ENDeZPUIHTLT

I tiaRaile

J035n SUM=0.0
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C
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ANGmUL 0
S *4 T B A A U= W Y S B} . S
C
S o ) o R o
¢ LOCATE THe POKRKTION OF THE SEGuEnT BETAEEN THE Two LEVELS
C
o T UIF (ZPOINT I ) wEQeZPALINT (1)) GO TO 1999
CdF U ZP0INT (I~} skl s LEV2aanNDZPOINT T ) olbellbvz) GO To 1999
IF (2P0 iuT{]=1)ebbebbvieanivZPOInTlI)eGELEV]IY GO T 1999
AF {ZPO0IAT{I =) e b€ e LEV2eaND. AP0 T eTLEVZ) GU TO 10
IF (Ze0TiwTlysl)lebTekEVIeAWD ZPOINT L) eGELEVEY GU TO 20
) B P OINT O ) ek Te b EVIeARD . 2POINT L) s LEWLEYZ) GO TO 26 o
IF (Z2POIHNT (ol ) bTelEVIeANDaZPUINT(TI I atbTelEVLIY GU TO 0O
e BEOG=LEVE R o .
IF (ZPOIuT(lya.LEsLEVZ)Y GU TO 5
e END=ZPOINTOLY I _
GO TO 1035
e UBCENDSLENZ R I e
0 70 1035
MO BEGmLEVZ2 ; - e
IF (ZPOIuT (1) . 8EeLEVL) 60 TO 1b
. END=mZPOINTOD) o . _ . ~ )
GO T0 1035
e 35 END=LEYL e e ~ S
GO TO 1035
20 BEGsIPOINT e ) o 3 _
ENDsLEV L
... G0 JO ¥035 L
25 BEQ=ZPOINTII~1)
e EWE=LEVE A e I R e
GO TO 1035 ‘
30 BEG=LPOINT(I=1) - o
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SealleSwlebezd (J]
0 To 10238

o £
==L e

Wl

T0

S5E0eS+UoB A )

Cabl Fitow

LCALL L E

Sy ::SUH-:-FU’N’C%’"{ o

ANS=ANSHSUM (END=BEG)
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Shesu , . L Gzl
INTGZ L % SOURCE STATERENT o IFhis) -

SUEROQUTIFE 10762 (FeLEV, (LEVZ)

C
C

‘ C ROUTINME EvaLUATES A CLOSED Lint InTEGRAL wiTH RESecCT Tao TokE
L KeCOURDIMATE FOK THAT PURTLION OF THE Tats BETwEEnN +90 LEVELS

! C (LEVL AND LEwZ)s WHERE F 1S THE SUBROUTINE CONTAINING

) C THE IRTEGRAND

. C

) CCOMRON MHSEG,LEVEL £C6 L D eM S V0L PIEPSLsRHO,HODES, 7B0T, 1 DEGKR,

ZG1 02,063,201V LZLg)
R CORPON. /LAUSS/NORDsX (B0l G)

COMKUN ZPARAN/E B s JRIT, JNE  KEE, 28 F UNC L 4NS

1 o  COMMON /SEG/ZTYPE(SU) sBEGRP T, RPUInT(50) «BEGZPT (ZPUINT (R0 SKC IS0,
§ 22CH0) oA G0 B (5U0) s GAMMALET ) ,GAN (LU
& o o REAL LEVILEVZ . e U

C

T OO
C SET UpP LOGIC FLAGS
C

IBLGR=0
b AF (RPGTHTUNSEG) cEQ e GRP Tyl o ZFUINT (NSEG) e NE «BEGZPY oANDa -
; ZLEVZeGE e HEGZP [ e AND ¢ LEVZ2 s GEe cPOINT () 1BEGH=]
OV =0
JFLaG=0

C
_ o TEMP=0g.0 R —
BEGK=0,U
; S o B O B B 0 0 U e e AR e e

L ANS=0.0
L Y T A T (DT o ¢ T

CLOCATE THe FORTION OF THE SEGMENT bETWELN THE Two LEVELS

! ) ILev=p
wawwmwwmwﬂjﬁrJZPQINT}X41)eLteLEJZeﬁNUQLPOIHT(l)yLEaLE?Z)‘GUVTQWJLOWMMWAMHWM_”“
IF (ZPUOTRT{I=1) eGEeLEV]I e AR 2P0 nTlI e GE-LEVLY U TG 110
e M F (AP0 Tl ) ek E e LEV2a A0 £P0O LTI ) e GTalEVZ2Yy GO _TOQ 206G -
IF (ZPOINTEI =1 ) et T e LEVEeARDGZPOINT{I) e GELLEVE)Y GO TU 0O
e o AF PO HT UL ) e b T e LEVL e AND o ZFULIRTUL) el B LEVZ) GO TG 40 o
IF (ZP0TNT (TmilsbhTelhEVIoanUZPOIHT (L jellTebbEvVLy GO TO g0
o CIF (ZPCINT) e LEeLEVZy GO TO 1O o
IF (RPOINT ) sbEQaKPOIHTI=1)) GO TUu 7
o o eabl FINODR (JsLEVIsENOR) N ) B
IF ([oUT1aEQa!d 0O TO O
USR-S ¢ 100 B U1 € B B
BEG=QUT]
o END=ENDR i
fhiv=g
- G0 TU BU )
b 4 BEG=LNDOR
- CEHUSRPOINT (1 }

GU TO &U
7 EHDR=RPOINT (],



: ko=l
) - _BES=ERDR B
ENU=BEGR
_ GO Tu Boo e X I
15 ENDR=RPOINT (1)
L U AF UIDUT L eNE s wD TO. 5 ;
" BEGR=RPUINT (1)
o ABEgR=L o o
fé GO TO 110
20 3F (2ZPOINTAINLLTeLEVY) 40 To 25 _ .
(oUT =1 _
o IF _(RPOINTUUI} €@ e RPOI T =00 Q0 TO 23 e
cAall, FINOR (i.LEV]IOUTL)
_CALL FINOR (i .LEVZsQUTR) ) B - e
3 IF (13EGi.EQeul w0 T 22
BEOSBEGR
e ENu=OQUT2 e _ e
LEy=2
B0 TO 80 R o . B
=Y 22 IF {(BEGR.EW.n.0) TEMP_OUT2
4 . utbs=oulz S i N _
END=QUTI
80 YO BU _ . .
23 OUTL=RPOINT ()
i 24 QUYzeREOINT(IY ) - o B L )
IF (1826aR«0NE.0) w0 TO 2,
o IF (BEGReEWene0) TEMP OUTZ ) R
G0 70 110
o .25 1F (KPQINT(1) .E8eRPOINT(L=1)) GO Tu 24 e S
CALL FINDR (i,LEV2,0uT2)
U TF IBEGR. NEeU) wl TUW 2 iw o o o - -
JF IBEGR-ER«UD) TEMP=OUTZ
S _BtG=0uv2 - e e
END=rRPOInT(1}
S GO YO 80 e
30 10U7T1=l
_ IF {RPOINT(1).EQerPOINT(I=1V) GO YO 35 .
CALL FINDR (I LEVI.OuUTL)
_ o BES=RPOINT(I-) o - e
EnD=0uT1
60 TO B i . } R e N
35 OUT(=RPOINT (]}
GO0 To 1ig ) o B ) o
4o IBEarsd
IF ARPOINTOI ) bEWerPOINT (D=1 GO Tu ‘4%
CCALL FINDR (1,LEvZydEaiR) B
C BEGSRPOINT(I=)) i
CEND=BEGR
60 T0 30
L9 ,

- 5L0SH

[HNTG2 - EFN SOURCE STATEHENT =

IF (laUfrisLgeis) GO TO 14U
o G0 Y0 5 , R V
P10 IF IRPOTUTILI) bEaekPOinT I~ wn TO 14
ChLL FINUR (1 LEVI ENGR])
IF Li0UTLeNE-D) wp 1O 5
CCALL FIHOR (1aLb¥2eBEGR

FFNL5)
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SL0%H ; . , . . Garss
THTG2 = EF SOURCE STATEMENT == IFNts =

! 45 BEGR=RPOINT (1)
o , GO TO 110 L , , . , I
’ 50 IF (RPOINTI]-EaeRPOINTI=1)) GO Tu 110 ;
BhEa=Rpoiulit=11
ENDarPOINTLL

EVALUATE THE 1WTEGuwAD aLONMG THE SEGHENT SETNEEN Tww_ THO LeVibls
UR ALUNG Unt uF THE 140 Loviels

feRalelale

&4 %U”zUsQ :
RO vy dd=le2 e e R e e e
DO 90 Jd=1sH0RY

GO TO (toll tub2yedd

! Y001 [l alNOrRD=J+ ] )
! _ o T=0.5eW Y . e

IF (END«GTeBFG) GO TO InidO
S B D a B R U B A L L b e e e e
GO TG &5
G0 50U ¥ LT e
GO TO 6%
b 1up2 Tsl.5=W{J) e
f IF (EHD-uTetrG) w0 TO In20
S E D e B s G A Ud d
; a0 Tu 8% :
B lu20 S=ElebelahEX (U]

B RR=(LHDU=BEGI#S+BLG :
: IF (ILEVeEGL0) CALL FINpZd (IsRR,2Z3) e
i IF (JLEVeEWal) ZZ=LEV] .
b U IF GILEVeEW.2) zd=CEVZ ) ) }
; _ CALL F
S BUMsSURSEUNCeT
! 90 COWNTINUE
T  ANS=ARS+sUNe(END=BEG) e ) ~ R
. .
! . o e o
| C CHECK 1F IwTEGRATION HAS bEEH COMPLETED ALONG THE <EGMEMT
C e o e
IF (ILEVeHE caANULIFLAG EQ«D) GO TO

o GHECK IF_INTEGRATION HAS BEEN PERFORMED 0b THe Two LEVELS ..
IO IF (1oL TeNSER) 6O TO 130
IFlLat=]
o dF  UIBEGREEQD) G0 TO Y LS
I1BEGR=
 BEG=BEGR

END=TEMP
& o dbtve=2 . .
GU TU 8U
1ih 1F (i 0UT)=ERen! w0 TU 130
1OUT =0
. BEG=O0UTY N B o N

ENUsENDR
ILEy=g
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COMMUON/AG/AG18] ,aGlE)
COMMON
COMMUN
00 10 I=) .2

DO 10 Jm ) s NORY
GO 10 (2,4),1

GAUSS/HNOKD s Xta) wigl

} 2 UseXG(J)
GO TO &
. 4 U=XGlJ:
4 5 RREU+Ue5H
A o L T e o -
é 10 ANSSANS+FUNCE#wG(J)
v RETURN
END
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SLusH ] L L . ) i ] o/
FINOR - Efmn SOURCE STATEMENT = Irnlis) =

SUBROUTIHE FinbR (14208 - -
COMPON /5EG/2TyPE L) yubcglPT, ”VUju?xau}iﬁtbéﬁf Ul‘Tilu)siC(@D);
) , 2/(,( Uy, athl) oihbl)sGanMA{bT) AN (DU
< INTEGER 1TYPL,aRG
O T A A T O I O O T O U O O U
: ] RR=RPOIHT(I)Y )
S RETURN B I e
i 2 IF \ZI=ZPOINT(l=13) 4,3.4
3 RR=ERPOINTUI=1])
RETURN
R B U 0 U e e
Re=Ue0
CARGuTYPE(L)

1 GO TO (535,40 24KE
T T o8 VA AR O A B ) ) ) - o
C2=8IH{GarM 1)
C3=CUSLGANLLI) R . } .
CHE(C28B (1)) #n2eiC38h, 1y )nuz
o ChE{ 3Bl emzr{CREA{ T ey . _ o

Co52eaC22Cle (B (Lles2=pyl{l)rsz)

7R 2Ca)euz=HesCOR(CHeC I be2elar]l)nn(I))ee2)

CLF tC7) 100e10e10

30 RIBERCLI I (=C i3 CovSURT UCT ) ) 02 e B 0O e
R2BRCII I (=CI3CA=SHURT(C?71 1/ (2%C5) .

a0 70 70

3B RK=R Puluic1m1)+(mPUIN1(i)»RPUINT(xmi))/(/Puxww(x)vlrn‘w1(x~1))%(,/
2=ZPOINT =0y

RETuURN

S 18 U O Bl A S O O 16 BN e

; ‘ . IF (GANN n(;).LWaqbeO) Gn TU 60

§} UIF (GAMMACI) L HEL27Ue0y GU 10 95

! RRERC(I)1+Cleae2/(2.U08A¢1))

L  RETURW o

50 hh"RC(l)"Ciﬁ*A/(/ U*A(I))
 RETuURN o
55 LZ=J1N(QAW(I))
C3=C0S(GaML1DD - S o e
Cld=2e 08 2%(C3
CoS=ClaCl+Zenwnil t¥C2

wwMWWM‘MM“WMC6 HBew Jeon (30 lul (C i?‘( Z)*“%‘f} ZQQ“A(I )%CI*LS)
o AF tcae) 1DBOe0s60 o o L o
40 Rl»RC(I)*(“C£+w&\t(Cc)}/(ze»tjﬂ 20
R2sRC (114 (~C5~5URTICH) I/ (2esCB¥52) o

GO TO 70
100 WRITE (6,101) 1 e o o
101 FOHHAT (1nu,st>LGHEH7 WUMBER 12500 15 IHVALTD)

o CRLLLEXIT

70 1F (RlelVeU,0) Rl=0.0
J IF (R2eLT+0e0) R2Z=U0 )
IF ((RI-RPOINT{II)/ABS (RL=RPO 141(i)3r4h1m3901 T{i“lk}fﬁ&%(lenFﬁlﬂ

C2Tle1))) 91, Y694
64 RR=WI

_ o RETURNS e V ,

* ) 96 1F ((R2=KPOTNT(II1/ABSIRZ-RPOINT (L) ~(K2ZeRPOINT(1=1)1/ABS(R2 CRPOTH
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FiHOR = LF SOURCE sTATEmENT o IFRis) i
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SLOSH ; . b2/«

FiINui = (N S SOURCE STATEHENT - TFH{S) =

SUBROGTINE Fian7 (sRRsw4) e , i
COi0n /9EG/TYPELRU) sab G P T, yPOINT{50) 80GLPT JZPOINT 50} RCLBUL,
220000 A0y 0 {5U)saARMtalRD ), GAM LU

¥ INTEGER TYPE,aRS
. IP (R=RPOQ0INT{(I}} Z2sl .2
E L Z2Z=L4P0INT(D) '

Re TUur 7 ’
IF (RR=RPOINT(I=1)) 4,34
T 3 Z7=ZPOINT (=1}
N RETury
Y ZL1F0en

L2700

s
™

C ,AHGwTY*F(ik _ I _
@ GO T0 zu.zh),hhu
s HBMCLFNRwﬁiil) . _ _ ; _

CZ2=stialaanil
CHS (288 () ) Yeael+C3%Ar ] )en2
_ChE(Carp Il yea2r iz (1)) e
: Ca52e2C2=C3u (Bl la22en{llsx2)
. o C7=(C1nChlme2-derCdn ol Ee2elnm(A{l) BB (1))R2)

o CLF (C7) 10U,10s10
LG Z1FLCl )+~ CH e CoesuRTICy I/ {230 H) R )

L2F2CLI I+ (=ClsCoh=SURT(LCZ7Y)I/ (26204}
o6l T0 hHaoo v e
70 1/~LPola1<1w\z+k1wulmr(x)WL POINT (1=l )/ {RPUINT(L)=REOGINT(I=1) 0% (kR
C2=RPOINT(L=1)2

KETURN
26 _Cl=uRR=-RCLY i, et

I1F (GAF HA(I):;‘JQU th)rnm\f'iﬂf'\_(l)s(i‘lQeSé)DaO) GO TO 35

CIF (GAMMALTI ) ek 18U.0) U Ty 40

1Li= Z((I)“Llsﬂvz./(e:el)'*ﬁ(l}) .
e RETURN OSSO
3% L7 (.C(X)*‘C.f.‘%*Z/( e ¥ A 11
; I RETURN o N o
4Q (Z"JIN(bAH(I))
e RO LG AT L e - e
CH"? 0#C24C3 ‘
—_ F e CH=2en (1) »C3 R R e
Cé BChe¢2afanCorn2e (% S)**‘Z*Zau!\(l)uCI*(ié)
SURURUE B N 0L 070 JUY N 128 I - B S S
48 ZI"ZC(I)+(wa+bwh1(Cb))/(zevcz%mz)
R o L 22F2CAL e~ Ch=SERTACO) )/ (2e2C2®% 2] o .

GO TO b0
400 WRITE (65,1010 B O
101 FORMAT (lHu.lH‘i&tGHE‘.NT NU'(‘H:SER #12: 00 IS IRVALID)
CcAaL L ExIT

50 1F ((/i“tPUINT(I))/AH%(LINZPUINT(I))”(llnéPbIHT(1"1\)2ABS(ZL»ZF01N
. 27 tl=j)) bbb AUsbb -
, RETURS . B . - :
T 60 IF tizz-iPolw ;{{)}/HU%{/X ZPOINT (1)) ={Z2-ZP0dNT(1=1) ) s/ABS (L2=1P 00w
- U B U T T TR0 TPU I AN P - ‘
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261 s02,G8, 701V, 0202)

: COMIMUN /PARABN/F (M g JNE  JHN KR ZZ FUNC,A1S
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28l b2, G2, 201y 021273 - : .
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BUFFLRING RO, TINE BETWEEN

SUBROUTINE JACOBL (MaxsNACYT

FORTRAN
sNUGO AL WECTUR s vaLUE sHOve S

IFN(S

alND E

o

GZre (SHAKRE)

)

(127

C
s C CAaLlL JACOBT (MAANACT HUGU A6, VECTOR VALUF sHUOUES)
< I . wHERE i . e B o ] . i _
oo C A X DIMENCIUNED oROER OF 4 AnD B AATRICES (LIt 1§ 407
i C CNACT WURKING ORPDER OF & ANp B MaTRICLS
. S C NOGO =0 METHUD SUCESSFULL
" c ) NUGO =1 MATRIX & I5 MOY POSITIVE DEFINITE o
L cC NUGO =ef JLL CONDITIUNED MATRIA F (SEE SHARE wriTEUP=NYEVY,
R Y  MATRIA A OF AX=(LAHBGAIBA B w
C B MATRIA B UF  AX=s(LAMNBOAIBA
5 C VECTOR EJGENVECTUR STURAGE MATRIA = VECTORS BY CoirUMNS
[ 77T C U VALUE  FlGENVALUE STURAGE VECTOR o
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3 C
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