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LIST OF SYMBOLS

Symbol
a local speed of sound
c chord length of airfoil
5 pressure coefficient

g(x) airfoil geometry at mean position

h function describing the airfoil oscillation about
mean steady position

H radius of the computational domain

k reduced frequency based on semi-chord

Li right-hand side vector of the resulting system
of equations

M=V/a local Mach number

I\/I00 freestream Mach number

M, shape functions in time

N, shape functions in space

P local static pressure

P, stagnation pressure

P, freestrearmn pressure

R residual resulting from an approximate solution

Sij system coefficient matrix

u, v perturbed velocity components in the x- and y-
directions, respectively

v flow speed

U00 freestream speed

x = x'/c : . .

v =y'/c nondimensional x and y coordinates

Uoo
t=t = nondimensional time
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LIST G} SYMBOLS (Continued)

mean angle of attack

I-M2
(]

total circulation strength

ratio of specific heats (Y = 1.4 for air)

small number used as convergence criterion
amplitude of the oscillating flap
nondimensional perturbation velocity potential
undetermined parameter at nodal point i and
time level k

integral expression for the squared errors over
the entire flow domain

gradient of a scalar function

Superscripts

upper surface of the airfoil or wake
lower surface of the airfoil or wake

time level k

Note: Subscripts after a comma indicate partial differentiations. In addi-
tion, a repeated index implies summation unless specified otherwise.
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SECTION 1
INTRODUCTION

In recent years, significant progress has been made toward developing
a useful method for predicting steady transonic airloads over airfoils and to
some degree for finite wings. Despite this progress, however, very few satis-
factory methods have evolved for calculating both steady and unsteady transonic
flows, as evidenced in a survey paper by Bland (Ref. 1l). Only recently have
numerical solutions via the finite difference technique been presented for
two-dimensional airfoils executing harmonic motion. More recently, the
finite elernent method has also been applied successfully to solve transonic

flow problems (Refs.2 and 3).

In the present study, the finite element technique is extended to compute
both steady and unsteady transonic flows over lifting airfoils, based on small
perturbation theory. Unlike most existing techniques for solving the small
disturbance potential equation, the present approach solves directly the un-
steady, nonlinear transonic flow equation, with both time derivative terms
retained. Thus the present algorithm can be applied to compute a much
wider class of transonic flow problems, including steady, oscillatory or
transient solutions, either with or without angle of attack. For oscillatory
flow, no assumption is made regarding the oscillating frequency, nor is the
unsteady perturbation necessarily small compared to the mean steady

solution.

The present numerical algorithm was developed using the concept of
finite elements in conjunction with the method of weighted residuals. With
the present approach, the embedded shocks are smeared. Also, a patching
technique has been developed to match the finite element solution constructed
in a moderately large domain with an asymptotic solution for the far field to

avoid the necessity of using a very large domain otherwise needed in com-

putations. The basic element presently used is the product of an element :




in space and an element in time.  The former has a cubic expansion inside

the element, with nodal unknowns representing the perturbed velocity poten-
tial and the two perturbed velocity components; while the latter is a quadratic
Lagrangian element. The «wcsulting system of algebraic equations, which relates
the current time step solution to solutions at two previous time steps, is banded

and can be solved conveniently by Gaussian elimination.

Several aspects of the present numerical algorithm are discussed here-
in. The small disturbance potential equation with associated boundary condi-
tions and the related secondary unknowns are summarized in Section II. The
numerical procedures employed in the present approach are discussed in
Section III. More detailed discussion on the theory and the numerical solution
method is presented in the first volume of the present report. In Section IV,
the two parts of the computer code, namely, UTRANL-I and UTRANL-II are

described separately, in the aspects of scope and flow chart, description of

variables, subroutines used, and finally input and output. Two sample cases

are given in Section V to demonstrate how to use these computer programs,

which are listed in the Appendixes.
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SECTION I
THEORY — ASSUMPTIONS AND BASIC EQUATIONS

The objective of the presznt study was to develop an efficient and accu-
rate numerical algorithm for the analysis of steady and unsteady (oscillatory
and transient) transonic flows over thin airfoils. With this objective in mind,
the formulation was therefore based on the small distnrbance but nonlinear
transonic potential equation for inviscid, compressible fluid. The embedded
shock is assumed to be weak and boundary layer effects are neglected. With

these assumptions, the transonic flow problems under consideration can be
stated in the following mathematical form.

Differential Equation

Loy =[r-md-mE o Jo ve camie oME4 =0 ()

Boundary Conditions

® Vanishing of disturbance at the far field, that is, at infinity

Ve = 0 (2)

® Flow tangency condition on the airfoil surface,

¢, =6 +htg (1+6 ) (3)




@ Unsteady Kutta condition in the wake to ensure pressure being
continuous in the vortex sheet, namely,

Fooat et 4 d
¢,t+¢,x__¢,t+¢,x (4a)

and

¢t = ¢” (4b)

In the above, ¢ = perturbed velocity potential function, Moo = freestream Mach
number, Y = ratio of specific heats, taken to be 1.4 for air, g = geometry of

the airfoil with angle of attack included, § = amplitude of oscillation and h =
function describing the airfoil oscillation. Equation (1) is in dimensionless
form and the x-axis is aligned with the undisturbed flow direction. The dimen-

sional (with primes) and nondimensional quantities are related by

x = =, y=yz'-, t = tt— and ¢ =

T o (5)

where c and Uoo are the characteristic length and speed, which are currently
taken as the chord length and the freestream speed, respectively. Conse-

quently, the characteristic time is ﬁc_' which is the time needed for flow at
o0

freestream speed to travel one chord length.

In actual computations, because only a finite domain can be considered
in the analysis, an appropriate asymptotic solution instead of Eq. (2) must be
imposed on the outer boundary of the finite element mesh. The asymptotic
solution for a two-dimensional airfoil in steady flow has been derived by
Klunker (Ref. 4) as

¢ = —21:77 [-725 sgn (y) +tan'1 (B}%’)]



1 X _ d
+ﬁmlg(§)€

M:;(1+~,)f .2 8 an () y
Y T4 A (x-§)2+3 {y -n)

The first term on the right-hand side corresponds to a free vortex and repre- .
sents the lifting effects; the second term corresponds to a source distribution

whose strength is related to the airfoil thickness distribution g(x); and the

third term, which arises from the nonlinearity of the flow equations, has the

form of a doublet with its strength given by the local value of u2 and is to be

integrated over the flow domain under consideration. Klunker also showed

that the contributions from the thickness and the area integrals are of higher

order effects. For these reasons, only the first term is used currently for

the far field in computing flow over lifting airfoils.

Figure 1 shows the flow field, together with the unsteady transonic
governing equation and corresponding boundary conditions, in a finite domain
used in computations. Numerical experimentations indicate that a flow region
with H >2.5c is generally required to yield solution with adequate accuracy.
For flow with higher freestream Mach number, the flow region should be ex-
tended somewhat to account for effects from the enlarging supersonic flow

pockets. 1

Once the flowfield solution in terms of the perturbed velocity potential

has been obtained, all secondary unknowns can be calculated subsequently.

1/2

These include

2
U
g & [1—2—1- (Ui-v2-2¢tuw)+<-m#‘9-> (7)
' o0
v
m- ¥ (8)
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= 1, the normalized freestream speed, a = local speed of

In the above, U00
V = the total velocity,

sound, M = local Mach number, p = local static pressure,

= pressure coefficient.

P, = stagnation pressure and Cp




| SECTION III
NUMERICAL SOLUTION PROCEDURES

The concept of finite elements in conjunction with the least squares
method of weighted residuals (MWR) is the basis of the present numerical
procedures in solving the small disturbance unsteady transonic flow equation.
The use of the least squares formulation ensures that the resulting matrix

is positive definite and well conditioned. The numerical procedures including

o o

the finite element formulation, element description, the imposition of boundary

conditions, and time marching procedures are described in the following sub-

2 _

sections.

4 1. FINITE ELEMENT FORMULATION

The finite element method, in conjunction with the least squares method
of weighted residuals, is used herein to solve numerically the unsteady small
| perturbation transonic equation. In this approach, a set of locally defined trial
‘ functions with undetermined parameters is assumed as the approximate solu-
tion, and the integral expression for the square of errors committed by the
approximate solution is formulated. Then the integral of square errors in
b the time-space domain is minimized wtih respect to the undetermined param-
A eters to yield a system of algebraic equations. In act‘ual computations, the
minimization process is performed at the element level and then an assembling

process is invoked to obtain the system of algebraic equations.

Written in the usual manner with repeated indices implying summation,

the approximate solution has the following form

:-‘l

A
¢=N.Mk¢1.: (i=1ton, k=1to3) (11)

1




N, (x,y) (12)

Herein, N, = shape functions in space, M, = shape functions in time, d)k = the
undetermined parameter at node i and time level k, and n = total number
of unknown parameters at one time level; three time levels are involved
in the time marching process. As discussed in the first volume of this re-
port, for stability reasons, the resulting residual is modified to take the

following form

(14)

and o is approximated by

= (1-Mi)-Mi(1+‘y)Np’xd>l3) (16)

From the expression of R, an integral expression for the square errors is

- ff R dAdt (17)

Upon minimization of X with respect to the undetermined parameters at time

obtained as

level k = 3, one obtains

f__ag_ R dAdt = 0 (18)
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Letting

3 2 3
T 03 T O PNy B M (N N Gl (9
i

the resulting system of algebraic equations then becomes

W, [(aN. N, )-B|¢%aadt = o (20)
i Boxx T N yy! T B9

Or in the form of a recurrence relationship, as

3 _
Si; ¢J. % s (21)
where
s, = fw. [*N, __+N, - BJ] dadt (22)
1) 1 J, Xx 1Yy J
and

k. ,k
1L = W, |aN. + N. - B. . dAdt, k=2,3 23
h /] il i, xx i yy J]¢J (23)

Equation (21) will be used to solve for ¢; in terms of d)jl and ¢JZ

As stated earlier, the system matrix is obtained by combining appropriate

contributions from all the elements. The element matrices, in turn, are eval- 4

uated effectively by numerical integration to avoid the tedious and error prone

algebraic manipulations. The Gaussian quadrature presently used has seven

points in the spatial direction, and two points in the time direction. This

|
|
;




quadrature formula can integrate exactly the product of a quintic polynomial

in space and a cubic polynomial in time.

ELEMENT DESCRIPTION

The basic element presently used is the product of an element in space
and an element in time. For the finite element approximation in the spatial
directions, the nonconforming cubic triangular elements developed by Bazeley
et al. (Ref.5) are used. Also used in the program are quadrilateral elements
constructed from these triangular elements. The element in time is a quad-

ratic Lagrangian element.

The basic triangular element is shown in Fig.2, which at each vertex
has the function itself and its two first derivatives (velocity components) as
undetermined parameters. This type of element was adapted mainly because

boundary conditions of both Dirichlet and Neumann types can be imposed with

3 (¢3, u

3,v3)

1 (¢ l'ul'vl)

Figure 2 - Triangular Element with Undetermined Parameters




equal convenience. In addition, because velocities at nodes are treated as
primary unknowns, secondary unknowns such as local Mach number, and
pressure coefficients, etc., can be computed directly without resorting to
numerical differentiation and thus assuring higher accuracy. Furthermore,
the use of higher order elements can usually improve computational effi -

ciency as evidenced in most finite element analyses.
In the element, the approximate solution is assumed as

= 1to?9) (24)

in which ¢ 's are the nine undetermined parameters of ¢ and its first deriva -
i
tives at the nodal points as shown in the figure and Ni's are the corresponding

shape functions, which are expressed in terms of area coordinates.

Defined in the following are these shape functions and their first and
second derivatives,

Letting

area of triangle 1-2-3 = (bjck - bkcj)/Z
a=0.5 (ck—cj)

B=0.5 (bj-b

H = bigjgk + bjg'kg'i < 3 bkg'ig'j

X!

HY = ci§j§.k + ng'kg'i + Ckgi;j

Hye = 2(5;bby + L.byb, + ybyb:)

Hyy = 2(!,:.icjck + chkci + chicj)




with i=(1,2,3),j=(2,3,1), k=(3,1,2), then one has
for £=(1,4,7). i=(1,2,3),

_ ¢l
Nl = Qi (3-2§,i) + 2H

1
Nyt 2r (i8-8 20

Y = _1___ -~ il
No,y T 2A [6“14'1(1 i) ZHY]

— [6bzi(1-2§,i) + ZHxx]

N
1, xx (ZA)Z

1 2
5 [6ci(1-2§,i)+2H

Nl» YY - (20) YY]
for t=(2, 5, 8), i=(1,2, 3)

-
N, = Qi(ckgj-cjgk) + aH

Ny x " 24 [Zbigi(ckgj - e by) ¥ 2AL; 4 “Hx]

= .
Ny vy~ 24 lzcigi(ckgj c;by) ¢ “Hy]

1 2
N = 2b. (c
L, xxt (ZA)Z [ i
1

Lyy (24)

MIEERAME 4b,(24)L +aHxx]

2
N 5 [2ci(ck§.‘i - chk) + aH

]

for £=(3,6,9), i=(1,2,3)

e e e S

],
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)
N, & lzbg(bg -b;)+pH|
Lx =38 | 2Pi%ilP0 K T Pk e
P - 2
Ny, "2 [268 405, - B8y + 2485 + BHyl

__ 1 [2 .
= [zbi(bjc,k b )+ BHxxl

1, xx (ZA)Z
=il & 2 B _
Ny oy o [2ci(bj§k by L)+ 4e,(2A00 + BHyy!

The undetermined parameters are arranged in the order of ¢1, a4y, Ve ¢2, s,

Vo ¢3, u, and Ve

The elements constructed from the basic triangular elements are shown
in Fig.3 which are also used in the program. The quadrilaterals are used to
save input data otherwise necessary, while the trapezoidals can be used to
eliminate bias effects and to remove the improper upwind influence from the
downwind station in the calculation of steady transonic flow. The element
matrix for a quadrilateral is obtained by combining approximately the matrices
for two triangles, while the matrix for a trapezoidal element is obtained by
combining and averaging contributions from four (two left-running and two right-
running) triangles. In any event, the present program selects automatically

the type of element to use, according to the flow behavior in the element.
For the finite element approximation in time, the one presently used is

a quadratic element using Lagrangian interpolation, as shown in Fig. 4. In the

element, the approximate solution at node i is assumed as

- k
- ¢i pr Mk ¢- (25)

14




a. Quadrilateral Element b, Trapezoidal Element

Figure 3 - Elements Constructed from Baric Triangles

t)

L1
-—"'-"' \
%3

Figure 4 - Shape Functions in Time
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where the shape function Mk is defined as

t - t.

= = il = =

M, I .(t -t.)'*] lto3, k=1to3
k#j \k 7j

The three shape functions in time are shown schematically in Fig.4.

3. THE IMPOSITION OF BOUNDARY CONDITIONS AND TIME MARCHING

As stated earlier, the imposition of boundary conditions for the present
problem can be carried out conveniently because the elements presently used
have function value and two first derivatives as primary unknowns. The asso-
ciated boundary conditions thus can be treated as the essential type, i.e., having
prescribed values. Standard finite element methodology is therefore followed

by assembling first an unconstrained problem and then modifying the matrix

equations accordingly.

On the airfoil, the boundary condition of flow tangency is imposed. This

is accomplished by replacing the algebraic equation for ¢ at node i originally

1

generated by

(¢ ). = §(h  +h )+ B x(1+9 (26)

’ y 1 ’ X)i,
where (¢ y)i designates the unknown ¢ v at node "i", A linearized boundary

cordition is obtained by omitting ¢ x in the last term, which is to be imposed
’
alo.. the chordline,

On the outer boundary of the finite element mesh, for computing steady
flow, asymptotic solution in the form of Eq. (6) is imposed. However, as it
has been shown that, with a moderately large domain, the contribution from
the thickness and the area integrals are of higher order effects, therefore
only the first term representing the lifting effect is incorporated in the

present program. The circulation strength, in turn, is updated systematically

16




according to the potential jump calculated at the trailing edge. For unsteady
flows, the circulation strength corresponding to mean steady flow is first
computed and kept unchanged on the outer boundary. For symmetric airfoil

without angle of attack, the circulation is set equal to zero.

The boundary conditions along the vortex wake, as defined by Egs.(4a)
and (4b), are imposed in the following way. To impose the first condition for
a pair of nodes along the wake, the two finite element equations generated

originally for ¢+x and d)'x are properly combined to yield one equation, while

the equation for ¢+x is replaced by the following equation:

(3) (3) (3) (3)

-, My T T )

(2
~ Mz,t(¢

(2) 1y (1)

). LV
A TSN 27)

where M is the shape function in time and the supersc ripts denote the time

steps, while solutions for the first and the second time steps are known.

The second condition, Eq. (4b), can be imposed in a similar fashion.
This condition, within the limit of small perturbation assumption, will ensure
that flows just above and below the branch cut are tangent to each other. There- ;‘&_‘
fore, flow at the branch cut behaves as an unsteady vortex sheet, and in the |

steady case this vortex sheet will vanish eventually.

In the present program, no special efforts have been devoted to treat
the leading edge singularity. Any rigorous approach should consider also the
invalidity of small perturbation theory in these regions, which is certainly
beyond the scope of the present study. Nevertheless, these regions are rela-
tively small and the flow is usually subsonic in nature, which implies any error

committed is generally localized and becomes less important elsewhere. A

17




possible remedy is to use very fine elements in that region and treat the lead-
ing edge as a singular point. In practical computations, however, an element
with its area approaching zero might create a new numerical problem because
all shape function derivatives involve element area as divisor. Therefore,
caution must be taken in using extremely small elements.

With the equations properly assembled and boundary conditions imposed.

the system of algebraic equations is finally solved by marching in time in the

form

(n) _
S ¢J. = L, (27)

to solve for the solution ¢(n) at the nth time step. The term on the right-hand

side is evaluated according to Eq. (23), with the solutions a4 the previous two

time steps.

When a steady flow is to he computed, Eq.(27) is to be solved subject
to certain prescribed convergence criteria. The one presently used is that
the relative change of local Mach number between two consecutive time steps

should be less than a prescribed small number for all the nodes in the flow
field, that is

M(n) i M(n-l)

M(n) < € (28)

Numerical experimentations indicate that a solution with adequate accuracy

is generally obtainable with € in the range 0.001 < € < 0.005.
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SECTION IV
PROGRAM DESCRIPTIONS AND USAGE

As stated earlier, the present computer program is capable of analyzing
both steady and unsteady (oscillatory and transient) transonic flows over thin
airfoils by solving the small disturbance but nonlinear transonic potential equa-
tion. The numerical algorithm is based on utilizing the finite element technique
in conjunction with the least squares method of weighted residuals. To solve
a particular transonic flow problem, an appropriate finite element mesh must
first be set up, followed by using the numerical procedures summarized in
Section III. Thus the present programs are separated into two parts — the
first part which generates the necessary mesh information from a limited
number of input cards and the second part which carries out the analysis with
element mesh generated in the first part. By doing so, the generated mesh
can be fully inspected for its correctness prior to the analysis, and storage
required in the second program can be accordingly determined to suit each
particular problem. These two programs are designated UTRANL-I and
UTRANL-II (Unsteady Transonic Flow by Lockheed, parts I and II, respec-

tively) and are described in more detail in the following.
1. UTRANL-I

Scope and Flow Chart

This program reads in a limited number of input cards and generates
mesh information such as element nodes, nodal coordinates, boundary nodes
and airfoil slope, etc., to be used in the second program. The mesh is gene-
rated for the finite flow domain indicated in Fig.1, with the outer boundary
set to be a circle centered at the midchord of the airfoil. The present pro-
gram generates initially a mesh based on the geometry of a 6% thick circular
arc airfoil and, for airfoils of other geometric shape, the y-coordinate and

surface slope of nodes on the airfoil are corrected accordingly, using a BLOCK

19




S e -

DATA which defines the geometric shape of the airfoil under consideration.

o

Additionally, the present program has an option for plotting the gencrated

mesh for quick inspection. A schematic flow chart of the program is shown

s T

in Fig. 5.

The program as presently dimensioned requires approximately 468 K

words to run and can accommodate the following maxima:

400 elements
400 nodal points

100 nodes for each type of boundary conditions, and

10 nodes connected to any node in the mesh.

¢ Description of Variables

TITLE Array used to describe the problem
under consideration.

b IOPT Array containing the option keys which

; are activated when read in as ''1." Pre-
sently there are two keys in the program,
IOPT (9) for using the BLOCK DATA

b | to generate the required airfoil geometry

and IOPT (12) for mesh plot option.

NDEL Array containing element node points.

X Array containing the x-coordinate of
nodal points.

Y Array containing the y-coordinate of
nodal points.

NIDS Array containing the actual number of
boundary nodes for far field, on the line
of symmetry, and along the airfoil surface.

NID Array containing the nodal numbers for
each type of boundary nodes mentioned
above.
| VAF Array containing the airfoil slope for nodes
A on the airfoil surface. §
NEM Maximum number of elements allowed.
NPM Maximum number of nodal points allowed.
20 ‘ '
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START

TITLE
IOPT (Control Keys)

i

Call

MESHBW

(Generate mesh infor-
mation from a limited
number of input cards,
including ID)

<

'

Read

NIDS, NID

(Boundary nodes)

No

¥

Subroutine
MESHBW

Yes

1‘

Yes

Call
RAIF

IOPT(12)=1?

Y

T

Print Output Data

Y

Punch OQutput Data
(or store on tape)

}

@

ck to Start for Next Case
(Stop if EOF read)

Call MPLOT
(Plot generated mesh)

Figure 5 - Flow Chart of UTRANL-I
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Total actual number of elements.

NPS Total actual number of nodal points.
NBW Full bandwidth of the resulting system
matrix.

Control key for calling the subroutine
GOCR to compute a 6% thick circular

arc airfoil geometry (y-coordinate and
surface slope) and the corresponding far
field boundary curve. Values on the upper
surface or lower surface are computed
according to ID=1 or -1. GOCR will not
be called if ID = O.

The distance between the leading edge and
the point farthest to the left in the computa-

tional domain.

XTE The distance between the trailing edge and
the point farthest to the right in the computa-

tional domain.

iD

XLE

Subroutines

MESHBW: This subroutine is called to generate mesh jnformation in-

y of element nodes, total number of elements, x-

cluding the following: arra
1 num-

odal points, and the maximum difference in noda

and y-coordinates of n
In generating this information, a small

bers between two connected nodes.

t cards 1s required, which will be described later.

amount of inpu

MPLOT: This routine plots the me sh generated together with the original

using the CALCOMP plotter. Correctness of the mesh can
cond program.

node numbering,
thus be checked quickly prior to running the se

GOCR: This subroutine, if called, generates the y-coordinate surface

slope at a node on the 6% thick circular arc airfoil by specifying the corre-

sponding x-coordinate. For other airfoils, the following subroutines and

BLOCK DATA are called to generate the correct values for the airfoil under

consideration.



...
—

i RAIF: This subroutine is called when IOPT(9) = 1, to generate the y-
' coordinates and surface slope for nodes on the airfoil, based on available

tabulated data for airfoil thickness distribution.

GMPG: This subroutine is called to compute the surface slope for

1 preselected points on the airfoil, using the data given in BLOCK DATA.

BLOCK DATA: This data block defines the thickness distribution ac-

i cording to available tabulated data for the specific airfoil to be studied. This
i

subroutine is to be used for any airfoil, provided the pertinent data statements
- are supplied.

Input and Output

All input and output are referred to the automatic numbered scheme,
with input in the form of punch cards, and output in the form of printout and

punch cards. If subroutine MPLOT is called, the mesh is also plotted for
1 the convenience of inspection.

Input

i Input cards to this program should be prepared and provided in the
order described below.

2 A. TITLE CARD (12A6)

Col.1-72 Description of the problem under study
B. OPTIONS CARD (4012)
Col. 18 Punch " I" for airfoil other than the 6% thick
circular arc.
4 Col. 24 Punch " 1'" if mesh plot is desired b
] C. ELEMENT CARDS (1615) |

These are cards supplied to generate element nodal numbers
in groups. One card is needed for each group of elements
whose nodes are related in a regular pattern. The number
of elements in a group can vary from one to any positive
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integer number, depending on how the nodes are numbered '
originally. There can be as many cards as required to

generate the element nodes, and a blank card is added at

the end to terminate the process.

1-5 Number of nodes per element. Punch 3 for
triangular elements, and punch 4 for quadri-
lateral and trapezoidal elements.

6-10 Number of elements in one direction (called
first direction).

11-15 Number of elements in the other direction
(called second direction).

16-20 Increment of nodal numbers in the first
direction.

21-25 Increment of nodal numbers in the second
direction.

26-30 First nodal number in the element

31-35 Second nodal number in the element

36-40 Third nodal number in the element

41-45 Fourth nodal number in the element

("0 for triangles)

As stated before, element nodes are presently ordered in the counterclock-
wise direction, and the upper left corner node should be taken as the first
nodal point in an element located in the anticipated supersonic region. This

is required to enact the assembling process correctly in the supersonic pocket

for steady flow.

For example, to generate element nodes for the mesh shown on page 25,
three input cards are required: one card for the first 12 elements, second card

for the next two elements, and the third card for the triangular element. The

three cards are:
4 1 2 1 5 & 1

3
4 1 2 0 1 18 17 21 22
1 0 0 20 19 23 0 :

(Ended by a blank card when all elements are covered)
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D. CARD FOR TOTAL NO. OF NODES (I5)
Col. 1-5 Total number of nodes for the entire flow region.
1 E. CARD FOR LEADING AND TRAILING EDGE (2F10.0)

Col. 1-10 The distance between the leading edge and the
point farthest to the left in the computational
domain.

,;;:; 11-20 The distance between the trailing edge and the
4 point farthest to the right in the computational
domain.

F. NODE COORDINATE CARDS (315, 5F10.0, 1I5)

The x- and y-coordinates of nodes are also generated in
connected groups. A connected group of nodes are those
falling on a straight line with a constant ratio of nodal dis-
tances and constant increment in nodal numbers as well.
The intermediate nodal points can thus be generated by
linear interpolation. Again, the process is terminated

by encountering a blank card.

Col. Description
1-5 Node number of the beginning nodal point.
6-10 Total number of nodes on the line. ‘
| 11-15 Increment of nodal numbers between two 1

consecutive nodes.
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Ratio of distances between three consecutive nodes.
x-coordinate of the beginning node.

y-coordinate of the beginning node.

x-coordinate of the end node.

y-coordinate of the end node.

0 if a node does not fall on the airfoil surface.

1 for calling GOCR to compute y-coordinate and
surface slope for the upper surface; -1 for those
on the lower surface.

For example, to generate the coordinates for the nodes depicted below with

a constant distance ratio of 1.2, the input card should read as

G. CARD FOR NO. OF NODES ON BOUNDARIES (1615)

Col.
1-5

6-10

11-15

Desc riEtion

Number of nodes on the outer boundary
(called NFARF)

Number of nodes on line of symmetry
(called NWAKE)

Number of nodes on the airfoil surface
(called NBODY)




H. CARDS FOR BOUNDARY NODES (1615)
(a) Nodes on the outer boundary (NFARF entries)
(b) Nodes cn line of symmetry (NWAKE entries)

Output

The output from this program is in the form of printout, punch cards,

and also a plot if the mesh plot option is invoked.

The following items are printed in the order as described:

Title of the problem under study
Control keys specified in the options card

Total number of elements, number of nodal
points, and the full bandwidth

Element numbers and element node points

Nodal numbers and their corresponding x-
and y-coordinates

Nodes on each type of boundaries, and

Slope for nodes on the airfoil surface.

-~

The above items, except the first two, are then punched and saved as input to
the second program (UTRANL-II).

UTRANL-II

Scope and Flow Chart

This program carries out the analysis following the numerical pro-
cedures described in Section III, with any mesh information generated and

supplied through the first program. In summary this program solves the

small perturbation transonic potential equation, by marching in time, via

the least squares finite element technique. The embedded shock waves are
smeared and the resulting system of algebraic equations, relating the solu-

tion of current time step to the solutions of previous two time steps, is solved




T

e

by direct elimination. The present program has four options, one for inputting

nonzero initial guess of the solutions, one for computing in the same run solu-
tions for higher Mach number(s) using results computed for lower Mach nuinber

case(s), the third one for selecting the form of boundary conditions on the air-

foil, and the last one for updating the circulation strength. A schematic fiow
chart of the program is shown in Fig.6.

The program as presently dimensioned requires approximately 177 K

8
words for the program itself and can accommodate the following maxima:

173 elements
202 nodal points

50 nodes for each type of boundary conditions, and

84 in full bandwidth of the resulting matrix
equations.

Description of Variables

TITLE Array used to describe the problem under
consideration

I0PT Array containing the option keys which are
activated when read in as '"1.,"" Presently
there are four options: IOPT(1l) for con-
tinuation for high Mach number cases while
using existing results computed for earlier
case, IOPT(2) for inputting non-zero initial
guess, IOPT(3) for selecting the linearized
boundary condition applied along the airfoil
chordline, and IOPT(4) for updating the
circulation strength.

NOD Array containing element node points

S The resulting system matrix with main :
diagonal terms stored in the column
numbered NHBW. After solving, the
column numbered NBW contains the
solution for the current time step.

SL1 Array containing the solution for the first 4
time step '

SLP Array containing the solution for the second
time step.
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START

E §

E Read TITLE

: IOPT (Control Keys)

i £ RMAC, RKSC, ANDG, XHP, XTE | —
B DTM, TFIN, TO, ZTEST, ALPHA, CIRCO

E (Problem Paraineters)

&
i = 3

b IRES = l,SctTl,TZ,T3

(Start the Integration)

; Yes
4 -—
1
i Ma

. Read Inout Generated from
UTRANL-1

g T

Move Alrfoil Nodes to Chordline ]

v

PR T LR A 8

Print Mesh Information, etc, [

'

Set Actual Size of the Problem
NEQ, NHBW

Read SLP(I) = 0.0 Yes No SL1{I) = 0.0
S(I, NBW) SLP(I) = 0.0
(Initial guess) (Initialize previous

step solutions)

B ——
s

I,
s TSP

s

y

P S

§

f

IRES = IRES+ 1

Tji=ils
T = T ‘-—
Y

3 T3 + DTM

Solve UTPDE
(Unsteady Transonic Partial
Differential Equation)

Figure 6 - Flow Chart of UTRANL-II (Continued)
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Call OUTP
{Print Computed Results)

!

Call FPLOT
(Display Cp on the Airfoil)

Converged?
(For steady flow only)
~~or IRES > TFIN —

No

| Update Solution
== SL1, SLP

IOPT(4)=17?

Yes

SLP(I)

Punch S(I, NBW)

Yes

Update

CIRCO

Figure 6 - Flow Chart of UTRANL-1I {Completed)
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RML

NIDS

NID

VAF

AR

LK

NEM
NPM
NCM

NRM
NELS
NPS
NBW

NHBW

NEQ

ZTEST

RMAC

Array containing the x-coordinate of nodal
points

Array containing the y-coordinate of nodal
points.

Array containing values of local Mach number
at nodal points for the current time step.

Array containing values of M2 + M2 (1+7)u
evaluated at nodal points. i ®

Array containing the actual number of boundary
nodes for far field, on the line of symmetry,
and along the airfoil, respectively.

Array containing the nodal numbers for each
type of boundary nodes mentioned above.

Array containing the airfoil slope for nodes
on the airfoil surface.

Array to store values for use in subroutine
FPLOT.

Another array to be used in the subroutine
FPLOT.

Maximum number of elements allowed.
Maximum number of nodal points allowed.

Maximum full bandwidth allowed in the
resulting system matrix.

Maximum number of equations allowed.
Total actual number of elements.
Total actual number of nodal points.

Full bandwidth of the resulting system
matrix.

Half bandwidth of the resulting system
matrix.

Number of equations in the resulting
system of equations.

Small number used to check convergence
based on the relative change of local Mach
number between two consecutive iterations
in steady flow computations.

Freestream Mach number.
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Reduced frequency based on semi-chord,

and then converted into that based on chord
length in computations. (RKSC = 0 for steady
flow).

Amplitude in degrees of the oscillating flap.
(ANDG = 0 for steady flow).

x-coordinate of the hinge point.
x-coordinate of the trailing edge.

Desired number of time steps in each period
of time, which is then converted into time
increment At in computations. (For steady
flow the input value of DTM is used as At).

Total number of time steps to be computed.
Initial time level, usually set equal to zero.

Angle of attack of the airfoil at mean steady
position.

Circulation strength for airfoil at its mean
position.

Square of the freestream Mach number.
Number of time-marching steps.
Perturbed velocity potential.

Perturbed velocity component in the x-
direction.

Perturbed velocity component in the y-
directicn.

Total velocity component in the x-direction.

The ratio of local static pressure to stagnation
pressure.

Pressure coefficient.

Change of local Mach number between two
consecutive time steps.

Normalized unsteady pressure coefficient.

Subroutines

NEWK: This subroutine is called in the main program to generate system

matrix for the entire flow field by assembling appropriately the element matrices.




:
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The elements are, in general, a combination of triangles, quadrilaterals and
trapezoids. For a 4-node element, this subroutine also determines either to
treat it as a quadrilateral or as a trapezoid, depending on the local behavior
of the governing equation being elliptic or otherwise. Subroutine EMQT is

called to generate the element matrices.

OUTP: This subroutine is called in the main program to compute the
secondary parameters (Mach number, pressure coefficient, etc.), and to print
all the computed results at all nodes. These include the perturbed velocity
potential, total velocity components in the x- and y-directions, the value of
Mazo (1 + 2.4u), local Mach number, the ratio of local static pressure to stag-
nation pressure coefficient, and finally the change of local Mach number
between two consecutive time steps. Also computed are the differences of

pressure coefficients between the upper and lower airfoil surfaces.

BCDS: This subroutine is called in the main program to impose all the
relevent boundary conditions. These conditions include the far field condition,

the airfoil flow tangency condition, and the condition of equal pressure along
the wake.

EMQT: This subroutine generates element matrix for elements in the
form of triangles, quadrilaterals and trapezoids. Element matrix for the
latter two types is obtained by combining appropriately (and averaging for the
last type) contributions from triangular elements which are in turn evaluated
in subroutine EMTC.

EMTC: This subroutine evaluates the element matrix for a space-time
element by numerical integration, presently with Gaussian quadrature. The
one used in the program has 7 points in space and 2 points in time, which inte-

grates exactly a quintic function in space and a cubic function in time.
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Shown below are the locations of the Gaussian points in space with their

corresponding weights.

0.05961587
= 0.470142056
= 0.79742699
0.10128651

Points Area Coordinates Weights

1/3 0.225

By
g5 0.13239415

o

B, |
B, 0.12593918
a

2




weights.

Shown below are the Gaussian points in time with their corresponding

4 o= ® o ——o
-1 P 0 q 1
Points | Normalized Coordinate | Weights
p -0.55555556 0.5
a +0.55555556 0.5

TDRU: This is a subroutine called by EMTC to evaluate the first and

second derivatives of the shape functions in time at a Gaussian point.

DERV: This is a subroutine called by EMTC to evaluate the first and

second derivatives of the shape functions in space at a Gaussian point, based

on the expressions listed in Section III (2).

BNDEQ: This is an equation solver for banded nonsymmetric system
of algebraic equations, utilizing the direct Gaussian elimination scheme. In
this solver the system matrix is arranged in a twisted form such that main

"**. diagonal terms are stored in the column numbered NHBW and the right-hand
1 side vector is in the column NBW. After solving, the column numbered NBW

contains the solution vector.

b FPILOT: FPLOT collects and stores data as it becomes available, and
upon signal, produces a printer plot in practically any orientation and size.
It should be regarded as a general purpose output routine for displaying out-
1 put data in graphical form.
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Description of Parameters

Ml Size of the main storage array, and it
should never be larger than 200, which
corresponds to 100 points to be plotted.

‘ IPNT Counter initialized — usually IPNT =0 -
- in the calling program. It is incremented

by 2 each time a new data point is entered
in AR.

AR Main storage array. It should be in a
dimension statement in the calling pro-
gram. For example, DIMENSION AR(800).

LR An array of bytes used to hold the curve
number. It should be dimensioned for M1/2.
The type declaration LOGICAL*1 LR(400)
should be in the calling program.

ISTOP Flag used to signal that all data has been
entered. ISTOP = 0 causes data to be
stored. If ISTOP = -1 and NC = NCMAX
the program immediately branches to the

7 plotting section. If ISTOP =1 and NC"=
NCMAX a data point is stored and then the
plotting section is entered.

NC Curve number for which data is being en-
, tered. It must be a positive integer less
4 than 21.
NCMAX The number of curves to appear on the graph.
This is the largest value NC'will have.
V1 The horizontal coordinate of the data point to
be plotted.
: ve The vertical coordinate of the data point to
L be plotted.

Input and Output

\,,} Input

The bulk of input to this program is provided through UTRANL-I in the

form of punch cards. To run several cases of various freestream Mach num-

ber and oscillating frequency but using the same mesh and boundary conditions,
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{our additional cards should be furnished for each case to be computed. These

cards should be provided in the following order

g A. TITLE CARD (12A6)
Col.1-72 Description of the problem under study

B. OPTIONS CARD (4012)

Col. 2 Punch "1 if it is a continuation
in computation from one case
to another.

Col. 4 Punch "1" if cards for nonzero initial
guess is furnished in the input data.
If so, insert them following those
generated from UTRANL-I.

i Col.6 Punch '"1" if linearized boundary condi-
1 tion along the chordline is desired.
Col. 8 Punch " 1" if circulation is to be updated.
';, NOTE: As seen in the flow -hart, when IOPT(1) = 1, the next two options

4 become inoperative.

C. PROBLEM PARAMETERS CARDS (8F10.0)
First Card
'1 Col. 1-10 Freestream Mach number.

Col.11-20 Reduced frequency based on semi-chord
(0 for steady flow).

Col.21-30 Amplitude in degrees for the oscillating
flap. (0 for steady flow).

Col.31-40 x-coordinate of the hinge point.
Col.41-50 x-coordinate of the trailing edge-.

Col.51-60 Number of time steps desired in one period
| of time or time step size for steady flow.

Col.61-70 Total number of time steps to be computed.

Col.71-80 Initial time level counted in time steps.
(Usually set equal to zero; with nonzero value
when initial solutions are provided)
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Second Card

Col. 1-10 Small number used to check conver-
gence based on the relative change of
local Mach number between two con-
secutive time steps, if flow approaches
a steady flow, usually taken in the
range from 0.005 to 0.001.

Col. 11-20 Mean angle of attack of the airfoil

Col. 21-30 Circulation for flow with the airfoil
placed at its mean position.

For the first case of the run, punch cards from UTRANL-I are placed after
the above cards. For subsequent cases using the same mesh, four additional

cards as described above are required for each case.

OQutput

The output from this program include printout, punch cards and solutions

for the last two time steps (or convergent solutions for steady flow).

The printouts are in the following order:

Title of the problem under study
Convergent limit (for steady flow)
Control keys specified in the options card

Total number of element, number of nodal points,
and the full bandwidth of the resulting matrix
equations

Element numbers and element node points

Nodal numbers and their corresponding x- and y-
coordinates

e Boundary nodes for each type of boundaries
e Slope for nodes on the airfoil surface

For each time step, the computed results at all

nodal points are printed. These include the per-
turbed velocity potential, total velocity components

in the x- and y-directions, the value of MC,Zo (1+2.4u),




local Mach number, the ratio of local static pressure
to stagnation pressure coefficient, and finally the
change of local Mach number between two consecutive
time steps.

For each time step, the unsteady pressures on the air-
foil, for the upper and lower surfaces, as well as their
difference, are printed. At the end of each period, the
mean pressures on the airfoil, for the upper and lower
surfaces, obtained by time average within a period, and
their difference, are also printed.

For steady case, the value of C along the airfoil is dis-
played graphically. For unsteady case, the difference
of unsteady pressures across the airfoil is displaced
graphically.




SECTION V
SAMPLE CASES

ki Two sample cases are presented herein to demonstrate the usage of
the computer programs described in the previous section regarding input
and typical output from the programs. The two problems are flow over a
NACA 64 A006 airfoil with a quarter-chord oscillating flap and flow over a
lifting NACA 64 A410 airfoil.

In computing the steady or unsteady transonic flow field for a given
airfoil shape with the present programs, the following procedures are gener-

ally followed:

® A desired mesh is sketched with each node assigned a number.
In order to save storage and computation time, nodal points
should be numbered along the direction with less number of
nodes, such as shown in Fig. 7.

e Based on the mesh sketched, an appropriate set of input cards
is prepared and supplied to UTRANL-I to generate the required
mesh information in the form of punch cards.

® The above punch cards, with four additional cards for each
case and cards for non-zero initial guess if available, are
used as input to UTRANL-II to compute the flow field.

® During the execution of UTRANL-II, results for each time i
step are printed, and solution for the last two time steps
is saved in the form of punch cards for possible later use.

k. The following paragraphs describe in more detail the input and output

for the two sample problems.
l. FLOW OVER A NACA 64 A006 AIRFOIL WITH AN OSCILLATING FLAP

This problem was analyzed using the mesh shown in Fig. 7, which con-

sists of 173 elements together with 202 nodes. Summarized below are the
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Figure 7 - Finite Element Mesh for NACA 64 A006 Airfoil
(173 elements, 202 nodes)




input and output to theUTRANL-I and UTRANL-II programs for the present

! problem.

UTRANL-I

i R RS,

Input

The necessary set of input cards is listed on the next two pages. Note

ok

that both options for plotting mesh and using BLOCK DATA are to be enacted,

AR 2

and the final mesh will have nodes on the actual ajrfoil surface rather than

4 on the chordline.

.
B A e T TR o,

S PR e
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Input Cards to UTRANL-I for NACA 64A006 Airfcil

UNSTEADY TRANSONIC FLOUW==MESH L3 MUDIFIED=--170 ELEMENTS--202 NODLES
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(Blank Card)




AR R s SR e e

v

s

{ jmm

haok BB B

P o ST

T i e R TR s

<02
e

w
3

r4
7
14
e3
J
-]
15
<4
4
25
46
a7

8
59
70
71
2
[-¥]
Y4
L)
106
107
118
119
150
131
142 o
143
154
19%
106
167
177
106
193
198
201
178
147
1Y4
199
(Blank Card)
Gc 10 2¢
1 &4 -]
7 88 oY
174 182 1ad
166 167 177

NP ORARLPOPOOCOCOCOCOCOCOOODROCOCOOOOOOO COCOCOUSLLAULSLN
J

e e e e

202
le9
le8
le?
2e2
le¥
leb
le7
le?
le7
le?
le7
le7
le?
le?
le?
le?
le?
le?
le?
le7
le?
le?
le?
le?
le?7
le?
le?
le7
le7
le7
le?
le?
le?
led
2e

le

le?7
le?
leB
2e

v
100
190
178

i1
101
11
le6

-1e42
~-e887
-e645
-e535

-1e42
-«887
-e645
-e53%
~edYy
-0 kY
-e 45
~e85
-e37%
~-e375
~-e29
-025
-¢100
-¢100
0e¢025
Oe 0cb

o129
125
0225
0225
275
279
375
¢ 375
e 450
¢ 450
5
[}
0565
0695
0955
1e6
205
¢ 565
2695
9955
1¢6

18 19
112 113
196 137
187 193

~0255
~-0115
~e 045
~e02
e 255
ell5
0045
002

-¢ 00001
~-¢00001
-¢00001
-¢00001
-¢00001
¢ 00001
« 00001
¢« 00001
«00001

e a2y
124 12bo
200 <Ol
194 198

44

~Cebé& -e527
~2¢0359 ~1e46
~1e68 -1e86
-lel3 —-2e25
—2elb& 527
~2e039 1e46
~-1eb68 1686
=1el13 225
126 ~2e 16
173 =18
celd =1e3
2ol ~e78
2e5 ¢ 00001
1e£6 2016
1e73 18
2eld 13
Eeab 78

40 41 Sec
1o 137  14b
202
199

53
lay

e e e e P fur pae Pae e Bae pua oA e jaa Bee e e Bea Bt B B e B s

64
160

65
161

76
172
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As statced before, output of this program includes printouts, punch cards
and a plot for the generated mesh.

Printouts and punch cards for the present mesh are listed on the next
11 pages.
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Printouts from UTRANL-1 for NACA 64 A006 Airfoil

@ UNSTEADY TRANSONIC FLOW==~MESH L3 MODIFIED~~173 ELFMENTS~--202 NODES

{ 1-0-0=-0=0-0-C-0 1=C =C-7

| NO., OF ELEMENTS= 173 NO, OF NOCES= 202 FULL BANDWICTH= 8%

t ELE. NOo AND ELEMENT %UDES
. 1 4 1 2 3
i 2 2 2 7 8

3 8 7 14 15
4 15 14 23 24
| 5 24 23 34 3%
6 2 1 5 6
4 7 7 2 B 0
| 3 € 5 11 12
] 9 7 6 12 13
: 10 1u 7 13 0
; 11 12 11 19 2¢

1 12 13 12 20 2%
| 13 14 13 21 22
‘; 14 23 1s 22 ¢
: 15 20 19 29 3¢

16 21 20 30
17 22 21 31 32
, 18 23 22 32 33

1 19 3% 23 33 e
: 20 24 3¢ 36 0
] 21 2¢ 24 36 37

o2 26 25 37 38
23 27 26 38 39
| o4, 28 27 39 O
25 15 24 2% 0
| 25 16 15 25  2¢

b 27 17 1e 28 27

: o8 18 17 27 28
29 8 13 16 0
30 9 3 16 17
31 10 3y 17 18
32 3 8 9 g

1 33 4 3 9 1l

| 3¢ 3¢ 29 41 .2
35 31 31 L2 t3
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88

89

90

91

92

93

94

95

956

97

98

99
100
101
102
103
104
105
106
107
108
109
1190
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
125
127
128
129
130
131
132
133
1364
135
136
137
138
139

1%4
36
37
38
39
40
48
Lg
&0
51
€2
60
61
€2
63
64
[R-
73
T4
7%
76
84
8s
ae
87
88
g6
97
98

100
108
109
110
111
112

‘1240

121
122
123
124
132
133
134
13¢
136
144
145
146
147
148
1€6

153
35
36

38
39
L7
43
49
S
S1
59
60
61
62
€3
71
72
73
T4
75
83
84
A5
86
87
95
96
97
93
99
107
103
iGs
110
111
119
120
121
122
123
131
132
133
134
13¢5
143
144
145
146
147
155

1€5
L7
L8
49
€0
€l
59
60
€1l
¥4
63
71
72
73
T4
e
&3
8L
85
86
87
95
96
97
98
99
107
108
109
110
111
119
120

24
~d

122
123
131
132
133
134
135
143
1sb
145
146
147
155
156
17
1€8
159
167

48

166
L8
L9
S50
g1
52
€0
€1
€2
€3
64
Te
73
T4

13

-

76
B4
8¢
né
87
88
cGE
97
as
99
1C0
i( 8
169
116
111
112
12¢
121

4429
& Lo

123
124
132
133
134
13%
13¢
144
145
1L€
147
1s8
1%¢
dELr
1%8
19
1€¢C
1¢8




140
161
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
169
161
162
163
164
165
166
167
1638
1869
170
171
172
173

157
158
159
160
162
163
164
165
166
174
175
176
177
184
185
186
192
193
198
168
169
170
171
172
179
180
181
182
188
189
190
195
189€
20C

16
1%7
168
159
161
162
163
164
165
173
174
175
176
183
18¢4
185
191
192
197
167
168
169
17¢
171
178
179
180
181
187
188
189
194
195
199

168
1€9
170
171
173
174
175
176
177
183
184
185
1886
191
192
193
197
198
261
178
178
179
180
181
187
187
188
189
194
19¢
195
199
199
202
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. o il

NO OE

[t
OOV E NPV F N r

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
3k
35
36
37
38
39
40

42

Li
«+5
w6
47
L8
L9
50
s
52

Xp

-.2LL00"+01
-.14200E40G1
-.1L200E«01
- 2L4L00E+01
-.2035CE+01
-e124829E+401
-.3870CE+0 0
-.,88700E+CO
-+12829E+01
-,20350E+01
-.16300E+01
“e1124LRE+DL
-.8163€E+00
-.6450CE+00
- 6LEQCE+OO
-,8163€E+00
-.1124RE+0L
~.168005+01
-+1130CE+01
-.85168€+00
- 6B879¢E+00
-.591£%E+00
-+53500€+400
-¢53500E+00
-.E91€SF+00
- FB879€E+0D0
-.85168E+0"
-.11300£401
- 77048E+QC
~ ELE2LE+DD
-.57315€E+00
- S301€E+00
-s506L88E+00
-.4900CE+00
-,L9000E+QO
-.5C4B88E+00
-.5371¢6E+00
-o.E7315E+00
-.6LB2LE+CD
- 7704, BE+00
-.,70888E400
~s594205400
-oE2675E400
-,48707E+400
- 6373400
-.L5000E+Q0
-OI‘SOOOE’OB
- LE373E+00
- 4LB707E+00
-,52675E+00
-e59420E+00
-.70888E+00

Y (I}

-e5270G%+00
-,25€C0E+0Q0
«25S00F+00
«527CCE+00
- 14ECCELDL
-e&7879%400
-,11%0CE+00
«1150CF+00
«57876E+00
«1LEQOE+]L
-.18€60C5401
-.88639E+00
e e3LEECE4I0
- LSCOCE=T1
sl G0C =01
«34SECE+QO
«BB8E3QE+00
«1B8EC0CE+]L
-,225C0 2401
-,12C€9E+01
-,5932€6E£+30
-,232322400
-o,2C0C0LE-01
«2000(CE=01
0«23232E+00
«59326F+30
«12C€9E4+01
«22%001 401
-e237832401
-.13277E+01
- 7LA7EE+00
- 3LE2LE+DD
-s1320L1E400
-.6620CE=02
«6€200E=-02
e132LLE+00
e JLE2LEHDD
«7CA76 5400
«132775+01
«23783E+01
-,2397LE+D1
el JL1€6F+01
-o72CE0E+00
-+ 35529F+00
- lufLCES?D
-.1399CE=31
«13990€~-01
«14LOLGE+OD
0 35529L+090
«720€CE+QD
o 134165401
e2397LE+0L
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- .EQ250F+00
- L9B16F+02
- L39LBE+00
- 40615E+00
- 3RESLE4DD
-.37500E400
-.37500E400
-4 3865LE+00
-4LCBH15E400
- L39LAE40D
-eL9616E+00
~.59250E400
-.39649E400
=+ 33160E+00
-.29343E400
-.27098E400
e 257TTE400
- 25000E4070
-.25000E400
-.25777E402
-.27098E+C0
-.29343E400
<+ 33160E400
~+39649E+C 0
-.15899E+03
~¢1328B€E400
- 1174OE+00
- 108USE+CO

-,2u2887 401
-.13€2254+01
-.73LBLE400
-.3E580E+00
- 1LATLE+00
-.21010E=-01
+2101CE=21
o 1LB7LE400
+3658CE+00
+73LBLE+I0
«13622E4+31
c 262885401
- 2LEBLEHD]
- 13872E401
-.75119F4+00
-,377C8E+00
-e15702E400
- 27E7CE=01
W27570E=01
+1E7G2E+70
s 327085400
«75119E400
«13872E401
W 2LBBLESD]
-, 2LOL9E+01
- 16031FE+01
- TECT7TBE+D0
-.38296E+00

-.10313E+0C
-+1G000E+00
-«10000E+403

-, 1ENT72E400
-+2S99C5=01
«2999CE=01

+16072E+30
+38296E+10

-«10313E400
-«1084LEE+0D
=e1174LCE+OO

~e132BEE+00
-+15899E+0 C
«39766E-01
«33225€E-01
«29378E-C1
2711LE-01
«25783E-01
«25000E-01
«2500C0E-01
«25783E-01
«27114LE-01
«29378E-01
0 3322%E-01
«39766E-01
¢19869E+0 (
«16605E+4C0
+14685E+400
«1355SE+00
«12891E+00

«T6078E+00
c1LC31E+01
+249LOE+01
-. 249975401

. =ellCLEESD]

=e76035E+00
-«38142E+00
-«158°1E+30

-.2739CE-J1

«2739CE-01
«15851£400
«38162E420
7T6C3SE+OD
«14CLEE+DL
e 2L997E+01
-e24921E401
-+.13984E+01
=«75511E+4)0
- 37€€8E+00
e 156075400




R

106
107
108
109
110
111
112
113
116
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
161
142
143
144
145
146
147
148
149
150
151
152
153
154

«12500E+400
+12500E+00
+12891E+0C
«1355%E+00
«14685E+400
+16605E+00
«19869E+00
«3ST0LF+00
+29855E+00
+2641FE+00
+24391E+00
023200E+00
«22500CE+0Q0
+22500E+00
«23200E+00
+24391E400
+264L1SE+00
«2985CE+N0
«3570LE+QD
+L3SBEE+QD
+36L61E+CO
«32269E+00
+29803E+00
2R3I53E4+00
«27500E+00
«27500E+Q0
«28353E+00
+29803E+00
¢ 32269E+00
+36461E+00D
+43586E+00
+59250E+00
4961E6E+00
«4394L8E400
40615E+0D
«38654LE+00
+37500E+00
+37500E+00
«38654LE+00
+4061FE+00
sL3IILBE+OD
L9616E400
«£9250E400
+708088E+00
«594205400
«52675E+00
«LB8707E4+00
«L6373E+00
+45000E+00

52

-.23130€-01
«23130CE~01
«15LCTE+QOD
«376€BE400
o 7T5511E490
e1398LE+31
s 2L921E+I1

- 2LTLLE+NL

~e13R€LE+01

- T4E92E400

-,3€936£+00

- 1LTBEE+]C

~e17%4%E=01
«175L5E~-01
147855400
e 36936E40C
TLEQ2E400
e13861F+01
s 2LTLLESD]

-, 2UEL17E+01

- 137775411

=+73998E+00

-.3€L8BE+]D

=o14423€E+]0

-s144L35E-01
e14L3ISE=QY
e 144232400
«3ELBBE+DO
«T399RFE+00
«137T77E431
«2LELTESDY

'02‘0288‘5001

-.13%6CE+01

e 72575 E+00

-+35L72E430

=,13¢L46E+QD

-.8C08CCE=~02
+«8CBO0CE=~02
«136LEE+QD
«35L72E+400
«72S7SE+DD
+13%65E+01
e 2L2BRE+01

-e2397LE+O1

-¢133€9%+01

~+71309E+00

- JLELLEFDD

-.13028E400

-+33100E=~02




155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
131
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202

«45000E+00
«UH373E+00
+LB707E+DD
+52675E+00
¢ 59420E+00
«70888E+00
«78582E+00
+65921E+00Q
«58LT7LE+DD
+SL093E+DD
+51516E+00
+5000CE+00
«50000€E+00
+5151FE+00
+5L093E+00
«SRLTLE+DD
«65921E+00
«78582E+00
«12600E+01
+93L30E+00
«74L366E+00
«63117E+400
¢56500E+00
+56500E+00
«63117E400
«7L366E+00
+93490E+00
«12600E+01L
«17 300E+01
+11940E+01
+8801°%E+0C
+69500E+00
+69500E+00
+8801CSE+00
«11949E+01
«17300E+01L
e21400E+01
+13782E+01
«95500E+400
+9550CE+0C
«13782E+01
+21400E+01
«23800E+0 :
+1600CE+01
«16000E+01
«23800E+0 1
+25000E+01
+25000E+01

53

+33100€-02
+13C28E+0Q0
¢ 34614LE+00
«71309E+00
e133€9E+01
¢2397LE+D1L
-+23733E401
-¢1322LE+01
-.70370E+00
-+ 33996E+00
=+12599€+]0
-+13C00E-03
«13CC0E=-D3
+12599E+00
+3399€E+00
«70370€+00
« 13221E+01
023733401
-+21E0CE+I1
-+11LOEE+DL
-,5€C28E+00
-+2CS6€EE+00
-1 C000E=-D4"
+100CC0E~0G
+2056€EE+00
+55528E+00
+114L9EE+DL
+21€600E+01
-+18C0CE+DL
-+ 86941E+00
-+¢322CLE+00D
=e10COCE~0O4
+10C00E~-04&
+32201€+400
+8EQLLE+DD
+1800CE+01
-.130C0CE+D1
=+ LEL2BE+DD
-+1C000E~04
+15000E-04
o €L29E+00
+13C0CE+D1
-+78C0CE+00
-+1000CE~34
«1000CE~-J4
«78C00F+00
-+1CC00E-0&
«1CO0CE~-04




10-3009€9°~ 10-3009£9° 10-300389°~ 10-3009E9° 13-300%89°~ 10-3004£9°
10-300079°~ 10-300019° 10-300C08°~ T0-300005° 10-3004%E°~ 73-300%%E"° 25-30022¢°~- 20-30002¢°
10-3006£E° 10-3006£€°~ 19-3(0824° 10-30082L.°- D0+303EET° po+309€ET° - 30+309s0¢€° 00+3)080¢8°~

910431V NO S3CON 9NOTY 3d07S

11112
£q1 291 in 99 5¢ he
11048Iv 3HL NJ S30ON

281 28T 8T LiF 29T 997
A413WHAS 40 3NIT NO S300N

202 102
o2 267 961 Telt 06T £8% 207 £47 36T 32T %2t €IT TR MOV
0ctT 69 88 r¥a 9L 59 %9 £s et L 23 (14 s 4

T
071314¥vd v S3OON




Punch Cards from UTRANL-I for NACA 64 A006 Airfoil

173 202 84 LY io 22
4 1 2 3 3 2 7 8 7 16 15 15 ia
24 23 34 35 2 i S 7 2 6 0 6 S
7 6 12 13 14 7 13 12 il 19 20 13 12
ia 13 21 2¢é 23 14 22 20 19 29 30 21 20
22 21 31 32 23 22 32 34 0 24 35
F-3-) 24 36 37 26 25 37 27 cé6 38 39 28 27
15 24 25 Q0 16 15 25 17 16 26 c7? lo 17
8 1S 16 0 9 8 16 10 9 17 18 3 )
q 3 9 10 30 29 41 . 31 30 “2 a3 a3z 31
33 32 44 &5 34 33 a4s 42 4l 53 S4 a3 Y3
44 a3 55 45 464 56 46 45 57 58 54 53
55 54 66 56 55 67 57 56 68 69 58 57
66 65 77 67 66 78 68 67 79 80 69 68
70 69 81 76 17 89 79 78 90 91 80 79
81 80 92 82 81 93 90 89 101 91 90
73 91 103 93 92 104 94 93 105 106 10&
103 1lo2 114 104 115 10 104 1loe 117 106 105
1l 113 1eo 119 114 126 116 11% 127 128 117 116
118 117 1&év : leo 125 137 17 120 lsv 139 1éo 127
129 128 140 130 ial 138 137 149 150 139 138
140 139 151 lal 152 142 161 153 154 120 149
151 150 162 152 163 153 1bz 164 165 154 153
36 35 &7 37 36 48 49 38 37 49 50 39 38 50
a0 39 S1 . a8 «7 59 60 a9 «8 60 61 S0 a9 61
Sl 50 62 s52 51 63 64 60 99 71 72 61 60 72
62 61 73 63 62 74 75 64 63 75 76 72 71 83
73 72 84 74 73 85 86 75 74 86 87 76 75 87
84 83 95 85 Be 96 97 86 85 97 98 87 86 98
88 87 99 96 9% 107 108 97 Y6 108 109 96 97 109
99 98 110 100 99 111 112 108 107 119 120 109 108 120
110 109 121 111 110 122 123 1lie 111 123 1e4 120 119 131
121 120 132 3 l2az 121 133 134 123 12 134 135 124 123 135
132 131 143 133 132 164 145 134 133 led 146 135 134 146
136 135 147 laa 143 155 156 145 144 156 157 146 145 157
147 146 158 148 147 159 160 156 155 167 168 157 156 168
158 157 169 159 158 170 171 160 159 171 172 162 161 173
163 162 174 2 164 163 1795 176 165 164 176 177 166 165 177 )
17¢ 173 13 g 175 174 184 185 176 175 185 186 177 176 186 (o}
184 183 191 185 184 192 193 186 185 193 0 192 191 197 198
193 192 198 198 197 201 0O 168 167 178 0 169 168 178 179
170 169 179 170 170 180 181 172 171 181 182 179 178 187 0
160 179 187 188 lbl 180 188 189 lse 181 189 190 led 187 194 (o]
189 188 194 19% 190 189 195 196 195 194 199 0 196 195 199 200
200 199 202 0
2.440E¢oo-5o270E-01-1o420£+00-2o550E-ol-lo420E+oo 20550E=01-2¢440E+00 S¢270E-01
2.035E#oo-l.460E+oo-1.zaBE+oo-5.765&-0l-&.a?oE-ox-l.150E-ol-8-d70E-01 1¢150E-01
10283E+00 5e7B8E~-0L1-2¢035E+00 1.460E+00-1.660E+oo-l.860£+oo-1.125E+oo-6.8645-01
a.xeaE-o1-3.asse-ox-6.4soe-o1-4.5005-02-6.4505-01 4¢500E-02-8¢ 164E=-01 3¢455E-01
101 25E+00 Be864E-01l=1+660E+00 1 e B60E+00=16¢ 130E+Q0-2¢250E+00~8e517E-01=14207E+00
5.&505-01-5.933&-01-5.9175-01-2-323E-o1-5.350E-oL-Z-OOOE-oz-SoasoE-ol 20000E-02
Se91TE~Qgl 2e323E-0l-6+6880E-01 5¢933E-01=8s517E-0l 1¢207E+00-10¢130E+00 2¢250E+00
7.705E-o1-2.376E+00-6.462E-ox-1-326:+00-5.732E-o1-7-098E-ol-5.302€-o1-3.A62E-ol
5.049E-ol-x.bdat-ol-h.9ooe-ol-b.baot-ob-4.9ooe-ox 0e620E=03=5¢049E-01 10324E-01
SeI02E=01 3e462E=Qi=-De732E-01l 7e09BE=Q1-60e462E=01 1e¢328E+00~7¢705E=-01 24378E+00
7-0695-01-2.397£+oo-b.9425'°1—l.342:#00—5.267E-o1-7.2065-01-‘.&71E-ol-3-553E-ol
4.037t-ol-1.«oa&-ol-“.sooe-ol-l-399E-oz-4.booE-ox 16399 =02-40637E=-01 1e404E-0I
48 TIE=Ql 3e533E=-01l=5e207E~01 7¢200E=01=5e942E=01 1¢342E+00-T7¢009E=01 2¢39T7E+00




e

| e .

i

5.&25&—01-2.4£9E+00—4.902E—01—1o3b¢t+oo—ao395E-ol—7o3aaE-O1—4-061E'01—30658E-01
36065E—(01=1e483T7E«Qi=3e790E~0+=2¢101E=0&=3¢750E~01 CelOIE=Q2-3e865E=01 1e487E-01
4e061E=0]1 3e60BE=Ql=4e3YSE=01 Te348E=-01l=4eY62E-0O1 1e362E+00=3e¢925E=01 2429E+00
3.’655-01-2.4b8&+00-3.JléE-ol-lo387£+oo-2o934E-01—70512&-01—2.7105-01-3.77!5-0l
2e0T78E=0l=1eD70E=01=2¢500E=01=2¢757E~0E=2¢500E=0]1 2¢7STE=02=2¢978E-01 1¢570E=01
2¢7T10E=0]1 3e¢771E=Ql=2e934E=-01 7e512E=01=3e316E=01 1e387E+00=3¢965E=01 2+468E+00
1eD90E=01=2e495E+00=1e3c9E~01=10403E+00=1¢ 1 7TSE=Q1~7e608c~01=10084E-01=34830E-01
16031E-01-1e007E-0l=Le000E=-01=2e999E-02=1000E~-01 ceI¥9E=-02-10031E-0l 1¢607E-01
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e S

UTRANIL-IIl Program

e S

With the present mesh, two cases of flow are to be computed. These

are

?;

. M = 0.804, k = 0.253  (Subcritical)

z M = 0.903, k = 0.228 (Supercritical)
Input

Listed below are typical input cards to the UTRANL-II program to

compute flow field for the above cases.

'._'i UNSTEADY SOLUTION == NACA 64A006 ~- 202 NODES ~-- M=0eB0G =~ K30e253
i 1 + 804 Oe253 lel 0e25 Oe5 16 32 Os
£ e0 Coe Coe

(Insert cards generated in UTRANL-I)

T

sl

UNSTEADY SULUTION == NACA 64A006 —-- 202 NOOES == M=0eY03 =~ K=Qecldd

i

+903 Oe22d lel 0e25 Oeb 160 32 Qe
0 Qe Qe

The above cards indicate there is no non-zero initial guess furnished to com-
pute the case Moo = 0.804, while the case with higher Mach number will use
results computed for lower Mach number as initial guess. In all cases, the

_ nonlinear boundary condition on the actual airfoil surface is to be used, as
4 suggested by IOPT(3) = 0 in the options card.

Output

‘;i The output from this program includes printouts and punch cards for

the solution for the last two time steps.
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The printouts are in the following order:

i e Title of the problem under study
;{ e Convergent limit (a positive number for steady flow)
e Control keys specified in the options card

e Reduced frequency, amplitude for the oscillating flap,
x-coordinates for the hinge point and the trailing edge,
freestream Mach number, initial time level when com-

| putation is started, mean angle of attack, circulation for
7 the airfoil at its mean position

i e Total number of elements, number of nodal points, and
4 the full bandwidth of the resulting matrix equations

e Element numbers and element node points

e Nodal numbers and their corresponding x- and
y-coordinates

® Boundary nodes for each type of boundary
e Slope for nodes on the airfoil surface

5 e For each time step, the computed results at all nodal
1 points are printed, together with a printer plot dis-
playing the pressure coefficient on the airfoil surface.

, e For each time step, the unsteady pressures on the air-
‘-% foil, for the upper and lower surfaces, and their differences,
i are printed. At the end of each period, the mean pressures

b on the airfoil, for the upper and lower surfaces, and their
3 differences, are also printed.

The above items except problem parameters and computed results have
also been printed in the UTRANL-I program, but are repeated here for com-

pleteness. For brevity, only results for a typical time step are listed on the

next five pages for reference.
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FLOW OVER A NACA 64 A410 AIRFOIL

This problem was analyzed using the mesh shown in Fig. 8, which con-
sists of 173 elements with 202 nodes. The procedures described for the NACA
64 A006 airfoil problem also apply here. However, the data coded on the DATA
statement in the BLOCK DATA subroutine should correspond to NACA 64 A410.
Also modified slopes, taken to be half of the slope at 0.5% chord, are imposed
at the two leading edge nodes. Input cards (page 66) and some typical output
(pages 67 through 71) for UTRANL-II are listed here for reference. The non-

linear boundary condition on the actual airfoil surface is used.

The case to be computed is:

M00 = 0.700, a = 2 deg  (barely critical)

where a is the angle of attack.




Figure 8 - Finite Element Mesh for NACA 64 A410 Airfoil
(173 elements, 202 nodes)




Input Cards to UTRANL-II for NACA 64 A410

LIFTING SULUTION =— iNACA 64A410 == 202 NOLES -= M=0e 700

1
¢« 700 0e0 Qe0 Qecd Qe5 le

Y- 2e Oe

(Punched cards from UTRANL-I).

Results for the last time step are listed on the next five pages for

reference.
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A FORTRAN listing of the source deck for the UTRANL-I program is
Presented in pages 74 through 82.

requires 468K words to execute.

The program, as presently configured,
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nonOonn

10

<0

120

220

230

PROGRAM MAIN( INPUT265+0UTRPUT=131 +PUNCH=65+TAPCS=INPUT

1 TAPE6=0YTPUT)

GENCRAT: 2-D MESH CONSISTING OF 1RIANGLES AND WUADRILATERALS
TO INVOKE ANY OF THE FOLLOWING OPTIONS THE CORRESPONDING KEY
1OPT(1) 15 READ IN AS 1}

1UPT(9) ~~-MESH LENERATED Is FOR AIRFOILS GTHER THAN THE 006
CIRCULAR~ARC A]JRFOIL

I1OPT(12)~-=PLOT MESH

DIMENSION TITLE(12)¢10PT(12)

DIMENSION NDEL(400+4) +X(400)sY(400)

ODIMENSION NJDS(3)eNID(3+100)sVAF(100)

EVUIVALENCE (NIDS(1)oeNFARF )¢ (NIDS(2) +NWAKE ) ¢« (NIDS(3) +NBODY)
NPM=400

NEM=400

NCN=10

READ AND GENERATE DATA

READ (5¢805) (TITLEC(I)sIl=3e12.,

IF (EOF(5)) 2000920

CONT INUE

READ 820+ (IOPT(Idel=]e12)

CALL MESHBW(NEMINPMINDEL ¢ XeY sNELSINPSsMAXNtvIDeVAF s IOPT)
~EAD 825e NIDS

00 120 I=142

NS=NIDS(1)

READ 825« (NID(IsJ)ed=]eNd)

NBWw=6%(MAXN4+1) .

IF (IOPT(12) oEQe 1) CALL MPLOTI(NEM'NPMsNELS sNPSINDEL sXoY)
PRINT OQUTPUT DATA

PHRINT 910e¢ (TITLE(I)sI=1412)

PHRINT 820¢ (IOPT(I)el=1e12)

PRINT 920+ NELSsNPSNBwW

PRINT 930

00 220 N=]sNELS

PRINT 825+ Nes(NDELINsJ)eUZ104)
PRINT 925

DO 230 ! =1.NPS

PRINT 9403 1o X(1)e¥Y(])

PRINT 951s (NIDI1el)el=]sNFARF)

PRINT 952¢ (NID(2e¢1)s]l=1eNWAKE)

PRINT 993¢ (NID(3el)s1=]«NBODY)

PRINT 9554 (VAF(I)el=1.NBODY)

PUNCH OUTPUT DATA

PUNCH B825s NELSoNPSeNBWe (NIDS(1)el=143)
PUNCH 825¢ ((NDEL(IeJ)eJd=1ea)el=1eNELS)
PUNCH 840 (X(1)sY(1)elx1leNPS)

DO 350 I=1e3

N5S=N1DS(1)
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350

8095
820
825
840
910
Yc0

930
935
940
901
9be
#53
955

2000

PUNCH 829+ (NID(IeJ) eJ=1NS)
PUNCH 840+ (VAF(1)e¢1=1+NBODY)

FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT

(12A6)

(a012)

(1615)

(1PBE10+3)

(1H1,2A912R677)

(1HO +—=vQe OF ELEMENTS=0e 140! NOe OF NULUwES=9sl4 i
' FULL SANDWIDTH='el4rs/) 1

FURMAT ('QELEe NUe AND ELEMENT NODES'/)

FORMAT (10 NUDE ? o 6XeIX(I)VelgXetY(1)V/)
FORMAT (164 2E1S5e5)

FORMAT ('ONODLS AT FARFIELDY/(2015))

FORMAT ('0ONODcS OUN LINE CF SYMMETRY ' /(2015))

FORMAT ('ONODLS ON Thik AIRFOILY/(2015))

FORMAT (Y0SLOPE ALONG NODES ON AIRFOIL'/(BE15¢E))

GO TO 10

STOP

END
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et s Do L

SUBRCOUTINEL MEOSHOWI(NEM sNPMoNDEL s Xe Y o NELSsNES s MAXN S

! 1 NIDeVAF«19PT)

& GENCRATE MeSH AND COMPUTE THE MAXe UIFFERENCE IN NOLES
) DIMENSION NDEL(NEMe4) « XINPM) o Y (NPM)
. DIMENSION 1DUMP (4) ¢DUMP(4)

ODIMENSION NID(39100)«VAF(100)¢10PT(12)
i 1020 FORMAT(1615)
115C FORMAT (315,5F10e0¢ 15)

c GENERATc ELEMENT NUDE NUMBERS AND THEIR MAXIMUM UIFFERENCL
; DU 100 N=1eMEM
{ LU 100 J=leg
1 100 NDEL(NeJ)=C
f NELS = O
X MAXN=Q
§ KOUNT =0

1c0 READ 1020+ NPEsKREL¢KEJoKDI sKDJ e 1DUMP
i IF (NPE otlGe 0) GO TO 129
i J1==KDJ
g DO 126 v=z=lkKEJ
} Jl = Jl + KDJ i
' Je = Ji - kpl
DU 124 1=1eKEI
NELDS = MELS + 1
Je = J2 + Kpl
| DU 124 K=1sNPL
: ¢4 NDEL(NELSeK) = JUDUMP(K) + J2
1€ CUNTINUL
DO 126 I=1eNPL
DO 126 J=1NPC
i ND IFF=NDEL (NELS » I ) =NDEL (NELS e J)
| 126 IF (1ABS(NDIFF) oGTe MAXN) MAXN=1ABS(NDIFF)

i Gu TO 120
: 129 IF (NELS eGTe NEM) GO TO 300

o c GENERATE NODAL CUORDINATES>
sl READ 1020« NPO
READ 1200+ XLcoXTE
: XCENT=(XLE+XTE)*e5
‘3 FACT=]le/(XTE~-ALL)
| 1200 FORMAT (2F10e9)
KQUNT =0
: 150 READ 1150+ NOSNNIeNDI ¢RATIO«DUMP ID
1 IF (ND etide 0) GO TO 140
i IF (1DeEwe0) GO TO 132
4 IF (KOUNTeNESQ) GO TO 131
: IF (JOPT(9)eEwel) CALL RAIF (IO eDUMP(1)eDUMP(Z) s VAFS)
A 131 KRUUNT=KOUNT+1
| NID(3ekKLUNT ) =D
CALL GOCR (TDIOUMP(1) sDUMP(2) +WUMP(3) ¢DUMP (4) ¢
k| ] XCENT«FACT.VAFS)
| IF (IOPT(9)ebuwel) CALL RAF (IDe(UUMP([)+¢S) #1000 s DUMP(2) s VAFS)
VAF (KQUNT) =VvAF S




132 CONTINUE
TEMP2 = 140
IF (NNI olLTe 3) G0 TO 135
J1 = NNI - 1
TEMPI = 10
TEMP2 QO
D0 134 I=leul

TEMPZ2
TeMP )
TemP )
TEMP2
Jl =
TEMP3 Q0

TEMP A& Oe0

DO 137 I=1enNNI

xX(J1) DUMP(1l) + TEMP3

YiJl) DUMP(2) + TEMP4

Jl = J1l + Npl

TemMP3 TEMP3 + TeMP)

TEMPA4 TEMP4 + TEMPZ

TeMP 1 RATIO*TEMPI

TEMPZ RATIO*TEMP2

GO TO 130

IF (NPS ¢GT,s NPM) GO TO 400

RETURN

INSUFF 1CIENT ARRAY UIMENSION ASSIGNED

PRINT 310s NELS»NEM

FORMAT (*0TO0 MANY ELEMENTS'oon'NELb='01405Xo'NEM='014)
CALL EXIT

PRINT 4109 NPSsNPM

FORMAT ('0OTOU MANY NODES' » SXO'NPb='olaoon'NPM='ola)
CALL EXIT

END

TeEMP2 + TEMPI
HATIO*TeMP]

(OUMP (3) -DUMP ( 1))/ TEMPZ
(DUMP { 4) ~DUMP (2) ) /TEMP2

Z
C

HoW N




SUBROUTINE MPLOTIXCeYCoNULE s NNeNE s NELSeNPS)

USE CALLUMP PLuTlTer Tou PLUT GeNENATED McooH
CODED BY CApPTe OGERRY VANKEUREN OF AFFOL. WRIGHT-PATTERSON AFB

OIMENSION XC(NN)oYC(NN)oNODE(NEoQ)oXP(?)oYP(7)
VEFINE PLOUT SIZE AND PLACE PEN IN INITIAL RPOSITION
00 5 L=l eNPS

XC(L)=XClL.)*8 e

YC(L)=YC(L)*Be

CalLl PLUOT(0eQ9=3¢0¢-3)

CALL PLUT(14093e0¢e-3)

URAW EACH ELEMENT IN TURN

DU 10 I=1eNELD

NPE=YS

IF (NODE(l+4)eEWeO) NPE=4

NPPp=NPE-1

DO 9 J=leNPP

XP(J)=XCI(NODE(]lsJ))

YR(J)=YCINODEL T 9 J))

XP(NPE)Y=XP(1)

YP(NPE)=YP(])

XP(NPE+1)=YP(NPL+11=040
XP(NPE+2)=vPINPL+2)=1e0

CALL LINE(XPsYPoPE ]l ¢0¢0)

W] TE NUOUAL NUMBERS AND FINALLY END THE PLCT
DU 20 L=1eNPS

PL=FLOAT (L)

CALL NUMBER(XCIL)eYC(L)ee14ePLsOe—1)

CALL PLOTL

RETURN

&END




s
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'; SUBROUTINE GOLR (e XeYOeXFoYF e XCReFACT o0 YLX)

; ¢ GENEHATING THL BUDY GEOMETRY FOR A CIRCULAR-ARL ALKFOIL
: FY(XeReHI=SQRT (R*R=X*X)—H
1 DFY(XeYosH) ==X/ (Y+H)
: DATA ReH/4e18166671401516667/
: XC=XCR*FACT
' RZ=XCH*2
XO=X*FACT

YO=FY(X0asReH)*]
DYDX=DFY (X0 YOR]sH)*]
IF (ABS(DYDX) eGbeleE-10) GO TuU 100
_ IF (DYDXeGE eQe) DYDX=1eE-10
| IF (DYDXeLTeDe) VYOX=—1eE-10
100 CONTINUC
YPz=1e/DYDX
YYX=YO-YP*X0O
YYX2SYYX#%2
YP1sYPR®24+ le
DISC=YYX2*#YPR#2-YP | #(YYX2-R2)
SD=SQRT(DI5C)
IF (YP#] oeLTeQe) 5D=-5SD
XF=(SD-YYX*YP)/YPI
YF=SQRT(R2=-XF*XF)*I
5 YO=YO/FACT
& XF =XF /FACT
| YF=YF/FACT
| IF (ABS(XO+e5)eGTeleE-S) GO TU 120 -
Y0=0e :
GO TO 130
1 120 IF (ABS(X0-e5)eGTeleE-5) GO TU 130
YO0=0e
130 CONTINUE
RETURN
END
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SUBROUTINE RAILIF (1DeX1eYHIDYDX)
C GENERATE Y-CUURUINATE AND SURFACE SULPE FOk :
; C VATA GIVeEN IN BLULK DATA SUBROUUTINE -
COMMON/ZAFG/XL(3U) o XU(30) s YYL(30)sYYU(30) oNN :
i LVIMENSION XX(30)eYY(30) e XP(30)eYP(3Q)
, 1eYPD(3092)eYPLI3D)eYPUL30) e YYD(30+2)
4 29XXD(3042) XPD (3042) s XPL (30) s XPU(30)
EGUIVALENCE (YPLD(I o) eYPLILD))e(YPOD(102)eYPU(1))
1elYYD(lel)evYL(1))
2e(XXD(101)exL (1))
Fe(XPDUL1e1)eXPL(1))e(XPD(1e2) s XPULL))
NS =NN+1
CALL GMPG (NNs XLeXPLeYYLOYPL)
CALL GMFG (NN AUSXPUIYYUSYPU)
RETURN
ENTRY RAF
DO 760 1=1eN2
, 1ARG=(1D+3)/2
i XX(1)=XXD(14]AROL)
XP(1)=XPD(14IARG)
YY(1)=YYD(I ¢IARG)
4 760 YP(1)=YPD(1,4lARG) ]
§ DO 800 v=1¢NN '
A JP=d+]
5 XJ=XP (J)
4 XJP=XP(JP)
'{ IF ((X1=XJ)%{AI=XJP)eLEeOe) DYDX =YP(J)+(X1I=XJ)R(YPIIP)-YP(J)
1 1 Z(XJIP=XJ)
! IF (JeGeeNN) wJ TC 800
XXJ=XX({J)
. XXJIP=XX(JP)
4 IF ((XI=XXJ)H(X]=XXJP)eLEeOs) YH SYY{JIH(X]1=XXJ)
] 1 #(YY(IP)I=~YY(J) )/ IXXIP=XXJ)
*} 800 CONTINUE
YH=YH#*eT1
IF (X1eGTeleE—-3) RETURN
YH=zOo ]
DYDX=Qe 4
: RETURN '
| END

ol = e e . e S
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SUBROUTINE GMPG (NNeXXeXPesYYsYP)
DIMENSION XX(30)eYY{(30) 4 XP(30)YP(30)
N1xNN-1
NZzNIN+ |
00 700 1=1eNl
IPz=l+l
Yp(lp)=(YY(lp)-YY(l))/(XX(lP)-XX(l))
XP(IP)=2(XX(IP)+AX(1) ) *e5
700 CUNTINUE
XP(1)=XX(1)
YP(l)=YP(2)+(KP(l)’XP(2))*(YP(S)‘YP(Z))/(XP(B)’XP(Z))
XP(IN2)=XXINN)
YP(NZ)SYP(NN)*(XP(NZ)‘XP(NN))*(YP(NN)’YP(NI))/(XP(NN)‘XP(NI))
RETURN
END

BLOCK DATA

DATA FOR NACA 64A006 AIRFOIL
NN NUMBER OF PUINTS OEFINING THe THICKNESS UISTRIBUTION ON
cACH SURFACE JF THE ALIRFCUlLoe

Xk ARRAY 31JIRKING X=COORDINATE s IN PERCENTAGE MEASURED FROM
LEAVING tuGEs JF NODES ON THE LOWER SURFACE Lr ThL AIRFOIlL.

XU ARRAY STORING X-CUOORDINATC IN PERCENTAGE Mo ASURLL FROM
LoAU ING CUGEs UF NCDES ON ThHe UPPER SURFACE OF THL ALIRFOlL e

YyYL ARRAY STURInNG Y=CUORDINATE s IN PERCENTAGE s GF NOOES ON

THE LOWeR SyURFALE OF ThHE AIRFOlIL

YYU ARRAY STORING Y-COORUINATEs IN PERCENTAGE s OF NOLES ON

THE UPPEKR syRFACE OF THE AIRFOIL.

CCMMONZAF G/ XL { 30 ) ¢AL(30) eYYL(30)eYYU(30) oNN

DATA NN/26/

ODATA (XL(l).1=1|26)/00005007bo1.2:020505007.301000150020002500
1 400.350940..450050005500b00obboo7009750060005500900095001000/
DATA (XU(1).1=l’20)/Oooobo0750loZboZobobo07.5010001b002000£500
1 4009350040.|4bo’5000550obOoobbo070-0730080.005-090.095001000/
DATA (YYL(l)’1=l|20)/000’04850—05559—07399-100160’103999

1 -106500—1leig—Zodeo—20357o—‘o7579—206560—408770-409990

2 -209030-30829.’200530—200360"401550—109070-106020-102350

3 ~e 967406459 -03310-0013/

DATA (YYU(l)0131026)/000046500585007390100160103790106860109190
1 c.dd3oc.b570£.19702.89602.&7702.9’#0&.54:0;.9&50iobbJoZohJao

2 2.18801090701060201028500967006490043100013/

END
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connn 00000

BLOCK DATA

UATA FOr NACA 64A4l10 AIRFOIL

NN NuMBeERr OF PUINTS VEFINING THE THICKNLESS w1sTrRIBUTION ON
cACH SURFACLE UF ThHt ALIRFOLLe

Xi. ARRAY STURING X=CUQRDINATC ¢ IN PERCENTAGE M ASUREL FrROM
LEADING «LOGE OF NOLES ON THE LOWER SURFACL OF THc ALRFCli e
XU ARRAY STURING X=COORDL INATE » IN PERCENTAGE MEASURED FROM
LCADING EUGE s OF NOLDES ON THE UPPEK SURFACK OF THE ALRFCIlILe
YYL ARRAY STORING Y=-COORDINATE s IN PERCENTAGE « OF NODES ON
THE LOWER SyURFACE OF THE AIRFOIL e

YYU ARRAY STORING Y-COORDINATE+ IN PERCENTAGE s OF NODES ON
THE UPPER SURFACLE OF THE AIRFOILe
CUMMON/AFG/XL(3U)0XU(30)0YYL(30)OYYU(30)0NN

DATA NNZ726/

VATA (XL([)ol=lOZb)/OooobeOO9180104410207d40502b107o770

1 1002630lbo?b&o‘OoZ3vd5.&oJOolbbo&oo129040009043005050001lo
P Da097b03709QJ0030915069068¢07“o574o79oc49064.&3:059.b960

3 Y4e947¢1006/

DATA (XU(l).l=1026)/00003b005&40100590Zoa76040749070240

1 9.7:7014o740019.77024060d$obJ4044057104109104Q053049o9890
2 ‘:‘:5-oaboeo.ob‘loai.omno.loa.'r:‘a.x;o.bo.1b1.sb.1au.90.1c‘a.

3 9505301004/

OATA (YY(l)y i=1.2b)/o..-.b7ao—.79b.—.969o-1-‘4':,1o—lobua.-—l.awa

1 -1o99b0—¢o2449-£04060-20499o-cobB?Q'Zoblco-dOQJbo‘doﬁbbo
e -200240—10736o‘loal&o-l00560—0760-0460—0E£90-01320‘00700
3 —elabe-e021/

DATA (YYu(l)v[=l¢26)/0.0.902010llZ'loQbIOéoQVSOJOOJQOJOUb:O
l Q.Jboaonb.bo14600070307013107041407.35&07.34207.34407.040
r4 O.bZ“ObolOb’D.Hi0407DoJ0367OJOOlOOCQOJUO1.04600321/

END




i g B 5= i I e il - o i . 3

Appendix B
FORTRAN LISTING OF UTRANL-II




Appendix B

A FORTRAN listing of the source deck for the UTRANL-II program is
presented in pages 85 through 102. The program, as presently configured,

requires 1778K words to execute,
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cnoonoOon0on

RO LRAM MALN &luPuT=bu-UuTPuT=13l-PuNCH=oboTAHLb=1NPuT-

1 TAPLO630UTPUT)

UNSTEADY TRANSONIC FLOW ANALYSIS vy FINLTE ELEMENT METHOUL
USING LeAST SWUARES WwITH TRIANGULAR AND WUADR ILATERAL ELEMENTS
JupT(1)=1e ULOL KESULTS OF PREVIOUS CAst AS STARTING suLUTTUN
WwHILE The OTHER UVUPTION 15 IGNORED

[oPT(2)=1s READ IN NON-ZERO INITIAL GUESS

IUPT(3)=1e LINEARIZED BOUNDARY CONDe IMPUSED ON CHOURDL INE
10PT(4a)=1s UPUVATING THE CIRCULATION ¥

COMMON S

CUMMON /cumllAM(3).AMT(3).AMTT(3).Tx.Tz.TaooT

DIMENSION NOD(l73o¢)ob(606o84)obLP(606)obLl(boe)oX(zoz)o
1 Y(ZOZ)'RML(ZOZ)OCUF(ZOZ)ONID(3050)OVAF(SO)

ODIMENSICN TITLE(12)oIOPT(12).NIDS(3).AR(80)

LOGICAL LR(40)

Euy I VALENCE (NIDS(I)oNFARF)o(NlDS(Z)oNWAKE)o(NlDS(3)oNBODY)
DATA GAMMA/]1e40/

NPM=202

NEM=173

NRME=NPM*3

NCM=84

NGCT=50

EXp==GAMMA/ (GAMMA=140)

CONST=0e5* (GAMMA=100)

READ TITLEe CUNTROL KEYSe AND PROBLEM PARAMETERS

READ (5¢845) (TITLEC(I) e 1=1012)

IF (EOF(S)) 20004105

CONT INUE

READ(5¢820) (IOPTC(I)el=]0e12)

READ 835« HMACoRKSCoANDGoXHPoXTEcDTMoTFlNoTOoLTE:ToALPHAoClRCO

PRINT TITLE, CONTROL KEYSs AND PROBLEM PARAMETERS

PRINT 910 (TITLE(I) o1=1012)

PRINT 820¢ (IOPT(1)0131012)

PRINT 822« RKSCOANDG'XHP'XTE'RMAC'TFINOTOOALPHAOCIRCOOZTEST
IRES=~1

I1PRD=DTM

SUMACSRMAC**Z

HKSCSRKSC*ZQ

ANDG=ANDG*301415926/1500
ALPHA=ALPHA*3¢1415926/1500

IF (RKSCeGTeO0e) DTM3602631853/(DTM*RKSC)
NIFT=TFIN

Tl=(T°’30)*DTM

T2=T1+DTM

T3=T2+DTM

IF (10PT(1) etide 1) Go TO 382

READ AND GENERATE MESH INFORMAT ION
READ 825+ NELS.NPS.NBW.(NIDS(I).1-1.3)
READ 825 ((NuD(on)oJ=1-4)ol=1.NEL5)
READ 840+ (X(I)oYUD) o I31ONPS)

DO 110 1=143

85




NL=N1US(T)
RzZAU 829 (NIU(I’J)QJ=IONS)
~ZAD H4C s (VAF (1) el=] eNBSODY)

IF ICPT(3)=19 MuVE NOLES ON AIRFCIL SUKFACeE Tu CHORUL INE PUSITICON
AND APFLY LInNCAR]IZED HOUNUVARY CONDITLIUNS CTrtrwlse 1vPOSC
WUNLINEAR B30UnUARY CONDITIUN GN Trk ALRFClL SURFACE

I CIUPT (3 enNE e 1) GO TU 11b
NEVEN=NDUUY 2 %2

JU 119 Uzl eNEVEN s

IENTO(34 )

Y(I)==0e015

I=N1D(34J*r1)

YUl)= Qe013

COuNTINUE

TR
it [ e

s i

PRINT GohNewATey JATA

NHRBwW=NEWw/c

NE G = 3%*NPS

PRINT 920 NELS s NPS oNBW

PRINT 940

uv 220 N=1eNELS

PRINT 825 N (NJDOINeJ) edz]94)
PRINT 939

DU 230 1=1eNPS

PRINT 9404 1 Xtl)sy(l)
PRINT 9951, (NlD(lol).l:loNFARF)
PRINT 932, (NID(201)01=10NWAKE)
FPRINT 9530 (nIDE3e01) 0 12] aNBULDY)
PRINT 999 (VAF (1) s l=1eNoGDY)
UL €44 11=] NP3

RML(11)=NMAC

COUNT INUE

NEAD NUNZERS IinITIAL GUESS UR PRUCEEU WITH ZeRO SULUTION

IF (10PT(2) ehEe 1) GO TU 250
~LAD 84Ce (SLP(]1)el=]eNEW)
FL AL Qaus (SUloaNsw)el=]1eNEQ)
Gu TO 295

«c.C VU 260 1=1+NEw
b1 (1)=0e

ceC SLP(1)=z0e0

INTEGRATIUN START RHERE ANyY ChoCK IF NIFT 15 EXloEurDe 1F S0y
PRINT FAIL TU CunVeERGE ANU PRUCEEL TO NeXT CASLe OThEKNISE
CONTINUE TO INTCGRATE

c6o Tl=T2
Te=T2
F3=T3+0TW
IRES=1ReS+1
FURMULATE oyoTem OF ALOEDRALIC EQUATICNS
UV 266 1=]1 ¢NCW
VU 266 JzleNBw
66 LlledlizLel
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CcCe o

[el e NS

5 5

30

6C0
700

RICF

3%0

CALL Tumu (Qe9sdwMal)

Crule N W CouMAC e NI e NCMeNL U NBW o NLIM e NELO o INUGD s DLP s Lo COF sNPMeX s Y o
1 ol

Jupuss cele Fur rakkFliLue LINC OF SYMMLTRYs ANL UN AlIRFCIL

Ll LOYCON (nTUSeNTDeNDCT oVAF s X e Y aNPN oS e oLP o NRviaNCM e

1 NEGWeNUAeAL] HA 9 KVALSCIRCOUsKEY o XHP o ANDOL oxkKSCenL I« IOPT)

CALL pANDCU 5ulVir Tu SCLVE THo SYSTEM OF EGUATIONS

CALe oNocL (g enl, o NEWeNHB W)

P INT CUVPUTEY RESULTS

ERINT 970¢ RACIDITMTY
b Terv il g90utAC)

CALL OUTP (S eSLPeSLIsRMLCOUF ¢ SUMACICUNST e XP o
I ANUG IRES sNP D e vOw s NRVsPCTE«NID oNSCUY «NBbC T e IPRL)

PRINT 9ot

IPNT=C

[STCP=0

NEVEN=NIUOY /2% 2

Uv 320 v=1eNEVENSLZ

IF (JeGreNEyzin—=1) [15TOP=])

I=NIW(3¢J)

IF (IUPT(4)ebwel) GO TO 315

CP=5(Je3)

CALL FPLUT (BU’IPNTQAF‘OLH'I.‘JTUPOIOl'X(l)ocp)
Gv TG 320

CONT INUE

CP =S(11)

CALL FPLUT (B0 s iPNTeARLReISTUPe102eX(1)+CP)
I =NID(oeJ+1)

CP =S5(1e1)

CALL FPLUT (BUsIPNTesARsLKOISTUP2e2eX(1)eCP)
CUNT INUE.

CHECLK CUNVERJCNLLe IF SO» PUNCH THE FINAL SULUTION ANU
PROCEEL Tu MNocAT (ASEe OTHoRWISE e UPLATE SCLUTIOUN AL CONTINUE
TU INTEGATE

IF (1RESeLTeleorePLTE«GESZTEST) GO TO 3de
IF (IRESeGE«NIFT) GG TO 600

GO TO 7UC

PRINT 9a)

PUNCH 840¢ (SLP (1) el=]eNEU)

PUNCH 640¢ (5(T anawW) s I=1eNEU)

I (JOPT(4) cwel) PRINT 32%e¢ CIRCO
Gu TO 100

CUNT INUE

UJ 390 1=1eNEw

sLItl)=sLPir)

SEP(T)Y=C0] oNBW)

IF 1OPT(4)=19 UPUVATE THE CIRCULATION

IF (ICPT(4)bwel) GO TO 265
IL=NID(Z2e 1) %32
Iu=Nlo(2e2)%3~2
CIRLO=SLE(IY)=SLPCIL)

ERINT deoe CIxCU

87
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GLU Tu 265
e FURMAT (1RO —-wurMPUTED CIRKLULATION =te14e07)
b820 FURMAT (4012)
be2 FURMAT (1HO .~ RASC =0 yFQeS 04X e YANDG =9 FYeeDXe ' XHP =0 Frele
1| 3Xe'XTc =0 .FFe293Xs YRMAC = FYUeHe3XIVTFIN =0 eFvebe3X0e
2 'TO =V'+FIe5/1H o+ *ALPHA 1 FYeDe3Xe'CIRCO =1eFYeD 03X
3 1ZTEST =%+F9e5/)
v FORMAT (1615)
835 FURMAT (8F10e0)
840 FURMAT (1PBElJe3)
B4S FURMAT (1H 413A6)
Y10 FURMAT (1rl,1<Ab6/)
Y0 FORMAT (1A0=NQe OF ELEMENTS=%e149% NOe GF NOOES='el4e
1 ' FULL DANDWIDTH='el4/7)
Y30 FURMAT (YOELEe iNnJde AND ELEMENT NOUES /)
935 FURMAT (90uLD NUDE s JOXetX (L) el2Xe0 YLD V/)
940 FORMAT ¢ [1U92E15e5)
951 FORMAT ('ONCDES AT FARFIELD'/(2015))
Y52 FORMAT (YONUDES UN LINE OF SYMMETRY'/(Z015))
yon3 FORMAT ('ONODES ON THE AIRFOIL'/(2015))
955 FURMAT (YOSLOPE ALONG NODES ON AIRFOILY/Z(bEISeS))
¥70 FORMAT (1H1, =MALH NUMBER='eF6e3
1 5Xe 'TIME INCRLMENT ='eF6e4e5Xe ' TIME LbVEL ='eF6e27)
980 FORMAT ('OFAlL TU CONVERGE IN SPECIFIeD NOe OF ITERATIONS?')
Yy FURMAT (1H1)
2000 STOP
END
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SUBROUTINE OUTP (SeSLPsSL1sRMLCOF ¢ SUMACICONST eEXP e
1 ANUGQanSONPSONBN.NHM.PCTEQNXUoNbODYoNHCToIPRb)

PRINT CUT RESULTS FOR THE CURRcNT TIME 5TeP

CUMMON ZCUML/ZAME3) s AMTE3) sAMTT(3) e T1 e T2 T3]
OIMENSTION S (NKMsNBW) ¢ SLP INRM) s 5L 1 (INRM) ¢RML (NPS) « COF (NPS)
I NIV 3sNECT)

PRINT 975+ IRES

IND=0

PCTE=Coe

DU 305 J=lNPS

11=3%J

I1é=11-2

POT=S(I2eNBW)

UPT=S(l1~1sNOW)

v=s{l1l+NBW)

U=UPT+1 0

WSQ=URU+V RV
PHT=POT*AMT\3)+DLP(IZ)*AMT(2)+5L1(lZ)*AMT(l)
ASQ=CONSTH (] e0~-USL-Ze¢ *¥PHT)+1 ¢/SQMAC
RKM=SQRT(WSU/ASW)

PRAZ (1 e +CONSTHRIA#%#2 ) ®#EXP

CPS=-2¢#UPT

CPRU=~2¢%#PHT

CPR=CPS+CPU

CPU=CP

IF (ABS(ANDG) oeGTaleE~9) CPU =CPR/ ANDG
S5(Je1)=CPU

COF(J)=SUMACH (1 e0+2e4%UPT)
DELM=RYA=RML (J)

PADM=zAB> (DELM) * 100

RML ( J) =M

IF (PADMOLE PCTE) GO TO 305

IND=J

PCTE=PADM

89




s s st = i S

.

JUHB PRINT 978 JOPOI.U.V!COF(J)!HML(J).pHA!CpU. CPR«DELM
PRINT 810¢INDsPCTC
INPRU= IRLS /7 IPRUIPRD~-IRES
PRINT 9095
NEVEN=NOQOY/2%2
Ov 500 I=1eNEVENSE
Il=1+1
TL=NID(3e])
IusNID(3el 1)
OCP=StILe1)=5({1uel)
S(]¢3)=0CP
IF (INPROeNEe Q) GO TO 400
SUI1e2) =(S(192) +SUIL 1) *e5)/1IPRD
SU]11e2)=(5(1192)+S501Ue1)*eS5)/1IPRD
DSUM=S(142)=5(1192)
PRINT 988 S{I192)e5(01e2)eD5UM
9501e2) SSUILel ) *eH
S(11e2)=S(01Uel)®*eD
GV TO %S00

4U0 5(01e2) =0l142) +501Le1)
S(]1e2)=S(1192)+S(1Us1})

500 PHRINT 990¢ IslUelLeS(IUsL) eSCIL 1) eDCP

810 FORMAT (1HO=NOLDES =0 ¢13¢5Xe *MAX(DELM) PCT
975 FORMAT (1HO44Xs»-TIME STEP =0'¢l4/

1 1HOe3Xe "NODE=¢7X o 'PHIT' s 10X e 'UCOUMY ¢ 1OX s *VCOM Y o1 IXe'CCF*e 10X

S 'LMACH o | I Xg=PRA=01IXe'CPRUN s 12X 'CP e 10X 'DELMY /)
978 FURMAT (16eIPYE L4ved)
Y05 FURMAT (1HOBAs=['eOX et IuteBXe VLY e 7Xe VCPR=UPPLKY s TX o

1 'CPR=LUNCRY ¢ TX9—JCP* ¢ 8Xes "AVE~CP+ 1 s 8X e "AVE—CP=1 45K 0 ' STEADY~0CH /)
Yo FURMAT (75X 91P3E15e4)
9%Y0 FURMAT (31109iP3cl15eq)

RETURN

END

24 41PL10e3/)
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2UBKOUTINE BUOYCUNINIDSoNTUINBCT s VAF s X s Y aINPMe 5 e LR s NKMaNCM o

2 1 NEUINLW GALPHA s KMAC s CIHLCUWREY o XHF s ANJUGaRKHC e SL 1o LOF T )
‘ (.

o IMPULITIUNS JF THE UOUNDAKRY CUNDITIUNS

o

COMMUIN Z7COMLI/AME3) v AMT(3) e AMTTC(3)eT10T2eT3eDT
UIMENSTION NIDS{3)oNID(3eNBCT) o VAF (NUBCT) o XINPM) s Y INPM) o
3 1 SINRMeNCM) ¢ SLPINRM) o 501 (NKM) o LOPT(12)
k| DATA Pl/3elyln9267s
‘ NBW 1 =NBw=-1
NHBwW=Ndw/<
NFARF=NIODS (] )
NRATR=NLIDS(2)/2
NBODY=NIDS(3)
CNST=0e5#CIRCU/P]
ROQT=SUHRT( 140=RMACHRMAC) 4
PO 120 J=1eNDUDY
_ IE3=NID(3eY)
E lE=3*EY
] WUAN=VAF (J)=ALPMA
XRELU=X(IE3)=-XHP
DWAN=Qe
IF (XREOUeLTeDe) GO TO 90
ARGU=RKSC*#T3+1¢5707963
DUUAN = ANDGH*( COS( ARGU ) =XREDU* RKSCASIN(ARGU) )
IF (XREDUeLEesloet=5) DUUAN=DGUANY 5
20 CUNT INUE
IF (10PT(3)etwel) GO TO 96
; DU 95 K=2+NBW1 1
8 IS SUIE=1eK)I=S(IE~ LRI +UUANRS(IEWK~1)
K SCIE~LoNBW)=S{IE=1 o NBW) +GWUAN#*S( JE « NBW)
. 96 CUNTINUE
OV 100 K=1eNSWw
100 S(]JEWK)=0e0
3 SUIEWNHBW) =140
b SCIE « NBW) =GUAN+DQUAN 1
3 IF (1OPT(3)e¢EWel) GO TO 120 |
SCIE'NHBW~1)==QUAN
120 CONT INUE
CALL TDRV (]e)
LU £20 N=l oNPAIKR
TL=3%2NID(242%n=-1)~3
TU=3%NID(2e7%N)~3
NC=zlL=1U+NHE N
0O 210 M=243
IEz JU+M
‘ IEL=IL+M
| 10=}u~1IL
' 10P=1D+1 ]
< DO 190 K=1DPyiNBW1 ;
4 190 SCOIEL«K)=S(JELWK}I+S(IEK=-ID)
SCIELoNBWI=S{ IELyNBW)I+S5( IE oNBW)
[ | DY 200 K=1 oeNBw
d 200 S(IE«K) =040
S(IEsNHBW)=] 60
SUIEWNC)==1,40
IF (meNEe2) GU TU 210
SUIE oNHBW=1)=AMT (3)

Pt
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1

b

bt

S(IE«NC-1)= =AMT(3)
S(lEoNbW):AMT(2)*(SLP(IEL‘1)—SLP(IE-I))+AMT(1)*(5L1(IEL-I)
1 =sultle=1))
210 CONTINUE
220 CONT INUE
DO 340 N=1¢NFARF
I=NIDCL eiN)
J=3%]1-3
YMOD=ROUT*Y ()
RSQ=YMOD# ¥ 24X ([ ) ¥%2
- YY=-YMUD
3 THETAzATANZ(YY e X (1))
IF (THETA oLTe Qe0) THETA=THETA+Z2e*Pl
DO 310 K=143
i lE:J;-K
DO 300 L=leM3W
300 SCIEWL)=0e0
3 310 S(IE«NHBW)I=1eD
S(J+1eNBW)= CNST*THETA
5(J+2¢NBW)I=CNOST#YMCD/RSU
b S(JU+3eNBW) ==CNST*ROOT*X( 1) /RSy
i 340 CONT INUE
RETURN

P T o

il i il =

END




SURROGUTINE FPLOT(ML s 1IPNT eAleLHe 1STUR «NCoNCMAX VI eV2)

RESULTS PLOTTING

LUGICAL WM 2) sLN(120) eP 4 ) sLX(4) sLRE] ) 1LCL20)

INTLGER RI(2) ¢ST(2)e56(2)

DIMENSTUN AR(ML).N(lEO)cHHU(BO)oZ(15)0lOFF(2)QXSP(Z)cSFl(Z)obFZ(Z)
1v10(2)'l=c(2)cll(a)0lP(a)clM(a)cIX(A)clR(ZOZ)OlA(ZBB)
EWULIVALLNCE (lP(l)ng(l))n(lM(l)oLM(l))o(LN(l)QN(I)QHHO(I))Q
TCIXCID o XOI D) o (NL2CIRILTIIINSBIRI(Z2))

OATA (ZCI) eIl el9)/leclecOeleeleTOecesZeS03003e014008050504600
170 480eFe/

CATA (lbp(l)olzlca)c(IX(l)cl=l'4)0(lP(l)cl=104)0(lM(l)ol=loa)/
I1C+S o4t 1HXea* 1H+ 9 4RD/

DATA IDCI)eID(2) ¢15GL1)e10GL2)/ 1200081 ~1/

DATA LMEII T oLCUIIoLCt2)7108US0sL L s1HL e THV/
IFCISTURP)ILIT3 L7172

JEIPNT +2

IF(JeGTeM1IGY TU 173

IPNT=J

A (J=1)=V]

AR(J)=V2

DO 10 K=le4

IM(K) = NC

J=J72

Lk(J)ztM(2)

IF(NCoeL. TeNCMAX }RETURN

1F(1STOPsWs J)RETURN
HCAD(S'I)LN\l)'(Il(l)Ol=104)0(LC(l)ol=1020)0(LN(l)cl=2052)
FURMAT(ALsC13¢211071A1)
WHITE(ﬁvl)LN(l)o(ll(l)cl=104)0(LC(l)cl*loZO)c(LN(l).l:zosz)
vu 171 I=1lae2

RI(I)=10¢C1)

SG(I)=156(1)

IFCIICI)eNEGDIRICIN=TTCL)

IF(IIC(I+2)eEQel1)S5GLI)==8G(])
ST(I)=(RICI)+1=-SG(I)M(RICI)~=1))/2
IF(RI(1)eGT4120IRICINI=120

1IF(1(2)eGT ¢238)R1(2)=238

NzZo = N120/6

N120 = 6% N20

DU 3 I=aleg

AMINsAR(])

AMAX=z=AR(])

DO 7 J=leIPNT 2

AALZAR(J)

IF{AMINeGT e AAL)AMINZAA]

IF (AMAXeLT s AAl) AMAX=AAL

IF {ABS(AMIN) «LTe «000001) AMIN 00

IF {ABS(AMAX) euTe «000001) AMAX Oe¢0

H=AMAX~AMIN

IF (AES(R) oL TeleE~9eANDIADS{AMAX) sbToeleb=~9) K=140

IF (ABZ(R)elLToeletE=9eANDeAMAX e TeOs) RaI=AMAX

IF (ABS(R)oLTolot")oANDoAMAX.GT.OO) R AMAX

DL 22 J=lels

BzALUGIOIR/Z(RI(I)=2)/72(J))

M=g

IF(LelTeQ I M=M~]




C=Z(JI%[0ety(M+])
CEAMINLGJ), [ Je ™R iM+])
=

IF(BelLTeQ)11=11-1
IF(URICI) =2+ 1)1 *C-AMIN) [BelwelY
CzjUe#C

IF(JeEUel)SMIn=(
IF(CelLTeSMIN) OMIN=C
SFICL)=(le/SMIN)®SG(])
E=AMIN/SMIN

M=g

[F(BelTeO)M=M=-]
SF2(1)=8T(1)=M#5G(1])
RHO([)=SFE(1)+0e5
mM=sFe2(l)
LU 25 J=1+10

IF(M=U=t (M=) /SP(1))I*]ISP(1))25¢3:25
CONT INUE

IOFF (1 )=d

DU IC1 I=1eNb8

IA(l)=0

DO 102 J=z1.IPNT s
IR(JI=SFI([)*%AR(J)+RHO( 1)
ITzSF L(2)*AR(J+]1)+RHO( 2)
IF(JNEe1)GO TO 109
IKCIPNT+2) =2

Im(J+]1)=0

13=1T7

GU TO 102
IF(IT=-13)10491059105
I(U+1)=2IR(IPNT+2)
IR(IPNT+2)=u+1]

GO TC 10od

I=1T+1

I=1-1

I1=1A(])
IF(I1)106¢1069107
IR(J+1I=1IR(]])
IR(I1)=ue]

TA(IT)=U+1

LASTEIPNT+Z

JJI= 1OFF (2)

LIH=5F2(])

LIV=SF2(2)

VO 100 l=z1eN5Y

DO 40 JU=1eN12D

N(J)= IH
IF(CI=1)1%(1-N>58))1404151+140
DO 141 J=1eN120

N(U) = IX(])

LN¢I)=LXt(])
LNENT2O)=LX(])
IF(LZHeLE e QO eUK L ZHeGT eN120)GO TO 131
LNILZH) =P g)

No=1

IF(1eNESJUIGY TV 35
NB=2

Jd= JU+5

w7 e SR e S




[3=[OFF (1)

LY 32 J=13eN120¢10
LNt J)=LP(4)
IF(leNEesLZVIGU TU 35
LUV 13% U=1eN120

5 N(J)Y = [Pt

13z1A(1)

[F(I3¢EWe0IGU TU 121
LAST=[R(LAST)

122 IR(LAST=))

[1zLAST/2

LM(2)=LR(I1)

IMM = 1M(2)

LN 12)=LC(IMM)
IF(LASTWNE«13)GY TO 120
GO TO (38+41)sNd
WHITE(6¢39) (N{J) sJ=1eN120)
FORMAT(11H *+120A1)
GO TO 100

AAy =]
VALUE=(AAL1=SF2(2)175F1(2)
WHITE(6e42) VALULE » (IN(J) e J=1e¢N120)
FURMAT(1H ¢1PC10e3¢120A1)
CUNTINUE

13=ICFF (1)

J=0

DO 49 [=13eN140910

JzJ+]

AA=]
RHOtJ)=(AA=SF2(1))/SF1(1}
IFLIOFF(11=5)62962+63
WRITE(6¢30) (RHO( 1) el=1eJ)
FURMAT(10Xe12(1PE10e3))
RETURN

IF(JeGEe12)J=11
WRITE(6¢64) (RHO([) el=1eJ)
FORMAT(16Xe11(1PL10e3))
RETURN

END
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SUARROUTINE Ntnk(SuMAc'NHM.NcMcNEu.Nuw.NtMoNtL:oNuu.bLP.So
1 COLF «NPMs XY 9SL1)

C GUENEKRATL SYSTuM MATRIX
UIMLNSTUN COLF (NPM) o X (INPM) s Y INPM) e XU(4) s YUL4)
COMMUN/CUMS /AWl 12912) sBUI12012)1AL1949) sB5(F¢9)
CUMMON/ZCOUMD/CodA(12) e COUBL12)sCSLALG) «CoLBI(I)
DIMENSIUN NOD(NEMQQ)OS(NRMONCM)obLP(NHM)obLl(NRM).PMO(IZQZ)
NHBW:z=NBwW/<
20 480 N=lenNclS
Ii=1
IF (NOD(Nv4)) 402+402+4046

402 NPEL=3
NTRS=1]
GO TO 410
4Q4 NPEL=4

b NTRS=4

12=0

3 DU 408 l=1+4

B NI=NOD(Ns 1)

o 408 IF (COEF(NI) GTe 1e00) 12=12+1

' IF (12 oEQe 3} NTRS=2

. i

PP TR L ok e, et L 1 O

d IF (NsLEeS) NTRS=4 %
4 410 DO 425 1=1+NPEL
4 NI=NOD (N 1)
XG(1)=XINI)
YUel)=YIND)
: DO 42% J=1+3
{ 1Sz3®(NI=1)+J
[E=3%(1=1)+J
PMD(IE«1)=3L1LI1D5)
H 429 PMD(IE«2)=SLP(]S)
f CALL EMUT ( XGeYQePMDe SUMACINTRD)
'1 DO 450 1=11,NPEL
¥ NR=3% (NODI(Ny1)~-1)
3 IE=3%(]-1)
00 450 11=1,3
NR=NR+1
IE=IE+1
SINRNBW) =S (NR e NBW) +CSUACLE) +CoQBLIE)
; DO 450 J=1eNPEL
i NC=3% (NOD(NyJ)=1)=NR+NHBW
JE=3%(J=1)
DV 450 JJI=1,43
NC=NC+1
JE=JE+1
450 SINRONC)I=SINRINCI+AQ( IEJEI+BUL IEWJE)
480 CONTINUE i
RETURN -

i

END




| SUBROUTINE EMUT{XWeYUsPMUD ¢« SUMACINTRS)
i C GENERATL MATR:1X FOUR A QUADRILATERAL OR TRIANGLE
CUMMONZCUMS /AW (12¢12) eBUC12012) s AD(YeY) sbD(Yey)
CUMMUNZLUMO/ZCOJAT12)eC50E12) sCELAIY) o IbLE(G)
DIMLNSION XQ(4) o YW(4) o XT(3)eYT(3)eMP(344)
UDIMENSION PMUDL(12e2)ePMTD(942)
DATA MP/1ed o3 el vbeledeledrbe]l v/
FTOR=1e0
IF (NTHS o«LQe &) FTORa0eYS
O 1c0o I=1412
- CSGA(1)=00
1 CEQB(1)=0
i CO 100 J=1412
A AUC T eJ)=00
i BU(leJ)=0se
: 100 CONTINUE
4 NTRA=1
| IF (NTRSeEUW,lesQR«NTRSsEWe4) GO TO 210
| MTRA=2
: NTRS=4
DO 200 I=1ea i
IF (YQ(l)eLTe 1e4E-5) GO TO 200 H
NTRA=1
NTRS=2
3 GL TO 210 !
200 CONTINUE i
210 CONTINUE
DO 150 LI=NTRANTRS
DO 105 1=143 ]
i Nl=MP(1+s11) ﬂ
b 1T=3%(]-1) :
i 1Q=3#(NI1-1)
DO 102 J=143
F 1T=1T+1
ld=z1Q+1
D0 102 K=1e2
102 PMTD(ITe)zFMUD(1UK)
XT(1l)=XU(N1;
105 YT(1)=YUW(NI)
CALL EMTC (XToYT«PMTD s SUMAC)
DO 130 K=143
i NK=3%(MP(Ke][)=1)
1Ez3#(K=-1)
i DO 130 KK=],3
' NR= MR+ 1
IEzJE+1
CSQA(NR)I=CSQA(INR)I+CSLA( 1E) #F TUR
] CSQBINR)I=CSQB(NR)I+CSLB( IE) #F TOR
| DU 130 L=1+3
NC=3#(MP(Ls11)-1)
JE=3#(L-1)
DO 130 LiL=1,3 3!
NC=NC+1
- JE=JE+1
‘ AW(NRINC)=AQINReNCI+AS(IEJE)I#FTOR
BU(NR«NC) =BG (INRINCI+BS(IE+JE)I*FTOR
130 CONTINUE
150 CONTINUE

e % Pl ST

i

RETURN

.1 END 97




SUBROUTINE EMTC (XL s YL o PELD ¢+ SUMAC)

EVALUATL ELEMLNT MATRIX FOR A TRIANGLE HY GAUSSIAN WUADRATURE
CUMMON /COMI/AM(3) s AMT(3) e AMTT(3)eT19T2eT34DT
CUMMON/CUMS/AW(12012) eBQI124¢12)4A5(949) eB85(Y94¢9)
CUMMOUN/ZCUNMY /CSUWA(12) ¢ CSUB(I2)eCSLA(Y) 4 CSLE(Y)
DIMENSION ONK(9) 9P (9) «Q() sNP(5) ¢B(3)eC(3) e XL (3)eYL(3)eS(3) 0
1 GPA(9) sDNXX(9) sDNYY (D) ¢ SN(D) +PELD(9¢2)
ODIMENSICN EINT(3s7)ewWT(7)

CIMENSION Sp(2)asv2(2) «PD2)YsUD(2)

CATA MMAX/ L/ 9052/ ~eD 77350274657 7300277w2/2%es/
CATA LMAX/T/90T/0e22543%0e13239415¢3#06 12593918/
CATA EINT/3%#003333335310e05961987¢3%0e4701420690609961567 ¢
1 3¥0e47014205900¢0996158740079742699¢3%#0e 101268651 4
c Qe 7974269 793%Ce 1012861 ¢0e¢79742699/

CATA NP/1402439192/ vGAMMAZ 1 40/

DC & I=149

CSLA(1)=0.

CSLBO1)Y=00

OC 2 J=14+9

AS(1eJ)=0oe

BS(1sJd)=0e

CONT INUCL

DO 4 =143

JENP(1+1)

KNP (1+2)

BllI)=YL(J)=-YL(K)

Cll)=xL(K)=-xL(J)

AREA=Q¢S*(B(2)#C(3)~B(3)%C(2))

VOLUME=AREA®DT

CST1=1eC-5SQMAC

CST2=SUMACH* (1 ¢ 0+GAMMA)

DO 100 L=1LMAX

DU 10 1=1¢3

SO1)=EINTC(] L)

CALL DERV(AREAISICISIDONXDNXXsUNYY » SN)

U=0 e

UX=0e

DO 30 1=149

PELO12=PELO ([ 92)

U=U+DNX( 1) #pELDI 2

UX=UX+DNXX (] ) ¥PeLD12

ALPHA=CST1=-cS5T2#y

DO 40 1=149

PL1)=ALPHA®DNXX( 1)+DNYY(1)
GU1)=P(1)=CST2HUX®DNX (1)

DO 45 [=1¢2

PO(1)=0e

UD(1)=0e

LO 45 J=149

PELDJ1I=RPELD(J])

PO(1)=PLU1)Y+PELDJIRSN (V)

VO =uD(I)+PELDJIRDNX( V)
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45 CONTINUE
DO 100 M=1+MMAX
CALL TDRV (52(M)sSAMAC)
WEIG = WT(L)#*42(M)®*VOLUME
DO 48 J=1+9
GPA(JU)=P(J) ~{AMT (3)#DNX(J)+AMTT () #LN(J))

SUM=0Qe

DO 50 J=1+2

SUMz=5UM + (AMTCUIRUD (Y)Y +AMTT(I)I*PPD(J) )
0U 60 1149

CSA=~-wWEIGH* (AMT (3)RONX( LI +AMTT(3)#S5N( 1))
CoB=WEIG * Q(1])

CSLACI)=CSLA{ 1) +(SA*SUM

CaLBerI=CsLa( [ )+(sBrSUM

DO 60 JU=19

AS(1eJ)=AS( T sJ)+(CSARGPA(Y)
OS(1leJ)=BS (1 sJ}+(SBRGPRA(J)

CONTINUE

CONT INUE

RETURN

END

SUBROUTINE TDRU (GPN+SQMAC)
COMMON ZCOM1/7AM{3) s AMT(3) s AMTT(3)eT1eT24T3+DT
RMA=SGMAC* 2,

RM3=RMA

DT1=T2-T1

ODT2=7T3-T2

OT=DT14D0T2

DN1=1e/7(DOT*[,T1)
ON2==1e/7(DT1%DT2)
DN3=1¢/(DT*DT2)

RETURN

ENTRY TDRV
T=(TI4+T3+DT#UPN) #*e5S
AM(1)=(T=T2)%({ T-T3)#*DN1
AM(2)=(T=T1)*( T=T3)*DN2
AM(3)=(T-=T1)*(T-T2)*DN3
AMT(1)=(TR2,~-T2-T3)*DN] #RMA
AMT(2)=(T#2,~T3-T1 )*DN2#RMA
AMT(3)=(T#2,-T1-T2)*DN3I*RMA
AMTT(1)=DN1%#RMB

AMTT (2)=DN2#RMB

AMTT (3) =DN3#RMH

RETURN

END




] SUBROUTINE DERV(AREA sB¢CeSeDNX s DNXXsDNYY e SN)
1 C EVALUATE THE VERIVATIVES OF SHAPE FUNCTIONS AT A GAUSSIAN POINT
i DIMENSTUN 8(3)oC(3).S(3)oDNX(g)oDNXX(g)cDNYY(O)oNP(S)oSN(Q)
DATA NP/192¢391027
TWOA=zZ2e¥AREA
THOASU=TWOARR,
i H=S (1) #5(2)#5(3)
5 S0 200 1=1+3
i JENP(1+1)
K=NP(1+2)
SizSt1)
| SJzS5(J)
| SK=25(K)
8l1=B8(1)
BJ=B(J)
BK=B(K)
cl=Ct1)
CJd=CtN)
LK=C(K)
5150=51%51
BlsG=Bl*yl
4 ClsusClixnCl
é% ALFA=z0e5* (CKk=CJ)
! HETA=0e5* (BJ-3K)
| HX =Bl #SU#SK4BIHOKRS [ +BKRS I #EJ
4 HXX=2e#(S1#BJ¥BK+SIXBKHBI+SK*BI*BJY)
va=2.*(51*cJ*CK+5J*CK*c1+5K*CI*CJ)
CSS=6ekSI%(1e~51)
CS=6e%(1le=2.%S5])
L=ak]-2
SN(L)=SlSU*(30-Zo*Sl Y42 tH
ONX(L)=BI#CSS5+2 e #HX
DNXX(L)=B15Q#CS+2 e ¥HXX
ONYY(L)=ClSGRLS+2e *HYY
CS=CKR#SI-CI#SK
L=L+l
! SN(L)=315Q#CO+ALFARH
: ONX(L)=2-*Bl*SI*CS+TWOA*SISQ+ALFA*HX
DNxx(L)=2.*BISQ*C5+4.*BI*TwOA*s1+ALFA*Hxx
ONYY (L) =2 #CISQU*CS+ALFARHYY
CS=RJREK~oK®SI
L=+l 4
SN(L)=5150%aS+BETA®H 5
ONX(L)=2s%B1 %5 [ #BS+BETA®HX
ONXX(L)=Z2e #B [ SUu*BS+BETARHXX
200 DNYY(L)=2-*clhQ*BS+4.*cl*TWOA*$l+BETA*HYY
DO 300 1=1+9
L | ODNx(1)=DNX(1)/TwOA
' ONXX( 1) =zONXx(]1)/TWOASG
300 ONYY(I1)=DNYY(])/TWOASQ
RETURN

END
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C

410

4cQ
430

! .

50¢C

600

800

SUBROUTINE BNUEW (AsNRMAX «NCMAX eN o I TERM)

EWUATION SOLVER FOR BANDED NON-SYMMETRIC SYSTEM OF EWUATIUNS
USING GAUSSIAN LLIMINATION

SULUTION STCRED IN THE COLUMN  A(Ne2®1TERM)

OIMENSIUN A (NRMAXeNCMAX)

CERO=14E-06

PARE = CLRO®R®2

NBND=2* | TERM

NoM = NBND - 1

BEGINS ELIMINATION OF THE LOWER LEFT

DO 1000 I=14 N

IF ( ABS(A(IsITERM)) o+LTe CERO) GO TO 410

Gu TO 430

IF ( ABS(A(1sITerRM)) oLTe PARE) GO TO 1600

PRINT 420¢ A{lsITERM) 4 |

FORMAT (34H WARNING=~ILL=-CONDITIONED A-MATKIX¢E16066¢5X0e14)
IP{T=1+1TERM=~1

JLAST=MINOCIPITsN)

L = ITERM + ]

DO 500 J=l+ JLAST

L =L =1

IF ( ABS(A(JsL)) oL.Te PARE) GO TO S00

B = A(Jel)

CO 450 <=L+ NOND

A(JeK) = A(JeK) 7/ B

IF (1 e€ue N) GO TO 1200

CUNT INUE

L=0

JFIRST = 1 + |

IF (JLAST LLEe 1) GO TO 1000

DO 900 J= JFIRSTs JLAST

L=+

ITL=1TERM~L

IF ( ABS(A(JsITL)) oLTe PARE) GO TO 900

JML = U~ i
DO 600 K=1TERMs NBM !
KM= K=
ACJeKML)I=A (UMLK ) =A(JeKML)
ACJeNBND)=A(JHML s NBND ) —-A(JeNBND)
NIT=N-ITERM+ 1

IF (1 «GEe NIT) GO TO 900
DU B0O K=1e¢ L

NBNDK=NBND =K

A(JoeNBNUK) z<A(Js NBNDK)
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il AL R P

1500

1600
1601

1602
1603

CONT INUE

CONT INVE

BACK=SUBSTITUTION

L o= ITERM - 1

DO 1500 1=2+ N

DO 1500 J=l. L

1TU=1 TERM+J

NPl =N+1-1

NP1J=NPI+J

IF (NPIJ ¢GTe N) GO0 TO 1500
A(NpltNBND):A(NPIONBND)‘A(NPIJ!NBND)*A(NPlOXTJ)
CONT INUE

RETURN

PRINT THE ENTIRL MATRIX IF ZERO ON MAIN D1 AGONAL
PRINT 1601

FORMAT (22H ZcRJ ON MAIN DI1AGONAL)
DU 1602 I=21, N

PRINT 1603¢ (A(Jsv)s uUzle NBND)
FORMAT (10E12e¢4)

STORP

END

102
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